
1 DESCRIPTION DRIVE UNIT FOR COMPRESSOR AND
REFRIGERATOR  TECHNICAL FIELD 5 The present invention
relates to a drive unit for a compressor and a
regrigerator. BACKGROUND ART Generally, refrigement
circuits for use in an air conditioner are constituted
by a compressor, an outdoor heat exchanger, an
expansion valve and an indoor 10 heat exchanger which
are all connected in series to perform operation on
the vapour-compression refrigerating cycle. In such
refrigerant circuits, operation is sometimes performed
in inadequate conditions owing to
acceleration/deceleration of the compressor, abrupt
fluctuations in load, and defective operation of other
apparatus than the compressor. If this happens, the
compressor gets internal 15 damage, resulting in a
failure in the compressor. To cope with this, the
conventional refrigerant circuits of this type are
designed to prevent liquid compression and the
dilution of the lubricating oil, for example, by
controlling the degree of superheating a suction
refrigerant (hereinafter referred to as "the degree of
suction superheat) in the suction pipe of 20 the
compressor. The above refrigerant circuits control the
temperature of the discharge pipe of the compressor so
as to become equal to a temperature which is
determined by making a comparison between the
saturation temperature of the low-pressure refrigerant
and the temperature of the discharge gas of the 25
compressor, whereby degration of oil inside the
compressor as well as  \degration of the magnets is
avided.     



2 Concretely, Japanese Patent Publication Kokai No.
7-180933 discloses a  refrigerator according to which,
the temperature of the oil of the compressor and the
pressure of the suction refrigerant of the compressor
are detected and, according to the detection result,
the solubility of the refrigerant, the operation 5.
oil is calculated. And, based on the solubility of the
refrigerant, the operation frquency of the compressor
is controlled, thereby preventing the dilution of the
oil. Also, Japanese Patent Publication Kokai No.
2001-99070 discloses a compressor having ultrasonic
probes at the lubrication points thereof. Based on 10
ultrasonic intensities detected by the ultrasonic
probes, it is determined whether or not poor
lubrication occurs. PROBLEMS TO BE SOLVED The
refrigerator of Japanese Patent Publication Kokai No.
7-180933,  however, does not directly detect phenomena
appearing within the compressor, so 15 that time
delay, detection errors, etc. are included in the
control. When designing a refrigerator, safety is
taken into consideration which often leads to
excessive protection of the compressor and others. As
a result, satisfactory performance on the
refrigerating cycle cannot be achieved. As noted
earlier, the refrigerator of Japanese Patent
Publication Kokai No. 20 2001-99070 needs provision of
ultrasonic probes, which causes the drawback that the
number of parts increases and the compressor becomes
complex in structure. The invention is directed to
overcoming the shortcomings of the prior art and a
primary object of the invention is, therefore, to
enable accurate prediction of the internal condition
of a compressor, to prevent accidents caused by 25
abnormal operation of the compressor, and to avoid
excessive protection of the compressor etc., thereby
maintaining a high-efficiency operating condition.  



3 DISCLOSURE OF INVENTION First of all, a first
invention is associated with a drive unit for a
compressor having a motor 6. The drive  unit includes
detecting means 16 and 17 for detecting the current
and/or voltage of the motor  6. The drive unit further
5 includes prediction means 28 for predicting an
internal condition based on detection values obtained
by these detecting means 16 and 17. In the first
invention, the current and/or voltage of the motor  6
are detected in a motor drive circuit (e.g., inverter
circuit). Based on this electrical information, the
internal condition of the compressor 1 is predicted.
Thanks to 10 this arrangement, the current and/or
voltage can be detected by real-time processing
without time delay, so that the internal condition of
the compressor 1 is predicted with high accuracy
within a short time. In a second invention, there is
provided a drive unit according to the first
invention, wherein the prediction means 28 has
identification means 20 for 15 identifying a parameter
of a motor model from the detection values obtained by
the detecting means 16 and 17, and derivation means 21
for deriving the internal condition based on the
parameter identified by the identification means 20.
According to the second invention, the identification
means 20 identifies a parameter of a motor model from
the detection values obtained by the detecting 20
means 16 and 17. Based on the parameter identified by
the identification means 20, the derivation means 21
derives the internal condition. In a third invention,
there is provided a drive unit according to the first 



invention, wherein the internal condition predicted by
the prediction means 28 is shaft abnormalities or poor
lubrication 25 According to the third invention,
occurence of shaft abnomalities or  poor lubrication
is predictable. This enables it to make a change into
more        4 relaxed service condition to avoid
severe damage. In a fourth invention, there is
provided a drive unit according to the first
invention, wherein the internal condition predicted by
the prediction means 28 is motor temperature. 5
According to the fourth invention, since motor
temperature is predicted, a  need for a temperature
detection sensor can be obviated. Further, it is
possible to determine whether the motor is driving
normally from, for example, this  predicted motor
temperature. In a fifth invention, there is provided a
drive unit according to the first 10 invention,
wherein the motor 6 is a brushless DC motor. Since the
fifth invention uses a brushless DC motor, the
internal condition can be more accurately predicted.
Sixth to thirty-eight inventions are associated with
refrigerators equipped with the drive unit for a
compressor constructed according to the first 15
invention. First, there is provided a refrigerator
according to a sixth invention, which has a
refrigerant circuit provided with a compressor 1
including a motor 6. Also, the refrigerator has
detecting means 16 and 17 for detecting the current
and/or voltage of the motor 6, and prediction means 28
for predicting the internal condition of the
compressor 1 based on detection values obtained by the



20 detecting means 16 ansd 17. According to the sixth
invention, the current and/or voltage of the motor 6
are detected ina motor drive circuit (e.g., inverter
circuit). Based on this electrical information, the
internal condition of the compressor 1 is predicted.
Thanks to this arrangement, the current and/or voltage
can be detected by real- 25 time processing without
time delay, so that the internal condition of the
compressor 1 is predicted with high accuracy within a
short time refrigeration.           is performed. In a
seventh invention, there is provided a refrigerator
according to the sixth invention, wherein the
prediction means 28 has identification means 20 for
identifying a parameter of a motor model from the
detection values obtained by 5 the detecting means 16
and 17, and derivation means 21 for deriving the
internal condition of the compressor 1 based on the
parameter identified by the identification means 20.
According to the seventh invention, the identification
means 20 identifies a parameter of a motor model from
the detection values obtained by the detecting 10
means 16 and 17. Based on the parameter identified by
the identification means 20, the derivation means 21
derives the internal condition. In an eight invention,
there is provided a refrigerator according to the
sixth invention, wherein the motor 6 is a brushless DC
motor. In a ninth invention, there is provided a
refrigerator according to the 



15 seventh invention, wherein the parameter identified
by the identification means 20 is motor driving
torque. According to the ninth invention, since motor
driving torque is identified, refrigerant pressure
etc. in the refrigerant circuit can be estimated from
this motor driving torque. In a tenth invention, there
is provided a refrigerator according to the sixth
invention, wherein in the internal condition predicted
by the prediction means 28 is  the high refrigerant
pressure or low refrigerant pressure of the
refrigerant pressure or the like of the refrigerant
circuit is estimated , the operating condition of the
25 refrigerant circuit can be grasped from this high
pressure or the like. In an eleventh invention, there
is provided a refrigerator according to the       6
ninth invention, wherein the refrigerant circuit is
provided with refrigerant  detecting means 22 and 23
for detecting a refrigerant state. The derivation
means 21 derives the high refrigerant pressure or low
torque identified by thet 5 identification means 20
and the refrigerant state detected by the refrigerant
detecting means 22 and 23. According to the eleventh
invention, since the high refrigerant pressure or the
like of the refrigerant circuit is estimated based on
the motor driving torque and the refrigerant state of
the refrigerant circuit, the reliability of the
estimated  10 high refrigerant pressure is high. In a
twelfth invention, there is provided a refrigerator
according to the nonth invention, wherein the
refrigerant circuit is provided with refrigerant
detecting means 22 and 23 for detecting a refrigerant
state. The derivation means 21 is formed such that the
relationship between motor driving torque 



15 corresponding to the refrigerant temperature and/or
refrigerant pressure of the refrigerant circuit and
the degree of suction superheat of the compressor 1 is
set beforehand, and such that the degree of suction
superheat of the compressor 1 is  derived based on the
motor driving torque identified by the identification
means 20 and the refgirant state detected by the
refrigerant detecting means 22 and 23. 20 According to
the twelfth invention, since the degree of suction
superheat of the compressor 1 is estimated, the degree
of suction superheat can be pro[erly  adjusted, so
that excessivelt overheating operation and wet
operation can be  avoided. In a thirteenth invention,
there is provided a refrigerator according to the 25
sixth invention, wherein the internal condition
predicted by the prediction means 28 is occurence of
an impact load within the compressor 1.            7
According to the thirteenth invention, it is
predictable that an impact load such as shaft
abnormalities or liquid compression has been imposed.
This enables it to make a change into a more relaxed
service condition, for example, by reducing the
operation frequency of the compressor 1, thereby
avoiding severe 5 damage. In a fourteenth invention,
there is provided a refrigerator according to the
thirteenth invention, wherein the detection value
abtained by the detecting means 16 is the current of
the motor 6, and the prediction means 28 predicts
occurence 



of an impact load from the higher harmonic component
of the detection current 10 obtained by the detecting
means 16. According to the fourteenth invention, the
higher harmonic component of the detection current is
analyzed and if an abnormality occurs in this higher
harmonic component (the fundamental wave component of
a current wave form), it is then predicted that an
impact load such as shaft abnormalities or liquid 15
compression has been imposed. In a fifteenth
invention, there is provided a refrigerator according
to the fourteenth invention, wherein the prediction
means 28 predicts occurence of an impact load from the
amount of distortion in the sine wave of the higher
harmonic component of the detection current. 20
According to the fifteenth invention, since the higher
harmonic component of the detection current is
analyzed and the impact load imposed on the compressor
1 is predicted from the amount of distortion of the
sine wave, the internal condition (such as poor
lubrication or liquid compression) of the compressor 1
can be stably predicted. 25 In a sixteenth invention,
there is provided a refrigerator according to the
fourteenth invention, wherein the prediction means 28
predicts occurence of an            8 impact load when
the higher harmonic component of the detection current
is greater than a present reference value. 



According to the sixteenth invention, since the
internal condition of the compressor 1 is predicted by
making a comparison between the higher harmonic 5
component of the detection current and its reference
value, the internal condition (such as poor
lubrication or liquid compression) of the compressor 1
can be easily predicted.  In a seventeenth invention,
there is provided a refrigerator according to the
sixteenth invention, wherein the reference value for
the prediction means 28 is 10 set in accordance with
the refrigerant temperature and/or refrigerant
pressure of the refrigerant circuit. According to the
seventeenth invention, since the specified reference
value is set according to the refrigerant temperature
or the like of the refrigerant circuit, the
reliability of the predicted internal condition
increases. 15 In an eighteenth invention, there is
provided a refrigerator according to the sixth
invention, wherein the internal condition predicted by
the prediction means 28 is poor lubrication or liquid
compression in the compressor 1. According to the
eighteenth invention, occurence of poor lubrication or
liquid compression is predictable and, if poor
lubrication or liquid compression is 20 predicted,
there is then made a change into more relaxed service
condition to avoid severe damage. In a nineteenth
invention, there is provided a refrigerator according
to the eighteenth invention, wherein the detection
value obtained by the detecting means 16 is the
current of the motor 6, and the prediction means 28
predicts the poor 25 lubrication or liquid compression
of the compressor 1, based on the increasing  rate of
the detection current obtained by the detecting means
16.         



9 According to the nineteenth invention, since poor
lubrication or liquid compression will occur if there
is a rapid rise in current, the internal condition of
the compressor 1 such as poor lubrication can be
predicted from this rise. In a twentieth invention,
there is provided a refrigerator according to the 5
nineteenth invention, wherein the refrigerant circuit
is equipped with refrigerant detecting means 22 and 23
for detecting a refrigerant state. In the prediction
means 28, a stationery current for the motor 6 in its
steady state is set based on the detection current
obtained by the detecting means 16 and based on the
refrigerant state detected by the refrigerant
detecting means 22 and 23, and the 10 poor lubrication
or liquid compression of the compressor 1 is predicted
by making a comparison between the stationary current
and the detection current obtained by the detecting
means 16. According to the twentieth invention, since
stationary current is set based  on the detection
current and the refrigerant temperature, refrigerant
pressure or 15 the likof the refrigerant circuit, the
stationary current thus set has high reliability.
Based on the comparison between the stationary current
and the detection current, the internal condition of
the compressor 1 is predicted. As a  result, the
internal condition of the compressor 1 such as poor
lubrication is predicted with high accuracy. 20 In a
twenty-first invention, there is provided a
refrigerator according to  the ninth invention,
wherein the prediction means 28 predicts poor
lubrication or liquid compression in the compressor 1
based on an increase in motor driving torque which
exceeds a specified value. According to the
twenty-first invention, since poor lubrication and
liquid  25 comression will occur if there is a big
rise in motor driving torque exceeding a  specified
value, the internal condition of the compressor 1 such
as poor     



10 lubrication can be predicted from the rise. In a
twentysecond invention, there is provided a
refrigerator according to the twenty-first invention,
wherein the refrigerant circuit is equpped with
refrigerant detecting means 22 and 23 for detecting a
refrigerant state. In the 5 prediction means 28, a
stationary torque for the motor 6 in its steady state
is set based on the motor driving torque identified by
the identification means 20 and based on the
refrigerant state detected by the refrigerant
detecting means 22 and 23, and the poor lubrication or
liquid compression of the compressor 1 is predicted by
making a comparison between the stationary torque and
the motor 10 driving torque identified by the
identification means 20. According to the
twenty-second invention, since stationary torque is
set based on the motor driving torque and the
refrigerant temperature, refrigerant pressure or the
like of the refrigerant circuit, the stationary torque
thus set has high reliability. Based on the comparison
between the stationary torque and the 15 identified
torque, the internal condition of the compressor 1 is
predicted. As a result, the internal condition oc the
compressor 1 such as poor lubrication is predicted
with high accuracy. In a twenty-third invention, there
is provided a refrigerator according to the ninth
invention, wherein the prediction means 28 outputs
information such as predicted refrigerant temperature,
refrigerant pressure, or the lubrication state of the
shaft is outputted, the user or the lke can grasp the
internal condition of the compressor 1 without fail.
25 In a twenty-fourth invention, there is provided a
refrigerator according to the ninth invention, which
has protection means 29 for protecting the compressor



11  1 based on information on the internal condition
of the compressor 1 predicted by the prediction means
28. It should be noted that "the protection of the
compressor" expressed herein means that the compressor
is prevented from abnormal operation, based on the
information predicted or detected. 5 According to the
twenty-fourth invention, the compressor 1 is protected
by the protection means 29. In a twenty-fifith
invention, there is provided a refrigerator according
to the twenty-fourth invention, wherein the protection
means 29 controls inverter controlling means 26 for
driving the compressor 1 to perform a protective 10
operation of the compressor 1. According to the
twentty-fifth invention, the internal condition of the
compressor 1 is predicted from the current of the
motor 6 orthe like,and the inverter controlling means
26 is controlled based onthis internal condition. As a
result, the protective operation of the compressor 1
is performed. 15 In a twenty-sixth invention, there
is provided a refrigerator according to the
twenty-fifth invention, wherein the protection means
29 controls the inverter  controlling means 26 to
perform the protective operation of the compressor 1
in preference to operation control of the refrigerant
circuit. According to the twenty-sixth invention,
since the protective operation of 20 the compressor 1
is performed in preference to an instruction given to
start the operation control of the refrigerant
circuit, the compressor 1 can be steadily protected. 



In a twenty-seventh invention, there is provided a
refrigerator according to the twenty-fourth invention,
which has switching means for switching from the 25
protective operation of the protection means 29 to a
steady operation, based on the information on the
internal condition of the compressor 1 which has been
12 predicted by the prediction means 28. According to
the twenty-seventh invention, since the refrigerator
includes the switching means for switching the
protective operation of the compressor 1 to the steady
operation, recovery of the steady operation can be
done only when it is 5 determined based on the
prediction of the internal condition of the compressor
1 that no abnormal operations will be caused by
recovery of the steady operation. In a tewnty-eight
invention, there is provided a refrigerator according
to the twenty-fourth invention, wherein the protection
means 29 makes a failure diagnosis on the compressor
1. It should be noted that the term "failure 10
diagnosis" used herein means that the compressor is
diagnosed as having poor lubrication from current
distortion, or as having liquid compression from a
change in current, or as having abnormalities in high
pressure or low pressure based on estimation of
refrigerant pressure. According to the twenty-eighth
invention, since a failure diagnosis is 15 made based
on the predicted internal condition, not only the
reliability of the failure diagnosis is high, but also
it is possible to point the location of failure and to
predict the cause of failure. In a twenty-ninth
invention, there is provided a refrigerator according
to the tewnty-eight invention, which has memory means
21 for memorizing the 20 result of the diagnosis made
by protection means 29. According to thr twenty-ninth
inventionm, since the result of the failure diagnosis
is stored in the memory means 21, faults can be
corrected by utilizing the result of the failure
diagnosis after, for instance,stopping of the
operation. 



In a thirtieth invention, there is provided a
refrigerator according to the 25 twenty-fourth
invention, wherein the protection means 29 is so
formed as to  forecast a failure in the compressor 1.
It should be noted that the term "failure          13
forecast" used herein means that poor lubrication is
predicted from current distortion, liquid compression
is predicted from a change in current, or
abnormalities in high pressure or low pressure are
predicted from estimation of refrigerant pressure. 5
According to the thirtieth invention, since the
failure forecast is made based on the predicted
internal condition, not only the reliability of the
failure forecast is high, but also an abnormal
operation which leads to a failure can be avoided
based on this failure forecast. In a thirty-first
invention, there is provided a refrigerator according
to the 10 thirtieth invention, which has communication
means 31 for outputting information on the forecast
made by the protection means 29. According to the
thirty-first invention, since information on the
failure forecast can be sent to the outside, it is
possible to inform the user or the like of the failure
forecast so that an operation which leads to a failure
can be provided. 15 In a thirty-second invention,
there is provided a refrigerator according to  the
twenty-fourth invention, wherein the protection means
29 is so formed as to alter the control content or
control parameter of the refrigerant circuit.
According to the thirty-second invention, since the
control content or control parameter of the
refrigerant circuit is changed based on the predicted
20 internal condition, high-efficiency operation can
be achieved. 



In a thirty-third invention, there is provided a
refrigerator according to the sixth invention, wherein
a refrigerant system model for the refrigerant circuit
is provided beforehand and the operating condition of
the refrigerant circuit is predicted based on
information on the internal condition of the
compressor 1 25 predicted by the prediction means 28.
According to the thirty-third invention, since a
refrigerant system model      14  is used and the
operating condition of the refrigerant circuit is
predicted based on the predicted internal condition,
the prediction of the internal condition is carried
out with high responsibility. In a thirty-fourth
invention, there is provided a refrigerator according
to 5 the seventh invention, wherein the motor is a
brushless DC motor, and wherein the prediction means
28 predicts motor temperature from the current and
voltage of the motor 6 and instrument constants.
According to the thirty-fourth invention, since motor
temperature is predicted from the current and voltage
of the motor 6 and instrument constants, 10 use of a
temperature detection sensor becomes unnecessary. If
the rotating position of a rotor 1a is predicted in
this arrangement, motor temperature can be estimated
without additional use of other arreangements. In a
thirty-fifth invention, there is provided a
refrigerator according to the seventh invention,
wherein the motor 6 is a brushless DC motor, and
wherein the 15 identification means 20 identifies a
parameter based on a motor model constituted by the
current and voltage of the motor 6, resistance, and
inductance. Futher, the derivation means 21 devices
motor temperature based on the parameter identified by
the identification means 20. According to the
thirty-fifth invention, since a motor model is used,
the 



20 temperature of the magnets 1b can be estimated
through easy arithmetic operation. The temperature of
the magnets 1b is used in place of motor temperature.
In a thirty-sixth invention, there is provided a
refrigerator according to the  thirty-fifth invention,
wherein the identification means 20 obtains a motor
voltage equation in such a way that a d-axis is
plotted in thre direction of the N pole of  25 magnets
of the motor 6, a q-axis is plotted in the direction
which is shifted  forward from the d-axis by n/2, and
a basic voltage equation for a three-phase    15 PMSM
is converted into a d, q axis coordinate system which
rotates at an electric angular speed o, and the
identification means 20 then identifies a magnetis
flux characteristic value associated with an armature
flux linkage generated by the magnets 1b, using this
motor voltage equation. Further, the derivation means
21 5 derives the temperature of the magnets 1b as
motor temperature based on the magnetic flux
characteristic value identified by the identification
means 20. According to the thirty-sixth invention,
motor temperature can be reliably estimated utilizing
a simple basic arithmetic expression without use of a
temperature sensor. 10 In a thirty-seventh invention,
there is provided a refrigerator according to the
thirty-sixth invention, wherein the identification
means 20 obtains a voltage equation for a steady state
from the motor voltage equation, and at the time
16 According to the thirty-eight invention, since the
internal temperature is  calibrated, the reliability
of the estimated temperature increases. The actual 



temperature used for this calibration is the discharge
pipe temperature of the compressor 1. This discharge
pipe temperature is used when performing 5 discharge
pipe temperature control of the refrigerant circuit,
and a temperature sensor for detecting the discharge
pipe temperature is usually provided for the
refrigerant circuit. Therefore, there is no need to
use an additional temperature sensor for the
calibration described above. EFFECT OF lNVENTION 10
According to the invention, the intrenal condition of
the compressor 1 can be predicted with high accuracy
by real-time processing without time delay. This make
it possible to notify occurence of a failure
beforehand by detecting from the internal condition
that an internal property has changed with time and to
determine the location of a fault and predict the
cause of the fault based on the 15 change of the
property from its initia state. More specifically, a
failure forecast or failure diagnosis can be
accurately madein real time by predicting the internal
condition of the compresor 1, so that destruction due
to abnormal operation the compressor 1 can be
prevented and the reliability of the compressor 1 can
be increased.  20 According to the second invention,
since a parameter of a motor model is identified and
the internal condition is derived based on this
identified parameter,  the internal condition can be
more correctly predicted. As a result, reliable
avodance of abnormal operation etc. can achieved.
According to the third invention, since shaft
abnormalities and poor 25 lubrication are
predictables, it is possible to make a change into a
more relaxed  service condition, for example, by
reducing operation frequency when troubles       17 



occur. As a result, severe damage can be avoided.
According to the fourth invention, since motor
temperature is estimated, it is unnecessary to use a
temperature detection sensor. In addition, if data for
estimating a rotating position are used, additional
use of other components 5 becomes unnecessary. This
enables it to obtain motor temperature at low cost.
From this predicted motor temperature, it is possible
to determine, for example,  motor failure is operating
normally. Since there is the possibility that a  motor
failure will occur is in abnormal operation, the
operation is stopped before occurence of a failure
thereby avoiding troubles. 10 According to the fifth
invention, a brushless DC motor is used, which
increases the accuracy of the prediction of the
internal condition. According to the sixth invention,
the internal condition of the compressor  1 can be
predicted with high accuracy, so that superfluous
design can be avoided and the refrigerant circuit can
exert satidfactory performance. 15 According to the
seventh invention, a parameter of a motor model is
identified and the internal condition is derived based
on this identified parameter, so that the internal
condition of the compressor 1 can be more correctly
predicted, As a result, abnormal operation of the
refrigerant circuit etc. can be reliably  avoided. 20
According to the eighth invention, a brushless DC
motor is used, so that the internal condition can be
more accurately predicted. ACccording to the ninth
invention. since motor driving torque is estimated,
the refrigerant pressure etc. of the refrigerant can
be predicted from this  motor driving torque. This
makes it possible to prevent the compressor 1 from 25
operating abnormally. According to the tenth
invention, since the high refrigerant pressure etc.



18 of the refrigerant circuit is estimated, the
operating condition of the refrigerant circuit can be
grasped from this refrigerant pressure. As a result,
operation with pressure abnormalities can be avoided,
which prevents a failure in the compressor 1 without
fail. 5 According to the eleventh invention, since the
reliability of the estimated refrigerant pressure is
high, operation in an abnormal condition and therefore
a failure in the compressor 1 can be avoided without
fail. Accordind to the twelfth invention, the degree
of suction superheat of the compressor 1 can be
estimated. In the event that the degree of suction
superheat 10 is inadequate, it can be proprerly
adjusted so that excessive overheating and excessive
wet operation can be avoided. According to the
thieteenth invention, it is predictable that an impact
load such as shaft abnormalities or liquid compression
has been iposed. Therefore, if such an impact load is
predicted, the operating frequency of the compressor
1, 15 for instance, will be reduced. As a result,
operation is shifted into a more relaxed service
condition, thereby avoiding severe damage. According
to the fourteenth invention, shaft abnormalities and
liquid compression can be steadily predicted from the
high frequency component of current. This makes it
possible to avoid operation in an impact-load-imposed
20 condition, thereby preventing a failure in the
compressor 1 etc. According to the fiftenth invention,
shaft abnormalities and liquid compression can be
steadily predicted from the distortion amount of the
high frquency component of current. This makes it
possoble to prevent abnormal  operation and,
therefore, a failure in the compressor 1 etc. without
fail. 25 According to the sixteenth invention, since
occurence of an impact load is predicted from a rise
in the high frequency component of current, easy and



19 accurate prediction of the internal condition of
the compressor 1 becomes possible. With this
arrangement, abnormal operation and therefore a
failure in the compressor 1 etc. can be prevented
without fail. According to the seventeenth invention,
since a reference value is set in 5 accordance with
the state of the refrigerant, the reliability of the
predicted internal condition can be increased. This
makes it possible to prevent a failure in the
compressor 1 etc. without fail. According to the
eighteenth invention, poor lubrication and liquid
compression are predictable, and if poor lubrication
or liquid compression is 10 predicted, the operation
frequency of the compressor 1, for example, can be
reduced. As a result, operation can be shifted into a
more relaxed service condition, thereby avoiding
severe damage. According to the nineteenth invention,
since occurence of poor lubrication or liquid
compression is predictable from a rise in current,
abnormal 15 operation and therefore a failure in the
compressor 1 etc. can be avoided without fail.
According to the twentieth invention, since a
comparison between the stationary current and
detection current of the motor 6 is made, accurate
prediction of the internal condition of the compressor
1 such as poor lubrication 20 becaomes possible. With
this arrangement, abnormal operation and therefore a
failure in the compressor 1 etc. can be prevented
without fail. According to the twenty-first invention,
since the internal condition of the compressor 1 such
as poor lubrication is predictable from a rise in
motor driving torque, abnormal operation and, in
consequence, a failure in the compressor 1 etc. 25 can
be avoided without fail. According to the
tewnty-second invention, since the stationary torque
of  



20 the motor 6 is compared with the identified motor
driving torque, acurate prediction of the internal
condition of the compessor 1 such as poor lubrication
becomes possible. With this arrangement, abnormal
operation and therefore a  failure in the compressor 1
etc. can be prevented without fail. 5 According to the
twenty-third invention, since information ont the
internal condition of the compressor 1 is output, the
user or the like can correctly grasp the internal
condition. According to the twenty-fourth invention,
since the protective operation of the compressor 1 is
carried out, a failure in the compressor 1 can be
prevented, 10 thereby achieving improved durability.
According to the twenty-fifth invention, since the
protective operation is carried out by varying
inverter control, a failure in the compressor 1 etc.
can be prevented without fail. According to the
twenty-fifth invention, since the protective operation
is  carried out by varying inverter control, a failure
in the compressor 1 etc. can be prevented without
fail. According to the twenty-sixth invention, since
the compressor 1 is 15 protected in preference to the
control of the refrigerant circuit, improved
durability can be achieved so that stable operation
can be performed over the long period of time.
According to the twenty-seventh invention, the
compressor 1 can return to the steady operation only
when no abnormal operation is caused by recovery of 20
the steady operation. With this arrangement, as long
as predicted internal condition is normal, normal
operation can be carried out so that high-efficiency
air conditioning can be achieved. 



According to the tewnty-eight invention, since a
failure diagnosis can be  made, the location and cause
of a fault become predictable. This makes it 25
possible to correct the fault and remove the cause of
the fault thereafter, so that operation in a failed
state can be avoided.        21       ,jo oinssaxd
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