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(57) Abstract: An external hinge (10) is provided for pivotally connect-
ing a door (20) to a sidewall (25) while obtaining at least 180 degrees of
opening movement or degree of rotation. The external hinge (10) is sub-
stantially concealed behind the sidewall (25) and the door (20) in a fully
closed position (15) of the door (20). In one embodiment, the external
hinge (10) comprises a first curved arm (30a) extending between a first
pivot pin (35a) of a first part (40a) mounted on an interior surtace (45) of
the sidewall (25) and a second pivot pin (35b) of a second part (40b)
mounted on an interior surface (50) of the door (20). The external hinge
(10) further comprises a second curved arm (30b) extending between a
third pivot pin (35¢) of the first part (40a) mounted on the interior surface
(45) of the sidewall (25) and a fourth pivot pin (35d) of the second part
(40b) mounted on the interior surface (50) of the door (20).
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CONCEALED EXTERNAL HINGE WITH 180 DEGREE ROTATION

BACKGROUND

1. Field

S [0001]  Aspects of the present invention generally relate to hinges and more
specifically relates to external hinges mounted on surfaces of a sidewall and a door which

hide the hinge inside the door.

2. Description of the Related Art

10 [0002] A variety of hinges are used in doors for appliances and cabinets to meet a host
of needs. From a fully open position (w a fully closed position the movement of hinges is

generally limited to approximately 130°.

[0003]  Often hinges are mounted on surfaces of the cabinet and doors, which detracts
from the acsthetics of the product. Therefore, it is desirable to hide part of the hinge
15  inside the door. However, even in a hidden door hinge the hinge pins can be seen from
the front when the door is ciesed. Unauthorized persons may be tempted to cut the

cxposed hinge pins to break into the door,

{0004] In addition, a hinge may be needed of an extremely simple and inexpensive
construction, which is composed of few readily assembled parts. Such a door hinge may
20 permit the door heing swung to full open position but may not be fully invisible.
Howevcr, there is a need for a rail vehicle side skirt to open 180 degrees but have no
visible exterior hinge. More particularly, an invisible hinge may need to eatirely conceal

when the door is closed, and present a neat, compact appearance when the door is open.

[0005] In the past there was either a concealed single pivot hinge that allowed 130-
25 140 degrees of opening or a typical door hinge visible on the exterior to obtain 180

degrees of opening.

1
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[0006)  Thereforc, there is a need for improvements in hinges for applications such as

external hinges which are concealed.

SUMMARY

[0007]  Briefly described, aspects of the present invention relate to a concealed hinge
5 configured as an invisible hinge that entirely hides itself when the door is closed, and
present a neat, compact appearance when the door is open. Tn particular, a concealed
multi-pivot hinge that allows 180 dcgrees of opening or movement is provided to be
mounted on a sidewall and a door. For example, a concealed hinge having' four pivol
points and two connecting links is provided to obtain 180 degrees of opening. One of
10 ordinary skill in the art appreciates that such a conccaled multi-pivot hinge can be
configured to be installed in different environments where an external hinge is needed,

for example, in a door of a sidewall or a side skirt of a rail vehicle.

[0008] In accordance with onc illustrative ombodiment of the present invention, an
extcrnal hinge for pivotally connecting a door to a sidewall is provided. The external
15  hinge comprises a first curved arm extending between a first pivot pin of a first part
mounted on an interior surface of the sidewall and a sccond pivot pin of a second part
mounted on an interior surface of the deor. The first pivot pin and the second pivot pin
are mounted rotatably so as to allow the door to pivot between a fully open position and a
[ully closed position relative to a door opening. The cxternal hinge further comprises a
20 second curved arm extending between a third pivot pin of the first part mounted on the
interior surface of the sidewall and a fourth pivot pin of the second part mounted on the
interior surface of the door. The third pivot pin and the fourth pivot pin are mounted
rotatably so as to allow the door to pivot between the fully open position and fully closed
position. The external hinge is substantially concealed behind the sidewall and the door in

25  ihe fully closed position of the door,

[0009] In accordance with another illustrative embodiment of the present invention, an

external concealed hinge movable to define a door opening is provided. The external

2
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concealed hinge comprises a first movable link having first and second ends and a second
movable link having first and second ends. While the first end of the first movable link is
coupled to a sidewall and the second end of the first movable link is coupled to a door, the
first end of the second movable link is coupled to the sidewall and the second end of the
second movable link is coupled to the door. The second movable link is inter-digitally
disposed as a contiguous set of links relative to the first movable link and is configured to
move independently of the first movable link. The second movable link is in a sliding contact
with the first movable link during motion of the external concealed hinge. The first movable
link and the second movable link being substantially hidden behind the sidewall and the door

in a fully closed position of the door relative to the door opening.

[0010] In accordance with yet another illustrative embodiment of the present
invention, a method of hinging a door to a sidewall with a hinge is provided. The method
comprises linking a first part of the hinge with a second part of the hinge by a first movable
link having first and second ends, the first end of the first movable link is coupled to the
sidewall and the second end of the first movable link is coupled to the door and linking the
first part of the hinge with the second part of the hinge by a second movable link having first
and second ends, the first end of the second movable link is coupled to the sidewall and the
second end of the second movable link is coupled to the door, wherein the second movable
link is inter-digitally disposed as a contiguous set of links relative to the first movable link to
move independently of the first movable link, wherein the second movable link is in a sliding
contact with the first movable link during motion of the hinge, wherein the first movable link
and the second movable link being substantially hidden behind the sidewall and the door in a

fully closed position of the door relative to a door opening.

[0010a] In accordance with another aspect of the present invention, there is provided in
combination with a sidewall and a door, an external hinge for pivotally connecting the door to
the sidewall, comprising: a first curved arm extending between a first pivot pin of a first part
mounted on an interior surface of the sidewall and a second pivot pin of a second part

mounted on an interior surface of the door, the first pivot pin and the second pivot pin

CA 3014174 2019-05-29
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mounted rotatably so as to allow the door to pivot between a fully open position and a fully
closed position relative to a door opening; and a second curved arm extending between a third
pivot pin of the first part mounted on the interior surface of the sidewall and a fourth pivot pin
of the second part mounted on the interior surface of the door, the third pivot pin and the
fourth pivot pin mounted rotatably so as to allow the door to pivot between the fully open
position and fully closed position, wherein the external hinge is substantially concealed
behind the sidewall and the door in the fully closed position of the door, wherein the first
curved arm and the second curved arm are offset with each other by a thickness of the first
and second parts and pivotally connected to each other adjacent their point of connection with
the first and second parts such that from a fully open position to a fully closed position

movement or degree of rotation of the external hinge is about 180°.

[0010b] In accordance with another aspect of the present invention, there is provided an
external concealed hinge movable to define a door opening, the external concealed hinge
comprising: a first movable link having first and second ends, the first end of the first movable
link is coupled to a sidewall and the second end of the first movable link is coupled to a door;
a second movable link having first and second ends, the first end of the second movable link
is coupled to the sidewall and the second end of the second movable link is coupled to the
door; a first part mounted on an interior surface of the sidewall; and a second part mounted on
an interior surface of the door, wherein the first movable link and the second movable link are
offset with each other by a thickness of the first and second parts and pivotally connected to
each other adjacent their point of connection with the first and second parts such that from a
fully open position to a fully closed position movement or degree of rotation of the external
concealed hinge is about 180°, wherein the second movable link is overlappingly disposed as
a contiguous pair of links relative to the first movable link and is configured to rotate
independently of the first movable link, wherein the second movable link is in a sliding
contact relationship with the first movable link during motion of the external concealed hinge,
and wherein the first movable link and the second movable link being substantially hidden
behind the sidewall and the door in a fully closed position of the door relative to the door

opening.

3a
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[0010¢] In accordance with another aspect of the present invention, there is provided a
method of hinging a door to a sidewall with a hinge, the method comprising: linking a first
part of the hinge with a second part of the hinge by a first movable link having first and
second ends, the first end of the first movable link is coupled to the sidewall and the second
end of the first movable link is coupled to the door; linking the first part of the hinge with the
second part of the hinge by a second movable link having first and second ends, the first end
of the second movable link is coupled to the sidewall and the second end of the second
movable link is coupled to the door; and connecting the first movable link and the second
movable link at an offset with each other by a thickness of the first part mounted on an
interior surface of the sidewall and the second part mounted on an interior surface of the door
such that from a fully open position to a fully closed position movement or degree of rotation
of the hinge is about 180°, wherein the second movable link is overlappingly disposed as a
pair of links relative to the first movable link to rotate independently of the first movable link,
and wherein the second movable link is in a sliding relationship with the first movable link
during motion of the hinge, wherein the first movable link and the second movable link being
substantially hidden behind the sidewall and the door in a fully closed position of the door

relative to a door opening.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates an isometric view of a concealed hinge in a fully closed

3b
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position in accordance with an exemplary embodiment of the present invention,

[0012] FIG. 2 illustrates an isometric view of the concealed hinge of FIG. 1 in a

quarter open position in accordance with an exemplary embodiment of the present

invention.

[0013]  FIG. 3 illustrates an isometric view of the concealed hinge of FIG. 1 in 2 half

open position in accordance with an exemplary embodiment of the present invention.

[0014]  FIG. 4 illustrates an isometric view of the concealed hinge of FIG. 1 in a three-

fourths open position in accordance with an exemplary embodiment of the present

invention.

[0015] TFIG. 5 illustrates an isometric view of the concealed hinge of FIG. { in a fully

open position in accordance with an exemplary embodiment of the present invention.

[0016]  FIGs. 6A-6F illustrate side views of the concealed hinge of FIG. 1 to show how
the concealed hinge achieves the motion of an external hinge while remaining concealed

in accordance with an exemplary embodiment of the present invention.

[0017]  FIG. 7. illusirates an isometric vicw of 2 concealed hinge with & gas strut in &

fully closed position in accordance with an exemplary embodiment of (he present

invention.

[0018] FIG. § illustrates an isometric view of the concealed hinge of FIG. 7. ina

fully open position in accordance with an exemplary embodiment of the present invention.

[0019]  FIG. 9 illustrates a flow chart of a method of hinging & door to a sidewal! with

a concealed hinge in accordance with an exemplary embodiment of the present invention.
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DETAILED DESCRIPTION

[0020]  To facilifate an understanding of embodiments, principles, and features of the
present invention, they are explaivned hereinafter with reference to implementation in
iHustrative embodiments. In particular, they are described in the contoxt of being an
5  external concealed hinge configured for hinging a door to a sidewall while obtaining 180
degrees of opening or degree of rotation of the external concealed hinge. For example,
such a concealed hinge includes four pivot points and two connecting links.
Embodiments of the present invention, however, are not limited to use in the described

devices or methods.

10 [0021] The components and materials described hereinafter as making up the various
embodiments are intended to be illustrative and not restrictive. Many suitable
components and materials that would perform the same or a similar function as the
materials described herein are intended to be embraced within the scope of cmbodiments

of the present invention,

15 [0022] Consistent with one embodiment of the present invention, FIG. 1 represents a
concealed hinge 10 movable to define a door opening in a fully closed position 15. The
coucealed hinge 10 is configured for hinging a door 20 to a sidewall 25 while obtaining
180 degrees of opening or degree of rotation of the concealed hinge 10. When the door
20 is rotated toward the sidewall 25 in closing the concealed hinge 10, the door 20 will

20 fold over onto the sidewall 25. The final position of the various members and links is
apparent in FIG. 1, the entire mechanism of the concealed hinge 10 being invisible when

the door 20 is closed.

[0023) The concealed hinge 10 is a four pivot point configuration with first and
second movable connecting links which are shown as first and second curved arms 30a,
25  30b in accordance with an exemplary embodiment of the present invention. By utilizing
the Cour pivol poiats in place of one, an effective pivot (instantancous center of rotation)
is formed that has a very tunable path. Elevating this effective pivot throughout a stroke

allows the door 20 to move outward during its rotation and come to rest in a desired final

5
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position such as a fully open position.

[0024] in one embodiment, the concealed hinge 10 may be made of a metal, such as
stainless steel. However, one skilled in the pertinent art would recognize that other
suitable materials may be used based on a particular application and/or a desired

5  objective without deviating from the spirit and scope of the present invention.

[0025]  As used herein, the “concealed hinge” refers to a single or multi-pivot external
hinge, as described herein, which corresponds to an invisible hinge used for hinging a
door to a sidewall that allows at least 180 degrees of opening or degree of rotation and
stays completely hidden from view when a door is ip a fully closed position, It should be
10 appreciated that several components may be included in the “multi-pivot external hinge.”
The “nmulti-pivot external hinge,” may be capable of operating to provide a hinging
function based on its features such as a degree of rotation, construction type, pivot type or

pivot point or pin number, and other structural features.

[0026] As shown in FIG. 1, the concealed hinge 10 is provided for pivotally
15  connecting the door 20 to the sidewall 25. The concealed hinge 10 comprises the first
curved arm 30a extending between a first pivot pin 35a of a first part 40a mounted on an
interior surface 45 of the sidewall 25 and a second pivot pin 35b of a second part 40b
mounted on an interior surface 50 of the door 20. The first pivot pin 352 and the second
pivot pin 35b are mounted rotatably so as to allow the door 20 to pivot between a fully

20  open position and the fully closed position 15 relative to a door opening.

[0027] The concealed hinge 10 further compriscs the second curved arm 30b
extending between a third pivot pin 35¢ of the first part 40a mounted on the interior
surface 45 of the sidewall 25 and a fourth pivot pin 354 of the second part 40b mounted
on the interior surface 50 of the door 20. The third pivot pin 35¢ and the fourth pivot pin
25  35d are mounted rotatably so as to allow the door 20 to pivot between the fully open
position and fully closed position 15. The concealed hinge 10 is snbstantially concealed

behind the sidewall 25 and the door 20 in the fully closcd position 15 of the door 20.

6
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[0028]  The first part 40a of the concealed hinge 10 is coupled to a base plate 55
extending transversely from a horizontal plane 60 of the sidewall 25. The first part 40a
may be affixed to the base plate 55 hy any suitable fastening means, for example, screws,
rivets, adhesive, welding, or the like, any of which constitute means for affixing a part to
5  the base plate 55. An exterior surface 65 of the door 20 aligns with an exterior surlace 70
of the sidewall 25 in the horizontal plane 60 when the door 20 is in the fully closed

position 15.

[6029]  The second part 40b of the concealed hinge 10 js coupled to the door 20 which
is aligned substantially flush with the sidewall 25 in the horizontal plane 60 when the
10 door 20 is in the fully closcd position 15. The second part 40b may be affixed to the door
20 by any suitable fastening means, for example, screws, rivets, adhesive, welding, or the

like, any of which constitute means for affixing a part to the door 20.

[0030]  The first part 40a of the conccaled hinge 10 includes a first hole (not seen) to
receive the first pivot pin 35a and a second hole (not seen) to receive the second pivot pin
15 35b. The first and the second holes are aligned longitudinally and separated by a distance.
The first and the second holes are located at diffcront heights relative to a base of the first

part 40a.

[0031]  The second part 40b of the concealed hinge 10 includes a third hole (not seen)
to receive the third pivot pin 35¢ and a fourth hole (not scen) to receive the fourth pivot
20 pin 35d. The third and the fourth holes are aligned longitudinally and separated by a
distance. The third and the fourth holes are located at different heights relative to a base

of the second part 40b.

[0032] More specifically, the first part 40a includes a first flange 72a and a second
flange 72b each with a hole to receive a corresponding pivot pin. The first flange 72a and
25  the second flange 72b project outwardly from an edge of a first basc 73a of the first part
40a. The holes through the first flange 72a and the second flange 72b are axially aligned

with one another and disposed at spaced-apart locations.

7
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[0033] Likewise, the second part 40b includes a third flange 72c and a fourth flange
72d each with a hole to receive a pivot pin. The third flange 72¢ and the fourth flange
72d project outwardly from an edge of a second base 73b of the second part 40b. The
holes through the third flange 72¢ and the fourth flange 72d are axially aligned with one

another and disposed at spaced-apart locations.

[0034]  FIG. 1 shows onc possible arrangement of hinge pins including the first pivot
pin 35a, the second pivot pin 35b, the third pivot pin 35¢ and the fourth pivot pin 35d. In
the embodiment of FIG. 1, the hinge pins including the first pivot pin 35a, the second
pivot pin 35b, the third pivot pin 35¢ and the fourth pivot pin 35d extend a thickness of
the first curved arm 30a or the second curved arm 30b and a thickness of the first flange
72a or the second flange 72b or a thickness of the third flange 72¢ and the fourth flange
72d, respectively.

[0035]  In the hinge pins including the first pivot pin 354, the second pivot pin 35b, the
third pivot pin 35¢ and the fourth pivot pin 35d the action of hinge is provided by use of
suitable brushings which may be made of, e.g., plastic such as Nylon material. This may

enable a smooth hinging motion and desirably control resistance to motion.

[0036] Consistent with one embodiment, the first pivot pin 35a, the second pivot pin
35b, the third pivot pin 35¢ and the fourth pivot pin 35d pivot about a respective axis
75(1-4) of hinging parallel to each other.

[0037)  The first curved arm 30a is curved substantially about a radius centered at a
midway point between the first pivot pin 35a of the first part 40a and the second pivot pin
35b of the second part 40b. The second curved arm 30b is curved substantially about a
radius centered at a midway point between the third pivot pin 35¢ of the first part 40a and
the fourth pivot pin 35d of the second part 40b. In one embodiment, the second curved

arm 30b is longer in length than the first curved arm 30a.

[0038]  According to one embodiment, the first curved arm 30a and the second curved

arm 30b are offset with each other by a thickness 80 of the first and second parts 40a, 40b

8
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and pivotally connected to each other adjacent their point of conncction with the first and
second parts 40a, 40b. The first curved arm 30a and the second curved arm 30b are
disposed laterally to each other in a first direction 85a on a first end of the concealed
hinge 10 and disposed laterally to each other in a second direction 85b on a sccond cnd of
5 the concealed hinge 10 such that the first direction 85a is perpendicular to the second

direction 85b.

[0039]  The first curved arm 30a as a first movable link has first and second cnds 90a,
90b. The first end 90a of the first movable link is coupled to the sidewall 25 and the
second end 90b of the first movable link is coupled to the door 20. The second curved
10 arm 30D as a second movable link has first and second ends 90¢, 80d. The first end 90c
of the second movable link is coupled to the sidewall 25 and the second end 904 of the

second movable link is coupled to the door 20.

[0040]  The second movable link is inter-digitally disposed as a contiguous set of links
relative to the first movable link and is configured to move independently of the first
15 movable link. The second movable link is in a sliding contact with the first movable link
during motion of the concealed hinge 10. The first movable link and the second movable
link are substantially hidden behind the sidewall 25 and the door 20 in the fully closed

position 15 of the door 20 relative to the door opening.

[0041]  The first movable link includes the first and second pivot pins 35a, 35b being

20 substantially hidden behind the sidewall 25 and the door 20 in the fully closed position 15
of the door 20. The second movable link includes the third and fourth pivot pins 35¢, 35d
being substantially hidden behind the sidewall 25 and the door 20 in the fully closed
position 15 of the door 20.

[0042] The concealed hinge 10 may be used in doors for appliances and cabinets to
25  meet a variety of needs. From a fully open position to the fully closed position 15 the

movement or degree of rotation of the concealed hinge 10 is generally approximately

[80°. The concealed hinge 10 may be used for a rail vehicle side skirt to open 180

degrees while have no visible exterior hinge parts showing.

9
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[0043]  While the concealed hinge 10 may hide parts of the hinge behind the door 20,
it may also provide an extremely simple and inexpensive construction, which is
compased of few readily assembled parts as it needs only two movable connccting links
and four pivot points. The concealed hinge 10 with two assembled parts and two
movable connceting links having four pivot points may permit the door 20 being swung
to the fully closed position 15 while slay fully invisible. In particular, this simple
configuration of the concealed hiﬁge 10 may entirely conceal itself when the door 20 is

closed, and present & neat, compact appearance when the door 20 is open.

[0044]  Accordingly, a concealed multi-pivot hinge such as the concealed hinge 10
allows 180 degrees of opening while not visible on the exterior. lowever, the concealed
hinge 10 may provide various hinge contigurations for disparate applications such as

external hinges which are needed to be hidden or invisible.

[0045]  Referring to FIG. 2, it illustrates an isometric view of the concealed hinge 10
of FIG. [ in a quarter open position 200 in accordance with an exemplary embodiment of
the present invention. Turning now to FIG. 3, it illustrates an isometric view of the
concealed hinge 10 of FIG. 1 in a half open position 300 in accordance with an
exemplary embodiment of the present invention. FIG. 4 illustrates an isometric view of
the concealed hinge 10 of FIG. 1 in a three-fourths open position 400 in accordance with

an exemplary cmbodiment of the present invention.

[0046]  As shown in FIG. 5, it illustrates an isomettic view of the concealed hinge 10
of FIG. | in a fully open positien 500 in accordance with an exemplary embodiment of
the present invention. The concealed hinge 10 provides a hinging function that allows the
door 20 to pivot approximately 180° between the fully closed position 15, shown in FIG.
1, and the fully open position, shown in FIG. 5.

[0047] As seen in FIGS. 6A-6F, they illustrate side views of the concealed hinge 10 of
FIG. 1 to show how the conccaled hinge 10 achieves the motion of an external hinge
while remaining concealed in accordance with an ¢xemplary embodiment of the present
invention. In FIG.6A, two intersecting lines 600 and 605 are shown to indicate the

intersection of the lines 600, 605 as an effective center of rotation or an effective pivot
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point 610 at that particular point in the motion of the concealed hinge 10 through a stroke.

[0048]  As can be scon fromFIGS 6A-6C, the effective pivot point 610 exists on the
interior side of the door 20 until the door 20 is less than half way open. As can be scen
from FIGS. 6D-6F, the effective pivot point 610 exists on the exterior side of the door 20
through more than the last half of the door 20 opening. By guiding the effective pivot
point 610 to dwell exterior relative to the door 20 through a majonty of the stroke, a net

result is similar to having an actual external hinge.

[0049] InFIG. 7, an isomctric view of a concealed hinge 700 with a gas strut 705 in
a fully closed position 710 is illustrated in accordance with an exemplary embodiment of
the present invention. A concealed hinge can be independent of a gas strut (if desired) as
shown in FIG. | or integratcd with a gas strut as shown in FIG. 7. The gas strut 705
may suppott the weight of a door 715 whﬂe it is open. The concealed hinge 700 may
hinge the door 715 to a side wall 720 which may be a side skirt of a rail vehicle.

[0650] In one emhodiment, the gas strul 705 is a type of spring that, unlike a typical
metal spring, uses a compressed gas, contained in a cylinder and compressed by a piston,
to exert a force. The gas strut 705 (sometimes called “gas springs” or “gas shocks™) use
compressed nitrogen to provide a force and a hydraulic circuit to provide the dampening
(removes the “snap effect”). Although, the gas strut 705 may allow for minor movement

but a gas strut is not intended as an assist in lifting or moving.

[0051] With regard to TIG. 8, it ill_ustmtes an isometric view of the concealed hinge
700 of F1G. 7 in a fully open position 725 in accordance with an exemplary embodiment
of the present invention. The concealed hinge 700 may be used for any application in
which a Juor swings open/shut. For cxample, the concealed hinge 700 may be deployed

in opening of the side skirt of a rail vehicle.

[0052]  With respect to FIG. 9, . it illustrates a flow chart of a method 900 of hinging
the door 20 o the sidewall 25 with the concealed hinge 10 in accordance with an

exemplary embodiment of the present inveation. Reference is made to the elements and
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featurcs described in FIGs. 1-8.. It should be appreciated that some steps are not

required to be performed in any particular order, and that some steps are aptional.

[0053] At step 905, the method 900 includes linking the first part 40a of the concealed
hinge 10 with the second part 40b of the concealed hinge 10 by the first curved arm 30a
such as a first movable link having first and secand ends. At step 910, the method 900
includes linking the first part 40a of the concealed hinge 10 with the second part 40b of

the concealed hinge 10 by the sccond curved arm 30b as a second movable link having

first and second ends.

[0054]  In step 915, the first movable link and the second mavabhle link are connected
at an offset with each other by a thickncss of the first part 40a mounted on an interior
surface of the sidewall 25 and the second part 40b mounted on an interior surface of the
door 20." At step 920, the first movable link and the second movahle link are disposed
laterally to cach other in a first dircction on a first end of the concealed hinge 10. At step
925, the first movable link and the second movable link are disposed laterally to each
other in a second direction on a second end of the concealed hinge 10 such that the first

direction is perpendicular to the sccond dircction.

[0055] The techniques described herein can be particularly useful for a concealed four
point pivoted extemél hinge with two movable connecting links and two assembled parts.
While particular embodiments are describcd in terms of multi-pivot hinge with multiple
connecting links, the techniques described herein are not limited to multi-pivot hinge with
multiple connecting links but can also use springs or sliding rollers to achieve a desired

effective pivot point, as described carlier with respeet to FIGs. 6A-6F.

[0056] External concealed hinges zccording to the embodiments of the present
invention may be used to connect two parts for which one of the parts is attached to the
other in normal use. For example, an enclosure may have a door dcsigned to be attached
to a wall, skirt, or the like. External concealed hinges according to the embodiments of

the present invention may be used to attach doors to enclosnres of any kind, to attach

12
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doors to other structures or, in general, to hingedly attach any two parts where an external
hinge is desired in an invisible configuration while providing at least 180 degrees of

degree of rotation.

{0057] While embodiments of the present invention have been disclosed in exemplary
5 forms, it will be apparent to those skilled in the art that many modifications, additions,
and deletions can be made therein without departing from the spirit and scope of the

invention and its equivalents, as set forth in the following claims.

[0058] Embodiments and the various features and advantageous details thereof are
explained more fully with reference to the non-limiting embodiments that are illustrated
10 in the accompanying drawings and detailed in the following description. Descriptions of
well-known starting materials, processing techniques, components and equipment are
omitted so as not to unnecessarily obscurc cmbodiments in detail. It should be understood,
however, that the detailed description and the specific examples, while indicating
preferred embodiments, are given by way of illustration only and not by way of limitation.
15  Various substitutions, modifications, additions and/or rearrangements within the spirit
and/or scope of the underlying inventive concept will become apparent to those skilled in

the art from this disclosure.

EL N 134 2 <63

includes,” “including,”

[0059]  As used herein, the terms “compriscs,” “comprising,
“has,” “having” or any other variation thereof, are intended to cover a non-exclusive
20  inclusion. For example, a process, article, or apparatus that comprises a list of elements
is not necessarily limited to only thosc clements but may include other elements not

expressly listed or inherent to such process, article, or apparatus.

[0060]  Additionally, any examples or illustrations given herein are not to be regarded
in any way as resfrictions on, limits to, or express definitions of, any term or terms with
25  which they are utilized. Instead, these examples or illustrations are to be regarded as
being described with respect to one particular embodiment and as illustrative only. Those

of ordinary skill in the art will appreciate that any term or terms with which these
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examples or illustrations are utilized will encompass other embodiments which may or
may not be given therewith or elsewhere in the specification and all such embodiments

are intended to be included within the scope of that term or terms.

[0061} In the foregoing specification, the invention has been described with reference
to specific embodiments. However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without departing from the scope of the
invention. Accordingly, the specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are intended to be included

within the scope of invention.

f0062] Although the invention has been described with respect to specific
embodiments thereof, these embodiments are merely illustrative, and not restrictive of the
invention. The description herein of illustrated embodiments of the invention is not
intended to be exhaustive or to limit the invention to the precise forms disclosed herein
(and in particular, the inchision of any particular embodiment, feature or function is not
intended to limit the scope of the invention to such embodiment, feature or
function). Rather, the description is intended to describe illustrative embodiments,
features and functions in order to provide a person of ordinary skill in the art context to
understand the invention without limiting the invention to any particularly described
embodiment, feature or function. While specific embodiments of, and examples for, the
invention are described herein for illustrative purposes only, various equivalent
modifications are possible within the spirit and scope of the invention, as those skilled in -
the relevant art will recognize and appreciate. As indicated, these modifications may be
made to the invention in light of the foregoing description of illustrated embodiments of
the invention and are to be included within the spirit and scope of the invention. Thus,
while the invention has been described herein with reference to particular embodiments
thereof, a latitude of modification, various changes and substitutions are intended in the
foregoing disclosures, and it will be appreciated that in some instances some features of
embodiments of the invention will be employed without a corresponding use of other

features without departing from the scope and spirit of the invention as set forth.

14
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Therefore, many modifications may bc made to adapt a particular situation or material to

the essential scope and spirit of the invention.

[0063] Respective appearances of the phrases "in one embodiment" "in an
embodiment,” or "in a specific embodiment" or similar terminology in various places
S throughout this specification are not necessarily referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics of
any particular embodiment may be combined in any suitablc manner with one or more
othetr embodiments. Tt is to be understood that other variations and modifications of the
embodiments described and illustrated herein are possible in light of the teachings herein

10 and are to be considered as part of the spirit and scope of the invention.

[0064] In the description herein, numerous specific details are provided, such as
examples of components and/or methods, to provide a thorough understanding of
embodiments of the invention. One skilled in the relevant art will rccognize, however,
that an embodiment may be able to be practiced without one or more of the specific
15  details, or with other apparatus, systems, assemblies, methods, components, maierials,
parts, and/or the like. In other instances, well-known structures, componcents, systems,
materials, or operations are not specifically shown or described in detail to avoid
obscuring aspects of embodiments of the invention. While the invention may he
illustrated by using a particular embodiment, this is not and does not limit the invention
20 to any particular embodiment and a person of ordinary skill in the art will recognize that

additional embodiments are readily understandable and are a part of this invention.

[0065] Tt will also be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented in a more separated or integrated manner, or
even removed or rendered as inoperable in certain cases, as is useful in accordance with a

25  particular application.

{0066] Benefits, other advantages, and solutions to problems have been described

above with regard to specific embodiments. However, the benefits, advantages, solutions

15
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to problems, and any component(s) that may cause any benefit, advantage, or solution to
occur or become more pronounced arc not to be construed as a critical, required, or

essential feature or componert.

16
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CLAIMS:
1. In combination with a sidewall and a door, an external hinge for pivotally connecting
the door to the sidewall, comprising:

a first curved arm extending between a first pivot pin of a first part mounted on an
interior surface of the sidewall and a second pivot pin of a second part mounted on an interior
surface of the door, the first pivot pin and the second pivot pin mounted rotatably so as to
allow the door to pivot between a fully open position and a fully closed position relative to a
door opening; and

a second curved arm extending between a third pivot pin of the first part mounted on
the interior surface of the sidewall and a fourth pivot pin of the second part mounted on the
interior surface of the door, the third pivot pin and the fourth pivot pin mounted rotatably so
as to allow the door to pivot between the fully open position and fully closed position,
wherein the external hinge is substantially concealed behind the sidewall and the door in the

fully closed position of the door.

2. The external hinge of claim 1, wherein the first part is coupled to a base plate

extending transversely from a horizontal plane of the sidewall.

3. The external hinge of claim 2, wherein an exterior surface of the door aligns with an
exterior surface of the sidewall in the horizontal plane when the door is in the fully closed

position.

4, The external hinge of claim 3, wherein the second part is coupled to the door which is
aligned substantially flush with the sidewall in the horizontal plane when the door is in the
fully closed position.

5. The external hinge of claim 1, wherein the first curved arm is curved substantially

about a radius centered at a midway point between the first pivot pin of the first part and the

second pivot pin of the second part.

17
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6. The external hinge of claim 1, wherein the second curved arm is curved substantially
about a radius centered at a midway point between the third pivot pin of the first part and the

fourth pivot pin of the second part.

7. The external hinge of claim 1, wherein the second curved arm is longer in length than

the first curved arm.

8. The external hinge of claim 1, wherein the first pivot pin the second pivot pin, the
third pivot pin and the fourth pivot pin pivot about a respective axis of hinging parallel to each

other.

9. The external hinge of claim 1, wherein the first curved arm and the second curved arm
are offset with each other by a thickness of the first and second parts and pivotally connected

to each other adjacent their point of connection with the first and second parts.

10.  The external hinge of claim 1, wherein the first curved arm and the second curved arm
are disposed laterally to each other in a first direction on a first end of the hinge and disposed
laterally to each other in a second direction on a second end of the hinge such that the first

direction is perpendicular to the second direction.

11.  An external concealed hinge movable to define a door opening, the external concealed
hinge comprising:

a first movable link having first and second ends, the first end of the first movable link
is coupled to a sidewall and the second end of the first movable link is coupled to a door;

a second movable link having first and second ends, the first end of the second
movable link is coupled to the sidewall and the second end of the second movable link is
coupled to the door,

wherein the second movable link is inter-digitally disposed as a contiguous set of links
relative to the first movable link and is configured to move independently of the first movable

link,
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wherein the second movable link is in a sliding contact with the first movable link
during motion of the external concealed hinge, and

wherein the first movable link and the second movable link being substantially hidden
behind the sidewall and the door in a fully closed position of the door relative to the door

opening.

12.  The external concealed hinge of claim 11, wherein the first movable link includes first
and second pivot pins being substantially hidden behind the sidewall and the door in the fully

closed position of the door.

13.  The external concealed hinge of claim 12, wherein the second movable link includes
third and fourth pivot pins being substantially hidden behind the sidewall and the door in the
fully closed position of the door.

14.  The external concealed hinge of claim 13, wherein the first pivot pin, the second pivot
pin, the third pivot pin and the fourth pivot pin pivot about a respective axis of hinging

parallel to each other.

15.  The external concealed hinge of claim 11, further comprising:
a first part mounted on an interior surface of the sidewall; and
a second part mounted on an interior surface of the door, wherein the first movable
link and the second movable link are offset with each other by a thickness of the first and
second parts and pivotally connected to each other adjacent their point of connection with the
first and second parts,
wherein the second movable link is longer in length than the first movable link, and
wherein the first movable link and the second movable link are disposed laterally to
each other in a first direction on a first end of the external concealed hinge and the first
movable link and the second movable link are disposed laterally to each other in a second
direction on a second end of the external concealed hinge such that the first direction is

perpendicular to the second direction.
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16.  In combination with a sidewall and a door, an external hinge for pivotally connecting
the door to the sidewall, comprising:

a first curved arm extending between a first pivot pin of a first part mounted on an
interior surface of the sidewall and a second pivot pin of a second part mounted on an interior
surface of the door, the first pivot pin and the second pivot pin mounted rotatably so as to
allow the door to pivot between a fully open position and a fully closed position relative to a
door opening; and

a second curved arm extending between a third pivot pin of the first part mounted on
the interior surface of the sidewall and a fourth pivot pin of the second part mounted on the
interior surface of the door, the third pivot pin and the fourth pivot pin mounted rotatably so
as to allow the door to pivot between the fully open position and fully closed position,
wherein the external hinge is substantially concealed behind the sidewall and the door in the
fully closed position of the door,

wherein the first curved arm and the second curved arm are offset with each other by a
thickness of the first and second parts and pivotally connected to each other adjacent their
point of connection with the first and second parts such that from a fully open position to a

fully closed position movement or degree of rotation of the external hinge is about 180°.

17.  The external hinge of claim 16, wherein the first part is coupled to a base plate

extending transversely from a horizontal plane of the sidewall.

18.  The external hinge of claim 17, wherein an exterior surface of the door aligns with an
exterior surface of the sidewall in the horizontal plane when the door is in the fully closed
position.

19.  The external hinge of claim 18, wherein the second part is coupled to the door which is

aligned substantially flush with the sidewall in the horizontal plane when the door is in the

fully closed position.
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20.  The external hinge of claim 16, wherein the first curved arm is curved substantially
about a radius centered at a midway point between the first pivot pin of the first part and the

second pivot pin of the second part.

21.  The external hinge of claim 16, wherein the second curved arm is curved substantially
about a radius centered at a midway point between the third pivot pin of the first part and the

fourth pivot pin of the second part.

22.  The external hinge of claim 16, wherein the second curved arm is longer in length than

the first curved arm.

23.  The external hinge of claim 16, wherein the first pivot pin, the second pivot pin, the
third pivot pin and the fourth pivot pin pivot about a respective axis of hinging parallel to each

other.

24.  The external hinge of claim 16, wherein the first curved arm and the second curved
arm are disposed laterally to each other in a first direction on a first end of the hinge and
disposed laterally to each other in a second direction on a second end of the hinge such that

the first direction is perpendicular to the second direction.

25.  The external hinge of claim 16, wherein the external hinge remains concealed by
having an effective pivot point at a particular point in the motion of the external hinge through
a stroke such that the effective pivot point exists on an interior side of the door until the door
is less than half way open and the effective pivot point exists on an exterior side of the door

through more than the last half of the door opening.

26.  An external concealed hinge movable to define a door opening, the external concealed
hinge comprising:
a first movable link having first and second ends, the first end of the first movable link

is coupled to a sidewall and the second end of the first movable link is coupled to a door;
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a second movable link having first and second ends, the first end of the second
movable link is coupled to the sidewall and the second end of the second movable link is
coupled to the door; |

a first part mounted on an interior surface of the sidewall; and

a second part mounted on an interior surface of the door,

wherein the first movable link and the second movable link are offset with each other
by a thickness of the first and second parts and pivotally connected to each other adjacent
their point of connection with the first and second parts such that from a fully open position to
a fully closed position movement or degree of rotation of the external concealed hinge is
about 180°,

wherein the second movable link is overlappingly disposed as a contiguous pair of
links relative to the first movable link and is configured to rotate independently of the first
movable link,

wherein the second movable link is in a sliding contact relationship with the first
movable link during motion of the external concealed hinge, and

wherein the first movable link and the second movable link being substantially hidden
behind the sidewall and the door in a fully closed position of the door relative to the door

opening.

27.  The external concealed hinge of claim 26, wherein the first movable link includes first
and second pivot pins being substantially hidden behind the sidewall and the door in the fully

closed position of the door.

28. The external concealed hinge of claim 27, wherein the second movable link includes
third and fourth pivot pins being substantially hidden behind the sidewall and the door in the
fully closed position of the door.

29.  The external concealed hinge of claim 28, wherein the first pivot pin, the second pivot
pin, the third pivot pin and the fourth pivot pin pivot about a respective axis of hinging

parallel to each other.
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30.  The external concealed hinge of claim 26, wherein the second movable link is longer

in length than the first movable link.

31. The external concealed hinge of claim 26, wherein the first movable link and the
second movable link are disposed laterally to each other in a first direction on a first end of
the external concealed hinge and the first movable link and the second movable link are
disposed laterally to each other in a second direction on a second end of the external

concealed hinge such that the first direction is perpendicular to the second direction.

32.  The external concealed hinge of claim 26, wherein the external concealed hinge
remains concealed by having an effective pivot point at a particular point in the motion of the
external concealed hinge through a stroke such that the effective pivot point exists on an
interior side of the door until the door is less than half way open and the effective pivot point

exists on an exterior side of the door through more than the last half of the door opening.

33. A method of hinging a door to a sidewall with a hinge, the method comprising:

linking a first part of the hinge with a second part of the hinge by a first movable link
having first and second ends, the first end of the first movable link is coupled to the sidewall
and the second end of the first movable link is coupled to the door;

linking the first part of the hinge with the second part of the hinge by a second
movable link having first and second ends, the first end of the second movable link is coupled
to the sidewall and the second end of the second movable link is coupled to the door; and

connecting the first movable link and the second movable link at an offset with each
other by a thickness of the first part mounted on an interior surface of the sidewall and the
second part mounted on an interior surface of the door such that from a fully open position to
a fully closed position movement or degree of rotation of the hinge is about 180°,

wherein the second movable link is overlappingly disposed as a pair of links relative to

the first movable link to rotate independently of the first movable link, and
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wherein the second movable link is in a sliding relationship with the first movable link
during motion of the hinge, wherein the first movable link and the second movable link being
substantially hidden behind the sidewall and the door in a fully closed position of the door

relative to a door opening.

34.  The method of claim 33, further comprising:

disposing laterally the first movable link and the second movable link to each other in
a first direction on a first end of the hinge; and

disposing laterally the first movable link and the second movable link to each other in
a second direction on a second end of the hinge such that the first direction is perpendicular to
the second direction, wherein the first movable link and the second movable link are pivotally
connected to each other adjacent their point of connection with the first and second parts and

wherein the second movable link is longer in length than the first movable link.

35.  The method of claim 33, wherein the hinge remains concealed by having an effective
pivot point at a particular point in the motion of the hinge through a stroke such that the
effective pivot point exists on an interior side of the door until the door is less than half way
open and the effective pivot point exists on an exterior side of the door through more than the

last half of the door opening.
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Link a first part of a concealed hinge with a second part of the concealed
hinge by a first curved arm as a first movable link using two pivot pins

- 905

Link the first part of the concealed hinge with the second part of the concealed
hinge by a second curved arm as a second movable link using two pivot pins

- 910

Connect the first movable link to the second movable link at an offset with
each other by a thickness of the first and second parts of the concealed hinge

L-915

Dispose the first and second movable links laterally to each other
in a first direction on a first end of the concealed hinge

L~ 920

Dispose the first and second movable links laterally to each other
in a second direction on a second end of the concealed hinge
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