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SELF- CLOSI NG SOLENO D OPERATED FAUCET : Field O The

| nventi on The present invention relates to faucets with self-- closing
val ves’. and parjé gdpzadol Y t 0o such sel f-closing val ves that arep@giidoyaises
electrically by a sol enoid. Background. O .The. |.nvent i on

In hospitals, public restroons and other facilities, it is desirable to
provide a lavatory faucet which turns off automatically after a given
period of tinme, so that thegyatedsng JoLeNudb oFerATEDKI@EENI tely i f the user
does not shut the faucet. Conventional faucets for this type of operation
are nechanical in nature being operated by a piston. Wen the piston is
moved by the user to open the valve, a variable chanber within the valve
expands and fills with air or whiekd QfBhendn¥eREiBased by the user, the

pi ston noves due torEdrdrGeher SRvandi SieGeaases therside Phwildhe seh@nber at a
rate which is governed by the release of the air or water thrqugh a

metering orifi ELOSIRY Fl¥esyi epd PRECIGHIRLAY WA BRCh RENGISIRF RS ce noves

the piston to ¢hbgestimatvalrecagtdvites diletpeehdUytipta vidiamdildows from the
faucet. One of the draw

Background Of The Invention

In hospitals, public restrooms and other facilities,
it is desirable to provide a lavatory faucet which turns
off automatically after a given period of time, so that
the water will not run indefinitely if the user does not
shut the faucet. Conventional faucets for this type of
operation are mechanical in nature being operated by a
piston. When the piston is moved by the user to open the
valve, a variable chamber within the valve expands and
fills with air or water. Upon being released by the
user, the piston moves due to spring force and decreases
the size of the chamber at a rate which is governed by
the release of the air or water through a metering
orifice. This restricts the rate at which the spring
force moves the piston to close the valve and thus the
period that water flows from the faucet. One of the draw
backs with such a mechanical faucet is that the spring
wears with repeated use, eventually requiring either
replacement or at the very least periodic adjustment to
ensure that the valve remains open for a satisfactory
period of time for the user to wash.

As an alternative to these mechanical automatic
faucets, electrically controlled solenoid valve models
have been proposed. However, a conventional solenoid ¥

valve remains open only while an electric current is
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backs wth such a nechanical faucet is that the spring wears wth repeated
use, eventually requiring either replacenment or-at the very |east periodic
adj ust'ment to ensure that the valve remmins open for a satisfactory perlod

of time for t 50 wash As an alternative to the%ﬁ“ﬁﬁﬁﬁ
aut omati c fauggFE é?ectrlcally controll ed sol enoid val ve el s "have been

pr oposed. Fbmever a conventional solenoid val ve renmains opéen only Wwhile
an electric current is -2 - -2- applied to
an el ectromagnetic coil of the solenoid actuator. Upon rempval of the
electric currepPliadske i3y HEFEEIMIRSES eRdiLdof he sedenpddval ve. As a

result sol enoipdevat¥es UsirA repbsatesale @m’@éﬂil@fc@ﬂr@ﬁﬁtrl gi kyryvg ch makes
theminpractical for battery powered operatio Ther ef or e, gomer typically

i s supplied ffGFceReth? e%‘ilreln@éfi Wr‘i’#@seofthtehga%ﬁﬂ dify 2 £R§8 Fequiring an

el ectri cal Outsloa_kmumdefrmswu@aealaaﬁélccrexta@ad prelectdOR1agairisityhe user
recei vi ng an el eCtI’I C

? in the, ev &%‘OE a circuit failure.
Sunmary OF Th&PeRereh TR imPRaReteRl JHreLRTBETY MPNFTESent i nvention is

to operation. Therefore, power typically is supplied from
the electrical wiring of the building, thus requiring an
electrical outlet underneath the lavatory and protection
against the user receiving an electrical shock in the
event of a circuit failure.

Surimary Of The Invention

A general object of the present invention is to
provide an electrically controlled, self-closing faucet.

Another object is to provide such a faucet which is
capable of being powered by a battery for a relatively
loﬁg time between battery replacement.

A further object of the present invention is to
provide a self-closing automatic faucet with a latching
solenoid valve.

Yet another object is to provide a modular valve to
facilitate assembly during manufacture and subsequent
replacement of failed sub-assemblies.

These and other objectives are satisfied by a
self-closing faucet which has a hollow body with a main
portion having an upper opening, and with a spout
projecting from the main portion. A plumbing sub-
assembly is supported as an integral unit within the
hollow body and includes a solenoid valve, an inlet tube
and a spout tube. The inlet tube is connected to the
solenoid valve and extends through an opening in the u
bottom of the body. The spout tube has a first end
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provide an electrically controlled, self-closing faucet. Anot her
object is to provide such a faucet which is capable of being powered by a

battefy for a relatively long tinme between battery repl acenent. A’
further abjectw@bsdlo® Present invention is to provide a sel f-&l,,gg;' 4
automatic faucet with a |atching sol enoid val ve. . Yet another object is
to provide a nodul ar valve to facilitate assenbly during manufacturé and
subsequent repl acenment of failed sub- asseril i es. These and ot her

obj ectives argonaldddd 30 RhedsSeLisfd qahud é&&ceggtgxﬂcflhmu A DpLi ow body
with a main ort|o avi ng upper- openi ng q prOJectlng

fromthe nalnspgvtlQﬁlthQ mb&ﬁbwn@OQMHﬁltasseﬁatgndsemduﬂﬁaﬁpedtasoaanlntegral
unit within {B8eRohy it RODendRd LAFIdKIEReAsBaheN0lLh il ogn 10l et tube

and a spout tu e Inlet tube 1's connect to the solenoid val ve and
ext ends t hr ougRSERPHPEH FPUPACEhEC Heta dusinghat behsy uPReE opsningube has a

first end and lncludes a timer 01rcu1t for conté%lliﬁ#“ﬂﬂ@3ed to the
sol enoid val ve agd ext ends. through the spout of hol | ow body with a

second end' adPRE ﬁFaYW%ﬁfoﬁéﬁFﬁﬁl%tc"que@ﬁDF@ Bhe ¥9lenpdds yadie - anBact uat or
assenbly is ceuwikel Wiged htheusbadbpta iR rUBPEFal®DE Mhdthanism

triggers the timer circuit.

Upon being triggered the timer circuit activates the
solenoid valve to send water from the inlet tube through
the spout tube and out of the faucet. After a predefined
interval, the timer circuit times out and the solenoid
valve closes.

Brief Description Of The Drawings

FIGURE 1 is a cross section view through an
automatic self-closing faucet which incorporates a
latching solenoid valve according to the present
invention;

FIGURE 2 illustrates the valve and tubing sub
assembly of the faucet; and

FIGURE 3 is a cross sectional view of the latching
solenoid valve. '

Detailed Description Of The Invention
With initial reference to FIGURE 1, a faucet 10 has

a hollow body 12 with a spout 14 projecting upward and

away from the main portion 13 of the hollow body. The

body has a base plate 16 adapted to mount on the surface

of a lavatory or on a counter top adjacent a lavatory.

The upper portion of the hollow body 12 has a cylindrical .

opening 15 which receives an actuator assembly 18 with a
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and includes a tinmer circuit for controlling the application of electric
current to the solenoid valve. A switch when activated by a user operable
mechani smtriggers the timer circuit. Upon being triggered the tiner
circuit_activahiyyg sol enoid valve to send water fromthe

t hrough t he spout %ﬂ%% and out of the faucet. After a pnedeﬂ??g%b?%%gfva[,
the timer circuit tinmes out and the sol enoid val ve cl oses. '

Brief Description OF The Draw ngs “F#GURE 1 is a cross section view

t hrough an automatjc sel f-closing faucet i I ncor por ates | at chi ng
sol enoi d val v§‘°XEEb$8i heP tFR %8 g?@ge’rﬁ ﬁ%@ﬁ??o ?]% in Péﬁg@%yza
il lustrates thereal ¥v2 winikcH wWitegssybgassaiby iof thdeadmatetl; and

FIGURE 3 is a crg&g secgio | view of the latching sol enoid val ve.
Det ai | ed DescA FEFBAY F°The™I'nvent i on Wth initial reference to Fl GURE

1, a faucet 10 hasTahehattwatdoagsi@biy t1B aonpedhsld hatdjeayt RAgthphard and
anay from the JiRk,Q0REL S Baiknee NOId QURAYY codfcd0d% AR geDase plate

16 adapted to fount on’the’ surface o avatory or counter top

adj acent a | avat eoyerTRB fapfanegotei bhe cissembliiobPay Hody BROKASIa

cylindrical OpgRRg3dS WHENJFCRPVEE #l akia! 88 &8s @ Inenblel th @
easily to replace the battery without having to
disconnect the faucet 10 from the water'supply or having
to access components beneath the surface on which the
faucet is mounted. A printed circuit board 28, located
within the hollow body 12, receives electric current from
the battery via the contacts 24 mounted thereon. A
housing 49 encloses the printed circuit board 28
providing protection égainst moisture damage and the
screw 53 holding the housing in place also secures the
actuator assembly 18 to the faucet body 12.

The printed circuit board 28 contains a timer
circuit 29 and an electrical switch 32 for triggering the
timer circuit. A switch push rod 34 extends downward
through the actuator assembly 18 from just under the
inside surface of top cap 20 to the switch 32 on the
printed circuit board 28. A spring 36 also biases the
top cap 20 away from the cover 38 and contact with switch
push rod 34.

The electrical output of the timer circuit 29 drives
a solenoid valve 30 within the faucet housing 12. The
solenoid valve 30 is connected to a water inlet tube 40
extending downward through the base plate 16 of the
faucet 10. A fitting 33 at the remote end of the inlet
tube 40 contains a filter (not shown) which traps v
particles that could clod apertures of the solenoid valve
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-4- noveable top cap 20 that is slidably held in place by a screw 17 which
enters a groove 19 in the actuator assenbly core 21. The actuator
assenbly 18 contains a battery 22 that is held against a pair of electrical
contacts 24 a 2 cover 38 fastened to the assenbly bod ot her
screw 39. Thew%ﬁg%@g%’ 20 and cover 38 can be renoved easil y)i’t%}‘}sggﬁ%@e t he
battery wi thout having to disconnect the faucet 10 from the wdter sapply or
havi ng to access conponents beneath the suwface on which the faucet is

mounted. A printed circuit board 28, |ocated within the hollow body 12,
receives el ecB®i c & hubenti2f ponjedks faomesplenaid talosnB8c tbrovghount ed

thereon. A hopg é%ﬁl&r@n%@agsm@o pam Ledeti ECth 4n oar gn%ﬁ Qh%i%di ng

pr ot ect i on agal nst nol stu

and the screw 5 g ousing in
pl ace al so sesbraeratnr £dt dat §hr%1%%%#bl yhegse bengyd f‘@}c’@t 3fed§niet The
printed circuihrbogsd %&oah% N§2 darld %Ftlﬁtrfyth:%% Andoah ghectrical
switch 32 for trlggerl the tinmer circuit. A swt push rod 34 extends

downwar d thro&@ﬁegﬁﬁieﬁﬁﬂmQPBE SURIFHARPLYS 4Py oAF | BRRAT AT L ToRe FilAYF Be
surface of top,Canidk ddatsh@ishih CthadhdanokhBodyi N esk aneCfalickeatd 28. A
Pring 30 ol oyl ecee HISL0R Co 20 ML LANIE coter B andesentact
drives a sol elSdeayaémlyBQSV\llahbl doé¢dendtawork hatsi dontlitt Wiehs@ahenoi d val ve
30 i s connect %%ucetabg\@yq i nl et tube 40
The plumbing subassembly 45 is prefabricated and

then inserted as a unit through the open bottom of the

faucet body 12. During insertion the spout tube is

pushed upward into the spout 14 until the subassembly’s

outlet fitting 41 aligns with an opening 47 at the

underside of the remote end of the spout 14. The aerator

44 then is screwed onto the outlet fitting through the

spout opening 47. The solenoid valve 30 is pushed upward

until a flat beveled surface 43 abuts the housing 49 that

encloses the printed circuit board 28. Securing the base

plate 16 across the bottom opening of the hollow body 12

holds the plumbing subassembly 45 in place with the inlet

tube 40 projecting downward through that base plate.

This procedure is reversed to remove the plumbing

subassembly 45 for repair or replacement.

As will be described in greater detail, the top cap

20 is pushed downward by a user to activate the faucet.

That movement of the actuator cap 20 presses push rod 32

downward, closing the switch 32 and activating the timer

circuit 29 on printed circuit board 28. While the timer

circuit is active, the solenoid valve 30 is in an open

state allowing water from the inlet tube 40 to flow u

through the aerator 44.

»
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ext endi ng downward through the base plate 16 of the faucet 10. A fitting 33
at the renote end of the inlet tube 40 contains a filter (not shown) mhlch
traps particles that could clod apertures of the solenoid valve

-5- 30. A t uRgo dohrBge0) ects from sol enoid val ve 30 through fhe g
spout 14 to an outlet fitting 41 onto which an aerator 44 js threade The
sol enoi d val ve 30, inlet tube 40, spout tube 42 and out | et fitting 41 form
an integral plunbing subassenbly 45, asS6apparent fromFigure 2, which nests

within the hollow hody 12 of the f shown n Figure 1. Water flows
only through the M Fﬁée’s’%qeasts"e%g@ﬁ%S rartdd 88 eﬂB’tg s m% cont act

wi th the faucedmgaidiesl?. latchinhadlkedsbd ngottidtass 60bhyvidg ian wfeabri cat ed
and then insesrted, as Lf through the n bottomof the fapcet body 12.
DU i ng. | nser tPOR TG GpotPtt RIS spBBrEa CPArAOTRE oL FEL b it 14 unt i |

t he subassenbbyappexlitdreuntii &t spupld Fdabit gmsnmadnedicopenenia i,/ sauch he

under si de of ?e?r rggtqcend.r% ‘{)%rsp’gﬂg%&%l 51“}_93 §§§ﬂ%e Soépen I's screwed

onto the outl e I'ng t hrough € spou peni ng enoi d val ve 30
i s pushed upwatéelmi |othef| naghriisaddyspefmeablag raersal he Morisi ng 49 t hat

encl oses the ppidf esh HCH boPOM ! ABendChY M ddit 1ali8 yPRAErethrough

within which is received a cylindrical, metal flux
concentrator 58 which has an annular groove with an 0O-
ring 60 therein. The flux concentrator 58 is surrounded
by the solenocid coil 52. A permanent magnet 62 abuts an
end of the flux concentrator 58 and is adjacent an outer
end of bore 56. The flux concentrator 58 and O-ring 60
seal the bore of the spool 54 so that water in a lower
portion of the valve does not reach the magnet 62. As a
consequence, a rare earth magnet can be utilized which
provides a relatively significant magnet force for its
size. A pole piece 64 is threaded into an integral
fitting 66 of the solenoid housing 51 and holds the
magnet 62 within the spool bore against the flux
concentrator 58. The pole piece 64 can be adjusted
axially during assembly to compensate for manufacturing
tolerances of the associated components.

A stainless steel plunger 68 is slidably located
within spool bore 56 on the opposite side of the flux
concentrator 58 from permanent magnet 62 and is biased
away from the flux concentrator by a spring 70. The
remote end of the plunger 68 has a recess with a
resilient seal 72 captivated therein. This remote end of
the plunger 68 projects outward from an internal end of

spool 54. . v
That end of the spool 54 has outwardly extending
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pl ate 16 across the bottom opening of the holl ow body 12 hol ds the pl unbing
subassenbly 45 in place with the inlet tube 40 projecting downward through
t hat base plate. This procedure is reversed to renove the plunbing

subassenbly 4%d eypaégpai r or repl acenent. As will be deggrishethessn
greater detail, the top cap 20 is pushed downward by a user to. activate the
faucet. That novenent of the actuator cap 20 presses push rod 32 downward,

closing the switch 32 and activating the’/tinmer circuit 29 on printed
circuit board

8. | ] e the tinmer circuit is_active,  the solenoid valve 30
is in an openfg?%?%\h}a‘{ I“B\ﬁi%&n\/ﬁ?’é\’fﬁ FRESE T |%¥t7’tﬁ;’é‘946r98n3| %aﬁt hr ough
t he aerator 44pening of the spool bore 56, A cylindriczl6rim 78 Wt An
reference to FlGURE 3, sol epoi d, val v gnprises.a |l atching sol enoid
actuator 50 hg{}grfﬁa na%uhérm 8%2%%39115"1 Pter%g&%gB%%{%%e%“é‘r%'ePgE rSﬁagnetic
coil 52 w appetiaanbessl stesoolisbdecéiverhwinhnet toismtedss 76sacd as a

pl astic. The h ' ' bri f €4 Or tically
per neabl e nat%%%gFé ?ﬁ%£§%%%%n§§ %gsééﬁﬁ%%g 6r2§§e%%1n39%£%%F§F?§8
t her et hr ough Wift Kha heweing $lr deeryimbed @roundr £hal edgretafl thieyend

concentrator 8pWebChnl@y HkpABREL AN GRISN-EN L8R the 'd1end ol herein. The
flux concentrator 58 is surrounded .

actuator 50. An aperture, which extends through the

cylindrical rim 78, has a diameter that is slightly

larger than the outer diameter of the plunger 68 which

projects therethrough, thereby forming a magnetic flux

gap 69. This results in the plunger 68 being able to

move axially without contacting the end cap 80. The end

cap has a second larger diameter tubular projection 84

extending outward from the opposite side.

The pole piece 64, outer housing 51, end cap 80,
plunger 68 and flux concentrator 58 create a magnetic
flux path for the permanent magnet 62 and the
electromagnet formed by coil 52. This flux path has a
constant magnetic flux gap 96 between the plunger 68 and
the end cap 80, and a variable magnetic flux gap 67
between the flux concentrator 58 and the plunger 68. The
size of the variable magnetic flux gap changes as the
plunger moves within the bore 56 as will be described.

A plug-like cage 86, fabricated out of rigid
non-magnetic material such as plastic, has a closed end
received within an opening of the second end cap
projection 84 to create a cavity 85 there between. This
cavity 85 is partially defined by a recess 90 in the cage
86 which receives the remote end of the plunger 68. The
internal diameter of the recess 90 closely matches the v
outer diameter of the plunger 68 to guide the axial
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by the solenoid coil 52. A permanent nmagnet 62 abuts an end of the fl ux
concentrator 58 and is adjacent an outer end of - bore 56. The fl ux
concentrator 58 and O-ring 60 seal the bore of the spool 54 so that water

in a | ower por{yio9asteet he val ve does .nqt reach the magnet 62pcy)gsofiz2604
consequence, a rare earth magnet can be utilized which provides a ___
relatively significant nmagnet force for its size. A pole piece 64 is
threaded into an integral fitting 66 of 8he sol enoid housing 51 and hol ds

the magnet 62 within th ool. bore i nst ,the,flux goncentrator 58. The
pol e piece 64“@8(5’“88ta81$u eed’lé&‘ﬁ‘ﬁFl@‘? i d"&?é'ﬁﬁﬁ?yé?% M¥ensat e for

nmanuf act uri ng suvlfaceneestivé glumgassspacdedrommbaenagneticallk stainl ess
ide of the fIRBEISBRISNETaI TR 20 1 rbrt B aat SnBgrEro B g 1823 beed
away from t he Hdtweepmotibentage &6 bpdaesprdam 800. Ehbleeddtaledd of the
pl unger 68 hasﬁmfi@%@% ﬂ%%h %arsf%%'géifpém i sﬁaQHé{\?ﬁ]r?ctﬁé‘%ragkn- Thi's
renote end of e plunger rojects outw ard froman 1hternal end of
spool 54. BérhatThengase §hdaspeopibat HudbeoFnahdrh X ianrtisng
flange 74 withyQmataubeboh@CasSpbR BXhesylid¥ t¥e0Whd £ 80. an

aperture 96 through the pilot tube 92 has a raised

opening facing the plunger 68 thereby pfoviding a pilot

valve seat 98. The plunger seal 72 engages this pilot

valve seat 98 when the solenoid valve 30 is in the closed

state, as will be described.

A diaphragm 100 of resilient material, such as

rubber, extends across the open rim 94 of the cage 86

forming a pilot chamber 115 therebetween and is held in

place by. The periphery of the diaphragm 100 is

compressed between the cage 86 and a valve body 102 that

is threaded onto the end cap 84. The diaphragm 100 has a

central aperture 104 therethrough and the pilot tube 92

of the end cap fits tightly into that central aperture.

A central portion 106 of the diaphragm 100 resides in an

inlet 114 within the valve body 102 and has a bleed

aperture 107 therethrough. In the closed state of the

latching solenoid valve 30, the central portion 106 of

the diaphragm 102 abuts a main valve seat 108 formed

around an opening of an outlet 110 from the inlet 114 to

the spout tube 42. The water pressure in inlet i14 is

communicated through the bleed aperture 107 so that the

pressure in the cavity 85 behind the diaphragm 100 is

greater than in the outlet 110, thus maintaining the

aperture between the inlet and outlet at valve seat 108 u
closed.

»
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openi ng of the spool bore 56. A cylindrical rim78 of an end cap 80 of
magnetical |y perneable material, such as stainless steel, is received
within this recess 76 and is seal ed there against by a second 0-ring 82.

The open end Woggﬁgnspousi ng 51 is crinped around the edge ofpcrhifte@iddoscap 80
whi ch conpl etes the enclosure for the solenoid actuator 50.. An.aperture,

whi ch extends ‘through the cylindrical rim78, has a dianeter-that is

slightly larger than the outer dianeter %f- the plunger 68 which projects
t her et hrough, thereby for

m ng,a magnetic flux gap 69. This .results in the
pl unger 68 being aﬂﬂé:hFocr]rBw?gda%(‘?aaqq ffwtpﬁoﬁ?l%bcg‘t%&ailﬁﬁ ?’He gﬁa cap 80,
The end cap hpsusgee@EmNdsl Beleragh anet ehet phubarvawy eelaito9ss8dtexhendi ng
outward fromthe ppposite side. e, po pLece 6 out.er usi ng 51, ’
end cap 80, pPB g & Pf‘g%tc%‘fpcee;%r ng*;g%g%’f%eato aSPr’fé‘élﬁe?ch flux path
for the pernmaasdtamppratuna?iandr tingdmvdder 6nagaagpréspmtnd winerebyl tb2. Thi s
flux path has const ant g Lc f bet . 68 and
the end cap 88?‘13% as%/ae%r @b?ggﬁéﬁnﬁéﬁc%ﬁgﬂggaép %@gb%e%i%geﬁla;éﬁg%gf:ux
concentrator F8ramdexdwtgd dogeragsthelipdugigee 68 towaxdimnexryiamemtgnetic fl ux

gap changes apabhge PhANALlaHRYREndA 1Y NG eREER S8 fASciddile De descri bed,
A plug-like cag , tabricated out ri |§ non- magnetic material such as
pl astic, has aaghetid B¥k 9&PebVcbetiesn rf%alﬁ 6PBACRELFOR BB fechbA8®end cap

proj ection 84pt19n585?t£s qAavikytBe £N8¢ Qieli’&%ti‘ﬁ'geﬂn_ S reHdtABS 1S
partially defined by a recess 90 in the cage 86 which receives the renote
end of the pl §AY&r9eB. THY Aegrabic JFRR & GFCFRRSPARB TP &8s y

mat ches the owlaghedianEl @t p khelplgewair Ghet @1gMi dend ey astialller.
The design of the plunger 68, flux concentrator 58 and
permanent magnet 62 causes the gap’s flux density to drop
rapidly as this gap length increases. 1In the closed
position of the plunger 68, the variable magnetic flux
gap 67 is sufficiently large that the axial magnetic
force exerted by permanent magnet 62 is minimized and can
not overcome the spring force. Thus the plunger is
latched in the closed position in the absence of electric
current flowing through the coil 52.

A substantially constant magnetic flux gap 69 exists
in the magnetic flux path between the plunger 68 and the
end cap 80. The magnetic flux in this gap creates a
radial force on the plunger which can cause an
undesirable friction which impedes axial movement of the
plunger 68. The present structure reduces the effect of
this frictional force by supporting the adjacent end of
the plunger 58 on the plastic cage 86. That support
holds the plunger nearly centered in the magnetic flux
gap 69 which minimizes the radial force and provides a
low friction, low wear surface against which the plunger v

slides. By supporting the plunger with the plastic spool
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novenent of the plunger while maintaining the outer surface of the plunger
spaced fromthe magnetically perneable end cap 84. Athird Oring 88
provi des a seal between the cage 86 and end cap 80. A bleed hole 87

provides a fl upgdasmade fromcavity 85 through the cage 86.pdfissaasRs 86

has a pilot tube 92 which projects downward beyond an open rim94 of the
end cap 80. An aperture 96 through the pilot tube 92 has a raised opening
facing the plunger 68 thereby providingl® pilot valve seat 98. The pl unger
seal 72 engages this pilot valve seat, 98 when the solenoid valve 30 is in
the closed st éﬁe?ngspﬁﬁ'ﬂl%é‘aaés@ﬁi bR constant jpagnstigmiion grPr2i| i ent
material, suckaasbeUnbes , r&ddtdRdsyastidalds whiiehopaproves Hheof the cage 86

formng a pilot_chanber 115 .therebetween.and.i.s_held in place by. The

peri phery of ter@"&ilﬁﬁﬁ}’a‘b%%iiagcgb%rse°§'§é’8l8e?%‘é?1tcf"}1es%c,'age 86 and a

val ve body 102 t hawhes & hisadedessts thee tepd capp284of Tihe dicaplatagm 100 has
a central aperture,104.therethr.ough and t.he pil.o0 9 f. the end cap
fits tightly iar?ts(?mpigt 1%én?}?eal lglﬁ'gr hgéej\flttA%(?eﬁ réfE%‘ga(ratﬁ%na%fOG of the

di aphr agm 100 apgdiigssai brief iellesttritdl wivtremtt pulsal ve tHody 102 and has a

bl eed apert urze]%%’lrt ﬂg&ggﬁg q kBt ﬁ%?@%@i%a@. f ¢hpd atching

sol enoi d val v central portion, fhe di aphragm 102. abuts a
mai n val ve seatech®®sh opfiethis mwideahs opesti dgpnef eanugt fer thep dodidm t he

inlet 114 to tdie $PQehelsPE A2 adH1@1BRLE MAYrRIIWr ¢1b0d 1 &4 thel YhndeS
polarity as the permanent magnet 62, which draws the
plunger 68 farther into the coil spool bore 56 and away
from the pilot valve seat 98 at the opening of the pilot
tube 92 as illustrated in Figure 3. The current pulse is
sufficiently intense that the plunger 68 strikes flux
concentrator 58 thereby eliminating the magnetic flux gap
67 .in the magnetic flux path and thus maximizes the force
from permanent magnet 62. This permanent magnet force is
sufficient by itself to overcome the force of spring 70
and hold the plunger away from the opening of the pilot
tube 92. 1In other words, the force from permanent magnet
62 now is greater than the spring force. Therefore the
plunger is latched in the open state by the permanent
magnet 62 at the end of the electric pulse from the timer
circuit 29 at which point the magnetic field produced by
the coil 52 terminates.

The distance of the plunger stroke is kept
relatively short to minimize the energy required to move
the plunger between the extreme positions of its travel.

This plunger stroke is adjusted by moving the pole piece
64 into and out of the spool bore 56.

As the plunger 68 moves away from the pilot wvalve v

seat 98, the cage cavity 85 opens into pilot .passage 96
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comuni cat ed through the bl eed aperture 107 so that the pressure in the
cavity 85 behind the diaphragm 100 is greater than in the outlet 110, thus

mai'nt ai ni ng the aperture between the inlet and outl et at valve seat 108
cl osed:

-9- T 1n thEOFY state of the solenoi d val ve 30, the pfﬁ'ﬁ’b’%’r"”% 4'
hel d agai nst the pilot valve seat 98 at the opening of the pilTot tube" 92 by
the force of spring 70 and any pneumaticior-hydraulic force present,

whereby the plunger seal 72 closes that opening. The axial nmagnetic force
exerted to drawhide qohmagécatss twivdy @hpesn*a\n‘emubmgﬁﬁet Bhipsrebieyes ned by

the | ength of %ﬁ@s%u g%{ﬂh%#él 9919 @gtmq‘,l]‘tlhlﬁ ¢RaCcgpis@t or 58

and the plunger enS| hat magnetic flux gap.
That magnetic ¢hamey s',lléebﬁba%@cﬂtw dﬁcﬁ@hﬁggmhéo%‘gﬁbthl@eﬁl helgaB767 | arger

or the flux d ﬂﬁ ytrﬁé@#g%su!@eréi%%'s% Ofaré@@m?é LW:&Qflnfs%hef EHXet
concentrat or nent magnet 62 causes the fl ux densi ty to

drop rapidly a%likﬁQ$%ﬁﬁ)tPén@%?PhFﬁﬂNbéggsaWPM FF@F{% é@lﬁo§F%V8n of the

pl unger 68, thsre.-y@rwﬁolo%emaaea éda@éwﬁ?pbézwéénstﬁé Ileil%ltt b)id' 8pgett hat
t he axial magnetic force e manen b g‘zed and
can not over coR®PEhetd for wﬁhga%Fﬁn %¥ Tolg

valve and out the aerator 44.

When valve open period (for example three to eleven
seconds) lapses, the timer circuit 29 automatically sends
another pulse of electric current through the
electromagnet coil 52 in the opposite direction to that
of the first current pplse thereby producing a magnetic
field of opposite polarity to that of permanent magnet
62. The timer circuit also generates that pulse when the
‘user operates the switch 32 by pressing top cap 20 while
the solenoid valve is open. This pulse produces an
electromagnetic field, which substantially cancels the
permanent magnet force, allowing the spring to force the
plunger 68 out of the spool 54 and against the cage 86,
closing the pilot passage 96. That motion also increases
the variable magnetic flux gap 67 between the flux
concentrator 58 and the plunger, so that at the end of
the electrical pulse when the electromagnetic field
terminates the force of the permanent magnet is reduced
to less than the spring force. As a result the spring 70
maintains the plunger in the closed state.

With the plunger 68 sealed against the pilot wvalve
seat 98 at the opening of the pilot tube 96, pressure in
the pilot chamber 115 behind the diaphragm 100 becomes
greater than the pressure in the outlet 110. As a result ?
of this pressure differential, the diaphragm. 100 is
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| atched in the closed position in the absence of electric current flow ng
t hrough the coil 52. A substantially constant magnetic flux gap 69
exists in the nmagnetic flux path between the plunger 68 and the end cap 80.

The magnetic f \wooolzpeshhi s gap creates a radial force on the pEposRli ch
can cause an undesirable friction which inpedes axial movenent of the_
plunger 68. The present structure reduces the effect of this frictional
force by supporting the adjacent end of te-plunger 58 on the plastic cage

86. That support hol ds the nearly centered netlc flux ga
00 whi ah o oy PESEAS (REA AR AERT S FAGVE: STt SHaREPEi CLPRES | ow wear

sErfafe agalnSth?hpﬁﬁsidE&agibégﬁéedﬂﬁh@einlEW éndnxpdutngighs Q%zngﬁg m1th
the plastic s . : . . , -, - an astic
cage 86, the cBAst aPR® FUGRBERE™ (108 15,BABtAMIC D tthd s, PRIy sl |

whi ch inprovesunhéle@fésﬁuawcysoéqmamiﬂedtbhit@ﬁspﬂungﬁrd630bua&oag&ih

When a user presses: e, 0 oBngG lor 15196 HELETaRSSATALKedB, L he i mer

circuit 29 is activ app rle r|caI current pulse to the
electronagnetlplungeIEQB éﬂmggdaram¢cnlq@d gage. 9t eos@s rhef pihds pul se is

just |ong enough foret he CRlels RActaMIgN20aEE ADraAdIY ikQNRhemagnetic field

of the sane
diaphragm 100. This results in a gentler, quieter

operation of the diaphragm.

The time period that the solenoid valve 30 is held
open by the timer circuit 29 is user variable. Whenever
the battery 22 is removed and replaced, the timer circuit
is reset and enters a programming mode. In this mode,
the user holds the top cap 20 down for the desired amount

- of time that the faucet 10 is to remain in the open
state. When the user releases the top cap, the timer
circuit 29 stores a measurement of that amount of time
and thereafter uses the stored measurement as the period

to maintain the solenoid valve open.
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polarity as the permanent magnet 62, which draws the plunger 68 farther
into the coil spool bore 56 and away fromthe pilot valve seat 98 at the
openi hg of the pilot tube 92 as illustrated in Figure 3. The current pulse
i's sufficientygdgpbggse that the plunger 68 strikes flux congefgdedbitos 58
thereby elimnating the magnetic flux gap 67 in the magnetic flux path and
thus nmaxim zes the force from permanent magnet 62. This permanent nagnet
force is sufficient by itself to overcof® the force of spring 70 and hol d

t he plunger away from the opening of tcﬁﬁ LI ot tube Qilmm "Iﬂ} WO, the
force from permanent nmagnet 62 now i s & ¢&fer than th I : Mm”
Therefore the plunger is latched in the open state by t‘he®per nme#nent ragnet
62 at the end of the elgctricC f h ' .clrcuit 29 at which

poi nt the magneti c{IT [ elpd sﬁrlgdﬁggéfxg%/ {%egetgo?f)hégxf%%r#ﬁ nat es. The

di stance of the planysklest boky hsviepta meliat peetjosheith tan mpper ze t he

energy requirgd.to, Ve, d he S?,Ié)ggg ﬁofﬁéﬁ?%\t}ﬁngﬁ%@%m&&ns of its

travel . This prungef’ stroke S |e pi'ece 64 into
and out of theithoohr randrgpsat a remate fpndofnghe sBOWBVes away fromt he

pilot valve seat 98,118 £PY8LCANEEMBP 19RAVAIHE 9 BblaloRASHAGR 96

an inlet tube connected to the solenoid valve and

extending through a bottom of the body, and spout tube
having a first end connected to the solenoid valve and
having a second end adjacent to the opening at the remocte
end of the spout:

an actuator assembly coupled to the housing at the
upper opening and including a timer circuit connected to
supply electric current to the solenoid valve, a switch
connected to trigger the timer circuit and a user
operable mechanism that operates the switch.

2, The self-closing faucet as recited in claim 1
further comprising an aerator attached to the second end
of the spout tube and projecting from the opening at the
remote end of the spout.

3. The self-closing faucet as recited in claim 1
wherein the user operable mechanism comprises a cap
extending over the actuator assembly and engaging a
linkage that transfers motion of the cap to the switch.

4. The self-closing faucet as recited in claim 3
wherein the actuator assembly further includes a spring
which biases the cap away from the hollow body.

5. The self-closing faucet as recited in claim 1
wherein the actuator assembly further includes a battery

that supplies power to the timer circuit. v
6. The self-closing faucet as recited in claim 5
self: g ) aim

"
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M\\- - .
whi ch communi cates with the spoutl 42. This—+eli eves the pressure from

within cavity 85 and within the pi l’L@behi nd t he di aphragm 100

e
via bleed hole 87. Wth that pres c/ﬂmmgw

4 essure within the inlet
114 forces thgysligpipadm 100 away from t'he *nak | ve seat kg a
passageway between the inlet and spout tubes 40 and 42. ,_Thi_s%%gf"ﬁgﬁ‘{s}kd\}/ater
to flow through the valve and out the aerator 44. When val ve open
period (for exanple three to el even sécbhds) |apses, the tiner circuit 29
automatical ly ther..pul se.gf, electric current through the

el ect ronagnetw‘ieg%]‘ﬁq%%%%nu? Fe cgol‘f)eproalsﬁqleem Fﬁge%lfsl%nc STRaC 8f “The first
current pul seextenrding pveduthapetumagmetssefbly carglf eggpgshgeapol arity to
that of perma W8Lh62 ' i 6hT GHI il an t es: pul se
when t he userﬂglg%ardagties ‘%ﬁe g%\ng%%é%g‘%l%ggr esstlt' nég %gjpgca%gogaﬁ%?the

sol enoi d val vEhe scaphdeinghremovakle foodatesaerrsy &t repagaet thefiel d, which
substanti al | ypg S the permanent magnet force, allowng the spring to
force the plunger 68 out of the spool 54 and against the cage 86, closing
the pilot passage 96. Th&t SebfTelPsingo frREPR a3 F et ofadnablaifelnetic f1 ux

gap 67 betweephtheid lthe @Q8BMHEG HuH-a28eABUyt e Mna®1e 8a bhat at the end
of the el ectricalln%ul s,q: \Qhen t he el ectromagnﬁtic field termnates the force
of the per man&rtIHadiEtt FEoPbhE P foEsEEPhareReRt spring force. As a
result the spring 0 nahet aebs-thesiplgugatet nas heecitesrdnstabém 1 Wth
t he plunger 68 e i the . pilot valve seat 98 at the opening of
the pil ot tubghéggi%?cergég%rogi%‘ﬁ Q?‘#E %ﬁﬁr}tgﬁrcﬁ%ﬁb%‘rabﬁﬁt?nb&?ieﬁ‘&nghgo‘di aphr agm
100 becones greateing ithe phenbiegsiuke-assethdyoittettill dolAswabodgul t  of
this pressure diffgrentggl Beﬁ?gcf%§§HHV¥QGE%QOa§Srecited in claim 1

further comprising a plate which extends across the

bottom opening of the hollow body.

10. The self-closing faucet as recited in claim 1
wherein the solenoid valve comprises:

%7 a housing of magnetic material having an open end
and a closed end with threaded aperture;

a pole piece is threaded into the threaded aperture:

spool formed of non-magnetic material within the
housing and having a bore;

a solenoid coil wound on the spool for producing a
magnetic field when an electric curxrent flows there
through;

a permanent magnet located within the bore of the
spool and abutting the pole piece;

a flux concentrator of magnetically permeable
material located within the bore of the spool abutting
the permanent magnet;

a plunger of magnetic material slidably located
within the bore of the spool and projecting outward from .

the spool; \

i
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- 12 - forced against the nain valve seat 108 thereby closing the
passageway between the inlet and spout tubes 40 angu“42 The di aphragm 100

is maintained in this position unti nﬂﬂ&‘ﬂm\ﬂ alized by the plunger
68 once again ngéhgﬁgamay_fronlthe A“ﬂl 98. Becgis! §5504

pl unger 68 engagde rigid cage 86 to ¢l ose the pi | ot passage | oes
not apply force directly to the diaphragm 100. This results i'n a gentler,
qui eter operation of the diaphragm - 15 The tine period that the

sol enoid valve 30 is held n by the timer circuit 29 is user variable.
Wienever the batt eﬁfys%ngsbﬁéﬁb%%&hfntﬂ’l%%ﬁc%ﬂ?yt%’é’“t ither TdlKcuit s
reset and ent egsnderi@crymi ng node. In this node, the user holds the top

cap 20 doun for the, Sesid £0:" T8 Yplondlud pIBGEDA LIS LANEEhlfolutg T T
29 stores a neasdreldsingfthienapernendit thie- endecapniativey eaf tapertyses t he
stored measureppnf a8 LA PehLOS iy BleiahA LIenSt S0Qld M3y e LRReN:

end cap;

a cage of rigid non-magnetic material coupled to the
end cap and having opposing first and second sides with
the first side having a recess within which an end of the
plunger is received and supported, the cage including a
pilot tube having a pilot valve seat at one end which
opens into the recess and having a second end, the cage
further including a bleed hole extending between the
recess and the second side;

a valve body coupled to the housing and including an
inlet and an outlet in communication through an opening
with the inlet, wherein a primary valve seat extends
around the opening; and

a resilient diaphragm adjacent the second side of
the cage to form a pilot chamber there between, and
responding to pressure within the chamber by selectively
engaging the primary valve seat to close communication
between the inlet and outlet, the resilient diaphragm
having a pilot aperture within which the pilot tube is
received wherein the second end of the pilot tube
communicates with the outlet.

\\
T
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CLAI M5 1. A sel f-closing faucet (10) conpri sing: .a
hol | ow body (12) having a main portion (13) w th an upper openi ng, and
a spout (14) projecting fromthe main _portion with an opening (47) at
a renote end Qi bdMBespPOUL ; 5 .a_plunbi ng sub-assenbl pcrARDsri260! udi ng
a solenoid valve (30), an inlet tube (40) connected to _the solenoid
val ve and " extending through a B&tom of the body, and spout tube (42)
having a first end connected to the sol enoid val ve and havi ng a
second end adj acenggto the osening at the renote end of the 10 spout;

an actuator assenbl odpl ed to the housing (12) at the upper
opening (15) a Nter circuit (29) connected to supply

el ectric cur t Pd-valwve (30), a switch (32) connected

to trigger t 1 a user operabl e nechanism (18, 20)
t hat oper at 39 s " . 26 10

. |
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FIG. 2
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2. The self-closing faucet as recited in claiml further conprising
an aerator (44) attached to the second end -of the spout tube (42) and
projecting fromthe opening (47) at 20 the renote end of the spout (14).

3. The sel f - ' faucet as recited in claim1 wher gi er
oper abl’e 'nechavi‘{’g’%z@@rrpri ses a cap (20) ext endi ng over_]Elhl(a}.g:i‘g/?mgd

uaf or
assenbly (18) ‘and engagi ng a | iagage (34) that transfers notion of the
cap to the switch 25 (32).
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4. The self cl osing faucet as recfteﬁulﬂgclalnt oWhEBéln uﬁé,.'°

2 o

actuator "assenbly (18) further—ncludeg a sprwng» an > (38) m@|Qh°bua§es,

the cap (20) ama front m/body°(1é§ o6 oo 0850 00 NE oe® oo
sel f-cl osing fa [@ mn claim 1 5 wherein the actuator
assenbly (18) f battery 3- (22) that supplies power to
the tiner CIrCUIt ( : The sel f-closing faucet as

recited in claimb5 wherein the usegé%ggiable mechani sm (18, 20)
conprises a cap (20) extending over the actuator assenbly (18) and

engaging a 10 InkaﬂeSé§€%§€$£%£$tf£‘9éégrg‘bcﬂn %&ﬂ?ﬁf tr% cap to the

switch - (32 the cap ng r enpbv o“gain cess to replace

e by G peting ey, R sl gt e gl
upper opening, and a spout (14) projecting from the main
portion with an opening (47) at a remote end of the_spout;

5 , a plumbing sub-assembly (45) including a seolenoid valve
(30), an inlet tube (40) connected to the solenoid valve and
extending through a bottom of the body, and spout tube (42)
having a first end connected to the solenoid valve and having
a2 second end adjacent to the opening at the remote end of the

10 spout; |
an actuator assembly (18) coupled to the housing (12)
at the upper opening (15) and including a timer circuit (29)
connected to supply electric current to the solenoid valve

(30), a switch (32) connected to trigger the timer circuit and

15 a user operable mechanism (18, 20) that operates the switch.

2. ° The self-closing faucet as recited in claim 1
further comprising an aerator {44) attached to the second end
of the spout tube (42) and projecting from the opening (47) at

20 the remote end of the spout (14).

3. The self-cleosing faucet as recited in claim 1
wherein the user operable mechanism comprises a cap (20)
extending over the actuator assembly (18) and engaging a
linkage (34) that transfers motion of the cap to the switch

25 {32).
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15 singl e unit fromthe hol |l ow body (1§)°tf'0r atement o~ o3 oo o8

repd
The self-closing faucet as recited in glaun11§ é omherelh thé hoPLQ@Pboﬁy
sert

(12) .further has*a—bﬁf%eﬁ+eﬁeﬂ+ng for © o insestiag theepluabing oo° ..°

sub- assenbly ( ow body. 9. The sel f-cl osing
faucet as reC|t " IH Eﬂ , O further conprising a plate (16) which
ext ends across openi ng of the hoIIOM/body (12).

3,

AMVENDED SHEET 15- 10.
The self-closing faucet as recited in clgi-m1l mhereln t he sol enoi d
val ve (30) conprises: a housing (51) of magnetic material having

an open end- 4. andrize cdealseeouing tfaudetcadedeapeetuia €66jm 3
wherein the actuator assembly (18) further includes a spring

(36) which biases the cap (20) away from the hollow body (12).

5. The self-closing faucet as recited in claim 1
5 wherein the actuator assembly (18) further includes a battery

(22) that supplies power to the timer circuit (29).

6. The self-closing faucet as recited in claim 5
wherein the user operable mechanism (18, 20) comprises a cap
(20) extending over the actuator assembly (18) and engaging a
10 linkage {(34) which transfers motion of the cap to the switch

(32); the cap {20) being removable to gain access to replace

the battery (22).

7. The self-closing faucet as recited in claim 1
wherein the plumbing sub-assembly (45) is removable as a

15 single unit from the hollow body (12} for replacement.

8. The self-closing faucet as recited in claim 1
wherein the hollow body (12) further has a bottom opening for

inserting the plumbing sub-assembly (45) into the hollow body.

9. The self-closing faucet as recited in claim 1
20 further comprising a plate (16) which extends across the

bottom opening of the hollow body (12).
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53 . a pole plece~€64%*r§ tﬁreaded Jnto thp threaded'eperiure ° °o- .

spoo] (54) fornmed of gﬁt erlal wix hi:nthe* > hou5|ngaand~
haV|ng a bore (56); “ﬂ@lﬂ “ noi d: CO|P*(52) wounrd ~on st he spooho(54)
for producing- eti c*fi®ld when an electric current flows there
t hrough; 10 a pernanent nagnet (62) adBated within the bore (56) of

h | (54 d
EoﬁcZﬁ?fatgr %53? oﬁgﬁééhg Fc EF? g?ﬁéggfgéucgﬁ 3&u§59¥ﬂeq(hﬁﬂﬁ57%mt¥n n
t he bore (56) 0@h&?§é§p93% Eéﬂén?ld vé g§h§#¥§%€Pnt magnet (62);

15 a plunger magneti c. ma erla cated W t hin

the bore (56) of theaSHQQE1£§4)(Sﬁﬁdofrﬂéﬁg&{wom té}fnﬁr hav:‘_nfgr %rcﬁotﬁ!;’ee’f%%%i;

a spring (70) biasing the plunger (68) a [or
(58); 20 and endlespd(8Ad oitnaeﬂﬁéa&em;%ﬁaireenmgl ng the housing
(51) and closing the open end, the end cap having an aperture (69)

t hr ough whi ¢h the‘plangele(ﬁﬂ&cextemﬁ51MAEﬁ&nﬁdéﬁﬂﬂﬁﬂﬁIﬁhk threaded aperture;
spool (54) formed of non-magnetlc material within the
housing and having a bore (56);
a solenoid coil (52) wound on the spool (54) for producing
a magnetic field when an electric current flows thexe through;

10 a pérmanent magnet (62) located within the bore (56) of
the spool (54) and abutting the pole piece (64);

a flux concentrator (58) of magnetically permeable
material located within the bore (58) of the spool (54)
abutting the permanent magnet (62);

15 a plunger (68) of magnetic material slidably located
within the bore (56) of the spool (54) and projecting outward
from the spool;

a spring (705 biasing the plunger (68) away from the flux
concentrator (58);

20 an end cap (80) of magnetic material engaging the housing
(51) and closing the open end, the end cap having an aperture
(69) through which the plunger (68) extends without contacting
the end cap;

a cage (86) of rigid non-magnetic material coupled to the

25 end cap (80{ and having opposing first and second sides with
the first side having a recess (90) within which an end of the
plunger (68) is received and supported, the cage (86)
including a pilot tube (92) having a pilot valve seat (98) at

one end which opens into the recess (90) and having a second
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t he end“cap, a cage (86) of PPg?y ngn wag;. ECoﬁBthla|i@6U§§éd
to the 25 end cap (80) and havi ng opfosing P|r§t°aﬂ¢ seeonds sidés LS
the.first side having a recess (90) w fhirmr whieh are ‘end oot bide oo Pl YRYer

(68) is recelved—aﬁd—supported““rhe cage (86) i ncluding a pilot tube
(92) having a pj 98) at one end .which opens into the -
recess (90) and ‘! w g Hgml{m end, the cage (86) further
i ncluding a bIe ext endi ng bet ween the recess (90) and the -
second si de; a--val ve body (1f®r coupled to the housing (51) and

including an inlet (114) and an oytlet: t110) in communication 5 through
an openi ng 844 h the ¢aget (8@hefwrther pim inglaydleed hole (67)

extending between the recess (90) and the second side;

a~valve body (102) coupled to the housing (51) and
including an inlet (114) and an outlet {(110) in communication

5 through an opening with the inlet, wherein a primary valve

seat (108) extends around the opening; and

a resilient diaphragm (100) adjacent the second side of
the cage (86) to form a pilot chamber (115) there between, and
responding to pressure within the pilot chamber by selectively

10 engaging the primary valve seat (108) to close communication

between the inlet (114)-and outlet (110), the resilient
diaphragm (100) having a pilot aperture (104) within which the

pilot tube (92) is received wherein the second end of the

pilot tube communicates with the outlet.
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seat (108) -extends around the opening; and a resilient diaphragm \
(100) adj acent the second side of the cage (86) to formggel ot

chanber (115) there_between, .and respandi ng to pressur eiin w he g o
pi 1 ot chanber byP€elect i vel yWORMRNTELAEGRAL IOCERTYOROANIZAERN, val ve Yod ) 5 ? gr__
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(54) Title: SELF-CLOSING SOLENOID OPERATED FAUCET
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(57) Abstract .

A self—closing faucet (10) includes s hollow body (12) with a spout (14). ‘The hollow body contains an integral plumbing sub-assembly
(45) that has a solenoid valve (30) supplied by an inlet tbe (40) and connected to a spout tube (42) that extends through the spout to an
outlet opening at a remote end of the spout. An actuator assembly (18) coupled to the housing includes a timer cireuit (29) that controls
the solenoid valve to send water from the faucet for a predefined period of time. A switch (32) triggers the timer circuit upon activation
by a user operable mechanism on the faucet, :




