PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5:

E03C 1/05 Al

(11) International Publication Number:

(43) International Publication Date:

WO 90/14473
29 November 1990 (29.11.90)

(21) International Application Number: PCT/US90/02437

(22) International Filing Date: 7 May 1990 (07.05.90)

(30) Priority data:

353,569 US

18 May 1989 (18.05.89)

(71) Applicant: KOHLER CO. [US/US]; 444 Highland Drive,
Kohler, WI 53044 (US).

(72) Inventors: IQBAL, Muhammad ; 2305 Silverleaf Lane,
Sheboygan, WI 53083 (US). KREUTZER, Jeffery, J. ;
2219-2D Bollman Drive, Sheboygan, WI 53081 (US).
SCHWARTZ, Carl, R. ; 130 West Juniper Lane 98N,
Mequon, WI 53092 (US).

(74) Agents: FRANZINI, John, D. et al.; Quarles & Brady, 411
East Wisconsin Avenue, Milwaukee, WI 53202-4497

(US).

(81) Designated States: AT (European patent), BE (European
patent), CH (European patent), DE (European patent)*,
DK (European patent), ES (European patent), FR (Eu-
ropean patent), GB (European patent), IT (European
patent), JP, LU (European patent), NL (European pa-
tent), SE (European patent).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: SOLENOID OPERATED FAUCET

(57) Abstract

A faucet (10) has a body (12) with a hollow inner cavity
(18) and a spout (13) which opens into the inner cavity (18). A
valve assembly (20) is located within the inner cavity (18) to con-
trol the flow of water from a source into the spout (13). The valve
assembly (20) comprises a housing (21) with an inlet chamber
(22) which opens into a ring-shaped channel (32), an outlet
chamber (23) having an opening (33) centrally located with re-
spect to the ring of the channel, and a diaphragm (34) to selec-
tively close the communication of the inlet (22) and outlet (23)
chambers. A solenoid (50) includes a plunger (56) that is biased
by a spring (58) against the diaphragm (34) and an electromag-
netic coil (52) to pull the plunger (56) away fron the diaphragm
(34). A proximity sensor (14) is included to detect the presence
of an object adjacent the faucet (10) and energize the coil (52). A
safeguard alarm mechanism (61) is provided to deenergize the
coil (52) after a given interval if the object continues to be detect-
ed and thereafter periodically briefly energize the solenoid (50)
until the object is removed.
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SOLENOID OPERATED FAUCET

Background Of The Ipvention

The present invention relates to faucets which
incorporate a solenoid valve enabling the faucet to be
5 operated by an electrical signal. 1In a preferred form,
it relates to such faucets controlled by a proximity
detector which senses the bresence of an object adjacent
the faucet and activates the solenoid valve.
In hospitals, public rest rooms, and other

10 facilities, it is desirable to provide a lavatory faucet
which can be turned on and off without requiring the
user to touch the faucet. The prior art is replete with
devices for sensing the presence of a user and in
response thereto activating a solenoid valve coupled to

15 a faucet. A common sensing technique involves
transmitting an infrared light beam into a region in
front of the faucet where a user may place his hands. A
sensor is mounted either in or adjacent the faucet to
detect the infrared light reflected by the user, thereby

20 sensing the presence of a user in front of the faucet.
In response to sensing the reflected light, the solenoid
valve is opened causing water to flow from the faucet.
When the detection of reflected light ceases, the valve
is deenergized.

25 A problem with such proximity activated faucets is
that an inanimate object can be left within the sensing
region (e.g. by vandals) thereby causing the water to
flow continuously. This activation of the faucet not
only wastes water, but may result in water overflowing

30 the lavatory if some object is also blocking the drain

and overflow openings.
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The previous electrically activated faucets
typically incorporated the solenoid valve assembly
beneath the wash basin, totally separate from the
faucet. 1In addition, the proximity sensing Circuitry
was similarly housed in a Separate enclosure. It is
desirable in many applications of such faucets to reduce
the amount of space consumed by the various components
and integrate them into the faucet housing. However in
doing so, it is important to be able to gain access to
the different components in order to perform routine
maintenance.

Other problems with the prior art related to the
operating of the closure mechanism of the solenoid
valve, especially in the design of the metering hole
used to permit closure.

Summary Of The Invention

A faucet has a body within which is located a
Separable valve housing. The valve housing forms an
inlet chamber, which opens into an annular channel, and
an outlet chamber with a opening centrally located
relative to the annular channel. A surface between the
channel and the outlet chamber opening defines a valve
seat. A portion of the valve housing extends into a
spout of the faucet body and has an aperture providing a
conduit between the outlet chamber and the spout.

A resilient diaphragm abuts the valve seat and the
housing to selectively seal the outlet chamber from the
inlet chamber. This diaphragm has a centrally located
aperture which communicates with the outlet chamber and
has a metering aperture which opens into the inlet
chamber. A taper pin on the valve housing passes
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through and restricts metering aperture when the
diaphragm abuts the valve seat. A diaphragm retainer is
positioned in the central aperture of the diaphragm and
includes an aperture which communicates with the outlet
chamber.

A solenoid assembly is mounted on the valve housing
to form a cavity therebetween into which the metering
aperture and the diaphragm retainer aperture
communicate. The solenoid assembly includes a plunger
biased by a spring against the retainer disc to
releasably seal its aperture. 2n electrical coil
extends around the plunger.

The preferred embodiment of the faucet incorporates
a proximity sensor for detecting the presence of an
object adjacent the faucet and in response thereto for
energizing the electrical coil. The proximity sensor
includes a safety shut off circuit which deenergizes the
coil after a preset period even though an object may
continue to be detected. Thereafter, the faucet is
periodically opened as an alarm system until the object
is removed.

A general objective of the present invention is to
provide a solenoid operated faucet in which the solenoid
is enclosed within the faucet housing.

It is another objective to create a modular faucet
assembly which can be disassembled easily for servicing.

Yet another objective of the present invention is
to provide a proximity detector which will sense the
presence of a user in front of the faucet and activate
the solenoid to open the valve.

A still further objective is to provide a mechanism
which minimizes the undesirable effects caused by an
object being left within the sensing region of the
faucet.
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Brief I Lot 0f The Drawi

FIGURE 1 is an isometric view of a faucet according
to the present invention mounted on a lavatory;

FIGURE 2 is a vertical cross sectional view of the
faucet in Figure 1;

FIGURE 3 is a schematic block diagram of the
electrical control circuit of the present invention; and

FIGURES 4A and 4B are a flowchart of a program for

the control circuit microcomputer.

L ot 0f _The Pref i Embodiment

With initial reference to Figure 1, a faucet 10 is
mounted on a lavatory 1l1. The faucet includes a body 12
having a tubular spout 13 extending over the bowl of the
lavatory. At the front of the faucet body 12, beneath
the spout 13, is a conventional infrared proximity
detector 14 which senses the presence of an object, such
as a person's hands, beneath the spout 13. The faucet
10 also has a base 15 on which the faucet body 12 1is
mounted. The base includes a temperature display 16
comprising an array of light emitting diodes (LED)
forming a bar graph which provides a visual indication
of the temperature of the water flowing from the spout.

As shown in Figure 2, the metal faucet body 12 has
a hollow inner chamber 18 communicating with the spout
13 via a circular opening 19 in inner wall 25. Located
within the inner chamber 18 is a solenoid valve assembly
20, that includes a valve housing 21 formed of a plastic
material and having an inlet chamber 22 and an outlet
chamber 23. The upper end of the valve housing 21
adjacent the outlet chamber 23 is threaded into an
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adapter 26. The adapter 26 has a non—-threaded
cylindrical portion 27 slid into the circular opening 19
between the inner chamber 18 and the spout 13. The
cylindrical portion 27 has an external peripheral groove
5 28 within which an O-ring 29 is located to provide a
water-tight seal between the adapter 26 and the faucet
housing wall 25. Alternatively, the valve housing 21
and the adapter 26 can be formed as a single unit.
Therefore, the adapter 26 can be considered as part of

10 the valve housing.

The lower end of the valve housing 21 is threaded
into to a brass tube 24 which extends through aperture
47 in the base 15 and couples a water supply pipe (not
illustrated) to the inlet chamber 22. As the faucet 10

15 has a single water inlet chamber 22, hot and cold water
may have to be premixed upstream from the faucet.
Alternatively, a mixing valve could be included in the
faucet body 12. The tube 24 has an external flange 48
which is received in a rim 49 around the base aperture

20 47. Alternatively, the flange 48 can be located on the
lower end of the wvalve housing 21. The engagement of
the flange 48 and the rim 49 holds the valve assembly 20
within the faucet preventing the cylindrical portion 27
from sliding out of the opening 19.

25 Both the inlet chamber 22 and the outlet chamber 24
communicate coaxially through the middle side of the
valve housing 21. The inlet chamber 22 communicates
with a ring-shaped channel 32 and the outlet chamber 23
opens into the center 33 of the ring shaped channel.

30 The intersection between the two openings forms a
circular valve seat 30.

A resilient diaphragm 34 extends across the opening
in the side of the valve housing 21. The diaphragm 34
has a central aperture 35 through which a disk shaped

35 retainer 36 extends with the diaphragm positioned in an
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external groove 37 of the retainer. The retainer is
tightly fitted within the central opening of the
diaphragm so as to provide a water-tight seal
therebetween. The diaphragm retainer 36 has a central
aperture 38 extending therethrough providing a passage
connecting the outlet chamber 23 with a cavity 46 on the
opposite side of the diaphragm. The retainer 36 extends
across the surface of the diaphragm 34 which is remote
from the valve seat 30. The diaphragm 34 also has a
metering hole 41 through it aligned with a similar hole
42 in the retainer 36. The valve housing 21 has a
tapered pin 40 extending through both of these holes 41
and 42.

A plunger housing 44 abuts the periphery of the
diaphragm 34 holding it tightly against the valve
housing 21, forming a water-tight seal between the
periphery of the diaphragm and the valve housing as well
as the plunger housing. The plunger housing 44 includes
a cylindrical portion 55 extending centrally therefrom
and terminating at a closed end. Cavity 46 is formed by
the plunger housing 44, retainer 36 and diaphragm 34.

A conventional solenoid coil assembly 50 encircles
the cylindrical portion 55 of the plunger housing 44 and
includes an electrical coil 52 wound onto a plastic
spool 53. A U-shaped bracket 54 partially encompasses
the coil 52 and has three screws (not shown) fastening
the solenoid coil assembly 50 to the valve housing 21.

A cylindrical solenoid plunger 56, formed of magnetic
material, is within the cylindrical portion 55 of the
plunger housing. The solenoid plunger has a resilient
button 57 at one end which is biased against the
retainer 36 by a spring 58 to seal the central aperture
38 when the solenoid coil 52 is deenergized. The
solenoid coil assembly 50 further includes a metallic

plug 59 within the central opening of the spool 53 and
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across the end of the cylindrical portion 55 of the
insert 44.

The infrared proximity detector 14 is located
within the faucet body 12 behind a plastic window 17
which is transparent to infrared radiation. A
temperature sensor 60, such as a thermistor, extends
through an opening in the valve housing 21 to sense the
temperature of the water within the outlet chamber 23.
The resistivity of the temperature sensor 60 varies with
the water temperature.

An electrical control circuit is mounted on a
printed circuit board 61 within the inner chamber 18 of
the faucet housing 12. The details of this circuit are
shown in Figure 3. The control circuit is built around
a commercially available microcomputer 62 which includes
an integral analog-to-digital converter and a memory for
storing a control program for the faucet. An RC circuit
consisting of resistor 65 and capacitor 66 is coupled to
the clock input terminals of the microcomputer 62. The
temperature sensor 60 is connected to the analog-to-
digital converter input of the microcomputer 62. The
analog~to-digital converter also receives a reference
voltage from a voltage divider 64 for use in digitizing
the signal from the temperature sensor 60.

The proximity detector 14 comprises an infrared
light emitting diode (IR LED) 68 which is driven by an
oscillator circuit 69 to emit pulses of light at a fixed
frequency. The infrared light from the LED 68 is
transmitted through the window 17 of the faucet housing
(Figure 2) and radiates in a conical pattern in front of
the faucet. The proximity sensor array detector 14 also
includes at least one infrared detector 70 which changes
its conductivity in response to infrared light. If a
wider sensing region is desired, additional detectors

can be incorporated. The infrared detector 70 is
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coupled to an input of a frequency detector 72 which is
tuned to detect a pulsed signal having the same
frequency as oscillator 69. The frequency detector
prevents ambient infrared light from triggering the

5 circuit to open the solenoid valve. The output signal
of the frequency detector 72 is coupled by line 73 to an
input of microcomputer 62 and indicates when light is
reflected from LED 68 to the infrared detector 70.

The microcomputer 62 has two four-bit latched

10 output ports, each bit line of which is coupled to one
of the LED's in the display array 16. Another latched
output line of the microcomputer 62 is connected to the
input of a solenoid driver 74 whose output is coupled to
the coil 52 of the solenoid assembly 50.

15 The control circuit also includes a power supply 75
which converts 120 volt alternating line current into
the proper low DC voltage levels for powering the
control circuit. As is a customary practice, the high
voltage portions of the power supply 75 are located away

20 from the faucet body 12 to minimize the electrical shock
hazard. The power supply 57 also includes a power-on
reset circuit that emits a pulse on line 76 for a brief
period following the initial application of electricity
to reset the microcomputer 62.

25 As illustrated in Figure 2, the modular
configuration of the faucet 10 facilitates servicing its
electrical and mechanical components. With the valve
stem 24 uncoupled from the water supply and the lavatory
11, the base 15 can be removed from the faucet body 12.

30 In this state of disassembly, the valve assembly 20 can
be removed from within the faucet body by pulling the
assembly out of engagement with the opening 19 in the
inner wall 25. By providing a sliding engagement of the
valve assembly 20 with the faucet body 12 at opening 19,

35 a more compact faucet body can be used than if a
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threaded interface was employed. When a threaded
interface is used, the inner chamber 18 of the faucet
body has to be enlarged to allow the valve assembly to
turn as it threaded into the opening 1. The valve
5 assembly 20 can be further disassembled to gain access
to the diaphragm 34 or to replace the solenoid assembly
50. The printed circuit board 61 can also be removed
from the housing 12.
The operation of the faucet 10 will be described in
10 terms of the flow chart in Figures 4A and 4B in
conjunction with Figures 2 and 3. The flow chart
depicts the control program stored within the memory of
the microcomputer 62. The execution of the control
program commences at step 100 where the microcomputer
15 tests the input bit from the frequency detector 72 to
determine if infrared light from the IR LED 68 has been
reflected by an object in front of the faucet. The
frequency detector 72 provides a positive light
detection signal to the microcomputer only when infrared
20 light pulses are received at the same frequency as the
oscillator 69. The frequency detector 72 thereby
prevents ambient infrared radiation from falsely opening
the faucet. If the output of the frequency detector 72
does not indicate that proper infrared light has been
25 detected, the program continues to cycle through the
detection step 100.

Once infrared light reflected from the emitter 68
has been detected at step 100, the program advances to
step 102 where the microcomputer 62 energizes the

30 solenoid coil 52 by sending a positive output signal to
driver 74. With reference to Figure 2, when the
solenoid coil 52 is energized, a magnetic field is
created which draws the plunger 56 into the coil and
away from abutment against the diaphragm retainer 36.

35 This allows the pressurized water within the cavity 46
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on the solenoid side of the diaphragm 34 to escape
through the retainer aperture 38 into the outlet chamber
23. It is noted that the metering hole 41 is restricted
by pin 40 so that water escaping through aperture 38

5 cannot be replaced as quickly by water from inlet 22.
With the plunger 36 no longer pressing against the
retainer 36, and with the release of the pressure within
cavity 46, the pressure of the water within the inlet
chamber 22 pushes the diaphragm 34 toward the solenoid

10 assembly 50 and away from abutment with the valve seat
30. This movement of the diaphragm 34 opens a more
direct passage between the inlet chamber 22 and the
outlet chamber 23 allowing water to flow through faucet
and out the spout 13. This passage remains opened as

15 long as the solenoid coil 52 is energized.

Referring once again to the flow chart of Figure 4,
after the valve is opened, a first software timer is
started at step 104. The first timer provides a
safeguard so that after a given interval, the diaphragm

20 34 will be closed against the valve seat regardless of
the continued presence of an object being detected.

This prevents the water from flowing continuously if an
object is left in front of the faucet. When the first
timer is started, it is initialized for a time interval

25 (e.g. thirty seconds) which is sufficiently long to
enable a user to wash his or her hands. Thereafter, the
timer is periodically decremented at a fixed rate so
that it will reach zero when the selected interval has
expired.

30 At step 106, the microcomputer 62 reads the output
from its integral analog-to-digital converter to
determine the temperature of the water in the output
chamber 23. The sensed temperature is then used to set
various ones of the output port lines which are

35 connected to the display 16 to provide an indication of



WO 90/14473 PCT/US90/02437

11

the sensed temperature. For example, if the range of
temperatures for the outlet water is between 70 and 150
degrees Fahrenheit, each light emitting diode of the
array 16 corresponds to a ten degree increment within
5 that range. In this case, if the temperature of the
output water is 130 degrees Fahrenheit, six LED's will
be illuminated.
The microcomputer 62 checks the output from the
frequency detector 72 again at step 108 to determine if
10 infrared light from the IR LED 68 is still being
received. If this light is no longer being detected,
the program branches to step 110. A branch at this
point indicates that the object, which triggered the
flow of water, has been removed from the sensing region
15 of the faucet. This may occur if the user has left the
lavatory or if the user's hands have been removed
temporarily from beneath the faucet, for example to
apply soap. Since it is not desirable to turn off the
water if the user has merely removed his hands to apply
20 soap, the control program provides a delay before
turning off the water. If an object is again detected
within this delay period, the water is not turned off.
This is accomplished by initially testing a flag,
designated as the off flag, which is stored within the
25 memory of the microcomputer 62 and which indicates the
first time that light is no longer detected after the
presence of an object had been sensed. If at step 110,
the off flag is not found to be set, the program
branches to step 111 where it is set and then a second
30 software timer for the shut-off delay is started at step
112. The second timer may be initialized to provide a
three second delay for shutting off the water.
Once the second timer has been started, the program
returns to step 106 to update the temperature display
35 and again check for the receipt of infrared light at
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step 108. If at step 108, pulsed infrared light is
still not being sensed, the program advances through
step 110 to step 113. At this point, the second timer
is checked to determine if it has reached zero
indicating that light has not been received for the
three second water shut-off delay period. If this timer
has not reached zero, the program execution returns from
step 113 to step 106. However, when the second timer
indicates that the shut-off delay interval has elapsed,
the program advances to steps 114 and 115 where
microcomputer 62 turns off the temperature display and
resets the off flag.

Next the microprocessor 62 deenergizes the solenoid
coil 52 to close the faucet valve at step 116. When the
solenoid coil 52 is not generating a magnetic field, the
force of spring 58 presses the sealing button 57 against
the diaphragm retainer 36 (see Figure 2). This action
seals the retainer aperture 38 causing the pressure in
cavity 46 to increase above the pressure in outlet
chamber 23 due to the water flow through holes 40 and
41. BAs a result of this pressure differential the
diaphragm 34 is forced against the valve seat 30 closing
the passage between the inlet and outlet chambers 22 and
23. As the diaphragm 34 approaches the valve seat 30,
the tapered pin 40 increasingly restricts the water flow
through metering hole 41. This action reduces the speed
of the final movement of the diaphragm 34 thereby
minimizing the concussive shock (and thus noise) as the
valve closes. In addition, the pin 40 prevents
particles in the water from blocking the metering holes
41 and 42.

As long as light pulses from the IR LED 68 continue
to be reflected by an object to infrared detector 70,
the control program execution will advance from step 108
to step 118. At this point, the off flag is reset in

PCT/US90/02437
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the event that it had been previously set by the
temporary removal of the user's hands. The program then
checks the first software timer at step 119 to determine
1f the water has been turned on for longer than the
5 thirty second operating interval. If the first timer

has not expired, the program execution returns to step
106 to update the temperature display and again sense
for infrared pulses at step 108.

If the valve remains open for more than thirty

10 seconds and the object's presence is still detected, the
program will advance from step 119 to step 120 where the
solenoid coil 52 is deenergized and the valve closed,
notwithstanding the continued presence of the object
being detected. In this case, it is assumed that an

15 inanimate object has been left within the sensing area
of the faucet. However, if a user is still at the
lavatory 11 and desires additional water, the users
hands merely have to be removed from the sensing region
of the faucet 10 and then returned to that region to

20 restore the flow of water. After closing the valve at
step 120, the microcomputer 62 resets latches output
port 63 so that temperature is not displayed when the
valve 1s closed. The program then advances to step 122
on Figure 4B.

25 The section of the control program depicted in
Figure 4B periodically opens the valve for a brief
interval until the object is removed from the sensing
area of the faucet 10. The microcomputer 62 at step 122
initializes a third software timer with a relatively

30 long interval, on the order of two hours for example.
During this interval the valve remains closed as long as
the presence of the object continues to be sensed.

After starting the third timer, the execution of the
control program enters a loop in which tests for the

35 continued detection of pulsed infrared light at step
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124. If light ceases to be detected, the program
execution immediately returns to step 100 at the
beginning of the control program. However, if pulsed
light from IR LED 68 continues to be detected at step
124, the third timer is tested at step 125. If this
timer has not expired, the program loops back to step
124.

Once this relatively long interval has elapsed as
indicated by a third timer reaching zero, the program
execution advances to step 126 where the valve is opened
by energizing the solenoid coil 52. Then at step 128, a
fourth software timer is started to measure a relatively
small interval on the order of one to three seconds,
during which the valve remains open. The microcomputer
62 continues to sense the value of the fourth timer at
step 130 until it has expired; at which point the
program advances to step 132 where the valve is closed.
Upon closing the valve, the program execution returns to
step 122 where the third software timer is initialized
for another relatively long interval.

As long as the presence of the object continues to
be sensed by the control circuitry, the microprocessor
62 continuously executes the program loop of Figure 4B.
In order to exit this loop, the object must be removed
from the sensing region of the faucet upon which event
the program execution returns from step 124 to step 100.
By periodically opening the faucet 10 for a short
interval, the control circuit provides an indication
that an object remains within its sensing area, enabling
a maintenance person to be warned of this condition and
remove the object. The cycling between open and closed
states of the valve also distinguishes the mode of
operation in which the faucet perceives the continued
presence of an object from the condition where the

faucet is inoperative due to a malfunction.

g
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The relatively long interval of inoperability may
be shortened in order to provide a more frequent

indication of this mode of operation.
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CLAIMS

1. A faucet comprising:

a faucet body having an inner chamber and a spout
which opens into the inner chamber at an aperture
through an inner wall of said body;

a valve housing, mounted substantially entirely
within the inner chamber of said faucet body and
separable therefrom, having a inlet chamber opening
transversely into an external annular channel and an
outlet chamber having a first opening centrally located
relative to said annular channel, said valve housing a
first portion slidably disposed in the aperture and a
second portion secured to said faucet body, said valve
housing having an annular surface between the channel
and the outlet chamber first opening thereby defining a
valve seat;

a resilient diaphragm having a first surface that
releasably engages the valve seat and has a periphery
which sealably engages said valve housing, said
diaphragm including a central aperture and including a
metering aperture communicating with the inlet chamber;

a tapered pin extending from said valve housing
into the metering aperture;

a diaphragm retainer in the central aperture of
said diaphragm and having an aperture therethrough which
communicates with the outlet; and

a solenoid assembly mounted on said valve housing
to form a cavity between said diaphragm and said
solenoid assembly into which the metering aperture
communicates, said solenoid assembly including a plunger
biased against said diaphragm retainer to releasably
seal the aperture of said diaphragm retainer, and

including a electrical coil around the plunger.

3%
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2, The faucet as recited in claim 1 wherein said
first portion engages the inner wall of said faucet body
thereby sealing the inner chamber from the spout with
the portion of the valve housing having an aperture

5 therethrough to provide a passage between the outlet

chamber and the spout.

3. The faucet as recited in claim 1 wherein said
first portion extends into the aperture of said faucet
body thereby sealing the inner chamber from the spout
with the portion of the valve housing having an aperture

5 therethrough to provide a passage between the outlet

chamber and the spout.

4, The faucet as recited in claim 1 wherein said
valve housing is mounted within said faucet body with

the outlet chamber positioned above the inlet chamber.

5. The faucet as recited in claim 1 further
comprising a proximity sensing means for detecting the
presence of an object adjacent the faucet and in

response thereto for energizing the electrical coil.
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6. The faucet as recited in claim 5 wherein said
proximity sensing means comprises means for deenergizing
the electrical coil if the presence of the object
continues to be sensed for a predefined interval of

5 time, and thereafter periodically energizing the
electrical coil for a second predefined interval of time

until the presence of the object is no longer sensed.

g
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7. A faucet comprising:

a housing having an inlet chamber and an outlet
chamber communicating with the inlet chamber at an
opening;

5 a solenoid valve assembly mounted adjacent said
housing which releasably seals the inlet chamber from
the outlet chamber for controlling fluid flow
therebetween;

means for sensing the presence of an object in the

10 proximity of said faucet and emitting a signal
indicative of that presence;

means, responsive to the signal from said means for
sensing, for energizing said solenoid valve assembly to
permit fluid flow when the presence of an object is

15 sensed;

first means for deenergizing the solenoid valve
assembly to prevent fluid flow if after the presence of
an object is detected, that presence is not detected for
a first interval of time; and

20 second means for deenergizing said solenoid valve
assembly to prevent fluid flow after the solenoid valve
assembly has been continuously energized for a second
interval, notwithstanding the continued presence of the
object being sensed, and thereafter periodically

25 energizing said solenoid valve assembly to permit fluid
flow for a third interval of time until the presence of

the object is no longer sensed.
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8. A faucet comprising:

a base member:

a faucet body, attached to said base member, having
an inner chamber and a spout which opens into the inner
chamber at an aperture;

a valve housing, within the inner chamber of said
faucet body and separable therefrom, having a inlet
chamber opening into an external annular channel and an
outlet chamber having a first opening centrally located
relative to said annular channel, said housing having an
annular surface between the channel and the outlet
chamber first opening thereby defining a valve seat,
said valve housing also having a first end portion
extending into the aperture of said faucet body thereby
sealing the inner chamber from the spout with the first
end portion having a aperture therethrough to provide a
passage between the outlet chamber and the spout, and
having a second end portion;

a tube attached to the second end portion of said
valve housing in communication with the inlet chamber;

one of said valve housing and said tube abutting
said base thereby retaining said valve housing within
said faucet body and holding said first end portion in
the aperture of said faucet body;

a resilient diaphragm having a first surface that
releasably engages the valve seat and has a periphery
which sealably engages said valve housing, said
diaphragm including a central aperture and a metering
aperture communicating with the inlet chamber;

a tapered pin extending from said valve housing
into the metering aperture;

a diaphragm retainer in the central aperture of
said diaphragm and having an aperture therethrough which
communicates with the outlet chamber;
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35 a solenoid assembly mounted on said valve housing
to form a cavity between said diaphragm and said
solenoid assembly into which the metering aperture
communicates, said solenoid assembly including a plunger
biased by a spring against said diaphragm retainer to

40 releasably seal the aperture in said diaphragm retainer
and including a electrical coil around the plunger; and

a means for sensing the presence of a user adjacent
the faucet and in response thereto for energizing said

electrical coil.

9. The faucet as recited in claim 8 further
comprising a first means for deenergizing the solenoid
valve assembly if after the presence of an object is
detected, that presence is not detected for a first

5 interval of time.

10. The faucet as recited in claim 9 further
comprising a second means for deenergizing said solenoid
valve assembly after the solenoid valve assembly has
been continuously energized for second interval,

5 notwithstanding the continued presence of the object
being sensed, and thereafter periodically energizing
said solenoid valve for a third interval of time until

the presence of the object is no longer sensed.
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