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15 (given up their site to the more highly charged ions), the softener needs to have
this naturally preferred process reversed. This process, conventionally referred
to as regeneration, is accomplished by overcoming the naturally favored
exchange by using a large excess of sodium ions in the form of a brine solution
to drive the reaction the other way. As a constant flow of excess sodium ions

20 moves through the ion exchange resin bed, the hardness elements are pushed
off as waste along with the excess sodiuiﬁ. ‘Finally, as the resin is rinsed, the
resin exchange sites each hold one sodium ion. The equipment is then returned
to service for the reduction of more hardness ions.

U.S. Patent No. 5,699,272, incorporated by reference herein,

25 discloses a system for electronically measuring the conductivity of an ion



includes the ability of determ ning when the brine is
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20 for indicating valid water softener regeneration, which features the
incorporation of a measured time interval for the receipt of solution-induced
signals. If the system fails to receive the solution-induced signals during a
preset time period, then an alarm signal is generated for indicating that a valid
regeneration did not occur. On the contrary, if the signals are properly received

25  during the regeneration within the preset time period, a signal is generated to
advance the treatment system to the next step. In addition, no alarm signal is
generated, resulting in the lack of illumination of an alarm indicator, and/or the
illumination of a “valid regeneration” indicator or the like.

More specifically, the present invention provides a water

30 softening method in which a determination is made whether a wvalid



providing a reference cell in a water tank and a
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second state and a third state, subsequently determining whether a maximum
20  rinse time has been reached, if so, was an upper preset time limit reached, and
if so triggering an alarm signal for alerting the user that-a valid regeneration has

not occurred.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an elevational view of a water softening system of the
25  type suitable for use with the preslent invention, with portions shown cut away
for clarity;
FIG. 2; is a circuit and block diagram of a control circuit for the

water softening system of FIG. 1; and



self adjusting slow rinse subroutine of the present
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time in a service cycle, in which feed water flows through the resin bed 14 and

20  issoftened. Softened water is emitted out the line 24. At a preset time interval,

set by the user based on consumption rates, hardness of feed water, and other

factors known to those skilled in the art, the resin bed 14 must be regenerated

to replace the hardness ions collected on the resin beads with sodium ions.

First, a backwash step is conducted, in which feed water enters the tank 12 in

25 reverse direction to ﬂush out large particles and to loosen the resin bed 14 so
that it is not overly compacted.

The next step is brine/draw and brine/rinse. This step has two

functions. The first is to introduce brine into the treatment tank 12 from the

brine tank 28 via the conduit 26. Brine is drawn into the treatment tank 12 for



brine tank 28 via the conduit 26. Brine is drawn into
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spaced sensing cell Rs, both of which are carried by a probe 44 (FIG.1) are

25  connected via lines 46, 48 and to pins 1, 2 and 3 of a plug 50. Pin 4 is
connected to the microprocessor 34 via a line 52 with a resistor 54 present to
prevent the microprocessor 34 from any latchup condition. A resistor 56 and
capacitor 58 operate as an indicator to indicate to microprocessor 34 that the

probe 44 is present (i.e., it has been plugged in) and this provides the
30  appropriate signal to the microprocessor. When the probe 44 is not plugged in



capacitor 58 operate as an indicator to indicate to
m croprocessor 34 that the probe 44 is present (i.e
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A diode 74 and a resistor 76 are connected in series to a point 78
between the output of the comparator 70 and the anode of the diode 72. The
phase relationship at a point 80 is critical to the phase relationship of the AC
signal at the points 60 and 62.

25 The output of the diode 72 is coupled through a resistor 82 to an
NPN transistor 84. The transistor 84 operates to turn the DC voltage at the
output of the diode 72 into a zero to 5 DC volt signal for the microprocessor
34. Also, a keypad 86 is provided to the control unit 32 for permitting user
input of time and calendar data as is known in the art. In addition, a display 88

30 is provided, such as but not restricted to an LCD display, which is connected to



NPN transi stor 84. The transistor 84 operates to turn

the DC voltage at the output of the diode 72 into a
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control valve is at brine draw/slow rinse, a maximum slow rinse timer is loaded

in the microprocessor 36. This timer can be loaded with, for example, 99

minutes (a longer time than the entire cycle should take) so that if the

maximum slow rinse timer times out and this upper time limit of 99 minutes is

25 reached, the system triggers an alarm mode, indicating that there is an
aberration.

A state timer is loaded (90) and started (92). A determination is

made whether the probe 44 is in state 1 (94). If the probe 44 is not in state 1,

the state timer is reloaded (90) and it continues to be reloaded until a

30 determination is made that the probe is in state 1. Once the determination is
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take gdhearf DED 6f tide Mispld! orSd1gRalers BebbARgaIIhRABA% ONdual color
the display 88, an L on the display or el sewhere

bt on-BY gding fromaenedcoler iduthe next| (greeh EDregh)i mgotistartiyovieible LED
color,_to the.next, (gree o.red), a constantly visible,
Cep b T AL AEOal e o Rl kRl guivalen
| Nt er 4Thinh &dnhlsO ﬁn@ﬂ&ih%adoﬁfﬂinaﬁ\ioﬁﬁ nafsthe NdoSe. | TH H@é%%gin of the
conbi nations of the above. The triggering of the @ ar%

at 10”ameaht00 meansghatal vadidrregameeatianidichnoli abeno and theat the effluent
and that the effluent water may no.longer be in )
compl 1835 G B, B Sy S787g dPotfigs. The eyele i
di scaditdontiadedbt 102bQaGauSerd Bl frobkn? P GRIRMR likdit %h€not 99,
time limt was not 99, the alarmsignal is not

t ri gfbie elrmpisnahis noy siggeres W ithd cyglesis shill idisgentirgued £ 03).

I f the upper ti Limt.(in thi.s exanpl m _nut
has not been r gg@ﬁé‘&? elatlréggig}lﬂ{lﬂél?lf ggyrpgleﬁ?édglrwﬁeésﬁé@ not been
the sieadtRd h Mefermantibh BHhads whedRfihe dtBtelthBer has timed out (104).
illustrative enbodi nent (although no limtation is

i nt enl@ely, illnweatiye spebodiment @Bhoughane limitagipn e iftended), the state

T [RGEnoRal oG PR PR SEaShRG R i

st at esizket the®rdbk06)n state 1, the state timer is loaded for the state 2 time (106)
(FIG. 3b) and the state timer is started (108). A determination is made if the
probe 44 is in state 2 (110). So long as the probe 44 is not in state 2, the state
timer is reloaded (112) until the probe is in state 2.

25 Once the probe 44 is in state 2, a determination is made whether
the maximum slow rinse timer has timed out (114) and if it has timed out and
the upper time limit has been reached (116). Next, it is determined whether the
time limit was 99 minutes (118). If the time limit was 99 minutes, an alarm
code is triggered (120). In the preferred embodiment, the alarm signal 120 is

30  the same as the alarm signal 100; however distinct alarm signals for each step



(FIG 3b) and the state tinmer is started (108). A
determnation is made if the probe 44 is in state 2

W@ 10807580 | ong as the probe 44 is not in statRCRUS100€021145
state tiner is reloaded (112) until the probe is in
state 2. Once the probe 44 is itPstate 2, a
determ nation is nade whether the maxi num sl ow rinse
t i mer atgagontenmpatedut THeldyble indis¢dntintiedh§522)) ivglibating thatcthere is a
the u ti limt . .has been ached 16) .. Next, 1t .
o qoPRBlahedt WRdhe AR Fled] FRATCTJEE Sl otbdiscontinued,
(118) put! {vithbet HeMRlakh 123 yaSWaAe B Yirsnt ¥hiRldah&tCat
is triggered (120). | nn( t hgapr.ef err eggrentl}oa%lﬁhrrent , the loys 99
al ar mngiugerads anpdaing trigger peint itais to he undastovd ilgi athet Gfes may be
however, di stinct..al arm signals for each stepare
co Fe%‘?cg?cg(ﬁi.ep@fwglgs% : aipgﬂﬁt]gf}'onti nued (122),
i ndi cating thatf ffeefishet $inde RAARMot Heelflj beychbd® hétg?rﬁination is

was not 99 m nutes, the cycle is sti I scont’i nued,

but wineHe whethige thel siatmtinlez 3ips tiwged| cat ((h24)prié gendtate timer has timed

nbodi t . .99 m nut I ' r ) .
oot ncouife sGRPHEKR i oAl W o FuB ol S 1A Fhhopiiustrative
sel ec:aBodifRRENHE NrtON AR RPREFEAI) Wout five NEINRRSIthough no

has not been reached, a determ nation is

time limt
mhtle liméetien istiniendedat e timer has timed out (124). |f

the state timer, has tined out the state timer. |

| oaded wi th thi‘e??rﬁégf“&ﬁ’v g §°=( %ﬁeﬁt:teltﬂﬁl%@ foaded (126) and
1T uséthddd V285 ahe Al dBednindtin i§had@ i2 td PRbé $s in state 3 (130). So
preferably about five mnutes although no limtation

i s i nlosadedhe Reberis halinndaie 3o thel Cate 3unertineelsadude( 182 reOnce the

is loaded. (.12 nd.started (.128). a a determnation.
o oo i g b S Bt i s B PGy GGG sl timer has
the phigbe ous énm) dnfl i$1s8 B i3 defeBinSH alIR:thdrM®BE upPer time limit was
rel oaded (132). Once the probe is in state 3, a

det erigpeledi dAS) endrerchethet tﬁfh dimeabtingtuwas PBuninutes {Berr While the

i PR SHBSBARE AU ks ST g,
whet hgidetdicod thae othieftimed@sayIR §HlebE Acpdndig o Wid Sdif8tion. If

present enbodi ment enploys 99 m nutes as an al arm

t ri ggée tiges Wmit was $%smimitdseany Aldem spdo i trigaered D ani Wescycle is
Y. AL g FRAOFRET SR, RORL BRI el B i,
( 140) tharglclt hestily gk€ortimued (143), but without the alarm.

So long as the upper time limit has not been reached, a
determination is made whether the state timer has timed out (144). If the state
timer has timed out, this indicated that state 3 has been completed and then the

25  motor in the control unit 32 will be turned on, and a determination will be made
if the motor is at a fast rinse position. In the illustrative embodiment, the timer
for the third state is set to 15 minutes although no limitation is intended.

It is to be understood that the particular times set forth above can
be varied and not limitation is intended by the specific times set forth herein.

30  Further, flip flops or equivalent components could be utilized so that the first



di scontinued (142) indicating a problem If the tine
l[imt was not 99 mnutes, the cycle is still
waele@soontssnued (143), but without the al arm SoP¢DOR08E021145
the upper tine Iimt has not been reached, a
determ nation is made whet her th@-state timer has
timed out (144). If the state tinmer has tined out,
t hi s stadicoaldelb arhanbadtracd siﬁtehﬁfe fseeml stateploelddst abalanced stated,
then the motor in the ntr umt 3 will be tu

ed,
on, ay the E{ré Skt &R UghalaRge %@é@ Tyer altgenabine oy thas instead of
at a
enbodciﬁc?%%rtn{ﬂ trgs\ﬁhé%lﬁﬁr'e t'rhls 0be| Bhoﬁ%aétl(tjllctsﬂt%g t@%‘fe% ésﬁ?ds J(feeloadln,g_rL ghe state
m nutiémelaiftrlmd) ugﬂleqmﬂhouhrtsmte dhe staitd timencladd be ﬂoadsdtand then not
be un # tht t he art c r times, set, fort

Abve i e s R e EhemopS s lﬂﬁ%laeé“ac%ar state.

the specific tiams teellofhatiise sh@t"o%hﬁe ish Ibgrfd?ﬁl'éd 1th3 lotor is turned
flops or equivalent conponents could be utilized so

t hat erhend a dstesiination wﬂnddebwhaiﬂneuﬂbahamc edinsthatfest rinke position.
seco state coul.d be | anced. stated, and the third
Staralt s Biebmptinad ated ol iR GE el g Gimety et i e timer.
i nst eadieRihdRt BN MG &L AR tht REotBr RBEmbS ohAnd £ determlnatlon

particular state and rel oadi ng the state tinmer if
i 10 t his rpadet imbathar tlst atodyr ished asshemne positien. cHuthd metm is at home

| oaded n _not start the determ nation is

e HsaEen, 1 Ronts RirRftioT bt FeseBeTploh BCAPBISL | or

the sl ow ri nseTsudr Puiilinge séefp%l‘ieﬁ%Meseﬁh%yé@h%rokfﬁies for an
turned on and a determ nation i s nade whet her th

not orindisation whethens valid r@n@a‘s@m h@nocclufreé o Onch eahermlann signal is
is turned and .t se.ti | oaded into

Lhe tiingeredyeaten s Ao %) e BT rofaeBBEE ™ adlRid, which
npy 0rmb§n§tﬁz§ﬂh%ﬁc&ﬂgl‘"i‘aﬁﬂ cAIfat Paftt %élﬂ)g;dlbﬁeng&ge whet her

the notor is at a hone position. e notor is at

home position, White rotpartiquéart embedinint afhdh¢ hgresent system for

t te. Th
Uhe: praduiting, SpERTDRoU Hobhbrolin MitiopSirah b beRedeseribed

a valhleineGeng Hel BFprbastc@ASUIHRE skil@eid BR #tahM changes and
signal is triggered, the user is alerted to the fact

t hat mpdificaliemenay bomaids thesetowaithant deprirting foenthetinantion in its
| ant e ent 1,S di,spensed. Wil e
a paﬂf% rgppeggﬁo ?#ng H’ee tkéﬁ g’rgt cl tem for

det erm ni ng mhether a valid regeneration has occurred
has been descri bed



herein, it will be appreciated by those skilled in the
art that changes and nodifications may be nmade thereto

wowrakootsszdeparti ng fromthe invention in its bPOHUS2004/021145

aspects and as set forth in the foll ow ng
clainms. CLAIMS 1. A water softenilhg met hod in which a
determ nation is nmade whether a valid regeneration in
an operational cycle has occuekAMMSwhi ch conprises the
steps of: providing a reference cell in a water tank
and a spaced segnsin L d Al r: t . Sensi. .
t he i npedance gi ffegeg@]gzll oéf()@tte ﬁ@gglg}é\%%)lgolﬁ %ﬁﬁthhé c{\%g%lgx?nauon 15
t ank hedsedsthehe vakd esgenaatioeid anopkrativhas epde has 8tduired, which
if the inmpedance difference is one of a first, a
secontmpieatheriions oft at e, det erni ni.ng whether a

imumrinse tj : S, to J ' .
mse tinmer hay({{?@% %orl?%%rg%%t %rlﬂmmneli E}Vgatté\?\ﬁ%%)é}ﬁwhrgg aced sensing
maxi nasdd iniseid Wwated tankyas a preset tine period; if the
preset tine period was reached, then triggering an
al arm si gnal i sensE the gmpedancedifferenge of gersofuiondn thy water tank

not 0*9&%5?‘}1%? rlg'fffé{?etnhgg[:%pglcpﬁle%&iom .further including

the step reset rinse trne period was

reached, di scoilfthaunpeddanbe diffeecmkiionad of ¥ €lret, a 3ecohend a third
net hod of claim1, {ﬁlﬁlt her including the step that if

tHe priaisedeterpivgng Whetherer mayinya rinss timahlasdaned out;

di scontinui ng §h@.opanAlLLLARe G%E ﬁ?s rrémgé- :&ﬁggﬁéﬁ%ﬁg@%g whether

claim1l1, wherein the 6reset rinse

m nutths maximiinaimetitndidvas a pdesdt minde pdreKdei N sai d al arm

signal is at least one of an audi ble and_a_ visual .

al ar m i ndi cat ot!. B PRt AiBhBeriQsk Wap apaphed.f thien faggering an alarm

i ncl ugding :.af: rJIA SFRXLgUmM ti mer
t med o %%%ﬁ%@?@l&ﬁé%ﬁ%@?%’é%xi i S
was reached.
2. The method of claim 1 further including the step that if the

preset rinse time period was reached, discontinuing the operational cycle.

3. The method of claim 1, further including the step that if
the preset rinse time period was not reached, discontinuing the operational

cycle.

4, The method of claim 1, wherein the preset rinse time

period is 99 minutes.

5. The method of claim 1 wherein said alarm signal is at least

one of an audible and a visual alarm indicator.



7. The method of claim6, wherein the preset maxi num
time period is 99 mnutes. 8 The nethod of claiml
wo eooshersst ncl udi ng maki ng the determ nati on of PeUTES1964/021145
the maxi mum preset tinme limt was the preset tine
limt separately for each of sal¥d-first, second and
third states. 9. A water softening nethod in which a
det erm nati on 63 netlee mhtbher climal fuwitheegeheiiag afber determining

an operational, c e has occurred, which c ses the
o epdg e gREYIh Gt LR Gl BRI Whefiar b paapiemam time

and qlrﬁg%eqea%ﬁggl ng cell in said water tank; sensing
t he i npedance difference of the solution in the wat er

tank between the reference cell and the sensor cell;

sequential ly d ter n h t ance
difference is ne ofh mgﬁhﬁgp% % égmnﬁ‘gﬁgl‘eaprte?ﬁtﬁ’&ammum time
st at §erib@lis §06InGad d state, determ ning whether a

maxi mum rinse tinmer has tinmed out; if the maxi mum
rinse timer has tirred out, determ ni ng vvhether t he

maxi mumtinme | S a t tine perjo .the .
preset tinmne pe$1 od t&s“}e@g‘&?ﬁé’ clpynt It%l" fé@em ing, making the
al ar 'He%éﬂfﬁ?&ltmh"lﬁ‘ &Héthéi‘gthta t11='i‘e'£x11‘1“£u #)ﬂegetrtﬁﬁ@ Tiﬁ{l@’ix)ag’ Phédpfiset time

not occur; and if the alarmsig I's triggered
di scdimit mpang:e]wtfer eppbrodisaiddat, sgcohcé a11thhn;d smeaer
treatment apparatus in which a determ nation is nade
whet her a valid regeneration has occurred, said

appar atus conpyi si ng: W@tei"@bﬁémﬁgriﬁetﬁ&?)m \@hll@ﬁ' e[‘%lefe?rﬁihatlon is
(28); a conduit (26) for providing brine fromsaid
bri nena@mkhe{th@)a vadidsegigenenaticer intaandpe(atpal cycle has occurred, which
comprises the steps of:
providing a reference cell in a water tank and a spaced sensing
5 cell in said water tank;
sensing the impedance difference of the solution in the water tank
between the reference cell and the sensor cell;
sequentially determining whether the impedance difference is one
of a first, a second and a third state;
10 for each said state, determining whether a maximum rinse timer
has timed out;
if the maximum rinse timer has timed out, determining whether
the maximum time limit was a preset time period,;
if the preset time period was reached, then triggering an alarm
15  signal indicating that a valid regeneration did not occur; and
if the alarm signal is triggered, discontinuing the operational

cycle.



a conduit (24) for providing a path for water to
di scharge fromsaid water tank (12); a reference cell
w@ Rop/001385ai d wat er tank; a spaced sensi ng cel PCT/BS)004/621145
said water tank; a circuit (40) for sensing the
i npedance difference of the soll}ion in said water
tank between said reference cell and said sensor cell;
a microprocesstl (3¥%)watemiteasment eppasatig it ivhiaki & detk@nination is

" T oL ST LA s RS R L L S0 e
state, subsequgbley t@ki(@p)N ni ng whether a maxi mum

rinse tinme has been reached, if so, was an upper
preset tinme |iabting wakkad;, and if so triggering an

al.arm signal for alertj the user .that.a valjd.

fageneratt on nasoRul Gt 3pviaEe vie i Bring i, es) o
10 whgidekfef tahk (EY); i ncl uding a display (88) connected

to said mcroprocessor (34) for indicating said alarm

signal . 12. The ceydiie@4pflor prviding aviredh &mnwsig do disghange from

Si gnaslaid' v%atg} talnl%"(’f‘zt); one of audi ble and visual.
a reference cell (Rr) in said water tank;
10 a spaced sensing cell (Rs) in said water tank;

a circuit (40) for sensing the impedance difference of the solution
in said water tank between said reference cell and said sensor cell;
a microprocessor (34) connected to said circuit (40) for aiding in
determining if the impedance difference is one of a first state, a second state
15  and a third state, subsequently determining whether a maximum rinse time has
been reached, if so, was an upper preset time limit reached, and if so triggering

an alarm signal for alerting the user that a valid regeneration has not occurred.

11.  The system of claim 10 wherein further including a
display (88) connected to said microprocessor (34) for indicating said alarm

signal.

12.  The system of claim 10 wherein said alarm signal is at

least one of audible and visual.



