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METHOD FOR CONTROLLING THE ROTATION~L SPEED OF 

A MOTOR-COMPRESSOR USED IN AN AIR CONDITIONER 

BACKGROUND or THE INVENTION 

Field of the Invention 

T~e present invention relates to a method fo~ controlling . . 
the rotational speed of a motor-compressor used in an air 

conditioner for vehicles, and mo~e particularly to a method for · 

controlling the rotational speed of a motor-oo~p:tessor via an 

inverter. 

Description of the Prfor Art 

There are two types of systems which are used as air 

conditioner$ for vehicl&s. One is a system using a compressor 

qriven by an engine of a vehicle via a belt, etc. The other is 

a system.using a motor-compressor driven by an electric motor. 

In either type of system, refrigerant is not charged in the 

refrigerant circuit constituting the air conditioner before the 

air c·onditioner is attached to a vehicle. Refrigerant is 

char9ed into the refrigerant circuit after the air cond.itioner 

is attached to a vehicle and the refrigerant circuit is vacuumed. 

When refrigerant is charged, in the case of the system 

using a-compressor driven by an engine, the rotational speed of 

the compressor can be controlled to an appropriate rotational 

speed by controlling the rotational speed of the engine. In the 
-

case of the system using a motor-compressor, however/ since the 
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rotational.speed of the compressor is controlled in accordance 

with the ambient temperature.of the.vehicle, an atmospheric 

condition, a· set temperature of the air blown into the interior 

of the vehicle and so forth, -the rotational speed of the 

compressor is not controlled to a constant speed. 'therefore, 

the condition of the refrigerant charge is not stable. 

In the system using a compressor driven by an engine, a 

proper amount of charged refrigerant can be determined by 

recognizing the amount of charged refrigerant through a sight 

glass pro~ided in the refrigerant circuit. However, in the 

system using a motor-compressor, in a case whe~e the systeM is 

started under a condition that the temper•ture of the interior 

of the vehicle is relatively high and the temperature of the 

air blown into the interior to be controlled is set to a 

i:elatively low teli\peratur~,- the motor-compressor is driven at a 

hiqh rotational speed. As a result, tbere ia a conce:rn that 

the ref rigetant 111ay be over charged.· 

Moreover, at a time itamediately after charge of refrigerant 

is· started, the refrigerant is sent.into the refrigerant 

circuit,· not by the motor-compressor, but by the pressure . . 

difference between the pressure in the refrigerant circuit and 

the pressure .in a bottle of refrigerant so that the pressure in 

the refrigerant circuit reaches a·saturated pressure. 

There.fore, if ·the ."motor-compressor is dri'ven at a hiqh 
._ ..... 

rotational speed under a condition where the amount of 
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refrigerant e~isting in the refrigerant circuit .is small, the 

compressor portion of the motor-compressor may be damaged. on 

the contrary, if the motor-compressor is driven at a very low 

rotational speed or under a condition where the motor-

compressor may be stopped from the relationship with various 

setting temperat·ures, it becomes impossible to charge 

refrigerant. 

SUMMARY or THE INVENTION 

Accordingly, an object of the present invention is to 

provide a method for controlling the rotational speed of a 

motor-compressor us~d in an air.conditioner for vehicles, which 

can freely control the rotational .speed of the motor-compressor 

to an optimum.speed without being, r'nf'luenced by the temperature 

of the interior of the vehicle, the atmosphere condition and the 

set temperature of the air blown into the interior. 

Another object of the present invention is to provide a 

method· for controlling the rotational speed of a motor-

compressor used in an air conditioner for vehicles, which can 

control the drive of the motor-compressor such that the motor-

coMpressor is not driven under a condition where the amount of 

refrigerant existing in a refrigerant circuit is small, thereby 

preventing damage of the compressor portion of the motor-

compressor. 

To achieve these objects, a method for controllin~ the 
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rotational speed of a •otor-compressor·used in an air 

conditioner for vehicles is herein provided. The motor­

compressor is d~iven by a motor and ~he rotational speed of the 

motor-compressor is controlled via an inverter circuit. The 

me~hod for controlling the rotational speed of the motor­

compressor comprises the steps of sending a plurality of signals 

for determining the driving eond~tion of the air conditioner to 

the inverter circuit, one of the plurality of signals being a 

constant rotational speed command signal for controlling the 

rotational speed of the motoi--compressor to a predetermined 

cQnstant rotational speed, and driving the motor-compressor at 

the predetermined constant rotational speed only when the 

constant rotational ·speed comraand sigrial is sent to the· 

inverter circuit. 

Alternatively~ the method for controlling the rotational 

speed of the motor-compressor comprises the steps of sending a 

plurality of signals for determining the driving condition of 

the air conditioner to·the inverter circuit, one of the 

plurality of signals being a constant rotational speed comma~d 

signal for controlling the rotational speed of the motor~ 

compressor to a predetermined ~onsta·nt rotational speed; 

sending a plurality of sebsor signals from a plurality of 

sensors for sensing tbe state of the air conditioner and the 

environmental state thereof to the inverter circuit, one of the 

plurality of sensor signals being a pressure signal sent from a 
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pressure sensor provided in a refrig.eraiit Cil'CUit forming the 

air conditioner; and determining whether to drive the motor­

compressor at th_.e predetermined constant rotational· speed in 
accordance with the constant rotational speed command signal and 

the pressure signal. 

In the control method according to the pre Bent inventio_n, 

after the motor-compressor is attached to the air conditioner 

for vehicles, the ~otor-compressor can be driven at an optimum 

rotational speed regardless of conditions set in a driving 

condition setting unit of the air conditioner. Therefore, it 

· is not necessary to adjust the rotational speed of the motor-

.compressor when refrigerant is charged. Further, a.failure to 

. . . 
charge refrigerant does not occur. 

Moreover;, in the control method according. to the present 

invention, over charge of refrigerant, which occurs by driving 

the motor-compressor at a rotationa~ speed more than a. 

necessary speed, can.be· effectively prevented. 

Further~ore, when the amount of refrigerant present in the 

refrigerant ci~cuit is smalle~ than a predetermined amount, the 

motor-comp~essor can be controlled not to be driven by the 

· control for driving the motor-compressor at the predetermined 

. constant rotational speed only when the pressur.e signal from 

the pressure sensor represents a pressure not lower than a 

predeterJnined p_ressure and the constant rotational speed. 

command signal is aent to the inverter circuit. Therefore, 

.(A 
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damage to ~he motor-compressor, which occurs when the motor­

compre~so~ is driven under a condition where refrigerant does 

not exist in the refrigerant circuit or the amount of ~ 

refrigerant present in the refrigerant circuit iB very small, 

can be prevented. 

Preferred exemplary embodiments of the invention will now 

be described with reference to the accompanying drawings which 

are given by way of example only, and are not intended to limit 

the present invention. 

BRIBF DESCRIPTION or THE DRAWINGS 

FIG. 1 is a schematic diagram of a system for carrying out 

a control method according to an embodiment of the present 

invention .. 

FIG. 2 is a circuit. diagram of a part of a·control unit of 

the system shown in FIG. 1. 

FIG. 3 is a time chart showing the control operation of the 

system shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

OF ·TBB INVENTION 

FIG. 1 illustrates· a system for an air conditioner .for 

vehicles which uses a motor-compressor, for carrying out a 

control method according to an embodiment of the present 

invention. In FIG. 1, ref rig er ant circuit 1 :for an a~.;t 
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conditioner for vehicles comprises a motor-compressor 2 driven 

by a motor (not shown), a condenser 3 and a pre$snre sensor 4. 

Inverter circuit 5 for controlling the rotational speed of 

motor-compressor 2 is coupled to the moto~-ao~pressor 2. 

Inverter·oirouit 5 comprises a DC power source circuit 10, a 

switching element.module·ZO having·a plurality of switching 

elements 21, a base driver 40 and a control unit 30 for 

controlling the switchinq timing of the· switching-elements. DC 

power source circuit 10 includes a DC power source 11 and a 

capacitor 12. DC power source circuit 10 is coupled to 

switching element module 20, and the switching element module 

is coupled to motor-compressqr 2.· Control unit 30 is coupled 

to switching element module 20 via ~ase driver 40. 

Control unit 30 has a signal proce~sinq circuit 31, a micro 

com~uter 32 and a control. signal output circuit 33.· Control 

unit 30 outputs a ~ignal for controlling the switching timing of 

switching elements 21 in switching element module ~O. Signal 

processing circuit 31 comprises a filter 34, an A/D converte~ 

35 and a logic circuit· 36. control unit 30 is coupled to 

~otor-compressor 2, pressure sensor 4, drivinq condition 

settinq unit 50 and a group of sensors 60 other than the 

pressure sensor. The group ~f sensors 60 includes various 

sensors such a$ temperature sensor 61 for the interior of the 

vehicle, t•mperature sensor 62 for the atmosphere, evaporator 

sensox 63, solar radiation sensor 64, etc. Driving condition 

This 1ii~i1 iim11iiiced" • 
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setting unit 50 has a switch 51 for a constant rotational speed 

command signal and various switches 52 for setting the signals 
' 

sent to control.;unit 30 for comparing them with the signal$ 

sent from the plurality of sensor_s 61 1 62, 63, 64, • • •. A 

constant rotational speed o~ Jnotor-.compressor 2 is preset in 

drivi·n_g condition setting unit SO, and the signal of the 

constant rotational speed is output to control unit 30 as the 

constant rotational speed command signal by turning constant 

rotational speed command signal switch 51 an. 

Pressure sensor 4 senses a pressure in refrigerant circuit 

1, and sends the signal to control unit 30 as a pressure sensor 

signal. When the pressure sensor signal and the constant 

rotational speed command signal are sent to control unit 30, the 

control unit determines whether to ~arry out the control of 

driving motor-compressor 2 at the constant rotational speed. 

After the determination, control _qnit 30 sends a driving siqnal 

of motor-compressor 2 to base driver ,o. Base driver 40 drives 

switching element module 20 in accordance with the driving 

signal sent from control unit 30. svitchinq element module 20 

switches each of switching elements .21 based upon the signal 

sent from base driver 40, and controls the rotational speed of 

motor-compressor 2. 

FIG. 2 illustrates a part of the circuit of.control unit 30. 

Constant rotational speed command signal 71 sent from driving 
~. '\ . 

condition setting unit 50 is sent to AND circuit 361 through 
~~· 
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filter 34. Pressure sensor signal 72 sent from pressure sensor 

4 is sent to comparator 351 through filter 34, In comparator 

351, the ~oltage leveJ·of pressure sensor signal 72 is compared 

with the voltage level ·of a predetermined pressure signal which 

is preset by dividing a base ·voltage Vee by resistances Rl and 

R2. The result of the comparison is sent to AND circuit 361. 

Comparator 351 outputs a logical signal 11 1 11
· when pressure 

sensor signal 72 sent from pressure sensor 4 is not less than 

the predetermined pressure s_ignal, and outputs a logical signal 

non for other conditions. AND circuit 361 outputs a logical 

signal "l" only when constant rotational speed command signal 71 

is sent (i.e., the logical signal is •1 11 ) and the logical 

signal from oompaiator 351 is •1•. 

In the above system, only when constant rotational speed 

command signal 71 is sent and the amount of refrigerant present 

in refrigerant c~r6uit·l indicated by pressure sensor signal 72 

sent from pressure sensor 4 is not less than a predetermined 

amount, control unit 30 outputs the driving signal for driving 

motor-compress~r 2 at a predetermined constant rotational speed. 

When constant rotat~onal speed command· signal 71 is not output, 

the driving of motor-compressor 2 at a predetermined constant 

rotational speed is not carried out. rurther, whe~ the amount 

of ref riger.ant present in refrigerant circuit 1 is smaller than. 

the predetermined amount, the logical signal output from 

comparator 351 is "0" and AND circuit 361 output"s a i~9ical 
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signal 11 0"~ In such a case, control unit 30 controls base 

driver 40 so as not to drive motor-compressor ·2. 

· FIG. 3 illus~rates a time chart showing the control 

operation described above. In PIG. 3, at a time tl, since the 

constant rotational speed command signal is output ~ut the the 

pressure sensor_ signal indicates that the amount of refrigerant 

present in refrigerant circuit 1 has not reached a 

predetermined value and comparator 351 does not output logical 

signal "1", the control of constant rotational speed is not 

~arried out. At. a time t2, since the amount of refrigerant 

present in refrigerant circuit 1 has reachecl a predetermined 

value and comparator 351 outputs logical signal "1" but the 

constant rotational speed command signal is not output, the 

control o.f constant rotat.ional speed is not carried out. At a 

time t3, since the constant rotational speed command signal is 

output and the amount of ref riqerant pr~sent in refrigerant 

circuit l has reached a p~edetermined value and comparator 351 

outputs logical signal "1", the control of constant rotational 

speed is carried out. Thus, when the amount of refrigerant 

present in refrigerant circuit 1 is small, motor-compressor 2 is 

not driven, and damage to the compression portion Of ·the motor-

compressor can be prevente~. 

Although the pressure sensor signal from pressure sensor 4 

is utilized for the control for _driving motor-compressor 2 in 

the above embodiment, the control for driving motor-c~mpressor 2 
... 
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at a constant rota~ional speed can be conducted even without 

the pressure sensor signal. For example, motor-compressor .2 may 

be driven at a ~onstant rotational speed only when a constant 

rotational speed command· sign·a1 is sent to the inverter circuit. 

By such a method,- motor-compressor 2 can be driven at a freely 

predeter.mined constant rotational speed regardles' o~ various 

other conditions. ln order to prevent damage to the compres.sion 

portion of the motor-compressor due to driving when the. am.aunt 

of refrigerant present in ref°rigerant circuit 1 is small, 

another sensor may be employed for detecting such a condition. 

Although several preferred embodiments of the present 

invention have bee.n described in detail herein, it will be 

appreciated by those skilled in the art that various 

modifications can be made without materialiy departing from the 

novel and advantageous teachings of the invention.· Accordinglyr 

the embodiments disclosed herein are by way ·of example. The 

scope of the.invention is defined by the claims annexed hereto 

and which form a part of this application. 

·Thi•1ii1m llU~il1imid. 
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* C L M S * 
WHAT IS CLAIMED IS: 

1. A method for controlling the rotational speed of a motor-

compressot bsed in an air con~itioner for vehicles, said mo£or­

compressor• driven by a motor and the rotational speed of said 

motor-compressor controlled via an inverter circuit-; said 

method comprising the steps of: 

sending a plurality of signals for determining the driving 

condition of said air conditioner to said inverter circuit, o~e 

·of the plurality of signals beinq a'constant rotational speed 

command signal for controlling the rotational speed of said 

:motor-compressor ··to a 'predetermined constant rotational speed; 

and 

driving said motor-compressor at said predet~rmined 

constant rotational speed only when said·· constant rotational 

speed command signal is sent to said inverter circuit. 

-2. ·The-method as ·recited in claim 1 wherein said inverter 

circuit ~ompri·ses a DC power source., a plurality of switching 

elements and a oontrol·unit for controlling the switching timing 

of said switching elements+ 

3. The method as recited in claim 2 wherein said plurality of 

signals for determining the driving condition of said air 

conditioner are provided to said control unit ~f s~id inverter 

circuit-. 
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4. A method for controlling the rotational speed of a.motor-

compressor/used).n an air conditioner for vehicles, said motor­

com~ressor driven by a motoi and the ~otational speed of said 

motor~compressor controlled via an inverter cirouit·1 said 

method.comprising the steps of; 

sending a plurality of signals for determining the dri~ing 

condition of _said air conditioner to said inverter circuit, one 

of the plurality of signals being a constant rotational speed 

command signal/for controlling the rotational speed of sai~ 

~motor-compressorvto a predetermined constan{ rotational speed; 

~ending a plurality of sensor signals from a plurality of 

sensors:'.for sensing the state of said·air conditioner and 

environmental state thereof to said inverter circuit; one of 

the plurality of .senso_r signa.ls beinq a pressure signal sent 

from a pressure sensor provided in a refri~erant circuit 

forming said air conditioner; and 

determining whether to d:riv~ said motor-compressor'at said 

predetermined constant rotational speed in accordance with said 

constant rotational·speed command signal and said pressure 

signal. 

5. The method as recited in claim 4 wherein said motor-

compressor is driven at said predetermined constant rotational 

speed only when said pressure signal represents a pre~sure not 

This I Iii~ ~U1l1Ul1iiiced 
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lower than a predetermined pressure and· said constant 

rotational spee~ command signal is sent to said inverter 

oirouiti · 

6. The method as reclted in claim 4 or 5 whemin said inverter 

circuit comprises a DC power source·, a plurality of switching 

elements 1md a control unit if-or controlling the switching timing 

of said switching elements. 

7. The method as recited in claim. 6 wherein said plurality of 

signals for· determining the driving condition of said air 

cond-itioner and said plurality. of sensor signals are provided to 

said control unit of said inverter circuit. 


