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ABSTRACT

A converter includes a converter circuit 1 having a plurality

of bridge-connected semiconductor switching devices for
converting AC poWer into DC poWer, a smoothing con
denser connected in parallel to the DC side of the converter
circuit and a current detector provided in a condenser circuit

to control a condenser current ?owing through the smooth
ing condenser to be a set value. The condenser current is

controlled to be the set value (e. g. Zero) to thereby reduce the
capacity of the smoothing condenser and make the converter
srnall.
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CONVERTER AND POWER CONVERTER THAT
BECOMES IT WITH THE CONVERTER
[0001]

BACKGROUND OF THE INVENTION
The present invention relates to a converter that

converts AC (alternating current) power into DC (direct
current) poWer and a poWer converter that becomes it With

[0008]

Furthermore, it is a second object of the present

invention to provide a small-siZed and packaged poWer
converter including an inverter and the converter of the
present invention used as a DC source.

[0009] In order to achieve the ?rst object, the converter
according to the present invention comprises a converter

and voltage.

circuit including a plurality of bridge-connected semicon
ductor sWitching devices for converting AC poWer into DC
poWer, a smoothing condenser connected in parallel to DC

[0002] In a driving system of an electric motor, it is
necessary to change a frequency of AC poWer to any
frequency in order to control a rotational speed of the motor

side of the converter circuit and a current detector provided
in a condenser circuit to control a condenser current ?oWing
through the smoothing condenser to be a set value.

freely and a poWer converter using semiconductor sWitching
devices such as insulated gate bipolar transistors (IGBTs) is

through the smoothing condenser is detected to control the

the converter to produce AC poWer having any frequency

used therefor. Most of such poWer converters each include
a converter for converting AC poWer into DC poWer and an

inverter for converting the DC poWer produced by the
converter into AC poWer having any frequency and voltage.
[0003] HoWever, since a DC voltage is varied due to
unequalness of the DC poWer transferred betWeen the con
verter and the inverter, a smoothing condenser is provided in
a DC circuit connecting therebetWeen to suppress the varia

tion of the DC voltage. Generally, an electrolytic condenser
used as the smoothing condenser is very large in the volume
as compared With semiconductor sWitching devices and

accordingly the percentage of the volume of the smoothing
condenser occupying the poWer converter is increased.

Therefore, if the capacity of the smoothing condenser is
reduced, the power converter can be made small.

[0004] Heretofore, in order to reduce the capacity of the
smoothing condenser, Japanese Patent Publication JP-A
2003-102177, for eXample, discloses that an input current
and a DC input current based on a current command for an

inverter are presumed and an AC input current of the
converter is controlled so that a DC output current of a

converter is equal to the DC input current of the inverter.

Further, Japanese Patent Publication JP-A-7-79567 dis
closes that an active ?lter is connected in parallel to a

smoothing condenser and a compensation current of the
active ?lter is controlled so that DC voltage variation is
absorbed.
SUMMARY OF THE INVENTION

[0005] HoWever, an apparatus disclosed in JP-A-2003
102177 requires a lot of detectors for detecting AC input
current, DC voltage, AC output current, rotational speed and

[0010] More particularly, the condenser current ?oWing
condenser current to be the set value (eg Zero), so that the
capacity of the smoothing condenser can be reduced and the
converter can be made small. In order to control the con

denser current to be the set value, the plurality of bridge

connected semiconductor sWitching devices constituting the
converter circuit may be controlled. Concretely, it can be

realiZed by providing q-aXis current control means that
controls a q-aXis current component of the DC current of the
converter circuit so that a difference betWeen the condenser

current and the set value is reduced.

[0011] Further, in order to control the converter, informa
tion of the AC current on the input side is required usually,
although When an AC input current of the converter circuit
is detected, the number of detectors are increased. Accord
ingly, it is considered that the DC current of the converter (or
inverter) contains information about the AC current and a
DC current detector for detecting the DC current of the
converter circuit is provided. Calculation means for calcu
lating the AC current on the input side of the converter
circuit on the basis of the DC current detected by the DC

current detector and operation states of the plurality of
semiconductor sWitching devices is provided to make it
possible to suppress the number of detectors from being
increased.

[0012] Moreover, it is desired to provide compensation
means for calculating the q-aXis current component of the
AC current on the basis of the AC current calculated by the
calculation means of the AC current on the input side and

feeding back the q-aXis current component of the AC current
to correct a q-aXis current command value of the q-aXis
current control means.

the like and accordingly there sometimes occurs a problem
that the volume of the apparatus is increased due to added

[0013]

detectors besides making small the smoothing condenser.

[0014] Further, the converter of the present invention is
preferably of packaged type comprising a main circuit board

[0006]

Further, an apparatus disclosed in JP-A-7-79567

requires detectors for detecting input current, AC voltage,
DC voltage and DC current in order to control the compen
sation current and there is a problem that the apparatus is

made large and control is also complicated. Particularly, the
AC voltage detector and the input current detector have a

reference potential different from that of the DC voltage
detector and accordingly, an insulation circuit is required.
Further, since a circuit constant of the active ?lter depends
on a circuit constant on the input side, there is no generality.

[0007]

It is a ?rst object of the present invention to provide

a converter that can reduce the capacity of a smoothing
condenser connected to a DC circuit Without increasing the

number of detectors.

The condenser current detector and the DC current

detector can use shunt resisters.

in Which a converter circuit including a plurality of bridge

connected semiconductor sWitching devices for converting
AC poWer into DC poWer is formed, a controller board in

Which a controller for controlling the plurality of semicon
ductor sWitching devices is formed, a package in Which the
main circuit board is provided and on Which the controller
board is placed to connect therebetWeen, an external termi
nal for a smoothing condenser connected in parallel to DC
side of the converter circuit and Which is mounted at
periphery of the package and a current detector connected
betWeen the external terminal and the converter circuit.

Consequently, the capacity of the smoothing condenser can
be reduced and the Whole converter apparatus can be made
small.
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[0015] In order to achieve the second object, the power
converter of packaged type according to the present inven
tion comprises a main circuit board in Which tWo sets of

poWer converter circuits each including a plurality of bridge
connected semiconductor sWitching devices are connected
to each other through a DC circuit, a controller board in

an ampli?er such as an operational ampli?er (OP) can be
used to convert current information into an electrical signal
simply. In this case, it is desired to connect one ends of tWo
to three current detectors to the same potential. That is, one
ends of the current detectors can be connected in common to

the negative line (N-line) of the smoothing condenser as a
reference potential to form the con?guration that is not
in?uenced by scattered detection values of the current
detectors due to disposition of semiconductor sWitching
devices and Wiring resistance and variation of the reference

Which a controller for controlling the plurality of semicon
ductor sWitching devices for the tWo sets of poWer converter
circuits is formed and a package in Which the main circuit
board is provided and on Which the controller board is
placed to connect therebetWeen. The package includes tWo

potential due to noise. This con?guration is the same even in

sets of AC terminals connected to the tWo sets of poWer
converter circuits, respectively, an external terminal for a

the case Where the shunt resistor is used and even in the case
Where non-contact type current sensor is used.

smoothing condenser connected in parallel to the DC circuit
and an eXternal terminal connected to the controller and all

the terminals are disposed at periphery of the package. The
main circuit board includes at least tWo current detectors for

detecting a DC current ?oWing through the external terminal
for the smoothing condenser and DC currents in the poWer
converter circuits.

[0016] As con?gured above, the effects of the converter

[0019] In the poWer converter of packaged type according
to the present invention, the controller includes decision
means for deciding an AC terminal connected to an AC
poWer supply on the basis of a detected current of the at least
one current detector and means for controlling to operate the
poWer converter circuit connected to the AC poWer supply
as a converter and to operate the other poWer converter
circuit as an inverter on the basis of decision result of the

according to the present invention can be attained and the
poWer converter including the converter and the inverter can
be made small Without increasing detectors as described

decision means. In other Words, When the poWer supply is
turned on, an initial charging current ?oWs through the

beloW. That is, the junction of the DC circuit connecting tWo

current can be observed to thereby decide Which of eXternal
terminals connected to tWo sets of poWer converter circuits

sets of poWer converter circuits and the smoothing con
denser is a so-called Y connection. Accordingly, it is not

alWays necessary to detect the DC current ?oWing through
the smoothing condenser and the DC currents ?owing
through the tWo sets of poWer converter circuits and if tWo
of these currents are detected, the remaining one current can

be calculated. In other Words, there may be provided current
calculation means for calculating a current in a part Where a
current detector is not provided on the basis of tWo current

values detected by at least tWo current detectors. This
current calculation means can be realiZed by calculation
means such as a microcomputer and a digital signal proces
sor (DSP). It is possible not to provide a detector for a

condenser current ?oWing through the smoothing condenser
and in this case the condenser current can be calculated on
the basis of a difference betWeen the converter DC current
and the inverter DC current.

[0017] Particularly, since electric poWer containing all
losses produced in the portion from the smoothing con
denser to the load side is supplied to the poWer converter
circuit side corresponding to the converter, the DC current
on the converter side is larger than that on the inverter side.

Further, since only sWitching ripple in the poWer converter
circuit ?oWs through the smoothing condenser basically, the
absolute value of the current ?oWing through the smoothing
condenser is very small as compared With the tWo poWer
converter circuits. Accordingly, it is desired to provide tWo
current detectors for detecting the DC current of the poWer
converter circuit corresponding to the inverter and the
condenser current of the smoothing condenser. Conse
quently, the loss of the current detector can be reduced.

[0018] Further, in the poWer converter of packaged type
according to the present invention, the controller controls
one of the poWer converter circuits, that is, the plurality of
semiconductor sWitching devices of the poWer converter
circuit corresponding to the converter to control the con
denser current to be the set value. Moreover, When the

current detectors are con?gured by means of shunt resistors,

smoothing condenser and accordingly this initial charging
the AC poWer supply is connected to.

[0020] After the initial charging current is ended or dis
appears, the controller includes, instead of observing the
initial charging current, decision means for deciding an AC
terminal connected to an AC poWer supply on the basis of
detected currents of the tWo current detectors after the
semiconductor sWitching devices of loWer arms for one of
the tWo sets of poWer converter circuits are turned on and

means for controlling to operate the poWer converter circuit
connected to the AC poWer supply as a converter and to
operate the other poWer converter circuit as an inverter on
the basis of decision result of the decision means.

[0021] As described above, since the poWer converter of
packaged type according to the present invention can con
?gure the converter and the inverter symmetrically about the
smoothing condenser, the poWer converter can be operated
even if Which of the poWer converter circuits the AC poWer

supply is connected to. Accordingly, the degree of freedom
such as arrangement of the poWer converter and rearrange

ment suitable for space thereof is improved remarkably.

[0022] The poWer converter of packaged type according to
the present invention can be incorporated as one component
of a system for driving a motor for a compressor in a

packaged air-conditioner, for eXample.
[0023] According to the present invention, there can be
realiZed the converter that can reduce the capacity of the
smoothing condenser connected to the DC circuit Without

increasing detectors.
[0024] Further, the poWer converter including the inverter
that uses the converter of the present invention as a DC

poWer supply can be made small and be packaged.

[0025] Other objects, features and advantages of the
invention Will become apparent from the folloWing descrip
tion of the embodiments of the invention taken in conjunc

tion With the accompanying draWings.
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BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a basic con?guration diagram illustrating
an embodiment of a power converter that uses a converter

according to the present invention;

[0042] As shoWn in FIG. 1, the poWer converter 14
includes, broadly divided, a poWer unit 9 and a control unit
11. The poWer unit 9 includes a converter circuit 1, a

smoothing condenser 10 connected across the DC output of

[0028] FIG. 3 is a detailed con?guration diagram illus
trating the poWer converter of FIG. 1;

the converter circuit 1 and an inverter circuit 2 connected to
the DC output of the converter circuit 1. The converter
circuit 1 is connected to an AC poWer supply 6 through
reactors 7 and converts AC poWer supplied through the
reactors 7 into DC poWer. The inverter circuit 2 converts the

[0029]

DC poWer supplied from the converter circuit 1 through the
smoothing condenser into AC poWer to supply the AC poWer

[0027] FIG. 2 is an exploded perspective vieW of a
package of the poWer converter shoWn in FIG. 1;

FIG. 4 is a detailed con?guration diagram illus

trating converter circuit control means used in the poWer
converter of FIG. 3;

[0030] FIG. 5 is a diagram explaining operation of AC
current reproduction means of FIG. 4;

[0031]

FIG. 6 is a detailed con?guration diagram illus

trating inverter circuit control means used in the poWer
converter of FIG. 3;

[0032]

FIG. 7 is a detailed con?guration diagram illus

trating a poWer converter according to another embodiment

of the present invention;
[0033] FIG. 8 is a detailed con?guration diagram illus
trating a poWer converter according to another embodiment

of the present invention;
[0034] FIG. 9 is a diagram explaining an example of a
method of deciding a terminal to Which a poWer supply is
connected in the embodiment of FIG. 8;

[0035] FIG. 10 is a diagram explaining another example

to a motor 8.

[0043] Further, a current detector 3 for detecting a current
?oWing through the DC side of the converter 1 and a current

detector 4 for detecting a current ?oWing through the
smoothing condenser 10 are provided in the negative side
(N-line) of a DC circuit that is connected betWeen the
converter circuit 1 and the inverter circuit 2. Moreover, a
voltage detector 20 for detecting a DC voltage across the

smoothing condenser 10 is provided. On the other hand, the
control unit 11 includes a controller for controlling the
converter circuit 1 and the inverter circuit 2. The control unit
11 produces pulse signals 12 and 13 on the basis of current
information detected by the current detectors 3 and 4 and
drives the converter circuit 1 and the inverter circuit 2 by the

pulse signals.
[0044] As shoWn in FIG. 2 as the exploded perspective
vieW, the poWer converter 14 can incorporate the poWer unit
9 and the control unit 11 into a single module to be integrally

of a method of deciding a terminal to Which a poWer supply

formed. More particularly, the poWer unit 9 composed of the

is connected in the embodiment of FIG. 8;

converter circuit 302 and the inverter circuit 303 that are
connected through the DC circuit is mounted on a main

[0036] FIG. 11 is a diagram explaining operation of the
decision method of FIG. 10;

circuit board 301 made of aluminum and the main circuit
board 301 is mounted Within a depression portion of a
package 300 formed into a square. On the other hand, the

[0037] FIG. 12 is a diagram explaining operation of the
decision method of FIG. 10;
[0038]

FIG. 13 is a detailed con?guration diagram illus

trating a poWer converter according to another embodiment

of the present invention; and
[0039]

FIG. 14 is a schematic diagram illustrating an

outdoor unit of an air-conditioner in Which the poWer
converter of the present invention is applied to drive a
compressor thereof.

DESCRIPTION OF THE EMBODIMENTS

[0040]

The present invention is noW described With ref

erence to embodiments.

control unit 11 including one-chip microcomputer 16 for
controlling a plurality of semiconductor sWitching devices
of the poWer unit 9 is mounted on a sub-board 17 and the
sub-board 17 is placed on one side of the package 300 so that

the control unit 11 is connected to the poWer unit 9 to thereby
form a packaged-type poWer converter 14. The microcom
puter 16 may use a digital signal processor (DSP).

[0045] The package 300 is equipped With at its periphery
AC terminals 305a connected to the converter circuit
AC terminals 305c connected to the inverter circuit
external terminals 305b connected to the smoothing
denser and external terminals 306 for connecting the
verter circuit 302 and the inverter circuit 303 to the

302,
303,
con
con
con

Embodiment 1

troller of the control unit 11. That is, in the embodiment, the
smoothing circuit is structured to be connected externally.
Further, the sub-board 17 is equipped With connectors 307

[0041] FIG. 1 is a basic con?guration diagram illustrating

connected to external controller such as higher-rank con

an embodiment of a poWer converter that uses a converter

troller. Moreover, the main circuit board 301 is equipped

according to the present invention to produce AC poWer
having any frequency and voltage. FIG. 2 is an exploded
perspective vieW of a package of the poWer converter shoWn
in FIG. 1. FIG. 3 is a detailed con?guration diagram

With tWo current detectors for detecting a current ?oWing

through the external terminals 305b for the smoothing

control means used in the poWer converter of FIG. 3. FIG.

condenser and a current ?oWing through the DC side of the
converter circuit 302. As apparent from the DC circuit of
FIG. 1, since the DC circuit of N-line and the smoothing
condenser are connected into so-called Y-connection, only
tWo of three current detectors for detecting the current

6 is a detailed con?guration diagram illustrating inverter

?oWing through the smoothing condenser, the current ?oW

circuit control means used in the poWer converter of FIG. 3.

ing through the DC side of the converter circuit 302 and the

illustrating the poWer converter of FIG. 1. FIG. 4 is a

detailed con?guration diagram illustrating converter circuit
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current ?owing through the DC side of the inverter circuit
303 can be provided to thereby calculate the remaining one
current.

[0046] As shoWn in FIG. 2, in the packaged-type poWer
converter 14 of the embodiment, the poWer system including
the semiconductor sWitching devices and the control system
including the microcomputer 16 and the like are disposed
separately from each other so that the control system is not

in?uenced by noise generated from the poWer system.
Further, the semiconductor sWitching devices mounted on
the main circuit board 301 are not limited to bare-chips but

packaged parts may be mounted instead thereof. Moreover,
a shield plate can be disposed betWeen the semiconductor

sWitching devices of the poWer system and the microcom
puter 16 of the control system, so that the control system of
the microcomputer 16 and the like can be mounted on single
main circuit board 301 together With the semiconductor

sWitching devices of the poWer system. Furthermore, When
it is desired to increase or reduce the capacity of the poWer
converter 14, components can be exchanged easily so that

only the poWer unit, for eXample, is changed and simplicity
of maintenance is improved.
[0047] FIG. 3 schematically illustrates the poWer con
verter 14 shoWn in FIG. 1 in detail. As shoWn in FIG. 3, the

the phases. The IGBTs make sWitching operation to thereby
convert the DC poWer smoothed by the smoothing circuit 10
into the AC poWer having a designated voltage and fre
quency and the converted AC poWer is supplied to the motor
8. In the embodiment, a detector for detecting an AC current

?oWing through the motor 8 is not provided, although a
current ?oWing through the DC side of the inverter circuit 2
is calculated on the basis of the currents detected by the
current detectors 3 and 4 and the AC current is calculated on
the basis of the calculated current and the operation states of
the IGBTs of the upper and loWer arms for the U-, V- and

W-phases. Concrete calculation method thereof Will be
described later.

[0050]

The controller 11 includes an analog-to-digital

(A-D) conversion means 21, converter circuit control means
22 and inverter circuit control means 23. The A-D conver
sion means 21 includes an ampli?er such as an operational

ampli?er for amplifying signals from the current detectors 3
and 4 and an analog-to-digital (A-D) converter that operates
While using any of the PWM signals 12 and the PWM
signals 13 as a timing signal for receiving an analog value.
The A-D converter has sample-and-hold function and A-D
conversion function and is formed in a single semiconductor

integrated circuit constituting the controller 11. The A-D

gate bipolar transistors (IGBTs) as the plurality of bridge

converter converts the received analog value into a digital
value and supplies the digital value to the converter circuit

connected semiconductor sWitching devices. The IGBTs of

control means 22 and the inverter circuit control means 23.

converter circuit 1 and the inverter circuit 2 use insulated

the converter circuit 1 constitute upper and loWer arms or

sides for R-, S- and T-phases. The junctions of the upper and
loWer arms for the phases are connected to the AC poWer

supply 6 through the reactors 7. The converter circuit 1

[0051] The converter circuit control means 22 is supplied
With a DC voltage Edc detected by the voltage detector 20
that detects the voltage across the smoothing condenser 10,

means of a ?rst driver circuit 18 and applies the ampli?ed

a converter DC current idc1 detected by the current detector
3 and a condenser current ic detected by the current detector

PWM pulse signals 12a to 12c to the IGBTs for the phases.
The IGBTs make sWitching operation in response to the
PWM pulse signals 12a to 12c. The converter circuit 1 is to

circuit 18 of the converter circuit 1 so that the condenser

ampli?es ?rst PWM (pulse Width modulation) signals 12 by

convert AC poWer into DC poWer in response to the sWitch

ing operation and make Wave-shaping of the input current
and boosting of the DC voltage. In the embodiment, there is
not provided a detector for the AC input current, although
the AC input current is calculated on the basis of the DC
current detected by the current detector 3 connected on the

Way of passage of the current ?oWing through the DC side
of the converter circuit 1 and the operation states of the
IGBTs of the upper and loWer arms for the R-, S- and

T-phases. Concrete calculation method thereof Will be
described later. Further, the converter circuit 1 can make

regeneration operation that DC poWer is converted into AC
poWer to return it to the AC poWer supply 6.

[0048] The smoothing condenser 10 smoothes the DC
poWer produced by the converter circuit 1. The condenser
current ?oWing through the smoothing condenser 10 is
detected by the current detector 4.
[0049]

The IGBTs of the inverter circuit 2 constitute upper

and loWer arms or sides for U-, V- and W-phases in the same
manner as the converter circuit 1 and the junctions of the
upper and loWer arms for the phases are connected to the
motor 8. The motor 8 has a rotor made of a permanent

magnet and a plurality of Windings disposed around the rotor
to form AC magnetic ?eld. The inverter circuit 2 ampli?es
PWM pulse signals 13 by means of a driver circuit 19 and
applies the ampli?ed PWM pulse signals to the IGBTs for

4 through the A-D conversion means 21 and produces the
PWM signals 12 to supply the PWM signals 12 to the driver
current ic is minimiZed and a predetermined DC voltage is
produced. Further, the inverter circuit control means 23
receives the converter DC current idc1 detected by the
current detector 3 and the condenser current ic detected by
the current detector 4 through the A-D conversion means 21
to calculate an inverter DC current idc2 and produces the

PWM signals 13 to supply the PWM signals 13 to the driver
circuit 19 of the inverter circuit 2 so that the AC poWer

having the designated frequency and voltage is produced.
Further, the converter circuit control means 22 and the
inverter circuit control means 23 are con?gured to be able to
transmit and receive various data therebetWeen, so that
cooperation control betWeen the converter circuit 1 and the
inverter circuit 2 can be attained.

[0052] In this connection, When shunt resistors are used as
the current detectors 3 and 4, one ends of the tWo shunt
resistors are connected to the N-line side connected to the

smoothing condenser 10 and the other ends thereof are
connected to the A-D conversion means 21. Consequently,
even if the reference potential is varied due to external noise
or the like, the relative relation betWeen the tWo current
detectors is not changed and accordingly relative error can
be reduced. Further, the current detectors 3 and 4 are not
limited to the shunt resistors and can use current transform

ers (CT), Hall-effect elements or the like. Even in this case,
detection of currents can be made using the same potential
as the reference potential.
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[0053]

FIG. 4 schematically illustrates the converter cir

cuit control means 22 constituting the converter that is
characteristic of the present invention. The converter circuit
control means 22 includes a voltage loop for calculating a

[0058] On the other hand, the DC voltage Edc detected by
the voltage detector 20 is converted into a digital signal by
the A-D conversion means 21 and is supplied to the con

voltage command value and a phase loop for presuming a

verter circuit control means 22. The supplied DC voltage
Edc is compared With the DC voltage command value Edc*

phase of the poWer supply.

in a subtractor 112 and a difference AEdc therebetWeen is

[0054] The voltage loop for calculating the voltage com

pensator 101 makes integral control, for example, and
produces command value of q1-axis current component for

mand includes current reproduction means 100 for calculat

ing three-phase AC currents for R-, S- and T-phases on the
basis of the converter DC current idc1 of the converter

circuit 1, a voltage compensator or voltage controller 101 for
suppressing a deviation betWeen the DC voltage Edc and a
DC voltage command value Edc* to Zero, a current com
pensator or current controller 102 for suppressing a devia

tion betWeen the condenser current ic ?oWing through the

supplied to the voltage compensator 101. The voltage com
compensating or suppressing the difference AEdc to Zero.
Consequently, the DC voltage Edc can be controlled to a

predetermined value. Outputs of the current compensator
102 and the voltage compensator 101 are added to thereby
obtain a q1c-axis current command iq1c* and this q1c-axis
current command iq1c* is supplied to a subtractor 113.

smoothing condenser 10 and a condenser current command
value ic* to Zero, a 3CIJ/dq converter 103 for converting the
three-phase AC currents into d1-axis current and q1-axis
current by means of dq conversion, and a voltage command

[0059] The subtractor 113 is supplied With a q1-axis
current iq1c converted by the 3(D/dq converterr 103 on the
basis of the AC input current reproduced by the current

preparation unit 104 for preparing voltage command values

difference betWeen the current command iq1c* and the
q1-axis current iq1c and supplies the difference to the

(Vdc1* and Vqc1*).
[0055] Further, the phase loop for presuming the phase of
the poWer supply includes a poWer supply phase presump
tion unit 107 for presuming the phase of three-phase AC
poWer supply on the basis of output of the 3CIJ/dq converter
103, a phase compensator 108 for suppressing a deviation
betWeen a poWer supply phase error AGs presumed by the
poWer supply phase presumption unit 107 and a poWer
supply phase error command value A0s* to Zero and a poWer

supply phase calculator 109 for calculating the phase of the
poWer supply. In FIG. 4, the condenser current command
value ic*, the DC voltage command value Edc*, the poWer
supply phase error command value A0s* and poWer supply

angular speed command value uus* are previously given in

reproduction means 100. The subtractor 113 calculates a

voltage command preparation unit 104 as a q1-axis current

command iq1**.
[0060] The current reproduction means 100 is noW
described. The current reproduction means 100 is supplied
With the converter DC current idc1 detected by the current

detector 3 and converted into the digital signal by the A-D
conversion means 21. The current reproduction means 100

reproduces the AC input current on the basis of the supplied
converter DC current idc1 and the PWM pulse signals 12
representing the operation states of the IGBTs of the con
verter circuit 1 as shoWn in FIG. 5. That is, as shoWn in FIG.
5, the converter DC current idc1 detected by the current
detector 3 is varied in response to sWitching states of the

the converter circuit control means 22. HoWever, the present
invention is not limited thereto but the above command

IGBTs for respective phases. A reference triangular Wave

values may be supplied externally by means of higher-rank

signals 12 for respective phases, input currents 122a to 122d
for respective phases and DC current idc1 ?oWing through

control means, communication or the like.

[0056] The voltage command values Vdc1* and Vqc1* for
d1- and q1-axes produced by the voltage command prepa
ration unit 104 are coordinate-converted into voltage com

121, three-phase voltage command signals 120, PWM pulse
the current detector 3 are shoWn in FIG. 5. In FIG. 5, When

drive signals 123a to 123c of IGBTs for respective phases
are high level, the upper arms for respective phases are on
and When the drive signals are loW level, the loWer arms for

mand values for three-phase axis by means of a dq/3CD
converter 105 on the basis of the poWer supply phase 0s*

respective phases are on. In FIG. 5, for clari?cation, dead

calculated by the poWer supply phase calculator 109 to be
supplied to a pulse generator 106. The pulse generator 106

to prevent the upper and loWer arms for respective phase

prepares the PWM pulse signals 12 on the basis of the

time is not shoWn, although practically dead time is provided

from being short-circuited.

voltage command values to supply the PWM pulse signals

[0061] In FIG. 5, T-phase input current of opposite polar

to the driver circuit 18.

ity can be observed in sections A and D that the only loWer

[0057] Next, operation of the converter circuit control

arm for T-phase is on and the upper arms for R- and S-phases
are on. Further, R-phase input current of the same polarity

means 22 is described. The condenser current ic detected by

the current detector 4 is converted into a digital signal by the
A-D conversion means 21 and is supplied to the converter
circuit control means 22. The condenser current ic is com
pared With the condenser current command ic* in a subtrac
tor 111 and a difference Aic therebetWeen is supplied to the
current compensator 102. The condenser current command
ic* is usually Zero. The current compensator 102 makes

proportional control, for example, and produces a command

can be observed in sections B and C that the loWer arms for
S- and T-phases are on and the only upper arm for R-phase
is on. In this manner, the converter DC currents in respective
sections can be observed and combined to thereby reproduce

the three-phase input currents.
[0062] The reproduced input currents are supplied to the
3CIJ/dq converter 103. The 3(D/dq converter 103 coordinate
converts the three-phase AC current reproduced as the input

value of a q1-axis current component for compensating or
suppressing the difference Aic to Zero. Consequently, the

current into the d1-axis current and the q1-axis current in

condenser current ic can be controlled to be minimum to

the coordinate-converted d1c-axis current idle and q1c-axis
current iq1c. The d1c-axis current id1c is supplied to a

thereby reduce the capacity of the smoothing condenser 10.

accordance With the poWer supply phase 0s* and produces
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subtractor 114, Which calculates a difference between the

idc2 can be calculated as a difference betWeen the converter

d1c-aXis current idle and a d1c-aXis current command id1c*

DC current idc1 and the condenser current ic detected by the

to produce a d1-aXis current command id1** and supply it

current detectors 3 and 4, respectively, by the folloWing

to the voltage command preparation unit 104.

expression
This calculation can be made before the A-D
conversion or after A-D conversion of the A-D conversion
means 21. As described above, in the embodiment, one
current detector can be deleted. Particularly, since only

[0063] The voltage command preparation unit 104 makes
vector operation in accordance With the following expres
sions (1) on the basis of the d1-aXis current command id1* *,
the q1-aXis current command iq1** and the poWer supply

angular speed command uus* previously given to produce
d1-aXis voltage command Vd1* and q1-aXis voltage com
mand Vq1* and supply them to the dq/3CD converter 105 and

the poWer supply phase presumption unit 107.

sWitching ripple in the poWer converter circuit ?oWs through
the smoothing condenser 10 basically, loss in current detec
tion is small as compared With the provision of the current
detector that directly detects the inverter DC current idc2
and accordingly high ef?ciency can be attained.
[0068]

The inverter circuit control means 23 includes

current reproduction means 200 for calculating three-phase

Where R1c is a Winding resistance of the reactor 7, Ld1 an
inductance of the reactor 7 for the d1-aXis, Lq1 an induc
tance of the reactor 7 for the q1-aXis and Ka a phase voltage

AC currents for U-, V- and W-phases on the basis of the
inputted inverter DC current idc2, a 3(D/dq converter 201 for

of the poWer supply.

current by dq conversion, a voltage command (Vd2c* and
Vq2c*) preparation unit 203, a dq/3CD converter 204 for
coordinate-converting d2q2-aXis into three-phase aXes, a
pulse generator 205 for generating PWM pulse signals, a

[0064] The dq/3CD converter 105 coordinate-converts the
d1-aXis voltage command Vd1* and the q1-aXis voltage

command Vq1* into three-phase voltage command signals
120. The pulse generator 106 generates the PWM pulse
signals 12 for driving the IGBTs for the respective phases of
the converter circuit 1 on the basis of the three-phase voltage

command signals 120.

[0065] On the other hand, the poWer supply phase pre
sumption unit 107 uses the dlc-axis current idc1 and the

q1c-aXis current iqc1 supplied from the 3(D/dq converter 103
and the d1-aXis voltage command Vd1* and the q1-aXis
voltage command Vq1* supplied from the voltage command
preparation unit 104 to calculate an error A0sc betWeen the

converting the three-phase AC currents into a d2q2-aXis

magnetic pole position presumption unit 206, a magnetic
pole position compensator 207 for suppressing a deviation
betWeen the magnetic pole position error A0c presumed by
the magnetic pole position presumption unit 206 and a
magnetic pole position error command A0c* (=0) to Zero
and a magnetic pole position calculator 208 for calculating

the magnetic pole position. The basic con?guration of the
inverter circuit control means 23 is the same as the converter

circuit control means 22 and the inverter circuit control

means 23 includes a voltage loop for calculating a voltage

command value and a magnetic pole position loop for

poWer supply phase 0s of the AC poWer supply 6 and a
current AC poWer supply phase 0sc held by the converter

presuming the magnetic pole position.

circuit control means 22 as a deviation from the d1-aXis. The

[0069] The voltage loop for calculating the voltage com

error A0sc is subtracted from the poWer supply phase error
command A0s* and a difference thereof is subjected to

mand value is ?rst described. The current reproduction
means 200 is supplied With the inverter DC current idc2 and

proportional-plus-integral control in the phase compensator

reproduces the three-phase AC currents for U-, V- and
W-phases. In the reproduction method, as described With
reference to FIG. 5, the W-phase input current of the
opposite polarity can be observed in sections that the only

108, so that the phase compensator 108 produces an angular
speed error Auusc. The angular speed error Auusc produced by
the phase compensator 108 is added to the poWer supply
angular speed command ms* to calculate the sum thereof.
The sum is integrated by the poWer supply phase calculator
109, so that the poWer supply phase 0s can be presumed. The

presumed poWer supply phase 0s is supplied to the 3(D/dq
converter 103 and the voltage command preparation unit
104 to be used in respective operations of the 3(D/dq
converter 103 and the voltage command preparation unit
104.

[0066] As described above, in the converter circuit control
means 22, the error A0sc betWeen the poWer supply phase 0s
of the AC poWer supply 6 and the poWer supply phase 0sc
held by the converter circuit control means 22 is calculated
and the poWer supply command A0s* is corrected by means

of the phase locked loop (PLL) method so that the calculated
poWer supply phase error A0sc is reduced to Zero to thereby

presume the poWer supply phase 0sc. The correction is made
by adding the angular speed error Anus to the poWer supply

loWer arm for W-phase is on and the upper arms for U- and

V-phases are on. Further, the U-phase input current of the
same polarity can be observed in sections that the loWer
arms for V- and W-phases are on and the only upper arm for
U-phase is on. The reproduced three-phase AC currents are

coordinate-converted into d2cq2c-aXis currents (id2c and
iq2c) by the 3(D/dq converter 201. The coordinate-converted
q2c-aXis current is ?ltered by a loW-pass ?lter (LPF) 202 to
thereby obtain q2-aXis current command iq2*. The voltage
command preparation unit 203 makes vector operation in
accordance With the folloWing expressions (3) on the basis
of d2-aXis current command id2*, q2-aXis current command

iq2* and angular speed command (ni* and produces d2-aXis
voltage current Vd2* and q2-aXis voltage command Vq2* to
supply them to the dq/3CD converter 204 and the magnetic

pole position presumption unit 206.

angular speed command uus*.
[0067] On the other hand, as shoWn in FIG. 6, the inverter
circuit control means 23 is supplied With the inverter DC

Where R1i is a Winding resistance of the motor 8, Ld2 an

current idc2 of the inverter circuit 2. The inverter DC current

Ke a poWer generation constant.

inductance for d2-aXis, Lq2 an inductance for q2-aXis and

