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AIR CONDITIONER WITH SOLAR GENERATOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 
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The present invention relates to an air conditioner for 

air conditioning an interior, and in particular, to an air 

conditioner equipped ~ith a solar battery which generates 

electric power by using sunlight as an energy source and 

supplies the generated electric power to a commercial elec-

tric power source. 

Description of the Related Art 

An air conditioner which air conditions an interior 

effects heat exchange with a refrigerant so as to operate in 

various operation modes such as, for example, "heating 

mode", "cooling mode", "dry mode", and "automatic operation 

mode" in which a set temperature and the temperature at the 

time of the start of operation are compared and one of the 

heating mode and the cooling mode are automatically select-

ed. In this type of air conditioner, various operation 

settings such as operate/stop, operation mode setting, 

operation condition setting and the like can be carried out 

by remote operation by using a remote control which is an 

accessory of the air conditioner. 

A so-called solar air conditioner which uses solar 
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energy as power has been developed as the above-described 

type of air conditioner (see, for example, U.S. Patent 

Application No. 5,375,429). In this solar air conditioner, 

the power generated in accordance with the sunlight absorbed 

by a solar cell is used as the power of the air conditioner. 

Further, because the generated power is affected by the 

weather and the time of day, the solar air conditioner is 

used together with a commercial power source which is used 

conventionally. The allocation of the use of power generat­

ed from sunlight and the use of power from the commercial 

power source is controlled in accordance with the amount of 

power generated from sunlight, so that stable air condition­

ing operation can be guaranteed. 

In the solar air conditioner having the above-described 

structure, the power generated by sunlight can only be used 

for the solar air conditioner. Therefore, when the solar 

air conditioner is not being operated or the like, regard­

less of the energy generating capability, power from sun­

light cannot be used effectively. 

As a result, supplying the power generated by the solar 

air conditioner to a general commercial power source has 

been proposed. Such a solar air conditioner has a power 

source supplying system which supplies the power generated 

from sunlight as commercial power, and uses commercial power 

together with the power generated from sunlight. In this 



3 

way, the power generated from sunlight can be used effec­

tively. 

However, when the power generated from sunlight is 

supplied as commercial power, in order to monitor the amount 

of supplied power, an expensive measuring device is needed. 

Further, even if the solar generator includes a function for 

displaying the power generating state, the power generating 

state cannot be verified easily because the solar generator 

is located outside (i.e., at the exterior). 

Because the conventional solar generator generates a 

relatively large amount of power, the devices for managing 

and controlling the generated power are relatively large. 

As compactness of air conditioners used for ordinary house­

holds is aimed for, if the solar generator which is formed 

integrally with the air conditioner is large, installation 

will be difficult. In the solar generator, the frequency, 

voltage and phase of the generated power must accurately 

match those of the commercial power. Further, in order to 

prevent overloading of the solar generator, interruption of 

~he commercial power source must be accurately detected. 

Carrying out these detections and controls individually 

results in the structure of the solar generator becoming 

complex and in the solar generator becoming large. 

When the solar generator is controlled by using the 

commercial power source, at times when the commercial power 
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source is interrupted or the like, operation of the solar 

generator is stopped, and appropriate self-monitoring of the 

solar generator is not possible. 

In a case in which, for example, there is a room which 

is to always be kept at a predetermined temperature or 

humidity, the consumed power from the commercial power 

source may vary due to the weather or the time of day so 

that electricity costs cannot be estimated and unforeseen 

expenses may result. Accordingly, a solar air conditioner 

which can furnish power only by solar energy is desirable. 

However, in order to realize such a solar air conditioner, a 

solar cell of an extremely large surface area would be 

required, which is impractical. 

SUMMARY OF THE INVENTION 

In view of the aforementioned, an object of the present 

invention is to provide an ai~ conditioner equipped with a 

solar generator in which the power generating state of 

generating power by sunlight can be easily confirmed inside 

(i.e., at an interior). 

Another object of the present invention is to provide a 

solar generator which has a simple structure and is compact, 

and in which appropriate management of outputted power and 

protection of the solar generator are possible. 

Yet another object of the present invention is to 



5 

provide a solar power generator in which appropriate opera­

tions and monitoring can be carried out with a simple struc­

ture even if a commercial power source is interrupted, and 

which can output stable alternating current power. 

Still another object of the present invention is to 

provide a solar generator which can output the commercial 

power source alternating current whose frequency, voltage 

and phase are made to match those of the commercial power. 

Another object of the present invention is to provide a 

unit for supplying power generated from solar energy as a 

commercial power source which can detect the existence of an 

interruption of the commercial power source, i.e., of opera­

tion of a commercial power source supplying system alone, 

quickly and with high accuracy and with a simple structure. 

Yet another object of the present invention is to 

provide an air conditioner equipped with a commercial power 

source supplying function which can suppress consumption of 

commercial power even if the air conditioner is operated 

continuously over a long period of time, even when a solar 

cell whose use is feasible from the point of view of practi­

cality is used. 

A first aspect of the present invention is an air 

conditioner comprising: an air conditioning operation sec­

tion which effects air conditioning operation of an interior 

to be air conditioned by circulating a refrigerant which 
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carries out heat exchange between an interior unit provided 

at the interior and an exterior unit provided at an exteri­

or; a power generating section provided at the exterior and 

collecting sunlight and generating power from the sunlight; 

and a display section displaying operation information of 

said power generating section. 

In accordance with the first aspect of the present 

invention, information regarding the operation of the power 

generating section and the inverter section is outputted to 

the air conditioner operation section from the control 

section of the solar generator. The operation information 

outputted from the control section of the solar generator ·is 

displayed on the display section which is at the interior 

unit or the remote control of the air conditioner operation 

section. In this way, the operating state of the solar 

generator which is at the exterior (outside) can be easily 

confirmed at an interior (inside) by the interior unit or 

the remote control which are disposed in the interior. 

A second aspect of the present invention is an air 

conditioner comprising: an air conditioning operation sec­

tion which effects air conditioning operation of an interior 

to be air conditioned by circulating a refrigerant which 

carries out heat exchange between an interior unit provided 

at the interior and an exterior unit provided at an exteri­

or; a power generating section provided at the exterior and 
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collecting sunlight and generating power from the sunlight; 

an inverter section converting a voltage and a frequency of 

the power generated at said power generating section into a 

voltage and a frequency of power of a commercial power 

source, and outputting to the commercial power source the 

power whose voltage and frequency have been converted; and a 

display section displaying, as the operation information of 

said power generating section, the power generated by said 

power generating section and one of outputted current and 

outputted power outputted from said inverter section to the 

commercial power source. 

In accordance with the second aspect, information 

expressing the generated power of the power generating 

section and the power outputted from the solar generator is 

displayed on the display section. In this way, there is no 

need to separately provide a measuring device for measuring 

the generated power of the power generating section (the 

generated voltage, the generated current), the power output­

ted from the solar generator as commercial power (the out­

putted current) or the like. The cost of the solar genera­

tor can thereby be kept down. 

A third aspect of the present invention is an air 

conditioner comprising: a power generating section collect­

·ing sunlight and generating power; an inverter section 

converting a voltage and a frequency of the power generated 
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by said power generating section into a voltage and a fre­

quency of a commercial power source, and outputting the 

power whose voltage and frequency have been converted; a 

breaking section which disconnects said inverter section 

from the commercial power source by opening a contact pro­

vided at a point of connection between said inverter section 

and the commercial power source; a generated power detecting 

section which detects the power generated by said power 

generating section; a network interruption detecting section 

which detects interruptions of the commercial power source; 

a network power detecting section for detecting the voltage, 

the frequency and a phase of the commercial power source; 

and a control section which, on the basis of results of 

detection of said generated power detecting section and said 

network power detecting section, controls a voltage, a 

frequency and a phase of power outputted from said inverter 

section, and which operates said breaking section on the 

basis of results of detection of said network interruption 

detecting section. 

The solar generator of the third aspect monitors and 

controls the output to the commercial power source by a 

single control section. When an interruption of the commer­

cial power source is detected, the control section stops 

output from the inverter section. 

The generated power detecting section detects the 
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outputted electric current, the outputted voltage and the 

like of the power generating section. The network power 

detecting section detects the voltage, frequency and phase 

of the commercial power source, and the network interruption 

detecting section detects interruptions or the like of the 

commercial power source. The control section controls the 

operation of the inverter section on the basis of these 

parameters. For example, when generation of power by the 

power generating section stops, it is necessary to stop the 

output of the inverter section. When the power generating 

section is generating power, it is necessary to accurately 

detect the voltage and frequency of the commercial power 

source and to operate the inverter section in correspondance 

with these results of detection. When the commercial power 

source is interrupted, the inverter section must be discon­

nected from the commercial power source. 

By effecting these various, interrelated controls at a 

single control section, high-speed, highly accurate .control 

can be realized. Further, because the structure of the 

solar generator other than the power generating section can 

be simplified, the mechanism for supplying the power gener­

ated at the power generating section to the commercial power 

source can be made compact so that it is possible to set the 

solar generator in a small space. 

A fourth aspect of the present invention is a solar 



generator which collects sunlight by a solar cell of a power 

generating section, and converts a voltage and a frequency 

of generated direct current power into a voltage and fre­

quency corresponding to a commercial power source, and 

outputs the power whose voltage and frequency have been 

converted, comprising: an inverter section provided between 

the power generating section and an output of said solar 

generator, and operating in accordance with supplied switch­

ing signals, and converting direct current power into alter­

nating current power by at least two switching elements 

which alternately allow power to pass through and cut off 

the power between an input end from the power generating 

section and an output end to the output of said solar gener­

a tor; an inverter controlling section for supplying prede­

termined switching signals to the switching elements when 

the power generating section is in a power generating state; 

rectifier elements provided between said input end and said 

output end in parallel with the respective switching ele­

ments of said inverter section, and allowing power to pass 

from said output end to said input end when the switching 

elements are in a non-operating state; and a power source 

section connected to an input end of said inverter section, 

and converting direct current power into power of a prede­

termined constant voltage, and supplying the power to an 

interior of said solar generator. 
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In the fourth aspect, the direct current power generat­

ed at the power generating section is converted into alter­

nating current by switching elements of the inverter section 

allowing power to pass through and cutting off power 

(ON/OFF) in accordance with switching signals, and the 

alternating current power is outputted. At this time, a 

waveform corresponding to single phase 100 V of the commer­

cial power source can be outputted by using two switching 

elements. Further, because the power source section is 

connected to the input end of the inverter section, power 

generated at the power generating section is supplied to the 

power source section. 

In a case in which generation of power at the power 

generating section stops, at the inverter section, power 

from the commercial power source is inputted from the output 

end because the switching elements are ~ot operating. After 

being rectified by the rectifier elements, power is supplied 

to the power source section from the input end. 

In this way, commercial power is supplied to the power 

source section at night or the like when the power generat­

ing section is stopped. When the power generating section 

is in a power generating state, the power generated thereat 

is supplied to the power source section. As a result, even 

if the commercial power source stops, power is supplied to 

the power source section. Therefore, appropriate control 
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and monitoring at the interior portion of the solar genera­

tor are possible. Further, because there is no need to 

change a storage battery or the power source or the like, 

the structure is extremely simple. 

A fifth aspect of the present invention is a solar 

generator which collects sunlight by a solar cell of a power 

generating section, and converts a voltage and a frequency 

of generated direct current power into a voltage and fre­

quency corresponding to a commercial power source, and 

outputs the power whose voltage and frequency have been 

converted, comprising: an inverter section provided between 

the power generating section and an output of said solar 

generator, and converting direct current power into alter­

nating current power by four switching elements, which are 

connected in a bridge form between an input end from the 

power generating section and an output end to the output of 

said solar generator, operating in accordance with switching 

signals supplied to the respective switching elements so as 

to alternately allow power to pass through and cut off the 

power between said input end and said output end; an invert­

er controlling section for supplying predetermined switching 

signals to the switching elements when the power generating 

section is in a power generating state; rectifier elements 

provided between said input end and said output end in 

parallel with the respective switching elements of said 
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inverter section, and allowing power to pass from said 

output end to said input end when the switching elements are 

in a non-operating state; and a power source section con­

nected to an input end of said inverter section, and con­

verting direct current power into power of a predetermined 

constant voltage, and supplying the power to an interior of 

said solar generator. 

In the fifth aspect, the switching elements are con­

nected in a bridge form, and a waveform corresponding to 

single phase 200 V of the commercial power source can there­

by be outputted. At this time, even if generation of power 

at the power generating section is stopped, the power of the 

commercial power source is rectified by the rectifier ele­

ments provided parallel to the respective switching elements 

and is supplied to the power source section. Therefore, 

appropriate control at the interior portion of the solar 

generator is possible. 

Even if six switching elements are used and three-phase 

alternating current power is outputted, rectifier elements 

can be provided parallel to the respective switching ele­

ments. 

A sixth aspect of the present invention is a solar 

generator which collects sunlight by a solar cell of a power 

generating section, and converts a voltage and a frequency 

of generated direct current power into a voltage and fre-
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quency corresponding to a commercial power source, and 

outputs the power whose voltage and frequency have been 

converted, comprising: an inverter section provided between 

the power generating section and an output of said solar 

generator to the commercial power source, and converting 

direct current power to alternating current power of a 

quasi-sinewave by operation of switching elements in accord­

ance with predetermined switching signals, and outputting 

the alternating current power; a network power detecting 

section detecting variations in an instantaneous value of 

alternating current power of the commercial power source; 

and an inverter control section determining, from results of 

detection by said network power detecting section, a zero 

cross point at which the instantaneous value becomes zero, 

and outputting the switching signals so that a phase of the 

alternating current power of the quasi-sinewave coincides 

with a phase of the alternating current power of the commer­

cial power source at a predetermined timing. 

In the sixth aspect, the switching elements are operat­

ed by switching signals, and the direct current power is 

converted into alternating current power. At this time, 

alternating current power whose frequency and voltage have 

been made to match those of the commercial power source on 

the basis of PWM theory is outputted. 

At the network power detecting section, for example, 
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instantaneous values of the alternating current voltage of 

the commercial power source are detected, and the zero cross 

point at which the voltage becomes O V is determined from 

the variations in the instantaneous value. At the inverter 

control section, the switching signals are outputted at a 

predetermined timing which is based on the results of this 

determination, and the switching elements are operated. 

The timing at which the switching signals are outputted 

may be set by taking into consideration the time until the 

zero cross point is determined from the inverter control 

section, and the delay time from the time the zero cross 

point is determined to the time the switching elements are 

actually operated at the inverter control section. The 

switching signals may be outputted so that the starting up 

of the alternating current waveform by the switching signals 

is carried out such that the zero cross point of the power 

outputted from the inverter section and the zero cross point 

of the commercial power coincide. 

In this way, alternating current power whose phase 

matches that of the commercial power source can be outputted 

from the inverter section. 

A seventh aspect of the present invention is a unit for 

supplying power generated from solar energy to a commercial 

power source, for supplying to a commercial power source 

power generated by using sunlight as an energy source, 
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comprising: a solar cell collecting sunlight; a power gener­

ating section for generating direct current power on the 

basis of light collected by said solar cell; an inverter 

section conve-rting the direct current power generated at 

said power generating section into alternating current 

power; a transformer section which adjusts voltage of said 

alternating current power; a power source line electrically 

connecting a secondary side of said transformer section and 

a secondary side of a transformer at the commercial power 

source; a switch disposed on said power source line and able 

to electrically open and close a connection between said 

transformer section and the transformer at the commercial 

power source by predetermined signals; network determining 

means for determining parameter values of the commercial 

power source which include a frequency and a voltage; third­

order harmonics detecting means, connected to the secondary 

side of the transformer at ~he commercial power source, for 

detecting third-order harmonics; first control means for 

controlling said inverter section and said transformer 

section on the basis of parameter values determined by said 

network determining means; and second control means for 

controlling said switch to electrically open the connection 

between said transformer section and the transformer at the 

commercial power source, in a case in which third-order 

harmonics are detected at said third-order harmonics detect-
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In accordance with the seventh aspect, when the commer­

cial power source is interrupted, i.e .. when the primary 

side of the commercial power source transformer is inter-

rupted, it is necessary to stop the supply of the power 

generated from solar energy. Here, the third-order harmon­

ics detecting means detects third-order harmonics at the 

secondary side of the commercial power source transformer 

which are generated when there is an interruption at the 

primary side of the commercial power source transformer. 

The second control means effects control to open the switch. 

In this way, the power source line is cut off, and the 

supply of power generated from solar energy is stopped. 

In this way, if, for example, work for replacing or 

repai~ing electrical lines is being carried out at the 

commercial power source side, the commercial power source 

supplying unit is prevented from interfering with this work. 

The eighth aspect of the present invention is an air 

conditioning system having: an air conditioner equipped with 

a refrigerating cycle which circulates refrigerant and 

includes a compressor, a condenser, a expansion device and 

an evaporator, said air conditioner effecting heat exchange 

between the refrigerant and air supplied to an interior, and 

supplying air which has been subjected to heat exchange to 

the interior so that at least one of a temperature and a 
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humidity of the interior becomes a desired state; and a 

commercial power source supplying mechanism which generates 

power by using sunlight as an energy source, and which is 

provided with a function for supplying generated power to a 

commercial power source, wherein said commercial power 

source supplying mechanism has: first power detecting sec­

tion for detecting a supplied amount of the power which is 

generated by using sunlight as an energy source and supplied 

to the commercial power source; and an interface section 

outputting a value detected by said first power detecting 

section, and said air conditioner has:a rectifier/smoothing 

section converting alternating current power supplied from 

the commercial power source into direct current power; an 

inverter section which allows direct current power obtained 

from said rectifier/smoothing section to pass through inter­

mittently to the compressor in response to signals, so as to 

control a rotational frequency of the compressor; a rota­

tional frequency controlling section outputting to said 

inverter section the signals for adjusting the rotational 

frequency of the compressor so that at least one of the 

temperature and the humidity of the interior becomes a 

desired state; a second power detecting section for detect­

ing one of power consumed at said air conditioner and power 

consumed at the compressor: and a regulating section which, 

when a regulating function is effective, corrects the sig-
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nals for adjusting the rotational frequency of the compres­

sor so that a value detected by said second power detecting 

section is less than or equal to the value detected by said 

first power detecting section and obtained via said inter­

face section. 

In the ninth aspect of the present invention, in the 

eighth aspect, said commercial power source supplying mecha­

nism and said air conditioner have respectively different 

microprocessors. 

In accordance with the eighth aspect of the present 

invention, the air conditioner is equipped with a function 

for generating power by using sunlight as and energy source 

and supplying the generated power to interior wiring. 

However, the air conditioner operates by receiving power 

from a commercial power source. More specifically, the 

generation of power and the consumption of power from the 

commercial power source are controlled separately. 

Here, the supplied amount (hereinafter referred to as 

generated power) of the power generated by using sunlight as 

the energy source and supplied to the commercial power 

source is detected by the first power detecting section. 

The second power detecting section detects either the power 

consumed at the air conditioner or the power consumed at the 

compressor (hereinafter referred to as consumed power). 

The detected values of the first and second power 
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detecting sections are compared, and the rotational frequen­

cy of the compressor is corrected so that the power consumed 

by the compressor does not exceed the generated power of the 

solar cell. More specifically, the operation of the com­

pressor is operation corresponding to the portion of the 

power provided by the generated power of the solar cell. In 

a state in which the generated power is near a maximum such 

as when there are clear skies or the like, the air condi-

tioner is operated at a high capability. In a case in which 

the generated power does not increase such as in rainy 

weather or the like, the capability of the air conditioner 

is lowered. 

Even if an air conditioner in which this type of con­

trol is carried out is operated continuously for a long 

time, e.g., is applied to and continuously operated in a 

room for which air conditioning is continuously desired or 

the like, all of the consumed power can be furnished by the 

generated power. Electricity costs are therefore insignifi-

cant. 

Further, there is no need to make large the solar 

equipment for obtaining full capability of the air condi­

tioner (e.g., there is no need to increase the surface area 

of the solar cell or the like). Because the operation 

capability of the air conditioner itself is controlled, the 

equipment does not become complex. 
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A user may operate a switch to select whether the above 

described operation capability control is to be carried out. 

In accordance with the ninth aspect, the microproces­

sor, which effects control for generating power by using 

sunlight as the energy source and supplying the generated 

power to the commercial power source, and the microproces-

sor, which effects control for operating the air condition­

er, are provided independently. Therefore, maintenance or 

the like can be carried out independently for each micro-

processor. Further, because the microprocessors are con-

trolled independently from one another, each can be used 

widely for various applications, and the degrees of freedom 

of combinations of microprocessors increases. 

A tenth aspect of the present invention is an air 

conditioner having a refrigerating cycle which circulates 

refrigerant and includes a compressor, a condenser, a pres­

sure-reducing device and an evaporator, and effecting heat 

exchange between the refrigerant and air supplied to an 

interior, and carrying out air conditioning operation of the 

interior by supplying air which has been subjected to heat 

exchange to the interior so that at least one of a tempera­

ture and a humidity of the interior becomes a desired state, 

said air conditioner equipped with a commercial power source 

supplying function generating power by using sunlight as an 

energy source and having a function for supplying generated 
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power to a commercial power source, said air conditioner 

further comprising: a rectifier/smoothing section converting 

alternating current power supplied from the commercial power 

source into direct current power; an inverter section which 

allows direct current power obtained from said 

rectifier/smoothing section to pass through intermittently 

to the compressor in response to signals, so as to control a 

rotational frequency of the compressor; a rotational fre-

quency controlling section outputting to said inverter 

section the signals for adjusting the rotational frequency 

of the compressor so that at least one of the temperature 

and the humidity of the interior becomes a desired state; a 

power supplying section which adds the power generated by 

using sunlight as an energy source with direct current power 

outputted from said rectifier/smoothing section; and a 

control section which preferentially adds the power generat-

ed by using sunlight as an energy source with the direct 

current power outputted from said rectifier/smoothing sec-

tion when said air conditioner is carrying out air condi-

tioning operation, and which preferentially supplies to the 

commercial power source the power generated by using sun-

light as an energy source when said air conditioner is not 

carrying out air conditioning operation. 

An eleventh aspect of the present invention is an air 

conditioner having a refrigerating cycle which circulates 



23 

refrigerant and includes a compressor, a condenser, a expan­

sion device and an evaporator, and effecting heat exchange 

between the refrigerant and air supplied to an interior, and 

carrying out air conditioning operation of the interior by 

supplying air which has been subjected to heat exchange to 

the interior so that at least one of a temperature and a 

humidity of the interior becomes a desired state, said air 

conditioner equipped with a commercial power source supply­

ing function generating power by using sunlight as an energy 

source and having a function for supplying generated power 

to a commercial power source, said air conditioner further 

comprising: a rectifier/smoothing section converting alter­

nating current power supplied from the commercial power 

source into direct current power; an inverter section which 

allows direct current power obtained from said 

rectifier/smoothing section to pass through intermittently 

to the compressor in response to signals, so as to control a 

rotational frequency of the compressor; a rotational fre­

quency controlling section outputting to said inverter 

section the signals for adjusting the rotational frequency 

of the compressor so that at least one of the temperature 

and the humidity of the interior becomes a desired state; a 

power supplying section which adds the pow~r generated by 

using sunlight as an energy source with direct current power 

outputted from said rectifier/smoothing section; and a 
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control section which preferentially adds the power generat­

ed by using sunlight as an energy source with the direct 

current power outputted from said rectifier/smoothing sec­

tion when said air conditioner is carrying out air condi­

tioning operation, and which preferentially supplies to the 

commercial power source the power generated by using sun­

light as an energy source when said air conditioner is not 

carrying out air conditioning operation; a first power 

detecting section which detects the power generated by using 

sunlight as an energy source; a second power detecting 

section which detects one of power consumed at said air 

conditioner and power consumed at the compressor; and a 

regulating section which, when a regulating function is 

effective, corrects the rotational frequency of the compres­

sor so that a value detected by said second power detecting 

section is less than or equal to a value detected by said 

first power detecting section. 

According to the twelfth aspect of the present inven­

tion, in the eleventh aspect of the present invention, a 

portion of said air conditioner effecting air conditioning 

operation and a portion of said air conditioner having the 

function for supplying to the commercial power source the 

power generated by using sunlight as an energy source are 

controlled by the same microprocessor. 

In accordance with the tenth aspect, power is generated 
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by using sunlight as an energy source, and the air condi­

tioner is operated by this generated power. At times when 

the air conditioner is not being operated, the power gener­

ating capability is maintained as is, and the generated 

power is supplied to the commercial power source. 

As a result, while the air conditioner is operating, 

the portion of the needed power which is not provided by the 

generated power is supplied from the commercial power source 

in order to operate the air conditioner. Further, when the 

air conditioner is not being operated, the generated power 

is supplied to the commercial power source so that sunlight 

can always be utilized as an energy source. As a result, 

the amount of supplied power offsets actual electricity 

costs, and the amount of power consumed from the commercial 

power source can be reduced. 

In accordance with the eleventh aspect, the first power 

detecting section detects the supplied amount of the power 

generated by using sunlight as the energy source and sup­

plied to the commercial power source. The second power 

detecting section detects either the power consumed at the 

air conditioner or the power consumed at the compressor. 

The detected values of the first and second power 

detecting sections are compared, and signals for adjusting 

the rotation of the compressor are corrected so that the 

consumed power does not exceed the generated power. Opera-
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tion corresponds to the portion of the power provided by the 

generated power. More specifically, in a state in which the 

generated power is near a maximum such as when there are 

clear skies or the like, the air conditioner is operated at . 

full capability. In a case in which the generated power 

does not increase such as in rainy weather or the like, the 

capability of the air conditioner is lowered. 

Even if an air conditioner in which this control is 

carried out is operated continuously for.a long time, e.g., 

is applied to and continuously operated in a room for which 

air conditioning is continuously desired or the like, all of 

the consumed power can be supplied by the generated power. 

air conditioning costs are therefore insignificant. 

Further, there is no need to make large the solar 

equipment for obtaining full capability of the air condi-

tioner (e.g., there is no need to increase the surface area 

of the solar cell or the like). Because the operation 

capability of the air conditioner itself is controlled, the 

equipment does not become complex. 

A user may operate a switch to select whether the above 

described operation capability control is to be carried out 

(i.e., to select whether this function is to be used). 

In accordance with the twelfth aspect, the microproces-

sor, which effects control for generating power by using 

sunlight as the energy source and supplying the generated 
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power to the commercial power source, and the microproces­

sor, which effects control for operating the air condition­

er, are the same. Therefore, the air conditioner can be 

made compact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view illustrating a structure of 

an air conditioner of a first embodiment. 

Fig. 2 is a schematic view illustrating a refrigerant 

conduit of the air conditioner of the first embodiment. 

Fig. 3 is a schematic structural view of an electrical 

circuit of an interior unit of the first embodiment. 

Fig. 4 is a schematic structural view of an electrical 

circuit of an exterior unit of the first embodiment. 

Fig. 5 is a block view illustrating a schematic struc­

ture of a commercial power source supplying unit (SOL) to 

which a solar cell is connected. 

Fig. 6 is a circuit diagram summarily illustrating an 

inverter circuit. 

Fig. 7 is a diagram illustrating an example of outputs 

of switching signals from a modulation wave with respect to 

a carrier wave. 

Fig. BA is a diagram illustrating an example in which 

the amplitude of a modulation wave is varied. 

Fig. BB is a diagram illustrating an example of varia-
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tion in a switching signal at the time the amplitude of a 

modulation wave is varied. 

Fig. SC is a diagram illustrating an example of varia­

tion in a switching signal at the time the amplitude of a 

modulation wave is varied. 

Fig. SD is a diagram illustrating an example of varia­

tion in a switching ~ignal at the time the amplitude of a 

modulation wave is varied. 

Fig. 9 is a function block diagram summarily illustrat­

ing a switching signal generating section. 

Fig. 10 is a circuit diagram summarily illustrating a 

switching power source. 

Fig. llA is a circuit diagram summarily illustrating a 

zero cross detection circuit. 

Fig. llB is a diagram illustrating an example of output 

of an inverter circuit. 

Fig. llC is a diagram illustrating a waveform of a 

commercial power source and a waveform outputted from the 

SOL. 

Fig. 12 is a circuit diagram summarily illustrating a 

filter circuit provided at a network interruption detecting 

circuit. 

Fig. 13 is a circuit diagram summarily illustrating an 

interface circuit provided at the network interruption 

detecting circuit. 
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Fig. 14 is a function block diagram illustrating inte­

rior functions of a microcomputer. 

Fig. 15A is an schematic external view of a remote 

control switch. 

Fig. 15B is a schematic external view of the remote 

control switch in a state in which an open/close cover is 

open. 

Fig. 16 is an external view of an air conditioner 

relating to a second embodiment. 

Fig. 17 is a side view illustrating an internal struc­

ture of an interior unit of the air conditioner relating to 

the second embodiment. 

Fig. 18 is a schematic view of a refrigeration circuit 

of the air conditioner relating to the second embodiment. 

Fig. 19 is a circuit diagram of the interior unit of 

the air conditioner relating to the second embodiment. 

Fig. 20 is a circuit diagram of an exterior unit of the 

air conditioner relating to the second embodiment. 

Fig. 21 is a schematic view of a commercial power 

source supplying system relating to the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[First Embodiment] 

A first embodiment of the p~esent invention will be 

described hereinafter with reference to the accompanying 



30 
drawings. Fig. 1 illustrates an air conditioner 10 which is 

an air conditioner equipped with a solar generator relating 

to the present embodiment. The air conditioner 10 includes 

an interior unit 12 and an exterior unit 14. An operation 

signal (e.g., a signal using infrared rays) transmitted from 

a remote control switch 44 is received by the interior unit 

12. The temperature, air amount, and air direction are set 

in accordance with the received signal. Stopping of the air 

conditioner and operation of the air conditioner in accord­

ance with various operation modes such as "heat", "cool", 

"dehumidify(dry)", and the like are carried out on the basis 

of this setting. 

The exterior unit 14 of the air conditioner 10 is 

connected to a solar cell 102 which absorbs sunlight and 

·converts the sunlight to electrical energy. The electrical 

energy generated by the solar cell 102 (hereinafter, "gener­

ated power") is inputted to a commercial power source sup­

plying unit (hereinafter, "SOL 100") mounted to the exterior 

unit 14. The SOL 100 and the solar cell 102 form a solar 

generator 11. 

The SOL 100 can be operated separately from the interi­

or unit 12 and the exterior unit 14 of the air conditioner 

10. More specifically, even if the interior unit 12 and the 

exterior unit 14 of the air conditioner 10 are stopped, the 

SOL 100 can be operated. Further, even when the SOL 100 is 
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stopped during the night or the like, air conditioning 

operation of the interior unit 12 and the exterior unit 14 

is possible. 

First, the interior unit 12 and the exterior unit 14 of 

the air conditioner 10 will be described. 

As illustrated in Fig. 2, a wide refrigerant piping 15A 

and a narrow refrigerant piping 15B which circulate refrig­

erant are provided between the interior unit 12 and the 

exterior unit 14 of the air conditioner 10. Respective ones 

of ends of the refrigerant piping 15A and 15B are connected 

to a heat exchanger 16. 

At the exterior unit 14, the other end of the refriger­

ant piping 15A is connected to a valve 18. The valve 18 is 

connected to a four way type valve 22 via a muffler 20A. 

Both sides of a conduit, to which an accumulator 24, a 

compressor 26 and a muffler 20B are connected, are connected 

to the four way type valve 22. Further, one end of the heat 

exchanger 28 is connected to the four way type valve 22. One 

end of the refrigerant piping 15B is connected to the other 

end of the heat exchanger 28 by a capillary tube 30, a 

strainer 32, and a valve 34. Further, the path between the 

muffler 20B and the four way type valve 22 and the path 

between the heat exchanger 28 and the capillary tube 30 are 

connected via an electromagnetic valve 36. 

In this way, a closed refrigerant circulation path, 
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i.e., a refrigerating cycle, is formed between the interior 

unit 12 and the exterior unit 14. By switching the four way 

type valve 22 and opening and closing the electromagnetic 

valve 36, the operation mode can be switched to a cooling 

mode, a heating mode or a dehumidify(dry) mode. Fig. 2 

illustrates the flow of the refrigerant in the respective 

operation modes. 

Fig. 3 illustrates the schematic structure of an elec­

trical circuit within the interior unit 12. Fig. 4 illus­

trates the schematic structure of an electrical circuit 

within the exterior unit 14. 

As illustrated in Fig. 3, a power source board 38 and a 

control board 40 are provided in the interior· unit 12. 

Alternating current power for operating the air conditioner 

10 is supplied to the power source board 38. A motor power 

source 46 which outputs power for driving the respective 

motors within the interior unit 12, a control circuit power 

source 48 which outputs power for a control circuit, and a 

serial circuit power source 50 which outputs power for a 

serial circuit are provided at the power source substrate 

38. 

The control board 40 includes a serial circuit 52, a 

drive circuit 54 for driving the respective motors, and a 

microcomputer 56 to which the serial circuit 52 and the 

drive circuit 54 are connected and which controls operation 
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of the air conditioner 10. A fan motor 42 (a DC brushless 

motor), a power relay 60, and an flap motor 62 are connected 

to the drive ~ircuit 54. The fan motor 42 drives a cross 

flow fan (unillustr"ated) which blows out air-conditioned air 

toward the interior. The power relay 60 opens and closes a 

contact 58 of a power source circuit to the exterior unit 

14. The flap motor. 62 adjusts the air direction. 

The drive circuit 54 changes, in accordance with sig­

nals from the mic~ocomputer 56, the de voltage supplied from 

the motor power source so as to adjust the rotational speed 

of the fan motor 42, i.e:, the amount of air blown out from 

the interior unit 12 by the cross flow fan. For example, by 

changing the voltage supplied to the fan motor 42 within a 

range of 12V to 36V in 256 steps, the amount of blown air 

can be finely adjusted. At this time, the microcomputer 56 

controls the flap motor 62 as needed so that the air direc­

tion is controlled together with the air amount from the 

interior unit 12. 

A display board 68, a sensor board 70, a switch board 

72, a room temperature sensor 74, and a heat exchanger 

temperature sensor 76 are connected to the microcomputer 56. 

The display board 68 displays the operating state and the 

operation mode of the air conditioner 10 and is provided 

with a transmitting/receiving circuit for communication with 

the remote control switch 44. The sensor board 70 is pro-
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vided with floor sensors and light sensors. The switch 

board 72 is provided with LEDs for self-diagnosing and 

operation switching switches. The room temperature sensor 

74 detects the room temperature. The heat exchanger temper­

ature sensor 76 detects the temperature of the heat exchang­

er 16. 

As illustrated in Fig. 4, a rectifier circuit 78 and a 

control board 80 are provided at the outside unit 14. 

Terminals 82A through 82C are connected to terminals 84A 

through 84C of the interior unit 12 (see Fig. 3), respec­

tively, by a communication line 83A and a power source line 

83B (see Fig. 1). The terminals 82A through 82C receive a 

supply of power and transmit and receive serial signals, 

which correspond to control.signals from the microcomputer 

56, to and from the interior unit 12. In this way, control 

of the frequency of the ac power supplied to the compressor 

26 is controlled (between, for example, 18 Hz and 150 Hz), 

and the operations of the respective devices are controlled. 

A serial circuit 86 is provided at the control board 80 

so that transmission and receipt of serial signals is car­

ried out between the serial circuit 86 and the serial cir­

cuit 52 of the interior unit 12. Further, a plurality of 

noise filters 88A, 888, 88C which eliminate noise, a switch­

ing power source 92 which supplies power to an inverter 

circuit 90 which drives the compressor 26, and a microcom-
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puter 94 are provided at the control board 80. 

In the air conditioner 10, by varying the frequency 

which is outputted from the inverter circuit 90 and drives 

the compressor 26, the rotational speed of the compressor 26 

is varied, and the cooling and heating capability is adjust­

ed. 

The four way type valve 22 and the electromagnetic 

valve 36 within the exterior unit 14 are connected to the 

control board 80. The switching of the operation mode is 

carried out by switching the four way type valve 22 and by 

opening and closing the electromagnetic valve 36. Further, 

a fan motor 96 and a fan motor capacitor 96A of the heat 

exchanger 28 are connected to the control board 80. An 

outside air temperature thermistor 98A which detects the 

temperature of the outside air, a coil temperature thermis­

tor 98B which detects the temperature of the heat exchanger 

28, and a compressor thermistor 98C which detects the tem­

perature of the compressor 26 are connected to the microcom­

puter 94 of the control board 80. The compressor 26 is 

driven while the operation of the fan motor 96, the opera­

tion state .of the compressor 26, and the temperature of the 

outside air are detected. 

As illustrated in Fig. 15A, a transmission section, a 

room temperature sensor and the like are provided within the 

remote control switch 44 which operates the air conditioner 
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10. A display section 428 which displays the operation 

state of the air conditioner and a switch section 430 for 

operation are provided on the surface of the remote control 

switch 44. At the switch section 430, an operate/stop 

button 432 and various operation switches for carrying out 

simple operations are provided on the surface of an 

open/close cover 431. 

As shown in Fig. 15B, the switch section 430 of the 

remote control switch 44 includes various button switches 

which are exposed when the open/close cover 431 is opened. 

These button switches include the operate/stop button 432, 

an operation switching button 434, temperature buttons 436A, 

436B for setting the t~mperature, air direction button 438 

for adjusting the air direction, air amount button 440 for 

adjusting the air amount, timer buttons 442A. 442B for 

switching the timer between a set state and a non-set state, 

timer start time button 444A and timer stop time button 444B 

for setting the timer, time set buttons 444C, 444D, and the 

like. These buttons allow detailed setting of the opera­

tions of the air conditioner 10. Further, a display switch­

ing button 446, for displaying on the display section 428 

the operating state of the SOL 100 which will be described 

later, is provided at the switch section 430. 

As illustrated in Fig. 5, the interior of the SOL 100 

of the solar generator 11 is structured.by an inverter 
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circuit 104 and a microcomputer 106. The power generated by 

the solar cell 102 is supplied to the inverter circuit 104. 

The SOL 100 is provided with a generated current detecting 

section 110 and a generated voltage detecting section 112, 

for detecting the power generating state of the solar cell 

102, and with a network interruption detecting section 114 

and a network power detecting section 116, for judging the 

series connection with the commercial power source. Elec­

tric power for operation is supplied from the switching 

power source 108 to the generated current detecting section 

110, the generated voltage detecting section 112, the net­

work interruption detecting section 114, and the network 

power detecting section 116. 

In the solar cell 102 which absorbs sunlight, a plural­

ity of modules are set in a frame, and the solar cell 102 is 

set in a place which is illuminated by sunlight such as the 

roof of a building or the like. The generated power ob­

tained by the conversion of sunlight at the solar cell 102 

is supplied to the inverter circuit 104. More specifically, 

in the solar cell 102, de power of a predetermined voltage 

is generated by the plurality of modules .• and this de power 

is supplied to the inverter circuit 104. 

The inverter circuit 104 functions to convert the de 

power to ac (the output of the inverter circuit 104 is, for 

example, a sawtooth-shaped wave) of the same frequency as 
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the commercial power source (e.g., 50 Hz or 60 Hz) in ac­

cordance with the switching signal supplied from the micro­

computer 106. The power converted to ac by the inverter 

circuit 104 is supplied to the commercial power source via a 

transformer 118. At this time, the de component of the 

signal outputted from the inverter circuit 104 is eliminated 

by passing through the transformer 118. 

Further, a parallel off conductor 120 is provided at 

the connection point of the transformer 118 and the commer­

cial power source. When there is some type of abnormality 

in the solar generator 11 or the commercial power source, 

the SOL 100 and the commercial power source are disconnected 

by the parallel off conductor 120. 

A summary of the operation of the inverter circuit 104 

will now be given with reference to Figs. 6 through 9. 

The microcomputer 106 generates a switching signal for 

obtaining a quasi-sinewave signal on the basis of PWM theo­

ry. The switching signal generated by the microcomputer 106 

is outputted to the inverter circuit 104. 

As illustrated in Fig. 6, four switching elements Xa, 

Xb, Ya, Yb and switching amplifiers 122, 124, 126, 128 for 

driving the switching elements Xa, Xb, Ya, Yb respectively 

are provided at the inverter circuit 104. Power transis­

tors, power FETs, IGBTs or the like can be used for the four 

switching elements Xa through Yb. The switching elements xa· 
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through Yb connect the solar cell 102 and the ac power 

source in a bridge-like manner. Further, flywheel diodes 

130 (hereinafter, "diodes 130'') are connected in parallel to 

the respective switching elements Xa, Xb, Ya, Yb. When the 

switching elements Xa through Yb are in non-operating 

states, the diodes 130 are connected in a bridge-like man­

ner. 

Switching signals generated by the microcomputer 106 

are inputted to the respective switching amplifiers 122 

through 128. The power from the switching power source 108 

is supplied to the switching amplifiers 122 through 128, and 

is supplied to the switching elements Xa through Yb in 

accordance with the switching signals. In this way, a so­

called three power source method is used to drive the re­

spective switching elements Xa through Yb. 

Accordingly, at the inverter circuit 104, a single 

phase quasi-sinewave, which corresponds to the power input­

ted from the solar cell 102 (e.g., 200 V of direct current), 

is outputted due to the respective switching elements Xa 

through Yb being driven in accordance with predetermined 

switching signals. The de component is removed from the 

single phase quasi-sinewave by passing through the trans­

former 118, and the quasi-sinewave is then supplied to the 

commercial power source. 

A smoothing capacitor 132 is provided at the inverter 
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circuit 104. Both ends of the smoothing capacitor 132 are 

connected to the switching power source 108. The power 

generated by the solar cell 102 is supplied to the switching 

power source 108. Further, when the generation of power by 

the solar cell 102 stops, the ac power of the commercial 

power source is rectified by the diodes 130 connected in 

parallel to the switching elements Xa through Yb, is 

smoothed by the smoothing capacitor 132, and is supplied to 

the switching power source 108. In this way, a so-called 

two power source method for both alternating current and 

direct current is used. 

Fig. 7 illustrates the fundamentals at the time the 

microcomputer 106 generates a switching signal, by illus­

trating switching signals (ON/OFF signals) sx1 , sx2 of the 

switching elements Xa, Xb as examples. The switching signal 

Sx2 of the switching element Xb is the inversion of the 

switching signal sx1 of the switching element Xa. More 

specifically, the switching signal sx1 of the switching 

element Xa is a signal which is turned on when a modulation 

wave Mo > a carrier wave c0 , wherein the modulation wave Mo 

is, for example, a sinewave, a stepped sinewave or the like, 

and the carrier wave c0 is, for example, a triangular wave, 

a stepped triangular wave, a sinewave, or the like. The 

switching signal sx2 of the switching element Xb is turned 

on when the modulation wave Mo < the carrier wave c0 . Note 
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that this is merely an example, and the present embodiment 

is not limited to this structure. 

When the phase angle of the modulation wave Mo advances 

by 180 degrees, and the modulation wave Mo > the carrier 

wave c0 , the switching signal Sy1 (ON/OFF signal) of the 

switching element Ya is turned on. More specifically, the 

switching signal Sy1 of the switching element Ya is a signal 

which is turned ON/OFF at the same timing as the switching 

signal sx2 . Further, the switching signal Sy2 of the 

switching element Yb is turned ON/OFF at the same timing as 

the switching signal sx1 . 

By using the switching signals sx1 through Sy2 , a 

quasi-sinewave in which the phase of the output of switching 

elements Xa, Xb and the phase of the output of switching 

elements Ya, Yb are offset by 180 degrees can be generated. 

The period of the modulation wave Mo is the same as the 

frequency f outputted from the inverter circuit 104, i.e., 

the frequency of the commercial power source (50 Hz or 60 

Hz). By changing the period of the modulation wave M0 , the 

frequency f of the quasi-sinewave outputted by the inverter 

circuit 104 can be changed. Further, if the period of the 

carrier wave c0 is shortened, it is preferable that the 

number of times of ON/OFF in one period of the quasi­

sinewave increases and the resolution of the quasi-sinewave 

increases. 
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Figs. BA through 8D illustrate switching signals Sxi 

(Fig. 8B), sx0 (Fig. 8C), sx2 (Fig. 8D) for the modulation 

wave Mo and modulation waves Mi, M2 (Fig. 8A) whose ampli­

tudes have been modulation with respect ~o the modulation 

wave M0 . The respective switching signals sx0 through sx2 

are signals which are ON when the modulation wave M > 

carrier wave c0 . 

In this way, at the modulation wave Mi whose amplitude 

is greater than that of modulation wave M0 , the ON time and 

the OFF time of the switching signal Si are partly longer 

than the switching signal s0 for the modulation wave M0 . 

The voltage of the quasi-sinewave Si (the voltage generated 

at both ends of the coil when voltage is applied to the 

transformer iiB) thereby increases. Further, at modulation 

wave M2 whose amplitude is less than that of modulation wave 

M0 , the ON times and OFF times which were partly longer 

respectively become shorter. The voltage of the quasi­

sinewave s2 can thereby be made low. More specifically, the 

voltage of the quasi-sinewave can be varied by changing the 

difference between the maximum ON time and the minimum ON 

time by changing the amplitudes of the modulation waves. 

Fig. 9 is a function block diagram illustrating a 

switching signal generating section i34 formed in the micro­

computer io6. The switching signal generating section 134 

includes a storage section i36 which stores sine data for 
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forming the sinewave, a sinewave control section 138, a 16-

bit UP/DOWN counter 140, a distributor 142, comparators 144, 

146, and inverters 148. 

The UP/DOWN counter 140 adds count values synchronously 

with inputted clock signals. When the count value reaches 

FFFFH, the count value is subtracted. Then, when the count 

value reaches OH, addition begins again, and thereafter, 

adding of the count value and subtracting of the count value 

are repeated. The output of the UP/DOWN counter 140 thereby 

varies in a triangular wave shape and is outputted to the 

respective comparators 144, 146 as the carrier wave c0 . 

The sinewave controller section 138 outputs a sinewave 

in accordance with the frequency f and voltage v (amplitude) 

data. This sinewave data is stored in the storage section 

136 with, for example, the data being divided per cycle into 

OH through FFFFH. The sinewave control section 138 reads 

the sinewave data in order in accordance with the frequency 

f, and corrects and outputs the amplitude in accordance with 

the voltage v. The distributor 142 shifts by 180 degrees 

the phase angle of the sinewave outputted from the sinewave 

control section 138, and outputs the sinewave to the respec­

tive comparators 144, 146 as the modulation wave M0 . 

The comparators 144, 146 compare the carrier wave 

(triangular wave) c0 and the modulation wave Mo (the sin~­

wave of frequency f) inputted thereto, and output ON/OFF 
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signals as the switching signals sx1 , Sy1 in accordance with 

the results of co~parison. The respective inverters 148 

invert the outputs of the comparators 144, 146, and output 

the inverted signals as the switching signals Sx2, SY2· 

A delay circuit (a circuit which delays for a predeter­

mined time the changing of a signal from OFF to ON) may be 

included in the circuit (e.g., the switching amplifiers 122 

through 128) for supplying the switching signals sx1 through 

Sy2 to the switching elements Xa through Yb, for times when 

the delay time in the ON/OFF of the switching elements Xa 

through Yb due to the switching signals outputted as de­

scribed above is great (especially the delay in ON - OFF). 

Further, the modulation waves Mo and the carrier waves c0 

supplied to the comparators 144, 146 may be D/A converted 

and compared with an analog voltage level and outputted. 

Moreover, the above description illustrated an example of 

generating the switching signals Sx1 through Sy2 . However, 

the present embodiment is not limited to the same, and 

switching signals generated by any of ·various structures can 

be used. 

Fig. 10 illustrates an example of the switching power 

source 108. Rectifier circuits are provided at a switching 

transformer 150 of the switching power source 108. The 

rectifier circuits are formed by diodes Dl through DlO, 

capacitors Cl through ClO, smoothing capacitors C15 through 

• 



45 

C35, and three-terminal regulators SRl through SRlO, all of 

which are provided at the switching transformer 150. The 

outputs of rectifier circuits 152A through 152E are supplied 

to the microcomputer 106, the generated current detecting 

section 110, the generated voltage detecting section 112, 

the network interruption detecting section 114, and the 

network power detecting section 116. 

In the switching power source 108, de power is supplied 

between terminals 154A, 154B from the inverter circuit 104 

(see Fig. 6). The de power supplied from the inverter 

circuit 104 is converted to ac at an inverter circuit 156 

and supplied to the switching transformer 150. At this 

time, as described previously, the inverter circuit 104 can 

supply de power to the switching power source 108 even if 

the solar cell 102 is interrupted. In this way, even at 

times at which the generation of electricity at the solar 

cell 102 is stopped, such as at night or the like, the 

respective structural parts within the SOL 100 can be oper­

ated appropriately. 

Rectifier circuits 158A, 158B, 158C are connected to 

the switching amplifiers 122 through 128 of the inverter 

circuit 104. Driving power is supplied from the rectifier 

circuits 158A through 158C to the switching elements Xa 

through Yb. More specifically, as illustrated in Fig. 6, 

the driving power outputted from the rectifier circuits 
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158A, 158B of the switching power source 108 is supplied via 

the switching amplifiers 122, 126 to the switching elements 

Xa, Ya for output of the high side of the single phase 

power. Further, driving power is supplied from the rectifi­

er circuit 158C of the switching power source 108 via the 

switching amplifiers 124, 128 to the switching elements Xb, 

Yb· for ou.tput of the low side of the single phase power. 

In this way, different driving electric powers from the 

rectifier circuits 158A through 158C are supplied to the 

respective switching elements Xa through Yb which output 

single phase ac power (in this case, ac power of single 

phase 200 V). Therefore, even if the output of the switch­

ing elements Xa through Yb becomes large, the burden on the 

respective rectifier circuits 158A through 158C is made 

s~all, and the respective switching elements Xa through Yb 

can be operated safely. Note that the three-terminal regu­

lators SRl through SRlO, resistors Rl through R7, the capac­

itors Cl through Cl4, the smoothing capacitors Cl5 through 

C37, the diodes Dl through D13, ICl and the like which form 

the switching power source 108 illustrated in Fig. 10 are 

determined by the design. 

In the network power detecting section 116, in order to 

have the voltages, frequencies and phases of the outputs of 

the commercial power source and the SOL 100 match, the 

timing at which the instantaneous value of the ac voltage of 
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the commercial power source becomes "O" is detected (herein­

after, "zero cross detection"). Here, an example of zero 

cross detection at the network power detecting section 116 

will be described with reference to Figs. llA through llC. 

Fig. llA illustrates a zero cross detecting circuit 160 

which detects the point at which the instantaneous value of 

the ac voltage of the commercial power source becomes zero 

(zero cross point P0 ). The zero cross detecting circuit 160 

is a simple structure formed by a comparator 162, a photo­

coupler 164, and by resistors RlO through R13 which are 

determined by the design. 

In the zero cross detecting circuit 160, the output of 

the comparator 162 is low level when an ac waveform Ao 

inputted to the comparator 162 (e.g., a voltage waveform) is 

on the plus side (above the "O" level in Fig. llC). The 

output of the comparator 162 is .high level when the ac 

waveform Ao is on the minus side (is below the "O" level in 

Fig. llC). 

As a result, the output of the photocoupler 164 is ON 

when the output of the comparator 162 switches from high 

level to low level, and is OFF when the output of the compa­

rator 162 switches from low level to high level .. In the 

microcomputer 106, the time at which the output of the zero 

cross detecting circuit 160 switches from OFF to ON is 

judged to be the zero cross point Po of the commercial 
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power. 

In the microcomputer 106, when the zero cross point Po 

of the commercial power is detected, the switching signals 

sx1 through sy2 are outputted to the inverter circuit 104 at 

the timing of the time T0 , while taking into consideration a 

delay t 0 (see Fig. llC) caused by the time constants of the 

zero cross detecting circuit 160 and the circuits within the 

microcomputer 106 and the inverter circuit 104. At this 

time, the time t 0 is subtracted from the zero cross point P0 

(the broken line pottion in the drawing is subtracted), and 

output starts at the time T0 . In this way, as illustrated 

in Fig. llB, output from the inverter circuit 104 is delayed 

by the time t 0 from the zero cross point Po and is begun 

just as if it had started from the zero cross point P0 . 

As illustrated in Fig. llC, an output waveform S 

(voltage waveform) ·whose phase matches the ac waveform Ao of 

the commercial power source can be outputted. Note that the 

output of the inverter circuit 104 shown in Fig. llB is 

illustrated summarily, and that the pulse width and the like 

are different than in reality. 

It is known that the level of the third-order harmonics 

of the circuit of the commercial power source increases when 

the commercial power source is interrupted. The level of 

the third-order harmonics of the commercial power source 

becomes the largest. Here, in the network interruption 
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detecting section 114 of the SOL 100, the third-order har­

monics of the commercial power source are detected and are 

outputted to the microcomputer 106. At the microcomputer 

106, when the level of the third-order harmonics exceeds a 

predetermined value (a threshold value), it is determined 

that the commercial power source has been interrupted. The 

parallel off conductor 120 is operated, and the SOL 100 is 

.disconnected from the commercial power source so that the 

parts within the SOL 100 are protected from, in particular, 

overloading of the switching elements Xa through Yb of the 

inverter circuit 104. 

Figs. 12 and 13 illustrate an example of third-order 

harmonics detecting circuit 166 provided at the network 

interruption detecting section 114. 

At the third-order harmonic detecting circuit 166, a 

filter circuit 168 is formed by a plurality of low pass 

filters and high pass filters. Only frequencies of 140 to 

180 Hz including the third-order harmonics (e.g., 150 Hz) of 

the commercial power source pass through the filter circuit 

168. The output of the filter circuit 168 is supplied to an 

interface circuit 170 illustrated in Fig. 13. At the inter­

face circuit 170, the output level (the level of the third­

order harmonics) of the filter circuit 168 is detected, and 

an ON/OFF signal of a period corresponding to this level of 

the third-order harmonics is supplied to a photocoupler 172. 
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The ON/OFF output of the photocoupler 172 is smoothed by a 

resistor and a ~apacitor, and thereafter, is supplied to the 

microcomputer 106 as output of the network interruption 

detecting section 114. At the microcomputer 106, on the 

basis of the output voltage level of the network interrup­

tion detecting section 114, it is judged whether the commer­

cial power source has been interrupted. 

The generated current detecting section 110 (the cur­

rent transformer using a Hall element) and the generated 

voltage detecting section 112, which are provided· between 

the solar cell 102 and the inverter circuit 104, detect the 

current and voltage, respectively, generated at the solar 

cell 102 and supplied to the inverter circuit 104. The 

generated current detecting section 110 and the generated 

voltage detecting section 112 -output the detected current 

and voltage to the microcomputer 106. 

From the results of detection of th·e generated current 

detecting section 110 and the generated voltage detecting 

section 112, the microcomputer 106 determines whether the 

solar cell 102 is in a power generating state and computes 

the generated powe~. and outputs to the inverter circuit 104 

a switching signal such that a voltage which results in the 

generated power being a maximum is obtained. The voltage 

outputted from the inverter circuit 104 substantially corre­

sponds to and is slightly higher than the voltage of the 
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commercial power source. 

As illustrated in Fig. 14, the interior of the micro­

computer 106 comprises the switching signal generating 

section 134, a frequency detecting section 180, a voltage 

detecting section 182, an inputted current detecting section 

184, an inputted voltage detecting section 186, a zero cross 

detecting section 188, a voltage setting section 190, a zero 

cross setting section 192, and an interruption judging 

section 194. The frequency detecting section 180 detects 

the frequency of the commercial power source and sets the 

frequency f outputted from the inverter circuit 104. The 

voltage detecting section 182 detects ·the voltage of the 

commercial power source. The inputted current detecting 

section 184 and the inputted voltage detecting section 186 

detect the current and the voltage inputted from the solar 

cell 102. The zero cross detecting section 188 detects the 

zero cross point Po of the commercial power source. The 

voltage setting section 190 sets the voltage v outputted 

from the inverter circuit 104 on the basis of the results of 

detection of the voltage detecting section 182, the inputted 

current detecting section 184, and the inputted voltage 

detecting section 186. The zero cross setting section 192 

sets the zero cross point of the waveform outputted from the 

inverter circuit 104 on the basis of the results of detec­

tion of the zero cross detecting section 188. The interrup-
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tion judging section 194 judges whether the commercial power 

source has been interrupted. The switching signal generat­

ing section 134, the frequency detecting section 180, the 

voltage detecting section 182, the inputted current detect­

ing section 184, the inputted voltage detecting section 186, 

the zero cross detecting section 188, the voltage setting 

section 190, the zero cross setting section 192, and the 

interruption judging section 194 are controlled by a control 

section formed by a CPU, a ROM, a RAM, a timer and the like. 

In this way," the microcomputer 106 matches the frequen­

cy, voltage and phase of the power supplied to the commer­

cial power source from the SOL 100. Further, the microcom­

puter 106 protects the SOL 100 when there is trouble with 

the commercial power source. 

In the microcomputer 106, .the input to the inverter 

circuit 104 and the output from the inverter circuit 104 are 

measured. When the frequency, current and voltage exceed 

respective predetermined ranges, the microcomputer 106 stops 

the inverter circuit 104 (i.e., stops the switching elements 

Xa through Yb by blocking the gates). 

A serial circuit (unillustrated) is provided within the 

microcomputer 106 of the SOL 100. A communication line 120 

connected to the serial circuit is connected to the terminal 

82C of the exterior unit 14. In this way, the microcomputer 

106 is connected to the microcomputer 56 of the interior 
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unit 12 via the communication lines 120, 82C. The power 

generating state of the solar eel 102 and operation informa­

tion regarding the SOL 100 and the solar cell 102, such as 

the operating state of the SOL 100 and the like, are thereby 

outputted to the microcomputer 56 of the interior unit 12. 

When the display switching button 446 is operated and 

the interior unit 12 receives from the remote control switch 

44 an operation signal requesting information relating to 

the operation state of the SOL 100, the interior unit 12 

transmits to the remote control switch 44 operation informa­

tion sent from the microcomputer 106 of the SOL 100. More 

specifically, when the open/close cover 431 of the remote 

control switch 44 is opened and the display switching button 

446 is operated, the remote control switch 44 requests 

operation information regarding the SOL 100 from the interi­

or unit 12. When the remote control unit 44 receives opera­

tion information regarding the SOL 100 from the interior 

unit 12, the information is displayed on the display section 

428. This displayed data may be, for example, "presently 

generating power" together with "generated power" (or 

"generated current, generated voltage"} or "current output­

ted to commercial power source" (when the voltage is con­

stant} or the like. Further, when generation of power at 

the solar cell 102 is stopped at night or the like, the 

"presently generating power" display may be switched to, for 
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example, "not generating power". When a stoppage (interrup­

tion) of the commercial power source is detected, "inter­

rupted" or the like is displayed. Further, when it is 

inputted to the microcomputer 56 of the interior unit 12 

that there is an abnormality in the power generating func­

tion of the SOL 100, a predetermined error code expressing 

the abnormal state of the SOL 100 is displayed on the dis­

play section 428 of the remote control switch 44. 

Operation of the present embodiment will now be ex­

plained by first describing air conditioning operation of an 

interior which is carried out by the interior unit 12 and 

the exterior unit 14 of the air conditioner 10. 

In the operation-stopped state of the air conditioner 

10, when the remote control switch 44 is operated and the 

operation mode, temperature, air amount, air direction and 

the like are set, these parameter values are converted into 

codes, and the codes are transmitted to the interior unit 12 

from the remote control switch 44. At t_he interior unit 12, 

the codes transmitted from the remote control switch 44 are 

analyzed, and setting of the operation conditions is carried 

out on the basis of the results of this analysis. The 

exterior unit 14 is operated on the basis of the set opera­

tion conditions, and air conditioning operation of the 

i.nterior begins. 

Thereafter, when an operation signal is received from 
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the remote control switch 44, the code of the received 

operation signal is analyzed, and the operation conditions 

are changed on the basis of the analyzed contents. In this 

way, the air conditioner 10 is operated by the interior unit 

12 and the exterior unit 14 on the basis of operation of the 

remote control switch 44, and a desired air conditioning 

state is maintained. 

Next, operation of the solar generator 11 will be 

described. 

At the solar generator 11, when sunlight is illuminated 

onto the solar cell 102, the sunlight is converted into 

electric energy which is transmitted to the commercial power 

source supplying unit SOL 100. At the SOL 100, the power 

generated by the solar cell 102 is inputted to the inverter 

circuit 104. 

The microcomputer 106 of .the SOL 100 detects the power 

generated by the solar cell 102 (i.e., detects the current 

and the voltage), and detects the voltage, the frequency and 

the zero cross point Po of the commercial power source. On 

the basis of the results of detection, the microcomputer 106 

outputs the switching signals sx1 through Sy2 to the invert­

er circuit 104. Further, power for driving the switching 

elements Xa through Yb is supplied to the inverter circuit 

104 from the switching power source 108. 

In the inverter circuit 104, the switching elements Xa 
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through Yb are driven on the basis of the switching signals 

sx1 through Sy2 by the driving power supplied from the 

switching power source 108, and the direct current supplied 

from the solar cell 102 is converted to alternating current 

and outputted. At this time, power is supplied from the 

switching power source 108 to the individual switching 

elements Xa, Ya which output the high side waveform. Fur­

ther, power is supplied from the switching power source 108 

to the switching elements Xb, Yb which output the low side 

waveform, separately from the switching elements Xa, Ya 

which.output the high side waveform. 

As a result, stable power can be supplied to the re­

spective switching elements Xa through Yb, and stable ac 

power corresponding to the power generated at the solar cell 

102 is outputted from the inverter circuit 104. The output 

of the inverter circuit 104 becomes a sinewave via the 

transformer 118, and is supplied to the commercial power 

source. 

The switching signals Sx1 through Sy2 are inputted to 

the inverter circuit 104 from the microcomputer 106 in 

accordance with the output of the solar cell 102 and the 

frequency and the voltage of the commercial power source. 

Therefore, power is outputted from the inverter circuit 104 

with the voltage and frequency thereof being substantially 

the same as those of the commercial power source. 
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In the first embodiment, the operation state of the SOL 

100 is displayed on the remote control switch 44 which is 

connected to the interior unit 12 of the air conditioner 10 

by infrared rays or the like. However, the same display as 

that of the display section 428 of the remote control switch 

44 may be effected at a display section 448 illustrated in 

Fig. 1 which displays the operation state of the interior 

unit 12. 

In the first embodiment, the remote control switch 44 

transmits and receives wireless signals (infrared ray sig­

nals).- However, the interior unit and the remote control 

switch may be wire-connected (i.e., connected by signal 

lines). 

[Second Embodiment] 

Fig. 16 illustrates an air conditioner relating to a 

second embodiment of the present invention. The air condi­

tioner includes an interior unit 10 and an exterior unit 12D 

which respectively have a refrigerant circulating path for 

circulating refrigerant. The air conditioner is provided 

with a remote control 14D for sending, by infrared rays, 

operation signals for operating the air conditioner by 

remote operation. 

SOL is a commercial power source supplying mechanism, 

and a solar cell 310D is connected thereto. The commercial 

power source supplying mechanism SOL is a mechanism which is 
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separate from the exterior unit of a usual air conditioner, 

and is joined to the top (or side) of the exterior unit 12D 

by screws. The SOL and the exterior unit 12D are connected 

by a signal line S. Hereinafter, an air conditioning sec­

tion A/C and the commercial power source supplying unit SOL 

will be described separately. 

[Air Conditioning Section A/C] 

Various operation keys for, for example, power on/off, 

switching between cooling and heating, setting the tempera­

ture, setting the timer, and the like are provided at the 

remote control 14D. By operating the operation keys, opera­

tion signals having codes corresponding to the respective 

items are outputted. The remote control 14D is also provid­

ed with an air amount setting key so that the user can 

change the air amount to "low", "medium", "high", or "auto­

matic setting". Hereinafter, a type of air conditioner in 

which the air amount can be changed to any of the above­

described three levels (low, medium, high) will be described 

as an example in the second embodiment. These three setting 

levels are the basic structure for air amount adjustment. 

However, the present embodiment is also applicable to a 

structure in which the air amount can be changed to even 

more levels such as "breeze" or "high power", or to a struc­

ture in which the air amount can be changed along a continu­

ous range without discrete levels such as described above. 
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In the second embodiment, wireless signals such as 

infrared rays or the like are used as the means for trans­

mitting operation signals of the remote control 14D to the 

interior unit lOD. A light sensor 76BD (which will be de­

scribed later) for receiving the infrared rays is provided 

at the interior unit lOD. 

Here, when the operation signals transmitted from the 

remote control 14D are received at the light sensor 76BD of 

the interior unit lOD, the air conditioner controls the 

temperature, the humidity and the like of the interior in 

accordance with the codes of the received operation signals. 

Note that the remote control 14D and the interior unit lOD 

may be connected by signal lines. In this case, a generally 

known wired type remote control can be used. 

As illustrated in Fig. 17, the interior portion of the 

inside unit !OD is covered by a casing 202D which engages 

upper and lower ends of a mounting base 200D so as to be 

attachable to and removable from the mounting base 200D. 

A cross flow fan 204D is provided at the central por­

tion of the casing 202D. The cross flow fan 204D is driven 

by driving force of a fan motor 70ED (which will be de­

scribed later), and serves to suck in interior air via 

various filters 208D and a heat exchanger 16D from a suction 

opening 206D provided in the casing 202D, as well as to send 

out air into the interior via an air path 210D. The air 
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path 210D is provided with a transverse vane 212D and a 

horizontal flap 214D so that the direction in which the air 

is blown out to the interior can be adjusted. 

A pan-shaped drain pan 216D is formed integrally with 

the portion of the casing 202D corresponding to the bottom 

portion of the heat exchanger 16D. 

Fig. 18 illustrates a refrigeration circuit of the air 

conditioner controlled by the control device of the second 

embodiment. In Fig. 18, 26D is a compressor, 27D is a four 

way type valve, 28D is an exterior side heat exchanger 

provided within the exterior unit 12D, 30D is a capillary 

tube (expansion device), 16D is the interior side heat 

exchanger provided within the interior unit lOD, and 24D is 

an accumulator. These elements are successively connected 

in a ring by refrigerant piping so as to form a refrigerat­

ing cycle. In accordance with this air conditioner, when 

the four way type valve 27D is in the state shown by the 

solid line in the figure (a power-off state), the refriger­

ant discharged from the compressor 26D flows in the direc­

tion of the solid line arrow, condenses at the exterior side 

heat exchanger 28D, and the pressure thereof is reduced at 

the capillary tube 30D. There~fter, the refrigerant evapo­

rates at the interior side heat exchanger 16D so that cool­

ing of the interior is carried out. Further, when the four 

way type valve 270 is in the state illustrated by the broken 
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line in the figure (a power-on state), the refrigerant 

discharged from the compressor 26D flows in the direction of 

the broken line arrow, condenses at the interior side heat 

exchanger lSD, and evaporates at the exterior side heat 

exchanger 28D so that heating of the interior is carried 

out. 

Reference numeral 112AD is a fan motor forming the 

exterior side blower, and 70ED is the fan motor forming the 

interior side blower. The fan motor 112AD and the fan motor 

70ED blow air to the exterior side heat exchanger 28D and 

the interior side heat exchanger lSD, respectively. 

Fig. 19 illustrates an electrical circuit of the inte­

rior unit lOD. The electrical circuit includes a power 

source board 70D and a control board 72D. The plug P, a 

drive circuit 70AD, a motor power source circuit 70BD, a 

control circuit power source circuit 70CD, and a serial 

circuit power source circuit 70DD are provided at the power 

source board 70D. The plug P is for obtaining power from an 

outlet (the commercial power source). The drive circuit 

70AD drives the fan motor 70ED which adjusts the amount of 

air of the air conditioner supplied to the interior. The 

motor power source circuit 70BD generates power for driving 

the fan motor 70ED. The control circuit power source cir­

cuit 70CD generates power for a control circuit, and the 

serial circuit power source circuit 70DD generates power for 
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a serial circuit. 

A DC motor is used as the fan motor 70ED of the second 

embodiment. The voltage supplied to the fan.motor 70ED is 

controlled by 8 bits. More specifically, the air amount can 

be set by voltage control of 256 steps. This is used to 

effect fine air amount control when the air amount is con­

trolled when a l/f fluctuation function is implemented. 

A serial circuit 72AD which is connected to the serial 

circuit power source circuit 70DD, a drive circuit 72BD 

which drives motors, and a microcomputer 72CD which serves 

as a control circuit are provided at the control board 720. 

The drive circuit 72BD supplies power for driving an up/down 

flap step motor 74AD for moving the flap up and down, 

left/right flap step motors 74BD, 74CD, and a floor sensor 

step motor 74DD for rotating and driving a floor sensor 

which detects the temperature of the floor surface in order 

to detect the temperature of the entire surface of the floor 

surface. 

An LED for display, the light sensor 76BD and a receiv­

ing circuit 76AD are connected to the microcomputer 72CD. 

The LED for display is provided at a display board 76D and 

displays the operation mode or the like. The light sensor 

76BD receives infrared ray operation signals from the remote 

control 14D. The receiving circuit 76AD receives the opera­

tion signals received by the light sensor 76BD. 
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The floor sensor, which is provided at a sensor board 

78D, and an area LED, which is also provided at the sensor 

board 78D and which displays the temperature detection area 

of the floor surface, are connected to the microcomputer 

72CD. 

At the remote control 14D, control of the air condi­

tioner is carried out. Examples of this control include 

selection of the mode (such as heating mode, cooling mode, 

dry mode, automatic operation mode or the like), changing of 

the set temperature, changing of the amount of air blown 

out, changing of the flap angle by driving the flap step 

motors 74AD, 74BD, 74CD, and the like. 

Moreover, a room temperature sensor 80AD .which detects· 

the room temperature, a heat exchanger temperature sensor 

80BD which detects the temperature of the interior heat 

exchanger 16D, and a humidity sensor 80CD which detects the 

humidity of the interior are connected to the microcomputer 

72CD. A LED for self-diagnosing, an operation switching 

switch for switching the operation mode to heating mode, 

cooling mode, dry mode or automatic change mode, and a self­

diagnosing switch, all of which are provided at a switch 

board 82D, are also connected to the microcomputer 72CD. 

A "heating mode" display, a "cooling mode" display, a 

"dry mode" display, and an "automatic change mode" display 

are provided at the operation switching switch. The state 
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which is currently switched to is displayed on the LED for 

display provided at the display board 76D. 

Fig. 20 illustrates an electrical circuit of the exte­

rior unit 12D. The electrical circuit is provided with a 

rectifier circuit lOOD and a control board 102D. The elec­

trical circuit of the exterior unit 12 is connected to the 

electrical circuit of the interior unit lOD illustrated in 

Fig. 19 at <D, ®, @. 

A serial circuit 102AD connected to the serial circuit 

power source circuit 70DD of the interior unit lOD, noise 

filters 102BD, 102CD, 102DD for eliminating noise, a switch­

ing power source circuit 102ED which generates power for 

switching an inverter 104D, and a microcomputer 102FD serv­

ing as a control circuit are provided at the control board 

102D. 

The inverter 104D is connected to the switching power 

source circuit 102ED. The compressor 26D which compresses 

the refrigerant is connected to the inverter 104D. 

Connected to the microcomputer 102FD are an outside air 

temperature thermistor llOAD which detects the temperature 

of the outside air and serves as an outside air temperature 

sensor, a coil temperature thermistor llOBD which detects 

the temperature of the exterior side heat exchanger 28D and 

serves as a coil temperature sensor, and a compressor tem­

perature thermistor llOCD which detects the temperature of 
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the compressor 26D and serves as a temperature sensor. 

I/F is an interface circuit which transmits signals 

from the commercial power source supplying mechanism SOL to 

the microcomputer 102FD. 

The fan motor 112AD, which blows air to the exterior 

side heat exchanger 28D, and a fan motor capacitor 112BD are 

connected to the noise filter 102BD. Parallel to the fan 

motor 112AD and the fan motor capacitor 112BD, the four way 

type valve 27D, which changes the flowing direction of the 

refrigerant discharged from the compressor 26D, obtains 

driving power from the power passing through the noise 

filter 102BD. 

[Commercial Power Source Supplying System SOL] 

Fig. 21 illustrates the commercial power source supply­

ing system which supplies to the commercial power source 

power generated by using sunlight as an energy source. 

At the solar cell 310D which absorbs sunlight, a plu­

rality of modules are set in a frame, and the solar cell 310 

is set on a roof or the like. The energy absorbed by the 

solar cell 310D is supplied to an inverter circuit 312D. 

More specifically, the power generated at the solar cell 

310D is direct current, and is converted into alternating 

current by the inverter circuit 312D. 

The converted ac power is suppli~d to an isolation 

transformer 314D, and is adjusted to the same power source 
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frequency as that of the commercial power source (e.g., a 

sinewave of 200 v, 50 Hz). The output side of the isolation 

transformer 314D is connected, via a parallel off conductor 

316D and via one of breakers 350D which are provided per 

predetermined block and via a main breaker 352D, to a paral­

lel off switch 354D which carries out parallel-off with the 

exterior. The parallel off switch 354D is connected to a 

transformer 318D which is the branch end of the power net­

work disposed in a telegraph pole or the like. Power of a 

predetermined voltage (e.g., single phase 200 v) is supplied 

from a power company substation to the primary side of the 

transformer 318D. 

At the transformer 318D, the voltage at the primary 

side is stepped down to the commercial voltage (e.g., 200 v) 

(secondary side voltage). 

Accordingly, power is usually supplied from the second­

ary side of the transformer 318D to an ordinary household as 

illustrated by arrows A in Fig. 21. 

On the other hand, power generated by the solar cell 

310D is supplied to the secondary side of the transformer 

318D as illustrated by arrows B in Fig. 21, so as to in­

crease the power capacity. 

A microcomputer 320D for controlling the inverter 

circuit 3120 rnonltor~ the voltage inputted at the AID con­

verter and the current from the current transformer (CT) and 



67 

controls the switching operation of the inverter 6ircuit 

312D so that the solar cell 310D operates optimally. 

Further, control of the opening and closing of the 

parallel off conductor 316D provided between the transformer 

314 and the transformer 318D is also carried out at the 

microcomputer 320D. The parallel off conductor 316D has a 

switching function for either su~plying power generated at 

the solar cell 310D to the transformer 318D or cutting off 

the supply. The microcomputer 320D controls this on and off 

operation. 

The microcomputer 320D computes the power passing 

through the isolation transformer 314D, and transmits this 

value to the exterior unit of the air conditioner via the 

signal line S. 

In the above-described structure, the microcomputer 

102FD (see Fig. 20) at the exterior unit 12D of the air 

conditioning section A/C and the microcomputer 320D at the 

commercial power source supplying unit SOL are provided 

separately. When such an air conditioner is installed in a 

house or the like, because the air conditioner itself re­

ceives power from the commercial power source as is the case 

with ordinary air conditioners, the consumed power does not 

change. However, regardless of whether the air conditioner 

is being operated or not being operated, at the commercial 

power source supplying unit SOL, the power generated from 
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sunlight is always returned to the commercial power source 

side. Therefore, the returned power is subtracted from the 

power used by the entire house, which as a result contrib­

utes to a savings in energy. 

The second embodiment includes a generated power de­

tecting section which detects the power amount of the gener­

ated power which is generated by the solar cell 310D and 

converted to commercial power (computation from the voltage 

and current), and an air conditioner consumed power detect­

ing sensor (1.m.illustrated) which detects the power consumed 

by the air conditioner (computation from the voltage and the 

current value from the CT). The generated power detecting 

section and the air conditioner consumed power detecting 

sensor are connected to the microcomputer of the control 

board 320D and the microcomputer 102FD, respectively. A 

detected value of a generated power detecting sensor (unil­

lustratad) inputted to the microcomputer 320D is transmitted 

to the microcomputer 102FD of the air conditioner by commu­

nication. At the microcomputer 102FD, these· detected values 

are compared, and when a predetermined switch is effective, 

the operation capa~ility is controlled at the microcomputer. 

More specifically, the operation capability of the air 

conditioner is controlled such that the power consumed by 

the air conditioner does not exceed the generated power. and 

the supply of power and the consumption of power offset one 
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another. When the predetermined switch is not effective, 

ordinary operation as the first embodiment is performed. 

Hereinafter, operation of the second embodiment of the 

present invention will be described. First, ordinary opera­

tion at the air conditioning section A/C will be described. 

In the operation stopped state, when the remote control 

14 is operated and the outputted operation signal is re­

ceived by the receiving circuit 76AD, the code of the re­

ceived operation signal is analyzed. 

It is judged whether the results of analysis are an 

order to turn the power source on or not or an order to set 

the timer or not. More specifically, when the power source 

is off, the operation signal from the remote control 14D 

such as temperature settings, air amount settings and the 

like are canceled. Therefore, the operation signal is not 

received in this case, and the air conditioner stands by in 

a receiving state. 

Here, when an order to set the timer is recognized, the 

operator of the remote control 14D sets the timer so that 

the air conditioner will be operated a predetermined time 

thereafter. For example, the timer is set so that the air 

conditioner will operate two hours later, the remote control 

14D is operated, and the operation signal is outputted. In 

this way, the timer (start time) is set. Due to this set­

ting, operation automatically begins two hours later. 
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On the other hand, when an order to turn the power 

source on is recognized, operation of the air conditioner 

begins in the mode which was set before operation of the 

previous time was stopped. 

Thereafter, when an operation signal is received from 

the remote control 14D, the code of the received operation 

signal is analyzed, and it is judged whether the analyzed 

contents are an order to turn the power source off or not, 

or an air amount setting (change) or not, or a temperature 

setting (change) or not, or a timer setting (change) or not. 

The item corresponding to the analyzed contents is selected, 

and stopping of operation or setting/changing of the opera­

tion mode is effected. 

At the air conditioning section A/C, the microcomputer 

72CD of the interior unit lOD collates by fuzzy computation 

the variation in the difference between.the set 

temperature/set humidity and the temperature/humidity of the 

room to be air conditioned. The microcomputer 72CD computes 

an amount of increase or decrease in the present air condi­

tioning capability for the needed air capability. 

This amount of increase or decrease is expressed by the 

rotational frequency of a compressor 106D, and is expressed 

by the frequency in particular when the compressor 106D is 

the drive source of the induction motor. 

The amount of increase or decrease is transmitted to 
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the microcomputer 102FO of the exterior unit 120 via a 

signal line connecting the interior unit 100 and the exteri­

or unit 120. 

The microcomputer 102FO of the exterior unit 120 cor­

rects the present frequency (the frequency of the ac power 

supplied to the compressor 1060) in accordance with the 

amount of increase ·or decrease of the frequency, so as to 

operate the compressor 106D at the new frequency. Note that 

starting-up and stopping of the compressor 1060 are effected 

in accordance with different processes. 

The microcomputer 102FO of the exterior unit 120 con­

tinuously samples the current consumed at (supplied to) the 

compressor 1060, and corrects the frequency so that this 

current does not exceed a predetermined value, e.g.~ does 

not exceed the capacity of the breaker (i.e., 20 A or the 

like) at an ordinary household. 

More specifically, if the current exceeds [a predeter­

mined value -2 A], correction in which the frequency is 

raised is prohibited. If the current exceeds [a predeter­

mined value -1 A], correction in which the frequency is 

lowered at a rate of 1 Hz/sec is carried out. This lowering 

correction continues until the current is [a predetermined 

value -3A]. 

Next, operation at the commercial power source supply­

ing unit SOL will be described. 
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At usual times, i.e., when power is supplied to the 

transformer 318D, the parallel off conductor 316D is in a 

closed state. 

The sunlight absorbed by the solar cell 310D is con­

verted into electrical energy which ts then supplied to the 

inverter circuit 312D. The power at this time is direct 

current, and at the inverter circuit 312D, this DC power is 

converted into AC power. At this time, the power source 

voltage and the frequency of the region are transmitted to 

the inverter circuit 312D from the microcomputer 320D, and 

the inverter circuit 312D converts the DC power to AC power 

(voltage and frequency) matching that of the region. Note 

that the frequency of the region can be obtained by analyz~ 

ing a voltage waveform given to the A/D terminal via the 

breaker before generation of power begins. 

The waveform converted by the inverter circuit 312D is 

converted into a sinewave by the isolation transformer 314D. 

In a case in which the parallel off converter 316D is 

closed, the sinewave can be supplied to the secondary side 

of the transformer 318D as illustrated by the arrows B in 

Fig. 21. 

Here, in the second embodiment, the power generated by 

the commercial power source supplying unit SOL is detected 

by the generated power detecting sensor 356D, and the power 

consumed by the air conditioner section A/C is detected by 
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the consumed power detecting sensor. Controlling of the 

operation capability of the air conditioner may be effected 

in accordance with the results of comparison of the generat­

ed power and the consumed power. 

More specifically, when there is a room for which 

continuous air conditioning is desired and the air condi­

tioner is always left on, it is uncertain how much power 

will be consumed, and electricity costs which will be offset 

by the generated power cannot be predicted. Accordingly, 

there is a need to plan for adjustments to the consumed 

power when the operation state becomes weak or operation 

stops in rainy weather or at night. However, in the second 

embodiment, when the predetermined switch is set to be 

effective,· the value of the generated power sent from the 

SOL is substituted by the aforementioned predetermined value 

for current control or by a value which is 1 A less than 

this value. Therefore, the operation capability of the air 

co'ndi ti oner is controlled in accordance with the generated 

power. Accordingly, the air conditioner is always operated 

within the range of generated power. More specifically, in 

cases in which sunlight is sufficiently absorbed and there 

is sufficient generated power such as times when the sky is 

clear or the like, even if the air conditioner is driven at 

full capability, the consumed power does not exceed the 

generated power. Further, when the amount of generated 
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power decreases such as during rainy weather, control is 

effected such that the operation capability of the air 

conditioner is lowered and the consumed power does not 

become greater than or equal to the decreased generated 

power. 

Due to this type of control, because the air condition­

er is always operated at full capability, all of the power 

consumed by the air conditioner can be provided by the 

generated power and electricity costs become unnecessary, 

without impractical accommodations such as making the solar 

cell 310D large. 

In the second embodiment, the consumed power is con­

trolled so as to not exceed the generated power. However; 

it is not necessary for the consumed power to be completely 

furnished by generated power. If the consumed power is 

controlled such that a predetermined portion thereof (e.g., 

80%) is provided by the generated power, the air conditioner 

can be operated continuously for a long time by consuming 

only a small amount of commercial power (which can be esti­

mated by computation) and without an extreme lowering of the 

operation capability. 

[Third Embodiment] 

In the air conditioner of a third embodiment, which is 

a variation of the second embodiment, the exterior unit 12D 

of the air conditioner section A/C and the commercial power 
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source supplying unit SOL are controlled in common by the 

same microcomputer 102FD (see Fig. 20). When this type of 

air conditioner is set at a house or the like, the air 

conditioner itself carries out air conditioning operation 

while obtaining power from solar power and obtaining, from 

the commercial power source, the necessary power not ob­

tained from the solar power. 

In the air conditioner of the third embodiment, in 

addition to the same ordinary operation as the first embodi­

ment, energy saving operation can be carried out by switch­

ing a predetermined switch. More specifically, the air 

conditioner of the third embodiment has the generated power 

detecting sensor, which detects the amount of the generated 

power which is generated by the solar cell 310D and convert­

ed into commercial power, and the air conditioner consumed 

power detecting sensor which detects the power consumed by 

the air conditioner. The generated power detecting sensor 

and the consumed power detecting sensor are connected to the 

microcomputer 102FD. When the aforementioned switch is in 

the effective state, at the microcomputer 102FD, these 

detected values are compared and the operation capability of 

the air conditioner is controlled. More specifically, the 

value detected by the generated power detecting sensor is 

set to a predetermined value for current control and the 

maximum operation capability of the air conditioner is 
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controlled so that the power consumed by the air conditioner 

does not exceed the generated power. The supply of power 

from the solar cell 310D and the power consumed at the air 

conditioner offset one another. 

In the air conditioner of the third embodiment, an 

ordinary operation mode and an energy saving operation mode 

can be selected. 

[Ordinary Operation Mode] 

The main power source of the ordinary operation mode is 

the commercial power source supplying unit SOL, and the air 

conditioner is operated by power generated by solar energy. 

However, because solar energy is affected by the season, the 

time of day and the weather, there are cases in which suffi­

cient power cannot be obtained, and this insufficiency is 

compensated for power provided from the commercial power 

source. In this way, the air conditioner can always be 

maintained in a full operating state. 

Further, while the air conditioner is not being operat­

ed, DC/DC operation is stopped, and power generated by using 

sunlight as an energy source is supplied only to the commer­

cial power source. 

More specifically, the sunlight absorbed by the solar 

cell 310D is converted to electrical energy which is then 

supplied to the inverter circuit 312D. The power at this 

time (electrical energy) is direct current. The inverter 
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circuit 312D converts this DC power into AC power of a 

predetermined frequency and a predetermined voltage. 

The high frequency component of the quasi-sinewave 

which was converted at the inverter circuit 312D based on 

PWM theory, is reduced by the isolation transformer 314D so 

that the quasi-sinewave is converted to a waveform which is 
' 

close to a sinewave. At this time, if the parallel off 

conductor 316D is in a closed state, the waveform which is 

close to the commercial power source can be supplied to the 

secondary side of the transformer 314D as illustrated by 

arrows B in Fig. 21. 

In this way, when the air conditioner is being operated 

in the ordinary operation mode, the power obtained from 

sunlight is preferentially supplied to the air conditioner, 

and any insufficiency is compensated for by·commercial 

power. When the air conditioner is not being operated 

(while air conditioning operation is not being carried out), 

the power obtained by using sunlight as an energy source is 

returned to the commercial power source. Therefore, con-

sumption of commercial power can substantially be reduced. 

[Energy Saving Operation Mode] 

When an energy saving operation mode is selected, the 

power which is obtained by using sunlight as the energy 

source and which is supplied preferentially is detected by 

the generated power detecting sensor, and the power consumed 
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by the air conditioner section A/C is detected by the .con­

sumed power detecting sensor. Control of the air condition­

er operation capability is effected in accordance with the 

results of comparison of the generated power and the con­

sumed power. 

More specifically, when there is a room for which 

continuous air conditioning is desired and the air condi­

tioner is operated continuously, it is uncertain how much 

power will be consumed, and electricity costs which will be 

offset by the generated power cannot be predicted. Accord­

ingly, there is a need to plan adjustments to the consumed 

power when the operation state becomes weak or operation 

stops in rainy weather or at night. However, in this embod­

iment, the operation capability of the air conditioner is 

controlled in accordance with the generated power, and the 

air conditioner is always operated within the range of the 

generated pow~r. More specifically, in cases in which 

sunlight is sufficiently absorbed and there is sufficient 

generated power such as times when the sky is clear or the 

like, even if the air conditioner is driven at full capabil­

ity, the consumed power does not exceed the generated power. 

Further, when the amount of generated power decreases such 

as during rainy weather, control is effected such that the 

operation capability of the air conditioner is lowered and 

the consumed power does not become greater than or equal to 
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the decreased generated power. 

Due to this type of control, in order to handle a 

temporary full capability operation of the air conditioner, 

all of the power consumed by the air conditioner can be 

provided by the generated power such that electricity costs 

become unnecessary, without impractical accommodations such 

as making the solar cell 310D-large. 
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What is 6laimed is: 
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1. An air conditioner comprising: 

an air conditioning operation section which effects air 

conditioning operation of an interior to be air conditioned 

by circulating a refrigerant which carries out heat exchange 

between an interior unit provided at the interior and an 

exterior unit provided at an exterior; 

a power generating section provided at the exterior and 

collecting sunlight and generating electric power from the 

sunlight; and 

a display section displaying operation information of 

said electric power generating section. 

2. An air conditioner according to claim l, further com-

prising an inverter section converting the elecric power 

generated at said power generating section into an AC power 

having the voltage and the frequency that can be jointed to 

the commercial AC power source, and outputting to the com-

mercial AC power source the AC power whose voltage and 

frequency have been converted, wherein said display section 

further displaying the electric power generated by said 

power generating section and one of outputted current and 

outputted power outputted from said inverter section to the 

commercial power source. 
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3. A solar generator which collects sunlight by a solar 

cell of a power generating section, and converts direct 

current power generated by said power generating section 

into an alternating current power whose voltage and frequen-

cy corresponding to a commercial AC power source, and out-

puts the power whose voltage and frequency have been con-

verted, comprising: 

an inverter section provided between the power generat-

ing section and an output of said solar generator to the 

commercial power source, and converting direct current power 

to alternating current power of a quasi-sinewave by opera-

tion of switching elements in accordance with predetermined 

switching signals, and outputting the alternating current 

power; 

a network power detecting section detecting variations 

in an instantaneous value of alternating current power of 

the commercial power source; and 

an inverter control section determining, from results 

of detection by said network power detecting section, a zero 

cr~ss point at which the instantaneous value becomes zero, 

and outputting the switching signals so that a phase of the 

alternating current power of the quasi-sinewave coincides 

with a phase of the alternating current power of the commer-

cial power source at a predetermined timing. 
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4. A unit for supplying power generated from solar energy 

to a commercial power source, for supplying to a commercial 

power source power generated by using sunlight as an energy 

source, comprising: 

a solar cell collecting sunlight; 

a power generating section for generating direct cur-

rent power on the basis of light collected by said solar 

cell; 

an inverter section converting the direct current power 

generated at said power generating section into alternating 

current power; 

a transformer section which adjusts voltage of said 

alternating current power; 

a power source line electrically connecting a secondary 

side of said transformer section and a secondary side of a 

transformer at the commercial power source; 

a switch disposed on said power source line and able to 

electrically open and close a connection between said trans-

former section and the transformer at the commercial power 

source by predetermined signals; 

network determining means for determining parameter 

values of the commercial power source which include a fre-

quency and a voltage; 

third-order harmonics detecting means, connected to the 
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secondary side of the transf-ormer at the commercial power 

source, for detecting third-order harmonics; 

first control means for controlling said inverter 

section and said transformer section on the basis of parame-

ter values determined by said network determining means; and 

second control means for controlling said Switch to 

electrically open the connection between said transformer 

section and the transformer at the commercial power source, 

in a case in which third-order harmonics are detected at 

said third-order harmonics detecting means. 

5. An air conditioner having a refrigerating cycle which 

circulates refrigerant and includes a compressor, a condens-

er, a expansion device and an evaporator, and effecting heat 

exchange between the refrigerant and air supplied to an 

interior, and carrying out air conditioning operation of the 

interior by supplying air which has been subjected to heat 

exchange to the interior so that at least one of a tempera-

ture and a humidity of the interior becomes a desired state, 

said air conditioner equipped with a commercial power source 

supplying function generating power by using sunlight as an 

energy source and having a function for supplying generated 

power to a commercial power source, said air conditioner 

further comprising: 

a rectifier/smoothing section converting alternating 
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current power supplied from the commercial power source into 

direct current power; 

an inverter section which allows direct current power 

obtained from said rectifier/smoothing section to pass 

through intermittently to the compressor in response to 

signals, so as to control a revolution of the compressor; 

a rotation controlling section outputting to said 

inverter section the signals for adjusting the revolution of 

the compressor so that at least one of the temperature and 

the humidi~y of the interior becomes a desired state; 

a power supplying section which merges the power gener-

ated by using sunlight as an energy source with direct 

current power outputted from said rectifier/smoothing sec-

tion; and 

a control section which preferentially merges the power 

generated by using sunlight as an energy source with the 

direct current power outputted fro~ said rectifier/smoothing 

section when said air conditioner is. carrying out air condi-

tioning operation, and which preferentially supplies to the 

commercial power source the power generated by using sun-

light as an energy source when said air conditioner is not 

carrying out air conditioning operation. 

6. An air conditioner according to claim 5, wherein said 

control section comprising: 
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a first power detecting section which detects the power 

generated by using sunlight as an energy source; 

a second power detecting section which detects one of 

power consumed at said air conditioner and power consumed at 

the compressor; and 

a regulating section which, when a regulating function 

is effective, corrects the revolution of the compressor so 

that a value detected by said second power detecting section 

is less than or equal to a value detected by said first 

power detecting section. 

7. An air conditioner according to claim 6, wherein a 

portion of said air conditioner effecting air conditioning 

operation and a portion of said air conditioner having the 

function for supplying to the commercial power source the 

power generated by using sunlight as an energy source are 

controlled by the same microprocessor. 


