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TOILET SEAT HINGE ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/451,708, filed March 11, 2011, to U.S. Provisional Patent Application No. 61/514,209,
filed August 2, 2011, to U.S. Provisional Patent Application No. 61/550,155, filed October
21, 2011, and to International Application No. PCT/US2011/065315, filed December 16,

2011, the entire contents of all of which are incorporated by reference herein.
FIELD OF THE INVENTION

[0002] The present invention relates to hinge assemblies for mounting toilet seats and/or

lids to toilet bowls.
SUMMARY

[0003] In one embodiment, the invention provides a hinge assembly for mounting a toilet
seat to a toilet bowl. The hinge assembly includes a hinge post, a threaded fastener extending
through the hinge post and configured to extend into a bore in the toilet bowl, a bushing
positioned around a portion of the threaded fastener, and a nut threadably coupled to the
threaded fastener. The nut includes an expandable section configured to extend into the bore
in the toilet bowl. The nut has a surface that is engaged by a surface of the bushing so that
the expandable section of the nut expands as the nut moves relative to the threaded fastener to

secure the hinge post to the toilet bowl.

[0004] In another embodiment, the invention provides a fastener assembly including a
threaded fastener having a first end portion and a second end portion, and an adaptor having a
first segment coupled to the first end portion of the threaded fastener, a second segment, and
a shear segment connecting the first and second segments. The first and second segments are
both configured to be engaged by a tool to rotate the threaded fastener. The shear segment
has a lower torque resistance than the first and second segments such that the shear segment
breaks when a torque applied to the second segment reaches a predetermined amount. The
fastener assembly also includes a nut threadably coupled to the second end portion of the
threaded fastener and a bushing positioned around a portion of the threaded fastener between
the adaptor and the nut. One of the nut and the bushing includes an expandable section. The

expandable section has a surface that is engaged by a surface of the other of the nut and the
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bushing so that the expandable section expands as the nut moves relative to the threaded

fastener.

[0005] In yet another embodiment, the invention provides a hinge assembly for mounting
a toilet seat to a toilet bowl. The hinge assembly includes a hinge post defining an opening
and including an upper surface that surrounds the opening, and a threaded fastener extending
through the opening of the hinge post and configured to extend into a bore in the toilet bowl.
The threaded fastener has a first end portion and a second end portion. The hinge assembly
also includes an adaptor having a first segment coupled to the first end portion of the threaded
fastener, a second segment, and a shear segment connecting the first and second segments.
The first and second segments are both configured to be engaged by a tool to rotate the
threaded fastener. The shear segment has a lower torque resistance than the first and second
segments such that the shear segment breaks when a torque applied to the second segment
reaches a predetermined amount. The hinge assembly further includes a bushing positioned
around a portion of the threaded fastener. The bushing has a flange and a lower section
configured to extend into the bore in the toilet bowl. The flange is supported by the upper
surface of the hinge post over the opening. The lower section has an outer diameter that is
smaller than the opening in the hinge post such that the hinge post is movable relative to the
threaded fastener and the bushing to adjust a position of the hinge post on the toilet bowl.
The hinge assembly also includes a nut threadably coupled to the second end portion of the
threaded fastener. The nut includes an expandable upper section configured to extend into
the bore in the toilet bowl. The nut has a surface that is engaged by a surface of the bushing
so that the expandable section of the nut expands as the nut moves relative to the threaded

fastener to secure the hinge post to the toilet bowl.

[0006] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1 is a perspective view of a hinge assembly embodying the invention.
[0008] Fig. 2 is an exploded perspective view of the hinge assembly shown in Fig. 1.

[0009] Fig. 3 is a top view of an adaptor for use with the hinge assembly shown in Fig. 1.
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[0010] Fig. 4 is a cross-sectional view of the hinge assembly taken along section line 4-4

of Fig. 1.

[0011] Fig. 5 is a cross-sectional view of the hinge assembly taken along section line 5-5

of Fig. 1.

[0012] Fig. 6 is another cross-sectional view of the hinge assembly illustrating a portion
of the adaptor shearing off a threaded fastener and illustrating a bushing expanding within a

bore of a toilet bowl.

[0013] Fig. 7 is another cross-sectional view of the hinge assembly illustrating a hinge

post moved relative to the threaded fastener and the bore of the toilet bowl.

[0014] Fig. 8 is a cross-sectional view of the hinge assembly illustrating the hinge

assembly mounted to another toilet bowl.
[0015] Fig. 9 is a perspective view of another hinge assembly embodying the invention.
[0016] Fig. 10 is an exploded perspective view of the hinge assembly shown in Fig. 9.

[0017] Fig. 11 is a cross-sectional view of the hinge assembly taken along section line

11-11 of Fig, 9.

[0018] Fig. 12 is a cross-sectional view of the hinge assembly taken along section line

12-12 of Fig, 9.

[0019] Fig. 13 is a perspective view of an alternative threaded fastener for use with the

hinge assembly of Fig. 9.

[0020] Fig. 14 is a cross-sectional view of the threaded fastener taken along section line

14-14 of Fig. 13.

[0021] Fig. 15 is a perspective view of yet another hinge assembly embodying the

invention.
[0022] Fig. 16 is an exploded perspective view of the hinge assembly shown in Fig. 15.

[0023] Fig. 17 is a cross-sectional view of the hinge assembly taken along section line

17-17 of Fig. 15.
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[0024] Fig. 18 is a perspective view of a mounting plate of the hinge assembly of Fig. 15.

[0025] Fig. 19 is a bottom perspective view of a hinge post of the hinge assembly of Fig.
15.

[0026] Fig. 20 is a perspective view of another hinge assembly embodying the invention.
[0027] Fig. 21 is an exploded perspective view of the hinge assembly shown in Fig. 20.

[0028] Fig. 22 is a cross-sectional view of the hinge assembly taken along section line

22-22 of Fig. 20.

[0029] Fig. 23 is another cross-sectional view of the hinge assembly shown in Fig. 20,

illustrating a nut expanding within a bore of a toilet bowl.
[0030] Fig. 24 is a side view of the nut for use with the hinge assembly shown in Fig. 20.

[0031] Fig. 25 is a cross-sectional view of the hinge assembly shown in Fig. 20

illustrating the hinge assembly mounted to another toilet bowl.
DETAILED DESCRIPTION

[0032] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced

or of being carried out in various ways.

[0033] Figs. 1 and 2 illustrate a toilet seat hinge assembly 10 for mounting a toilet seat, or
ring, and/or lid to a toilet bowl 14 (Figs. 4, 6, and 7). The hinge assembly 10 includes a hinge
post 18 and a fastener assembly 22 to secure the hinge post 18 to the toilet bowl 14. The
fastener assembly 22 includes a threaded fastener 26, an adaptor 30, an expandable bushing
34, and a nut 38. Although only one hinge assembly 10 is shown, it should be readily
apparent that a toilet typically includes two similar hinge assemblies 10 to mount the toilet

seat and/or 1id to the bowl 14.

[0034] The hinge post 18 includes a base portion 42, a post portion 46, and a cover or cap

50. The base portion 42 is configured to sit on the toilet bowl 14 and defines a recessed area
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54. The recessed arca 54 is bound by an upwardly-extending sidewall 58 of the base portion
42. The recessed area 54 is shaped and sized to receive portions of the threaded fastener 26
and the bushing 34 when the hinge post 18 is positioned on the toilet bowl 14. An opening
62 is formed through the base portion 42 in communication with the recessed area 54. The
illustrated opening 62 is an elongated opening that receives the threaded fastener 26 to align
the fastener 26 with a bore 66 (Figs. 4, 6, and 7) in the bowl 14. The elongated opening 62
allows the position of the hinge post 18 to be adjusted relative to the fastener 26 and the bore
66. That is, the opening 62 allows the hinge post 18 to be moved laterally on the bowl 14 to
accommodate and compensate for different sizes of toilet bowls and seats. For example, as
shown in Fig. 4, the hinge post 18 is slid so that the fastener assembly 22 is at the right end of
the opening 62 (i.e., the end adjacent the post portion 46) to move the toilet seat and/or lid
rearward on the toilet bowl 14. Similarly, as shown in Fig. 7, the hinge post 18 is slid so that
the fastener assembly 22 is at the left end of the opening 62 (i.c., the end adjacent the cover
50) to move the toilet seat and/or lid forward on the toilet bowl 14. Referring back to Fig. 2,
a series of ridges or teeth 70 is formed on an upper surface of the base portion 42 that

surrounds the elongated opening 62.

[0035] The post portion 46 includes two legs 74 extending perpendicularly from the base
portion 42. Each leg 74 defines a bore 78 for receiving a pin. The pin pivotally mounts one
or more hinge leaves to the hinge post 18 to pivotally couple the toilet seat and/or lid to the

hinge assembly 10.

[0036] The cover 50 is coupled to the base portion 42 by a living hinge 82. The cover 50
is movable between an open position (Fig. 1) and a closed position. When in the open
position, the cover 50 allows access to the recessed area 54 of the base portion 42. When in
the closed position, the cover 50 substantially covers the recessed area 54 to provide a clean
appearance for the hinge assembly 10. The cover 50 includes two bosses 86 that are
configured to be received in corresponding apertures 90 in the base portion 42 when the
cover 50 is closed. The bosses 86 and the apertures 90 create interference fits to releasably

secure the cover 50 in the closed position.

[0037] The threaded fastener 26 extends through the opening 62 in the hinge post 18 and
the bore 66 in the toilet bowl 14 to secure the hinge post 18 to the bowl 14. As shown in Fig.
4, the fastener 26 defines a longitudinal axis 94 extending through a first or upper end portion

98 and a second or lower end portion 102 of the fastener 26. The illustrated threaded fastener



WO 2012/125535 PCT/US2012/028729

26 is a steel or stainless steel bolt having a head 106 and a shaft 110. The illustrated head
106 is, for example, a conventional hex-shaped head formed on the first end portion 98 of the
fastener 26 and is received in the adaptor 30. The shaft 110 extends from the head 106
through the bore 66 in the toilet bowl 14. In some embodiments, the shaft 110 has a diameter
between approximately 3/16 inch and approximately 3/8 inch. In the illustrated embodiment,

the shaft 110 has a diameter of approximately 1/4 inch.

[0038] As shown in Figs. 2 and 4, the adaptor 30 is coupled to the upper end portion 98
of the fastener 26. The adaptor 30 may be composed of a plastic material such as, for
example, 30% glass filled nylon. As shown in Fig. 3, the adaptor 30 includes a hex-shaped
inner surface 114 that is configured to receive the hex-shaped head 106 of the fastener 26.
Referring back to Figs. 2 and 4, the head 106 is pressed into the adaptor 30 to inhibit rotation
of the adaptor 30 relative to the fastener 26. In some embodiments, the adaptor 30 may be
molded directly to the threaded fastener 26. In such embodiments, the fastener 26 may
include any suitable projection or projections that the adaptor 30 can be molded onto to

inhibit relative rotation between the adaptor 30 and the fastener 26.

[0039] The illustrated adaptor 30 includes a first or lower segment 118 coupled to the
upper end portion 98 of the threaded fastener 26, a second or upper segment 122, and a
middle shear segment 126 connecting the first and second segments 118, 122. The segments
118, 122, 126 are coaxially aligned along the longitudinal axis 94. The first and second
segments 118, 122 both include hex-shaped outer surfaces 130, 134 that are configured to be
engaged by a tool (e.g., a wrench, a pliers, etc.) to rotate the adaptor 30 and the fastener 26
about the longitudinal axis 94. The shear segment 126 is relatively thinner than the first and
second segments 118, 122 such that the shear segment 126 has a lower torque resistance than
the first and second segments 118, 122. Referring to Fig. 6, when a predetermined torque T
is applied to the second segment 122, the shear segment 126 breaks, separating the second
segment 122 from the first segment 118 and leaving the first segment 118 on the fastener 26.
Such an arrangement inhibits over-tightening of the fastener 26 and removes excess material

from the adaptor 30 so that the cover 50 of the hinge post 18 can be closed.

[0040] As shown in Figs. 2 and 4, the bushing 34 extends into the bore 66 in the toilet
bowl 14, and the fastener 26 is inserted into the bushing 34 such that the bushing 34 is
positioned around a portion of the fastener 26. The bushing 34 may be composed of a plastic

material such as, for example, 20% glass filled homopolymer polypropylene (HOPP). The
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bushing 34 includes a flange 138 formed at the upper end of the bushing 34, an upper section
139 below the flange 138, and an expandable lower section 140. The lower section 140
includes four axially extending segments 141 separated by slots 170 and has an outer
diameter that is smaller than the opening 62 in the hinge post 18 and the bore 66 in the toilet
bowl 14. The slots 170 are spaced approximately ninety degrees apart around the bushing 34.
The flange 138 is captured between the adaptor 30 and the base portion 42 of the hinge post
18. As shown in Fig. 5, a series of ridges or teeth 142 is formed on an underside, or lower
surface, of the flange 138. The ridges 142 on the flange 138 engage the corresponding ridges
70 on the base portion 42 to inhibit lateral movement of the bushing 34 relative to the hinge
post 18 when the fastener 26 is tightened.

[0041] As shown in Fig. 4, the bushing 34 is capable of conforming to the various
dimensions and shapes of mounting holes in toilet bowls. To this end, the bushing 34
includes projections 146 extending radially outward from the upper section 139. In the
illustrated embodiment, the bushing 34 includes four sets of two projections 146. In other
embodiments, the bushing 34 may include fewer or more projections 146. The projections
146 engage an inner surface 150 of the mounting hole or bore 66. The projections 146
deform and conform to the shape of the bore 66 and align the bushing 34 within the bore 66.
The illustrated projections 146 extend radially outward a greater distance than the diameter of
the bore 66 such that the projections 146 deflect upwardly when the bushing 34 is inserted
into the bore 66. Cutouts 154 (Fig. 2) are formed in the base portion 42 adjacent the
elongated opening 62 to provide clearance for the projections 146 when the bushing 34 is

inserted through the opening 62.

[0042] The nut 38 is threadably coupled to the lower end portion 102 of the threaded
fastener 26. The nut 38 is configured to expand the expandable bushing 34 as the fastener 26
is rotated about the axis 94 to secure the hinge post 18 to the toilet bowl 14. The illustrated
nut 38 is generally cylindrical and includes a tapered or frustoconical upper surface 158 that
engages a corresponding inner surface 166 on the segments 141 of the bushing 34. The nut
38 has an outer diameter that is smaller than the opening 62 in the hinge post 18 and the bore
66 in the toilet bowl 14 such that the nut 38 can be dropped through the opening 62 and the
bore 66 with the fastener 26 and the bushing 34. The nut 38 also has four ribs 162 (Fig. 2)
extending from the surface 158. The ribs 162 are spaced approximately ninety degrees apart

around the nut, and the ribs 162 fit within the slots 170 in the bushing 34.
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[0043] As the fastener 26 is rotated relative to the hinge post 18, the ribs 162 inhibit the
nut 38 from rotating relative to the bushing 34 with the fastener 26. Rather, as shown in Fig.
6, the nut 38 moves axially along the shaft 110 toward the hinge post 18. The nut 38 has a
larger outer diameter than the inner diameter of the bushing 34 such that the tapered surface
158 pushes the bushing segments 141 radially outward to expand the bushing 34. As the
bushing 34 expands, the segments 141 engage the inner surface 150 of the bore 66 to secure
the bushing 34 and the threaded fastener 26 within the bore 66, thereby securing the hinge
post 18 to the toilet bowl 14. As the bushing 34 engages the inner surface 150 of the bore 66,
the bushing 34 also increases the torque required for rotating the fastener 26 to the
predetermined torque T that is necessary to break the shear segment 126 of the adaptor 30

and separate the second segment 122 from the first segment 118.

[0044] The illustrated fastener assembly 22 facilitates rapid installation of the toilet seat
hinge assembly 10 on a toilet bowl. The threaded fastener 26, the adaptor 30, the bushing 34,
and the nut 38 can be preassembled as a single unit and then inserted through the elongated
opening 62 of the hinge post 18 and into a bore of a toilet bowl to secure the hinge post 18 to
the bowl. In addition, the nut 38 is keyed to the bushing 34 such that a user does not need to
grasp and hold the nut 38 when rotating the adaptor 30 and the fastener 26. Instead, the user
only needs to rotate the adaptor 30 until the shear segment 126 breaks to secure the hinge
assembly 10 in place. This arrangement allows the fastener assembly 22 to be top-installed
and top-tightened in restricted areas, such as on toilet bowls with blind bores. Furthermore,
the fastener 26 is sized (e.g., between approximately 3/16 inch and 3/8 inch in diameter) to

work with the normal variation of toilet bowl bore sizes.

[0045] Fig. 8 illustrates the toilet seat hinge assembly 10 mounted to another toilet bowl
174. The illustrated toilet bowl 174 has a flange 176 that is generally thinner than the flange
of the toilet bowl 14 shown in Figs. 4, 6, and 7. For example, the flange 176 may have a
thickness, measured generally parallel to the longitudinal axis 94, of approximately 0.5
inches. In addition, the flange 176 has larger radii that transition from a top surface 178 and a
bottom surface 182 of the bowl 174 to a bore 186 through the bowl 174. In some
embodiments, the radii may be between approximately 0.12 inches and approximately 0.25

inches.

[0046] In the illustrated embodiment, a substantial portion of the expandable lower

section 140 of the bushing 34 extends out of the bore 186 past the bottom surface 182 of the
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toilet bowl flange 176. As the fastener 26 is rotated to tighten the nut 38, the lower section
140 not only grips an inner surface 190 of the bore 186, but also expands into the radius
below the bore 186 to provide some degree of axial clamping. This axial clamping increases
the security of the hinge assembly 10 on the bowl 174. The nut 38 is also moved axially
further toward the hinge post 18 such that the second end portion 102 of the fastener 26

extends out of and beyond the nut 38.

[0047] Figs. 9 and 10 illustrate another embodiment of a toilet seat hinge assembly 200.
The hinge assembly 200 includes a hinge post 204, a bushing 208, a threaded fastener 212,
and a nut 216. The hinge post 204 includes a base portion 220 and a post portion 224. Two
hinge leaves 228, 232 are pivotally coupled to the post portion 224 by a pin 236. As shown
in Figs. 10 and 11, the base portion 220 defines an elongated opening 240, or slot, and
includes an upper surface 244 that surrounds the opening 240. The opening 240 allows for

lateral adjustment of a toilet seat on a toilet bowl 248 (Fig. 11), as further described below.

[0048] The illustrated bushing 208 includes a rectangular flange 252 and a lower section
256. The lower section 256 extends through the opening 240 of the hinge post 204 and into a
bore 260 (Fig. 11) in the toilet bowl 248. The bushing 208 also includes four sets of two
projections 264 extending radially outward from the lower section 256. The sets of
projections 264 are spaced approximately 90 degrees apart from each other. As shown in
Fig. 11, the projections 264 engage an inner surface 268 of the toilet bowl 248 that defines
the bore 260. The projections 264 deflect as the bushing 208 is inserted into the bore 260 to
help position and secure the bushing 208 within the bore 260.

[0049] The flange 252 is supported on the upper surface 244 of the hinge post 204 over
the opening 240. As shown in Fig. 12, the flange 252 includes a lower surface 272 and a
series of teeth 276 formed on the lower surface 272. The teeth 276 engage a similar series of
teeth 280 formed on the upper surface 244 of the hinge post 204. The teeth 276, 280 securely
intermesh with each other when the flange 252 is clamped down onto the hinge post 204 by
the threaded fastener 212 and the nut 216, inhibiting movement of the hinge post 204 relative
to the bushing 208 and the fastener 212. When the threaded fastener 212 is loosened, the
teeth 276, 280 disengage, allowing for movement of the hinge post 204. In particular, the
elongated opening 240 allows the hinge post 204 to slide horizontally along the toilet bowl
248 (Fig. 11) to adjust a position of the hinge post 204, and thereby the toilet seat and/or lid,

in a front-to-back direction.
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[0050] As shown in Figs. 10 and 11, the illustrated threaded fastener 212 is a shear bolt
that functions in the same manner as the threaded fastener 26 and the adaptor 30 of Figs. 1-8.
The fastener 212 includes a threaded portion 284, or shaft, and a head portion 288 having a
first segment 292, a second segment 296, and a shear segment 300. In the illustrated
embodiment, the entire fastener 212, including the threaded shaft 284, the first segment 292,
the second segment 296, and the shear segment 300, is composed of a plastic material (e.g.,
by injection molding) and is unitary. The first and second segments 292, 296 both have
hexagonal outer surfaces 304, 308 so that a wrench or other tool can be used to engage and
rotate the fastener 212. The shear segment 300 connects the first and second segments 292,
296 and is designed to shear off when a desired torque is applied to the second segment 296.
The nut 216 can be held by hand or with a tool when tightening the fastener 212. The first
segment 292 has the same geometry as the second segment 296 to facilitate rotating and

removing the fastener 212 after the second segment 296 is broken off.

[0051] In other embodiments, the flange 252 of the bushing 208 could be integrally
formed (e.g., by injection molding) with the fastener 212 such that the flange 252 would
essentially also be part of the head portion 288 of the fastener 212. In such embodiments,
either an ordinary nut or a shear nut (similar to the shear nuts disclosed in U.S. Publication
No. 2009/0276944 (‘the 944 Publication), the entire contents of which are incorporated by
reference herein) could be used to secure the fastener 212 to the toilet bowl 248. The teeth
276 on the flange 252 and the teeth 280 on the hinge post 204 could still help fix the hinge
post 204 relative to the toilet bowl 248 when the fastener 212 is tightened and allow for
adjustment of the hinge post 204 on the toilet bowl 248 when the fastener 212 is loosened.

[0052] Figs. 13 and 14 illustrate another threaded fastener 312 for use with the hinge
assembly 200. Similar to the threaded fastener 212 described above, the illustrated fastener
312 includes a threaded portion 316, or shaft, and a head portion 320 having a first segment
324, a second segment 328, and a shear segment 332. The shaft 316, the first segment 324,
the second segment 328, and the shear segment 332 are composed of a plastic material and
are unitary. In the illustrated embodiment, an annular recess 336 is formed in an outer
surface 340 of the first segment 324. The annular recess 336 is configured to be engaged by
a quick-release hinge post, similar to the recess 855 illustrated and described in Figs. 24 and
25 of the ‘944 Publication. A similar recess can also be formed in the first section 118 of the

adaptor 30 shown in Figs. 1-8.

10
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[0053] The illustrated threaded fastener 312 also includes two slots 344, 348 formed in an
upward-facing surface 352 of the first segment 324. The slots 344, 348 are formed within a
periphery defined by the outer surface 340 of the first segment 324. The illustrated slots 344,
348 are arranged perpendicularly for engagement by a Phillips head screwdriver to rotate the
fastener 312. In other embodiments, the fastener 312 may include a single slot for

engagement by a flat head screwdriver.

[0054] Figs. 15-17 illustrate another embodiment of a toilet seat hinge assembly 400 for
coupling a toilet seat and/or lid to a toilet bowl 404. The illustrated hinge assembly 400
includes a mounting plate 408, a clip 412, a threaded fastener 416, a hinge post 420, and two
hinge leaves 424, 428.

[0055] As shown in Figs. 16 and 18, the mounting plate 408, or first member, includes a
bottom wall 432, a front wall 436, a rear wall 440, and two side walls 444, 448. The front
wall 436, the rear wall 440, and the side walls 444, 448 all extend upwardly from the bottom
wall 432 to define a plate cavity 452. A plate opening 456 is formed through the bottom wall
432 in communication with the plate cavity 452. The bottom wall 432 includes a front ledge
460 between the plate opening 456 and the front wall 436, and a rear ledge 464 between the
plate opening 456 and the rear wall 440. The first side wall 444 is positioned outside of the
plate opening 456 and includes an outwardly extending first wing or shoulder 468 that
extends the length of the side wall 444. The first shoulder 468 defines an undercut 472 in the
first side wall 444. The second side wall 448 is positioned outside of the plate opening 456
opposite the first side wall 444 and includes an outwardly extending second wing or shoulder
476 that extends the length of the side wall 448. The second shoulder 476 defines an
undercut 480 in the second side wall 448.

[0056] The mounting plate 408 also includes a tab 484 extending from the front wall 436
away from the plate cavity 452. The tab 484 is deflectable between a locked position and an
unlocked position and is biased to the locked position. As shown in Fig. 17, when in the
locked position, the tab 484 extends substantially parallel to the bottom wall 432 and
substantially perpendicular to the front wall 436. When in the unlocked position, the tab 484
is angled obliquely relative to the bottom wall 432 and the front wall 436. The tab 484
includes an upwardly extending projection 488. The projection 488 includes an angled

surface 492 on the side of the projection 488 closer to the front wall 436.

11



WO 2012/125535 PCT/US2012/028729

[0057] As shown in Figs. 16 and 18, the mounting plate 408 further includes a forward
wall 496. The forward wall 496 is positioned forward of the front wall 436 and is connected
to the front wall 436 by extensions 500, 504 of the side walls 444, 448. A recess 508 is
formed in the upper surface of the forward wall 496. The recess 508 provides clearance for
the tab 484 such that the tab 484 can extend through the forward wall 496 and be depressed to
the unlocked position. In other embodiments, the forward wall 496 and the front wall 436
may be a single continuous wall that defines the recess 508. In still other embodiments, the

forward wall 496 and the side wall extensions 500, 504 may be omitted.

[0058] As shown in Fig. 16, the clip 412, or second member, includes a horizontal plate
512 and two clip side walls 516, 520. The side walls 516, 520 extend from a front end 524 to
a rear end 528 of the plate 512 on opposite sides of the plate 512. An elongated clip opening
532 is defined in the plate 512 between the front and rear ends 524, 528. As shown in Fig.
17, the clip 412 is positioned in the plate cavity 452 of the mounting plate 408 so that the clip
412 engages and is supported by the front ledge 460 and the rear ledge 464. In addition, the
front end 524 of the clip 412 abuts the front wall 436 of the plate 408, the rear end 528 of the
clip 412 abuts the rear wall 440 of the plate 408, and the clip opening 532 overlaps the plate
opening 456. The clip 412 is thereby movable relative to the plate 408 in a horizontal side-
to-side direction X within the plate cavity 452.

[0059] In the illustrated embodiment, the fastener 416 is a conventional bolt including a
head 536 and a threaded shaft 540. The head 536 engages and is supported by an upper
surface of the horizontal plate 512 of the clip 412. The illustrated head 536 is a Phillips head,
but may alternatively be a flat head, a hex head, or any other type of head suitable for
engagement and rotation by a tool. The shaft 540 extends through the clip opening 532 and
the plate opening 456 into a bore 544 (Fig. 17) in the toilet bowl 404. The shaft 540 is
movable within the clip opening 532 in a horizontal front-to-back direction Y from a first end
548 of the opening 532 to a second end 552 of the opening 532. The fastener 416 can be
tightened to the toilet bowl 404 with a nut to fix the location of the shaft 540 within the clip
opening 532. Tightening the fastener 416 also clamps the clip 412 and the mounting plate
408 between the head 536 and the toilet bowl 404, preventing front-to-back and side-to-side
movement of the mounting plate 408 on the toilet bowl 404. In some embodiments, the
fastener 416 may include a shear head (similar to the threaded fasteners of Figs. 1-14) or the

nut may be a shear nut (similar to the nuts disclosed in the ‘944 Publication).
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[0060] As shown in Fig. 19, the hinge post 420 includes a base portion 556 and a post
portion 560. The post portion 560 extends upwardly from the base portion 556 and defines
an opening 564 for pivotally coupling the hinge leaves 424, 428 to the hinge post 420. The
base portion 556 defines a base cavity 568 having a front opening 572 and a bottom opening
576. The base portion 556 also includes two inwardly extending side ledges 580, 584 that
extend along each side of the cavity 568. As shown in Fig 17, a lip 588 is formed generally
above the cavity 568 and is configured to engage the projection 488 on the tab 484 of the
mounting plate 408. In other embodiments, the tab 484 may extend from the hinge post 420
and the lip 588 may be formed on the mounting plate 408.

[0061] Referring back to Figs. 15 and 16, the hinge leaves 424, 428 are pivotally coupled
to the hinge post 420 by a pin (not shown). The first leaf 424 is configured to be coupled to a
toilet seat or ring. The second leaf 428 is configured to be coupled to a toilet lid or cover. In
other embodiments, the seat and the 1id may be pivotally connected to the hinge post 420 in
any manner, including without hinge leaves. In some embodiments, the toilet seat hinge

assembly 400 may be a slow-close hinge.

[0062] As shown in Fig. 16, the plate opening 456 and the clip opening 532 have
dimensions that are larger than an outer diameter of the fastener 416 such that the mounting
plate 408 and the clip 412 are movable relative to the fastener 416. In particular, the plate
opening 456 has a length Lp and a width Wp (Fig. 18) that are larger than the outer diameter
of the fastener 416 so that the clip 412 is movable from side-to-side in the horizontal
direction X within the plate cavity 452. The clip 412 contacts the first side wall 444 of the
plate 408 at one extreme and contacts the second side wall 448 of the plate 408 at the other
extreme. In addition, the clip opening 532 has a length L that is larger than the outer
diameter of the fastener 416 so that the fastener 416 is movable from front-to-back in the
horizontal direction Y within the clip opening 532. The fastener 416 contacts the first end
548 of the opening 532 at one extreme and contacts the second end 552 of the opening 532 at
the other extreme. Movement in these two horizontal directions X, Y allows the position of
the mounting plate 408 to be adjusted relative to the bore 544 in the toilet bowl 404. This
positional adjustability allows the hinge assembly 400 to compensate for differences in
spacing of bores in different toilet bowls, as compared to the spacing of the hinge attachment
points on the toilet seat and the lid, and to adjust the location of the seat and the lid over

different toilet bowls. After the mounting plate 408 is positioned as desired on the toilet bowl
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404, the fastener 416 is tightened to secure the mounting plate 408 and the clip 412 to the
toilet bowl 404.

[0063] The hinge post 420 is then secured to the mounting plate 408 by sliding the post
420 along the toilet bowl 404 and onto the plate 408 in a forward horizontal direction F (Fig.
17). The rear wall 440 of the mounting plate 408 enters the hinge post 420 through the front
opening 572 so that the base cavity 568 receives the mounting plate 408 and the clip 412. As
the hinge post 420 is slid onto the mounting plate 408, the first ledge 580 of the hinge post
420 slides into the first undercut 472 of the plate 408, capturing the ledge 580 between the
first shoulder 468 and the toilet bowl 404. In addition, the second ledge 584 of the hinge post
420 slides into the second undercut 480 of the plate 408, capturing the ledge 584 between the
second shoulder 476 and the toilet bowl 404. The shoulders 468, 476 and the ledges 580, 584
prevent the hinge post 420 from lifting away from the toilet bowl 404 after the hinge post 420

is installed.

[0064] As the hinge post 420 is slid on the mounting plate 408, the tab 484 is
automatically depressed to the unlocked position by the hinge post 420. In particular, the
angled surface 492 of the projection 488 engages and rides under an edge of the hinge post
420 to deflect the tab 484 toward the toilet bowl 404. This allows the projection 488 to pass
through the front opening 572 of the hinge post 420 and into the base cavity 568. Once the
mounting plate 408 is sufficiently within the cavity 568, the tab 484 automatically snaps into
the locked position (Fig. 17) so that the projection 488 engages the lip 588 to inhibit
movement of the hinge post 420 in a rearward horizontal direction R off of the mounting
plate 408. As shown in Fig. 17, when the mounting plate 408 is fully inserted into the base
cavity 568, the projection 488 engages the lip 588, the rear wall 440 of the plate 408 abuts an
inner wall 592 of the hinge post 420, and the forward wall 496 of the plate 408 is flush with
an outer surface of the hinge post 420. In this position, the tab 484 extends outwardly from

the hinge post 420 in the forward horizontal direction F.

[0065] To remove the hinge post 420 from the mounting plate 408, a user manually
depresses the tab 484 toward the toilet bowl 404 to the unlocked position. In this position,
the projection 488 on the tab 484 disengages the lip 588 such that the hinge post 420 can be

slid off of the mounting plate 408 in the rearward horizontal direction R.
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[0066] Figs. 20-23 illustrate another embodiment of a toilet seat hinge assembly 600 for
coupling a toilet seat and/or lid to a toilet bowl 604. The hinge assembly 600 includes a
hinge post 608 and a fastener assembly 612 to secure the hinge post 608 to the toilet bowl
604. The fastener assembly 612 includes a threaded fastener 616, an adaptor 620, a bushing
624, and an expandable nut 628. The hinge post 608, the threaded fastener 616, and the
adaptor 620 are substantially the same as the hinge post 18, the threaded fastener 26, and the
adaptor 30 discussed above. Only differences between the bushing 624 and the nut 628 of
the illustrated hinge assembly 600 compared to the bushing 34 and the nut 38 of the hinge

assembly 10 described with reference to Figs. 1-7 are discussed in detail below.

[0067] As shown in Figs. 21-23, the illustrated bushing 624 includes a rectangular flange
632 and a lower section 636. The lower section 636 extends through an opening 640 in the
hinge post 608 and into a bore 644 in the toilet bowl 604. The bushing 624 also includes four
sets of two projections 648 extending radially outward from the lower section 636. The
flange 632 and the projections 648 function in a similar manner to the flange 138 and the
projections 146 of the bushing 34 discussed above. In the illustrated embodiment, the lower
section 636 of the bushing 624 includes a frustoconical lower surface 652 formed on an end
of the bushing 624 opposite the flange 632. The frustoconical surface 652 tapers inward
toward the lower end of the bushing 624. The lower section 636 also includes four ribs 656
extending from the frustoconical lower surface 652. The ribs 656 are evenly spaced (e.g.,
spaced approximately ninety degrees apart) around the perimeter of the lower section 636. In

other embodiments, the lower section 636 may include fewer or more ribs 656.

[0068] The nut 628 includes a lower section with a threaded inner surface 660 that
engages the threaded fastener 616 to threadably couple the nut 628 to the fastener 616. The
illustrated nut 628 also includes an expandable upper section 664 having four axially
extending segments 668 that extend upward from the lower section and that are separated by
slots 672 (Fig. 21). The slots 672 are spaced approximately ninety degrees apart around the
nut 628 and correspond to the ribs 656 of the bushing 624. An inner surface 676 of the
expandable section 664 is unthreaded such that the nut 624 is spaced apart from and does not
engage the fastener 616 at the expandable section 664. Rather, the unthreaded inner surface
676 is tapered or frustoconical adjacent ends 680 (Fig. 24) of the segments 668. The surface
676 tapers outward toward the upper ends 680 so as to receive the frustoconical lower surface

652 of the bushing 624. As the nut 628 moves upward along the fastener 616 due to relative
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rotation of the nut and the fastener, the bushing 624 enters the nut 628 and expands the
expandable section 664 of the nut 628 to secure the hinge post 608 to the toilet bowl 604.
This is further explained below.

[0069] In the illustrated embodiment, the nut 628 is generally cylindrical and has an outer
diameter that is smaller than an inner diameter of the bore 644 in the toilet bowl 604 when the
expandable section 664 is not expanded such that the fastener assembly 612 can be inserted

or dropped through the bore 644 from the top.

[0070] As shown in Fig. 24, the upper end 680 of each axially extending segment 668 is
obliquely angled relative to a longitudinal axis 684 of the nut 628, or relative to a plane
perpendicular to the axis 684. In particular, one side 688 of cach segment end 680 is lower
(i.e., closer to a bottom of the adjacent slot 672) than the other side 692 of the segment end
680. In the illustrated embodiment, the segment ends 630 are obliquely angled such that the
lower side 688 is approximately 0.025 inches lower than the higher side 692. In other
embodiments, the segment ends 680 may be obliquely angled a greater or lesser degree.
When the nut 628 is initially threaded onto the fastener 616, with the fastener 616 extending
through the bushing 624, the nut 628 can be rotated until the upper ends 680 of the nut
segments 668 hit the lower ends of the ribs 656. Alternatively, the nut 628 can be held
stationary and the fastener 616 can be rotated, or both can be rotated, until the upper ends 680
of the nut segments 668 hit the lower ends of the ribs 656. Once the ends 680 hit the ribs
656, only the fastener 616 is rotated. Initially the nut rotates with the fastener, and the
relative movement between the nut 628 and the bushing 624 causes the lower end of each rib
656 to move along the respective upper end 680 in the direction from the high side 692
toward the low side 688 until the rib 656 hits the high side 692 of the adjacent segment 668.
Engagement between the ribs 656 and the high sides 692 of the segments 668 prevents
further relative rotation between the nut 628 and the bushing 624, and further rotation of the
fastener 616 relative to the bushing 624 causes each rib 656 to move downward into the

aligned slot 672 as the nut 628 moves upward along the fastener.

[0071] As the fastener 616 is rotated relative to the hinge post 608 and relative to the
bushing 624, the ribs 656 on the bushing 624 prevent the nut 628 from rotating with the
fastener 616 relative to the bushing 624. Rather, the nut 628 moves axially along the fastener
616 toward the hinge post 608. The bushing 624 has a larger outer diameter than the inner
diameter of the nut 628 such that the frustoconical surface 652 of the bushing 624 pushes the
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nut segments 668 radially outward to expand the nut 628. As the nut 628 expands, the
segments 668 engage the inner surface of the bore 644 to secure the nut 628 and the threaded
fastener 616 within the bore 644, thereby securing the hinge post 608 to the toilet bowl 604.
As the nut 628 engages the inner surface of the bore 644, the nut 628 also increases the
torque required to rotate the fastener 616. When the torque reaches the desired level, an
upper segment 696 of the adaptor 620 will shear off and separate from the fastener assembly
612 (see Fig. 23).

[0072] When the nut segments 668 have expanded to contact the inner surface of the bore
644, the nut 628 is restrained from moving axially relative to the toilet bowl 604. Further
tightening of the threaded fastener 616 causes the bushing 624 to be drawn axially downward
toward the now stationary nut 628. This downward axial movement of the bushing 624
clamps the hinge post 608 tightly to the upper mounting surface of the toilet bowl 604,
thereby improving the security of the hinge post 608 and increasing the ability of the hinge

post 608 to remain tight and motionless relative to the toilet bowl 604.

[0073] Fig. 25 illustrates the toilet seat hinge assembly 600 mounted to another toilet
bowl 704. The illustrated toilet bowl 704 has a flange 708 that is generally thinner than the
flange of the toilet bowl 604 shown in Figs. 22 and 23. For example, the flange 708 may
have a thickness of approximately 0.5 inches. When the hinge assembly 600 is mounted to
the toilet bowl 704, the nut segments 668 expand and become larger than a bore 712 in the
flange 708. As the nut 628 is expanded by the bushing 624, the nut segments 668 contact and
bear against a lower surface 716 of the toilet bowl 704. Once the nut segments 668 contact
the lower surface 716, further tightening of the threaded fastener 616 increases the clamping
force of the bushing 624 on the hinge post 608 to secure the hinge post 608 to the toilet bowl
704.

[0074] The fastener assemblies 22, 612, including the shearable fasteners and/or the
expandable bushings or nuts, discussed above or the shear nuts disclosed in the ‘944
Publication can be used for fastening applications related to a toilet other than securing a
toilet seat hinge assembly to a toilet bowl. For example, shearable nuts or bolts can be used
to secure a toilet bowl to the floor. A typical toilet bowl has two spaced apart mounting
holes. These mounting holes are usually aligned with corresponding bolts extending from the
floor so that the bolts extend through the mounting holes. A shearable nut may be threaded

onto each bolt and tightened to secure the toilet bowl to the floor. The shear segment of the
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nut is designed to break at a predetermined torque such that the toilet bowl is properly
secured to the floor without cracking or causing other damage to the toilet bowl due to over-
tightening of the nut. Typically, a washer is positioned between the toilet bowl and the nut
before tightening the nut. This washer can be a component of a pre-assembled nut or can be
separate from the nut. The washer can include a boss for mounting a decorative cap or cover

to conceal the nut from view after the toilet bowl is secured to the floor.

[0075] Alternatively, if one of the fastener assemblies 22, 612 are used, the bolts can
be omitted and the fastener assemblies 22, 612 can be dropped through the mounting holes
and into holes in the floor instead. In such a scenario, the threaded fastener of a fastener
assembly may include a shear segment. The shear segment is designed to break at a
predetermined torque such that the toilet bowl is properly secured to the floor without
cracking or causing other damage to the toilet bowl due to over-tightening the fastener
assembly. In addition, the expandable bushing or nut of the fastener assembly will expand
within the hole in the floor to anchor the fastener assembly to the floor without having to

reach under the floor.

[0076] In further embodiments, the fastener assemblies 22, 612 can be used for
securing a toilet tank to a toilet bowl. A typical toilet bowl has two spaced apart mounting
holes. A typical toilet tank has two corresponding spaced apart mounting holes. After
placing the toilet tank on the toilet bowl and aligning the toilet tank mounting holes with the
toilet bowl mounting holes, one of the fastener assemblies 22, 612 can be inserted through
cach pair of aligned mounting holes. In such a scenario, either the bolt or the nut of a
fastener assembly may include a shear segment. The shear segment is designed to break at a
predetermined torque such that the toilet tank is properly secured to the toilet bowl without
cracking or causing other damage to the toilet tank or the toilet bowl due to over-tightening

the fastener assembly.

[0077] The directions used to describe the hinge assemblies (e.g., front, back, side,
forward, rearward, upper, lower, etc.) correspond to the directions of a hinge assembly when
secured to a toilet bowl in one orientation. The directional language should not be regarded
as limiting as the hinge assemblies could be oriented in other directions and ways on a toilet
bowl and still function as described above. For example, the term “front” as used above

could refer to a position to the left, right, or rear of a toilet bowl.
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[0078] Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS

1. A hinge assembly for mounting a toilet seat to a toilet bowl, the hinge assembly
comprising:

a hinge post;

a threaded fastener extending through the hinge post and configured to extend into a
bore in the toilet bowl;

a bushing positioned around a portion of the threaded fastener; and

a nut threadably coupled to the threaded fastener, the nut including an expandable
section configured to extend into the bore in the toilet bowl;

wherein the nut has a surface that is engaged by a surface of the bushing so that the
expandable section of the nut expands as the nut moves relative to the threaded fastener to

secure the hinge post to the toilet bowl.

2. The hinge assembly of claim 1, wherein the nut is generally cylindrical and has an
outer diameter configured to be smaller than an inner diameter of the bore in the toilet bowl

when the expandable section is not expanded.

3. The hinge assembly of claim 1, wherein the nut includes a threaded inner surface that
engages the threaded fastener, and wherein the surface of the nut that is engaged by the

bushing is an unthreaded inner surface of the expandable section.

4, The hinge assembly of claim 1, wherein the expandable section of the nut is located at

an upper end of the nut.

5. The hinge assembly of claim 1, wherein the surface of the bushing that engages the
nut includes a frustoconical lower surface, and wherein the frustoconical lower surface enters

the expandable section of the nut as the nut moves relative to the threaded fastener.

6. The hinge assembly of claim 5, wherein the expandable section of the nut defines at

least two slots to facilitate expansion of the nut.

7. The hinge assembly of claim 6, wherein the bushing includes a rib, and wherein the
rib fits within one of the at least two slots of the nut to inhibit the nut from rotating relative to

the bushing.
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8. The hinge assembly of claim 7, wherein the rib extends from the frustoconical lower

surface of the bushing.

9. The hinge assembly of claim 7, wherein the at least two slots divide the expandable
section into two axially extending segments, and wherein each axially extending segment has

an end that is obliquely angled relative to a longitudinal axis of the nut.

10. The hinge assembly of claim 1, wherein the bushing is a separate component from the

hinge post.

11. The hinge assembly of claim 10, wherein the hinge post defines an opening and
includes an upper surface that surrounds the opening, and wherein the bushing includes a

flange that is supported by the upper surface of the hinge post over the opening.

12. The hinge assembly of claim 11, wherein the hinge post is movable relative to the

threaded fastener and the bushing to adjust a position of the hinge post on the toilet bowl.

13. The hinge assembly of claim 12, wherein the hinge post includes a first series of teeth
formed on the upper surface, wherein the flange of the bushing includes a lower surface and a
second series of teeth formed on the lower surface, and wherein the first series of teeth
engages the second series of teeth to inhibit movement of the hinge post relative to the

bushing when the threaded fastener is tightened.

14. The hinge assembly of claim 1, wherein the bushing includes a plurality of projections
extending radially outward therefrom, wherein the plurality of projections is configured to
engage an inner surface of the bore in the toilet bowl, and wherein at least some of the
plurality of projections are configured to deform as the bushing is inserted into the bore in the

toilet bowl to conform to the shape of the bore.

15. The hinge assembly of claim 1, further comprising an adaptor having a first segment
coupled to the threaded fastener, a second segment, and a shear segment connecting the first
and second segments, wherein the first and second segments are both configured to be
engaged by a tool to rotate the threaded fastener, and wherein the shear segment has a lower
torque resistance than the first and second segments such that the shear segment breaks when

a torque applied to the second segment reaches a predetermined amount.
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16. A fastener assembly comprising:

a threaded fastener having a first end portion and a second end portion;

an adaptor having a first segment coupled to the first end portion of the threaded
fastener, a second segment, and a shear segment connecting the first and second segments,
the first and second segments both configured to be engaged by a tool to rotate the threaded
fastener, the shear segment having a lower torque resistance than the first and second
segments such that the shear segment breaks when a torque applied to the second segment
reaches a predetermined amount;

a nut threadably coupled to the second end portion of the threaded fastener; and

a bushing positioned around a portion of the threaded fastener between the adaptor
and the nut;

wherein one of the nut and the bushing includes an expandable section, and wherein
the expandable section has a surface that is engaged by a surface of the other of the nut and
the bushing so that the expandable section expands as the nut moves relative to the threaded

fastener.

17. The fastener assembly of claim 16, wherein the surface of the other of the nut and the
bushing that engages the expandable section includes a frustoconical surface, and wherein the
frustoconical surface enters the expandable section as the nut moves relative to the threaded

fastener.

18. The fastener assembly of claim 17, wherein the expandable section defines at least

two slots to facilitate expansion of the one of the nut and the bushing.

19. The fastener assembly of claim 18, wherein the at least two slots divide the
expandable section into at least two axially extending segments, and wherein the at least two
axially extending segments deflect radially outward as the nut moves relative to the threaded

fastener.

20. The fastener assembly of claim 18, wherein the other of the nut and the bushing
includes a rib, and wherein the rib fits within one of the at least two slots to inhibit the nut

from rotating relative to the bushing.

21. The fastener assembly of claim 20, wherein the rib extends from the frustoconical

surface of the other of the nut and the bushing.
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22. The fastener assembly of claim 16, wherein the bushing includes a flange.

23. The fastener assembly of claim 16, wherein the bushing includes a plurality of
projections extending radially outward therefrom, and wherein at least some of the plurality
of projections are configured to deflect as the bushing is inserted into a bore to conform to the

shape of the bore.
24, The fastener assembly of claim 16, wherein the nut is generally cylindrical.

25. The fastener assembly of claim 16, wherein the threaded fastener includes a bolt
having a head at the first end portion, and wherein the head is fit into the adaptor such that the

first segment of the adaptor surrounds the head.

26. The fastener assembly of claim 16, wherein the threaded fastener and the adaptor are

integrally formed as a single piece.
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27. A hinge assembly for mounting a toilet seat to a toilet bowl, the hinge assembly
comprising:

a hinge post defining an opening and including an upper surface that surrounds the
opening;

a threaded fastener extending through the opening of the hinge post and configured to
extend into a bore in the toilet bowl, the threaded fastener having a first end portion and a
second end portion;

an adaptor having a first segment coupled to the first end portion of the threaded
fastener, a second segment, and a shear segment connecting the first and second segments,
the first and second segments both configured to be engaged by a tool to rotate the threaded
fastener, the shear segment having a lower torque resistance than the first and second
segments such that the shear segment breaks when a torque applied to the second segment
reaches a predetermined amount;

a bushing positioned around a portion of the threaded fastener, the bushing having a
flange and a lower section configured to extend into the bore in the toilet bowl, the flange
supported by the upper surface of the hinge post over the opening, the lower section having
an outer diameter that is smaller than the opening in the hinge post such that the hinge post is
movable relative to the threaded fastener and the bushing to adjust a position of the hinge
post on the toilet bowl; and

a nut threadably coupled to the second end portion of the threaded fastener, the nut
including an expandable upper section configured to extend into the bore in the toilet bowl;

wherein the nut has a surface that is engaged by a surface of the bushing so that the
expandable section of the nut expands as the nut moves relative to the threaded fastener to

secure the hinge post to the toilet bowl.

24



22222222222222222222222222222




PCT/US2012/028729

WO 2012/125535

2/23




WO 2012/125535 PCT/US2012/028729

3/23




WO 2012/125535 PCT/US2012/028729

4/23




WO 2012/125535 PCT/US2012/028729

5/23

74
46

b

138
FIG. 5

|
142

AN

54

70

%
"7/////

/ l //
//
”/////////////////////////

42




WO 2012/125535

50

6/23

e T

~

~

EN

30

PCT/US2012/028729

10

102
FIG.




WO 2012/125535

7/23

86

50 4T

122

126

42

10

PCT/US2012/028729

AN

/

N
> ~
SN
SONS N N \\)




WO 2012/125535 PCT/US2012/028729

8/23

178

174







WO 2012/125535 PCT/US2012/028729

284

240 ( ‘%‘% '




WO 2012/125535 PCT/US2012/028729

11/23

232
.
N\
2728
)

7
N
=
O [
K N -~
e~
O
Z L
———

260

(e S
S S
[N
O
- e
<t o
N

204
268

264



PCT/US2012/028729

WO 2012

12/23

9/¢

|

¢Le

N
\

444

80¢

002

%

-

7/



222222222222222222222222222222




PCT/US2012/028729

WO 2012/125535

14/23

| 416

540 =

FIG. 15



22222222222222222

15/23

TN
[
/

) 0
)))))))))))))))))))i DI

’.?I/
)

i

)

FIG. 16

400\
556



WO 2012/125535 PCT/US2012/028729

16/23




PCT/US2012/028729

WO 2012/125535

17123

572




WO 2012/125535 PCT/US2012/028729

18/23

\ S—

Vel \—_ —
S~ \ \/& Q
S]
Ty

640

’\/\\f\\\



WO 2012/125535 PCT/US2012/028729

600

\ /612
624
664

=
i 19

Ny
1 ‘,\\%\_}\\,

W
i

\=—



WO 2012/125535 PCT/US2012/028729

20/23
/600
—
608
519 620
696 ( \
o | 616
624 | ;
- 648 i
e ’l][
/
/
//

AN
=
=

660 \ 628

FIG. 22



WO 2012/125535 PCT/US2012/028729

21/23

S —
600
696\\\_35 620 P
—_— \
N
612 608
YT T T ™
L B
by .
620 ! P!
616
624 632 \ <. PR }
- 648
/ |
/

A\

660 628

FIG. 23



WO 2012/125535

22/23

PCT/US2012/028729

! 628
| 684 y©
I../
692 i
650 680 | 680 688 o0
668 \‘ |
P
672—1|_
672
664
———— — J




PCT/US2012/028729

WO 2012/125535

23/23

s/ \\
s e
7 47
\\\\\\\\
\\\\\\\

S0
y /

AT

ENN

Ay

VAN 2N

VA

JNARRNY

AR

/ \\\\\\\\\\\\\ \\
\\\\\\ 4 9
N\

ST SuuSusSuSSSAN A
S

712

I,

1

L)

/

b
b
P
D
>

,,,,,;.
N\

6 72\
620
N

624 632

/
L\
=3
/

N\
,/4///
XX N
//////////////////////////0

660

FIG. 25



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings

