1 © SYSTEM | NTERCONNECTI ON GENERATOR ijIlf(QDE:J

BACKGROUND OF THE INVENTION [Field of the Invention] The pr esent
invention .relates to a system interconnection generat o T&00 -6
converting the solar energy into an AC power for the systemof a

conmer ci al AC power and, nore particularly, to a system

i nt erconnection- generator for suppressihg the wavef orm di stortion of the

AC power to be fed tc>t4§$ t Kéﬁﬁ' pomer gener at or of
the prior art, as using Qiégﬂiﬁk: e §EN§ in Japanese

Pat ent Application Laid-Open No. 7-2 469/1995. ThIS power

generator, as disclosed, is intended-to bring the AC power, as outputted
fromthe system interconnection generator, and the AC power of the system

into phase at a BACKGROUND OF THE INVENTION

[Field of the Invention]

The present invention relates to a system
interconnection generator for converting the solar energy
into an AC power for the system of a commercial AC power
and, more particularly, to a 'system interconnection
generator for suppressing the waveform distortion of the AC
power to be fed to the system.

[Prior Art]

The power generator of the prior art, as using the solar
energy, is disclosed 1in Japanese Patent Application
Laid-Opeéen No. 7-203469/1995. !

‘This power generator, as disclosed, is intended to bring
the AC power, as outputted from'fhe system Iinterconnection
generator, and the AC power of the system into phase at a
zero—éross point thereby to prevent the wavefbrm distortion,
as might otherwise come from the'diéfortion'of the phase.

In the system 1nterconhection'generator of the prior art
thus constructed, the waveform distortion can be suppressed
by setting the individual phases in phase but cannot

suppress . the distortion which 1is based upon the

characte f. the individual components of the system



zero-gross point thereby to prevent the waveformdistortion, as mght
opherwi se -cone fromthe distortion of the phase. .. In the system

i nterconnection generator of the prior art thus constructed, the waveform
di stortion can be suppressed by setting the individual phases in phase but
cannot suppress t he distortion which is based upon t he
characteristics of the individual conp@nents of the system

i nt erconnecti on generator.
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AC power Pﬁe“ Eggf%rﬁph%%%ﬁf gﬁg@&%ﬁgumave form the ON duty of the voltage

choppi ng wavet or m bei ng adj uste 0 "thereby supply the converted AC power
to a comer cigle A AOPer t§04T £8rsBNfspect of the present invention,

there is_ provided a system interconnection generator
comprising a power converting unit for converting a solar
energy into an AC power by using a voltage chopping
waveform, the ON duty of which is adJustéd, thereby Fo tie
the converted AC power with the system for a commercial AC
power source. Further comprised is a correction-uunit for
detecting the distortion of the éhrrent waveform of the AC
power, as fed from the system interconnection generator to
the system, to correct the ON duty of the chopping section
after 360 degrees of the chopping section, the distortion of
which has been detected, in accordance with the distortion.
According to a second aspeét qf the present 1nvention,
there - is provided a system interconnection génerator'
comprising a power converting unit for converting. a solar
energy into an AC power by uéing a Ypltage éhopping
waveform, the ON duty of which is adjustéd. thereby to
supply the converted AC power to the systém for a commercia1
AC power source. The voltage chopping waveform is divided
for one périod sequentially at an equal interval into a
plurality of sections. Each of the sections with such an ON

duty as to establish a quasi-sine wave. At a predetermined
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a correction unit for detecting a distortion part of a current waveform of
tfie AC power - supplied fromsaid systeminterconnection generator to said
comerci al AC power source and for correcting the ON duty of the voltage
choppi ng wavef orm when one cycle of the current waveform of the AC power

S passed According to a secondgaspect of the present invention,

t here |s V|ded a syste I nt efconnecCiion. g ra kS a
power %? ng Ame ¢ ?t m&%n%#?‘ﬁg %%f Psén%rjgy {:ﬁ{‘ ggmitl‘)r%ér@gb?audsﬁ ng a
voltage mave orm of .t % ch i n v rm
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sequenti a at an equal interval, into a plurality

of sectiqqs %Vagé’ﬁh Pha Ehetﬁéch ‘EﬁélhéﬁfPQnﬁUGQlaesOblfduttyleas i@l i vashadl i sh a
an

quasi - si ne at a predeterm ned phase angle of a current waveform

of the é?@i?h POYBE cROYWhEEthEBBe ¥ ObAR0GuE AR R 1WRE! Or mdeiag
consecutiv or me fromthe section corresponding to the predeterm ned

phase am}ébuﬁﬂg_both ther aeéstbenishassming €pomethendeviiatemduwdfy tie a
section having distorted the current waveform at one cycle after the

section seufPehtt hephuseent andl ueheof di htoditbnrt edopdoiE on firom retedh a
predeterm ned current val ue based on a theoretical sine waveform
3 characteristics of the individual appliance parts can be
corrected by changing the ON duty.
By using the zero-cross point of the system for the
in-phase currents, moreover, this in-phase can be easily

effected.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a échematic diagram showing the relation
between the system .interconnection generator of the present
invention and the air conditioner;

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

Fig. 3 1is an gleétric circuit diagram showing thg
relation among the serial power source, the serial circuit
and the microcomputer;

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

Fig. 5 1s a control circuit diagram of the system

interconnection generator;
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BRI EF :DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic di agram show ng
tfe rel ation between the systeminterconnection generator of the present
i nvention and the air conditioner; Fig. 2 is a block diagramof the
control circuit of the user unit of the air conditioner; Fig.3 is an
electric circuit diagramshow ng the relgtion anong the serial power

, th I
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a contro t t
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deteCt'UQVSi%Spbtdﬁ%%ckqﬁ q%%ﬁtsysten1 vol t age detectlng circuit;
Ia

Flg 7 1s ane ectric CIrCUIt gram of the system voltage zero-cross
input. circuitpgg, i gis%ﬁsef@cﬁffetéifcﬁf CiH dgFARIr M othkhe syatam cel |

current detecting circuit; 9 is an electric circuit diagramof the
sol ar celyo1tage zero-cross 1nput circuit,

Fig. 8 is an electric circuit diagram of the solar ceil
current detecting circuit;

Fig. 9 is an electric circuit diagram of the solar cell
voltage ‘detecting circuit;

Fig. 10 1is an explanatory view which 1illustrates a
quasi-sine wave to be outputted from the single-phase
inverter circuit;

Fig. 11 is a flow chart for generating the waveform of
the quasi-sine wave; |

Fig. 12 1is an explanatory diagram illustrating the !
waveform of two periods of the quasi-sine wave;

Fig. 13 1s a flow.chart showing the operations for
corfecting the current wéveform;

Fig. 14 1is an explanatorj diagram illustrating thé
relation between the change in the integrated value df the
generated poWer of the sdlar cell and the demand; |

Fig. 15 i1s a flow chart for the demand control;

Fig. 16 is a flow chart showing another embodiment;

Fig. 17 is a schematic diagram showing the relation of

the system interconnection generator of the . present

invention and another appliance; and



vol t age- detecting circuit; Fig. 10 is an explanatory view which
iglustrates a quasi-sine wave to be outputted fromthe single-phase

inverter circuit; Fig. 11 is a flow chart for generating the waveform
of the quasi-sine wave; Fig. 12 is an explanatory diagramillustrating
the waveform of two periods of the quas§-sine wave; Fig. 13 is a flow

chart show n he operations for correctln t he current wavef.orm
14 is an expl § H$a©r5ﬁ?WlFU%FFaFFﬂ@i¥geth?eW§ﬂPBnoBgfﬂgéﬁthe(g%ange

in the |ntegrated val ue of _the eneratedﬁpomer of the solar cell and the

dep?nd ) heFPﬁan8r|§n§-ﬁhﬁN ratgire BENFHand control ; Fig. 16 is
a flow chart

show ng the r eg}[ml e%%? tﬁéveggg?grﬁ”ﬂﬁtg?cgﬁﬁggéﬂ%ﬁl Sé@né%a?l%éﬁfoqi the
present ¥ﬁnt|%n arn %ﬂ%&%ﬂgﬂféﬂuﬁﬂﬁ”yé?efﬂ%ke to the accompanying

drawings.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Fig. 1 is a schematic diagram showing relations between
a system interconnection generatér (constructed of a solar
cell and a system interconnection generator) and an air
conditioner (constructed of a user unit and a heat source
unit).according to the present invention.

In Fig. 1, the solar energy is obtained from a
solar cell 1. This solar energy 1is converted into é
prédetermined AC power (of single-phase three-line type at
200 V) and ‘then supplied to the system of the commercial
power source.

A user unit_3'1s placed in a room to be conditiomed and
construbts' a separate type air conditioner together with a
heat source unit 4. The AC power is supplied from thé user
unif 3 to the heat source unit 4, and control data are
transferred between the user unit 3 and the heat source unit
4 through a signal line. This signal line is interrupted by
the signal line of the system interconnecﬁion generator 2 so
that the data can be transferred between the s&stem

interconnection generator 2, the user unit 3 and the heat



5 Fig. 18 is a flow chart show ng the major operations of the adapter

and the tenperature sensor. The present invention will be described in
connection with its enmbodinents with reference to the acconpanying
drawi ngs. . ' DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENT Fig.

1 is a schematic diagram showi ng rel atgons between a system

i nterconnection generator (constructed of a solar "cell and a system

i nt er conn&OUIr®e FaHer sdor) and an air conditioner (constructed of a user
unit and a heat source wunit) accordln% to the present |nvent|on

Fi?. 1, theA SBPEFhaéﬁérQQWGFsmeG@Falné& Pr&ﬁﬂ Ronsy] Meten ¢ ﬁre ThIS
solar energy 1is converted, int redeter ned AC omer
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indicates the electric energy to be purchased by the user
from the system, and the sold power meter 6 indicates the
electric energy to be sold from the user to the system.

A residence distribution board 7 is connected in series
with the purchased power meter.6 and the so0ld power meter 6
to distribute the power to the ' individual - electric
appliances in the residence of the user. This residence
distribution board.7 transforms fhe AC power of single-phase
three-line 200 V to an AC power of single-phase 100 V.

The output of the system interconnection generator 2 1is
outputted to the residence_ distribution.;board 7 (or
substantially between the purchased power meter 5 and the
residence distribution board 7) so that the generated
excessive- power,. as not_ﬁséd in the residence, 1is fed
through the sold'power meter 6..and the purchased'pewer meter
5 to the system. The power purchasing is enabled by
setting the voltage of the AC power to be outputted from the
system interconnection generator to a higher level than that
of the system. |

Fig. 2 is a block diagram of a control circuit of the

_user unit 3. In Fig. 1, a plug 11 is connected to the



unit 3 to the heat source unit 4, and control data are transferred between
tde user unit 3 and the heat source unit 4 through a signal line. This
signal line is interrupted by the signal line of the system

I nterconnection generator 2 so that the data can be transferred

bet ween the system interconnection-generator 2, the user unit 3 and the
heat 6 source unit 4. A purchased
power netees$dendea ddsgrpbuddomebeard Ir o dddteditedash BGeLVS t hbEhe
system (e.g., the transfornmer nmounted on a_pole, for_exanple) of the
comer ci asupElFoadr theodlc ®omeroedh sined&dPhg s 10 Mre purchased power

meter 5 indicates the electric energy.to urchagsed by.the us f
the system dhdceMESHPT b%ﬂe?aﬂef%?gGtQﬁdggagggefhgrogl BFrF@egﬁéFSQ{?g]be
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among the system interconnection generator 2, the user unit
3 and the heat source unit 4. Specifically, both the
connector '13a and a connector 13b (as mounted on the heat
source unit 4) are electrically connected at their terminals
having the same numbers. The terminals (2) and (3) of a
connector 13c (as leading from the system interconnection
generator) are connected between the terminals (3) of the
connector 13a and the connector 13b.

Numeral 14 designates a normally open contact of a power
relay 15 so that the AC power obtained from the plug 11 is
outputted to between the terminals (1) and (2) of the
‘connector 13a when the contact 14 is closed.

A .dfive circuit 16.(e.g., a general purpose buffer
_circuif or drive circuit) is operated with the oﬁtput coming
from a microcomputer 17 (e.g., a general purpose
microprocessor having 'a plurality .of anaidg/digital
conversion input terminal and input/output terminals) to
turn ON the power relay 15 in response to the output of the
microcomputer 17. This power-ON 1is effected when the
microcomputer decides that the air conditioner can perform

the normal operations.

A vertical flap motor 18 (or a stepping motor) is



to disstribute the power to the individual electric appliances in

the residence of the user. This residence distribution board 7
transforns the AC power of single-phase three-line 200 V to an AC power of
si ngl e- phase 100 V. The output of the systeminterconnection generator

2 Ls outpr}ted to the residence dBstribution board 7 (or
substanti a R I ed r d
distri butP58¥5§ \(Ij\%%q %[r%git 4]?%1 geaﬁlgﬁtr df%(cés%ef%msergé;ssﬂgﬁgﬁsed
0 une reghdenc dchah U dhe o0l diieVRlodtei efofednd 4l pur gBased

power meter system e power purchasing is enabled
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i nt erconnection generator to a higher |evel than that of the system
Fig. 21 Switﬁ%I oghhedi afen Humb&ont rod hcﬁtHe?rUlvioﬂis,t hethiserfiapi tmo3or In

Fig. 1, a plug 11 is connected to

7 rotates forward/backward step by step in response to the
forward/backward pulses outputted from the microcomputer so
-that an angle of rotation (or the flap angle) is achie&ed
according to the outpuf number of the pulses stored in the
microcomputer 17.

The microcomputer 17 outputs the pulses, as required for
the flap motor 18 to reach the designed angle of the initial
position, - to fully open/close the flaps, and then sets the
relation between the subsequent flap angle and the pulse
number with reference to the position of the flaps.

When the angle of the flaps is set to the desired value,
the microcomputer 17 outputs the:pulses until the flap angle
reaches the value set by a remote cqntroller. In the
automatic settiﬁg case, moreover, the microcomputer 17
increases/decreases the step number aufomatically so that
thg fiaps swing. Inciden%ally, this swing range is set to
become different between a cooling run and a heating run.

A horizontal flap motor 19 (or a step motor) is provided
for changing the angle of horizontal flaps to change the
discharge direction of the conditioned air, as discharged
from the user unit 3 into the room, in accordance with the

step number. The operations of_this flap motor 19 are



residence distribution board 7 so that it may receive the supply of the AC
power of single-phase 100 V. A connector 13a can feed the AC power from
the user unit 3 to the heat source unit 4 and transfer the control data
anong the systeminterconnection generator 2, the user unit 3 and the
heat source unit 4. Specifically, ®oth the connector 13a and a

connect or qu t h t 4 | ectri [ 1
cogn?cgedfép QEﬁ %%J%f E@%uﬁﬁa?rﬂP éﬁg Bhberl a%ﬁeetgfn{h;?s {2)

an 3) of a opn f t
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a power so that t power t al ned ron1the plug 11 is

out put t ed do hy EE thfnterﬂh@aJ§ef@ic§ﬂ¢h&?iz@ﬁthme a9 RRE@msl 3a pyhen
the contact 14 is close A drive circuit 16 (e.g., a general purpose

buf f er C'ddﬂﬂﬁﬂoﬂirﬁé'ﬂl@ecflép“rhétbﬁ opesng ethii Fhaphaoteirpute.coming from
a m croconputer 17 (e.g., a gener al pur pose ni croprocessor

having a phumakaly 20f, 21arsldo@Aiwdignateony aicton powet seuntsal aand
Il nput/output termnals) to a

control circuit power source and a current fuse,
respectively, which are connected in series with the
commercial AC power source connected through the plug 11. A
temperature fuse 23 will fuse, when the temperature in the
user unit 3 or the ambient temperature of the .glectronic
parts of the microcomputer 17 or the like rises, to cuts off
the feed of the working power from the control circuit power
source 21 to the microcomputer 17.

The motor power source 20 outputs constant voltages at
DC 48 V and at DC 12 V, for example. Of these, the DC 48 V
is fed to a drive circuit 24, and the DC 12 V is outputted
to the control circuit power source 21 and acts as a drive
power source for the power relay 15 and the step motors 18
and 19. The control circuit power source 21 outputs a
constant voltage of DC 5 V for tﬁe electronic parts. |

The drive circuit 24 drives a fan motor 25 (e.g., a
brushless DC motor for driving a fan to discharge the
conditioned air into the room) and is construc¢ted to output
a three-phase alternating current, which repeatedly turns

conductive for 120 degrees and inconductive for 60 degrees,



turn GN the power relay 15 in response to the output of the m croconputer
l¥. This power-ON is effected when the mcroconputer decides that

the air conditioner can perform the normal operations. A verti cal
flap nmotor 18 (or a stepping notor) is
8 provided for changing the angle of ygrtical flaps to change the
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reach the designed angle of the initial position, to fully open/close the

flaps, an%ﬂﬂﬁ§1fﬁ¥5%6ﬁ6hction patterns each having one period of 60
degrees so that the conduction patterns are sequentially
switched, as the rotor turns every 60 degrees, to outputlthe |
three-phase alternating cﬁrrent of one period for -each
rotation of the rotor. In short, the rotor continues Iits
rotations by switching the conduction patterns sequentially
in accordance with the rotational position of the.rotor.

The number of revolutions of this fan motor 25 can be
changed by changing the DC voltage to be applied to the
motor 25, because this motor is a DC motor. This number of
revolutibns inc¢reases, as the applied voltage rises, and
decreases as the applied voltage drops. Specifically, the
applied voltage may be changed by chopping the voltage of DC
48V, as obtained from the motor power source 20, or the
subétantial applied voltage may be changed by chopping the
conduction of three-phase AC 120 degrees to be fed to the
fan motor 25, at a predetermined ON duty to change this ON
duty. _The ~applied voltage is raised, if the ON duty is
increased, and lowered if the ON duty is decreased.

The poéition transduction of the rotor can be
exemplified by making a decision from the output of a

magnetic detection element or from the change in the induced



rel at ikon between the subsequent flap angle and the pul se nunber with

reference to the position of the flaps. When the angle of the flaps is
set to the desired value, the mcroconputer 17 outputs the pulses until
the flap angle reaches the value set by a renpote controller. In

i ner eases decr eases, | ?h e ste ”3L§°V€;&,§223t " SL?“’SE“E bl Lgs (1 aps
ngggiingﬁ$ﬁﬁgﬁﬁalzyzea?f§ gﬂﬁ“ﬁe i ?Eﬁiéfa Z?thga;fnelgf?§§:?3§ ;e;rggn
Pﬁgoréigi phoyﬁgfd :f8F°8ﬁ§ ghﬁﬁ tHe an% ?Qiorlzontgﬂﬂ¥laps to c aﬁge
user unit gl Senehe §€§8?§%‘n%§f“?9 A

gpgrﬁ::gp%‘ﬁ {? #ﬁ?he@§$gﬁct§8n a%&tterns may be achieved on the
_ p notor 18. As a result, the discharge
di rectionfs e £0rKlé t40P8Eted rotational position of the rotor, and
adjusts the applied voltage so that the fan motor 25 may be
fed with the voltage necessary for achieving a predetermined

number of revolution§.

The control of this fan motor 25 is effected by the
automatic operation, in which the number of revolutions 1is
automatically changed according to the characteristics
predetermined on the basis of the difference between the
room temperature and the set temperature (or the desired
temperature), or by the manual operation, in which the fan
motor is fixed at a desired number of revolutions.

Fig. 3 is an electric circuit diagram showing a relation
between a serial power source circuit 26 and a .serial
circuit 27, and the microcomputer 17. Incidentally} Fig. 3
also shows the connections between a serial circuit 40 and a
microcomputer 41 of the heat.source unit 4 and between a
serial circuit 70 and a microcomputer 71 of the system
intercdnnection generator 2 in terms of the individual
connections of the connectors 13a to 13ec.

The serial power source circuit 26 has a constant
voltage circuit 28 which is connected through the current

fuse 22 with the commercial AC power source of 100 V, for



air, as discharged fromthe user unit 3, can be arbitrarily controlled
i the vertical/horizontal di rections by controlling the flap notor
18 and the flap motor 19. ~  Numerals 20, 21 and 22 designate a notor
power source, a control «circuit power source and a current

fuse, respectively, which are con ted I n series mﬁth t he

conmmer ci al E ge source cqQpne h th #e erature
fuse 23 MPFFPF 408 nén DG @ tYenp §MQ?9 rﬁtr§ub SﬁBient
tenperature of the el ni ¢ parts of t ntcroc ye or

ri ses, utr"c’:ut §°8F%r c& d;g’é'ducﬁ‘ 1&& vﬁﬁ"tﬁrﬁg BoweT® eroér:%; té%%nt‘r’%?%a rcurt
power géce 21 to the m croconputer - The notor power source 20
out puts constant voltages at DC 48 V and at DC 12 V, for exanple. O

these, the Dci‘lf'% Vout u{:edo%o 2n{E! ¥8nEthAY! tvggtaﬁ'gd CheclEtl2 28 i sis

out putted e con roI circult power source 21 and acts as a drive
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control circuit power source 21 outputs a constant voltage of DC 5 V
for the ejggt tapotighdld diode JE drddi LICWEA, Zhdlriveghe fascERvRng?5

(e.g., a brushless DC notor for driving a fan to discharge the
element of a signal outputting photocoupler 31 and the light
emitting element of a signal receiving photocoupler- 32,
which are connected in the forward direction. The terminal
(2) of the connector 13b forms one of the power lines and is
connected with the terminal_(Z) of the connector 13a so that
it is used commonly with the ground side output of the
constant voltage circuit 28,

The serial circuit 27 has the same construction as that
of the serial circuit 70 of the system interconnection
generator or the serial circuit 40 of the heat source unit 4
so that these three serial circuits are connected in series
with the constant voltage circuit 28. |

The light emitting element of the signal outputting
photocoupler 31 of the_serial circuit 27 is turned ON/OFF
with the output of the microcomputer 17 and 1is usually
(e.g., at the standby time prepared for signal reception)
ON. On the other hand, the light receiving element of the
signal receiving photocoupler 32 transforms its ON/OFF
outputs into a voltage change and outputs it to the

microcomputer 17. The serial circuit 27 is usually (when it



condi ti oned air into the room) and is constructed to output a three-phase
alternating current, which repeatedly turns conductive for 120 degrees and
i nconductive for 60 degrees, 10 by

connecti ng 'six switching elenents (e.g., - power transistors or
power FETs) in a three-phase bridge shigge and by turning OV COFF the

(i vi dod | FRESLTSS ki Rls: BFehBRucPNonRar PEFR."EERN RAAPME oneteri Bk of ¢

con I'on patterns each having one period of 60

degrees ﬁfbr&ggﬁeg?grcOﬂqucﬁgona@aﬁheﬁPgolﬁégg geqeentibal |y sy t cigdl, as

the rotor TUrns e 60 degrees, to output t t hree- phase alternating

current 908t BEbbA¥meh?n . €ach rotation of the rotor. In-short, the
rotor ¢ rnues 1ts rotations by switching the conduction patterns

sequential |y ad iy §eEQiiaNCER & hiet deomAitdr onaltwass LoNyORF the 1akht
The nunber of revolutions of this fan notor 25 can be changed by changi ng

the DC vobhegeihg Beempplti oF tthet PRotBRLAP18D, 3hecahen it Lulpwrsitha DC

mot or. This nunber of '
signal, with the ON/OFF signal, as based upon the common
protocol and data format. This ON/OFF signal is transforﬁed

into the ON/OFF of.the output of the constant voltage

circuit 28, and this ON/OFF is transmitted to the individual
microcomputers through the ON/OFF of the 1light receiving
elements of the signal receiving photocouplers of the
individual serial circuits 27, 40 and 70.

Upon the signal receptions, the ON/OFF of the output of
the constant voltage circuit 28, as obtained by the ON/OFF
of the signal outputting photocoupler of any serilal circuit,
is received by the signal receiving photocouplers of all.the
serial circuits and is outputted to the individual
microcomputers. Since this signal is set with a codé for
designating its reception 'destination, ‘the - signal, as
received only by the microcomputer correspopding to the
code, is decided to be valid and is used for the control.’

The serial circuit 27 has a noise absorbing capacltor, a
photocoupling protecting Zener diode and a resistor.

In Fig. 2, moreover, numeral 33 designates a receiving

circuit for receiving the signals (e.g., the ON/OFF signals

of the air conditioner, the control signal for controlling



revol utions increases, as the applied voltage rises, and decreases as the
appl i.ed vol tage drops. Specifically, the applied voltage may be changed by
choppi ng the voltage of DC 48V, as obtained fromthe notor power source
20, or the substantial applied voltage may be changed by chopping the
conduction of three-phase AC 120 degnges to be fed to the fan notor 25, at
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be achi evedmp@Fatift®, the signal validating the demand, and other
signals to be sent according to the operations of the
switches) 'coming from a wireless remote controller (using
radio signals such as infrared signals, radio waves or sound
waves), and converts them into predetermined serial codes to
feed the serial codes to the microcomputer 17. When these
serial codes are valid, the microcomputer 17 performs the
controls on the basis of the signals.

A display LED unit 34 is arranged in the Vicinity of the
light receiving portion of the receiving ecircuit 33 to
indicate the running state of the air conditioner such as
the run/stop or a timer Operation;

Numerals 35 and 38 designate temperature sensors for
detectihg- the temperature of a heat exchanger forming the
refrigerating cycle for the air conditioning and the
temperature of the  room around the user unit 3. These
temperature sensors ére exemplified by negative
characteristic <thermistors so that the microcomputer 17

- subjects the voltage corresponding to the resistances, as
varied with the change 1in the temperature, to an A/D

conversion (i.e., an analog/digital conversion) for the

fetching controls.



basi s sof the detected rotational position of the rotor, and adjusts the
applied voltage so that the fan notor 25 may be fed with the voltage
necessary for achieving a predeterm ned nunber of revol utions. The
control of this fan notor 25 is effected by the automatic operation, in
whi ch the nunber of revolutions is autdfmtically changed according to

(he " charactephsth 5o PAGHRLRRTLEC QarbbecbasEpIak e i harsncerdit veen

t he roomtenpera tenperature esire
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at a desired nu revolutions. Fig. 3 1s an electric circuit
di agram spgwAgidncd!.ation between a serial power source circuit 26 and a
serial circuit 27, and the mcroconputer 17. Incidentally, Fig. 3 also

shows the conneséra@Ds Bet ueelgaatesi al swiiteli ind® fod aisplaydamgmputies 41
of the heat source unit 4 and between a serial circuit 70 and a

m croconpegw@itchingf tdfe thestrmmning aicdes et i s genen af onoPmah t enms ¢f t he
i ndi vi dual connections of the connectors 13a to 13c. The serial power
source ci stopt o6 thes abmomd hntecowdirage circuit 28 which is connected
t hrough the current -

: Fig. 4 is a control circuit of the heat source unit 4.
The AC power of single-phase 100 V, as obtained through the
terminals- (1) and (2) of the connector 13b, is changed  into
a DC power of 280 V through a current. fuse 42, a noise
filter 43 and a choke coil 44 by a voltage doubler rectifier
45. which 1is -compoéed of four rectifier diodes and two
smoothing capacitors. This DC power is fed through a noise
filter 46, a smoothing capacitor 47 and a current fuse 48 to
a three-phase inverter bridge 49 which is composed of six :
switching elements (e.g., poﬁet controlling switching :
elements such as power transistorélor power.FETs).

A refrigerant compressor. 50 fqrms part of the
refrigeration cycle for the aforementioned air conditioning.
‘This compressor. is equipped with either‘ a three-phase
induction electric motor, for exémple.-as its drive' source
or a three-phase DC brushless electric motor.

When the three-phase induction electric mofor is wused,
the microcomputer 41 feeds the compressor 50 with such

three-phase quasi-sine waves as can achieve the value of the

voltage/frequency for each frequency set in advance to



fuse 22 with the commercial AC power source of 100 V, for
12 outputting a DC5 V. This constant voltage circuit 28 can be
constructed by using a general purpose constant voltage |1C. The out put
of this constant voltage circuit 28 is connected in series with the
termnal (3) of the connector 13a thrqyh a diode 29, a resistor 30, the
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the constant voltage circurt _ ~The serial circuit 27 has the sane
construct g #s th@tva®ist b8 $REI Rhehli telLs P PhelhBdBYELRA waves and

I nterconnection generator or the serial circuit 40 of the heat source unit
4 the carriers of the desired frequency. These ON/OFF timings
are achieved by the theoretical calpulations of the
microcomputer 41. Moreover, the frequency of the thfee~
phase AC power to be fed to the compressor 50 is determined
according to the frequency of the modulated waves.

A drive circuit 51 or a power amplifier circuit 1is
provided for turning ON/OFF the six switching elements of
the three-phase inverter bridge 49 with the output of the
microcomputer 41. A switch power source 52 is provided for
-outputting a constant voltage power for the power source for
"the dri#e circuit 51, the power source for the microcomputer
41 and other appliances from‘the DC power which is obtained
through a noise filtef 53 and a current fuse 54. The drive
circuit 51 can be exemplified by a general purpose constant
voltage IC.

When the three-phase DC brushless electric motqr is used

" as the drive source of thé compressor 50 (as in the
embodiment of Fig. 4), on the other hand, a position
transducer 55 detects_ the position of the rotor of the
compressor, and the microcomputer 41 sets the combination of
fhe ON/OFF of the individual switching elements of the

three-phase inverter circuit 49 so that a conduction



so that these three serial circuits are connected in series wth the
constant voltage circuit 28.. . The.light emtting el enent of the signal
outputting photocoupler 31 of the serial circuit 27 is turned ONVOFF wth
the output of the mcroconmputer 17 and is usually (e.g., at the standby
time prepared for S|gnal reception) ON7 On the other hand, the I|ight

recei ving el t | e 8 I 032 thledn its
O\ OFF o&%pu S |nto a1@%??%%%£2ﬁa%gggg%gpgﬁﬁgﬁ%sg??E%§ o%e &ﬁ?cﬁgggﬁguter
17. The S%{a!y’:ﬂ é:lé:&piévgg is usually (when it

13 receives signal) ON so that its output to t he
n1croconputerTﬁg '%o%ht%%nHﬁ#ﬂdéﬁﬂtdﬁ355,feﬁﬁéVﬂHbtfmacfbéﬁﬁﬁﬁter 41
enbodi nment ) . a result, the mcroconputer 17 turns OV OFF the |ight

emtting Qdieﬂ,rpnttmé t@@tpﬁﬁtﬁﬁpml €hadged WAepehfiingt ppon t kdetdhiggnaltheni th
the OV OFF signal, as based upon the conmon

change in the induced voltage to be induced in <the stator
wiring by the rotation of the rotor is higher or lower than
the voltage corresponding to the neutral point voltage” of
the three-phase alternating current. The microcomputer 41
calculates the rotational position of the rotor of the
compressor on the basis of the changing time of the output
of the position transducer 55. _

It is then decided which of the six sections (as divided
at an interval of 60.degrees) of one rotation (of- 3860
degrees) the rotational position of the rotor belongs. The
individual switching elements of the three-phase inverter
circuit 49 are turned ON/OFF so that :the three-phase
conduction pattern (e.g.; the three-phase AC conduction
pattern in which the individual phases repeat the conduction
of 120 degrees and the inconduction of 60 degrees)
corresponding to that section. |

The number of revolutions of thé compressor 50 is
determined by chopping the conduction of 126 degrees not
continuously but at a predetermined period and by changing
the chopping ON duty to change the substahtial voltage to be
applied to the stator winding.

Temperature sensors 56, 57 and 58 are individually



protocol and data format. This OV OFF signal is transforned into the

QV OFF of the output of the constant voltage <circuit 28, and this OV OFF
is transmtted to the individual mcroconmputers through the OV OFF of the
light receiving elenents of the signal receiving photocouplers of the

i ndividual serial circuits 27, 40 and 7§. Upon the signal receptions,

the ON OFF of .th t.Qf th t I ' ' - kLned
by the qweaﬁtraﬁtfeﬁ;piquﬁaﬁgaot S rsorann GloGHidxcPs 85 PRRECT,
IS receiv t L V] t I [

circuits %gﬁdwag%g?usg;%ﬁé%ﬁéﬁéd%gp t?f]egllif/é: La ﬂcn?%:r%%%ﬁrr%altﬁgps%th& nce

this Sign%heist%%pé’}ééalﬁae G bd Fed A5 HHWPIA /Y idd St HSFERLI 8F the
t he as

destinati on, si gnal , received only by the mcroconputer

correspongiiRedcdmigiftercodgy . i s HeCi €t dra iy o/ ddrtbPds6 s @aeedctsr the

control. The serial circuit 27 has a noi se absorbing capacitor, a

phot ocouplainhd eRftot ets‘émdp@p;ﬁmpé; dieles antbra thasd déisor 57 dotEeys 2the
nor eover, nuneral 33 designates a receiving circuit for receiving the

si gnal s (aeperdtur@dV FFtlsé geahsreiort 60 Aiand othik t t enperatheecsensolr

signal for controlling '
58 detects the temperature of the heat source heat exchanger
forming the refrigeration cycle. The microcémputer 41 1is
used for controlling the temperatures, as detected by those
temperature sensors.

A stepping motor 59 has about five hundred,.rotation
steps so that 1t can control a predetermined stroke at five
hundred steps. This stroke adjusts the pressure Treduction
(or expansion) of a pressure reducing unit (or an expansion
valve) forming the tefrigeration cycle. Moreover, the
rotation stepping of this stepping motor 59 1is determined
with the output of thé microcomputer 41 through a drive
circuit 60. This control is performed by a method of
controlling the rotation step with predetermined
characteristics in accordance with the number of revolutions
of the compressor or.by a method of increasing/decréasing
the rotation step so that the evaporation temperature or
condensation temperature in the refrigeration cycle may
always be constant.

A fan motor 61 is provided for driving the propeller fan

which is positioned to blow the wind to the heat source heat



14 the wind of the air conditioned by the fan notor 25, the control
signals for the flap notors 18 and 19 for <changing the w nd di rection,
the signal indicating the set tenperature, the signal indicating
the detected room tenperature, the signal validating the demand, and
other signals to be sent according to {§e operations of the sw tches)
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to indicajeidbecfHronipdgstate of the air conditioner such as the run/stop
or a timer operation. Nunerals 35 and 36 designate tenperature '

sensors for adetRaliihrdtie JRF UM -rredaBreesoes peoviaed the
for switching the flow of the refrigerant so as to effect a
cooling mode, 1in which the user heat _exchangér in .the
refrigeration cycle can act as an evaporator, and a heating
mode in which the user heat exchanger can actor as a
condenser. This change-over valve is usuéily exemplified by
a four-wéy valve. '

Switch members 64a, 64b are individually switched by
the output of the microcomputer 41 through power relays.
Fig. 4 shows the state, in which the power relay is OFF.
| When the switch member 64a’ is switched to the side of a
diode bridge 65a, the current flows from the switch member
64a to the switch member 64b so that the refrigerant passage
change-over valve 63 is switched to one side. . When the
switch member 64b is switched to a diode bridge 65b, on the
other hand, the current flows from the switch member 84b to
the switch member 64a so that the refrigerant passage
change-over valve 63 is switched to thé other side. Since
this refrigerant passage change-over valve 63 has a
self-holding function to hold its state once it is switched,
it may be  energized 1n.a.predeterm1ned direction for a

predetermined time period when the refrigerant passage is to



refrigerating cycle for the air conditioning and the tenperature

of the

room around the user unit 3. These tenperature sensors

are exenplified by negative characteristic therm stors so that the

m croconputer 17 subjects the voltage corresponding to the resistances,
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anged
meter the current consumed in the heat source unit 4. The

current waveform, as outputted from this current
transformer, is directly subjected to an A/D conversion at
its instant value for every predetermined time periods until

it is fetched by the microcomputer 41. This microcomputer

41 calculates an effective value from the current waveform '

represented by a -series of values digitized for every
predetermined time period to perform control of current.

This current control is to control the refrigerating
ability of the air conditioner, 1i.e., the number of
revolutions of the compressor 50 so that the current to be
consumed by the heat source unit may not exceed a set value.
This = number of revolutions of the compressor 50 is
determined on the basis of the change in the refrigerating
ability for the present refrigerating ability, as obtained
in the user unit 3 by the fuzzy operation which is tuned to
bring fhe room temperature to_a-sef level by inputting the
difference between the room temperatﬁre and -the set
temperature and the change in the difference. This change
is sent from the user unit 3 through the serial circuit.

The setting of the number of revolutions of the

compressor 50 is replaced by the number of revolutions which



a DC power of 280 V through a current fuse 42, a noise filter 43 and a
choke coil 44 by a voltage doubler rectifier 45 which is conposed of four
rectifier diodes and two snoothing capacitors. This DC power is fed
through a noise filter 46, a snoothing capacitor 47 and a current fuse 48
to a three-phase inverter bridge 49 whygch is conposed of six swtching
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such three-phase quasi-sine waves as can achi eve the value of the
vol t age/ f riqQipdipts f Orofacthér egHpBEYpR&Ee! N1AYERBER (@ircuit 49. A
predetermined number of revolutions is set as the 1initial
value at the start of the compressor 50. |
Here, the aforementioned correction is made, as the
consumed power approaches the set value, sequentially in the
range having no correctioﬁ, in the range having no rise in
the number of revolutions, and in the range of lowgfing the
number of revolutioné, sO thét the current to the compressor
50, i.e., the current to the heat source unit may not exceed
the set value. When the current becomes far beyond the set
value, it is decided that the air conditioner comes to an
abnormal state. Then, the run of the air conditioner is
stopped, and this trouble is indicated. |
By changing this set value, therefore, the currenﬁ to
the air conditioner can be substantially restriéted. This
sét value is made with the signal coming from the ﬁser unit
to take values 20A, 17A, 15A and 10A in the éir conditioner
for general homes.
This set value can also be changed at an interval of 1A
in response to the change signal coming from the
later-described system interconnection generator 2 when the

signal sent from the remote controller is set through the



16 inprove the running efficiency of the conpressor 50.

Specifically,

magni t udes of the nodul ated waves and the carriers of the desired
frequency. These ONNOFF timngs are ogchieved by the theoretical
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t hese quasi -si ne waves are produced by turning OV OFF the

six switches of the three-phase inverter bridge 49 on the basis of the
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for converting the solar energy into an electric power so
that the generated output is stored in a capacitor 74
through a protective diode 73.

A single-phase inverter circuit 75 is provided in which
four switching elements (e.g., power switching elements such
as IGBT) are bridged so that they are turned ON/OFF in a
predetermined pattern to produce quasi-sine waves of
single-phase 100 V at 50 Hz (or 60 Hz).,£ These quasi-sine
waves are boosted to an AC power of single-phase of 200 V +
a (wherein a« : a voltage necessary for a flow toward the
system) at 50 Hz by a booster transformer .79 through a
low-pass filter which is composed of coils 76 and 77 and a
capacitor 78. This AC power 1s fed to the power line of the
system through the residence distribution board 7, as shown
in Fig. 1. |

Normally open contacts 80;. 80b are associated with each
other and closed when a powef relay 81 is turned ON. This
power relay 81 is turned ON/OFF through a drive circuit (or
power amplifier) 82 by the microcomputer 71 (e.g., U83C196MH

of Intel Corporation). This microcomputer 71 opens the



as the drive source of the conpressor 50 (as in the enbodinent of Fig. 4),
on the other hand, a position transducer 55 detects the position of the
rotor of the conpressor, and the mcroconputer 41 sets the conbination of
the OV OFF of the individual switching el ements of the three-phase
inverter circuit 49 so that a  comuction
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calpulate% 4 %H%Qtational position of the rotor of the conpressor on the
basi s of the changing time of the output of the position transducer 55.

A transformer primary current detecting circuit 83
detects the current to flow to the primary side of the
booster transformer 79,.1.e., to the solar cell 72. This
current is outputted in an AC waveform by the C.T. and 1is
fed as it 1is to the A/D conversion ports of the
microcomputer T71. This microcomputer 71 subjects this
waveform to the A/D conversion for every predeterm;ned time
period (e.g., every 200 microseconds) and inputs a current
instantaneous value for each lapse of time for the control.

In this control, first of all, the digital current value
is compared by the microcomputer 71 with the current value
in phase of the ideal current waveform data (having a
current waveform of sine waves), as stored as table data in
a memory unit (ROM), to make a correction for raise or lowér
the voltage in the same phase in the subsequent period so
that the waveform of the output current is brought close to
the 1deal current waveform to suppress the waieform
distortion of the output current.

The table data of the ideal current waveform are sampled
for 50 Hz at 200 microseconds so that it have 100 data = 20
milliseconds / 200 microseconds, and have 84 data for 60 Hz.

On the other hand, the ideal waveform data can be



It isthen decided which of the six sections (as divided at an interval
of 60 degrees) of one rotation (of 360 degrees) the rotational
position of the rotor bel ongs. The individual switching el ements of the
t hree-phase inverter <circuit 49 are turned OV OFF so that the three-phase
conducti on pattern (e.g., the three-phagt AC conduction pattern in which
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of negative characteristic therm stors so that

detects the current to flow to the secondary side of the
booster transformer 79, i.e., to the system. This circuit
feeds the waveform of the current, as detected in the C;T;,
through a full-wave rectifier (e.g., a circuit using a
general purpose IC such as LA8324 made by Sanyo Electric
Co., Ltd.) to an effective value operating IC (e.g., NJM4200
made by Shin Nihon Musen Co., Ltd.). This IC converts the
effective value of the current, as detected by the C.T.,
into a voltage change and feeds this voltage change to the
A/D input port of the microcomputer 71. This microcomputer
71 determines the effective value of the current from that
voltage to. determine and display the output power value of
the system interconnection generator in the display unit.

A U-phase system voltage detecting circuit '85 and a
V-phase system voltage detecting circuit 86 are provided for
stopping the power supply to the system when the vqltage to
be outputted to the system fluctuates lmdre than a
predetermined value. These circuits detect a voltage
between a neutral point and a U-phase and a voltage between
the neutral point and a V;phase from the AC power of

single-phase three-line 200 V, as outputted from the system

interconnection generator. These detecting circuits are



the vol tages corresponding to the resistances changing with the
tenperature may be fed to the A/D input ports of the mcroconputer 41.
The tenperature sensor 56 detects the anbient tenperature; the
tenperature sensor 57 detects the .tenperature of the conpressor 50; and
the tenperature sensor 58 detects the;xﬁnperature of the heat source he
exchanger , formng the refri lon_cy. The mcro er .use
f or contrépieinﬁ:g‘%%e t er%?‘ﬂ?%‘ﬁ 'és%leﬁk%tee]c?cbvlt%o%grc g?;rpersag)ure 1k
sensors. rﬁftepping not or 59 has about five hundred rotation steps
that it chit&oftrol predeterm ned stroke at five hundred steps. This
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rotation step so that the evaporation tenperature or
the effective value is fed to the A/D conversion input port
of the microcomputer 71. This microcomputer 71 is used to
control the digital effective value of the voltage.
A system voltage zero-cross input circuit 87 is provided
for outputtihg its signal to the microcomputer 71 when a
zero-cross signal of the system (or the AC power) is
decided.
Fig. 7 shows a system voltage zero-cross input circuit,
! the output of which is inverted when the voltage of the
system applied to a comparator 88 is inverted. The output
of this comparator 88 is fed to a photocbupler 89 for - noise
elimination, voltage‘tfansformation and electric insulator,
before entering the microcomputer 71. In terms of thé
change 1in <this output, the microcomputer 71 decides the
zero-cross of the system to control the output timing of the
ON/OFF ' signals of the switching elements so that the =zero-
cross of the AC power to be outputted from the single-phase
inverter <circuit 75 may become identical to that of the
system, and provides a reference time for adjusting the

phase of the voltage correction so as to achieve the

e mcroconputer 41 through a drive circuit 60. This

tep

t he



condensation tenperature in the refrigeration cycle my always be

const ant . A fan notor 61 is provided for driving the propeller fan
which is positioned to blowthe wind to the heat source heat

19 exchanger. This fan notor 61 is exenplified like the fan notor 61 by
a DC brushl ess nmotor, and its nunber of2grevolutions is controlled by the
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power relays.
personal computer. This circuit is used for communications
according to predetermined standards (e.g., RS-232C) and is
constructed of a general purpose IC such as MAX232 for
communications of RS-232C. Thus, the personal computer of
the system interconnection generator can be controlled from
the outside by using that personal computer I/F 88.

Display units 89, 90 are combined in three f;gures of
displays of eight segments to display the geherated power of
the solar cell 72, the-codes  indicating the kinds of
troubles, if any, and the set guide line values at the
initial setting. These display units 89 and 90 are fed with
the output signals from the microcomputer 71, as amplified
in power by a display drive circuit (e.g.,'a general purpose
driver IC) 91 so that they are dynamically 1it by the
signals. |

Numeral 92 designates a display_LED to be dynamicaily
1it with the output signal of the microcomputer 71 through
the display drive circuit 91. This display includes a green
rﬁnning display indicating the run of the system
interconnection generator, the green display indicating the
ON/OFF states of the normally open contacts 80a and 80b

which are opened at an abnormal time, the red display



Fig. 4 shows the state, in which the power relay is OFF. When t he
switch nmenber 64a is switched to the side of a diode bridge 65a, the
current flows fromthe switch menber 64a to the switch nmenber 64b so that
the refrigerant passage change-over valve 63 is switched to one side.
Wen the switch nmenber 64b is switched to-a diode bridge 65b, on the
other hand, the current flows fromthe swtch me 64b .to 't swi tch
menber 64énﬁiQ%ﬁ&n$rmﬂ?%ﬂr|@eF%ﬂ?b%%g%%ﬁ%rscﬁaﬂgggﬁﬁeryeQQPVe ggsﬁgay
S iched U0 e OhlET #ho: acafh ER wh Ik, cheTEbAEHARbe BRIRRSCEE (it
for & pRsideriibaltiPer psrrBictfBR The refrigerant passage is to
20 0o, S eheR, BT SISO IR o BTS00 den”cbs el b
' connected 1in a matrix shape with the input/output ports of
the microcomputer 71 or a lock type push_switch, the state
of which is fetched for controls by the scanning of -the
microcomputer T71. This switch functions to validate the
change mode of the set value, to erase the data indicating
the history of the stored abnormalities, and to run/stop the
system interconnection generator.

An EEPROM or a memory 94 is provided for storing the set
values or the history of abnormalities. The set values are
provided for individually setting the reference values to
decide abnormalities different for the systems.

A solar cell current detectihg circuit 95 detects the
émount- of current, as outputted from the solar cell 72, to
output the current amount to the microcomputer 71.

Fig. 8 is an electric circuit diagram of the solar cell
current detecting circuit 95. Numeral 96 designates a DCCT
(i.e., a DC current detecting transformer) for outputting a
voltage according to the curreht. as outputted from the
solar cell 72. This output is fed to the effective value
calculating IC (e.g., NJIM4200) so that a voltage

corresponding to the effective value of the current is

obtained by the IC. The effective value 1is computed to



A current transfornmer 66 is nounted in a position to neter the current

~ consuned in the heat source unit 4. The current waveform as

out putted from this current transformer, is directly subjected to an
Al D conversion at its instant value for every predeterm ned tine periods
until it is fetched by the m croconpger 41. This m croconputer

41
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series ofP%§ redeterm ne I e” peri od erform
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refrigera? airr~ conditioner,

revol uti ogarr@he! BA.CRIHRAIHY 2> PuiBatidle i1 SNITH mPeroCaipTRY DY

;
the heat source unit nmay not exceéed a set value. This number 0

revol utiogs @btchile tHAMIMHze T on Thed Ay Ntk Porbeahdsi stokeline
change in the refrigerating ability for the present refrigerating ability,

as obtai ngfle i Burh@n4Seivaiiid TPrdspRoridingy GREr BHeON whitdges thnedato
bring the roomtenperature to a set level by inputting the difference

bet ween phedeteeBinledPaicaidtye payd tildhe theyeiby ttopesat utke andurhenthange
in the difference. This change is sent fromthe user unit 3 through the
serial ciwadue. for the controls. :

A solar cell voltage detecting circuit 97 detects  the
inter-terminal voltage of the solar cell 72 and outputs the
detected voltage to the microcomputer 71. Fig. 9 1is an
electric circuit diagram of the solar cell voltage detecting
circuit. Numeral 95 designates a V/F (i.e., voltage/
frequency) converting IC (e.g., NJM4151 made by Shin Nihon
Musen Co., Ltd.).

The inter-terminal voltage of the solar cell 72 is
divided and raised by a resistor-to a predeterminpd level
and is stabilized by a capacitor 99 so that this stabilized
voltage is applied to the voltage input términal of the V/F:
converting IC 98. This IC.oscillates With a frequency
corresponding to the_ applied voltage and feeds the
oscillatory outputs to the light emitting element of- a -
photocoupler 101 by using an putput resistor 100. The
output of the photocoupler 101 is fed to the microcomputer
71, which meters the frequency output of the output to
determine the corresponding vbltage. |

An IGBT drive circuit 102 is provided for driving the



The setting of the nunmber of revolutions of the conpressor 50 is
repl aced by the nunber of revol utions which :
21 is prepared by adding the change to the present nunber of revolutions
and by correcting the sum In order that the conpressor 50 nmay take that
number of revolutions, the nicroconputé@&9 41 turns OV OFF the individual

sw tChi ng o} E0RTS  8f enbEs (BLES;PRAESs 1RVERLChreSlnt!! lmptRimert,

pr edet er med Au revolut’oRs’is set as the Tnitia alue at the

start of t{]&e EPIREE8E0F APive ciFRLEts! ARAFRTEARAVEORES cRAFLHHAD tife
made, as the consunmed power approaches the set value, sequentially in the

range haviggwé® £€PahEEELBRs bP ?BﬁefaFE?shaifénﬁs@ﬁ)r,i 28 icdmpldyd pimbgie of
revolutions, and in the range of |owering the nunber of revolutions, so

that the caffgné-pRakbe ¢a¥REE8s0r 7550, She€ifithelpyr wdnlls tis the hheive
source unit may not exceed the set value. \Wen the current becones far

beyond t hecsetuital ier ampilifsdeagdedhehpbwehetaer ONFOFEF orsdrgnednes ad o

o outputted from the microcomputer 71, to a level as high as
to drive the IGBTs, and is composed of a photocoupler and.an
amplifier, as can be exemplified by a general purpose drive
circuit.

A third harmonic detecting circuit 103 detects the
troubles such as the service interruption or disconnection
of the system in terms of the. increase in the third harmonic
to cut off the connection to the system interconnection
generator. This detecting circuit is cqmpoéed of a
band-pass filter, a V/F (1.e., voltage/frequency) converting
circuit and so on (as disclosed in cépending Japanese Patent
Application No. 7-146599/1995). The system interconnection
generator thus constructed converts the generated output of
fhe solar cell 72 into the single-phase Ac power of 100 V
having quasi~sine waves -of 50 Hz or 60 H=z by the
single-phase inverter circuit 75 if the voltage, as detected
by the solar cell voltage detecting circuit 97, is dver a
predetermined voltage (to extract the generated power).
This single-phase AC power is converted into the single-
phase AC power of 200 V by the booster transformer 79 and

fed to the system if the normally open contacts 80a and 80D



abnormal state. Then, the run of the air conditioner is stopped, and
this trouble is indicated. By changing this set value, therefore, the
current to the air conditioner can be substantially restricted. Thi s
set value is made with the signal comng fromthe user unit to take val ues
20A, 17A, 15A and 10A in the air conditid¥er for general hones. Thi s

set val ue Gan & 50 e C,angefﬂae%%ﬁn fnfgétfa' tRb %@lavé?teﬁe§&?ﬁ%§% pHaZe the

change S|gnal com ng ater-descri system i nterconnection

generat or g Wisier Nes $66N8b éenévéioméﬁtwnmghspnthahl 200 ¥ $Jr t hy ough

t he user unit 3 to validate the

demand f uRgtdwn.towardi Othe SsysE8@VSbuf tﬁ@niréphe 6¥€rgoot vof witthe be
system interconnection generator 2, which is constructed to

transfer ddum&d on@l fheaffdDlUowihg dBBErOpOLPRter 71, the mcroconputer
17 and the m croconputer 41 through the seri al

At this time, the generated power of the solar cell 1is
dynamically displayed in +the display unit 89 by the
microcomputer 71. i

Fig. 10 1is an explanatory diagram 'illustrating the
quasi-sine waves (indicating the current waves), as
outputted from the single-phase inverter circuit 75. In
Fig. 10, one cycle or period is divided into sixteen
sections (e.g., section 1 to section 16) so as to facilitate
the description. As a matter of fact, in the case of 50 Hz,
100 divisions = 20 milliseconds / 200 microseconds for oﬁe
period of 20 milliseconds and a sampling period of 200
microseconds. In the case of 60 Hz, there are obtained
eighty four divisions.

The one period 1is started in synchronism with the
zero-cross signal which is outputted from the system voltage
zero-cross input circuit 87 so that the sixteen divided
waveforms are outputted sequentially from the instant when
the zero-cross signal is obtained. Letters Vcc designate
the inter-terminal voltage of the smoothing capacitor 74.

Moreover, since the zero-cross signal is outputted twice
every 180 degrees for one period, the divided eight sections

(i.e., the section 1 to the section 8) of half period may be



circuit 70. In this circuit, a solar cell 72 is provided for converting
the solar energy into an electric power so that the generated output is
stored in a capacitor 74 through a protective diode 73. A si ngl e- phase
inverter circuit 75 is provided in which four switching elenents (e.qg.
power switching elements such as IGBT?lare bri dged so that they are turned

ON OFF i n &o Preglei g1 m Reden 8Lt ghe nEQt REPHUBBriBHAYs Sithe VMRS tedf
si ngl e- phase 100" V at 50 Hz , These quasi-sine waves are

boost ed t Gy @fpeés POYERT eﬁeswakemeh@&sne& 89BnY +seationker qiind.ef rlthea
vol t age necessary for a flow toward the system) at 50 Hz by a booster

transfor mgedPidhr 0ugb 8hel g¥cpagsshilter which is conposed of coils 76 and
77 and a capacitor 78. This AC power is fed to the power |ine of the

syst em t hr ougiThiehe thassalqroteerdt 4 Y igod i oot afak Necas Ghamd +WcEig. of.
Normal |y open contacts 80a, 80b are associated with each other and closed
when a povieiisel wgveéform tannbeé Ohtailkidsbypeedecténgy te i sambiresait i OFF
through a drive circuit (or power anplifier) 82 by the m croconputer 71
(e.g., UB3EL9thei ONfOFEtef tbepswitcbane ¥hementsr ofoipet erSl‘FH.g]cﬂ)'eIﬂsane

inverter circuit 75. As a result, the quasi-sine waves are
obtained by changing the combination of the ON/OFF
sequentially.

.One (e.g., the fourth section 4 from the zero-cross
position) of the sixteen sections islconstructedh_of three
sections TA, TB and TC, of which the sections TA and TC have
equal periods.

For the individual sections (1 to 16), therefore, the
data table having the corresponding frequencies F (e.g;, 50
Hz and 60 Hz)'ahd TB values is stored in the memory,unit S0
that the selected combination of the ON/OFF may be
maintained for the values (or time periods) for "every set
sections. The TA and TC values are (100 microseconds -

"TB) /2. _

Fig. 11 is a flow chart for generating the wéveforms. of
the quasi-sine waves. 1In this flow chart, at Step S1, a
variety of initial settings are made, and the microcoﬁputer
71 starts 1its operations. At next Step S2, the data for the
necessary frequency are read out from the data table, as

stored in the ROM_94; to prepare a new data table.



23 normal |y open contacts 80a and 80b to isolate the system
It erconnecti on generator fromthe systemwhen it decides that the solar

cell 72 is not active or when it detects some trouble. A transforner
primary current detecting circuit 83 detects the current to flowto the
primary side of the booster transfornd 79, i.e., to the solar cell 72
This current e§t0UERP %'ﬁkzﬂlfxiéMﬁggfqéH éﬂﬁ%f:é} Ro¢ tﬁer&edlsas
it is to conversi’'on = ports m croconputer Thi s

m cr OCO”pLngr odtputUPL it %?et Q&§teiﬁ’a¥8i9£8bt QePBec%QsCQB‘ﬁ%&S' inzféihﬁvery

predetermned tine period , every 2 m croseconds) and inputs a

current igplantAngRys Mﬁbﬂ@eré eesh tABSPofitihkNMBakahclele teo®tey .54, N
this control, first of all, the dlgltal current value is conpared by t he

M cr oconpuier wiidht R Lht,cahaemhenalweswp sbaselgf itthesi ddalcided endt

waveform data (having a current waveform of sine waves), as stored as

table datastéep S3 that the zero-cross signal is not detected, the
routine advances as it is to Step S5. Since the decision of
the zero-cross signél is processed by the interruption-'of
the microcomputer 71, Step S3 is processed any time if the
zero-cross signal is produced.

A Step S5, the data of the TB of the section, as

"designated with a variable N, are read out from the new
table. Next, at Step S6, the data of the TB are corrected
according to the format which is so predetermined <for the
generated voltage of the solar cell as to produce the
quasi-sine wave current value set for the solar cell to
generate the power at the optimum point.

At Step S7, the values of the TA and TC are calculated
from the corrected value of the TB. Next, at Steps S8, S9
and S10, the predetermined combination of the ON/OFF signals
is maintained. As a result, there is produced a waveform of
oné section, as illustrated in Fig. 10.

At Steps S8 to §S10, a timer for producing an
interruption signal at a time-up is used for measure the
time periods for maintaining the predetermined ON/OFF
combination so that the microcomputer 71 1is allowed to

perform other controls during the measurement of the timer,



a nenory unit (ROV), to make a correction for raise or lower the voltage"
I the sane phase in the subsequent period so that the waveform of the
output current is brought close to the i deal current waveform to
suppress the waveform distortion of the output current. The table
data of the ideal current wavef orm are3%anpled for 50 Hz at 200

mg:szzﬁzﬁﬂwth% 5 We o PR TR o st} EFECRF R ﬁgﬁd the i deal

waveform data % lajgd on
t S S11 d
the basis of pre étePh1ne ePéfereﬁce data by nuﬁﬂ pIylng the re erence

data by a gredelesd ned fﬂé'ﬂea‘cerseeﬂéﬁt | vep VRl Yepg0h ¢t §@epeBEDSAr the

current. A transfornmer secondary current detecting circuit 84 detects

the curr erBeé@iéﬁ%tpetsgtésmgﬂeayaﬁl §€e§fsiﬁeas bogstey "t 1 ansaiifaed 9,
i.e., to the system This circuit feeds the waveformof the current, as

det ect ed i#b ttree Gadad.

Next, the routine advances to Step S3, at which a series
of quasi-sine waves are produced. )

Fig. 12 illustrates a waveform of two periods of the
quasi-sine wave thus generated. In Fig. 12, numeral 110
designates a distorted portion of the current waveform, as
distorted by the induction load of the electpic parts
against the theoretical quasi-sine wave. This distortion is
decided by comparing the instantaneous value of the current,
as obtained through the transformer primary current
detecting circuit 33. and the theoretical current value.

This distortion 1is corrected at the mnext period by
correcting the value of the TB which constructs the same
section (as indicated by numeral 111) of the mnext period.
Specifically, the distorted portion 110 of the measured
current waveform is low for the theoretical current value so
that the value of the TB is corrected in the section 111 to
"TB = TB + a" (wherein a takes a positive value).
Incidentally, the value a may be negative when the
distorted portion 110 of the measured current wavefbrm is
high for the theoretical current value. This correction is

executed for all the sections in which the measured current



through a full-wave rectifier (e.g., a circuit using a general purpose IC
such as LA6324 made by Sanyo Electric Co., Ltd.) to an effective val ue

operating IC (e.g., NIJM4200 nmde by Shin N hon Musen Co., Ltd.). This IC
converts the effective value of the current, as detected by the CT.,
into a voltage change and feeds this vghtage change to the A/Dinput port

of the mcroconputer  71. This m croconpyter eter nes the effective
val ue of Yﬁéu@urﬁénﬂ%ﬁﬁﬁﬁQHﬁuerRﬂ?Qﬁ; q?ﬁﬁﬁ&ﬁé% % d?%p?%? th§h8utput

AU phaseY 8} Somol ity Sath AT L o1 ARG ”%%ﬁlién%ﬁie (EEENEYR L age

detecting,circuit 86 ar.e rOV|ded for - stopping the power supply to the

systen1mﬂgﬁ tﬁgqﬁyiﬁﬁﬁgq d ortputted to the system fluctuates
nor e t han pr u i reyit a | t age
bet ween a ned¥ Fgﬁ%% Bﬁ c asgeang??gggﬁga g9be?§%g%&£ﬁ%§ ggﬁ?ralg

et e ehﬂ@rﬂs@;?semsgfﬂgﬁénnz%:e%?ﬂgzﬁzfﬂ%ﬁf whlga biee 200
det ectingreGid CYirf S bR the "Read Data Table" at Step S2 of the flow
chart presented in Fig. 11.

Fig. 13 is a flow chart showing the operations, which
are performed in parallel while the operations of Steps S8,
S9 and S10 of the flow chart of Fig. 11 are being executed.
These operations may be executed at the change 1in the
sections if the processing speed of the microcomputer 71
allows.

First of all, at Step S20, the current IG, as detected
by the transformer primary current detecting circuit 83, 1is
read in. . This current may take the value of the target
section which has already been read.

At Steps S21 and S23, thié-current value IG is compared.
in its value with the theoretical current value of the
quasi—sipe wave which 1is set so that the .solar ”cell may
generate the power at its dbtimum operating point. If
"Theoretical Current Value > IG", the value of the TB of the
data table of the corresponding section is corrected at Step
S22 to "TB =TB + A" and then updated. If "Theoretical
Current Value < IG", the value of the TB of the data table

of the corresponding section is corrected at Step s24 to "TB



25 identical and commonly use the electric circuit showmn in Fig. 6. In
Fig. 6, the change in the inter-term nal voltage, as obtained fromthe
system is fed to an effective value calculating | CNJMA200 t hrough an IC
(LA6324) conposing a full-wave rectifier so that a DC vol tage
corresponding to the effective value is3%ed to the A/ D conversion input

port of they croconp - - : q I
T CLOCHMULE] filon uBiEod] CRfEERWRIudd 5 uAAd £0 a8@NtIO

the digital e voltage. A system vol t age zero-cross

input ci rgyisteaBAy S SUOVAdeskraiRE oot B thdWihke Shgpat 60 tlRe solar
m croconputer 71 when a zero-cross signal of the system (or the AC power)
is decide@dil 74 9.andSh@ws=a,systemn yodérgetaerpedness thput carremtt ,

the output of which is inverted when the voltage of the systemapplied to

a conpar atfgucfhidtsiomwei d€hl, mMbeeocuéputthedet |8 samdnpar vadnedgars f &dtto a

phot ocoupler 89 for noise elimnation, voltage transformation and el ectric

i nsul at or sudief artlkaent €he ngutrhenti T6oceapheertira. theeoretical tgarrent
value after several corrections.

By these corrections for the individual sections of the
quasi-sine wave, the solar cell is enabled to generate in an
optimum ‘state at all times, and the distortion of the
current waveform of the quasi-sine wave can be substantilally
eliminated to feed an AC power of stable waveform to the
system. |

In the foregoing embodiment, the value of the data table

is corrected at first in accordance with the distortion of
the current waveform and then for achieving the optimum
operations of the solar cell. However, the correctiqns may
be made at first for the optimum operations of thé solar
cell and then for the distortion of the current waveform.
In this modification, there may be separately provided a
data table for correcting the distortion of the current
waveform, and this tabie may be updated for each period so
that this corrected value may be added to the correction for
the optimum operations of the solar cell.

Moreover, the microcomputer 71 can deterﬁine the

generated power of the solar cell 72 from both the current

value detected by the solar cell current detecting circuit



change in this output, the m croconputer 71 decides the zero-cross of the
systemto control the output timng of the OVOFF signals of the
switching elenments so that the zero- -cross of the AC power to be
outputted fromthe single-phase inverter circuit 75 may becone identi cal
to that of the system and provides3 reference time for adjusting

the phasegof,fhecyel %?Q%aﬁgr Qﬁﬁh%oﬁ]g%%c%édt By2HL R 11dIe cell voltage

26 aforementioned ideal current waveformns. Reverting to Fig. 5,
reference pupEseingd descandt €972 tRELHLPAL e Wigmdl F (d.¢., |aémahace)
or an interface crrcuit for connecting signal lines wth an

external @egseNRl reenpoheirol1ng &heCttiuh b s ebrirespunding Ckbadntron
according to predeterm ned standards (e.g., RS-232C) and is constructed of

a general pheposeekfasadhpaweA¥Ad2 ther consumed eaweonoDHItIRS-R@2L, Thus,

t he personal conputer of the systeminterconnection generator can be

controlled fravh first, the integrated value of the generated power of
the solar cell 72 is stored in the memory unit. Next, there
is determined the power consumed in the heat source unif 4
of the air conditioner (or the characteristic load) through
the serial circuit 70. This consumed power value 1s the
integral of the current value, as used for the current
control by the heat source unit 4, and corresponds
substantially to the consumed power of the load (or the air
conditioner).

Next, according to the value of the integrated power

i after the consumed power value has been subtracted from the
value of the integrated power, the demand signal 1is .sent
through the serial circuit 70 to the heat source unit 4 to
regulate the drivability of the air conditioner. This
demand signal is released Whén the integrated power value 1is
sufficiently restored.

Fig. 14 1is an explanatory diagram illustrating the |
aforementioned relation. In Fig. 14: reference character P
indicates the integrated value of the power generated by the
solar cell 72: P3 indicates the value corresponding to the

power to be consumed for three days by the load (or the air

conditioner); P2 indicates the value corresponding to the



the joutsi de by using that personal conputer I/F 88. Di splay units 89,
90 are conbined in three figures of displays of eight segnents to display
the generated power of the solar cell 72, the codes indicating the kinds
of troubles, if any, and the set guide line values at the initial

?ettln% These display units 89 and 9@7are fed wwth the output signals
romthe m croco a b | ay,,d

gl rcuit (ROWeT ”8 h@r&f’nﬁﬁpﬁgsggrdltw\‘?efiayé) Bé'w%il& ﬁﬁgtdd( ey at eé dir
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y Opén con acts b which are Oopened at an abnor nal

time, the¢hgdgdi$Bb3Nity of the air conditioner and the maximum power
generated by the solar cell.

Zone A to zone C are set by using P3, P2 and P1, .as
shown in Fig. 14. Moreover, differentials are suitably set
according to the fall and rise of the integrated value P.

In the zone A, the demand signal for changing the
maximum running current to 2/3 of the set value is sent to
the heat source unit 4; in the zone B, the demand signal for
changing the maximum running current to 1/2 of the set valﬁe
is sent to the heat soufée unit 4; and in the zone C, the
demand signal for changing the maximum running current to
1/3 of the set value is sent to.the heat source unit 4. The
demand is released when the integrated value does not belong
to any zone. These signals effectively act when the demand
function of the air condifioner is effectively set.

By these controls, the power conéumption of the air
conditioner can Ee suppressed within the power generated by
the solar cell if averaged for one year. Specifically, the
generated- power of the days, for which no run of the air
conditioner 1is required, and the excess powers at the
running time with a low power are Integrated, and the

integrated power 1s used when the air conditioning 1is



27 indicating when a trouble occurs, and the yell ow display indicating the
state in which the generated power of the solar cell is not sufficient.

A switch unit 93 is provided such as a push switch connected in a nmatrix
shape with the input/output ports of the mcroconputer 71 or a | ock type
push switch, the state of which is fet3ghed for controls by the scanning of

the m Cr YIBULELy Tlgq Tféhﬁts"‘ﬂth gh EB%E' OR3ns%m g‘t"i'o'ndatoef L{ife : ﬁ]‘ge

node of the se le, to erase ndi catin t he hlstory o]

stored ab”@&H&itibﬁér anfl be "sﬁ%%@@ehhﬁitﬁﬁt el MHSAVEL PpSHer  of
generator. EPROM or a nenory 94 is provided for storing the set

val ues or the §b§59rgeqﬁ.abnornal|t|es. The set values are provided for
individually setting the reference values to decide abnormalities

different for moheshorst enthe intdgsdted E£lde ¥ LaépoRiSCtbNghel Gedintd5
detects the anount of current, as outputted fromthe solar cell 72, to

out put t hesold;esd @hatntheoatilre condicdonpuged s7substatiiplXy iBraa of
electric circuit diagramof the solar cell current detecting circuit 95.
Nuner al 96regsipedt eruanibD@CEos(ti by. pper@tinerwemhumﬂﬁhﬂlrgpldangéwener)
for outputting a
In other -"words, the system can be utilized as a power
accunmulator to raise the using percentage of the solar cell
substantially to 100 % by selling the power.

Fig. 15 is a flow chart for these operations (i.e., the
demand controls). At first Step S30, thg system
interconnection generator starts its run. Then, the initial
value 1is set at Step S31 to the 1ntegrafed value P.. This
initial value can be selected by the switch to .include a
value corresponding to the power consumption 'ofl the air
conditioner for ten days; a value corresponding to the power

- consumption of the air conditioner for seven days, a value
corresponding to the power consumption of  the air
conditioner for five dayé, and a value corresponding to the
power consumption of the air conditioner for three days, so
that one of these values is suitably selected acnording to
the season in which the system tie generator 1is installed
(to start 1its run). It is preferable to set the 1initial
value at a high value in summer or winter for a higher power

consumption and at a low value in an Iintermediate season

such as spring or autumn. However, the initial value may be



vol tage according to the current, as outputted fromthe solar cell 72.
This output is fed to the effective value calculating IC (e.qg.,
NJM4A200) so that a voltage corresponding to the effective val ue of
the current is obtained by the IC. The effective value is conputed to

28 produce the accurate current val ue39ecause the output current of the

sol ar cell not _a e direct u but contains a

puls?tlng:%ﬂtﬁg%t ﬁ?ﬂ??ﬁ?ﬁoq%#$ it BRTO eh?%& éé& 75 voltage fromthe A/ D
i nput port a e u I (Al t ol t age
I n a predeggrﬁt?’ Ss?rztérré:rhCé pglglrt [ \é% %%ne?%tetag%%ggdﬂkghseéﬁﬂrrg%%y val ge

for the cal r% Y fie o8 o?’ﬁﬁ%*%ﬁ? @%gﬁletgﬁalgg csgepi t sB6,detad s

the inter-termna 72 and out puts the detected

vol tage t%&ﬂg}r”CKQCOHQHéﬂﬁealinFtHe 21t ScéRai B 68EFL C €kr Club t¥Har@AIM Of
t he sol ar Vol tage detecting

from the integrated value P thereby to determine the
integrated value to be used for the control.

At Steps S34 to S36, it is decided which of the zones A
to C the integrated value P belongs to. If the integrated
value P belongs to the zone A, the routine advances to Step
$37, at which the demand signal for changing the set value
of the current.control into 2/3 is outputted to._the heat
source unit 4 of the air conditioner. If the integrated
value P belongs to the zone B, the routine advances to Step
S38, at which the demand signal for changing the set value
of the current control ‘into 1/2 is outputted to the heat
source unit 4 of the air conditioner. If the integrated
value P belongs to the zone C, the routine advances to Step
S39, at which the-demandisignal for changing the set value
of the: current control.into 1/3 is outputted to the heat
source unit 4 of the air conditioner. If the integrated
value‘ P does not belongs to any of the zones A to C, the
routine advances to Step S40, at which a signal for
returning the set value of the current control is outputted
to the heat source unit 4 of the air conditioner.

Fig. 16 is a flow chart showing another embodiment. - In

this embodiment, the set value of the current control is



circuit. Nuneral 98 designates a V/F (i.e., voltage/ frequency)
converting I1C (e.g., NJMA151 nmade by Shin N hon Misen Co., Ltd.). The
inter-termnal voltage of the solar cell 72 is divided and raised by a
resistor to a predetermned level and is stabilized by a capacitor 99 so
that this stabilized voltage is appliedQto the voltage input term nal of

the VIF convestin LC 98.  This | i.Llate ' f cg%q?
correspondinggﬁ?ﬁggghgePgﬁgﬁpgdupsgl%gggﬁegng% ﬁggg%h% g%geéiin :ﬁ%ﬁ%ﬁ d
outputs to ;hg%éégas gpitting el ement of a photocoupler 101 by using an
out put resistor 0. The output of the photocoupler 101 is fed to the

i crocomputer 7o Mhi Gy TRt &S thies fE&AUNRY Qa1 9EIshe @8t Pehet Osame

determ ne the corresponding voltage. An 1 GBT drive circuit 102 is
provided for gpb¥h@fohBeas those of the flow chart, as shown 4% Figching,
el enents (e.g., I1GBTs in the present enbodinent, or transistor drive

circuits and p¥T giviagCi kbl isamehetebh@umerals. First of all, at Step
S41, it 'is decided whether or not the integrated value P
exceeds the value P1. If "P < P1", at Step S42, the-éﬁrrent
set value 1is renewed by the value which is calculated by
subtracting 1A from the current controlling current set
value, as obtained from the heat source unit 4. If, at this
time, it is decided at Step S43 that "Current Control Value
< B", at Step S44, "Current Control Value = 5A" so that fhe
current control valve may not be lower than 5A. This lower
limit is arbitrarily set to a proper value.

If it is not satisfied at S41 that "P < Plf, the current
set value is renewed by the value which is calculated by
adding 1A to the current controlling current set value, as
obtained from the heat source unit 4. If, at this time, it
is decided at Step S46 that "Current Control Value > Set
Value" (wherein the set value 1is the current control value,
as initially set in the heat source unit, namely, the value
set in the user unit 3), "Current Control Value = Set Value"
at Step S47 so that.the current control value may not exceed
the set value.

At Step S48, the current control value thus set is sent

to the heat source unit 4 to control the drivability of the



power ~transistors or power FETs are used), as conposing the single-phase
inverter 75. Specifically, this is a drive circuit for anplifying the
power the OV OFF signal, as outputted fromthe mcroconputer 71, to a
level as high as to drive the IGBTs, and is conposed of a photocoupler and
an anplifier, as can be exenplified bylla general purpose drive circuit.

A third harmonic detecting circuit 103 detects the troubles such as the
servi ce i Bedtr $ANLEGE 3R Id <Lonnection of the systemin terns of the
increase in the third, _harnpni to cut. off the,connection t he sy, m

i nt'er connect i 8% tB&nef FB?BangTthlyd%PﬁcFFﬁaSi8PrEﬁﬁPl%i?foé%ﬁﬁbsé%LFof a
band-pass filter, a V/F (i.e.,.. vaqltage/freguenc cpnverti Ltcult .and
SO on (asmé'iyscl SseFTH cd °enofllheg aa%fe%‘ér%aﬁg}lj{% Aﬁmf%m?%ﬁﬁ%% the

7- 146599/ 5 S ' I I §E¥‘ t t co ru

converts tjfglzl%teir?grhgt eé@ﬁ%pﬁu@%ffgom%séo ar ce IEEQZQ%%t%y?%e g?%gl gk%ﬁ}ase
Ac pover Qi b0 \inf12V4 N At GYAN -SIfle, WY GFeaflsowfce Hinier4 Als Hio DY
the single-phase inverter circuit /5 1f the voltage, as detected by the
sol ar cel loggd t GecHleiiRcd d Nerfd ¢ 04 . 97al ffoMertide PdSSerepvioad thukage

(to extract 'the generated power).
far made is directed to the interactions between the system
interconnection generator and the air conditioner, the
present invention should not be limited thereto but can be
applied to various appliances having the demand function.

Hence, the system interconnection generator . is made
separate from the air.conditioner but may be integrated with
the latter if it is dedicated to the air conditioner.

When the present invention is applied to an -appliance
having no demand function, on the other hand, this appliance
may be connected with an adapter capable of turning ON/OFF
the pdwer source thereby to control the ON/OFF of the
appliance through the adapter. At this time, the demand
function may respond directly to the ON/OFF of the appliance
50 that-the current to the appliance may be detected by the
adapter or that a closer one may be selected from the
selected values set in the adapter.

Fig. 17 shows still another embodiment, in which the
same components as those of Fig. 1 are designated by the

same reference numerals. In Fig. 17 there are provided an

adapter unit 200; an appliance 201; a timer unit 202; a



Thi s, si ngl e- phase AC power is converted into the single- phase AC power of
200 V by the booster transfornmer 79 and fed to the systemif the nornally
open contacts 80a and 80b 30 are
closed. As a matter of fact, the converted single-phase AC power is set to
a level slightly higher than 200 V for 42 flow toward the system but the
value of 200 V will be assunmed in the follomﬁng des ri§ti E At _this
time, thegmakked pbRed of CORERSH| af08ct? B Tutmeti ¢ N{/§ Foi Bl af®¢ i n
the display wunit 89. by the ] croconput er . Fi is ..an
eﬁpLanatoﬁﬁQHﬁ%ﬁﬁeuﬁn@II%st?%f?ﬁg% éﬁ%ec %ﬁsi2@%nefoﬁavggtef%gggbaﬁpﬁb

the current V. . @4 outpurt ed he singl e-phase inverter
circuit  furrent ﬁ%‘?’mﬁo?hr%‘ﬁ% %’é&%pﬂ%fﬂb%érr od is divided into

si xteen sectj.Qns - ctjan ;1 to [ 6 facllltat t he
descri ption. “a %&P%ieirano Lfﬂé)c ,ljs‘l 5 t‘%gﬁtgalggoé'f )wglg&lzg,%é Cll%)jb%(?év%&sl oﬁ% = 20

mllisecongs / P3P M ChREEFORHS $P50P 6r in the house or space left

unused for a long time, and its drive power is supplied
through the normally closed contact 203 from the residence
distribution board 7.

The timer unit 202 outputs a running signal to the
ventilator 201 for running it for a constant time period for
every time periods or at every predetermined time intervals.

The adapter 200 decides the run/stop of the ventilator
204 by the current detector 204 and detects the current to
the ventilator 201 thereby to send the state to the system
interconnection generator 2. In response to the demand
signal from the system interconnection generator 2, the
adapter 200 controls the ON/OFF of the normally open contact
203.

In the appliance thus constructed, the ventilator 201 is:
run Tfor the bredetermined time peripd af the predetermined
time 1interval so long as there is the integration of the
power generated by the solar cell.

In short, the ventilator is operated substantially only
by the solar cell so that power may not be purchased from
the system.

This appliance should not be 1imiteg to the ventilator



period of 20 milliseconds and a sanpling period of 200 mi croseconds. In
thé case of 60 Hz, there are obtained eighty four divisions. The
one period is started in synchronismwith the zero-cross signal which is
outputted fromthe systemvoltage zero-cross input circuit 87 so that the
si xteen divided waveforms are outputizd sequentially fromthe instant

when the_zero-cr ' | i bt d Vi '
(nter - ter Akl S%gaiér%ff‘w'e?g" 1 fﬁ Gtrbp e%%»e%ﬁ EREBEE L o s nce
€ zZero-cCcross,si tt
t he divi ded ef@ﬁtgggcé:gﬁg%afy %g% jﬁ?ﬁ exn%éﬁ?@?eo EL;F?
period naX%%ﬁl(ﬁP?EF? 200 and.the 5 §t 1nt?rco%ﬁéc?QSnCEEh%ra@bﬂ'“2; the

next hal f he T nvért e orenenti oned ei ght

et g, 1P, SFBEAD0E o TESOZCEN b ponfEns g, b
SeleCtingéﬁY%foG%fftiinntegrated to determine the integrated value
P. Next, at Step S51, it is decidéd whether or mnot the
ventilator 201 is running. This decision depends ﬁpon
whether or not the current to the ventilator 201 is detected
(or whether or not a predetermined amount or more current
has flown) by the adaptef 200. If the ventilator 201 is not
run, the routine advances to Step SSO. at which the
generated power 1s integrated.
If the ventilator 201 is run, the routine advances to
Step S52, at which the consumed power of the ventilator 201
R is determined from the current flowing to the ventilator 201
from the adapter 200 and 1s-subtracted from the integrated
value P.

'Next, at Step S53, it is decided whether or not the
integrated value P is "P > 0". If this answer is YES, the
routine advances to Step S54, at which the auxiliary relay
is 1left inactive to close the normally closed contact 203
thereby to make it possible to run the ventilator 201. If
the "P > 0" is not satisfied, the routine advances to Step
S55, at which the auxiliary relay is actuated to open the

normally closed contact 203 thereby to stop the run of <the

ventilator 201.



of the ON OFF of the switching el enents of the single-phase inverter
circuit 75. As a result, the quasi-sine waves are obtained by changing

the conbination of the ON OFF sequentially. One (e.g., the
fourth section 4 fromthe zero-cross position) of the sixteen sections is
constructed of three sections TA TB TC, of which the sections TA and

TC h | i ods, For the individual segti 1tq 16
Uherof or . 1 A P8Rt athaBk o tha,PRYCERE BOYPBSHAndPnd tFPeSiorci s FIASY | 50

Hz d 60 d TB I ' t d | h | t hat th

sel g(r:]t ed t n&%%aetgfrc?ntvfoﬁegfflh g(ﬁ‘ﬁrlﬁlﬁe Itne%feo@oi%aﬁ%%?%gﬁdf o? t he vgl ues
ti ' t t T I 00

i cr oseconds ACeqgthe® €Y ¢hE 1138E, BRRpe BF HABFeNGA W10

wavef or ns sk s £ &, VEESa éfgf |5 F1OVEPREE L@l al EReSltife

variety of ‘Initial settings are nade, and the mcroconputer 71 starts its
operati ongpe Ao ¥piittieP Sthe ddmélaiéx{ PYhdde iMesesspdantecquehy ahe read

out fromthe data table, as stored in the ROM 94, to prepare a new data
table. distortion of a current waveform so that a theoretically
ideal current waveform can be achieved.

According to the second aspect of the present invention,
moreover, the phase of the power fo be outputted to the
system is adjusted to prevent the distortion of the waveform
coming out of shift and to suppress the distortiop of the
waveform due to the characteristics of the individual
appliance parts so that a more ideal current aneform can be
achieved.

By adjusting the phase of the AC power, as to be
outputted from the system interconnection generator to the

system, to the zero-cross point of the system, it is also

possible to achieve the phase adjustment easlily.



32 Next, at Step S3, it is decided whether or not there is an output
f#or”ﬂl' " ﬂlﬂmmuge zero-cross input circuit 87. If this answer is
YES,'1 y Mbances to Step S4, at which N =1, and then to Step Sb.
If it is decided at Step S3 that the zero-cross signal is not detected,

the routine advances as it is to Step 3 Since the decision of the

zero-cross signal is processed by the interruption of the m croconput er
71, Step S3% tpr%é's‘s?é&%ﬁyl%'i me if the zero-cross signal is produced.

A St S5, the d f_th f [ ' |
var i SEI e N laree tgga'osotiﬁtm ?jr%%z?%oé{%heg%%eq%;llﬁ%&era%&rg,eédar?ﬁ%%%%n%%t Qt ﬁgoggtr a

ooty SR S SRR Lt St g R e by

pr edet er m née genera the s cell as to produce

Itogﬁe Jquast - YNk NP FEEN UBARLndRirddif Soldlonelity Cor IFASER! €16
ptl mum pol nt". t ep S/, the values of the TA and TC are

calculated zqjusted, thereby to supply the converted AC power to the

system for a commercial AC power source,

wherein a correction unit for detecting the distoftion

of the current waveform of the AC power supplied from said

system interconnection generator to said system is provided

to correct the ON duty of the chopping section after 360

degrees of the chopping section, the distortion of which has

been detected, in accordance with said distortion.

2. A system interconnection generator comprising a power
converting unit for converting solar energy into AC power by
using a voltage choppiné waveform, the ON duty of which 1is
adjusted, thereby to supply the converted AC power to the
system for a commercial AC power source,

wherein said voltage chopping wavefbrm.isl divided for
one period sequentially  at an equai interval ‘into a
plurality of sections; each of said sections with such an ON
duty as to establish a quasi-sine wave; and at a
predetermined phase time of the system, outputs are
consecutively made from the section corresponding to said
section, and the ON duty of the corresponding section is so

corrected after 380 degrees that the actual current values
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fromthe corrected value of the,TB. Next, at Steps S8, S9 and S10, the

pr édet er ni ned e OV OFF signals is maintained. As a
result, therelmmlmlﬂmull["mpef or m of one section, as illustrated in
Fig. 10. At* ¢St epsH 0O, a timer for pr oduci ng an
i nterruption S|gnal‘ at a t| rre up |s useddé or rreasure the time periods

f
e ooomad r%% %Igd%jla{aqpeé&!ﬂ n‘%O}yeher contro ﬂ-@t’:‘ié&l ﬁ&h‘EH%

m croconpute owed to during t
measur enegly 1@fed.he tiner, 33 that is,
before the interruption si gnal appear. Next, at Step S11, N =N

+1, and the counter is proceeded to the next section. If N> 16 at
- Step S12, the section to be established at Step S13 as "N = 1" is returned

to the hegd. A sy¥tdm tie gandrdsorrATWRHE N t3 sl 2) which a series
- of quasi-sine waves are produced. Fig. 12 illustrates a waveform of two

peri ods of thwherein said predetermined phase time is at a zero-cross

point of the system.
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guasj ~si ne wave thus generated. In Fig. 12, nuneral 110 designates a

di Storted portion of the current waveform as distorted by the induction

| oad of the electric parts against the theoretical quasi-sine wave. This
distortion is decided by conparing the instantaneous val ue of the current,
as obt ai ned through the transforner primary current detecting
circuit 83, and the theoretical current val ue. This distortion is
corrected at the next period by corgecting the value of the TB which
constructs the same section (as indicated by nuneral 111) of the next
period. Specifically, the distorted portion 110 of the neasured current
waveformis |low for the theoretical current value so that t he val ue of the
TB is corrected in the section 111 to "TB = " (wherein a

takes a positive val S¥§TEMMTEBMN§CTI@NEGENMOB my be
negative when the distorted portion 110 of the nmeasured current waveform
is high for the theoretical current value. This correction is executed
for all tABSIBACHns in which the neasured current

A system interconnection generator (2) comprising a power converting unit for
converting solar energy into AC power by using a voltage chopping waveform, the ON
duty of which is adjusted, thereby to supply the converted AC power to thé system for a
commercial AC power source. The distortion of the current waveform of the AC power
supplied from the system interconnection generator (2) to the system is detected to
correct the ON duty of the chopping sectioﬁ after 360 degrees of the chopping section,

the distortion of which has been detected, in accordance with the distortion.

Fig. 1



34¢valde is different fromthe theoretical value, so that the value of the
next period is always sequentially corrected for every periods. Thi s
repetition can be effected’ by replacing the corrected value of the
TB by the value of the data which are read in by the "Read Data Tabl e" at
Step S2 of the flow chart presented in Fig. 11. Fig. 13:is a flow
chart showi ng the operations, which are peffgorned in parallel while the
operations of Steps S8, S9 and S10 of the flow chart of Fig. 11 are being
executed. These operations may be executed at the change in the "~ sections

if the processing speed of the mcroconputer 71 all ows. First of all,
at Step S20, the current 1G as detected by the transfornmer primary
current detecting circuit 83, is r . Jhis current may take the
value of the target section which has already been read. At Steps

S21 and S23, this current value IGis conpared in its value with the

t heoretical current vgl ue of tR@si&Hﬁ%‘e‘EiQﬁ'iW?oﬁhi ch is set so that the

solar cell may
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geﬁeraté the power at its optinmum operating point. If "Theoreti cal
Current Value > IG', the value of the TB of the data table of the
correspondi ng section is corrected at Step S22 to "TB = TB + [err]" and

t hen updat ed. If "Theoretical Current Value < IG', the value of the TB
of the data table of the corresponding section is corrected at Step s24 to
"TB 3%14 TB - [err]" and then
updated. These values [err] and [err] are suitably set according to the
maxi mum out put of the solar cell 72, and -[err] =([err]. 1In order to

reduce the «current fluctuation wdth, noreover, these [err] and [err]

val ues are set such that the current |1G reaches the theoretical current
value after several corrections. By these corrections for the

i ndi vi dual sections of the quasi-sine wave, the solar cell is enabled to
generate in an optimumstate at all tinmes, and the distortion of the
current waveform of the quasi-sine wave can be substantiglly elimnated to

feed an AC power. of stable waveformto the 4;1;
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system® In the foregoi ng enbodi nent, the value of the data table is
corrected at first in accordance with the distortion of the current

wavef orm and then for achieving the opti mum operations of the solar cell.
However, the corrections may be nade at first for the opti num operations
of the solar <cell and then for the distortion of the current waveform |In
this nodification, there my be separately/povided a .data table for
correcting the distortion of the current waveform and this table nay be
updated for each period so that thi sfo te(§/al ue may be added to the
correction for the optinmum operationsS o %t solar cell. - Mor eover,
.the mecroconpyter 71 can determne the generated power of the solar
cell 72 fro it hr t+he—etr-renty val ue detected by the solar cell current

det ecti ng cil g0 36 95 and the voltage

val ue det ect d 1L 5ol ar c:e%ﬁ%’l'ilaiggower Source

Voltage at +5V||,
41 | 2‘8 ir27 Serial Circuit
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i J- Microcomputer
29 30 L ;
| 1 32
I - ——
D@ OhI3a | i
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® @ O}-13b

1Serial Circuit Microcomputer




detecti’ng circuit 97, to output the signal (e.g., demand signal) for
controlling the run of a corresponding load from the integrated power and
t he consuned power of the | oad. At first, the integrated value of the
generated power of the solar cell 72 is stored in the menory unit. Next,
there is determned the power consuned in the heat source unit 4 of the
air conditioner (or the characteristic lgagy through .the serial circuit
70. This consunmed power value is the integral of the current value,
as used for the current control by the heat source wunit 4, and
corresponds substantially to the consuned power of the load (or the air

condi ti oner). Next, according to the value of the integrated power
after the consunmed power valus%has been subtracted from thgeall of the
i nt egrated power, the%emand gnal —i - through t@s@)i \_cﬁcuit
70 to the heat source Uit 4 & late the drivabil Ffy—foffthexair
conditioner. Tiys _de ST gna rel gasefl when the infegratLd_pnmer
value is suffi@ently regoykd Fg+—l4|is an expl anat orly di agr dm®N
illustrating the ementioned Fetatioh. [Ip Fig. [&] refergnce charjacter
P - 0 3
© | o_|&
: T 0
1 =
o) S )
I w N
- © &
N
< .g § : > El Q)
QG T
0‘ - o 4»——D|——4»——D|——<
2011711 | &
w S 23 AN
. £ n g M
solt i/ (- <
| s5|IE 3 SAA
: CLiH J— N
= o <t
oD o —_
()¢ 38
o S o098 ?"
'y} L -
@ 1
|
s3|H A~ F
_ = 2 N
818 5 ?
S
Q-
=
O o
- 0
' N O
n v o



i idi cat™es the integrated value of the power generated by the solar cel
72; P3 indicates the value corresponding to the power to be consuned for
three days by the load (or the air conditioner); P2 indicates the value
corresponding to the 37 power to be
consuned for two days by the load (or the air conditioner); and Pl
i ndi cates the value corresponding to the per to be consuned for one day
by the load (or the air <conditioner). These values are suitably set
according to the drivability of the 1=*lggggi oner and the maxi mum power
generated by the solar cell. Zone¥A Nn&’C are set by using P3, P2
and P1, as shown in Fig,..14. Mreover, differential s,are suitably set
§Qn E@-

according to the fall a 9 ise of th tegrated val Rh ln_t he zone
A, the demand signg | Ng—Hhre = ’nun1runnk cU1B (o] 2/ 3 of
the set value is Sed_lti-hdﬂ’ eaﬂ%ﬂ&%ﬁnit 4;. %e z ,..%B,—. he denmand
i | f hangi ' ' I-—aft-—the—setq val
S| gna or changdl 1 J’I T n A T rb?mTItO g_ena’ Cll’CUlf val ue
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i s sent” to the heat source unit 4; and in the zone C, the denmand signal
for changing the maxi mumrunning current to 1/3 of the set value is sent
to the heat source unit 4. The denmand is rel eased when the integrated

val ue does not belong to any zone. These signals effectively act when the

demand function of the air conditioner is effectively set. By these
controls, the power consunption of the a/i4 conditioner can be suppressed
within the power generated by the solar cell if averaged for one year.

Specifically, the generated power of .the days, for which no run of the air

conditioner is required, and the excfs @er t the running time with a
| ow power are integrated, and the i ®d is used when the air

conditioning is ' 38 necessary, so that
the power consunption of the air conditikbner can be suppressed
wi thin the generated power of, the solar cell »>71 Microcomputer
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| n» short, the integrated value corresponds to the amount sold, so that the
air conditioning is substantially free of required running cost by

operating within the sold power. |In other words, the system can be
utilized as a power accunulator to raise the using percentage of the solar
cell substantially to 100 % by selling the power. Fig. 15 is a flow
chart for these operations (i.e., the demand controls). At first

Step S30, t he system interconnecti @/igenerator starts its run. Then,
the initial value is set at Step 1 t hgai Nt egrated val ue P. Thi s
initial value can be selected by thigéhtﬁgh 23 include a value
corresponding to the po onsunption of the air conditioner for ten
days, a val ue correspon to the power consunption of the air
conditioner for seven daﬁ%, a valﬂe comﬁgsponding to the power
consunption of the aifr—condrtironer I 11 Ve da and a val ue

S
corresponding to the OVJ€r consu lon of the ai COoRcH§ i e
S0 tha : o s sappabl e L MR acdhpitef

days, so that one of thgse valnpﬁ S s sel e¢t ed
season in which the syste i pnefat or,,h s i nstall e (to start its run).
It is preferable to set tlhelifmitial vaIW@ at a"h»gT i N sunmer or

winter for allAGB&6pover >
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consunption and at a |low value in an internedi ate season such as spring or
autumm. However, the initial value may be

39 set at a constant val ue t hroughout seasons. At Step S32, the power
as generated by the solar cell, is added to the integrated value, and at
Step S33, the power, as consuned in the air conditioner, is subtracted
fromthe integrated value P thereby to detggm ne the integrated value to
be used for the control. At Steps S34 to S36, it is decided which of
the zones A to Cthe integrated value P belongs to. If the integrated

val ue P belongs to the_zone A the routine advances to Step S37, at which
the demand signal for changing the set value of the current control into
2/3 is outputted to the heat source wunit 4 of the air conditioner. |If
the integrated value P belongs to the zone B, the routine advances to
Step S38, at which the demand si or Gghgpgi ng the set value of the
current control into 1/2 is out p#f'leégo :’ heat
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source *unit 4 of the air conditioner. If the integrated value P belongs to
the zone C, the routine advances to Step S39, at which the demand si gnal
for changing the set value of the current control into 1/3 is outputted
to the heat source unit 4 of the air conditioner. If the integrated

val ue P does not belongs to any of the zones Ato C, the routine advances
to Step S40, at which a signal for retu?rﬂ‘hg the set value of the current
control is outputted to the heat source unit 4 of the air conditioner.

Fig. 16 is a flow chart show ng anot her enbodi nent. In this enbodi nent,

t he set _value of the current control is 40
changed dependi ng upon whet her or notF't 'eﬁ‘ntgﬁé ted value P exceeds Pl.
Here will be omitted the description¥®of ¥t S operations as those of
the flow chart, as shown in Fig. 15, by giving the sane step nunerals.
First of all, at Step $S41, it is decided whether or not the integrated

lue P
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exceeds the value P1. If "P < P1", at Step S42, the current set value is
renewed by the value which is calculated by subtracting 1A fromthe
current controlling current set value, as obtained fromthe heat source
unit 4. If, at this tine, it is decided at Step S43 that "Current Control
Value < 5", at Step S$S44, "Current Control Value = 5A" so that the current
control valve may not be |ower than 5A. MW@ lower limt is arbitrarily
set to a proper val ue. If it is not satisfied at S41 that "P < P1", the
current set value is renewed by the value which is calculated by adding
1A to the current controlling current set value, as obtained fromthe heat
source unit 4. If, at this tine, it is decided at Step S46 that "Current
Control Value > Set Value" (wherein the set value is the current control
value, as initially set in the heat source unit, nanely, the value set in
the user unit 3), "Current Control Value = Set Value" at Step S47 so that
the current control value may not exceed the set val ue. At Step $48,
the current control value thus set is_sent to_the heat source unit 4 to
control the drivability of the = :

FIG. 12



41~ hedt source unit 4. On the other hand, only the decision result of
Step S41 nmay bé sent to the heat source unit 4 to entrust the functions
corresponding to Steps S42 to S47 upon the heat source unit 4. At this
time, the heat source unit 4 has to cope wth these functions. Although
the description thus far made is directed to the interactions between the
system interconnection generator and thejAj4 conditioner, the present

i nvention should not be Ilimted thereto but can be applied to various
appl i ances having the demand functi onF Laﬁenci; the system

i nterconnection generator is nade dep e f the air conditioner but
may be integrated with the latter if it is dedicated to the air

condi tioner. When the present inventionjis applied to an appliance
havi ng no dermand function, on the other hanl‘j, this appliance may be
connected with an adapter capabl e of—t+r+RG—ON-CRR the power source
thereby to control the ON OFF of thgRead Current IG}—S20
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appl i arfce through the adapter. At this time, the demand function may
respond directly to the OV OFF of the appliance so that the current to the
appl iance may be detected by the adapter or that a closer one may be

selected fromthe selected values set in the adapter. Fig. 17 shows
still another enbodinent, in which the same conponents as those of Fig. 1
are designated by the sane reference nupef@s. In Fig. 17 there are

provi ded an adapter unit 200; an appliance 201; a tinmer unit 202; a

42 normally closed contact 203 to be turned OV OFF by the adapter; and a

current detector 204 for detecting Fg'\g‘urregﬁlowi ng through the
appl i ance. The appliance 201 i reti | r which is disposed in:

the loft, under the floor or in the house or space |left unused for a |ong

time, and its drive power | led through the normally closed contact
203 fromthe residence di$tgmTARPNLEIG 7.
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The tifer unit 202 outputs a running signal to the ventilator 201 for
running it for a constant tine period for every tinme periods or at every
predeterm ned tine intervals. The adapter 200 deci des the run/stop of
the ventilator 204 by the current detector 204 and detects the current to
the ventilator 201 thereby to send the state to the system interconnection

generator 2. In response to the demt®di4 signal fromthe system
i nterconnection generator 2, the adapter 200 controls the OV OFF of the
normal |y open contact 203. In the appliance thus constructed, the

ventilator 201 is run for the predetermned tine period at the
predetermned tinme interval so long as there is the integration of the
power generated by the solar cell. In short, the ventilator is operated
substantially only by the solar cell Eo!l@t pb@ may not be purchased
from the system This appliance sholl'd hot b® limted to the

ventil at or
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43" but “can be applied to any if this matches the adapter. Fig. 18 is a
fl ow chart showi ng the major operations of the adapter 200 and the system
i nterconnection generator 2. In this flow chart, at Step S50, the power
generated by the solar cell is integrated to determ ne the integrated
value P. Next, at Step S51, it is decided whether or not the
ventilator 201 is running. This decisiog dﬁ ends upon whether or not the
current to the ventilator 201 is detect 3 ?or whet her or not a

predeterm ned anmount or nore curr g@t as f ) by the adapter 200. If the
ventilator 201 is not run, the ?C‘Jél}e ia ances to Step S50, at
which the generated power is integrated. If the ventilator 201 is
run, the routine advances to é&gﬁqéﬁée at which the consuned power of the
ventilator 201 is det&mined 1l \ .current flowng to t @0&ent i | at or
201 fromthe adapter 400 and Pistiubutiend20@rdm the i ntegratled val ue P.

Next, at Step S53pPurch@sedci yed mhet fer—or—mot the integrlated value P is
"P>0". If thig #’b’]ﬁ&??\ﬂé?eny 7 t he 203

3 % J Thr—dale—n
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rofitiné advances to Step S54, at which the auxiliary relay is |eft IPoJ

I nactive to close the normally cl osed contact 203 " thereby to nake ﬂt—’oooqq"‘
possible to run the ventilator 201. If the "P > 0" is not satisfied, the
routi ne advances to Step Sb5, at which the auxiliary relay is actuated to

open the normally closed contact 203 thefeby to stop the run of the

ventilatogumﬂm%@&%mmu 44 After this, the
routine advances ep which the integration of the generated
power is repegheresent inVefiiort costemplatdicof provide asHiRtein Ritercbindti6s $Bherator for
invention thus far described, the distortion is corrected at the tine of

out putti'nq;rtéming&hedtsﬁxﬁoﬂbﬂﬂﬂ:wmvmm&lﬁmo&yth the distortion of a
current waveformso that a theoretically ideal current waveform can be
achi eved. Ascarding tg) a dirsthespeet ofidthe spresent dfiventionprtberents prowidedi ansystem
mor eover, the phase of the power to be outputted to the systemis adjusted
to pr eveninterpennection genesaton COMPESIAGY ef or m

a power converting unit for converting solar energy into AC power by using a voltage
chopping wave form, the ON duty of the voltage chopping waveform being adjusted to
therebj' supply the converted AC power to a commercial AC power source, and

a correction unit for detecting a distortion part of a current waveform of the -AC power
supplied from said system interconnectidn generator to. said commercial AC power souice
and for correcting the ON duty of the voltage chopping waveform when one cycle of the
current waveform of the AC power is passed.

According to a second aspect of the present invention, there 1s provided a system
interconnection generator comprising:

a power converting unit for converting solar energy into AC power by using a voltage
chopping waveform, the ON duty of the voltage chopping waveform being adjusted to
thereby supply the converted' AC power to a system for a commercial AC power source,
wherein the voltage chopping waveform is sequentially divided for one cycle at an equal
interval, into a plurality of sections, each of the sections having such an ON duty as to
establish a quasi-sine wave, and at a predei:ermined phase éngle of a current waveform of the
commercial AC power source, the voltage chopping waveform being consecutively formed
from the section corresponding to the predetermined phase angle; and

éorrec_tion means for correcting the ON duty of a section having distorted the current
waveform at one cycle after the section so that the current values of the distorted section may

reach a predetermined current value based on a theoretical sine waveform.
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cofi ng out of shift and to suppress the distortion of the waveform due
to the characteristics of the individual appliance parts so that a
nore ideal current waveform can be achieved. By adjusting the phase of
the AC power, as to be outputted fromthg system i nt erconnecti on generat or
to the system to the zero-cross point of the system it is also-
possi bl e A , ARG

m%gam ly.
45 \Wat 1S : nt erconnecti on generat or conpri sing:
©a power cegyef tisng seltaxﬁati‘coalagﬁuawhbwn@ el AlatRMCbewesR ! thE s§HBMI¥ntérdbRnddtion

. power by using a voltage chopping wave form the ON duty of the voltage

choppi ng geneeitor of thei pigsend iliveationl abdthiehdr edaditiompr| y t he converted AC power
to a cormercial AC power source, and a correction unit for detecting
a di st ort Fign 2pisra blotk diagram efi thexesonabb cimcwif oft the usE ymitvefithe airgphditioném om sai d

. systeminterconnection generator to said comercial AC power source and

for corr ebig.hds ah sleglsmj oirquit fiagram showingdhe mipttnmgnm teosenial\pewensmires; che
of the

serial circuit and the microcomputer;

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

Fig.5 is a control circuit diagram of the system interconnection generator;

siar mor hsm
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curfent vvav wer is passed 2. A systeminterconnection
gener at.or gmﬂmmuﬂ@'@jmé power ‘tonverting unit for converting sol ar
energy into AC gower a voltage chopping waveform the ON duty of
the vol tage choppi ng wavef orm bei ng adjusted to thereby supply the
converted AC power to a systemfor a co rcial AC power source, wherein
t he vol tagﬁl AOARINMg daveformis sequentially divided for one cycle at an
equal i nterva Into a plurality of sections, each of the sections having

such an ON duhysyaﬁ,n{ mteﬁgﬁﬁeﬁbﬁge&rﬂgggbmﬁmﬁgmve and at a predeterm ned
phase angle of a current waveform of the " conmnercial AC power source, the

vol t age choppa p@wsa\@heerting Qinigfo: dvmeetting \soldy efnefgyegblaﬁ ey o SACt péier by
.corresponding to the predeterm ned phase angle; and correction nmeans
for correutingg vdiagEkshoppiyg wiave fer, therONadntyof thesvaltage ¢hopping waveform being
wavef orm at one cycle after the section so that the current values of the

di st or t edadjusted tnthersby SUPBJ(YHha cpnvettedAGipawer toa cammescidl AC pawerisaurce, and

t heoretical sine waveform . A systeminterconnection generator

according to @cesraetion unit for mgﬁ@wmoarmmf&mw dhe AG power

ositioned a changj ,e of curyent directi of the current
\R/avef orm prilﬁﬁ? n*%\gp %f éqf‘g ARCFRORBRCHO, r 8 feggrator to said commercial AC power source

and for f:orrecung the ON duty of the voltage cho_pping waveform when one cycle of the
current waveform of the AC power is passed. '
2. A system interconnection generator comprising: . --

a power converting unit for converting solar epergy into AC poWer by using a voltage
chopping waveform, the ON duty of the voltage chopping waveform being adjusted to
thereby sﬁpply the converted AC power to a system for a commercial AC power source,
wherein the voltage chopping waveform is sequentially divided for one cycle at an equal
interval, into a plurality of sections, éach of the sections havmg such an ON duty as to
establish a quasi-sine wave, and at a predetermined phase angle .of a current waveform of the
commercial AC power source, the voltage chopping wavefom being consecutively formed
from the section corresponding to the predetermined phase angle; and

correction means for correcting the ON duty of a section having distorted the current
waveform at one cycle after the section so that thg current values of the distorted section may
reach a predetermined' current value based on a theoretical sine waveform.

3. A system interconnection generator according to claim 2,
‘wherein said predetermined phase angle is positioned at a changing angle of current

- direction of the current waveform of said commercial AC power source.
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