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TITLE OF THE INVENTION _
_ ELECTROLYZED WATER PRODUCT ION SYSTV

' BACKGROUND OF THE INVENTION
1. Freld of the Invenuon
‘The present 1nvent10n relates to an eclectrolyzed water

. producuon sy"' m' of the type whicl ‘includes. an electrolytic cell

_water and .s__'

arranged to electrolyze dlluted brine prepared by a mixture of raw

irated brine. of predetermmed concentration for
producmg electrolyzed water.

2 Descnpuon of tbe Pr;or Art _
D1sclosed in Japzmese Patent Laid-Open publication 7-
155764 is an’ electrolyzed water productlon system of this kind

. which meludes an electrolytrc cell arranged to be supplied with

) value

diluted bnne prepared by a mixture of saturated brine of
predetermmed concentratlon and raw. water supphed from an
external source: of raw water and actwated by predetermmed voltage
applied at its electrodes. In the conventlonal production system, the
property of the _el_ect_xolyzed water is influenced by. an amount of
saturated brinefi'_mi)red" with the raw Witer. For this reason, the
amount of saturated brine is adjusted by feedback control such that
the electric. current across the electrodes (or the conductwrty of the
diluted brme) becomes substantxally equal to a predetermlned target

However, since the amount of lh_:_ : saturated brine mixed with

the raw water 1s alwa,ys increased from constant amount under the

feedback control when ‘the system 1s activated to produce the

' electrolyzed water, ‘the time. required to produce the electrolyzed
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water havmg a desu'ed property in one system disposed in the area -
where the raw water is hard water is Iargely different from the time
required in another dlsposed in the area where the raw water is soft
WateI

In the edirvé'rrtional electrolyzed water production system, an
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- _.water wrth the raw water The ﬂutd pump is’ m the form of a ﬂmd"' "
_' -'pump of the pulse dnven type whrch mcludes a solenoid arranged to

L - "be apphed mth pulse tram s1gna1s ‘of predetermmed penod SO that o
./ piston is reerproeated by attracuve force caused by the Solenord

e '_'energtzed On the other hand, the feedback control is effected. by an.-.:;. ., .

e '-"'Qelectncal conu'ol c1rcu1t of the drgxtal type such asa mrcroprocessor'.'
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- ',','-,__whrch is programmed to detect a value of electrxc current across the
"--_--electrodes at-a predetermmed mterval and to control the discharge

. amount ofthe flnid pump: i sueh a manner that the. value of electric
o '.-'-_-current is adjusted to the target current value. Tn such feedbaek..
S control ‘of the' fluid: pu.mp, however, tb.e couductlvrty of the diluted -

bnne 1s dlscontmuously detected by the digital circuit and fluctuates

>-'smce the: ﬂuld pump:is: mtermntently operated in response to. each
'pulse apphed thereto under control of the. digital circuit. As a result,

the feedback control 15 carried out dependmg upon the conductivity

: drfferent from average con,duetwtty of the diluted brine, and.
" therefore the supply amount of the saturated brine .becomes
B ‘msufﬁment or excesswe resultmg in uregular productton -of the'

electrolyzed water.

- SUMMARY. OF THE INVENTION . .
It is. therefore a primary- object of the present mventron is to _

provide an electrolyzed water productmn system wherem the amount PR

of saturated brine mixed with the raw water is ad_;usted in accordance
with the property of the raw water so that the concentration of diluted

' brine supphed to the electnc cell i is controlled in an optimal value

within a predetermmed penod of trme

_ A secondary object of. the present inventjon is to provxde an

- electrolyzed water production .system. wherem the conducuvrty of
- dlluted brme in the electrolytrc cell is accumtely detected to produce




_elcetmlyzed water homogeneous (stable) in quahty under the: SR

| v feedback control

Aceordmg to the present mventron the pnmary obJect is

e fl,wcomphshed by ;provrdmg an electrolyzed water productmn system |
; 'havmg a brme storage tank arranged to store saturated brine of -

. _._Ipredetermmed conccntratron, brine: supply means for supplymg the |

U 'saturated bnne from the storage tank for: mxxmg with,. raw water

. w supphed from a source of raw water and an electrolync cell a.rranged L

i to be supphed wrth dﬂuted bnne prepared by a mixture of the raw-_- .

water and. saturated water for producmg electrolyzed water, wherem
| 'an eleetnc control apparatus for the elcctrolyzed water production.
system compnses detecuon means for detectmg the conductivity. of
the drluted bnne supphed to_the electrolytxc cell, feedbaclc control
means for controllmg operatlon of the brine supply means in such
2 manner that the conductxvrty of the diluted brine detected by the

- '_ 'detectlon means l,s adjusted to a predetermmed target value, memory

' '--means for: memonzmg an amount of saturated brine’ mlxed with the

raw water in operatron of the brine supply means under. control of the .-

feedback control means and mxtxal control means for eontrollmg -
. operat10n of the brmc supply means in such a mapuer that a supply. .

amount. of saturated bnne nnxed with the raw water is adjusted ona -
: basrs of the mstant amount of saturated ‘brine memonzed m the . -

-~ -'memory means durlng previous operatlon of the brine supply means
‘under control of the fecdback control means when the electrolytic -
cell is ‘activated to start :production of _th_'e electrolyzed water.

In a pracucal embodiment of the present invention, it is

_ preferable that the initial control means is designed to control
operation of the bnne supply means in’ such a manner that the supply
amount of saturated brme mixed with the raw water is decreased in



a predetermmed amount less than that of saturated brme memonzedf »

L in the memory’ means Alternattvely, 1t is preferable that the- uuttal .

o -_.control supply means 1s. desrgned to delay operatton of the brtne ‘
' supply means. under control of the’ feedback ‘control means until. the s '

conductrvxty of the dtluted brme detected by the detectton means-.'-_

S becomes larger than a predetenmned reference value '

In a modtficatton of the present mventton, the reference value '

S ma}r be deﬁned by the target value of the feedback control means or - .

. *.defined to be decreased in accordance w1th lapse of tilme after the.
_-eIectrolyttc cell is aettvated to start productton of the electrolyzed'
~water. In addition, the 1mt1al control means miay - be designed to
. opecrate the brine. supply means under control of the feedback control

' ‘-means after lapse ofa predetermmed ttme when the electrolytlc cell
was acttvated to start: productton of the electrolyzed water.
'_ Alternatrvely, the m1t1al control ‘means may be modrﬁed to 0perate _

the brme supply means under control of the feedback control means -
after change rate of the conductivity of the diluted brme detected by

the detection means, decreased less than a predetermtned reference -

‘value.

' Aceordtng to the .present. mventton, the secondary obJect is.
'accompltshed by provrdmg an electrolyzed water producuon system
‘having a brine storage tank arranged to store saturated brxne of
predetermmed concentratron a flnid pump of the type driven by each
pulse of pulse train . signals applied thereto -from pulse signal
'_ generator to supply a predetermmed amount of saturated brine from
the brine storage tank for mixing with raw water supplted from a
-source of raw water, and an elcctrolyi:lc cell arranged to be supplted '
with the diluted brine prepa.red by a m.txtu_re of the saturated brine
and raw water. for producmg electrolyzed water, wherein an. electric -




control apparatus for the produetton system compnses detecuon.

means for detectmg the eonduetwrty of :_’dtluted hrme supplled to the_ AR

_ eleetrolytre cell at a fixst. predeterm.med time. mterval caleulatton

 means -for ealculatmg an average value of the eonductlvuy S
. ..successwely detected by the detectmn means in sequence and pulse--'; L

'contrql means for ad_]ustmg a penod of't he pulse train sxgnals apphed

' _'from the pulse srgnal generator in aceordance with a dlfference' o

';.-between the calculated average value of. the conductrvrty and a

.',- predetermlned target value $0 that the average conductlvrty becomes

substantrally equal to the target value.

In the electrolyzed ‘water producuon system descnbed above
itis preferable that the. pulse control means is desxgned to adjust the

period of the pulse train signals at a’ seeond predeternuned ttme -

mterval more than the ﬁrst predetermmed tnne mterval and wherem '
the caleulatlon means is desxgned to calculate the average value of -
the conduetw1ty ona basrs of plural data on conductwlty deteeted by;

‘the detectmu ‘means plural tzmes at the first predetermmed time

' ,mterval durmg the second predetermmed ttme mterval except several _

data on eonductwtty detected suecesswely by the detectton means
_ mmedtately after the pulse control means adjusts the penod of the .
_pulse tram 51gnals It is also preferable that the calculation means.is* -
desrgned to Werght the conduet1v1ty thh a value which' becomes

larger as a dlfference between the conductlvuy detected by said
detection means and the. target value becomes larger for calculating a--
weighted integral of the .conductivity. Alternanvely the calculation =

means may be deslgned to weight the eonducttvrty with a value which
becomes smaller as a dtfferenee between the conductivity detected by
said detection means and .the target value becomes larger for -
calculating a weighted mtegral of the' conductivity. The calculation
means may be designed to weight the conductivity with a value which
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S -becomes larger as a drfference between the conductrvrty detected by.' R

- '::_.sard detoction means- and the. target value becomes larger uatil a .
s predetermmed condmon is. sa.trsfied after the electrolytrc cell. was_-" .

) actrvated to- start productlon of electrolyzed water and to werght the E

o -"rl-tconductlvrty wrth a valug whrch becomes smaller asa drfference. o

E "between the conductwrty detected by sard detectron means and the'_

:-__:.-_."target value becomes Iarger after the predetermmed condrtxon 15'. - 3
"_satlsfied S _

| BRIEF DESCRIPTION OF THE DRAWINGS - .

B Other cbjects ‘features ~and advantages of ‘the present ¥
.mventron ‘will more readrly apprecrated from the followmg detailed
',descrrptron of preferred embodunents thereof when. taken together )
wrth the accompanymg drawmgs in whrch , o

; FIG.1 is a schematic illustration of an electrolyzed water
_production system of the first. embodiment . in accordance with the

- -present mventron

. FIG. 2 is a ﬂow chart of a control program (routme) executed
by an electrrc crrcurt shown in FIG.]l wrth respect to the first -
' 'embodrment ) S ' o
' FIG 3isa ﬂow chart of a control program (routme) executed
o by an electrrc crrcmt shown in FIG.1' wrth respect to the second |
o embodrment '_ ' . ' L e oo
j FIG4isa ﬂow chart of a control program (routme) executed '
by an electric circuit shown in FIG.1 with' respcct to the ‘first
.modrfied embodrment of the second. cmbodrment _

FIG.5 is a flow chart of a control. program (routme) executed' |
by an electnc circuit shown in FIG.1 with respect to the ﬂrst and the
. second modrﬁed embodiment of the second. embodunent "

FIG 6 is a flow chart of a control program (routine) executed
by an electric circuit shown in FIG.1 with respect to the second



e ’_ ._mod1fied embodlment of the second embodlment

FIG 7 i ls ”'ow chart of a control program (routine) executed:

o by an electne c1 ;cult shown m FIG 1 w1th respect to- thc thrrd

"'modxficd embodnnent of the seeond embodrment ,
| FIG 8 is a txme chart for explanatmn of operatxon of a -
) conventlonal electrolyzed water productxon system S

. FIG.9 is’ a time chart for explanatlon of- operatlon of the'- .
el _-electrolyzed water productlon system of the ﬁrst embodrment o . o o
FIG io 1s a tune chart for explanatlon of operatmn of the G

. -"-}electolyzed Water producuon system of the modlﬁed embodunent of
. the ﬁrst embodlment_ ' ‘ '
_ g FIG 11 1s ‘- time chart for explanauon of operanon of the
'- electrolyzed water producuon system of thié second embod1ment
. FIG.12 rs a schematlc ﬂlustratlon of an electrolyzed water
producuon system of the third, the fourth and the ﬂfth embodiment in
' accordance with: the present invention. - ' :
| FIG. 13 1s a ﬂow chart of a control program (routme) executed .
: by an. eleetnc circuit shown in FIG.12 wlth respect to the third; the'_
fourth and the fifth embod_ment , _ L o
FIG 141sa ﬂow chart. ofa control program (routme) executed
by an electnc c:.rcult shown in FIG. 12 w1th respect to the. ﬂnrd and
- -the fifth embod;lment ‘ C
R FIG:15is a flow chart of i control program (routme) executed -
_ '- by an eleomc crrcmt shown in FIG.12 with respect to the third, the
fourth and the ﬁfth embodlment for a control of a fluid pump shown
in FIG 12. _ ' .
FIG 16 isa ﬂow chart of a control program (routine) executed
by an electric cirouit shown in FIG.12 with respect to the fourth

o embodunent

FIG 17 1s a ﬂow chart of a control program (routine) executed
by an electrrc circuit shown in FIG.12 with respect to the fifth



= embodrment g

o DESCRIPTION OF THE PREFERRED EMBODIMENT . _
) In figure 1 of thc drawmgs there ts schematrcally 1llustrated a.
. .first preferred embodunent of an electrolyzed water productron"

o system 1n accordanec wrth the present mventron The electrolyzed' |

L Water productlon system mcludes a. cabmet 10 conta.uung an

electrolytrc cell 20 a power source 30, an electnc control cu'ctut 50 :
: mcludmg a mcrop;ocessor (not shown) and a ﬂurd pump 60 ‘a -
' f --storage tank 40 d1$posed on the cabmet 10 an,d a remote controller 70
| -_ operated by anoperator N L .

B - The electrolytlc cell: 20 is subchvrded mto a palr of electrode
| 'chambcrs by the. membrane 21 and contains a pair of electrodes 24,

25 in each chamber in" such a manner that they face each other
through the membrane 21. The eleetrolytxc cell 20 is connected toa’
first . supply conduit P1 at the lower portron of the cell 20 and is.
N _eonnected to outlet conduits P3 P4 at the uppcr portton of the cell'
The power source 30 is-a constant—voltage power supply. The |
_ constant voltage generated hy the power source 30 can be ad_justed

. aceordmg to a control signal from the electric control circuit 50 when

Jan apparatus for ad_]ustmg the voltage (not shown) dlsposed on the

cabinet lO is. operated by the _operator. An ammeter 32 is ‘connected
through a shunt leads 3ltoa power supply circuit between the power -
source 30 and the eleetrodes 24, 25 and measures (deteets) electric
current flowing between the electrodes 24 25 (i-e. current across the

| -electrodes 24, 25). The ammeter 32 is also connected to the electric
control circuit 50 to provide a srgnal mdwanve of the measured
current I ,which the ammeter 32 measures represe_n_tlng a
conductivity of diluted brine in the cell 20

A second supply conduit P2 is connected to an extemal source



L eondult P2 is. equlpped w1th a pres__‘__,_

E of Iaw water (e 8- a water ptpe of the w ater npply semce) at one end.;" |
- lsnd 1s eonnected to the first supply ¢on u1t Pl at the other end The

reduemg valve 26 and a.

.solenmd.controued water supply valve: 27 m order of ‘the water .

oo stream betWeen those two ends The pressure reducmg valve 26 ;
- reduces aud regulates the pressure of the water in the eondutt P2
supplled from the external source - of TaW. “water wrthm the - -

Lo “Predeterm.med pressure range. The water supply valve 27 is desxgned .

' to be opened or: to be closed by the electnc eontrol c1reu1t 50 to R

:provrde the eleotrolyttc cell 20. with thie raw water from the external

source of raw water through the first and the seeond supply conduxts '. |

P, P2. | | -

| The storage tank 40 stores brme (generally saturated brme of
predetermmed concentratton) The tank 40 1s eqm,pped with a water -

'_ level Sensor (level sw1teh) S and a brine’ outlet ptpe (hose) P5 in such

a manner that the sensor S and the. outlet plpe PS are removable from
;the upper portton of the tank 40.: The water. level sensor S is.

'~ connected to the electric’ control exreutt 50 to provrde a ‘signal

indicative of the water level L. . .
The ﬂmd pump 60 is a type dnven by an electnc motor or
'other electrre devrce (e.g- solenord) to mrx the raw water ﬂowmg in -
- the ﬁrst supply eondutt P1 with the saturated brine. stored in the .-
| storage tank 40 Au mlet openmg of the pump 60 is connected to the
brine outlet prpe PS and an outlet 0pemng of the pump 60 is
connected to the brme supply pipe P6 wlnch is connected to the
portion between the. ﬁrst supply condmt P1 and the second supply
conduit P2 at the downstream of the wat
60 is designed to adjust its dtsoharge ﬂow amount P (output flow

'supply valve 27. The pump

rate) in accordance with a signal the electrrc -control circuit 50
generates while the system is producm_g_\_the electrolyzed water in the
cell 20.



The remote controller 70 is’ drsposed near outlet openmgs P3a SRR

P3b of the outlet condults P3, P4. The remote controller 70 is

eqmpped wrth a brme make-up lump 71 whrch mdxcates the laok of S -

- “brine i in the storage tank 40 and with a start swrteh 72 operated by the -
'_"operator The hnne make-up lump 7t 1s turned on or. off in -

S accordance wnh a-control signal generated by :the electric control .
- crroutt 500 The start sthch 72 generates and provrdes the- electric

e .";control olrcutt 50 w1th operatlon control sxgnals for having. |

A -"~components in’ the cabmet 10 start .and stop productng the .

. eleotrolyzed water

| Herernafter, operatxon of . the first- embodunent of ‘the
| _--electrolyzed water production explained above will be descnbed with .
. _referenoe to Fle 2 8and9 showmg programs (routine) executed by
~the mxcroProcessor of ‘the electric. circuit '50. The. descnptron will
begm wrth the stage when the power supply switch (not shown) of the
.eleotno controI clrolut 30.is turned on by the operator ' :
| The mtcroprocessor of. the electrtc control orreurt 50 starts : _.
from executron of the step 200 shown in FIG.2 at.a predetermined |
time mterval when and after the power supply switch-is turned on,

and determmes whether or not the state of the. start sw1tch 72 has
. been changed £rom the - “off” state to the “on” state at step | 205 -

- -Thereforc, when the operator turns on the start swrtoh 72 to produce o
' 'electrolyzed Water the electric control ctrcurt 50 detects the change'
of the state of the start switch 72 and starts operation to produce the

.electrolyzed water. More concretely, when the electnc control circuit o

50 obtains “Yes” answer at step 205, it proceeds to step 210 to. open .
| the water supply valve 27 to supply the electrolytic cell 20 with the'
" raw water and proceeds to step 220 to apply the constant voltage

between the clectrodes 24 and 25 by the power soutce 30.
At steps following step 225, the clcctric control circuit 50
determines what initial flow amount of the saturated brine snp__pli_ed to



o .-'.-;the electrol)’uc cell 2_0 (l.e an 1mt1a1 ﬂow amount of the saturated Lt
wrth the raw water wlueh corresponds ‘t0 uutral_ -

."“bnnc to be- m1xe___

B .brme densrty) ‘is: appropnate to start’ tc produce the. electrolyzed -
- __Water. More concretely, the electnc control crrcurt 50 determmcs at _
. .'.step 225) for the first time =
) ';_\_-_.'smce the power supply sw1tch was turned on Because the clrcmt 50
LR '_can reach the stcp 225 only when the 5 ; a _
. l._ _-becau.sc the start swrtch 72, has never been turned on after the powcr o
. -"supply swrtch was turned on by th1s pomt of tune, thc clectnc control B : '
- ‘circuit 50 obtams “Yes answer at step. 225'and proceeds to step 230 -
“to sét flow amount P to be chscharged by the pump 60 at'a

step 225 whether 1t cxccutcs thls step @

: predetermmed constant value RO _|ust like a convenuonal (See FIG:8,

timing tl) Then the c1rcu1t 50 proceeds to step 295 to finish this

.routme tentatlvely

The reason why the mrtlal flow:- amount P to be drscharged by_ _'

._.the pump 60 is set at the predctermmed constant value RO is that a

memorxzed valuc (lcamed value) RS, whtch w1ll be descﬂbed below, )

" has n6t been obtalned yet. It. should be noted that the constant vahie-

RO is determmed to be a value whrch is smaller by an appropnate i

' value than the necessaxy flow amount P to be discharged by the pump -

60 to produce clectrolyzed water under standard condtuon That is, . .

e ._-the constant value RO is determined on. the assumptlon that the n
) system uses thc TaW water havmg standard property and that the ﬂow'

- amount of the raw water 1s equal to standard amount
' When the electnc control circuit 50 resumes to execute the

routine shown in FIG.2 from stcp 200 at a lapse.of the predetermmed'

time mterval the circuit 50 obtains “No” answcr ‘at step 205 because

_ the state of the start swrtch 72 has not been changed during the

mtcrval and it proceeds to step 240 to deternnne whether the start

switch remains in ‘the. samc “on” state. The circuit. 50 obtains “Yes”
answer at step 240, then proceeds to st_ep.245. |

'-surxtch 72 is turncd, on, and..
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The elecmc;control c1rcu:t 50 camcs out feedback control for'. S

"thc ﬂow amount P to be drscharged by the - pump 60 o .obtain diluted

'brme havmg desired. (optx.mal) conducuvuy (i.c. optunal densrty of =

| ', g | bnne dens1ty) by execntlon of step 245 That is, the crrcult 50 sets'f .

o -adchng value proportlonal to dlfferenee obtamed by subtractmg the'_

o measured (detected) currentI from predetcrmmed target value 10 (i.c.

X- (IO-—I) K, posrtwe constant) to present (mstant) ﬂow ammmt P_-'_

L d1scharged by the pump 60, Smce the electrolyuc ce]l 20 is. supphed N "':f".'_.

“with .only raw water for cleanmg after the system stop producmg-',’.f T

' electrolyzed water as explamed below, itis filled with the remaining -
- raw water when the system resumes to produce electrolyzed water
| Thus the measured current Lis always smaller than. the target value
10 when the system starts to: produce the eIectronzed water, and .
thcrefore the ﬂow amount P to. be dlscharged by the pump 60 is
mcreased because the value ‘K- (IO-I) is positive.
Subsequently, the electrlc control cu'curt 50 proceeds to step
250 to set t_he.memorxzed,value RS at the p_resent flow amount P at -
step _250'_(i.e_; _the'_'ci,rcuit 50 stores (memorize) the instant flow amount .
" P as the memorized value RS in 'the_memory'such as a RAM or an -

- -EEPROM), then proceeds to step 295.t0 finish this routine tentatively.-

- From, this. _time, the electric control circnit 50 repeats operations
o mentroned above (1.e steps 200, 205, 240 .245, 250 and 295) at the
predetermmed time interyal untll the operator turns off the start
_-switch 72 thereby 1t carries- out the feedback control for the flow -
| "amount P- d1scharged by the pump 60 and Tenews memonzed value RS.
- Through the operatmn descnbed above, the electrolyzed water with
stable and desired- property is produced while the memorized value
‘RS becomes substantrally equal to valuc'corresponding to the kind of
© . the raw w_ater (e.8. conductivity of thé raw water that the system
uses).



| , Under tlus stage when the operator turns off the start swrtch. e

72 (1 e. the operator changes the state of the start switch 72 from on™ .-
: state to off” state) the electnc control crreurt 50. executes necessary A

steps to stop. produetron of the. elecu:olyzed water. More concretely, .

".'.the electnc eontrol circuit.50 obta.ms “No ‘answers, at both steps of,". .'.- -

,205 and 240 it proceeds to. step 255 to: stop applymg voltage to the B

‘electrodes 24, 28, and to “stop operatron of the pump 60. Then the_'_"
o electnc oontrol crrcurt 50 cariies out necessary operatron to tum the - -
L "‘zwater supply valve 27 off after ‘a lapse of predetermmed time perrod o
- in order to clean the electrolytrc cell 20 at step 260 and. proceeds to’ o
-step 295 to- fimsh tlus routme tentatrvcly By operatron descrrbed’""' g |

' above, the system stops producmg electrolyzed water and cleans -
.1nsrde of the elcctIolytlc cell 20 by the raw water. . = - '
. An operauon of thrs system will be descnbed heremafter m
- case wluch the operator agam turns on the start switch 72 after-
_ productron of electrolyzed water has been carrred out at least once
"(1 e. the state of the start swrtch has, been changed its state from “ on”
':' to oﬁt" after ofl” to “on”) after the power supply swrtch was. turned - _
on. Under this. stage the operatron to set the initial ﬂow amount P to b
be drscharged by the pump 60 at the value based on the memorized -
value RS is carned out, since the momonzed value (leamed value) RS .

L __has already been obtarned (renewed)

: " More concretely, the electeic control crrcurt 50 executes steps-'
'200 205, 210, and 220 shown in FIG.2 descnbed a.bove When the )
". opexator turns on the start switch 72 again, and it proceeds to step
2285. Smce itis not for the first time for thie electric control circuit 50
to execute step 225 after the power supply sw1tch was turned on at
this point of time, the circuit 50 obtains “No answer at step 225 and -
proceeds to step. 235 to set initial flow amount P to be discharged by-
the pump 60 at the value i m accordance wrth the memorized value RS
(f(RS)). The function “f” can be various form, however “f(RS)—RS”



| .:: is. adopted here for xnstance Therefore, the mrtral ﬂow amount P to - : 3
._..;'_-be drscharged. by the pump 60 rs set at: the value - equal to the__._ e

: .-memorrzed value. RS at step 235

After above settmg, . when the eleetrrc eontrol circuit 50

_-.."resumes the routme shown m FIG 2 after the lapse of ‘the ~ -
o - '-'j_.-"predeternuned time mterval 1t sets the flow amount P to be o
- discharged by the pump’ 60 at value “P+K (IO-I)-RS+K 10-n” at "+
. 'step 245 whrch follows steps 200 205 and 240 to carry out: the .
e .:'.._c-'_:'."feedback control for the ﬂow am.ountl’ by the pump 60 Subsequenﬂy,.' o
| the electric’ eontrol crrcmt 50 proeeeds to step. 250 to set the o
. _"':Imemorrzed value RS at ﬂow amount P Just obtamed at step 245 and - B
- ﬁmsh thJs routme tentatrvely at. step 295 From this time, the circuit "
.. 50 rgpeats steps 200, 205, 240, 245.21d 250 to carry out the feedback
' _': control for the amount of the saturated brine to be m1xed wrth raw.

water and to renew the memorized value RS, until it obtams “No”

| .answer at step. 24-0 ‘when the start switch 72 ehanges its state. from :
- “on”to “off’ state. When the circuit obtains “No” answer at.step 240 )
it proeeeds to step 255 and 260 to stop producrng electrolyzed Water _

It should be understood aeeordmg to the first embodrment
' 'desenbed above, that the initial flow amount P to be discharged by.

. , the pump 60 is set at the memorizéd value RS which becomes value -

‘representing the kind of raw. water used (and/or. pressure of raw water

as well as densrty of the brine i in the storage tank 40) by the feedbaek CT

control, and therefore it can. Jbe. avoxded for the two eleetrolyzed -
 water productton system used in the drfferent arca (places) where a

kind (properly) of the raw water is drfferent, such as hard water or
soft water, to take dlfferent trme period:from the timing that the start
switch 72 is tumed on up to the trmmg that the measured current: I (i.c.

eonduetwrty of. the dtluted brme or. densrty of the brme) reaehes the
target value IO (target conductwrty of the- diluted brine or target :

densrty of the bnne) That i 1s, the excess or the. shortage in the flow



o -'-',f.;'amount by the pump 60 compared to thc _optnnal ﬂow amount whenﬁi__:-__ R

'.,‘;-'the saturated bnne from the . storage tankf40 reaches the electrolytlc."'_ _ L
" '.:cell 20'is reduced and is about the same as the excess or the: shortagef o

- m another system used in the dlfferent place Thus smce ‘the change |

":'.-,:"_-.-rate of the measured current 1 from the tmung that the saturated brme -

S ,;_ﬁ'om the storage tank 40: reaches the electrolytlc cell 20 for the first _
' '_- _ume aftcr thc start of the productlon of thc electrolyzcd Water‘. .
o 'tbetween those wo systems becomes about the same, the densxty of o

";'-?--i_"'the dtlutcd brine given’ to the celI 20 can become an a,ppropnate-? S

“ (optlmal) value w1th1n ‘the predetermmed time - pertod in both

- 'systems

- FIGs.8 and 9. shows the dtfference in 0perat10n between the .
' "conventmnal system and the -system according to the first
embod.tment. Note that FIG.8 shows flow amoun,t P dlscharged by the
pump. 60 and the measured current I, in the course of time lapse, in
~ the conventmnal systems in wh:ch initial ﬂow amount P is always set .
.-at the constant value RO. F1g 8 shows two. cases ‘where the kind of the

. -.'___raw water is drﬁferent each other (i.e. the ﬂow amount beeomes -

. different value RS and RS’) cach case being shown by using a solid

o _."-'lme and a dotted line. FIG.9 shows flow amount P dtscharged by the

e ‘pump-60 ‘and -the measured current I, in: the course of time lapse, in

the system of the first embodunent of the present 1nvent10n in wluch :

o tmttal flow amount P is set at. the meinorizéed. value RS FIG 9 also,-

| shows two cases where the kind of the raw water is different each
.other each case¢ being shown by usmg a solid line anda dotted line. It

'__' .- s understood that the difference in time. between the timing 1 that the .
o optxmal electrolyzed water (0ptxmal densuy of the diluted bnne) is

obtained in one system and in another system 1s very largc in the
"-conventlonal system (see T10 in FIG: 8) whereas it is very small in

‘the first embodiment (see T20 iu FIG. 9).
Heremafter a modx.fied embodrment of the first embodrment



e

T -':-"-'wﬂl be descnbed. In the modxfied embodment the functlon f(RS) at

| ,' step 235 in FIG 2 is: substttuted for the. funcflon f(RS)‘ -Y, wheére

- Yi 1s posmve value That is, the mmal ﬂow amount Ptobe dtseharged L

by the pump 60. when the feedback eontrol for the flow amount P is

| -: ?:_-.'started is set at a value that is smaller than the memorrzed valye RS - E
- :by the: ptedetermmed value Y. Except this point, the modlfred._' |

'._ embodnnent 1§’ the same as the first one- (see FIG 10) _
Dunng ume penod from the start tumng to produce the

e -.;'__felectrolyzed water when the start switch 72 is. turned on up to the |
- .'txmmg that the saturated ‘brine prowded by the’ pump- 60 from the. B

B storage tank 40 reaches the electrolytlc cell 20 the measured current " -

I represents conductrvny of the raw water as descnbed above and is .

' smaller than the target value 10. by a 1arge amount In. other Words the -
_. '- measured current I does not respond to. the flow: amount P during this
| _.tnne penod (see F1gs 8~10 timing tl-t2) Accordmgly, dunng this
. '-penod the flow amount P discharged by the pump 60 is mcreased )

o __'regardless of whether or not the flow amount Pi is approprtate

- On the other hand except for the very rare case wherc a kmd
_ of aw water raprdly changes for. 1nstance as when the electrolyzed

o water productron system is moved to remote place ‘the flow amount P

s usually saturated into the value close. to the- memorrzed value RS.
o already learned and memonzed Therefore if the. uutxal flow amount
to be dtscharged by the pump 60 1s set at the memonzed value RS, the

.ﬂow amount P’ may" become too large dunng above mentioned penod-' a
(see FIG. 9, OS1)..If the flow amount P becomes too large, chlorine
- gasis generated and may cause gas smell problem or erosion of metal
B used for the system. o
o _ To solve this problem, in the modtfled embodunent described
. above the initial flow amount Pis defined to be a value obtained by
' subtractmg the value Y from the mermorized value RS, and the value
Y is desrgned to be a valne correspondmg to time period the saturated



: . -~-_.‘,'-_'-'brme drscharged by the pump 60 takes to reach the electrolyue celll- Y

; k 20 (1 e trme delay of ‘the feedbaek control) By this means,. the_ _
_densrty of the diluted: brine can be adjusted to optimal. value within

- o the predetermmed tune penod and generatlon of the chlorme gasis.

L l_:avorded smce the excess m the densrty becomes small (see F1g 9, 10 _" R

. 0s2<0s1).

Heremafter, a second embodrment in accOrdance wnth the

. '-present mventmn wrll be descnbed ’l‘he seeond embodrment is. the L |

- samieas: the ﬂrst cmbodrmcnt cxcept: that the second. embodrment._- R

__f.substttutes a routme shown in FIG 3. for the routme shown in FIG.2. o

E ']n operatton the ﬁrst embodxment starts the feedback control for the R

flow amount P dtscharged by the pump 60 1mmed1ately a.fter the S
- initial value of the flow amount P to be discharged by the pump 60 1s

- set at the stored amount. RS when the system starts producmg

. electrolyzed water, whereas the second embodtment delays. operatton SRt

" of the feedback sontrol for the. ﬂow amount dtscharged by the. pump
.60 and: holds the am0u.nt P until the measured current I becomes
h '..,larger than a predetermmed reference value (for mstance, the target-. _'

: value IO) Note that the' descrtptlon will, be ngen aecordmg to the .

- -routme shown n FIG 3, however, detailed explanatton will be' _
omttted on the steps which are the same as steps in FIG.2 and are-

) labeled the same numeneal number. It is also noted that FIG.11 is a__ :

- tlme chart to show. the flow amount P and the measured current I in -

the: eourse of ttme after the start switch 72 is turned on in the seeond .

" embodxment
Now, the electric control circuit 50 executes steps shown in

" FiG.3 to start producing electrolyzed water (steps 300, 205, 210, 220, -'

' '2_25_ and 230) when the operator turns on the start switch 72 for the
.ﬁrSt time since the power supply switch was turned on, as the system
according to 't'he first embodiment does, and sets the initial flow'
amount P to be discharged by the pump 60 at the constant value RO at



o determine whether flag “F”is“0". The flag

'~.f‘.and is'set:at “0” by an initial rounne

_step230 ‘ Lo O _ . :
S When the electrxc control cucmt '50 executes tlus routme from'_ -
15 through steps 205 and 240 to
'__'-‘_‘F” is used to prolubtt the'- ;

','.feedbaclc control: for the ﬂow amount 3 dxseharged by the pump 60

't shown Thus the electric

: :'_'step 300 agam, it, ptoceeds to. step '3._ :

_control clrcmt 50 obtam's “Yes answ

- step 245. to start the fecdback control mmedrately in wluch the flow

-amount P to be dtscharged by the pump 60 is_set at. “P+K (IO-I) o
.~='-*'.-Subsequently, the eleetnr' control- c1rcu1t 50 stores the: present ﬂow ."
"amount P as the memonzed valne RS at step 250, and ﬁmshes thts-
routine: tentatwely at step 395. From thls time, the elecmc control
. 'cn'cmt 50 repeats steps above to produce electrolyzed water and to

o -renew the memonzed value RS.

When the start- sthch 72 is tumed off the electnc control
_.ctrcu1t 50 stops 0perat1on for producmg electolyzed water . More -
-' concretely, the, cu'cutt 30 obtalns “No émswers at both steps of 205

- and 240, and it proceeds to step:330 to determme whether the state of
‘the start switch 72 was “on” state when it. executed tlus routme
prevmusly In th_s case, the circuit 50 obtams “Yes” answer at step-
330 and carnes out necessary operauon to stop producmg |
S electrolyzed water such as stoppmg applymg voltage to - the ’
electrodes 24,25, stopptng the operanon .of the pump 60, and closmg '
.the water supply va.lve 27ata lapse of a predetermmed time period at
.steps 255, 260. Note that operation described so far is substantlally _
- the same as operatlon of the system aecordmg to the fxrst embodunent .
carries out. '

When the operator changcs the state of the start sthch 72
from. “off” state to. “on” state (1 e. the operator tums on the start
switch 72) again, the electric control circuit 50 executes steps 300,
205,210 and 220 to open the water supply valve 27 and to supply the' .

t'step 31S. and proceeds to |



_ oes‘ “The. eleetnc control

,state to on state after the

. rpower supply swrtch was turned 0. by this pomt of nme and _
: _'-,gtherefore, 1t is not the first t1me for the erremt 50 to execute step 225. .

e Aeeordmgly, the cu’cmt 50 proceeds to. step 305 to. set the uuttal ﬂow- _-.- o

:'roceeds to step 225 as the .

5, because the start switch = .- - '

’ ""amount P drscharged by the: pump 60 at the memonzed valne RS:. The . _ ol

: proh1b1t the feedback control for the flow amount dlscharged by the - ”

B pump60 and proceeds to step 395 to ﬁmsh this routtne tentatwely

By the change in flag “F® from “0” to “1” when this routine is -
' executed next time, the system eames out a control to hold the 1n1t1a1
'.ﬂow amount P dxscharged by the pump 60 (—RS) instead of the
' feedbaek control for the flow amount P. More coneretely, the electne
'. ) control circuit 50 proceeds to: steps 300 205 240 and 315 to
.detenmne whether the flag “F” is 17 At this pomt of time,.since the
flag “F” was ehanged from “0” to “17 at the prewous step 310, the
electnc control circuit 50 obtams “No” answer at step 315 and N
| ‘proeeeds to step.320 mstead of step 245.

R electne control circuit. 50, then, sets. fl “F” at“1® at step 310 to" .

The electrlc eontrol cu'clnt 50 determines. whether the ;

o measured current- I beeomes equal to or larger than the reference
o value I(T) at step - 320 Note that, here the. reference value I(T) is
| deﬁned to-be. equal to the target value IO Smce the electrolyttc cell -

.20 is filled vnth 1aw water rmmedtately after the system starts |

produemg the electrolyzed water the measured curr ent I is relattvely
small. Aceordmgly, The cu‘cutt 50 obtams “No -answer at step 320
and proceeds to step 395 to finish this: routme tentatrvely From this
t1me the " electric control etreult 50 repeats steps above until it
obtams “Yes” answer at. step 320. Therefore the flow amount P
) drseharged by the pump 60 remains 0" be the mmal flow amount



) 20 o [

-"wluch is equal to the stored amount (memonzed value) RS |
By operatron descnbed above the productron of thc -

S . 'electrolyzed ‘water is started and the saturated brme from the: storage_ R

: _tank 40 reaches the elcctrolytrc celI 20 Thus the measured current .. 0
. :mcreases At a lapse of predetermmed trme penod after the start of - : ’

- 'the productron of electrolyzed water, the measured eurreut I becomes .

o _20 is. ﬁlled w:th the drluted brme whrch contarns an amount of the o
,‘_‘saturatcd bnne 1u accordance wrth the memonzed value RS Thus e

B 'the electrrc control circuit 50 obtarns “Yes answer at step 320 and':- S

" proceeds to step 325 to change ﬂag F" from “17 to’ “0". As'a result, -
_when the circuit 50 execute this routlne next trme it obtarns “Yes”
-answer. at step 315 followmg ‘the steps 300,.205 . and 240 and .
proceeds to step 245 to start the feedback control. The. crrcurt 50, .
then, proceeds to step 250 to renew the memonzed value RS by_ :
_-'settmg ‘the memonzed value RS at the present flow amount ‘P |

obtamed at prevrous step 245 Thrs feedback control and the renewal'_- .

of the memonzed ‘value RS is- contmued untrl the operatron for
stopping productron of the electrolyzed water is carned out at both
~ steps of 255 and 260 that follow steps 300, 205 240, and 330 when
“the start switch 72is turned off | . : : o
| Aceordmg 10 the second embodrment descrlbed above durmg L
- the ‘time period between. the start of: the production of the =
electrolyzed water and the tunmg that the ‘measured current I
becomes larger than the target value IO (see FIG. 11, t1-t3), the ﬂow.
amount dxscharged P by the pump 60 remains at the memorized value
RS which was renewed under the prevtous feedback control.
Therefore, the generation .of the chlorme gas'is avoided since the
flow amount P discharged by the pump 60 does not become too large |
Note that, although the flow amount P drscharged by the pump
60 is held in the second embodiment, the control to substantially



- ;'5'-_- mamtam the ﬂow amount P can be adopted where the ﬂow amount P__' -

. .'.':i_ls adjusted by aﬁ':-Predetermmed ;amount, per second. thl is "efy. |

.,small cornpared to the 'amount per second by which the flow amount P

: :ls adJusted under the feedback control That is, the ﬂow amount P can L _
"':1.-'-.-_.‘be substanttally held_ by the feedback control with using the garn'.' -

' _:' . value K wluchls eﬁrtremely small compared to the value “K" that 1s :
used in the normal feedback c,ontrol descnbed above, Also, to ensure R

o _'amount

e :j.to have, feedback gontrol start, the reference. value. I(T) can be-the . - °

o "value whrch 1s smaller than the target value 10 hy a predetermmed"i ) S

Heremafter, a fu:st rnodrficd embodrment of the second -
-embodxment wrll be descnbed In tlus first modlfied embodrment, =
| 'routmcs shown in F[Gs 4and5i is added to-the. routme shown in Fig.
3. The added routrnes a.re executed ata predetermmed time interval
by the electric oontrol c1rcu1t 50 to. decrease the reference value I(T)
: used at step 320 m accordance wrth lapse of trme after the system -

- 'starts o, produce electrolyzed water.

- When the start switch 72 is turned on, the electnc control'
'circuxt 50 stafts the routine shown in Fig 4 from step 400 and
proceeds to’ step 410 to determine whether ﬂag @ is 17 The

. -"electnc control c1rcu1t 50. obtams “No ‘answer. at step 410 smce the =

'flag “G”, explamed afterwards is set at-“0”. at step 530 in FIG. 5. The
. circuit 50, then, proceeds to step 420 to. determme whether the state

of the start swrtch 72 is changed from “off” to “on” state Since it is -
: ;tlme mmedrately after the start swrtch 72 was turned on, the electric
' control crrcmt 50 obtams “Yes” answer at step 420 and proceeds to
. step 430 to set ﬂag “Q” at “1”. At the next step 440, the circuit 50

- increases the value in timer T, whrch is sct at “0” at step 520,

. exp,la_r_ned._ later,. .,b_.y ¥1*, Then, it proceeds to step 450 to- ohta_m I(T)
. from the table in ‘accordance with the value in the timer T and
. finishes this routine at step 495 tentatively.



o '.changed to “1” at step- 430 executed p!
L in the trmer T and proceeds to step 450

L ;above the tuner T mdrcates ume per

S When the electnc control crrcui : : .
- time, it proeeeds to step 440 from step 10, _since the ﬂag “G” was-.'. _
ously, to mcrease the valne . :

| ] --aecordance thh the value m the t:mer 'l‘ By the operatxon descrrbed'_ .
d after the. system starts the -

'productlon of. the electrolyzed water,-

obtain I(T) from the table in- -

‘and therefore the reference__-_" .

value I(T) 1s ohtamed m acccrdance thh the txme penod after the;__'j': L

K '.'i;'system staxts the. productron of the e .__,,C“-'Olyzed water at' Step 450 .

: -Note that; although the table used at step 450.is the one labeled (a)‘ .
' 'whmh is. des1gned to.decrease or mamtarn the teference value I(T) in

' 'accordance wrth the value i in the timer T it'is substrtuted by a table _
“ _labeled (b) in whreh the value I(T) decreases stepwrse in accordance
wrth the value in the’ trmer T or one labeled (¢) in which the value T
' deereases contmuously in accordance thh the value in the t1mer T.

" FIG. $ shows a routme to reset ﬂag and the value in the ‘
umer T at “0”. When the electnc control clrcult 50 exeeutes this -
youtine at a predeterrmned time mterval, the circuit.50 procéeds to -
. step 510 to determine whicther the start switch 72 changed its state -
i'.'-from “on” to “off’ state. If the cu'clut 50 obtams “Yes” answer, it
-proceeds to steps 520 and 530 to reset hoth of the value in the tlmer T
-and the ﬂag “G”, 'at “Q” respecuvely y S
' Accordmg to ‘the first modtﬁed embodrment desenbed above
since the reference value I(T) decreases in accordance wrth lapse of' ;
time after the system starts to produce electrolyzed water, it 1s '
. avorded that the feedback control for the flow amount P is not carned
out because the electric control circuit 50 continues to obtain “No”
_answer at step 320 in FIG. 3 in rare case where the measured current

1 does not increase large enough to startthe feedback control because .

of changes in pressute of the raw water_}_fl:'mm the external source of

raw water or in density of brine stored in the storage tank 40 (i.c.



L second modrﬁed embodunent uses o

.' ‘:changes 81,8 snrroundmg oondrtron of thi tem) Accordmgly, rt can

e be avotded that the system can not produce eleetrolyzed water wh10h' -

- ‘has desxred property because the feed b ack' control is not carrred out

L Herernafter, a; second modrﬁcd embodrment of the second - 3
e embodrment wrll be. descnbed wrth reference t0 FIGs.3, 5 and 6. The.

nes ¢ shown in FIGs 3 and 5- as,

- the first modrfied emhodunent does, and substttutes a routme shown - o
S in, FIG 6. for. one shown in- FIG 4 adopted hy the first modrﬁedﬁ'_"_' I

. ';:embodtment. The routme shown in FIG 6 is executed by the- electric -

control circuit 5 0 ata. lapse of predetermmed trme interval to enforce

to start the feedback control for the flow amount P’ drscharged by the

pump 60. at a predetermrned trme period after the system starts to
| produce electrolyzed water. - .
That is, the e.lectrlo control. crrcmt 50 starts to execute the
: routme shown in FIG 6.3t step 600 and determmes whether the ﬂag _.
“G” is “17 at step 605 When. the start sw1tch 72 is in the “off” state,
f[ag “G” has been set at “0 because of steps 510 and 530 shown in
" FIG. 5, and: thus the circait 50 obtains “No” answer at step 605 and
. proceeds to step 610 to determme Whether the start switch 72 is
' turned oL lf the operator has not turned on the start sw1tch 72, the
i circuit 50 obtains “No answer at step 610 and proceeds to step 695 to -

T _ﬁmsh thls routme tentatrvely

Under thrs .stage, when the- operator turns on the start swrtch_- |
72, the electric control crrcurt 50 obtaiiis “Yes” answer at step 610
and proceeds to. step 615 to set flag . G at “1” It then proceeds to
step 620 to increase the value in the nmer T by “1”. Note that the
value in the timer T is set at “0 at step 5_20_ shown in FIG. 5 executed
when the start switch 72 was tunierl o‘ff 'Subsequently, the circuit 50
determmes whether the value in the timer ‘T becomes larger than a
predetermined value TO at step. 625. Since the value in the timer T has
. been just started to be .m_c_reased_._at thls point of trrne,. the electric



e .-;zr;_' S

'.control ctrcmt 50 obtams “No answer at step 625 and proceeds to

' ""step 695 to finlsh ﬂus rontme tentattvely

L When the ctrcurt 50 executes this routme next tune smce flag
o G was set at “1” at step 615 executed prevrously, 1t proeeeds to step

: '. 620 from step 605 dtrectly to mcrease the value in the’ timer T.
- ~Accordmgly, s1nce the value in the tuner T mdlcates a lapse of time

after. the system starts to produce electrolyzed water, the crrcmt 50
i ';':_Zobtatns' “Yes” answer at step - 625 (value in‘ the “timer T>the

L ":E_.."Predetermmed time; PcﬂOd TO) When the P1""d‘-"t“fm-m"'d time period .

'*passes and proceeds to step 630 to set ﬂag “F” "'whtch is used to
2 prohtbrt the feedback control at “0”. Asa result, when the ctrcurt 5 0
- exgcutes routme shown in FIG. 3, it obtains “Yes” answer at step 315
- whrch follows steps of 300 205 and 240 and proceeds to step 245 to

. N start to carry out the feedback control

Accordmg to- the second modlﬁed embodlment descnbed
-above, the feedback control for the flow amount P 1s enforced to start

a ata. lapse of the predetermtned time perrod TO by settmg Flag F at “0”. . |

. -Therefore, even in the rare case where the measured current I does
- not increase large enough to start the feedback control the circuit 50 .
. can obtam “Yes” ‘answer at step 315 'to. start the feedback control

oo _--Accordmgly, it-can-be avoided that the system can not produce
... desired electrolyzed water because the feedback control 1s not started.

N ‘Note that, the ttmmg that the measured current I becomes larger than -

| .:_the reference value. 10 usually occurs before the trmmg that the value -

. in ‘the tlmer T becomes larger than the ttme penod TO. In other words,

| the time period T0 is defined to be larger than the penod within

: Wlueh the measnred current 1 becomes larger than the reference value
10 in most cases. That is, itiis inferred that: the measured current I will
‘not exceed the reference value Io if it is ot larger than the reference

- value 10 at the lapse of the time pertod TO ‘This. i 1s why the second

modified embodtment sets the flag “F” at“0” when the time penod TO



o ._.'has passed

Herexnafter a tlurd modrﬂed embodunent of the second -
i _embodrment will be desenbed ‘with reference to Fle 3 and 7. 'l‘he

- :-_f.rout;ne shown in FIG 7.is.one that is. rnserted between the route that-
' "'the errcurt 50 follows when 1t obtaxns “No answer at step 320 until 1t

" ~proeeeds to' step. 395 (see ” and “B” clrcled in FIG. 3)i m ordcr to

enforce to start the feedback control for the ﬂow amount P

:_dlscharged by the: pump 60 wheu the maxxmum change ‘amount per o
e seeond in the measured current 1 (1.e maxnnum change rate of the
o '-"measured current) is smaller than a predetermmed reference value

. More eoncretely, when the eIectrrc control cu'curt 50 obtams' :
“No” _answer at step 320 in FIG. 3 since’ the measured current I does .
_ not exceed the reference value KT), it proceeds to step 710.to store

ten (10) measured current 1 (ten data of measured current I detected) o

...'That is, the value stored m the RAM l(n+l) is transferred to the value |
in the RAM I(n) Where n isa posrtlve 1nteger number from one( 1) to

. nme(9), _for 1nstanee, the content in. the 11 i is. replaced by the content

in the I2, and the present measured current L (mstant ‘measured
| _current I) is stored in the RAM I10. The crrcu1t 5 0 then, searches the
' maxunum value IMAX among values of I1 to 110 at step 715 .and |

| " minimum value IMIN among values of Il to 110 at step 720.

B _,Subseqnently, the cu'curt 50. calculate the difference D between the

- '_maxnnum value LMAX and the mmnnum value IMIN as a ehange rate ' _

.of the conductivity of the diluted brine at step 725. and proceeds to .
step 730 to determine whether the drfference D is ‘smaller than the
- predeterm.med reference value DO. If the CII'Olllt obtams Yes answer,
it proceeds to step 735 to set the flag “F” at “0” in order to start the
feedback control. That is, the circuit 50 is enforced to obtain “Yes”
'ansvver at step 315 in FIG.3 and to start the feedback control at step
245. ' '

According to the third modified embodiment described above,



26 _' SRR

o '-__";when the dtfference D menttoned above becomes smaller than the. S
o referencc value DO ( that is, when the change rate m the: measured |
T Qun-ent T dunng a certam time penod xs small), the feedback conu'ol' 3
. for the ﬂow amount P dtscharged by the pump 60 is startcd, since itis -

- "proper 10, 1nfer ‘that the measured currcnt - I ‘will not. exceed the -

_.__-.'.-‘reference value I(T)-IO any more By means dcscnbcd above just' -
- Aike: the: first or the second modtfied embodtment it. can be- avorded o

S ;.that the system can not produce desu'ed electrolyzed water because " e

.h -""._the feedback control is. not. started in the rare case where the'-"_ At

. measu.red current I does not mcrease large enough to 'start. thc '

feedback control because of changes in. pressure of the raw water_' "

o from the external source. of water or m densxty of brine stored in the
.storage tank 40. Note that the number of" the measured current T .

~ stored m the RAM is not neeessanly ten(lO) i.e. T1-110, but the
number can be- determ.med accordmg to the execut:on mterval of the '

_routme shown m FIG 7. S
It is. preferable that xmttal values of Il to IlO axe set.

| 'appropnately in the initial routme (not shown) executed mmedtately '

after the start swrtch 72 1s tumed on so that. the cuemt 50 does not -

| _ _obtatn “Yes answer at step 730 since the current data of I1 to I10has

not been obtatned for a certain penod mmedtately after the- -system. -

L starts to produce electrolyzed water. Alternattvely, the. program may

N be desrgned not to execute step 730 unt11 all values of 11 to 110-are
obtamed properly. More concretely, itis preferable that the circuit 50"
. adopts a timer just ] like one shown 1n FIG. 6 to measure the lapse of -
'_ . time- after the system starts the. productmn of the electrolyzed water
, and a new step, at-which the circuit 50 is enforced to proceed to step

730 after the value in the timer becomes larger than a predetermined

- time penod and to proceed to “B” shown in FIG. 7 when the value in
‘the timer is smaller than the predetermined time period.
| ' In the first and second embodiments described above, it is also -



pteferable that the memorlz.ed value RS- -*1s- deﬂned to be a average S )

 value o a werghted mtegral of the meas
- Toutine; eurrently exeeuted as well
" .executed. in. order to stabrlrze the valu' RS_ _More coneretely, when

d".eurrent I obtamed in the..T . |
in .the routine prevrously B

-'the stored value obtamed m the presentl executed routrne 1s defined - .

to be the value RSrL, the value RSn can
" “RSn—a Pn + (l a) RSn-l where

;ﬁealeulated by the equatmn

. dxscharged by the’ pump 60 in the presently executed routine, RSn-1-

g the stored value wluch was obtamed in. the routine previously-. i

-_.executed as Rn, and a is a predetermmed va,lue between “0” and 1"

Although the - embodtments descnbed above eommenee to | _
_Ienew the memorrzed value RS mmedtately after the feedback )
" control is started the renewal of the memonzed value RS may be
delayed until a predetermmed tmte penod passes after the feedback :
~ control ‘was started to _obtain. more stable. memonzed value RS, It
; should be noted. that, in thxs way of renewal of the memonzed value |
RS smee there is'a possxbxlxty that tbe stored value has not been
" obtamed yet even after the system. has already started to produce
. eleetrolyzed water more.than twice after the power supply switch had
been tumed on., the step 255 should be modified into the step. at which
"the crreuxt 50 deternunes whether the memorrzed value RS has been
: already renewed after the power supply swrteh had been turned on,

¢ Pn is the flow: amount P S

and the. circuit 50 is’ enforced to proceed: to step 230 when the answer SR

at the modified step is “No” to set the uuttal flow amount P at RO, or
to step 305 if the answer at the modified step is “Yes” to set the initial
flow amount P at value f(RS). - . '
- In the embodiments described’abgve it is also preferable that
the system adopts a fluid pump of the. type driven by each pulse of
pulse frain signals from the. circuit 50 - Just like used in the third
embodiment described heremafter as the flutd pump 60.
Heremafter ‘a third embodnnent in accorda.nce with the



_present 1nventlon wxll be descnbed m detaﬂ thh reference to the

'":'-',.-'_drawmgs shown in- FIGs 12 fo - 15 The thJId emhodlment is -
e substanually the same’ as. the first and the second embodunent

s f_descnbed above except for the program (routme) to be executed by o

L ,'the eleclnc control clrcmt 50

. The pump adopted m thls thlrd embodrment is so: called a._" '

C __'pulsc dnven pump wluch dxscharges the saturated bnne to mix. 1t wrth g
L ¥ raw water by reclprocal movement ot‘ the dlaphragm which i is moved

; f_?-'"'.-_._ by attracuve force generated by an. actwated solen01d by a pulse. .

L ", s1gna1 The amount dxscharged by the pump per one cycle is-coristant. -

_ . - More concretely, the pump shown in FIG.12 mcludes a pump
: housmg 6 1 wluch contams a pump chamber 63 formed by a
| dtaphragm 62, one way valve 65 wh1ch allows’ stream from intake |
] opening.64 to the-pump chamber 63.only, and one way valve which
) -allows stream from the pump chamber 63 to dlscharge openmg 66'_
- only A plunger 68 is con_nected to the dlaphragm 62 and i is. biased - | _
o ) toward the pump chamber 63 (to the Ieft in FIG. 12) by the diaphragm. |
: 62 as well as a- sprmg (not shown), on the other hand, it moves in
- _Teverse direction agamst the pump chamber 63 (to the nght in FIG.
_' _ 12) by the force generated when. the solenold 69 is actxvated by a
o ‘pulse from the electnc control cxrcmt 30 ‘which ﬁmctxons as a pulse__ :

o generator

. With structure descnbed above the pump 60 rec1procates the -
| 'dmphragm 62 in accordanee wx.th the repetition of activation of the -
solenoid 69 (1 c. pulse train 51gna1) to suck the saturated brine from
-thee storage tank 40 and drscharge the brine into the brine supply prpe
P6 to mix it wrth raw water. That is, the pump 60 discharges constant
. amount "of the saturated brine m accordance with the reclprocal
movement of the dlaphragm 62 every time the solenoid 69 recejves
' the pulse signal. Therefore it can vary its discharge amount per aunit -
time (i.e. ﬂow_amo_unt) to .adj_-ust._the density of the diluted brine.



Heremafter, peratton of the': thn'd embodrment of the_

electro[yzed water produetron system w_ ebe descnbed The electnc L
' control crreurt 50 starts to. execute routme shown in FIG 13 £rom the .

: step 1300, ‘and: proceeds to stcp 1305 to deteets whethcr ornot the‘

e state of the start sw1tch 72 1s changed from the “off” state to the “o

* state. Accordmgly, when the opcrator has not turned on the sta.rt._

N Sw1tch 72, the. ctrcutt 50 obitains’ "No answer at step 1305 ‘and:

L -proeeeds to step 1330 to detect whether the state ot‘ the start swrtch c _
e T2ds changed from; the ‘on” state to. the off’ state.- At tlus pomt of SR

'_tune smce the start swrtch 72 rema.ms at off" state thie -circuit 50

| obtams “No” answer: at step 1330 ind. 1t proceeds to 1395 to fimsh |

. 'tb.ts routine tentatrvely

When the operator turns on’ the start swrtch 72 to produee
electrolyzed water, the clrcuxt 50 obtains’ “Yes” answer. at stepl305'
and proceeds to step 1310.. The- c1rcu1t 50 0pens the ‘water supply g
vaIve 27 to commence to supply the eleetrolytrc cell 20 w1th raw

'water at step 1310. and apphes the constant voltage between the_ -

} . electrodes 24 and 25 at step 1315..

. Subsequenﬂy, the circuit 50 proceeds to step 1320 to set a

-pnmp drive srgnal S for the pump 60, expla.med afterwards at the -
. initial value RO and proceeds to step 1325. At step 1325 the ctrcurt '
-"_50 sets. pulse interval ST, also explamed later at “1” to provxde the -

_solenord 69, wrth the' ﬁrst pulse signal and value in the counter N,

later explamed at: “0” Then, the circuit 50 proceeds to step 1395 to

fimsh this. routmc tentatwely Wrth the_ operatron descnbed above, _

“the produetlon of the electrolyzed water rs started

- A control method to drive the pump 60 wxll be descrlbed w1th .
reference to routine shown in FIG‘ 15, a. pump drrvxng routme. Note
that the routine shown in FIG. 15 is executed by t.he ctreurt 50 ata

o shorter interval than the interval at anch the routine shown in

FIG..I_S is executed. First, the circuit -SQ. star_ts the routine shown in




. FIG 15 wrth the step 1500 and proeeeds't step 15 10 to mcrease valne-

im. trmer ‘l‘ by “1” then proceeds to 1520. to compare the value m the -

timer T with the pulse mterval ST. Smce ‘the value in the txmer 1s set -

. at “0" mmedtately ‘after, the pulse srgnal is provrded (generated) at -

: _'_-step 1540 descnbed later or when the state of the start sthch 72 is

: _:changed from on state to off" state (see step 1350 in FIG- 13) the. o
'-_'crrcurt 50 obtams “No answer at step 1520 and proceeds to step 1595

- 'to ﬂmsh this routme tentauvely B . ,
L S The value m the trmerT mereases and becomes larger thanthe-' ey L

- pulse mterval ST when a certain time; penod has. passed since the_..- |
circuit repeats steps 1500, 1510, 1520 and 1595. When the value in

the trmer N. becomes larger than the pulse mterval ST, the crrcmt 50 . |
obtains “Yes answer at step 1520 ‘and proceeds to step 1530 to
_ generate ‘a pulse slgnal whrch 1s a  high’ Ievel srgnal for a
."predetermmed trme penod (i-e. the pulse width'is 10 m sec.), and
provrde the, soleuord 69 wrth the generated pulse srgnal to dtscharge
. the saturated brine from the discharge opening 66.of the pump 60.
Subsequently, the crrcurt 50 sets:the. value in the timer T at “0” at step
11540 and proceeds to step 1550 to set the pulse mterval ST used in
the step 1520 ata value Wluch is mversely proportronal to the drive

signal S for the pump 60 (i:c. A/S “A”is constant positive number) v

- and then proceeds to Step 1595 to.finish this routine tentatively.
' It should: be noted that the cn'eurt 50 ‘obtains “Yes” answer at
step 1520 ‘when the cxrcurt executes the step 1520 for the first. ttme "
after the system started to produce electrolyzed water because the
pulse interval ST is set at “1” at step- 1325 shown 1 in the FIG.13 and |
therefore proceeds to step 1530 to genetate the pulse signal
unmedrately Itis also noted that the pulse interval ST corxresponds to
the value RO (e.g ST—A/S—-A/RO) because the drive signal S is setat -
the value RO at.step 1320 shown in FIG.13, and the signal S remains
the same (i.e, A/RO) until the drive signal S is altered.



T ,"the pump drive’

| - Aeco'rd g0 ratron descnbed above, the crrcurt 50 provrdes :
_'the solenord 69 with a,pulse srgnal havmg hrgh level (Hr) signal for

the. predetermme  time period at 8. time- mterval in accordance with
'al S ie. mversely proportmnal to the pump dnve §

B j.srgnal S (A/S) and.the dlaphragm 62. moves in accord.ance wrth the |
. ""lr'pulse srgnal to. mlx the saturated water wrth the 12W Water Thexefore,

- a.s the drrve srgnal S becomes lager the pump 60 1s dnven at hgher

L Jspeed and the drscharge amount per a umt tune of the saturated bn.ne -

':":_ .to be mrxed by 'th pu.mp 60: becomes larger _ . L
_ A feedback control for the pump drive. srgnal S (a control for .
 the pulse interval ST of. the pulse train by the feedback operatlon) "
will be descnbed heremafter It should be noted that the circuit 50
'-executes routine shown in FIG.14' every one(1) second , wlule the
;crrcmt 50 repeats steps 1300 1305, 1330 and 1395. shown in FIG 13.
More concretely, .the e1rcu1t 50. adds “1” to the value in the -
- counter N at stcp 1405 The value i in. the counter N is uscd when the -
| measured current I (eorrespond.mg to-a, detected conduct1v1ty of the

| dlluted brine grven to the- e]ectrolytre cell 20) is stored as IT to I3, L

'descnbed later The crrcult 50 then proceeds to step 1410 to input the
'_.current across the electrodes 24 and 25 as the measured current I

~ through the AD converter and proceeds to step 1415 to determme .
"-whether the value in the counter N is three(3) ' '
' Smce the value in the counter N is set at “0” at step 1325'

shown in FIG. 13 when the start swrtch 72 is tumed on; the value

" becomes “1” at: step 405 ‘Thus, the crrcurt 50 obtains “No answer at
step 1415 and proceeds to step 1425 to determme whether the value
in the counter N is one(l) The circuit 50 obtams “Yes” answer at step
1425 and proceeds to step 1430 to store the nxeasure_d current [

obtained at the previous step 1410 as Il in the memory. of the
microprocessor, and-proceeds to step 1495 to finish .this routine -
tentatively.



At the lapse of one second t‘rom thc ttmmg above the Clrcl.ut J'

s '.._-50 resumes to: execute the routme shown in: th 14 and makes the . |

-jvalue in the counte__f' N two(2) at step 1405 Then the cucutt 50 -

"-_:proceeds to: step 1410 to mput new (present) measured current I and .

L proceed to steps’ of 1415 and 1425 At this time, thie circait 50 obtains
- “No” answers at both steps of 1415 and I425 1t proceeds to step. 1435' -

f ‘to store the measured current I obtamed at step 1410 as. I2 and L |

e '-ﬁmshes tlus routm.e . |
| At a lapse of another second, the cn‘eutt malces the value in thej' o

'counter N three(S) at stcp1405 and proceeds to step 1410 o input

L new (present) measured current L. The' circuit 50, then, proceeds to

step 1415 and obtains “Yes” answer thts ttme  proceeds to 1420 to set

- .the value in the counter N at zero(O)

The clrcutt 50. proceeds to - 1440 after the executton of step
1420 to store measured current I obtamed at step 1410. as I3, and
B proceeds to. step 1445 to- calculate an artthmettc mean (an average) of '

R I1, I2 and I3 that have been stored and then set a average measured .

" current IAVE at the calculated artthmettc mean mdtcatrve of average -
conducttvtty of the diluted brine. Then the .circuit 50 proceeds 10

1450. It should be noted that the data I1, I2 correspond to the plural

data on conducnvrty prevrously detected . (obtained) at the first )
h _.predetermmed mterval i.e. onesecond, and the 13 corresponds to the _-
data on conductrvrty newly detected ' _
| Step. 1450 is: for performing the feedback controI for the flow
amount P dtscharged by the pump 60 to.obtain. the diluted brine which
" has the 0pt1mal conducttvny Therefore, the circuit 50, sets the drive
s1gnal S at the value icalculated by addm_g_ value proportional to the
difference obtained by subtracting the -_average measured current
IAVE from the target velue I0 (K- (I0-IAVE), “K” is positive constant
number) to the mstant drive signal S indicative of the present flow
amount P, and proceeds to step 1495 to finish this. ronttne tentatively.



Accordmgly, 'the crrcu1t 50 mc..'_.:

-value IO to mcrease the flow amount P t _
60 by shortenmg the pulse mterval of th pulsc tram ST, whereas the

o clrcmt 50 decreases the dnve srgnal S ,lf-'; e average measured current g
C IAVE is: larger than the target current valne I0 to- decrease the flow

: .'.'_amount P 0. be dlscharged hy the pump 60 by lengthen the pulse S

:-mterval of the pulse tram ST By the- operatron above, the feedback-' .
. control is, performed Asis understood’ from above desenptron “the .

O 'f:measured current is ‘newly detected again l'cpetm"el}’ every one (1)

| second, and the average measured current IAVE as well as the pump
-+ drive s1gnal S 1s renewed when the value in the counter N becomes
' three :i.e.-every three(3) seconds, P -
Smce the ciréuit 50 contmuously executes the routine shown

S "the dnve srgnal S if the' o
. .-.average measured"' 'urrent TAVE is smaller than the: target current SR
e-'dxscharged by the pump R |

in FIG. 13 at the. predetermmed mterval when the operator turns off -

- the start swrtch 72 10 stop. producmg electrolyzed water, the circuit

50. obtams “No” answer at step ]305 and’ proceeds to step 1330 to - o

) "determrne whether the state of the start switch 72 was changed from SR

“on” state to “off” state. Under this condltlon, the circuit 50 obtams- _
- “Yes® answer at step 1330 and prcceeds to steps 1335 to 1345 to -
. execute, necessary steps to stop producmg electro]yzed ‘water. Morze
concretely, _the cucmt 50 closes the water supply valve 27 to stop

- supplymg raw water at. step 1335 stops applytng voltage between the

‘ electrodes 24 and. 25 and stop operatlcn of -the pump 60 (i.c. stop. |
. generatmg pulse train) at step 1345 Subsequently, the circuit 50
' proceeds to step 1350 to set the value in the timer T at “0” used in'the
pump driving routme described above: and proceeds to step 1395 to
finish this routine tentatwely _
As. descnbed above, the third embodlment on the electrolyzed
water productlon system in accordance w1th the present invention -
obtams the avcragc measured current IAVE of the three (plural) data




- :;;.".consrstmg of the measured current
R '.conducttwty, ie. I3 and the meas"_
R routme executed prevrously as weIl as i

1n_d1cat1ve of the present
cnrrent I detected in the
__e'routme execnted before

N ._';.the prevrous executxon of the routme, i.e: 12 and 3. The system also

', X calculates the pump drtve srgnal S for the pump 60 in-such a- manner '

L _"-that the average measured current IAVE?fjbecomes equal to the target- .

-value IO and generates the pulse traln"- qvtng the puIse mterval ST'.. |

| “.whtch corresponds to the pump dnve signal S.

Accordmgly, even i the’ crrcult 50 deteets the measured -

- :current I which s larger ‘than. the average valuc of the measured

. current I for a. certam penod of txme because the timing when the

~_-circuit 50 obtams the measured current I happens to fall on the timing .

N 'when a certain portion of the diluted brine. havmg high ‘density
because of the saturated brine chscharged by the pump 60 reaches the
electrolyuc cell 20 the clremt 50 uses, 1nstead of the measured

- current 1 just detected the average measured current IAVE obtamed

e 'based on mnot only the measured current I just detected ‘but the

.mcasured current I detected at the- successrvely prevxous txmmgs for
the feedback control Thus; the system can. decrease the fluctuation of
© the densrty of the dlluted brine stcmmmg from the detection timing of -
‘the. measured current I'and can produce des:red electrolyzed water_' 3

L having a stable property

Heremafter a fourth embodlment m accorda.nce wrth the 3

_ present mventron will. be dcscnbed The system of ‘the fourth-
_'-embodlment is different from thc systcm of the third embod1ment in
that the fourth embodlment substltutes routme shown in FIG.16 for
the routlne shown in FIG. 14. In operatlon., the foutth embodiment is
) dxfferent from the third embodxment m: that the thu'd embodiment
- uses. the measured current I(Il) detected unmedrately after the
. caleulauon and the renewal of the pump'_' drrve signal § is performed
for the successrve calcu.lauon and the renewal of the average




' '-.'mcasured cu.rrent

L \fourth embodtment uses the measured current I(12) detected after the o |

'_'__.detectlon of the measured current I (Il) and the measured current )

jE.: and the pnmp dnve srgnal S whereas the -

B : detected successrvely ata lapse of the predetermmed mterval after_ o _
L _'.-the detectmn of the measured eurrent I(I2) o

More eoncretely, _the errcmt 50 executes routme shown in

- FIG 16 ata lapse of one (1) seeond (1,e. every 1 second), as. FIG 14 e

'.-._f‘"__':'-"and proceeds to steps 1605 and: 1610 whrch is- 1dennea1 to steps 1405 e .
ke '-,t'.--:_."and 1410. shown in. the FIG 14 respccttvely to mcreasc the value m":' e

e '_ 'the counter N by “1” and to detects (obtam) the measured current I at' .

that present . ,
; The value m the counter N becomes ‘1” by the execunon of
'step 1605 when the step 1605 is executed 1mmed1ately after the start :

;,swrteh 72 was turned on smce -the. value in the counter N was set at

E “0” by the executron of the step 1325 Aceordmgly, the clrcurt ‘50
~ obtains “Yes” answer at step 1615 at whrch the circuit 50 determmes

o .whether the value in the eounter Ni is “17 and proceeds 10 step. 1695 to .
. ”ﬁmsh this routine tentatwely without stonng the measured cun‘ent I -

At a lapse of one second, the cucurt 50 executes’ the routine "~

, 'shown in FIG. 16 and proceeds to step . 1605 to set the value in the

counter N at “2”, It then proceeds to step 1610 to deteet the measured_ -

" eurrent I again. ’l‘he GlIClllt 50, then, proceeds to step 16 15, obtams. '
:“No answer tlus ttme and proceeds to step 1620. to determme
. 'whether the value in the. counter.N is “4*. The circuit 50 obtams “No”
. answer and proceeds 0 step 1625 to determme whether the value in.

the counter is “27. _ince the value is 2” at this tlme the circuit 50
proceeds to step 1630 to store the measured current I as I2 and
proceeds to step 1695 to finish this routine tentatively.

F_urther, at a lapse of another one ._second, the circuit 50 starts

the routine shown in FIG.16 from step 1600 and proceeds to step
1605 to increase the value in the counter N by “1”. Thus the valuein.



the counter N becomes 3

, Then the crrcurt 50 agam detects the measured cutrent I at step' "; L a
1610 and obtams “No answers at- the all steps of 1615, 1620 and o
o 1625 Then, it proceeds to step 1635 10 store the measured cun-ent I -
- -'--as I3 and proceeds to step 1695 t0 ﬁmsh th1s routme tentat:vely B .
‘ . The cxrcuxt 50 mcreases the va.lue in the counter N wh1ch then R
- 't-becomes “4” at. step 1605 in the routme resumed another one second o
-' _f.‘:-.-.later, detects the meaSured cnrrent I at step 1610_ y obtams No” '
-'answer at step 1615 obtat'ns “Yes answer at; step. 1620 and proceeds - '
‘to. step 1640 to set the valuem the counter N.at “0”, Then the c1rc1ut T |
© 50 stores the measured current Las I4 and proceeds to step 1650 to

calculate an anthmettc -mean of IZ 3 and I4 and to store the. mean as'.' .
. ‘the average measured current IAVE Snbsequently, the ctrcurt 50.
_ proceeds to step 1655 to calculate and renew the pump drrve s1gnal S,
as steps 1450 shown in FIG 14. From this tnne the circuit 50 repeats
:-_0peratron descnbed above to renew the pump drive s1gnal S (e.
carrymg out.the feedback control) R . :
. Accordmg to the fourth embodxment descnbed above the'
circuit 50 detects the measured current Iata first’ predetermmed
" mterval (1 e. one second) calculates a average measured current
TAVE at a second predetermmcd interval (i.e. four- seconds) and_'

-+, TCHEWS. the pump dnve srgnal S. However, the cucult 50 does not '-

" -store the measured current I whrch is detected unmedzately after the.
drive signal S is renewed (i.e. when: the value in the counter N
becomes “1” at step 1605). Therefore, the cxrcutt S0 does not use the .
measured cwrrent I which is detected. 1mmed1ately after the drrve_ _
srgnal S was renewed for the calculauon of - the average measured
current JAVE at step 1650. Thus, the circuit 501 is desrgned not to.use
the measured current I which is very unhkely to be effected by the |
result of. the renewal of the pump drtve srgnal S accordmg to the
average measured current IAVE. Instead the circuit 50 adopts the



-"--""._'-measured current I obtamed at or- after a lapse of the tlnrd-.--

_.i-predetermmed time r_nterval, (1 e 2 seconds) for the calculauon of the"

i _next average 'me. .ed' current IAVE (i.c.the next dnve signal S). As'
- a result, the feedback conu'ol operatmn for the pump 60 becomes '
s stable e

s It should be noted that there is a small delay from the trme that '- _
- the pump dnveslgnal S 1s renewed till the -result of the renewal of the. o
- drive s1gna1 S: appears as the aetual ﬂow amount dJscharged by the -

- 3,pump 60 That is, ¢ he nme penod between the timing of the remewal

i '-"'of the dnve s1gnal S and the tmnng of pulse generatton to solenoid 69 .

- of the pump 60 vanes Thus the tlme perrod between the timing that
,the actual flow amount drscharged by the. pump 60 is effected by the
-renewed pump dnve s1gnal S and the tnmng that the measured current
Ti is stored as I2 vanes '
_ | This time delay is very short and can be 1gnored, however it
' may be preferablc to eliminate the effect caused by the delay From
 this point of vrew, the followmg measures may be taken. That is, the :
program is desrgned in such 2 manner that the circuit 50 proceeds to
the step 1600 shown in FIG.16 when the pump discharges the
saturated brme based on the sxgnal effected by the renewed pump
drive ﬂgnal S (1 .. at the tlmmg of the generation of the pulse
effected by the. renewed pump drive signal S to the solenord 69).
Alternatwely, the progra.m rs des1gned to have an addrtronal timer

 which.measures the fime: period: from the timing when the pump 60

: dtscharges the saturated brine based on the signal mﬂuenced by the |
renewed pump dnve slgnal S, and to store the measured current I
R detected when the addltlonal timer measures a predetermined
constant time penod as 12 The. constant time is preferably defined to
be equal to the ume penod in whlch the saturated bnne takes to reach' |
the electrolytlc cell 20 from the pump 60,

As is understood from the above descrrptlon, the measured



G current I deteeted when the va.lue in: 'th

._"‘ter N equals to a certam .

P -nu.mber ,which is “ m thts embodrmen escnbed above, is not used :

- "'_-for the. calculatron of the average ‘mea

o certam number can be a.uy number That is; & determmatmn on how.

_j .many data on the measured current I, out of the measured current I

o successwely detected dunng the tune penod fmm the renewal of the |

L :pump drrve srgnal S accordmg to the _-_enewed average meaSurc d o S

current IAVE to the next renewal of the pump, dnve srgnal S should -

- “-'f :_"_not be used for. the calculauon for. the. next ayerage measured current : SR
IAVE should be made based on the samplmg trmmg of the measured'“ o

‘ ".eurrent L or on the ume perxod whxch is necessary for the brxne from
the pump 60 to reach the. electrolyuc ‘cell 20. . | _
Heretnaftcr, a fifth embodlment will be descnbed Thc

electrolyzed water producuon system accordmg to the fifth .
embodrment is “different from the system of the - thrrd embodlment'
only in that the system. of the. fifth- embodrment substrtutes routme
-shown in FIG. 17 for the step 1445 .in the routme shown in FIG.14 the -
circuit 50.of third embodunent executes - |

_-ed- current IAVE but the L

. That is, the circuit 50 of. the fifth embodxment stores measured L

' 'current I as [1to I3 every one second successrvely and proceeds to
'step 17 10 from step 1440 At step 1710, the cxrcurt 50 selects one out
- ._'-of 11, 12 and I3 ‘which has the largest absolute deviation from: the

= target value IO and stores.itas J1, selects one out of I1 to I3 which has' _ o

the smallest absolute deviation from the target value 10 and store 1t as
J3, and stores the rest as J2. ' ' '

The circuit 50 determines. whether a predetermmed condition
is satisfied after the start switch 72 ‘was turned on at’ step 1720. The.
predetermined condition above can be the. eondttlon which indicates.

_ that it is time to. give pnonty to stabrhty of the eontrol mstead of

<

respounse time of the system. ‘For. instan c_e, _it could be when' a
predetermmed time pertod has passed smce the start switch 72 was



T

turned on’; or
‘ tlme beeomes larg .'than the reference value which. ‘may be the target
value 10.0r ma be _he,value bemg smaller than the targct value by a
" certa.m amount ) o ' T ' N

The crrcurt 50 obtams “No answer at step 1720 smce the -

C predetermmed ""ondrtrou is not satlsfied 1mmed1ately after the system .

- has. started pt'0d ;mg the: electrolyzed water and proceeds to, step;
. 1730 to ealcula_ 2ia werghted mtegral IAVE (welghted average) for -

i " unprovmg the response trme of the feedback control More concretely, o

""d be when the measured current I for the first. - -

the circuit 50 caleulates the werghted mtegral by muluplymg 32 '

. and'J3 by “mll(m1+m2+m.3)” ‘where “m1” is the largest coefficient
among m1, m2 and:m3 and | “ml+m2+m3=1", by “m2/(m1+mz+m3)”'
: .where “m2 is- smaller than “ml”- but’ larger than “m3”, and by
m3/(m1+m2+m3) Where m3” is: the smaller than ° m2" respectrvely,
- then store the werghted mtegral as the average measured current -
IAVE, and. thcn proceeds to:step 1450.
. o The c1rcu1t 50 calcnlates the pump dnve slgnal S at- step 1450'
: :shown in FIG l4 That is, rt renews the’ pump ‘drive SIgnal Sby addrng

-. | 'value wluch is proportmnal to valuc obtamcd by subuactxng the

average measured current IAVE from the target value 10 to the

R present pump drxve srgnal S at step 1450. The circuit 50, just like the
~ fourth cmbodrment executes the routine shown in FIG.15, and

generates pulse s1gnal sent to the solenord 69 at a time mterval n-
aecordance thh the pump dnve srgnal S.. ' '
,, When the predetermmed condmon descrtbed above is
_satisfied, the cxrcurt 50 obtains “Yes” answer at step 1720 and
_proceeds to step 1740 to calculates the welghted integral JAVE for
1mprovmg the response time of the feedback control. That is, the
~ circuit 50 calculates the werghted mtegral IAVE by multlplylng Ji,

' J2, and I3 by “kll(l_r_l+k_2_+k3) where “kl” is the smallest coefficient
among k1, k2 and k3 and “(k1+k2+k3)=1", by “k2” which is larger



E than “kl” but smaller than &k3 and by “k3” whreh is- the larger than- o

“k2” respectrvely The cxreuxt 50 sets, the average measured current_-"'j. L

IAVE at the: welghted mtegral Just calculated It then proceeds to step;

' 1450 shown in FIG: 14 to obtam the pump dnve signal S, as deseubed_'.

C '.above and generates the pulse train of whreh penod is in accordance L

b .wrth the pump drxve slgnal S by execntmg the routme shown m.
.._.FIGIS RV ' S S
| Wlﬂl operatxon descnbed above, the system aeeordmg to the -

':*__ 'ﬁfth embodtment the average measured current IAVE is set at. the_' _:'-. U

_ .value for: the 1mprovmg (shortemng) the response tlme durmg the
. ' .measured current 1 (the conduetm.ty of the dlluted brme) 1s small .
_compared to the target va.lue 10 and therefore ‘the drfference D

L 'between the average measured eurrent IAVE and the target value Io

| becomes large, As a resulg the time - requn'ed to produee the
eleetrolyzed water. havmg the desxred property after the system - 1s". -
" activated to start the electrolyzed water becomes short, beeause the-
: system mcreases the pump drive s1gnal S more raprdly o

| On the other hand, when the ﬂow amou.nt of the . saturated '
: 'bnne beeomes substannally equal to the optunal value (i.c. when the
" property -of ‘the eleetrolyzed water produced becomes stable), the
system obta:ns the wexghted mtegral of the measured current 1 to'
make the drfferenee D smaller As_ a result, the system. can

eontmuously produce the electrolyzed water havmg the. desired -

property with stability, because the feedback control becomes stable,
| (i.e. the flow. amount of the saturated brme P does not change easrly) '
It should be noted that the vanous mod1fied embodrments can
be adopted with respeet to the third,- the fourth and the fifth
embodiments described above. For mstanee although the pulse :
signal used in these embodiments is the signal havmg the square- ..
wave, it can be any signal that eauses ‘the pump to dlseharge'
intermittently, such as sign-wave s1_gna1 ,and chop-wave signal.



s It should be also noted that the pul e'-mterval S'l‘ is set at the
- value 1nversely propomonal to the. pum__

ve signal §, however; any' R

o conversxon from th ‘._f.ump dnve srgnal S to. the pulse mterval STcan
" "_be adopted as long as"the conversron changes the srgnal S into- the';' o

L _Ij;'rnterval ST m such a. manner that the mterval ST becomes smaller as L
.-'-_the srgnal S becomes larger. TR e N S
As 18! understood from above dcscnptton on the embodlments

. m accordanee wrth»the present mventron, the feedback control for the .

._:ﬂow amount P drscharged by the pump 60, can be deﬁned as the_- . s

: feedbaek control for ‘the’ amount of - the saturated brme (i.c. ‘the" '

B _ addrtrve to help electrolyze the water) mrxed with the raw water or

~.the feedback control for the densxty of the dlluted water supplied to -
the eell 20 because. the ﬂow amount of the raw water in the diluted
.water supplred to. the oell 20 is substantrally constant e



oo |-

- _ 1 An electrolyzed water productron system havmg ‘a brme -
M storage tank- arranged 10 “store saturated bring of predeter:mmed

o _.".-_.__._concentratton, bnne supply means for supplymg the saturated brmc - '
- _..from, sa1d storage tank for rmxmg with- raw.- water supplred from'-; RN

R :"'_‘a souroe of raw: water and an electrolytlc cell arranged to be. supphed'-' S

Wwith - dlluted brme prepared by a nuxture of -the raw - water and' .

e : -'_'-:_.saturated water for producmg electrolyzed water S

| wherem an’ -electric control apparatus for the eleetrolyzed L
' water producnon system comprises: _ : .
) deteetlon means for deteetmg the conduetwrty of the dﬂuted.'
' _brme supplled to said electrolync cell; _ |
_ feedback control means for eontrollmg operauon of said brine
" supply means m sueh a manner that the conduotzvrty of the drluted
| 'brme detected by sard deteotron means is adjusted to a predetermmed' '
o :target valug; . . . .
' memory—means for memonzmg an amount of saturated brme' _

'. nuxed with the raw water in operatron of sard bnne supply means. o

. under control of said feedback control means and
‘initial control means for controllmg operatmn of said brine.

supply means in sueh a manner that a supply amournt of. saturated
- brme mrxed wrt.h the raw water is. ad_]usted on a bas1s of the mstant
E amount of saturated bnne memorized in sard memory means during
prevmus operation of said brine supply means under control of said
_ feedback control means when said clectrolytic cell is actrvated to
. start produouon of the electrolyzed water. '

2 An electrolyzed water productmn system as. recited in
E Claun 1, wherein said initial control means is desrgned to control' :
operatlon of said brine supply means in such 2 manner that the supply )
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‘. , amount of saturate: brme mtxed wrth th' "-aw water xs decreased in. a o
'less than that-‘o 'aturated brme memortzed in .

predetermmed amoun

3 An electrolyzed water producuon system as recrted m' -_ L

' supply means . is desrgned 10 .

_ ‘delay operatton of satd brme supply mes ans 'under control -of sald 3
- 'feedback control means unttl the conductrvrty of the drlutcd brme '

B 'detected by satd detecttcn means becomes l_ar_ger_ t,han__ ‘a -

L prcdetermmed reference valug,

4 An electrolyzed water productton system as recrted in
Claim 3, wherem the. reference value is defined by the target value of o
~sa1d feedback control means :

5. An electrolyzed water productxon system as recited .in

- '_Claxm 3, wherem the reference value 1s def'med to be decreased in o

" accordance with lapse of time after saxd electrolytrc cell is activated

T to start productton of the. electrolyzed water

' 6. An electrolyzed water producuon system as recrted m_
. ._Clatm 1, Wherem satd nuttal control means is desrgned to operate
~ said brme supply means under control of satd feedback control means -

" ‘after lapse of a predetermmed time when sard electrolyttc cell was
actlvated to start productton of the electrolyzed water. |

7. An electrclyaed' water '];;rodnctiOn system as recited tn
Claim 1, wherein sard initial control means. is designed to operate
said brine supply means under control of said feedback control means -
after change rate of the conductrvrty of the diluted brine detected by
said detection means. decreased less than a predetemned reference
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8 An electrolyzed water productton system as’ recxted in
o 'Clatm 1, wherem said’ brme supply means 1s rn the form of a fluid -
o ';pump Of the type driven:by each pulse’ of pulse tram signals. applied -
_' thereto, and Wherem satd detectton means compnses means for_'-
_:- _,detectmg the - conduettvxty of the dtluted brme -at a - first
= -',:predetermmed t1me mterval a.nd calculatton means for calculatmg an

'-_'f_-average value of the conducttvny deteeted at the first predetermmed_ o L

"'"'_tlme mterval

9 An eleetrolyzed water productton system havmg a. brine
. storage tank arranged to store saturated brine of predetermmed
_ conccntratton, a fluid pump -of the type ¢ drtven by each pulse.of pulse
o train srgnals apphed thereto from pulse sxgnal generator to supply
o .a predetermmed amount of saturated brine from said brine storage
_ " tank for mxxmg vnth raw water supplxed from a source of raw water,
_ '.and an electrolytxc cell arranged to be- supplted with: the dxluted brine
prepared by a mtxture of the saturated brme and raw’ water for' "
producmg electrolyzed water ' ' ,
‘ wherem an eIectrtc control apparatus for the productton_
_-system comprtses o S ‘ . '
3 deteetmn means for detectmg the conducttwty of dxluted brme '
'; supplled to sa1d elect:rolytlc cell at ‘a ﬁrst predetermmed time
- interval; ‘ '
o | calculatton means for calculatmg an average value of the
conductnnty successwely detected by ‘said’ detcctton means in
sequence and o _
| N pulse control means for ad_;usttng a period of the-pulse train
' 'stgnals apphed from said. pulse signal generator in accordance with
. a d1fference between the calculated average value of the conductivity
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'- '_‘-and a predetermmed target value so that the average conducttvrty

o _-:"becomes substanttally cqual to the target value o

o 10 An electrolyzed water productlon system as rectted m_ a L
':'Clann 9, wherein said pu.lse control means is designed.to ad_]ust the = - U0

L penod of the’ pulse tram srgnals at a second predetermmed tune-_'__'ﬁ B
. _mterval more than the first predetenmned ttmc lnterval and wherem:.:

o said. calculatmn means 15 desrgned to calculate the average value of

SRR ._..f'-_-:'the conducuvuy ona baSts of plural data on conductrvrty detected byi:j;-,.- .

. the detectton means plural times at the first’ ptedeternuned tune )
interval durmg said second predetermmed time “inteérval except' .

' several data on conducttvtty detected successwely by the detection .-
means. nnmedtately after the said pulse control means adJusts said
penod of the pulse ﬁam 51gnals '

. 11. An electrolyzed water productlon system as rectted in
5 .Clatm 9, wherem satd calculauon means is desxgnecl to weight the -

-"-conducttwty wrth a value Whlch beeomes larger as a dlfference_ |
'between the conducttvuy dctected by said. detectton means and the
target value becomes: larger for calculatmg a Wetghted mtegral of the

R conductlvny

12 An electrolyzed water productxon system as rectted in . -
Claim 9, wherein said caleu.latton means is desrgned to: wetght the
conductivity with a value which becomes smaller as.a dlfference'-.
between the conductivity: detected by said detection means and the -
target value becomes larger for calculatmg a wetghted tntegral of thc

conductivity.

13. An clectrolyzed water production system as r_e.cited in
Claim 9, wherein said ._'c_alculation means is designed to ‘weight the
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" :-conducuvxty w1th a value whxch becomes la.rger as.-a dtfference_ )

B "betwcen the eonducuvxty‘ dctccted by saxd d,eteetxon means and the' S

.....

SE _',satxsfied after sald eleetrolytlc cell was actxvated to start productlon :

L of electrolyzed water and to welght the conductmty thh a value: L

L " which becomes. smaller as a dlfference between the conductnvxty |
. detected by. sald detectxon means and the target valuc bccomes larger -
o _after the predetermmed eondl non xs satlsfied L '
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