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LATCHI NG SOLEygo)aYfs VE Field O The | nvegiiukosnise
The present invention relates to sol enoid actuated val ves; and nore
particularly to such valves with | at chi ng type sol enoi d actuat ors.
Background O The Invention In hospitals, public restroons and
other facilities, It is desirable to provide a lavatory faucet which
turns of f automatically after a given period of time, so that t he
water will not run indefinitely if the user does not shut of f the
faucet. Conventional faucets for (HATCHING SOLENOIDDS/ALVEN, typically are
referred to as netering faucets"” and are nechani cal in nature being
operated by a pi ston. When the piston is noved by the user to open the

val ve, a variable chanber within theesyal 5@ exRangdgealdon fills wth air or
wat er. Upon being rel eased by the, user, e prston noves due to spring
force and decreases ThFhEr§¥§§tanYﬁBtéﬁﬁnﬁ@?agﬁsatPaﬁélﬁﬁP&ﬂ PEtyeF&ched
by the rel easeadiebheanlr morephetitlil auly aongliehl R@lvesokiittihce. This

restriots the raje al,whi ghoLhe SPLIBG occ[QLgg,MOVES the piston to ol ose

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 off the faucet. Conventional faucets for this type
of operation, typically are referred to as ~“metering
faucets'' and 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. Among the draw
backs with such a mechanical faucet is that the
mechanical parts wear with repeated use and the metering
orifice clogs, eventually requiring either replacement or
periodic adjustment and cleaning to ensure 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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period that water flows fromthe faucet. Anong the draw backs with such
a nechanlcalvhg ds that the mechani cal parts mearmmﬁthpb%ng ,ﬁﬂwyse

and the neterlng orifice clogs, eventually requiri.ng either replacenent
or periodi ¢ adjustnment and cl eaning to ensure the val ve remai ns open
for a satisfactory period of time for the _ _juser to wash. As an
alternative to these nechanical automatic faucets, electrically

O

cont ol Ted sol engid kal ¥ HRdehtcerdiatndioen iapasednd QeLep:on

conventi onal ve remal ns-o [ric current
i s actuator. Upon removalzof &bel ﬁé@ctt(rl&'n Cellré‘@w&onﬁgﬁ@ﬁf‘l@g
coi | of the sol G0l AN eddiN cPEANAL Phel HAIYC! Bt CubENE, 2

spring forces the solenoid_to close the valve. As a result solenoid val ves

use a consi der atfcd eRGHVadves @@@r.ac.qoyxamembmé@w%mqfnﬁ#&atﬁeal%r
battery pO“Bredw%ﬁQ&ﬁhb%@s'E%%hﬁﬁﬁb%adwwﬂaﬂ Eb&'%@ﬂﬂé p@%@&bﬁﬁd fromthe
el ectri cal MArIn of the bUI din thus requirin ectric L ut | et
under neat h the I %?5?%@5?m19&§§i §VPF%@ eFSr§8@ grrom

el ectrical ShOCkhdﬁéM@@t&meﬁﬂ ofirdng lofuithef ®Wilddng, thus requlrlng an

Summary O The lT@%@ff%él outlet underneath the lavatory and protection

against the user receiving an electrical shock in the
event of a circuit failure.

Summary Of The Invention
A general object of the present invention is to

provide a latching type solenoid actuator.

Another object is to provide such a latching solenoid
valve with a permanent magnet located within an
electromagnetic coil.

A further object of the present invention is to
provide such a valve which is capable of being powered by
a battery for a relatively long time between battery
replacement.

These and other objectives are satisfied by a
latching solenoid which has a spool of non-magnetic
material with a bore. A solenoid coil is wound on the
spool to form an electromagnet that produces a magnetic
field when an electric current flows through the coil. A
permanent magnet is located within the bore of the spool
along with a flux concentrator of magnetically permeable
material. A plunger is slidably located within the bore
and projects axially outward from the spool.

A housing of magnetically permeable material
encloses the spool and has a first member that contacts
either the permanent magnet or the flux concentrator. A
second member of the housing has an aperture through
which the plunger extends without contacting the second
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A general object of the present invention is to provide a latching type

sol enoi d act ugb Anot her object is to provide such-a | atp?ﬁ"f(%s 2824
sol enoid valv %ﬁ?ﬁ“ﬁ per manent magnet | ocated within an el ectronagnetic

coil. A further object of the present invention is to provide such a
val ve which is capable of being powered by a gagtery for arelatively |ong
time between battery repl acenent. These and ot her objectives are

satisfied by a | atching I Ld.whi . I 0 ' terial
wtha bore. A sOFOSt 5 Foranys §2408ich 388t QOB et
that produces a magnefthe Bbdkedoidenparatiscer pdlotr Madvel meghamsudhathe
coil. A pernanen?nggg?gg bScE?%a FdnWhLHb%g%Q&chE%éyiéﬂ“ié”EBﬂpfé&”EbV“th
a flux concentrator of magnetically perne e material. A plunger is
slidably | ocat edtiet hcHSiRE BBAechagd 3prercesss thataliaredam nd rRRE S

spool . A hoysi Bagobrmeaeebl Gabley . PeriRakiag B lirle £ ¢ iSRS tthebes pool
and has a first nenber that contacfs_either thé pernanent ngg?et %g t he
flux concentrat oWhighsB@snd PéﬁﬁéﬁeoPaWHéghéuﬁﬁﬁ}qu%P%B+Qﬂ) %R 1%ir ough

whi ch the plungereeelsendsthi Bhetl otoniadsie Batharsrgehdhat first opening.

-8-  menber, to mnimze fric Ioggr ¢4 %%tusﬁl%% e t@eur}%%rs,'ing and has an
inlet and an outlet. The inlet communicates with the
outlet through an aperture and a primary valve seat
extends around that aperture. A resilient diaphragm
selectively engages the primary valve seat to close the
aperture. The resilient diaphragm has a through passage
within which the pilot tube is tightly received.

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
moveable top cap 20 that is slidably held in place by a
screw 17 which enters a groove 18 in the actuator
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The sol enoid operates a pilot valve mechanismthat includes a cage of

non- magnetic %sﬁhbfds is coupled to the housing and has a receggriSeinIse
recei ves and supports an end of the plunger. The cage includes a pilot tube

whi ch has a passage having a first opening into the recess with a pil ot
val ve seat around that first opening. _A,val ve body is coupled to the
housing and has an inlet and an outlet. The inlet communicates with the

outl et through a#sﬁa%flé,“r Ahdba primary valve seat extends around that
aperture. A resilient diaphragm sel ectively engages the primry val ve seat

to close the apert ur EherRCHUARTAY GRseltdihrldy AR ing i Raft P8 yEhdt hin

whi ch the pil ot i?éjt}?el'ééjé&mét}’ d PV E electrical contldtdd JPSHHd pigon

O The Dravm ngs Fi Er%’o%S aeéfross section Vi e%oug an autonatic

sel f-cl osi ng fadSBtCRTRE festidied & FhedsisnPlsol P A% ARERRFI ng

to the present igewwizg, The ddgoddp 20 ldndidates 361&:atalbe_wﬂblxtet_bi "9
s _sectional view o

The | atohi ny SolSARHY U vApLAce the BaPiery Tl HGE £€r The
| nventi on Widromméatal theef fnerate 10 fid8URhe wat dmusumplhp dwashavimg | ow
of The hol | ow bagy S Deartanstit ¢ Mlies AN LA W L0, E IR R 10
surface of a | avkaugst oks grwounteslint & nwinted atlarauit |kesrdrids, Tecatppdr
portion of the hpldiow Rody HeA AP Kody 11070 1 RRETH Tk thd) M GHr d AC BEVER
an actuator assenbly 18 wth a
the "battery via the battery contacts 24 mounter thereon.
A housing 49 encloses the printed circuit board 28 '
providing protection against 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
particles that could clod apertures of the solenoid valve
30. A tube 42 projects from solenoid valve 30 through

" the housing spout 14 to an outlet fitting 41 onto which
an aerator 44 is threaded; The solenoid valve 30, inlet
tube 40, spout tube 42 and outlet fitting 41 form an
integral plumbing subassembly 45, as apparent from Figure
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nmoveabl e top cap 20 that is slidably held in place by a screw 17 which
enters a groo, |3 the actuator - PCT/US98/2
assenbly core 19LgZitslg The actuator assenbly 18 contains a battery 3% {hﬁ%t
is held against a pair of electrical contacts 24 and 26 by cover 38
fastened to the assenbly body 21 by another_s§r§m139. The top cap 20 and
cover 38 can be renoved easily to replace the battery without having to

di sconnect the faucef,lf] B?QQEtagtﬁﬁ?§Eh§ﬁ58P10%rb%?§iag 2 REELThucet 10

conponent s beneath e surface on aucet nount ed. A printed
circuit board 28shewsaiadFagurenlt heWRSRKoW1bYEy only tdTenghs thiee @lumbing

current fromthe hatligkumkh ¢ hBeahat hekk GOR! 3ohe AP ¢nRadh RN th

housi ng 49 encl oses the printed circuit board 28 providing protection
agai nst noi st ur efAaAaEeP8AY L8e screw 53 hol ding the housing in place al so

secures the actuator ersepblivbiBqgt gubleskamaot 4Body brefabrichtedrand ed
circuit board 28 contains lmer circuit. .29 and _an electrical sw 32
for triggering tFBePiﬁB?eEgFguP?.aAuEWFtEHrﬁﬁg Fgﬁ §?e@k%5%%§mbém%&gFﬂ
through the actugaoteaspedpl ¥218 Duetinguihsettdiont fthe mpote swmtfeads of top
can 20 o e SelsiedZ BUaLTRELILEL Bl 0B R A
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
through the aerator 44.
With reference to FIGURE 3, the solenoid valve 30
comprises a latching solenoid actuator 50 having an outer
~housing 51 that encloses an electro-magnetic coil 52
- wrapped around a spool 54 of non-magnetic material, such
as a plastic. The outer housing 51 is fabricated of
steel or other magnetically permeable material. The
spool 54 has a bore 56 extending centrally therethrough
within which is received a cylindrical, metal flux
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push rod 34. The el ectrical output of the tinmer circuit 29 drives a
sol enoi d vaI th| n the faucet housing 12. The sol enoid ¥ ){ﬁ ghss
connected to a.%h?er inlet tube 40 extendi ng downward through t %@%
plate 16 of the faucet 10. A fitting 33 at the renote end of the inl et tube
40 contains a filter (not shown) which trqp%;partlcles that could clod
apertures of the solenoid valve 30. A tube 42 projects fromsol enoid val ve

30 through the tedd tLet g t [ n
serator a4 1o tHpHGRAGranAL! stiuhocAaY A ghhhipBlapde0d fith &8 87 o o)
and outl et f|ttrngg4§0fbhﬁramnknt3§¢aflpxuﬂgnﬁgn§35§§§eﬁﬁlyS4§ur§§u§§9§rent

from Figure YntEe gol&ﬁb@ﬁ 88§13 ﬁ”thAnPéPﬁaﬁehhomhﬁﬁgi 63 QEuEQean

faucet 10 shown ure 1. ows on é hr ou
sub- assenbl y 45eaﬁdoéoében6%uaoﬁencﬁp6r@5ﬂ¥a B ap@hlﬁhédﬂaGE§F Badyufsr

The plunbi ng subagserbbyrdSsEs prﬁéabluﬁa&eﬁcaﬁdraae@ E§sahiied-aing @0 t
through the open b ttgP Bf the _faucet body sertion ghe spout
n

tube is pushed §F 8 ehR8E shBGt SBI° n??ISPhgﬁg H?EEHbF?‘? VSt
fitting 41 aligpereibh afi ohenvagvd7deésthetupdathi dheofaghetr 62t eAend of

the spout 14 THgn3ehAbRke?“a! IoPe! 3aBEhNEIna0! 8ahNBOHE TS L' Lhidn
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.

That end of the spool 54 has outwardly extending
flange 74 with an annular recess 76 extending around the
opening of the spool bore 56. A cylindrical rim 78 of an
end cap 80 of magnetically permeable material, such as
stainless steel, is received within this recess 76 and is
sealed there against by a second O-ring 82. The open end
of the housing 51 is crimped around the edge of the end
cap 80 which completes the enclosure for the solenoid
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 €8 which
projects therethrough, thereby forming a magnetic flux
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spout opening 47. The solenoid valve 30 is pushed upward until a flat
bevel ed surfage 43 abuts the housing 49 that encl oses the. print | |
board 28. Secwq??ézz”?e base plate 16 across the bottom opening }?Nﬁ#@&%ﬁ
hol | ow body 12 hol ds the plunbi ng subassenbly 45 in place with the inlet
tube 40 projecting downward through that base gl ate. This Procedure is
reversed to renove the plunbing subassenbly 45/for repair or replacenent.

As will be described in greater detail, .the.top.cap 20 J ushed .downwar d
by a user to acti9§?e6?he &gl:}@etr.e r’rﬁ'i/gt%tplé?’%% éa?itlfﬁﬁrb? acbg]pe%
presses push rod tdveoasdaldy elicdicuy domtswttioly Thershdctdp &80 ng The end
timer circuit 29 on i_nted _ci | ty _hoard 28, | | Cl .t d
active, the sol englagp\'i}g]@v% %c:'ogﬂl r}a%rg%gpéd?nias e%é gﬁ‘%%anggﬁgaqjeéré%%ﬁméﬁe
inlet tube 40 to Ektendingughtmasdadiramorchit oppositW tdidef erence to FI GURE
3, the sol enoid valve CORlE $8S 2 lqat chy SNy t ugd, o heyi ng
an outer housing 51 thgftﬁeegjgios gé% eeﬁécﬁ%t%ﬁragletlc%oia:fl'w wr.acg%ed ar ound

a spool 54 of nonPANGEET &%mang ifAux SRaIrTAtARAT CTrepfe GuEINMRAT ng

51 is fabricated ¢ffusd @RleHOER! R FRAMRIHGR! InadiftTeablsmdedrg i al . The
spool 54 has a bore 56 extending centrally there hro%],h v%'thi navg}ilch I S

received a cyl i ndPrESEroReERe; fprmed by ‘coil 52. This flux p 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 S0 closely matches the
outer diameter of the plunger 68 to guide the axial
movement of the plunger while maintaining the outer
surface of the plunger spaced from the magnetically
permeable end cap 84. A third O-xring 88 provides a seal
between the cage 86 and end cap 80. A bleed hole 87
provides a fluid passage from cavity 85 through the cage
86. The cage 86 has a pilot tube 92 which projects
downward beyond an open rim 94 of the end cap 80. An
aperture 96 through the pilot tube 92 has a raised
opening facing the plunger 68 thereby providing 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
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concentrator 58 which has an annul ar groove with an 0- ring 60 therein. The

flux concentr, is surrounded by the solenoid coil -562. A Refiigznée
magnet 62 abu‘gég%ﬁgﬁd 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 |ower portion of gt he val ve does not reach the
magnet 62. As a consequence, a rare earth nagnet can be utilized which

provi des a rel atd N S gy gt t4 4fcOr | i ; 1€ Pigce

64 is threaded ifrﬂ\ég‘llélr‘?sia?l&eﬂ?oﬁq% (1 Ng 1@6500%1{]%%60 %r{giﬂo%s?% 51 and

hol ds the magnetpléenitnhi n Thee pawiahaxr ofaddinstiaphragnd oreent rat or 58.

The pol e piece %“ﬁ‘a&%@;ﬂﬁéﬁ&‘ %@Iéé@lémg Ngh@ S el ve b &P MREN Sehx f or
ances_o

manuf acturi ng tole e associ at éd conponents. _, A st ai nl ess
steel plunger 684 £hygagad Pntr fthay 849 1P | Hep éi’?é’rb‘ff’%ela%cgﬁb%ﬂae
si de ]9f thehf ! Hbé}?&%ﬂn taﬁéﬁm@bﬁwrﬁwé@fﬁﬁgﬁmﬁwmﬁe pcrmbdﬁ S%ditbéﬁlsw
away fromthe ux concengrator a spr.ing ,70. The renote of _t
pl unger 68 has ¥ e@é%se%# t$PRy #Je?s/q I"’r‘éﬁ'tt]égeﬁntﬁ "fi?/%ﬂteﬁae‘?h%?%]f%’ié%i s
remote end of tig el Firpiey eié afittier dfapnragmiMerresides i apool
54. That end of t S . 54 .ha ends I wi th an
annul ar recess 7’6“1%& € n‘glotglflb%ﬁtcf“? ﬁ%&%%ﬁ%‘%%yofd% h%g%poo% %(r}?ge%é A
cylindrical riméageofuan X071 trathuiugingneln cthe yclesedaptat eeelrihe,
such as stai nl esp, sligfly Lo1&Eo8 oty U8 1 4 ScERCRE Oriikhi Soseat ed

y ec o-ring 82.

there against by a Sec e open end of the housing 51 is
crinped around ttke editeplragmel @hpkeps g0 Thie Vabypl seak 0@ EAEMedure for

the sol enoi d actygb@hg ofn ﬁge@ﬂeétw ean WhhETe X endsréhrenghihnber 114 to
cylindrical rim78, has a dianeter that is slightl Iarggr.tfan ifi out er
di aneter of the PRENgRILESEWAF 32 The water pressure inlet 18

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
“closed.

In the closed state of the solenoid wvalve 30, the
plunger 68 is held against the pilot valve seat 98 at the
opening of the pilot tube 92 by the force of spring 70
and any pneumatic or hydraulic force present, whereby the
plunger seal 72 closes that opening. The axial magnetic
force exerted to draw the plunger 68 toward permanent
magnet 62 is determined by the length of variable
magnetic flux gap 67 between flux concentrator 58 and the
plunger, as well as the flux density in that magnetic
flux gap. That magnetic force is decreased by making the
magnetic flux gap 67 larger or the flux density smaller.

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. In 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
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proj ects therethrough, thereby formng a magnetic fl ux

-7- gap 69. This results in the plunger 68 being able ta nov L&l
wi t hout cont &¥Q7 l?ﬁe end cap 80. The end cap has a second I:‘?gé'bgg(ﬂzé%ter
tubul ar projection 84 extending outward fromthe opposite side. The

pol e pi ece 64, outer housing 51, end cap 80, glunger 68 and fl ux
concentrator 58 create a nagnetic flux path for the permanent nmagnet 62 and

lux gap 96 bet vBeh PREZEPIRGEPeoBPEARS: RETERT Cabush Lo P et df o0
nmagnetic flux gapa@éhkdt imeshehelbised posd&dbmaﬁmrt&éaahﬁdﬂue;nﬁuqﬁgcﬂﬁic
The size of the gg&&ggkgFggggﬁgggg%kgéggggepQ@ﬁgg%zas t he pl unger noves

wi thin the bore as wi > I"Ug-1i ke cage 86, )
fabricated out of rigRdsHbstanghredily eenstent sagmedsplfdan gamthdPd e£xixfsed

end received w tgg”ttﬁ@ RxB%BEEQcOfflﬁTJ%gﬁ%%O'E@t%%rP%Qxeo'iﬁj IO SB4dP the

Create a cavity ere Dbetween. cavity 85 1s partially defined by a

recess 90 in t heeBdgEap68@hi cAhrcFBBRES icn &Lt HE SRR KE R RS 68.
The internal di agghgk1ofoibe bacens PAutlyesehiidd &S ddigseorer di aneter

mai 1t i i ng the BRCERIZAPLECTSELLAE BRIRGoN TBSASE dhh T SR’ it
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
slides. By supporting the plunger with the plastic spool
54 and plastic cage 86, the constant magnetic flux gap 69
can be made relatively small which improves the
efficiency of the latching solenoid actuator 50.

When a user presses the top cap 20 of the actuator
assembly 18, the timer circuit 29 is activated and
applies a brief electrical current pulse to the
electromagnetic coil 52. The duration (e.g. 0.025
seconds) of this pulse is just long enough for the coil
52 to generate an additional magnetic field of the same
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. In other words, the force from permanent magnet
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perneable end cap 84. Athird Oring 88 provides a seal between the cage 86

and end cap ed hole 87 provides a fluid passage fromgawidesn$ds
t hrough t he SgggﬁgékgThe cage 86 has a pilot tube 92 which projects

downward beyond an open rim 94 of the end cap 80. An aperture 96 through
the pilot tube 92 has a raised opening faci 0t_he pl unger 68 t hereby
providing a pilot valve seat 98. The plunger”Seal 72 engages this pilot

val ve seat 95 whon ihp 50l Rolby iy Yhd Sebfibeeslosed Materofs whi! be

descri bed. I aphra 0 of resilient” mat such as rubber,
ext ends across tRuRgRH % iached tie theoms state by the permanent

-8- formng a pdfetheyion die dderoPaiNeem didris figl sk | firdth ake Dyimdhe
peri phery of the diaphragm 100 is conpressed between Eéica e 86_and

val ve body 102 tFHEECHLL 147 2SR PRI cre dpasnetignkieh pﬂ’ﬁ%@l’ﬁ%@&}ﬁas

a central apert wiee 16¥i1 her atdrmideagnd the pil ot tube 92 of the end cap
fits tightly into thqf central aperfure. é}central rtipon 106 of the
di aphr agm 100 resi des'h ETHICE A4 4EK0¢ (P ¥PIFR § € bbuy< B> and has a

bl eed aperture Fldtivelnrshgit to hheinlssethstatergy tdpuiredhtagnove

ol enol 8 valve, Y DpRE0E Poloth B 108 Blad "o APRLAND 162, ke

inlet 114 to 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
seat 98, the cage cavity 85 opens into pilot passage 96
which communicates with the spout tube 42. This relieves
the pressure from withiﬁ cavity 85 and within the pilot

. chamber 115 behind the diaphragm 100 via bleed hole 87.
With that pressure released, pressure within the inlet
114 forces the diaphragm 100 away from the main valve
seat 108 opening a passageway between the inlet and spout
tubes 40 and 42. This allows water to flow through the
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 pulse thereby producing a magnetic
field of opposite polarity to that of permanent magnet
62. The timer circuit also generates that pulse when the
usexr 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
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the spout tube 42. The water pressure in inlet 114 is conmuni cated through
the bl eed aperture 107 so that the pressure in the cavity 85 I

di aphragm 10Wq3§nﬁféat er than in the outlet 110, thus maintai ﬁéﬁgﬁéﬁﬁ"
aperture between the inlet and outlet at val ve seat 108 cl osed. In the

cl osed state of the solenoid valve 30, the pignger 68 is held against the
pil ot valve seat 98 at the opening of the pitot tube 92 by the force of

spring 70 and a neunat.i.c,.Qr l.Lic farce by. pl unger
seal 72 closes t e?ﬁ%fnlgqa%t%m%?a%fﬂen%g%?i%fég‘?gé%%?(}ég?%g #%&ggaw t he
pl unger 68 t owarempeimeteithmdfrcs 2] thivtpermanentymageet ehgt hedticed
variaple TagnetLg Hdls P ket |5 GONCHL T B! PLene abfle! BE-PHYNGE!
as well as the flux density in th netic flux gap. ? at nagnetic force
i s decreased by maEkitRinshEhmgnamaen |4k g orosedgskabe-the flux density

smal | er. The design Gfida&HY PYABIgES 68 | sea TNCEHL {ALOT tRE BiTlopelaRpENt
magnet 62 causes theé&ip' s flux density to dr%{apl dly as_this ggﬁﬁl ength

i ncreases. |n tFead EbRHId iWEHINT iRE Pt ®8, tvhe J4riBEP Gnatli ¢

flux gap 67 is HHd gt |chdrsge 1imtbdiEndxtneé aBgpREagmf Dooebesemesd by
per manent magnet and can t he

force. Thus the %ﬁ%%eé; rgl'génmtzr?éj pressure in the ou@fetatoil%?ongs a rzseg{xilgg

of this pressure differential, the diaphragm 100 is

forced against the main valve seat 108 thereby closing
the passageway between the inlet and spout tubes 40 and
42. The diaphragm 100 is maintained in this position
until pressure is equalized by the plunger 68 once again
moving away from the pilot valve seat 98. Because the
plunger 68 engages the rigid cage 86 to close the pilot
passage, it does not apply force directly to the
diaphragm 100. This results in a gentler, quieter
operation of the diaphragm.
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| atched in the cl osed position,, ce of electric current flow ng

t hrough the coil 52. A s$l’“&ﬂ HEMt ant magnetic f

exists in thWOMGAESi ¢ | ux pate v ¥ unger 68 and t ?@%%923% 80.
The magnetic flux in this gap creates a radial force on the plunger which
can cause an undesirable friction which inpedes axial novenent of the

pl unger 68. The present structure reduces “tHe effect of this frictional

force by supporting the adjacent end of t%g ﬁ: ignger 58 on the plastic cage
86. That support holds the plunger nearly ed in the magnetic flux gap
69 which mninmzes the rad datichiteg aedemodd dedve lcompniisdnigon, | ow wear

surface agai nst which th | u r..slides, By s rtj Y

the plastic spool 543%ff nz?g‘tr‘]%gi“aé’d'&@ §’6,b°#?e ag'(%")l(s%t adrﬁgthn%%eﬁ C H l}?gg?; 69
can be made rel atsgemity csildldvhihem iarpredest tile ehifhegite fdyowst thexre at chi ng
sol enoi d act uat rr%% . When a user presses the top cap 20 of the

actuat or assenbl ,ght’he timer circuit 29 is activated and applies a brief
el ectrical current p@ penmangnt deanstodwprsad Wi therRorfiration (e. g.

0. 025 seconds) .Of.thiﬁs AUDS & dridritat N & e e fiia e finediR ¢ O
generate an additiona same polarity as the permanent

| magnetic field of th;o
magnet 62, whi chaiaridl HOGRRRH I EHET S &°TSito the coil spool bore 56
and away from the pilptpMalgeer sEmimatfhetiiddid ypenimenhife tieeceprdadt t ube 92
as illustrated in Fiqure 3. The, current pulse is sufficiently hat
the plunger 68 stik XIW%@%M%’&%%%‘? By gﬁ%rﬂérgatlt%hr%% ﬁe d
magnetic flux gafrdw the tdvdleraminkti c fl ux path and thus nmaxi m zes the force
from per manent nmagnet_6 ' r qﬂgﬁé@% dppffdcd g1 by
itself to overcone th%n%)r%%%%?lpegpé?ng an loﬁjgséttﬁ% pl unger, away from
the opening of tdmngaiwing utke olenpid mRRd RATNT t3ef F567E SN9TRAT peidanent
magnet contacts one of the permanent magnet and the flux

concentrator, and a second member with an aperture
through which the plunger extends;

a cage of non-magnetic material coupled to the
"enclosure and having a recess into which an end of the
plunger is received and supported, the cage including a
pilot tube with a first opening into the recess and with
a second opening, the cage having a pilot valve seat
around the first opening and a bleed hole extending
through the cage from the recess;

a valve body coupled to the enclosure and having an
inlet and an outlet in communication through an aperture
with the inlet, wherein a primary valve seat extends
around the aperture; and

a resilient diaphragm cooperating with the end cap
to form a chamber into which the bleed hole communicates,
and responding to pressure within the chamber by
selectively engaging the primary valve seat to close the
aperture, the resilient diaphragm having a pilot aperture
which communicates with the outlet and within which the
pilot tube is received.

SUBSTITUTE SHEET ( rule 26)



- 10 - 62 now js greater t m]mmBmBH JI ce Therefore the plunger is
| atched int tate b gnet 62 at the en
el ectric pulg§0390n1 he timef ctroul whi ch point the nagheﬁl Q?}er
produced by the coil 52 term nates. The di stance of the plunger stroke
Is kept relatively short to mnimze the ener]g[;#/ required to nove the

a

pl unger between the extrene posi tions of its wvel . This plunger stroke is

adj usted by noving the pol nto nd .out t he P om

AsJ the pl u%ger 68grmv§s er ﬁ%&ﬁc’?ﬁé’ e%ﬁ V%Ie‘é %‘gg’enc%??ﬂ}
85 opens into pi llowhpa'ma:g@cg&mdcmmmmﬂas:a espahl hfcb:imedpmﬂtnd_;mbe 42.
chamber 115 behi RACFRS 10 Aoy aaa o0 s ity Thf ot 5 thedal Jressure
rel eased, pressure w Bhin t'mi?@ tahing) sorenoaid halivepis ageitosd almmyciam
the main valve sgay,hE9RioP@NHIR 55 AN throu\éﬁf&.ﬁ%l‘%\%‘%plﬁg adnd spout

tubes 40 and 42. This allqws water ve and out the

aerator 44. spRestiyely SPERIRH |"6'éf @ Flloarrve reat to el even
seconds) | apses, the uiner Tgg Qlaﬁclﬁ%gatﬂdl@{dlccﬁhﬁﬂ.xﬁe?% seeited Pl Seah

S: ?gu : gnc;J(r)r teﬂgllt h'i'xogz%h ! %eafelciztxr Oc%axgcne%}trcac%:lclr 5i2néfuc£e S opgosi tthaLt
prevents fluid from flowing through the bore past the
flux concentrator.

5. A latching solenoid valve comprising:

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 current 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;

a spring biasing the plunger away from the flux
concentrator;

an end cap of magnetic material engaging the housing
and closing the open end, the end cap having an aperture
through which the plunger extends without contacting the
end cap;

a cage of rigid non-magnetic material coupled to the
end cap and having opposing first and second sides with
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of the first current pul se t reb roduci n a magnetic field of opp05|te
polarity to ernane E ml timer circut aI

t hat pul se W&&ﬁb{%& user 32 by pressing top cap é%&
whil e the sol enoid val ve |s open ThIS pulse produces an el ectromagnetic

field, which substantially cancels the permgnent magnet force, allow ng the
spring to force the plunger 68 out of the ggo 54 and against the cage 86,

closing the pil e v b
magneti c fl ux g%%‘eg%v\ee 9 -tgé N %%gsﬁ}%cfh{]ean %dn‘géef the
that at the endpdfunger is received and supported the cdge 1n¢kndﬂmgta|cal

pul se when the eg:§¢ ' 4t f jrenent
magnet is reduc?d' to | ess ?{"Id ﬂct<‘:llh(?=lg> 1%{8“\#3%%\@% %‘?aﬁ{ g}ﬁ)t t(ﬂe sprl ng 70
mai ntai ns the ploOReIE inta Wélq:lr@s@?%t havingya rsedrnd|entert BB 238 ed

agai nst the pil gurtdese 1~°tﬁ.qtu<ﬁ o HRP U Sitdd®iny [Mirdddie &
pressure in the pil ot ch%ggﬁ} 5 b%P'nd t he di aphragm 100 becones greater
S g StSeEAR

than the pressur€&q9? Ai8€iresult of this pressure
differential, the di aphrsigra &y %di@l(é%ﬁ tagaiﬁethdda@iand/adﬂ@lmgm@

Lpereby o osing lie Pogsedsrag e e, el o skt tbesed, a0y 42
equal i zed by thevigihunger Jﬁﬂ.edncerl'mzm 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.
5. The latching solenoid valve as recited in claim
4 wherein the spring is within the bore of the spool.
6. The latching solenoid valve as recited in claim
4 wherein the permanent magnet is a rare earth magnet.
7. The latching solenoid valve as recited in claim
4 wherein the plungexr has a resilient seal that
selectively engages the a pilot wvalve seat.
8. The latching solenoid valve as recited in claim
4 wherein the flux concentrator includes a seal that
prévents fluid from flowing through the bore past the
flux concentrator.
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nmoving away fromthe pilot valve seat 98. Because the plunger 68 engages
the rigid cage 86 to close the pilot passage, it does nat app

directly to 9@@? hragm 100. This results in a gentler qU| k&gr éper%‘flon
of the di aphragm -

CLAI M5 1. A latching sol enoid val ve t@mpri sing: a solen0|d havi ng a
bore and a coil for @gducing a gnetic field when an electric current
fl ows there through; nent magnet | ocated within the bore;
a flux concentr at pernmeabl e material |ocated within the
bor e; a 5% r pg@neable material slidably |ocated
within the bo iwe v mo romthe sol enoi d; an encl osure
of magneti cal I3 AP IEE @6t ai ni ngp t he sol enoi d and having a
first nenber th acy NP e permangnt nmagnet - and ghe fl ux
concent r at or 17 co th an agerture through Which the
pl unger extends; a ; gRgneti c naagrlal C : e
encl osure andl I BigRS S ([IY ich an end | S cei ved
and supported, t U
21— \
18 \
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INNNEIZIZI 32 G
' TIH Tt 44
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12 49 43
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FIG. 2 &
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pilot tube with a first opening into the recess and wth a second openi ng,
the cage having a pilot val ve seat around the first opening Jﬁag

hol e ext endiW@ 2488 gh t he cage fromthe recess; a val ve CO#Jp| ed
to the enclosure and having an inlet and an outlet in comunication through
an aperture with the inlet, wherein a-pr2fary val ve seat extends around the

aperture; and a resilient di gphragmcgoperating with the end cap to
forma chanber into which the bl nol e p/o igdat es, and responding to
pressure within the chanber by [ yel gagi ng the primary val ve seat
to close the aperture, the resil tAehiar lggvi ng a pil ot aperture
whi ch communi cates with the outl hd Wit /I’ whi ch the pilot tube is
recei ved. Q S 2. The | at chi ng
sol enoi d val ve as reci ' npri ses a spool
formed of non- magneti ' wound. 3.
The | atching sol enoi d{M§l ve as r £isiN 1 whe 58he pl unger has a
resilient seal that sdlNectively JeNgaades/774 b Peot v e seat. 4.
The | atching sol eBbrdNal\ve as f ek} MNi\n 1 wher &4n the f1 ux
concentrator includes seal that N uNd fro Qowi ng through the
bore past the Q N Q 52
N ' N
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?ﬁ' ’,,.b! © 9.._.!._ w B T . . . .,‘ saee 2 . . st
5. A latching sol enoid, valve conpyisijg: a

T TR el ey g

t#x ‘coneent rat or . ) .
houst ng of magnetic maAterial havi ng: an wpen. end snds a ¢ gsed endswath

t hr eaded apert ur ejpgmi m ce issthreaded 2R 0 the, rht efdeds
aperture; " SpH“‘“}mmﬂM“ ﬁ magneti'c nateri al V\n?hl'n thg hgusi ng and
havi ng a bore; * ac sdl efloi 8l cbil wound on the spool for producing a
magnetic field when an electric current f+ow +here through,; a

per manent magnet | ocated wi t.hin the bore of the spool and abutting the pole
pi ece; a fltlre Edmssneideohavingsgmeetess |wA tdeimadich @t endalfl sbeat ed

wi thin the bore i, {fae § OQECQQUEHiQHdt§ﬁ?“ @ edn includifgPhunger

of magnetic mat gl’ll al” slidably, located wthin the bore of the spool “and

_ projecting outwidotr swbensa¥ppg| @ pilot valye pah &5 RRa K& MBRAGE away
~fromthe flux g@pl@ex&t ﬁ@t@Lthe recaaseaddcmwgﬁg rmwr}aidrm eiagr itdle edgagi ng
t he housi ng an i ng .t en en t o Vi n n _aperture
through v ch ¢ RETASRdreaveaRgs S PLASR P b ST e e sne ¢ 4
cage of rigid noecesgnemnidc thet eecahdceigeed to the end cap and having
opposing first and S%FQ%QV%'ggayM%EQpled 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- i
- communicates with the outlet.
6. The latching solenoid valve as recited in claim
5 wherein the spring is within the bore of the spool.
7. The latching solenoid valve as recited in claim
5 wherein the permanent magnet is a rare earth magnet.
8. The latching solenoid valve as recited in claim
5 wherein the plunger has a resilient seal that
selectively engages the a pilot valve seat.
. 9. The iatching solenoid valve as recited in claim
'~ 5. wherein the flux concentrator includes a seal that
ﬁfevents fluid from flowing through the bore past the .
flux concentrator.
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(54) Title: LATCHING SOLENOID VALVE
(57) Abstract

A pilot valve is operated by solenoid formed by a coil (52)
wound around a non—magnetic spool that has a bore (56). A rare earth
permanent magnet (62) is inside the bore adjacent one end and abuts a
flux concentrator (58) farther inside the bore, A plunger (68) is slidably
located within the bore biased away from the flux concentrator by a spring
(70) and projects out another end of the bore, An enclosure of magnetic
material completes a magnetic flux path around the solenoid and has an
aperture through which the plunger projects. The pilot valve includes a
cage (86) of rigid non—magnetic material which abuts the enclosure and
has a recess which supports the plunger out of contact with the housing.
The plunger selectively opens and closes a pilot tube (92) thrmxgh the
cage to operate a diaphragm (100) that responds by engaging 2 primary
valve seat to control the flow of fiuid through a valve body.
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