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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a system-interconnected generator
which converts solar energy to AC power and supplies it to a commercial
AC power system and, more particularly, to a system-interconnected
generator intended for controlling the cumulative total of power, which is
consumed over a predetermined period of time by electric equipment
connected to the system, within the power generated by the
system-interconnected generator.

Description of Related Art

As a conventional power generating apparatus which employs solar
energy, there is one described in Japanese Unexamined Patent Publication
No. 6-74522.

The conventional power generating apparatus described in the
foregoing Japanese Unexamined Patent Publication combines a solar battery
and an air conditioner; when the solar battery is effectively working, the
priority is given to using the output of the solar battery to operate the air
conditioner.

In the case of the air conditioner which is configured as described
above and which employs the conventional solar battery, the power
generated by the solar battery depends on weather or time, and when the
power generated by the solar battery is insufficient, the power is supplied
from a system on a commercial power supply to make up for the shortage.
When the air conditioner is not in operation, the output of the solar battery

is wasted, inevitably leading to poor utilization of the solar battery.
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As a conventional power generating apparatus which enploys sol ar energy,
there is one described in Japanese Unexam ned Patent Publication No.

6- 74522. The conventional power generating apparatus described in the

f oregoi ng Japanese Unexam ned Patent Publication conmbines a solar battery
and an air conditioner; when the solar battery is effectively working, the
priori tySL&N&II\&éY; E) JikE EINYENTHIN of the solar battery to operate the
air conditioner. Ip the,case of ,the air conditioner which is_ configured as
descri bed abdWCOsANEi dhiscamiobject: olethepresent dnvention 49 mstvui& #, the power

gener at ed b%/ the sol ar battery depends ?n weat her,,qr tinme, and when the
system-interconnected generator for effectively utilizing surplus power,

which is generated by a solar battery, for operating an air conditioner or
other electric equipment.

To this end, according to one aspect of the present invention, there is
provided a system-interconnected generator which has a power converter for
converting solar energy to AC power and which supplies the AC power to
a system on a commercial AC power supply so as to make it possible to
sell the power to the system, the system-interconnected generator being
equipped with: a storing section for storing an integrated value of the AC
power which has been converted from solar energy by the power converter;
a correcting section for subtracting a value of power, which is consumed by
particular electric equipment receiving power from the system, from the
integrated value stored in the storing section; and a demanding section for
enabling a demanding function of the electric equipment when the
integrated value stored in the storing section becomes smaller than a
predetermined value. With this arrangement, the demanding function can
be implemented so that the power consumed for operating the particular
electric equipment stays within a cumulative total of the sold power
supplied by the system-interconnected generator.

According to another aspect of the present invention, there is provided
a system-interconnected generator having a power converter for converting
solar energy to AC power and supplying the obtained AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, the system-interconnected generator being

equipped with: a storing section for storing an integrated value of the AC
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power generated by the solar battery is insufficient, the power is supplied
froma systemon a comercial power supply to nmake up for the shortage.
Waen the air conditioner is not in operation, the output of the solar
battery is masted i nevitably | eading to poor utilization of the solar
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effectivel g c%trrlelch%llgnsgec%fgnp cgjrss@btractmg a value of power, which is consumed by
particular electric equipment receiving power supplied from the system,
from the integrated value stored in the storing section; and a demanding
section for issuing a demand signal to the electric equipment every time the
integrated value stored in the storing section becomes smaller than a
plurality of preset values. With this arrangement, the power consumed by
the electric equipment can be adjusted by issuing the demand signal
according to the decrement of the integrated value of the sold power so that
the power for operating the electric equipment stays within the cumulative
total of the sold power supplied by the system-interconnected generator.

According to still another aspect of the present invention, there is

provided a system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, the system-interconnected generator being
equipped with: a storing section for storing an integrated value of the AC
power which has been converted from solar energy by the power converter;
a correcting section for subtracting a value of power, which is consumed by
an air conditioner receiving power supplied from the system, from the
integrated value stored in the storing section; and a demanding section for
issuing a signal to the air conditioner to lower the operating capability
thereof in steps within a range which exceeds a preset operating capability
every time the integrated value stored in the storing section becomes
smaller than any one of a plurality of preset values. With this
arrangement, the operating capability of the air conditioner can be adjusted

by issuing the demand signal according to the decrement of the integrated
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which is generated by a solar battery, for operating an air conditioner or
other electric equipnent. To this end, according to one aspect of the
present invention, there is provided a systeminterconnected generator
whi ch has a power converter for converting solar energy to AC power and
whi ch supplies the AC power to a systemon a comercial AC power supply so
as to makevaluepdsthiensaldt powet lsotthat tlhevpower cansusyed dor opkeating the air
systeminterconnected generator being equipped with: a storing section for
stori ng ancomditigner staysawithinfthe leanndapiveeiotalhot thehaeldpewet supplieddby r om
sol ar energy by the power converter; a correcting section for subtracting a
val ue of ystemrigfientconoeatedngendratarar t i cul ar el ectric equi prent
receiving power fromthe system fromthe . . . .
According to a Turther aspect of the present invention, there is

provided a system-interconnected generator having a power converter for

converting solar energy to AC power and supplying the AC power to a

system on a commercial AC power supply, the system-interconnected

generator being equipped with: a storing section for storing an integrated

value of the AC power which has been converted from solar energy by the

power converter; a correcting section for subtracting a value of power,

which is consumed by electric equipment receiving power supplied from

the system, from the integrated value stored in the storing section; and a

demanding section for enabling a demanding function of the electric

equipment when the integrated value stored in the storing section becomes

smaller than a predetermined value. With this arrangement, the demanding

function can be implemented so that the power for operating the electric

equipment stays within a cumulative total of the power supplied from the

system-interconnected generator.

According to a still further aspect of the present invention, there is

provided a system-interconnected generator having a power converter for

converting solar energy to AC power and supplying the AC power to a

system on a commercial AC power supply so as to make it possible to sell

the power to the system, the system-interconnected generator being

equipped with: a storing section for storing an integrated value of the

power which has been sold to the system out of the AC power converted

from the solar energy by the power converter; a correcting section for

subtracting a value of power, which is consumed by particular electric
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I ntegrated value stored in the storing section; and a demandi ng section for
enabling a demandi ng function of the electric equipnment when the integrated
val ue stored in the storing section beconmes snaller than a predeterm ned
value. Wth this arrangenent, the demandi ng function can be inplenented so
that the power consuned for operating the particular electric equipnent
stays wi t equipmeninigcaiving pawar sepphied fEamdthsosystery fpmethepintegrated
system i nterconnected generator. According to another, aspect of the present
i nvent i onvalugestered in the isterdng segdoanandtaconiraber éﬂu@gr@wgﬂ@? thewing a
power converter for converting solar energy tqQ AC power and supplying the
obt ai ned PEEisb@arof the elgatric aqpupmensd vkile ithe ln@%@tﬁé‘rv%luﬁpﬂtQI‘@g"hith make
it possible to sell

P storing section is greater than zero. This arrangement makes it possible to

control the power for operating the electric equipment within the power
generated by the system-interconnected generator.

In a preferred form of the present invention, the system-interconnected
generator is designed so that the operation of the electric equipment is
started at a predetermined cycle if the integrated value is larger than zero.
This arrangement allows the electric equipment to be automatically operated
periodically without exceeding the power generated by the

system-interconnected generator.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram illustrative of a system-interconnected
generator in accordance with the present invention and an air conditioner;

Fig. 2 is a block diagram showing a control circuit of a user side unit
of the air conditioner;

Fig. 3 is an electric circuit diagram illustrative of a relationship
between a serial power supply, a serial circuit, and a microprocessor;

Fig. 4 is a diagram showing a control circuit of a heat source side unit
of the air conditioner;

Fig. 5 is a diagram showing a control circuit of the
system-interconnected generator;

Fig. 6 is an electric circuit diagram showing a U-phase system voltage
detecting circuit and a V-phase system voltage detecting circuit;

Fig. 7 is an electric circuit diagram showing a system voltage zero

crossing input circuit;
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the power to the system the systeminterconnected generator being equi pped
with: a storing section for storing an integrated value of the AC power
whi ch has been converted from sol ar energy by the power converter; a
correcting section for subtracting a value of power, which is consuned by

particul ar elegtric equi pnent receiving power supplied fromthe system

from the i ntedigt 8BSyl Ggfcéltlﬁr‘-‘é@qlhdt%ﬁé‘am SROWENS @30 lgn batieny Lugesadndi ng
section foy issuing a,demand signal to the electric equipnent every time
the int egr‘kt‘%‘al%FU@'Ugﬁ ored in the storing section becones smaller than a

Fig. 9 is an electric circuit diagram showing a solar battery voltage
detecting circuit;

Fig. 10 is an explanatory diagram illustrative of a pseudo-sinusoidal
wave output from a single-phase inverter circuit;

Fig. 11 is a flowchart illustrative of a procedure for generating the
waveform of the pseudo-sinusoidal wave;

Fig. 12 is an explanatory diagram illustrative of a waveform of two
cycles of the pseudo-sinusoidal wave;

Fig. 13 is a flowchart illustrative of a procedure for correcting a
current waveform;

Fig. 14 is an explanatory diagram illustrative of a relationship between
demand and the changing integrated value of the power generated by the
solar battery;

Fig. 15 is a flowchart illustrative of a procedure of demand control;

Fig. 16 is a flowchart illustrative of another embodiment of the

demand control;

Fig. 17 is a schematic diagram showing a relationship between the
system-interconnected generator in accordance with the present invention
and other equipment; and

Fig. 18 is a flowchart illustrative of a primary operation of an adapter
and the system-interconnected generator.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will now be described with
reference to the accompanying drawings.

Fig. 1 is a schematic diagram showing the relationship between a
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plurality of preset values. Wth this arrangenent, the power consuned by
the el ectric equi pnment can be adjusted by issuing the denmand signal
according to the decrenment of the integrated value of the sold power so
that the power for operating the electric equipnment stays within the
cunul ative total of the sold power supplied by the systeminterconnected
gener at or .SyAtaoridtergonneeted| gengratorell a3 geeor Oﬁh‘é/l%r dheepresentent i on,
there is provided a systeminterconnected generator having a power
convert er ihwentionyetichds venposadeofip sadanbaened and assystemi ng the AC
power to a systemon a commercial AC power supply so as to make it possible
to sell tHatéroamrnection povesrssupplythearsd anegir icondittonereAewhjehdsat or bei ng
equi pped with: a storing section for storing an integrated value of the AC
composed of a user side unit 3 and a heat source side unit 4.

In the drawing, the system interconnection power supply 2 converts
the solar energy produced by the solar battery 1 to predetermined AC
power (single-phase, three-wire system, 200V) and connects it to a system
on a commercial power supply. As mentioned above, the solar battery 1
and the system-interconnection power supply 2 constitute the
system-interconnected generator 10.

The user side unit 3 is installed in a room to be air-conditioned; the
user side unit 3 and the heat source side unit 4 together compose the
separable type air conditioner AC. The AC power is supplied from the
user side unit 3 to the heat source side unit 4; the user side unit 3 and the
heat source side unit 4 exchange control data via a signal conductor.

A signal conductor of the system interconnection power supply 2 is
connected to the foregoing signal conductor so as to enable the system
interconnection power supply 2, the user side unit 3, and the heat source
side unit 4 to exchange data.

A purchasing meter 5 and a selling meter 6 are connected in series via
a service wire to a system such as a transformer installed on a utility pole
of a commercial AC power supply. The purchasing meter 5 indicates the
amount of power purchased by a user from the system, while the selling
meter 6 indicates the amount of power sold to the system from the user.

A residential distribution board 7 is connected in series next to the
purchasing meter 5 and the selling meter 6; it distributes power to

respective electric appliances in the house of the user. The residential
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power whi ch has been converted from sol ar energy by the power converter; a
correcting section for subtracting a value of power, which is consunmed by
an air conditioner receiving power supplied fromthe system fromthe

i ntegrated value stored in the storing section; and a demandi ng section for
I ssuing a sjgnal to the air conditionper to | ower the_operatinﬁngggability

t hereof i ndisteibstian hpardy7reonyerisna sngigdehase, shigcewite, 96w BRwSKl ity

every tinme the integrated value stored in the storing section becones

smal | er thi0 dasipglerphese.al @0madt AY oWl eset val ues. Wth this

arrangenent, the operating capability of the air conditioner can be,

adj usted by i sdiengutps Qigmsvsie@nmtemeatmg powehsupplyr @nsrmuppliednte

| ntegrated the residential distribution board 7 (substantially between the purchasing
meter 5 and the residential distribution board 7). Surplus generated power
which is not used in the house is supplied to the system via the selling
meter 6 and the purchasing meter 5. The power can be supplied to the
system by setting the voltage of the AC power supplied from the system
interconnection power supply 2 at a higher level than the voltage of the
system.

Fig. 2 is a block diagram showing the control circuit of the user side
unit 3. In the drawing, a plug 11 is used to receive the single-phase,
100-volt AC power supplied through the residential distribution board 7.

A connector 13a enables the supply of the AC power from the user
side unit 3 to the heat source side unit 4 and also enables the exchange of
control data among the system interconnection power supply 2, the user
side unit 3, and the heat source side unit 4. More specifically, the
terminals of the connector 13a and the terminals of a connector 13b
(mounted on the heat source side unit 4) which share the same terminal
numbers are electrically connected. A terminal ® and a terminal @ of a
connector 13c extending from the system interconnection power supply 2
are connected to the terminals @ of the connector 13a and the connector
13b, respectively.

When a normally-open armature 14 of a power relay 15 closes, the AC
power supplied through the plug 11 is applied between a terminal @ and
the terminal @ of the connector 13a.

A driving circuit 16, typically a general-purpose buffer circuit or driver
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4 value of the sold power so that the power consuned for operating the air
conditioner stays within the cunulative total of the sold power supplied by
the systeminterconnected generator. According to a further aspect of the
present invention, there is provided a systeminterconnected generator
Suppl i ng” CHEUE SBSRNSY in SeSHISEOOM SUipHiEsaseed RO nGHICRPCgSSaThET
zygltole?/rl Pgt teqr;]ls nnect ed geperator being equipped with: a storing section for
storing an $4ifed$ dtgeneral-purpose microprocessor which has a plurality of
analog-to-digital conversion input terminals and I/O terminals, etc.; it
energizes the power relay 15 in response to an output of the microprocessor
17. The power relay 15 is energized when the microprocessor 17 decides
that the air conditioner AC can be operated normally.

A vertical flap motor 18 composed of a stepping motor or the like
changes, according to the number of steps, the angle of a vertical flap so as
to change the blowing direction of conditioned air to be discharged into a
room from the user side unit 3. To be more specific, the flap motor rotates
by one step in the forward or reverse direction in response to each pulse for
the forward or reverse rotation received from the microprocessor 17. Thus,
the angle of rotation, i.e. the angle of the flap, can be obtained, the angle
corresponding to the number of output pulses stored in the microprocessor |
17.

The microprocessor 17 first issues the pulses necessary for the flap
motor 18 to reach a preset angle of the initial position and then makes the
flap fully open or closed; based on this position of the flap, the
microprocessor 17 establishes the relationship between the angle of the flap
and the number of pulses thereafter.

To set the flap at a desired angle, the microprocessor 17 issues the
pulses until the angle of the flap reaches the angle set by a remote
controller. In an automatic setting mode, the microprocessor 17
automatically increases or decreases the number of steps to swing the flap.
The swing range is set such that it differs between cooling mode and
heating mode.

A horizontal flap motor 19 composed of a stepping motor or the like
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val ue of the AC power which has been converted from sol ar energy by the
power converter; a correcting section for subtracting a val ue of power,
which is consuned by el ectric equipnent receiving power supplied fromthe
system fromthe integrated value stored in the storing section; and a
demandi ng section for enabling a demanding function of the electric
equi prent fbretiometé changes actording te tthe eximber bf stapsy, ithe) asgle ofra becones
smal l er than a predeterm ned value. Wth this arrangenent, the denandi ng
function chorizentatpflaprsot 231t chahge thadlpwisg dimctigreeficonditionedepisctor i ¢
equi pnent stays within a cunulative total of_ the power supplied fromthe
syst em i nt deodisobanged indoer rnam. front theliuser sideausitil.l Fhe operatiepedithet t he
present invention, there is

flap motor 19 is the same as that of the flap motor 18.

Hence, the discharging direction of the conditioned air supplied
through the user side unit 3 can be set vertically and horizontally as desired
by controlling the flap motor 18 and the flap motor 19.

A motor power supply 20, a control circuit power supply 21, and a
current fuse 22 are connected in series to a commercial AC power supply
via a plug 11. The fuse 22 is a thermal fuse which melts to cut off the
supply of power from the control circuit power supply 21 to the
microprocessor 17 if the temperature in the user side unit 3 or the ambient
temperature of the electronic components of the microprocessor 17 or the
like has risen.

The motor power supply 20 outputs, for example, a constant voltage of
48VDC or 12VDC; the 48VDC constant voltage is supplied to a driving
circuit 24, while the 12 VDC constant voltage is supplied to the control
circuit power supply 21 and it also serves as the driving power supply for
the power relay 15 and the stepping motors 18 and 19. The control circuit
power supply 21 outputs a constant voltage of 5V for the electronic
components.

The driving circuit 24 drives a fan motor 25 which is a brushless DC
motor driving a fan for discharging conditioned air into a room; it is
composed of six switching elements such as power transistors and power
FETs which are connected in a three-phase bridge so that it repeatedly
supplies three-phase alternating currents for 120 degrees and also repeatedly

cuts off the supply of the currents for 60 degrees by turning the switching
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provi ded a systeminterconnected generator having a power converter for.
converting solar energy to AC power and supplying the AC power to a system
on a commercial AC power supply so as to make it possible to sell the power
to the system the systeminterconnected generator being equipped with: a

storing section fqr ring an integrated val ue of the power which has been
sold to t‘ﬁﬁmﬁﬂgﬁ Q#@H‘lof the AC power converted fromthe sol ar energy by

t he power conyerter; a_.correcting secfion for subtracting, a val ue of power,
whi ch is conrﬁ%&ysiﬁ- B§rt8¢égf%?rp ps altegnating currents is divided into six

different electric current supply patterns at every 60 degrees; each time a
rotor turns 60 degrees, the electric current supply pattern changes in
sequence, and the three-phase alternating currents for one cycle are output
as the rotor makes one rotation. This means that the rotation of the rotor is
continued by changing the electric current supply pattern in sequence
according to the rotational position of the rotor.

The number of revolutions of the fan motor 25 can be changed by
changing the applied DC voltage because it is a DC motor; it increases as
the applied voltage is increased, while it decreases as the applied voltage is
decreased. Specifically, the 48VDC voltage supplied by the motor power
supply 20 may be chopped to change the applied voltage, or the three-phase
alternating currents supplied for 120 degrees to the fan motor 25 may be
chopped at a predetermined ON duty and the ON duty may be changed to
change the substantial applied voltage. In this case, increasing the ON
duty increases the applied voltage, while decreasing the ON duty decreases
the applied voltage.

The position of the rotor is determined based on an output of a
magnetic detecting element; however, it may alternatively be determined by
a change in the induced voltage generated by the rotation of the rotor.

The microprocessor 17 controls the turning ON/OFF of the switching
elements of the driving circuit 24 to provide the foregoing corresponding
electric current supply patterns according to the detected rotational position
of the rotor and it also adjusts the applied voltage so that the required
voltage is applied to the fan motor 25 to provide a predetermined number

of revolutions.
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5 equi pment receiving power supplied fromthe system fromthe integrated
val ue stored in the storing section; and a controller which enables the
operation of the electric equipnment while the integrated value stored in
the storing section is greater than zero. This arrangenent nakes it _
possible to control the power for operating the electric equipnent within
t he power geneFhergdangymaiielysgs tasitoinaticr epenationentogleranchaonanual aperatiosr r ed
formof the present invention, the systeminterconnected generator is
desi gned sBodgatoriganteibing: thenfasy mater @Sectni theeajitppasin operation madeat a
predet er m ned c%%lgle i f the integrated value i B | arger than zero. This
arrangementtheall"ll rméeépwmris‘cmequﬁmalboc anged @egordingitp oper at ed
predetermined characteristics and according to the difference between room
temperature and a preset temperature, i.e. a desired temperature. In the
manual operation mode, the number of revolutions is fixed at a desired
value.

Fig. 3 is an electric circuit diagram illustrating the relationship among
a serial power supply 26, a serial circuit 27, and the microprocessor 17; this
diagram also shows the relationship between a serial circuit 40 and a
microprocessor 41 of the heat source side unit 4 and a serial circuit 70 and
a microprocessor 71 of the system-interconnection power supply 2 in terms
of the connection of the connectors 13a through 13c.

The serial power supply 26 is equipped with a constant voltage circuit
28 which is connected to a 100-volt commercial AC power supply and
which supplies a 5VDC voltage. The constant voltage circuit 28 can be
constituted using a general-purpose, constant voltage IC or the like.

The output of the constant voltage circuit 28 is connected to the
terminal @ of the connector 13a via a diode 29 connected in the forward
direction, a resistor 30, a light receiving element of a signal issuing
photocoupler 31, and a light emitting element of a signal receiving
photocoupler 32 in series. The terminal @ of the connector 13b is one
end of a power line; it is commonly used with the output of the grounded
side of the constant voltage circuit 28 connected to the terminal @ of the
connector 13a.

The serial circuit 27 has the same configuration as that of the serial

circuit 70 of the system interconnection power supply 2 and the serial

This Sheet Has Been Re

M.



periodically w thout exceeding the power generated by the
systeminterconnected generator. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
is a schematic diagramillustrative of a systeminterconnected generator in
accordance with the present invention and an air conditioner; Fig. 2 is a

condl | onEFITORIGHs S ibedieaisauies 5168 unik : thefafors Hhsseciiree Soabpirauts

rel ati onshi p between a serial power supply, .a serial, circuit, and a

mi cr opr oce8&®£onpegtedain serieia fheprasient velegesirewt 28 rcuit of a heat

source side uni’[‘theolfig%xth gmail{t{ngc %?griqéxilf SF rtk;xe signal output photocoupler 31 of the
serial circuit 27 is turned ON/OFF in response to the outputs of the
microprocessor 17; it is normally ON, that is, it is ON while it is standing
by for receiving a signal. The light receiving element of the signal
receiving photocoupler 32 converts the ON/OFF outputs to voltage changes
through an output resistor and supplies them to the microprocessor 17; it is
normally ON, that is, it is ON while it is not receiving any signals, and the
outputs thereof to the microprocessor 17 are high level voltages (+5V in
this embodiment).

Hence, when supplying the signals to the microprocessor 17, the light
emitting element of the photocoupler 31 is turned ON/OFF by using
ON/OFF signals based on common protocol and data format. The
ON/OFF signals are converted to the ON/OFF outputs of the constant
voltage circuit 28 before they are sent to the respective microprocessors via
the light receiving element of the signal receiving photocoupler, which turns
ON/OFF, of the respective serial circuits 29, 40, and 70.

When receiving a signal, the ON/OFF output of the constant voltage
circuit 28 obtained by the turning ON/OFF of the photocoupler of one of
the serial circuits is received by the signal receiving photocouplers of all
serial circuits which supply the signal to the respective microprocessors
thereof. The signal has a set code for specifying the receiving
microprocessor; therefore, the signal that has been received by the
microprocessor specified by the code is regarded valid and the signal is

employed for the control.

The serial circuit 27 is provided with a noise absorbing capacitor, a
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Fig. 5is a diagramshowi ng a control circuit of the systeminterconnected
generator; Fig. 6 is an electric circuit diagramshow ng a U phase system
vol tage detecting circuit and a V-phase system voltage detecting circuit;
Fig. 7 is an electric circuit di agram showi ng a system vol tage zero

ut | ect t di
o o i et or o A plrs € 25

In Fig. 2, a receiving circuit 33 receives the signals from a wireless
remote controller, which employs infrared signals or radio signals of radio
waves, sound waves, or the like; such signals includes the ON/OFF signals
of the air conditioner, the control signals of the amount of conditioned air
to be blown by the fan motor 25, the control signals of the flap motors 18
and 19 for changing the blow direction, a signal for specifying a set
temperature, a signal indicating a detected room temperature, a signal for
validating a demand, and other types of signals which are sent by operating
switches. The received signals are converted into predetermined serial
codes and supplied to the microprocessor 17. When the supplied serial
codes are valid, the microprocessor 17 carries out control in accordance
with the signals of the valid series codes.

A group of display LEDs 34 is disposed near the light receiving
section of the receiving circuit 33; it displays the operation state of the air
conditioner including ON/OFF and timer operation mode.

Temperature sensors 35 and 36 detect the temperature of a heat
exchanger constituting a refrigerating cycle for air conditioning and the
ambient temperature of a room wherein the user side unit 3 is installed.
Thermistors with negative characteristic or the like are used for the
foregoing temperature sensors. The microprocessor 17 carries out the
analog-to-digital conversion on the voltages corresponding to the resistance
values which vary with the changes in such temperatures and uses the
results for control.

A group of service display LEDs 37 restores and displays the record
on a failure if the air conditioner has incurred a failure.

A group of switches 38 includes a switch for selecting among test
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detecting circuit; Fig. 9 is an electric circuit diagram show ng a sol ar
battery voltage detecting circuit; Fig. 10 is an explanatory di agram
illustrative of a pseudo-sinusoi dal wave output from a single-phase
inverter circuit; Fig. 11 is a flowhart illustrative of a procedure for
generating the waveform of the pseudo-sinusoi dal wave, Fig. 12 is an
expl anat onpdej agrmal imode;t and istep,cindaviawvisely for displayping thee secsirdtofea
pseudo- si nusoi dal wave; Fig. 13 is a flowhart illustrative of a procedure
for correk@iluig a current waveform
Fig. 4 is a diagram showing the control circuit of the heat source side
unit 4; the single-phase 100V AC power obtained through the terminal @O
and the terminal @ of the connector 13b is converted to 280V DC power
via a current fuse 42, a noise filter 43, a choke coil 44, and a voltage
doubler rectifying circuit 45 composed of four rectifying diodes and two
smoothing capacitors. The DC power is supplied to a three-phase inverter
bridge 49 constituted by six switching elements for power control such as
power transistors and power FETs via a noise filter 46, a smoothing
capacitor 47, and a current fuse 48.
A refrigerant compressor 50 constitutes a part of the refrigerating cycle
for air conditioning. The compressor is equipped with, for example, a
three-phase inductive motor or a three-phase DC brushless motor in the
driving source thereof.
When the three-phase inductive motor is employed, the microprocessor
4] supplies three-phase, pseudo-sinusoidal waves to the compressor 50
which provides voltage/frequency values for each frequency which have
been preset for ensuring high operating efficiency of the compressor 50.
More specifically, such pseudo-sinusoidal waves are obtained by turning
ON/OFF the six switching elements of the three-phase inverter bridge 49
according to the magnitudes of the modulated waves and carrier waves of
desired frequencies; the switching elements are turned ON/OFF according
to the theoretical calculation results given by the microprocessor 41. The
frequency of the three-phase AC power supplied to the compressor 50 is

determined by the frequency of the modulated wave.

A driving circuit 51 is a power amplifying circuit for turning ON/OFF
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Fig. 14 is an explanatory diagramillustrative of a relationship between
demand and the changing i ntegrated val ue of the power generated by the
solar battery; Fig. 15 is a flowhart illustrative of a procedure of demand
control; Fig. 16 is a flowhart illustrative of another enbodi ment of the
demand control; Fig. 17 is a schematic di agram showi ng a rel ationship
bet ween t hé¢hesyit switichirg edementsedf fen threeephdse hn/@medglriﬂga/vﬁmim resppnseent
i nvention and other equiprment; and Fig. 18 is a flowhart illustrative of a
primary opéo dhe outpatsaof diamieropnodessor 4l.st Answitching power stippéy &2at or .
receives DC power via a noise filter 53 and a current fuse 54 and supplies
the power for the driving circuit 51, the power for the microprocessor 41,
and the constant-voltage power for other units. A general-purpose constant
voltage IC or the like may be used for the driving circuit 51.
When a three-phase DC brushless motor is used as the driving source
of the compressor 50 as in the case of the embodiment shown in Fig. 4, a
position detecting circuit 55 detects the position of the rotor of the
compressor 50, then the microprocessor 41 sets the combination of
ON/OFF of the respective switching elements of the three-phase inverter
circuit 49 so as to provide an electric current supply pattern which is suited
to the rotational position of the rotor.
The position detecting circuit 55 applies to the microprocessor 41 an
output which changes according as whether the change in the induced
voltage generated in the winding of a stator as the rotor rotates is greater or
smaller than the voltage corresponding to the voltage at the neutral point of
the three-phase alternating currents. The microprocessor 41 calculates the
rotational position of the rotor of the compressor 50 according to the time
when the output of the position detecting circuit 55 has changed.
The microprocessor 41 then determines in which of six sections the
rotor is positioned, the six sections having been provided by equally
dividing one rotation, i.e. 360 degrees, into six sections at every 60 degrees,
and it turns ON/OFF the switching elements of the three-phase inverter
circuit 49 so that the three-phase electric current supplying pattern (e.g. a

three-phase AC supply pattern wherein each phase repeatedly turns ON for
120 degrees and OFF for 60 degrees) which corresponds to that particular
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The enbodi nents of the
present invention will now be described with reference to the acconpanyi ng
drawings. Fig. 1 is a schematic diagram showi ng the rel ati onship between a
-7- systeminterconnected generator 10 in accordance with the present

I nvention, .whi.ch is. conposed of a | ar battery 1 and a system
i nt er corREHPNIN SSS\%@F tggﬁﬁpwr@§5%'ng8an air conditioner AC which is

The number of revolutions of the compressor 50 is changed by
chopping at a predetermined cycle rather than by continuous 120-degree
electric current supply and also by changing the ON duty of the chopping
to change the voltage substantially applied to the winding of the stator.

Temperature sensors 56, 57, and 58 are composed of thermistors
having negative characteristic; they are configured such that the voltage
corresponding to the resistance value that changes with temperature is
supplied to an analog-to-digital input port of the microprocessor 41. The
température sensor 56 detects the temperature of open air; the temperature
sensor 57 detects the temperature of the compressor 50; and the temperature
sensor 58 detects the temperature of the heat source side heat exchanger
which is a constituent part of the refrigerating cycle. The microprocessor
4] employs the temperature data received from these temperature sensors to
conduct control.

A stepping motor 59 has approximately 500 steps of rotation to allow
a stroke in 500 steps; the stroke regulates the pressure reducing amount or
the expansion of an expansion device or an expansion valve which is a
constituent part of the refrigerating cycle. The rotation step of the stepping
motor 59 is controlled according to the output given by the microprocessor
41 via the driving circuit 60. There are mainly two control methods: in
one control method, the rotation step is controlled by the characteristics
which have been established beforehand to be associated to the number of
revolutions of the compressor; in the other control method, the number of
rotation steps is increased or decreased so as to always maintain a constant
evaporating temperature or condensing temperature of the refrigerant in the
refrigerating cycle.
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conposed of a user side unit 3 and a heat source side unit 4. In the
drawi ng, the systeminterconnection power supply 2 converts the solar
energy produced by the solar battery 1 to predeterm ned AC power

(singl e-phase, three wire system 200V) and connects it to a systemon a

commer ci al po nent i oned oV t he ,gol ar batt.er and t he
systemi nt erco Mﬁcﬁﬁéfj"‘é’&ﬁ& Pr@eigﬁsfaﬂtmoé“ %@%P@ﬁ‘gﬁqﬁté}connect ed
gener at or The us r. sjide, unit ns led in omtaqg be

o T~ condi + PEHINE MIBASeHChER SAHTES Sid GXChRNBar Th5u R MGtOE Gni ¢ 4

Suppl i od 1 FEIRIONS 2,06 BBGRcam motB o8 isHBerfase Wiirbe Tngosn 256 e ne user
side unit gurqr{pertg]fe revolutions thereof is also controlled by the microprocessor 41
via a driving circuit 62.

A refrigerant channel selector valve 63 switches the flow of the
refrigerant to allow switching between a cooling mode wherein the user
side heat exchanger in the refrigerating cycle acts as an evaporator and a
heating mode wherein the user side heat exchanger acts as a condenser. A
four-way valve is usually used for the refrigerator channel selector valve
63.

Connection is switched between selector armatures 64a and 64b via a
power relay according to an output of the microprocessor 41. Fig. 4 shows
a state where no electric current is being supplied to the power relay.

When the connection of the selector armature 64a is switched to a
diode bridge 65a, electric currents flow from the selector armature 64a to
the armature 64b, causing the refrigerant channel selector valve 63 to be
switched to one side. Conversely, when the connection of the selector
armature 64b is switched to a diode bridge 65b, electric currents flow from
the selector armature 64b to the selector armature 64a, causing the
refrigerant channel selector valve 63 to be switched to the other side. The
refrigerant channel selector valve 63 has a self-holding mechanism which
maintains a switched state; therefore, the refrigerant channel can be
switched by supplying electric currents in a predetermined direction for a
predetermined time. Electric currents are applied at predetermined intervals
to maintain the self-holding of the channel.

A current transformer 66 is installed in a position where it can
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heat source side unit 4 exchange control data via a signal conductor. A
signal conductor of the systeminterconnection power supply 2 is connected
to the foregoing signal conductor so as to enable the system
i nt erconnection power supply 2, the user side unit 3, and the heat sourge
side unit 4 to exchange data. A purchasing neter 5 and a selling neter
are connecfRgasufre g cogrants cansemedcy whe %em) SQUEGRs sicle) i . asT ke
transforner installed on a utility pole of a commercial AC power supply.
The pur chasistaniaaeens yalues ohthe cunkensnwavefoom putput foonc thes eurrept a user
fromthe system while the selling meter 6 indicates the ampunt of power
sol d to t h&raggararer arendirpetly subjected doi amatog-do-digital icbnversiomatrd 7 is
connected in series next to the L

predetermined intervals and the results are captured by the microprocessor

41. The microprocessor 41 calculates root mean square values from a

current waveform based on the enumeration of digitalized values at

predetermined intervals and it uses the obtained root mean square values for

controlling the currents.

The control of currents is conducted to control the number of
revolutions of the compressor 50, i.e. the refrigerating capability of the air
conditioner, so that the currents consumed by the heat source side unit stay
under a preset value of current. The number of revolutions of the
compressor 50 is decided based on the increase or decrease of refrigerating
capability relative to the current refrigerating capability which is determined
by fuzzy operation tuned so that room temperature reaches a preset
temperature in the user side unit 2, using the difference between the room
temperature and the present temperature and the change in the difference as
the inputs. The increased or decreased value is sent from the user side unit
2 via the serial circuit 40.

The number of revolutions of the compressor 50 is set by adding the
increased or decreased value to the current number of revolutions and it is
updated to a new number of revolutions. The microprocessor 41 turns
ON/OFF the switching elements of the three-phase inverter circuit 49 such
that the compressor 50 reaches the updated number of revolutions. At the
time of startup, the compressor 50 has been set to a predetermined number
of revolutions as the initial value thereof.

As the power consumed approaches a preset value, a correction is
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purchasing nmeter 5 and the selling nmeter 6; it distributes power to
respective electric appliances in the house of the user. The residenti al

-8 - distribution board 7 converts a single-phase, three-wire, 200-volt AC
power to a single-phase, 100-volt AC pomer The out put of the system

boar d 7 (845 (h AR TN THBERS&h QrAenJuATDS S.%Ba&aﬁ‘qesﬁﬁéé&ﬁaéiq%&r%ﬁééﬁ’?f |
distri bUt \ade %O?z{n%erherem :lt%%r?eecrtll%rna{seglad% to prevent the number of

revolutions from increasing, and a range wherein a correction is made to

decrease the number of revolutions, thus preventing the consumed currents

of the compressor 50, i.e. the consumed currents of the heat source side

unit, from exceeding a preset value. If the consumed currents considerably

exceed the preset value, then it is regarded as a failure of the air

conditioner AC and the operation of the air conditioner is stopped and the

failure is displayed.

Hence, the consumed currents of the air conditioner AC can be
approximately controlled by changing the preset value. The preset value is
set by a signal issued from the user side unit; it is set, for example, to 204,
17A, 15A, or 10A for a general household air conditioner.

The preset value can be also changed on a 1-ampere basis by using an
increase or decrease signal received from the system interconnection power
supply 2, which will be discussed later, while the demanding function is
being enabled after a signal from the remote controller has been sent via the
user side unit 3.

Fig. 5 shows the control circuit of the system-interconnected generator
10 composed of the solar battery 1 and the system interconnection power
supply 2; it is configured to permit the exchange of signals among the
microprocessor 71, the microprocessor 17, and the microprocessor 41 via
the serial circuit 70. In this circuit, the foregoing solar battery 1 for
converting solar energy to electric power is connected to a capacitor 74 via
a protecting diode 73, and the power generation output is stored in the
capacitor 74.

In a single-phase inverter circuit 75, four switching elements composed

- 20 - This Sheet Has Been Replaced

AT




which is not used in the house is supplied to the systemvia the selling
neter 6 and the purchasing neter 5. The power can be supplied to the system
by setting the voltage of the AC power supplied fromthe system
i nt erconnection power supply 2 at a higher level than the voltage of the
system Fig 2 1s a block diagramshow ng the control circuit of the user
si de uni toBIGBA prethentypeyof powergswitching,slamentsrasgesannecked &1 ngl e- phase,
100-volt AC power supplied through the residential distribution board 7. A
connect orbridge;cigorespeetive supiphingrelementecape iwmed: ON/HE aseprdingdouni t 3
to the heat source ai de unit 4 and al so enabl es the exchange of control
dat a anorifedaterayined patiaras domrevidon Yleorso@ideysingle-phases 400V

pseudo sinusoidal wave. The pseudo sinusoidal wave passes through coils

76, 77 and a low-pass filter constituted by a capacitor 78 and it is boosted

to AC power of 50Hz, single-phase 200V+ @ (& denotes a voltage

required to reach the system). The AC power is supplied to the power line

of the system via the residential distribution board 7 shown in Fig. 1.

Interlocked, normally open armatures 80a and 80b are closed when

electric currents are supplied to a power relay 81. The power relay 81 is

energized or de-energized by the microprocessor 71 (U83C196MH made by

INTEL) via a driving circuit 82 which is a power amplifying circuit. If the

microprocessor 71 determines that the solar battery 1 is not generating

power or if any failure has been detected, then it opens the normally open

armatures 80a and 80b to isolate the system interconnection power supply 2

from the system.

A transformer primary current detecting circuit 83 detects the currents

flowing through the primary of a boosting transformer 79, i.e. the solar

battery 1. The current is output in the form of an alternating current

waveform through C.T. and directly supplied to the analog-to-digital

conversion port of the microprocessor 71. The microprocessor 71 subjects

the waveform to analog-to-digital conversion at every predetermined

intervals (e.g. every 200 u sec) and employs the result for control, taking it

as an instantaneous current value at every predetermined time interval.

To implement the control, the microprocessor 71 first stores the

current value, which has gone through the analog-to-digital conversion, in a

storage section (ROM) as table data and compares it with the current value
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side unit 3, and the heat source side unit 4. Mre specifically, the
termnals of the connector 13a and the termnals of a connector 13b
(mounted on the heat source side unit 4) which share the same term nal
nunbers are electrically connected. Atermnal [err] and a termnal [err]
of a connector 13c extendi %f romthe systeminterconnection power supply 2
are conneét &ie samenphaser of ideal qurrent waveform dlatacevbich Baa shausdidakonnect or
13b, respectively. \Wen a nornally-open arpature 14 of a power relay 15
cl oses, tkurraat peavsfosmppnakes @ ostaghionhto prargase or slegpgasedhierealiagenob
term nal E\arr] and the term nal [err] of the.connector 13a._ A driving
circuit 1éhe symiccphase i o foldowing sycle safthak the mayiefoan ofr theeputput

current is close to the ideal current waveform, thereby restraining the

distortion of the waveform of the output current.

For electric currents of 50Hz, sampling is performed at every 200 u
sec to produce the ideal current waveform table data; therefore, 20
msec/200 u sec = 100 pieces of data, or 84 pieces of data for 60Hz.

The ideal waveform data can be calculated by multiplying reference
data by a predetermined ratio for each required current root mean square
value according to pre-established reference data.

A transformer secondary current detecting circuit 84 detects the
currents flowing through the secondary of the boosting transformer 79, i.e.
the system side. This circuit supplies the waveform of the current detected
through C.T. to an IC for calculating root mean square values (e.g.
NJIM4200 made by Shin Nippon Musen K.K.) via a full-wave rectifying
circuit which employs a general-purpose IC (e.g. LA6324 made by Sanyo
Denki K.K.). The IC converts the root mean square value of the current
detected through the C.T. to a voltage change and supplies the voltage
change to the analog-to-digital input port of the microprocessor 71. The
microprocessor 71 determines the current root mean square value from the
voltage change so as to determine the output power value of the system
interconnection power supply 2 and displays it on the display unit.

A U-phase system voltage detecting circuit 85 and a V-phase system
voltage detecting circuit 86 cut off the supply of power to the system if a
fluctuation exceeding a predetermined value has taken place in the voltage

which is applied to the system. These circuits respectively detect the
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-9- circuit, operates in response to an output received froma
m croprocessor 17 such as a general - purpose m croprocessor which has a
plurality of analog-to-digital conversion input termnals and 1/0
termnals, etc.; it energizes the power relay 15 in response to an output
i cr opr ocessiage balsencihe naetrahpointiansh i U-phese AJdas valtgsbaten
normally. '%hc\a/ enrf::tt.litr(éx(f‘lpofil)f’:1 anﬁ%‘érv}ﬁhacs%”?rgﬁqe?hé) ];inaglg-tp%%gia,n rgle)-t\girre,o r2OE)QIe ke
AC power supplied by the system-interconnected generator 10. These
detecting circuits are identical and they commonly use the electric circuit
shown in Fig. 6.

In Fig. 6, the change in the voltage between the terminals received
from the system side is supplied via the LA6324, which is the IC
constituting the full-wave rectifying circuit, to the NJM4200, which is the
IC for calculating the root mean square value, and the DC voltage
corresponding to the root mean square value is supplied to the
analog-to-digital conversion input port of the microprocessor 71. The
microprocessor 71 uses the root mean square value of the voltage, which
has undergone the analog-to-digital conversion, to carry out the control.

A sysfem voltage zero crossing input circuit 87 judges a zero crossing
signal of the system (AC power) and supplies the signal to the
microprocessor 71.

Fig. 7 shows the system voltage zero crossing input circuit 87; the
voltage of the system is supplied to a comparator 88. When the positive
and negative of the voltage applied to the input terminal of the comparator
88 is reversed, the output thereof is also reversed. The output of the
comparator 88 is applied to a photocoupler 89 and it undergoes noise
removal, voltage conversion, and electrical isolation before it is supplied to
the microprocessor 71. The microprocessor 71 determines the zero
crossing point of the system from the change in the output and controls the
output timings of the ON/OFF signals for the switching elements so that
the zero crossing pattern of the AC power output from the single-phase

inverter circuit 75 matches the zero crossing pattern of the system, the zero
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changes, according to the nunber of steps, the angle of a vertical flap so
as to change the blowing direction of conditioned air to be discharged into
a roomfromthe user side unit 3. To be nore specific, the flap notor
rotates by one step in the forward or reverse direction in response to each
pul se for the forward or reverse rotation received fromthe m croprocessor
17. Thus, ctessingypeindfprovidinigothe referendeetimriggefoofmatching phasesawhen
obt ai ned, the angle corresponding to the nunber of output pulses stored in
t he m cr opmakésg @ valtagdicerrdctionpfarcetiatningthiel foregoingideal loairpantses
necessary for the flap notor 18 to reach a preset angle of the initial
posi ti on awdvefemumakes the flap fully open or closed; based on this
position of the flap, the ] ] . L.
A personal computer interface (I/F) 88 provides an interface circuit for
the connection of a signal conductor when connecting to a personal
computer outside. This circuit permits the communication of a
predetermined standard (e.g. RS-232C); it employs a general-purpose IC
which enables the RS-232C type communication such as MAX232. Using
the personal computer I/F 88 makes it possible to control the
system-interconnected generator 10 from outside through the personal
computer.
Displays 89 and 90 are composed of three digits, each digit having
eight segments; they mainly display the power generated by solar battery 1,
the codes indicating the type of failures if failures have occurred, and the
guideline set values for initialization. The output signals from the
microprocessor 71 are power-amplified by a display driving circuit 91
composed of a general-purpose driver IC and they are applied to the
displays 89 and 90 which are dynamically lighted in response to the
signals.
A display LED 92 is dynamically lighted via the display driving
circuit 91 in response to an output signal of the microprocessor 71. The
display LED 92 is lighted green to indicate that the system-interconnected
generator 10 is in operation, or to indicate the open or closed states of the
normally open armatures 80a, 80b which open in case of a failure; it is
lighted red if a failure occurs, or it is lighted yellow if the solar battery 1 is

generating insufficient power.

A switch unit 93 is composed of pushbutton switches or lock type
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m croprocessor 17 establishes the relationship between the angle of the
flap and the nunber of pulses thereafter. To set the flap at a desired
angl e, the mcroprocessor 17 issues the pulses until the angle of the flap
reaches the angle set by a renote controller. In an automatic setting node,

Steps o BUHHReswighes %%tr%ﬁfngh e aaye dadhedid: ot o Pkers
bet ween cooll g, 1ode, a1 bRl Lng. g o?%hes% horigontal Lbap. mjoen, 19 composed
microprocessor 71 through key scanning of the microprocessor 71 and used
for the control.

The switches primarily include those for validating the changing mode
of set values, those for erasing stored data indicative of the records of
failures, and those for starting and stopping the system-interconnected
generator 10.

An EEPROM 94 is a memory for storing set values and the brief
histories of failures, the set values being used for individually setting
reference values for judging failures which differ from one system to
another.

A solar battery current detecting circuit 95 detects the amount of
currents output from the solar battery 1 and supplies the detection result to
the microprocessor 71.

Fig. 8 is an electric circuit diagram showing a solar battery current
detecting circuit 95; a DC current detecting transformer 96 outputs a
voltage corresponding to the currents output from the solar battery 1. The
output is supplied to the IC, NJM4200, for calculating a root mean square
value to provide the voltage corresponding to the root mean square value of
the currents. The currents output from the solar battery 1 are not
completely direct currents and they contain pulsating flow components;
therefore, the root mean square value is calculated to obtain an accurate
current value. The microprocessor 71 captures the voltage through the
analog-to-digital input port and stores the current value corresponding to the
voltage at a predetermined address in a memory to use it for the control.

A solar battery voltage detecting circuit 97 detects the voltage between
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-10- functions to change, according to the nunber of steps, the angle of a

hori zontal flap so as to change the blow ng direction of conditioned air to

be discharged into a roomfromthe user side unit 3. The operation of the

flap motor 19 is the same as that of the flap notor 18. Hence, the

dischargizg direction of the conditioned air supplied through the user side
®

uni t 3 cafh@deratnals ofitbgisojanhattenyr 1 and tangiess thedletectedyvaltage @ theg t he
Cireul . pOWSTOBSESSOT . AR5 ShoNeniha alestri cHicul Loh Red selfr BRLGEY o5 (o a
comrercl alvoﬁgggoc\i,\g}rectsfggpéhycuit; reference character 98 denotes a

voltage-to-frequency (V/F) converting IC (e.g. NJM4151 made by Shin

Nippon Musen K.K.).

The voltage between the terminals of the solar battery 1 is divided
through a resistor and raised by a predetermined amount before it is
stabilized through a capacitor 99 and applied to the voltage input terminal
of the V/F converting IC 98 which provides an output at a frequency
corresponding to the applied voltage and supplies the output to the light
emitting element of a photocoupler 101 by using an output resistor 100.
The output of the photocoupler 101 is given to the microprocessor 71
which measures the frequency of the received output to determine a
corresponding voltage.

An IGBT driving circuit 102 drives the switching elements
constructing the single-phase inverter 75. In this embodiment, the IGBT
driving circuit is employed; however, if a power transistor or a power FET
is used, then a transistor driving circuit or an FET driving circuit will be
employed.

More specifically, the IGBT driving circuit 102 amplifies the power of
the ON/OFF signals issued from the microprocessor 71 to a level which is
sufficiently high to drive the IGBT; it is constituted by a photocoupler,
amplifier circuit, etc. A general-purpose driving circuit may be used for
the purpose.

A third harmonic detecting circuit 103 detects such failures as a power

failure and disconnection of a system by detecting an increase in the third

harmonic and cuts off the connection thereof to the system-interconnected
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via a plug 11. The fuse 22 is a thermal fuse which nelts to cut off the
supply of power fromthe control circuit power supply 21 to the

m croprocessor 17 if the tenperature in the user side unit 3 or the anbient
tenperature of the el ectronl C corrponents of the mcroprocessor 17 or the

'VLI‘?aSZSJg' xi%%tsaf " 35, TRt Boaraoble defest i Slenit gt iSCORpOREAP S 2
cont ror cPRedRasS m“%w&%zé%%.cﬁ?&%%‘éeﬁégﬁe% or fpaeBc e ”‘e
Control °Aﬁxqa?@mp ARETOA "out put s & Gonstant vol tage of 5V fTQ? the
electronic The system-interconnected generator 10 thus constructed converts the
power generation output of the solar battery 1 to a 100V single-phase AC
power based on 50Hz or 60Hz pseudo sinusoidal waves through the
single-phase inverter circuit 75 if the voltage detected by the solar battery
voltage detecting circuit 97 is a predetermined voltage or higher, that is, if
it is the value, at which generated power can be taken out, or higher.
The single-phase AC power is converted to a 200V single-phase AC
power through the boosting transformer 79 and it is supplied to the system
if the normally open armatures 80a and 80b are closed. In actual
operation, the power is set such that it is slightly higher than 200V in order
to allow the power to reach the system; however, it is assumed in the
following description that the power is 200V.
At this time, the power generated by the solar battery 1 is dynamically
displayed on the display 89 by the microprocessor 71.
Fig. 10 is an explanatory view indicative of a pseudo sinusoidal wave
(the sinusoidal wave indicates the current waveform) generated by the
single-phase inverter circuit 75. For easier understanding, one cycle is
divided -into sixteen sections, namely, section 1 through section 16. In
practical use, for 50Hz, one cycle is 20 msec and the sampling is performed
at intervals of 200 ¢ sec; therefore, there will be 100 sections (20 msec
divided by 200 usec). For 60Hz, there will be 84 sections.
One cycle begins in synchronization with a zero crossing signal issued
from the system voltage zero crossing input circuit 87. From the point

where the zero crossing signal has been received, the waveform divided
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conponents. The driving circuit 24 drives a fan notor 25 which is a
brushl ess DC notor driving a fan for discharging conditioned air into a
room it is conposed of six switching el ements such as power transistors
and power FETs which are connected in a three-phase bridge so that it
repeatedly ,supplies three-phase alternating currents for, 120 degrees and
al so repeatlB@l a'lecé‘txée‘%ﬂ seetiens yHpupWs the: Sixigen éﬁ@@ofl%%eﬁlg QufPEeH py

turning the switchi - 11 - ]
9 P 0rder.” Refetence character Vee denotes the voltage between the terminals

of the smoothing capacitor 74.

The zero crossing signal is issued twice at every 180 degrees in a
cycle, so that eight sections (section 1 to section 8) constituting half a cycle
may be defined as one cycle. In this case, the next half of the cycle is the
output of the eight sections (section 1 to section 8) which have been
reversed.

The three potential points, namely, +Vcc, 0, and -Vcc, are obtained by
selecting proper combinations of the ON/OFF states of the switching
elements of the single-phase inverter circuit 75. Thus, the pseudo
sinusoidal wavé can be obtained by changing in order the combinations of
the ON/OFF states.

Each one of the sixteen sections (see, for example, the fourth section
from the zero crossing point) consists of three periods, namely, TA, TB,
and TC; the period TA and the period TC have the same length of time.

Hence, a data table which shows frequency F (50Hz/60Hz) and the
value or time of TB for each section from 1 through 16 is stored in the
storage section. A selected combination of ON/OFF is implemented and
maintained for the set value or time for each section. The value of TA and
TC is (200 £ sec - TB)/2. |

Fig. 11 shows a flowchart for generating the waveform of the pseudo
sinusoidal wave. In the flowchart, various initializations are performed in a
step S1, then the microprocessor 71 begins operation. In a step S2, the
required data for the frequency is read from the data table stored in the
ROM 94 to generate a new data table.

In a step S3, the microprocessor judges whether there has been an
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el ements OV OFF. One cycle of the three-phase alternating currents is

divided into six different electric current supply patterns at every 60

degr ees;

pattern changes in sequence,

each time a rotor turns 60 degrees, the electric current suppl

y

and the three-phase alternating currents for

one cycle are oytput, as the rotor nakes one,rotation. This mg&r‘\s t hat the
1

rotation eutpweiros dheisystamivallage Berocerassing inp eraut 8/

pattern in sequence accordi nglhto the rotational position of the rotor.

nunber of MiSyEpIRdEssRr decides

¢ent supply

The

ahthzeio emssig sigrshdiageasy reasayrd.nifienne

applied DC voltage because it is a DC notor; it increase{s/ as the applied
8

vol t age i dt pelsr eaNTd" Ria stepr Sdandpeeceeds tore stappBed]

PLZRIO Grossing
signal is found in the step S3, the microprocessor immediately proceeds to
the step S5. The judgment of the zero crossing signal is implemented by
the interrupt by the microprocessor 71; therefore, the step S3 is
implemented whenever the zero crossing signal is issued.

In the step S5, the data on TB of the section specified by a variable N
is read from the new table. In the following step S6, the data on TB is
corrected according to a pre-established format in relation to the voltage of
the power generated by the solar battery so as to obtain the current value of
the pseudo sinusoidal wave which has been set to enable the solar battery
to generate power at an optimum operating point.

In a step S7, the value for TA and TC is calculated from the corrected
value of TB; a predetermined combination of the ON/OFF signals is
implemented and held for the calculated value or time in the subsequent
steps S8, 89, and S10. This generates the waveform for one section as
shown in Fig. 10.

In the steps S8 through S10, to count the time for holding the
predetermined combination of the ON/OFF signals, a timer is used which
allows an interrupt signal to be issued when time is up, thus enabling the
microprocessor 71 to conduct other type of control until the time is up, that
is, until the interrupt signal is issued.

Next, the microprocessor sets "N = N+1" in a step S11 and goes
onto the following section; if it judges in a step S12 that N is greater 16,
then it moves the section, where N equals 1, back to the beginning.

The microprocessor then goes back to the step S3 to generate a
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decreased. Specifically, the 48VDC voltage supplied by the notor power,
supply 20 may be chopped to change the applied voltage, or the three-phase
alternating currents supplied for 120 degrees to the fan notor 25 may be
chopped at a predeterm ned ON duty and the ON duty may be changed to change
the substantigl applied voltage. In this case, increasing the ON duty
i ncreases £ABLUBPEUS éﬁeUdOtSé@'éS,Oldm M&V@ecr easi ng the ON duty decreases the
applied voltage, The position of the rotor is determ ned based on an out put
of a magnetic HégelZishgves bivemycleroabike pseudewinusaidahuavecggnerated as
determ ned by a change in_the induced voltage. (gener ated by the rotation of
the rotor. desesibed abpvecels &gl 12 cardistartionhbl § ofithecumentrwavefarne is
swi t chi ng . )

caused by the induced load developed by an electric component with

respect to a theoretical pseudo sinusoidal wave. The distortion is judged

by comparing the instantaneous value of currents obtained via the

transformer primary current detecting circuit 83 with a theoretical current

value.

The distortion is corrected in the following cycle by correcting the
value of TB constituting the same section denoted by reference character
111 in the following cycle. More specifically, the distortion 110 of the
actually measured current waveform is smaller than the theoretical current
value; therefore, the value of TB is corrected to "TB = TB + a” (where
€ is a positive value) in the section 111. If the distortion 110 of the
actually measured current waveform is larger than the theoretical current
value, then a negative value is adopted for @. This correction is carried
out on all sections wherein the actually measured current value is different
from the theoretical value; for each cycle, the value of the next cycle is
corrected in sequence.

The foregoing correction can be repeated by updating the corrected TB
value by using the value of data read from the data table in the step S2 of
the flowchart shown in Fig. 11.

Fig. 13 gives a flowchart showing the operation which is performed
concurrently while the processing in the steps S8, S9, and S10 of the
flowchart shown in Fig. 11 is being carried out. This operation may be
performed at the time of switching of sections if processing speed of the

microprocessor 71 is fast enough to do that.
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el ements of the driving circuit 24 to provide the foregoing correspondi ng
electric current supply patterns according to the detected rotational
position of the rotor and it also adjusts the applied voltage so that the
required voltage is applied to the fan notor 25 to provide a predeterm ned
nunber of rev utlon re ar msunle;_fl n.automati c operation

node and a na §ISSBe$%Q,|%ﬁUﬁE§‘@é I&ﬁﬁtﬁ&ﬁ% &)’I thegtrensformer Riimarg surrent; he

aut omati c ,oper.ation
detecting cxrcultd83 is read. The current may be the current of a section

which has already been read.

In steps S21 and S23, the microprocessor compares the foregoing
current value IG with the theoretical current value of the pseudo sinusoidal
wave which has been set to allow the solar battery 1 to generate power at
the optimum operating point; if the value of IG is smaller than the
theoretical current value, then the microprocessor corrects the value of TB
of the data table of the corresponding section to "TB =TB + 8"
updates the value of 1G in a step S22. If the value of IG is greater than
the theoretical current value, then the microprocessor corrects the value of
TB of the data table of the corresponding section to "TB=TB - 7" and
updates it in a step S24. The values of 8 and 7 are appropriately set
according to the maximum output of the solar battery 1; 8 may be equal
to 7. The values of 8 and 7 are such that they allow the current value
IG to reach the theoretical current after a few corrections are made to
decrease the variation of currents.

Making such corrections on each section of the pseudo sinusoidal
wave permits the solar battery 1 to generate power under an optimum
condition at all times and also to nearly remove distortions from the current
waveform of the pseudo sinusoidal wave, thus making it possible to supply
AC power of a stable waveform to a system.

In the foregoing embodiment, the value of the data table was firstly
corrected according to the distortion in the current waveform, then the
corrections were made to enable the solar battery to operate under an
optimum condition. Alternatively, however, the corrections may be made

first to enable the solar battery to operate under an optimum condition, then
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t he nunber of revolutions is automatically changed according to

predeterm ned characteristics and according to the difference between room
tenperature and a preset tenperature, i.e. a desired tenperature. In the
manual operation node, the nunmber of revolutions is fixed at a desired
value. Fig. 3.is an electric circuit_diagramillustrating the relationship
anong a sg‘rq élSt%m of the current waveform may beiqorrecte ndlgnc HYS 8a8€08r ocessor
17; this diagr mgl so shows the relatjionship between serial circuit 40
and a ni cd@ﬁ@r'@gé% oF canregtingriderdistortionsda eurgentuwiavelorany i peevided circuit
70 and a m croprocessor 71 of the systeminterconnection power supply 2 in
terms of SeRaraiginethis dabler istwpdated fostayesy tysle,mushife copected value is

added after the correction for ensuring the optimum operation of the solar
battery has been made.

Further, the microprocessor 71 determines the power generated by the
solar battery 1 from the current value detected by the solar battery current
detecting circuit 95 and the voltage value detected by the solar battery
voltage detecting circuit 97, and it issues a demand signal for controlling
the operation of a load from the integrated generated power and the power
consumed by the load.

Firstly, the integrated value of the power generated by the solar battery
1 is stored in the storage section. Then, the value of power consumed by
the heat source side unit 4 of the air conditioner AC, a load, is obtained via
the serial circuit.-70. The value of the consumed power is an integrated
current value employed by the heat source side unit 4 to control the
currents; it approximately corresponds to the power consumed by the load,
namely, the air conditioner.

In the next step, the demand signal is sent to the heat source side unit
4 via the serial circuit 70 to regulate the operating capability of the air
conditioner AC; the demand signal is based on the value of the integrated
power obtained by subtracting the value of the consumed power from the
value of the foregoing integrated power. When sufficient integrated power
has been restored, the demand signal is cleared.

Fig. 14 illustrates the relationship between demand and the changing
integrated value of the power generated by the solar battery. Reference

character P in the chart of Fig. 14 denotes the integrated value of the power
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The serial power supply 26 is equipped with a constant voltage circuit 28
which is connected to a 100-volt commercial AC power supply and which
supplies a 5VDC voltage. The constant voltage circuit 28 can be constituted
usi ng a general - purpose, constant voltage I1C or the like. The output of the
constant voltage circuit 28 is connected to the termnal [err] of the
connect or geBgraied by theselardattaimek;t By denotes arvaluarcorerspesding to gheesi st or
30, a light receiving elenent of a signal_ issuing photocoupler 31, and a
light em pawey eorsiwneddy theiepdhinamelyi, thagipsondsnnsrehA(3ovier speried. The
termnal [err] of the connector 13b is one end of a power line; it is
commonl y @fdhreg daysnB2odennies af valne eproesposding de the power epasumedly t age
circuit 28 c?nn cted Eo the termnpal [err] of the .
the load, namely, the air conditionér AC, over a period of two days; and P1
denotes a value corresponding to the power consumed by the load, namely,
the air conditioner AC, over a period of one day. These values are
appropriately set according to the operating capability of the air conditioner
AC, the maximum power generated by the solar battery 1, etc.
Zone A through zone C are set using P3, P2, and P1 as shown Fig. 14.
Appropriate differentials are also set for the decrease and increase of the
integrated value P.
In zone A, the demand signal for decreasing the operating maximum
current to two thirds of the preset value is sent to the heat source side unit
4; in zone B, the demand signal for decreasing the operating maximum
current to a half of the preset value is sent to the heat source side unit 4;
and in zone C, the demand signal for decreasing the operating maximum
current to one third of the preset value is sent to the heat source side unit 4.
If the integrated value does not fall in any of these zones, then the
demand is cleared. Such demand signals are valid when the demanding
function of the air conditioner AC has been set in a valid manner.
Carrying out the control as described above makes it possible to
control the power consumed by the air conditioner AC to stay within the
power generated by the solar battery 1 when it is averaged on an annual
basis. Specifically, the power generated on days when the air conditioner
AC need not to be operated and the surplus power obtained when operating

the air conditioner AC on smaller power are integrated, and the cumulative

power is used when the air conditioning operation is necessary, thus
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connect or
t he seri al
seri al

13a. The serial circuit 27 has the same configuration as that of

circuit 70 of the systeminterconnection power supply 2 and the
13 - circuit 40 of the heat source side unit 4; therefore,

these three serial circuits are connected in series to the constant voltage
circuit 28. Th I|g t emtting ele f t.he signal o hotQ qupler 31
of the sercantraliingithe povies GRSHEECORY dhe 3if m&éﬁm 267t st fhlg of the

the power generated by the solar battery 1.

In other words, the integrated values of the power indicate the power
sold to the system; operating the air conditioner AC on the power within
the sold power substantially saves the cost for air conditioning. This
means that utilizing the sold power allows the system to be used as
equipment for accumulating power, thus permitting almost full use of the
solar battery 1.

Fig. 15 shows a flowchart indicative of the procedure for performing
the demand control; when the system-interconnected generator 10 is started
in a step S30, the integrated value P is set to an initial value. This initial
value can be selected by switches; choices for the initial value primarily
include the value indicating the power consumed by the air conditioner AC
over a period of ten days, the value indicating the power consumed by the
air conditioner AC over a period of seven days, the value indicating the
power consumed by the air conditioner AC over a period of five days, and
the value indicating the power consumed by the air conditioner AC over a
period of three days. An appropriate one among these initial values is
selected according to the season when the system-interconnected generator
10 is installed or the operation thereof is begun. Preferably, a larger initial
value is set in a hot season and a cold season when more power is
consumed, while a smaller initial value is set for a season of moderate
temperatures; the initial value may alternatively be set to the same value
throughout the year.

In a step S32, the power generated by the solar battery 1 is added to
the integrated value P, and in a step S33, the power consumed by the air

conditioner AC is subtracted from the integrated value P to determine the
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m croprocessor 17; it is normally ON, that is, it is ONwhile it is
standing by for receiving a signal. The |ight receiving el enent of the
signal receiving photocoupler 32 converts the OV OFF outputs to voltage
changes t hrough an output resistor and supplies themto the m croprocessor
while it is not receiving any

si gnialt sI % n&&r}g}& Yﬁqg‘&t g?re@‘*el ‘E’%m?ﬁ’ig\lm croprocessor 17 are hi gh | evel
i cr opr ocessotn %ft Py S TneEBn16: 15 BhemiipoorRor etpRomss dnvEtsy 1o
e O B oA MR BB Rt B e 6, o2
constant integrated value P is in the zone A, then the microprocessor proceeds to a
step S37 to issue a demand signal to the heat source side unit 4 of the air
conditioner AC so as to decrease the set value of current control to two
thirds thereof; if the integrated value P is in the zone B, then the
microprocessor proceeds to a step S38 to issue a demand signal to the heat
source side unit 4 of the air conditioner AC so as to decrease the set value
of current control to a half thereof; if the integrated value P is in the zone
B, then the microprocessor proceeds to a step S39 to issue a demand signal
to the heat source side unit 4 of the air conditioner AC so as to decrease
the set value of current control to one third thereof; and if the integrated
value P does not lie in any of the zones A through C, then the
microprocessor proceeds to a step S40 to issue a signal for resetting the set
value for controlling currents to the heat source side unit 4 of the air
conditioner. |

Fig. 16 shows a flowchart of another embodiment wherein the set
value for current control is changed according as whether the integrated
value P exceeds P1 or not.

The same operations as those indicated by the flowchart shown in Fig.
15 are assigned the same step numbers and the descriptions thereof will be
omitted. Firstly, in a step S41, the microprocessor judges whether the
integrated value P exceeds P1, and if P < P1, then it sets in a step S42, as
an updated current control value, the value obtained by subtracting a value
corresponding to 1 ampere from the set current value for current control,

i.e. the current control value, obtained from the heat source side unit 4.
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voltage circuit 28 before they are sent to the respective m croprocessors
via the light receiving el enment of the signal receiving photocoupler, which
turns OV OFF, of the respective serial circuits 29, 40, and 70. Wen
receiving a signal, the OV OFF out put of the constant voltage circuit 28
obt ai ned by t

circuits is rgi@é&ég*g “%%%ggfegéﬂ ESB@?g<§§§§EdﬁaE@Mﬁ%@%@ggﬁ%gﬁfﬁgéL?;
The. si gnafaligas 31 Mgg § oot ot iy CHTIENE SOBRY LA @%@Sf i@iéi%t‘“er ol
Speci 11 cd BEP: SR G @étg?hgggﬁuﬁﬁge@“gb?ﬁ«e%@%’f e 3 ThE 08Ut for the
control. value is set to an optional appropriate value.

If the condition, P < P1, is not satisfied in the step S41, then the
microprocessor sets in a step S45, as an updated current control value, the
value obtained by adding a value corresponding to 1 ampere to the set
current value for current control, i.e. the current control value, obtained
from the heat source side unit 4. If the microprocessor judges in a step
S46 that the current control value is greater than the set value (the set value
is the current control value initially set in the heat source side unit 4, that
is, the value set by the user side unit 3), then the microprocessor sets the
current control value equal to the set value in a step S47 so that the current
control value does not exceed the set value.

In a step S48, the current control value thus set is sent to the heat
source side unit 4 to control the operating capability of the heat source side
unit 4.

As an alternative, only the judgement result of the step S41 may be
sent to the heat source side unit 4 so that the heat source side unit 4 may
take care of the steps S42 through S47. In this case, the heat source side
unit 4 is required to have the function for implementing the steps.

The description given above has referred to the interconnection
between the system-interconnected generator 10 and the air conditioner AC.

The present invention, however, is not limited thereto; it may also be
applied to various other equipment having the demanding function.

For instance, in the embodiment, the system-interconnected generator

10 is separated from the air conditioner AC; however, if the
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The serial circuit 27 is provided with a noise absorbing capacitor, a
-14- zener diode, and a resistor for protecting the photocouplers. In Fig.

2,

a receiving circuit 33 receives the signals froma wreless renote

controller, which enploys infrared signals or radio signals of radi o waves,

sound waves

r

. the like: such sjgnal s i.ncludes &he .ON OFF.si
i conaivRiABTIntRannEedoR gk drdiFfiedoiRE e ar Sonk Sndndheal

bl own by £h @8RG ShedintbiS SRR Ine b B aiRbrblie 11 2P motors 18

When applying the present invention to equipment which is not

provided with the demanding function, the equipment is to be connected to

* an adapter for turning ON/OFF the supply of power so as to turn the

equipment ON/OFF through the adapter. At this time, the demanding
function directly corresponds to the ON/OFF states of the equipment; the
currents consumed by the equipment may be detected through the adapter,
or a close value may be selected among the values which have been preset
in the adapter.

Fig. 17 illustrates still another embodiment; the same constituent
elements as those shown in Fig. 1 will be assigned the same reference
numerals. The embodiment shown in Fig. 17 has an adapter 200,
equipment 201, a timer 202, a normally closed armature 203 which is
opened and closed by the adapter, and a current detector 204 for detecting
the currents flowing through the equipment.

The equipment 201 is, for example, a ventilating fan installed in an
attic or under a floor, or in a house or space not in use for an extended
period of time. The driving power for the equipment is supplied from the
residential distribution board 7 via the normally closed armature 203.

The timer 202 issues an operating signal to the ventilating fan 201 to -
actuate the ventilating fan 201 for a predetermined period of time at a
predetermined cycle or a predetermined time.

The adapter 200 judges whether the ventilating fan 201 is ON or OFF
through the current detector 204 and also detects the currents consumed by
the ventilating fan 201 and reports it to the system interconnection power

supply 2 of the system-interconnected generator 10. The adapter 200 opens

t he
to be
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and 19 for changing the blow direction, a signal for specifying a set
tenperature, a signal indicating a detected roomtenperature, a signal for
val i dating a demand, and other types of signals which are sent by operating
switches. The received signals are converted into predeterm ned seri al
codes and supplied to the m croprocessor 1 \When the supplied serjal codes
are valid, qrr@owa:mfpnaemﬁyrclwe @lrmaé%reo@%arrﬁsaﬂnwt(g&%ﬂg with the
signals of the valid serjes codes. A group of display LEDs1 34 is disposed
near the |is&ﬂalsééwwﬁgtlreauh%ﬁyﬂﬁm-mter@vmﬁt generalr 193 it displ ays
the operation state of ;the air condifioner includjng OV CEE and tiner
operation nodeln ﬁ]ﬁaq{ﬁpﬂ‘keé\ts‘-gﬁﬁ(?D@ftgilrﬁadﬂ%\/ﬁéﬁll%mgtF%\g@ﬁﬂér%@f?@dof a

heat for the predetermined period of time at the predetermined intervals as long
as there is integrated power provided by the solar battery 1.

More specifically, the ventilating fan is operated substantially by the
solar battery only, thus obviating the need for purchasing power from the
system.

The equipment is not limited to the ventilating fan; any other
equipment may be used as long as it is compatible with such an adapter.

Fig. 18 shows a flowchart indicative of the main operations of the
adapter 200 and the system-interconnected generator 10. In this flowchart,
the amount of power generated by the solar battery 1 is integrated to obtain
the integrated value P in a step S50. In the following step S51, it is
judged whether the ventilating fan 201 is running or not. This judgment is
performed by determining whether the adapter 200 has detected the currents
flowing through the ventilating fan 201, that is, whether the currents of a
predetermined level or higher have flown. If it has been decided that the
ventilating fan 201 is not operating, then the microprocessor goes back to
the step S50 to integrate the generated power.

If the microprocessor has determined that the ventilating fan 201 is
operating, then it proceeds to a step S52 wherein it calculates the power
consumed by the ventilating fan 201 from the currents consumed by the
ventilating fan 201 which is received from the adapter 200, and it subtracts
the calculated consumed power from the integrated value P.

Then, in a step S53, the microprocessor judges whether the integrated

value is greater than zero (P > 0); if the judgement result is affirmative,
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exchanger constituting a refrigerating cycle for air conditioning and the
anbi ent tenperature of a roomwherein the user side unit 3 is installed.
Therm stors with negative characteristic or the |like are used for the
foregoi ng tenperature sensors. The m croprocessor 17 carries out the

anal og-to-digital conversion on the voltages corresponding to the

resi st anc¢hemlitiprocteids tovasyepVSSH whereihaib prevemtssarc huxHigrgrrelay éomnd uses
the results for control. A group of service display LEDs 37 restores and

di spl ays theing ectualedsoaad o holé thé rnormally closedi anmeatare 263 imthe cloded
failure. A group of swtches 38 includes a switch for selecting anong test
state, thereby allowing the ventilating fan 201 to operate. If the condition
(P > 0) is not satisfied, then the microprocessor goes forward to a step S55
wherein it actuates the auxiliary relay to open the normally closed armature
203 to stop the ventilating fan 201.

The microprocessor then goes back to the step S50 to repeat
integrating the generated power.

Thus, according to the present invention, the demanding function of
the equipment is enabled according to the integrated value of the power
generated by the solar battery and the power consumed by the equipment so
as to control the power from the system consumed by the equipment.

Further according to the present invention, the demanding function is
implemented in a plurality of steps according to the decrease in the
integrated value, permitting restrained variation of the capability of the
equipment caused when the demanding function is implemented.

In addition, according to the present invention, by providing the
equipment with a minimum operation capability, the equipment can be
operated at a minimum capability thereof while the demanding function is
being implemented. The power consumed during the operation at the
minimum capability is stored when the integrated value turns to a negative
value, which is made up for when surplus power is generated by the solar
battery. This makes it possible to control the power consumed by the
equipment to the power generated by the solar battery throughout the year.

Furthermore, according to the present invention, the demanding
function of the equipment is effected according to the integrated value of

the power generated by the solar battery and the power consumed by the
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node, normal node, and stop, and a switch for displaying the record of a
failure. Fig. 4 is a diagramshowing the control circuit of the heat source
side unit 4; the single-phase 100V AC power obtained through the term nal
[err] and the term nal [err] of the connector 13b is converted to 280V DC

power via a.curr nt fuse O?BO I se fi b_ter 63 a, choke coil and a
vol t age dSIHIPRY® é@t?‘?f@ﬁ&n@' diF PUEL 48g 'sypteng fonsumed @V ed| odes
and two snoot hi ng capacitors. The DC power is supplied to a three-phase

i nverter $4BEEN 29 constituted by six switching el enents for power control

such as According to the present invention, the operation of the equipment is
controlled according as whether the integrated value of the power generated
by the solar battery exceeds zero; therefore, a substantial demand effect can
be achieved even for equipment, which is not provided with the demanding
function, by repeatedly turning it ON/OFF.

Moreover, according to the present invention, when equipment is

automatically operated at predetermined intervals, it is possible to control
the power consumed by the equipment within the power generated by the

solar battery throughout the year.
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power transistors and power FETs via a noise filter 46, a snoothing
capacitor 47, and a current fuse 48. A refrigerant conpr

constitutes a part of the refrigerating cycle f m\g ‘m‘m&m\ﬁg The
conpressor is equipped with, for exanple, a thr%&‘ etive notor or
a three-phase DC brushless motor in the driving sburte thereof. Wen the
t hr ee- ph | ' | s enpl oyed, the m croprocessor 41 supplies

t hr ee- phase, pseudo-sinusoi dal waves to the conpressor 50 which provides
vol tage/ fr equgncﬁ systgar-intgrcenngcted geoeralor MIavVete BapRWEE SANKEESE {OF or

ensuring high operating efficiency of the conpressor 50. Mre specifically,
such pseuSRDYSTHINZHPRRS SROTEY t@rlédlabﬂ‘éﬁeﬁ@d\deﬁMb’m&éhe AC power to a

system on a commercial AC power supply so as to make it possible to sell

the power to the system, said system-interconnected generator comprising:

a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by particular electric equipment receiving power supplied from
said system, from the integrated value stored in said storing section; and

a demanding section for enabling a demanding function of said electric
equipment when the integrated value stored in said storing section becomes

smaller than a predetermined value.

2. A system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, said system-interconnected generator comprising:

a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by particular electric equipment receiving power supplied from
said system, from the integrated value stored in said storing section; and

a demanding section for issuing a demand signal to said electric
equipment every time the integrated \}alue stored in said storing section

becomes smaller than any one of a plurality of preset values.
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OV OFF the six switching el enments of the three-phase | ' 9
according to the magnitudes of the nodul ated waves anbm ﬂlﬂg‘ E! f
desired frequencies; the switching el enents are turned: ng to
the theoretical calculation results given by the mcroprocessor 41. The
frequency of the three-phase AC power supplied to the conpressor 50 is
det er ni ned by3t hA sysdqueidgrasmnestedrganerateihaxing a pawercogvastercfon 51 s
a power anplifl%/_i ng circuit for turning OVOFF 16 -
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, said system-interconnected generator comprising:
a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;
a correcting section for subtracting a value of power, which is
consumed by an air conditioner receiving power supplied from said system,
from the integrated value stored in said storing section; and
a demanding section for issuing a signal to the air conditioner to lower
the operating capability thereof in steps within a range which exceeds a

preset operating capability every time the integrated value stored in said

storing section becomes smaller than any one of a plurality of preset values.

4. A system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply, said system-interconnected
generator comprising:

a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by electric equipment receiving power supplied from said system,
from the integrated value stored in said storing section; and

a demanding section for enabling a demanding function of said electric
equipment when the integrated value stored in said storing section becomes

smaller than a predetermined value.
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the six swtching elenents of the three-phase in Ldge 49 in
response to the outputs of the m croprocessor 41”MMF"NUM,EMH supply
52 receives DC power via a noise filter 53 and a € " Ml and
supplies the power for the driving circuit 51, the power for the

gener al -pur pase sewaPdnine BT SMarAR RRURE. B ro@invilter s r 1 vi ng
Lo by SRR Ao 508 ARS R LS8 SyPBl e P R B v 1S
o2 O I0G UEh SR G HbRact: RE BolllE AL SAREla PR & o e
the respegissitie 30" et I pSWErd the Ly st RISy ARAR fnleRSHRted
generator comprising;:
a storing section for storing an integrated value of the power which
has been sold to the system out of the AC power converted from the solar
energy by said power converter;
a correcting section for subtracting a value of power, which is
consumed by particular electric equipment receiving power supplied from
said system, from the integrated value stored in said storing section; and
a controller which enables the operation of said electric equipment

while the integrated value stored in said storing section is greater than zero.

6. A system-interconnected generator according to Claim 5, wherein
the operation of said electric equipment is started at a predetermined cycle

if said integrated value is greater than zero.
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circuit 49 so as to provide an electric current supply pattern which is
suited to the rotational position of the rotor. The position detecting
circuit 55 applies to the mcroprocessor 41 an out put which changes

accordi ng as whether the change in the induced voltage generated in the

i ndi t QL [ t [ th th
Vol tage ABSIRACH AR bAE IISLONME® 1o etral point of the ¢
th - ph t til ts,. Th ' .41 | gul at th
rotational pdi BiSHMINTEIRENNEELE SENGTAIDICRFHR BS SORCHy M PHSHEPIES ¢ he t i me
V\,hen t he outgut ofqahh& osi ti,on d%t ec i_na Ci rcu! t[ 5Er.has chanagd. The_
mi or opr oRAYET ggRerated tyed SolRibattery {or QRETAING qlegrie €gHIPmR SUEhhAs; o

positioned, At Gomdifionse! "The sr)]'%Ye'nq-ngéer%Sn égt\é'ddgegne%oer%aa\}ilné a power

converter for converting solar energy to AC power and supplying the AC
power to a system on a commercial AC power supply so as to make it
possible to sell the power to the system is equipped with: a storing section
for storing an integrated value of the AC power which has been converted
from solar energy by the power converter; a correcting section for
subtracting a value of power, which is consumed by particular electric
equipment receiving power supplied from the system, from the integrated
value stored in the storing section; and a demanding section for enabling a
demanding function of the electric equipment when the integrated value

stored in the storing section becomes smaller than a predetermined value.
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di viding one rotation, i.e. 360 degrees, into six sections at every 60
degrees, and it turns OV OFF the swtching elenents of the three-phase
inverter circuit 49 so that the three-phase electric current supplying
pattern (e.g. a three-phase AC supply pattern wherein each phase repeatedly
turns ON for 120 degrees and OFF for 60 degrees) which corresponds to that
parti cul ar -17 - section is set for the conpressor 50. The nunber of
revol uti ons of the conpressor 50 is changed by
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chopping at a predeterm ned cycle rather than by continuous 120-degree
electric current supply and al so by changing the ON duty of the chopping to
change the voltage substantially applied to the winding of the stator.
Tenperature sensors 56, 57, and 58 are conposed of therm stors having
negative characteristic; they are configured such that the voltage
corresponding to the resistance value that changes with tenperature is
supplied to an anal og-to-digital input port of the mcroprocessor 41. The
tenperature sensor 56 detects the tenperature of open air; the tenperature
sensor 57 detects the tenperature of the conpressor«b0; and the tenperature
sensor 58 detects the tenperature of the heat sourc® side heat exchanger
which is a constituent part of the refrigerating cycle. The m croprocessor
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41 enploys the tenperature data received fromthese tenperature sensors to
conduct control. A stepping notor 59 has approximately 500 steps of
rotation to allow a stroke in 500 steps; the stroke regul ates the pressure
reduci ng anmount or the expansion of an expansion device or an expansi on
val ve which is a constituent part of the refrigerating cycle. The rotation
step of the stepping notor 59 is controlled according to the output given
by the m croprocessor 41 via the driving circuit 60. There are mainly two
control nethods: in one control nethod, the rotation step is controlled by
t he characteristics which have been established beforehand to be associ ated
to the nunber of revolutlﬁgé of the conpressor; in the other control

nmet hod, the nunber of
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rotation steps is increased or decreased so as to always naintain a
constant evaporating tenperature or condensing tenperature of the
refrigerant in the refrigerating cycle. - 18 - A fan notor 61 drives a
propeller fan provided in a position for blowing wind to the heat source
si de exchanger. The fan notor 61 enploys a DC brushless notor as is the
case with the fan notor 25; the nunber of revolutions thereof is also
controlled by the mcroprocessor 41
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via a driving circuit 62. A refrigerant channel selector valve 63 swtches
the flow of the refrigerant to allow S BlekiagB # a cool i ng node
wherein the user side heat exchanger i aﬁf ting cycle acts as an
evaporator and a heating node wherein t eat exchanger acts as
a condenser. A four-way valve is usually used for the refrigerator channel
sel ector val ye 63. Connectgigﬁn Is swtched between sel ector armatures 64a
and 64b vi a8 pQuer rel ay “ateQrding to an out put of the m croprocesssf
nY

Fig. 4 shows B &L atee Wjex re=gurrentyis being suppﬂ%@i"m@@@
power relay. V‘L:?l zbéWZahec 3qne’:’rr selectgr armature 64a is sw | ched
to a L ) ol
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di ode bridge 65a, electric currents flow fromthe selector armature 64a to
the armature 64b, causing the refrigerant channel selector valve 63 to be
switched to one side. Conversely, when the connection of the sel ector
armature 64b is switched to a diode bridge 65b, electric currents flow from
the selector armature 64b to the selector armature 64a, causing the
refrigerant channel selector valve 63 to be switched to the other side. The
refrigerant channel selector valve 63 has a self-hol di ng nechani sm whi ch

mai ntains a switched state; therefore, the refrigdérant channel can be
switched by supplying electric currents in_a predetef MIERORROCESSOR a
predetermned tine. Electricicurrents are appliedjat predeterm ned
intervals to mai ntain the sellffFholding of {nhe channel .
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A current transformer 66 is installed in a position where it can -19-
nmeasure the currents consuned by the heat source side unit 4. The

I nst ant aneous val ues of the current waveform output fromthe current
transforner are directly subjected to anal og-to-digital conversion at
predeterm ned intervals and the results are captured by the m croprocessor
41. The m croprocessor 41 cal cul ates root nean square values froma current
wavef orm based on the enuneration of digitalized val ues at
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predeterm ned intervals and it uses the obtained root nean square val ues
for controlling the currents. The control of currents is conducted to
control the nunber of revolutions of the conpressor 50, i.e. the
refrigerating capability of the air conditioner, so that the currents
consuned by the heat source side unit stay under a preset value of current.
The nunber of revolutions of the conpressor 50 is decided based on the

i ncrease or decrease of refrijgerating capability relative to the current
refrigerating capability whigh is determ ned by fuzzy operation tuned so
that roomtenperature reachgsd a preset tenperature in the user side unit 2,
using the difference betweethe roomtenperature and the present
tenperature and the change @9 the difference as
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the inputs. The increased or decreased value is sent fromthe user side
unit 2 via the serial circuit 40. The nunber of revolutions of the
conpressor 50 is set by adding the increased or decreased value to the
current nunber of revolutions and it is updated to a new nunber of

revol utions. The mcroprocessor 41 turns OV OFF the swi tching el enents of
the three-phase inverter circuit 49 such that the conpressor 50 reaches the
updat ed nunber of revolutions. At the tine of startup, the conpressor 50
has been set to a predeterm ned nunber of revolutions as the initial value
t hereof As the power consuned approaches a preset value, a correction is

1 CYCLE
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- 20 - made in different ranges in order, namely, a range wherein no
correction is nade, a range wherein a correction is nade to prevent the
nunber of revolutions fromincreasing, and a range wherein a correction is
made to decrease the nunber of revolutions, thus preventing the consuned
currents of the conpressor 50, i.e. the consuned currents of the heat
source side unit, fromexceeding a preset value. If the consuned currents
consi derably exceed the preset value, then it is regarded as a failure of
the air conditioner (AC-ant—the ub/;{iion of the air conditioner is stopped
and the START
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failure is displayed. Hence, the consunmed currents of the air conditioner
AC can be approximately controll ed by changing the preset value. The preset
value is set by a signal issued fromthe user side unit; it is set, for
exanple, to 20A, 17A, 15A, or 10A for a general household air conditioner.
The preset value can be al so changed on a 1-anpere basis by using an

i ncrease or decrease signal received fromthe systeminterconnecti on power
supply 2, which will be discussed |ater, while the demandi ng function is
bei ng enabl ed after a signal fromthe renote controller has been sent via
the user side unit 3. Fig. 5 shows the control circuit of the
system i nterconnected generat or

FIG. 12
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10 conposed of the solar battery 1 and the system i nterconnecti on power
supply 2; it is configured to permt the exchange of signals anong the

m croprocessor 71, the mcroprocessor 17, and the mcroprocessor 41 via the
serial circuit 70. In this circuit, the foregoing solar battery 1 for
converting solar energy to electric power is connected to a capacitor 74
via a protecting diode 73, and the power generation output is stored in the
capacitor 74. In a single-phase inverter circuit 75, four swtching

el enents conposed

S20

A

READ CURRENT VALUE IG

S22

TB=TB+ B

THEORETICAL
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- 21 - of IGBT or other type of power switching elenments are connected in
bridge; the respective switching elenents are turned OV OFF according to
predeterm ned patterns to provide a 50Hz or 60Hz singl e-phase, 100V pseudo
si nusoi dal wave. The pseudo sinusoi dal wave passes through coils 76, 77 and
a lowpass filter constituted by a capacitor 78 and it is boosted to AC
power of 50Hz, single-phase 200V+ a ([err] denotes a voltage required to
reach the systen). The AC power is supplied to the power |ine of the system
via the residential distribution board 7 shown in Fig. 1. Interl ocked,
normal Iy open armatures 80a and 80b are cl osed when electric currents are
supplied to a power relay 81. The power relay 81 is

p

P3 \ — / ZONE A
P2 N — / ZONEB
P1 — ZONE C
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energi zed or de-energi zed by the m croprocessor 71 (UB3Cl96MVH nmade by

I NTEL) via a driving circuit 82 which is a power anplifying circuit. If the
m croprocessor 71 determnes that the solar battery 1 is not generating
power or if any failure has been detected, then it opens the nornmally open
armatures 80a and 80b to isolate the systeminterconnection power supply 2
fromthe system A transfornmer primary current detecting circuit 83 detects
the currents flow ng through the primary of a boosting transforner 79, i.e.
the solar battery 1. The current is output in the formof an alternating
current waveformthrough C T. and directly supplied to the

anal og-to-digital conversion port of the m croprocessor 71. The

m croprocessor 71 subjects
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the waveformto anal og-to-digital conversion at every predeterm ned
intervals (e.g. every 200 [err] sec) and enploys the result for control,
taking it as an instantaneous current value at every predeterm ned tine
interval. To inplenment the control, the m croprocessor 71 first stores the
current val ue, which has gone through the anal og-to-digital conversion, in
a storage section (ROVM as table data and conpares it with the current
val ue -22- at the sane phase of ideal current waveformdata, which is a
si nusoi da
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current waveform nakes a correction to increase or decrease the voltage of
the sanme phase in the followi ng cycle so that the waveform of the out put
current is close to the ideal current waveform thereby restraining the
distortion of the waveform of the output current. For electric currents of
50Hz, sanpling is perfornmed at every 200 [err] sec to produce the ideal
current waveformtable data; therefore, 20 nsec/ 200 [err] sec = 100 pieces
of data, or 84 pieces of data for 60Hz. The ideal waveform data can be
calculated by nultiplying reference data by a predetermined ratio for each
required current root nean square val ue according to pre-established

reference data. A transfornmer secondary current detecting circuit 84
detects the

\201
204

o~
8 . /
(a4
4 0l
}_
z | \.sg
< o
och
O
8 ..JF—|
S << Q
Z D
| %8 3 -
3 ;) "
. - OL-—H :>— E )
oy W WO le—p -
Z WS 2o |7 o L
=0 fp e O 53 : -
<2 632 o 3
= "8 | :
=5 O Ll &y i <
Ww=mn F-uJE; :
oY M 525 7
< g .
z =
ide)
¥omd ¥
- 0
N =
<
/ Ty S \m
o) Ol Z
& =
22 5| g
n | &
=
L
)
>
ad
Ll
n
This Sheet Has Been Replaced

LT



currents flow ng through the secondary of the boosting transforner 79, i.e.
the systemside. This circuit supplies the waveformof the current detected
through C.T. to an IC for calculating root nean square values (e.g. NJM4200
made by Shin Ni ppon Musen K. K. ) via a full-wave rectifying circuit which
enpl oys a general -purpose I1C (e.g. LA6324 made by Sanyo Denki K K.). The IC
converts the root nean square value of the current detected through the
C.T. to a voltage change and supplies the voltage change to the

anal og-to-digital input port of the m croprocessor 71. The m croprocessor
71 determ nes the current root nean square value fromthe voltage change so
as to determ ne the output power value of the systeminterconnection power
supply 2 and displays it on the display unit.
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-INTERCONNECTED GENERATOR

REPLACEMENT SHEET

BACKGROUND OF THE INVENTION

15 MAY 197

Field of the Invention

The present invention relates to a system-interconnected generator
which converts solar energy to AC power and supplies it to a commercial
AC power system and, more particularly, to a system-interconnected
generator intended for controlling the cumulative total of power, which is
consumed over a predetermined period of time by electric equipment
connected to the system, within the power generated by the
system-interconnected generator.

Description of Related Art

As a conventional power generating apparatus which employs solar
energy, there is one described in Japanese Unexamined Patent Publication
No. 6-74522.

The conventional power generating apparatus described in the
foregoing Japanese Unexamined Patent Publication combines a solar battery
and an air conditioner; when the solar battery is effectively working, the
priority is given to using the output of the solar battery to operate the air
conditioner. |

In the case of the air conditioner which is configured as described
above and which employs the conventional solar battery, the power
generated by the solar battery depends on weather or time, and when the
power generated by the solar battery is insufficient, the power is supplied
from a system on a commercial power supply to make up for the shortage.
When the air conditioner is not in operation, the output of the solar battery

is wasted, inevitably leading to poor utilization of the solar battery.



detecting circuits are identical and they commonly use the electric circuit
shown in Fig. 6. In Fig. 6, the change in the voltage between the term nals
received fromthe systemside is supplied via the.LAB324-—wim ﬂ%s the 1C

constituting the full-wave rectifying circuit, té RERLAQEMENDONERAI th is the
| C for calculating the root nmean squar€ ~ue, and e DC vol tag

corresponding to the root nean square value is sup li?% ﬂRYt"W

anal og-to-digital conversion input port of the mijcrlopr8cessor 71. The

m cr opr ocess NYENTION © val ue ; i ch has
under gone thOg R-SY- _ 1‘19]. I _ N to cafry out the contrdl. A
systemvoltage zexg.6/{5sh/,9t i BH objeECHS thé présth h toProvidd'd

system-interconnected generator for effectively utilizing surplus power,
which is generated by a solar battery, for operating an air conditioner or
other electric equipment.

To this end, according to one aspect of the preseﬁt invention, there is
provided a system-interconnected generator which has a power converter for
converting solar energy to AC power and which supplies the AC power to
a system on a commercial AC power supply so as to make it possible to
sell the power to the system, the system-interconnected generator being
equipped with: a storing section for storing an integrated value of the AC
power which has been converted from solar energy by the power converter;
a correcting section for subtracting a value of power, which is consumed by
particular electric equipment receiving power from the system, from the
integrated value stored in the storing section; and a demanding section for
enabling a demanding function of the electric equipment when the
integrated value stored in the storing section becomes smaller than a
predetermined value. With this arrangement, the demanding function can
be implemented so that the power consumed for operating the particular
electric equipment stays within a cumulative total of the sold power
supplied by the system-interconnected generator.

According to another aspect of the present invention, there is provided
a system-interconnected generator having a power converter for converting
solar energy to AC power and supplying the obtained AC power to a _
system on a commercial AC power supply so as to make it possible to sell
the power to the system, the system-interconnected generator being

equipped with: a storing section for storing an integrated value of the AC



signal of the system (AC power) and supplies tihep| SCEMENTOSAEE |
m croprocessor 71. Fig. 7 shows the system volft -Z8F-6-6+855hng | nput

circuit 87; the voltage of the systemis supplligd to a ardtqr 88. Wen
the positive and negative of the vol tage applile 65tHéN|nB td@rm nal of
the conparator 88 is reversed, the outpﬂ%—#her s also revdrded. The
out put of the conparator 88 is applied to a ph tocoupler 89 and|it

under goes noi se reanaI vol t age conver si on, ation

before it i's sHpR ihich Bak el EoPerREd idith saarmérﬁé‘r(# 6], HEHARY éPEoK rter;

determ nes t zero crossing poln e syste ange I n

out put and C%“Eét‘?’:&tr})é‘%ﬁ@ﬁ&ﬂ%r Bt aEing a R/Qﬁxeoblf Power, YR lfsoéorfslﬁ?ned by

switching el enents s
particular electric equipment receiving power supplied from the system,

from the integrated value stored in the storing section; and a demanding
section for issuing a demand signal to the electric equipment every time the
integrated value stored in the storing section becomes smaller than a
plurality of preset values. With this arrangement, the power consumed by
the electric equipment can be adjusted by issuing the demand signal
according to the decrement of the integrated value of the sold power so that
the power for operating the electric equipment stays within the cumulative
total of the sold power supplied by the system-interconnected generator.
According to still another aspect of the present invention, there is
provided a system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, the system-interconnected generator being
equipped with: a storing section for storing an integrated value of the AC
power which has been converted from solar energy by the power converter;
a correcting section for subtracting a value of power, which is consumed by
an air conditioner receiving power supplied from the system, from the
integrated value stored in the storing section; and a demanding section for
issuing a signal to the air conditioner to lower the operating capability
thereof in steps within a range which exceeds a preset operating capability
every time the integrated value stored in the storing section becomes
smaller than any one of a plurality of preset values. With this
arrangement, the operating capability of the air conditioner can be adjusted

by issuing the demand signal according to the decrement of the integrated
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value of the sold power so that the power consumed for operating the air
conditioner stays within the cumulative total of the sold power supplied by
the system-interconnected generator. |

According to a further aspect of the present invention, there is
provided a system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply, the system-interconnected
generator being equipped with: a storing section for storing an integrated
value of the AC power which has been converted from solar energy by the
power converter; a correcting section for subtracting a value of power,
which is consumed by electric equipment receiving power supplied from
the system, from the integrated value stored in the storing section; and a
demanding section for enabling a demanding function of the electric
equipment when the integrated value stored in the storing section becomes
smaller than a predetermined value. With this arrangement, the demanding
function can be implemented so that the power for operating the electric
equipment stays within a cumulative total of the power supplied from the
system-interconnected generator.

According to a still further aspect of the present invention, there is
provided a system-interconnected generator having a power converter for.
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, the system-interconnected generator being
equipped with: a storing section for storing an integrated value of the
power which has been sold to the system out of the AC power converted
from the solar energy by the power converter; a correcting section for

subtracting a value of power, which is consumed by particular electric



conputer outside. This circuit permts the comni'qgt;i'gn.._mta'ﬁrﬁ term ned
standard (e.g. RS-232C); it enploys a general -purpd&‘é%“é‘ Ichiddatl es t he

RS-232C type communi cation such as MAX232. Using jthe personal conpyter I/F
88 makes it possible to control the syst i nt er donne¢kedagegey attof 10 from
out si de through the personal conputer. JDST&;alays g9 land 90 are conpgsed of
three digits, each digit having eight segnents; tiheymarnty-drsptay the

power generated by solar battery 1, the codes indicating the type of

failures if feﬁhﬁ#ﬁ@ﬁt F@éﬁﬁ‘vﬁggbw1su?73)b‘l’ieﬁhﬂ'oﬁ9itlﬁ’@'syﬁl‘én’ﬁ,efroﬁﬁkh@%&gfated

initializatio e out put nals fromthe m croprocessor 71 are

power - anpl i T ivaflb¥tdted! ifAh@YstOFing' ¥ttion; @id a Thntroller which enables the

operation of the electric equipment while the integrated value stored in the

storing section is greater than zero. This arrangement makes it possible to
control the power for operating the electric equipment within the power
generated by the system-interconnected generator.

In a preferred form of the present invention, the system-interconnected
generator is designed so that the operation of the electric equipment is
started at a predetermined cycle if the integrated value is larger than zero.
This arrangement allows the electric equipment to be automatically operated
periodically without exceeding the power generated by the
system-interconnected generator.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram illustrative of a system-interconnected

generator in accordance with the present invention and an air conditioner;

Fig. 2 is a block diagram showing a control circuit of a user side unit
of the air conditioner;

Fig. 3 is an electric circuit diagram illustrative of a relationship
between a serial power supply, a serial circuit, and a microprocessor;

Fig. 4 is a diagram showing a control circuit of a heat source side unit
of the air conditioner;

Fig. 5 is a diagram showing a control circuit of the
system-interconnected generator;

Fig. 6 is an electric circuit diagram showing a U-phase system voltage
detecting circuit and a V-phase system voltage detecting circuit;

Fig. 7 is an electric circuit diagram showing a system voltage zero

crossing input circuit;
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Fig. 9 is an electric circuit diagram showing a solar battery voltage
detecting circuit;

Fig. 10 is an explanatory diagram illustrative of a pseudo-sinusoidal
wave output from a single-phase inverter circuit;

Fig. 11 is a flowchart illustrative of a procedure for generating the
waveform of the pseudo-sinusoidal wave;

Fig. 12 is an explanatory diagram illustrative of a waveform of two
cycles of the pseudo-sinusoidal wave;

Fig. 13 is a flowchart illustrative of a procedure for correcting a
current waveform;

Fig. 14 is an explanatory diagram illustrative of a relationship between
demand and the changing integrated value of the power generated by the
solar battery;

Fig. 15 is a flowchart illustrative of a procedure of demand control;

Fig. 16 is a flowchart illustrative of another embodiment of the
demand control;
| Fig. 17 is a schematic diagram showing a relationship between the
system-interconnected generator in accordance with the present inventioﬁ_
and other equipment; and

Fig. 18 is a flowchart illustrative of a primary operation of an adapter

and the system-interconnected generator.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS _
The embodiments of the present invention will now be described with
reference to the accompanying drawings.

Fig. 1 is a schematic diagram showing the relationship between a
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system-interconnected generator 10 in accordance with the present

invention, which is composed of a solar battery 1 and a system
interconnection power supply 2, and an air conditioner AC which is
composed of a user side unit 3 and a heat source side unit 4.

In the drawing, the system interconnection power supply 2 converts
the solar energy produced by the solar battery 1 to predetermined AC
power (single-phase, three-wire system, 200V) and connects it to a system
on a commercial power supply. As mentioned above, the solar battery 1
and the system-interconnection power supply 2 constitute the
system-interconnected generator 10. |

The user side unit 3 is installed in a room to be air-conditioned; the
user side unit 3 and the heat source side unit 4 together compose the
separable type air conditioner AC. The AC power is supplied from the
user side unit 3 to the heat source side unit 4; the user side unit 3 and the
heat source side unit 4 exchange control data via a signal conductor.

A signal conductor of the system interconnection power supply 2 is
connected to the foregoing signal conductor so as to enable the system
interconnection power supply 2, the user side unit 3, and the heat source
side unit 4 to exchange data.

A purchasing meter 5 and a selling meter 6 are connected in series via
a service wire to a system such as a transformer installed on a utility pole
of a commercial AC power supply. The purchasing meter 5 indicates the
amount of power purchased by a user from the system, while the selling
meter 6 indicates the amount of power sold to the system from the user.

A residential distribution board 7 is connected in series next to the
purchasing meter 5 and the selling meter 6; it distributes power to

respective electric appliances in the house of the user. The residential
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The output of the system interconnection power supply 2 is supplied to
the residential distribution board 7 (substantially between the purchasing
meter 5 and the residential distribution board 7). Surplus generated power
which is not used in the house is supplied to the system via the selling
meter 6 and the purchasing meter 5. The power can be supplied to the
system by setting the voltage of the AC power supplied from the system
interconnection power supply 2 at a higher level than the voltage of the
system.

Fig. 2 is a block diagram showing the control circuit of the user side
unit 3. In the drawing, a plug 11 is used to receive the single-phase,
100-volt AC power supplied through the residential distribution board 7.

A connector 13a enables the supply of the AC power from the user
side unit 3 to the heat source side unit 4 and also enables the exchange of
control data among the system interconnection power supply 2, the user
side unit 3, and the heat source side unit 4. More specifically, the
terminals of the connector 13a and the terminals of a connector 13b
(mounted on the heat source side unit 4) which share the same terminal
numbers are electrically connected. A terminal @ and a terminal @ of a
connector 13¢ extending from the system interconnection power supply 2
are connected to the terminals @ of the connector 13a and the connector
13b, respectively.

When a normally-open armature 14 of a power relay 15 closes, the AC
power supplied through the plug 11 is applied between a terminal O and
the terminal @ of the connector 13a.

A driving circuit 16, typically a general-purpose buffer circuit or driver
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bet ween such as a general-purpose microprocessor which has a plurality of

analog-to-digital conversion input terminals and I/O terminals, etc.; it
energizes the power relay 15 in response to an output of the microprocessor
17. The power relay 15 is energized when the microprocessor 17 decides
that the air conditioner AC can be operated normally.

A vertical flap motor 18 composed of a stepping motor or the like
changes, according to the number of steps, the angle of a vertical flap so as
to change the blowing direction of conditioned air to be discharged into a
room from the user side unit 3. To be more specific, the flap motor rotates
by one step in the forward or reverse direction in response to each pulse for
the forward or reverse rotation received from the microprocessor 17. Thus,
the angle of rotation, i.e. the angle of the flap, can be obtained, the angle
corresponding to the number of output pulses stored in the microprocessor
17.

The microprocessor 17 first issues the pulses necessary for the flap
motor 18 to reach a preset angle of the initial position and then makes the
flap fully open or closed; based on this position of the flap, the
microprocessor 17 establishes the relationship between the angle of the flap
and the number of pulses thereafter.

To set the flap at a desired angle, the microprocessor 17 issues the
pulses until the angle of the flap reaches the angle set by a remote
controller. In an automatic setting mode, the microprocessor 17
automatically increases or decreases the number of steps to swing the flap.
The swing range is set such that it differs between cooling mode and
heating mode.

A horizontal flap motor 19 composed of a stepping motor or the like
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horizontal flap so as to change the blowing direction of conditioned air to
be discharged into a room from the user side unit 3. The operation of the
flap motor 19 is the same as that of the flap motor 18.

Hence, the discharging direction of the conditioned air supplied
through the user side unit 3 can be set vertically and horizontally as desired
by controlling the flap motor 18 and the flap motor 19.

A motor power supply 20, a control circuit power supply 21, and a
current fuse 22 are connected in series to a commercial AC power supply
via a plug 11. The fuse 22 is a thermal fuse which melts to cut off the
supply of power from the control circuit power supply 21 to the
microprocessor 17 if the temperature in the user side unit 3 or the ambient
temperature of the electronic components of the microprocessor 17 or the
like has risen.

The motor power supply 20 outputs, for example, a constant voltage of
48VDC or 12VDC; the 48VDC constant voltage is supplied to a driving
circuit 24, while the 12 VDC constant voltage is supplied to the control
circuit power supply 21 and it also serves as the driving power supply for
the power relay 15 and the stepping motors 18 and 19. The control circuit
power supply 21 outputs a constant voltage of 5V for the electronic
components.

The driving circuit 24 drives a fan motor 25 which is a brushless DC
motor driving a fan for discharging conditioned air into a room; it is
composed of six switching elements such as power transistors and power
FETs which are connected in a three-phase bridge so that it repeatedly
supplies three-phase alternating currents for 120 degrees and also repeatedly

cuts off the supply of the currents for 60 degrees by turning the switching
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different electric current supply patterns at every 60 degrees; each time a
rotor turns 60 degrees, the electric current supply pattern changes in
sequence, and the three-phase alternating currents for one cycle are output
as the rotor makes one rotation. This means that the rotation of the rotor is
continued by changing the electric current supply pattern in sequence
according to the rotational position of the rotor.

The nun.. - of revolutions of the fan motor 25 can be changed by
changing the applied DC voltage because it is a DC motor; it increases as
the applied voltage is increased, while it decreases as the applied voltage is
decreased. Specifically, the 48VDC voltage supplied by the motor power
supply 20 may be chopped to change the applied voltage, or the three-phase
alternating currents supplied for 120 degrees to the fan motor 25 may be
chopped at a predetermined ON duty and the ON duty may be changed to
change the substantial applied voltage. In this case, increasing the ON
duty increases the applied voltage, while decreasing the ON duty decreases
the applied voltage.
| The position of the rotor is determined based on an output of a
magnetic detecting element; however, it may alternatively be determined by
a change in the induced voltage generated by the rotation of the rotor.

The microprocessor 17 controls the turning ON/OFF of the switching
elements of the driving circuit 24 to provide the foregoing corresponding
electric current supply patterns according to the detected rotational position
of the rotor and it also adjusts the applied voltage so that the required
voltage is applied to the fan motor 25 to provide a predetermined number

of revolutions.



the OV OFF signals issued fromthe microprocessor 71 | RERLAGSMENTWSHERT ils
sufficiently high to drive the IGBT; it is constitute ~—photocoun| e{r,
anplifier circuit, etc. A general -purpose driving cirgujt 15&&@%}# ed fior
the purpose. A third harnmonic detecting cjycuit 103 dpetects h*¥ai ljurles
as a power failure and di sconnection of‘—ii-ystem by detlecting an. incregse
in the third harnonic and cuts off the connection theyeof to the ;

systenti nt erconnect ed - 27 - /

There are mainly an automatic operation mode and a manual operation

mode for controlling the fan motor 25. In the automatic operation mode,
the number of revolutions is automatically changed according to
predetermined characteristics and according to the difference between room
temperature and a preset temperature, i.e. a desired temperature. In the
manual operation mode, the number of revolutions is fixed at a desired
value.

Fig. 3 is an electric circuit diagram illustrating the relationship among
a serial power supply 26, a serial circuit 27, and the microprocessor 17; this
diagram also shows the relationship between a serial circuit 40 and a
microprocessor 41 of the heat source side unit 4 and a serial circuit 70 and
a microprocessor 71 of the system-interconnection power supply 2 in terms
of the connection of the connectors 13a through 13c.

The serial power supply 26 is equipped with a constant voltage circuit
28 which is connected to a 100-volt commercial AC power supply and
which supplies a SVDC voltage. The constant voltage circuit 28 can be
constituted using a general-purpose, constant voltage IC or the like.

The output of the constant voltage circuit 28 is connected to the
terminal @ of the connector 13a via a diode 29 connected in the forward
direction, a resistor 30, a light receiving element of a signal issuing
photocoupler 31, and a light emitting element of a signal receiving
photocoupler 32 in series. The terminal @ of the connector 13b is one

~end of a power line; it is commonly used with the output of the grounded
side of the constant voltage circuit 28 connected to the terminal @ of the
connector 13a.

The serial circuit 27 has the same configuration as that of the serial

circuit 70 of the system interconnection power supply 2 and the serial
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The light emitting element of the signal output photocoupler 31 of the

serial circuit 27 is turned ON/OFF in response to the outputs of the

microprocessor 17; it is normally ON, that is, it is ON while it is standing

by for receiving a signal. The light receiving element of the signal

receiving photocoupler 32 converts the ON/OFF outputs to voltage changes

through an output resistor and supplies them to the microprocessor 17; it is

normally ON, that is, it is ON while it is not receiving any signals, and the

outputs thereof to the microprocessor 17 are high level voltages (+5V in

this embodiment).

Hence, when supplying the signals to the microprocessor 17, the light

emitting element of the photocoupler 31 is turned ON/OFF by using

ON/OFF signals based on common protocol and data format. The

ON/OFF signals are converted to the ON/OFF outputs of the constant

voltage circuit 28 before they are sent to the respective microprocessors via

the light receiving element of the signal receiving photocoupler, which turns

ON/OFF, of the respective serial circuits 29, 40, and 70.

When receiving a signal, the ON/OFF output of the constant voltage

circuit 28 obtained by the turning ON/OFF of the photocoupler of one of

the serial circuits is received by the signal receiving photocouplers of all

serial circuits which supply the signal to the respective microprocessors

thereof. The signal has a set code for specifying the receiving

microprocessor; therefore, the signal that has been received by the

microprocessor specified by the code is regarded valid and the signal is

employed for the control.

The serial circuit 27 is provided with a noise absorbing capacitor, a
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remote controller, which employs infrared signals or radio signals of radio
waves, sound waves, or the like; such signals includes the ON/OFF signals
of the air conditioner, the control signals of the amount of conditioned air
to be blown by the fan motor 25, the control signals of the flap motors 18
and 19 for changing the blow direction, a signal for specifying a set
temperature, a signal indicating a detected room temperature, a signal for
validating a demand, and other types of signals which are sent by operating
switches. The received signals are converted into predetermined serial
codes and supplied to the microprocessor 17. When the supplied serial
codes are valid, the microprocessor 17 carries out control in accordance
with the signals of the valid series codes.

A group of display LEDs 34 is disposed near the light receiving
section of the receiving circuit 33; it displays the operation state of the air
co_nditioner including ON/OFF and timer operation mode.

Temperature sensors 35 and 36 detect the temperature of a heat
exchanger constituting a refrigerating cycle for air conditioning and the
ambient temperature of a room wherein the user side unit 3 is installed.
Thermistors with negative characteristic or the like are used for the
foregoing temperature sensors. The microprocessor 17 carries out the
analog-to-digital conversion on the voltages corresponding to the resistance
values which vary with the changes in such temperatures and uses the
results for control. _

A group of service display LEDs 37 restores and displays the record
on a failure if the air conditioner has incurred a failure.

A group of switches 38 includes a switch for selecting among test
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mode, normal mode, and stop, and a switch for displaying the record of a

failure.

Fig. 4 is a diagram showing the control circuit of the heat source side
unit 4; the single-phase 100V AC power obtained through the terminal @O
and the terminal @ of the connector 13b is converted to 280V DC power
via a current fuse 42, a noise filter 43, a choke coil 44, and a voltage
doubler rectifying circuit 45 composed of four rectifying diodes and two
smoothing capacitors. The DC power is supplied to a three-phase inverter
bridge 49 constituted by six switching elements for power control such as
power transistors and power FETSs via a noise filter 46, a smoothing
capacitor 47, and a current fuse 48.

A refrigerant compressor 50 constitutes a part of the refrigerating cycle
for air conditioning. The compressor is equipped with, for example, a
three-phase inductive motor or a three-phase DC brushless motor in the
driving source thereof.

When the three-phase inductive motor is employed, the microprocessor
41 supplies three-phase, pseudo-sinusoidal waves to the compressor 50
which provides voltage/frequency values for each frequency which have
been preset for ensuring high operating efficiency of the compressor 50.
More specifically, such pseudo-sinusoidal waves are obtained by turning )
ON/OFF the six switching elements of the three-phase inverter bridge 49
according to the magnitudes of the modulated waves and carrier waves of
desired frequencies; the switching elements are turned ON/OFF according
to the theoretical calculation results given by the microprocessor 41. The
frequency of the three-phase AC power supplied to the compressor 50 is
determined by the frequency of the modulated wave.

A driving circuit 51 is a power amplifying circuit for turning ON/OFF
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to the outputs of the microprocessor 41. A switching power supply 52

receives DC power via a noise filter 53 and a current fuse 54 and supplies
the power for the driving circuit 51, the power for the microprocessor 41,
and the constant-voltage power for other units. A general-purpose constant
voltage IC or the like may be used for the driving circuit 51.

When a three-phase DC brushless motor is used as the driving source
of the compressor 50 as in the case of the embodiment shown in Fig. 4, a
position detecting circuit 55 detects the position of the rotor of the
compressor 50, then the microprocessor 41 sets the combination of
ON/OFF of the respective switching elements of the three-phase inverter
circuit 49 so as to provide an electric current supply pattern which is suited
to the rotational position of the rotor.

The position detecting circuit 55 applies to the microprocessor 41 an
output which changes according as whether the change in the induced
voltage generated in the winding of a stator as the rotor rotates is greater or
smaller than the voltage corresponding to the voltage at the neutral point of
the three-phase alternating currents. The microprocessor 41 calculates the
rotational position of the rotor of the compressor 50 according to the time
when the output of the position detecting circuit 55 has changed.

The microprocessor 41 then determines in which of six sections the
rotor is positioned, the six sections having been provided by equally
dividing one rotation, i.e. 360 degrees, into six sections at every 60 degrees,
and it turns ON/OFF the switching elements of the three-phase inverter
circuit 49 so that the three-phase electric current supplying pattern (e.g. a
three-phase AC supply pattern wherein each phase repeatedly turns ON for
120 degrees and OFF for 60 degrees) which corresponds to that particular
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chopping at a predetermined cycle rather than by continuous 120-degree

electric current supply and also by changing the ON duty of the chopping

to change the voltage substantially applied to the winding of the stator.

Temperature sensors 56, 57, and 58 are composed of thermistors

having negative characteristic; they are configured such that the voltage

corresponding to the resistance value that changes with temperature is

supplied to an analog-to-digital input port of the microprocessor 41. The

temperature sensor 56 detects the temperature of open air; the temperature

sensor 57 detects the temperature of the compressor 50; and the temperature

sensor 58 detects the temperature of the heat source side heat exchanger

which is a constituent part of the refrigerating cycle. The microprocessor

41 employs the temperature data received from these temperature sensors to

conduct control.

A stepping motor 59 has approximately 500 steps of rotation to allow

a stroke in 500 steps; the stroke regulates the pressure reducing amount or

the expansion of an expansion device or an expansion valve which is a

constituent part of the refrigerating cycle. The rotation step of the stepping

motor 59 is controlled according to the output given by the microprocessor

41 via the driving circuit 60. There are mainly two control methods: in

one control method, the rotation step is controlled by the characteristics

which have been established beforehand to be associated to the number of

revolutions of the compressor; in the other control method, the number of

rotation steps is increased or decreased so as to always maintain a constant

evaporating temperature or condensing temperature of the refrigerant in the

refrigerating cycle.
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A fan motor 61 drives a propeller fan provxded in a position for

blowing wind to the heat source side exchanger. The fan motor 61
employs a DC brushless motor as is the case with the fan motor 25; the
number of revolutions thereof is also controlied by the microprocessor 41
via a driving circuit 62.

A refrigerant channel selector valve 63 switches the flow of the
refrigerant to allow switching between a cooling mode wherein the user
side heat exchanger in the refrigerating cycle acts as an evaporator and a
heating mode wherein the user side heat exchanger acts as a condenser. A
four-way valve is usually used for the refrigerator channel selector valve
63.

Connection is switched between selector armatures 64a and 64b via a
power relay according to an output of the microprocessor 41. Fig. 4 shows
a state where no electric current is being supplied to the power relay.

When the connection of the selector armature 64a is switched to a
diode bridge 65a, electric currents flow from the selector armature 64a to
the armature 64b, causing the refrigerant channel selector valve 63 to be
switched to one side. Conversely, when the connection of the selector
-'armature 64b is switched to a diode bridge 65b, electric currents flow from
the selector armature 64b to the selector armature 64a, causing the
refrigerant channel selector valve 63 to be switched to the other side. The
refrigerant channel selector valve 63 has a self-holding mechanism which
maintains a switched state; therefore, the refrigerant channel can be
switched by supplying electric currents in a predetermined direction for a
predetermined time. Electric currents are applied at predetermined intervals
to maintain the self-holding of the channel.

A current transformer 66 is installed in a position where it can
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transformer are directly subjected to analog-to-digital conversion at
predetermined intervals and the results are captured by the microprocessor
41. The microprocessor 41 calculates root mean square values from a
current waveform based on the enumeration of digitalized values at
predetermined intervals and it uses the obtained root mean square values for
controlling the currents.

The control of currents is conducted to control the number of
revolutions of the compressor 50, i.e. the refrigerating capability of the air
conditioner, so that the currents consumed by the heat source side unit stay
under a preset value of current. The number of revolutions of the
compressor 50 is decided based on the increase or decrease of refrigerating
capability relative to the current refrigerating capability which is determined
by fuzzy operation tuned so that room temperature reaches a preset
temperature in the user side unit 2, using the difference between the room
temperature and the present temperature and the change in the difference as
the inputs. The increased or decreased value is sent from the user side unit
2 via the serial circuit 40.

The number of revolutions of the compressor 50 is set by adding the
increased or decreased value to the current number of revolutions and it is
updated to a new number of revolutions. The microprocessor 41 turns
ON/OFF the switching elements of the three-phase inverter circuit 49 such
that the compressor 50 reaches the updated number of revolutions. At the
time of startup, the compressor 50 has been set to a predetermined number
of revolutions as the initial value thereof.

As the power consumed approaches a preset value, a correction is
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revolutions from increasing, and a range wherein a correction is made to
decrease the number of revolutions, thus preventing the consumed currents
of the compressor 50, i.e. the consumed currents of the heat source side
unit, from exceeding a preset value. If the consumed currents considerably
exceed the preset value, then it is regarded as a failure of the air
conditioner AC and the operation of the air conditioner is stopped and the
failure is displayed.

Hence, the consumed currents of the air conditioner AC can be
approximately controlled by changing the preset value. The preset value is
set by a signal issued from the user side unit; it is set, for example, to 20A,
17A, 15A, or 10A for a general household air conditioner.

The preset value can be also changed on a 1-ampere basis by using an
increase or decrease signal received from the system interconnection power
supply 2, which will be discussed later, while the demanding function is
being enabled after a signal from the remote controller has been sent via the
user side unit 3.

. F ig. 5 shows the control circuit of the system-interconnected generator
10 composed of the solar battery 1 and the system interconnection power )
supply 2; it is configured to permit the exchange of signals among the
microprocessor 71, the microprocessor 17, and the microprocessor 41 via
the serial circuit 70. In this circuit, the foregoing solar battery 1 for
converting solar energy to electric power is connected to a capacitor 74 via
a protecting diode 73, and the power generation output is stored in the
capacitor 74.

In a single-phase inverter circuit 75, four switching elements composed
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conti nuous pseudo sinusoidal wave. Fig. 12 shows twojc C|es of the pseudo
si nusoi dal wave generated as described above. In Fig gﬂA Dn 110
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The distortion is judged by conparing the instantanegus val ue of currefts
obt ai ned via the T
of IGBT or other type of power switching elements are connected in

bridge; the respective switching elements are turned ON/OFF according to
predetermined patterns to provide a S0Hz or 60Hz single-phase, 100V
pseudo sinusoidal wave. The pseudo sinusoidal wave passes through coils
76, 77 and a low-pass filter constituted by a capacitor 78 and it is boosted
to AC power of 50Hz, single-phase 200V+ a (@ denotes a voltage
required to reach the system). The AC power is supplied to the power line
of the system via the residential distribution board 7 shown in Fig. 1.

Interlocked, normally open armatures 80a and 80b are closed when
electric currents are supplied to a power relay 81. The power relay 81 is
energized or de-energized by the microprocessor 71 (U83C196MH made by
INTEL) via a driving circuit 82 which is a power amplifying circuit. If the
microprocessor 71 determines that the solar battery 1 is not generating
power or if any failure has been detected, then it opens the normally open
armatures 80a and 80b to isolate the system interconnection power supply 2
from the system.

A transformer primary current detecting circuit 83 detects the currents
flowing through the primary of a boosting transformer 79, i.e. the solar
battery 1. The current is output in the form of an alternating current
waveform through C.T. and directly supplied to the analog-to-digital
conversion port of the microprocessor 71. The microprocessor 71 subjects
the waveform to analog-to-digital conversion at every predetermined
intervals (e.g.-every 200 u sec) and employs the result for control, taking it
as an instantaneous current value at every predetermined time interval.

To implement the control, the microprocessor 71 first stores the
eurrent value, which has gone through the analog-to-digital conversion, in a

storage section (ROM) as table data and compares it with the current value



transformer primary current detecting circuit 83 with_a eoretic current
val ue. The distortion is corrected in the follow ng dycle by correg¢tiing the
val ue of TB constituting the same section denoted Ry reﬂérMAﬁé9€hanacter
111 in the follow ng cycle. Mire specificzily, t he ldilstortion 110 9f |the
actual |y neasured current waveformis s¥ +—t han it he theoretical cyrrent
val ue; therefore, the value of TBis corrected to "TB.=_TB. +.[ecr]” |
(where a is a positive value) in the section 111. If the distortion 110 of
the actually meakeisemecphaRnof \dedtf@Qirfertswhasem HAGN WhRh! ke@sRiuseidal
current value, then a negative value is adopted for & This correction is

3’01][][' ed ?ut ORufreht Sepiafona, WEke! 8 cobfecliohUdl IntréBRSoF decriase 2hé vollage ofS
| eren

(@)

the same phase in the following cycle so that the waveform of the output
current is close to the ideal current waveform, thereby restraining the
distortion of the waveform of the output current.

For electric currents of S0Hz, sampling is performed at every 200 «
sec to produce the ideal current waveform table data; therefore, 20
msec/200 « sec = 100 pieces of data, or 84 pieces of data for 60Hz.

The ideal waveform data can be calculated by multiplying reference
data by a predetermined ratio for each required current root mean square
value according to pre-established reference data.

A transformer secondary current detecting circuit 84 detects the
currents flowing through the secondary of the boosting transformer 79, i.e.
the system side. This circuit supplies the waveform of the current detected
through C.T. to an IC for calculating root mean square values (e.g.
NJM4200 made by Shin Nippon Musen K.K.) via a full-wave rectifying
circuit which employs a general-purpose IC (e.g. LA6324 made by Sanyo
Denki K.K.). The IC converts the root mean square value of the current
detected through the C.T. to a voltage change and supplies the voltage
change to the analog-to-digital input port of the microprocessor 71. The
microprocessor 71 determines the current root mean square value from the
voltage change so as to determine the output power value of the system
interconnection power supply 2 and displays it on the display unit.

A U-phase system voltage detecting circuit 85 and a V-phase system
voltage detecting circuit 86 cut off the supply of power to the system if -a
fluctuation exceeding a predetermined value has taken place in the voltage

which is applied to the system. These circuits respectively detect the
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the corrected TB val ue by using the val ue of dat Haf a tabl e
in the step S2 of the flowchart shown in Fig. 11 _ A flowchart
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In the steps S8, S9, and S10 of the flowchart shpwn in Fig. 11 is jbeing
carried out. This operation may be perforned at the time of swWitthing of
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the neutral point and the V-phase from the single-phase, three-wire, 200V
AC power supplied by the system-interconnected generator 10. These
detecting circuits are identical and they commonly use the electric circuit
shown in Fig. 6.

In Fig. 6, the change in the voltage between the terminals received
from the system side is supplied via the LA6324, which is the IC
constituting the full-wave rectifying circuit, to the NJM4200, which is the
IC for calculating the root mean square value, and the DC voltage
corresponding to the root mean square value is supplied to the
analog-to-digital conversion input port of the microprocessor 71. The
microprocessor 71 uses the root mean square value of the voltage, which
has undergone the analog-to-digital conversion, to carry out the control.

A system voltage zero crossing input circuit 87 judges a zero crossing
signal of the system (AC power) and supplies the signal to the
microprocessor 71.

Fig. 7 shows the system voltage zero crossing input circuit 87; the
voltage of the system is supplied to a comparator 88. When the positive
and negative of the voltage applied to the input terminal of the comparator
88 is reversed, the output thereof is also reversed. The output of the
comparator 88 is applied to a photocoupler 89 and it undergoes noise
removal, voltage conversion, and electrical isolation before it is supplied to
the microprocessor 71. The microprocessor 71 determines the zero
crossing point of the system from the change in the output and controls the
output timings of the ON/OFF signals for the switching elements so that
the zero crossing pattern of the AC power output from the single-phase

inverter circuit 75 matches the zero crossing pattern of the system, the zero



- 31 - In a step S20, a current |G detected by the trag@,_ %@ﬁﬁﬁﬁ&%

current detecting circuit 83 is read. The current nay
section which has already been read. In steps S21 and

m croprocessor conpares the foregoing cugpent value |
current value of the pseudo sinusoi dal-mg-&e—wi ch has

sol ar battery 1 to generate power at the optinum operiating poi nt, 11 tH

23, the
G Wi 115 Miag Whtoriet
been set to al ljoy

a

i cal
/ t he
e

value of 1Gis smaller than the theoretical current value. then the .|

i cr opr ocessogrossingepbintiprovidingethef reférence timing for matching phases when

making a voltage correction for obtaining the foregoing ideal current
waveform. |

A personal computer interface (I/F) 88 provides an interface circuit for
the connection of a signal conductor when connecting to a personal
computer outside. This circuit permits the communication of a
predetermined standard (e.g. RS-232C); it employs a general-purpose IC
which enables the RS-232C type communication such as MAX232. Using
the personal computer I/F 88 makes it possible to control the
system-interconnected generator 10 from outside through the personal
computer.

Displays 89 and 90 are composed of three digits, each digit having
eight segments; they mainly display the power generated by solar battery 1,
the codes indicating the type of failures if failures have occurred, and the
guideline set values for initialization. The output signals from the
microprocessor 71 are power-amplified by a display driving circuit 91
composed of a general-purpose driver IC and they are applied to the
displays 89 and 90 which are dynamically lighted in response to the
signals.

A display LED 92 is dynamically lighted via the display driving
circuit 91 in response to an output signal of the microprocessor 71. The
display LED 92 is lighted green to indicate that the system-interconnected
generator 10 is in operation, or to indicate the open or closed states of the
normally open armatures 80a, 80b which open in case of a failure; it is
lighted red if a failure occurs, or it is lighted yellow if the solar battery 1 is
generating insufficient power.

A switch unit 93 is composed of pushbutton switches or lock type
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for the control.

The switches primarily include those for validating the changing mode
of set values, those for erasing stored data indicative of the records of
failures, and those for starting and stopping the system-interconnected
generator 10.

An EEPROM 94 is a memory for storing set values and the brief
histories of failures, the set values being used for individually setting
reference values for judging failures which differ from one system to
another.

A solar battery current detecting circuit 95 detects the amount of
currents output from the solar battery 1 and supplies the detection result to
the microprocessor 71.

Fig. 8 is an electric circuit diagram showing a solar battery current
detecting circuit 95; a DC current detecting transformer 96 outputs a
voltage corresponding to the currents output from the solar battery 1. The
output is supplied to the IC, NJM4200, for calculating a root mean square
value to provide the voltage corresponding to the root mean square value,of
the currents. The currents output from the solar battery 1 are not
completely direct currents and they contain pulsating flow components;
therefore, the root mean square value is calculated to obtain an accurate
current value. The microprocessor 71 captures the voltage through the
analog-to-digital input port and stores the current value corresponding to the
voltage at a predetermined address in a memory to use it for the control.

A solar battery voltage detecting circuit 97 detects the voltage between
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solar batter hetefRindls o trﬁ%esrolgrn b%&te{'y M5 WS QY theEllected voltage to the
microprocessor 71. Fig. 9 shows the electric circuit of the solar battery
voltage detecting circuit; reference character 98 denotes a
voltage-to-frequency (V/F) converting IC (e.g. NJM4151 made by Shin
Nippon Musen K.K.).

The voltage between the terminals of the solar battery 1 is divided
through a resistor and raised by a predetermined amount before it is
stabilized through a capacitor 99 and applied to the voltage input terminal
of the V/F converting IC 98 which provides an output at a frequency
corresponding to the applied voltage and supplies the output to the light
emitting element of a photocoupler 101 by using an output resistor 100.
The output of the photocoupler 101 is given to the microprocessor 71
which measures the frequency of the received output to determine a
corresponding voltage.

An IGBT driving circuit 102 drives the switching elements
constructing the single-phase inverter 75. In this embodiment, the IGBT
driving circuit is employed; however, if a power transistor or a power FET
is used, then a transistor driving circuit or an FET driving circuit will be
employed.

More specifically, the IGBT driving circuit 102 amplifies the power of
the ON/OFF signals issued from the microprocessor 71 to a level which is
sufficiently high to drive the IGBT; it is constituted by a photocoupler,
amplifier circuit, etc. A general-purpose driving circuit may be used for
the purpose. )

A third harmonic detecting circuit 103 detects such failures as a power
failure and disconnection of a system by detecting an increase in the third

harmonic and cuts off the connection thereof to the system-interconnected
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Application No. 7146599.)

The system-interconnected generator 10 thus constructed converts the

bower generation output of the solar battery 1 to a 100V single-phase AC
power based on 50Hz or 60Hz pseudo sinusoidal waves through the
single-phase inverter circuit 75 if the voltage detected by the solar battery
voltage detecting circuit 97 is a predetermined voltage or higher, that is, if
it is the value, at which generated power can be taken out, or higher.

The single-phase AC power is converted to a 200V single-phase AC
power through the boosting transformer 79 and it is supplied to the system
if the normally open armatures 80a and 80b are closed. In actual
operation, the power is set such that it is slightly higher than 200V in order
to allow the power to reach the system; however, it is assumed in the
following description that the power is 200V.

At this time, the power generated by the solar battery 1 is dynamically
displayed on the display 89 by the microprocessor 71.

Fig. 10 is an explanatory view indicative of a pseudo sinusoidal wave
(the sinusoidal wave indicates the current waveform) generated by the
single-phase inverter circuit 75. For easier understanding, one cycle is
divided into sixteen sections, namely, section 1 through section 16. In
practical use, for 50Hz, one cycle is 20 msec and the sampling is performed
at intervals of 200 4 sec; therefore, there will be 100 sections (20 msec
divided by 200 £ sec). For 60Hz, there will be 84 sections. _

One cycle begins in synchronization with a zero crossing signal issued
from the system voltage zero crossing input circuit 87. From the point

where the zero crossing signal has been received, the waveform divided
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of the smoothing capacitor 74.

The zero crossing signal is issued twice at every 180 degrees in a
cycle, so that eight sections (section 1 to section 8) constituting half a cycle
may be defined as one cycle. In this case, the next half of the cycle is the
output of the eight sections (section 1 to section 8) which have been
reversed. |

The three potential points, namely, +Vcc, 0, and -Vcc, are obtained by
selecting proper combinations of the ON/OFF states of the switching
elements of the single-phase inverter circuit 75. Thus, the pseudo
sinusoidal wave can be obtained by changing in order the combinations of
the ON/OFF states.

Each one of the sixteen sections (see, for example, the fourth section
from the zero crossing point) consists of three periods, namely, TA, TB,
and TC; the period TA and the period TC have the same length of time.

Hence, a data table which shows frequency F (50Hz/60Hz) and the
value or time of TB for each section from 1 through 16 is stored in the
storage section. A selected combination of ON/OFF is implemented and
maintained for the set value or time for each section. The value of TA and
TC is (200  sec - TB)/2. |

Fig. 11 shows a flowchart for generating the waveform of the pseudo
sinusoidal wave. In the flowchart, various initializations are performed in a
step S1, then the microprocessor 71 begins operation. In a step S2, the
required data for the frequency is read from the data table stored in the
ROM 94 to generate a new data table.

In a step S3, the microprocessor judges whether there has been an
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microprocessor decides that the zero crossing signal has been received, then
it sets "N=1" in a step S4 and proceeds to a step S5. If no zero crossing
signal is found in the step S3, the microprocessor immediately proceeds to
the step S5. The judgment of the zero crossing signal is implemented by
the interrupt by the microprocessor 71; therefore, the step S3 is
implemented whenever the zero crossing signal is issued.

In the step S5, the data on TB of the section specified by a variable N
is read from the new table. In the following step S6, the data on TB is
corrected according to a pre-established format in relation to the voltage of
the power generated by the solar battery so as to obtain the current value of
the pseudo sinusoidal wave which has been set to enable the solar battery
to generate power at an optimum operating point.

In a step S7, the value for TA and TC is calculated from the corrected
value of TB; a predetermined combination of the ON/OFF signals is
implemented and held for the calculated value or time in the subsequent
steps S8, S9, and S10. This generates the waveform for one section as
shown in Fig. 10.
| In the steps S8 through S10, to count the time for holding the
predetermined combination of the ON/OFF signals, a timer is used which
allows an interrupt signal to be issued when time is up, thus enabling the
microprocessor 71 to conduct other type of control until the time is up, that
is, until the interrupt signal is issued.

Next, the microprocessor sets "N = N+1" in a step S11 and goes

onto the following section; if it judges in a step S12 that N is greater 16,

then it moves the section, where N equals 1, back to the beginning.

The microprocessor then goes back to the step S3 to generate a
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described above. In Fig. 12, a distortion 110 of the current waveform is

caused by the induced load developed by an electric component with
respect to a theoretical pseudo sinusoidal wave. The distortion is judged
by comparing the instantaneous value of currents obtained via the
transformer primary current detecting circuit 83 with a theoretical current
value.

The distortion is corrected in the following cycle by correcting the
value of TB constituting the same section denoted by reference character
111 in the following cycle. More specifically, the distortion 110 of the
actually measured current waveform is smaller than the theoretical current
value; therefore, the value of TB is corrected to "TB = TB + @ (where
@ is a positive value) in the section 111. If the distortion 110 of the
actually measured current waveform is larger than the theoretical current
value, then a negative value is adopted for @. This correction is carried
out on all sections wherein the actually measured current value is different
from the theoretical value; for each cycle, the value of the next cycle is
corrected in sequence.

The foregoing correction can be repeated by updating the corrected TB
value by using the value of data read from the data table in the step S2 of
the flowchart shown in Fig. 11.

Fig. 13 gives a flowchart showing the operation which is performed
concurrently while the processing in the steps S8, S9, and S10 of the
flowchart shown in Fig. 11 is being carried out. This operation may be
performed at the time of switching of sections if processing speed of the

microprocessor 71 is fast enough to do that.
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which has already been read.

In steps S21 and S23, the microprocessor compares the foregoing
current value IG with the theoretical current value of the pseudo sinusoidal
wave which has been set to allow the solar battery 1 to generate power at
the optimum operating point; if the value of IG is smaller than the
theoretical current value, then the microprocessor corrects the value of TB
of the data table of the corresponding section to "TB = TB + 8" and
updates the value of IG in a step S22. If the value of IG is greater than
the theoretical current value, then the microprocessor corrects the value of
TB of the data table of the corresponding sectionto "TB=TB- 7" and
updates it in a step S24. The values of 8 and 7 are appropriately set
according to the maximum output of the solar battery 1; # may be equal
to 7. The values of 8 and 7 are such that they allow the current value
IG to reach the theoretical current after a few corrections are made to
decrease the variation of currents.

Making such corrections on each section of the pseudo sinusoidal
wave permits the solar battery 1 to generate power under an optimum
condition at all times and also to nearly remove distortions from the current
waveform of the pseudo sinusoidal wave, thus making it possible to supply
AC power of a stable waveform to a system.

In the foregoing embodiment, the value of the data table was firstly
corrected according to the distortion in the current waveform, then the
corrections were made to enable the solar battery to operate under an
optimum condition. Alternatively, however, the corrections may be made

first to enable the solar battery to operate under an optimum condition, then
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the distortion of the current waveform may be corrected. In this case, a

data table for correcting the distortions in current waveforms is provided
separately, this table is updated for every cycle, and the corrected value is
added after the correction for ensuring the optimum operation of the solar
battery has been made.

Further, the microprocessor 71 determines the power generated by the
solar battery 1 from the current value detected by the solar battery current
detecting circuit 95 and the voltage value detected by the solar battery
voltage detecting circuit 97, and it issues a demand signal for controlling
the operation of a load from the integrated generated power and the power
consumed by the load.

Firstly, the integrated value of the power generated by the solar battery
1 is stored in the storage section. Then, the value of power consumed by
the heat source side unit 4 of the air conditioner AC, a load, is obtained via
the serial circuit 70. The value of the consumed power is an integrated
current value employed by the heat source side unit 4 to control the
currents; it approximately corresponds to the power consumed by the load,
namely, the air conditioner.

In the next step, the demand signal is sent to the heat source side unit
4 via the serial circuit 70 to regulate the operating capability of the air
conditioner AC; the demand signal is based on the value of the integrated
power obtained by subtracting the value of the consumed power from the
value of the foregoing integrated power. When sufficient integrated power
has been restored, the demand signal is cleared. _

Fig. 14 illustrates the relationship between demand and the changing
integrated value of the power generated by the solar battery. Reference

character P in the chart of Fig. 14 denotes the integrated value of the power



the sold power substantially saves the cost for air con iﬁF%LrﬁCrWENx'hSIHEU
means that utilizing the sold power allows the systemtq ke used as
equi pnent for accumnul ati ng power, thus permtting al nost flul 4 SUMAY 399% he
solar battery 1. Fig. 15 shows a flowch i ndi cati ve of] tlhe procedure fiof
perform ng the demand control; when the feminterconnected generator 1(
Is started in a step S30, the integrated value P is set {{o _an.initial
value. This initial value can be selected by switches; choices for the

initial val ugepetaf@d %yme“s?dluﬂ%atthﬁy ValPsedenciesad vatueg berrpspendiagroutied by

the air condltloner over a period of ten days, the value indicating the

power ConSUfTPé“}%‘x‘ ddiBupied bynttetioadehatelpVeie girririditlonér 6Q coveran peridie
a

val ue indicating the
of three days; P2 denotes a value corresponding to the power consumed by

U

the load, namely, the air conditioner AC, over a period of two days; and Pl
denotes a value corresponding to the power consumed by the load, namely,
the air conditioner AC, over a period of one day. These values are
appropriately set according to the operating capability of the air conditioner
AC, the maximum power generated by the solar battery I, etc.

Zone A through zone C are set using P3, P2, and P1 as shown Fig. 14.

Appropriate differentials are also set for the decrease and increase of the

integrated value P.

In zone A, the demand signal for decreasing the operating maximum
current to two thirds of the preset value is sent to the heat source side unit
4, in zone B, the demand signal for decreasing the operating maximum
current to a half of the preset value is sent to the heat source side unit 4;
and in zone C, the demand signal for decreasing the operating maximum
current to one third of the preset value is sent to the heat source side unit 4.

If the integrated value does not fall in any of these zones, then the
demand is cleared. Such demand signals are valid when the demanding
function of the air conditioner AC has been set in a valid manner.

Carrying out the control as described above makes it possible to
control the power consumed by the air conditioner AC to stay within the
power generated by the solar battery 1 when it is averaged on an annual
basis. Specifically, the power generated on days when the air conditioner
AC need not to be operated and the surplus power obtained when operating
the air conditioner AC on smaller power are integrated, and the cumulative

power is used when the air conditioning operation is necessary, thus



power consunmed by the air conditioner AC over a perio @ﬁPMQﬁéﬂE 1 S}?EETn
the value indicating the power consuned by the air condijti oner AC over
period of three days. An appropriate one anobng these ihilials MAYU9S7 i
sel ected according to the season when t_he“sx_stemi nt ertonnect ed gener at dr
10 is installed or the operation thereof=s—begun. Preferatty;—a [arger
initial value is set in a hot season and a cold seasoniwhen nore_ powes—-
consuned, while a smaller initial value is set for a s€ason of noderate
t enper at ur es;canteollingtthe! powereonsymeldt by the iatetynditioner AC tchstayawithinl ue
t hroughout the year. In a step S32, the power generated by the solar
battery 1 is thd(*ﬁiwélogbhﬂ'ajtm bgrmeesblnalbuaeﬁf ]Jand in a step S33, the power
consunmed by the air .

In other words, the integrated values of the power indicate the power

sold to the system; operating the air conditioner AC on the power within
the sold power substantially saves the cost for air conditioning. This
means that utilizing the sold power allows the system to be used as
equipment for accumulating power, thus permitting almost full use of the
solar battery 1.

Fig. 15 shows a flowchart indicative of the procedure for performing
the demand control; when the system-interconnected generator 10 is started
in a step S30, the integrated value P is set to an initial value. This initial
value can be selected by switches; choices for the initial value primarily
include the value indicating the power consumed by the air conditioner AC
over a period of ten days, the value indicating the power consumed by the
air conditioner AC over a period of seven days, the value indicating the
power consumed by the air conditioner AC over a period of five days, and
the value indicating the power consumed by the air conditioner AC over a
period of three days. An appropriate one among these initial values is
selected according to the season when the system-interconnected generator
10 is installed or the operation thereof is begun. Preferably, a larger initial
value is set in a hot season and a cold season when more power is
consumed, while a smaller initial value is set for a season of moderate
temperatures; the initial value may alternatively be set to the same value
throughout the year. _

In a step S32, the power generated by the solar battery 1 is added to
the integrated value P, and in a step S33, the power consumed by the air

conditioner AC is subtracted from the integrated value P to determine the



conditioner ACis subtracted fromthe integrated value Pt
I ntegrated value used for the control. In steps S34 throug
m croprocessor determ nes in which zone anong the zones A
integrated value P lies. If the integrqt§g value P is in f
the m croprocessor proceeds to a step | ssue a demm
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In steps S34 through S36, the microprocessor determines in which
zone among the zones A through C the integrated value P lies. If the
integrated value P is in the zone A, then the microprocessor proceeds to a
step S37 to issue a demand signal to the heat source side unit 4 of the air
conditioner AC so as to decrease the set value of current control to two
thirds thereof; if the integrated value P is in the zone B, then the
microprocessor proceeds to a step S38 to issue a demand signal to the heat
source side unit 4 of the air conditioner AC so as to decrease the set value
of current control to a half thereof; if the integrated value P is in the zone
B, then the microprocessor proceeds to a step S39 to issue a demand signal
to the heat source side unit 4 of the air conditioner AC so as to decrease
the set value of current control to one third thereof; and if the integrated
value P does not lie in any of the zones A through C, then the
microprocessor proceeds to a step S40 to issue a signal for resetting the set
value for controlling currents to the heat source side unit 4 of the air
conditioner.

Fig. 16 shows a flowchart of another embodiment wherein the set
value for current control is changed according as whether the integrated
value P exceeds P1 or not.

The same operations as those indicated by the flowchart shown in Fig.
15 are assigned the same step numbers and the descriptions thereof will be
omitted. Firstly, in a step S41, the microprocessor judges whether the
integrated value P exceeds P1, and if P < P1, then it sets in a step S42, as
an updated current control value, the value obtained by subtracting a value
corresponding to 1 ampere from the set current value for current control,

i.e. the current control value, obtained from the heat source side unit 4.



m croprocessor proceeds to a step S38 to issue a dema dR&PmﬁN% Wﬁgh%at
source side unit 4 of the air conditioner AC so as to|d e setl
val ue of current control to a half thereof; if the int raL\%M\ﬁIm‘}P s in
the zone B, then the m croprocessor procggds to a step 9'tb"ssue a} |
demand signal to the heat source side ani of the ai ti-one S

as to decrease the set value of current control to oneithird thereof; an

if the integrated value P does not lie in any of the zbénes—Athrough C,

then the micropr q?ﬁtﬁé%i@b?f@@é%goﬁ dedidesein H4tep S4B3sthae tihe Sudrent dontrol
resetting the set value fof controlling currents to the heat source side

unit 4 of theyalye SARSANEONRN SFilfen #OSEHHENS carfene woherol valluerauibto SA in

enbodi ment wherein the set _
a step S44 so that it does not go down lower than 5SA. This lower limit

value is set to an optional appropriate value.

If the condition, P < P1, is not satisfied in the step S41, then the
microprocessor sets in a step S45, as an updated current control value, the
value obtained by adding a value corresponding to 1 ampere to the set
current value for current control, i.e. the current control value, obtained
from the heat source side unit 4. If the microprocessor judges in a step
S46 that the current control value is greater than the set value (the set value
is the current control value initially set in the heat source side unit 4, that
is, the value set by the user side unit 3), then the microprocessor sets the
current control value equal to the set value in a step S47 so that the current
control value does not exceed the set value.

In a step S48, the current control value thus set is sent to the heat
source side unit 4 to control the operating capability of the heat source side
unit 4.

As an alternative, only the judgement result of the step S41 may be
sent to the heat source side unit 4 so that the heat source side unit 4 may
take care of the steps S42 through S47. In this case, the heat source side
unit 4 is required to have the function for implementing the steps.

The description given above has referred to the interconnection
between the system-interconnected generator 10 and the air conditioner AC.

The present invention, however, is not limited thereto; it may also be
applied to various other equipment having the demanding function.

For instance, in the embodiment, the system-interconnected generator

10 is separated from the air conditioner AC; however, if the



value for current control is changed accordi ng as whet eRERMEMﬁNEg‘W&E@d
val ue P exceeds Pl or not. The sane operations as thosg igmdrcated by { he
flomchart shown in Fig. 15 are assigned the sane step rurrbeig @ﬁg@éﬁ’e
descriptions thereof will be omtted. Figstly, in a stdp|$4
m croprocessor judges whether the int e-'gréie'd—val ue P eXcdeds.Rl,—ane-+f P <
P1, then it sets in a step S42, as an updated current dontrol value, the
val ue obtained by subtracting a value corresponding to ‘t—anmpere~fromtnhe

set current E?kﬂém-fi@trer@dﬂr{&rt‘éd ?éﬂkfzﬁbr i$ dediddbed FoF tiedaircoonditionéd! then it

obtai ned frontthe heat source Side unit
may be constructed integrally with the air conditioner.

When applying the present invention to equipment which is not

provided with the demanding function, the equipment is to be connected to

* an adapter for turning ON/OFF the supply of power so as to tumn the
equipment ON/OFF through the adapter. At this time, the demanding
function directly corresponds to the ON/OFF states of the equipment; the
currents consumed by the equipment may be detected through the adapter,
or a close value may be selected among the values which have been preset
in the adapter.

Fig. 17 illustrates still another embodiment; the same constituent
elements as those shown in Fig. 1 will be assigned the same reference
numerals. The embodiment shown in Fig. 17 has an adapter 200,
equipment 201, a timer 202, a normally closed armature 203 which is
opened and closed by the adapter, and a current detector 204 for detecting
the currents flowing through the equipment.

The equipment 201 is, for example, a ventilating fan installed in an
attic or under a floor, or in a house or space not in use for an extended
period of time. The driving power for the equipment is supplied from the
residential distribution board 7 via the normally closed armature 203.

The timer 202 issues an operating signal to the ventilating fan 201 to
actuate the ventilating fan 201 for a predetermined period of time at a
predetermined cycle or a predetermined time.

The adapter 200 judges whether the ventilating fan 201 is ON or OFF
through the current detector 204 and also detects the currents consumed By
the ventilating fan 201 and reports it to the system interconnection power

supply 2 of the system-interconnected generator 10. The adapter 200 opens



I f the mcroprocessor decides in a step S43 that the cgrrent—comtT fue
is smaller than 5, then it sets the current control va uBEMGEMENJB(%*,E«ﬁanFa
step S44 so that it does not go down |ower than 5A. This[Tower Iimt vhlue
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satisfied in the step S41, then the mie-é@pﬁocessor set$ in a step S45,{a
an updated current control value, the val ue obtai ned by addi-ng-avatue
corresponding to 1 anpere to the set current value foricurrent control, ,

e the cur b?@lo%”&{epﬁ%ég{;géﬁf clgRePaftfigylre 703 hfﬁ@%ns'éoﬂér fife demandni t 4.

If the m croprocessor ju na step e current control val ue

I's greater tQphAdeeibed Froth the Sy stéth-ifieitdnnected generator 10.

In the equipment thus configured, the ventilating fan 201 is operated

for the predetermined period of time at the predetermined intervals as long
as there is integrated power provided by the solar battery 1.

More specifically, the ventilating fan is operated substantially by the
solar battery only, thus obviating the need for purchasing power from the
system.

The equipment is not limited to the ventilating fan; any other
equipment may be used as long as it is compatible with such an adapter.

Fig. 18 shows a flowchart indicative of the main operations of the

- adapter 200 and the system-interconnected generator 10. In this flowchart,
the amount of power generated by the solar battery 1 is integrated to obtain
the integrated value P in a step S50. In the following step SS51, it is
judged whether the ventilating fan 201 is running or not. This judgment is
performed by determining whether the adapter 200 has detected the currents
flowing through the ventilating fan 201, that is, whether the currents of a
predetermined level or higher have flown. If it has been decided that the
'Qentilating fan 201 is not operating, then the microprocessor goes back to
the step S50 to integrate the generated power.

If the microprocessor has determined that the ventilating fan 201 is
operating, then it proceeds to a step S52 wherein it calculates the power
consumed by the ventilating fan 201 from the currents consumed by the
ventilating fan 201 which is received from the adapter 200, and it subtracts

the calculated consumed power from the integrated value P.
Then, in a step S53, the microprocessor judges whether the integrated

value is greater than zero (P > 0); if the judgement result is affirmative,
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alternative, only the judgenent result of the step $S41
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state, thereby allowing the ventilating fan 201 to operate. If the condition

(P > 0) is not satisfied, then the microprocessor goes forward to a step S55
wherein it actuates the auxiliary relay to open the normally closed armature
203 to stop the ventilating fan 201.

The microprocessor then goes back to the step S50 to repeat
integrating the generated power.

Thus, according to the present invention, the demanding function of
the equipment is enabled according to the integrated value of the power
generated by the solar battery and the power consumed by the equipment so
as to control the power from the system consumed by the equipment.

Further according to the present invention, the demanding function is
implemented in a plurality of steps according to the decrease in the
integrated value, permitting restrained variation of the capability of the
equipment caused when the demanding function is implemented.

In addition, according to the present invention, by providing the
equipment with a minimum operation capability, the equipment can be
6perated at a minimum capability thereof while the demanding function is
being implemented. The power consumed during the operation at the
minimum capability is stored when the integrated value turns to a negative
value, which is made up for when surplus power is generated by the solar
battery. This makes it possible to control the power consumed by the
equipment to the power generated by the solar battery throughout the year.

Furthermore, according to the present invention, the demanding
function of the equipment is effected according to the integrated value of

the power generated by the solar battery and the power consumed by the
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equipment so as to control the power from the system consumed by the
equipment.

According to the present invention, the operation of the equipment is
controlled according as whether the integrated value of the power generated
by the solar battery exceeds zero; therefore, a substantial demand effect can
be achieved even for equipment, which is not provided with the demanding
function, by repeatedly turning it ON/OFF.

Moreover, according to the present invention, when equipment is
automatically operated at predetermined intervals, it is possible to control
the power consumed by the equipment within the power generated by the

solar battery throughout the year.



systeminterconnected generator is dedicated for the air conditioner, then
it may be constructed integrally with the air conditioner. \Wen applying
the present invention to equi pnent which is not provided with the q ndi ng

function, the equipnment is to be connect to an ad I “ i QN OFF
the supply of power so as to turn the quﬁg—'pﬂﬁent wﬁmmmﬂmw m‘ apter.

At this tine, the demanding function directly correspbdbnds t'o the ON OFF
states of the equipnent; the currents consuned by the equi pment may be

detected through the adapter, or _a close value nay be sel ected anong the

val ues which Whe adapter. Fig. 17 illustrates still

another: enbod nenlt.; Ahfysigr;rfin%grrcl:sétnhtcag&%t generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, said system-interconnected generator comprising:

a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by particular electric equipment receiving power supplied from
said system, from the integrated value stored in said storing section; and

a demanding section for enabling a demanding function of said electric

equipment when the integrated value stored in said storing section becomes

smaller than a predetermined value.

2. A system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, said system-interconnected generator comprising:

a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by particular electric equipment receiving power supplied from
said system, from the integrated value stored in said storing section; and

a demanding section for issuing a demand signal to said electric

equipment every time the integrated value stored in said storing section

becomes smaller than any one of a plurality of preset values. | REPLACEMENT SHEET
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el ements as those shown in Fig. 1 will be assigned the sane reference
nuneral s. The enbodi nent shown in Fig. 17 has an adapter 200, equi pnment

201, a tinmer 202, a normally closed armature 203 whi ! II mLcI osed
by the adapter, and a current detector 204 for det ecﬁmﬂﬂumgmﬁ “m
fl owi ng through the equi pnent. The equlpgﬁnl 201 is, fort exanfle} a
ventilating fan installed in an attic or under a floor, or in a house or
space not in use for an extended period of tine. The driving power for the

equi prent is supplied fromthe residential distribution board 7 via the
fhe vent il ating Pan ooXSiey JueiamidqlEd generatdr HANIAE apoer cBRyeHendor L0
predeterm ned,Reekafh 9bidr éfery t8 AC power and supplying the AC power to a
system on a commercial AC power supply so as to make it possible to sell
the power to the system, said system-interconnected generator comprising:
a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;
| a correcting section for subtracting a value of power, which is
consumed by an air conditioner receiving power supplied from said system,
from the integrated value stored in said storing section; and
a demanding section for issuing a signal to the air conditioner to lower
the operating capability thereof in steps within a range which exceeds a
preset operating capability every time the integrated value stored in said

storing section becomes smaller than any one of a plurality of preset values.

4. A system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a
system on a commercial AC power supply, said system-interconnected
generator comprising:

a storing section for storing an integrated value of the AC power
which has been converted from solar energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by electric equipment receiving power supplied from said system,
from the integrated value stored in said storing section; and

a demanding section for enabling a demanding function of said electric

equipment when the integrated value stored in said storing section becomes

smaller than a predetermined value. REPLACEMENT SHEET !
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predeterm ned cycle or a predetermned tinme. The adapter 200 judges whet her
the ventilating fan 201 is ON or OFF through the current detector 204 and

al so detects the currents consumed by the ventil atl ports
it to the systeminterconnection power_sypply 2 of @E‘ﬂml\fm“m“"ﬂ
systeminterconnected generator 10. The pter 200 ens t

closes the normally closed armature 203 in response to the denmand signals

received fromthe systeminterconnected generator 10.

5. A system-interconnected generator having a power converter for
converting solar energy to AC power and supplying the converted AC
power to a system on a commercial AC power supply so as to make it
possible to sell the power to the system, said system-interconnected
generator comprising:

a storing section for storing an integrated value of the power which
has been sold to the system out of the AC power converted from the solar
energy by said power converter;

a correcting section for subtracting a value of power, which is
consumed by particular electric equipment receiving power supplied from
said system, from the integrated value stored in said storing section; and

a controller which enables the operation of said electric equipment

while the integrated value stored in said storing section is greater than zero.

6. A system-interconnected generator according to Claim 5, wherein
the operation of said electric equipment is started at a predetermined cycle

if said integrated value is greater than zero.

REPLACEMENT SHEET
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In the equi pnent thus configured, the ventilating fan 201 is operated for
the predeterm ned period of tinme at the predetermned intervals as |ong as
there is integrated power provided by the solar battery 1. Mre
specifically, the ventilating fan is opergted substantially by the sol ar
battery only, thus obviating the need fof-ﬁuwcha5|ng power fromthe system
The equi pmrent is not Lr f any. er equi pnent
may be used as |ong aS?’s‘fﬁm?p&ﬁEnﬁBﬁ ﬁ iep, &k N ERA, 'fb& Fig. 18 shows
a flowchart i '-ns of t he adapter 200 and the
syst em i nt er R g flowchart, the amount of power

enerated b theolaratter s .integrated ta, o
J Y A system-interc nnected gene%ator permits ehaecp ive use of surplus

power generated by a solar battery for operating electric equipment such as
an air conditioner. The system-interconnected generator having a power
converter for converting solar energy to AC power and supplying the AC
power to a system on a commercial AC power supply so as to make it
possible to sell the power to the system is equipped with: a storing section
for storing an integrated value of the AC power which has been converted
from solar energy by the power converter; a correcting section for
subtracting a value of power, which is consumed by particular electric
equipment receiving power supplied from the system, from the integrated
value stored in the storing section; and a demanding section for enabling a
demanding function of the electric equipment when the integrated value

stored in the storing section becomes smaller than a predetermined value.

Figure 1
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the integrated value Pin a step S50. In the following step S51, it is

j udged whether the ventilating fan 201 is running or not. This judgnent is
performed by determ ning whether the adapter 200 has detected the currents
flowi ng through the ventilating fan 201, that i's, whether the currents of a
predeterm ned | evel or higher have fl owAtLf. it has been decided that the
ventilating fan 201 is not operating, then the m croprocessor goes back to
the step S50 to integrate the generated power. If the m croprocessor has
determ ned that the ventilating fan 201 is operating, then it proceeds to a
step S52 wherein it cal cul ates the power consunmed by the ventilating fan
201 fromthe currents consunmed by the ventilating fan 201 which is received
fromthe adapter 200, and it subtracts
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t he cal cul ated consuned power fromthe integrated value P. Then, in a step
S53, the m croprocessor judges whether the integrated value is greater than

zero (P > 0); if the judgenent result is affirmtive, -39 - then it
proceeds to a step S54 wherein it preventg an auxiliary relay from being
actuated so as to hold the nornmally clos armat ure 203 d

state, thereby allowing the ventilating fan 201 to oper at EPLIA‘CEMEHT S

condition (P > 0) is not satisfied, then the mcroprocegspr goes e
a step S55 15
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wherein it actuates the auxiliary relay to open the normally closed
armature 203 to stop the ventilating fan 201. The m croprocessor then goes
back to the step S50 to repeat integrating the generated,power. Thus,

according to the present invention, the demandi ng functji ) erur-prent
I s enabl ed according to the integrated«%afué of the pove?EBQWEﬁEﬁ£d§ﬁ¥??1e
sol ar battery and the power consuned by the equi pnent gojas to control}the
power fromthe system consuned by the equi pment. Further {act®miangegzo | he

Bl

present invention, the demanding function is inplenente¢djin a pluralitjy pf
steps according to the decrease in the integrated val ug, permTting
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equi pment caused when the demanding function is inplenented.
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function, by repeatedly turning it OV OFF. Moreover, according to the
present invention, when equipnment is automatically operat 5@5::%; a—
predetermned intervals, it is possible to control the p f;yt_:ﬁr@"hr‘r‘ﬁdsmﬁ
t he equi pnment within the power generated t&y t he sol ar batterry thr"'GD'g‘ﬁ‘(‘)'Ui']

t he year. WHAT IS CLAIMED I'S: 1. A systeminterconnectfeg gegq.mpggw
havi ng a power converter for converting solar energy to AC|power an
supplying the AC power to a ’
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system on a conmerci al AC power supply so as to make it possible to sel
the power to the system said systeminterconnected generator conprising: a
storing section for storing an integrated value of the AC power which has
been converted from sol ar energy by said ,power converter; a correcting
section for subtracting a value of powei,—which is consunmed by particul ar
el ectric equi pnent receiving power supplied fromsaid system fromthe
integrated value stored in said storing section; and a demandi ng section
for enabling a demanding function of said electric equipnment when the
integrated value stored in said storing section becones snaller than a
predeterm ned value. 2. A systeminterconnected generator having a power
converter for
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converting solar energy to AC power and supplying the AC power to a system
on a commercial AC power supply so as to nake it possible to sell the power
to the system said systeminterconnected generator conprising: a storing
section for storing an integrated val ue the AC power which has been
converted fromsolar energy by said power—eonverter; a correcting section
for subtracting a value of power, which is consuned by particular electric
equi pnent receiving power supplied fromsaid system fromthe integrated
value stored in said storing section; and a demandi ng section for issuing a
demand signal to said electric equipnent every tine the integrated val ue
stored in said storing secti ondbecones smaller than any one of a plurality
of preset val ues.
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3. A systeminterconnected generator having a power converter for
converting solar energy to AC power and supplying the AC power to a system
on a commercial AC power supply so as to make it possible to sell the power
to the system said systeminterconnectedygenerator conprising: a storing
section for storing an integrated value~ei—%he AC power which has been
converted from sol ar energy by said power converter; a correcting section
for subtracting a value of power, which is consuned by an air conditioner
recei ving power supplied fromsaid system
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fromthe integrated value stored in said storing section; and a demandi ng
section for issuing a signal to the air conditioner to | ower the operating
capability thereof in steps within a range which exceeds a preset operating
capability every tinme the integrated value stored in said storing section
becones snal |l er than any one of a pl Ul’alﬁ&—bf preset values. 4. A

system i nterconnected generator having a power converter for converting

sol ar energy to AC power and supplying the AC power to a systemon a
commerci al AC power supply, said systeminterconnected gengy; T
conprising: a storing section for storing an integrated Vv e(eﬁ }'gg Eri\j XHET
power whi ch has been conve+te cmS)/e$1energy by said power converter;
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a correcting section for subtracting a value of power, which is consuned by

el ectric equi pnent receiving power supplied fromsaid system fromthe

i ntegrated value stored in said storing section; and a denandi ng section
for enabling a demandi ng function of saig Electric equi prent when t he
integrated value stored in said storing- + becones snaller than a
predet er mi ned val ue. - 43 - 5. A systeminterconnected generator
havi ng a power converter for
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converting solar energy to AC power and supplying the converted AC power to
a. systemon a commercial AC power supply so as to nake it possible to sel
the power to the system said systeminterconnected generator conprising: a
storing section for storing an integrated,yal ue of the power which has been
sold to the systemout of the AC pomer-éeﬁgeFF

sai d power converter; a correcting section for subtractl. a-va

power, which is consunmed by particular electric equipnen E@ééﬁwm%ﬂ’éﬂ .
supplied fromsaid system fromthe integrated value stofefd in said sforfhg
section; and a controller which enables the operation of|spi deMpet oy, ||
equi pnent :
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while the integrated value stored in said storing section is greater than
zero. 6. A systeminterconnected generator according to Claimb5, wherein
the operation of said electric equipnment is started at a predeterm ned
cycle if said integrated value is great_erlst han zero.
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