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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.

‘driven by an engine of a vehicle via a belt, etc.

One is a_éystem uging a compressor

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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condi tj oners for vehicles. One is a systemusing a conpressor driven by an
engine of a vehicle via a belt, etc. The other i$ a systemusing a -
not of - conpressor driven by an électric-motor. In either type of system
refrigerant is not charged in the refrigerant circuit constituting the air
conditi oner before the air conditioner Lsjattached to a vehicle.

Refrigerant is charged into the refrigerant Tircuit after the air
conditioner is attached to a vehicle and the refrigerant circuit is

imed. W fri h h
\égfr;?ggsor ﬁgpﬁé °r"!§/‘9§§92‘%’g %e%qﬁ%g’gpgfﬁg?%ﬁg’rscaﬁsﬁ’éﬁdoaﬁ &h’exgt‘feﬁ?p? a§‘o can
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condition, a set temperature of the air blown into the inté&ior
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 ﬁompressor driven by an engine, a
proper améunt of charged'réfrigerant can be determined by
recognizing the amount of chaiged fefrigerant thrdugh'a sight
glass provideq in the refrigerant circuit. Howevei, 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 sét to a
;elatively low temperatﬁréi ﬁhe motOr;compréssor 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 stirted,-the refrigerant is sent into the refrigerant
ciicuit,ﬂnot by the motor-compressor, but by the brgasnre
difference between the pre#éure 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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case of the systemusing a notor-conpressor, however, since the - 2-
rotational -speed of the conpressor is controlled in accordance with the
anbient. tenperature of the vehicle, an atnospheric condition, a set
tenperaturée of the air blown into the interior of the vehlcle and so forth,
‘the rotational speed of the conpressor 43 not controlled to a constant
speed. Therefore, the condition of the refrlgerant charge I S not stable I n
t he systen1u5|ng a conpressor driven by an engine, a

refrigerant existing in the refrigerant circuit is small, the
compressor portion of the motor-compressor may be damaged, On
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 impossible 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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proper ampunt of charged refrigerant can be determ ned by recogni zi ng.the.
amount of charged refrigerant through a sight glass provided in the
refrigerant circuit. However, in the systemusing a notor-conpressor, in a
cas€ where the systemis started under a condition that the tenperature of
the interior of the vehicle is relativel y high and the tenperature of the
air blown into the interior to be controlled is set to a relatively | ow
tenperature, the notor-conpressor is driven at a high rotational speed. As
aresult, there is a concern that the refrigerant may be over charged.
Moreover, aptationelspeaf sfclay mgtosreenpressqy qﬁ&ﬂri@eianﬁ irs started, the

refrlgerant is sent into the refri gerant _
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 controllipg the
roﬁatipﬁal speed of the motor-éompressor to a predetérminéd
constant totationél gpeed, and driving the motor~compressor at
'the'predetermined constant :otational speed only.when the |
constant rotational speed coﬂmand 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'pluraIity of
sensors for sensing the state of the air conditioner and the

env1ronmenta1 state thereof to the inverter circuit, one of the

plurality of sensor signals being a pressure signal sent from a
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lcircuit not by the not or - conpr essor, ‘but by the pressure dlfference
between the pressure in the refrigerant circuit and the pressure in a
bottie of refrigerant so that the pressure in the refrigerant cirouit
reaches a saturated pressure. Therefore, if the notor-conpressor is driven
at a high rotational speed under a condigi-on where the anmount of - 3-
refrigerant existing in the refrigerant circuit is small., the conpressor
portion of the notor-conpressor may be damaged. On

pressure sensor provided in a refrigerant circuit forming the
air conditioner; and determining-ﬁhether to drive the motor-
compressbr at the predetermined constant rotational'speed 13
accordance with the éopstant rotatipnal 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 LA
condition setting'unit of the air condigioner. 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_preventeé.

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.

command signal is sent to the invertér ¢circuit, Theféfbre,
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the *contrary, if the notor-conpressor is driven at a very |low rotationa
speed or under a condition where the notor- conpressor nmay be stopped from
the relationship with various setting tenperatures, it becones inpossible
to charge refrigerant. SUMVARY OF THE | NVENTI ON Accordi ngly, an object of
the present invention is to provide a oeghad for controlling the rotational
speed of a notor-conpressor used in an air conditioner for vehicles, which
can freely control the rotational speed of the notor-conpressor to an

opt i fum spgadayit i by, e RANHER he llStdt eri or
of the vehic g),%t Egu{é?mdp}%gr@fogggggg%h _waﬁn%q‘t he .
compressor is driven under a condition where refrigerant 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 to the accompanying drawings which
are given by way of example ohly, and are not intended to limit

the present invention.

BRIEF DESCRIPTtOﬁ OF TﬂB 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, refrigetant circuit 1 for an dii
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set "tenperature of the air blown into the i'nterior. Another object of the
present invention is to provide a nethod for controlling the rotati onal
speed of a-notor- conpressor used in an air conditioner for vehicles, which
can control the drive of the notor-conpressor such that the notor-
conpressor is not driven under a conditdi gn.where the anount of refrigerant
existing in a refrigerant circuit is small, thereby preventing damage of
the conpressor portion of the notor- conpressor. To achieve these objects,

a method for controlling the ‘
conditioner for vehicles comprises a motor-compressor 2 driven

by a-motor (not shown), a condenser 3 and a pressure sensor 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 controllidg 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

- I
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-4-~rotational speed of a nntor-cohpfessor used in an air conditioner for
vehicles is herein provided. The notor- conpressor is driven by a notor and
the_rotational speed of the notor-conpressor is controlled via an inverter
circuit. The nethod for controlling the rotational speed of the notor-
conpressor conprises the steps of sendixig@a-plurality of signals for
determ-.ning the . driving condition of the air conditioner to the inverter
circuit, one of the plurality of 'signals being a Constant rotational speed
comiand signal for controlling the rotational speed of the notor-conpressor
to a predesetetingdunit 50 has a switch 51 for a constant rotational speed
command signal and various switches 52 for setting the signgls
sent to contrbl;unit 30 for comparing them with the signals
sent from the plurality of sensors 61, 62, 63, 64,+++. A
~ constant rotational speed of motor-compressor 2 is preset in
driving condition setting unit 50, 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 on. |
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 carry 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 driver 40, Base driver 40 drives
switching 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—cOmpregsor 2.
FIG. 2 illustrates a part of the circuit of control unit 30.

Constant rotational speed command signal 71 sent from driving

condition setting vnit 50 is éent to AND'ciréuit'le éhrough
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const-ant rotational speed ‘and dr|V|ng t he notor-conpressor at the
predeterm ned constant rotational speed only whéen the constant rotational
speed command signal is sent to the inverter circuit. A-ternatively, the
method for controlling the rotational speed of the notor-conpressor
conmprises the steps of sending a plurakigy-of signals for determ ning the
driving condition of the air conditioner to the inverter circuit, one of
t he pIurallty of S|gnals bei ng a constant rotational speed connand si gnal

pr edet er i ”%o%*?fan R e SR AR e R
signals fﬁ??&? %rgb Eghﬁgrator 351 through filter 34, In comparator
351, the voltage level of pressure sensor signal 72 is compared
with the voltag; level of a predetermined pressure signal which
is preset by dividing a base voltage Vcc by resistances Rl and
RZ..-the result of the comparison is sent to AND circuit 361.
Comparatbr 551 outputs a Iogicai signal "1" when prgésure
sensor signal 72 sent from preQSure sensor 4 is not less than
the predetermined pressure signal, and outputs a logical signal
ng" for other conditions. AND circuit 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 pressure 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 ontput,
the dfiving of motor-compressor 2 at az predétérnine@ 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

comparator 351 is "0" and AND circuit 361 outputs a logical
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sensors for sensing the state of the air conditioner and the environnental -
state thereof to the inverter circuit, one of the plurality of sensor
signals being a pressure signal sent froma - -5- pressure sensor provi-ded
in arefrigerant circuit formng the air conditioner; and determ ning
whether to drive the notor- conpressor gl the predetern1ned const ant
rotational speed in accordance with the constant rotational speed conmand
signal and the pressure signal.

sigha; wo", 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 above, In PIG. 3, at a time tl, since the
constant rotational speed command signal is output but the the .
pressure sensor signal indicates that the amount of refrigerant
peesent'in refrigerant circuit 1 has not reached.a
pfedetermined value and comperator 351 does not outpdt IOQical

"signal "1", the control of constant rotational speed is not
carfied out. At a time t2, since the aﬁount 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'oht.' At a
'time t3, since the constant rotational speed”command signal is
oueput and the amount ef refrigerant present in refrigerant
clrcuit 1 has reached a bzedetermined value and comparator 351
oetputs logical signal 51", the control of cOpstant rotational
speed is carried out. Thus, when the ameunt of refrigerant
present in refrigerant cireuit 1l is emall, 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-compreesor 2 in

the above embodiment, the control for driving motor-cempressor 2

i
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In thé control nethod according to the present invention, after the

not or - conpressor is attached to the air conditioner for vehicles, the

not Qr - conpressor can- be driven at an optimum rotational speed regardl ess of
conditions set in a driving condition setting unit of the air conditioner.
Therefore, it is not necessary to adjust ltlhe rotational speed of the notor-
conpressor when refrigerant is charged. Further, a failure to charge
refrigerant does not occur. Moreover, in the control nmet hod according to

t he ‘present invention, K over charge of efrlﬁﬁ¥ant h occurs qébdrIVIHQ

the ot or - Bbnfir 608BEARE covafignal, speed eap <§qﬁiﬁ?t§ n8LER WD eed, can

be effectlvely prevent ed.
the pressure sensor signal., For example, motor-compressor 2 may

be driven at a constant rotational gpeed-only when a constaﬁt
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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Furthernore, when the anount of refrigerant present in the refrigerant
circuit is smaller than a predeterm ned anobunt, the notor-conpressor can be
controlled not to be driven by the control :for driving the notor-conpressor
at the predeterm ned constant rotational speed only when—the pressure
sigrfal fromthe pressure sensor represents.a pressure n
predeterm ned pressure and the constant rotational spee I“lm;ﬂﬁ "Iﬂ ﬂ' |II'
sent to the inverter circuit. Therefore, - 6-

' WHAT IS CLAIMED 1S:

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 pluraiity of switching
elements and a control unit for controlling the switchlng 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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darmdge to the notor-conpressor, which occurs when the notor- conpressor is
driven under a condition where refrigerant does not exist in the
refrigerant circuit or the amount of refrigerant present in the refrlgerant
circuit is very small,. can be prevented. Preferred exenplary

of the invention will now be described wigh referenc |ng
drawi ngs which are given by way of exanple only, and Hm MW@EF
limt the present invention. BRI EF DESCRI PTI ON OF TH is a .

schemati ¢ diagram of a systemfor carrying out a.control met hod accor di ng
to an enbodi ment of ‘the present 1 :

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 |
envu'onmental state thereof to said’ inverter circuit, one of
the plurality of sensor s1gnals being a pressnre sxgnal ‘sent
from a pressure sensor provided in a refrigerant 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 constant rotational

speed only when said pressure signal represents a préésure not
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invéntion.” FIG 2 is a circuit di agram of a part. of _a control uni t - of the
_systentshown in FIG 1. FIG 3 is+a tine chart showi ng the co
operation of the systemshown in FIG 1. DETAI LED DE THE )
PREFERRED EMBODI MENTS OF THE INVENTION FIG 1 illust m Iw an
‘air tonditioner for vehicles which uses_agnptor-conpressor,. i ng
out a control method according to an enbodi ment of the present I nventi on.
In FIG 1, refrigerant circuit 1°for an air

lower than a predetermlned pressure and‘said constant
. rotational speed command signal is sent to said inverter

circuit:

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 switehing elements:

7. The method as recited in'dlaim,G wherein said plurality of
signals for determining the driving condition of said air
eoneitioner_and said plﬁralityrof'sensor signals are provided to

said control unit of said inverter circuit.
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-7-<conditioner for.vehicles conprises a notor-conpressor 2 driven-by a
not or (not shown), a condenser 3 and a pressure sensor 4. Inverter circuit
5 for controlling the rotational speed of notor-conpressor 2 is coupled-to
the notor-conpressor 2. Inverter circuit 5 conprises a DC power source
circuit 10, a switching el enent nodul e~29 bhaving a plurality of sw tching
el ements 21, a base driver .40 and a control unit 30 for controlling the
switching timng of the switching elenents. DC power source circuit 10

includes a DC pgyfhos Opok Scoiritfithc THE ROTATIONAL SPEED OF

A MOTOR-COMPRESSOR USED IN AN AIR CONDITIONER

ABSTRACT OF THE DISCLOSURE

A method for controlling the rotational épeed of a mptor-

cOméressbr used in an air cdnditioner for vehlcle is disclosed.

The.rotational speed of the mdtor—comp;esspr is controlled via
an inverter circuit. The motor—-compressor is d;iven at a
pre&eﬁermined_constant rotatiopa] speed oﬁly when a constan£
rotational spéed command signél for controlling the rotational
_speed of the motor-compressqr to the pgedeterminqd constant
rotational speed is sent to the inverter circuit. When
-refrigerant-ié éharged to thejrefriqerant circuit of the air
conditioner, the rotational speed of the mofor-COmpressor can
be controlled to an optimum speed without being influenced by -

other unnecessary conditions.

Figure 1
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capaclhtor 12. DC power source circuit 10 is coupled to switching el errent

modul e 20, and the sw tching el ement modul e is coupl ed to notor-conpressor
2. Control unit 30 i's coupled to switching el ement nodule 20 via—base—
driver 40. Control unit 30 has a signal processing circuit 31 SIR laced'
conputer 32 and a control signal output l¢giarcuit 33. Con{ThigSheet uts
a.signal for controllithg the switching timng of swtching “
swi t.chi ng el enent m)dg@ 20. Signal processing circuit 31

filter 34, an A/D con ter 35 and a logic circuit 36. Control unit 30 S
coupl ed to notor- sor 2, pressure sensor 4, driving condition setting
unit- 50 and a groyp o _}gensors 60 ot her than the :
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pr§ssure sensor

tenperature sensor 61 for the interior of the vehicle,
62 for the atnosphere,
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constant: rotational speed of not or - conpressor 2 is preset in driving
condi tion setting unit 50, and the signal of the_constant rotational speed

is output to control unit 30 as the constant rot l

ti
sigral by turning constant rotational speed co mﬂ%%%gﬁﬁkmswhggp}S&)
N; &23%331

Pressure sensor 4 senses a pressure in refriger
signal to control unit 30 as a pressure sensor. i winB&" g
sensor signal and the constant rotational speed {c F@;E 6n . eﬁ?g?th
control unit 30, the control unit deternines whdther Carr ’T paged ...
control of driving notor-conpressor 2 at %t Re co séfnt tatlona

After the determnation, control unit 30 sends ' --------

METHOD FOR CONTROLLING THE ROTATIONAL 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 controlliné
the rotational speed of a motor-compressoi used in an air
conditionei for vehicles, and more particu;arly to a ﬁethod for
controlling the_rotationil'speed of a motor—compféssor.via an
inverter.
Description of the Prior Art

Thexre are two typesiof aystems which are used as air
conditioners for vehicles. One is a system using a compressor
driven 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 oharged in the

refrigerant circuit constituting the air conditioner before the
air conditioner is attached to a vehicle. Refrigerant is
charged into the refrigerant circuit after the air conditioner
is attached to a vehiclé and the refrigerant oircuit is vacuumed.

When refrigerant is charged, in the case of the system
using a compressor driven by an engine, the rotational speed of
the compregsor 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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of notor-conpressor 2 to base driver 40. Base driver 40 drives sw tching

el erent nodul e 20 in accordance with the driving signal sent from control
unit 30. Switching el enment nodule 20 switches each of switching elenments 21
based upon the signal sent from base driver 40, and controls the rotationa
speed of notor-conpressor 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

-2 -

rotational speed of the compressor is ¢ontrolled 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 cbnﬁrolled to a constant speed. Therefore,
the condition of the refrigerant charge is not stable.

In the éystem 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 pxovided in the refrigerant Circuit.. ﬂoﬁever, in the
system using a motor—compre#sor, in a case where the system is
started under a condition that the temperature of the interior
of the vehicle is relatively high and the temperature of the
air blown into the interior to be contfolled is set to a
relatively low témperature. the motor-compressor is driven at a
high rotational speed. AB a ;esult, there ;a-a concern that
the tefrigerant may be over chirgedQ

Moreover, at a time_immediately after charge of refrigerant
is started, the refrigéraht 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 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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-9- filter 34. Pressure sensor signal 72 sent frompressure sensor 4 is
sent. to conparator 351 through filter 34. In conparator 351, the voltage

| evel of pressure sensor signal 72 is conpared with the voltage |evel of a
predeterm ned pressure signal which is preset by dividing a base voltage
Vce by resistances Rl and R2. The result of the conparison is sent to AND
~circuit 361. Conparator 351 outputs a logical signal "1" when pressure

- sensor signal 72 sent from pressure sensor 4 is not |ess than the
~predeterm ned pressure signal, and outputs a |ogical signal "0" for other
conditions. AND circuit 361 outputs a logical signal "1" only when constant
rotational speed comrand signal 71

refrigerant existing in the refrigerant circuit is small, the -
compressgr portion of the motor-compressor may be damaged. On
the contrary, i{ the motor-éompressor is driven at a very'léw
rotational speed or under a condition where the motor-
compressor may be stopped from the relationship with various
setting temperatures, it becomes impossible to charge

refrigérant.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
prbvide a method for controlling the rotational speed of a
notor-compressor used in an air conditioner for §ehicles, which
c¢an freely control the rotatianal speed of the motor-compressor
to an optimum speed without being influenced by the temperature
of the interior of the vehicle, the atmosphere condition and the
‘set temperature of the air blown into the interiqr.

Another object_of the present invention is to provide a
method for controlling the rotational spéed of a motor-
compressor used in an ai:_cohditioner for vehidles. which can
control the drive of the motor-compressor such that the motor-
conpressor 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 achiaeve these objects, a method for controlling the
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Is sent (i.e., the logical signal i s "1") and the |ogical signal from
conparator 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 circuit 1 indicated by pressure sensor signal 72 sent from
pressure sensor 4 is not |less than a predeterm ned anmount, control unit 30
outputs the driving signal for driving notor-conpressor 2 at a
predet erm ned constant rotational speed. When constant rotational speed
command signal 71 is not output, the d[j%éqg of notor-conpressor 2 at a
predeterm ned constant rotational speed is not carried out. Further, when
the amount of refrigerant present in refrigerant circuit 1 is smaller than
rotational speed of a motor-compressor used in an air
. conditioner for vehicles is herein provided, The motor-
.compressor is driven by a motor and the rotational speed of the
motor—-compressor is controlled via an inverter circuit. The
method for controlling the rotational speed of the motor-
. compressor comprises the steps of sending a plurality of signals
for determining the driviﬁg 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
rotational speed of the motor-compressor to a predetermined
constant rotationél speed, and'driving the motor-~compressor at
the predetermined constant rotational speed only when the
constant rotational speed command signal is sent to the
-inverter cireuit,
Alternatively, the method for contfolling 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 tao-the inverter circuit, one of the
plurality of signals being a constant rotational speed cowmand
signal for controlling the rotational speed of the motor-
compressor to a predetermined constant rotational epeed;

sending a plurality of sensor signals from a plurality of

gensors for sensing the 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
This is the replacement sheet
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the predeterm ned anount, the Iogicél si gnal out put froh1conparator 351 is

"O'.and AND circuit 361 outputs a | ogi cal - 10 - signal "0"- In such a
case, control unit 30 controls base driver 40 so as not to drive
not or-conpressor 2. FIG 3 illustrates a time chart show ng the control

operation described above. In FIG 3, at a tine tl, since the constant
rotati onal speed conmand signal is output but the the pressure sensor
signal indicates that the anount of refrigerant

-5 -

pressure sensor provided'in-a refrigerant circuit forming the
air conditioner; and determining whether to drive the motor-
compressor at the predetermined constant rotational speed i;
accordance with the constént rotational speed command signal and
‘the pressure signal. |

In the control method according to the present invention,
after the motor-compressor is attached to the air conditioner
for vehicles, the motor-cohpressor can be driven at an optimum
rotational speed regardless of conditions set in a driving
condition settingiunit of the air conditioner. Therefore, it
is not necessary to adjust the rotational speed of the motor-
compressor when refrigerant is éharged. Further, a failure to
charge ref;igeraht does not occur.

Moreover, in the control method according to the present
invention, over chafge of refrigerant, which accurs by driving
the motor-compressor gt-a-rotational speed more than a
necessary speed, can be effectively'prevented.

~ Furthermore, when the_amount of refrigerant present in the
refrigerant circuit is smaller than a predetermined amount, the
motor~cumpressor_éan be controlled not to be driven by the
control for driving the motot-éompreséor at the predetermined
constapt.rotational speed only when the pressure signal from
the pfessure sensor represents a pressure not lower than a

predetermined pressure and the constant rotational speed

command signal is sent to the inverter circuit. Theféfoze,
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present in refrigerant circuit 1 has not reached a predeterm ned val ue and
conpar at or 351 does not output |ogical signal "1", the control of constant
rotati onal speed is not carried out. At a time t2, since the anount of
refeigerant present in refrigerant circuit 1 has reached a predeterm ned
val ue and conparator 351 outputs |ogical signal "1" but the constant
rotational speed command signal is not output, the control of constant
rotational speed is not carried out. At a tine t3, since the constant
rotational speed command signal is out pug and the amobunt of refrigerant
present in refrigerant circuit 1 has reached a predeterm ned val ue and
conparat or 351 outputs logical signal "1", the control of constant

rotational damage to the motor-compressor, which occurs when the motor-

compressor is driven under a condition where refrigerant does
not exist in the fefrigerant circuit or the amount of
refrigerant present in the refrigerant circuit is very small,.

can be prevented;

Preferred exemplary enbodiments of the invention will now
be described with refereﬁce to the accompanying drawings which
are given by way of example only, and 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
inﬁention..

FIG. 2'13 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, 3 : :

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, refrigerant circuit 1 for an air
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speed is carried out. Thus, when the anount of refrigerant present in
refrigerant circuit 1 is small, notor-conpressor 2 is not driven, and
darmage to the conpression portion of the notor- conpressor can be
prevented, Although the pressure sensor signal from pressure sensor 4 is
utilized for the control for drivi.ng -notor-conpressor 2 in the above
enbodi nent, the control for driving notor-conpressor 2 at a constant
rotational speed can be conducted even w thout the pressure sensor signal .
For exanpl e, notor-conpressor 2 may _ 7

conditioner for vehicles comprises a motor-compressor 2 driven
by a motor (not shown), a condenser 3 and a pressure sensor 4.
xnvertef circu{t § for controlling 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 module 20 having a plurality of switching
elements 21, a base driver 40 and a control gnit 30 for
cohtzolling the switching timing of the gwitching elements. DC
power source oircuit 10 includes a DC power source 1l and a
capacitor 12. DC power source circuit 10 is coupled to
switchinj element module 20, and the switching element module
is coupled to motor-compressorlz. Control unit 30 is caupléd
to switching element module 20 via base driver 40.

Control unit 30 has a signal processing circuit 31, a micro
computer 32 and a control signal output circuit 33. Control
unit 30 outputs a signal for controlling the switching timing of
switchipg elements 21 in switching element module 20. Signal
processing circuit 31 comprises a filter 34, an A/D converter
35 and a logic ecircuit 36, Control unit 30 is coupled to
motor~compressor 2, pressute sensor 4, driving condition
setting unit 50 and a group of sensors 60 other than the
pressure sgensor. The'qroup of sensors 60 includes various
sensors such as tempera£ure-sensoz 61 for the interjior of the
vehicle; temperature sensor 62 for the atmosphere, evaporator

.sensor 63, solar radiation sensor 64, etc. Driving condition
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be driven at ‘a constant rotational speed only when a constant rotational
speed commuand signal is sent to the inverter circuit. By such a nethod,
nmot or - conpressor 2 can be driven at a freely predeterm ned constant
rotational speed regardl ess of various other conditions. In order to
prevent damage to the conpression portion of the notor-conpressor due to
driving when the anount of refrigerant present in refrigerant circuit 1 is
smal |, anot her sensor may be enployed for detecting such a condition.

Al t hough several preferred enbodi nents_of the present invention have been
described in detail herein, it will be appreciated by those skilled in the

art that various nodifications can be made without materially departing
fromthe

setting unit 50 has a switch 51 for a‘constant rotational speed
command signal and various switches 52 for setting the signals
sent to cOnifol.unit 30 for comparing them with the signals
sent from the plurality of sensors 61, 62, 63, 64,- v+, A
constant rotational speed of motdr-qompressor 2 is pieset jn
driving condition setting unit 50, and the signal of the
constant rot#tional speed is output to control unit 30 aa the
éonstant rotational speed command signal by turning constant
rotational speéd command signal switch 51 on.
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 piéssute-sensor signal and the constant
rotational speed command signal are sent to control unit 30, the
control unit determines whether to carry out the control of

" driving motor-compressor 2 at the constant rotational speed.
.After the determination, coatrol-unit 30 sends a driving signal
of motor-compressor 2 to base drivei 40, Base driver 40 drives
switching element modulé 20 in accordance with the driving
signal.sent from control unit 30, Switching element module 20
switches each of switching elemeﬁts 21 based upon.the signal
aeﬁt 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 fg?m driving

‘condition setting unit 50 is sent to AND circuit 361 through
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novel and advant ageous teachings of the invention. Accordingly, the

enbodi nents di scl osed herein are by way of exanple. The scope of the
invention is defined by the clains annexed hereto and which forma part of
this application. - 12 - WHAT IS CLAIMED IS: 1. A nethod for controlling
the rotational speed of a notor- conpressor used in an air conditioner for.

vehi cl es,
of said

sai d notor- conpressor driven by a notor and the rotational speed

-9 -

filter 34,. Pressure sensor signal 72 sent from pressure'senSOr
4 is sent to comparator'351 through fiiter 31. In comparator
351, the voltage'level of pressure sensor signal 72 is compéred
with the voltag; level of a predetermined pressure signal which
is preset by dividing a base voltage Vcc by resistances Rl and
R2. The.result of the comparison is sent to AND circuit 361.
Comparator 351 outputs a logical signal *"l1" when pressure
sensor signal 72 sent from pressure sensor ¢ is not less than
the predetermined pressure signal, apd outputs a logical signal
"D" for other conditions. ARD circuit 361 outputs a logical
signal "1" only when constant rotational speed 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 signal 71 is sent and the amount of refrigerant present
in refrigeraht circuit 1 indicaéed by pressure sensor signal 72
gsent from pressure sensor 4 is not less than a predetermined
amount, control unit 30 outputs the driving signal for driving
motor-compressor 2 at a predetermined constant rotational speed.

When constant rotational speed command signal 71 is not output,
the driving of motor-compressor 2 at a prgdeternined constant

rotational speed is not carried out, Further, when the amount

of refrigerant present in refrige:ant circuit 1 is gsmaller than

- the predetermined amount, the logical signal output from

comparator 351 is "0"™ and AND circuit 361 outputs a logical
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not or - conpressor controlled via an inverter circuit, said nethod conprising
the_steps of: sending a plurality of signals for determ ning the driving
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 said notor-conpressor to

a' predeterm ned constant rotational speed; and driving said

not or - conpressor at said predeterm ned constant rotational speed only when
said constant rotational speed command signal is sent to said inverter
circuit. 2. The nmethod as recited in<cl'alm1l wherein said inverter

signal "O0". 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 showihg the control
operation described above. In FIG, 3, at a time tl, since the
constant rotational speed command signal is output but the the
preésure sensor signal indicates that the amount of refrigerant
present in refrigerant circuit 1 has not reached a
pfedetermined value and cbmparator 351 does not output logical
signal "1", the control of conétant rotational speed is not
carried out. At a time t2, since the amount of re:rigerant
present in refrigerant circuit 1 has.reaphed a predetermined
value and cémparator 351 outputs logical signal *"1" but the
constant rotational speed command signal is not output, the
control of constant rotational speed is not carried out, At a
time tﬁ, since tﬁe constant rotational speed command siénal is
output and the amount of :efrigerint present in refrigerant
circuit 1 has reached a predetermined value and comparator 351
outputs logical signal "1*, the control of constant rotational
gpeed is cagried out. Thus, when the amount of refrigerant |
piésenﬁ_in refrigerant circuit 1 is small, motor-compressor 2 is
not driven, and damage to the compression portion of the motor-
compressor can.be prevented, |

Although the pressure sensor signal from pressure sensor.4
is uvtilized for the control for driving motor-compressor 2 in

the above émbodiment, the control for driving motor-édmpressor 2
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circuit conprises a DC power source, a plurality of switching el enents and
a control unit for controlling the switching timng of said swi tching

el enents; 3. The nethod as recited in claim2 wherein said plurality of
sigoals for determining the driving condition of said air conditioner are
provided to said control unit of said inverter circuit. - 13 - 4. A
nmet hod for controlling the rotational speed of a notor-

- 11 -~

at a constant rotational speed can be conducted even without
the pressure gsensor 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 inverter circuit.
By such a method, motor-compressor 2 can be ﬁriven at a freely
predetermined constant rotational speéd regardless of various
other conditions. In order to prevent damage to the compression
portioh of the motor-compressor due to driving when the amount
of refrigeiant present in refrigerant circuit 1 is small,
another sensor may be employed for detecting such a condition.
Although several preferred embodiments of the present
invention have been described in detail herein, it will be
appreclated by those skilled in the art that various
modifications can be made without matérially departing from the
novel and advantageous teachings of the invention. Accordingly,
the embodiments digeIOsed herein are by way of example. The
scope of the invention is defined by the 61aims annexed hereta

and which form a part of this application.
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conpressor used in an air conditioner for vehicles, said notor- conpressor
driven by a notor and .the rotational speed of said notor-conpressor
controlled via an inverter circuit, said nethod conprising the steps of:
sending a plurality of signals for determ ning the driving condition of
"said air conditioner to said inverter circuit, one of the plurality of
signal's being a constant rotational speed command signal for controlling

the rotational speed of said notor-conpressor to a predeterm ned constant
rotational speed; sending a plurality of sensor signals froma plurality of
sensors for sensing the state of said ail2cenditioner and environnental
state thereof to said inverter circuit, one of

WHAT IS CLAIMED 1S3

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

compressor used in an air conditioner for vehicles, said motor-

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, one

of the plurality of eignals being 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 predetermined

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 compriées a DC power SOu;ceu a plurality of switching
elements and a control 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 ait

conditioner are provided to said control unit of sajd inverter

circuit,
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the plurality of sensor signals being a pressure signal sent froma
pressure sensor provided in a refrigerant circuit formng said air
conditioner; and determ ning whether to drive said notor-conpressor'at said
predet erm ned constant rotational speed in accordance with said constant
rotational speed command signal and said pressure signal. 5. The nethod as
recited in claim4 wherein said notor- conpressor is driven at said

predet ermi ned constant rotational speed only when said pressure: signal
represents a pressure. not

- 13 -

4. A method for controlling the rotational speed of a motor-
compressor ‘used in an air conditioner for vehicles, said motor-
compressor driven by a motor and.the rotatidnal 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, one

of the plurality of signals being a constant rotational speed
command signgl’for controlling the rotational speed of said
motor-compressorvto a predetermined constant rotational speed;

sending a plurality of sensof signals from a plurality of
sensd;s for sensing the state of'said.air conditioner and
environmental state thereof to said inverter cirocuit, one of
the pluraiity of sensor signals being a pressure signél-sent
from a pressure sensor provided in a refrigerant circuit ‘
forming said air conditionez; and

'detérmining whether to drive said motor-compressor'#t said
predetermined constant rotational speed in accordance with said
constant rotationpal 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 pressure. not

AR
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- 14 - lower than a predeterm ned pressure and said constant rotational
speed command signal is'sent to said inverter circuit. 6. The nethod. as
recited in claim4 or 5 wherein said inverter circuit conprises a DC power
soutkce, a plurality of switching elenents end a control unit for
controlling the switching timng of said swtching elenents, 7. The nethod
as recited in claim 6 wherein said plurality of signals for determ ning
the driving condition of said air conditioner and said plurality of sensor
signals are provided to

- 14 -

lower than a predetermined pressure and said constant

rotational speed command signai is sent to said inverter

cirouit:

6. The method as recited in claim 4 or S wherein said inverter .
circuit comprises a DC power source, a plurality of switching
elements and a control unit 'for 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
conditioner and said plurality of sensor signals are provided to

said control unit of said inverter circuit.
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said control unit of said inverter circuit.

- 15 -
METHOD FOR CONTROLLING THE ROTATIONAL SPEED OF

A MOTOR-COMPRESSOR USED IN AN AIR CONDITIONER

ABSTRACT OF THE DISCLOSURE

A method for controlling the rotational speed of a motor-

compressor used in an air conditioner for vehicle is disclosed.

The rotational speed of the motor-compressor is controlled via
an inverterjcitcuit. The motor-compressor is driven at a
predetermined constant rotatiohal_speed only whén a constant
.rotational.speed command signal for controlling the rotational
speed of the moto:-compréssor,to the prédeﬁermined cohstant
rotation&l épeed igs sent to the inverter circuit. When
refrigerant is charged tb thé refrigerant circuit of the air
conditioner, the rotational spéed of the motor-compressor can
be controlled to an optimum speed witﬁout béing influenced by

other unnecessary conditions.

Figure 1
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