0 4 OCT 2005 WD 0210842, 30 PCT/ US02/ 11207 AUTOVATI C SALT LEVEL MONI TOR
FOR A WATER SOFTENI NG DEVI CE BACKGROUND Thi s invention relates to a
nonitor for the level of salt in a water softener. @ Qgemﬂ@ﬁally, it
relates to an automatic nonitor that detects and. indi ét t he salt
| evel in the grrn tank is insufficient to conpletel enerate the
resin duriﬂa quent regenerations. 5 Wile treat%ﬁ‘sﬁgwﬁ7mater, t he

i on exchange resin in a water 9 softener absorbs cal ci um and nmagnesi um
ions fromthe water and replaces themwth sodiumions- The resin
becones ineffective when the anount of available sodiumis depleted and
the resinis saturated mnth calcruntand naonesrun1 and nust be
periodical ly AggE DA EXEL MONEHORFBOR A | HRoY EN(= d&d while the
resinis regenerated in a nultl-step process to qush the cal cium and
magnesiumions fromthe resin and restore the sodiumlevel. The resin is
first backwashed, by reversing tB&CKGB@UND t he incoming water, to renove
sédi ment Next the resin bed is contacted with a brine solutlon wher eby
the resin takes sodiumions fromthe high concentration solutlon and 15
di spl aces t he cal ci unThisévempnedatestoiaansnitonfop theHevebof salr.in YWhateran opt i num
anount of ion exchange has taken place, the brine solution and the

unwant ed harselftaned. evloseGpecifically, tit elates & achadmRid honior thicdeteesiand bed. After
being rinsed to renove residual brine, the restored resin bed is then
returned to smlicstes Gwiehhé kdlglevel in the brine tank is insufficient to completely

regenerate the resin during subsequent regenerations.

5 While treating hard water, the ion exchange resin in a water
softener absorbs calcium and magnesium ions from the water and replaces
them with sodium ions. The resin becomes ineffective when the amount of
available sodium is depleted and the resin is satwrated with caleiun and
magnesium, and must be periodically regenerated. Water treatment is then

10 suspended while the resin is regenerated in a multi-step process to flush the
calcium and magnesinm ions from the resin and restore the sodium level. The
resin is first backwashed, by reversing the flow of the incoming water, 10
remove sediment. Next the resin bed is contacted with a brine solufion,
whereby the resin takes sodium tons from the high concentration solution and

15  displaces the calcrum and magnesium ions into the brine. When an opﬁmumv
amount of ion exchange has taken place, the brine solution and the unwanted

hard water ions in it are discharged from the resin bed. After being rinsed to

remove residual brine, the restored resin bed is then retumned to service treating

hard water.




hard water. 0 4 OCT 2005 WO 02/084230 PCT/US02/11207 -2- Preparation of
the brine solution takes place in a brine tank that is kept separate
fromthe resin tank. The brine tank; which contains an_sg@pl Ps)f salt, is
filled wwth water to forma saturated salt solution. The salt supply mnust
be repl ace I odically due to depletion of repeated regenerations. |f
the salt 5%@%@?&93 too low to make a brine sol uti on*Of"E&¥Y?%en strength,
there will be an insufficient sodiumlevel to drive the exchange of

cal cium and nagnesiumions and the T%sin will not effectively treat the

hard water when it is placed back in service. CGenerally, there is no
aut omati ¢ war ni ng whefrepanation b thetbring sodutiop takee plaee inpduming taok &t ist 0 r est or e

the resin bed to an optinumion exchange capacity. it has been left to
the user to tkeptiseparae tiomdhenicsio tarfe Thalbring tanks) whicks ceuitdins dsupplyi sfual | y -

I nspecting and estimating the salt level in the tank. Any manual

det er m nat i osalgis Sikdtwithewvasdr to fornrcaatuvated sittsofuton. t Tie sak expplyvdnestnmust
frequently Ilook into the brine tank. An inexperienced user may not know

how nmuch sal be ldplaced pesiaiicallycupes dépbaion Of adpefttd reBiftrationl I€ dreddalt Wor k by
adding salt too frequently or having hard water when salt is not added

frequent |y enqeidb toolioway @lalle B drind Solition@ieCeil érediensith Hhirs wall benmpect i ons,
users often prefer a softener unit with large salt capacity. Large units
are nore ConyRimGeitht sodium level to drive the exchange of calcium and magnesium ions
and the resin will not effectively treat the hard water vx;hcn it is placed back in
service.
Generally, there is no automatic warning when the amount of salt
10  is insufficient to restore the resin bed to an optimum ion exchange capacity. It
has been left 10 the user to mannally determine the salt level, usually by
visually inspecting and estimating the salt level in the tank. Any manual
determination of salt level is inconvenient for the user, who must frequently
look into the brine tank. An mnexperienced user may not know how much salt
15 is required per regeneration, and create more work by adding salt too
frequently or having hard water when salt is not added frequently enough.
| To avoid having to make frequent visual inspections, users often
prefer a softener unit with large salt capacity. Large units are more convenient,
but also take up large amounts of space that may be prohibitive in small living

20  spaces such as townhomes or condominiums. For areas where the softener unit

may be visible, the exterior of some models is styled with an attractive cabinet-

like fimish. However, since this type of exterior fimsh is more expensive and,




but al so take up | arge amounts of space that may be prohibitive in small
living 20 spaces such as townhones or condom niuns. For areas where the
softener unit my be visible, the exterior of sone ’[PQEQLS[ iZBﬂityl ed with
an attractive cabinet- |ike finish. However, since this iype of exterior
finish is nore expensive and, 0 4 OCT 2005 WD 021084230 PCT/ US02/ 11207
-3- becausBPH&Phre general ly used where space i s EPEREH the size of
such units is usually small, requiring the user to frequently check the
salt level. The prior art provides ard-indicator stick, simlar to a
ruler, with reference marks to aid in judging the depth of salt present.
Vi sual i nspebtdause they arg geneandlyrsed svherecspacki is la preshimme nlcesizenofk sich
particularly when salt bridges are forned. Wiile the brine is being nmade,
t he salt contmituousubily stialiSelninsg tha dser teefiamerstiytcheck the $alt ledebmi cal
equilibriumreactions. Salt bridges formwhen pieces of salt "grow

together from salt deegpidot &b prodiids s irdivaioe sidke sivitati fEa ruddy, @kt appear to
be greater than is actually present- The salt under the bridge 10 nay be

subst anti al | yef@léres Rladke & aih%ﬁjﬁh?ﬂgﬂ:@'d}fptﬁoﬁ@dﬂres@ﬁpmapﬁsﬁéﬁdn isn the tank
ro

even when a visual inspection mthe top of the tank looks as if the

salt bed shama@ike er@Pivith t REAAEP ke, Jiisticiial) MWhdne S8V Bfiddes 0ps . Previ ous
attenpts to |ncorporate electronic nonitors into water softeners have

not proven Splhaf AR Yhe BRI i Veidg WdE, HEShIREMinbORly Hidohiegahd 2 15
wei ght ed sensor on top of the sal F to determine the 'salt |evel. However,
if the redeposits due to chemical equilibrium reactions. Sait bridges form when
pieces of salt “grow” together from salt deposition, and can make the volume
of salt appear to be greater than is actually present. The salt under the bridgé
10  may be substantially dissolved, leaving only a small amount of salt in the tank
even when a visual inspection from the top of the tank looks as if the salt bed
has ample depth to complete additional regenerations.
Previous attempts to incorporate ¢lectronic monitors into water
softeners have not proven satisfactory. Monators were designed that utilized 2
15 weighted sensor on top of the salt to determine the salt level. However, 1if the
operator forgot to remove the sensor when sait was added, the sensor would
-become buried, and falsely signal that the salt level was low.
A low salt level sensor utilizing a float is tanght in U. S. Patent
ﬂo. 5,239,285, which is herein incorporated by reference. The salt level in this

20 mvention was determined by displacement of water. A predetermined amount

of water was added to the brine tank, and if there was insufficient displacement

of the water to push a float to 2 given level, the low-salt alarm was activated.




operator forgot to renove the sensor when salt was added, the sensor
woul d becone buried, and falsely signal that the salt |level was [ow A
|l ow salt level sensor utilizing a float is taught in U §4 HgTenaes No.
5,239,285, which is herein incorporajed by reference. The salt level in
this 20 invention was determined by displacenent of water. A
predet er mi ned amount of water was added to the brine tank, and if there
was i nsufficient di spicseenpihis mediodtrhmﬁw!harapomﬁqmﬂ'hh@pﬁmbet 0 a given

| evel, the lowsalt alarmwas activated. 0 4 OCT 2005 However, this

met hod requi s@tetdedin the boind, iao rrdfontelxe tiap pasoatosive bel depositsreaiged i n t he
brine, an environnent that is corrosive and deposits salt on the -
equi prent DEhaQ4uigifién® describes a nethod for nonitoring a salt bed by 5
irradiating it with-l1ight or sound waves. A single enmtter beanms a signal

to the single sensoDB91{B66cARRscoibésta thetfidddor meritofing 4 saftbédl9d when t he
signal matches a predeterm ned set point. Miltiple sensors are used in

GB 1, 288, 329iriatiatify ieWith Hght bispuddwdks. Alingle BRitkerigaink gsipal e anount of
the metering liquid consunmed is is proportional to the amount of water

sof tened. Whsinglé Fesdr Gattigh sersalpmnb elieuwagklierefibadotbenthesigasl of t he sensors,
softening is switched froma first softener to a second softener in a

twi n install ghiches a phddetnidddostgiopk.e au- object of this invention to
provide an inproved nonitor for the salt level in a water treatnent
device. IS It is anobhiplohnesdt arohseiiii SBI1BIAILY DNctepmips ¥ il an i nproved
of a memmgg Lguid. The amount of the mctering liquid consamed is
10 proportional to the amount of water sofiened: When the Hqtﬁddroﬁsbelo{v the
level of one of the senmsors, softening is switched from a fixst softener to a
second sofiencr in a twin installation.
Tt is therefore an object of this invention to provide an improved
monitor for the salt leve} in a water treatment device.
15 It is another object of this imvention to provide an mproved
monitor for salt level that automatically checks the salt leve]l without
intervention from the user. |
It is still another object of this invention to provide an improved
. salt monitor that provides an indication to the user when the amount of sak is
20 too low to provide effective regeneration. |
It is yet another object of this invention to provide an 1mruveri

salt monitor that accurately indicates when salt should be added, even when

salt bridges are formed.




nmonitor for salt level that automatically checks the salt |evel Wthout
intervention fromthe user. It is still another object of this invention
to provide an inproved salt nonitor that provides an Ilﬂd% -rt(?g@to t he
user whien the anount of salt is 2Q too |ow to provide eff
regeneration. 1t 1s yet another objétt of this invention to provide an
inproved salt nonitor that accurately indicates when salt should be
added, even when salt bridges are formed. A 0 4 OCT 2005 SUMVARY COF THE
| NVENTI ON The present invention provides an automatic-nonitor for use

with a water -conditioni nS{iMMARYORTHE INWENTIONVed nonitor periodically
checks the 5 level of salt in the brine tank without intervention by an

operator and provi desh@praRfitihvigtids prévides 32 kitoh@itShonitsr fboie k@l t O
effectively regenerate the ion exchange resin dwin,-, t be next ‘
regener at i ong #it&l Ondiforing appllards. Bk id0%ed MiBr sRRGAlyGatkyhet he present
i nvention provides an automatic nonitor for use in a tank-with a water
sol ubl e s¢f tiew fithalk Gfhé brin? CankWNthb@ nterveRtibablEs dpefitog Al préidsk her t hat
produces a signal capable of being detected by an array of .

si gnal - det eckidifly FIHS HltSevel RGod RRSEeifedtively degthbrate Ak 16 BREAIZ Y

resin during the next regeneration cycle.




5 vertically in the brine tank fromthe m ni rum depth of the softening
agent to the maxi num depth of the softening agent The sensor produces an
output in response to the signal.. The nonitor also inclqjgeﬁcgmp
el ectronic device for receiving and_sinterpreting die outpu 03
determining if a l.ow softening agent condition i's to present as the
supply of the softening agent is depleted- An indicator warns when a | ow
sof t eni ng agent condiMpwrspiaifiqinsthn Preseul dfvertion| BOVIde ANBIRHAS are s
l'inearly spaced within the tank. The nonitor of the present invention is
advant ageous micnitérifer usdn a thpkcwiths® wiater s@wils Frigniag peembn gnitohe salt | evel
in the brine tank and provides a 15 warm ng indi cator when the softening
agent | evel hasudel Dpgableritier thayprodoces a siged sepablepf bowgdeteced bmen her
regeneration. Continuous real-tinme nonitoring of the salt |evel can also
be achi eved with of heepl-dsenitg rembisor The f senives @fee displassd cgenerdBY i ce t hat
interprets the sensor output is progranmed to do so. There is no need
for the us®r vegicalyam thebrinh tank Gforethe mimwwmrdepth of Fe sbiténine agemtito t o i nspect
the 20 salt level. Even inexperienced users know fromthe indicator
exact |y when themaxirdan segth ofvhe hofteninp agdnn g Theosegive prodices sheutputdunt of sal t
left is sufficient for the next regeneration. 0 4. OCT 2005 WD 02/084230
PCT/ US02/ 112 G@skpextse tobtmesighliect r oni cs of the present nonitor are-al so
optionall _ ,

P Y The monitor also includes an electronic device for receiving and

mterprenng the output and determining if a low softening agent condition is
10 present as the supply of the softening agent is depleted.  An indicator wams |
‘when a low softening agent condition is present.” Preferably, the sensors ares
linearly spaced within the tank.
The monitor of the present invention is advantageous to the nsex
because it continuously monitors the salt level in the brine tank and provides =
15 waming -indicator when the soﬁéning agent level has dropped too low to
successfully complete another regeneration. Continuous real-time monitoring
of the salt level can also be achieved with the present monitor, if the electronics
device that interprets the sensor output is programmed to do 0. Thefe is no
L - ‘ need for the user to open up the softener cover on the brine tank to inspect the
20 salt level. Even inexperienced users know from the indicator exactly when to

add salt without having to guess if the amount of salt left is sufficient for the

DERL regensration.




programmable to anticipate the calculated salt |evel, so that problens
can be detected if the neasured level differs significantly fromthe
calculated level. Such differences can be indicators _of salt bridges,
faulty sensors or enmitters, 5 |oss of eduction or ovePfhi I0GTn@00% t he
brine tank These features significantly inprove both the convenience to
the user asyoéspas the accuracy of the reported Sakﬁwﬁﬁ%ﬁkm Using a

vi sual inspection of the brine tank, the user often as no way to tell
that problens, such-as salt bridges,_gxist below the surface of the salt
bed. The present electronic nonitoring systemrenoves the 10

appr opr | at o sal t 1 ovelt eFpati 08 A drisolt BSRAR B M BRIRN o T
DRAWNGS 15 FIG 1 is a stvlized diagrampf_ a. water softening system
const ruct ed Pﬁ’g?g%lbgeatﬁcagag\lmtﬁ%feh%ah“ﬁ "hcﬁ“%lce‘?l’&? i, g ?egg‘e%f‘%f’nventibn;
FIG 2 perspective..vjew of wat er..sof.t eper wi.th the present automatic
calt |evel  mARTEH  AbIGRPRAOf) TG S ERDTREY (9 ol URBadert o show t he
sensors in the salt bed; 2 ci,rcuit diagramof the circuit

l FIG 3 i
used to det eSROTERRRES oark be indbfatorsogt ?ﬁ@mﬁf&twmw@%%@oos WO
02/ 084230 PCT/USQ2/ 11207 -7.FIG _4 is a top plan view of the top cap
attached fo lpss pheduetion orsqypftggqg, of the brine tank ese features significantly

improve both the comvenience to the user as well as the accuracy of the

=L

reported salt level. Using a visual inspection of the brine tank, the user often
has no way to tell that problems, such as salt bridges, exist below the surface of
the salt bed. The present clectronic monitoring system removes the
10 inconvenience of repeated checking and the guesswork from maintaining an

appropriate salt level In the water softener.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 is a stylized diagram of a water softening system
constructed in accordance with the principles of the present invention;
FIG. 2 perspective view of a water softener with the present
automatic salt level monitor and with a portion of the cabinet removed to show
.the sensors in the salt bed;

20 FIG. 3 is a circuit diagram of the circuit used to determine the

resistance of the photocells;




FIG 5 is a perspective view of the sensor and shroud nounted on an

el ongated nenber and inserted into the top cap; 5 FI,G 6 is a perspective
view of a bottomcap; FIG 7 is a perspective vi ewudl‘ QCH @lxcap; FIG 8
I s an expl oded perspective view of the sensors. nounted on an el ongated

menber, showhiRaPw the el ongated nenber fits insid tective
device w Pﬂ tﬁgu?gp and bottom caps; Ac 10 FIG 9 i?cyﬂ?%ﬁgg’loan vi ew of

the cover of a cabinet nodel with an_ indicator array and di splay; and

FIG 10 is a perspective view of the'7t'op of a cabinet nodel softener

wi th the cover renov S DETAI LED DE | PTI ON OF THE | NVENTI ON
Referring now to Fl G?'%?Gi}éﬁhﬂ t@,Pl%@cﬁr‘ggn’Ppsc@ faghed toafietMenohponi ¢ or
generally designated 10, is used in a water softener, generally
desi gnat ed 19M3¢% deternmine the amount of softening agent 14 in a chanber
16. 20 The nonitor 10 is suitable for use in nost water softeners 12 that
use softening agent 1945 s pexspective vewhof the gengen and (shxpud mgenieden sodi um
chloride in pellets, a solid block or in a granular form are the nost
common sof t ean ekpgatgd membearknd ingerted isto BETOP@PS5 -8 use of any solid
softening agent is contenplated for use with this invention. Use of high
gty saltsSis recomeXd@db 5@ pempagtiveeview hba bdttom dapt ween salt additi ons and
to reduce the anount of inpurities that accurmulate in the bottom
FIG. 7 is a perspective view of a top cap;
FIG. 8 is an exploded perspective view of tiae sensors mounted on
an elongated member, showing how the elongated member fits inside the
protective device with the top and bottom caps; _ s
10 FIG. 9 is a top plan view of the cover of a cabinet model with an
indicator array and display; and
FIG. 10 is a perspective view of the top of a cabinet model

softener with the cover removed.
15 DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIGs. 1 and 2, the present softening agent
mornitor, generally designated 10, is used in a water softener, generally
designated 12, to determine the amount of softening agent 14 in 2 chamber 16.

20  The monitor 10 is suitable for use in most water softeners 12 that use softening

agents 14 in solid form. Sodium salts, such as sodium chloride in pellets, a

solid block or in a granular form, are the most common softening agents 14, but




of the water softener 12, but does not directly effect the operation of
the 5 nonitor 10 described herein. Referring to FIG I, during softening,
a unit controller 18 operates valves to allow fresh, JHagg r froma
supply 20 to flowinto a resin tankg22 through an inlet 24, treated or
soft water. exits through an outlet 26. Between the inlet 24 aud the
outlet 26, the hard water contacts a sodjiumrich 10 ion-exchange resin
28, where caluws ghimrialidraefisniar aequbiscopieEmisind fonueEthEsdaveRa®ier are hel d
by the resin 28 and sodiumions are released into the soft water.

Sof t ened wat d¥se0b bighspumity wliE iy fesommpnded &7 {sagbsn b thRrgbetacegseled wat er
outlet 30_ Wen the resin 28 is saturated with hard water ions and the
15 sodi um i oridditipns apdb}si reduceithe emantyt o impurities;tas) acrumyletedn ekt
regeneration, a brine solution 31 is withdrawn fromthe salt chanber 16
t hrough a br icfidbe aktere sofisner 120 bet does met diserlly offseicho ppuraiogufhtbe he i nl et 24.
Brine well 33 keeps said particles of sag agent 14 from cl ogging the
brine val ve, mgsirdOfeicgbidhgreithe brine solution to flow freely to the

val ve. Hard water ions are rel eased fromthe resin 2Q 28 into the brine
sol ution 31 as sodi unkafemag e JAG: He dBHRG SOTEEZ o BsERL EoPUgliert B resi n.
Spent brine 31 |eaves the resin tank 22 through.the outlet 26 and is
renoved fromoptretetvalves topilow diteshn hwd suater & 23te floy ino@EEPSILO05 -9 At
the end of the regeneration cycle, water is added to the salt chanber 16
so that the dektZ2ribmastorgeiniet 24 tenisd of ot Watpmueite thrershan puletad. bri ne

Between the inlet 24 and the outlet 26, the hard water contacts a sodium rich
10 ion-exchange; resin 28, where calcinm and magnesium ions present in the hard
water are held by the resin 28 and sodiwm ions are released into the soft water, *
Softened water is discharged from the softener through a treatsed water outlet
30.
When the resin 28 is saturated with hard water ions and the
15  sodiwm ions are depleted, the resin is regenerated. During :egéneratio:m, a brine
solution 31 is withdrawn from the salt chamber 16 throngh a brine valve and
enters the resin tank 27 through the inlet 24. Brine well 33 keeps said particles
of softening agent 14 from clogging the brine valve, wlule allowing the brine
sofurion to flow freely to the valve. Hard water jons are released from the resin
20 28 into the brine solution 31 as sodium ions from the bripe are absorbed by the |

resin. Spent brine 31 leaves the resin tapk 22 through the ouflet 26 and is

removed from the unit through a waste discharge 34.




solution 31 to be used during the subsequent regeneration. The brine
solution 31 is kept separate fromthe water supplies 2 agﬂ:rrgﬁdsn 28
while softening is 5 taking place so that the brine 31 ol'e o]

contam nate the fresh water suppliesy_and because ion exchange between
the resin 28 and fhe hard water would not occur efficiently in the
presence of brine. Only during the regeneration cycle is_ the brine

sol ution 31 brought iAftthe engrmfdbe regpneration 6yqle ratek éhadded to tegisplt 28,
Referring to FIG 1, where it is, necessary to have an 10 uninterrupted
soft wat er swahaaibgr 1Gesl thitshecsofteinmageninidsdissolvern ralyas a segrated boht  one uni't
Is softening while one or nore others are regenerating. For hone use,
the entire watlationSdfty baesed daringfthesubsagnesd regeeerdtion.a Thabingselugen shown i n
FIG 2. Sone water softener designs utilize the cabinet 35 as the salt
chanber 16, 3akd ey spartth &omdhe wrtenyppipe 20 agdivesio 28 vhfle aeftedingns o t he

cabi net and occupy space 15 around and between other elenents of the

sof t ener B2. takingpleovwp ther T igne BY docsmotiedntammate the fripsh water gupplingy| e cabi net
35 often have a deck 36 that covers a large portion of the top of the
cabi net. An epkbecane B sxshapgedeivwben tieresim s e had watsdwicrld@at of t he
softeni ng agent 14. The resin tank 22 separates, the ion exchange resin
fromthe 2Dosnftifictmly imte piesehde of brify.cPuly diving the tegenemstidnrytlamk 22 is a
smal l er tank that is housed inside the cabinet 35 of the water softener
12. However , dtelpgnsepiution 3 DurdugBifto200Ect- il thjomichang6reain@8t he resin tank 22
may bot h be portions of the cabinet 35 that

Referring to FIG. 1, where it is pecessary to have an

10  unintermpted soft water supply, multiple resin tanks 22 may be used so that

one unit is softening while one or more others are regenerating. For home use,

the entire water softener is often contained in a cabinet 35, shown in FIG. 2.

Some water softener designs utilize the cabinet 35 as the salt chamber 16,

allowing the sof:enx:iig agent 14 to be placed into the cabinet ancf occupy space

15 around and between other elements of the softener 12. As shown in FIG. 10,

models that utilize a single cabiret 35 oftea have a deck 36 that covers a large

portion of the top of the cabinet. An opening 37 is provided in the deck for
addition of the softening agent 14.

The resin mnk 22 separates the ion exchange resin fom the

20  softeming agent 14. Preferably, the resin tapk 22 is a smaller tank that is

housed mside the cabinet 35 of the water softener 12.. However, the salt




are separated fromeach other by dividers or partitions inside the
cabinet, or, the salt chanber 16 and min tank 22 nay be entirely
separate tanks. Any arrangenent may be used for the salt chanber 16 and
resin tank 22 that keeps 5 the water being softened BumQO{Inf805 with the
softening agent 14. The nonitor 10,jncludes at |east one signal emtter
38, an array of “signal receivers or sensors 40, a controller 42 and an
indicator 44 (FIG 1). The signal enitter 38 produces a signal inside

t he salt cheninber,1656d tharasiasqmid2 may both be petiom st the paiinet Bethaont rol | er 42 at
an appropriate tinme, as wll be discussed 10 bel ow. Em ssion of the
signal is sattfdpamediton chaingher by divides oopartitivas ingidecthe cdbidejer, sensors 40 has
an opportunity to respond to it, and the response transferred to the
control | er #@saltfehamben 36 amlirepivethsk 225mmf beastikelygéaraty taskaUAdy cation in excess
of one mnute is rarely needed, and duration is often considerably
shorter. Tharangemebengds vsidforthe saft changhiet 16 shdeesintadi 22 the &spuabl e cost, ease
of use and reliability, 15 naking a |light bulb or light source 46 the
preferred sigwabreingtstitsneBBom asmhet ghlptn séfiening Ggen14. Ot her types of

signals, such as sound, are also suitable as 1ong as sone detectable

characteristic of t/fikemogonl0 mduddsanigationefsignil emites 8% an tddywfgh t sof t eni ng
agent. 14 to the sensor 40 conpared to receipt of the signal- when the

| evel of sofigrahetivenge tinsdiadd, habiratlerrlsodad RdicaaIRQRIG. 2 Tesi tions of the
one or nore emtters 38 are ,limted to areas that . allow every sensor
40 t 0 r ecei signbersitog 58| prfducanaaiznkidasde dangitehinlieg 16 inlagponend bt ers 38 -are
al so pl aced above the highest brine 31 level to elimnate 0 4 OCT 2005
request from the controller 42 at an appropriate time, as will be discussed
10 below. Emission of the signal is sufficiently long in duration that each of the
sensors 40 has ap opportunity to respond to it, and the response transferred to -
the controller 42. For most signals, such as light or sound, duration in excess
of one mipute is rarely needed, and duration is often considerably shorter. The
preferred signal is light, due to its reasonable cost, ezse of use and reliability,
15 making a Lght bulb or hight source 46 the preferred signel-emitter 38, and
shown in FIG. 2. Other types of signals, such as sound, are also suitable as
long as some detectable charzcteristic of the signal is Changeﬂ if it passes
ﬂraughﬂ:esoftcningngentﬂtothesenso:@wmparedmreceiptof&sé
signal when the level of softening agent hzs fallen below the sensor.
20 Positions of the one or more emitters 38 are limited t0 areas that.

allow every semsor 40 to receive a signall from at least one emitter. The

emirters 38 are also placed above the highest brine 31 level 1o eliminate




WO 021083230 PCT/ US02/ 11207 -11- reflection and refraction of the signal
as it passes through the brine and the air- liquid interface. Preferably,
the emtter 38 is placed so that signals reaching thd]#s@@%dﬂﬂ&O fromthe
emtter are froma different direction than background signals that do
not originate at the emitter 38. For exanple, when a Iight 46 is 5 used,
room | i ghtVOi%¥%%42Backgr ound signal source that can cHFEEZ4R208ut put change
in a photocell 40, even when the sensor 40 in the softening agent 14 does
not receive the signal fromthe emllt-er 38. Wen the emtter signal and
background signal cone fromdiffering erections, it is easier to use

di rection t aeBdwhed shdtréfeact emsfithe digndt noinphsaesitipoognitle brignaldgbe air-10 The
emtted signal is detected by an array of signal-detecting sensors 40
desi gned t-o lij@iddnikificeePiefpsbly) thesinttte 38 iplavgd sorthittsigghald iehclih@ ece a

measur abl e output in response to the signal. Wen the signal emtter 38

is a |ight seddd€ 40 HRkE HeCdnaeN &R FonftQ dffereh@ic066 tian tatkgrdmponse to

light, the photocell 40 decreases its resistively by nore than a factor

of 10. This y(RASGat dcnok erifRste af i edittel 38, SFdFRABMIA R bW 498 phot ocel |
40, and is preferably used to detect whether or not thé signal is being

bl ocked fg 0 @%H;ﬁg]msatba&mmefa@ms&r&d&m c ﬁ@a&é&tﬁutf&ﬁ%.g}‘l- When

pl aced inside the salt chanber 16, the photocell 40 w | mal |y

regi ster i o aLAShAN BBy tR BB 40k he Mhentt S 1AL St onal 1S

not present, nmpared to a | ow resistance o 0 to 100 Kkl

when'the |1 Ghis! 8D g RG] T eRRRE VA0, Whed Bt SREAETGE Adgnt 14 1S

background signal come from differing {irections, it is easier to use direction to

L

shield the sensor 40 from background signals.
10 The emitted signal is detected by an array of signal-detecting
sensors 40 designed to detect the type of signal being emifted and produce a
measurable output in response to the signal. When the signal emitter 38 is a
light, the preferred sensors 40 are photocells. In response to light, the photocell
40 decreases its resistively by more than a factor of 10. This change is
15  resistivity 1s a2 measurable from the photocell 40, and is preferably used to
detect whether or not the signal is being blocked from reception at the
photocell 40 by thé salt bed 14, When placed inside the salt chamber 16, the
photocell 40 will normally register high resistance on the order of 1 M{2, when
the light signal is not present, compared to a low resistance of about 10 k{2
20 10100 k2 when the light signal is being received. If the softening agent 14 is

covering the photocell 40, the circuit containing the photocell responds a high

Tesistance signal. However, when the softening agent 14 is depleted to a level




covering the photocell 40, the circuit containing the photocell responds
a high resistance signal. However, when the softening agent 14 is
depleted to a level 0 4 OCT 2005 WO 02/ 084230 PCr/USﬁAl@@'D?Z[]{]ng- bel ow
t he photocell 40, it is exposed to the light fromthe emtter 28 and the
resi stance of tHhe photocell drops. FIG 3 is a control circuit, generally
50, that sKO®®HBw the photocells are wired in a 4 BETFSRAIRT x. As the
resi stance of the photocell 40 5 changes, a control circuit, generally
50, produces changes in the voltage-&2-current, either of which is
measurabl e by the controller 42. The photocell 40 acts as a variable
resi stor. AcbdodittegphotwcethA®,' iislexposed/td the light fom shapmitien?d exd the¢ 1), vol t age
(V) and resistance (R) are 10 proportional. Wen the controller 42, seen
in FIG 2, messuicesfdelphatgeell drdps. Sends a smal |, but constant current

t hrough the photocell 40. If the resistance through the photocell 40 is

hi gh, the vol tage retRIGN8ds ta0confo! ¢t @bkepally4D, Whitl showb dowbse hi gh. | f
the resi stance through the photocell 40 drops, the voltage will also

decrease. ThghotocklliCary Wided UE a BN OY ntdisx. t RS ttldeithndeo¥hihe piRRAIPHOCEl | 40
that 15 infornms the controller 42 as to whether a particular sensor 40 is

covered by t Bnge§ad Corkfbl clrtid, ¥y 50, PRodiR& eahiedlin4Re GAlbE o€t ect

change in resistance of the photocell 40 by neasuring the current in the

circuit at acGRRASE; R of Yhich $8medsiRbi ity BE SRR UL HRYholdcQMu@ sensor 40

that is covered wt
acts as a variable resistor. According to Ohms’s Law:

V=I*R
at constant current (I), voltage (V) and resistance (R) afe
10 proportional. When the controller 42, seen in FIG. 2, measures voltage, it
sends a small, but constant current through the photocell 40. If the resistance
through the photocell 40 is high, the voltage returned to the controller 42 will
also be high If the resistance throngh the photocell 40 drops, the voltage will
also decrease. Thus, the voltage provides the output from the photocell 40 that
15 informs the controller 42 as to whether a particular sensor 40 is covered by the
salt 14. Optionally, the controller 42 could detect change in resistance of the
- -photocel! 40 by measuring the current in the circuit at a constant voltage.
The difference im output from a semsor 40 that is covered with
softening agent 14 and one that is above the agent is most easily determined
20 when the change in output between these two conditions is maximized.

Preferably, background signal is eliminated to maximize the difference in

output from the sensor 40 that is attributable to the signal emitter 38. When




softening agent 14 and one that is above the agent is nost easily
determ ned 20 when the change in output between these two conditions is

maxi m zed. Preferably, background signal is elimngt imze the
difference in output fromthe sensor 40 that is aptfﬂ]ocﬁgm to the

signal emtter 38. Wien 0 4 OCT 2005 WD 02/084230 PCT/ US02/ 11207 - 13-
phot ocel | s 40 are used, for exanple, the nonitor optionally includes an

i nterl ock Ye{I#* g the cover 54 (FIG 9) to be in }S’FHH%”%??“'{ he wat er
softener 12 during evaluation of the depth of the softening agent 14 to
elimnate roomlight from produci nglla-response fromthe photocell 40.
This ensures that light 5 perceived by the photocells 40 was produced by
the emitter giRtoctlls ¥l nge nsed, t for Fexa@npls, thoamkuptas ueptiosillynmichdes @nal so
reduceable by shielding the sensor 40 with a device, such a shroud 56,

t hat bl ocks mitegioek requiring the cowk AAHIGYS) to berirt placedinniecwatarsofibnek N2 emitt er
38. The shroud 56 has at least one wall 58 that is nade of a materi al

opaque to t héuringReal@dtion bfithe ldegth oflithe ectieRing hjerit D€ torskintihaté rodéh light ef er abl y,
positioning of the wall 58 should maxi m ze bl ockage of background

signal s, Whi fréin JrdbRdinB%h febgbindd Srof' M8 PRBBCAI 40D Fhis SMbulel Qhat3@eht O reach the
sensor 40. More than one wall 58 is optionally used where background

signal s ake prdeBled by e GROBCAINE A0 was PlolicRl by theQhitkpyg ces, as long as the
emtter 38 signals ?ea?ﬁ t he sensor 40. A% the I ength of the shroud 15

vm/a: : 58 increases, t mﬁ%g FRNG, g&%@@k&ﬁ@éﬁrmm&mg he signal
by shielding ﬁle sensor 40 with a device, such a shroud 56, that blocks signals
not originating from the direction of the emitter 38. The shroud 56 has at least
one wall 58 that is made of a material opaque to the type of signal produced by

10 the emtiter 38. Preferably, positioning of the wall 58 should maximize
- blockage of background signals, while allowing signals from one or more
emitter 38 to reach the sensor 40. More than one wall 58 is optionally used
where background signals are likely to come from a plurality of sources, as
long as the emitter 38 signals reach the sensor 40. As the length of the shroud
15 wall 58 mncreases, the range of angles diminishes from which the signal will
contact the sensor 40. Preferably, the shroud 58 includes a supporting
structure, such as a clip 62 or other known fastener for attaching it to the sensor

40,
Now referring to FIG. 2, continuous monitoring of the softening

20 agent 14 level is achieved by using an array of two or more sensors 40 that are

displaced generally vertically in the salt chamber 16. A single sensor 40 can

only indicate whether or not the softening agent 14 is present at the depth at




contact the sensor 40. Preferably, the shroud 58 includes a supporting
structure, such as a clip 62 or other known fastener f@q 8 aﬂ@' ng it to
the sensor 40. Now referring to FIG 2, continuous nonitoring t he
softening 20 agent 14 |evel is achieved by using an array of two or nore
sensors 40 that rare di spl aced generally vertically in the salt chanber
16. A si ndf&28¥#80r 40 can only indicate whet her oFCHBYAR¥ softening
agent 14 is present at the depth at 0 4 OCT 2005 WD 02/084230
PCTJI1JS02/1 1207 -14- which that senbbr 40 is |located. Miltiple sensors
40 arranged generally vertically within the salt chanber 16 will each

gi ve an out pelicinshat cendor 40reslecataml. Multple esamsorsof#) saphngedi gegeraliyent 14 at

t hat depth- Location of sensors 40 vertically displaced fromthe m ni num
dept h of t hevegtizhllyewitiiia degsal thatubei b5 Willbeabh pisx anroutpdrad woke plesenps ovi des f or
sensing of the bed depth at any sensor |evel- As the softening agent 14

i s depl et ed, orSabeeRs Vf v REENS Qpént 43 atdfar AaRE | DodaBéd of 3Bs6rsa4D t hey are
exposed to the emtter 38. Addition of an optional reference sensor 64
above the meyehidhiny iSRhded Font B rifidu@idh 0B softehhgl apentSRI td!thd N

di stingui shing when the emtter 38 is rmal functioning conpared to to when

the bed is fildmumBel &lpth, PRFIRS for SQsiAk 6f 0 BE] SParis by SAld fRENY agent .

Preferably, four or nore Sensors 40 |6cated within the bed of the

softening agent 14 andntNenapid Gpal 1456 HpRks, SREGST. Ghsdiseased

decrease in resistance as they are exposed to the emitter 38. Addition of an

optional reference sensor 64 above the maximum depth of the softening agent

14 is useful in distinguishing when the emitter 38 is malfunctioning comparefl

10 to when the bed is full, and all sensors 40 are covered with softening agent.

Preferably, four or more sensors 40 located within the bed of the softening
agent 14 and the optional reference sensor 64 are used.

It is to be understood that the sensors 40 are not necessarily

placed in a straight line, nor that the generally vertical displacement between

15  sensors is constant. Preferably the sensors 40 are linearly spaced vertically

throughout the bed depth, however, any useful spacing arrangement is suitable

for use with this invention, including, but not limited to staggered placement.

In some applications, it may be preferable to have the sensors 40 more closely

§paccd at the bottom of the bed of the salt or softening agent 14, providing

20  additional accuracy near the bottom of the salt. It may also be advantageous, in

some cases, to have the sensors 40 horizontally displaced as well as vertically

displaced. Where the sensors 40 are horizontally displaced, muitiple emitters




It is to be understood that the sensors 40 are not necessarily placed in
a straight line, nor that the generally vertical displacenent between 15
sensors is constant. Preferably the sensors 40 are I&Heﬁ kyaﬁgaced
vertically throughout the bed depth, however, any us C

arrangenment is suitable for use with this invention, |nclud|ng, but not
linmted tWos¥@4gered pl acenent. |In sone applicati dY@{USWH%y be
preferable to have the sensors 40 nore closely spaced at the bottom of
the bed of the salt or softening agédnat- 14, providing 20 additional
accuracy near the bottomof the salt. It may al so be advant ageous, in
sonme cases, 38aminabe refpered aosoich 40 stisons z49ntdth | the digapll adhozemalnel | as
vertically displaced. Wiere the sensors 40 are horizontally displ aced,

mul ti pl e enidispREdndht 4f SOmE séfkobs 40/\With 2¢sPédd BBOthrGEddmdyl AIRW the. 15 3 8
may be required to reach all sensors 40 with the signal. Horizontal

di spl acemeninafoSN® coREwe e fihStiod frbpeils TNEL hénOseRiohEi o8 Pofioh My Al | ow
tthe nrnonitor 10 to continue to function properly even when sensors in one

portion of of 48 1o8 ShehdberaltiPRclist Ry BRABHBRo BBV R RERNAY, DI OCked 11 om

receiving a 5 signal er 38. The specific nunber of sensors
40 is nots "E?%Q:?Mﬂle bRwevey . increasing the nunber of sensors inproves
t he accuracy of neasurenent of the softening agent 14 by decreasing the

vertical distance befmp&gn ENSbSr o f&maﬁ$ﬁgE%ﬁgﬁmﬁkh&hfﬁ$wa£930f 66 IS

preferably located in a "position at or
increasing the number of sensors improves the accuracy of measurement of the

sofiening agent 14 by decreasing the vertical distance between sensors, At
least one critical sensor 66 is preferably located in a position at or slightly

10 below a level where there is insufficient salt or softening agent 14 to
completely restore the resin 28 on the pext regeneration. When the output from
the critical sensor 66 indicates that the level of softening agent 14 has dropped
below this sensor, a low softening agent condition is present and a warnmg is
communicated to the operator, preferably by the indicator 44.

15 Periodically, the salt chamber 16 is resupphed with 50-100
pounds or more of the softening agent 14. This process results in forces being
réxertcd on walls 68 and a floor 70 of the chamber 16 due to the weight of the
softening agent 14 as the pieces of softening agent bounce off the walls and fall
to the floor. Preferably, the sensors 40 are enclosed in a protective device 72

20 (best seen m FIG. 8) that shields them from forces gemerated during

resupplying of the softening agent 14 or pressure from the weight of the bed

above the sensors. The protective device 72 may be any device that is shaped




10 below a |l evel where there is insufficient salt or softening agent 14
to conpletely restore the resin 28 on the next regeneration. \Wen the
output from the critical sensor 66 indicates that the | evel of softening
agent 14 has dropped below this sensor, a |ow sof t enfrig Hdedflficondition
Is present and a warning is comrmunicated to the operator, preferably by
t he i ndi cagar,a ‘2)'3015 Periodically, the salt chanmber 16 is resupplied with
50- 100 pounds of more of the softening agent 14. ThPS"HP8E#Es results in
forces being exerted on walls 68 and a floor 70 of the chanber 16 due to
the wei ght of the softening agent 146as the pi eces of softening agent
bounce off the walls and fall to the floor. Preferably, the sensors 40
are encl osed ané cepfignisd de e \eangnatert to the sigpal e tthe emifter A3 but will) t hat
shields themfrom forces generated during resupplying of the softening
agent 14 or preven damagercy hsiddgingef gietsensbrst 40cbyfalling plsosscortheewsghisor s.  The
protective device 72 may be any device that is shaped 0 4 OCT 2005 WO

02/ 084230 PCof sdbeding 4g40t714. 16- and configured to be transparent to the
signal fromthe emtter 38, but will prevent damage or dislodging of the
sensors 40 by falli ngApbescsen & FIGH S8, medt phiferaldy, the pioetivegdeageT2 14. As
best seen in FIG 8, nost preferably, the protective device 72 5 is a

t ube that 5i sidd @RshaiCHinspbert Retht Wpeobdigmal gRtty the ahitley 38 hesiagiet ter 38_ A
single protective device 72 is preferably used to enclose all of the
sensors 40, Bibtectitdevice 72 is preferably used to enclose all of the sensors 40, but use
of a plurality of devices, each enclosing one or more se;tsors 1s also considered
to be part of this invention. When light is used, a clear plastic tube 72, having a
diameter slightly larger than the largest dimension of the sensor 40, 75
10 preferred. Many types of protective devices 72 are possible, such as a wire
mesh cage, 2 small box for each sensor mounted to the tank wall 68 salt
chamber 16 and the like.
To provide consistent information as to the level of the softening
agent 14, the sensors 40 are each to be held at a constant depth within the bed.
15  Preferably the sensors 40 are mounted to a fixed object, such as the cabinet
wall 68, the salt chamber 16 or the resin tank 22, as shown in FIG. 4. Another
i;refm*ed arrangement is where the protective device 72 is held in place, and
the sensors 40 are held at consistent positions within the device.
Referring to FIGs. 6, 7 and 8, a top cap 76 and a bottom cap 77

20  are smtable to seal the tube 72, while allowing access to the tube contents for

maintenance purposes, if desired. Both caps 76, 77 are preferably friction fit

onto the plastic tube 72 with the assistance of optional radially projecting ribs




of a plurality of devices, each enclosing one or nore sensors is al so
considered to be part of this invention. Wen |ight HF u¢¢ﬂ, Eﬁclear

pl astic tube 72, having a dianmeter slightly |arger thah 4“ gest

di mensi on of the sensor 40, f 10 preferred. Many types of protective
devices 72 are pdssible, .such as aMire mesh cage, a small box for each
sensor mounted to the tank wall 68 salt chanber 16 and the.like. To

provi de congg g mbRliPpHELh A %, laANkhes ke uRb sQfavle 16 58{d €01 Ny agent
14, the sensors 40 are each to be held at a constant depth within the

bed. 15 Pr %\gple,b’gmtttaﬁgﬁﬁﬁw@zé% ﬁéﬁnﬁ&ﬂ&tﬁ%ﬁsﬁoﬁﬂﬂi@%%gg ect, such as

t he cabi net salt chanber 16 or the resin. tank as shown
in FIG 4. éﬁ&fﬂ?qr Qfﬁ%}ﬁr i TOSIENY i & ctive device
72 is held inp a(%’, an _%"ﬁ‘éj se{r?gorsﬁo are ‘he a%lpc ﬁgis ent positions
wi thin the geynfep 7RelEdkbdet bddot, b6Pevet maky 304 stQ:nBQHTsfgﬁgj 76 and a
bottomcap 77 20 are suitable to seal the tube 72, while all ow ng access

to the ttgbe%ﬁmhgsgr&rfmdmﬁgjtenance purposes, if desired. Both caps 76,
77 are preferably friction fit onto the plastic tube 72 with the

I st f ti | ' ' 5 0 ; 7S to hold
assi stance of opti orgly hRekA kaps G 072 Bk Blin i PoL 6 AnPTindll o ho

the in place in the t Ives are also sulrtable for fixing the

caps 76, 77ub0. LiEeaRl A kil Rfosd decudS piGns 2ty sLAG 8RN SgkNOWN i n the

art of affixing a cap%%o a tube, such as using O-rings 79. The preferred
top cap 76 nflaskPhdROR SRR the/mdt FRSS id RS thret B mb Qe SEpe MANY such

caps can be designed 5 to performt he sane functions. Both preferred
caps 76, 7773 bRsk, 5@EMd cHlidditR poffioR BHis sized Oty into one end of
10 the plastic tmube 72. The tibs 78 preferably are located on the second cylindrical

portion 81 and radially project outward to assure a good friction fit between

plastic tube 72 and the bottom ¢ap 77. A third cylindrical portion 82, generally

| the widest portion, remains on the outside of the plastic tube 72. When an O-

ting 79 is nsed to seal the tube 72, it is suitably placed around the first

15 cylindricel portion SO and rests against a ledge 85 that connects the first p&tion

with the second portion 81. Although a cylindrical shape is preferred, the

shape of the third portion 82 is variable depending on the method of attaching

the plastic tabe 72 to the water softener 12. Prefecably. the bottom cap 77 rests

oﬁ the ﬂo@r 70 of the softener 12 in an vptional tray (not shown). The bottom

20 cap 77 will most commonly rest in a depression (not shown) to prevent it from

sliding from ohe side to another.




three concentric, cylindrical cross-section portions 80, 21 and 82. A
first cylindrical portion 80 is the nost narrow, and fig ﬂﬁitﬂwﬁt into
the plastic tube 72. Next, a second cylindrical portion 81 is sized to
fit tightly into opne end.of 10 the plgastic tube '2. The ribs 78
preferably are | ocated on the second cylindrical portion 81 and radially
project outward to assure a good ric%

I gn it. between astjc tube 72 and
the -bottom cap 77. A hi%Fy &5 MEErEal: ﬁﬁrmfﬁi‘%g}g Efé’nﬂgééﬁ % the widest
portion, remains on fhe oxide of the plastic¢ tube 72. Wen an 0.- ring 79
is used to séﬁ’!@lﬁé’yﬁﬁfjﬁ‘ﬁa@ﬁ *‘8‘ i%H%FP%P’igﬁ%eﬂ%%ﬁ%@[‘ﬁ% first 15
cylindrical portion 80 and rests aqai,nst a | edge .85 that connects the
first porti omlastgtabe T2, cWhencle spiisesr i dhmapred Ap 2GR 33 BG1P/FR i cal shape
is preferred, the shape of the third portion 82 i riabl e dependi ng on
t he met hod of75&ﬁ%@ﬁﬂ'§°h°fﬂ’§°“§h§'§t¢@. uﬂ’gwaa@ﬁae@@ﬂ%tener 12.
Preferably, the bottomcap 77 rests on the floor 70 of the softener 12
in an opt i°bndIEE -l A SRR o1 583n theplssii Wit Hepdaad confispfer o st
commonly rest in-a depression (ho shog/vn) to prevent it from sliding
from one si d&<FRe RAGITFEP 795y A@‘-‘W'B&’P’E‘@%’ﬁ"fﬁe%ure 7, the
preferred top cap 76 is also _generally cylindrically shaped, A flange
,portion 86 MBR{® &pcis dinchas finewr ensSY e psloper lip 98 é@.ls%ﬂi t he softener

12 is nmounted in a_cabinet 35, the top cap_ 76 preferably attaches

t hrough the J2tR¥288Y et BedareQ of Srer Rbmerde 1ot Inpst hegbickpesy ofghg ock V. A
salt sensor gccess_hole 88 i t deck 36 is_sized and configured to
recei ve the S@%@M@%&“ﬁﬁ%‘-%f@aﬁ@ﬁ%ﬁ ?’e%‘f"ge"og? FifE€db surface of
the, deCklo rotational force on the finger grips 39, the deck 36 is wedged between the

flange 86 and the lower lip 90, holding the cap in place.
The wp cap 76 also features one ox more'openings 91 through
which wires . pass between the semsors 40 and the contoller 42.
Communication between these elements is most easily accomplished through
‘15 the use of conventional wiring 92 (best seen in FIG. 2), however, information
or instmcﬁops are optionally transferred by other means, such as an infia red
beam, fiber optics and other techmigues as will be apparent to those skilled in
the art. '
Referring again w FIGs. 2 and 3, the controller 42 initiates the
20 production of & szgnal from the emitter 38, receives and interprets the ourput

~ from the sensors 40, 2ud activates one or more of the indicstors 44. Most

modern water softeping systems include a microprocessor 94 in the electtonic




The top cap 76 also has lager grips 89 and a lower lip 90 that is spaced
downwardly toward the floor 70 of the cabinet 35 at Iegslf mﬁe @[Iy ckness
of the deck 36 fromthe flange 86. Wen the top cap 7 S Wg ed by
exerting a 10 rotational force on the finger grips 89, the deck 36 is
wedged between the flange 86 and the lower |ip 90, holding the cap in

pl ace. TheWPAH®&ED 76 al so features one or nore open’fqdﬁs“’g%"f hr ough
which wiles - pass between the sensors 40 and the controller 42.

Conmuni cati on between these el enentsPs nost easily acconplished through
15 the use of conventional wing 92 (best seen in FIG 2), however,

i nf or mati on vait cpmEpllen 1 i Smmee duties ofthe Bwih Fouirolleral$sinepdecgming obthser neans,
such as an nfra red beam fiber optics and other techniques as will be
apparent to tshitmingsind| regmeration fyslegy ardethe opénmg aghclpsingof-vaB8s a8 and 3, the
controller 42 initiates the 20 production of a signal fromthe emtter
38, recei ves apprapriatt eftpshenld Hehapprrotaed tthatrtbenmidreproemssoordd fifictions)d act i vat es
one or nore of the indicators 44 Mst nodern water softening systens

i ncl ude a m exapr thoesspetifiSdlyl desdribed éd ddd aphication, dre Qol a3fafSf\iis 02/ 084230
PCT/ U502/ 11207 19- unit controller 18. Some duties of the unit controller

18 i ncl ude t iiAveitnOindt € nosSBf BecttinfBed Mith the CsiftiolEr 4N fhyidreSeverNd t he
openi ng and cl osing of valves as appropriate. It should be appreciated

that the m chagh e£A&BAI bY4hd shiieldr Qdilar QiSRG NP &Cit BRRSHatel b | Y
described in this application, are not a part of this
the controller 42 be a physically separate unit from the unit controller 18 if the
functions described here are present and available to monitor the sensors 40
and indicate when a low-salt condition is present. Although the monitor 10 of
10 the present invention, as described, is most advantageously designed to be used
with such modern water treatment systems, the monitor and process of this
invention may also be used with Iess complex systems or retrofit into older
water softener umits 12.
To imtiate the signal from the emitter 38 when there is no liquid
15  in the salt chamber 16, the controller 42 is designed to generate the signal once
an appropriate time is reached during the regeneration cycle. A modern umit
controller 18 is programmed to initiate signal from the emitter 38 at any desired
time. In less sophisticated softening units 12, information as to the timing of
the regeneration cycle can be determined from, for example, the position of a
20 cam wheel (not shown) that opens and closes valves during regeneration.

Whatever control mechanism is nsed to control regeneration is tapped to

provide the controller 42 with timing information.




5 invention and are not to be confused with the controller 42 functions,
even when carried out by the sane or simlar equipnent. Nor is it
anticipated that the controller 42 be a physically Sdpddt @08nit from
the unit controller 18 if the functions described here are present and
avail able to nonftor the sensors 40 and indicate when a | owsalt
condi ti on WEoH®&3ent . Al though the nonitor 10 of 10 RHESHHIENENt

i nvention, as described, is nost advantageously designed to be used wth
such nodern water treatnent systens,-20ke nonitor and process of this

I nvention may al so be used with | ess conplex systens or retrofit into

ol der water softener Afio instiatifg aTsagnahifbmathe enditer I8¢ el diratioin didle em tter
38 when there is no liquid 15 in the salt chanber 16, the controller 42

i s designed teessgivnef diecsignileis pre@idbly Qddimined by dodfslient® Howevers reached
during the regeneration cycle. A nodemunit controller 18 is programed

toinitiate sﬂgﬁ?ie:ﬁngms&ﬁm@ﬁm&ﬂ&rom%sme&mmm&dﬂdm&kiwfd»rn | ess
SO

sophi sti cat ed tening units 12, information as to the timng of the

regenerationg '&ﬁﬁeﬁ%ﬁ&rﬂf&ﬂ‘ﬁﬂxﬁé&m for exanple, the position of a
20 cam wheel (not shown) that opens and cl oses val ves during

regeneratison. \What evey, g%gl NY2S Rch@ed S € &,?}K@' Legener ation
is tapped to provide teh controller 42 \;‘\n]ct heétjiam&r?‘glﬂi n orngttlhon. 0 4 CCT

2005 10 02 il e il 1058 bkl g gl ([ om
det erm ned b}ﬁO,t Qfow%cs% lsgﬂ’his%gatcmxﬁﬁlteﬁalysis. The circuit board 96 is
designed and built using any technique that is known to those skilled in such
aris.  Circuitry for this controller 42 includes simple arithmetic functions,
10 comparison of values and activation of one or more indicators 44 (FIGs. 1 and
9.

Preferably, the controller 42 also includes optional functions that
take advantage of modern electronmics. For example, the board 96 optionally
inclndes stored data as to approximately how mnch softening agent 14 is used

15  perregeneration. The board then calculates the expected bed level based on the
previous bed level and compares them. Extreme discrepancies between the |
calculated bed level and the measured bed level signal a problem in bed level
measurement, such as for formation of salt bridges, a malfunctioning or
inoperative sensor 40, loss of eduction or overfilling of the salt chamber 16.

20  Salt bridges are also discoverable if the sensor 40 outputs indicate that it is

clear of the softening agent bed, but the sensor above it is still covered by

softening agent 14.




in sinple units, a separate tinmer or other nmeans is suitable to produce
signal for a predetermned tine period, then turn it off. 5 The
preferred controller 42 includes a circuit board 96 thatge r ms

mat hemati cal cal cul ati ons as well as detects output fromthe sensors 40,
al l owi ng nore sophisticated output analysis. The circuit board 96 is

desi gned a¥Q*MBi2#% using any technique that is knowXcTESRARBYe skilled in
such arts. Circuitry for this controller 42 includes sinple arithmetic
functions, 10 conparison of values a@t-activation of one or nore
indicators 44 (FIGS. | and 9) Preferably, the controller 42 also includes
optional functions thdhen thakentadiend? dejermumes v ahion seflenart 2omyuires For
exanpl e, the board 96 optionally includes stored data as to

appr oxi mat el yttdngivn, Hwbvatesione b Mgredadicutord 44 foi vinsmifly the operatof. egHer at i on.
The board then cal cul ates the expected bed | evel based on the previous

bed | evel angdecquft"paiofiGally'®htn BlbwSitRerfltes 85eaD A CoRditibe §3VpREent RS
cal cul ated bed |l evel and the nmeasured bed | evel signal a problemin bed

level nmeasupQergiied tyURd critfcal @hsdr @R 1R conBbller i ARtERies Sat

mal functi oning or inoperative sensor 40, |oss of eduction or overfilling

of the sakt gRAPMGINg0ent 79isRplkteld! HAPUPtSTLr eQbrRGORAGE Bltbepe | T T he

sensor 40 outputs indicate that 1t is clear of the softening agent bed,

but _the sensgts haNealics 3 a8l St G el 38304 LBODE B8R4 O 4 OCT

2005 WO 02/ 0
warn of that condition. Referring to FIG. 9, any indicator 44 is suitable that

informs the operator of a condition requiring attention, such as a displayed
message, an indicator light 44 or series of lights 98, a warning sound and the

10 like. Preferably, if the indicator 44 is used for a plurality of warhing
conditions, some provision is made to distinguish between them.

When a circuit board 96 is used, the indicator 44 optionally takes
the form of a display device 100 such as an LCD to deliver additional
i:xfo:r;laﬁon compared 1o a simple on/off indicator 44. The display 100 could

15 show the bed level by calculating the bed level as determined by the sensor 40
output. For example, if the semsors 40 change from a signal-detecting
condition to a no-signal-detecting condition between 50% and 60% of the bed
depth, this information could be communicated to the operator by the display
100, providing a real-time indicator of the level of softening agent 14. If no

20 output at all is detected from a sensor 40, the display 100 could show a

message requesting that the particular sensor be checked for malfunction. The

display 100 is also useful for a number of other messages and indications that




When the controller 42 determ nes that the softener 12 requires
attention, it activates one or nore indicators 44 for warning the
operator. This occurs periodically when a | ow softeniﬂ}é a6€n20054
condition is present as determ nedyby the critical sensor 66 or when the
controller 42 calculates that 5 the softening agent 14 is depleted. If
the optional reference sensor 64 is present and is not activated by the
si gnal fr om+ili&e ebrious ¢ the® skiflerhin thorary Frafarbly e disslay|18is lggated of t hat
condition.  Referring to FIG 9, any indicator 44 is suitable that

i nforns the onphe attside of the cahinet| 5. sorthatdbyisi visilg tnthe @peteton witbeth as a

di spl ayed nessage, an indicator light 44 or series of lights 98, a

war ni ng sourheviagith dpemthe Gk ictver S4r & destablsllgcation for the displdy ¢dtisen44 i s used
for a plurality of warning conditions, sonme provision is nmade to

di sti ngui sh obedtante gottivbvalve\liid on the taprof thetsoftesar 2. 96 i s used, the indicator
44 optionally takes the formof a display device 100 such as an LCD to
del i ver atditional Thef dsplayt 100tk tvafoen «f oy typiengs] disptay/ &fdce i ndi cat or  44.
The display 100 could is show the bed | evel by cal culating the bed | evel
as det er m ndmovay int the ass.c Aswefentl displaypif0 is #Fenricesiilight expitiidg divdes sensors 40
change froma signal-detecting condition to a no-signal-detecting

condi ti on bel¥Res te(ithad c604botsed todndients thelsiittlével. tSeksad arfagofiat | on coul d
be conmuni cated to the operator by the display 100, providing a.

real -time i AdD¢u%eptofallyihes 4 eelelor piferst Merks ny aybnatiodelor diddeno 20 out put
at all is detected froma sensor 40, the display 100 could show a
message r eq kst arieactivaied can iggapirelited todhe araaIl sybindhrowik sbratksr nal f unct i on.

~The display 100 is also useful for a nunber of other nessages and
i ndi cati ¥hs 16hThe wumberyfLERS 8 is not important, as the controller 42 is capable o

performing the arithmetic calculation to translate the information when the *
member of LEDs does not match the numbey of :;ensom 40. Agother suitable
display 100 includes a digital display, capable of showing multiple error codes
or messages to distinguish betwesn a plurality of conditions for which

15 intervention by the user is desirable.

Now refemng to FIGs. 1, 5, and 8, the coniroller 42 receives the
output from the semsors 40 by any mesns kmown in the art. Preferably,
suformation is transferred by an slongated member 104 having a bar-like shape,
that fits inside the plastic tube 72, into which the sensors 40 are plugged. This

20  amrangement has many advantages, The wiring 92 and sensors 40 are protected
fmm the wanér and saft in the salt chamber 16. The elongated member 104 is

preferably a sensor circuit board that allows sensors to plug directly into the

circuit




0 -22 will be obvious to those skilled in the art. Preferably, the
display 100 is located on the outside of the cabi netﬂ&S,UCs]’oZ@Mat it is
visible to the operator without having to open the tank cover 54. A
suitable | ocation for the display 100 is on or near the control valve
102 on the top aof the softener 12. The display 100 takes the form of any
type of di%pr#2¥evice known in the at A preferredPEFEIFE00 is a
series of light em.tting diodes (LED) as the lights 98 could be used to
indicate the salt level. Such an art@~of LED s 98 optionally has a
scale or reference marks so that the diode or diodes that are activated
can be easy caltralierdosrd 96hparteutantyt widre 8w lstnsors 40hare smited withinethe 10 16. The
nunber of LEDs 98 is not inportant, as the controller 42 is capable of p
arm ng the apladtibntei72. Mdhnyudtsdr ivaays e dvaidadle] 1atcominduaicate fley sugghit @0 When the
nunber of LEDs does not match the nunber 9f sensors 40. Another suitable
di spl ay 100 ihecods@Her 42, ticiding butha tirdted tcapmbl it dswowe dsberma| ti pl e error
codes or nessages to distinguish between a plurality of conditions for
which 15 i nbeamitpnb itffardiysignataloiftthe Jefigth @6 the dbeCandiavr tcthfifies BY t0 Fl Gs.
1, 5 and 8, the controller 42 receives the output fromthe sensors 40

by any neanswiine\Wpdréht td Mok skiledmShekabl y, . information is transferred
by an el ongated nenber 104 having a bar-li ke shape, that fits inside the

plastic tribe 72, in%ﬁmtﬁ&ga%éaaﬁmﬁe%&mﬁian%ﬁo&mﬁt 20

arrangenment has many advantages. The Wiring 92 and sensors 40 are

protected 1&gkt inehodil e alighh hbSonghda ARAEPT6 Hpar e €l ONgal ed

menber 104 is~ preferably a se oar hat all ows sensors to
plug direct! gyl &d'f a consistent position to receive the signal from the emitter 38.

The slot 108 also holds the elongated member 104, and thus the sensors 40, at i
10  consistent depth in the bed.
There is space on the elongated member 104 between the sensors
40 to hold optional electronic components, such as diodes 110 (showr in FIG.
3), that may be part of the controller 42 circuit. As shown, diodes 110 between
each of the sensors 40 allows current flow in only one direction. By measuring
15 the current of voltage between electrical leads 112 at each sensor 40, current
flow in a single direction enables the controller 42 to determine the output of
each individual semsor, and | therefore determining the two sensors that are
immediately above and below the top of the salt bed.
Preferably, a sensor assembly 114 comprising the plastic tube 72,
20 the elongated member 104 upon which the sensors 40, diodes 110 and other

components are mounted, the top cap 76 and the bottom cap 77 are

manufactured as a sealed unit. Sealing of the caps 76, 77 to the tube 72 assures




circuit 0 4 OCT 2005 WD 0210&1230 PCT/ US02/ 11207 -23- controller board
96, particularly where the sensors 40 are nounted within the plastic
tube 72. Many ot her ways are available to comrunicate th ﬁ)u&)@btzggp t he
controller 42, including but not ligyted to running wires down the tube
72, beaming an infrared signal along the length of the tube, and other
techniques as 5 will be apparent to those skilled in the art. Friction
fitting of ttheindsdygditeeirstrorbbe}141904d minimizey ke ppwsibdituthasbehichlyr gui des 108
in the bottomcap 77 aligns the el ongated nmenber 104 so that the sensors
40 are in a wongyeshringsolpi willdakinme fe FEISFEYS e JYIeph meforgbbiribiehe enmitter
38. The slot 108 al so holds the el ongated nenber 104, and thus the
sensors 40, Quings 7918alresisifdiecaaps Ue g% ko thetubp cAdgsivesThast be used igpace on t he
el ongat ed nmenber 104 between the sensors 40 to hold optional electronic
conponent s, midition tethel Ogihas 79 B0xes braling davics| Sealingproterth thie semyprsbe part of
the controller 42 circuit. As shown, diodes 110 between each of the
sensors 49 a0 foms deoaze dne tof hogresencaoef] the enmeside bnst32ppr coByrimgedsuri ng 15 t he
current of voltage between electrical |eads 112 at each sensor 40,
current | e pemsax withrglt deptisitse CIf idesreseemblyt besomescinepsrableotbe gnting2 t o

determ ne the output of each individual sensor, and therefore

det er m ni ng s#rEbinid4 sonsforbly rimtvediren teratnkt 33 sidpeplised.e and bel ow the top

of the-salt bed. )
. Use of the plastic tabe 72 as the protective device may optionally

provide maintenance access to the sensors 40 even when those sensors are

10 located below the level of the softening agent If, for example, a seusor 40

malfunctions, is discopnected, needs to be reset or otherwise becomes

inoperative, it cau be withdrawn from the chamber 16 through the protective

tabe 72, instead of being required to empty the entire bed of softening agent 14

' to access the bad SeRSOT. Howave;r when the caps 76, 79 are removed, there is

15  potential for the seals, such 2s O-zings 79, to be damaged, incorrectly installed,

or not installed at all. If this oceurs leakage of brne into the wbe 72 could
dammage any of the slectrical componenm

- Again refering to FIG. 2, iiming of when the monitor 10 takes

réadings of the bed level is also important. Céxtain signals, such as light or

20 sound, are reflected or altered as they pass throngh water. Throughout the

softening cycle, during & portion of the fime water is present in the salt

chamber 16, penmitting a saturated solution 31 to form as the softening agent




Preferably, a sensor assenbly 1 14 conprising the plastic tube 72, 20

t he el ongat ed nenber 104 upon which the sensors 40, diodes 110 and ot her
conponents are nmounted, the top cap 76 and the bottomcap 77 are

manuf actured as a sealed unit. Sealing of the caps 76, % 7£Eg g tube 72
assures 0 4 OCT 2005 -24 the |ntegr? y of the assenbly 11 I ni m zes
the possibility that the hi ghl y rosive brine solution will leak into
the protective tube. Most preferably, the Qrings 79 seal each of.the
caps 76, 79 Iids édpeseiudeseAdhisi thekrinenalptide3 Liss tesnpungedidtd an to t he
O-rings 79 or other sealing device. Sealing protects the sensors 5 40
from danage rghiptabio 22 Re rieaasivnswatts & Rbseatoftom siewselt bhdmber BRpatidr covering of
the sensor with salt deposits. If the assenbly becones inoperable, the

entire assepdhy skp Wheh the Rin@fiekalidwitiewee AOgtnally  deentialtionef 35 and
repl aced. Use of the plastic tube 72 as the protective device my

optional 'y s edilde! RisHREaNE Rl eSndraiochNeheaaRgOisuoMarier t when t hose
sensors are 10 |ocated below the | evel of the softening agent. If, for

exanpl e, | kAl chahtheT BB ittafegd Shlpte sigha d Thewwadellek o2 Barefaaay or ot herw se
becones inoperative, it can be withdrawn fromthe chanber 16 through the

protective prapRendable toh&iesiatheobeddRivgl Qonlye G the fpioprigteping: sheentire bed of
softening agent 14 to access the bad sensor. However, when the caps 76,

79 are rendyednerkdtalcgclt sadkbthpbwns4 Blin flade, 1300 8BFhSan fppprias O rings 79,

to be damaged, incorrectly installed, or nest installed at all. If this
occurs Ieakagﬁmgéﬁbmhnﬁ&aa&ﬂmhhe:huh&m?Z coul d danage any of the

el ectrical conponents.

During use, the confroller mmat&s the bed level check at tme

10 when there is no liquid in the salt chamber 16 by requesting the emitter 38 to

produce a signal. The emitter 38 then generates the signal for a sufficient

period of time for the signal to be received by each of the sensors 40. Ope
method of issuing a request is by supplying power to the emitter 38.

‘While the signal is being emitted, the sensors 40 receive it. All

15  sensors 40 should receive the signal unchanged unless they are covered by the

bed of softening agent 14. If those of the sensors 40 that are below the surface

of the bed receive the signal, the signal is changed in some was, as by a change

in frequency or intensity. Where photwocells 40 are used, the intensity of the

tight is so reduced that the photocells remain in a state of high resistance. Kz

20  reference semsor 64 is present and fails to receive the signal, the controller

preferably activates an error light or soumd to wam the operator that some

portion of the monitor 10 is not fenctioning propexly.




Again referring to FIG 2, timng of when the nonitor 10 takes rigs of
the bed level is also inportant Certain signals, such gs |light or 20
sound, are reflected or altered as they pass through krQ 2085.ghout
the softening cycle, during a portion of the tinme water is present in the
salt chanber 16, ‘permitting a saturated solution 31 to formas the
sof t eni ng é’&é?ﬁ“*@gﬁ OCT 2005 25 14 is exposed to wat EEFUMRHAEPT t he bri ne
solution 31 has been punped into the resin tank 22 for regeneration,
water is absent fromthe salt chanber26l6 until the |last step when the
tank is refilled with water. Optimally, determ nation of the bed |evel
t akes place during reduput fgmnbe sénsars 40 atecavalniited by tie contrallet d2 to n 5 t he
salt chanber 16 to interfere with the signal. The controller 42 is

preferably pasogtaiiwinditice oot thee ade rédeddpahk $ignok land WhithatthdtBignalppr opri at e
time in the regeneration cycle and if the cover 54 is in place, and to

di splay an appédféd B the preh@g6l the V@b seftenidzementCr4. t &f e @seonot nNet.
During use, the controller initiates the bed | evel check at tine 10 when

there is no |iQicelsi 40, thl Gordlibr £NackRes dithePihe VERUEE D i fqhe tter 38 to
produce a signal. The emtter 38 then generates the signal for a

sufficients perhivth inB e rOdistiref of the PRotodeR. P evahfafihy BE sbbop) t Of the

sensors 40. One nethod of issuing a request is by supplying power to the
emtter 38. \ert]ﬂf [ |42 ddtmbfel R e e E45 RN receive
it. All 15 se g%?%ﬁﬁlgﬁﬂc}%lg recel vg%e sif gnal unc%a%ge %rﬁbgss t hey
are covered h %eoftPeeﬁcggJétfeogoh%gggeﬁg?fané'érmc“sc&sggsa?c 9&0&% sensors 40

that are bel ow'the sur
surface. If the critical sensor 66 indicates that it is exposed to the signal, or by

calculation the controller 42 determines that there is insufficient softening

10 agent 14 to complete the next regeneration, the controller activates an indicator

44 that warns the operator of 2 low softening agent 14 condition. Where the

softener 12 continuously displays the bed depth, the controller 42 sends an
appropriate message to the indicator 44.

Although the salt level monitor 10 of the present invention has

15 been shown and described as an array of sensors 40 that respond to a single

emitter 38, those skilled in the art will also recognize that a similar result is

 obtainable using a single sensor 40 and an array of emitters 38. An array of

_lights, for example, could be Iit in sequence along the length of the array and

the output of the photocell 40 evaluated between energizing of one light and

20  activation of the next light in the sequence. Although the preferred monitor 10

is described as part of a modern electronically controlled softener 12, a basic

version of the monitor is adaptable for retrofit mto older model softeners.




of the bed receive the signal, the signal is changed in sone was, as by a
charge in frequency or intensity. \Were photocells 40 are used, the
intensity of the light is so reduced that the phOtOC(ﬁut .le%&n in a
state of high resistance. - If a 20 reference sensor Qi-f and fads
to receive the s%‘%nal, the controller preferably activates an error

l'i ght or séth warn the operator that some porti BF/SPYYHE nonitor 10
is not functioning properly. 0 4 OCT 2005 WO 021084230 PCT/ US02/ 11207
-26 Qutput fromthe sensors 40 are evdluated by the controller 42 to
ascertain whether or not they are receiving the signal, and whether thar
signal is no¥hie apartigplar embpdigeathefcthe presint uhentionf hag dietrestiony amdent 14. | n
the case of photocells 40, the controller 42 neasures either the voltage
or: anper age alescribel, & wiillr teudppreciated diyethosersiilletian thesars than clengds dntie

photocell. In evaluating the sensor 40 outputs, the controller 42

det er m nes Whoilificadions iy de htade shedefo withaio departingdrons thefimeaticafintise bed of

t he softening agent 14 and whi ch sensors are below the surface. If the
critical sengggad@@spets mibdsast foliin thé follswighesd to the signal, or by
calculation the controller 42 determnes that there is insufficient
softeni ng 510 agent 14 to conplete the next regeneration, the controller
activates an indicator 44 that warns the operator of a | ow softening
agent 14 condition- Wiere the softener 12 continuously displays the bed
depth, the controller 42 sends an appropriate nessage to the indicator
44.




Al t hough the salt |evel nonitor 10 of the present invention has 15 been
shown and descri bed as an array of sensors 40 that resgénd to a single

emitter 38, those skilled in the art will also recogni Zet 86T 2gp5i m | ar
result is obtainable using a single sensor 40 and an array of emtters
38. An array of lights, for exanpl e,2scould be |it in sequence along the

| ength of the array and the output of the photocell 40 eval uated between
energi zing of one light and 20 activation of the next light in the
sequence Whak tshobaigled ishe preferred nmonitor 10 is described as part of a
nodern el ectronically controlled softener 12, a basic version of the

nmoni tor is adaptabl.e foAnraaton@itictménitcd (00)fr wwodela sakt@epwith DsalidCT
2005 WO 02/ 084230 PCTI US02111207 -27- Wiile a particul ar enbodi nent of

the presqiterd RUBM doPRningaghiv ey Shogiispd described, it will be
appreci ated by those ski I%ed in thée art that changes and nodifications

ey e T Lher oL SRS TR BHER G5, Do
L5 0L 0 L L AT G Rk e g bt 11 2

the minimum depth of the softening agent (14) to the maximum depth of the softening

agent (14), each of said sensors (40) producing an output in response to said signal that

varies depending on whether or not said signal is blocked by the solid softening agent

(14);

a controller (42) configured for issuing said request, receiving and
interpreting said output and determining a low softening agent (14) condition based on
said output when the softening agent (14) is deplefed to a predetermined amount; and

an indicator (44) configured for warning when said low softening agent

(14) condition is present.

2. The monitor (10) of claim 1, wherein said softening agent (14) is

salt.

3. The monitor {10) of claim 1, wherein said sensors (40) are linearly

spaced vertically in the tank (16).

4, The monitor (10) of claim 1, wherein said sensors (40) are

photocells and said emitter (38) is a light.



a signal emtter (38) that produces a signal in response to a request; an
array of signal-detecting sensors (40) displaced in thestank_(16) from
the m ni num depth of the softening agent (14) to the naaﬁnbﬁid h of the
softening agent (14), each of said sensors (40) producing an output in
response to said signal that varies2depending on whether or not said
signal is blocked by the solid softening agent (14); a controller (42)
configured for issuing said request, receiving and interpreting said

out put and determning a | ow softening agent (14) condition based on

sai d out put when the softening agent (14) is depleted to a predeterm ned
amount; and an i ndi.cat dfhe(#dnitoeroflD) ofirchdmf 4r whereini suid \phetocdli h0) ave
softening agent (14) condition is present. 2. The nonitor (10) of claim

1, wher eebursd it @oélb%’m@ dira@e Bbard 1(4h4) Whithl & - elebtronfdllyRbAreRfed (16 Oaidof
claim1l1, wherein said sensors (40) are linearly spaced vertically in the

t ank (16(%ontr611 ‘E ~monitor (10) of claim1, wherein said sensors (40) are
phot ocel | s an‘gs id emtter (38) is alight. 0 4 OCT 2005 -29 5. The
nonitor (10) of claim4, wherein said photocells (40) are secured to an
el ongate circuit board (104) which is electronically connected to said

controller (42). 6 AN AULQIALLE 1IONL! Oloy 0Nl & 238 (T Ak MWD W 11

soluble softening agent (14), comprising:

a signal emitter (38) that produces a signal in response to a request;

an array of signal-detecting sensors (40) displaced in the tank (16) from
the minimum depth of the softening agent (14) to the maximum depth of the softening
agent (14), each of said sensors producing an output in response to said signal that varies
depending on whether or not said sensor is covered by the solid softening agent (14);

a protective device (72) that houses said sensors (40);

a controller (42) configured for issuing said request, receiving and
interpreting said output and determining a low softening agent (14) condition based on
said output when the level of the softening agent (14) is depleted to a predetermined
level; and

an indicator (100) configured for warning when said low softening agent

(14) condition is present,

7. The monitor (10) of claim 6, wherein said protective device is a

transparent tube (72).



sol ubl e softening agent (14), conprising: a signal emtter (38) that
produces a signal in response to a request; an array of signal-detecting

sensors i splaced in the tan rom the mninu t he
(40) di spl di h k (16) f he m ni rﬂpmh ﬁﬁ h
softening agent (14) to the maxi num depth of the softening e@ Ei14),

each of said sensors producing an outjut in response to said signal that
varies depending on whether or not said sensor is covered by the solid
softening agent (14); a protective device (72) that houses said sensors
(40); a controll er8(42)Thombhijerr @6) pHelaing Suifurthes ictdingyateleast artopeipi ng
and interpreting said output and determi ning a | ow softening agent (14)
condi ti o7 asédd bottomzap 77 dopericlosingrsakiitebd @2phndodectuing sedet iampagtiagdnt
(14) is depleted to a predetermned " level; and an indicator (100)

confi gur gésifié inwhe Aankgiephen sai d | ow softening agent (14) condition is
present. 7. The nonitor (10) of claim®6, wherein said protective device
is a transparent tube (72). 0 4 OCT 2005 -30 8. The nonitor (10) of claim
6, further including at least a top cap (76) and a bottomcap (77) for

encl osing said tubg (72 C LA %gesi ratj onal it | in
the tank (16). 9. The n%}hﬁap‘g’%‘ﬁ‘?ﬁ@)(ﬁ%? i m‘gl,‘e?\%ﬁesr%edu ﬁ&’s%"‘updp’t%gp‘?yéh%g (76)
further corrEr.i ses: a lock (87) that engages a nounting surface when said

top cap (9ByI5
a lock (87) that engages a mounting surface when said top cap {76) is

positioned in an opening in a mounting surface (36) and rotated.

10.  The monitor (10) of claim 1, wherein said indicator includes a

display (100) for communicating a real-time indication of the softening agent (14) level.

11.  The monitor (10) of claim 1, wherein said controller (42) is

configured to determine a no-output condition.

12.  The monitor (10) of claim 1, wherein said controller (42) sends a

signal only when no brine (31) is present in said tank (16).

13. A water softener (12) comprising:

a main tank (22) housing an ion exchange resin (28);

a salt chamber (16) housing a solid, water-soluble softening agent (14) that
forms a brine solution (31) when said softening agent (14) is dissolved in water, said

resin (28) being regenerated by said brine (31) at periodic intervals;



positioned in an opening in a nounting surface (36) and rotated. 10. The
nmonitor (10) of claim1, wherein said indicator includes a display (100)
for comunicating a real-tine indication of the softeninf et 2@4)

| evel . 11. The nmonitor (10) of claim11l, wherein said controller 2) is
configured to determ ne a no-output geodition. 12. The nonitor (10) of
claim1, wherein said controller (42) sends a signal only when no brine
(31) is present in said tank (16). 13. A water softener (12) conprising:
a main tank (22) haosignahgmitter (38) tlex plodogs as@malnn (&Ppnseao aatquesthanber (16)
housi ng a solid, water-soluble softening agent (14) that forns a brine
sol ution (31) whennSaisl 60k Ldbﬁ:cﬁﬂ@@énsﬁﬂs‘l?405 sofifigaed edrdcBivitiat id sai d
resin (28) being regenerated by said brine (31) at periodic intervals; 0O

4 CCT 20 ; hely) ] ; b ' onse
toar eq%l s?’%aglﬁsegr r agtlog)fgéﬂsllé gﬁgﬁaéﬁeg%?%é%%ggﬁh%M) glgdr%g ? gﬂlrrheeig@f or
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whet her or not said, signal is blocked by said solid softening agent (14);
a cont r oWhetherox ppt saig signad i blocked by s¢id selidssofienipg agept fland i nterpreting
said output and determ ning a | ow softening agent (14) condition based
on sai d out put whencordmildr 642) tfemissigng spidh request) receivigpingdt iptérpreting said
predet erm ned anount; and

output and determining a low softening agent (14) condition based on said output when

said softening agent (14) is depleted to a predetermined amount; and
an indicator (44) warning when said low softening agent (14) condition is

present.

14.  The water softener (12) of claim 13, wherein said emitter (38)

produces a signal only when said brine solution (31) is absent from said brine tank (16).

15.  The water softener (12) of claim 13, wherein said emitter (38) is a

light.

16.  The water softener (12) of claim 13, further comprising a plastic

tube (72).



an indicator (44) warning when said | ow softening agent (14) condition is
present. 14. The water softener (12) of claim 13, wherein said emtter
(38) produces a signal only when said brine solution (30) IG{::J)HQ nt from
said brine tank (16). 15. The water softener (12) of claim13, erein
said emtter (38) is a light. 16. Th&2water softener (12) of claim13,
further conprising a plastic tube (72). 0 4 OCT 2005 -32 17. The water
softener (12) of claim 16, wherein said array of signal- detecting
sensors (40) is sebled Thet water softenerl 2sefi daimybs Whepoin spid actay ¢f pigaalt i ¢
tube (72) is renovably nmounted to said salt chanber (16). 18. A process
f or noni deedting stiwers (@0k1s sedled wathirnt said plgstagebe (72} 40d said plastatube (BX)fi¢ ener
(12), conprising: a controller. (42) requesting an emtter (3 8) to send a
signal ; fmicdalifinidufited (S8gid satn¢han®et (16).Si gnal to an array of sensors (40)
di splaced in a bed of softening agent (14) solids fromthe m ni mum depth
of the softening agent (14) to the maxi num depth of the softeni ng agent
(14), each of said sensors (40) varying an output in response to said

signal that var el T 4l sl onglndmeBhe R EARRESIACIBORY (19

sol i ds; said_contro'ler ) recerving Interpreting®s s and
determ mwgt%réoffte%erlﬁﬁ\f,gc())nfnlgr?s%gr?g agent (14) condition is present; and

a controller (42) requesting an emitter (38) to send a signal;

said emitter (38) sending the signal to an array of sensors (40) displaced in
a bed of softening agent (14) solids from the minimum depth of the softening agent (14)
to the maximum depth of the softening agent (14),

each of said sensors (40) varying an output in response to said signal that
varies if the signal is blocked by the softening agent (14) solids;

said controller (42) receiving and interpreting said outputs and
determining if a low softening agent (14) condition is present; and

said controller (42) indicating when the low softening agent (14) condition

is present.

19.  The process of claim 18, wherein said indicating step comprises

activating at least one light emitting diode (38).

20.  The process of claim 18, wherein said controller (42) interprets

changes in circuit voltage due to varying resistance from a photocell (40).



said controller (42) indicating when the | ow softening agent (14)
condition is present. 19. The process of claim 18, wherein said

i ndi cating step conprises activating at | east one |ight qumoﬁql ﬁhﬁdl ode
(38). 20. The process of claim 18, wherein said control 2?
interprets changes in circuit voltaggszdue to varying resistance froma
photocell (40). 0 4 OCT 2005 -33 21. The process of claim 18, wherein
sai d requesting step conprises supplying power to said emtter (38). 22.
The process of cl @im 18 hevprecess of shaim 18/rivhéreingsaid eqgqueningrstepeSomprises
illumnating a light (38). 23. The process of claim22, further

conpri si §pREPREr B 2 dthi 38f. a water-sol uble softening agent (14)
froma brine tank to a resin tank; and refilling the brine tank with
wat er, wherein said sending step occurs after said punping step and
before said refilling step.

22,  The process of claim 18, wherein said emitting step comprises

illuminating a light (38).

23.  The process of claim 22, further comprising pumping a solution of
a water-soluble softening agent (14) from a brine tank to a resin tank; and
refilling the brine tank with water, wherein said sending step occurs after

said pumping step and before said refilling step.



