Office de la Propriété Canadian CA 2869834 C 2016/12/13

I*I Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 869 834
dinduane Canad Indosey Ganada a2 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dép6t PCT/PCT Filing Date: 2013/04/19 (51) ClInt./Int.Cl. £03D 3/04(2006.01),

F16K 21/06 (2006.01), F16K 31/42(2006.01)

(72) Inventeurs/Inventors:
BUSH, SHAWN D., US;

(87) Date publication PCT/PCT Publication Date: 2013/10/24
(45) Date de délivrance/lssue Date: 2016/12/13

(85) Entrée phase nationale/National Entry: 2014/10/06 NOTTAGE, RYAN W, US

(86) N° demande PCT/PCT Application No.: US 2013/037386 | (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2013/159002 SDB IP HOLDINGS, LLC, US

(30) Priorité/Priority; 2012/04/20 (US61/636,174) (74) Agent: PIASETZKI NENNIGER KVAS LLP

(54) Titre : ROBINET A PISTON RIGIDE COMPRENANT UN SOLENOIDE
(54) Title: RIGID PISTON VALVE INCORPORATING A SOLENOID

'/' 400
/ 40R
240
g“”
f’?{fo
£ 40
12l
1 300
7.
2y 1
2l
Ty

(57) Abrégé/Abstract:

A rigid piston assembly for use in a conventional flush valve includes a rigid piston and a solenoid configured to fixedly engage
within the valve body. A flush valve for a plumbing fixture as well as a method of retrofitting a piston valve into a diaphragm flush
valve body includes a rigid piston and solenoid configuration.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2013/159002 A1 |1 I} NP0 A R

(43) International Publication Date

CA 02869834 2014-10-06

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/159002 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

24 October 2013 (24.10.2013) WIPOIPCT
International Patent Classification: (81)
E03D 3/04 (2006.01)
International Application Number:

PCT/US2013/037386

International Filing Date:
19 April 2013 (19.04.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/636,174 20 April 2012 (20.04.2012) US

Applicant: SDB IP HOLDINGS, LLC [US/US]; 3100
Camp Road, Oviedo, Florida 32765 (US).

Inventors: BUSH, Shawn, D.; 14818 Tanja King Blvd.,
Orlando, Florida 32828 (US). NOTTAGE, Ryan, W.; 622
Huntly Lane, Winter Springs, Florida 32708 (US).

Agents: MILES, Kirk, M. et al;; The Webb Law Firm,
One Gateway Center, 420 Ft. Duquesne Blvd., Ste. 1200,
Pittsburgh, Pennsylvania 15222 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: RIGID PISTON VALVE INCORPORATING A SOLENOID

300

FIG. 5A

(57) Abstract: A rigid piston assembly for use in a conven-
tional flush valve includes a rigid piston and a solenoid con-
figured to fixedly engage within the valve body. A flush
valve for a plumbing fixture as well as a method of retrofit-
ting a piston valve into a diaphragm flush valve body in-
cludes a rigid piston and solenoid configuration.
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RIGID PISTON VALVE INCORPORATING A SOLENOID

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates generally to flush valves and, in particular, to a rigid
piston with a solenoid for use in a flush valve.
Description of Related Art
[0002] Valves are used throughout many fluid transfer systems and in various applications,
such as in the transfer and control of water conduit systems, and, in particular, in connection with
plumbing fixtures in both residential and commercial settings. For example, flush valves are
typically used for control and operation of toilets, urinals, and the like, such that when a user
actuates a handle, water flows through the flush valve into a basin portion and out the drain.
[0003] A common type of flush valve is a diaphragm flush valve. Such a diaphragm flush
valve is disclosed in U.S. Patent No. 4,327,891 to Allen et al., herein incorporated by reference.
The Allen patent discloses the use of a diaphragm in a flush valve, where the diaphragm is made
of molded rubber and serves to effectuate the flow of water from a water inlet, through the valve,
and to a water outlet. Further, the Allen patent sets forth various components and sub-
components of a conventional flush valve.
[0004] Such diaphragm flush valves have several drawbacks. For example, the relatively
small by-pass orifice positioned in the diaphragm can become clogged with debris, which
prevents water from flowing into an upper chamber located in the flush valve. This causes the
flush valve to remain open, resulting in constant water flow. In addition, the flushing cycle of
the diaphragm flush valve takes approximately seven seconds to complete, depending upon the
flow rates and pressure of the water entering the valve, due to the design of the diaphragm of the
flush valve. Since an upper chamber fills slowly, the valve is slowly “shutting off”. Therefore, a
significant amount of water is wasted through the trap and sewer line during the sealing process
of the valve. Yet another drawback is that conventional diaphragm flush valves are impacted at
water pressures below 35 psi, since sealing of the valve based on the water pressure against the
diaphragm is difficult with such lower water pressure. A need, therefore, exists for a valve
replacement element that can effectively be retrofitted into a flush valve that does not have the

drawbacks associated with conventional diaphragm flush valves. A further need exists for a
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flush valve having improved sealing features. Further still, it would be desirable to incorporate a

solenoid into the flush valve for electronic operation.

SUMMARY OF THE INVENTION
[0005] In accordance with one embodiment, a rigid piston assembly is used as a replacement
element in a flush valve having a valve body with a fluid inlet, a fluid outlet, an outer cover, and
a handle member. The rigid piston assembly includes a rigid piston with a central opening and a
by-pass orifice. The rigid piston is mounted within the valve body. The rigid piston can further
include guide members that maintain the alignment of the rigid piston within the valve during
operation as well as a flow ring that gauges the amount of water to be flushed during operation.
[0006] An adapter may be attached to the central opening of the rigid piston. A cap may be
connected to the valve body at an end opposite the fluid outlet. The cap may have a hollow stem
that extends from a central opening in the cap. The hollow stem can engage the adapter. A
sealing component may be placed into the valve body forming a seal between the cap and the
valve body.
[0007] A piston seal having a by-pass orifice can be fixedly engaged to the rigid piston and
sealingly engaged to the valve body near an entrance of the fluid outlet. The piston seal can have
an annular skirt that is adapted to extend out toward the cap and form a seal with the cap. The
rigid piston assembly can also include a retaining ring having a by-pass orifice. The retaining
ring can be fixedly engaged to the piston seal. The retaining ring can include a plurality of
channels.
[0008] A by-pass device having a body with a first end, a second end, and a passageway
located within the body can be placed through the by-pass orifices of the rigid piston, the piston
seal, and the retaining ring, thereby establishing fluid communication between the fluid inlet and
an upper chamber formed between the rigid piston and the cap. When the upper chamber is
relieved of pressure, fluid from the fluid inlet forces the rigid piston to axially move in a
direction opposite the fluid outlet permitting fluid flow through the fluid outlet.
[0009] The rigid piston assembly can further include a fitting having a first end and a second
end. The first end of the fitting can be connected to the cap, and a solenoid can be connected to
the second end. A flow restricting element can be used to control the flow of water. An infrared
sensor and a radio frequency chip can also be used with the rigid piston assembly. Further, a

cover may be attached to the opening previously occupied by a handle member.
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[0010] In accordance with another embodiment, a method of retrofitting a rigid piston into a
flush valve having a diaphragm assembly generally includes removing the outer cover from the
valve body, removing the diaphragm valve assembly from the valve body, removing the handle
member assembly, inserting a rigid piston into the valve body, incorporating an adapter into the
rigid piston, attaching a cap to the valve body at an end opposite the fluid outlet, inserting a first
end of a fitting into the cap, and attaching a solenoid to the second end of the fitting. The rigid
piston includes a piston seal attached to a portion of the rigid piston and a by-pass device
positioned inside by-pass orifices located in the rigid piston and the piston seal. The rigid piston
can also include a retaining ring. The retaining ring can have a by-pass orifice and the by-pass
device can also be adapted to fit inside the by-pass orifice of the retaining ring. A flow
restricting element, infrared sensor, and/or radio frequency chip can also be incorporated into the
flush valve. Further, a cover may be attached to the opening previously occupied by a handle
member. The method can further include placing a sealing component between the cap and
valve body.

[0011] In accordance with yet another embodiment, a flush valve for a plumbing fixture
includes a fluid inlet in fluid communication with a fluid source, a fluid outlet in fluid
communication with a plumbing fixture, a cap positioned at an end opposite the fluid outlet, a
piston valve for regulating fluid flow between the fluid inlet and the fluid outlet, a fitting having
a first end and a second end where the first end of the fitting is attached to the cap, and a solenoid
connected to the second end of the fitting. The flush valve can also include an infrared sensor
and a radio frequency chip.

[0012] The piston valve includes a rigid piston with a central opening and a by-pass orifice.
The rigid piston can further include guide members that maintain the alignment of the rigid
piston within the valve during operation as well as a flow ring that gauges the amount of water to
be flushed during operation. An adapter may be attached to the central opening of the rigid
piston.

[0013] A piston seal having a by-pass orifice is fixedly engaged to the rigid piston and
sealingly engaged to the valve body near an entrance of the fluid outlet. The piston seal can have
an annular skirt that is adapted to extend out toward the cap and form a seal with the cap. The
flush valve can also include a retaining ring. The retaining ring can include a plurality of

channels.
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[0014] A by-pass device having a body with a first end, a second end, and a passageway
located within the body can be positioned inside the by-pass orifices of the rigid piston, the
piston seal, and the retaining ring. The flush valve can also include a sealing component that

forms a seal between the cap and the valve body.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 is a cross-sectional elevational view of an assembled diaphragm flush valve
according to the prior art.
[0016] FIG. 2 is an exploded perspective view of the diaphragm flush valve according to
FIG. 1.
[0017] FIG. 3 is an exploded perspective view of one embodiment of a flush valve according
to the present invention.
[0018] FIG. 4 is an exploded perspective view of one embodiment of a flush valve according
to the present invention.
[0019] FIG. 5A is a cross-sectional elevational view of a flush valve in a non-activated state
according to the present invention.
[0020] FIG. 5B is a cross-sectional elevational view of the flush valve of FIG. 5A in an
activated state according to the present invention. |
[0021] FIG. 5C is a cross-sectional elevational view of the flush valve of FIG. 5A during a
flushing event according to the present invention.
[0022] FIG. 6 is a cross-sectional bottom view of the flush valve according to the present
invention.
[0023] FIG. 7 is a bottom view of a retaining ring according to one embodiment of the present
invention.
[0024] FIG. 8 is a cross-sectional elevational view of a by-pass device according to the
present invention.
[0025] TFIG. 9 is a top view of a retaining ring according to one embodiment of the present
invention.
[0026] FIG. 10 is a bottom view of the retaining ring of FIG. 9 according to the present
invention.
[0027] FIG. 11 is a bottom isometric view of the retaining ring of FIG. 9 according to the

present invention.
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[0028] FIG. 12 is a top isometric view of the retaining ring of FIG. 9 according to the present
invention.
[0029] FIG. 13 is a bottom perspective view of retaining ring of FIG. 9 attached to a piston

seal according to the present invention.

DESCRIPTION OF THE INVENTION
[0030] For purposes of the description hereinafter, spatial orientation terms, if used, shall
relate to the referenced embodiment as it is oriented in the accompanying drawing figures or
otherwise described in the following description. However, it is to be understood that the
embodiments described hereinafter may assume many alternative variations and embodiments.
It is also to be understood that the specific devices illustrated in the accompanying figures and
described herein are simply exemplary and should not be considered as limiting.
[0031] As shown in FIG. 1, a conventional flush valve 2 has a general hollow valve body 10
which includes a fluid inlet 12, a fluid outlet 14, and a handle coupling connection 16. The top of
the valve body 10 is closed by an outer cover 18 and an inner cover 20. The inlet portion of the
valve is separated from the outlet portion by an outlet bore 22 which is attached to the inside of
the valve body 10. A main valve seat 24 is formed on the top of the outlet bore 22.
[0032] The valve is actuated by an operating handle 26 which is fastened to the valve body 10
by means of a coupling nut 28. The handle 26 is connected to a plunger 30 which extends to the
interior portion of the valve body 10. The plunger 30 is guided and supported by a bushing 32
and restored by a spring 34. A rubber sealing cap or packing 36 is snapped on the end of bushing
32 and prevents leakage outward from the handle opening.
[0033] The main valve seat 24 is normally closed by a flexible rubber diaphragm 38. The
flexible rubber diaphragm 38 extends across the valve body 10 and defines an upper chamber 40,
The flexible rubber diaphragm includes a by-pass hole 42 which provides fluid communication
between the inlet side of the valve and the upper chamber 40. A filter 44 may be provided
thereover to prevent clogging of the by-pass hole 42.
[0034] The flexible rubber diaphragm 38 is attached at its outer edge to the valve body 10.
The outer cover 18 clamps the diaphragm 38 to the valve body 10. The center of the flexible
rubber diaphragm 38 has an opening which allows fluid communication between the upper
chamber 40 and the fluid outlet 14. A relief valve shown generally at 46 is attached to the

flexible rubber diaphragm 38 and normally closes the opening at the center of the flexible rubber
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diaphragm 38. The relief valve 46 includes a guide portion 48 having wings 49. The wings 49 fit
closely against the inside diameter of the outlet bore 22. The guide 48 also has a lip 50. The lip
50 supports a collar 52. The relief valve 46 includes a clamping member 54 which is threadably
engaged with the guide portion 48. The clamping member 54 clamps the inner edge of the
flexible rubber diaphragm 38 between the clamping member 54 and the collar 52 to form a seal.
The clamping member 54 has a hole in the middle which is normally closed by an auxiliary
valve member 56. This auxiliary member 56 is connected to a depending stem 58 which extends
to a point opposite the actuating plunger 30.

[0035] Referring specifically to FIG. 2, a central throat 23 is first placed into the valve body
10. A guide ring 70 is placed around a top portion of the central throat 23, and a flow ring 72 is
placed on top of the guide ring 70. The flexible rubber diaphragm 38 is then placed into the
valve body 10. A by-pass hole 42 is positioned in the flexible rubber diaphragm 38 and a
molded disc 74 is placed onto the flexible rubber diaphragm 38. The reiief valve 46 is placed
through openings located in the center of the molded disc 74 and diaphragm 38. An inner cover
20 is placed over the diaphragm assembly and an outer cover 18 is placed on top of the inner
cover 20. As discussed in detail above, flush valves incorporating a flexible rubber diaphragm
38 have numerous drawbacks. Accordingly, the present invention is directed to a rigid piston
310 incorporating a solenoid 400, as shown in FIG. 3, for use in a conventional flush valve body
10.

[0036] As shown in FIGS. 3-4, the present invention includes a rigid piston 310 having a disc
shaped member 306 defining a central opening 313 therein and an elongated hollow member 308
that extends from the disc shaped member 306 of the rigid piston 310. The rigid piston 310 can
also have a by-pass orifice 312 defined in the disc shaped member 306 of the rigid piston 310.
The rigid piston 310 sits directly within the hollow valve body 10 providing a mechanism for
regulating water flow through the valve body 10.

[0037] When placed into the valve body 10, the disc shaped member 306 of the rigid piston
310 sits on top of a central valve seat 124 of the outlet bore 22 and the elongated hollow member
308 extends down into the outlet bore 22. The disc shaped member 306 extends outward from
the central seat 124 of the outlet bore 22 to an inside annular shoulder 116 of the valve body 10
creating a lower chamber 158 and an upper chamber 160, as shown in FIG. 5A. The lower

chamber 158, located below the disc shaped member 306 of the rigid piston 310 near the fluid
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inlet 12, is defined between the rigid piston 310, outlet bore 22, and valve body 10. The upper
chamber 160, located above the disc shaped member 306 of the rigid piston 310, is defined
between the rigid piston 310, the valve body 10, and a cylindrical cap 120 that is attached to the
valve body 10 at an end opposite the fluid outlet 14.

[0038] The rigid piston 310 can have a scallop shaped flow ring 314 for maintaining a
constant water flow area, such as shown in FIGS. 4 and 6. The flow ring 314 can be attached to
the outer surface of the elongated hollow member 308 of the rigid piston 310. During flushing,
water flows around the flow ring 314 as it enters the outlet bore 22. The flow ring 314 helps
regulate the flow of water during flushing, which allows for a consistent turbulent flow of water
during flushing when the rigid piston 310 is incorporated into the valve body 10. A consistent
turbulent flow of water through the throat of a toilet helps ensure proper flushing with a
sufficient amount of water. The flow ring 314 also ensures a high velocity of flush which allows
for a quicker and more efficient flush.

[0039] Guide members 316 can also be attached to the elongated hollow member 308 of the
rigid piston 310 (see FIGS. 3-4). The guide members 316 extend down the length of the
elongated hollow member 308 of the rigid piston 310. When the rigid piston 310 is placed into
the valve body 10, the guide members 316 abut the inside wall of the outlet bore 22 securing the
‘elongated hollow member 308 of the rigid piston 310 within the valve body 10. The guide
members 316 ride along the inside wall of the outlet bore 22 as the rigid piston 310 moves during
operation. This prevents the rigid piston 310 from shifting during operation, thereby maintaining
proper alignment of the rigid piston 310 within the valve body 10 at all times. In one
embodiment, the flow ring 314 is also attached to the guide members 316.

[0040] Referring to FIGS. 3-4, a piston seal 140 can be attached to the rigid piston 310. As
shown in FIG. 4, the piston seal 140 can have a central opening 147 for receiving the elongated
hollow member 308 of the rigid piston 310. The piston seal 140 can also have a by-pass orifice
142. The piston seal 140 can be made of an elastomeric material such as rubber. The piston seal
140 is configured to fixedly engage with the rigid piston 310. For example, as shown in FIG. 4,
an undersurface 311 of the disc shaped member 306 of the rigid piston 310 can be adapted to
fixedly engage with a sealing surface 141 of the piston seal 140. In one embodiment, as shown
in FIG. 4, the undersurface 311 of the disc shaped member 306 of the rigid piston 310 may

define cavities and the piston seal 140 may include corresponding projections 126, such as
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barbed projections, that can be placed into the cavities of the rigid piston 310, thereby securing
the piston seal 140 to the rigid piston 310. In certain embodiments, the piston seal 140 is molded
to the rigid piston 310. The piston seal 140 can further have an annular skirt 128 that completely
surrounds the outer edge of the piston seal 140 (See FIG 4).

[0041] The piston seal 140 is sized and shaped to engage and form a seal with the valve body
10. In one embodiment, the piston seal 140 is designed to engage and form a first seal with the
central valve seat 124 of the outlet bore 22 and a second seal with a cap 120 that is attached to
the valve body 10 after the rigid piston 310 is inserted into the valve body 10. For instance, once
the piston seal 140 is attached to the rigid piston 310, the rigid piston 310 and piston seal 140 can
be placed into the valve body 10. A central sealing ring 143 extending from the piston seal 140
can be placed into the outlet bore 22 of the valve body 10 (see FIG. 4). This engagement forms a
first seal around the central valve seat 124 of the outlet bore 22 shown in FIG. 3. This helps
prevent water from leaking into the fluid outlet 14 from the fluid inlet 12.

[0042] The annular skirt 128 of the piston seal 140 can engage the inside of a cylindrical cap
120 that is attached to the valve body 10 at an end opposite the fluid outlet 14. For example, the
annular skirt 128 may include a sealing edge 129 located at the bottom end of the annular skirt
128 shown in FIG. 4. As water flows through the fluid inlet 12 into the lower chamber 158
(see FIG 5A), water pushes up on the piston seal 140. The pressure forces the annular skirt 128
surrounding the piston seal 140 to extend out toward the cylindrical cap 120 attached to the valve
body 10. The sealing edge 129 of the annular skirt 128 contacts the inside of the cylindrical cap
120 and forms a seal between the piston seal 140 and the cylindrical cap 120. This second
sealing engagement prevents water in the lower chamber 158 from leaking around the outer
portion of the rigid piston 310 into the upper chamber 160.

[0043] The dual sealing arrangement described above makes it possible to form separate and
distinct seals at two different areas in a flush valve body 10 at the same time with a single piston
seal 140. The use of a single sealing member to form multiple sealing engagements in different
areas at the same time, allows for an efficient sealing arrangement in a flush valve body 10. It
also allows for an easy and fast installation process.

[0044] Referring to FIGS. 3-4, the piston assembly can further include a retaining ring 90,
290. In certain embodiments, as shown in FIG. 4, the retaining ring 90 includes a by-pass

orifice 92 and a central opening 91 that can receive the elongated hollow member 308 of the
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rigid piston 310. Alternatively, as shown in FIG. 3, the retaining ring 290 is smaller in size and
does not have a central opening 91 to receive the elongated hollow member 308 of the rigid
piston 310. FIGS. 9-12 show enlarged images of the smaller retaining ring 290 that does not
have a central opening 91 to receive the elongated hollow member 308 of the rigid piston 310.
As shown in FIGS. 9-12, the smaller retaining ring 290 still contains the by-pass orifice 92.
[0045] In certain embodiments, the retaining ring 90, 290 can be fixedly engaged to the piston
seal 140. For example, in one embodiment shown in FIG. 4, the retaining ring 90 has a plurality
of projections 114 that can be placed into corresponding cavities located in the piston seal 140,
thereby securing the retaining ring 90 to the piston seal 140. Alternatively, as shown in FIG. 13,
the piston seal 140 contains protrusions 139 that can be placed through receiving holes 291, as
shown in FIGS. 9-12, in the retaining ring 290. Further, as shown in FIGS. 7 and 9-13, the
retaining ring 90, 290 may include a plurality of channels 94 that are small in diameter,
preventing large debris from entering the channels 94.

[0046] In accordance with one embodiment of the present invention as shown in FIGS. 3-4, a
by-pass device 300 can be placed through the by-pass orifices 312, 142 of the rigid piston 310
and the piston seal 140. The by-pass device 300 includes a body having a first end 302 and a
second end 304 (see FIGS. 3-4). The second end 304 of the by-pass device 300 can be placed
through the by-pass orifice 312 defined in the rigid piston 310, and the first end 302 of the by-
pass device 300 can be placed through the by-pass orifice 142 defined in the piston seal 140.
Referring to FIGS. 3-4, in certain embodiments, when a retaining ring 290, 90 is used, the first
end 302 of the by-pass device 300 also can be placed through a by-pass orifice 92 defined in the
retaining ring 90, 290.

[0047] As shown in FIG. 8, the by-pass device 300 further contains a passageway 301 formed
within the body of the by-pass device 300. This passageway 301 connects the lower chamber
158 near the fluid inlet 12 to the upper chamber 160 located above the rigid piston 310. The
passageway 301 of the by-pass device 300 is designed so that water can enter through at least
one opening located near the first end 302 of the by-pass device 300. The water can then flow
from the opening(s) located near the first end 302, through the passageway 301, and out an
opening located at the second end 304 of the by-pass device 300. Reference letter “B” in FIG. 8
illustrates the flow of water from the lower chamber 158 to the upper chamber 160 by way of the

passageway 301 of the by-pass device 300.
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[0048] During assembly of one embodiment according to the present invention, the second
end 304 of the by-pass device 300 is placed through the by-pass orifice 312 of the rigid piston
310. The piston scal 140 is attached to the rigid piston 310 with the first end 302 of the by-pass
device 300 being placed through the by-pass orifice 142 of the piston seal 140. Once placed into
the valve body 10, the piston seal 140 forms a seal with the central valve seat 124 of the outlet
bore 22 and the cap 120 that is attached to the valve body 10 after the rigid piston 310 is placed
into the valve body 10. This prevents water from entering the fluid outlet 14 and the upper
chamber 160 as described above. As a result, water from the fluid inlet 12 can only enter the
upper chamber 160 through the by-pass device 300.

[0049] In certain embodiments, as shown in FIGS. 3-4, a retaining ring 90, 290 can be
attached to the piston seal 140 and the first end 302 of the by-pass device 300 can be placed
through the by-pass orifice 92 of the retaining ring 90, 290. FIG. 7 shows a bottom view of a
by-pass device 300 being placed through the by-pass orifice of a retaining ring 90. As shown in
FIG. 8, water flows through the channels 94 located in the retaining ring 90 and into the
opening(s) located near the first end 302 of the by-pass device 300, which then flows out the
second end 304 of the by-pass device 300 and into the upper chamber 160. The channels 94 are
smaller in diameter than the passageway 301 of the by-pass device 300. This filters out large
debris, thereby preventing clogging of the passageway 301 of the by-pass device 300.

[0050] Referring to FIG., 3, the present invention can further include an adapter 220 that can
be positioned in the rigid piston 310 and extend into the elongated hollow member 308 of the
rigid piston 310. As shown in FIG. 5A, the adapter 220 engages and forms a seal with the rigid
piston 310 around the opening located in the center of the rigid piston 310. This seal prevents
water in the upper chamber 160 from leaking between the adapter 220 and rigid piston 310 and
into the fluid outlet 14. In certain embodiments, the adapter 220 is molded to the rigid piston
310.

[0051] Referring to FIG. 3, a cylindrical cap 120 is placed onto the valve body 10 after the
rigid piston 310 and adapter 220 are installed into the flush valve body 10. The cylindrical cap
120 is placed onto the valve body 10 next to the rigid piston 310. The cap 120 can be made of
any rigid material including various types of plastics and metals. In addition, the surface of the
cap 120 contains the required lubricity to easily slide onto the valve body 10. Once inserted onto

the valve body 10, the cylindrical cap 120 further secures the piston 310 in place and functions as

10
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a mechanism limiting the movement of the piston 310 to a consistently steady axial motion
within the valve body 10.

[0052] A sealing component 380, such as an O-ring or gasket, can be positioned into the valve
body 10 next to the rigid piston 310. When the cap 120 is inserted onto the valve body 10,
pressure is applied to the sealing component 380 contained therein, thereby forming a tight seal
between the valve body 10 and the cylindrical cap 120.

[0053] As shown in FIGS. 5A-5C, the cylindrical cap 120 includes a hollow stem 122 that
extends down from the cap 120. In certain embodiments, the cylindrical cap 120 also includes a
collar 121. The hollow stem 122 extends into the adapter 220 positioned in the rigid piston 310.
Once placed into the adapter 220, the hollow stem 122 forms two seals with the adapter 220. A
first seal 150 is formed between the hollow stem 122 and adapter 220 near the cylindrical cap
120, and a secondary seal 152 is formed between the hollow stem 122 and adapter 220 at a
location below the first seal 150 (see FIG. 5C). This dual seal engagement prevents water in the
upper chamber 160 from leaking between the hollow stem 122 and adapter 220 and into the fluid
outlet 14.

[0054] In certain embodiments, as shown in FIGS. 5A-5C, a fitting 240 such as a bleed plug
can be used to connect a solenoid 400 to the flush valve 2. Referring to FIG. 3, the fitting 240
has a first end 242 and a second end 244. The first end 242 of the fitting 240 is connectable to
the flush valve 2 such as to the collar 121 of the cap 120, and the second end 244 is configured to
receive a solenoid 400. For instance, in certain embodiments as shown in FIG. 3, the first end
242 of the fitting 240 can have external threads and can be threadably connected to the collar 121
of the cap 120, and the second end 244 of the cap 120 can have internal threads to receive
external threads on the solenoid 400.

[0055] As indicated above, in certain embodiments as shown in FIGS. 5A-5C, a solenoid 400
is attached to the fitting 240 that in turn is attached to the collar 121 of the cap 120. The solenoid
400 includes a solenoid plunger 402 that is slidable within the solenoid 400, as is conventional in
many solenoids. The solenoid plunger 402 engages the inside portion of the fitting 240. The
solenoid 400 allows the flush valve 2 to be controlled electronically such as by a conventional
push-button actuator. In certain embodiments, the solenoid 400 is activated by an infrared (IR)
sensor. A radio frequency (RF) chip can also be built into the flush valve 2 for wireless

communication with a controller. As such, the operating handle 26 assembly previously used is
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removed from the flush valve body 10. As shown in FIG. 3, a cover 420 such as a cap can be
placed over the opening where the operating handle 26 assembly was removed. A sealing
member 422, such as a washer, can be used with the cover 420.

[0056] Referring to FIG. 3, in certain embodiments, a flow restricting element 440 is
positioned within the flush valve 2. The flow restricting element 440 controls the flow of water
during operation. As shown in FIGS. 5A-5C, in certain embodiments, the flow restricting
element 440 is positioned in the hollow stem 122 of the cap 120.

[0057] FIG. 5A shows the piston assembly according to one embodiment of the present
invention incorporated into the valve body 10 while the flush valve 2 is in a closed steady-state
position. The piston seal 140 attached to the rigid piston 310 engages the central valve seat 124
of the outlet bore 22. Water flowing into the fluid inlet 12 passes through the passageway 301 of
the by-pass device 300, and into the upper chamber 160. Water is then channeled through a
passage 123 in the cap 120, through cavities in the fitting 240, and up to the solenoid 400.
Because the solenoid plunger 402 is in a sealed position within the fitting 240, water is not
allowed to flow through the hollow stem 122 of the cap 120.

[0058] As shown in FIG. 5A, the adapter 220 and hollow stem 122 of the cap 120 close the
opening in the center of the rigid piston 310 preventing water from entering the central opening
313. The pressure in the upper chamber 160 forces the piston 310 down onto the piston seal 140,
which forces the piston seal 140 onto the central valve seat 124 forming a seal around the outlet
bore 22 so that there is no fluid communication between the fluid inlet 12 and fluid outlet 14.
Pressure from water flowing through the fluid inlet 12 causes the annular skirt 128, as shown in
FIGS. 3-4, to extend outward onto the inside of the cylindrical cap 120, as shown in FIG. 3.
This prevents water in the lower chamber 158 from entering the upper chamber 160.

[0059] In operation, as shown in FIG. 5B, when actuated, the solenoid plunger 402 lifts off
the fitting 240. This allows water to flow through the flow restricting element 440 and hollow
stem 121, thereby relieving pressure from the upper chamber 160. The solenoid 400 remains
actuated for a set period of time. The set period of time and the flow restricting element 440 help
control the amount of water that flows to the fluid outlet 14.

[0060] Referring to FIG. 5C, as pressure is relieved from the upper chamber 160, inlet water
pressure forces the piston 310 to move axially upwards off of the central valve seat 124 in a

direction opposite the fluid outlet 14. The guide members 316 attached to the elongated hollow
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member 308 of the rigid piston 310 ride along the inside wall of the outlet bore 22 maintaining
proper alignment of the rigid piston 310 as it moves off the central valve seat 124.

[0061] During flushing, as shown in FIG. 5C, water flows directly from the fluid inlet 12 into
the flow ring 314, which gauges the proper amount of volume to be flushed. The water then
continues to the fluid outlet 14 in the direction shown by reference letter “A” in FIG. 5C. As the
valve is flushing, the water pressure pushing the rigid piston 310 off the central valve seat 124 is
continuing to act on the annular skirt 128 of the piston seal 140. This pressure pushes the
annular skirt 128 out towards the cap 120 that is attached to the valve body 10. This maintains a
seal between the lower chamber 158 and upper chamber 160 so that water can only enter the
upper chamber 160 through the by-pass device 300. As discussed above, the hollow stem 122
forms two seals with the adapter 220. A first seal 150 is formed between the hollow stem 122
and adapter 220 near the cylindrical cap 120, and a secondary seal 152 is formed between the
hollow stem 122 and adapter 220 at a location below the first seal 150. If the first seal 150 is
broken, the secondary seal 152 maintains the sealing engagement between the hollow stem 122
and adapter 220.

[0062] As water flows from the inlet 12 into the outlet 14, water is also flowing through the
by-pass device 300 into the upper chamber 160. When the water pressure in the upper chamber
160 is greater than the inlet 12 water pressure, the rigid piston 310 and piston seal 140 are forced
back onto the central valve seat 124 in a steady axial motion with the help of the guide members
316 so that there is no fluid communication between the inlet 12 and outlet 14.

[0063] The present invention is also directed to a method of retrofitting a rigid piston 310 into
a flush valve body 10. Referring to FIGS. 2-4, the method includes removing the outer cover 18
from the diaphragm flush valve 2, and then removing the diaphragm valve assembly and
operating handle 26 assembly from the valve body 10. Next, the rigid piston 310 and piston seal
140 are attached to each other with the by-pass device 300 placed within by-pass orifices 312,
142 defined in the rigid piston 310 and piston seal 140. In one embodiment, a retaining ring 90,
290 is attached to the piston seal 140 and the by-pass device 300 is also placed within a by-pass
orifice 92 defined in the retaining ring 90, 290.

[0064]  The rigid piston 310 is axially mounted into the valve body 10 and onto the central
valve seat 124 of the outlet bore 22. After mounting the rigid piston 310 into the valve body 10,
the adapter 220 is incorporated into the rigid piston 310. The cylindrical cap 120 is attached to
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the valve body 10 at an end opposite the flow outlet 14 with the hollow stem 122 extending into
the adapter 220. A sealing component 380, such as an O-ring, may also be placed into the flush
valve body 10 with the cylindrical cap 120. Once placed into the adapter 220, the hollow stem
122 forms two seals with the adapter 220. In certain embodiments, a flow restricting element
440 is placed into the hollow stem 122. The first end 242 of a fitting 240 such as a bleed plug is
connected to the collar 121 of the cap 120. A solenoid 400 is then connected to the second end
244 of the fitting 240. Finally, a cover 420 can be placed over the opening where the operating
handle 26 assembly was removed. A sealing member 422, such as a washer, can be used with
the cover 420.

[0065] Accordingly, the present invention, which is directed to a rigid piston 310
incorporating a solenoid 400 that can be used in a conventional flush valve body 10, provides a
more efficient flush that is electronically controlled. Because the by-pass orifice 312 is larger
and the rigid piston 310 moves with a consistently steady axial movement, less water is used
during the flush cycle. Further still, the present invention can easily be retrofitted into a
conventional flush valve body 10 allowing for a fast and cheap installation process.

[0066]  While several embodiments of the invention were described in the foregoing detailed
description, those skilled in the art may make modifications and alterations to these embodiments
without departing from the scope and spirit of the invention. Accordingly, the foregoing

description is intended to be illustrative rather than restrictive.
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CLAIMS:

1. A rigid piston assembly for use in a flush valve, the flush valve having a
valve body with a fluid inlet, a fluid outlet, an outer cover, and a handle member, the rigid piston
assembly comprising:

a cap having a hollow stem that extends from a central opening in the cap, the cap
configured to connect to the valve body at an end opposite the fluid outlet;

a rigid piston having a central opening and a by-pass orifice, wherein the rigid
piston is mounted within the valve body;

a piston seal adapted to fixedly engage to the rigid piston and sealingly engage to
the fluid outlet of the valve body, the piston seal having a by-pass orifice and an annular skirt
that is adapted to expand out toward the cap connected to the valve body and form a seal with the
cap;

a fitting having a first end and a second end, the first end of the fitting configured
to fixedly connect to the cap; and

a solenoid adapted to connect to the second end of the fitting.

2. The rigid piston assembly according to claim 1, further comprising a by-
pass device having a body with a first end, a second end, and a passageway positioned through
the body, wherein the by-pass device is adapted to fit inside the by-pass orifices of the rigid
piston and the piston seal, thereby establishing fluid communication between the fluid inlet and

an upper chamber formed between the rigid piston and the cap.

3. The rigid piston assembly according to claim 2, further comprising a
retaining ring adapted to fixedly engage to the piston seal, wherein the retaining ring comprises a
by-pass orifice and a plurality of channels, the by-pass device adapted to fit inside the by-pass

orifice of the retaining ring.

4. The rigid piston assembly according to claim 3, wherein the plurality of
channels of the retaining ring are smaller in diameter than the passageway positioned through the

body of the by-pass device.
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5. The rigid piston assembly according to claim 1, wherein the flush valve
further comprises (1) an infrared sensor formed therein to activate the solenoid, and/or (2) a radio

frequency chip formed therein for wireless communication with a controller.

6. The rigid piston assembly according to claim 1, further comprising a flow

restricting element positioned within the hollow stem of the cap.

7. The rigid piston assembly according to claim 1, further comprising a cover

adapted to close the opening previously occupied by the handle member.

8. The rigid piston assembly according to claim 1, further comprising a

sealing component that forms a seal between the cap and the valve body.

9. The rigid piston assembly according to claim 1, further comprising an

adapter configured to engage the central opening of the rigid piston.

10. The rigid piston assembly according to claim 9, wherein a dual sealing

engagement is formed between the hollow stem of the cap and the adapter.

11. The rigid piston assembly according to claim 1, wherein the rigid piston
further comprises guide members that maintain an alignment of the rigid piston within the valve

during operation.

12. The rigid piston assembly according to claim 1, wherein the rigid piston

further comprises a flow ring that gauges the amount of water to be flushed during operation.
13. A method of retrofitting a rigid piston and a solenoid into a flush valve,

the flush valve having a valve body with a fluid inlet, a fluid outlet, a diaphragm valve assembly,

an outer cover, and a handle member, the method comprising the steps of:
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a) removing the outer cover, diaphragm valve assembly, and handle member
from the valve body;

b) inserting a rigid piston into the valve body, the rigid piston comprising a
piston seal attached to a portion of the rigid piston and a by-pass device positioned inside by-pass
orifices located in the rigid piston and the piston seal;

) attaching a cap to the valve body at an end opposite the fluid outlet, the
cap having a hollow stem extending down from a central opening of the cap;

d) inserting a first end of a fitting into the cap; and

e) attaching a solenoid to a second end of the fitting,

wherein the piston seal is adapted to sealingly engage to the fluid outlet of the
valve body and wherein the piston seal comprises an annular skirt that is adapted to expand out

toward the cap connected to the valve body and form a seal with the cap.

14.  The method according to claim 13, wherein the rigid piston further
comprises a retaining ring attached to the piston seal, wherein the retaining ring comprises a by-
pass orifice and a plurality of channels, the by-pass device positioned inside the by-pass orifice

of the retaining ring.

15.  The method according to claim 14, wherein the plurality of channels of the

retaining ring are smaller in diameter than a passageway positioned through the by-pass device.

16. The method according to claim 13, further comprising attaching a flow

restricting element into the hollow stem.

17. The method according to claim 13, further comprising attaching a cover to

an opening previously occupied by the handle member.

18. The method according to claim 13, further comprising placing a sealing

component between the cap and the valve body.
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19. The method according to claim 13, wherein the rigid piston further
comprises guide members that maintain the alignment of the rigid piston within the valve body

during operation.

20.  The method according to claim 13, wherein the rigid piston further

comprises a flow ring that gauges the amount of water to be flushed during operation.

21. The method according to claim 13, further comprising incorporating an

adapter into the rigid piston.

22. The method according to claim 21, wherein a dual sealing engagement is

formed between the hollow stem of the cap and the adapter.

23. The method according to claim 13, further comprising incorporating at

least one of an infrared sensor and a radio frequency chip.

24. A flush valve for a plumbing fixture comprising:
a) a fluid inlet in fluid communication with a fluid source;
b) a fluid outlet in fluid communication with a plumbing fixture;
c) a cap positioned at an end opposite the fluid outlet, the cap having

a hollow stem that extends down from a central opening in the cap; and
d) a piston valve for regulating fluid flow between the fluid inlet and

the fluid outlet, the piston valve comprising:

a rigid piston having a central opening and a by-pass orifice;

a piston seal fixedly engaged to the rigid piston and adapted to sealingly engage to
the fluid outlet of the valve body, the piston seal having a by-pass orifice; and

a by-pass device having a body with a first end, a second end, and a passageway
located within the body, wherein the by-pass device is positioned through the by-pass orifices of
the rigid piston and the piston seal, thereby establishing fluid communication between the fluid

inlet and an upper chamber formed between the rigid piston and the cap;
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e) a fitting having a first end and a second end, the first end of the
fitting attached to the cap; and

f) a solenoid connected to the second end of the fitting.

25. The flush valve according to claim 24, wherein the piston valve further
comprises a retaining ring attached to the piston seal, wherein the retaining ring comprises a by-
pass orifice and a plurality of channels, the by-pass device positioned inside the by-pass orifice

of the retaining ring.

26. The flush valve according to claim 25, wherein the plurality of channels of
the retaining ring are smaller in diameter than the passageway positioned through the body of the

by-pass device.
27.  The flush valve according to claim 24, wherein when the upper chamber is
relieved of pressure, fluid from the fluid inlet forces the rigid piston to axially move in a

direction opposite the fluid outlet, thereby permitting fluid flow through the fluid outlet.

28.  The flush valve according to claim 24, further comprising a flow

restricting element.

29.  The flush valve according to claim 24, further comprising a sealing

component positioned between the cap and the valve body.

30.  The flush valve according to claim 24, further comprising an adapter

attached to the central opening of the rigid piston.

31.  The flush valve according to claim 30, wherein a dual sealing engagement

is formed between the hollow stem of the cap and the adapter.
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32. The flush valve according to claim 24, wherein the rigid piston further
comprises guide members that maintain the alignment of the rigid piston within the valve body

during operation.

33. The flush valve according to claim 24, wherein the rigid piston further

comprises a flow ring that gauges the amount of water to be flushed during operation.

34.  The flush valve according to claim 24, wherein the piston seal further
comprises an annular skirt that is adapted to expand out toward the cap connected to the valve

body and form a seal with the cap.
35. The flush valve according to claim 24, further comprising (1) an infrared

sensor formed therein to activate the solenoid, and/or (2) a radio frequency chip formed therein

for wireless communication with a controller.
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