
1 19 JULY 2006 Specification Inverter controlling method and apparatus
thereof Technical field The present invention relates to an inverter
controlling method and  apparatus thereof. More particularly, the present
invention relates to a method and apparatus for controlling a three-phase
inverter, for supplying output voltages or output currents of the
three-phase inverter to a motor,  which method and apparatus include therein
a single phase rectification  circuitry and the three-phase inverter and
determine a capacitance of a  capacitor connected between output terminals
of the single phase  rectification circuitry so as to pulsate an output
voltage of the single phase  rectification circuitry by a frequency which is
twice of a power frequency. Background art As is known from the past, an
inverter circuitry is a circuitry which  transforms a DC power into an AC
power with variable frequency and  variable voltage with high efficiency by
switching controlling of  transistors. And, an inverter circuitry is widely
applied to home electric devices  and industrial devices which are required
controlling of rotation numbers or  a torque of a motor, for example. In
general, a diode-bridge circuitry having a simple circuit  configuration is
employed for transforming an AC power into a DC power,  and a smoothing
capacitor having a large capacitance is employed for  removing voltage
ripples which appear in rectified voltage. In this case, disadvantages arise
such that a power factor in power  side is lowered, and harmonics are
increased. For preventing or  suppressing such disadvantages, a power factor
improvement reactor  having a large inductance is connected to input side or
DC side of the  diode-bridge circuitry (refer to Fig. 18). In recent years,
it is proposed that a chopper comprising a transistor,  diode and the like,
is provided in the DC side of the diode-bridge circuitry, 



2 19 JULY 2006 for the purpose of improvement in characteristics for power
source power  factor and power source harmonics (refer to Fig. 20). When
such inverter circuitry is employed, a smoothing capacitor  having a large
capacitance and a power factor improvement reactor are  needed. Therefore,
disadvantages arise such that a size becomes greater  following the
employment of those elements, and increase in cost is  realized. For
realizing high performance in power source harmonics  characteristics, a
chopper circuitry is further needed. Therefore, further  increase in cost is
realized. An electrolytic capacitor is generally employed as the smoothing
capacitor having a large capacitance. Therefore, disadvantages arise such
that a lifetime of an inverter circuitry including a diode-bridge circuitry
becomes shorter due to a short lifetime of an electrolytic capacitor, and
usage environment of an inverter circuitry including a diode-bridge
circuitry is limited due to thermal characteristics of an electrolytic
capacitor. To dissolve those disadvantages, an inverter controlling method
is  proposed (refer to "Inverter controlling method of a PM motor having a
diode rectification circuitry with a high input power factor", Isao
Takahashi,  Heisei 12 nen (2000) denkigakkai (Electronics Institute)
zennkoku taikai  (national convention), p1591, which is referred to Article
1 hereinafter).  The inverter controlling method realizes increasing input
power factor and  improvement in performance of power source harmonics
characteristics by  allowing motor currents flowing into a motor even when a
DC voltages  pulsates and greatly lowered, and consequently widening a
conduction  width of an inverter input (input of a rectification circuitry)
which are due  to omitting a smoothing capacitor having a large capacitance
in a  rectification section, varying a d-axis current with a frequency which
is  twice of a power frequency, lowering motor terminal voltages by field  



weakening control. When this method is employed, an input power factor of a
rectification circuitry is improved by controlling an output of an inverter
connected to the rectification circuitry to have a desired waveform.
Decreasing in power source harmonics can be expected. Therefore, an
electrolytic capacitor having a large capacitance, reactor, and chopper 3 19
JULY 2006 become unnecessary which are conventionally necessary to realize
those  advantages. Further, "High efficiency inverter controlling method of
IPM motor  with weak field", Jin Haga, Isao Takahashi, Heisei 13 nen (2001)
denkigakkai (Electronics Institute) zennkoku taikai (national convention),
p1214 (referred to Article 2 hereinafter) is proposed as a controlling
method based upon the Article 1. When the inverter circuitry having the
arrangement of Fig. 18 is employed, an AC power is rectified by the
diode-bridge rectification  circuitry, and is smoothened by the electrolytic
capacitor having a large  capacitor (for example, about 2000 u F for motor
capacitance of 2.2kW).  This smoothened output is supplied to the inverter
for driving the motor. When an inverter circuitry is employed for home
devices, a reactor  (about 3.5 mH when a capacitance of a capacitor is 2000
u F) is connected  between a rectification circuitry and a capacitor, or
between an AC power  and a rectification circuitry, for improving a power
factor. Fig. 19 shows the DC voltage (the voltage between both terminals  of
the electrolytic capacitor) VdC, the power current (the current flows from
the AC power to the rectification circuitry) i1, the absolute value I v1 I
of  the AC voltage obtained by the rectification of the rectification
circuitry,  and a fundamental component of the power current i1 of the
inverter  circuitry of Fig. 18. The absolute value I v; I of the AC voltage
and the  fundamental component of the power current i1 are not values which
are  directly measured from the inverter circuitry. 



0 in Fig. 19 represents a phase difference between the AC voltage  v1 and
the fundamental wave of the power current i1, that is a power factor.  The
power factor cos 0 of the inverter circuitry of Fig. 18 is low and is up to
about 80% (I = 37 . When the magnitude of the absolute 4 19 JULY 2006 value
I v; I of the AC voltage exceeds the smoothened voltage Vd,  between
terminals of the electrolytic capacitor, the diode of the rectification
circuitry turns on and the power current i1 flows therein. Therefore, the
waveform of the power current i1 is deformed, and the magnitudes of low
harmonics (third, 5-th, 7-th, and the like) are extremely large which are
obtained by the harmonic analysis of the power current i1, which are not
illustrated. A reactor having a large inductance value is needed for a
filter  for eliminating low harmonics. Therefore, disadvantages arise such
that  increase in cost, and increase in entire size of the inverter device.
An inverter circuitry of Fig. 20 further includes a chopper circuitry
comprising a transistor Tc and diode D.. By controlling the transistor T, to
turn on, the power current can be flows therein even for a period when the
power current i1 does not flow therein for the inverter circuitry of Fig. 18
(a  period when the voltage Vdc between terminals of the electrolytic
capacitor  exceeds the amplitude of the absolute value I v; I of the AC
voltage).  And, the power current i1 can be made to have a sine shape by
adequately  controlling the on-duty of the transistor T.. Reverse flow, of
the current  from the capacitor to the transistor T. is prevented by the
diode D, But, the inverter circuitry of Fig. 20 requires not only the
transistor  T. and diode DC but also a circuitry for controlling the
transistors Tc in  comparison with the inverter circuitry of Fig. 18.
Therefore, it becomes  very difficult that the inverter circuitry of Fig. 20
is employed in home  electric devices. Fig. 21 shows an inverter circuitry
disclosed in the. Article 1 for  dissolving those problems. The inverter
circuitry of Fig. 21 is different from the inverter of Fig.  



18 in that a capacitor having small capacitance (for example, a capacitor
having capacitance of about 11100 capacitance value) is employed instead
the electrolytic capacitor having large capacitance. When the inverter
circuitry of Fig. 21 (hereinafter, referred to as condenser-less inverter
circuitry) is employed, the DC voltage changes  from Vmax (the maximum value
of the power voltage v1) to V,";,, determined  in correspondence with the
induction voltage generated by the motor along 5 19 JULY 2006 the absolute
value I vi I of the power voltage, as is illustrated in Fig. 22,  by
adequately controlling the currents flowing in the motor through the
inverter, because the capacitance of the capacitor is very small. Wherein,
Vmin can be controlled by the field control of the motor. As a result,
waveform distortion of the power current i1 becomes  smaller with respect to
the case of Fig. 19. When the flowing period of the power current i1 is
determined to be  0 , the power factor cos 0 can be calculated by an
equation (1). cosh= (O+sin0)/a equation (1) From the equation (1), the power
factor (cos (D) becomes equal to or more than 97% when Vmax / Vmin {= cos( 0
/2)) > 2. Fig. 23 is a block diagram illustrating an arrangement of an
inverter  controlling apparatus for controlling an IPM motor using the
inverter  circuitry of Fig. 21 and for implementing the controlling method
disclosed  in the Article 2 for obtaining desired performance. This inverter
controlling apparatus comprises a PI operation section  111, sing 01
generation section 112, and q-axis current command operation  section 110.
The PI operation section 111 receives a deviation of a speed  command w m*
and a real motor speed W m as an input, and outputs a value I iq* I by
carrying out PI operation (proportional and integral  operation). The sine 0
(generation section 112 receives a power voltage v1  as an input and outputs
a signal sine 01 which is in synchronism with the power voltage. The q-axis
current command operation section 110  



obtains a product of the signal sinZ 0 1 and the value I iq* I , and outputs
6 19 JULY 2006 the product as a q-axis current command i9" This inverter
controlling apparatus further comprises an id*  operation section 114, PI
operation sections 115 and 116 for d-axis and q- axis, and a non-interacting
controlling section 117. The id* operation  section 114 receives a DC
voltage Vd,, q -axis current iq, and a real motor speed tti m as inputs, and
outputs a d - axis current command id* by  carrying out the operation of
equation (2). The PI operation sections 115  and 116 receives deviations of
dq-axes current commands id* and iq* and  dq-axes real currents id and iq
and output first dq-axes voltage commands  vd It, and vq*' by carrying out
PI operation. The non-interacting  controlling section 117 receives the
first dq-axes voltage commands vd""  and vq*' as inputs and outputs second
dq-axes voltage commands vd* and  vq* by carrying out the operation of
equation (3). / _~a -I- I( vdc (Lq.iq)I  d n ,VII co, Vq~ = Vq.'+(Aa +L, -
1d )' n ,o)in  VdV o Vdy''-"Lq ' 1q'y{,[0m Equation (2) Equation (3) It is
thought that the power current i, illustrated in Fig. 22 can be  obtained
when the inverter controlling apparatus of Fig. 23 is employed,  and when
the q-axis current is controlled to be iq*  sin, 0 , Fig. 24 is a diagram
illustrating waveforms in a case that a DC  voltage (voltage between both
terminals of a capacitor) is controlled from  Vmax to 0 by the field control
of a motor. For convenience, a phase O 2 is applied Fourier transformation
by determining a phase to be 0 0 7 19 JULY 2006 (360 )which corresponds to
the maximum value of the DC voltage Vdc,  



so that an equation (4) is obtained. 2  V (_1)" (-1r vd = Amax {1+_ ~2n+1}
2n-1] cosn82}  Wherein, 02= 2 - 01 (0.1 is a power voltage phase) Equation
(4)  A magnitude of a current amplitude becomes an equation (5) which
current flows through a capacitor due to an AC component in a DC voltage
Iichn I = Z  fz" ' C ' IVdcrin I= 4 ' ./ 2n 1. l/~ax J(- ) + (-1I . } 2n + 1
2n -1  herein, f2i = 2 - n ^ f1 (f1 : power frequency, n = 1, 2, 3 - _ )
Equation (5) When Vmax = 283 V (power voltage effective value = 200 V, power
frequency is 50 Hz), an amplitude Vdc,,1 of twice frequency component with
respect to a power frequency (n = 1 in the equation (4)) becomes 120 V. When
a capacitance of a capacitor is determined to be 20 u F  which is 1/100 of
the conventional capacitance, a magnitude of the current  becomes I Vcht I =
1.5 A from the equation (5). And, the phase  becomes a phase which is
illustrated in Fig. 24. Fig. 25 shows an ideal controlling waveform thought
in the Article  2 (a power current it when a DC voltage vdc can be adjusted
from 0 to Vmax),  capacitor. current ich1, and a distortion of a power
current waveform when  only the controlling of the Article 2 is carried out
that is no compensation is made for the capacitor current ich1. In practice,
ich2, lch3, .  flow, but illustration is omitted for convenience. That is,
in the inverter controlling apparatus of Fig. 21, the DC  voltage Vdc
greatly pulsates, includes AC component having a large  amplitude.
Therefore, currents ich1, 1ch2, ich39  -which flow into the  capacitor from
the power source through the single-phase rectification 8 19 JULY 2006
circuitry, are generated so that the power current waveform is distorted.
Disadvantage arises that harmonics of the power current (input 



current) it cannot be controlled to be smaller (in ideal, cannot be
controlled  to be a sine wave) when the capacitor current is not
compensated. The present invention was made in view of the above problems.
It is an object of the present invention to provide an inverter  controlling
method and apparatus thereof which can carry out controlling  for
suppressing a current flowing into a capacitor from a power source  through
a single-phase rectification circuitry. Disclosure of the invention An
inverter controlling method of claim 1 includes a single-phase
rectification circuitry and three-phase inverter, determines a capacitance
of  a capacitor so as to greatly pulsate an output voltage from the
single-phase  rectification circuitry at twice frequency of a power
frequency, which  capacitance is connected between output terminals of the
single-phase  rectification circuitry, and carries out controlling for
suppressing the  current flowing into the capacitor from the power source
through the  single-phase rectification circuitry when the three-phase
inverter is  controlled so as to supply output voltage or output current
from the three- phase inverter to a motor. An inverter controlling method of
claim 2 is a method for  controlling the motor for suppressing the current
flowing into the capacitor  from the power source through the single-phase
rectification circuitry. An inverter controlling method of claim 3 is a
method for  controlling torque or current for torque for suppressing the
current flowing  into the capacitor from the power source through the
single-phase  rectification circuitry. An inverter controlling apparatus of
claim 4 is an apparatus which  comprises a single-phase rectification
circuitry and a three-phase inverter,  determines a capacitance of a
capacitor connected between output terminals  of the single-phase
rectification circuitry so as to allow an output voltage from the
single-phase rectification circuitry to pulsate at a frequency 9 19 JULY
2006 



which is twice of a power frequency, and controls the three-phase inverter
so as to supply an output voltage or output current from the three-phase
inverter to a motor, the apparatus comprises suppression means for
suppressing the current flowing into the capacitor from the power source
through the single-phase rectification circuitry. An inverter controlling
apparatus of claim 5 is an apparatus which  comprises a single -phase
rectification circuitry and a three-phase inverter,  determines a
capacitance of a capacitor connected between output terminals  of the
single-phase rectification circuitry so as to allow an output voltage from
the single-phase rectification circuitry to pulsate at a frequency  which is
twice of a power frequency, and controls the three-phase inverter  so as to
supply an output voltage or output current from the three-phase  inverter to
a motor, the apparatus comprises controlling means for carrying  out
controlling for suppressing the current flowing into the capacitor from  the
power source through the single-phase rectification circuitry. An inverter
controlling apparatus of claim 6 employs controlling  means for controlling
the motor for suppressing the current flowing into the  capacitor from the
power source through the single-phase rectification  circuitry, as the
controlling means. An inverter controlling apparatus of claim 7 employs
controlling  means for controlling a torque or current for torque for
suppressing the  current flowing into the capacitor from the power source
through the  single-phase rectification circuitry, as the controlling means.
An inverter controlling apparatus of claim 8 is an apparatus which comprises
a single -phase rectification circuitry and a three-phase inverter,
determines a capacitance of a capacitor connected between output terminals
of the single-phase rectification circuitry so as to allow an output voltage
from the single-phase rectification circuitry to pulsate at a frequency
which is twice of a power frequency, and controls the three-phase inverter
so as to supply an output voltage or output current from the three-phase 10
19 JULY 2006 



inverter to a motor, the apparatus comprises capacitor current operation
means for obtaining a capacitor current flowing into the capacitor from the
power source through the single-phase rectification circuitry, and current
for torque correction means for correcting a current for torque by
subtracting the obtained capacitor current from the current for torque. An
inverter controlling apparatus of claim 9 employs capacitor  current
operation means for carrying out harmonics analysis for the power  current,
as the capacitor current operation means. An inverter controlling apparatus
of claim 10 employs a component  of a frequency which is twice of the power
frequency, as the harmonics  analysis result. An inverter controlling
apparatus of claim 11 employs capacitor  current operation means for
outputting the capacitor current based upon the  stored pattern, as the
capacitor current operation means. An inverter controlling apparatus of
claim 12 further comprises  correction means for correcting the capacitor
current based upon the DC  voltage detection value, the capacitor current
being output based upon the  stored pattern. An inverter controlling
apparatus of claim 13 employs controlling  means including phase
determination means for determining a phase of the  current for torque to be
a phase of delay, as the controlling means. When the inverter controlling
method of claim 1 is employed, the  method includes a single-phase
rectification circuitry and three-phase  inverter, determines a capacitance
of a capacitor so as to greatly pulsate an  output voltage from the
single-phase rectification circuitry at twice  frequency of a power
frequency, which capacitance is connected between  output terminals of the
single-phase rectification circuitry, and carries out  controlling for
suppressing the current flowing into the capacitor from the  power source
through the single-phase rectification circuitry when the  three-phase
inverter is controlled so as to supply output voltage or output  current
from the three-phase inverter to a motor. Therefore, harmonics in  the power
current can be reduced. 



When the inverter controlling method of claim 2 is employed, the  method
controls the motor for suppressing the current flowing into the  capacitor
from the power source through the single-phase rectification 11 19 JULY 2006
circuitry. Therefore, operations and effects similar to those of claim 1 are
realized by carrying out torque control of the motor or speed control of the
motor. When the inverter controlling method of claim 3 is employed, the
method controls torque or current for torque for suppressing the current
flowing into the capacitor from the power source through the single-phase
rectification circuitry. Therefore, operations and effects similar to those
of  claim 1 are realized by controlling the torque or current for torque.
When the inverter controlling apparatus of claim 4 is employed, the
apparatus comprises a single-phase rectification circuitry and a three-
phase inverter, determines a capacitance of a capacitor connected between
output terminals of the single-phase rectification circuitry so as to allow
an output voltage from the single-phase rectification circuitry to pulsate
at  a frequency which is twice of a power frequency, and controls the three-
phase inverter so as to supply an output voltage or output current from the
three-phase inverter to a motor, and suppresses the current flowing into the
capacitor from the power source through the single-phase rectification
circuitry by the suppression means. Therefore, harmonics in the power
current can be reduced. When the inverter controlling apparatus of claim 5
is employed, the  apparatus comprises a single-phase rectification circuitry
and a three- phase inverter, determines a capacitance of a capacitor
connected between  output terminals of the single-phase rectification
circuitry so as to allow an output voltage from the single -phase
rectification circuitry to pulsate at  a frequency which is twice of a power
frequency, and controls the three- phase inverter so as to supply an output
voltage or output current from the  three-phase inverter to a motor, and
carries out controlling for suppressing  



the current flowing into the capacitor from the power source through the
single-phase rectification circuitry by the controlling means. Therefore,
harmonics in the power current can be reduced. 12 19 JULY 2006 When the
inverter controlling apparatus of claim 6 is employed  controlling means for
controlling the motor for suppressing the current  flowing into the
capacitor from the power source through the single-phase  rectification
circuitry is employed as the controlling means. Therefore,  operations and
effects similar to those of claim 1 are realized by carrying  out torque
control of the motor or speed control of the motor. When the inverter
controlling apparatus of claim 7 is employed,  controlling means for
controlling a torque or current for torque for  suppressing the current
flowing into the capacitor from the power source  through the single-phase
rectification circuitry is employed as the  controlling means. Therefore,
operations and effects similar to those of  claim 1 are realized by
controlling the torque or current for torque. When the inverter controlling
apparatus of claim 8 is employed, the  apparatus comprises a single-phase
rectification circuitry and a three- phase inverter, determines a
capacitance of a capacitor connected between  output terminals of the
single-phase rectification circuitry so as to allow an output voltage from
the single -phase rectification circuitry to pulsate at  a frequency which
is twice of a power frequency, and controls the three- phase inverter so as
to supply an output voltage or output current from the  three-phase inverter
to a motor. When the above operation is realized, a  capacitor current
flowing into the capacitor from the power source through the single -phase
rectification circuitry is obtained by the capacitor current  operation
means, and the current for torque is corrected by subtracting the  obtained
capacitor current from the current for torque by the current for  torque
correction means. Therefore, harmonics in power current can be  decreased by
denying the capacitor current. When the inverter controlling apparatus of
claim 9 is employed,  



capacitor current operation means for carrying out harmonics analysis for
the power current is employed as the capacitor current operation means.
Therefore, operations and effects similar to those of claim 8 are realized.
When the inverter controlling apparatus of claim 10 is employed, a
component of a frequency which is twice of the power frequency is 13 19 JULY
2006 employed as the harmonics analysis result. Therefore, operation load
can  be decreased, and operations and effects similar to those of claim 9
are  realized. When the inverter controlling apparatus of claim 11 is
employed,  capacitor current operation means for outputting the capacitor
current based  upon the stored pattern is employed as the capacitor current
operation  means. Therefore, operation load can be decreased, and operations
and  effects similar to those of claim 8 are realized When the inverter
controlling apparatus of claim 12 is employed,  the apparatus further
comprises correction means for correcting the  capacitor current based upon
the DC voltage detection value, the capacitor  current being output based
upon the stored pattern. Therefore, the  capacitor current can be calculated
with accuracy, and operations and  effects similar to those of claim 11 are
realized. When the inverter controlling apparatus of claim 13 is employed,
controlling means including phase determination means for determining a
phase of the current for torque to be a phase of delay is employed as the
controlling means. Therefore, compensation of the capacitor current can  be
carried out easily, and operations and effects similar to those of claim 7
are realized. Brief description of the drawings Figure 1 is a diagram
schematically illustrating a controlling system  which includes an inverter
controlling apparatus according to the present  invention therein; Figure 2
is a block diagram illustrating a main section of an inverter  



controlling apparatus of an embodiment according to the present invention;
Figure 3 is a block diagram illustrating an inverter controlling  apparatus
of another embodiment according to the present invention; Figure 4 is a
block diagram illustrating a main section of an inverter  controlling
apparatus of a further embodiment according to the present  invention;
Figure 5 is a block diagram illustrating an inverter controlling  apparatus
of a further embodiment according to the present invention;  Figure 6 is a
block diagram illustrating a main section of an inverter controlling
apparatus of a further embodiment according to the present 14 19 JULY 2006
invention;  Figure 7 is a block diagram illustrating a main section of an
inverter controlling apparatus of a further embodiment according to the
present  invention; Figure 8 is a block diagram illustrating a main section
of an inverter  controlling apparatus of a further embodiment according to
the present  invention; Figure 9 is a block diagram illustrating a main
section of an inverter  controlling apparatus of a further embodiment
according to the present  invention; Figures 10 are diagrams illustrating a
waveform of a DC voltage  Vdc when the minimum value of a DC voltage Vdc is
determined to be Vmin  by the field controlling, and a waveform of a DC
voltage VdC when light - load is applied; Figure 11 is a block diagram
illustrating a main section of an  inverter controlling apparatus of a
further embodiment according to the  present invention; Figure 12 is a
flowchart describing power source phase  synchronism processing; Figure 13
is a flowchart describing power source phase generation  



processing; Figure 14 is a flowchart describing current controlling
processing;  Figure 15 is a flowchart describing an example of conventional
processing of the step SP3 in Fig. 14. Figure 16 is a flowchart describing
an example of processing  according to the present invention of the step SP3
in Fig. 14. Figure 17 is a flowchart describing another example of
processing  according to the present invention of the step SP3 in Fig. 14.
Figure 18 is an electric circuitry diagram illustrating an example of  an
arrangement of a conventional inverter circuitry; Figure 19 is a diagram
illustrating a DC voltage waveform and a  power current waveform in the
inverter circuitry of Fig. 18; Figure 20 is an electric circuitry diagram
illustrating another  example of an arrangement of a conventional inverter
circuitry; Figure 21 is an electric circuitry diagram illustrating an 15 19
JULY 2006 arrangement of a conventional condenser-less inverter circuitry;
Figure 22 is a diagram describing the controlling principal of the
condenser-less inverter circuitry; Figure 23 is a block diagram illustrating
an arrangement of an  inverter controlling apparatus for controlling the
conventional condenser- less inverter circuitry; Figure 24 is a diagram
illustrating a voltage at the DC section of the  condenser-less inverter
circuitry, and a current component of a frequency  which is twice of the
power frequency, the current flowing in the capacitor  section of the
condenser-less inverter circuitry; and Figure 25 is a diagram illustrating a
power current when the  condenser-less inverter circuitry is controlled.
Best mode for carrying out the invention Hereinafter, referring to the
attached drawings, we explain  embodiments of an inverter controlling method
and apparatus according to  



the present invention, in detail. Fig. 1 is a diagram schematically
illustrating a controlling system  which includes an inverter controlling
apparatus according to the present  invention therein. This controlling
system comprises a diode full -wave rectification  circuitry (single-phase
rectification circuitry) 2 which receives an AC  power source 1 as an input,
a capacitor 3 having a small capacitance (for  example, a film condenser)
which is connected between output terminals of the diode full - wave
rectification circuitry 2, an inverter (three-phase inverter) 4 which
receives an output voltage from the diode full-wave  rectification circuitry
2 as an input, an IPM motor 5 having a rotor 5b and 16 19 JULY 2006 stator
windings 5a which are supplied outputs from the inverter 4, a  position
detection section 5c for detecting a rotational position (magnetic  pole
position) of the rotor 5b of the IPM motor 5, input voltage detection
section 2a for detecting an input voltage of the diode full - wave
rectification circuitry 2, a power current detection section 2b for
detecting a  power current of the diode full - wave rectification circuitry
2, a DC  voltage detection section 2c for detecting a voltage on the output
side of the  diode full-wave rectification circuitry 2, a zero-cross
detection section 2d for detecting a zero - cross of the input voltage, a
controlling  microcomputer 6, and a base-driving circuitry 6a. The
controlling  microcomputer 6 receives the position detection signal, motor
currents, zero-cross detection signal, power current, DC voltage, and speed
command o1 * or q-axis current amplitude command Iqm* given from the
exterior, as inputs, and outputs controlling signals by carrying out
predetermined controlling operation. The base-driving circuitry 6a  receives
the controlling signals as inputs and outputs switching signals each  of
which is supplied to each switching transistor of the inverter 4. At first,
a controlling method is considered in a case that a  capacitance of the
capacitor 3 included within the controlling system of Fig.  



lis determined to be 0. In Fig. 1, when the motor efficiency is represented
by 77 M, the  main circuitry efficiency (efficiency of the rectification
circuitry and  inverter) is represented by 77 INV, relationship of equation
(6) is established  between the inverter instantaneous input P, and motor
instantaneous output Pm. P. o 77zNV 77m Pi Equation (6)  The motor
instantaneous output Pm can be expressed as equation (7) 17 using the motor
speed W m and torque z m. P. = wm Tm 19 JULY 2006 Equation (7)  The inverter
instantaneous input P1 can be expressed as equation (8) using the assumption
that the power factor is 100%, power voltage v1 and  power current i1. PI
=V,,i, =2-V, J, -sin' V, _ in V1 -sin(o)1 -t) i1 = in -I, sin(w, Equation
(8)  Wherein, t represents a time, G11 represents power source angular
frequency, V1 and I, represent effective values of the power voltage and
power current, respectively. Wherein, the motor efficiency 77 M and the main
circuitry efficiency 77 irrv change depending upon the waveform controlling
method of the  inverter and the motor output, but they are constant at each
operation point.  Each efficiency value is supposed to be 100% for
simplifying equations in the following discussion. Further, the speed of
rotation w 1m of the motor  is supposed to be constant, and when the motor
torque can be controlled so  as to change the motor torque at a frequency
which is twice of the power  frequency, based upon equation (9) by equations
(6) to (8), the inverter  power current becomes a sine-wave (waveform
without distortion), and  



controlling of the power factor of 100% is realized. am = %  sin z 01 = 2  %
(1- cos 20,) Equation (9)  Wherein, 6 1= w 1  t When the torque controlling
of a motor is carried out based upon  the equation (9), velocity ripple is
generated following the torque ripple at a 18 19 JULY 2006 frequency which
is twice of power frequency. But, the amplitude of the  velocity ripple
becomes smaller to a value which can be ignored due to  inertia effect when
the motor rotates at a high speed. As an example, a trial calculation is
made for a case that moment of  inertia of a compressor mechanism and motor:
0.5 x 10-3 kgm2, and the  power frequency is 50 Hz, the amplitude of the
velocity ripple becomes 1  rps under the average torque of 2 Nm (that is,
torque ripple amplitude Tm/2  = 2 Nm). When the speed of rotation of the
motor is controlled to be 60  rps, the velocity ripple was about 1.6%. From
the above, it is confirmed  that the speed can be assumed to be constant. On
the other hand, distortion in power current is generated due to  the
capacitor current i. given by the equation (5) when the capacitance of  the
capacitor is not 0 and when controlling is made only as the equation (9). To
dissolve this disadvantage, it is sufficient that a filter for  removing the
capacitor current i. when the controlling is carried out based  upon the
equation (9). In this case, effectively limiting is carried out by  the
filter so as to remove (suppress) the capacitor current ic. When the
distortion in the power current is dissolved by the  controlling, it is
sufficient that the motor torque or the motor speed is  controlled so as to
suppress the capacitor current i. overlapped to the power  current.
Following two construction methods for controlling can be thought.  a) a
method for calculating an ideal power current i1' based upon  the equations
(6) to (8) which flows when the capacitance of the  capacitor is 0, when the
torque of the equation (9) is generated,  



and for feedback controlling so as to follow the detection value  of the
power current i1 to the calculation result; b) a method for determine the
torque or current for torque so as to  allow a current to flow which is in
reversed phase with respect to  the capacitor current ic, and for
feed-forward controlling. Hereinafter, description is made in detail for an
embodiment for a  case that a torque is controlled. Fig. 2 is a block
diagram illustrating a main section of an inverter  controlling apparatus of
an embodiment according to the present invention.  This inverter controlling
apparatus carries out feedback controlling. 19 19 JULY 2006 This inverter
controlling apparatus comprises a conventional  condenser-less inverter
controlling section 11, il* operation section 12,  feedback operation
section 13, and subtraction section 14. The  conventional condenser-less
inverter controlling section 11 outputs  provisional torque command or
current for torque command for controlling  a conventional condenser-less
inverter. The ill` operation section 12 receives a motor torque r m, motor
rotational speed wm, power voltage v1, and coefficient t) as inputs,
calculates a power current it by carrying out  operation of equation (10),
and outputs the power current it as power  current command value it*. The
feedback operation section 13 receives  the power current command value il*
and the real current i, as inputs,  carries out operation so as to make the
deviation between the both to be 0  (for example, PI operation), and outputs
the torque command for correction  or current for torque command for
correction. The subtraction section 14  subtracts the torque command for
correction or current for torque command  for correction which is output
from the feedback operation section 13 ,  from the provisional torque
command or current for torque command  which is output from the conventional
condenser-less inverter controlling  section 11, and obtains a final torque
command or final current command  for torque. 



'r,f Co in 7'1 sin 0,  V1,77 max <71 Equation (10)  Operation of the
inverter controlling apparatus. having the above  arrangement is as follows.
The power current it becomes the equation (10) using the equations  (6) to
(8), when the controlling is carried out so as to be the torque of the
equation (9). It is determined to be the power current command value it*.
The torque command for correction or current for torque command for
correction is obtained by carrying out controlling (for example, PI
controlling) for making the difference between the power current command
value il* and the real current it to be 0. Using this, the provisional
torque  command or current for torque command is corrected, so that the
torque or 20 19 JULY 2006 current for torque is controlled for suppressing
the capacitor current.  Consequently, distortion in power current can be
reduced. In the equation (10), the coefficient 77 is a constant for taking
the  main circuitry efficiency, motor efficiency and power factor into
consideration. For determining the distortion to be 0, the coefficient 77
may be changed in response to the load torque or rotational speed. For
simplifying the controlling operating processing, driving condition of
applied devices are taken into consideration so that the value at typical
load  condition is on behalf of. Fig. 3 is a block diagram illustrating an
inverter controlling  apparatus of another embodiment according to the
present invention. This inverter controlling apparatus comprises a PI
operation section  21, sine 61 generation section 22, multiplication section
23, id* operation section 24, PI sections 25 and 26 for d-axis and q-axis,
and decoupling  controlling section 27. The PI operation section 21 receives
a deviation between the speed command wm* and the motor real speedWm as an
input, and outputs a value of I iq* I which is obtained by carrying out the
PI 



operation (proportion and integration operation). The sin 2 B generation
section 22 receives the power voltage vl as an input, and outputs a signal
sine B which is in synchronism with the power voltage v1. The multiplication
section 23 obtains a product of the signal sinz 9 1 and the  value I i q * I
, and outputs the product as the q-axis current command  iq*. The 1d*
operation section 24 receives the DC voltage Vd., q - axis  current iq and
motor real speed Wm as inputs, and outputs a d - axis current  command id*
which is obtained by carrying out the operation of the 21 19 JULY 2006
equation (2). The PI sections 25 and 26 for d-axis and q-axis receive the
deviations between the dq-axis current commands id* and iq* and the dq -axis
real currents id and iq, as inputs, and output first dq-axis voltage
commands vd*' and vq*' which are obtained by carrying out the PI
operations. The decoupling controlling section 27 receives the first dq axis
voltage commands vd*' and vq*' as inputs and outputs second dq- axis voltage
commands vd* and vq* which are obtained by carrying out the  operation of
the equation (3). The above arrangement is similar to the  arrangement of a
conventional inverter controlling apparatus. And, the inverter controlling
apparatus of Fig. 3 further comprises  an i1 command operation section 28,
subtraction section 29, and P  operation section 20. The i1 command
operation section 28 receives the  average torque Tm, maximum value Vmax of
the DC voltage and the coefficient 17 as inputs, and outputs a power current
command value i1*  which is obtained by carrying out the operation of the
equation (10). The  subtraction section 29 subtracts the power current
command value i1d` from  the real current i1. The P operation section 20
receives the output from the  subtraction section 29, and outputs a q-axis
current for correction which  is obtained by carrying out the P operation.
The deviation between the q  -axis current command iq* and the q-axis real
current iq, is subtracted by  the q-axis current for correction, and the
subtraction result is supplied to  the PI operation section 26. 



Therefore, even when this inverter controlling apparatus is  employed,
current for torque can be controlled for suppressing capacitor  current.
Distortion in power current can also be decreased. Fig. 4 is a block diagram
illustrating a main section of an inverter  controlling apparatus of a
further embodiment according to the present 22 19 JULY 2006 invention. This
inverter controlling apparatus is an apparatus which  carries out
feed-forward controlling. This . inverter controlling apparatus comprises a
conventional  condenser-less inverter controlling section 11 for outputting
a provisional  torque command or provisional current for torque for
controlling a  conventional condenser-less inverter, a capacitor current
operation section  31, conversion section 32, and subtraction section 33.
The capacitor  current operation section 31 receives the power current it
and DC voltage  vdc as inputs, and carries out operation so as to obtain a
capacitor current ic. The conversion section 32 receives the capacitor
current i, coefficient 77 , power voltage V" and rotational speed w. of the
motor as inputs, and  transforms the capacitor current i, into a torque
command or current  command for torque for correction. The subtraction
section 33 subtracts  the torque command or current command for torque for
correction output  from the conversion section 32 from the provisional
torque command or  provisional current for torque output from the
conventional condenser-less  inverter controlling section 11, so that a
final torque command or final  current command for torque is obtained.
Operation of the inverter controlling apparatus is as follows. When the
feed-forward controlling is carried out, it is sufficient that the equation
(9) is rewritten as an equation (11), and that a torque r , is overlapped to
the torque command, the being in phase which torque z , is  reverse to that
of the capacitor current i.. - sin g t9 + Ir, 



Equation (11) Wherein, the torque v ~ is sufficient to be a torque which is
expressed by  an equation (12) which is based upon the equations (6) to (8).
23 19 JULY 2006 z Slgn(vl)-yl -iIyll-lc wn, '~ - - w, ') Equation (12)  More
specifically, when the capacitance of the capacitor is not 0,  the power
current ii can be expressed as an equation (13). i = i l ' + i c * s i g n
(VI) Equation (13)  Wherein, it represents the power current when the
capacitance of the  capacitor is 0, and is given by the equation (10).
Further, sign() is a  function which returns a sign. Torque becomes the
equation (12) from the relationship between  the equation (6) and the
equation (7), the torque negating the power item  including the capacitor
current i. among results obtained by substituting the  equation (13) for the
equation (8). Wherein, the coefficient 17 is a constant for taking account
of  main circuitry efficiency, motor efficiency, and power factor. The
constant may be changed for determining distortion to be none, responding
to the load torque and rotational speed. For simplification in the
controlling and operating processing, the constant may be represented with
a value at a typical load condition by taking a driving condition of an
application device into consideration, for example. Then, a case is
described by taking an IPM motor disclosed in the  Article 2 as an example,
in which case a torque is controlled using current controlling. A torque z m
of an 1PM motor is represented by an equation  (14). TR, =n(A - (Ld -Lq)
d).tq Equation (14) The item of (Ld - Lq) ' id in the equation (14) changes
depending upon the d-axis current. When, the assumption is made for  



simplification that the change width og the d-axis current is small and that
the torque is in proportion to the d-axis current, the q - axis current 24
19 JULY 2006 command iq* {refer to equation (15)) is obtained from the
equation (9) and  the equation (14). q= =liq'`sin` o, Equation (15) On the
other hand, in the contrary, the inverter controlling apparatus calculates
the q-axis current command iq* based upon an equation (16)  which is
obtained from the equation (11) using the equation (14). =iq' Sin2o_'I a
.77, 1 co (l + (Ld = Lq) ",10) Equation (16) The second item in the equation
(16) represents the current for  torque for compensating the capacitor
current. Further, Ido represents a moving average value of the d-axis
current for about 1/2 to 10 cycles of  the power waveform. Therefore, the
current for torque can be controlled for suppressing  the capacitor current.
And, the distortion in the power current can be  reduced. In Fig. 4, the
arrangement is employed in which the capacitor  current i. is calculated
from the detection value of the power current it or  DC voltage vdC. But, an
arrangement may be employed in which a current  sensor is provided for
directly detecting the capacitor current i, and the  detection value is
directly supplied to the conversion section 32. Fig. 5 is a block diagram
illustrating an inverter controlling  apparatus of a further embodiment
according to the present invention. This inverter controlling apparatus
differs from the inverter  controlling apparatus of Fig. 3 in that a
capacitor current operation section  31 and capacitor current compensation
operation section 32' are employed  instead the it command operation section
28, subtraction section 29 and P  



operation section. The capacitor current operation section 31 receives the
power current it or DC voltage vd, as an input and carries out the operation
for obtaining the capacitor current ic. The capacitor current compensation
operation section 32' receives the capacitor current ic, power voltage v,
and 25 19 JULY 2006 motor rotational speed w m as inputs, and converts the
capacitor current is  into the torque command for correction or current for
torque command for  correction. Therefore, in this inverter controlling
apparatus, the current for  torque can be controlled for suppressing the
capacitor current, and the  distortion in the power current can be reduced.
Fig. 6 is a block diagram illustrating a main section of an inverter
controlling apparatus of a further embodiment according to the present
invention. In this inverter controlling apparatus, an FFT (harmonics
analysis)  operation section 31a and waveform generation section alb
constitute the  capacitor current operation section 31 in Fig. 5. The FFT
operation section 31a receives the absolute value I it of the power current
calculated by an absolute value operation section 31f  and the absolute
value phase 0 2 (=2  6 1) (0 2 is determined its 0 phase to be at a peak
point of the absolute value I v1 I of the power voltage as is  illustrated
in Fig. 25) as inputs, carries out the FFT operation, and outputs  amplitude
components I ichl I , I 'ch., I ,  = of the harmonics ich1, ich2, C 'which
are in-phase of -sin 0 2 corresponding to the capacitor  current ic. The
waveform generation section 31b receives the amplitude  components I ichl I
, I rch2 of the harmonics ichl, ic12,   and the absolute value phase 0 2 as
inputs, and generates the capacitor current is  based upon an equation (17).
is = -liChl l  sin 62 Iich2l H sin 202 - Iichs J sin 302 ... Equation (17)
Therefore, when this inverter controlling apparatus is employed, the  



capacitor current is can be calculated accurately, the current for torque
can 26 19 JULY 2006 be controlled for suppressing the capacitor current, and
the distortion in the  power current can be reduced. Fig. 7 is a block
diagram illustrating a main section of an inverter  controlling apparatus of
a further embodiment according to the present  invention. This inverter
controlling apparatus differs from the inverter  controlling apparatus of
Fig. 6 in that a waveform generation section 31c is  employed instead the
waveform generation section 31b. The waveform  generation section 31c
receives only the amplitude components I ichi I of the harmonics ichl, rch2,
of twice frequency with respect to the power frequency and absolute value
phase 2  6 1 of the power voltage, and  generates the capacitor current ic.
Of course, a device for outputting only  the twice frequency component with
respect to the power frequency may be  employed as the FFT operation section
3la. As is understood from the equation (4), harmonic amplitude of the  DC
voltage vac decreases following the increase in harmonic order n.
Therefore, the capacitor current is can be generated with considerably high
accuracy even when the order is determined to be only the twice frequency
with respect to the power frequency, the order being applied the FFT, as is
illustrated in Fig. 7. Therefore, when this inverter controlling apparatus
is  employed, the operation load can be greatly reduced, the capacitor
current  is can be calculated accurately, the current for torque can be
controlled for  suppressing the capacitor current, and the distortion in the
power current  can be reduced. Fig. 8 is a block diagram illustrating a main
section of an inverter  controlling apparatus of a further embodiment
according to the present  invention. This inverter controlling apparatus
differs from the inverter  controlling apparatus of Fig. 6 in that a
capacitor current pattern storage  



section 31d is employed instead the FFT operation section 31a and  waveform
generation section 3lb. The capacitor current pattern storage section 31d
stores previously  operated capacitor current is based upon the equation
(5), and carries out 27 19 JULY 2006 looking-up operation based upon the
absolute value phase 2  0 I of the  power voltage. Therefore, the operation
load can be minimized, the capacitor  current is can be calculated
accurately, the current for torque can be  controlled for suppressing the
capacitor current, and the distortion in the  power current can be reduced.
Fig. 9 is a block diagram illustrating a main section of an inverter
controlling apparatus of a further embodiment according to the present
invention. This inverter controlling apparatus differs from the inverter
controlling apparatus of Fig. 8 in that a capacitor current correction
section  3le is further included. The capacitor current correction section
3le  receives the capacitor current i,' output from the capacitor current
pattern  storage section 31d, and the difference between the maximum value
Vma,;  and the minimum value Vm;n of-the DC voltage vdC as inputs, carries
out an  operation of an equation (18), and corrects the capacitor current.
Vmax -Vmin  vmax Equation (18) Operation of the inverter controlling
apparatus having this  arrangement is described with reference to Fig. 10.
Fig. 10 (A) illustrates a waveform of the DC voltage vd0 when the  minimum
value of the DC voltage vdc is determined to be vm[n by the field
controlling, while Fig. 10(B) illustrates a waveform of the DC voltage VdC
when load is light. That is, an amplitude of harmonic component of the DC
voltage vdc  



changes depending upon load and controlling condition, as is understood
from Figs. 10. In the inverter controlling apparatus of Fig. 9, the
capacitor current  is corrected by carrying out the operation of the
equation (18) by the  capacitor current correction section 31e. Therefore,
the capacitor current  can be obtained with accuracy and with simple
operation despite the load  and controlling condition, the current for
torque can be controlled for  suppressing the capacitor current, and the
distortion in the power current 28 19 JULY 2006 can be reduced. Fig. 11 is a
block diagram illustrating a main section of an inverter  controlling
apparatus of a further embodiment according to the present  invention. This
inverter controlling apparatus differs from the inverter  controlling
apparatus of Figs. 3 and 5 in that a subtraction section 22a is  further
included. The subtraction section 22a subtracts the phase $ for  correction
(q -axis current phase command) from the phase 01 of the  power voltage so
as to obtain a corrected phase 0 , and supplies the  corrected phase 0 to
the sin20 generation section 22. Operation of the inverter controlling
apparatus having this  arrangement is as follows. When 0 is small, cos 0 is
approximated to be 1, and sin 0 is  approximated to be 0. Therefore,
relationship of an equation (19) is  obtained. sin 2 (61 +g) = sin 2 61 -~
-sin 261 Equation (19) The second item of the equation (19) becomes opposite
phase of the  capacitor current i, when $ is determined to be delay phase,
that is negative, and its amplitude can be controlled based upon the
magnitude I of the q -axis current phase command. 



Therefore, the capacitor current i. can be compensated more easily,  by
employing the arrangement of Fig. 11. Fig. 12 is a flowchart explaining
power phase synchronism  processing. The processing is started in response
to the rising of the power voltage (rising of the zero-cross detection
signal for the input 29 19 JULY 2006 voltage). In step SP1, a phase angle
01(j)is set to be 0. Then, the  processing returns to the original
processing. Herein and hereinafter, the  suffix (j) is used to recognize a
sample point. Fig. 13 is a flowchart explaining power phase generation
processing.  The processing is started at predetermined interruption
interval T. In step  SP1, a phase angle 01(k - 1) is input. In step SP2, a
phase angle e 1(k) at the present time is generated by carrying out the
operation of 0 1(k) = 0 1(k - 1) + A 0 . Then, the processing returns to the
original  processing. The constant A 0 is determined as follows, for
example. When the power frequency f1 = 50Hz, and when assumption is  made
that 01 = 3600 is the power phase of 360 and that the interruption interval
T, is 200,u s, A 0 (= 01  f1  T) becomes 36. Fig. 14 is a flowchart
explaining current controlling processing.  The processing is carried out at
every predetermined interruption interval Ts. In step SPI, the rotational
position signal 0 m(n), rotational speed wm(n), DC voltage vdC(n), and motor
currents i,(n), i"(n) and i,N(n) are input  (n is an integer which is
incremented at every processing). In step SP2,  transformation operation
processing from three-phase to dq-coordinates is  carried out so as to
calculate the dq-axis currents id(n) and iq(n). In step  SP3, dq-axis
command current operation processing is carried out. In step  SP4, dq-axis
current commands id(n)* and iq(n)* are input. In step SP5, operations of E
d(n) = id(n)* - id(n) and E q(n) = iq(n)* - iq(n) are carried out so as to
calculate dq-axis current deviation E d(n) and E q(n). 



30 19 JULY 2006 In step SP6, operations of vd'(n) = I'Pd  E a(n) + IS,d  S E
d(n) and Vq'(n) = Ipq  E q(n) + K,q  I E q(n) are carried out so as to
perform PI operations for  dq-axis voltage. In step SP7, decoupling
controlling operation of [vd(n) =vd' (n) - Lq  iq(n)  n  (ti m and vq(n) =
vq' (n) + { /]. a + Ld  id(n) }  n  Wm] are carried out so as to calculate
dq-axis voltage commands vd(n) and  vq(n). In step SP8, conversion operation
processing from d-q to three- phase coordinates is carried out so as to
calculate voltage command for  each phase v0(n)*, v,(n)*, and v,(n)*. In
step SP9, operation of an equation (20) is carried out so as to calculate
pulse width for each phase r "(n + 1), z (n + 1), and r (n + 1), and to
store the pulse width in a PWM  timer. Then, operation returns to the
original processing. i, (n+1){v~ (n)*/vd, (n) }+1/2]T~ i,. (n+1) =[ {vv
(n)vd, (n) )+1/2]Tt ti.. (n+1){vw (n)*/vac (n) }+1/2]T Equation (20)  Next,
the operation in step SP3 in Fig. 14 is described. Fig. 15 is a flowchart
explaining a conventional operation in step  SP3 in Fig. 14. In step SP1,
the power phase 0 (n) and q-axis current average value command I iq(n)* i
are input. In step SP2, operation of iq(n)* =  I iq(n)* I ^ sin20 (n) is
carried out so as to calculate the q-axis current  command iq(n)*. In step
SP3, operation of id(n)* = - A. i1-d  (1/Ld)[{vdc/n/wm(n))2 - {Lq'
iq(n)}2]112 is carried out so as to calculate the 31 19 JULY 2006 d-axis
current command id(n)*. Then, operation returns to the original  processing.
Therefore, compensation of the capacitor current cannot be carried out. Fig.
16 is a flowchart explaining an operation of an example  



according to the present invention in step SP3 in Fig. 14. In step SP1, the
power phase S (n), q-axis current average value command I iq(n)* , and
capacitor current i,(n) are input. In step SP2,  operation of iq(n)* _ I
iq(n)* I - sin' 01(n) - i, is carried out so as to  calculate the q-axis
current command iq(n)*. In step SP3, operation of  id(n)* = - 2. a/Ld +
(1/Ld)[{vdc/n/wm(n)12 - {Lq - iq(n)}2]la is carried out  so as to calculate
the d-axis current command id(n)*. Then, operation  returns to the original
processing. Therefore, compensation of the capacitor current can be carried
out.  Fig. 17 is a flowchart explaining an operation of another example
according to the present invention in step SP3 in Fig. 14. In step SP1, the
power phase 01(n), q-axis current phase command $ (n), and q-axis current
average value command I iq(n)* I are input.  In step SP2, operation of
iq(n)* =I iq(n)* I  sine 01(n) - $ (n) is carried  out so as to calculate
the q-axis current command iq(n). In step SP3,  operation of id(n)* = - A
a/Ld + (1/Ld)[{vdc/n/wm(n)}2 - {Lq  iq(n)}'-]v2  is carried out so as to
calculate the d-axis current command id(n). Then,  operation returns to the
original processing. Therefore, compensation of the capacitor current can be
carried out  more easily. The invention of claim 1 has a characteristic
effect that harmonics  in power current can be reduced. The invention of
claim 2 has an effect which is similar to that of 32 19 JULY 2006 claim 1,
by carrying out the torque controlling for a motor, speed  controlling for a
motor or the like. The invention of claim 3 has an effect which is similar
to that of  claim 1, by carrying out the controlling of torque or current
for torque. The invention of claim 4 has a characteristic effect that
harmonics  in power current can be reduced. The invention of claim 5 has a
characteristic effect that harmonics  



in power current can be reduced. The invention of claim 6 has an effect
which is similar to that of  claim 5, by carrying out the torque controlling
for a motor, speed  controlling for a motor or the like. The invention of
claim 7 has an effect which is similar to that of  claim 5, by carrying out
the controlling of torque or current for torque. The invention of claim 8
has a characteristic effect that harmonics  in power current can be reduced
by negating the capacitor current. The invention of claim 9 has an effect
which is similar to that of  claim 8. The invention of claim 10 has a
characteristic effect that the  operation load can be reduced, in addition
to the effect which is similar to  that of claim 9. The invention of claim
11 has a characteristic effect that the  operation load can be reduced, in
addition to the effect which is similar to  that of claim 8. The invention
of claim 12 has a characteristic effect that the  capacitor current can be
calculated with accuracy, in addition to the effects  which are similar to
those of claim 11. The invention of claim 13 has a characteristic effect
that the  compensation of the capacitor current can be carried out easily,
in addition  to the effect which is similar to that of claim 7. 19 JULY 2006
33 What is claimed is : 1. An inverter controlling method is a method which
includes a single-phase rectification  circuitry (2) and three-phase
inverter (4), determines a capacitance of a capacitor (3)  connected between
output terminals of the single-phase rectification circuitry (2) for
allowing an output voltage of the single-phase rectification circuitry (2)
to pulsate at  twice frequency with respect to a power frequency, and
controls the three-phase inverter  (4) for supplying output voltages or
output currents from the three-phase inverter (4) to a  motor (5), the
method is characterized in that the method comprising a step of  



controlling the motor (5) for suppressing a current flowing into the
capacitor (3) from a  power source via the single phase rectification
circuitry (2). 2. An inverter controlling method is a method which includes
a single-phase rectification  circuitry (2) and three-phase inverter (4),
determines a capacitance of a capacitor (3)  connected between output
terminals of the single-phase rectification circuitry (2) for  allowing an
output voltage of the single-phase rectification circuitry (2) to pulsate at
twice frequency with respect to a power frequency, and controls the
three-phase inverter  (4) for supplying output voltages or output currents
from the three-phase inverter (4) to a  motor (5), the method is
characterized in that the method comprising a step of  controlling a torque
or current for torque for suppressing a current flowing into the  capacitor
(3) from a power source via the single phase rectification circuitry (2). 3.
An inverter controlling apparatus is an apparatus which includes a
single-phase  rectification circuitry (2) and three-phase inverter (4),
determines a capacitance of a  capacitor (3) connected between output
terminals of the single-phase rectification  circuitry (2) for allowing an
output voltage of the single-phase rectification circuitry (2)  to pulsate
at twice frequency with respect to a power frequency, and controls the
three- phase inverter (4) for supplying output voltages or output currents
from the three-phase  inverter (4) to a motor (5), the apparatus is
characterized in that the apparatus comprising  suppression means for
controlling the motor (5) for suppressing a current flowing into  the
capacitor (3) from a power source via the single phase rectification
circuitry (2). 4. An inverter controlling apparatus is an apparatus which
includes a single-phase  rectification circuitry (2) and three-phase
inverter (4), determines a capacitance of a  capacitor (3) connected between
output terminals of the single-phase rectification  circuitry (2) for
allowing an output voltage of the single-phase rectification circuitry (2)
to pulsate at twice frequency with respect to a power frequency, and
controls the three- phase inverter (4) for supplying output voltages or
output currents from the three-phase 19 JULY 2006 34 inverter (4) to a motor
(5), the apparatus is characterized in that the apparatus comprising
suppression means for controlling a torque or current for torque for
suppressing a current  flowing into the capacitor (3) from a power source
via the single phase rectification  circuitry (2). 



5. An inverter controlling apparatus is an apparatus which includes a
single-phase rectification circuitry (2) and three-phase inverter (4),
determines a capacitance of a capacitor (3) connected between output
terminals of the single-phase rectification circuitry (2) for allowing an
output voltage of the single-phase rectification circuitry (2) to pulsate
at twice frequency with respect to a power frequency, and controls the
three-phase inverter (4) for supplying output voltages or output  currents
from the three-phase inverter (4) to a motor (5), the apparatus  is
characterized in that the apparatus comprising controlling means
(12)(13)(14)(20)(22a)(28)(29)(31)(31a)(31b)(31c)(31d)(31e)(32)(32')(  33)
for carrying out controlling for suppressing a current flowing into  the
capacitor (3) from a power source via the single-phase rectification
circuitry (2). 6. An inverter controlling apparatus as set forth in claim 5,
wherein the  controlling means
(12)(13)(14)(20)(22a)(28)(29)(31)(31a)(31b)(3lc)(31d)(31e)(32)(32')  (33)
controls the motor (5) for suppressing a current flowing into the  capacitor
(3) from a power source via the single-phase rectification  circuitry (2) 7.
An inverter controlling apparatus as set forth in claim 5, wherein the
controlling means
(12)(13)(14)(20)(22a)(28)(29)(31)(31a)(3lb)(31c)(31d)(3le)(32)(32')  (33)
contorols a torque or current for torque for suppressing a current  flowing
into the capacitor (3) from a power source via the single-phase
rectification circuitry (2) 19 JULY 2006 35 8. An inverter controlling
apparatus is an apparatus which includes a single-phase  rectification
circuitry (2) and three-phase inverter (4), determines a capacitance of a
capacitor (3) connected between output terminals of the single-phase
rectification  circuitry (2) for allowing an output voltage of the
single-phase rectification circuitry (2)  to pulsate at twice frequency with
respect to a power frequency, and controls the three- 



phase inverter (4) for supplying output voltages or output currents from the
three-phase  inverter (4) to a motor (5), the apparatus is characterized in
that the apparatus  comprising: capacitor current operation means
(31)(3la)(31b)(3lc)(31d) for calculating a capacitor  current flowing into
the capacitor (3) from a power source via the single phase rectification
circuitry (2); and current for torque correction means (32)(32')(33) for
correcting a current for torque so as to  suppress a current flowing into
the capacitor (3) from a power source via a single phase  rectification
circuitry (2), by subtracting the obtained capacitor current from the
current for  torque. 9. An inverter controlling apparatus as set forth in
claim 8, wherein the  capacitor current operation means (31a) carries out
the harmonic  analysis of the power current. 10. An inverter controlling
apparatus as set forth in claim 9, wherein a  harmonic component of a twice
frequency with respect to the power  frequency is employed as the harmonic
analysis result. 11. An inverter controlling apparatus as set forth in claim
8, wherein the  capacitor current operation means (31d) outputs the
capacitor current  based upon stored pattern. 12. An inverter controlling
apparatus as set forth in claim 11, further  comprising correction means
(3le) for correcting the capacitor current  output based upon stored
pattern, based upon a direct current voltage  detection value. 13. An
inverter controlling apparatus as set forth in claim 7, wherein the
controlling means (22a) includes phase determination means (22a) for
determining a phase of the current for torque to be a delayed phase. 


