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METHOD FOR.CONTROLLING THE ROTATIONQL SPEED OF

A MOTOR-COMPRESSOR USED IN AN AIR CONDITIONER

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method for cohtrolling

the rotational speed of a motor~compressor used in an air

conditioner for vehicles, and more pgrticulatly to a method for

controlling the rotational speed of a motor—-compressor via an
N -

inverter.

Description of the Prior Art

There are two types of systems.whiéh are used as air

conditioners for vehicles.

One is a_éystem uging a compressor

'driveh 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 systém, ref;igerant is pot charged in the

refrigerant circuit constituting the air conditioner before the

air conditioner is attachéd to a vehicle.

Refrigerant is

charged into the refrigeraﬁt circuit after the air conditioner

' is attached to a vehicle and the refrigerant oircuit is vacuumed.

When refrigerant is charged, inm the case of the system

using a'compréssor 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 compressof is ECntrolled in accordance
with the ambient temperature of the vehicle, an atmospherie
condition, a set temperature bf the air blown into the inteiior
of the vehicle and so forth,-the rotational speed of the
compressor is not controlled to a constant speed; Thexefore,
the condition'of the refrigerant charge is not siahie. |

In the system using a eompressor driven by an engine, a
pProper amount of charged refrigerant can be determined by
recagnizing the amount of charged refrzgerant through a sxght
glass provideq in the refrigerant circuit. However, in the
system using a motor-compressor, in a case where the sYatem is
started under a condition that the temperature of the interior
of the vehicle is relatively high and the temperaiure of the
air blown into the interior to be controlled is set to a
;elatively low temperatﬁrei ehe moto:ecompressor is driven at a
high rotational speed. As a result, there is a concern that
the refrigerant may be over charged.

Moreovei, at a time immediately-agter charqe of refrigerant
is sterted,-the refrigerant is sent into the refrigerant
eiicuit,ﬂnot by the motor-compressor, but by the breasnre
difference between the preeeure in the refrigerant circuit and
the pressure in a bottle of tefrigerant So that the pressure in
the refrigerant cirouit reaches.a'saturated pressure.
Therefore, if'the;motor-compressor is driven at a high

rotational speed under a condition where the amount of
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refrigerant existing in'the refrigerant circuit.is smali, the
compressor portion of the motor-compressor may be damaged, oh
the contrary, i{ the motor-éomptesso: is driven at a very léw
rotation#l speed or under a condition where the motor-
compressor may be stépped from the relationship with various
setting temperatures, it becomes impossiblg_to charge

refrigerant.

SUMMARY OF THE INVENTION

Accotdingly, an object of th§ present invention is to
provide a method for controllzng the rotational speed of a_'
motor-compressor used in an air conditionerz for vehicles, which
’can freely control the rotatiOQal.speed of the moto:-compressor
to an optimum speed without being;ihfiuenced hy.the temperature
of the interior of the vehicle; the atmosphere condition and the
set ﬁemperature of the air blowﬁ'into the interior. |

Another object of the phés.ent invention is to é:ovide a
metho&-for controlling the fétatiopal speed of a motor-
compressor used in an air conditioner for vehicles, which can
control the drive of the motor-compressor such that the mqtor-
compressor is not driven under a condition where-the amount of |
' refrigerant existing in a tefziéefant cifcuif is small, thereby
prevanting damage.of the compressor portion of the motor-
compressﬁr.

To achieve these objects, a method for controlling the
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rotational speed of a motor-OOmprgssor“ﬁsed in an air
conditioner for vehicles is herein provided. The motor- ‘
compressor is driven by a motor and the rotational spegd of‘the
motor-compressor is controlled via an inverter circuit. The
ﬁeghod for controlling tﬁe 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 command signal for controlling the
roﬁatipﬁal speed of the motot-éompressor to a predetérminéd
constant totationél gpeed, and driving the motor~compressor at
'the'predetermined constant :otational speed only.when the |
constant rotational 'speed command éigdal is sent to the
inverter circurh.

Alternatively, the method for controll1ng the rotational
speed of the motor-compressor comprises the steps of senQ:ng a
| plurélity of éignais for determinin§-the drividg condition of
;he air conditioner to-the inverter éircuig,.one of the
plurality of signals beihé a constant rotational speed command
signal for controlling the rotational speed of the motor-
6ompr§ssor to a predetermined constant :otatiqnal.speed}
sending a plurality of sensor signals from'a'plurality of
sensors for sensing the state'of ihe air conditidn;r and the
env:.i.r'on.n.lental state thereof to 'the inverter circuit, one of the -

plurality of sensor signals being a pressure signal sént from a
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pressure sensor provided in a refrigerdnt circuit forming the
alr conditioner; and determining whether to drive the motor-

compressbr at the predetermined constant rotational speed in

accordance with the constant rotational speed command gignal and

the préssure signal.

In the control method according to the present 1nvention,
after the mdtorTcompressor is attached to the air conditioner
for thicles, the mptor-compressoi 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-
.comﬁressor wﬁen refrigerant is charged. Further, g.failure.to
charge refrigerant does not oceur.

Moreover, in the control ;nethod.. according to the pre’éent
invention, over ch;rge of refriger&nt, which occurs by driviné
the motor-compressor at a rotational speed more than a
‘necessary speed, can be effectively prevented.

Furthermore, when the anount of refrigérant present in the
refrigerant circuit is smaller than a predetermined ahount, the
motor—cdmpresgor can be conﬁtolled nét to be driven by the
. control for driving the motoi—bompressor at the predetermined
. constant rotational speed only when the pressure signal from
the pressﬁre se‘nsor.represents a pressure not lower than a
predetermined pressure and the constant rotational speed.

pommand signal is sent to the invertér ¢circuit, Theféfbre,
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damage to the motor-compressor, which occurs when the motor-
compressor is driven undex a cond:tlon where refrzgerant does

' not exist in the refrigerant circuit or the amount of

refrigerant present in the refrigerant circuit is very small,

can be prevented.

Preferred exemplary embodiments of the invention will now
be described with reference tqlﬁhe accompanying drawings which
are given by way of example ohly, ané are not intended to limit
.the present invention. | | -

BRIEF DESCRIPTION OF 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‘contiol 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 THE 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. 1In FiG. 1, refrigejrant circuit 1 for an an:
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'-condifiongr for vehiclés comprises a'mdféz-cbmpressor 2 driven
by a-motor'(not shown), a céndenser 3 and a pressure sensof 4.
Inverter circuit 5 for controlllng the rotational speed of‘

motor-compressor 2 is coupled to the motor~compressor 2.
Inverter'circuit 5 comprises a DC power source circuit 10,.a
switching element.mOQule-ZO havihg‘a plurality of switching
elements 21, a ba#e driver 40 and a cénﬁrol unit 30 for
cohtrolling the switching timipg of the'switéhingtelements; bC
power source circuit 10 includes a DC power séurce 11 énd 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'z; 06nttollunit 30 is coupled
to switching element module 20 via base driver 40;

Control unit 30 has a sighal processing circuit 31, a micro
gomguter 32 and a control signal output citcuit 33.'¢ontrol
unitlao outputs a signal for controlliﬁg the switching timing of
switching elements 21 in switching élement module 20. Signal
processing circuit 31 comprises a filter 34, an AID.converte:
35 and a logic circuit 36, Control unit 30 is coupled to
motor-compresgor 2, pressure sensor 4, driving condition
setting unit 50 and a group of sensors 60 other than the
pressuré gsensor. The group of sensofs 60 inCludes various
sensars sﬁch as tempefa.ture sensor 61 for the interior of the
vehicle, temperature sensor 62 for the atmogphé;e, evaporator
sensor 63, solar-radigtion sensoxr 64, etc. Dfiving condition

/
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settin§ unit 50 has a switch 51 for a égnstant totational speed
command signgl and various switches 52 for setting the sign?ls
éént to contrbl;unit 30 foricomparing them with the siénals
sent from the plurality of sénsdrs 61, 62, 63, 64,+++. A
~ constant rotational speed of motor-compressor 2 is preset in
driving condition setting unit 50, and the signal of £he |
constant rotational speed is output to control unit 30 as the
éonstant rotational speed commaﬁd signal by turning constant
rotational speed comhand.signal’switch 51 on. |
Pressure sensor 4 senses a pressure in refrigerant circuit

. 1, and sends the sigpal to'cobtrol unit 30 as a pressure sensor
signal, Wwhen the.p:essure sensor signal ahd the constant
rotational speed command signal are sent to control unit 30, the
control unit detErmihes whether to par£y out the control of
driving motor-compreséor 2 at the constant rotational speed.
After the determination, control unit 30 sends a driving signal
of motor-compressor 2 to base Qriver 40, Base driver_AO drives
-swifching element module 20 in accordance with the driving
" signal sent from control unit 30. Switching 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 rot;tional speed command signal 71 sent from driving

condition setting vnit 50 is éent to AND'ciréuit'le éhrough
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filter 34, Pressure sensor signal 72 gsent from pressuie sensor
4 is sent to comparator 351 through.filter 34.' In cOmparatbr'
351, the voltage level of préssure sensor signal 72 is compéfed
with the voltage level of a predetermined pressure signal which
is preset by dividing a base voltage Vcc by resistances Rlland
Rz.. The result of the comparison is sent to AND circuit 361.
Comparatbr 351 outputs a Iogicai signal "1" when prgésure
sensoxr signal 72 sent from preQSure sensor 4 is not less than
the predetermined pressure signal, and outputs a logical signal
"0" for other conditions. AND cireuit 361 outpuﬁs'a logical
signal "1" only when constant rotational épeed command signal 71
is sent (i.e., the logical signal is "1“) and the logical

' signal from comparator 351 is "1",

In the above system, only when constant rotational speed
command sigﬁ;l 71 is sent and the amount of réfrigerant preseht
in refrigefant circuit -1 indicated bj pressnre.sensor signal 72
'sent from pressure sensor 4 is not less than 5 predetermined
amount, control unit 30 outputs the dr1v1ng s1gna1 for driving
motor-compressor 2 at a predetermlned constant rotational speed.

When constant rotational speed command signal 71 is not output,
the dr1v1ng of motor-compressor 2 at a predetarnined constant
rotatipnal speed is not carried out. Further, when the amount
of refrigerant present in refrigerant circuit 1 is smaller than
the predetermined aﬁount, the logical signal output from

comparatorlssl is "0" and ARD circuit 361 outputs a logical
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sigha; ron, .In such a case, control unit 30 controls base
driver 40 so as not to drive motor-compressor 2.

* FIG. 3 illustrates a time chart showing the control
operation described abhove, In FIG. 3, at a time ti, sincg the
constant rotational speed command signal is output but the the .
pressure sensor signal indicates that the amount of refrigerant
present in refrigerant circuit 1 has not reached a

predetermlned value and comparator 351 does not output loglcal

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

carried out. At a time t2, since the amount of refrigerant
present in refrigerant circuit 1 has reached a predeterm:ned
value and comparator 351 outputs 1ogica1 s;gnal "1" but the
constant rotational speed command signal is not.output, the

control of constant rotational speed is not carried'out.' At a

'time t3, since the constant rotational speed”command signal is

output and the amount df refrigerant present in refrigerant
clrcuit 1 has reached a bredétermined value and comparator 351
odtputs logical signal 51", the control of cOpstant rotational
speed is carried out. Thus, when the ambunt of refrigerant
present in refrigerant cirtuit 1l is 5ma11, motor—-compressor 2 is
not driven, and damage to the conpresﬁion fortion of -the motor—
compressor éan.ﬁe prevented,

Although the pressure sensor signal from pressure sensor 4
is utilized for tﬁe control for driving motor-compretsor 2 in

the above embodiment, the control for driving motor-c&mpressor 2

i
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at a constant rotational speed ¢an be conducted even without
the pressure sensor signal. For example, motor-compressor 2 may
be driven at a constant rotational speed only when a constant
rotational speed'command'signal'is sent to the invérter circuit.
By sutch a method, motor-compréséor 2 can be driven at a freely
predetermined constant rotational speed regardless of various
other conditions. 1In order to prevent damage to the compression
portion of the motor-compressor due to driving when the amount
of refrigerant present in refrigerant circuit 3 is small,
another sensor may be emp10yed for detectlng such a condltlon.
Although several preferred embodiments of the present
- invention have heen described in detail herein,'it'wiI; be
apyreoiated by those skill.ed in the art that various
‘modifications can be made without matérialiy departing frop the
novel and advantageoué teachings of the invention. Accordingly,
the embodiments disclosed herein are by way of example. The
scope of the 1nvant10n is defined by the claxms annexed hereto -

and whxch form a part of this appllcatxon.
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WHAT IS CLAIMED 1IS: - e :
1. A method for controllihg the rotational speed of a motor-
compressor ﬁsed in an air conditioner for vehicles, éaid ﬁoéor—
coméreséorﬂﬁriVen by a motor and the rotational speed of said
motor—compressor controlled via an inverter ¢ircuit, said
method comprising the steps of:

éehdinq a plurality of signals for determining ﬁhe driving _
coﬁditidn of said air éonditioner tq said inverter circﬁit, one
-of the élurality of signals being a'conétant rotational épeed
command signal for coniio;ling the rotational speed of said
motor~compressof“to a‘predétérminéd constant roﬁatiohal speed;
and |
" driving said motor-eowpze;sor'at said p:edefermihed

conatant rotational speed only vhen said;éonstant rotational

speed command signal is sent to said ihverte: circuit.

-2, 'The method as recited in claim 1 wherein said inverter
circujit comprises a DC power sourceé a plurality of switching
elements and a control '‘unit for controlling the switchinQ timing

of said switching elements,

3. The method as recited in claim 2 wherein said plurality of
signals for determining the driving conditioh of séid air
conditioner are provided to said control unit of-said inverier

circuit,
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4. A method for controlling the rotational speed of a motor-
compressor ‘used in an air conditioner for vehicles, said motor-
compressor drivaﬁ by a motor and the rotational speed of said.
motor-compressor controlled via an inverf.er circuit, said
method comprising the steps of:

sending a plurality of signals fét determining the driving
" condition of said air conditioner to said inverter circuit, one .
- of tﬁe plurality of signals being a constant rotatioﬁal speed
command signai?fOr cOnttolling_the rotational speed of said
‘motor-compressorvto a predetérmined constant rotational speed;

sending a plurality'of'sensqr signals from a plurality of
sen#érs;fbr sensing the state of said air conditioner and
environmental state thereof to. said inverter circuit, one of
tﬁe plurélity of sensor éignals being ; pressure sign31 sent
from a pressure sensor provided in a refrigefant circuit
forming said air conditioner; and

determining Qhether to drivé said motpr-compressbr;ﬁt said
predeﬁermined consiant rotational speed inlaccordance with said
constant rotational speed command signal and said_presaﬁre

Bignal N

5. The method as recited in claim 4 wherein said motor-
compressor is driven at said predetermined conétant rotational

speed only when said pressure signal represents a préésure not
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circuit:

| L

lower than a predetermined pressure and  sald constant

. rotational speed command signal is sent to said inverter

6. The method as recited in claim 4 or 5 wherein said inverter
circuit comprises a pC power source, a plurality of switching
elements and a control unit ‘for controlling the switching timing

of said switéhing elements:

7. The method as recited in'dlaim,G wheréin said plurality of

signals for determining the driving condition of said air
éon&itloner_and said plﬁralityrof'sensor signals are provided to

said control unit of said inverter circuit.
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