
;e3e~4j:6pT1 SPECIFICATION  Method and Apparatus For Controlling
Synchronous Motor Technical Field The present invention relates to a method
and apparatus for controlling a synchronous motor. More particularly, the
present invention relates to a novel method and apparatus for controlling a
synchronous motor which detect a rotational position of a rotor using a
motor model, and control a synchronous motor accurately even when load,
speed command value and torque command vary Related Art  From the past, a
synchronous motor is employed as a driving source of each of various
species .of devices. Improvement in voltage utilization rate {enlargement
in driving range (due to over modulation}, realizing high efficiency,
improvement in controllability, realizing low noise} is required for such
synchronous motor. Also, improvement in reliability, decrease in cost due
to sensors being unnecessary for detecting a rotational position of a
rotor, and realizing in accuracy are required. To satisfy such
requirements, the following methods for controlling synchronous motor are
proposed: (1) A sensor-less vector controlling is proposed using a
disturbance observer which takes induced voltage as disturbance, as is
illustrated in "Sensor-less Controlling of IPM Motor", Motor Technology
symposium B-5, 1999/3. This sensor-less vector controlling is a controlling
method using a disturbance observer and current controlling without over
modulation. (2) A method is also proposed which observes an induced voltage
of a non-conduction phase of a motor by determining a conduction period to
be 120 degrees, the period being a period for conducting a stator winding
of a synchronous motor, detects a rotational position of a rotor from the
motor induced voltage, and controls the synchronous motor by carrying out
voltage phase controlling. When the method (1) is employed, a voltage
utilization   2 rate cannot be improved 'because current controlling is
employed. Thus, lowering in induced voltage by decreasing the motor winding
is required. Therefore, efficiency is lowered. Further, the position is
shifted depending upon the driving condition of the motor. Therefore,
sufficient suppression effect in vibration cannot be obtained even when the
torque controlling is carried out far suppressing speed variation within
one rotation. When the method (2) is employed, the conduction width cannot
be enlarged and the voltage utilization rate cannot be raised because the
induced voltage of the non-conduction phase is observed. Also, controllable
range in voltage phase is small so that IPM (brush-less DC motor having a
rotor which has magnet embedded arrangement) cannot be driven with
efficiency Further, it is difficult the controlling is made to be accurate
because only rotational position detection at every 60 degrees can be
carried out. 



The present invention was made in view of the above problems. It is an
object of the present invention to offer a method and apparatus for
controlling synchronous motor which realizes improvement in
controllability, improvement in voltage utilization rate, decrease in
noise, sufficient suppression in vibration, and improvement in efficiency,
with little affection of the motor characteristics. Disclosure Of The
Invention A method for controlling synchronous motor of claim 1 is a method
which detects a rotational position of a rotor using input terminal
voltages, currents of a synchronous motor driving a load having periodic
torque variation and instrumental constants of the synchronous motor, which
controls output currents or output voltages of an inverter based upon the
rotational position detection result so that speed variation of the
synchronous motor due to the periodic torque variation is,denied, and which
supplies the output voltages or output currents of the inverter to the
synchronous motor. A method for controlling synchronous motor of claim 2 is
a method which detects a rotational position of a rotor using higher
harmonics of input terminal voltages; higher harmonics of   3 currents of a
synchronous motor driving a load having periodic torque variation and
inductance distribution of the synchronous motor, which controls output
currents or output voltages of an inverter based upon the rotational
position detection result so that speed variation of the synchronous motor
due to the periodic torque variation is denied, and which supplies the
output voltages or output currents of the inverter to the synchronous
motor. A method for controlling synchronous motor of claim 3 is a method
which controls the synchronous motor within a range of current phase which
satisfies the equation of (La - Lq) is + [err] > 0 ( La represents d - axis
inductance, Lq represents q-axis inductance, is represents d-axis current,
[err] represents rotor flux linkage). A method for controlling synchronous
motor of claim 4 is a method which detects the rotational position using
rotating coordinate motor model. A method for controlling synchronous motor
of claim 5 is a method which controls a motor which is small in  La - Lq  .
A method for controlling synchronous motor of claim 6 is a method which
detects the rotational position using fixed coordinate motor model. A
method for controlling synchronous motor of claim 7 is a method which
controls a motor which is great in La - Lq ~ . A method for controlling
synchronous motor of claim 8 is a method which carries out the torque
controlling by determining a feedback gain for frequency component of
rotational speed variation to be infinite. A method for controlling
synchronous motor of claim 9 is a method which previously stores current or
voltage pattern according to load variation, and which outputs
corresponding current or voltage pattern according to the rotational
position detection result so that speed variation due to the load variation
is reduced. A method for controlling synchronous motor of claim 10 is a
method which carries out the torque controlling by making relevancy of the
current phase and the current amplitude. 



A method for controlling synchronous motor of claim 11 is   4 a method
which carries out the torque controlling by maintaining the current phase
to be constant and by varying the current amplitude. A method for
controlling synchronous motor of claim 12 is a method which drives a
compressor for an air conditioner using the synchronous motor. A method for
controlling synchronous motor of claim 13 is a method which controls a
synchronous motor under a condition where speed command value, torque
command or load changes from moment to moment, which detects a rotational
position of a rotor using input terminal voltages, currents of a
synchronous motor driving a load having periodic torque variation and
instrumental constants of the synchronous motor, which obtains a rotational
position correction result using a filter based upon the rotational
position detection result, which cancels delay of the filter receiving the
rotational position detection result as the input or delay due to response
speed of the rotational position detection, which controls output currents
or output voltages of an inverter based upon the rotational position
correction result or the value canceled the delay, and which supplies the
output voltages or output currents of the inverter to the synchronous
motor. A method for controlling synchronous motor of claim 14 is a method
which controls a synchronous motor under a condition where speed command
value, torque command or load changes from moment to moment, which
calculates a rotational position of a rotor using input terminal voltages,
currents of a synchronous motor .and instrumental constants of the
synchronous motor, which controls output currents or output voltages of an
inverter based upon the rotational position calculation result, and which
supplies ,the output voltages or output currents of the inverter to the
synchronous motor. A method for controlling synchronous motor of claim 15
is a method which employs fixed coordinate motor model, which calculates
flux by integrating the motor voltage, and which calculates the rotational
position from the rotational position information of the rotor included
within the flux. A method for controlling synchronous motor of claim 16 is
a method which employs a motor having magnetic salient pole as   5 the
synchronous motor, and which calculates a rotational position using higher
harmonics of input voltage and higher harmonics of current. A method for
controlling synchronous motor of claim 1'l is a method which drives a
compressor for an air conditioner using the synchronous motor. An apparatus
for controlling synchronous motor of claim 18 comprises rotational position
detection means for detecting a rotational position of a rotor using input
terminal voltages, currents of a synchronous motor driving a load having
periodic torque variation and instrumental constants of the synchronous
motor, and inverter controlling means for controlling output currents or
output voltages of an inverter based upon the rotational position detection
result so that speed variation of the synchronous motor due to the periodic
torque variation is denied. An apparatus for controlling synchronous motor
of claim 19 comprises rotational position detection means for detecting a
rotational position of a rotor using higher harmonics of input terminal
voltages, higher harmonics of currents of a synchronous motor driving a
load having periodic torque variation and inductance distribution of the
synchronous motor, and inverter controlling means for controlling output
currents or output voltages of an inverter based upon the rotational
position detection result so that speed variation of the synchronous motor
due to the periodic torque variation is denied. 



An apparatus for controlling synchronous motor of claim 20 is an apparatus
which employs means for controlling the synchronous motor within a range of
current phase which satisfies the equation of (La - Lq) is + [err] > 0 ( La
represents daxis inductance, Lq represents q-axis inductance, is represents
d-axis current, [err] represents rotor flux .linkage) as the inverter
controlling means. An apparatus for controlling synchronous motor of claim
21 is an apparatus which employs means for detecting the rotational
position using rotating coordinate motor model as the rotational position
detection means. An apparatus for controlling synchronous motor of claim 22
is an apparatus which employs a motor which is small in  La   6 - Lq ~ as
the synchronous motor. An apparatus for controlling synchronous motor of
claim 23 is an apparatus which employs means far detecting the rotational
position using fixed coordinate motor model as the rotational position
detection means. An apparatus for controlling synchronous motor of claim 24
is an apparatus which employs a motor which is great in La - Lq ~ as the
synchronous motor. An apparatus for controlling synchronous motor of claim
25 is an apparatus which employs means for carrying out the torque
controlling by determining a feedback gain for frequency component of
rotational speed variation to be infinite as the inverter controlling
means. An apparatus for controlling synchronous motor of claim 26 is an
apparatus which employs means for previously storing current or voltage
pattern according to load variation, and fox outputting corresponding
current or voltage pattern according to the rotational position detection
result so that speed variation due to the load variation is reduced, as the
inverter controlling means. An apparatus for controlling synchronous motor
of claim 27 is an apparatus which employs means for carrying out the torque
controlling by making relevancy of the current phase and the current
amplitude as the inverter controlling means. An apparatus for controlling
synchronous motor of claim 28 is an apparatus which employs means for
carrying out the torque controlling by maintaining the current phase to be
constant and by varying the current amplitude as the inverter controlling
means. An apparatus for controlling synchronous motor of claim 29 is an
apparatus which employs .a motor for driving a compressor for an air
conditioner as the synchronous motor. An apparatus for controlling
synchronous motor of claim 30 is an apparatus which controls a synchronous
motor under a condition where speed command value, torque command or load
changes from moment to moment, which apparatus comprises rotational
position detection means for detecting a rotational position of a rotor
using input terminal voltages, currents of a   



synchronous motor driving a load having periodic torque variation and
instrumental constants of the synchronous motor, filter means for obtaining
a rotational position correction result using a filter based upon the
rotational position detection result, canceling means for canceling delay
of the filter receiving the rotational position detection result as the
input or delay due to response speed of the rotational position detection,
and inverter controlling means for controlling output currents or output
voltages of an inverter based upon the rotational position correction
result or the 'value canceled the delay An apparatus for controlling
synchronous motor of claim 31 is an apparatus which controls a synchronous
motor under a condition where speed command value, torque command or load
changes from moment to moment, the apparatus comprises rotational position
calculation means for calculating a rotational position of a rotor using
input terminal voltages, currents of a synchronous motor and instrumental
constants of the synchronous motor, and inverter controlling means for
controlling output currents or output voltages of an inverter based upon
the rotational position calculation result. An apparatus for controlling
synchronous motor of claim 32 is an apparatus which employs means for using
fixed coordinate motor model, for calculating flux by integrating the motor
voltage, and for calculating the rotational position from the rotational
position information of the rotor included within the flux, as the
rotational position calculation means. An apparatus for controlling
synchronous motor of claim 33 is an apparatus which employs a motor having
magnetic salient pole as the synchronous motor, and which employs means for
calculating a rotational position using higher harmonics of input voltage
and higher harmonics of, current as the rotational position calculation
means. An apparatus fox controlling synchronous motor of claim 34 is an
apparatus which employs a motor for driving a compressor for an air
conditioner as the synchronous motor. When the method for controlling
synchronous motor of claim 1 is employed, the method detects a rotational
position of a rotor using input terminal voltages, currents of a
synchronous motor driving a load having periodic torque variation and   s
instrumental constants of the synchronous motor, controls output currents
or output voltages of an inverter based upon the rotational position
detection result so that speed variation of the synchronous motor due to
the periodic torque variation is denied, and supplies the output voltages
or' output currents of the inverter to the synchronous motor. ' Therefore,
the speed variation of the synchronous motor is prevented from occurrence
or is suppressed greatly even when the load has periodic torque variation.
As a result, the method realizes improvement in controllability,
improvement in voltage utilization rate, decrease in noise, sufficient
suppression in vibration, and improvement in efficiency, with little
affection of the motor characteristics. When the method for controlling
synchronous motor of claim 2 is employed, the method detects a rotational
position of a rotor using higher harmonics of input terminal voltages,
higher harmonics of currents of a synchronous motor driving a load having
periodic torque variation and inductance distribution of the synchronous
motor, controls output cur. rents or output voltages of an inverter based
upon the rotational position detection result so that speed variation of
the synchronous motor due to the periodic torque variation is denied, and
supplies the output voltages or output currents of the inverter to the
synchronous motor. Therefore, the speed variation of the synchronous motor
is prevented from occurrence or is suppressed greatly by reducing the error
even when the load has periodic torque variation. As a result, the method
realizes improvement in controllability, improvement in voltage utilization
rate, decrease in noise, sufficient suppression in vibration, and
improvement in efficiency, with little affection of the motor
characteristics. When the method for controlling synchronous motor of claim
3 is employed, the method controls the synchronous motor within a range of
current phase which satisfies the equation of (La - Lg) id + [err] > 0 ( Ld
represents d - axis inductance, Lq represents q-axis inductance, is
represents d-axis current, represents rotor flux linkage). , Therefore, the
rotational position of the rotor can be detected securely in addition to
the operation and effect of claim 1.   9 When the method for controlling
synchronous motor of claim 4 is employed, the method detects the rotational
position using rotating coordinate motor model. Therefore, the operation
and effect similar to those of claim 1 or claim 3 are realized. 



When the method for controlling synchronous motor of claim 5 is employed,
the method controls a motor which is small in ~ L~l -- Lq ~ . Therefore,
the rotational position detection error is prevented from generation in
addition to the operation and effect of claim 4. When the method for
controlling synchronous motor of claim 6 is employed, the method detects
the rotational position using fixed coordinate motor model. Therefore, the
operation and effect similar to those of claim 1 or claim 3 are realized by
simple processing. When the method for controlling synchronous motor of
claim 7 is employed, the method controls a motor which is great in ~ La -
Lq ~ . Therefore, the operation and effect similar to those of claim 6 are
realized by applying the method to a motor having a great salient pole
ratio. The method cannot be applied to the motor when the method employs
rotating coordinate motor model. When the method for controlling
synchronous motor of claim 8 is employed, the method carries out the torque
controlling by determining a feedback gain for frequency component of
rotational speed variation to be infinite. Therefore, rotation speed
variation can be suppressed securely in addition to the operation and
effect of one of claims 1 through claim 7. When the method for controlling
synchronous motor of claim 9 is employed, the method previously stores
current or voltage pattern according to load variation, and outputs
corresponding current or voltage pattern according to the rotational
position detection result so that speed variation due to the load variation
is reduced. Therefore, the operation and effect similar to those of one of
claims 1 through claim 7 are realized. When the method for controlling
synchronous motor of claim 10 is employed, the method carries out the
torque controlling by making relevancy of the current phase and the   10
current amplitude. Therefore, improvement in efficiency is realized in
addition to the operation and effect of one of claim 1 through claim 9.
When the method for controlling synchronous motor of claim 11 is employed,
the method carries out the torque controlling by maintaining the current
phase to be constant and by varying the current amplitude. Therefore, the
control can be simplified in addition to the operation and effect of one of
claim 1 through claim 9. When the method for controlling synchronous motor
of claim 12 is employed, the method drives a compressor for an air
conditioner using the synchronous motor. Therefore, the compressor for an
air conditioner can be driven in a stable condition which has great load
variation and is needed to be operated at high speed, in addition to the
operation and effect of one of claim 1 through claim 11. When the method
for controlling synchronous motor of claim 13 is employed, the method
controls a synchronous motor under a condition where speed command value,
torque command or load changes from moment to moment, detects a rotational
position of a rotor using input terminal voltages, currents of a
synchronous motor driving a load having periodic torque variation and
instrumental constants of the synchronous motor, obtains a rotational
position correction result using a filter based upon the rotational
position detection result, cancels delay of the filter receiving the
rotational position detection result as the input or delay due to response
speed of the rotational position detection, controls output currents or
output voltages of an inverter based upon the rotational position
correction result or the value canceled the delay, and supplies the output
voltages or output currents of the inverter to the synchronous motor.
Therefore, the method can deal with either small delay case or great delay
case so that the speed variation of the synchronous motor can be prevented
from occurrence or can be greatly suppressed. As a result, the method
realizes improvement in controllability, improvement in voltage utilization
rate, decrease in noise, sufficient suppression in vibration, and
improvement in efficiency, with little affection of the motor
characteristics. When the method for controlling synchronous motor of   11 



claim 14 is employed, the method controls a synchronous motor under a
condition where speed command value, torque command or load changes from
moment to moment, calculates a rotational position of a rotor using input
terminal voltages, currents of a synchronous motor and instrumental
constants of the synchronous motor, controls output currents or output
voltages of an inverter based upon the rotational position calculation
result, and supplies the output voltages or output currents of the inverter
to the synchronous motor. Therefore, the method can sufficiently follow the
high speed variation, and can prevent or greatly suppress the speed
variation of the synchronous motor. As a result, the method realizes
improvement in controllability, improvement in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and improvement in
efficiency, with little affection of the motor characteristics. When the
method for controlling synchronous motor of claim 15 is employed, the
method employs fixed coordinate motor model, the method calculates flux by
integrating the motor voltage, and calculates the rotational position from
the rotational position information of the rotor included within the flux.
Therefore, the method can sufficiently follow the high speed variation, and
can prevent or greatly suppress the speed variation of the synchronous
motor. As a result, the method realizes improvement in controllability,
improvement in voltage utilization rate, decrease in noise, sufficient
suppression in vibration, and improvement in efficiency, with little
affection of the motor characteristics. When the method for controlling
synchronous motor of claim 16 is employed, the method employs a motor
having magnetic salient pole as the synchronous motor, and the method
calculates a rotational position using higher harmonics of input voltage
and higher harmonics of current. Therefore, the method can carries out the
rotational position detection without error for rapid load variation in
addition to the operation and effect of one of claim 13 through claim 15.
When the method for controlling synchronous motor of claim 17 is employed,
the method drives a compressor for an air conditioner using the synchronous
motor. Therefore, the compressor for an air conditioner can be driven in a
stable   12 condition which has great load variation and is needed to be
operated at high speed, in addition to the operation and effect of one of
claim 13 through claim 16. When the apparatus for controlling synchronous
motor of claim 18 is employed, the apparatus detects a rotational position
of a rotor using input terminal voltages, currents of a synchronous motor
driving a load having periodic torque variation and instrumental constants
of the synchronous motor by the rotational position detection means, and
controls output currents or output voltages of an inverter based upon the
rotational position detection result so that speed variation of the
synchronous motor due to the periodic torque variation is denied, by the
inverter controlling means. Therefore, the speed variation of the
synchronous motor is prevented from occurrence or is suppressed greatly
even when the load has periodic torque variation. As a result, the method
realizes improvement in controllability, improvement in voltage utilization
rate, decrease in noise, sufficient suppression in vibration, and
improvement in efficiency, with little affection of the motor
characteristics. When the apparatus for controlling synchronous motor of
claim 19 is employed, the apparatus detects a rotational position of a
rotor using higher harmonics of input terminal voltages, higher harmonics
of currents of a synchronous motor driving a load having periodic torque
variation and inductance distribution of the synchronous motor by the
rotational position detection means, and controls output currents ox output
voltages of an inverter based upon the rotational position detection result
so that speed variation of the synchronous motor due to the periodic torque
variation is denied, by the inverter controlling means. Therefore, the
speed variation of the synchronous motor is prevented from occurrence or is
suppressed greatly by reducing the error even when the load has periodic
torque variation. As a result, the method realizes improvement in
controllability, improvement in voltage utilization rate, decrease in
noise, sufficient suppression in vibration, and improvement in efficiency,
with little affection of the motor characteristics. When the apparatus for
controlling synchronous motor of claim 20 is employed, the apparatus
employs means for   13 controlling the synchronous motor within a range of
current phase which satisfies the equation of (La - Lq) i~ + c~ > 0 ( La
represents d-axis inductance, Lq, represents q-axis inductance, is
represents d-axis current, [err] represents rotor flux linkage) as the
inverter controlling means. Therefore, the rotational position of the rotor
can be detected securely in addition to the operation and effect of claim
18. 



When the apparatus for controlling synchronous motor of claim 21 is
employed, the apparatus employs means for detecting the rotational position
using rotating coordinate motor model as the rotational position detection
means. Therefore, the operation and effect similar to those of claim 18 or
claim 20 are realized. When the apparatus for controlling synchronous motor
of claim 22 is employed, the apparatus employs a motor which is small in ~
La - Lq ~ as the synchronous motor. Therefore, the rotational position
detection error is prevented from generation in addition to the operation
and effect of claim 21. When the apparatus for controlling synchronous
motor of claim 23 is Employed, the apparatus employs means for detecting
the rotational position using fixed coordinate motor model as the
rotational position detection means. Therefore, the operation and effect
similar to those of claim 18 or claim 20 are realized by simple processing.
When the apparatus for controlling synchronous motor of claim 24 is
Employed, the apparatus employs a motor which is great in ~ La - Lq ~ as
the synchronous motor. Therefore, the operation and effect similar to those
of claim 23 are realized by applying the method to a motor having a great
salient pole ratio. The method cannot be applied to the motor when the
method employs rotating coordinate motor model: When the apparatus for
controlling synchronous motor of claim 25 is employed, the apparatus
employs means for carrying out the torque controlling by determining a
feedback gain for frequency component of rotational speed variation to be
infinite as the inverter controlling means. Therefore, rotation speed
variation can be suppressed securely in addition to the operation and
effect of one of claims 18 through claim 24.   14 When the apparatus for
controlling synchronous motor of claim 26 is employed, the apparatus
employs means for previously storing current or voltage pattern according
to load variation, and for outputting corresponding current or voltage
pattern according to the rotational position detection result so that speed
variation due to the load variation is reduced, as the inverter controlling
means. . Therefore, the operation and effect similar to those of one of
claims 18 through claim 24 are realized. When the apparatus for controlling
synchronous motor of claim 27 is employed, the apparatus employs means for
carrying out the torque controlling by making relevancy of the current
phase and the current amplitude as the inverter controlling means.
Therefore, improvement in efficiency is realized in addition to the
operation and effect of one of claim 18 through claim 26. When the
apparatus for controlling synchronous motor of claim 28 is employed, the
apparatus employs means fox carrying out the torque controlling by
maintaining the current phase to be constant and by varying the current
amplitude as the inverter controlling means. Therefore, the control can be
simplified in addition to the operation an d effect of one of claim 18
through claim 26. When the apparatus for controlling synchronous motor of
claim 29 is employed, the apparatus employs a motor for driving a
compressor for an air conditioner as , the synchronous motor. Therefore,
the compressor for an air conditioner can be driven in a stable condition
which has great load variation and is needed to be operated at high speed,
in addition to the operation and effect of one of claim 18 through claim
28. When the apparatus for controlling synchronous motor of claim 30 is
employed, the apparatus controls a synchronous motor under a condition
where speed command value, torque command or load changes from moment to
moment, and the apparatus detects a rotational position of a rotor using
input terminal voltages, currents of a synchronous motor driving a load
having periodic torque variation and instrumental constants of the
synchronous motor by the rotational position detection means, obtains a
rotational position correction .result using a filter based upon the
rotational position detection result by the filter means,   16 cancels
delay of the filter receiving the rotational position detection result as
the input or delay due to response speed of the rotational position
detection by the canceling means, and controls output currents or output
voltages of an inverter based upon the rotational position correction
result or the value canceled the delay by the inverter controlling means. 



Therefore, the apparatus can deal with either small delay case or great
delay case so that the speed variation of the synchronous motor can be
prevented from occurrence or can be greatly suppressed. As a result, the ,
apparatus realizes improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in vibration,
and improvement in efficiency, with little affection of the motor
characteristics. When the apparatus for controlling synchronous motor of
claim 31 is employed, the apparatus controls a synchronous motor under a
condition where speed command value, torque command or load changes from
moment to moment, and the apparatus calculates a rotational position of a
rotor using input terminal voltages, currents of a synchronous motor and
instrumental constants of the synchronous motor by the rotational position
calculation means, and controls output currents or output voltages of an
inverter based upon the rotational position calculation result by the
inverter controlling means. Therefore, the apparatus can sufficiently
follow the high speed variation, and can prevent or greatly suppress the
speed variation of the synchronous motor. As a result, the apparatus
realizes improvement in controllability, improvement in voltage utilization
rate, decrease in noise, sufficient suppression in vibration, and
improvement in efficiency, with little affection of the motor
characteristics. When the apparatus for controlling synchronous motor of
claim 32 is employed, the apparatus employs means fox using fixed
coordinate motor model, for calculating flux by integrating the motor
voltage, and far calculating the rotational position from the rotational
position information of the rotor included within the flux, as the
rotational position calculation means. Therefore, the apparatus can
sufficiently follow the high speed, variation,   16 and can prevent or
greatly suppress the speed variation of the synchronous motor. As a result,
the apparatus realizes improvement in controllability, improvement in
voltage utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency, with little affection , of the
motor characteristics. When the apparatus for controlling synchronous motor
of claim 33 is employed, the apparatus employs a motor having magnetic
salient pole as the synchronous motor, and which employs means for
calculating a rotational position using higher harmonics of input voltage
and higher harmonics of current as the rotational position calculation
means. Therefore, the apparatus can carries out the rotational position
detection without error for rapid load variation in addition to the
operation and effect of one of claim 30 through claim 32. When the
apparatus for controlling synchronous motor of claim 34 is employed, the
apparatus employs a motor for driving a compressor for an air conditioner
as the synchronous motor. Therefore, the compressor for an air conditioner
can be driven in a stable condition which has great load variation and is
needed to be operated at high speed, in addition to the operation and
effect of one of claim 30 through claim 33. Brief Description Of The
Drawings Figure 1 is a block diagram illustrating a synchronous motor
controlling apparatus of an embodiment according to the present invention;
Figure 2 is a block diagram illustrating an example of axe arrangement of a
position and speed detection section; Figure 3 is a block diagram
illustrating another example of an arrangement of a position and speed
detection section; Figure 4 is a diagram illustrating simulation result for
speed variation improvement effect between the presence and non-presence of
the torque controlling; Figure 5 is a block diagram illustrating a
synchronous motor controlling apparatus of another embodiment according to
the present invention; Figure 6 is a block diagram illustrating a
synchronous motor controlling apparatus of a further embodiment according 



17 to the present invention; Figure 7 is a block diagram illustrating an
arrangement of a position detector which operates based upon the rotating
coordinate motor model; Figure 8 is a block diagram illustrating an
arrangement of a position detector which is linearly approximated to the
position detector of Fig. 7; Figure 9 is a block diagram illustrating an
arrangement of a position detector which operates based upon the fixed
coordinate motor model; Figure 10 is a diagram illustrating a current phase
with respect to the d-axis and (La - Lq) is + ~b with respect to the
current value which has transformed into two phase; Figure 11 is a block
diagram illustrating a control system employing a torque controller; ,
Figure 12 is a diagram illustrating gain characteristics of the torque
controller; Figure 1.3 is a block diagram illustrating a synchronous motor
controlling apparatus of a further embodiment according to the present
invention; Figure 14 is a block. diagram illustrating a synchronous motor
controlling apparatus of a further embodiment according to the present
invention; Figure 15 is a diagram illustrating current phase
characteristics of a synchronous motor having a magnet embedded
arrangement; Figure 16 is a diagram illustrating a torque pattern of a
compressor for an air conditioner; Figure 17 is a block diagram
illustrating a synchronous motor controlling apparatus of a further
embodiment according to the present invention; Figure 18 is a diagram
illustrating simulation result of change in passage of time of load torque
obtained by the synchronous motor controlling apparatus of Fig. 17; Figure
19 is a diagram illustrating simulation result of change in passage of time
of rotation speed obtained by the synchronous motor controlling apparatus
of Fig. 1'l; 



Figure 20 is a diagram illustrating simulation result of   18 change in
passage of time of estimated angle error obtained by the synchronous motor
controlling apparatus of Fig. 17; Figure 21 is a diagram illustrating
simulation result of change in passage of time of current phase obtained by
the synchronous motor controlling apparatus of Fig. 17; Figure 22 is a
diagram illustrating simulation result of change in passage of time of
current phase estimation value within the controller obtained by the
synchronous motor controlling apparatus of Fig. 17; Figure 23 is a diagram
illustrating simulation result of change in passage of time of load torque
obtained by the synchronous motor controlling apparatus which has no
canceling means; Figure 24 is a diagram illustrating simulation result of
change in passage of time of rotation speed obtained by the synchronous
motor controlling apparatus which has no canceling means; Figure 25 is a
diagram illustrating simulation result of change in passage of time of
estimated angle error obtained by the synchronous motor controlling
apparatus which has no canceling means; Figure 26 is a diagram illustrating
simulation result of change in passage of time of current phase obtained by
the synchronous motor controlling apparatus which has no canceling means;
Figure 27 is a diagram illustrating simulation result of change in passage
of time of current , phase estimation value within the controller obtained
by the synchronous motor controlling apparatus which has no canceling
means; and Figure 28 is a block diagram illustrating an arrangement for
compensating position shifting due to rapid variation in speed from the
filtered position information. Best Mode For Carrying Out The Invention
Hereinafter, referring, to the attached drawings, we explain embodiments of
a synchronous motor controlling method and apparatus thereof according to
the present invention in detail. In each of the following embodiments,
cases are explained in which output voltages of an inverter are controlled.



19 But, it is possible that output currents of an inverter can be
controlled. ' Fig. 1 is a block diagram illustrating a synchronous motor
controlling apparatus of an embodiment according to the present invention.
This synchronous motor controlling ,apparatus comprises a converter 2,
inverter 3, current detection section 5a, voltage detection section 5b,
position and speed detection section 6, speed difference calculation
section 'la, speed controlling section 7b, torque controlling section 7c,
multiplication section 7d, phase controlling section 8, and current
controlling section 9. The converter 2 receives AC source 1 as input and
obtains DC power. The inverter 3 receives the DC power as input and obtains
AC power and supplies the AC power to a synchronous motor 4 which is a
species of synchronous motors. The current detection section 5a detects a
motor current supplied to the synchronous motor 4. The voltage detection
section 5b detects a voltage at a terminal of the synchronous motor 4. The
position and speed detection section 6 is determined a motor model therein,
receives the motor current and voltage as input, carries out predetermined
operation, and detects a rotation speed of a rotor (hereinafter, simply
referred to as speed) and rotation position of the rotor (hereinafter,
referred to as rotor position). The speed difference calculation section 7a
calculates a difference between the detected speed and a speed command
given from the exterior. The speed controlling section 7b receives the
speed difference as input, carries out speed controlling operation, and
outputs current command so that average speed becomes the command speed.
The torque controlling section 7c receives the speed difference as input,
carries out torque controlling operation, and outputs current amplitude
modulation signal for compensating the current command. The multiplication
section 7d multiplies the current command and the current amplitude
modulation signal so as to   ~o obtain torque controlling' current command.



The phase controlling section 8 receives the torque controlling current
command and the phase command given from the exterior as input, carries out
phase controlling operation so as to output final current command. The
current controlling section 9 recevies the detected rotor position, motor
current and final current command as input, carries out current controlling
operation so as t output voltage command for suppliying to the inverter 3
:dig. 2 is a block diagram illustrating are arrangement of ' the position
and speed detection section C of an example "this position and speed
detection section 6 comprises a three phase --~ y ~ conversion section 61
three phase  y b conversion section 62 motor reverse model section 63
difference calculation section 64, filter 65 position detection section 66
and differential section 6'l. The three phase  y [err] conversion section
G~. receives the three phase voltage s as input in response with the rotor
position ( ~ 0 ), carries out y [err] conversion (capries out conversion
from three phase voltages to d-q ayes voltages, multiplies the matrix ( ~.
) to the d-q aces voltages, and carpies out conversion t the estimated
a~ce;~ y - ~ aces voltages, the estimated axes y - 8 aces having deviaa;ion
~l~~r - 0 a in electric angle in a rotation direction from the d-q aces) so
as to oyxtputy voltage vector. co~f~~ -sine,. ~lll~e ~:o y0~ ~,!Latri~c (1)
`the three phase --j y 8 conversion section 62 receives the three phase
currents as input in ~es,ponse wv~th the rotor position ( ~ 0 ), carries
out y ~ convey s~.on so as to outpwt y 8 c~rren.t vector. "I9he x-notor
reverse model section ~~ receives the y 8 cur rent vector as input and
outputs a voltage wector therefronx. "f'he differ ence calcixlation section
~~: calcu.lates a d~.9.'fe~ence betvVeen the voltage vector output from the
nZOto~ reve~se model section 63 and the voltage vector o~atpwt from. the
21 three phase -~ y ~ co~~version section H1.."f'he filter 65 receives the
differenceo~t~.~t loom thedifference calculation section 64 as input.'the
position detection section 66 receives the ou.tp~xt fronnthe filteY as
input and carries out detection of a rotor position(0).the differential
section 6'~ receives thexotor position (0 ) as input and carries out
differential operation so as to outputspeed.In hig. 2, various quantities
are defined as ilhxstr~.ted inthe formula (2).Definition of '~Tarious
quantities0 : electric angle ~ ~_1 U T~~~A )~ a ~~'~~~ '~:~x~n0~cu :
electric angular speed 



- ~r vv, v s : y rS a~~es voltage ~'Y~:~ ( ~.~ , ~F~ ) . ~iy, g s : y 8
ayes c~arrexit j~h ~ ( i~ , j ~ )~~,~I ~~ay o~ y, ~ s : y 8 ayes induced
~roltage EYS ~ ( ~ , Es ~~r ~s: ~x`~Y~.at~xre ~1~ ~lnl~.age l_~ = '~. Lca 0
~~~ `'~~~.Y D~ : a~.rmature r esistancx a~ J == .~, ~.~q : dq ~8s
1'Ylductance~ ~y .s reps esents di~eren9~a1 operatorl~at ~ ~~presents
estiynat~or~ value  f~~c~ula. (2) ~n this case, the rotor position ( ~ 0 )
is detected using the rotating coordinai;e motor rcnodel. .R~l~o, in this
case, it is preferable i;ha~: a ~r~otor which is small in ~ ~a - T~q ~
(so~called synchronous ~notorr with surface magnet arrangement in which
permanent magnets are mounted on. the surface of the rotor) as the
synchronous motor ~ so that error is prevented from generation. Description
is made in ~nn.ore detail for this point. ~s is illustrated in dig. B, when
the rotating coordinate motor model is used, when a. difference 0 a between
the true .~otor angle (rotor position) 0 and the estirnar;ed roto~c angle
(c~st~~.ated rotor position ) 0 and when a salient pole ratio is great ( ~
ha - laq ~ is great), the difference 0 a is ~rmlti.plied with   22 Iaq, c~
and the multiplication results are transmitted to the latter stages.
Therefore, the output of the motor reverse model generates error therein
due to variation in Iaq (fundamental wave component has become direct
current because it has converted into rotating coordinates) so that
estimated result itself generates error, in a usage case which always
generates the difference 0 a due to load variation and drives by
eliminating the error by the feedback operation. The torque controlling
section 'lc generates periodic torque variation waveform (current amplitude
modulation signal) based upon the speed difference so that the periodic
speed variation is suppressed. This, periodic torque variation waveform is
used to obtain the torque controlling current command by being superposed
to the current command. 



The phase command is given from moment to moment in response with the
controlling purpose such as maximum efficiency, maximum torque, field
weakening controlling. Operation and effect of the synchronous motor
controlling apparatus having the above arrangement are as follows. The
rotor position ( 0 ) and speed are detected by detecting the motor currents
and voltages and by supplying them to the position and speed detection
section 6. Then the current command is obtained by supplying the speed
difference between the detected speed and the speed command to the speed
controlling section 7. Also, the periodic torque variation waveform is
generated by supplying the speed difference to the torque controlling
section 7c. The current command (final current command) applied phase
controlling is obtained by superposing the current command thus obtained
and the waveform signal and by supplying the superposed result to the phase
controlling section 8. This final current command is supplied to the
current controlling section 10, while the motor currents and the rotor
position ( 0 ) are also supplied to the current controlling section 10, so
that the voltage command is obtained. Then the inverter 3 is controlled by
the voltage command, and the synchronous motor 4 is controlled by supplying
the output from the inverter 3 to the   23 syxichronous motor ~&.
Yrlxerefore, the voltage utilization rate is ~xrxprovec:~. ~ffeetion due to
the motor eharactexvsties are greatly xeduced. The rotation position
detection is carried out xxiore minutely and accurately so that the
controllability is ixnpxo~red. ~,ec~uc9~,iox~ of noise and improvement in
efficiency are realized. t"urther, f;he synchronous motor 4 can be driven
without speed variation so that sufficient suppression in vibration is
realized even when the load has periodic torque variation, by additionally
caxrying out the torque contxolling. ~n this embodiment, the voltage i,
directly detected, b~xt the voltage xnay be detected from ~VV'1~ pattern or
the life for driving the inverter ~. The torque controlling section '~c
xnay be a section which reads out previously determined torque variation
pattern in carxespondence with the rotor position ( ~ ). It is also
possible that the curre~.t contrllir~g section e~ is omitted and that the
speed controlling systerrx is arranged so as to create the voltage command
directly: l~'ig. ~ is a blacl~ diag~am ilhxstrating an arra~r~germent of
the po sition and speed detection section ~i of anothe~c e:~~axx~.ple. This
position and speed detection section ~ is xnainl~r dilferent from the
position and speed detection. section ~ of Fig. in that tlxe fired
coordixiate motor model is employed ins~;ead the rotating coordinate motor
model. '1"his position ax7d speed detection section ~ cornprises a t~iree
phase - > two phase con~,rersion section w~ ~., three phase --~ two phase
conversion section '~2, motor reverse rxYOdel section rd~, rol;or posatio~n
calculation section '74, and differential. section "~5. 



'the th~ee phase --j two phase conversion sectlan receives the three phase
voltages as input, multiplies f,he xnat~ix (3) to the three phase voltages,
and outputs ~ (3 voltage vector on the two phase orthogonal stator
coordinates. _" ,. ~2 J_-a ,1_ ~natri~~ (3)   24 `~:'he three phase --~
tvao ~pbase conversion section l2 receives the three phase currents as
i~txput, and o~xtputs a ~3 current vector. `T'he motor reve~~se model
section "~3 receives the cx ~3 current vector as input arid obtains the
voltage ~recto~, calculates the difference between the obtained voltage
erector and the voltage vector output from the three phase -~ two p.~tase
conversion section '~1, integrates the calc~xlated difference, -then
calculates the difference betv~reen the integration result and the
operation result based ~.zpon the cx (3 current, vest~ and the q axis
indw.ctance L~. - "fhe rotor position calc~~laf;ion secl;~.on '~~ outpr~ts
the rotor position ~ ~ 0 ) by carrying out tan-1 opexation for the output
f~orog the motor reverse model section 'r~. ~'he differential section '~5
receives the ~otor po~itio~r~ ~ 0 ) as input, and carries out diffe~ential
operation so that tl~e speed is output. Yn ~~g'. 3, variorxs quantities are
given iby the forynr~la ~~). v c~ , v ~' . ct; (~ axes voltages ~a~ `~ (
~a, v~ )T i c~c , i f3 : a (~ ~ a~~es ctarrents i ~: ( i , i ai3 ' tx (3
fr~nla.la (~) In this case, tile rotor position ( ~ 0 ) and the speed can
be detected similarly to the positron and speed detectyon section 6 of
JCig. 2. 'T'he arrangement and the operation can be si~anplified in
comparison to dig. 2 because the rotating coordinate con.ve~sion and the
like are not necessary 



~.~here are no error propagation paths si~rr~ilarly to i;hat of F'ig. ~3 in
this case, therefore a motor having a greater salient pole ratio ~so-called
synchronous motor pith e~Yibedded. nn.agnet a~rangerm.ent in which
permanent magnets are mounted in the interior of the rotor) can be employed
as the synchronous xraotor . r'ig. ~: is a diagram. illustrating
si~~n~.lation result for speed variation iynprovement effect betvveen the
presence and non-presence of the torque controllirxg. motor cons~ta~rats
are as   26 follows: R = 0.2992 ( ~ ), La = 5.5 (mH), L~q = 12.7 (mH), and
c~ 0.1746 (wb). In Fig. 4, (A) represents the change in passage in time of
the speed (rps) under a condition that there exist no torque controlling,
while (B) represents the change in passage in time of the speed (rps) under
a condition that there exists torque controlling, respectively Also, in
Fig. 4, (C) represents the motor torque (I~m) under a condition that there
exists torque controlling, and (D) represents the load torque, respectively
As is understood from Fig. 4, the speed variation is greatly suppressed by
carrying out the torque controlling. The position and speed detection
section 6 of Fig. 3 is further described in contrast with the position and
speed detection section 6 of Fig. 2. In the position and speed detection
section 6 of Fig. 2, there exists feedback of the estimated rotor position.
Therefore, error is generated in the synchronous motor having a greater
salient pole ratio due to the coordinate conversion based upon the
estimated rotor position. In the position and speed detection section
having feedback of estimated speed, as is illustrated in "hJxpanded Induced
Voltage Observer For Sensor-less Controlling For Salient Pole Brush-less DC
Motor", Chin Shiken et al., Heisei 11 nen (1999) Denkigakkai Zenkokutaikai,
error is generated when the estimated speed changes because the position
estimation result changes depending upon the estimated speed. When feedback
utilizing the estimated rotor position or estimated speed is used for
obtaining the rotor position, the position and speed detection section 6
cannot be dealt with the rapid change of the command value, torque command,
load and the like. But, no error can be generated for rapid change of the
command value, torque command, load and the like by directly obtaining the
rotor position based upon the input terminal voltage and current of the
synchronous motor, and the instrument constant of the synchronous motor.
Specifically, the estimated rotor position can be made unrelated with the
motor model by employing the position and speed detection section 6 of Fig.
3. Therefore, the estimated speed can be made unrelated with the motor
model in the order   26 of flux. That is, the motor input currents and
voltages are converted to those of orthogonal coordinates, then the voltage
is integrated so as to convert in the order of flux, thereafter, the
estimated rotor position can be calculated. Thus, feedback of the estimated
rotor position, estimated speed is not needed at a11, the rotor position
can be directly obtained from the motor input by the operation which does
not utilize the estimated rotor position, estimated speed directly. As a
result, the position and speed detection section can follow without delay
to the rapid change of the speed, voltage, current, torque, and the like.
The synchronous motor controlling apparatus of Fig. ~. is further
described. 



The conventional method for detecting the rotation position of the rotor
from the input terminal voltage, current, and instrument constant of the
synchronous motor, can detect the position accurately so that improvement
in controlling accuracy can be expected. But, the conventional apparatus
has an arrangement including the motor reverse model and filtex, therefore
delay is generated for changing load, and the controlling accuracy cannot
sufficiently be improved. On the contrary, speed change is suppressed by
the torque controlling so that affection of the delay is suppressed in a
case of periodic load variation. Therefore, the position detection accuracy
is improved because the position detection error due to delay is eliminated
by use the torque controlling together with the case that the method is
applied to the periodic load variation which dei;ects the rotation position
of the rotor from the input terminal voltage, current and instrument
constant of the synchronous motor (such usage together cannot be considered
at all by one having the ordinary skill in the art). Good cycle can be
realized such that accurate position detection causes more accurate torque
controlling, and that accurate torque controlling causes more accurate
position detection. T'ig. 5 is a block diagram illustrating a synchronous
motor controlling apparatus of another embodiment according to the present
invention. This synchronous motor controlling apparatus is different form
the synchronous motor controlling apparatus of Fig. 1 in   27 that a
position and speed detection section 6' is employed instead the position
and speed detection section 6, that the voltage detection section 5b is
omitted, and that a filter 10 is further provided. . The position and speed
detection section 6' receives the motor currents and the PWM vector output
from the current controlling section 9 as input, and detects the rotation
position and the speed. The filter 10 removes noises from the calculated
rotation position and speed. The position and speed detection section 6'
can detect the rotation position of the rotor and the speed from the input
terminal voltage higher harmonics, current higher harmonics, and inductance
distribution of the synchronous motor 4 by applying "Position Sensor-less
IPM Motor Driving System Using Position Estimation Method Based Upon
Salient Pole Characteristic", Ogasawara, Matsuzawa, Akagi, T. TEE Japan,
Vo1.11S-D, No.S, '98. When the synchronous motor controlling apparatus
having the arrangement is employed, the detection accuracy in the rotation
position and speed is improved due to the removal of noises by the filter
10. The voltage utilization rate is improved. The affection of the motor
characteristics is greatly reduced. The rotation position detection can be
made to be minute and accurate so that the controllability is improved. The
reduction of noises and improvement of efficiency are realized. Further,
the synchronous motor 4 can be driven without change in speed so that
sufficient suppression in vibration is realized by additionally carrying
out the torque controlling even when the load has periodic torque
variation. Fig. 6 is a block diagram illustrating a synchronous motor
controlling apparatus of a further embodiment according to the present
invention. This synchronous motor controlling apparatus is different form
the synchronous motor controlling apparatus of Fig. 1 in that the position
and speed detection section 6 outputs flux 1~' (La - Lq) is + ~ in addition
to the rotor position and speed, that a 1h . 0 detection section 11 is
further provided, and that   



2f3 a please controlling sectiolx fox receiving pi~ase advancilag
colnrxland in ,addition to the phase coxnrrland and I;orque controlling
current command as inp~xt and for outp~xtting the final current coxnlnand
is employed as the ,pha.se controlling section ~3. `:the 1~' . 0 detection
section 11 ~ecexves the detected flue 113' as inputs detects 11f . 0, and
outputs the phase advancing corn~~n and. then the synchronous motor con
trolling apparatus )having this arrangement is employed, flue ~Ir . 0 can
be avoided ire addition to the open ation and effect of the synrhrono~a.s
xnoto~ contrcolling apparatus of I'ig. ~. description is ~cnade further.
then substitute the coordinate conversion equation (10) for. the equations
(~), (6), (~), (~), and (9) which. are recited in "~exxsor-less controlling
ol I~'l~ I~otoxr', rx~ot~x technology s;yxr~poNiu~m I3-5, 99/l~arch, and
when re~rritter~ as a system. employing the motor re~rerse model and the
feedbacl~ using the voltage `~aq and current iaq on dq a~~es and the tr~xe
roto~ angle 8 , the position detector beconne the arrangement illl.xstrated
in ~"~.g. Lq RS1_ _ CIA R- 1l dd is La La1aLa1_+~ `~ md-t iq Lq RSiQ1Lq0
~quatxon (~) RS L9 ~` " 1 ,_ CRJR 0 



La La La " i r La 0 ^ koikoa" 1 aL PS 1"' i a~L~ ~~kosl~ozr-"ir_ _ ~R - 0 ~
0r ~alet" E rL4 LQ Lq~ rL4y~ a*koskosia---"ia" f a0 0 0 0" E a0 0ko~ kos0 0
'0 00 0 .9yq'Ll.cl~;loY1 (~)   



29 ~~R~(k-+-1)= - i s sign(.,Fa(k+I).)  ~ F Yx 2(Is-~1)~-~ ~ a2(k+1)
equation (`7) ~wRm (k+1)=~~R~ (k+1)+  sign(~E a (k-~1))  I~ B ~ ~ ~~ (k+1)
:~c~uation (8) 0 ~ (k+1) = 0 ~ (k) +~ CU R (k+1) ~ Ts d~+el = cos B -sin B
d~~ qa+e Csin 0 cos 0 ~quatxon (9) .~;qu~tir~ ( i.o) ~n Y`ig. `~, 0
represents arr electric angle, w represents an e~eetri~c angular speed, v y
, v ~ re~rese~.t 'y 8 ~~~eN voltage, i y , i s re~xese~~.t y 8 e~~es
cur~re~i;, ~ y , E s represent y 8 axes induced voltage, c~ represents an
arm.atur a ~'lu~~ iinl~age, represents are armature resistance, Via, Y.~,
represer~t dc~ axes inductance, s represents di~fer~entiai ~og~erator, ~xnd
~ represents estimation value, respectively ~, i~ y & s ~ y 8 y ~ y FJ s
~-Jl, ~~j9 , cx ~, ~i ~., ia~, vas in I~ig. 7 are represented in forrn~ula
(~.~.). I = :L OT 0 1 ( ~r 1~ r ~ 8 J ~, ( 0 a ) -- o :i 0 a __ S 1 1~1 ~ ~
__ys - ( 1 ~,~ 1 a) 1. - ~_ 1 11 0 a , _ C O S J - lr d Cl; ~, U L, n ~U
i-. .~ - -o - r. ~ -__ __L, a U ' p - ~ _- ' 0 -__ 



Y s___ i d q= (i d~ i ~~) ~. U d d~ (v d, w ~~r7Ylll~a (~.~.)   ~o '~~lhen
the non-linear elements ix~ the feedbacl~ loop alre made to be linear
elementa (making cos 0 a --~ .~., yin 0 e --j 0 a , w --j c~ ), the blocl~
arrangement illustrated in ~~~ig. a ~.a obtained. 'tl~le consider the
con~re~gence im a cage that idq is periodic, uaing the blocl~ arrangement
of fag. ~. ~. y is given b~ the formula (1.2) froxn the linear approximated
blocl~ diag'r~~n. ~l~ Y =- { ~z> ~, -~ ( L, d -1. ~, > C ~ ~ -- 51 ~ ~ ~, ~
o 0 ~'oruarala (12) .~. case is considered that the interior of {} in tl~e
formula (~.~) is ao -~- aye sin 0 ~ -a a1~ cos 0 1 , and 0 a = eo + e-t~
sin 0 ~ + e~~ cos 0 1 -w e~& sin ~ 0 ~. + e2~ cos ~ 61 ~ `When, ~y
becon~.es to be the formula (~3). X,~= ao eo+ ( ass e~s+ a~~ a ) / 2 ~
~--17~ eo~npoment -i-( aoem+a~seo~-(-ame2~+a~~ezs) /2) s i n B ~ ~_y~t ~de~
+( aoe~c-~-a~~eo+( a~sezs+a~~ez~)/2) cos B +( ( ass e~c-ae"s ) / 2+aoezs )
s i n2, ~ 1 ~-2nd oY~dex +( f a~ce2~-a~sem)/2+aoe2~) c0s2 r~" -~- ( ( ass
e2c+a1c e2s ) C / S 1 n,O' ,9 ~+ ( alc 22c- ats e2s ) / 2 C 0 S 3 ~
W--'~~'d o~'~ey" .~f~Y"YYl'~ll.la (-~.3) `~.'hough 0 a cannot be detected,
the ADC component and first, order component of xy are controlled to be 0
antad (loo 



~ is needed), then eo, eia, ex~ are adjusted so that the dashed line
section ~v~.thin.,,,the form~.la (12) becomes 0. ~"o reall~e the object (eo
= axe  el~  0) from the formula (12), it is sufficient that ao , and that
a~a ~ a1~ ~ 0. the foracner is eciuivalent to the fa~;t that the average
value of { c~ + (Yaa - ~q) is } u~ i~ not 0, while the latter is
eciuivalent to the fact that the f'lrst order component and second o~der
component of { cp c~ v- (~..sa - 7~ "q) ( c~ ~, - s] iaq )   31. are .
"'his is ec~ui~alent to the fact thet cu is constant, and ~a ~~ or ia, iq
are cons taut. ~s a result, tl~e sufficient condition fr " 0 -~ 0 as stable
and satisfying (1) 8 ~ is small ( cos 0 e --~ ~., sin 0 e --~ 0 e), (2)
instrument constants (R,, Ira, I~q) otl~e~ titan ~ has no shifting, (~) }~
a ~- ~, (~) ~ m ~ cu ~ constant, (5) ~a ~ ~q or id, iq are constant) and
(~) the average ~raYue of } <p -i (:~a~ - .~,,~) id } m is not ~. (ha - Lq)
~a~ ~- c~ ~ ~ and securing stability are ab~oluLte condition for the
position detection, but others are conditions for redulci.ng error. ~tiier
blocl~ arrangement is illustrated. in ~''ig. 9 for ca,rr~.ng out the
position detection uLsing th.e motor reverse model and wzthout sensors. `
In ~'ig. ~, 0 represents an electicic a~gYe, w epresents an electric
angular speed, y 8 coo~~Limate i~ ~ 0 rotating coordinate, rx (3 coordinate
is two phase orthogonal stato~ CUrdlnate, ~l ~, , 'V g replCe~ent y S aXes
~1ltage, `V n , '~! ~j re~3(e~e'Clt (3 a~e;~ voltage, i a , i p represent
~; (3 a~~es ~;~.~.~rent, lcep-~esents an armature ~u~ linl~age, ~,
~epgesents an ar~.ature resistance, L~a, l~~ represent dq aces
indla.ctance, s repr~eseuts differential operatolc, and ~ rcep~esents
estimation value, Ye~~ectlVe~.~: i7 v g , 'V' a a , 7L a ~3 , '~ a a , l~(
~ ) y~l r~~~;'. ~ a~e represented in form.rxla (1.4). V~b=(Wr~rb),. z ~ n.
(~ = ( ~~ a , T/ n ) , lap= (1a, 1p) ~I '~~~ a p = (COS 0 , S J 17 0 ) r
t(0)` coS2,0 



S:LI7 O COS ~ 0 sin 0 1 s_ln 0 -'CO ~' 0 ~~ 111 0 C 0 S 0 C05 0 51172 0 i
~~ ~~a01`~~np -- 1 2;<~2 1.~"ortxtul~. (a~J:)   32 It is understood that
{(La - Lq) ~ a a T + ~h } = (La - Lq) is + c~ ~ 0 is the condition for
position detection, even when this block arrangement is employed. Fig. 10
is a diagram illustrating a current phase with respect to the d-axis and 1h
= (La - Lq) id + ~, with respect to the current value which has transformed
into two phase. 1Ir - 0 is confirmed within a region where the current
phase is from -50 degree to -130 degree and Ia > 7 A, it is understood that
position detection may be impossible within this region. Ia is (3/2)1n of
the peak value of the phase current of the three phase motor. In the
synchronous motor controlling apparatus of Fig. 6, the flux 1h is detected
by the position and speed detection section 6. It is possible that the flux
1h . 0 is estimated from the current phase and the current value. It is
also possible that a flux calculation section for calculating the flux 1Ir
is separately provided. In each of the above embodiments, it is possible
that the torque controlling is realized by determining the feedback gain
for the frequency component of rotating speed variation to be infinite.
Description is made further. 



When complex variable of Laplace transform is represented with s, speed is
represented with c~ , speed command is represented with c~ *, disturbance
is represented with TL, torque controller is represented with K(s),
transfer function from the output to input of the torque controller is
represented with G(s), rational function being a component of K(s) is
represented with C(s), frequency to be suppressed i',s represented with c~
1, respectively, a block diagram of the controlling system using the torque
controller becomes the block diagram illustrated in Fig. 11, and gain
characteristics (outputlinput) of the torque controller becomes the
characteristics illustrated in Fig. 12. As is understood from Fig. 12, the
gain for the frequency c~ 1 is infinite. Therefore, the formula (15) is
satisfied.   33 E~ ( 3 w 1 ) _ ~ Y"~~rm~txla (~.~) F"roYn the blocl~.
diagram of dig. 11, the speed w ~.~ represented by the following formula.
w= C (G (s) K (s) ) / f ~.+~ (s) ~~: ( s) ) 1 ~>~-t- CGr ( s ) / ~ ~L -I- G
C s ) K ( s ) ') ] 'T` L ~a'or~nY~.la (:L6) Yn general, the condition For
l,he above 1or~nula being stable is that a11 ~eal rooi;s of the
derloxnYnato~ pol~no~nial of the rational function {~. ~~- ~(~)~(~)}
becoyne negative. ~~~~.~rthe~, ~~(~) includes the ~ai;ional fixnction C(s)
wvhich can be f~eel~ designed. `~heref~wy ~tabilit~ i~ xeali~ed by deigning
the C(s) ~o khat all ~eal ~ot~ off' the deno~n.i~.ato~ pol~non~ial of tl~e
u9ational ~'~~nctio.~ {1. ~- G(~)~~(~)} becors~e negative. speed for the
fieqrienc~ c~ ~ i j considered ~rhen the contgolling ~~~ten~ i~ stable.
~:'h~e formula (1`7) i~ obtained b~- aub~ti-tuting i;he forrnYZla (l~) for
formula (~.G). w = C{ G ( 7 w 7 ) K ( ) w 1 )) / ( 1 -i- G (j w 1 ) K ( j w
'L ) )w -k -I- C G ( j cu 1 ) / ( 1 -I-G ( j w 1 ) ~i( j w 7 ) ) 1 T' I_- C
G( 1 w ~ ) / { 1 / K ( jw l ) -I- G ( 1w 1 ) ) ] cu %h -I-C (G(j wl) /K (j
cut) )% {l/K (jw1) -I-G (j w:L) )TL'- C G( j w Y ) / ( 1 / ~ -I- G( j w 1 )
) 7w ;~: -I- C ( G ( ) w 1 )/~~ l/ ( ~ / ~ -I- G ( 1 w 7 )) 7 T ~.- ~C`r(1
w 1) / ~0-I-G (ja> 1) ) ~ a~:I:-I- C~/ ~0-I-G (j~ ~ )) 7 '~' r.= 1 X w ~=
-I- 0 :C T i, = w k ~.~~"orrnula (~.~1)   34 



From the formula (1.7), it is understood that the component of frequency c~
1 of the disturbance .TL does not transfer to the speed w , and that the
component of frequency c~ 1 of the speed command c~ ~ is identical with the
speed Fig. 13 is a block diagram illustrating a synchronous motor
controlling apparatus of a further embodiment according to the present
invention. This synchronous motor controlling apparatus is different from
the synchronous motor controlling apparatus of Fig. 1 in that a torque
controlling section for receiving the current command from the speed
controlling section 7b and the rotor position as input and for outputting
the current amplitude modulation signal is employed as the torque
controlling section 7c. This torque controlling section 7c previously
stores and holds the current pattern in response with the load variation.
Therefore, the torque controlling section 7c receives the current command
and the rotor position as input and outputs the corresponding current
pattern as the current amplitude modulation signal. For simplification
purpose, it is possible to construct the torque controlling section 7c that
only the rotor position is received as input, and a waveform of a constant
pattern corresponding to only the rotor position is output. Therefore, in
this case, the operation and effect similar to those of the embodiment of
Fig. 1 are realized. Fig. 14 is a block diagram illustrating a synchronous
motor controlling apparatus of a further embodiment according < to the
present invention. This synchronous motor controlling apparatus is
different from the synchronous motor controlling apparatus of Fig. 13 in
that a torque controlling section for receiving the detected speed, current
command from the speed controlling section 7b and the rotor position as
input and for outputting not only the current amplitude modulation signal
but also current phase command is employed as the torque controlling
section 7c. ~7Vhen the synchronous motor controlling apparatus having this
arrangement is employed, the torque controlling in maximum efficiency is
realized by outputting the current phase   35 command which rides on the
line {refer to (A) and (B) in Fig. 15} representative of the current phase
at the point where efficiency is maximum, for example, illustrated in Fig.
15. The current phase command to be output may have plural patterns in
response with the operation mode such as maximum efficiency, maximum
torque, flux weakening controlling. The current phase command may be
controlled its output based upon a command from the exterior. It is
possible that the current phase command output from the torque controlling
section 7c is determined to be a constant value in the synchronous motor
controlling apparatus of Fig. 14. In this case, the controlling can be
simplified. :Even when this arrangement is employed, the line representing
the current phase of the maximum efficiency point in Fig. 15 is about 30
degrees. Therefore, the torque controlling at near maximum efficiency is
realized by determining the current phase command to be 30 degrees
(constant value). Fig. 16 is a diagram illustrating the torque pattern of
the compressor for an air conditioner and average torque of an example. As
is understood from Fig. 16, instantaneous torque which is near three times
of the average torque and negative torque are generated in the compressor
for an air conditioner. Therefore, disadvantages such that greater
vibration is generated, when the compressor for an air conditioner is
driven without torque controlling for the synchronous motor. And, greater
degree of energy saving is required for an air conditioner. 



Therefore, it is preferable that one of the above synchronous motor
controlling apparatus is employed as the synchronous motor controlling
apparatus for controlling a synchronous motor for driving a compressor for
an air conditioner so that the compressor for an air conditioner can be
driven in a stable condition which has great load variation and is required
to be driven at high speed. Fig. 17 is a block diagram illustrating a
synchronous motor controlling apparatus of a further embodiment according
to the present invention. This synchronous motor controlling apparatus
comprises a converter 2, inverter 3, current detection section 5a, voltage
36 detection section 5b, position and speed detection section 6, speed
controlling section 'lb, phase controlling section 8, noise filter 12,
selection section 13, switchover section 14, and current controlling
section 9. The converter 2 receives the AC power 1 as input and obtains DC
power. The inverter 3 receives the DC power as input, obtains the AC power
, and supplies the AC power to a synchronous motor 4 which is a species of
synchronous motors. The current detection section 5a detects the motor
current which is supplied to the synchronous motor 4. The voltage detection
section 5b detects the voltage at the terminal of the synchronous motor 4.
The position and speed detection section 6 is determined the motor model
therein, receives the motor current and voltage as input, carries out the
predetermined operation, and detects the speed of the rotor and rotor
position. The speed controlling section 7b receives the detected speed and
the speed command given From the exterior as input, carries out speed
controlling operation, and outputs the current command so that the average
speed becomes the instructed speed. The phase controlling section 8
receives the current command as input, carries out the phase controlling
operation, and outputs the final current command. The noise filter 12
removes noise from the detected rotor position. The selection section 13
selects the detected rotor position or the rotor position removed the noise
therefrom. The switchover section 14 compares the difference between the
detected rotor position or the rotor position removed the noise therefrom
with the threshold value, and controls the selection section 13 in response
with the comparison result. 



The current controlling section 9 receives the selected rotor position,
motor current and final current command as input, carries out the current
controlling operation so as to output the voltage command, and supplies the
voltage command to the inverter 3. The selection section 13 and switchover
section 14   3'7 constitute a canceling means. When the synchronous motor
controlling apparatus having this arrangement is employed, and when the
shifting in the rotor position removed noise therefrom becomes greater,
over-current and decrease in torque are prevented from occurrence by
enc~.ploying the rotor position which is not removed noise therefrom.
Description is made further. The noise filter 12 is incorporated for
eliminating the affection of noise included within the detected rotor
position signal. The noise filter 12 inevitably has delay so that shifting
is inevitably generated in the rotor position when rapid speed change has
occurred. But, in this embodiment, the switchover section 14 controls the
selection section 13 for selecting the detected rotor position so that
over-current and decrease in torque due to the time lag in rotor position
axe prevented From occurrence under the condition that the difference
between the detected rotor position and the rotor position removed noise
therefrom is greater than the threshold value. Next, simulation results by
the synchronous motor controlling apparatus of Fig. 17 and simulation by
the synchronous motor controlling apparatus without the canceling means are
illustrated from Fig. 18 though Fig. 22, and from Fig. 23 to Fig. 27. Figs.
18 and 23 illustrate the change of the load torque TL following passage of
time, Figs. 19 and 24 illustrate the change of the rotation speed W
following passage of time, Figs. 20 and 25 illustrate the change of the
estimated angle error The following passage of time, Figs. 21 and 26
illustrate the change of the current phase beta following passage of time,
Figs. 22 and 27 illustrate the change of the current phase estimation value
betahat following passage of time, respectively When the synchronous motor
controlling apparatus without the canceling means is employed, the change
of the rotation speed is generated following the increase in load torque,
so that great deviation is generated in ,estimated angle. Thus, the current
phase is greatly shifted. Tinally, the torque is not output so that the
synchronous motor stalls and stops. On the contrary, when the synchronous
motor controlling apparatus of Fig. 17 is employed, the change of the
rotation speed is generated   38 following the increase in load torque.
But, the processing is carried out properly so that stalling and stopping
of the synchronous motor is prevented from occurrence. Fig. 17 illustrates
the condition in which the noise filter 12 is separated from the position
and speed detection section C. Therefore, the arrangement of Fig. 17 cannot
be employed when the noise filter is incorporated in the position and speed
detection section in a separation impossible manner. Tn such case, shifting
of the position due to the rapid speed change can be compensated by the
following operation as is illustrated in Fig. 28: supplying the detected
rotor position to the differential element s so as to ~ detect the speed;
supplying the speed to the delay element C1 t so as to delay the speed;
supplying the detected speed and the delayed speed to the change quantity
detection section 15 so as to detect the change quantity of speed;
supplying the change quantity to the correction quantity calculation
section 16 so as to calculate the correction quantity for correcting the
rotor position; and supplying the detected rotor position and the
correction quantity to the addition section 17 so as to obtain the
corrected rotor position. 



The invention of claim 1 has characteristic effect such that the Speed
variation of the synchronous motor is prevented from occurrence or is
suppressed greatly even when the load has periodic torque variation, and
that the method realizes improvement in controllability, improvement in
voltage utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency, with little affection of the
motor characteristics. The invention of claim 2 has characteristic effect
such that, the speed variation of the synchronous motor is prevented from
occurrence or is suppressed greatly by reducing the error even when the
load has periodic torque variation, and that the method realizes
improvement in. controllability, ~ improvement in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and improvement in
efficiency, with little affection of the motor characteristics. The
invention of claim 3 has characteristic effect such that the rotational
position of the rotor can be detected securely in   39 addition to the
effect of claim 1. 7.'he invention of claim 4 has effect similar to those
of claim 1 or claim 3. The invention of claim 5 has characteristic effects
such that the rotational position detection error is prevented from
generation in addition to the effect of claim 4. The invention of claim 6
has effect similar to those of claim 1 or claim 3 by simple processing. The
invention of claim 7 has effect similar to those of claim 6 by applying the
method to a motor having a great salient pole ratio. The method could not
be applied to the motor when the method employs rotating coordinate motor
model. The invention of claim 8 has characteristic effects such that
rotation speed variation can be suppressed securely in addition to the
effect of one of claim 1 through claim 7. The invention of claim 9 has
effect similar to those of one of claim 1 through claim 7. The invention of
claim 10 has characteristic effects such that improvement in efficiency is
realized in addition to the effect of one of claim 1 through claim 9. The
invention of claim 11 has characteristic effects such that the control can
be simplified in addition to the effect of one of claim 1 through claim 9.
The invention of claim 12 has characteristic effects such that the
compressor for ~n air conditioner can be driven in a stable condition which
has great load variation and is needed to be operated at high speed, in
addition to the effect of one of claim 1 through claim 11. The invention of
claim 13 has characteristic effects such that either small delay case or
great delay case can be dealt with so that the speed variation of the
synchronous motor can be prevented from occurrence or can be greatly
suppressed, and that irr~provement in controllability, improvement in
voltage utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency are realized, with little
affection of the motor characteristics. 



The invention of claim 14 has characteristic effects such that the high
speed variation can sufficiently followed, and that the speed variation of
the synchronous motor can be prevented or   40 greatly suppressed, and that
improvement in controllability, improvement in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and improvement in
efficiency are realized, with little affection of the motor
characteristics. The invention of claim 15 has characteristic effects such
that the high speed variation can sufficiently be followed, and that the
speed variation of the synchronous motor can be prevented or greatly
suppressed, and that improvement in controllability, improvement in voltage
utilization rats, decrease in noise, sufficient suppression in vibration,
and improvement in efficiency are realized, with little affection of the
motor characteristics. The invention of claim 16 has characteristic effects
such that the rotational position detection can be carried out without
error for rapid load variation in addition to the effect of one of claim 13
through claim 15. The invention of claim 17 has characteristic effects such
that the compressor for an air conditioner can be driven in a stable
condition which has great load variation and is needed to be operated at
high speed, in addition to the effect of one of claim 13 through claim 16.
The invention of claim 18 has characteristic effects such that the speed
variation of the synchronous motor is prevented from occurrence or is
suppressed greatly even when the load has periodic torque variation, and
that the method realizes improvement in controllability, improvement in
voltage utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in eFficiency, with little affection of the
motor characteristics. The invention of claim 19 has characteristic effects
such that the speed variation of the synchronous motor is prevented from
occurrence or is suppressed greatly by reducing the error even when the
load has periodic torque variation, and that the method realizes
improvement in controllability, improvement in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and improvement in
efficiency, with little affection of the motor,_characteristics. The
invention of claim 20 has characteristic effects such that the rotational
position of the rotor can be detected securely   41 in addition to the
effect of claim 18. The invention of claim 21 has effect similar to those
of claim 18 or claim 20. The invention of claim 22 has characteristic
effects such that the rotational position detection error is prevented from
generation in addition to the effect of claim 21. 



The invention of claim 23 has effect similar to those of claim 18 or claim
20 by simple processing. The invention of claim 24 has effect similar to
those of claim 23 by applying the method to a motor having a great salient
pole ratio. The method could not be applied to the motor When the method
employs rotating coordinate motor model. The invention of claim 25 has
characteristic effects such that rotation speed variation can be suppressed
securely in addition to the effect of one of claim 18 through claim 24. The
invention of claim 26 has effect similar to those of one of claim 18
through claim 24. The invention of claim 27 has characteristic effects such
that improvement in efficiency is realized in addition to the effect of one
of claim 18 through claim 26. The invention of claim 28 has characteristic
effects such that the control can be simplified in addition to the effect
of one of claim 18 through claim 26. The invention of claim 29 la as
characteristic effects such that the compressor for an air conditioner can
be driven in a stable condition which has great load variation and is
needed to be operated at high speed, in addition to the effect of one of
claim 18 through claim 28. The invention of claim 30 has characteristic
effects such that either small delay case or great delay case can be dealt
with so that the speed variation of the synchronous motor can be prevented
from occurrence or can be greatly suppressed, and that improvement in
controllability, improvement in voltage utilization rate, decrease in
noise, sufficient suppression in vibration, and improvement in efficiency
are realized, with little affection of the motor characteristics. The
invention of claim 31 has characteristic effects such that the high speed
variation can sufficiently be followed, and that the speed variation of the
synch~'onous motor can be   42 prevented or greatly suppressed, and that
improvement in controllability, improvement in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and improvement in
efficiency axe realized, with little affection of the motor
characteristics. The invention of claim 32 has characteristic effects such
that the high speed variation can sufficiently be followed, and that the
speed variation of the synchronous motor can be prevented or greatly
suppressed, and that improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in vibration,
and improvement in efficiency are realized, with little affection of the
motor characteristics. The invention of claim 33 has characteristic effects
such that the rotational position detection can be carried out without
error for rapid load variation in addition to the effect of one of claim 30
through claim 32. The invention of claim 34 has characteristic effects such
that the compressor for an air conditioner can be driven in a stable
condition which has great load variation and is needed to be operated at
high speed, in addition to the effect of one of claim 30 through claim 33.
Industrial Utilization ' 



The invention can be applied to various field employing a synchronous motor
as driving source so that improvement in controllability, improvement in
voltage utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency are realized, with little
affection of the motor characteristics. What Is Claimed Is: 1. A method for
controlling synchronous motor is a method which detects a rotational
position of a rotor using input terminal voltages, currents of a
synchronous motor (4) driving a load   43 having periodic torque variation
and instrumental constants of the synchronous motor (4), which controls
output currents or output voltages of an inverter (3) based upon the
rotational position detection result so that speed variation of the
synchronous motor (4) due to the periodic torque variation is denied, and
which supplies the output voltages or output currents of the inverter (~)
to the synchronous motor (4). 2. A method for controlling synchronous motor
is a method which detects a rotational position of a rotor using higher
harmonics of input terminal voltages, higher harmonics of currents of a
synchronous motor (4) driving a load having periodic torque variation and
inductance distribution of the synchronous motor (4), which controls output
currents or output voltages of an inverter (3) based upon the rotational
position detection result so that speed variation of the synchronous motor
(4) due to the periodic torque variation is denied, and which supplies the
output voltages or output currents of the inverter (3) to the synchronous
motor (4). 3. A method fox controlling synchronous motor as set forth in
claim 1, wherein the method controls the synchronous motor (4) within a
range of current phase which satisfies the equation of (La - Lq) is + ~ ~ 0
( La represents d - axi.s inductance, Lq represents q-axis inductance, is
represents d-axis current, represents rotor flux linkage). 4. A method for
controlling synchronous motor as set forth in claim 1. or claim 3, wherein
the method detects the rotational position using rotating coordinate motor
model. 5. A method fox controlling synchronous motor as set forth in claim
4, wherein the synchronous motor (4) is .a motor which is small in ~ Ld -
Lq ~ . 6. A method for controlling synchronolxs motor as set forth in claim
1 or claim 3, wherein the method detects the rotational position using
fixed coordinate motor model. 7. A method for controlling synchronous motor
as set forth in claim 6, wherein the synchronous motor (4) is a motor which
is great in ~ La - Lq ~ . 



44 8. A method for controlling synchronous motor as set forth in one of
claim 1 through claim 7, wherein the method carries out the torque
controlling by determining a feedback gain for frequency component of
rotational speed variation to be infinite. 9. A method for controlling
synchronous motor as set forth in one of claim 1 through claim 'l, wherein
the method previously stores current or voltage pattern according to load
variation, and the method outputs corresponding current or voltage pattern
according to the rotational position detection result so that speed
variation due to the load variation is reduced. 10. A method for
controlling synchronous motor as set forth in one of claim 1 through claim
9, wherein the method carries out the torque controlling by making
relevancy of the current phase and the current amplitude. 11. A method for
controlling synchronous motor as set forth in one of claim 1 through claim
9, wherein the method carries out the torque controlling by maintaining the
current phase to be constant and by varying the current amplitude. 12. A
method for controlling synchronous motor as set forth in one of claim 1
through claim 11, wherein the method drives a compressor for an air
conditioner using the synchronous motor. , 13. A method for controlling
synchronous motor is a method which controls a synchronous motor (4) under
a condition where speed command value, torque command or load changes From
moment to moment, which detects a rotational position of a rotor using
input terminal voltages, currents of a synchronous motor (4) driving a load
having periodic torque variation and instrumental constants of the
synchronous motor (4), which obtains a rotational position correction
result using a filter based upon the rotational position detect~,on result,
which cancels delay of the filter receiving the rotational position
detection result as the input or delay due to response speed of the
rotational position detection, , which controls output currents or output
voltages of an inverter (3) based upon the rotational position correction
result or the value canceled the delay, and which supplies the output
voltages or, output currents of the inverter (3) to the synchronous motor
(4).   4~ 14. A method for controlling synchronous motor is a method which
controls a synchronous motor (4) under a condition where speed command
value, torque commaind or load changes from moment to moment, which
calculates a rotational position of a rotor using input terminal voltages,
currents of a synchronous motor (4) and instrumental constants of the
synchronoizs motor (4), 



which coritrols output currents or output voltages of an inverter (3) based
upon the rotational position calculation result, and which supplies the
output voltages or output currents of the inverter (3) to the synchronous
motor (4). 15. A method for controlling synchronous motor as set forth in
claim 13 or claim 14, wherein the method employs fixed coordinate motor
model, calculates flux by integrating the motor voltage, and calculates the
rotational position from the rotational position information of the rotor
included within the flux. 16. A method for controlling synchronous motor as
set forth in one of claim 13 through claim 15, wherein the method employs
a. motor having magnetic salient pole as the synchronous motor, and
calculates a rotational position using higher harmonics of input voltage
and higher harmonics of current. 17. A method for controlling synchronous
motor as set forth in one of claim 13 through claim 16, wherein the method
drives a compressor for an air conditioner using the synchronous motor. 18.
An apparatus for controlling synchronous motor comprising: rotational
position detection means (6)(6') for detecting a rotational position of a
rotor using input terminal voltages, cur rents of a synchronous motor (4)
driving a load having periodic torque variation and instrumental constants
of the synchronous motor (4); and inverter controlling means
(7b)(7c)(8)(9)(~1) for controlling output currents or output voltages of an
inverter (3) based upon the rotational position detection result so that
speed variation of the synchronous motor (4) due to the periodic torque
variation is denied. 19. An apparatus for controlling synchronous motor
comprising: rotational position detection means `,(6)(6') for detecting a
rotational position of a rotor using higher harmonics of input terminal
voltages, higher harmonics of currents of a synchronous   46 x~~.otor (4)
driving a load having periodic torque variation and inductance distribution
of the synchronous motor (4); and inverter controlling means
('lb)(7c)(8)(9)(11) for controlling output currents or output voltages of
an inverter (3) based upon the rotational position detection result so that
speed variation of the synchronous motor (4) due to the periodic torque
variation is denied. 20. A.n apparatus for controlling synchronous motor as
set forth in claim 18, wherein the inverter controlling means
('7b)('lc)(8)(9)(11) controls the synchronous motor (4) within a range of
current phase which satisfies the equation of (La - Lq) is -~ c~ > 0 ( La r
epresents d - axis inductance, Lq represents q-axis inductance, is
represents d-axis current, ~b represents rotor flux linkage). 21. An
apparatus for controlling synchronous motor as set forth in claim 18 or
claim 20, wherein the rotational position detection means (6)(6') detects
the rotational position using rotating coordinate motor model. 22. An
apparatus for controlling synchronous motor as set forth in claim 27.,
wherein the synchronous motor (4) is small in ~ La Lq~ 23. An apparatus for
controlling synchronous motor as set forth in claim la or claim 20, wherein
the rotational position detection means (6)(6') detects the rotational
position using fixed coordinate motor model. 24. An apparatus for
controlling synchronous motor as set forth in claim 23, wherein the
synchronous motor (4) is great in ~ La - Lq~. 25. An apparatus for
controlling synchronous motor as set forth in one of claim 18 through claim
24, wherein the inverter controlling means (7b)(7c)(8)(9) carries ~ o'ut
the torque controlling by determining a feedback gain for frequency
component of rotational speed variation to be infinite. 26. An apparatus
for controlling synchronous motor as set forth in one of claim 18 through
claim 24, wherein the inverter controlling means (7b)(7c)(8)(9) previously
stores current or voltage pattern according to load variation, and outputs
corresponding current or voltage pattern according to the 



47 rotational position detection result so that speed variation due to the
load variation is reduced. 27. An apparatus for controlling synchronous
motor as set forth in one of claim 18 through claim 26, wherein the
inverter controlling means ('lb)('lc)(8)(9) carries otzt the torque
controlling by mal~ing relevancy of the current phase and the current
amplitude. 28. An apparatus for controlling synchronous motor as set forth
in one of claim 18 through claim 2G, wherein the inverter controlling means
(7b)('lc)(8)(9) carries out the torque controlling by maintaining the
current phase to be constant and by varying the current amplitude. 29. An
apparatus for controlling synchronous motor as set forth in one of claim 18
through claim 28, wherein the synchronous motor (4) drives a compressor for
an air conditioner. 3D. An apparatus for controlling synchronous motor is
an apparatus which controls a synchronous motor (4) under a condition where
speed command value, torque command or load changes from moment to moment,
the apparatus comprising: rotational position detection means (6)(6') for
detecting a rotational position of a rotor using input terminal voltages,
currents of a synchronous motor (4) driving a load having periodic torque
variation and instrumental c4nstants of the synchronous motor (4); filter
means (12) for obtaining a rotational position correction result based upon
the rotational position, detection result; canceling means (13)(14) for
canceling delay of the filter receiving the rotational position detection
result as the input or delay due to response speed of the rotational
position detection; and inverter controlling means (7b)(8)(9) ~ for
controlling output currents or output voltages of an invexter (3) based
upon the rotational position correction result or the value canceled the
delay 31. An apparatus for controlling synchronous motor is an apparatus
which controls a synchronpus motor (4) under a condition where speed
command value, torque command or load changes from moment to moment, the
apparatus comprising: rotational position calculation means ~(6)(6') for
calculating a rotational position of a rotor using input terminal voltages,
48 currents of a synchronous motor (4) and. instrumental constants of the
synchronous motor; and inverter controlling means (7b)(8)(9) for
controlling output currents or output voltages of an inverter based upon
the rotational position calculation result. 32. An apparatus for
controlling synchronous motor as set forth in claim 31, wherein the
rotational position calculation means (6)(6') uses fixed coordinate motor
model, calculates flux by integrating the motor voltage, and calculates the
rotational position from the rotational position information of the rotor
included within the flux. 33. An apparatus for controlling synchronous
motor as set forth in one of claim 30 through claim 32, wherein the
synchronous motor (4) is a motor having magnetic salient pole, and the
rotational position calculation means (6)(6') calculates a rotational
position using higher harmonics of input voltage and higher harmonics of
current. 



An apparatus for controlling synchronous motor as set forth in one of claim
30 through claim 33, wherein the synchronous motor (4) drives a compressor
for an air conditioner. .A.`.A9N9.As.As.A.A.As.AL,.As.As.A`.A;
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