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(57) ABSTRACT

Air conditioning systems (1) may include an air condition-
ing circuit (2) and an electrically driven compressor (C). The
compressor may have a motor (M) that includes a rotor (12)
and a stator (14). The rotor may be rotated by a magnetic
force generated when current 1s supplied to the stator. A
temperature sensor (22) may detect the temperature of the
rotor or the ambient temperature when the rotor 1s started to
be rotated. A current calculator (26) may calculate a demag-
netization limit current of the rotor at the detected tempera-
ture. The calculated demagnetization limit current may be
used for determining a current that will be supplied to the
stator for a predetermined period. In the alternative, the
supplied current may increase as the rotor temperature
increases during the initial operation. Preferably, the current
may be less than the demagnetization limit current and may
be greater than a minimum current that 1s required to rotate
the rotor.




Patent Application Publication Oct. 31,2002 Sheet 1 of 6 US 2002/0157408 A1l

7 il

. 4 1
22 Frewerarre] 1T 2 -2
TEMPERATURE ’ CALCULAT!ON li
SENSOR i i
. | SECTION :§

TIME |}

CALCULATION} |
SECTION | i 2q

|

———l l
b

[ [

LF-"-‘q—--ﬁﬂ-l- i B WO R B ek e e e ey gt e i N By e mpy g e S A B e e bl e O A A B B B O e O

I imbiierwmpens Y EEEATSaa—— e E——e——— e ol e ——

FIG. 1



Patent Application Publication Oct. 31,2002 Sheet 2 of 6 US 2002/0157408 A1l

At /// QL)
DENAGNET1ZATION AR ]
' Ta: TENPERATURE HHEN
L STARTING NOTOR
CURRENT SUPPLY i  1h: TENPERATURE AT
T0 STATOR 1 DEMAGNETIZATION LIMIT
CURRENT (PREDETERMINED TIME t1):  (CURRENT Qb)
0 Qa | NN ; qa?%‘ﬁﬁéﬁ{&&é'?’% LIMIT CURRENT
A 1 a
\ UPEET'ET CERONCNG o: DERAGNET IZATION LIIT CURRENT
Qo P e e e . (DURING NORMAL OPERATION)

: G- MINTHUM CURRENT
Ta Th
ROTOR TEMPERATURE T

FIG. 2

Ta: TEMPERATURE WHEN
STARTING MOTOR

t1:PREDETERMINED TINE PERIOD

£

PERIOD OF TIME THAT
CURRENT IS SUPPLIED

T0 STATOR t

L2

Ta
ROTOR TEMPERATURE T FIG 3



Patent Application Publication Oct. 31,2002 Sheet 3 of 6 US 2002/0157408 Al

START

S10
POWER ON
S12
DETECT TEMPERATURE Ta
WHEN STARTING ROTOR
CALCULATE DEMAGNETIZATION LIMIT >14
TEMPERATURE Tb DURING NORMAL
OPERATION (Q = Qb)
S16
—_Tastor S
YES
S20
I SUPPLY CURRENT TO STATOR l
S40

PERFORM CONTROL
FOR NORMAL OPERATION
RETURN

FIG. 4




Patent Application Publication Oct. 31,2002 Sheet 4 of 6 US 2002/0157408 A1l

START

CALCULATE DEMAGNETIZATION LIMIT S21
CURRENT Qa THAT CORRESPONDS TO
TEMPERATURE Ta WHEN STARTING ROTOR
S22
CALCULATE PREDETERMINED TIME PERIOD t1
START TO SUPPLY CURRENT Q(Qc<Q < 0a) S23
TO STATOR (START TO OPERATE
COMPRESSOR)
S24
START TIMER
CURRENT SUPPLY PERIOD t < ti ?
NO
YES
S30

STOP SUPPLYING CURRENT TO STATOR
RETURN

F1G. 9



Patent Application Publication Oct. 31,2002 Sheet 5 of 6 US 2002/0157408 Al

Q{L1)

5

' Ta: TENPERATURE WHEN
- STARTING MOTOR

' Tb: TENPERATURE AT
. DENAGNETIZATION LINIT
(CURRENT b)

: Qa:DEMAGNET IZATION LIMIT CURRENT
(TEMPERATURE Ta)

. Ob:DENAGNETIZATION LINIT CURRENT
' (DURING NORMAL OPERATION)

 Qc:HININUN CURRENT

CURRENT

ROTOR TEMPERATURE T

F1G. 6



Patent Application Publication Oct. 31,2002 Sheet 6 of 6 US 2002/0157408 Al

START

S26
DETECT ROTOR TEMPERATURE T
CALCULATE DEMAGNETIZATION LIMIT 527
CURRENT Q THAT CORRESPONDS TO
ROTOR TEMPERATURE T
START TO SUPPLY CURRENT Q(Qc=Q < Q(L1)) 528
TO STATOR (START TO OPERATE
COMPRESSOR)
S29
NO y
ES
oS30

STOP SUPPLYING CURRENT TO STATOR
RETURN

FIG. 7




US 2002/01574038 Al

AIR CONDITIONING SYSTEMS AND METHODS
FOR OPERATING THE SAME

[0001] This application claims priority to Japanese patent
application number 2001-060607 filed Mar. 5, 2001, the

contents of which are hereby incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION
0002] 1. Field of the Invention

0003] The present invention generally relates to air con-
ditioning systems, and in particular, to air conditioning
systems having an air conditioning circuit and an electrically
powered compressor for circulating cooling medium within
the air conditioning circuit.

0004] 2. Description of the Related Art

0005] A vehicle air conditioning system may include an
clectrically powered compressor that serves to circulate
cooling medium within the air conditioning circuit. Known
clectrically powered compressors are driven by an electric
motor that includes a rotor and a stator. When electric
current 1s supplied to the stator, a magnetic force 1s gener-
ated, thereby causing the rotor to rotate. The rotation of the
rotor 1s then acts to compress the cooling medium within the
COMPpPressor.

[0006] However, if an excessive current 1s supplied to the
stator, the rotor may be demagnetized. In other words, when
the current supplied to the stator exceeds a demagnetization
limit current, the rotor may not hold a proper magnetic field,
thereby resulting in a reduction of the magnetic force that
can be generated.

[0007] The demagnetization limit current generally
increases as temperature (e.g., rotor temperature or ambient
temperature) rises and generally decreases as the tempera-
ture falls. Therefore, 1f the rotor temperature 1s relatively low
when the compressor is started (e.g., because the ambient
temperature 1s relatively low and the compressor has not
been operated for some time), the peak stator current will
likely exceed the rotor demagnetization limit current during
the 1nitial operation of the compressor. In order to solve this
problem, Japanese Laid-Open Patent Publication No. 2000-
270587 teaches an air conditioning system, 1n which a
current 1s supplied to the stator so as to heat the rotor to an
appropriate temperature before the rotor 1s rotated. That 1s,
while the rotor 1s being heated, the current supplied to the
stator 1s not sufficient to cause the rotor to rotate. Therefore,
the likelihood that the peak stator current will reach or
exceed the demagnetization current value may be reduced,
thereby preventing the rotor from being demagnetized.

[0008] However, according to the teachings of Japanese
[Laid-Open Patent Publication No. 2000-270587, when the
ambient temperature 1s low, power must be supplied to the
stator to positively increase the rotor temperature before the
compressor can be operated. Therefore, the operation of the
compressor must be delayed while the rotor 1s being heated,
because the rotor does not rotate during the heating opera-
tion. This delay may present a problem for using the air
conditioning system, especially 1f the air conditioning sys-
tem 1s used for a vehicle. Thus, when the ambient tempera-
ture is low (and thus the vehicle interior is also relatively
cold), the known air conditioning system can not begin
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ogenerating heat for the vehicle interior until the rotor tem-
perature has been sufliciently raised in order to avoid demag-
netization.

SUMMARY OF THE INVENTION

[0009] It is, accordingly, one object of the present inven-
fion to teach improved air conditioning systems having
clectrically powered compressors. For example, in one
aspect of the present teachings, the compressors may be
reliably driven even when the rotor (or ambient) temperature
1s relatively low.

[0010] Thus, in one aspect of the present teachings, appa-
ratus are taught that may include a compressor arranged and
constructed to compress a cooling medium. An electric
motor may be coupled to the compressor 1n order to drive the
compressor. The motor will generally include a stator and a
rotor and the stator produces a magnetic force to rotate the
rotor when sufficient current 1s supplied to the stator. A
temperature sensor may be coupled to the rotor so as to
either (1) directly detect the rotor temperature or (2) detect
a temperature that 1s representative of the rotor temperature,
¢.g., the ambient temperature. A controller or processor, €.g.,
an electrical control unit (ECU), may control the supply of
current to the stator 1n response to the detected temperature
of the rotor. For example, the rotor i1s preferably rotated
using current(s) that 1s (are) sufficient to rotate the rotor but
will not cause the rotor to demagnetize.

[0011] In another aspect, the controller may supply an
initial current to the stator as long as the initial stator current
does not exceed a demagnetization limit current (i.e., a
current that may cause rotor demagnetization). The control-
ler or processor may determine the demagnetization limait
current based upon the detected rotor temperature. In addi-
tion or in the alternative, the controller or processor also may
determine the initial stator current based upon the detected
rotor temperature and supply the initial stator current until
the rotor temperature substantially reaches a predetermined
temperature. For example, the 1nitial stator current may be
nearly the demagnetization limit current at the time when
current 1s nitially supplied to the stator.

[0012] In one optional embodiment, the initial stator cur-
rent may be supplied for a predetermined time period as
determined by the controller. In addition, the controller may
vary the initial stator current as the rotor temperature
changes. For example, the 1nitial stator current 1s preferably
less than, but nearly equal to, the demagnetization limait
current. In another optional embodiment, the controller may
supply the 1nitial stator current to the stator until the detected
rotor temperature reaches a demagnetization limit tempera-
ture that 1s determined for a normal stator current.

[0013] In another aspect, a compressor may be arranged
and constructed to compress a cooling medium. A motor
may be coupled to the compressor for driving the compres-
sor. The motor may include a stator and a rotor and the stator
may produce a magnetic force to rotate the rotor when
current 1s supplied to the stator. A temperature sensor may
detect a temperature that represents the temperature of the
rotor. For example, the temperature sensor may detect
ambient temperature, which 1s likely to be the same or nearly
the same as the rotor temperature when the compressor has
not been operated for a period of time, or may directly detect
the temperature of the rotor.
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[0014] A controller or processor may control the supply of
current to the stator based upon output signals from the
temperature sensor, so that the rotor rotates without being
demagnetized. In another optional embodiment, the control-
ler may store a chart (e.g., look up table) or a function that
correlates the detected rotor temperature to the demagneti-
zation limit current for the detected rotor temperature. Thus,
such a correlation chart or function may be utilized to
determine the upper limit for the current that will be supplied
to the stator. Thus, the controller preferably controls the
supply of the initial stator current so that the initial stator
current 1s less than and/or nearly equal to the demagnetiza-
tion limit current, but the initial stator current 1s sufficient to
cause the rotor to begin rotating. Thus, the compressor can
be reliably driven without demagnetizing the rotor, even
when ambient (and thus the rotor temperature) is relatively
low. Further, in this embodiment, 1t 1s not necessary to heat
the rotor before rotating the rotor, thereby providing heat to
the vehicle interior much earlier than known electrically
driven compressors.

[0015] In another aspect, the controller may set the initial
stator current to nearly, but slightly less than, the demagne-
fization limit current at the time when the current 1s supplied
to the motor. Further, the controller may supply the mitial
stator current for a predetermined time period, which 1is
calculated by the controller.

[0016] In addition or in the alternative, the controller may
vary the inmitial stator current as the rotor temperature
changes, such that the initial stator current 1s selected to be
less than, but nearly equal to, the demagnetization limit
current at that time. For example, the initial stator current
may be increased as the rotor temperature increases, thereby
increasing the output of the compressor. The controller also
may supply the initial stator current to the stator until the
detected rotor temperature reaches a demagnetization limit
temperature for a predetermined stator temperature, which
demagnetization limit temperature may be found by the
correlation chart or function.

[0017] In another embodiment, a controller or processor
(e.g., an ECU or another microprocessor) may control the
supply of current to the stator based upon output signals
from the temperature sensor. The current 1s preferably
selected to be sufficient to cause the rotor to rotate without
causing the rotor to demagnetize. The processor may, €.g.,
comprise 1nstructions or programs to:

[0018] (1) calculate a demagnetization limit current
based upon the detected rotor temperature when the
motor 1s started (e.g., when current is first supplied
to the stator in order to rotate the rotor),

[0019] (11) calculate a demagnetization limit tempera-
ture for a normal stator current, and

[0020] (1i1) calculate a time period that is necessary to
supply a current to the rotor 1n order to raise the rotor
temperature, €.g., to a normal operating rotor tem-
perature. The current i1s preferably less than, but
nearly equal to, the calculated demagnetization limat
current and 1s sufficient to cause the rotor to rotate.

[0021] In another embodiment, the processor may com-
prise 1nstructions or programs to:

[0022] (1) calculate a demagnetization limit current
based upon the rotor temperature detected by the
temperature sensor,
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[0023] (i1) calculate a demagnetization limit tempera-
ture for a normal stator current, and

[0024] (ii1) supply current to the stator during an
initial period until the detected rotor temperature
reaches the calculated demagnetization limit tem-
perature.

[0025] In this embodiment, the supplied current may be
increased as the rotor temperature increases, thereby
increasing the compressor output during the initial opera-
tion.

[0026] In another aspect, air conditioning systems may
include a compressor having a motor that includes a rotor
and a stator. Preferably, the rotor rotates due to a magnetic
force generated by supplying current to the stator, thereby
circulating a cooling medium within an air conditioning
circuit. The air conditioning systems also may include
means for detecting the temperature of the rotor or an
ambient temperature when the rotor starts to rotate and
means for calculating a demagnetization limit current of the
rotor based upon the detected temperature. The supplied
current 1s preferably less than or equal to the demagnetiza-
tion limit current and greater than or equal to a minimum
current that 1s required to rotate the rotor.

[0027] Such air conditioning systems optionally may fur-
ther include means for calculating a demagnetization limait
temperature of the rotor for normal operation and means for
calculating a period of time that 1s necessary for the rotor to
reach the demagnetization limit temperature while the cur-
rent 1s supplied to the stator. Furthermore, means optionally
may be provided for supplying the current to the stator for
at least the calculated period of time. The calculating and
supplying means may be disposed, ¢.g., within a controller,
a processor or an ECU.

[0028] In a further aspect, air conditioning systems may
include means for supplying current to the stator at least
until the temperature of the rotor reaches the demagnetiza-
tion limit temperature. The current supplying means may
increase the supply of current to the stator as the detected
rotor temperature increases, but the supplied current 1is
preferably less than the demagnetization limit current for the
detected rotor temperature. A processor, controller, etc. may
be utilized to control the supply of current to the stator 1n this
aspect as well.

[10029] Additional objects, features and advantages of the
present invention will be readily understood after reading
the following detailed description together with the accom-
panying drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

10030] FIG. 1 is a schematic diagram of a first represen-
tative air conditioning system;

10031] FIG. 2 is a graph showing the correlation between
rotor temperature and the demagnetization limit current;

[10032] FIG. 3 is a graph showing the correlation between
rotor temperature and a period of time for supplying current
to a stator;

10033] FIG. 4 is a flowchart showing a first representative
method for controlling the compressor motor;
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10034] FIG. 5 is a flowchart showing a first representative
method for controlling stator current;

10035] FIG. 6 is a graph showing the correlation between
rotor temperature and the demagnetization limit current in a
manner similar to FIG. 2 and showing an initial operation
arca according a second representative method; and

10036] FIG. 7 is a flowchart showing a second represen-
tative method for controlling the stator current.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] Air conditioning systems are taught that may
include an air conditioning circuit and an electrically pow-
ered compressor. The compressor may be driven by an
clectric motor that includes a rotor and a stator. The com-
pressor may preferably include a scroll compressor if it 1s
used within a vehicle air conditioning system, although
other electrically driven compressors are contemplated by
the present teachings. Generally speaking, the rotor of the
electric motor rotates due to magnetic forces produced when
current 1s supplied to the stator. The rotating rotor drives the
compressor 1n order to compress the cooling medium (or
refrigerant or coolant) and the pressurized cooling medium
1s circulated within the air conditioning circuit 1n order to
perform an air conditioning operation.

|0038] In one representative embodiment, a temperature
sensor may detect the rotor temperature or the ambient
temperature either before the rotor starts to rotate or when
the rotor starts to rotate. A current calculator (e.g., a pro-
cessor or controller) may calculate a demagnetization limit
current for the rotor at the detected temperature. For
example, such a demagnetization Iimit current may be
calculated from a chart or look up table (LUT) that provides
a correlation between various rotor temperatures and demag-
netization limit currents. In the alternative, the current
calculator may execute a function that calculates the demag-
netization limit current based upon the detected temperature.
The calculated demagnetization limit current i1s preferably
utilized to determine the maximum current that may be
supplied to the stator during a predetermined period (e.g., a
per1od of 1nitial operation when the rotor temperature 1s less
than a normal operating rotor temperature). Thus, the current
that 1s supplied to the stator 1s preferably less than the
demagnetization limit current. In addition, the current that 1s
supplied to the stator 1s preferably greater than a minimum
current that 1s required to rotate the rotor. Therefore, the
rotor can be rotated in order to begin the compressor
operation without demagnetizing the rotor. The predeter-
mined period may be suitably determined 1n response to the
nature of the rotor, so that control of the motor can be easily
performed.

[0039] Generally speaking, as the stator current increases,
the likelihood that the rotor will begin rotating also
increases. That 1s, the rotor generally will not rotate if the
stator current 1s less than a minimum current. When the
current supplied to the stator 1s greater than the minimum
current, the rotation of the rotor may be ensured to rapidly
begin driving the compressor. Moreover, the demagnetiza-
fion limit current generally increases as the rotor tempera-
ture rises. If the current supplied to the stator 1s less than the
demagnetization limit current for the ambient (or rotor)
temperature when the current i1s initially supplied to the
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stator, the supplied current will not exceed the demagneti-
zation limit current during normal operation when the rotor
temperature 1s higher than the rotor temperature at the time
that the stator current was 1nitially supplied. As a result, the
rotor may be prevented from being demagnetized. The
operation for calculating the appropriate current to be sup-
plied to the stator optionally may be performed by a pro-
cessor, such as a vehicle electric control unit (ECU).

[0040] In another representative embodiment, air condi-
tioning systems may further include a temperature calculator
and a time calculator. The temperature calculator may cal-
culate the demagnetization limit temperature of the rotor
during normal operation. For example, the stator current
may have a substantially uniform value during normal
operation. In that case, the demagnetization limit tempera-
ture may be calculated from a chart or look up table (LUT)
that provides a correlation between the rotor temperature
and the demagnetization current value. In the alternative, an
analog or digital circuit may directly compute the demag-
netization limit current based upon the detected rotor tem-
perature.

[0041] The time calculator may calculate a period of time
that 1s necessary for the rotor to reach the demagnetization
limit temperature. In this representative embodiment, the
determination as to whether or not the rotor temperature has
reached a particular demagnetization limit temperature may
be performed by determining whether or not the current has
been supplied to the stator for the calculated period of time.
For example, a timer may be started at the same time that the
current 1s 1nitially supplied to the stator. The time when a
particular demagnetization limit current will be reached may
be determined based on the fact that the time period counted
by the timer indicates the calculated period of time. In this
representative embodiment, the current may be supplied to
the stator at least during the period of time that 1s calculated
by the time calculator. As a result, rotor demagnetization
may be more easily and reliably avoided. The operation for
calculating the demagnetization limit temperature and the
time calculation optionally may be performed by a proces-
sor, such as a vehicle electric control unit (ECU).

[0042] In another representative embodiment, air condi-
fioning systems are taught that may include a temperature
sensor, a temperature calculator and a current calculator for
preventing rotor demagnetization. The temperature sensor
may detect the rotor temperature, preferably at predeter-
mined time intervals after the current was mnitially supplied
to the stator. The temperature calculator may calculate the
demagnetization limit temperature for the rotor during nor-
mal operation. If the stator current has a substantially
uniform value during normal operation, the demagnetization
limit temperature may be calculated from a chart or look up
table (LUT) that provides a correlation between rotor tem-
peratures and demagnetization current values. The current
calculator may calculate the demagnetization limit current
from the temperature detected by the temperature sensor. For
example, the demagnetization limit current may be calcu-
lated using the correlation between the detected rotor tem-
perature and the demagnetization current value. The stator
current may be supplied to the stator at least until the
temperature of the rotor reaches the demagnetization limait
temperature. The stator current may be less than the demag-
netization limit current and may be greater than a minimum
current that 1s required to rotate the rotor. Thus, the current
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preferably does not exceed the demagnetization limit current
because the supplied current will be less than the demag-
netization limit current for the detected rotor temperature.
The determination as to whether or not the rotor temperature
has reached the particular demagnetization limit current may
be performed directly based upon the detected rotor tem-
perature.

|0043] Therefore, according to the embodiments
described above and below, electrically driven compressors
may be rapidly and reliably driven after supplying current to
the stator even at relatively low ambient temperatures and
without demagnetizing the rotor. For example, the current
supplied to the stator may be selected so as to be nearly equal
to (e.g., slightly less than) the demagnetization limit current,
because the stator current will vary 1n response to changes
in the rotor temperature. Thus, compressor operation can
promptly begin and compressor output can be gradually
increased during an initial operating period (e.g., before the
rotor reaches its normal operating temperature).

[0044] In another aspect of the present teachings, various
methods for operating a vehicle air conditioning system are
taught. Such methods may include detecting the rotor tem-
perature or ambient temperature when the rotor starts to
rotate. Such methods may also include calculating a demag-
netization limit current of the rotor at the detected tempera-
ture. Thereafter, current may be supplied to the stator for a
predetermined period. The current may be less than the
calculated demagnetization limit current and may be greater
than a minimum current that 1s required to rotate the rotor.
In addition or in the alternative, the rotor temperature may
be detected, the demagnetization limit temperature for nor-
mal operation may be calculated, the demagnetization limit
current may be calculated from the detected temperature,
and current may be supplied to the stator at least until the
rotor reaches the demagnetization limit temperature.

10045] Each of the additional features and teachings dis-
closed above and below may be utilized separately or in
conjunction with other features and teachings to provide
improved air conditioning systems and methods for design-
ing and using such air conditioning systems. A representa-
five example of the present invention, which examples
utilize many of these additional features and teachings both
separately and 1n conjunction, will now be described 1n
detail with reference to the attached drawings. This detailed
description 1s merely intended to teach a person of skill 1n
the art further details for practicing preferred aspects of the
present teachings and 1s not intended to limait the scope of the
invention. Only the claims define the scope of the claimed
invention. Therefore, combinations of features and steps
disclosed 1n the following detail description may not be
necessary to practice the invention 1n the broadest sense, and
are 1nstead taught merely to particularly describe represen-
tative examples of the mnvention. Moreover, various features
of the representative examples and the dependent claims
may be combined 1n ways that are not specifically enumer-
ated 1n order to provide additional useful embodiments of
the present teachings.

First Representative Air Conditioning System

[0046] A first representative air conditioning system will
now be described with reference to the drawings. As shown
in FIG. 1, a representative air conditioning system 1 may

Oct. 31, 2002

include an air conditioning circuit 2, 1n which the circulation
path of a cooling medium (also known as refrigerant or
coolant) is indicated by arrows shown in solid lines. The air
conditioning system 1 may be designed to perform a heat
pump cycle and the air conditioning circuit 2 may generally
include an electrically powered compressor C, an interior
heat exchanger F and an exterior heat exchanger G.

[0047] The compressor C may optionally be a scroll
compressor that 1s driven by an electric motor M. The
compressor C1 preferably serves to compress the cooling
medium (not shown) and to output the cooling medium
under pressure. The interior heat exchanger F may include
an 1nterior condenser F1 and an evaporator F2. The exterior
heat exchanger G may serve as a condenser or an evaporator.

[0048] An expansion valve H and a change-over valve I
also may be disposed within the air conditioning circuit 2
between the interior condenser F1 and the exterior heat
exchanger G. Preferably, the changer-over valve I may be
positioned so as to bypass the expansion valve H. A second
expansion valve J may be disposed within the air condition-
ing circuit 2 between the exterior heat exchanger G and the
evaporator F2. A second change-over valve K may be
disposed on the upstream side of the expansion valve J and
may serve to provide a short circuit for connecting the

exterior heat exchanger G to a suction port of the compressor
C.

[0049] During a heating operation, the pressurized cooling
medium outputted or discharged from the compressor C may
flow within the air conditioning circuit 2 through the interior
condenser F1, the expansion valve H, the exterior heat
exchanger G and the change-over valve K and then may
return to the compressor C as indicated by the solid line
arrows shown 1n FIG. 1. During this operation, the exterior
heat exchanger G may serve as an evaporator. On the other
hand, during a cooling operation, the cooling medium out-
putted or discharged from the compressor C may flow within
the air conditioning circuit 2 through the interior condenser
F1, the change-over valve 1, the exterior heat exchanger G,
the expansion valve J and the evaporator F2 and then may
return to the compressor C. During this operation, the
exterior heat exchanger G may serve as a condenser.

[0050] The compressor motor M may include a stator 14
and a rotor 12. The stator 14 may be secured to the 1nner wall
of a motor housing (not shown) and the rotor 12 may be
fixed to a drive shaft 10 that 1s rotatably supported by the
motor housing. Preferably, the rotor 12 may be formed of
permanent magnets, such as ferrite magnets. The stator 14
may have stator coils (not shown) that may serve to produce
the magnetic forces that will rotate the rotor 12 when current
1s supplied to the stator coils. The drive shaft 10 may rotate
together with the rotor 12 and may drive the compressor C,
so that the compressor C will compress the cooling medium.

[0051] When the current supplied to the stator 14 exceeds
a predetermined value (1.€., a demagnetization limit current),
the rotor 12 may not appropriately hold a magnetic field. As
a result, the magnetic force of the rotor 12 may be reduced.
This predetermined value (i.., the demagnetization limit
current) generally correlates with temperature (e.g., rotor or
ambient temperature) as indicated by line L1 shown in FIG.
2. In other words, the demagnetization limit current gener-
ally increases as the rotor temperature 1increases. Because the
demagnetization limit current decreases as the rotor tem-
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perature decreases, the stator current can exceed the demag-
netization limit current when the compressor motor M 1s
operated at a relatively low ambient temperature (i.e., the
rotor temperature will likely be relatively low when the
ambient temperature 1s low and the compressor motor M has
not been operated recently).

[0052] The correlation between the demagnetization limit
current and the temperature may depend on the nature of the
rotor 12 that 1s incorporated 1nto the air conditioning system
1. Therefore, the stator 14 may have different demagnetiza-
fion limit current values 1 response to various magnetiza-
tion properties of the rotor 12. Thus, the demagnetization
limit current generally must be determined on a case-by-case
basis.

[0053] Preferably, a temperature sensor 22 and an ECU
(electronic control unit) 20 may be associated with the motor
M. The temperature sensor 22 may serve to detect the
temperature of the rotor 12 or may detect ambient tempera-
ture, 1f the ambient temperature closely corresponds to the
rotor temperature. The ECU 20 may serve to control the
operation of the motor M (e.g., the ECU 20 may control the
supply of current to the motor M). The ECU 20 may include
a temperature calculation section 24, a current calculation
section 26 and a time calculation section 28. That 1s, the
ECU 20 may include programs for calculating (1) the rotor
demagnetization temperature limit based upon the detected
ambient temperature (or the detected rotor temperature), (2)
the demagnetization current limit and (2) the time period in
which the rotor temperature will likely be heated to the rotor
demagnetization temperature during normal operation. Each
of these programs may be executed within a single ECU or
may be performed by two or more ECUs. Further, circuits
other than a processor, such as a dedicated digital or analog
calculator, can perform these calculations.

[0054] In one preferred embodiment, the temperature cal-
culation section 24 may serve to calculate the demagneti-
zation limit temperature. The current calculation section 26
may serve to calculate the demagnetization limit current.
The time calculation section 28 may serve to calculate the
time period that 1s required for the rotor 12 to be heated to
the demagnetization limit temperature during normal opera-
tion. The ECU 20 may output control signals to the motor M
based on the rotor temperature detected by the temperature
sensor 22 and the results of the calculations by the tempera-
ture calculation section 24, the current calculation section 26
and the time calculation section 28.

First Representative Method

[0055] A first representative method for controlling the
compressor C within the air conditioning system 1 will now
be described with reference to FIGS. 2 to 5. As described
above, the demagnetization limit current may increase as the
temperature of the rotor 12 increases, which 1s indicated by
line L1 1n FIG. 2. Therefore, if the supplied current 1s within
the area above line L1 (hereinafter called the “rotor demag-
netization area”), the rotor 12 may not hold an appropriate
magnetic field and the magnetic force of the rotor may be
degraded. According to line L1 of FIG. 2, point A indicates
the point when the operation 1s started in the representative
method. The demagnetization limit current Qa may be found
at point A based upon the detected rotor temperature Ta.
Pomnt B indicates the point when the compressor C 1is
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permitted to operate normally. The demagnetization limit
current Qb for rotor temperature Tb 1s found at point B.

[0056] According to this representative method, in view of
the fact that the demagnetization limit current decreases as
the ambient temperature decreases, a current, which 1s less
than a normal operating current, may be supplied to the
stator 14 at least during the period from point A to point B,
or at least during a period of time t1 that 1s necessary for the
rotor 12 to be heated from temperature Ta to temperature Tb.
Such current 1s preferably less than the demagnetization
limit current Qa (found at temperature Ta when starting the
operation), but may still be sufficient to cause the rotor 12 to
rotate. As shown by line L2 1 FIG. 3, the period of time t1
oenerally decreases as the difference between temperature
Ta (e.g., the temperature when starting to rotate the rotor 12)
and temperature Tb (e.g., rotor temperature during normal
operation) decreases. Thus, the ECU 20 may control the
current supplied to the stator 14 such that the supplied
current falls within the area below line L1, and 1n particular
within the “initial operation area” as indicated in FIG. 2,
which will be further described below.

[0057] The first representative method will now be
described 1n more detail with reference to FIGS. 4 and 5,
which respectively show flow charts for a motor control
process and a stator current control process.

[0058] A start switch (not shown) for the air conditioning
system 1 may be turned ON at Step 10 1n order to start the
motor M. The process may then proceed to Step 12, in which
the temperature sensor 22 directly detects the temperature Ta
of the rotor 12 at that time. In the alternative, the temperature
sensor 22 may detect the ambient temperature and define the
detected ambient temperature as temperature Ta, because the
rotor temperature 1s likely to be substantially equal to the
ambient temperature when starting the compressor opera-
tion.

[0059] The process then proceeds to Step 14, in which the
ECU 20 calculates the demagnetization limit temperature
Tb. The demagnetization limit temperature Tb may be found
from the current Qb (e.g., the current supplied during normal
operation) based upon line L1, which was described above

with reference to FIG. 2.

[0060] The process then proceeds to Step S16, in which
the ECU 20 determines whether or not the start temperature
Ta (i.e., when starting the rotor) is higher than the demag-
netization limit temperature Tb (i.e., when normal operation
is permitted). If the determination in Step S16 is YES, the
process proceeds to Step 20, in which the ECU 20 performs
the stator current control process that will be hereinafter
explained with reference to F1G. 5. On the other hand, 1if the
determination 1n Step S16 1s NO, the process preferably will
not proceed to Step S20 for the stator current control
process, but instead, will proceed to Step S40, 1n which
normal control of the motor M 1s performed. Thus, if the
start temperature Ta 1s higher than the demagnetization
temperature Tb, the current supplied to the stator 14 will not
exceed the demagnetization current limit, even 1f the current
1s supplied to the stator 14 for normal control of the motor
M. Thus, step S16 determines whether the compressor C will
be operated 1n a relatively low ambient temperature envi-
ronment and determines whether additional steps are nec-
essary to ensure that the supplied current will be less than the
demagnetization limit current for the particular rotor tem-
perature that 1s detected.
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[0061] A representative stator current control process for
Step 20 will now be described in further detail with refer-
ence to FI1G. 5. In Step S21, the ECU 20 may calculate the
demagnetization limit current Qa (i.e., when starting the
rotor 12) based upon the start temperature Ta and line L1 of
FIG. 2. The process then proceeds to Step S22, in which
ECU 20 calculates the period of time t1 for supplying
current to the stator 14 1n order to heat the rotor 12 from the
start temperature Ta to the demagnetization limit tempera-
ture Tb. Then, the process proceeds to Step 23, mn which
ECU 20 starts to supply current to the stator 14, which
current may be less than the demagnetization limit current
Qa, but 1s preferably greater than a minimum current Qc that
is required to rotate the rotor 12 (see the “initial operation
area” 1n FIG. 2). More preferably, the current to be supplied
to the stator 14 may be nearly or slightly less than the
demagnetization limit current Qa, although the current may
be appropriately determined as long as the current 1s within
the range between Qa and Qc. The process then proceeds to
Step S24, in which a timer (not shown) of the ECU 20 may
begin counting the time after initiating the supply of current
to the stator 14.

[0062] Next, the process proceeds to Step S25, in which
the ECU 20 determines whether or not the time counted by
the timer exceeds the time period tl. If the determination in
Step S25 1s YES, the process proceeds to Step S30 1n order
fo terminate the counting operation and to terminate the
supply of current to the stator 14 according to the operation
shown 1n FIG. 5. Thus, 1n this representative method, the
ECU 20 determines that the temperature of the rotor 12 has
reached or exceeded the demagnetization limit temperature
Tb based upon the fact that the current has been supplied to
the stator 14 for the calculated time period tl. After the
supply of current to the stator 14 has been terminated, the
process returns to the Step S40 of the motor control process
of FIG. 4, so that motor control according to normal
operation may be performed.

[0063] Asdescribed above, according to the representative
air conditioning system 1 and the first representative method
for controlling the air conditioning system 1, current is
supplied to the stator 14 for time period t1, which current 1s
less than the demagnetization limit current Qa (for the
temperature when starting the motor M) and is greater than
the minimum current Qc. As a result, the rotor 12 1s
demagnetized even though the rotor 12 1s rotated when the
rotor temperature 1s less than the rotor temperature Tb.
Theretore, the compressor C can be reliably driven without
delay even in a low ambient temperature environment. More
specifically, the compressor C can be reliably driven to
compress the cooling medium immediately after supplying
current to the stator 14.

Second Representative Method for Controlling the
Air Conditioning System

[0064] A second representative air conditioning system
may be different from the first representative air condition-
ing system 1n that the ECU 20 does not include a time
calculation section 28. In other respects, the second repre-
sentative air conditioning system may the same, or substan-
tially the same, as the first representative air conditioning
system. Therefore, further illustration of the second repre-
sentative air conditioning system 1s not required. Instead, a
second representative method, which 1s directed to the
control of the second representative air conditioning system,
will now be described with reference to FIGS. 6 and 7,
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which respectively show a graph illustrating the correlation
between the rotor temperature and the demagnetization limit

current, and a flowchart for a stator current control process.
In FIGS 6 and 7, the same reference numerals are athxed
to the elements that are similar to those in FIGS. 2 and 5 of
the first representative embodiment. Therefore, further
description of these elements 1s not required.

[0065] According to the second representative method, the
ECU 20 determines whether or not the temperature of the
rotor 12 has reached the particular demagnetization limait

temperature based upon the temperature of the rotor 12 that
1s detected by the temperature sensor 22. Thus, the ECU 20
does not use the time calculation section 28 for this deter-
mination as in the first representative method. Instead, the
temperature sensor 22 may repeatedly detect the temperature

of the rotor 12 during the initial operation of the compressor
C.

[0066] In addition, according to the second representative
method, current may be supplied to the stator 14 until the
temperature T of the rotor 12 reaches at least the demagne-
fization limit temperature Tb for the normal operation,
which current 1s preferably less than demagnetization limit
current Q(Ll) (i.c., for the current temperature T of the rotor
12) but 1s greater than the minimum current Qc (i.e., current
that is sufficient to rotate the rotor 12). In this embodlment
the demagnetization limit current Q(LL1) may be found from
the current temperature T based upon line L1 of FIG. 6.
Therefore, the ECU 20 may control the current supplied to
the stator 14 such that the current 1s within an area (e.g., the
“initial operation area” of FIG. 6) that is below (or less than)
line LL1. More preferably, the current to be supplied to the
stator 14 may be nearly or slightly less than the demagne-
tization limit current Q(L1), although the current may be
appropriately determined as long as the current 1s within the
arca described above.

[0067] For example, the ECU 20 may execute a motor
control process that 1s similar to the process described 1n
connection with F1G. 4. However, the ECU preferably

executes a stator current control process that 1s shown by the

flowchart of FIG. 7.

[0068] The process shown in FIG. 7 will now be described
in further detail. After the motor control process shown 1n
FIG. 4 has proceeded to Step S20, the process proceeds to
Step S26 of the stator current control process shown 1n FIG.
7, 1n which the temperature sensor 22 detects the current
temperature T of the rotor 12. The process then proceeds to
Step S27, in which the ECU 20 calculates the demagneti-
zation limit current Q(L1) at the detected temperature T
based upon line L1 as shown in FIG. 6.

[0069] The process then proceeds to Step S28, in which
the ECU 20 initiates the supply of current to the stator 14,
which current 1s preferably less than the demagnetization
limit current Q(LL1) but greater than the minimum current Qc
for rotating the rotor 12. Thereatfter, the process proceeds to
Step 29, in which the ECU 20 determines whether or not the
temperature T of the rotor 12 1s higher than the demagne-
fization limit temperature Tb for normal operation. If the
determination 1n Step S29 1s YES, the process proceeds to
Step S30, 1n which the supply of current to the stator 14 1s
terminated. After the supply of current to the stator 14 has
been terminated for the 1nitial operation, the process returns
to Step S40 of the motor control process shown 1n FIG. 4.
Thus, current i1s supplied to the stators 14 for normal
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operational control of the motor M. On the other hand, 1if the
determination 1n Step S29 1s NO, the process returns to Step
S26 to repeatedly perform Steps S26 to S29 until the
determination 1n Step 29 becomes YES.

[0070] According to the second representative air condi-
tioning system and method for controlling the air condition-
ing system 1, a current may be supplied to the stator 14 until
the temperature of the rotor 12 exceeds the calculated
demagnetization limit temperature and that current 1s pret-
erably less than the demagnetization limit current Q(L1) but
1s greater than the minimum current Qc. Therefore, the
compressor C may be driven and rotated without delay while
avolding demagnetization of the rotor 12. As a result, the
compressor C may reliably compress the cooling medium
immediately after starting the supply of current to the stator
14 even if the ambient temperature is relatively low (which
would ordinary result in demagnetization of the rotor 12 in
a known air conditioning system). In addition, because the
current to be supplied to the stator 14 may vary (e.g.,
increase) in response to changes (e.g., increases) in the
temperature of the rotor 12 according to the second repre-
sentative method, fine or precise control of the current
supplied to the stator 14 may be performed such that the
current may be extremely close to the demagnetization limit
current at all times during the initial operation. In other
words, the current supplied to the stator 14 may be increased
as the detected temperature T of the rotor 12 increases,
thereby increasing the output of the compressor C and
raising the rotor temperature more quickly. Further, although
the possible range of stator currents 1s selected 1n the second
representative method to be below the correlation line Q(LL1)
and above the minimum current Qc, such range of currents
may be selected to be below the correlation line Q(IL1) and
above the demagnetization limit current Qa found at start
point A.

[0071] Although the present teachings may be advanta-
ogeously applied to vehicle air conditioning systems, the
present teachings also find application to air conditioning,
systems for other uses. For example, the present teachings
may be applied to air conditioning systems for electrical
household appliances and equipment.

[0072] In addition, the present teachings are not limited to
the above representative embodiments but may be modified
in various ways. For example, the first representative
method determines the condition for supplying the current to
the stator 14 based upon signals from the temperature sensor
22 and the calculations performed by the temperature cal-
culation section 24, the current calculation section 26 and
the time calculation section 28 (e.g., ECU 20). However, the
condition for supplying current to the stator 14 may be
determined based only upon the signal from the temperature
sensor 22 and the calculation performed by the current
calculation section 26. Thus, 1n such a method, a current may
be supplied to the stator 14 during a predetermined period
that may be determined 1n response to the nature of the rotor
12 and that current 1s preferably less than the demagnetiza-
fion limit current Qa of the rotor 12 but 1s greater than the
minimum current Qc. As a result, 1t 1s possible to prevent the
rotor 12 from being demagnetized by means of a simple
ECU or a simple method in comparison with the {first
representative air conditioning system and method.

[0073] Furthermore, although the above representative
embodiments have been described 1n connection with air
conditioning systems that perform heat pump cycles, the
present teachings also may be applied to air conditioning,
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systems that perform other cycles, such as a hot gas cycle as
taught 1n Japanese Laid-Open Patent Publication No.
5-2233577, which cycle will be briefly explained. According
to Japanese Laid-Open Patent Publication No. 5-223357, a
compressor 1n a refrigerant circuit may compress the cooling
medium and output the cooling medium as a hot gas. The hot
ogas may then be supplied to a heat exchanger while bypass-
ing a condenser, so that the heat taken out of the hot gas by
the heat exchanger may be used for secondarily heating the
vehicle interior. Thus, the heat provides a secondary heating
means for a vehicle. In Japanese Laid-Open Patent Publi-
cation No. 5-223357, the heating 1s primarily performed by
a hot water heater (main heating device) associated with an
internal combustion engine, and the hot gas cycle provides
secondary heating.

[0074] According to the present teachings, rational air
conditioning techniques may be realized 1n air conditioning
systems that include an air control circuit and an electrically
driven compressor for circulating cooling medium in the air
control circuit. Therefore, the compressor can be promptly
and reliably driven even during relatively low temperature
conditions.

1. An apparatus comprising:

a compressor arranged and constructed to compress a
cooling medium,

an clectrically driven motor driving the compressor, the
motor having a stator and a rotor, the stator producing
a magnetic force that causes the rotor to rotate when
suflicient current 1s supplied to the stator,

a temperature sensor arranged and constructed to detect a
temperature that 1s representative of the rotor tempera-
ture, and

a controller arranged and constructed to control the supply
of current to the stator 1n response to the temperature
detected by the temperature sensor, wherein the con-
troller 1s further arranged and constructed to supply
current to the stator during an initial operation, in which
the rotor temperature is relatively low, the supplied
current being greater than or equal to a minimum
current required to rotate the rotor and less than or
equal to a demagnetization limit current.

2. An apparatus as 1n claim 1, wherein the controller 1s
further arranged and constructed to determine the demag-
netization limit current based upon the detected rotor tem-
perature.

3. An apparatus as 1n claim 2, wherein the controller 1s
further arranged and constructed to determine an 1nitial
stator current based upon the detected rotor temperature at
the 1nitiation of compressor operation and to supply the
initial stator current until the rotor temperature substantially
reaches a predetermined temperature.

4. An apparatus as 1n claim 3, wherein the 1nitial stator
current 1s slightly less than the demagnetization limit current
at the time when current 1s 1nitially supplied to the stator.

5. An apparatus as 1n claim 3, wherein the controller 1s
further arranged and constructed to increase the stator cur-
rent as the rotor temperature increases, wherein the current
supplied to the stator 1s less than, but nearly equal to, the
demagnetization limit current.

6. An apparatus as 1n claim 5, wherein the controller 1s
further arranged and constructed to supply current to the
stator unfil the detected rotor temperature reaches a demag-
netization limit temperature that 1s determined for a normal
stator current.
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7. A method for supplying current to a compressor motor
that includes a rotor and a stator, the rotor being rotated by
a magnetic force generated by supplying current the stator,
the method comprising:

detecting a temperature representative of a rotor tempera-
ture when compressor operation 1s 1nifiated,

calculating a demagnetization limit current of the rotor at
the detected temperature, and

supplying current to the stator, the current being less than
or equal to the demagnetization limit current and
oreater than or equal to a minimum current that is
required to rotate the rotor.

8. A method as 1n claim 7, further comprising:

calculating a demagnetization limit temperature of the
rotor for normal operation; and

calculating a period of time that 1s necessary for the rotor
to reach the demagnetization limit temperature while
the current 1s supplied to the stator;

supplying the current to the stator for at least the calcu-
lated period of time.
9. A method as 1n claim 7, further comprising:

calculating a demagnetization limit temperature of the
rotor for normal operation,

periodically detecting the temperature representative of
the rotor temperature and

supplying current to the stator at least until the tempera-
ture of the rotor reaches the demagnetization limait
temperature, the amount of current supplied to the
stator bemg increased as the detected temperature
INCTeases.

10. An apparatus for supplying current to a compressor
motor that mcludes a rotor and a stator, the rotor being
rotated by a magnetic force generated by supplying current
the stator, the apparatus comprising:

means for detecting a temperature representative of a

rotor temperature when compressor operation 15 1niti-
ated,

means for calculating a demagnetization limit current of
the rotor at the detected temperature, and

means for supplying current to the stator, the current being,
less than or equal to the demagnetization limit current
and greater than or equal to a minimum current that 1s
required to rotate the rotor.

11. An apparatus as 1n claim 10, further comprising:

means for calculating a demagnetization limit tempera-
ture of the rotor for normal operation; and

means for calculating a period of time that 1s necessary for
the rotor to reach the demagnetization limit temperature
while the current i1s supplied to the stator;

means for supplying the current to the stator for at least
the calculated period of time.
12. An apparatus as 1n claim 10, further comprising:

means for calculating a demagnetization limit tempera-
ture for normal operation,

means for periodically detecting the temperature repre-
sentative of the rotor temperature and

means for supplying current to the stator at least until the
temperature of the rotor reaches the demagnetization
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limit temperature, the amount of current supplied to the
stator being increased as the detected temperature
INCreases.

13. An apparatus comprising:

a compressor arranged and constructed to compress a
cooling medium,

a motor coupled to the compressor for driving the com-
pressor, the motor having a stator and a rotor, the stator
producing a magnetic force to rotate the rotor when
current 1s supplied to the stator,

a temperature sensor arranged and constructed to detect a
temperature that represents the temperature of the rotor,
and

a controller arranged and constructed to control the supply
of current to the stator based upon output signals from
the temperature sensor, wherein the rotor rotates with-
out being demagnetized, the controller storing a chart
or function for correlating the detected rotor tempera-
ture to a demagnetization limit current, which correla-
tion chart or function determines an upper limit for the
current supplied to the stator and the controller being
further arranged and constructed to supply an 1nitial
stator current that i1s less than or equal to the demag-
netization limit current, but greater than or equal to a
minimum current required to rotate the rotor.

14. An apparatus as 1n claim 13, wherein the controller 1s
further arranged and constructed to set the initial stator
current to nearly the demagnetization limit current at the
time when the current 1s supplied to the motor.

15. An apparatus as 1n claim 13, wherein the controller 1s
arranged and constructed to vary the 1nitial stator current as
the rotor temperature changes, wherein the initial stator
current 1s selected to be less than, but nearly equal to, the
demagnetization limit current at that time.

16. An apparatus as 1n claim 15, wherein the controller 1s
arranged and constructed to supply the 1nitial stator current
to the stator until the detected rotor temperature reaches a
demagnetization limit temperature for a predetermined
demagnetization limit current, which demagnetization limait
temperature 1s found by the correlation chart or function.

17. An apparatus comprising;:

a compressor arranged and constructed to compress a
cooling medium,

a motor coupled to the compressor for driving the com-
pressor, the motor having a stator and a rotor, the stator
producing a magnetic force to rotate the rotor when
current 1s supplied to the stator,

a temperature sensor arranged and constructed to detect a
temperature that represents the temperature of the rotor,
and

a processor arranged and constructed to control the supply
ol current to the stator based upon output signals from
the temperature sensor, wherein the rotor rotates with-
out being demagnetized,

the processor comprising 1nstructions to:

calculate a demagnetization limit current based upon
the detected rotor temperature when the motor 1s
started;

calculate a demagnetization limit temperature for a
normal stator current; and
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calculate a time period of time that 1s necessary to
supply a current to the stator, wherein the current
supplied to the stator 1s less than or equal to the
calculated demagnetization limit current.

18. An apparatus comprising:

a compressor arranged and constructed to compress a
cooling medium,

a motor coupled to the compressor for driving the com-
pressor, the motor having a stator and a rotor, the stator
producing a magnetic force to rotate the rotor when
current 1s supplied to the stator,

a temperature sensor arranged and constructed to detect a
temperature that represents the temperature of the rotor,
and

a processor arranged and constructed to control the supply
of current to the stator based upon output signals from
the temperature sensor, wherein the rotor rotates with-
out bemng demagnetized,

the processor comprising 1nstructions to:

calculate a demagnetization limit current based upon
the rotor temperature detected by the temperature
SEnSofr,

calculate a demagnetization limit temperature for a
normal stator current, and

supply current to the stator during an 1nitial period until
the detected rotor temperature reaches the calculated
demagnetization limit temperature.

19. An apparatus comprising:

a compressor having a motor that includes a rotor and a
stator, the rotor being rotated by a magnetic force
generated by supplying current the stator, whereby a
cooling medium 1s circulated within an air conditioning
circuit,

means for detecting the temperature of the rotor or an
ambient temperature when the rotor starts to rotate,

means for calculating a demagnetization limit current of
the rotor at the detected temperature, and

means for supplying current to the stator for a predeter-
mined time period, the current being less than or equal
to the demagnetization limit current and greater than or
equal to a minimum current that 1s required to rotate the
rotor.

20. An apparatus as in claim 19, further comprising:

means for calculating a demagnetization limit tempera-
ture of the rotor for normal operation,

means for calculating a period of time that 1s necessary for
the rotor to reach the demagnetization limit temperature
while the current is supplied to the stator, and

means for supplying the current to the stator for at least
the calculated period of time.

21. An apparatus comprising;:

a compressor having a motor that comprises a rotor and a
stator, the rotor being rotated by magnetic force gen-
erated by supplying current to the stator, whereby a
cooling medium 1s circulated within an air conditioning
circuit,
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means for detecting the temperature of the rotor,

means for calculating a demagnetization limit tempera-
ture for normal operation,

means for calculating a demagnetization limit current
from the detected temperature, and

means for supplying current to the stator at least until the

temperature of the rotor reaches the demagnetization

limit temperature, the current being less than or equal

to the demagnetization limit current and being greater

than or equal to a minimum current that 1s required to
rotate the rotor.

22. An air conditioning system comprising:

a compressor having a motor, the motor 1ncluding a rotor
and a stator, the rotor being rotated by a magnetic force
generated by supplying current to the stator, whereby a
cooling medium 1s circulated within an air conditioning
circuit,

a temperature sensor arranged and constructed to detect
either the rotor temperature or an ambient temperature,

a current calculator arranged and constructed to calculate
a demagnetization limit current for the rotor at a
temperature detected when current 1s 1nitially supplied
to the stator, and

means for supplying current to the stator for a predeter-
mined period, which current 1s less than or equal to the
calculated demagnetization limit current and 1s greater
than or equal to a minimum current that 1s required to
rotate the rotor.

23. An air conditioning system as in claim 22, further

including:

a temperature calculator arranged and constructed to
calculate a demagnetization limit temperature for the
rotor during normal operation, and

a time calculator arranged and constructed to calculate a
period of time that 1s necessary for the rotor to reach the
calculated demagnetization limit temperature while the
current 1s being supplied to the stator, wherein the
current supplying means supplies the current to the
stator at least during the period of time that 1s calculated
by the time calculator.

24. An air conditioning system comprising;:

a compressor having a motor, the motor including a rotor
and a stator, the rotor being rotated by a magnetic force
generated by supplying current the stator, whereby a
cooling medium 1s circulated within a air conditioning
circuit,

a temperature sensor arranged and constructed to detect
the temperature of the rotor; and

a temperature calculator arranged and constructed to
calculate a demagnetization limit temperature of the
rotor during normal operation;

a current calculator arranged and constructed to calculate
a demagnetization limit current from the temperature
detected by the temperature sensor; and

means for supplying current to the stator at least until the
detected temperature of the rotor reaches the demag-
netization limit temperature, wherein the supplied cur-
rent 1s less than or equal to the demagnetization limit
current and 1s greater than or equal to a minimum
current that 1s required to rotate the rotor.
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