FLU D PUMP FI ELD OF THE I NVENTION 5 The present invention
eTo control the water supply in nmultiple dwel ling
bUI|dI ng. lcular, it pertains to an ntelllgent controller for

boost er punp f dwel I'ing high rise building
wher e act ual %ﬂ%zﬁmh&ﬁgh%bto m ni m se energy consunption. 10
BACKGROUND OF THE I NVENTION A prior art variable speed controller for
controlling at |east a booster punp, and receiving signals fromat |east

one flow sensorggpg GFB??Z%X;“@-'WSSWG sensor is di sclosed in U K
n no. :

patent appli catlo y the sane 15 applicant of the present
I nvention. The flow sensor is coupled to a water pipe downstream fromthe
booster punp for neasuring the demand of water and for sending appropriate

feedback si gnalFhe prédentviaventiore relates! to anmathbe rtovwtonttoli thet waterveupsly inhe
speed of the booster punp. A pressure sensor coupled to the water pipe
downst r eam f r ormuitipket deebling-building | Ingparticulan dt get@insdovars intelligent controiter
booster punp) detects a first demand for water and transmts a feedback
signal to the Jar bapster pswepl fesupplyingrwalerda multiple: dwepingahigh nseebgtbdjsger
punp to supply water to the fi rs} and subsecluent user, with the m ninuy

requi red wat er Whereagteal demand, of wateyris detestedte mlnm59|qn@§91 ﬁ@“@mp‘ﬁ‘ér

with sufficient water pressure at any tinme of the day in nultiple 25 .
dwel ling high-rise building. It also m nim zes energy consunption.

Mor eover , g@i [‘?@@Réﬁéﬂﬂud Eﬁgﬂ-lbalw\fENfﬁfﬁs of the prior art controller

are expect

A prior art variable speed controller for controlling at least a booster pump,
and keceiving signals from at least one flow sensor and at least one
pressure sensor is disclosed in U.K. patent application no. 9419037.8 by the
15 same applicant of the present invention. The flow sensor is coupled to a
water pipe downstream from the booster pump for measuring the demand of
water and for sending appropriate feedback signals to the variable speed
controller which in turn varies the speed of the booster pump. A pressUre
sensor coupled to the water pipe downstream from or at a one-way valve
20 (disposed downstream from the booster pump) detects a first demand for
water and transmits a feedback signal to the variable speed controllér which
in turn operates the booster pump to supply water to the first and subsequent
user with the minimum required water pressure. This prior art controller
supplies the end user with sufficient water pressure at any time of the day in
25 multiple dwelling high-rise building. It also minimizes energy consumption.
Moreover, maintenance and installation costs of the prior art controller are

expected to be lower and the water pump set's life cycle is prolonged.
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I'over and the wat er punp set's life cycle is prolonged. The flow sensor of
the above prior art invention is costly as it nust neet stringent
reeqgul at ory approval fromthe health, safetyﬂ?d utility authorities This is
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present inventigyaedocaitrolierlis WifhRr thaP Bhosd thatiuge éichesiveIp!dressuranddrisoby.
usi ng i nexpensive pressure sensor and providi ng adequate

5 In general, pressure sensors suitable for use in drinking water supply system

are cheaper than the flow sensor counterparts.



£1uid pressure throughout the day. 5 It is an additional object of the
present invention to control water supply to high rise dwelling units by
usi ng i nexpensi ve pressure sensor and detecti t he actual demand of water

vse LT OUNOUL A e  Elnfgiy, o e 00 et of Lhe present T
2 2 T AD SORRCH oSSR o ST L B e
such syst e el RNy S NFOIbERATREpRAGRS' seANAP'ant ERTRSRC:

fromat |east tade fUiFpBRBE/RY throddlfoutithé dapy essure sensor is coupled to
a water pipe downstreamfromthe booster 20 punp and a one-way val ve for

detecting apd setting a high pressure threshold [err] and sending
appropriate feedback signals to the controller which in turn varies the
speed of the bdbis an additionglehjéctrafhespresenhirwentien do @wonirol skaiensupply to
water. [err] also serves as a reference for the present invention to
confirm aut onathighirisg dwelliag tunits hyeusing inexpensiver presstrecsensa antk detectiogt
using flow 25 sensors., A second pressure sensor. is also coupled to the

wat er pi pe dowibeacial demand.ef wateruse thraugheutithe dae- way val ve for
detecting and setting a |l ow pressure threshold [err] and for transmtting a
f eedback signal to the controller which in turn operates the booster punp

.t 0 supply 8t €M fsoyét r%\er"nother object of the present invention to control water supply to high
rise dwelling units by using inexpensive pressure sensor, meeting customer
satisfaction requirements while minimizing the overall energy consumption

“and maintenance cost of such systems.
15 SUMMARY OF THE INVENTION

The present invention comprises a controller for controlling at least a booster
purhp, and receiving signals from at least two pressure sensors. The first
pressure sensor is coupled to a water pipe downstream from the booster
20 pump and a one-way valve for detecting and setting a high pressure
threshold P, and sending appropriate feedback signals to the controller
which in turn varies the speed of the booster pump. Py, represents near zero
or no demand of water. Py also serves as a reference for the present
invention to confirm automatically the actual demand for water in the
25 pipeline without using flow sensors. A second pressure sensor is also
coupled to the water pipe downstream from the booster pump and a one-
way valve for detecting and setting a low pressure threshold P, and for

trahsmitting a feedback signal to the controller which in turn operates the
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first and subsequent user with the mnimumrequired water pressure. [err]
This is the replacenent sheet Date: 24 NMAY 1996 4 represents a high
l-evel of demand for water. [err] and [err] off s controller a range of

re re which I th that of th ty of th
Censors. By 1 ohgaRit AUME I8 v Sw%t%téaﬁgﬁvs e @ﬁe@%&t%ﬁﬁ@ﬁﬁ the

threshold ferr]y, uﬁrﬂﬁngeﬁx?rBH }é?ﬁéés%ﬂr&oﬁf'r[eﬁPes%Wté’Hgﬁgﬁ?éJ ' for

denand for water . even |t S no sens ive

enough for the psgpsp eaﬁ&F’s%fferkcbdi'ﬁ‘OﬁEF a ﬁhﬁe%%r"e@éht@ whit‘?ﬂlsvﬂﬁ'gé?stﬁahe

speed of the booster r5'urrp th conpensate for the difference between the

actual demand fiRat &ﬂhersemﬂwtt%fméptéssefe éél%o?@osy%rdihwmé/béé’ﬂéi pUfhpe

any flow sensor. As such, the  present invention controls water suppl y to
hi gh rise dgel Irungatualpresswrehbelbmme theesholdoPg, thep@resend inveptioe eanfinms| e
of fering building managers the benefits of using econonically based
control | er usi raytpmatisaliycthecactuvakdermand forswater in dne pipslivatevendttheDdemand24
MAY 1996
is not sensitive enough for the pressure sensors to detect. The controller
then varies the speed of the booster pump to compensate for the difference
between the actual demand for water and the output of the booster pump
10 without using any flow sensor. As such, thé present invention controls water
supply to high rise dwelling units without using more expensive components
while offéring building managers the benefits of using economically based

controller using pressure sensors.



5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. 1 shows the layout of a prior art
booster punp control system enployed recently to inprove the water pressure
of upper floor units of multiple dwel ling 5 I di ngs. The system uses at

| east one pres ns, @Jﬁ QW ig. 2 is an enbodi nent of

t he present inﬁ#’g%ﬁ ) "? oﬁ@& ch @ﬁ@ﬂ"@gbei ng integrated with at

| east two pressure sensors to a prior art booster punp system 10 Fig. 3 is
a schematic of the new controller of the present invention as referred to

in Fig. 2. Fi anq: 1§§h§\gé'tﬂ&’|@b§&fofabﬁbﬁté@bw&e}p &&ﬂ?olcgysfé?ﬂtérﬁblbyaa

wat er supply to using pensi ve “pressure

sensors whil e @gtemey tddnfovarihel waks P?éé’é%ﬂéeoﬂ 0 béf TooP! uife '08Ymultiple
ef ficiency, maintenance and |ongevity of booster punpset. This is the

repl acements sheletellivg buildingd/AThEOfstem Gises at least one pressure sensor and one

flow sensor.

Fig. 2 is an embodiment of the present invention where a new controller is
being integrated with at least two pressure sensors to a prior art booster

10 pump system.

Fig. 3 is a schematic of the new controller of the present invention as

referred to in Fig. 2.

15 Fig. 4-is a flow chart illustrating the method of controlling water supply to
high rise dwelling by using inexpensive pressure sensors while delivering
comparable performance in terms of energy efficiency, maintenance and

longevity of booster pumpset.



5ESCRIPTICN OF THE EMBODI MENT OF THE | NVENTI ON A net hod and apparatus for
controlling fluid supply in high rise dwellings is described. In the
f.ol | owi ng description, numerous specific detal are set forth such as bit

Under St andi ng. ﬁfégﬁﬁﬁﬁ@rﬁ?m?ﬁrﬁéﬁwwb@&ﬁﬁﬁh@f%&“one ki l | ed
;Betc:h? o det E?T o " gTREEd AREE AbbeRl oP GatifRiing Flid Bl ih R rse
the present i nvareas 55 ARG, S 4@, Rillovag thechipllof yiifbrd® Spacifice
description w tptaiRe BRS set fortH Suéfe R0k Eﬁttéﬁﬂhhe ro§éan Istésk, 8tePiny ofder to

forcing the systemto confirmwhether t ow of water corresponds to the

actual demapd Qfrovideiithrolighl understandihg of sesprasent irveption et will b bbviouky
15 in ternms of algorithmand synbolic representati on upon operation on

data bits wi thita drieeskibbegin ¢he aetnthay the present dhyantionhmiay bike pradticed awithautd
representations are the neans used by those skilled in the art in the data
processi ng art $hege mpeclflsfdeiatls vdnwtgehmyamcas svelbknowa paris auch asdtheseo
others skilled in the art. An algorithmis here, and generally,
concei ved to bdny¥plved fWIH'bH!ﬁ é!@b/ﬁﬁ and, pinieg a5e rmtesés@wrb&upﬁ!frtmptatode@q@a
result. These séeps are those requi re physical manipulation of physical

quantities. @ IPresedOVRNtOR necessari |y,
10

Notation and Nomenclature

The detailed description with respect to the method of controlling fluid
supply by forcing the system to confirm whether the flow of water
corresponds to the actual demand of fluid without using flow sensors are

15 presented partially in terms of algorithm and symbolic representation upon
operation on data bits within the computer memory. These algorithmic
descriptions and representations are the means used by those skilled in the
art in the data processing arts to most effectively convey the substance of
their work to others skilled in the art.

20 An algorithm is here, and generally, conceived to be a self-consistent
sequence of steps leading to a desired result. These steps are those require
physical manipulation of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, and otherwise manipulated.

25 In this case, the physical quantities are electrical signals which correspond
to the pressure of fluids in the pipe. It proves convenient at times, principally
for reason of common usage, to refer to these signals as bits, values,

elements, symbols, characters, terms, numbers or the like. It should be
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these quantities take the formof electrical or magnetic signals capable of
being stored, transferred, conbined, and otherw se mani pulated. In this
case, 25 the physical quantities are electricgl signals which correspond

L?: nci pal 'y ToP° o dBrmic BaveDs s, al o Besp 5691 FUER seiinel e doupes
Shour a be. bor ne PRSI, ity A087 Sbflckidif] BhysRAL Gidniied Hnd, &, erely

‘to be associ at %n%,tug lh%e‘i’é’ﬁ{a?lﬁ&d ﬁ)t?e-gg'q%dniltl%ge repl acenent sheet Date: 24

MAY 1996 physi ca gquantities and are'nerely conveni ent |abels applied

to these quantltles Furttidrhee nidifipilafioRs! peropmedrarel eftamewrﬁed)iéeﬂterms
referred to in terns such as adding or conparing, which are commonly

associ at ed v t sutheagretidiig or cograpatingwhich fage rcomimonty lasseciatexk withothe No
such capability of a human operator is necessary, or desirable. |In nost
cases, 1n any afentatopgratians gesformedrbyahumareioperdtorh Noosuctp aapahifityt dfea
present invention; the operations are machine operations. Useful nachines
for performng hummpaeaatpbm n@peswypuoés@lasurablwem imest easesidnpmephithe

purpose digital conputers or simlar devices
operations described herein which form part of the present invention; the

operations are machine operations. Useful machines for performing the
10 operations of the present invention include general purpose digital

computers or similar devices such as digital signal processors. | In all cases,

it should be borne in mind that there is a distinction between the method

operation in operating a computer and the method of computation itself. The

present invention relates to method steps for operating a computer in
15 converting electrical signals to generate other desired physical signals.

The present invention also relates to an apparatus for performing
these operations. This apparatus may be specially constructed for the
required purpose or it may comprise a general purpose computer as
selectively activated or reconfigured by a computer program stores in the

20 computer. The algorithms presented herein are not inherently related to any
particular computer or other apparatus. In patrticular, various general
purpose machines may be used with programs written in accordance with
the teachings herein, or it may prove more cohvenient to construct
specialized apparatus such as digital signal processor to perform the

25 required method steps. The required structure for a variety of these

machines would appear from the description given below.
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10 such as digital signal processors. In all cases, it should be borne in
mnd that there is a distinction between the nethod operation in operating
a computer and the nethod of conputation itsel fs; The present invention
rel ates to nethod str_egs for oPerati ng a conpute

d I

_ in converti ng | ectrj cal
signal s to gener at e Fd9ndrisqhRlioRart hopster punyp gaalrdl sysiem emplo Q‘Eée‘f:ﬁrg Rt
[ ti | .rel at { t f f ' 1 h t
ﬁ?i:gbﬁ; Zte 35 ierOke tseoralel yPsRuts f; babet fiadt ﬂlﬁg%. 57 Stttple Aeling, ¢

ris . O
re)c/onf irrgur ed byagﬂg{oﬁbu?gé%gedﬁ gm s% gpg@%lt %Fb E@&@g%ﬁ'ﬁé#ﬁ%ﬁ@fﬁ'f) s
presented hereigyrygB718! SinGapsHY Ipatesl dpplichfloR Wo.P2" BhaUMilaysianC paRBHLET

or other apparatus. In particular, various general purpose nmachines nay be
used w th ppograpplication hen?? byahe sanee apphddn asithetpreséntiogentionei n, or it

may prove nore convenient to construct specialized apparatus such as
di gi tal signal proceHmexistingebdaster phmpr eatenr supplytdystemn tenmpriSée ar waterr ed
structure for a variety of these machines woul d appear fromthe description
25 given bel oRipFi1R connested gt iope and tboa water janls b andothes pthernend to
enpl oyed recently fo inprove the water pressure of upper floor units of
mul tiple dwel | ireguised autiatss belome (netshown)s Covpled 1 tis waterpipg isga borster
pat ent application n?. 94‘}‘9037. 8 This is t?g r%‘l acepent sheet Date: 24
MAY 1996 pump 14 with a one-way valve 15. e valve mainiains pressure
10 downstream tharefrom in the water pipe. The booster pump 14 is connected
to and controlled by a control panel 22. The panel 22 is connected to a-
power source (not shown) from which it draws power. It is also connected to
the water tank 10 via a water level sensing device (not shown) disposed
therein for monitoring the water level.
15 The prior art control system comprises a controller 20, a flow sensor
16 and a pressure sensor 18. The controller 20 operates the booster pump
14 by outputting power with varying frequencies to control the speed of the
booster pump such that water demand is met. Therefore, for instance, if the
demand for water increases, then, the controller 20 operates the booster
20 pump at a higher frequency. The flow sensor 16 outputs a current signal to
the controller 20 which varies proportionally with the rate of water flow
detected and it enables the controller to drive the booster pump at a speed
that will meet the demand rate.
The pressure sensor 18 has adjustable pressure setting and sends a
25 current signal to a processing circuit (not shown) integrated with a control
panel 22 when the pressure in the water pipe drops below a predetermined

pressure setting. The predetermined water pressure corresponds to the

e



8 Si ngapore patent application no. 9501391. 8 and Ml aysi an pat ent
application no. P[err] 9502778 by the sane applicant as the present
invention. The existing booster punp water supply system conprises a water
pi pe 12 connected, at one end tg a water tank 10 and the other en

dt .
required 5 oulMBIMRURL AMCURbOTs WAIRS Pressiie qGesSArS Raas |v3;epee§sg§rglal
b t 14 wi.t - 5. Th | i nt ai
oSt e P Lt oG AP (T, oLYe T i presure
d trolled b T '
and control &4 by & NS uadefbn 87 nd PR ShnAd SRIGT B P pdnB

wat er tank 10 nbOohgar 2ohftbRéd IbyVitle SaMtPOINSharEt e Ir‘éi@&d,sﬂfé’"léiisﬂhg é&rg?ﬁfbl

therein for nonitoring the water level. The prior art control sys

conpri ses as copanel isctontiactéd ftd te variable sgeethcomtrdlier Z0Uvia & powar lihe. (nbte
controller 20 operates the booster punp 14 by outputting power w th varying

frequenci es t oshownj provitiagyowat thératd.e Thequivesr siipplyptorthescaritralles 20via toest
demand is net. Therefore, for instance, if the demand for water increases,
t hen, the cont offiwken e opetrelpanel Isenses that the walenlevel ini thecwater dapleil0ys
The fl ow sensor 16 outputs a current signal to the controller 20 which
varies proport t@malow, wite Presteit BUBIP Watnew f toireiiat dive dhaneonifolleraples

the controller Dte%e%%%nvgeo}l Qﬁe%)é)téﬁ %E—)n{)al#&) ir?éicgte%pt?yet e:[ g\gv s\gnlslor q%eéiswged
10 downstream from the booster pump (but can be either upstream or
downstream from the one-way valve 15), the controller actuates the booster
pump to operate at a speed to meet the demand for water. It varies the
speed of the booster pump by varying the input frequency thereto.
Therefore, energy consumption is minimized and the booster pump is

15 operated at its best efficiency poiht.

The flow sensor 16 of the prior art controller in Fig. 1 -is costly as it
must meet stringent regulatory approval from the health, safety and utility
authorities befdre it can be installed. As a result,_ the overall cost of the prior
art variable speed controller is higher than those that use exclusively

20 pressure sensors. In general, pressure sensors suitable for use in drinking
water supply system are cheaper than the flow sensor counterparts.

Fig. 2 is an embodiment of the present invention where a new
controller is being integrated with at least two pressure sensoré to a prior art
booster pump system. Like the booster pump system in Fig. 1, the existing

25 booster pump water supply system comprises a water pipe 32 connected at
one end to a water tank 30 and the other end to required outlets below (not
shown). Coupled to this water pipe is a booster pump 34 with a one-way

valve 35. The valve maintains pressure downsiream therefrom in the water

Be



20 demand rate. The pressure sensor 18 has adj.ustable pressure setting and
sends a current signal to a processing circuit (not shown) integrated with
a control panel 22 when the pressure in the r pi pe drops bel ow a

pr edet ggnmdgeforg{;gjgsggﬁeset SRodtBe i3 {%3?3@%2%?3 o poRhBlisd 5, p eqpirol |
fhe prior art dotel 27 TBBdRY a2 BledMeblod i Bons pausal il sFRAR) ofbhn,
the control pangl %dﬂdp\gﬁtﬁ o Wi 2145 CoARoc18A1 3ho PG} rr S0ig e

the variabl e spee cont 0 via a power |ne

repl acenent shqgjell&dring d@vﬁ:e t%ﬂaﬁ/n) dlﬁ:O%BGWﬁbrélﬁ%i' fdtftopPgcthet Watert O.
The power supply to the contro 20 15 cut off when the control panel

senses thatsthdevelt er | evel in the water tank 10 is too | ow. The booster
punp is now controlled by the controller 20. Depending on the water demand,
I ndi cated by the fl| diefemingpto Eig. @, tmpeasedbinventioncoiprisesra cortroliersiG;rat
punp (but can be either upstream or downstream fromthe one-way val ve 15),
the controll er leastiwosRresaurensrnacss 3gansd 88. dherpressure sensors 36 and 38 are

coupled to the pipe downstream from the valve 35 for sensing pressure
therein. The pressure sensors 36 and 38 are also each coupled to the

10 controller 40 for providing signals to a processing circuit therein (shown in
Fig. 3). :

The function of the pressure sensor 36 and 38 in Fig. 2 is to detect
predetermined pressure thresholds in the pipeline. Pressure sensor 36 is
set at a predetermined low pressure threshold P, to transmit an appropriate

"~ 15 signal to the controller 40 to activate or deactivate the booster pump 34.
Likewise, pressure sensor 38 is set at a predetermined high pressure
threshold P, to transmit an appropriate signal to the controller 40 to abtivate
or deactivate the booster pump 34. P, represents a high level of demand for
water in the pipeline, while Py represents 'near zero or no demand of water

20 in the pipeline. 'P, also 'serves as a reference for the present invention to
confirm automatically the actual demand for water in the pipeline without
using flow sensors. Py and P, offers the controller a range of pressure which
is larger than that of the sensitivity of the pressure sensors. By sensitivity of
a pressure sensor, the present invention refers to the minimum amount of
25 change in pressure a sensor is rated to detect. For example, most pressure
sensors for controlling fluid supply detect pressure change of 1 pound per
square inch (psi). Some sensors can however detect change in pressure of

as little as 0.5 psi. Referring to pressure sensors 36 and 38 (assuming the
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speed to nmeet the demand for water. It varies the speed of the booster punp
by varying the input frequency thereto. Therefore, energy consunption is

m nim zed and the booster punp is operated at ipfs best efficiency point. 10
The flow sensor 16.0of th H{)r kar art contraller

( in Eig. 1 is costly.as jt
must meet st ri REERIMYGEY e, Behact: 8l ratedont 1RS) iRl Afenpresent igvention the; (
authorities bef 14 - : Lastall e tp the Qv o} :
the prior art \Pg%lg%. #5‘@8‘3@@ écé(;{%ttﬁéltﬁg?s@d%iﬁghéﬁ&t%r#i t Fl%sg{s?%éﬁé:’uﬁ'res BL'
excl usively pr e : ' e for use
i n drinking m%u%ﬁgagjﬁ?éirﬁgggté%@dcﬁ@ggﬁﬂi)ﬁ%%%?%g{ ?’T%wéséeﬁﬁébr
counterparts. Fig. 3t&én B8 HpresiatdanthatP, bha MY 86t ai range lof Presdireahat Rew
controller is being integrated with at |east two pressure sensors to a
prior art bgostlargepuhan Dnetwhichlreliés bhahd eenbitivity ofithes s6hsursi ITHe purpbseshe

exi sting booster punp water supply system conprises a water pipe 32
connected at ored setting theppredetarmined prassusdthrashelds Rythalowand Pg abayei thed
outlets bel ow (not shown). Co\ligl ed to this water pipe is a booster punp 34
Wi th a one-way seasitivitg Fatimgeofithe\presaune: semsorg rare Jutiltipts feldtandhare the &eyom
in the water pipe. The booster Fprrp 34 is _connected to _and controlled by a
control panel 49aturesopthapresent inveptinac Figttthere isaadimitsen hew mueh chapaR)
fromwhich it draws 25 ower. It is also connectgg to.the ,vva}er }anli,‘%'o
via a water |em|pr%%ﬁw¢ﬁﬁe@éw@9 RIESSUrErRANISPreIcan Selartin & RIpgling pr muitiple
noni toring, he ter level. Referring.to Eiqg. .2, the present invention
Conpr | ses Kooty fiee Sualings RS avtesilhhsradisierp iR b EaSE ingafies arighnt
pressure sensolg 38:-40 whef'ifrelies on the feedback signals from a pressure sensor.
Second, as will be elaborated below, by forcing the booster pump 34 to run
at a pressure lower than the predetermined high pressure threshold P, the
present invention obtain a true confirmation of the actual demand of water
15  without using flow sensors. Finally, as the number of inaccurate reading of
the actual demand of water is reduced by the system disclosed in Figs 2 - 4,
the present invention controls water supply to high rise dwelling units
effectively without using more expensive components while delivering
comparable performance in terms of energy efficiency, maintenance and
20 longevity of booster pumpset as systems using pressure sensors.
Fig. 3 is a schematic of the new controller of the present invention as
referred to in Fig. 2. Controller 40 comprises a series of CMOS "NOR" R-S
latch flip flops 50, another series of CMOS "NOR" logic gates 51 and 52, yet
another series of CMOS Schmitt trigger NAND gates 53 and 54, three NPN
25 transistors 55, 56, and 57, two low voltage relays 58 and 59, and capacitors
60, 62 and resistors 61 and 63. The controller 40 has at its input two
switches for connecting to the pressure sensors 36 and 38 respectively. At

its output, the relays 58 and 59 are coupled to control panel 42.
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coupled to the pipe dowmnstream fromthe valve 35 for sensing pressure This
Is the replacenent sheet Date: 2 4 MAY 1996 10 therein. The pressure
sensors 36 and 38 are also each coupled to theacontroller 40 for providing
The funct.jon of
h be

the b ZSESL e ensor Onetafianally; shetiypon tfﬂé“%’é“rh'é&?vegkgge?’iwmsmﬁ i

bt edet er mi ned A8sFipeeic ik BF cometion ek FHE BhwiEhain 13, 4, cdasitor

E! gnal to the %@”éﬁ&"rb&i&to‘i@%f %n@ﬁ?%s"ﬂfa‘? tPéns‘?ﬁéfé 5824 ¢ g?@rfﬂﬂﬁbﬂ%fﬂ“%is"“-
i kewi se, pressure sensor 38 i's set at a predeterm ned high pressure

threshol d [ err ndist SiBIfbt tf@b@&ﬁépﬁﬁﬂrﬁtﬂ i gmalwhen tHsre a8 Heharn P fordfid ©
activate or deactivate the 10 booster punp 34. [err] represents a high

| evel of desranth fihe pipbeipressirecsenstd! 886s adtiviated.ebui trapisistosnN5s aadrs5zer o
or no demand of water in the pipeline. [err] also serves as a reference for
t he present i nvemainsmoff.o Witinfurther demanal foc fluidyintthe pipelinel pressanel sensonds er
in the pipeline without using flow sensors. [err] and [err] offers the
control l er a rihthenmclivatedur Eerg,i pressure segsers BEranh 38 afe bpth astivated.
The VY o o efbre, transistors B and 57 are tumed on These two transistors wil
remain on until the pipeline pressure fall below both the threshold P, and P, .
10 When the pipeline pressure fall below both the threshold P, and P,
transistor 56 is tumed off and transistor 57 remains on for n second interval.
The interval n is adjustable by varying the values of capacitor 62 and resistor
63. As will be elaborated below, this is the confirmation stage of the present
invention where the booster pump is forced to run at lower pressure L. If
15 during this interval, both P, and P, are activated (i.e., sudden increase in
demand for fluid in the pipeline), transistor 56 will be turned on. This will
cause the booster pump to run at high speed H.
However, if there is no sudden surge in demand for fluid during this
interval, the present invention checks whether the pressure sensor 36 is
20 closed. Ifitis, transistdrs 56 and 57 are turned on again. Booster pump 34
resumes running at high speed H. Otherwise, both transistors 56 and 57 are
turned off, and booster pump is shut off.
Fig. 4 is a flow chart illustrating the method of controlling water supply
to multiple high rise dwellings by using inexpensive pressure sensors while
25 delivering comparable performance in terms of energy efficiency,
maintenance and longevity of booster pumpset. The process starts in step

80 after which in step 82 where the system tests whether the pressure in the
pipeline Py, is less than that of the predetermined threshold Py. If it is not, it

@



present invention refers to the m ni num anmount of change in pressure a
sensor is rated to detect. For exanple, nobst pressure sensors for
eontrolling fluid supply detect pressure chan};‘g of 1 pound per square inch
(psi). Sone sensors can howey detgetg]t change rn pressure of .as |little as

05 psi 20 AENeRs il s 67 s cpECds ke 36 qertaiiivete n tne”
B(rag?etr;![ ' megt ﬁ%lﬁg"gi%e < TREerBls" sh8 bBRett s ket i s AETARER o0, "¢
Can o appr oci kol gt HeBhall Bu THihBARE WACuERs o SR B 1or

25 larger thany,gqae iq‘ﬂ{ggirprggé%e%vm ggﬂfan%ﬁ?ﬁ*iv&ét%éwryth%f iégﬁrééﬁﬁ??{)réfsﬂ&%

pur poses of settlng ermn pressure resh ow and

[err] abovest hghgepipelihdi docreBbbs8d PreddiftePsESS0H 98 SRARGNRS 24 SSighAl té!the
fold and are the key features of the present invention. First, Thereis a

limt on how meontroliend@ in Figetosundhe lbeosterquimp aphighspressurendoiRy, isdhen
detect in a pipeline of nmultiple This is the replacenent sheet Date: 24 NMNAY
1996 hi gh r itestedwial siepg84 tosdeterming if it ishtovierothaer theupredetermined lower

i ncorrect anount of pressure when it relies on the feedback signals froma
pressure sensornthresbolthR, . aEhigi stephelps 4o sledermingdf Hhe demnanst tomyaterdn the

boost er punp 3Abi6é1inreu|% r?iz;h or low. If Pp is not less than P, or the demand for water is

10 low, the booster pump remains off in order to conserve energy, and
maintains the pipeline pressure just below pressure P,,. However, if the
demand for water if high, the pressure in the pipeline Pp drops below P,
then step 86 occurs. Here, the pressure sensor 36 sends a signal to the
booster pump 34 so that the latter runs at high pressure H.

15 Again in Fig. 4, the pressure Pp in the pipeline is tested to determine if
it exceeds the threshold P, in step 88. Here, the present invention

determines if the demand for water in the pipeline continues to be high. If it

is, Pp will be less than P, and the booster pump continues to run at pressure
H. Otherwise, Pp is tested in step 90 to determine if it is greater than the

20 threshold Py. If it is not, then the booster pump continues to run at H. If the
pipeline pressure Pp is now greater than the threshold Py, it means that the
present invention suspects that the demand for water could drop to near
zero. Hence, in step 92 the booster pump 34 is forced to reduce to run at
lower pressure L for a predetermined period n.

25 In Fig. 4, steps 92 - 98 illustrate the crucial confirmation procedure of
the present invention. As mentioned briefly above, the present invention
forces the booster pump to run at a low pressure L which is below the

predetermined threshold P, of the high pressure sensor 38. It follows that

(13w



a pressure | ower than the predeterm ned high pressure threshold [err], the
5 present invention obtain a true confirmation of the actual denmand of
wat er W t hout usi ng flow sensors. Finally, as f jae nunber of inaccurate

505 Gl Rl b SRS W W G
dwel I'i

G V'e?.gngngzﬁp@f@eﬁf@bﬁﬁa¥ef&¢cﬂ§w@ AR BRI JORRRRGPL

T tenence =nd | ity NG SRR, BB Sl Bl s o

i nvention as r efpir/est the rl §eé:drﬁi inferval Al fest Iseﬁro@faéépﬁilf’étbew o ééél' With #his
CMOS "NOR' R-S latch flip flops 50, another series of | ogi c

gates 51 and 5&ventt Hes, Pgisciestad whethes itds lomarshae Ry tif ittis,iitoneansisheregist es
53 and 54, three NPN transistors 55, 56, and 57, two |ow voltage relays 58
and 59, and capetualdendid fa2wated is bighst As suéh, thedbédstempampod4 is bttivated

has at its input two switches for connecting to the pressure sensors 36 and
38 respecti vel yo man attkighpressuret Heand:steps % aﬂaja@r%peatedudf #e statusrofr ol

ST be descr @éaswg’os%ﬁ%tpr 3B 3pmieins, chMIR. 4. Fe OIS WA TR MeRTE, o
Curned of . Thiash rés"éfﬁcﬁrre 2@36555855 weder Eﬁ, i pipdieor ft flinss il toe; <
transi st or 0 56 Eoester o B F8JhF SRR or i seBofiicatie i i step 8- e
pi peline, presyheRedtsl the Hipbiind PRISsHFS IP[RIsSésted to determine if it is less than

the threshold Py, in step 98. This step is to ensure that there is near zero or

no demand of water in the pipeline. If it is, the present invention shuts off the

booster pump in step 100 to conserve energy. [f it is not, then the booster

15 pump is switched from low pressure L to run ét high pressure H and steps 82

- 98 are repeated.

it will be appreciated that the present invention conserves energy by
running the booster pump as close to the actual demand of water in the
pipeline without shutting off unnecessarily. This not only prolong the life of

20 the booster pump, but also reap the benefit of running the booster pump at
low pressure as long as practically possible.

While the present invention has been described particularly with
reference to FIGS. 1 to 4 with emphasis on a method for controlling fluid
supply in high rise dwelling environment, it should be understood that the

25 figures are for illustration only and should not be taken a limitation on the
invention. In addition, it is clear that the method and apparatus of the
present invention has utility in many applications where control of fluid

supply is required. It is contemplated that many changes and modifications

|



Fere, pressure sensors 36 and 38 are both activated. Therefore, transistors
56 and 57 are turned on. These two transistors will remain on until the
pi peline pressure fall bel ow both the threshq[g’Terr] and [err] This is the

repl acenent sheet Date: 24 MAY 1996 = 12 \Wen the.pipelin ressyre fal
bel ow bot h t he M3y berprderky ppesferdinary skilhinsthe; gt "!98‘% %P%ﬁ@@ﬂ 3@“& 8

transi stor 57 renmins, on for n cond i.nterval . Jhe interval nis

adj ust abl e by \?Rﬁiaﬁ\? tﬁﬁé@gﬁﬁiﬁgfm@%@&a[sot?e%:zl-ggﬁd resistor 63. As will
be el aborated below, this is the confirmation stage of the present 5
invention where the booster punp is forced to run at |ower pressure L. If
during this interval, both [err] and [err] are activated (i.e., sudden
increase in demand for fluid in the pipeline), transistor 56 will be turned
on. This will cause the booster punp to run at high speed H However, if
there'is no sudden surge in demand for fluid during this 10 interval, the
present invention checks whether the pressure sensor 36 is closed. If it
is, transistors 56 and 57 are turned on again. Booster punp 34 resunes
running at high speed H O herwi se, both transistors 56 and 57 are turned
of f, and booster punp is shut off.



Fig. 4is aflowchart illustrating the nethod of controlling water supply
to 15 multiple high rise dwellings by using inexpensive pressure sensors
whi | e delivering conparabl e performance in terzﬁ of energy efficiency,

mai nt enance anngg vity of booster punpset./ e process starts in step 80
after which in Bﬂgz where the systemtests whether the pressure in the
pipeline [err] is less.than that of the predetermned threshold PH [If it
is not, it 20 nmeans that [err] is at [err] and there appears to be no

demand for ter in the e

and Pp is rrg?nt ai ne ﬁiétﬁﬁ? fgp @gﬁ‘l‘qn @gdﬁg‘gg@ {’rf% [e JIIHQ spé rreans
that there ps wmdﬂgrmnéaétca fIMﬁttﬁhk'cBnhEéteB'tBQJdenéhd ¥ hhleasiatilid pipe/fdrer
in the pipeline, the pressure in the pipeline decreases. Pressure sensor 38

transmts a3si gopplyirng fibie thensthedugh with tRS other énd of Zaldfluidpipbadisteibatir
purrp at high pressure H [err] is then tested in step 84 to determne it it

I's lower than fluid to rtpirednoutiets,| atieastt dneebooster pamp] coupied te sajd fhaidipipe o
determine if the demand for water in the pipeline is high or low If Ppis
not |ess than ferpymping ﬂulddﬁ\eaemrwgh,thtleasﬁ ene @ne-wasevab@sc@uplpdrtp said
remains off in _order to conserve energy, .and maintains the pipelin

pressure Thés iflbid pigerand aewnew?a@rfé@n w boostey pymp foygyeventing fiuid back-

7 flow and maintaining pressure downstream therefrom in said fluid pipe, at
8 least a first pressure sensing device coupled to said fluid pipe and
9 downstream from or at said one-way valve for detecting pressure in said
10 fluid pipe, said first pressure sensing device being further connected to a
11 processing circuit for controlling said booster pump, said processing circuit
12 being integrated within a control panel for processing signal received from
13  said first pressure sensing device, said control panel being connected to a
14 power source for drawing power therefrom, said control panel being further

15 connected to said water tank, said method 'comprising the steps of:

16 (a) setting a first predetermined threshold P, for said pressure
17 sensing device, said P, corresponding to near or zero demand
18 for fluid in said pipe, said P, corresponding additionally to a
19 reference for confirming the actual demand for fluid whose
20 change is not within the sensitivity of said pressure sensing
21 device; |

22 (b) setting a second predetermined threshold P_ for a second
23 pressure sensing device in said pipe, said P, corresponding to
24 ‘low or high demand for fluid in said pipe;



j"ust bel ow pressure [err]. However, if the demand for water if high, the

pressure in the pipeline [err] drops below [err] . then step 86 occurs.

Here, the pressure sensor 36 sends a signal to t’l;zé booster punp 34 so that
ssure H 5

he | I gh . . in in. Fig. h
Pp i nthe Bepoline I8t cHGROHS BiAssLIR Ruseie U8 blhe. btk Bir Prenslln Betopw 1)

in step 88,_Here, the pre | t] I L f er
in the pi pg i ne conti nueséﬁéeogeeéﬁghé?&{h'gﬁﬁgisg!dq@%té/d ?lbgg%%gé%rhgho%rr]
and the boggter punp contiyues . pressure H O herwise, Ppis
tested in g?ep 90 to det eétm neolhg leet&spygwg’reater than the threshold [err].
If it is 1@g not, thap thacthawsd ShidBBBse? Punmp'es ruA dtURightprdssiife H&hen

pi peline pressure Pp 1s now greater than the threshold [err], it neans that
t he presenR9i nvention sugpessuretinasaid pipeds bty fsaid theesholds ¥ dantt &) ;t 0 near
zero. Hence, in step 92 the booster punp 34 is forced to reduce to run at

| oner pres8Qre L forleh prrodeiteringnthe pressurenin isid pipe to ndelegmine ifttbps
92 - 98 illustrate the crucial confirmation procedure of the present

i nvention. 3As nentioned RTPESYrE exceeds saitbthreehddPrivention forces the

Poceter, TR, A7 g sl oSl i R '
f eedback i ded f t hi fi ti f t he t. t at f. d d
Fegbac PAgvL 0ot 1o | hoSaBRiLinGhH e Sotale Y oSt
unexpect edagur ge | n demiidod SNl 50 WiroBRHRNE, [BRARABIN of ind Bl h the

second intérval, a test i'S" prov

35 pipe pressure corresponding to actual demand of fluid which is
36 beyond the sensitivity of said pressure sensing devices;
37 (g) varying the speed of said booster pump according to either
38 | steps (d) or shutting off said booster pump with said variable
39 speed controlling device connected thereto in response to said
40 confirmation or disconfirmation of the step in (f);
41 whereby said processing circuit compensates for the difference
42 between the actual demand for water and the output of the booster
43 pump without using any flow sensor.
1 2. A method for controlling fluid flow in a fluid supply system as in
2 claim 1 wherein said threshold Py is equal or larger than the sum of the
3 minimum pressure of said pipe and the sensitivity of said pressure sensing
4 devices.
1 3. A method for controlling fluid flow in a fluid supply system as in
2 claim 1 wherein said threshold P, is equal or larger than the difference
3 between the minimum pressure of said pipe and the sensitivity of said

4 . pressure sensing devices.
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event. Here, Pp is tested whether it is lower than [err]. If it is, it
nmeans there is actual denmand for water is hig As such, the booster punp
34 is activated to 25 run at high pressure and steps 86 - 92 are

d. If th [ 8. I nch d, |j.e., .
[orT] s graater thah [ erh mefochioksoniralive filic G ot A JLig APl systers e in
water [0 the Pldiall Sundrbi ShiiaEsdlial I BelRgn Al Ot Rediuids borarde, fU!

interval of "n seconds as s rea e pi pHIT ne

pressure Pp4qis test to ] nbndrbii : 3 hS o ;
repl acenent 1sheet Dg'?e: ZR éeftn %Wdig’égi)n{r&maEIEEEQ%‘%F@QEW?JP?\@S%Y%?@?S |[f‘hi S
step is to gnsugigin havhdreky Sait préssiire 166 betivesn tiskaainAresholdst R and R, hisut
pipeline. If it is, the present invention shuts off the booster punp in
step 100 to3conséssscthanddgy. If it is not, then the booster punp is
switched from|low pressure L to run at high pressure H and steps 82 - 5 098
are repeatedl. It wil8. be Appethoddoedontnelling Haidsiaw ima fiuid supply isystem as\e s
energy by running the booster punp as close to the actual demand of water
in the pi peRi nelaim hovhereinusaidsgcond pressre seasingydevige is adnansmitjerpr ol ong
the life of the booster purm,etbut al so r t he benefit runni ng the

| so rea f
boost er purmp at | ow?- A hod for controlling fluid flow in a fluidO supply system as in
2 claim 6 wherein said transmitter sends to said processing circuit a signal

3 corresponding to said threshold P_.



10 pressure as long as practically possible. Wile the present invention
has been described particularly with reference,to FIGS. 1 to 4 with
enphasis on a nethod for controlling fluid supply in high rise dwelling

environment, it should be understood t ésﬁﬁ}g gures are for illustration

only and shoul d not be taken a lim

addi tion, | TE‘E\E ;]5 :
i nvention has 3}-&% ﬁfésemﬂvetr@‘agpp | cat I ons vvhere conéﬁ) g & g/dgsblﬁ?p <-§,r S
required. It i i tﬁﬁﬂ'@&éﬂrﬂd“@fgnﬁ@%oﬁhéﬁ g éﬁggsuaec nSBIs, MPie Hifst

made by one of nary ski In“the art mn rting fromthe spirit
and the scope cﬁretsb@re BERSH i@nc@@pldsaéra Wefer BESS domsfrbam fidhR fiseiostéreet
Date: 2 4 MAY 1996 15 CLAIMS 1 1. met hod for controlling
fluid flow Bn gurhpi anduppdne-seayt eaivé for deteclinggant setting a high préssure
connected to one end of at least a fluid pipe for 3 supplying fluid

t her et hr ough withreshedd & h @ndesendingsapperopriatel feedeack §tgna5sjttor#@e400mﬂrgila to
required outlets, at |east one booster punp coupled to said fluid pipe

for punping fl d’V'é!C'E'Wé#@ﬂh%@&ﬁheaﬁpeﬁééﬁtthebéoﬁt%ﬂw VET ﬁ@fﬁﬁﬁlseﬂeﬂfoz%@i d
or no demand of water. P, also serves as a reference for the present

invention to confirm automatically the actual demand for water in the
10 pipeline without using flow sensors. A second pressure sensor is also
coupled to the water pipe downstream from the booster pump and a one-
way valve for detecting and setting a low pressure threshold P_ and for
transmitting a feedback signal to the controller which in turn operates the
booster pump to supply water to the first and subsequent user with the
15 minimum required water pressure. P_ represents a high level of demand for
water. P, and P, offers controller a range of pressure which is larger than
that of the sensitivity of the pressure sensors. By forcing the booster pump to
run at a pressure below the threshold P, the present invention confirms
automatically the actual demand for water in the pipeline even if the demand
20 is not sensitive enough for the pressure sensors to detect. The controller
then varies the speed of the booster pump to compensate for the difference
between the actual demand for water and the output of the booster pump

without using any flow sensor.
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6 fluid pipe and downstream from said booster punp for preventing fluid
back- 7 flow and mai ntai ning pressure downstreamtherefromin said fluid
pipe, at 8 l|east a first pressure sensing device coupled to said fluid
pipe and 9 downstream fromor at said one-way valve for detecting pressure
in said fluid 10 pi pe, said first pressure sensing device being further
connected to a 11 processing circuit for controlling said booster punp,
said processing circuit 12 being integrated within a control panel for
processing signal received from13- said first pressure sensing device,
said control panel being connected to a 14 power source for draw ng power
therefrom said control panel being f?y%her 15 connected to said water

tank, said nmethod conprising the step f: 16 (a) setting a first
predeterm ned threshold [érr] for said pressure 17 sensi ng
device, said [err] corresponding to near or zero demand 18 for

fluid in said pipe, said [err] corresponding additionally to a 19
reference for confirmng the actual demand for fluid whose-20
change is not within the sensitivity of said pressure sensing 21

devi ce; 22 (b) setting a second E%edeternined thraﬁhold [err] for
a second 23 ' pressure sensisig“device in said/pipe, said [err]
corresponding to 24 | ow of high d d for {fluid in said pipe;
25 (c) detecting pressu T P&k sgdi'd pressure
sensing 26 Water T eyi ces id t i pe downstream

fromor at 2 sai d

Controller
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. \ -( To dwelling units
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FIG. 1 (Prior Art)



This is the replacenent sheet Date: 2 4 MAY 1996 16 28 (d)
actuating said booster punp to run at high pressure H when 29

pressure in said pipe is below said thresholds [err] and [err]; 30

(e) nonitoring the pressure in said pipe to determne if the pressure 31

exceeds said threshold [err] 32 (f) forcing said booster punp to
run at |low pressure L for a first 33 predeterm ned interval n
to determine if the pressure in said pipe 34 falls bel ow said
threshold [err], confirmation of the fall in the pipe 35

pressure corresponding to actual demand of fluid which is 36

beyond the sensitivity of said pressure sensing devices; 37 (9)

varying the speed of said booster punp according to either steps 38
(d) or shutting off said booster punp Mﬁ&Q said variabl e speed 39
controlling device connected thereto in éponse to said 40

confirmation or disconfirmation of the step in (f); 41 wher eby said
processing circuit conpensates for the difference 42 . between the
actual demand for water and the output of the booster 43 punp
wi t hout using any fl ow sensor. :
42
Variable
Water Tank (Con ol PaneD_ ariah /40
: Controller
( _
PS
| 38
367
30 | D NU— >
j \ 35 To dwelling units
32 34

FIG. 2
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as in 2 claim1 wherein said threshol,‘d;[err] IS equa

- pressure sensing 4 devices. 1 wg |
flowin a fluid supply system akyl 2

is equal or larger than the di fR&r ) he m ni mum pressure of
sai d p| pe and the sensitivity,, o‘l"ﬁs |d°¢3 efisi ng devices. 1

4. A met hod for controlllng"*flﬁ\deOW| f1uid supply systemas in 2
claim 1l wherein said presS$ur I's between|{ hat of thresholds [err] and
[err] This is the repl acement sheet‘Da.t-&% RYCIPV-4096 1

method for controlling fluidflgwin a Bl ulfl supply systemas in 2 claim
1 wherein said pressure L is jdefween that bl thresholds [err] and [err] but’
is 3 less than H 1 s Alh&t-ﬂcru grolling fluid flowin a
fluid supply systemas in Q\'\u laim1l w8er¢itn said second pressure sensing
device is a transmtter. 1% 7. ‘A mpjhod f controlling fluid fl ow
ina fluid supply systemas i 2 n ECUR 1IN aid transmtter sends

to said processing circui t(,,a ; gnal=

.
/ .

¢ bt

734
voyLva) Gl

1 2. A nmethod for controlling fluid flowin a fluid supply system
| or larger than the
sum of the 3 mninmum pressure o ai & pipe and the sensitivity of said
l—-‘é{a A gethod for controlling fluid
8§ wherein said threshold [err]

v/€



3 corresponding to said threshold [err] This is the replacenent sheet
Date: 2 4 MAY 1996 4/4

-
&
¥

g0

L 3

Retivate ag@;set
86 /1 Bfhie

L ——

o>
%0

YEs

o T

72

N Sto
N Pupset

v

Fig. 4



