METHOD AND APPARATUS FOR CONTROLLING AN AIR CONDI TI ONER W TH Ae8@k3”CEL L
The, present invention relates in general to an air conditioner enploying
electric power by a solar cell/solar cells as an operation power and nore
particularly to a: nmethod and apparatgi_for controlling the air

condi ti oner. A conventional air conditioner using solar cells is
di sclosed in Japanese Uility Mddel Publication No. 61-4174/1986. The air
condi ti oner s the out put ower of the solar cells as a power supply

when t he METH b ¥np' APPARARUS FBR CONTROLLING AN AIR CONDITIONER
WITH.A SOLAR CELL

The present invention relates in general to an air
conditionér employing electric power by a solar cell/solar
célls as an operation power and more particularly to a
method and apparatus for controlling the air conditioner.

A conventional air conditioner using solar cells is
disclosed in Japanese Utility Model Publication No.
61-4174/1986. The air _conditibner employs the output
power of the solar cells as a power supply when the
weather is fine and the output power is large, and the
air conditioner employs AC power supplied from .a
commexrcial AC power supply when the.weather is "rainy" or
"cloudy" and the output power of the solar cell is
small.

The solar cells have not satisfactorily been
utilized for the conventional air conditioners since it
is not désigned for use when its output is lower éhan a
predetermined value,- ?he running electric power necessary
for the air conditioner may be secured by increasing the
area or size of solar cell when its output is small in
case of being rainy or cloudy. The problem, however, is
that excessive power méy be generated by the increased

area of the solar cell in case of the weather being
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weat her is fine and the output power is large, and the air conditioner
enpl,.oys AC power supplied from a comercial AC power supply when
the weather is "rainy" or "cloudy" and the output power of the solar cel
i's. small. The solar cells have npt satisfactorily been utilized for
t he cconventional air conditioners since they are not designed for use when
out put thereof is lower than a predeterm ned value. The running electric
power necessary for the air conditioner may be secured by increasing the
area or siZing. the solar cell assenbly when its output is snmall when

it is rainy or cloudy. The problem however, is that excessive power

may be gener at edi@BROY e i e 'R egrerating BUPhr *f | When $aka%eat her
'S cell which varies with the solar radiation amount is not
followed up and the generating efficienc& of the solar
cell may be deteriorated unless the optimum operating
‘point thereof is followed.
When the air conditioning operation is not needed or
when no user is present in an air conditioned room, the

solar cell is not utilized, .and this has made the

utilization factor of the solar cell inferior.

An object of the present invention is to provide an
improvement in the control operation of an air conditioner
so that a solar cell/solar cells can be utilized
effectively.

Another .object of the present invention is to
provide an improvement which can control the DC power
supplied from a solar cell/éolar cells from exceeding a
predetermined va}ue.

A further object of the present invention is to
provide an improvement which can control the DC ﬁower
supplied from the DC power supply bus to the air
conditioner so that a withstand ‘power of the air

conditioner to the solar cell can be designed to be at a



- 2- fine. Mor eover, the optinmm operating point of the solar cel
whi.ch varies with the solar radiation anount is not followed up and the
generating efficiency of the solar cell nmay be deteriorated unless the
optinum operating point thereof is fojlowed. When the air
corditioning operation is not needed or when no user is present in an air
condi tioned room the solar cell is not utilized, and this has made the
utlllzatlon f ctor (%he solar cell inferior. An obj ect of the
pnesenti Mfide an inprovenentirlthe control operation of

an ai ;edond't'%notheslp St @ ofO'dle  G51ddSH A 1ntSldfon Ok
provide an improvement of the air conditioner which can
reduce the size and cost thereof.

The present invention provides a method of
controlling air condition using a DC power obtained by
rec.tifying an AC power in combination with the DC power
supplied from at least a single solar cell, comprising
the steps of:

connecting a plurality of conditioners ;ach Supplied
with AC power from an AC power supply to said solar cell
by means of a DC power supply bus, and controlling the DC
power supplied from the DC power supply bus to the air
conditioner thereby controlling - the DC power to a
predetermined value.'

A converter caﬁ be used to vary the voltage of the
DC power supplied from the solar cell to the air
conditioner, SO that the value of the DC power can be
maximized.

The supply of the DC power from the solar cell can
be stopped when the voltage of the DC power from the
solar cell is lower than a predetermined voltage.

Further, present invention provides an apparatus for
controlling an air conditioner employing DC  power

ggmawxéd - by a solar cell as operating power, comprising
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effectively. Anot her object of the present invention is to provide
an _i nprovenent which can control the DC power supplied froma solar
cel | /'sqlar cells fromexceeding a ‘predeternined val ue. A further
obj ect of the present invention is to-gprovide an inprovenment which can
cotrol the DC power supplied fromthe DC power supply bus to the air
conditioner so that a wthstand power of the air conditioner to

Eg_e solar cell, G0 po%ve%esslu%p%.d 1LY %ingle system connected to

said solar cell,

rectifier device for rectifying the AC power from
the AC power source to thereby provide a DC power,

means for preventing the DC power supplied from said
solar cell from exceeding a predetermined value,

wherein said means has a DC/DC converter for varying
the voltage of DC power supplied from said solar cell to
the air conditioner to thereby maximize a value Qf said
DC power.

In the apparatusr the solar cell is divided into a
plurality of solaf cell panels, each being connected _tﬁ
the DC power supply.

As it has been arranged_that the DC power generated
by the solar cell is supplied via the common power suﬁply
bus to a plurality of air conditioners by the method of
controlling air conditioners, the power generated by the
solar cell is distributed for use when the number of air
conditioners in operation is large and the power generated
by the solar cell is consumed by the air conditioners in
operation when the number of air conditioners in operation
is small. Therefore, the power generaﬁed by the solar
cell is utilized at all times. |

When the converter is used to béost the voltage of

the DC power generated by the solar cell, the voltage is
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pr edet er mi ned power. Anot her object of the present invention is to
pravi de an inprovenent of the air conditioner which can

and cost thereof. The present invention provides a nmnethod
controlling an air conditioner using a&5C power obtained by rectifying an
I n conbination with the DC power supplied fromat |east a single

AC power
sol ar ce

|, conprising the steps of : connecting a plurality of

reduce the size

of -

conditioners each supplied wth AC power froman AC power supply to said

sol ar cel regnlakashsothatpdhso G panes \ihmaxinigesont (Gonsegnantidyne

power supplied fromthe DC power supply bus to the air conditioner
thereby dJd&® mtlathg calde isC addeswed t Fo genarad@ emawesd &l uan

converter
t he sol ar

A

can be used to vary the voltage of the DC power supplied from

oqpenating point at which maximum efficiency is obtained
at all times.

Since there is provided a mode in which only the DC
power generatéd by the solar cell is employed for driving

purposes, preliminary air conditioning prior to air

conditioning a room can be carried out without using:

commercial Ac-p6WE£a
Pince the solar cell is divided into the plurality of
solar cell panels, the freedom of installing them is

increased. . t

Fig. 1 is a schematic diagram of an air conditioner
having a room unit and an outdoor unit embodying the
present invention,

Fig. 2 is a diagram illustrating a refrigeration
cycle of the air conditioner,

Fig. 3 is a block diagram illustrating a principal
part of an electric circuit of a room unit,

Fig. 4 is a diagram illustrating'a principal part of
an eiectric circuit of an outdoor unit,

Fig. 5 is an electric circuip diagram of a filter

circuit connected to a solar cell,



conditioner, so that the value of the DC power can be .maxim zed.
The supply of the DC power fromthe solar cell can be stopped when the

voltage of the DC power fromthe solar cell is lower than a predeterm ned
vol t age. Further, the present %entlon provi des an apparatus for
cordtrolling an air condltloner enployl g DC power generated by a sol ar

cell as operating power, conprising
-4- a DC power supply bus of a single systemconnected to said solar
cel I, a r &g f ikerisdan celeptmiertdifncuig idiagk@mpodfera f temsting

transformer shown in Fig. 4,

Fig. 7 is an electric circuit diagram of a control
circuit shown in Fig. 4,

Fig. 8 is an electric circuit diagram illustrating a
V/F {Voltage/Frequency) qonvérter circuit,

Fig. 9 is an electric circuit diagram illustrating
an abnormal voltage detection circuit,:

Fig. 10 is an electric circuit diagram illustrating
a driving circuit,

Fig. 11 is a diagram illustrating the relation of

i the amounts of air sént out from an out door blower,

Fig. 12 is a diagram .fllustratihg. a process of
obtaining maximum power from‘the solar cell,

Fig. 13 is a waveform diagram of the signal applied
from a microcomputer to the driving circuit,

Fig. 14 is a waveform diagram of a signal for
controlling ON/OFF of FET, |

Fig. 15 a diagram illustrating a process of determining
the frequency of a three-phase pseudo sine wave,

Fig. 16 is a diagram illustrating a process of driving
a compressor by the output of the solar cell,

Fig. 17 is a diagram of a system having three air
conditioners and three solar cells according to the

present invention,
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the AC power source to thereby provide a DC power, means for
preventing the DC power supplied fromsaid solar cell fromexceeding a
predet erm ned val ue; wherei n said means has a DC/ DC converter for
‘varying the voltage of DC power supplied fromsaid solar cell to the air
condi tioner to thereby maxim ze a value of said DC power . In the
apparatus, the solar cell -is divided into a plurality of solar cel
panel s, each being connected to the DC power supply. As it has been
arranged t hat Rike, D@ pdveer age ridragfrad h)ll]ldsa:mﬂmg ca | procappl icl via the
common power supply bus to a plurality of air conditioners by the nethod
of contr oddguigtding ddweli tingwdr s paves: pevier thenersalsxk byecahle tswl e cell is
distributed for use when the nunber of air conditioners in operation is
| ar ge and presigtmaninasharadiuay and
Fig. 19 is an electric circuit diagram of the principal
part of a DC/DC converter according to another embodiment

of the invention.

In Fig. 1, an outdoor unit 1 is connected to a room
unit 5 via refrigerant pipes 2, 3 forming a refrigeration
cycle and s1gnal/power lines 4. Purther, a power supply
plug 6 supplies AC power from a commercial AC power -
supply to the room unit 5, and DC power line 7 supplies
the DC power generated by a solar cell 8 to the outdoor
unit 1. '

In this case, the room unit 5 receives a wireless
control signal from a remote controller (not shown) so as
to operate the air conditioner.

In Fig. 2, a refrigerant compressor 9, a four-way
selector valve 10, an outdoor heat exchanger 11, strainers
12, 14, an expansion device 13, for example, an electric
‘expansion valve, an indoor heat exchanger 15, a silencer
16, and an accumulator 17 in the form of an annular
refrigerant pipe to form a refrigeration cycle.

Further, a solenoid switch valve 18 forms a refrigerant

nliiiﬂ‘\i‘iilfﬁfi‘ i



by the solar cell is consunmed by the air conditioners in operation when

the nunber of air conditioners in operation is small. Therefore, the power
generated by the solar cell is utilized at all tines. When t he
converter is used to boost the voltagegaf t+ he DC power generated by the
solsar cell, the voltage is regul ated so that the DC power is
maxi m zed. Consequently, the solar cell is allowed to generate power at an

operating point at which maximumefficiency is obtained at all tines.
Si nce t heb¥prssprd¥icyd§ whepddti ppanssh dnbjowes B2 pswemsg@nefsored by the

solar cell is enplaoyed for driving
sending air to the outdoor heat exchanger 11 with a

propeller fan, and a blower 20 is used for sending air to
the room heat exchanger 15 with a cross-flow fan.

The high-temperature high-pressure refrigerant

discharged from the compressor 9 flows in the direction
of a solid arrow line (Fig. 2) during the cooling
operation and the outdoor heat exchanger 11 serves as a
condenser, whereas the room heat exchanger 15 serves ah
evapbrator. The room heat exchanger 15 is thus used to
cool a room to be air conditioned.
-»- The . high-temperature hiéh-pressure refrigerant
discharged from the compressor 9 flows in the direction
of a dotted arrow line durings the heating operation and
the room heat exchanger 15 Serves as a condenser, whereas
the output heat exchanger 11 serves as an evdporator.
The room heat exchanger 15 is thus used to heat a room to
be air conditioned.

As the solenoid valve 18 opens at the time of the
defrosting operation while the refrigerant flows during
the heating operation, the refrigerant flows as shown by
a solid line with dots. 'In other words, part of the
high-temperature high-pressu:e refrigerant  discharged
from the gampressor 9 is caused to circulate into the

outdoor heat exchanger 11 serving as the evaporator so as

This Sheet Has Been Re[ilaced
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purposes, prelimnary air conditioning prior to air conditioning a room

can be carried out without using comrercial AC power. Si nce the solar
cell is divided into the plurality of solar cell panels, the freedom of
installing themis increased. Fig. 1 is a schematic diagram of
an=air conditioner having a room uni? and an out door unit enbodyi ng t he
present invention, Fig. 2is a diagram illustrating a
refrigeration cycle of the air conditioner, Fig. 3 is a block diagram

i | lustrattagraipei bbephemppyatuve efi thect outdoprcuheatf excbengenit,
Fig. 4.is a diagramillustrating a principal part of
: 11, so that the operation of defrosting the outdoor heat
exchanger 11 is performed.

In Fig. 3, a microprocessor 21 (a microcomputer
87C196MC of Intel stored with a program) opérates
on the basis of the program stored in its internal ROM in
order to control the air conditioner.. On receiving the
control signal and the room temperature value delivered
from a remote controller 23 via a signal receiving - unit,
the suction air temperature of the room heat exchanger 15
detected by a room temperature sensor 24 and the
temperatu:e of the room heat exchanger 15 detected: by a
heat-exéhange tempe:ature sensor 25, the microprocessor:
21 controls the amount of air (r.p.ﬁ of a fan motor) sent
by the'blower 20 and a rotational angle of a flap motor
28, that is, an discharge angle of air discharged from
tﬁe indoor unit 5. 1In addition, the microprocessor 21
computes the refrigeration capacity required for the foom
to be air conditioned and outputs to a signal 1line 4 a
signal for indicating the refrigeration capacity via
serial circuits 26, 27 wﬁich are circuits for modulating
the signal expressed by H/L voltage with a predetermined
Baud rate and those for demodulating the signal of the

same kind transmitted from the outdoor unit.

The signal line 4 includes an exclusive power line P,



an electric circuit of an outdoor unit, Fig. 5is an electric circuit
diagramof a filter <cireuit connected to a solar cell,

-6- . Fig. 6 is an electric circuit diagramof a boosting transforner
shown in Fig. 4, Fig. 7 is an elecjgic circuit diagramof a control
cirrcuit shown in Fig. 4, Fig. 8 is an electric circuit diagram
illustrating a V/F (Voltage/ Frequency) converter circuit, Fig. 91is

an electric circuit, dia Iamilﬂxwtggtin an abnornml_ vol t age qFIection
circuit an exclusive gna ine and a power-signal common line

G. In this case, the serial circuit 27 is used to
connect one signal line to the common line G.

A power relay 30 has a contact and the switching of
the contact is controlled by the output of the
microcomputer 21 via a driver 29. When - the contact
-closes the circuit, the AC power obtained through the
plug 6 is supplied to -terminals 31. A motor drive
circuit has six power switching elements which are
conneéted in the form of a three-phase bridge. Each of
the switching elements is turned on/off according to the

: signal from the microcomputer 21 so as to control the
rotation of a DC fan motor. With respect to the signal
outpﬁt from the microcbmputer, a rotational angle of a
rotor is computed from the variation of the inductive
voltage generated in the non-energized stator winding of
the DC fan motor to obtain the signal output based on the
angle of rotation. (See U.S. Patent 4,495,450)

Aopower supply boara 34 has a current fuse- 35, a
rectifier circuit 36, a powér supply circuit 37 for
driving the DC fan motor and a power supply control
circuit for the microcomputer 21.

In Fig. 4 illustrating the principal part of an
electric circuit in the outdoor unit 1 of Fig. 1,

terminals 39 are connected via signal lines to the



Fig. 10 is-an electric circuit diagramillustrating a driving circuit,

Fig. 11 is a diagramillustrating the relation of the anmounts of air sent
out froman out door bl ower, Fig. 12 is a diagramillustrating a
process of obtaining maxi mum power fxpmathe solar cell, Fig. 13 is a
wavef or m di agram of the signal applied froma mcroconputer to the
driving circuit, Fig. 14 is a waveformdi agram of a signal for

contr ol TN U 2 Bl 3 ot G T AR SR 5%, P ocess
he out pUEBPITIE ol a L muitht £ e Mlatier g am of o System havi ng
three air c%ndlédnq:q:egls aé]ﬂ_ct‘ﬁree 45(‘P| g cel lc?vf‘cf rck&g to thr?C/DC
converter, After the voltage of the DC power generated
by the solar cell 8 is boosted by means of a switching
element (MOSFET} 41 and a boosting transformer 42, the DC
power is supplied to the DC section of an inverter.
A changeover switch 43 has two interlocking contacts.
The changeover switch 43 is operated to sélect between a
case where the solar cell 8 is connected to a filter
circuit 44 and a case the solar cell 8 is opened.
In Fig. 5 illustrating the filter circuit 44,
varistors 45, 45, an arrester 47, a diode 48 are provided
for preventing the backflow of power to the solar cell 8.
Capacitors 49 to 51, 53, 54, 56 to 58 as noise absorbers,
choke coils 52, 55 forming a noise filter, a smoothing
electrolytic capacitor 59, a DC current dete ctor 60 for
detecting DC current (using a Hall device) without a
shunt resistor are provided. The DC current thus
detected is delivered frqm terminals 65 té the control
circuit 40. Further, resistors 61, 62, a capacitor 63
for the power supply of the cufrent.detector 60, and a
capacitor 64 as a noise absorber are provided.
Reference numeral 66 denotes terminals for delivering

the terminal voltage of the capacitor 59 to the control
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18 is

present invention, -7- Fi g.

a diagramillustrating a process of regulating the input power of the
solar cell to a predeterm ned val ue, and Fig. 19 is an electric
circuit diagramof the principal part of a DC DC converter according to

anot her enbodi nent of the invention.-12- In Fig. 1, an outdoor

Is connected to a room unit 5 via refrigerant pipes 2, 3 formng a
refrigeration

circuit 40.

Fig. 6 showing a specific electric circuit

"~ diagram has the booster transformer 42, the switching

element 41, a diode bridge 67, and a filter circuit 68 as
shown in Fig. 4. Switching elements 69, 70 are turned
on/off, inductive power is generated on the secondary
side of the boosting transformer 42. The inductive
voltage is subjected to full-wave rectification at the
diode bridge 67 before being converted to DC power via

the filter circuit 68,

A choke coil 71 and capacitors 72 - 75, 77 as noise

ébsorbers, and a noise filter 76 are used. CF and cv2

designate connectors.

In .Fig. 7 showing a specific electric circuit
diagram of the control circuit 40 of Fig. 4, the voltage
indicating the value of-the current supplied through the
connectors 65 is supplied via connectors CM to the
microcomputer for controllin§ the outdoor unit.

. A V/F (Voltage/Frequency) converter circuit 80 is
used for converting the voltage output from the connector
66 (shown ip Fig. 5) into a pulse train of frequency
corresponding to the wvoltage and supplying the pulse
train to a transistor 81, and a photocoupler 82 is
capable of operating at high speed. The output of the

photocoupler 82 is subjected to waveform shaping and

unit 1



cycle and signal/power lines 4. Further, a power supply plug 6 supplies AC
power from a comercial AC power supply to the roomunit 5, and DC
power line 7 supplies the DC power generated by a solar cell 8 to the

outdoor unit 1. In this case, the roomunit 5 receives a wireless
control signal froma renote controller34not shown) so as to -operate the
air conditioner. In Fig. 2, a refrigerant conpressor 9, a four-way

sel ector valve 10, an outdoor heat exchanger 11, strainers 12, 14, an

expansi on %\é' C%g&?hff atDEMIe é:%'?xsq.l Sed @3 ewn%e%;uvea' 2 | ndoor

heat exch® nger a 5| encer § AN “accUnul at o In t orn1of an

annul ar- 1#%% FY h@ieO%Jxﬂfe'Bt%zfsefdM gerv&tﬂl{"l:lfé’ Cdrfbtocouplé:f” tger,
sol enoi d smn val ve 18 forns refri
thus employed, the V/F converter c1rcu1t 80 is insulated
from the connectors CM. |

In Fig. 8 illustrating the V/F converter circuit 80,
an integrated circuit 85 accommodates two differential
amplifiers _and forms an oscillating circuit. The
oscillating frequency is determined by the voltage
difference between No. 6 and No. 7 terminals.

In Fig. 7, an abnormal voltage detection circuit 90
is used for applying a signal te a photocoupler 91 when
the voltage supplied to the connector CV2 exceeds 290 v.
The ph otocoupler 91 applies a signal to tae connectors
CM according to the signal above.

In Flg. 9 showing an abnormal voltage detection-
circuit, a constant voltage output circuit 92 (TL431ACLP)
is used for supplying the basic voltage to No. 2 terminal
of an integrated circuit 93 (the same circuit as the

_integréted circuit 85). The voltage from the connector
CV2 is divided by resistprs 94, 95 before being supplied
to No. 3 terminal.

In Fig. 7, an FET drive circuit 100 is used for
generating ON/OFF signals (ON/OFF signals at 32 Xz with
variable ON duty) to FETs 69, 70 according to the signal

(a2 pulse wave having a constant frequncy with the ON duty'
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bypass circuit when it opens. A blower 19 is used for sending air to the
out,door heat exchanger 11 with a propeller fan, and a bl ower 20 is used
for sending air to the room heat exchanger 15 with a cross-flow fan.

The high-tenperature hi gh- pressure refrigerant discharged fromthe
compressor 9 flows in the direction ofiga solid arrowline (Fig. 2) during -
the cooling operation and the outdoor heat exchanger 11 serves as a
condenser, whereas the room heat exchanger 15 serves as an evaporator.

condi t1 oncapendédPIRgEY e | Fud W ahBERebRRLER 08, (VT % OF T per ant

The output of the drive circuit 100 is output via
resistors 102, 103 and supplied from the connector CF to
FETs 69, 70. The ON/OFF signals supplied to FETs 69, 70
are those with ON/OFF inverted to each other.

In Fig. 10 illustrating the drive circuit 100, an
integrated circuit 104 (UPC494C) is provided for
outputting ON/OFF signals (32 KHz) for driving FETs 69,

- 70 ﬁhich form the switching current from No. 9 and No. 10
terminals. The output of No. 10 terminal is the inverted
one of No. 9 terminal. |

A constant wvoltage of +5 V is output from No. 13
terminal and this voltage is switched in the photocoupler

'i01_via a resistor 105, so that the terminal voltagé_of a
capacitor 106 is smoothed into what corresponds to the
signal (a pulse waveform with variable ON duty) from the
photocoupler 101. This voltage is supplied to No. 16
terminal and an ON/OFF signal with ON duty adjﬁsted'
according to that voltage is generated. The oscillating
frequency is set by a resistor 107 and a capacitor 108
between No. 5 and No. 6 terminals.

No. 2 terminal is used to control the operation of
the integrated circuit and while a voltage exceeding a
predetermined level (H level voltage) is applied to No.

2 terminal, the output operation of the signal is



di scharged fromthe conpressor 9 flows in the direction of a dotted arrow
line during the heating operation and the room heat exchanger 15 serves
as a condenser, whereas the output heat exchanger 11 serves as an ,
evaporator. The room heat exchanger 15 is thus used to heat a roomto be
ai r* condi ti oned. As the sol enoi d_yglLve 18 opens at the tinme of the
defrosting operation while the refrigerant flows during t he heati ng
operation, the refrigerant flows as shown by a solid line with dots. In

o o Gl BEpc il P EIHE oAl PP e Sl
outdoor hqal PXUNGheh! & YHME Y 1) PAHUM ¥néBBund  Level
| {about 0 V). While the switch 43 of Fig. 4 remains on
the side of releasing the solar cell, the connector 109
is connected to the ground level (0 V) of the filter
circuit 44 and the potential comes wup to the ground
level.

‘A buffer circuit 110 (TSC1427CPA) is provided for
power amplification. The buffer éircuit 110 subjects
ON/OFF signals output from No. 9 and No. 10 termiﬁals of
the integrated circuit 104 to power amplification up to a
level at which FETs 69, 70 can be dri§en. !

The control circuit 40 thus arranged transfeis
voltage representing the output current of the solai_cell
8 to a microcomputer 111, supplies a pulse wave having a
frequency representing the output voltage of the solar
cell 8 via an integrating circuit to the microcomputer
111. The control circuit 40 also- supplies to the
microcomputer 111 (7970F of Intel Stored with a program)
a signal indicating whether or not'the secondary voltage,
after the output of the boosting transformer (a switching
transformer) 42 is rectified, is higher than 290 Vv, and
changes ON duty when FET is turned onf/off according to
the signal supplied under PWM control - from the

microcomputer 111 so as to regulate the secondary



-9- to raise the tenperature of the outdoor heat exchanger 11, so that
the operation of defrosting the outdoor heat exchanger 11 is perforned.
In Fig. 3, a mcroprocessor 21 (a mcroconputer 87Cl96MC of Intel stored
with a program operates on the basis of the programstored inits
int-ernal ROMin order to control the_ggL conditioner. On receiving the
control signal and the roomtenperature value delivered froma renote
controller 23 via a signal receiving unit, the suction air tenperature of
the room he exchanger 15 detected by a room tenperature sensor 24
and theV ature of the room heat exchanger 15 detected by a
heat - exchange tegperature sensar

I 9N

anmount of air éﬂ aafgﬁlﬁﬁt%3}t§%ﬂﬁ1ghéggﬁggs%§%%@'2§%§ﬁ3 gﬁgls the
erationa%o %&l%u%El§ﬁUfthgp%%ﬁtrol circuit 40. Thermistors 113,
114 detect the temperature of the outside air and the
temperature of the outdoor heat exchanger 11, respectively.
By detecting the temperature of the outside air, the
microcomputer 111 controls contacts 115, 116, 117 via a
relay in order to control an amount of air to be sent by
the outdoor blower 19 by controlling rotational speed
(r.p.m.) of the motor. By controlling the contacts 115
to 117, the amount of air is controlled at four stages:
very large, large, small and nil (stop).

When the temperature of the-outside air becomes lower
than 29°C during the cooling operation, the amount of air
is set small, whereas when it is at 31°9C or higher, the
amount of air is set large. A temperature differential
6f 29C is set for large/small switching. The compressor

.9 is stopped when ﬁhe frequency of the: three-phase AC
. power supplied thereto is 0 Hz. |

According to the temperature of the outside air and
the frequency of the three-phase AC power, control is
exercised as shown in Fig. 11 during the heating operation.
In the zone based on the.heat exchanging temperature, the

amount of air is set small when the temperature of the

heat exchanger detected by the thermistor 114 is 5°C or



28, that

I n-addi tion,
required for the room

a signal

si gnal of
line 4 in
-10- an

I's, an discharge angle of air discharged from the indoor

unit 5.

the m croprocessor 21 conputes the refrigeration capacity
to be air conditioned and outputs to a signal line 4

for indicating the refrigeration capacity via serial circuits
26,7 27 which are circuits for nodul at+X¥itr the signal expressed by H L
voltage with a predeterm ned Baud rate and those for denodul ating the

the sanme kind transmitted fromthe outdoor unit. The si gnal

BAYRER o EEL 481 MEEDOEL, ) OB, cngmy SocofoBRep R
thexreof is 09C or lower. A temperature differential of
50C is set for small/nil (stop) switching.

The four-way valve 10 and the so;enoid_valve 18 are
controlled by controlling the ON/OFF of phototriacs 118,
119 according to the signal from the microcomputer 111.
In this case, the.defrosting operation is performed only
when the relationship among the temperéture of the
outside air, that of the heat exchanger and masking time
meets predetermined conditions.

In Fig. 4, a serial circuit 120 as an interface
circuit is used fo£ allowing signal transfer between the
microcomputer in the room unit and the microcomputer
111,

As shown in Fié. 4, the single-phase 100 V AC power
given via the connector 39 is supplied via a noise filter
121 and a reactor 122 to .a rectifier circuit 123 for
effecting full-wave rectification. Smoothing capacitors
124, 125, together with the rectifier circuit 123, form a
voltage doubler rectifier circuit. Consequently, DC
power of about 280 V can be obtained.

The DC power that has thus been subjected to voltage
doubler rectification is first smoothed by a capacitor
127 via a noise filter 126 and the resultant is supplied

to an inverter circuit 128. The inverter circuit 128



G In this case, the serial circuit 27 is used to connect one signal |ine

to.the common |line G A power relay 30 has a contact and the sw tching
of the contact is controlled by the out put of t he

m croconputer 21 via a driver 29. When the contact closes the
circuit, the AC power obtained through-k8e plug 6 is supplied to .
termnals 31. A nmotor drive circuit has six power switching el enents
whi ch are connected in the formof a three-phase bridge. Each of the

switching elenments is turned on/off..according to the i.gnal, fromthe
m cr oconpfiBPCED 4% o O ols"flﬁéﬁurncﬁ at oot d%’?%an%’%ﬁoorrsf' Wth

respect ol S0, QU ACIIANIDE S REHIM e £ O8I, andl  of
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operations according to the ON/OFF signal obtained on the
basis of the PWM theory and supplies three-phase AC
having a three-phase pseudo sine wave to_the compressor 9
{a three-phase induction motor). Therefore, the capacity
(r.p.m.) of the compressor 9 can be determined by the
frequeﬁcy of the three-phase pseudo sine wave.

Thé microcomputer 111 is used to generate a signal
for obtaining éhe three-phase pseudb sine wave having the
freéuency corresponding to the signal sent from the room
unit: The-description of the method of generating such a
signal will be omitted as it is not particularly -
restricted, a known method as shown in US:Patent 4,698,774
can be used.

Numeral 129 denotes a current fuse, 130 a varistor,
and 131 a C.T. (Current transformer) for detecting the

- current of AC power supplied from the connector 39. The
output of this C.T. 131 is converted into DC voltage in
a current detection circuit 132 and the DC voltage is
‘received by the microcomputer 111.and used for control
purposes.

The microcomputer 111 corrects the frequency of the

three-phase pseudo sine wave to the negative side so as to



A power supply board 34 has a current fuse 35, a rectifier circuit
36,, a power supply circuit 37 for driving the DC fan notor and a power

supply <control circuit for the m croconputer 21. In Fig. 4
illustrating the principal part of an electric circuit in the outdoor unit
1 of Fig. 1, termnals 39 are connect®®9-via signal lines to the

termnals 31 of Fig. 3 in such a way as to conformto the respective

term nal nunbers of the latter. A control «circuit 40 1is provided

for a Iugfg%ent the current detected by C.T. 131 from exceeding

a set value, 15 A, for example. In _other words, the
microcomputer 111 lowers the frequency until the current
becomes lower than 15 A, whereby the AC power supplied
from the connector 39 will never.exceed 15 A.

Current fuses are shown at 133; 134 and a power
supply circuit 135 generates power for use in driving the
microcomputer 111,

A thermistor 136 is disposed for detecting a part of
the compressor 9 where its temperature is 1ik§ly to fise.'
The microcomputer 111 corrects the frequency of the
three-phase pseudo. sine wﬁve to the neéative side to !
prevent that temperature from exceeding a set temperature,
104°C, for example, whereby the temperature of the
compressor 9 is prevented from rising because .éf an
overload.

The DC power sgpplied from the solar cell 8 is
connected between both ends P, N of the capacitors used
for voltage doubler rectification 124, 125 so as to have
them equally polarized;

The control circuit 40 is then operated to stepdown/
boost the DC power output from the solaf cell 8 to the
voltage level .which is obtained by voltage doubler
rectification. Although the voltage of the DC power

obtained from voltage doubler rectification is



converter.

i s.boosted by means of a switching elenent (MOSFET) 41 and a boost
transforner 42, the DC power is supplied to the DC section of an inverter.
A changeover switch 43 has two interlocking contacts. The changeov
swi-tch 43 is operated to sel ect betweegpga case where the solar ce

connected to a filter

opened.
varistors

In Fig. 5 illustrating the filter «circuit 44,
4

I ng
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circuit 44 and a case where the splar cell 8 is

After the voltage of the DC power generated by the solar cel
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the choke coil (reactor) 122, the rectifier circuit 123
and the capacitors 124, 125. Consequently, it is only
necessary that the range of the voltage supplied between
the terminals P, N exceeds 250 V. Due to the 1limit
resulting from the withstand voltage of the switching
element used in the inverter circuit 128, moreover, the
upper limit voltage of the output voltage is set at 290 V

in the abnormal voltage detection circuit.

By setting the voltage as described above, the DC

-output of the solar cell 8 can be supplied to the

inverter 128 and when the voltage lowers because the
output of the solar cell becomes insufficient, the AC
power is supplied from the connector .39, so that the
inverter 128 is supplied with the required power at all
times.

Moreover, it is generally known that maximum power is
made available by operating the solar cell to generate
power at the most efficient operating point (current and.
voltage). In other words, an efficient operating point
is such that the maximum power can be obtained without
relying on the solar radiation amount.

In Fig. 12 showing a diagram for obtaining the

noi se
t or
i stor

60



detected is delivered fromtermnals 65 to the control circuit 40.

Furt her, resistors 61, 62, a capacitor 63 for the power supply of the
current detector 60, and a capacitor 64 as a noi se absorber are provided.
Ref erence nuneral 66 denotes termnals for delivering t he term nal

vol tage of the capacitor 59 to the contyol

-12- circuit 40. Fig. 6 showing a specific electric circuit
di agram has the booster transforner 42, the switching elenent 41, a diode
bridge 67, and a filter circuit 68 as shown in Fig. 4. Switching elenents

69, 70 arRAxjipppedoower generated by the solar cell, the
. microcomputer 111 is designed to operate according to the
program stored in its ROM. The description of the
initial process performed by the microcompute; 111 and
process thereafter are omitted since these are known in
the art and not material to the subject matter of the
present invention. The diagram of Fig. 12 ‘'is intended
to show the operation of changing the ON duty of the
pulsé waveform output from the microcomputer 111. '

As shown in Fig. 12, the current detected by the DC
current detector GO_and the.value-of voltage output from
the connector 66, that ié, the cuxrent and voltage of tﬁe o
solar cell, are fed at Ste§ Ssi11.

DC power P, which is the DC power supplied from the
solar cell to the air conditioner, is computed from the
above-described current and.voltage at .Step 812. The
value of the DC power {the value of the DC power computed
previously) that has already been stored is transferre&
to PO beforehand. Accordingly, PO represents the value
of the DC power previousiy computed.and P the value of DC
power computed this time.

Subsequently, the system proceeds to Step 513 at
which a decision is made on whether a signal from the
abnormal voltage detection circuit 90 exists. In other

words, decision is made on whether the voltage applied



on/of f, inductive power is generated on the secondary side of the
boosting transfornmer 42. The inductive voltage is subjected to

full -wave rectification at the diode bridge 67 before being converted to
DC power via the filter circuit 68. A choke coil 71 and capacitors 72
- 75, 77 as noise absorbers, and a noiLgg filter 76 are used. CF and
CVv2 designate connectors. In Fig. 7 showing a specific electric
circuit diagramof the control circuit 40 of Fig. 4, the voltage

i ndi cating the value of the current supplied through the connectors 65 is
suppl i ed vibgtseenedhe feaminglsn® ., nilcr exeeediser 3% dont r dfhiemg thee
outdoor unit. A VI E (Vol tage/ Frequency) converter circuit 80 is used
for conver Fagpimemepd) edgSteR p°3t3 fliSo Patis &her swsdams 1P i korig. 5)

into a pulse train of frequen corresponding to the vol tage and suppl yin
the pul se Step 514 at whith the ON duty ratic D is decreased by 4% = ° °

from the present wvalue in order to ﬁewly set it at
D =D - 4%. See Fig. 13.

At Steps 815, 816, the DC power PO previously
co mputed and the DC power P éombuted this time a;e
compared. When P < PO (when the requirement at Step S16
is satisfied), Step S18 is selected at which the ON duty
fatio D is decreased by 1% to D = D - 1%,

The DC powef P and tﬁe DC power P0 are compared as
desﬁéibed above and the ON duty ratio D of fhe pulse
signal is increased or decreased,- so that such an ON duty
ratio D as to maximize the DC power obtained from the
prodﬁct of the current:and volfage is automatically set.
When the requirement ét Step S13 is not satisfied, the
current and voltage which maximize the power generated by

" the solar cell are obtained.

Since the précess at Step S18 is executed after Step
S14 is processed, the same effeét as that by the
execution of D = D - 5% is obtained when the requirement
at Step S13 is satisfied.

The pulse signal base& on the ON duty ratio D of the
altered pulse signal is output from a terminal S at Step
S19 (Fig. 13). The pulse signal is geﬂerated by setting

ect Has Been Reilird ’
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train to a transistor 81, and a photocoupler 82 is capable of operating at
hi gh speed. The output of the photocoupler 82 is subjected to waveform
shapi ng and -13- power anplification
in transistors 83, 84 before being supplied to the connectors CM Wth the
phot ocoupl er 82 thus enployed, the V[ Ejconverter circuit 80 is insulated

fromthe connectors CM In Fig. 8 1llustrating the V/F converter
circuit 80, an integrated circuit 85 accommbdates two differenti al
anplifiers and forns an oscillating circuit. The

the time with respect to the ON duty ratio D and OFF time
at a timer, and switching the output of .the terminal S
from ON (high voltage level) to OFF (low voltage level)
and vice verse according to the count taken by the
fimer.

Subsequently, the program stored in the microcomputer
111 is further executed. With fhis arrangement, the Oﬁ
duty ratio of the pulse signal is changed (controlled)
with one cycle of the program, or with the predetermined
time interval which may be 0.1 to 1.0 sec, for example,
when the one-cycle time is short.

The signal (e.g., at épproximately 2.5 KHz) shown in
Fig. 13 is supplied via the connector CM and the
photocoupler 101 té the drive circuit 100, Fig. 14 shows
signals S8, S obtainable with respect to the signal thus
supplied and these signals turn FETs 69, 70 on/off.

The ON duty ratio D of the signal is varied within
the range of 0% to 99% and D is so regulated that it will
be confined within the limits of 0% and 99%. When ‘the
voltage given via the connector 66 is lower than 85 V or
-higher than 150 V, the ON duty ratio.D is so regulated
that D = 0 and the solar cell is protected by stopping
the oscillation of the driye circuit 100. In this case,
the solar cell can readily be prgtected by inserting a
step at which the situation above is determined .between

This Sheet Has Been Re'ilaced
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oscillating frequency is determned by the voltage difference
bet.ween No. 6 and No. 7 term nals. In Fig. 7, an abnormal voltage
detection circuit 90 is used for applying a signal to a photocoupler 91
when the voltage supplied to the connector CV2 exceeds 290 V. The.

phot ocoupl er 91 applies a signal to thgsonnectors CM according to the

si gnal above. In Fig. 9 showi ng an abnornmal voltage detection

circuit, a constant voltage output circuit 92 (TL431ACLP) is used for
supplying the basic voltage to No. 2 terntnal of an integrated circuit 93
(the sanme Steps tSd ard STihtigyrthtedidgran to8FigThel 20l t dferdovert he
connector CV2 is divided by resistors 94, 95 before being supplied to No.
3 terninal .the ON dutyixptio DM beirsq eregulated 1gtat s thed dwkput
generating OV OFF signals (ONOFF signals at 32 Kz with variable ON duty)
to FETs 69,cuxrenrtedfhmd-he ﬁ%%l%ﬂal is prevented from exceeding

the predetermined value (e.g., 6.0 A).

Fig. 15 illustrates a process diagram continuing
from A of the diagram of Fig. 12, the fo;mer being for
determining the frequency ¥ of the three-phase pseudo
sine wave supplied to the compressor 9 (Fig. 2)

Fo 'denotes the value of the tardet {objective)
fregquency transmitted from the room unit, F the frequency
of the pseudo sine wave presently supplied to the
compressor, and I the current detected.by C. T. 131.

In Fig. 15, the target frequency Fo and the current
I are fed at Step S§20. Subsequently, ON/OFF of the
switch or the. presence or absence of' the signal is
determined at Step S21. Ihis switch may be fitted in
either room unit or outdoor unit. When the switch is
fitted in the room unit or the remote controller, the
indoor unit transmits the signal corresponding to the
ON/OFF of the microcomputer 111 determines only the
presence or absence of the signal.

Then a decision is made on whether the current I is
higher than 2.0 A at Step 822. In other words, a
decision is made on whether the curient flowing into the

outdoor unit, which may be arranged to detect only the
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(a pul se wave having a constant frequncy with the ON duty

-14- changed) supplied via a photocoupler 101. The out put of the
drive circuit 100 is output via resistors 102, 103 and supplied fromthe
connector CF to FETs 69, 70. The OV OFF signals supplied to FETs 69, 70
are those with ONVOFF inverted to each,gther. In Fig. 10 illustrating
the drive circuit 100, an integrated circuit 104 (UPC494C) S

provi ded for outputting OV OFF signals (32 KHz) for driving FETs 69, 70
which formthe switching current fromMNo. 9 and No. 10 termnals. The

out put of WNarrkat dexclalding the | poseredsupplied from the solar

cell) supplied to the compressor 9 when the €fitting
position of C. T. 131 is varied, 4is higher than 2.0 A,
In this case, a differential of 1.0 A is set for the
constant 2.0 A in a case where this decision is reset.
When this requirement is satisfied, Step 525 is selected.

Once this decision (Step S22) is made, the constant
2.0 A is changed to 1.0 A and the decision "Yes" is kept
at Step S22 until the current I becomes smaller than 1.0.
A.. Tﬁe value of 1.0 A represents tﬁe current consumed by
the outdoor unit, which includes the operating current of
the microcomputer 111 an8 the control circuit 40,
necessary for supplying a pseudo sine wave at 9 Hz, which
is the lowest frequency for operating the compressor 9,
to the compressor 9.

wWith this decision at Step S22, the current supplied
frém the foom unit (connector 39) to the outdoor unit is
held doﬁn to 2.0 A or 1less, so that the DC power
generated by thé solar cell 8 is ioo % utilized at all
times, that is, the DC power is mainly used to operate
the compressor 9,

The capacity of the compressor 9 is set at such a
level as to satisfy the target frequency Fo as required
by the room unit within the limit of the sum of the power

from the solar cell 8 and 2.0 A of current.



one of No. 9 term nal. A constant voltage of +5 V is output from No.
13, termnal and this voltage is switched in the photocoupler 101 via a
resistor 105, so that the term nal voltage of a capacitor 106 is snoot hed
into what corresponds to the signal (a pulse waveformw th variable ON
duty) fromthe photocoupler 101. Thigzggltage I's supplied to No. 16
termnal and an OV OFF signal with ON duty adjusted according to that
voltage is generated. The oscillating frequency is set by a resistor 107
and a capacitor 108 between No. 5 and No. 6 termnals. No. 2 term nal
i s used to conThel ptaésenbeieveds of thdéefregeenaycH andcthée ahdrghtle a
vol tage-exceeding.a predetermned |level (H level voltage) is applied to
No.. 2 terfireguencheFouapat coppanedonabf Shepsi g8aB,i sS24 and the

frequency F is decreased at Step S25 or increased at Step

S28.

The lower limit value (F = 9) of the frequency F is
set at Steps S26, 27. Consequently, the compressor 9 is
operated at 9 Hz when F = 9, irrespective of the decision
made at Step S22.

The three-phase pseudo sine wave of the'frequency F,
which is the frequency set at the preceding steps, is
generated at Step S29. Although the lower limit fregquency
for the compressor 9 has been set at 9 Hz in this diagram
of Fig. 15, it may be set at 0 Hz. In other words, only
the output from the solar cell 8 may be used to drive the
compressor 9. In this case, the power for use in'driving
the microcomputer 111, the control circuit 40 and the
like is directly supplied (not detected by C. T. 131) from
the connector 39 and the power P (see the diagram of Fig.

12) generated by the solar cell 8 is arranged so that the
value F is corrected in such a way as not to exceed the
power W (I x voltage V) which is consumed by the
compressor 9, wherein the voltage V may be obtained by
the microcomputer.111 as the voltage has been preset to

make V/F constant with respect to - the frequency. (See

Fig. 16}. Like step numbers represent 1like operations



- 15- performed. Therefore, the output operation of the signal is stopped

when a connect or

109 reaches the ground level (about 0 V). Wile the

switch 43 of Fig. 4 remains on the side of releasing the solar cell, the
connector 109 is connected to the ground level (0 V) of the filter
circuit 44 and the potential comes up é& the ground |[evel. A buffer
circuit 110 (TSC1427CPA) is providédd for power anplification. The

buffer circuit 110 subjects OV OFF signals output fromMNo. 9 and No.

10 term nal s of

| evel at whifcFigET4569, I8 thiisbeadei Venrepresents the voltage of

the power generated by the solar cell 8.

In Fig., 17 which illustrates a system in which three
air conditioners and three solar cell panels 201 to 203
are installed, the number of air conditioners and that of
solar cell panels being not limited'to three respectively,
each of the solar cell panels, 201 - 203 has a maximum DC
power output of 500 Wf Outdoor units 1, 205, 206 of thg
air conditioners are connected via a DC power supply bus
207 (two lines) to the solar cell panels 201 to 203.
Roqm units 5, 209 and 210 are connected to respective

outdoor units 1, 205 and 206. With the outdoor units 1,

205, 206 as heat sources and with the room units 5, 209,

210 as utilizers, air conditioning operations are performed

in respective'rooms where the room units 5, 209 and 210
are installed.

The outdoor units 1, 105, 106 and the room units 5,
209, 210 are connected by means of respective connecting
lines 4, 212, 213 (each having three 1lines: DC power.
supply line; signal line; and common line). Single-phase
AC power and a control signal are supplied from the room
units 5, 209 210 to the outdoor units 1, 205, 206,
whereas_the control signal is supplied from the  outdoor
units 1, 205, 206 to the room units 5, 209, 210.

A single-phase AC power supply 214 (comercial . AC

the integrated circuit 104 to power anplification up to a



The control «circuit 40 thus arranged transfers voltage representing
the output current of the solar cell 8 to a mcroconputer 111, supplies a
pul se wave having a frequency representing the output voltage of the solar
cell 8 via an integrating circuit to the mcroconmputer 111. The
control circuit 40 also supplies 5 the mcroconputer 111 (797JF of
Intel Stored with a progran) a signal “I'ndi cati ng whether or not the
secondary voltage, after the output of the boosting transfornmer (a

swi t chi ng transforners 42 is rectified, is hlgher than 290 V, and changes
ON duty WhBRWEETSRBPLY néa eﬁ%%@eécchsm n§uPelYing PPYRE Vé&ppIAiCed

under PWM _ control - ?e m croconputer . 111 _ so__as
t he seconUaF}ng 215 (two w1res to the room units 5, 209, 210.

regul ate
The room unit 5 is supplied with AC power via a current
breakér 216 and AC wiring 217 (two wires), the room unit
290 supplied with AC power via a current breaker 218 and
AC wiring 219 {(two wires), and the room unit 210 supplied
with AC power via a current breaker 226 and AC wiring 221
(two wires).

Each of the air conditioners thus constructed per:orms
the air conditioning operation with its air conditioning
capacity regulated in conformity with the size and load
6f the room, the set temperature and the room temperature.

As the room and outdoor units are similar in

' construction to the aforementioned air conditioner, the
description thereof will be omitted.

In Fig. 18 showing a diagram of a case where input
power from the solar cells 201 to 203 is controlled to a
predetermined value (500 W), the current detected by the
current detector 60 and the voltage value output from the
connector 66 (the current and voltage of the solar cell)
are fed at Step S1.

Then the DC power suppiied from the solar cell to the
air conditionér is computed from the current and voltage
at Step S2. At this time, the value of the DC power P

computed previously of the DC power already stored has
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- 16- vol t age. In Fig. 4, a noise filter 112 is provided for the
power supply of the control circuit 40. Thermistors 113, 114 detect the
tenperature of the outside air and the tenperature of the outdoor heat
exchanger 11, respectively. By detecting the tenperature of the
outside air, the mcroconputer 111 controls contacts 115, 116, 117 via a
relay in order to control an anopunt of28r to be sent by the outdoor
blower 19 by controlling rotatironal speed (r.p.m) of the notor. By
controlling the contacts 115 to 117, the ampbunt of air is controlled at
four stagassen veransegeed |to 080, smethepafioré| (BOOpyepresentBenthée

tenperature of the outside air becones lower than 29[err]C during the
cool'ing operlate arf tlhe RCpowenfpreviouslyetompuatéd, wikeresswhBn ig i s at
3l[err] C or higher, the :

the value of DC power computed this time.

Then Step S3 is selected at which a decision is made
on whether a signal is transmitted from the abnormal
voltage detection circuit 90. In other words, it is
decided whether or not the voltage applied between the
terminals P and N exceeds 290 V. At Step 4, a decision
is made on whether the DC power P is greater than 500 W,
When requirements at Steps S3, S4 are satisfied, Step S5
is selected at which the ON duty ratip D of the pulse
signal is decreased by 4% from the present value to set
it newly at D = D - 4%.

The DC power PO previously computed and the DC power
P computed this time are compared at Steps. S6 and 8S7.
When P > PO ‘(when the requirement at Step 86 is
satisfied), Step S8 is selected at which the ON duty
ratio D of the pulse signal is increased by 1% to set it
at D =D + 1%. When P < PO (when the requirement at Step
S7 is satisfied), Step 59 is followed at which the ON
dutj ratio D of the pulse signal is decreased by 1% to
set it at D = D - 1%.

The DC power P and DC power PO are compared as

described and the ON duty ratio D of the pulse signal

which maximizes the DC power obtainable from the product
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amount of air is set large. A tenperature differential of 2[err]Cis

set for large/small sw tching. The conpressor 9 is stopped when the

frequency of the three-phase AC power supplied thereto is 0 Hz.

According to the tenperature of the outside air and

the frequency of the

WeSESN L

t hree- phase AC power, control is exercised as shown in Fig. 11 during the

heati ng operati on.

t he

detected by the therm stor 114 is 5[err]C or

-17-

hi giereiand ddrdentsetandii lvoltdg®) isvhesutdneetidaliper adekt e by

increasing or decreasing the ON duty ratio D of the pulse
signal. When the requirement at Steps S3, 84 are not
satisfied, there are obtained the current and voltage at
which the power generated by the solar cell is maximized.

Since the process at Step 89 is executed after Step
S5 is processed, the same effect as that by the execution
of D =D - 5% is obtained when the requirement at Step S3
or S4 is satisfied.

The pulse signal based on the ON duty ratio D of the

altered pulse signal is output from the terminal S at

' Step S10. The pulse signal can be generatéd by setting

the time with respect to the ON duty ratio D and OFF time
at a timer, and switching the output of the terminal S
from - ON (High voltage level) to OFF (Low voltage level)
and vice versa according to the count taken by the
timer.

Subsequently, the program stored in the microcomputer
111 is further executed.

with this arrangement, each air conditioner operates
in such a way as to maximize the output of the solar cell
such as the solar cell panels 201 to 203 at all times.
Therefore, it is possible to regulate the operating point
of the solar cell automatically so as to make the maximum

output available even if it is rainy or cloudy.

heet Has Been Reﬁaced
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In the zone based 3R~ the heat exchangi ng tenperature,
amount of air is set small when the tenperature of the heat exchanger



thereof is O[err]C or lower. A tenperature differential of 5[ err]Cis set

for small/nil (stop) sw tching. The four-way valve 10 and the sol enoid
valve 18 are controlled by controlling the OV OFF of phototriacs 118, 119
according to the signal fromthe mcroconputer 111. 1In this case, the

defrosting operation is perforned only, . when the relationship anong the
tenperature of the outside air, t el of the heat exchanger and maski ng
time neets predeterm ned conditions. In Fig. 4, a serial circuit 120
as an interface circuit is used for allow ng signal transfer between the

m croconput er By ¢HELrODDinki tedl tHer M 6080EPYAEE £41. that £Heshown in
Fig. 4,.the single-phase 100 V AC power given via the connector 39 is

suppl i ed vbwtputof semfthée esold? lcelll Gotisanéd@r 4RErébya régaihseragircuit

123 for 500 W, which is set based on the power consumption of the
air conditionér during the normal operation (Step S4),
and that the voltage applied@ to the invertor 128 remains
at 290 V or lower (Step S3), the DC power supplied from
the solar cell to the invertor circuit is substantially
controlled. Consequently, the power capacity of the
DC/DC coriverter having the filter 44, 68, FETs 69, 70,
the boosting transformer 42, and the rectifier circuit 67
should be designed only to practically withstand 500_ w.
As a result, the DC/DC converter can readiiy be ‘made
compact and this facilitates smooth heat radiation. At
the same time, the DC/DC converter may be housed in the-
outdoor unit without rendering it conspicuous in external
appearance.

The use of a capacity variable type compressor makes
the power consumption of-the air conditioner especially
greater at the time its operation is started, makes it
great when the load is varied in a case that the door or
whindow is opened/shut, and makes it smaller during the
normal operation in which the operation is stabilized.
The normal operation accounts for about 80% of the whole
operation with its power consumption staying at 500 W or

less. However, an air conditioner with a maximum power
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effecting full-wave rectification. Snoothing capacitors 124, 125, together
wih the rectifier circuit 123, forma voltage doubler rectifier

circuit.

Consequently, DC power of about 280 V can be obtai ned.

The

DC. power that has thus been subjected to voltage doubler rectification is
first snmoothed by a capacitor 127 vi a32-noise filter 126 and the resultant

Is supplied to an inverter circuit 128. The inverter circuit 128
conprises six power switching elenments (transistors, FETs, |IGSTs, etc.)

connect ed iconshaptiom of aboated-,pbaseo Rr,i0d%e w,atthatead)s, swid chiitg
. performs OV OFF

el enent

conditioner with a greater maximum power consumption,

tends to consume larger power even during the normal

-operation.

When the air conditioner is connected to the solar

cell, the maximum amount of power to be generated by the -

solar cell when the weather is fine is made to conform to
power consumption during the normal operation so as to
prevent the solar cell from generating excessive power.

The solar cell may be utilized efficiently in this way.

In this case, the shortage of power from the solar cell’

is supplemented by power from the AC power supply.-
It is therefore preferred to harmonize the maximum

amount of power to be generated by the solar  cell .with

" the power consumption - during the normal operafion

multiplied by the number of air conditioners when the

plurality of air conditioners are connected to the solar

cell. 7In this case, no problem-arisés when all the air
conditioners are being operated. However, a DC power of
1,500 to 2,000 W is to‘be supplied to the DC/DC converter
from the solar cell when only one air conditioner |is
operated, though the DC power of 1,500 to 2,000 W is

smaller than the maximum amount of power to be . generated

- by the solar cell. Consequently, the DC/DC converter may

be designed to withstand 1,500 to 2,000 W; nevertheless,



operations according to the OV OFF signal obtained on the basis of the PWV
theory and supplies three-phase AC having a three-phase pseudo sine wave
to the conpressor 9 (a three-phase induction notor). Therefore, the
capacity (r.p.m) of the conpressor 9 can be determ ned by the  frequency
of ‘the three-phase pseudo sine wave. =33-The mcroconputer 111 is used to
generate a signal for obtaining the three-phase pseudo sine wave having
the frequency corresponding to the signal sent fromthe room unit. The

descriptiogeof; of ianERLaad 91 t3°ARLILNNGHRUBRE /Be HAlrtol lin difen @I (e
as it Jjs not particularly restricted, a known nethod as shown in US

Patent 4, 698y’ 4¢cot@1inbe téSeéhe prelem® alintetdOt &S a thd I PYwdruse, 130
a varistor, "and 131 a C T. (Current transforner) for detecting the

current of consRRiprEohUBRIFied themMbimaQopRGa¥iod is 1ihe te@typitsorf this
C. T. 131 is converted into DC voltage in
W as the predetermined value.

While only one air conditioner is being operated, the
éolar cell affords to supply excessive power. Consequently,
one air conditioner which has an especially high probability
of operation must be selected. When only one air
conditioner  is allowed to operate while the operation of
the other air conditioners is suspended, the afore-
mentioned predetermined value 500 W may be increased. up
to about 1,000 W. At this time +the DC/DC converter t-
mounted in the air conditioner thus selected must be
designed to withstand 1,000 Ww.

Moreover, it may still be acceptable to design the
DC/DC converter to withstand the aforementioned predeter-
mined value 500 W provided that a timer is fitted to each
air conditioner to restrict or shorten the time, during
Whicﬁ'the predetermined value above must be increased up
to about 1,000 W, to. as short as about one hour after
starting time. -

Further, it is judged from a signal from each air
conditioner whether any other air conditioner is in

operation. In addition, it may be Jjudged from the

relation between the voltage and current of the DC power



a current detection circuit 132 and the DC voltage is received by the

m croconputer 111 and used for control purposes. The m croconput er
111 corrects the frequency of the three-phase pseudo sine wave to the
negative side so as to - -19- pr event
the current detected by C T. 131 from34éXceeding a set value, 15 A for
exanple. In other words, the mcroconputer 111 |owers the frequency
until the current becones |ower than 15 A whereby the AC power supplied

fromthe cgappetied 29 whel DogvEr coneeedelbSwhen the Cauindalr f WFes agre shown
at 133, 134 and a power
conditioners is small.

Fig. 19 is an electric circuit diagram illustrating
another DC/DC converter embodying the present invention.

In Fig. 19, numeral 301 denotes an integrating circuit
for integrating the pulse signal supplied from the. -
terminal of the microcomputer.111 via the photocoupler
and supplying the resultantfsigngl to a PWM oscillating
circuit 302 by means of a voltage  signal. The PWM
oscillating circuit 302 changes the ON duty ratio to 0 to
45% in response to the voltage signal and - supplies s
pulse signal at 32 KHz to the gate of FET 303. While FET
303 is turned on/off, AC power is generated on the
secondary side of a switching transformer 304 and this
alternating current is rectified and smoothed by a
rectifier diode 305 and a smoothing capacitor 306 to
ébtain AC power. The voltage of the AC power is boosted
so that a voltage of more than 250'.V inclusive 1is
available even when the amount of power generated by the
solar cell is small.

In the method of controlling air conditioners a6cordiﬁg
to the present invention, a plurality of air conditioners
each supplied with AC power from an AC power supply is
connected to a solar cell by means of a DC power supply

bus of a single system, each air conditioner using the DC



supply circuit 135 generates power for use in driving the mcroconputer
111. A therm stor 136 is disposed for detecting a part of the
conpressor 9 where its tenperature is likely to rise. The nicroconputer
111 corrects the frequency of the three-phase pseudo sine wave to the
negative side to prevent that tenpéﬁ%%Ure from exceedi ng a set
tenperature, 104[err]C, for exanple, whereby the tenperature of t he
conpressor 9 is prevented fromrising because of an overl oad. The DC

power supppb@drf 6BEhEHedsByakeethfy$nyS theoRepbadrbanechmpinatamds P, N
of the capacitors used for voltage doubler rectification 124, 125 so as to

have thenyggHakhy pol pbweedsuppliedh@roantthel selaguidel40 viia tHh@n Daper at ed
to stepdown/ boost the DC power output fromthe solar cell 8 to the
power supply bus as its own operating power. The DC
powef supplied from the DC power supply bus to the air
. conditioner is controlled to prevent the DC power
supplied from the solar cell from exceeding.a predetermined
value, so that the withstand power capacity of the air
‘conditioner against the solar cell can:be designed at a
predetermined value or lower since the AC power from the
solar cell is prevented from concentrating on any one of
the air conditioners even when the number of air
conditioners in operation is small. .In chér words, it
is possiﬁle to reduce the size and -cost of the air
conditioner as measures for current -and heat- resistance
can be taken with ease and this contributes to the
extended utilization and installation: of plurality of air
conditioners withr a solar cell as a power source.

Since a solar cell is so controlled . as to maximize

its output, the solar cell can be utilized with efficiency.



voltage | evel which is obtained by voltage doubler rectification. Al though
the voltage of the DC power obtained from voltage ---doubler
rectification i's

. - 20- .
theoretically (no-load) 280 V, it is about 250 \/ThigSh R de that the
| oad has been connected thereto because36of the I1 “ rough the
noise filters 121, 126, the choke coil (reactor) fier

circuit 123 and the capacitors 124, 125. Consequently, it is only
necessary f{ t;he Hangegefi d.he vol tage supplied between the termnals P,
N exceeds h@%& 1%? Due fb the limt resulting fromthe wthstand

voltage of the sw fChifgdhod of controlling an air conditioning
sﬁstem having a plurality.of air conditioners using a DC
power obtained by rectifying an AC power in combination
with the DC power supplied from at least a single solar
celi, comprising the steps of:

connecting a pluiality of air conditioners: each
supplied with AC power from the AC power supply to said
solar cell by means of a DC power supply bus, and

controlling the DC power supplied from said DC power
supply bus to said air cbnditioner, 'thereby controlling
the DC power to a predetermined value.

2. A method of controlling an air conditioning
system according to claim 1, wherein said method fﬁ:ther
comprises the step of varying the voltage of the DC power
supplied £from the solar cell to 'at "least one air
conditioner so as to maximize the value of the DC power
represented b& multiplification of a DC current by a DC
voltage.

.3. A method of contro;ling an air conditioning
system according to calim 2, wherein said method further
comprises the step of étopping the supply of the -DC power
from the solar cell to the air cénditioner when the
voltage of the DC power supplied from the solar cell

becomes lower than a predetermined voltage.

L



el ement used in the inverter circuit 128, noreover, .the wupper limt
vol tage of the output voltage is set at 290 V in the abnornal voltage
detection circuit. By setting the voltage as acedl o DC
out put of the solar cell 8 can be supplied to the i u “d when
the voltage | owers because the output3®f.the sol ar

I nsufficient, the AC power is supplied fromthe connector 39, so that the
inverter 128 is supplied with the required power at all tines.

Moreover, it ig, geNgfeiton OWodtid1 By BN POMEEondi t T8ler Avaid @bl e by
operating the solar cell to generate power at the nost efficient operating

poi nt  (curgdgntcarl t MHdRaRIvind) DLidHverE S pet B | fdendodpaFEinglg poi nt
i's such that the maxi mum power can be obtained without relying on the
sol ar raditp@rpewerininte a ddivifid).pdwes e r_rgrﬁrmglgﬁ anedmpredd et ni ng t he
) constituting a refrigeration cycle, and using a DC power
6btained by rectifying an AC power in combination witﬁ
the DC power from a solar cell means, comprising the
steps of:

controlling the DC powér for driving said compressor
to said DC power, and: -

controlling a maltitude of said driving power for
driving said compressor to said DC power from the solar
cell means. |

" 5. An apparatus of controlling air conditioners

emplbying AC power from an AC power source and DC power
generated by at least a single solar éell, comprising: -

a DC power supply bus of a single system connected to
said solar gell,

rectifiei device.for rectifying the ac power from
the AC power source to thereby provide a DC power,

ﬁeans for preventing the DC power supplied from- said
solar cell from exceeding a predetermined value,

wherein said means has a DC/DC converter for varying
the voltage of DC power supplied from said solar cell to
the air conditioner to thereby maximize a value of said

DC power.

UL



-21- maxi mum power generated by the solar- T—Tett,— the -

m croconputer 111 is designed to operate accorgi SigeiRs BRE RegMcQPr @M st or ed
in its ROM The description of the |n|t formed by the
mcroconputer 111 and process thereafter ar mlﬂ”uﬁ ﬂgl’ﬁ

t hese are
known in the art and not naterial to TH& subj t he

present invention. The diagramof Fig. 12 -is. intended to show the
operation of cganghng t he of .t he ef or ut fromthe
11

dut e, wa Qut
i cr oconput er n app%ﬁggh ﬂréiﬁg & ciﬁém 5rreﬂﬂgﬁgf§ct88 gy the DC
C““re”t-deE%C&81&691%”Q058$t¥8£8§s°£a¥°£ta&?rlaégghthSHbressor to

provide a refrigeration cycle to said air conditioners,
said refrigerant compressor being driven in a first
~operation mode of AC power and DC power, and driven in a

second operation mode of DC power.

7. An air coﬁditioning'system comprising:

a plurality of air conditioners eéch -supplied with-
aﬁ AC powgf from an-AC'power source,

a solar cell means for supplyiné a DC power to a
bus, and

a supply means for suppl}ing said DC power from said
bus to each of said air.conditiongrs,

wherein said air conditioners are dperated'by using
the AC power and the DC power.

8. An air conditioning system according to claim 7,
wherein at least one of said .air .conditioners has a
controlling means for limiting said DC péwer from. said

bus below a predtermined value.

R AT



t he connector 66, that is, the current and voltage of the solar cell, are
fed at Step S11. DC power P, which is the DC power supplied fromthe
solar cell to the air conditioner, is conputed from the above-described
current and voltage at Step S12. The value of the DC power (the val ue
of "t he DC power conputed previously)‘f%kﬁ has al ready been stored is
transferred to PO beforehand. Accordingly, PO represents the value of

t he DC power previously conputed and P the value of DC power conputed this
tine. Subsequent | y, ABBERAQTt em proceeds to Step S13 at which a
decision is nmade on whether a signal fromthe abnormal voltage detection
circuit 90 exi WMMMWMWMWMtM Ahe

vol tage applie
A DC power supply bus is used to connect a solar cell

to an outdoor unit of .air conditioners. The output
voltage of each outdoor unit is so contfolled as to
maximize the power generation efficiency of the solar
cell and the DC éower supplid to the_air conditioner is

regulated to predetermined value.

Fig . 2
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-22- between the termnals P, N exceeds 290 V. When the
requirenent at Step S13 is satisfied, the systemgoes to Step S14 at which
the ON duty ratio D is decreased by 4% fromthe present value in order to
newly set it at D=D- 4% See Fig. 13. At Steps S15, S16, the DC
poiwer PO previously conputed and the DC power P conputed this tine are
conpared. Wen P < PO (when the requi agixent at Step S16 is satisfied),
Step S18 is selected at which the ON duty’ ratio D is decreased by 1%to D
=D- 1% The DC power P and t power PO are conpared as

descri bed above and the ON duty: ratg f \t,\ﬁe pul se signal is increased
or decreased, so that such an ON duty * :
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ratio D as to maxi m ze the DC power obtained fromthe product of the
current and voltage is automatically set. Wen the requirenent at Step S13
is not satisfied, the current and voltage which nmaxim ze the power
generated by the solar cell are obtained. . Since the process at Step
S18 is executed after Step S14 is processed, the same effect as that by
the execution of D= D - 5%is obtalkhbld when the requirenent at Step
S13 is satisfied. The pul se signal based on the ON duty ratio D of
the altered pulse signal is output froma termnal S at Step S19 (Fig.
13). The pulse signal is generated by setting




- 23- the tinme with respect to the ON duty ratio D and OFF tine at a
tiper, and switching the output of the termnal S from ON (high voltage

| evel) to OFF (low voltage level) and vice versa according to the count
taken by the tinmer. " Subsequently, the program stored in the

m ¢roconputer 111 is further executed. Wth this arrangenent, the ON duty
ratio of the pulse signal is changed B£bhtrolled) wth one cycle of the
program or with the predeternmined tine interval which may be 0.1 to 1.0
sec, for exanple, when the one-cycle tine is short. The signal (e.g.,
at approximately 2.5 KHz) shown in Fig. 13 is supplied via the
connector CM and the photocoupler 101 to the drive circuit 100. Fig. 14
shows signals S, [err] obtainable with respect to the signal thus
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supplied and these signals turn FETs 69, 70 on/off. The ON duty ratio.
D of the signal is varied within the range of 0% to 99% and Dis so

regul ated that it wll be confined within the limts of 0% and 99%

When the voltage given via the connector 66 is | ower than 85 V or

hi gher than 150 V, the ON duty ratio Dis so regul ated that D= 0 and the

solar cell is protected by stopping 4fke oscillation of the drive circuit
100. In this case, the solar cell can readily be protected by inserting a
step at which the situation above is determ ned between

- 24- :

FIG. 4
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Steps S12 and S13 in the diagramof Fig. 12. Mor eover, the ON duty
ratio D may be so regul ated that the output current fromthe solar cell is
prevented from exceeding the predeternmined value (e.g., 6.0 A). Fi g.
15 illustrates a process diagramcontinuing from A of the diagramof Fig.
12; the former being for determning the frequency F of the three-phase
pseudo sine wave supplied to the conpfddssor 9 (Fig. 2) Fo denotes the
val ue of the target (objective) frequency transmtted fromthe roomunit,
F the frequency of the pseudo sine wave presently supplied to the
conpressor, and | the current detected by C. T. 131. In Fig. 15, the
target frequency Fo and the current | are fed at Step S20.

Subsequently, OV OFF of the switch or the presence or absence of the
signal is determned at Step S21. This switch nmay be fitted in
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either the roomunit or outdoor unit. Wen the sw tch is fitted in the
roomunit or the renote controller, the indoor unit transmts the signal
corresponding to the ON OFF and the mcroconputer 111 determ nes only
the presence or absence of the signal. Then a decision is nade on
whet her the current | is hi gher than 2.0 A at Step S22. In other
words, a deci sion is nmade on whethéylz he current flowing into the
outdoor unit, which may be arranged to detect only the

- 25- current (excluding the power supplied fromthe solar cell)
supplied to the conpressor 9 when the fitting

FIG. 6
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position of C. T. 131 is varied, is higher than 2.0 A. In this case, a
differential of 1.0 Ais set for the constant 2.0 Ain a case where this
decision is reset. Wen this requirenent is satisfied, Step S25 is
.sel ect ed. Once this decision (Step S22) is nmade, the constant 2.0 Ais
changed to 1.0 A and the decision "Yes" is kept at Step S22 until the
current | beconmes snaller than 1.0 A7/1Fhe value of 1.0 A represents the
current consunmed by the outdoor unit, which includes the operating current
of the mcroconputer 111 and the control circuit 40, necessary
for supplying a pseudo sine wave a wch s the |owest frequency
FlG.

for operating the conpressor 9, t essor 9. Wth this
decision at Step S22, the current supplied fromthe roomunif (connector
39) to the outdoor unit is held dowmm to 2.0 A or less, so t the DC
power
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"generated by the solar cell 8 is 100 %utilized at all tinmes, that is, the
DC power is mainly used to operate the conpressor 9. The capacity of
t e conpressor 9 is set at such a level as to satisfy the target frequency
Fo as required by the roomunit within the limt of the sumof the power
fromthe solar cell 8 and 2.0 A of current.

- 26- The present levels of the f88duency F and the target frequency

Fo are conpared at Steps S23, S24 and the frequency F is decreased at Step
S25 or increased at Step S28.
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The lower Iimt value (F 9) of the frequency F is set at Steps S26, 27.
Consequently, the conpressor 9 is operated at 9 Hz when F = 9,
irrespective of the decision nmade at Step S22. The t hree-phase pseudo
sing wave of the frequency F, which is the frequency set at the
preceding steps, is generated at Step S29. Although the lower limt
frequency for the conpressor 9 has be@Altet at 9 Hz in this diagram of
Fig. 15, it may be set at 0 Hz. In other words, only the output fromthe
solar cell 8 may be used to drive the conpressor 9. In this case, the
power for use in driving the mcroconputer 111, the control circuit 40 and
the like is directly supplied (not detected by C. T. 131) from the
connector 39 and the power P (see the diagramof Fig. 12) generated by the
solar cell 8 is arranged so that the value Fis corrected in such a way as

not to exceed the power W (PHROTOCOYP)ER ch is consumed by the
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conpressor 9, wherein the voltage V nmay be obtained by the m croconputer
111- as the voltage has been preset to nake V/F constant wth respect to
the frequency. (See Fig. 16). Like step nunbers represent |ike

oper ati ons -27- of Fig. 15. In this
case Vo represents the voltage of the power generated by the solar cel

8. In Fig. 17 which illustrates a194£ieﬂni n which three air
conditioners and three solar cell panels 201 to 203 are installed, the
nunber of air conditioners and that of solar cell panels being not [imted
to three respectively, each of the solar cell paqgls,lagl - 203 has a

maxi nrum DC
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power output of 500 W CQutdoor units 1, 205, 206 of the air conditioners
are. connected via a DC power supply bus 207 (two lines) to the solar cell
panels 201 to 203. Roomunits 5, 209 and 210 are connected to respective
outdoor units 1, 205 and 206. Wth thé outdoor units 1, 205, 206 as heat
sources and wth the roomunits 5, 209, 210 as utilizers, air conditioning
operations are perfornmed in respectivélfldons where the roomunits 5, 209
and 210 are installed. The outdoor units 1, 105, 106 and the room
units 5, 209, 210 are connected by means of respective connecting e |ines
4, 212, 213 (each having three !\§prqu supply line; signal line;
and common line). Si ngI e- phase nd a control signal are supplied
fromthe room _units 209 210 to the outdoor units 1, 205, 206,

wher eas t he conQ%TDQQRaITEMBEBﬂTBtREr om the outdoor
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units 1, 205, 206 to the roomunits 5, 209, 210. A singl e- phase AC
power supply 214 (conerci al AC

- 28- power supply) is provided for supplying power via AC wring 215
(two wires) to the roomunits 5, 209, 210. The roomunit 5 is supplied
with AC power via a current breaker 216 and ACwiring 217 (two wires), the
roomunit 290 supplied with AC power MRALA current breaker 218 and AC
wiring 219 (two wires), and the roomunit 210 supplied wth AC power via a
current breaker 220 and ACwiring 221 -(two wires). Each of the air
conditioners thus constructed perforns

FIG. 12
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the air conditioning operation with its air conditioning capacity
regul ated in conformty with the size and |oad of the room the set

t enper.ature and the room tenperature. As the room and outdoor
units are simlar in construction to the aforenentioned air
conditioner, the description thereof wll be omtted. In Fig. 18

showi ng a di agram of a case where inpujzszpower fromthe solar cells 201 to
203 is controlled to a predeterm ned value (500 W, the current detected
by the current detector 60 and the voltage val ue output fromthe
connector 66 (the current and voltage of the solar cell) are fed at Step
S1. Then the DC power suppli edF! he tﬁr cell to the air
conditioner is conputed fromthe curreft™and age at Step S2. At this
time, the value of the DC power P conputed previously of the DC power

al ready stored has

- [ INPUT OF
Fo,1 S20

. §29
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OUTPUT OF SIGNAL
FOR FREQUENCY F
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- 29- been transferred to PO. Therefore, PO represents the value of
the DC power previously conputed, whereas P is the value of DC power

conputed this tine. Then Step S3 is selected at which a decision is
made on whether a signal is transmtted fromthe abnornmal voltage
detection circuit 90. In other words, it 1is decided whether or not

the voltage applied between the ternigalzs P and N exceeds 290 V. At Step
4, a decision is made on whether the DC power P is greater than 500 W
When requirenments at Steps S3, S4 are satisfied, Step S5 is selected at
which the ON duty ratio D of the pulse signal is decreased by 4% fromthe
present value to set ‘

FIG. 16

S29




“it newly at D=D - 4% The DC power PO previously conmputed and the DC
power P conputed this tine are conpared at Steps S6 and S7. Wen P > PO
(hen the requirenent at Step S6 is satisfied), Step S8 is selected at
which the ON duty ratio D of the pulse signal is increased by 1%to set it
at. D=D+ 1% Wen P < PO (when the requirenent at Step S7 is satisfied),
Step S9 is followed at which the ON ﬂ%t); ratio D of the pulse signal is
decreased by 1%to set it at D= D - 0% The DC power P and DC power
PO are conpared as described and the ON duty ratio D of the pul se signal
whi ch maxi m zes the DC power obtainable fromthe product

FIG. I7
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© -30- of the current and voltage is automatically set by increasing or
decreasing the ON duty ratio D of the pulse signal. Wen the requirenents
at Steps S3, S4 are not satisfied, there are obtained the current and
voltage at which the power generated by the solar cell is maxim zed.
Sknce the process at Step S9 is executed after Step S5 is processed, the
same effect as that by the executionigpfzD = D - 5% is obtained when the

requirenent at Step S3 or $S4 is satisfied.

the ON duty ratio D of the altered pul se signa

The pul se signal based on
is output fromthe

termnal S at Step S10. The pul se signal can be generated by setting the
time with respect to the ON duty ratio D and OFF tinme at a tiner, and

switching the output of the termnal S

FIG. 18
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from ON (H gh voltage level) to OFF (Low voltage level) and vice versa

according to the count taken by the tinmner. Subsequent |y, the program
stored in the m croconputer 111 is further executed. Wth this
arrangenent, each air conditioner operates in such a way as to nmaxim ze

t He output of the solar cell such as the solar cell panels 201 to 203 at
all tines. Therefore, it is possiblg7} regul ate the operating point of
the solar cell ,automatically so as to nmake the maxi mum output avail able

even if it is rainy or cloudy. - 31-

FIG. I9
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By controlling each air conditioner so that the vgutp“ Tré”’themaqkmbdﬁad»
consuned t hereby remains at 500 W which is set a ed- “ont tE power T :
consunption of the air conditioner during the!nt 104 eratldhngtep 84?'
and that the voltage applied to the invertor 128ﬁ;eﬂﬁ|ﬁs #20290.. N ar- Ibmer
(Step S3), the DC power supplied fron1 t he sol cdetifatlo tHEsthent grisd ..
circuit is substantially controlledl CbnsequeFtIy t he power capacity of
the DC/ DC converter having the filter 44, 68,; FETS 69, Efcrrthespp@sti ng
transforner 42, and the rectifier circuit 67 Shoul d be tesi-gmed-ont y-t-o——
practi caityHoD t SO anHPARATYS FOAR TONIROILINOeANDC/ AXR CODORDIBIORER readily
be nmade wrTmpACSORBRR CBL® facilitates snooth heat radiation. At the
sanme tinme, the DC/ DC converter may be housed in the outdoor unit wthout
rendering it conspicuous in external appearance.

The present invention relates in general to an air
conditioner employing électric power by a solar cell/solaxr
cells as an operation power and more particularly to a
method and apparatus ‘for controlling the air conditioner.

A conventional air conditioner using solar cells is
disclosed in Japanese Utility Model Publication No.
61-4174/1986. The air conditioner employs the output
power of the solar cells as a power supply when the
weather is fine and the output power is large, and the
air conditioner employs AC power supplied from a
commercial AC power supply when the weather is '"rainy" or
"cloudy" and the output power of the solar cell is
small.

The solar cells have not satisfactorily been utilized
for the conventional air conditioners since they are not
designed for use when output thereof is lower than a
predetermined wvalue. The running electric power necessary
for the air conditioner may be secured by increasing the
area or size of the solar cell assembly when its output
is small when it is rainy or cldudy. The problem,
however, is that excessive power may be generated by

the increaged area of the solar cell when the weather is
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The use of a capacity variable type conpressor nmakes the power consunption
of the air conditioner especially greater at the tine its operation is
started, makes it great when the load is varied in a case that the door or
whi ndow i s opened/shut, and nakes it smaller during the nornmal operation
in which the operation is stabilized. The normal operation accounts for

about 80% of the whole operation withyits power consunption staying at 500
Wor |ess. However, an air conditioner with a maxi mum power

- 32- consunption of about 1,500 to 2,000 W that is, an air conditioner

with a greatﬁr maxi,mum power consunption, tends to consune |arger power
even duri R§SHRESHBY, power.

Another object of the present invention 1is to
provide an improvement of the air conditioner which can
reduce the size and cost thereof.

The present invention provides a method of
controlling an air conditioner using a DC power obtained
by rectifying an AC power in combinaéion with the DC power
supplied from at least a single solar cell, comprising
the steps of

connecting a plurality of conditioners each supplied
with AC power from an AC power supply to said solar cell
by means of a DC power supply bus, and controlling the DC
power supplied from the DC power supply bus to the air
conditioner thereby controlling the DC power to a
predetermined value.

A converter can be used to vary the voltage of the
DC power supplied from the solar cell to the air
conditioner, S© that the value of the DC power can be
maximized.

The supply of the DC power from the solar cell can
be stopped when the voltage of the DC power from the

solar cell is lower than a predetermined voltage.

Further, the present invention provides an apparatus
for controlling an air conditioner employing DC power

generated by a solar cell as operating power, comprising
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oper ati on. When the air conditioner is connected to the solar cell,
t he maxi nrum anount of power to be generated by the solar cell when the
weather is fine is nmade to conformto power consunption during the nornmal
operation so as to prevent the solar cell from generating excessive power.

The solar cell may be utilized efficiently in this way. 1In this case, the
shortage of power fromthe solar cell-44s supplenmented by power fromthe AC
power supply. It is therefore preferred to harnoni ze t he maxi num

anount of power to be generated by the solar cell with the power
consunption duyrjn t he or mal peratio nul tiplied by .the nunber of
air conditioﬁeﬁé\ﬁ%ﬁ?ﬁiﬁ?péhxﬁgh§t?go? ﬁf?gg8nﬁVF%8ﬁeF?ngthfgnﬁébted to
t he sol ar__, eHdllr1éeif case, no problemarises when all the air

condi ti off &% HeiH dperated. However, a DC power of

a rectifier device for rectifying the AC power from
the AC power source to thereby provide a DC power,

means for preventing the DC power supplied from said
solar cell from exceeding a predetermined value,

wherein said means has a DC/DC converter for wvarying
the voltage of DC power supplied from said solar cell to
the air conditioner to thereby maximize a value of said
DC power.

In the appara&us, the solar cell is divided into a
plurality of solar cell panels, each being connected to
the DC power supply.

As it has been arranged that the DC power generated
by the solar cell is supplied via the common power supply
bus to a plurality of air conditioners by the method of
controlling air conditioners, the power generated by the
solar cell is distributed for use when the number of air
conditioners in operation is large and the power generated
by the solar cell is consumed by the air conditioners in
operation when the number of air conditioners in operation
is small. Therefore, the power generated by the solar
cell is utilized at all times.

When the converter is used to boost the voltage of

the DC power generated by the solar cell, the voltage is
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1,500 to 2,000 Wis to be supplied to the DC/ DC converter fromthe solar
cell when only one air conditioner is operated, though the DC power of 1
,500 to 2,000 Wis snmaller than the nmaxi nrum anount of power to be.

generated by the solar cell. Consequently, the DC DC converter may be
designed to withstand 1,500 to 2,000 W nevert hel ess,

- 33- it is unnecessary to design the6bC/ DC converter in such a way
according to the present invention as the power consunption during the
normal operation is limted to 500 Was the predeterm ned val ue. VWi | e

only one air gopditionerahs bebpgroRerateditt Biagi@ndlocel | BidoEdegt 0

supply excessive power. Consequently,
transformer shown in Fig. 4,

Fig. 7 is an electric circuit diagram of a control
circuit shown in Fig. 4,

Fig. 8 is an electric circuit diagram illustrating a
Vv/F (Voltage/Frequency) converter circuit,

Fig. 9 is an electric circuit diagram illustrating
an abnormal voltage detection circuit,

Fig. 10 is an electric circuit diagram illustrating
a driving circuit,

Fig. 11 is a diagram illustrating the relation of
the amounts of air sent out from an out door blower,

Fig. 12 is a diagram illustrating a process of
obtaining maximum power from the solar cell,

Fig. 13 is a waveform diagram of the signal applied
from a microcomputer to the driving circuit,

Fig. 14 is a waveform diagram of a signal for
controlling ON/OFF of a FET,

Fig. 15 a diagram illustrating a process of determining
the frequency of a three-phase pseudo sine wave,

Fig. 16 is a diagram illustrating a process of driving
a compressor by the output of the solar cell,

Fig. 17 is a diagram of a system having three air

conditioners and three solar cells according to the

present invention,
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one air conditioner which has an especially high probability of operation
must be selected. Wien only one air conditioner 1is allowed to
operate while the operation of the other air conditioners is suspended,
the afore- nentioned predeterm ned val ue 500 Wmay be increased up to
about 1,000 W At this time the DCDC converter nounted in the air
condi ti oner thus selected nust be desygned to withstand 1,000 W

Moreover, it may still be acceptable to design the DC DC converter to

wi t hstand the aforenenti oned predeter- mned value 500 Wprovided that a

timer is fitted t h_ ai diti i ct horten the. tinme,
during whi chitfle drodaier il ndtl SHTHE abbiBSHASE LY | Aur SAGEAD Tb about

Fuother. FRoRlatidd e hgle WSuedoube ALhEN <A WM Mo a

Sign roméeach air
predetermined value, and

Fig. 19 is an electric circuit diagram of the principal
part of a DC/DC converter according to another embodiment

of the invention.

In Fig. 1, an outdoor unit 1 is connected to a room
unit 5 via refrigerant pipes 2, 3 forming a refrigeration
cycle and signal/power lines 4. Further, a power supply
plug 6 supplies AC power from a commercial AC power
supply to the room unit 5, and DC power line 7 supplies
the DC power generated by a solar cell 8 to the outdoor
unit 1.

In this case, the room unit 5 receives a wireless
control signal from a remote controller (not shown) so as
to operate the air conditioner.

In Fig. 2, a refrigerant compressor 9, a four-way
selector valve 10, an outdoor heat exchanger 11, strainers
12, 14, an expansion device 13, for example, an electric
expansion valve, an indoor heat exchanger 15, a silencer
16, and an accumulator 17 in the form of an annular

refrigerant pipe form a refrigeration cycle.

Further, a solenoid switch valve 18 forms a refrigerant
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_condi tioner whether any other air conditioner is in operation. In

addi ti on,

it may be judged fromthe relation between the voltage and
current of the DC power

to the DC/ DC converter when the nunber of air conditioners is snall

Fig. 19 is an electric circuit diagramillustrating another DC DC

- 34- supplied

converter enbodying the present inventT®i. In Fig. 19, nuneral 301 denotes
an integrating circuit for integrating the pulse signal supplied from
the. ter

t he resul
vol t age

m nal of the mcroconmputer 111 via the photocoupler and supplying

1 Ba sy Wt ol Ot Snkl pechbeREl NOa BhbGHEt 13025y yRans ¢ Hf
si‘gnal . The PW

sending air to the outdoor heat exchanger 11 with a
propeller fan, and a blower 20 is used for sending air to
the room heat exchanger 15 with a cross-flow fan.

The high-temperature high-pressure refrigerant
discharged from the compressor 9 flows in the direction
of a solid arrow 1line (Fig. 2) during the cooling
operation and the outdoor heat exchanger 11 serves as a
condenser, whereas the room heat exchanger 15 serves as an
evaporator. The room heat exchanger 15 is thus used to
cool a room to be air conditioned.

The high-tenperature high-pressure refrigerant
discharged from the compressor 9 flows in the direction
of a dotted arrow line during the heating operation and
the room heat exchanger 15 serves as a condenser, whereas

the output heat exchanger 11 serves as an evaporator.

The room heat exchanger 15 is thus used to heat a room to

be air conditioned.

As the solenoid wvalve 18 opens at the time of the
defrosting operation while the refrigerant flows during

the heating operation, the refrigerant flows as shown by
a solid line with dots. In other words, part of the

high-temperature high-pressure refrigerant discharged

from the cuompressor 9 is caused to circulate into the

outdoor heat exchanger 11 serving as the evaporator so as

a
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coscillating circuit 302 changes the ON duty ratio to O to 45%in response
to the voltage signal and supplies s pulse signhal at 32 KHz to the gate of
FET 303. Wiile FET 303 is turned on/off, AC power is generated on the
secondary side of a switching transfornmer 304 and this alternating current
is rectified and snmoothed by a rectifier diode 305 and a snoot hi ng
capacitor 306 to obtain AC power. Theiveltage of the AC power is boosted
so that a voltage of nore than 250 V inclusive is available even when the
anount of power generated by the solar cell is small. In the nethod
of controll] Ny ngjd i rs,according. to th resent. inventiqn, a
pl urali tytg#mgﬁgh‘goﬁgi gﬁ%r@% S3ealcrh %‘fﬁ) | et Wi ?% E& Sg\xglprfn} atﬂ‘éAC power
SUPP! Y 1 5-eSRAREGVRN et Rl AuriSl e PYe TERBS 18 (3,DC power supply  bus of

a single system each air conditionér UuSing t
A control «circuit 40 is provided for a DC/DC

converter. After the voltage of the DC power generated
by the solar cell 8 is boosted by means of a switching
element (MOSFET) 41 and a boosting transformer 42, the DC
power is supplied to the DC section of an inverter.

A changeover switch 43 has two interlocking contacts.
The changeover switch 43 is operated to select between a
case where the solar cell 8 is connected to a filter
circuit 44 and a case where the solar cell 8 is opened.

In Fig. 5 illustrating the filter circunit 44,
varistors 45, 46, an arrester 47, and a diode 48 are
provided for preventing the backflow of power to the.solar
cell 8. Capacitors 49 to 51, 53, 54, 56 to 58 as noise
absorbers, choke coils 52, 55 forming a noise filter, a
smoothing electrolytic capacitor 59, a DC current detector
60 for detecting DC current (using a Hall device) without
a shunt resistor are provided. The DC current thus
detected is delivered from terminals 65 to the

control
circuit 40. Further, resistors 61, 62, a capacitor 63
for the power supply of the current'detector 60, and a
capacitor 64 as a noise absorber are provided.

Reference numeral 66 denotes terminals for delivering

the terminal voltage of the capacitor 59 to the control
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- 35- power obtained by rectifying the AC power in conbination wth the
" DC power supplied fromthe solar cell via the DC power supply bus as its
own operating power. The DC power supplied fromthe DC power supply
bus to the air <conditioner is controlled to prevent the DC power
supplied fromthe solar cell fromexceeding a predeterm ned value, so that
the w thstand power capacity of the ai+¥l3€eonditioner against the solar cel
can be designed at a predeterm ned value or |ower since the AC power from

the solar cell is prevented fromconcentrating on any one of the air
.CO”d't'°”eﬁSéwe§V§Hp1‘ﬁ‘%3%at&%% iUHEs Ptordid3, COPLI LLORELS | BeQRG At i oN
Is small. Tn other words, it

supplied to the connectors CM. With the photocoupler 82
thus employed, the V/F converter circuit 80 is insulated
from the connectors CM.

In Fig. 8 illustrating the V/F converter circuit 80,
an integrated circuit 85 accommodates two differential
amplifiers and forms an oscillating circuit. The
oscillating frequency 1is determined by the voltage
difference between No. 6 and No. 7 terminals.

In Fig. 7, an abnormal voltage detection circuit 90
is used for applying a signal to a photocoupler 91 when
the voltage supplied to the connector CV2 exceeds 290 V.
The photocoupler 91 applies a signal to the connectors
CM according to the signal above.

In Fig. 9 showing an abnormal voltage detection
circuit, a constant voltage output circuit 92 (TL431ACLP)
is used for supplying the basic voltage to No. 2 terminal
of an integrated circuit 93 (the same circuit as the
integrated circuit 85). The voltage from the connector
CV2 is divided by resistors %4, 95 before being supplied
to No. 3 terminal.

In Fig. 7, an FET drive circuit 100 is wused for
generating ON/OFF signals (ON/OFF signals at 32 Kz with
variable ON duty)} to FETs 69, 70 according to the signal

(a pulse wave having a constant frequncy with the ON duty
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_is possible to reduce the size and cost of the air conditioner as neasures
for current -and heat- resistance can be taken with ease and this

contributes to the extended utilization and installation of plurality of

air conditioners with a solar cell as a power source. Since a solar

cell is so controlled as to nmaximze its output, the solar cell can
be utilized with efficiency. ~-22- - 36-
CLAI M5 1.

A nmethod of controlling an air conditioning systemhaving a
plurality of air conditioners using a DC power obtained by rectifying an

AC pover }&t£88R1 PREI eBriihR16he DCypowBicedd! i290 v.  When the
requirement at Step S13 is satisfied, the system goes to
Step S14 at which the ON duty ratio D is decreased by 4%
from the present wvalue in order to newly set it at
D =D - 4%. See Fig. 13,

At Steps S15, §S16, the DC power PO previously
computed and the DC power P computed this time are
compared. When P < P0 {when the requirement at Step S16
is satisfied), Step S18 is selected at which the ON duty
ratio D is decreased by 1% to D = D - 1%.

The DC power P and the DC power PO are compared as
described above and the ON duty ratio D of the pulse

signal is increased or decreased, so that such an ON duty
ratio D és-to maximize the DC power obtained from the
product of the current and voltage is automatically set.
When the requirement at Step S13 is not satisfied, the
current and voltage which maximize the power generated by
the solar cell are obtained.

Since the process at Step S18 is executed after Step
S14 is processed, the same effect as that by the
execution of D = D -~ 5% is obtained when the requirement
at Step S13 is satisfied.

The pulse signal based on the ON duty ratio D of the

altered pulse signal is output from a terminal S at Step

S19 (Fig. 13). The pulse signal is generated by setting
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fromat |east a single solar cell device, conprising the steps of:

“automatically controlling an air conditioning power of each of said air
conditioners in accordance with a room tenperature, connecting a
plurality of air conditioners each supplied wth AC power fromthe AC
power supply to said solar cell by neans of a DC power supply bus, and
controlling a volune of the DC power sapplied fromsaid DC power supply
bus to said air conditioner so that a maxi nrum volunme of DC power of said
DC power is set to be less than a predeterm ned value, said predeterm ned

;g'vggebei "Gnd CeembNRRcR rERKLELMGCRAAIIN G Ofo 5B! £ngObRE E2hb

( an converting an electric p rom sail C pomer.supply
into a DG pewWeimgl, taﬁaaswe%qlntgl %%W& sef d BePOVEEmSHAR! | &d

fromsaid DC power supp y bus is | éss than the DC power for obt ai ni ng

said air cepdiht bAN(REgROVELtaged level) to OFF (low voltage level)
and vice versa according to the count taken by the
timer.

Subsequently, the program stored ih the microcomputer
111 is further executed. With this arrangement, the ON
duty ratio of the pulse signal is changed (controlled)
with one cycle of the program, or with the predetermined
time interval which may be 0.1 to 1.0 sec, for example,
when the one-cycle time is short.

The signal (e.g., at approximately 2.5 KHz) shown in
Fig. 13 1is supplied via the connector CM and the
photocoupler 101 to the drive circuit 100. Fig. 14 shows
signals S, S obtainable with respect to the signal thus
supplied and these signals turn FETs 69, 70 on/off.

The ON duty ratio D of the signal is varied within
the range of 0% to 99% and D is so regulated that it will
be confined within the limits of 0% and 99%. When the
voltage given via the connector 66 is lower than 85 V or
higher than 150 V, the ON duty ratio D 1is so regulated
that D = 0 and the solar cell is protected by stopping
the oscillation of the drive circuit 100. In this case,
the solar cell can readily be prgtected by inserting a

step at which the situation above is determined between
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converting an electric power fromsaid AC power supply into t he DC power
in the air conditioners when DC power for obtaining said air conditioning
power is nore than said maxi mum DC power vol une, wherei n an

el ectric capacity of an interface between said DC power supply bus and DC
power of said air conditioners is set to a value of said maxi nrum DC

power . 2. A method of controlling apgair conditioning system according
to claim1, wherein said nmethod further conprises the step of
-37- varying the voltage of the DC power supplied fromthe solar cell to

at |east one air conditioner so as to maxim ze the value of the DC power
repr esent &teaps Al 2 ignd ot 3 ok othe daguament Big. 12.  Moreover,

the ON duty ratio D may be so regulated that the output
current from the solar cell is prevented from exceeding
the predetermined value (e.g., 6.0 A).

Fig. 15 illustrates a process diagram continuing
from A of the diagram of Fig. 12, the former being for
determining the frequency F of the three-phase pseudo
sine wave supplied to the compressor 9 (Fig..2)

Fo denotes the value of the target (objective)
frequency transmitted from the room unit, F the frequency
of the pseudo sine wave presently supplied to the
compressor, and I the current detected by C. T. 131.

In Fig. 15, the target frequency Fo and the current
I are fed at Step S20. Subsequently, ON/OFF of the
switch or the presence or absence of the signal is
determined at Step S21. This switch may be fitted in
either the room unit or outdoor unit. When the switch is
fitted in the room unit or the remote controller, the
indoor unit transmits the signal corresponding to the
ON/OFF and the microcomputer 111 determines only the
presence or absence of the signal.

Then a decision is made on whether the current I is
higher than 2.0 A at Step 822. In other words, a
decision is made on whether the current flowing into the

outdoor unit, which may be arranged to detect only the
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a DC voltage. 3. A nmethod of controlling an air conditioning system
*according to claim?2, wherein said nethod further conprises the step of

stoppi ng the supply of the DC power fromthe solar cell to the air
condi ti oner when the voltage of the DC power supplied from the solar cel
becones | ower than a predetermned voltage. 4. An air conditioning system
having a plurality of air conditioners3gsing a DC power obtai ned by
rectifying AC power froman AC power supply in conbination with the DC
power supplied fromat |east a single solar cell device, conprising:

neans for aul iRl i callye cONtepl| iy A0 @1 T GONgLELRRING, AQUeT Gf gaeh of

onefs in accordance W th “rtenperature, a DC
Cuppl i od wi s b 3a O e {06 o ERE bivalhy rbie s of B, (e

rectifier deydger f ormeaCthbY HRGS DEAReROWGE 5Ll N83ACas  are not

satisfied, there are obtained the current and voltage at

which the power generated by the solar cell is maximized.

Since the process at Step 89 is executed after Step

S5 is processed, the same effect as that by the execution

of D = D - 5% is obtained when the requirement at Step 83

or 84 is satisfied.

The pulse signal based on the ON duty ratio D of the

altered pulse signal is output from the terminal § at

' Step S10. The pulse signal can be generated by setting

the time with respect to the ON duty ratio D and OFF time

at a timer, and switching the output of the terminal S

from ON (High voltage level) to OFF (Low voltage level)

and vice versa according to the count taken by the

timer.

Subsequently, the program stored in the microcomputer
111 is further executed.

With this arrangement, each air conditioner operates
in such a way as to maximize the output of the solar cell
such as the solar cell panels 201 to 203 at all times.
Therefore, it is possible to regulate the operating point
of the solar cell automatically so as to make the maximum

output available even if it is rainy or cloudy.
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power supply to thereby provide a DC power,

vol unme of the DC power supplied from said DC power supply bus to said air
conditioners so that a maxi nrum DC power vol unme of said DC power is set to
be | ess than a predeterm ned val ue, said predeterm ned val ue being | ess

t han a maxi mum gener ati ng power of36aid solar cell device, and

means for converting an electric power fromsaid AC power supply into a
DC power of the air conditioners when said DC power supplied fromsaid DC
power su@piAIMBus is |ess than the DC power
-3

8- for obtalnlng sai d air conditioning power, and converting an
1. A, d of controlling an air conditioning system having

means for controlling a

a plurality of air conditioners using a DC power obtained by
rectifying an AC power in combination with the DC power supplied

from at least a single solar cell device, comprising the steps
of:

automatically controlling an air conditioning power of each
of said air conditioners in accordance with a room temperature,
connecting a plurality of air conditioners each supplied

with AC power from the AC power supply to said solar cell by

means of a DC power supply bus, and

controlling a volume of the DC power supplied from said DC
power supply bus to said air conditioner so that a maximum volume
of DC power of said DC power is set to be 1less than a
predetermined value, said predetermined value being less than a

maximum generating power of said solar cell device, and

converting an electric power from said AC power supply into
a’' DC power of the air conditioners when said DC power supplied

from said DC power supply bus is less than the DC power for

obtaining said air conditioning power, and

converting an electric power from said AC power supply into
the DC power in the air conditioners when DC power for obtaining

said air conditioning power is more than said maximum DC power
volume,

wherein an electric capacity of an interface between said
DC power supply bus and DC power of said air conditioners is set

to a value of said maximum DC power.

2. A method of controlling an air conditioning system according

to claim 1, wherein said method further comprises the step of
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~electric power fromsaid AC power supply into the DC power in the air
" conditioners when DC power for obtaining said air conditioning power is
nore than said nmaxi mum DC volunme. 5. An air conditioning system

conpri si ng: a plurality of air conditioners each supplied with an AC
power froman AC pomer sour ce, a3%ol ar cell neans for supplying a DC
power to ARans far I,N | oyer f.r.om
sai d bus ‘?apy 8h of VOI?% réjé:)gér%e {1 oR8rsT sngEu’ e?glgﬁ g‘élgc §r cell

condi ti 0NgESa8r €eABer 8hedaly onad tiBReACsoPAWE ANh i & Mwal@&doff
wherein at |east one of said air conditioners has a controlling neans for

limting 8RedDBCppwver réppasantddbug wlthpl OvaBidi esiete DU Badramt Usy -

a DC voltage.

3. A method of controlling an air conditioning system according

to claim 2, wherein said method further comprises the step of
stopping the supply of the DC power from the solar cell to the
air conditioner when the voltage of the DC power supplied from
the solar cell becomes lower than a predetermined voltage.
4. An air conditioning system having a plurality of air
conditioners using a DC power obtained by rectifying AC power
from an AC power supply in combination with the DC power supplied
from at least a single solar cell device, comprising:

means for automatically controlling an air conditioning
power of each of said air conditioners in accordance with a room
temperature,

a DC power supply bus for connecting a plurality of air
conditioners each supplied with AC power from the AC power supply

to said solar cell,

rectifier device for rectifying the AC power from the AC
power supply to thereby provide a DC power,

means for controlling a volume of the DC power supplied from
said DC power supply bus to said air conditioners so that a
maximum DC power volume of said DC power is set to be less than
a predetermined value, said predetermined value being less than
a maximum generating power of said solar cell device, and

means for converting an electric power from said AC power
supply into a DC power of the air conditioners when said DC power

supplied from said DC power supply bus is less than the DC power
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-38-

for obtaining said air conditioning power, and converting an
electric bower from said AC power supply into the DC power in the
air conditioners when DC power for obtaining said air
conditioning power is more than said maximum DC volume.
5. An air conditioning system comprising:

a plurality of air conditioners each supplied with an AcC
power from an AC power source,

a solar cell means for supplying a DC power to a bus, and

a supply means for supplying said DC power from said bus to

each of said air conditioners,

wherein said air conditioners are operated by using the AC
power and the DC power, and

wherein at least one of said air conditioners has a
controlling means for limiting said DC power from said bus to

below a predetermined value.

L i eplcamont st
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ABSTRACT

METHOD AND APPARATUS FOR CONTROLLING AN AIR CONDITIONER
WITH A SOLAR CELL

A DC power supply bus is used to connect a solar cell
to an outdoor unit of air conditioners. The output
voltage of each outdoor unit is controlled so as to
maximize the power generation efficiency of the solar
cell and the DC power supplied to the air conditioner is

regulated to a predetermined value.

Fig. 2
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