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El@48 26/ 18 WATER SUPPLY SYSTEM BACKGROUND OF THE | NVENTI ON The present
iﬁegntfon rela}gg to a water supply system which has a p®MESHtr ol E1948
function and includes variable speed punps driven by inverd#® devi ces 26/13
havi ng protection neans for protecting thenselves and nore par‘ticularly, to

"a water supply system which, even when the operation:-of one of the inverter
devices is stopped by its own protection neans, can continue water supply.

10 A prior art water supply system using variable speed punps

is arranged so that a control circuit having a m croconputer built therein

for commandi ng the operation of inverter devices is separately provided, a
fluctuation in the anobunt of 15 demand water causes a frequency command

to be issued to

WATER SUPPLY SYSTEM




“the inyerter devices, whereby the operational speed of notors driving punps
1S, changed to keep a constant pressure relationship (for exanple, constant
di scharge water pressure or constant end-user water pressure) at 20

di scharge sides of the punps to continue water supply. Exanples of this
type of systemare disclosed, e.g., in JP- B- 6-52079 and JP- B- 6-52080.

I nverter devices used in this type of water supply system have vari ous
sorts of protection circuits 25 built therein for protecting thensel ves.
Det ai | s of -2- protection systens of such inverter devices are
described, e.g., in JP-A-57-6576, JP-A-58-224575, JP-A- 59-185170,

JP- A- 60- 84972 and JP-A-61-224876. In this way, since the inverter devices
in 5 the water supply system have various sorts of protec- tion circuits
built therein for protecting their inverter devices, the inverter devices
are stopped duBACKGROUND OF THE INVENTION

The present invention relates to a water
supply system which has a pump control function and
includes variable speed pumps driven by inverter

5 devices having protectién means for protecting
themselves and more particularly, to a water supply
system which, eveﬁ when the operation of one of the
inverter devices is stopped by its own protection
means, can continue water supply.

10 A prior art water supply system using
variable speed pumps is arranged so that a control
circuit having a microcomputer built therein for
commanding the operation of inverter devices is
separately provided, a fluctuation in the amount of

15 demand water causes a frequency command to be issued to
the inverter devices, whereby the operationél speed of
motors driving pumps is changed to keep a constant
pressure relationship (for example, constant discharge
water pressure or constant end-user water pressure) at

20 discharge sides of the pumps to continue water supply.
Examples of this type of system are disclosed,-e.g., in
JP-B-6-52079 and JP-B-6-52080.

Inverter devices used in this type of water
supply system have various sorts of protection circuits

25 built therein for protecting themselves. Details of



.~ to various causes (such as nonentary power failure, excessive |oad,
tenperature rise, noise, etc.). 10 Further, a water supply suspension
during st oppage of the inverter device involves a big problem For the

pur pose of avoiding such a situation, in this case, a notor for driving the
punp is usually switched fromits inverter,operational node to its rated or
fi xed speed 15 oper ati onal node based on“a commercial power source to

prevent the wallgsofupl inSkReaaboas SUMMARKOELIEEGLYYENE Qid n such a

prior art water” supply system as nentioned above, however, it has been

i npossi bl e, whegegBrib8d$08l§0! £h'§PLA~BALEBI67 FPCACSEURRYSTSQUIGE-A-
therein becones faulty, to avoid water supply suspension so |long as the

control circuit595189170f appR-60c84972l afdshpant-gpe22@876her, when the
i nverter device is stopped 25 by sone cause and the rated or fixed speed

operation of the punp baskn thisheagpnsinceathpoiavertercdevdcesntinnued,
this causes a discharge water pressure to be
5 - the water supply system have various sorts of protec-
tion circuits built therein for protecting their
inverter devices, the inverter devices are stopped due
to various causes (such as momentary power failure,
excessive load, temperature rise, noise, etc.). |
10 Further, a water supply suspensioh during stoppage of
the inverter device involves a big problem. For the
purpose of avoiding such a situation, in this case, a
motor for driving the pump is usually switched from its
inverter operatiohal mode to its rated or fixed speed

15 operational mode based on a commercial power source to

prevent the water supply suspension.

SUMMARY OF THE INVENTION
In such a prior art water supply system as
mentioned above, however, it has been impossible, when
20 a control circuit having a microcomputer'built therein
becomes faulty, to avoid water supply suspension so
long as the controi circuit is not of a perfect dual
system type.
Further,_when the inverter device is-sfopped
25 by some cause and the rated or fixed speed operation of
the pump based on the commércial power source is

continued, this causes a discharge water pressure to be



-3- varied in response to a variation in the amount of demand water.
Furthernore, since the punp is driven at. its full speed even under a |ight
| oad, the punp running power cost becomes undesirably high. 5
The prior art water supply systemal so has had a problemthat, in case of
stoppage of the inverter device, it is rgqgiLed to quickly locate its
st oppage cause and to restart the inverter device, which undesirably | eads

to the fact tha&arfédsmnréépaﬂsélesna_loariaéibﬁwﬁdtﬁao%mﬁti ggerter

devi ce, a mai ntenance wor ker” nust receive an energency call and be called

for its repair.odhei@iwa€erit FereRePROLE} Qin&BetHéePQHb jBvariven be
provi de such an inproved water supply 15 systemthat can conpletely avoid

or mninmze theits OPREI Speéd éveh hendlor! &- Liightvebhd!, €Re pampnd can
mai ntai n conti nuous water supply. In accordance with an aspect of the
pr esent running power cost becomes undesirably high.

5 The prior art water supply system also has
had a problem that, in case of stoppage of the inverter
device, it is required to quickly locate its stoppage
cause and to restart the inverter device, which
undesirably leads to the fact that, as soon as an alarm

10 is issued from the inverter device, a maintenance
worker must receive an emergency call and be called for
its repair.

Therefore, it is an object of the present
invention fo provide such an improved water supply

15 system that can completely avoid or minimize the
stopped state of the built-in inverter device and can
maintain contihuous water supply.

In accordance with an aspect of the present
invention, this object is attained by providing a water

20 supply system which comprises sensor input means for
inputting informatioﬁ signals on water supply from a
pressure sensor and a flow sensor mounted to a tap
water distribution pipe, a plurality of inverter
devices having protection means for protecting them-

25 selves for generating variable frequency AC power
according to a preprogrammed drive schedule, a plural-~
ity of motors connected to the inverter devices for

being driven with a variable speed when receiving power



invention, this object is attained by providing a water 20 supply system
whi ch conprises sensor input means for inputting information signals on
wat er Supply froma pressure sensor and a flow sensor-nounted to a tap

wat er distribution pipe, a plurality of inverter devices having protection.
nmeans for protecting them 25  selves forygenerating variable frequency AC
power according to a preprogrammed drive schedule, a plural- ity of notors

connect od ot Nedal 4afd A lBHSPdPIcOE] Nendd STl 1 g yBraht gpepeed

when receiving power romthe i nverter devices urality of

vari abl e speed gHUmP HAHELdihdddIeLaDiRS %&%réupefywﬁ%rglig _Wtbpe tap

wat er distribution pipe,” and erein each of the invert I ncl udes
nmeans for nmoni ey ithe e watdPdistSiRition pie ptdwd whepéif edEMi 6€S

~and, when an inverter device is stopped by its protection neans, for
out putting a sttdrd iowerter tdevived aineludew aneéans for monitoring the
5 faulty state of the other inverter devices and, when an
inverter device is stopped by its protection means, for
outputting a start command to the faulty inverter
device (i.e. restart means) or for operating a normal
inverter device in place of thé faulty inverter device.
10 The restart means of the pump controller are
arranged so that, when one invertef device is stopped
by its own protection means, the restart means of a
different inverter device issues a start command to the
stopped inverter device. Accordingly, when the protec-
15 tion cause of the stopped inverter device is already
removed at the time of giving the restart command to
the stopped inverter device, the stopped inverter
device is restarted, whereby there can be reduced a
possibility that the inverter devices are completely
20 stopped.

Since the pump controller eliminates the need
for pro#ision_of a control circuit having a microcom-
puter built therein and requires only_two inverter
devices, a water supply system of a perfect dual system

25 type can be realized with an increased reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram for explaining an



device (i.e. restart means) or for operating a normal inverter device in
place of the faulty inverter device. 10 The restart neans of
the punp controller are arranged so that, when one inverter device is
stopped by i.ts own protection neans, the restart neans of a di.fferent
inverter device issues a start command to ghe stopped inverter device.
Accordi ngly, when the protec- 15 tion calse of the stopped inverter

device is aIrqu%ﬁgegg%fféééfﬁéﬁ%t6feao&agé¥iggg%Pgeg'§£gﬁtiﬁonnand to the

st opped inverter stopped 1 nverter S restarted, whereby

there can be r%&&ﬁh@é@&simlaﬁyeﬁbaamast!afefherRéeséﬁesmreneaeml;_etel y
.20 st opped. Since the punp controller elimnates the need for provision

of a control circuit havimgga 2 £$ o o6ireuitrdDagktamt 8€r & Boakgdolegui r es
only two inverter devices, a water supply systemof a perfect dual system
25 type can hin ride iwateni swpply i systemecdf rBigab2ity. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a block diagramfor explaining an
5 Fig. 3 shows details of terminals of an
inverter device in the controller;

Fig. 4 is a block diagram for explaining the
software operation of the inverter device;

Fig. 5 is a flowchart for explaining a basic

10 part of the softﬁare operétion of the block diagram of
Fig. 4;

Fig. 6 is a flowchart for explaining the
details of re-starting operation of an inverter device
included in the basic operation of the software;

15 Figs. 7 is an example of use of interlock
signals when two inverter devices are used to send and
receive the interlock signals in the present invention;

Fig. 8 is an example of use of a single
interlock signal when three or more inverter devices

20 are employed in the present invention; and

Fig. 9 is an example of memory allocation

when three or more inverter devices are used to send

and receive interlock signals in the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 An embodiment of the present invention will
be detailed with reference to the accompanying drawings

1 to 9.



entire _arrangenent of a water supply systemin accordance with an

enbodi nent of the present invention; Fig. 2 is a circuit diagramof a
“controller in the water supply systemof Fig. 2; 5 Fig. 3 shows

details of termnals of an inverter device in the controller; .Fig. 4 is.a .

bl ock diagram for explaining the software gperation of the inverter device;

Fig. 5is a flowhart for explaining a basic 10 part of the software

operation of the bl ock diﬁﬂ%é‘”iois':égbléék':&ﬂa PalS£8r bRPEHAZRInECRN
expl aining the details of re-starting operatlo% of an inverter 3 vi ce

i ncluded in theelhests SPEdiRGemenefot e waEENAEEpplY system in acBb@d- 7 s
an exanpl e of use of interlock signals when two 1nverter devices are used

to send and recmoe wikh ian esmibodinegbads thet pfepersedhventionl,orighig. 8
is an exanple of use of a single interlock signal when three or nore
i nverter deviced is a circuit diagram of a controller in the water
5 supply system of Fig. 2, Fig. 3 shows details of
terminals of an inverter device in the controller, Fig.
4 is a block diagram for explaining the software opera-
tion of the inverter device, Fig. 5 is a flowchart for
explaining a basic part of the software operation of
10 the block diagram of Fig. 4, Fig. 6 is a flowchart for
explaining the details of re-starting operation of the
other inverter device included in the basic operation
of the software, and Figs. 7 to 9 show other examples
of interlock signal or signals which can be applied to
15 three or more of the inverter devices.

Referring first to Fig. 1, a controller 1,
which includes inverter devices 20, 21 and leak circuit
breakers 40, 41, performs control over a water supply
unit 2. The water supply unit 2 in turn includes

20 motor-driven pumps 105, 106, pressure sensors 102, 112,
flow switches 107, 117, an inflow-side stream-.
combination pipe 104, a discharge~ or oﬁthOWbside
stream-combination pipe 110, a pressure tank 111,
pressure gauges 114, 115 and other various types of

25 valves 100, 101, 103, 108, 109. Wwith the arrangement,
the water supply unit 2 functions to boost the water

pressure of a tap water main pipe 116 to supply water

to a water distribution pipe 118.



20 are enployed in the present invention; and Fig. -9 is an exanple of
menory al |l ocati on when three or nore inverter devices are used to send and
receive interlock signals in the present invention. DESCRI PTION OF THE
PREFERRED ENMBODI MENTS 25 An enbodi nent of the present invention
will be detailed with reference to the agcqnpanying drawings 1 to 9. - 6-
Fig. 1 is a.block diagramfor explaining an entire arrangenent of a water

supply systemin accord- ﬁqﬁg}ﬂ\n éﬁéﬂi@”ﬁ%ﬁé@&&ﬁ?ée“ﬂﬁ ggsﬁgggsi venti on,

Fig. 2 is acircuit diagramof a control In the water supply system

of Fig. 2, Fig .phagde h| €0 Okné cEGRERbE16F 8D | M¥LE! Bpele¥icg1y,t he
controller, Fig. 4 is a block diagramfor explaining the software opéra-

tion of the inwgid einesrier déviced 26 and! pycheceéives puwbdi Firbm a basic
part of the software operation of - _

terminals R, S and T, and output variable frequency AC

5 power to terminals U, V and W according to a pre-

programmed drive schedule to perform variable-speed

driving operation of the motor-driven pumps 105 and

106. |

Detection signals detected by an outflow-side

10 pressure sensor 112, the pressure sensor 102 and the
flow switches 107 and 117 are applied to the inverter
devices 20 and 21, which in turn, on the basis of the
received detectidn signals, convert the received power
to variable frequency AC power to carry out a constant

15 water-discharge-pressure control or a constant end-user
pressure control according to the preprogrammed drive
schedule and supply it to the motor-driven pumps 105
and 106.

The motor-driven pumps 105 and 106 alter-

20 nateiy carry out'their automatic pumping operation.
This causes the inverter devices 20 and 21 to mutually
monitor the other inverter devices based on interlock
signals 61 and 62 to control its own start and stop.

In Fig. 2, a noise filter NF60 and a zero-

25 phase reactor 2CL50 attenuate electrical noise super-

imposed on a current supplied from the main circuit

power source 10 to protect the inverter devices 20 and

.21, and also prevent electrical noise caused by



10 the bl ock diagramof Fig. 4, Fig. 6is a flowhart for explaining the
details of re-starting operation of the other inverter device included in
t he basic operation of the software, and Figs. 7 to 9 show ot her exanpl es
of interlock signal or signals which can be applied to 15 three or nore
of the inverter devices. Referring firSt_t? Fig. 1, a controller 1, which
i ncl udes inverter devices 20, 21 and leak Circuit breakers 40, 41, perforns

control Oyel 2 HRkREnIHPBLrUALL Gonlhackal By TR hvdalver? ddidid 20 |

i ncl udes 20 not or-driven punps ssure sensors 10

switches 107, ldfq @0 £pbmOBeihgerel’ Babk €eTRhRahaghn RiRRui¥ poer
di scharge- or outflow side stream conbi nati on pipe 110, a pressSure tank

111, pressure gsggeselid. liéranghabBeiredatbedssiynad G2 Suppreds/es 100,
101, 103, 108, 109. Wth the arrangenent, the water supply unit 2 '

functions to bovsansbenvatarrpnesstoebef applipdwabethenimotormpariven o
supply water to a water distribution pipe 118.

5 pumps 105 and 106 from the inverter devices 20 and 21
to thereby reduce noise generated at the time of
driving the motor-driven pumps 105 and 106.

The leak circuit breakers 40 and 41 detect a
leak current for preventing users’ electric shock, and

10 are also used as power ON/OFF switches at the time of
maintenance and security check of the motor-driven
pumps 105 and 106 and inverter devices 20 and 21.

Digital operators 30 and 31 are provided as

accessories for the inverter devices 20 and 21, which,

15 when a pushbutton switch provided in their front lower
part is operated, can put the inverter devices 20 and
21 in their initializetion or test operation mode and
can display the output frequency, load current or fault
informatien on the inverter devices 20 and 21 on

20 numeric indicators provided on its front upper part to
know the working status of the systenm.

Shown in Fig. 3 are input/output terminals of
the inverter devices 20 and 21, which will be explained
in more detail in the following.

25 The interlock signals 61 and 62 are associ-
ated with an output signal terminal DO2 for informing

the other inverter device that the inverter device of

interest was stopped by its own protection function



-7- A main circuit power source 10 supplies 3- phase AC power to the
controller 1. Mire specifically, the inverter devices 20 and 21 receives
power fromtermnals R, S and T, and output variable frequency AC 5 power
totermnals U V and Waccording to a pre- programmed drive schedule to
perform vari abl e-speed driving operation_ofy, the notor-driven punps 105 and
106. Detection signals detected by an ouffFow side 10 pressure sensor

112, the pressufgesensaipl02aangeble LoaiiAu' 629° £h37 sahel b @ e appl ied

to the i nverter deV|ces n turn, on t basi's

recei ved det eCtf@@t&tﬁ”é‘bﬁmaﬁ&”!éi&halh?aﬂ.ﬁﬁﬁh&%@ EBHﬁEnHOEW | @M the
frequency AC power to carry out a constant 15 mater-dlscharge pressure

control or a copehéptifpertesr deveseyr anconpue! taemendin®IRo foie input
preprogranmed drive schedule and supply it to the notor-driven punps 105
and 106. The noobracmessageutpilifg thdtl@heabther inverter device was
5 stopped by its own'protection functioﬁ (the other party
trip), and an output signal terminal DOl for output of
a restart command signal (alternate command ACK) to the
other inverter device. Sensor input terminals AIl and
AI2 are analog input terminals for reception of signals
10 from the pressure sensors 102 and 112. A signal FS
issued from the flow switch 107 is applied as a bit
signal to a terminal FW. Signals issued from digital
operators 30 and 31 are connected to serial communi-
cation ports SD and RD. Also provided in the present
15 embodiment are bit output terminals DO3 to DO5 for
informing an external device of an abnormality detected
by the inverter devices 20 and 21.
Fig. 4 is a block diagram for explaining the
software~-based operation of a microcomputer built in
20 the inverter devices 20 and 21. 1In the figure, a
normal operation block 401 stores therein a pump
driving schedule, according to which the output fre-
quency and drive/stop commands of the inverters are
calculated on the basis of the data of the interlock
25 signals and pressure sensor signals. The block 401
issues its calculation result to a LAD operation block

- 402. The block 402, on the basis of the calculated

output frequency and drive/stop commands as well as the



20 nately carry out their automatic punping operation. This causes the
i nverter devices 20 and 21 to nutually nonitor the other inverter devices
based on interlock signals 61 and 62 to control its own start and stop. In
Fig. 2, a noise filter NF60 and a zero- 25 phase reactor ZCL50 attenuate.
el ectrical noise super- inposed on a cunggﬂ5‘§upplied fromthe main circuit
power source 10 to protect the inverter devices 20 and 21, and al so prevent

el ectrical nois s e BF | en t ed
Cnver ter - devi ceonSRHEESE Yt ce OF BROTPAVEFRERFT oPndeated’ oot
source 10. Zer o RBPERLIFECHET 8 8dtaNTed oRUBAECEFhUBARYSBAC Uk BHLS 1O De

~applied to the notor-driven 5 punps 105 and”106 fromthe inverte evi ces
20 and 21 to th%Eba’%éedH&eséﬁﬂﬁetﬂenebﬂﬁ&ﬁdatot AeptvMnBpekation Bl odke

nmot or-driven punps 105 and 106. The leak circuit breakers 40 and 41 detect
a 403. The block 403 outputs to a inverter main circuit
5 407 a signal PWM (pulse width control signal) for
driving switching elements in the inverter main circuit
407 to cause the inverters to output variable frequency
power based on the calculﬁted output frequency'and
output voltage commands. An excessive current refer-
10 ence value as a detection level of an excessive load
current of the inverters is sent from the normal
operation block 401 to a trip operation block 404 to be
stored therein. The trip operation block 404 always
monitors the excessive current reference value and the
15 inverter load current and, when detecting an excessife
load current, generates trip information and issues it
to a command processing block 405. Also Applied‘to the
normal operation block 401 is a voltage PN (a voltage
between positive and negative levels in an intermediate
20 DC voltage) of the inverter main circuit so that the
block 401 detects an excessive or insufficient-of short
voltage and sends the detection signal to the trip
operation block 404. The command proqessing block 405 .
executes exception handling operations including
25 abnormality operation (éuch as excessive current or
excessive voltage or short voltage) from the inverter

trip operation block 404, communication operation based

on the key information of the digital operators 30 and



| eak current for preventing users' electric shock, and 10 are also used
as. power ONOFF switches at the tinme of nmintenance and security check of
the notor-driven punps 105 and 106 and inverter devices 20 and 21. Digital
operators 30 and 31 are provided as accessories for the inverter devices 20
and 21, which, 15 when a pushbutton switgh provided in their front | ower
part is operated, can put the inverter devices 20 and 21 in their

initialization g?éhF?EPﬁPebithpaiggﬁsyﬁgqgﬁga ?%?p %yﬂwg3§£§%¥%}frequency,

| oad current or ormati on iFnver evi ces 21 .on 20

nuneric indi cat gharpEe¥sd89 andi Bl ,f haat dﬂ!%%eﬂﬁ%ﬂi%é‘%féﬁdﬁpr&‘ﬂ g

status of the system Shown in Fig. 3 are input/output t nal s of the

i nverter devi cefiodfodadifé, mebey (VEEPRDM)E¥DIBII NAd EEPROM A nfRitd dutiput he
foll owi ng. 25 The interlock signals 61 and 62 are associ- ated

with an out put epgpatibarbloek B08,f on theobakig Lifcan! EPROM warite device
that the inverter device of interest was stopped by its own protection
function 5 command or a call request command received from the
command processing block 405, directly accesses the
nonvolatile memory 408 and executes transfer of those
~data which need to be stored even in case of a power
failure, such as basic parameters required for the
10 driving schedule and fault history data, between the
blocks 406 and 405.

An example of the normal operation block 401
is shown by a flowchart in Fig. 5. When power is
supplied to the inverter devices 20 and 21, the normal

15 operation block 401 executes an initialization step |
501, reads out from the nonvolatile memory 408 a
discharge target pressure HO, lowest drive speed NS,
highest drive speed Nf, speed change width AN, restart

‘ judgement time T and restart frequency m, as parameters

20 necessary for the pump drive control, and sets the
parameters in a register for calculation of the
inverter output frequency.

Then the normal operation block 401 executes
a step 502 to apply signals from the pressure sensors

25 102 and 112 and flow switches 107 and 117 respectively
to thé sensor input terminals AIl, AI2 and FW.

Subsequently, the normal operation block 401

executes a step 503 to input an operational state of



-9- (self trip), an input termnal D1 for input of a restart comand
signal (alternate command ENQ fromthe other inverter device, an input
terminal D2 for input of a nmessage telling that the other inverter device
was 5 stopped by its own protection function (the other party trip), and
an output signal termnal DOl for output_ogfya restart command signal
(alternate conmand ACK) to the other inverter device. Sensor input

termnals Al'l %%@hé’i‘%ﬁ?@f@&r'Micéegﬁhﬂé‘hswﬁ.ﬂ 580%8%993&1‘ o Q%a' s

10 fromthe pressure sensors 102 and signal FS issued fromt

flow switch 10%Ke @&Péteﬁaé‘gyalﬁ#érﬁéﬁnaéviéeﬁ her8iRaktEW) $hoRaks Issued

fromdigital operators 30 31 are connected to serial communi- cation
ports SD and Rzortmellervi deitith nuséecofrehenintdérloekbsailgnans gleahtt
output termnals DO3 to DO5 for inform ng an external device of an
abnormal ity detGeZtamt Bladeto nvetpet ilesiowes GfermatiiGhalFstaté te &hkl ock
di agram for explaining the

5 other party inverter device.

The normal operation block 401 then executes
a step 504 to examine the operational state of the.
other party inverter device. The noimal operation
block 401, when judging that the operational state of

10 the other party is normal, proceeds to a next pump
control step 505; whereas, when judging that the opera-
tional state is abnormal, the block 401 executes a step
510 to be detailed later ih.connection with Fig. 6 to
execute the restarting operation of the other party

15 inverter device, after which the step 401 proceeds to
the next pump cbntrol step 505.

Next, the block 401 executes the pump control
step 505 in which a current supply water préssure H is
compared with the discharge target pressure HO. If

20 H>HO then the system goes to steps 508 and 509 to
perform rate increasing operation; whereas, if HO>H
then the system proceeds to steps 506 and 507 to
perform rate decreasing operation. When H=HO, no rate
change is carried out.

25 The normal operation block 401 then returns
to the execution of the step 502 to repetitively

execute the subsequent same operation.

Fig. 6 shows a flowchart for explaining



sof t war e- based operation of a mcroconputer built in 20 the inverter
devices 20 and 21. |In the figure, a normal operation bl ock 401 stores
therein a punp driving schedul e, according to which the output fre- quency
and drive/stop commands of the inverters are calculated on the basis of the
data of the interlock 25 signals and pr $ure sensor signals. The bl ock
401 issues its calculation result to a LAD Operation block 402. The bl ock

402, on the bas{iét&i%%hﬁfc%ﬁug%ﬁ 24t Bt rEE‘EQE‘E%? %ﬁ@ e/ ?a%y

commands as wel aracterlstlcs 0 e i nvert

generates a Conﬂﬁﬁértélﬁ“&é%&é Qﬁcﬁuﬂé&ahhe@hQUhB!haﬁr ag»@3 AT oA gh1YKPUt

vol tage and sends the command to a PWM operation bl ock The bl ock 403
outputs to a i n¥@1}ewhi@hNwelicbét détailt8d Besbgnal PWM (pul se width '

control signal) for driving switching elenments in the inverter main circuit
407 to cause the inverterwhén fut pat judgedbthrbughuehey execution of
5 the step 504 that the operational state of the other
party inverter device is abnormal, the other party
restarting step 510 is executed.
In the party restarting sfep 510, a restart
frequency MAXm of the inverter device is determined
10 first in a step 601. The restart of the inverter
device requires a discharge time for the control
circuit of the same inverter, that is, a restart time
of usually 3-5 seconds. During the restart time, even
when the pump is stopped, the pressure tank 111 is
15 provided in thé present embodiment, so that the supply
water pressure H is prevented from quickly dropping as
long as the amount of supply water (demand water
amount) is small, which provides a time margin suffici-
ent to execute the restarting operation of the inverter
20 device a plurality of times. Meanwhile, when the water
| supply amount becomes large with the less time margin,
it becomes necessary to limit the restart frequency.
The water supply amount can be detected directly by a
flow sensof and thus the restart frequency MAXm can be
25 determined. However, since there is a predetermined
relationship among a pump rotatiohal speed N, a
discharge flow amdunt Q an& a discharge water pressure

H, which is as a Q-H characteristic with the pump



power based on the cal cul ated output frequency and out put vol tage comuands.
An_excessive current refer- 10 ence value as a detection |evel of -an
excessive load current of the inverters is sent fromthe normal operation
bl ock 401 to a trip operation block 404 to be stored therein. The trip
operation bl ock 404 al ways nonitors the ex gsgive current reference val ue
and the 15 i nverter |oad current and, when detecting an excessive | oad

current, genera : bRailN t ' ' 0 %ﬂﬁgp )cessi ng
bl ock 405. Al sokggglilﬁ'g atllofs %gangf%as?&g:gle aﬁ#éﬁfdcﬁﬁ | grc\% tage PN

(a voltage betwegBnB2Skpe¥d ANfhaje®e! nsed SY¥elplace ¥F HHEL 'TRP B wakler DC
vol tage) of the inverter main cifcuit so that "the block 401 detécts an

excessive or inambhhei eot deteshdne the! destardt Faedfudntsy Jebacdnimignal
to the trip operation block 404. The conmand processi ng bl ock 405. executes

exception handl shgpofier aThars isnpclhasdishgwS in aheostap 17, @periatitdm) such as
excessive current or excessive voltage or short voltage) fromthe inverter
trip operatbon vadue m04ofctheumesiarsn faeguenioyn ascacading ttee they

i nformati on of the digital operators 30 and
water supply conditions is previously registered in the

inverter device through the digital operator, so that
the larger the pump rotational speed N at the time of a
- faulty of the inverter device is, i.e., the more the
10 water supply amount at the time of the fault is, the
smaller the value of the restart frequency MAXm is set.,

In a step 603, next, the system sends a
restart command to the abnormal inverter device, waits
for the restart processing time T (3 seconds in the

15 present embodiment), and confirms that the inverter
device was restarted in a step 604. If the inverter
device was restarted in the step 604, then the system
goes to a step 610 to record its abnormal history and
returns to the normal operation. If not festarted, the

20 system repeats the restarting operations of a loop
formed by the steps 605, 6b9, 603 and 604.

When the iestart'frequency reaches MAXm, the
system executes a step 607 and, so long as thé pump
discharge pressure is higher than a lowest guarantee

25 pressure H3, continues the restarting operation of the
inverter device through a loop of the steps 607, 609,
602, 603, 604 and 605. In the step 607, even when the

restart frequency exceeds MAXm, the system tries to



31, output of a display signal LED to the digital operators 30 and 31, and
data read/wite operation of a nonvolatile nmenory (EEPROM) 408. A EEPROM

| nput / out put operation bl ock 406, on the basis of an EPROMwite 5 comuand
or a call request command received fromthe comand processing bl ock 405,
directly accesses the nonvol atile nenDry_4g§ and executes transfer of those
data which need to be stored even in case a power failure, such as basic

par anmet ers requi for, i\ qﬁnf f ISt o ta,
bet ween the bl olcs%glﬁm% raetr?](}%zfé;g.cé n enx\da% e 0 ,%%\%%mfé%%%é:a (ll-,oény%f%ck
401 is shown by thef a®foRfall iddndition ol &hd Wferters WRHi&S £&the

inverter devices 20 and 21, the nornal 15 operation block 401 executes an
initialization gbhagindhtionidT it GUPplyy,"@Y Aoid lds NEHerdowdist a

di scharge target pressure HO |owest drive speed NS, highest drive speed
Nf, speed changguairdhiteéNpressiutie H3 can be secured.

5 In the step 607, when the discharge pressure
becomes lower than the lowest guarantee pressure H3,
the system executes a step 608. 1In the step 608, the
system stops the inverter device in its abnormal
condition and performs a processing to fixedly set an

10 alternate drive mode wherein the other normal inverter
device is driven in place of the abnormal inverter
device, and also issues a fault alarm.

Through such repetitive operations as
mentioned above, the normal operation block 401

15 executes the monitoring operation of the state of the
other party inverter, the restarting operation at the
time of an abnormality and the variable speed driving
operation of the water supply pump concurrently.

Although the restart frequency MAXm has been

20 determined from the pump rotational speed N in the step
7, the restart fréqﬁency may be roughly determined in
such a manner that, taking into consideration the fact
that a water supply amount handled by the pump in its
daytime operation is generally more than that handled

25 by the pdmp in its nighttime operation, the restart
frequency in the daytime operation is set to be smaller
than that in the nighttime operation. |

Turning now to Figs. 7 to 9, there are shown



judgenent tinme T and restart frequency m as paraneters 20 necessary for
the punp drive control, and sets the paraneters in a register for
calculation of the inverter output frequency. Then the nornal operation

bl ock 401 executes a step 502 to apply signals fromthe pressure sensors 25
102 and 112 and flow swi tches 107 and 117 %gspectively to the sensor input
termnals All, Al2 and FW Subsequently, the normal operation block 401

executes a Stepo?f\?\ﬁf-tc%x\';h\ﬁtPFBBano?ﬁﬁaﬁthiJlo%&catSQgg{ ls 61 fléné\jg;@é]?r

i nverter device e referred to as ‘the er par

devi ce, hereinajigr appliEAB160RL" 8! 5§ tem'nbVing® thirdd ®r Hoi'd OCk signals

61 and 62 and also to output its own“ operational” state to the 5 other party
i nverter deviceinvBeteer gairiepsgr.ati on bl ock 401 then executes a step 504 to
exam ne the operational state of the

In Fig. 7, a send port TXD of an inverter

5 device 71 is coupled to a receive port RXD of an
inverter device 72 via the interlock signal 62, and a
send port TXD of the inverter device 72 is coupled to a
receive port RXD of the inverter device 71 via the
interlock signal 61, whereby the mutual monitoring of

10 the driving operation as well as the transmission of
drive commands (including the aforementioned restart
command) can be realized in a 1:1 serial communication
relationship. When the number of such inverter devices
are increased, e.g., to 3 or 4, this requires that one

15 inverter device communicate with the other inverter
devices, which disadvantageously results in that the
number of such send ports TXD and the number of such
receive ports RXD must be increased to 2 or 3 and thus
the manufacturing costs of the inverter devices and

20 communication channels become uneconomically high.

In order to avoid such a disadvantage, an
arrangement shown in Fig. 8 is such that inverter
devices are connected in such a loop that their send
and receive ports TXD and RXD are coupled via a single

25 continuous interlock signal. Iﬁ this case, when data
of all the inverter devices having such a communication
data format as shown in Fig. 8,(a) are carried on the

above-mentioned loop for communication, each of the



other party inverter device. The normal operation bl ock 401, when judging
that the operational state of 10 the other party is normal, proceeds to a
next punp control step 505; whereas, when judging that the opera- tional
state is abnormal, the block 401 executes a step 510 to be detailed | ater
in connection with Fig. 6 to execute the_rgstarting operation of the other
party 15 I nverter device, after which the step 401 proceeds to the next

pump. cont rol st eRvaaBerNaBlickle 18 efity!dbqiiited ¥ Hifrd Wk iR Yerkd oP

505 in which a current supply water préssure IS conpare

di schar ge targepopteexp antiCa kfindle r@é@@.vbh%ﬁth@x%’w&i@?ogﬁﬁéps

508 and 509 to performrate increasing operation; whereas then the
syst em proceedsofoceinfpaicdéiandwith thepalfloothedt d nb@artedsidegriages ation.

When H=HO, no rate change is carried out. 25 The norma
operation bl ockInOEigheB,(af)yr symbolt HETexdout"i at dhet heask ayf =@th o
repetitively execute the subsequent sane operation. Fig. 6 shows a
flowchart f9r ekpverhkepgdata is uniquely given to each inverter device
to uniquely specify one of the inverter devices with
which the data is associated, by means of a number
allocatéd to each inverter device in the illustrated
example. The "ST. No." is followed by data "DATA"

10 which is the body of data indicative of the monitored
state of the driven operation and a drive command to be
transmitted, which is further followed by data "CRC"
for execution of error detection of communication data.
Each of the inverter devices sends the data in its own

15 send data buffer via its send port TXD, receives at its
receive port RXD data from the all other inverter
devices, and stores it in its own receive data buffer.

Shown in Fig. 9 is an example of memory
layout or allocation in the aforementioned send and

20 receive data buffers. 1In Fig. 9, each of inverter
devices 1 to 4 has a send and receive buffer having a
memory capacity of 1 kilobyte, in which 256 bytes of
send area in each buffer is allocated so as not to be
overlapped with each other among the buffers. Each

25 inverter device always communicates with the other
inverter devices, and sends the data in its own send

area as the interlock signal according to its own

driving condition to always monitor its receive areas



- 13 - details of the step 510 of restarting the other party inverter
device included in the nornmal operation block 401, which will be detailed
bel ow. When it is judged through the execution of 5 the step 504 that the
operational state of the other party inverter device is abnormal, the other
party restarting step 510 is executed. Ip yge_party restarting step 510, a
restart frequency MAXm of the inverter device is determ ned 10 first in a

step 601. The ggskapb Qﬁthh%hbnwltt@hlwloqedﬂwt&% dlischarge tine for
the control circuit of the sane inverter, that is, a restart tine of

usual ly 3-5 secanﬂarmagﬁtgg the restart tlne, even when the punp is
st opped, the pressure tank 111 is 15 provided in the present enbodi nent,

so that the supply water [Fhesghr¢hd aboveccommm ifcambonisydtenrizpmbha as
| ong as the anobunt of supply water (demand water
serial communication type, in the case of the embodi-

5 ment of Fig. 9, when 1 kilobyte of data is transmitted
at a standard serial communication rate of 19.5Kbps,
its response rate is about 1 second, which is
sufficiently fast for pump control.

As has been explained in the foregoing, in
10 accordance with the present invention, there is
provided a restarting means which, when one inverter
device is stopped by its own protection function,
restarts the faulty.inverter device by the other
inverter device, and the restarting operation is
15 carried out by its own inverter device, whereby perfect
dual control system can be realized, the inverter
devices can be less frequently stopped, and the water
supply system can be improved in its reliability.
Further, since the need for provision of an
20 external controller can be eliminated, the number of

parts necessary for the entire control system can be

reduced and thus the costs can be effectively lowered.



anount) is small, which provides a tinme margin suffici- ent to execute the
‘restarting operation of the inverter 20 device a plurality-of tinmes.

Meanwhi | e, when the water supply anount becones | arge | ess tinme
margin, it becomes necessary to |limt the restart frejﬁ"ﬂ i l ﬂﬂw
supply anount can be detected directly by pgflow sensofs '

restart frequency MAXm can be 25 determ ned. However, since there is a

predet er m ned rﬁhﬁQiggsbLﬂIﬁggngsq punp rotational speed N, a discharge
fl ow anbunt Q and a discharge water pressure H which is as a QH

characteristic yith the Dnﬁﬁater-sﬁﬁpiyf%&%Ebﬁﬂ%ha&a%%%ﬂidéa &55 par anet er;
the punp rota- tional speed N may be uSed in place of the supply water

anount to detergompriBgngestart frequency MAXmas in a step 7. That is, as
shown in the step 7, an initial 5 value nO of the restart frequency
according to the water supppjureiddiy ofs invemter desviresc@astisiged in the

protection means for protecting themselves for
generating variable frequency AC power according to a
preprogrammed drive schedule;

a plurality of motors connected to said
inverter devices for being driven with a variable speed
when receiving power from éaid inverter devices; and

a plurality of variable speed pumps connected
to said motors for supplying water to a tap water
distribution pipe,

wherein each of said invérter devices
includes fault monitpring,means for monitoring opera-
tion of said protection means of the other inverter
device and restart means for outputting a start command
to the other inverter device which fault was detected
by said fault monitoring means.

2. A.water supply system as set forth in claim
1, characterized by further comprising water supply
state detection means for detecting a water supply
state of each of said pumps, and wherein said restart
means determines a restart fregquency of said inverter
device according to the pump water supply state
detected by said water supply state detection means and
causes the other inverter device to restart the faulty

inverter device.



inverter device through the digital operator, so that the |larger the punp
rotational speed N at the time of a faulty of the inverter device is, i.e.,

the nore the 10 water supply anount at the ti molullmllmmlﬂuuﬂmllhe
smal I er the value of the restart frequency MAXmis Sl Il 3,
next, the systemsends a restart command tgpthe abnor maf inhvertér device,
waits for the restart processing time T (3 seconds in the 15 present

enbodi ment ) ,- angl, confi r neat RatethguppY§’ 69ELERYhEEsERS FoRthaihe&lain? Step
604. If the inverter device was restarted in the step 604, then the system
goes to a step ﬁl%h@réeﬁéfﬂzédSiﬁbﬁh&ﬁabahHSWtéradeﬁiwBllt&tbo the nor nmal
operation. If not restarted, the 20 systemrepeats the restarting
operations of adéeveptionmeainy for detesting, thé9wate? snppl§4stdhen ofhe
restart frequency reaches MAXm the system executes a step 607 and, so |ong
as the punp di stherpemprissarguarxantgecpreasure dewectogufoandesezting
“pressure H3, continues the restarting operation of the inverter device

t hrough a | oop that R digpgharge waber ppessuys ofokhanpuppsberamene step

607, even when the
smaller than a predetermined guarantee pressure, and

said restart means repeats the restarting operation of
the inverter device so long as said guarantee pressure
detector detects that éaid discharge water pressure of
the pump is higher than said predetermined guarantee
pressure.

4. A water supply system as set forth in claim
2, characterized by further comprising memory means for
storing therein values of restart frequencies of said
inverter devices previously determined according to the
water supply states of said pumps, and wherein said
restart means selects one of the restart frequencies
stored in said memory means'according to the pump water
supply state detected by said water supply state detec-
tion means and repeats ihe restarting operation by the
number of times corresponding to said selected restart
frequency or less.

5. A water supply system as set forth in claim
2, characterized in that said water supply state
detection means for detecting the water supply state of
the pump is means for detecting an increase or decrease
in a water supply amount of said pump and, when said

water supply amount increase/decrease detection means



restart frequency exceeds MAXm the systemtries to send a restart—
command to the inverter device to avoid the abnormal-—conditi on of t@iﬁ
t

“when

inverter device for continuation of water supply, so |g§ m\\m\ﬂ!‘l
guarantee pressure H3 can be secured. 5 I%“mmu A )

t he di scharge pressure becones | ower than e_| owest guar&ntée pressure H3,
the system executes a step 608. In the step 608, the system stops the

inverter devicegbPebts 8RACLABLe88 HI PRe2H tRE" Eagggfa%%%sw&ﬁeo

fixedly set an 10 alternate drive node wherein th her normal inverter

device is driVQQumﬁ,pééfé Eés£EEt?ﬂéQhBBhebEéS§ertﬂéVE%%taQQdf%ba%J Ssues
a fault alarm "Through such repetitive operations as nentioned above, the

normal operati csn®y o6k ¥Rd ihvertsecdéescehe nonitoring operation of the

state of the other party inverter, the restarting operation at the tinme of

an abnormality @nd the vaAiwbterspepglgr systgm as set forth in claim
2, characterized in that said water supply state detec-
tion means for detecting the water supply state of the
pump is pumé speed detection means for detecting.a
driven speed of the pump, and said restart means
determines the restart frequency according to the
driven rate detected'by said pump speed detection
means.
7. A water supply system as set forth in claim
2, characterized in that wherein said water supply
state detection means for detecting the water supply
state of the pump is a flow detector for detecting a
water supply amount of the pump at a discharge side
thereof, and said restart means determines the restart
frequency according to the water supply amount detected
by said flow detector.
8. A water supply éystem as set forth in claim
2, characterized in that said water supply state detec-
tion means for detedting the water supply state of the
pump is means for detecting a daytime operation pre-
determined to cause the water supply amount of said
pump to be increased and a nighttime operation pre-
determined to cause the water supply amount of the pump
to be decreased, and said restart means sets the re-

start frequency in said daytime operation to be smaller



operation of the water supply punp concurrently. Although the restart
frequency MAXm has been 20 determ ned fromthe punp rotational speed N in

the step 7, the restart frequency may be roughly dﬁlmmnmlmmﬂmm a
manner that, taking into consideration the fact t hidl anount _
handl ed by the punp in its daytine operagig IS gen%réllv mdr eSt htan t hat
handl ed 25 by the punp in its nighttine geFation, the restart frequency

in the davti y : L . . Cahiti
oper ati on Tur ntAan ehdl sekeaF Sedichty 1 I didfice thd Wpdbion ™
exanpl es of theginterlockasiygpahs s%peda‘g_s@%t\gm %F%& wglpqm Eetdhnf

system having three or nore inverter i Ces. | . 7, a send port TXD of
an inverter 5 deyi ehafactérdoed ¢4 that HAGW Fauld moRiRAYimy nclsmy t er
device 72 via the interlock signal 62, and a

includes output means for informing the other inverter

device of the fact that one inverter device was stopped
by its own protection means and input means for receiv-
ing a message telling that the other inverter device
was stopped by its own protection means, and said
restart means includes output means for outputting a
restart command signal to the other inverter device and
input means for receiving a restart command signal from
the other inverter device.
10. A water supply system as set forth in claim
1, characterized in that said restart means, when said
inverter device was stopped by its own protection
means, restarts the stopped inverter device a predeter-
mined constant time after stoppage of the inverter
device.
11. A water supply system as set forth in claim
1, characterized in that said restart means, when said
inverter device was stopped by its own protection
means, restarts the stopped inverter device by the
number of times corresponding to a frequency within a -
predetermined fréquency range.
12, A water supply system characterized by
comprising:

a plurality of inverter devices having

protection means for protecting themselves for



send port TXD of the inverter device 72 is coupled to _a receive-pert RXD of
the inverter device 71 via the interlock signal fBI,’"Wnereb@t he mt ual

nonitoring of 10 the driving operation as well ““ﬁ““l ﬁ ﬁ kn of
drive commands (i ncluding the aforenentioned reStzﬂl e
realized in a 1:1 serial conmunication rglféignshiﬁ. \Wieh the nunber of
such inverter devices are increased, e.g., to 3 or 4, this requires that

one .15 i nvertgsendp¥tERgCOAFYAbEE! ﬁr&n;grargtecgeggt 6%@&%353*33?@;%%anm ch

di sadvant ageousTy result3 in that the uch sen d the

nunber of such peeprugramnéd FXDvaugthBaulegreased to 2 or 3 and thus the
manuf acturing costs of the inverter devices and 20 communi cati on channel s

become unecononi cal |y hi gh. plaraliley b8 mvebtsscohnecdedadvasadde, an
arrangenment shown in Fig. 8 is such that inverter devices are connected in
such a | oop t hainvértersdeviaesd ferebeingodrivénDwitl BXPamiebldeusipegdvi a a
single 25 continuous interlock signal. 1In this case, when data of al
the inverter dewhersreeeiwingupewerctnomunsaidi dnvezterfdervicess emdwn in
Fig. 8,(a) are carried on the
a plurality of variable speed pumps connected
to said motors for supplying water to a tap water
distribution pipe,
‘wherein each of said inverter devices
includes fault monitoring means for monitoring opera-.
tion of said protectidn méaﬁs of the other inverter
device, restart means for outputting a start command to
the other inverter device which fault was detected by
said fault monitoring means by the number of times
corresponding to a frequency within a predetermined
restart frequency range, and means, when the other
inverter device fault-detected fails to be restarted
even after the number of times of outputting said start
command reach said predetermined restart frequency, for
operating the other normal inverter device in place of
the stopped inverter device.
13. A water supply system characterized by
comprising:
a plurality of inverter devices having
protection means for protecting themselves for
generating variable frequency AC power according to a

preprogrammed drive schedule;

a plurality of motors connected to said



above-nentioned | oop for comuni cation, each of the - 17 - inverter
devices is only required to have a si ngI e send port—TXDand a si

receive port TXD for the purpose of conmmrunication W|t a““)\mﬂ

inverter devices. In Fig. 8,(a), synbol "ST. No." at

inverter data is uniquely given to'each iny grter devi ee to ‘unl“‘quel y speC| fy
one of the inverter devices with which the data is associ ated, by neans of

a number al | ocatigdrd 32 dbv ity RS cifa/irfge drivdif withSd r@éfﬂasrénabsedThe
"ST. No." is followed by data "DATA" which Is the body of data

indicative of tRheiDHdc¥iSA Yy Pt ﬂﬁtﬁn Hd B NLIPRAFEdF dlevides; drive
command to be transmtted, which is further foll owed by data "CRC' for

.execution of error detect |a)rpmfraﬂmtplmﬁ:atammm aspded hpuifips heonneetédr
devi ces sends the data in its own 15 send data buffer via its send port
TXD, receives atto saidemotorspdior Bippiyting vatahceald tapewatewerter
distribution pipe; and
means, when any one of the inverter devices
is stopped by its own protection means, for operating

one of the other normal inverter devices in place of

the stopped inverter device.



devices, and stores it in its own receive data buffer. Shown in Fig. 9 is
an exanpl e of nenory layout or allocation in the aforenentioned sendand—20
receive data buffers. In Fig. 9, each of inverter devi CerhisbhéePH# BagReplaced

send and receive buffer having a nenory capacity of 1 kilo | :
256 bytes of send area in each buffer is_aﬁgqgated SO as n | E -

over |l apped. wi th each ot her anobng the buffers. Each 25 I n

al ways connuni0ﬂ£§§nﬂ? hoﬁh?HEtBQECLBE%ﬁ er devices, and sends the data in

its own send area as e Interl ock srgnal according to its own driving

condition to always nDnitgrwggérrgﬁEPF?ygggggm whicﬁghastg @@ﬁﬁhmjth t he

swi tching of operation or an abnor Though the abov ni cation
systemis of a &shatPblceinbbient afd witkeh &acqaaegaaegthhthI -5

ment of Fig. 9, when 1 kilobyte of data is transmtte
inverter devices having their own protection means and
a plurality of variable speed pumps connected to the
_inverter devices in a 1:1 relationship. Since a pump
controller eliminates the need for provision of a |
separately provided control circuit having a microcom-
puter built therein and requires only two inverter
_devices, the system can be made to be of a perfect
double type and thus can secure a high reliability.
When one of the two inverter devices is stopped, a
restart means of the pump éontrdller issues a restart
command to cause the other inverter device to restart
the stopped inverter device. Thus, when the protection
cause of the stopped inverter device is already removed
at the time of giving the restart command to the other
inverter device, the stopped inverter device is
restarted, whereby there can be reduced a possibility

that the inverter devices are completely stopped.



at a standard serial communication rate of 19.5Kbps, its response rate is
about 1 second, which is sufficiently fast for punp control. As has been
expl ai'ned in t he foregoing, in 10 accordance with the present i nventj on,
there is provided a restarting neans whi ch, when one inverter device is
stopped by its own protection function, restarts the faulty inverter device:
by the other inverter device, and the r‘pytgrtl ng operation |Fsliléci|rri ed
out by its own inverte;‘r devi ce, whereby perfect dual control e can be
realized, the i R8T Qevi ces can be less frequently stopped, and the

wat er suppl yr ‘ovet Tt Tetant Hty—For ther—stme iR

need for prowri siongof an 20 external controller can be elimnated, the
nunber of pafts necessary for the entire control system can be reduced and
thus the cosys can lﬁ.B?fI"lf ectlvelyEll@pﬁr-ed. | 19
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WHAT | S CLAIMED I S: 1. A water supply system characterized by
conpr|5|ng a plurality-of inverter devices having protection neans for
protecting thensel ves for generating variable frequency AC power according
to a preprogramred drive schedule; a plurality of npbtors connected to said
inverter devices for being driven with a variabl e speed when receiving
power fromsaid inverter devices; -and PpPlQrality of variable speed punps
connected to said notors for supplylng water to a tap water dIFE

pi pe, wherein each of said inverter devices includes fault nDnlto ﬁg neans
for nmonitoring OpeTa- tron of said protection ieans ol the otner i

device and regtart neans for outputting a start command to the other
i nverter devid¢e which fault was detected by said fault nonitoring neans. |2.
A wat er supply systemas set forth in claim1, characterized by further
conprising1%? er supply :
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state detection nmeans for detecting a water supply state of each of said
punps, and wherein said restart nmeans determnes a restart frequency of
said inverter device according to the punp water supply state detected by
said water supply state detection neans and causes the other inverter
device to restart the faulty inverter device. =~ C L M S- 20 - 3.
A wat er supply systemas set forth in @#® 2, characterized in that said
wat er supply state detection neans for detecting the water supply state of
the punp is a guarantee pressure d ctor for detecting that a discharge
wat er pressure of the punp becane |l er than a predeterm ned guarantee
pressure, and said restart nmeandkrefeats the restarting operation of the

i nverter device so |ong as said guajant ee pressure detector detects that

sai d di scharge water pressure offa %
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~ the punp i's higher than said predeterm ned guarantee pressure. 4.

water supply systemas set forth in claim2, characterized by further
restart frequencies .

conpri-sing menory neans for storing therein values of
of sai-d inverter devices previously determ ned according to the water
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21 - detects the increase in the water supply amount of the punp, said
restart neans decreases the restart frequ- ency of the inverter device. 6.
A water supply systemas set forth in claim2, characterized in that said
water supply state detec- tion means for detectlng the water supply state
of the punp is punp speed detection neans for detecting a driven speed of
- the punp, and said restart neans deter § /i€ the restart freqflneagor_di ng
to the driven rate detected by said punp speed detection nearfs.1\A. A
wat er supply sys U forthinclaim?2, charpcterized in that wherein
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8. A water supply systemas set forth in claim2, characterized in.
t hat sal d water supply state detec- tion neans for det ectl ng the water
supply state of the punp is means for detecting a daytine operation pre-
determ ned to cause the water supply anount of said punp to be increased
and a nighttine operation pre- determ ne;i to cause the water supply anount
of the punp to be decreased, and said ®sart nmeans sets the re- start

be s

frequency in said daytine ow Il er - 22
restart frequency in said ni ? n. 9. F\I\LQ Qupply
systemas set forth in claim1, cha acterlzed in that said fault nonitoring

nmeans i ncl udeg—gutput—Trears tor—Tror ot r device of the.
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restart means includes output neans for outputting a restart conmand signal
to the other inverter device and input nmeans for receiving a restart
command signal fromthe other inverter device. 10. A wat er supply
systemas set forth in claiml, characterized in that said restart neans,
when said inverter device was stopped by its own protection neans, restarts
the stopped inverter device a predeter- #fiQed constant-time after stoppage
of the inverter device. 11. A water supply systemas set forth in
claim1l, characterized in that said restart means, when said inverter

devi ce was stopped by its own protection neans, restarts the stopped

i nverter devi.ce by the nunber of tinmes corresponding to a frequency within
a predeterm ned frequency range. 12. A water supply system
characterized by conprising: a plurality of inverter devices having
protection means for protecting thenselves for -

FIG.7
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- 23 - generating variable frequency AC power according to a preprogranmed
~drive_schedule; a plurality of notors connected to said inverter devices
for being driven with a variable speed when receiving power from said :

i nverter devices; and a plurality of variable speed punps connected to said
notors for supplying water to a tap water distribution pipe, wherein each
of said inverter devices includes faul 8 /@nitoring neans for nonitoring
opera- tion of said protection neans of the other inverter device, restart
means for outputting a start conmand to the other inverter device which
fault was detected by said fault rmnitfelﬁmns by the nunber of tinmes
corresponding to a frequency within a pr I ned restart frequency
range, and neans, ‘when the other inverter device fault-detected fails to be
restarted even after the nunber of times of outputting said start
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command reach said predeterm ned restart frequency, for operating the other
normal I nverter device in place of the stopped inverter device. 13. A
wat er supply system characterized by conprising: a plurality of inverter
devi ces having protection neans. for protecting thenselves for generating
vari abl e frequency AC power according to a preprogrammed drive schedule; a

plurality of nmotors connected to said 9/Q 24 - inverter devices for ‘being
~driven with a variabl e speed when receiving power fromsaid inverter
devices; a plurali{y or varraplre speed punps|connectea or
supplyi'ng water toja tap wateq distribution pipe; and 1 bne
of the inverter deyices isZstppped by gs OW) prote&i (
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one of the other nornmal inverter devices in place of t he stopped inverter
devi ce. . ; .

_WATER SUPPLY SYSTEM

ABSTRACT OF THE DISCLOSURE

A water supply system“which has a pump
control function and which includes a plurality of
inverter devices having their own protection means and
a plurality of variable speed pumps connected to the
inverter devices in a 1:1 relationship. Since a pump
controller eliminates the need for provision of a
separately provided control circuit having a microcom-
puter built therein and requires only two inverter
devices, the system can be made to be of a perfect
double type and thus can secure a high reliability.
When one of the two inverter devices is stopped, a
restart means of the pump controller issues a restart
command to cause the other inverter device to restart
the stopped inverter device. Thus, when the protection
cause of the stopped inverter device is already removed
at the time of giving the restart command to the other
inverter device, the stopped inverter device is
restarted, whereby there can be reduced a possibility

that the inverter devices are completely stopped.
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