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Based on the above arrangement, the inverter ON/OFF

INVERTER CONTROL APPARATUS

controls the sWitching element at a predetermined timing
according to the PWM sWitching pattern, thereby to convert
the DC voltage into the output AC voltage having a prede
termined PWM Width. This output AC voltage is supplied to

This is a continuation of International PCT Application
No. PCT/JP99/06643 ?led Nov. 29, 1999.
TECHNICAL FIELD

the compressor motor so that the compressor motor is

The present invention in general relates to an inverter

control apparatus used in air conditioners. More particularly,
this invention relates to an inverter control apparatus for
controlling a compressor motor.

10

driven.
As mentioned above, in the conventional inverter control
apparatus, the DC voltage VDC is handled as a constant
value for calculating the PWM Width shoWn in FIG. 7.

HoWever, in reality, the commercial AC voltage varies,
therefore, the DC voltage VDC also varies.

BACKGROUND ART

Therefore, according to the conventional inverter control
The air conditioner comprises an indoor unit (placed
inside a house) and an outdoor unit (placed outside the
house) Conventionally, in the outdoor unit of the air
conditioner, there has been provided an inverter control
apparatus for controlling a compressor motor (an induction
motor, a DC brushless motor, etc. ) that is driven by an
output AC voltage. The output AC voltage is obtained as

15

apparatus, there arises a difference betWeen the PWM Width
W calculated and a theoretical value for carrying out an

optimum control, When the DC voltage VDC has varied. In
other Words, the PWM Width is calculated as a constant

value regardless of a variation in the DC voltage VDC shoWn
in FIG. 7 folloWing the variation in the commercial AC
voltage. As a result, there arises a situation that the output

folloWs. A converter and a smoothing capacitor once con
verts a commercial AC voltage into a DC voltage, and the

AC voltage (corresponding to the area S) actually supplied

inverter again converts the DC voltage into the output AC

target voltage.

from the inverter to the compressor motor cannot folloW the

voltage by a PWM (Pulse Width Modulation) control.
The conventional converter is provided With a diode
bridge circuit, and this converter converts a commercial AC

25

FIGS. 8(A) and (B) shoW a case Where an output AC

voltage VOUT‘ from the inverter varies folloWing the varia

voltage into a DC voltage. The smoothing capacitor is

tion in the DC voltage VDC. FIG. 8(A) shoWs a state that
although it is desirable that the DC voltage VDC takes a

connected in parallel to the converter, and smoothes the DC
voltage that has been obtained by the conversion of the
converter. The inverter is composed of a sWitching element

time and then decreases, due to the in?uence of the variation

constant value, the DC voltage VDC increases along lapse of

like a Witching transistor. This inverter is a three-phase
inverter that converts the DC voltage into an output AC

voltage of a three-phase AC having a predetermined fre
quency by the PWM control for ON/OFF controlling the
sWitching element at a predetermined timing. This inverter

35

is input With a PWM sWitching pattern for instructing a

in the commercial AC voltage. When the DC voltage VDC
has varied like this, an output AC average voltage VAOUT‘
that is a time-averaged output AC voltage VOUT‘ also varies
as shoWn in FIG. 8(B).
As eXplained above, according to the conventional
inverter control apparatus, the PWM Width W is calculated
based on the DC voltage VDC as a constant value, despite the
fact that the VDC varies every moment from a DC voltage

sWitching timing of the sWitching element.
This PWM sWitching pattern is generated based on a

VDC1 to a DC voltage VDC2, . . . , and to a DC voltage VDCS,

target voltage corresponding to the operation frequency of

as shoWn in the draWing. Therefore, surface areas S1 to S5
of output AC voltage elements V1‘ to V5‘ also take different

the compressor motor by a knoWn V/F (Voltage/Frequency)
control. The operation frequency takes a value according to
an air-conditioning load. For example, the operation fre
quency takes a large value When there is a large difference
betWeen a set temperature of the air conditioner and a room

temperature.

values respectively.
As a result, the conventional inverter control apparatus

has had the folloWing problem. When the DC voltage VDC
45

has varied folloWing the variation in the commercial AC

voltage, the output AC voltage VOUT‘ that is supplied from

The output AC voltage from the inverter is expressed as

the inverter to the compressor motor is deviated from the

a surface area (i.e. surface area S) that is a product of a DC
voltage VDC and a PWM Width W as shoWn in FIG. 7. In the
PWM control, the PWM Width W is controlled so that the

target voltage. As a result, it has not been possible to carry
out an optimum operation of the compressor motor.

Particularly, When the commercial AC voltage has
decreased suddenly, the output AC voltage VOUT‘ becomes

output AC voltage coincides With the target voltage. The DC
voltage VDC shoWn in this draWing is a DC voltage that has
been smoothed by the smoothing capacitor, and the PWM
Width W corresponds to a period during Which the sWitching
element of the inverter is ON.

less than a minimum rated voltage of the compressor motor,
Which is a voltage shortage state. This results in an occur
rence of a stalling. On the other hand, When the commercial
55

AC voltage has increased suddenly, the output AC voltage

When the commercial AC voltage is supplied to the

VOUT‘ eXceeds a maXimum rated voltage of the compressor

converter, the converter full-Wave recti?es this commercial

motor, Which is an overvoltage state. This results in a How
of an eXcess current to operate the protection circuit, and

AC voltage to convert this voltage into the DC voltage.

Then, the smoothing capacitor smoothes this DC voltage,

stops the operation of the compressor motor (a stop due to
an overcurrent).
The poWer source situations (rated values, and stability,

and supplies the smoothed DC voltage to the inverter.
In this case, the PWM Width W is calculated from the DC

voltage VDC and the target voltage (i.e. the surface area S)

etc. of a commercial AC voltage,) in the World are different

shoWn in FIG. 7. In other Words, the PWM Width W is a

betWeen the countries (regions). Therefore, in countries
Where the stability of the commercial AC voltage is loW, the

result of dividing the target voltage by the DC voltage VDC.
In this calculation of the PWM Width W, the DC voltage VDC
is handled as a constant value. A PWM sWitching pattern

use of the conventional inverter control apparatus can easily
invite the occurrence of the above-described voltage short

corresponding to the PWM Width W is input to the inverter.

age and overvoltage. Therefore, the risk of a frequent
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Thus, the correcting unit corrects the pulse Width based on

occurrence of the stalling and a stop due to an overcurrent

a result of multiplying a ratio of a reference voltage to a

becomes very high. In other Words, according to the con
ventional inverter control apparatus, there has been a prob
lem that the stability of the control of the compressor motor
is easily controlled by the poWer source situation.
A DC current IDC shoWn in FIG. 9(A) includes a ripple

detection result of the instantaneous DC voltage detecting
unit, and a target voltage. Therefore, it is possible to supply
an output AC voltage of a desired value to the AC load
Without receiving an in?uence of the variation in the com

mercial AC voltage. As a result, it is possible to operate the

IR1, as the inverter control apparatus uses a loW-cost circuit
for reducing the cost of. This DC current IDC is a voltage that

AC load in an optimum state of load characteristics and

e?iciency.

has been smoothed by the smoothing capacitor. The siZe of
the ripple IR1 is determined by a circuit constant and the
load.
According to the conventional inverter control apparatus,
the DC current IDC that includes the ripple 1R1 shoWn in FIG.
9(A) is sWitched by the PWM control. Therefore, an output
AC current IOUT‘ from the inverter shoWn in FIG. 9(B) also

10

Further, the inverter control apparatus may further com

prise a setting changing unit Which changes a setting of the
reference voltage according to the commercial AC voltage.

Thus, the setting changing unit changes the setting of the
15

reference voltage according to the commercial AC voltage.
Therefore, it is possible to supply an output AC voltage of

includes a ripple 1R2‘. A peak value of this ripple 1R2‘
corresponds to a peak value of the ripple 1R1 (reference FIG.

a desired value to the AC load in countries and regions
Where the poWer source situations (rated values, and

9(A).

stability, etc. of a commercial AC voltage,) are different. As
a result, it is possible to operate the AC load in an optimum

From the above, the conventional inverter control appa
ratus has had also the folloWing problems. It is necessary to

state regardless of countries and regions.
Further, it is preferable that the correcting unit corrects the
pulse Width by calculating the ratio for every one period of

use an overcurrent protection circuit that breaks a DC When

the DC ?oWing through the sWitching element of the

a modulation carrier in the pulse-Width modulation system.

inverter eXceeds a threshold value, and to use a sWitching

element that has a large capacity and high precision. This has

been eXpensive.

Thus, the pulse Width is corrected for everyone period of
25

included in the commercial AC voltage is reduced, it is

It is an object of the present invention to provide an

possible to avoid a current breaking due to an overcurrent

inverter control apparatus capable of operating an AC load
at loW cost and in an optimum state, and also capable of
operating the AC load in an optimum state under any poWer

attributable to the ripple, and it is also possible to increase

the reliability. Further, it is possible to loWer the cost (an

overcurrent breaking circuit) for avoiding the ripple.

source situation.

Further, it is preferable that the correcting unit corrects the
pulse Width by calculating the ratio for every n periods

DISCLOSURE OF THE INVENTION

(=equal to or above 2) of a modulation carrier in the

The inverter control apparatus according to this invention
comprises a converting unit Which converts a commercial
AC voltage into a DC voltage; an inverting unit Which
converts the DC voltage into an output AC voltage of a

a modulation carrier. Therefore, as the in?uence of the ripple

35

pulse-Width modulation system.
Thus, the ratio (a reference voltage/a detection result of
the instantaneous DC voltage detecting unit) is calculated

predetermined frequency by a pulse-Width modulation sys

for every n periods of a modulation carrier. Therefore, it is

tem based on an assigned pulse Width, and supplies the

possible to decrease the number of calculating the ratio per
unit time, as compared With the case of calculating the ratio
for every one period. As a result, it is possible to loWer the

output AC voltage to an AC load; an instantaneous DC

voltage detecting unit Which detects an instantaneous value
of the DC voltage; and a correcting unit Which corrects the

cost as the correction can be realiZed by a loW-cost arith

pulse Width so as to maintain the output AC voltage at a
desired value folloWing the variation in a result of a detec

tion by the instantaneous DC voltage detecting unit.
Thus, in the inverter control apparatus of this invention,

45

metic and logic unit.
Further, it is preferable that the instantaneous DC voltage
detecting unit directly detects the DC voltage by a non
insulating circuit that has been grounded to be in a potential
common to that of the correcting unit.

the instantaneous value of a DC voltage also varies folloW
ing the variation in a commercial AC voltage. This variation
in the instantaneous value of the DC voltage is also re?ected
in a result of a detection carried out by an instantaneous DC

Accordingly, it is possible to shorten the detection time, as
compared With the case of detecting a DC voltage using an
insulating circuit like a photo-coupler or the like.

voltage detecting unit. Then, the correcting unit corrects the
pulse Width folloWing the variation in the detection result.
As a result, the output AC voltage supplied from the

FIG. 1 is a block diagram shoWing a structure of a ?rst

inverting unit to the AC load is maintained at a desired value
Without receiving an in?uence of the variation in the instan
taneous value of the DC voltage folloWing the variation in

BRIEF DESCRIPTION OF THE DRAWINGS

embodiment relating to the present invention;
55

FIG. 2 is a diagram shoWing a poWer source voltage and

a reference voltage Vref in Europe, China and Australia

respectively;

the commercial AC voltage.
In other Words, it is possible to supply an output AC

FIG. 3 is a diagram shoWing a V/F pattern data;
FIG. 4 is a diagram shoWing a Waveform of an output AC

voltage of a desired value to the AC load Without receiving
an in?uence of the variation in the commercial AC voltage.
As a result, it is possible to operate the AC load in an

voltage VOUT shoWn in FIG. 1;
FIG. 5 is a ?oWchart for explaining the operation of the

optimum state of load characteristics and e?iciency.
Further, it is preferable that the correcting unit corrects the

?rst embodiment;

pulse Width based on a result of multiplying a ratio of a

second embodiment;

preset reference voltage to a detection result of the instan
taneous DC voltage detecting unit, and a target voltage as a

target value of the output AC voltage.

FIG. 6 is a ?oWchart for eXplaining the operation of a
65

FIG. 7 is a diagram for eXplaining a method of determin

ing the output AC voltage in a conventional inverter control

apparatus;
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FIGS. 8(A—C) are diagrams for explaining problems of

An inverter section 60 has a sWitching element like a

the conventional inverter control apparatus and effects of the

poWer transistor, an IPM (Intelligent PoWer Module), and
the like. This is a three-phase inverter that converts a DC

?rst embodiment; and
FIGS. 9(A—D) are diagrams for explaining problems of
the conventional inverter control apparatus and effects of the
?rst embodiment.

voltage VDC into an output AC voltage VOUT of a three
phase AC having a predetermined frequency by a PWM
control for ON/OFF controlling the sWitching element at a

BEST MODE FOR CARRYING OUT THE
INVENTION

circuit, a protection circuit, etc. in one module. This is means

Preferred embodiments of this invention Will be explained
in detail beloW With reference to the accompanying draW

predetermined timing.
The IPM accommodates the sWitching element, a driving
1O

vided in the outdoor unit (not shoWn) of the air conditioner,
and is driven by the three-phase output AC voltage VOUT

ings.

supplied from the inverter section 60. An induction motor, a

FIG. 1 is a block diagram shoWing a structure of a ?rst

embodiment relating to the present invention. The inverter
control apparatus 10 shoWn in this ?gure is provided in the
outdoor unit of the air conditioner. The inverter control
apparatus 10 is for converting a commercial AC voltage VAC
into a DC voltage VDC, and then inversely converting this
DC voltage VDC into an output AC voltage VOUT of a
desired three-phase AC, thereby to control a compressor

for systematiZing the poWer device and for making the
poWer device intelligent. The compressor motor 70 is pro

DC brushless motor, etc. are used as the compressor motor
15

70.

A target voltage output section 80 outputs a target voltage
Vm corresponding to an operation frequency fm obtained
from an operation frequency command signal Sfm by a
knoWn V/F (Voltage/Frequency) control. The operation fre
quency fm takes a value according to an air-conditioning
load. For example, this value becomes large When there is a
large difference betWeen a set temperature of the air condi
tioner and a room temperature. The operation frequency
command signal S is a signal corresponding to the opera

motor 70.

In this inverter control apparatus 10, a commercial AC
poWer source 20 supplies the commercial AC voltage VAC to
a converter section 30. The commercial AC voltage VAC 25 tion frequency fm. The target voltage Vm is a voltage that
supplied from the commercial AC poWer source 20 is
takes an optimum value With respect to the operation fre

different depending on the country in the World because of
differences in the poWer source situations, and the laWs
relating to poWer supply business betWeen the countries.

quency fm, and the target voltage Vm is obtained from V/F
pattern data shoWn in FIG. 3.
The target voltage Vm is used for calculating a PWM
Width W to be described later. The V/F pattern data shoWn
in this draWing shoWs a relationship betWeen the operation

For example, in Europe, the commercial AC voltage VAC
is Within the range from 220 to 240 V:10% as described in
the column of “PoWer source voltage in Europe” as shoWn

frequency fm in the horiZontal axis and the target voltage Vm

in FIG. 2(A). In China, the commercial AC voltage VAC is
Within the range of 220 V:10% as described in the column
of “PoWer source voltage in China” as shoWn in FIG. 2(B).

35

Further, in Australia, the commercial AC voltage VAC is
Within the range of 240 V:10% as described in the column
of “PoWer source voltage in Australia” as shoWn in FIG.

2(C).
Referring back to FIG. 1, the converter section 30 is
composed of a diode bridge circuit connected in parallel to

and takes a value corresponding to the commercial AC

mercial AC voltage VAC into the DC voltage. A smoothing
capacitor 40 is connected in parallel to the converter section
45

reference voltage Vref in China is 220><1.414 V shoWn in

FIG. 2(B). Further, the reference voltage Vref in Australia is
240><1.414 V. As explained above, the reference voltage

converter section 30. An inter-terminal voltage of the

smoothing capacitor 40 is a DC voltage VDC after the

setting section 90 sets the reference voltage Vref that con
forms to the corresponding country according to the com
mercial AC voltage VAC in each country of the World.
Referring back to FIG. 1, the arithmetic processing sec
tion 100 generates a PWM sWitching pattern signal P based
on the target voltage Vm from the target voltage output
section 80, and outputs this to the inverter section 60. This

smoothing. This DC voltage VDC varies by receiving the
in?uence of the variation in the commercial AC poWer
source 20.

An instantaneous DC voltage detecting section 50 is
connected in parallel to the smoothing capacitor 40, and is
composed of a voltage-dividing resistor 51 and a voltage
dividing resistor 52 that are connected in series. This instan
taneous DC voltage detecting section 50 detects an instan

the target voltage output section 80.
Referring back to FIG. 1, a reference voltage setting
section 90 is for setting the reference voltage Vref to an
arithmetic processing section 100. This Vref corresponds to
a rated value (=constant) of the commercial AC voltage VAC,

voltage VAC (poWer source situation) in each country
(region) of the World. For example, the reference voltage
Vref in Europe is 230><1.414 V shoWn in FIG. 2(A). The

the commercial AC poWer source 20, to convert the com

30, to smooth the DC voltage obtained by conversion by the

in the vertical axis. The V/F pattern data has characteristics
capable of most ef?ciently control the compressor motor 70.
This V/F pattern data is stored in a memory (not shoWn) of

55

taneous value of the DC voltage VDC as a divided

PWM sWitching pattern signal P is for controlling the timing
of turning ON/OFF the sWitching element of the inverter
section 60. In other Words, this PWM sWitching pattern
signal P is for controlling the PWM Width of the output AC

instantaneous DC voltage VDCS. In other Words, the instan
taneous DC voltage VDCS is a voltage betWeen the ground
and a connection point C betWeen the voltage-dividing
resistor 51 and the voltage-dividing resistor 52. This voltage

voltage VOUT.
In actual practice, the arithmetic processing section 100 is

explained to have the same value, for the sake of the

not simply generating the PWM sWitching pattern signal P
from the target voltage Vm. Instead, the arithmetic process
ing section 100 corrects the target voltage Vm (a corrected
target voltage Vma) using a DC voltage correction coef?cient
A for correcting the variation of the DC voltage VDC, and
generates the PWM sWitching pattern signal P from this

convenience of the explanation.

result.

has a siZe (equal to or above 0 V and less than 5 V) that can

be directly processed by an A/D (Analog/Digital) conversion
port (not shoWn) of an arithmetic processing section 100 to
be described later. In the folloWing explanation, the DC
voltage VDC and the instantaneous DC voltage VDCS Will be

65

US 6,687,139 B2
8

7
Speci?cally, the arithmetic processing section 100 calcu

40 smoothes this commercial AC voltage, and converts it

lates the DC voltage correction coefficient A from the

into the DC voltage VDC. In this case, the voltage-dividing
resistor 51 and the voltage-dividing resistor 52 of the
instantaneous DC voltage detecting section 50 divide the DC
voltage VDC, so that the instantaneous DC voltage VDCS
betWeen the connection point C and the ground is detected.
This instantaneous DC voltage VDCS is input to an A/D

following equation (1), and then calculates the corrected

target voltage Vma from the folloWing equation
DC voltage correction coef?cient A=Reference voltage V,€f/Instan—
taneous DC voltage VDCS
(1)

Corrected target voltage Vma=Target voltage VmxDC voltage cor
rection coef?cient A

conversion port (not shoWn) of the arithmetic processing

(2)

The corrected target voltage Vma of the equation (2) is the

section 100.
10

target voltage Vm that has been corrected based on the

variation of the instantaneous DC voltage VDCS (the DC
voltage VDC). For example, When the commercial AC volt
age VAC has become higher than the rated value, the

instantaneous DC voltage VDCS (the DC voltage VDC)

When the operation frequency command signal Sfm cor
responding to the operation frequency fm of the compressor
motor 7 has been input to the target voltage output section
80, the target voltage output section 80 obtains the target

voltage Vm corresponding to the operation frequency fm
15

from the V/F pattern data shoWn in FIG. 3, and then outputs

this target voltage Vm to the arithmetic processing section

becomes higher than the reference voltage Vref. In this case,
the DC voltage correction coef?cientAbecomes less than 1,

100.

so that the corrected target voltage Vma becomes less than

The arithmetic processing section 100 then proceeds to

the target voltage Vm. In other Words, When the instanta
neous DC voltage VDCS has become higher than the refer
ence voltage Vref, the corrected target voltage Vma is set to
have a loWer value than the target voltage Vm.
On the other hand, When the commercial AC voltage VAC

step SA1 shoWn in FIG. 5, and makes a decision as to
Whether the timing of a carrier period has come or not based
on a result of the time measured by a timer (not shoWn). In
this case, the arithmetic processing section 100 sets “No” as

a result of the decision made, and then repeats making the
same decision. This carrier period is a period of the carrier

has become loWer than the rated value, the instantaneous DC

voltage VDCS (the DC voltage VDC) becomes loWer than the
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(a modulated Wave) in the PWM control of the inverter

reference voltage Vref. In this case, the DC voltage correc
tion coef?cientAbecomes larger than 1, so that the corrected

section 60.

target voltage Vma becomes higher than the target voltage

arithmetic processing section 100 sets “Yes” as a result of

Vm. In other Words, When the instantaneous DC voltage
VDCS has become loWer than the reference voltage Vref, the
corrected target voltage Vma is set to have a higher value

the decision made at step SA1, and then proceeds to step
SA2. At step SA2, the arithmetic processing section 100
takes in the target voltage Vm from the target voltage output
section 80, and then proceeds to step SA3. It is assumed that
the target voltage Vm takes a constant value. At step SA3, the
arithmetic processing section 100 directly takes in the
instantaneous DC voltage VDCS from the instantaneous DC
voltage detecting section 50 via the A/D conversion port (not
shoWn), and then proceeds to step SA4.
At step SA4, the arithmetic processing section 100 sub
stitutes the reference voltage Vref from the reference voltage
setting section 90 and the instantaneous DC voltage VDCS
taken in at step SA3, into the equation (1), and calculates the
DC voltage correction coefficient A. Then, the arithmetic
processing section 100 proceeds to step SA5.

When the timing of the carrier period has come, the

than the target voltage Vm.
Further, When the commercial AC voltage VAC has
become equal to the rated value, the instantaneous DC
voltage VDCS (the DC voltage VDC) takes the same value as
the reference voltage Vref. In this case, the DC voltage
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correction coefficient A becomes 1, so that the corrected

target voltage Vma becomes equal to the target voltage Vm.
After the arithmetic processing section 100 has divided

the corrected target voltage Vma by the instantaneous DC
voltage VDCS and obtained the PWM Width from this result,
the arithmetic processing section 100 generates the PWM

sWitching pattern signal P corresponding to this PWM
Width, and outputs this signal to the inverter section 60. The
arithmetic processing section 100 is also grounded to take
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In this case, it is assumed that the commercial AC voltage
VAC takes a rated value, and that the DC voltage VDC is the

DC voltage VDC1 (=the reference voltage Vref) shoWn in
FIG. 8(C). Then, the instantaneous DC voltage VDCS (=the

the same potential as that of one end portion of the voltage

dividing resistor 52.
Next, the operation of the ?rst embodiment Will be

DC voltage VDcl) becomes equal to the reference voltage
Vref. As a result, the DC voltage correction coefficient A (the

eXplained With reference to a ?oWchart shoWn in FIG. 5.

First, the reference voltage setting section 90 shoWn in FIG.

reference voltage Vre/the instantaneous DC voltage VDCS)

1 sets to the arithmetic processing section 100 the reference

becomes 1.

voltage Vref that conforms to the poWer source situation (the
commercial AC voltage) of the country (region) in Which the

At step SA5, the arithmetic processing section 100 sub
stitutes the target voltage Vm taken in at step SA2 and the
DC voltage correction coefficient A (=1) calculated at step
SA4, into the equation (2), thereby to calculate the corrected
target voltage Vma, and then proceeds to step SA6. In this

air conditioner is used.
For eXample, When the air conditioner is to be used in
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Europe, the reference voltage setting section 90 sets 230x
1.1414 V shoWn in FIG. 2(A) as the reference voltage Vref.

case, as the DC voltage correction coefficient A is 1, the

corrected target voltage Vma becomes equal to the target

When the air conditioner is to be used in China, the reference
voltage setting section 90 sets 220><1.1414 V shoWn in FIG.

voltage Vm.
At step SA6, the arithmetic processing section 100
divides the corrected target voltage Vma by the instantaneous
DC voltage VDCS (=the DC voltage VDC1: reference FIG.

2(B) as the reference voltage Vref. Further, When the air
conditioner is to be used in Australia, the reference voltage
setting section 90 sets 240><1.1414 V as the reference voltage

8(C)) taken in at step SA3, and obtains a PWM Width W1

Vref‘

When the commercial AC voltage VAC has been supplied

to the converter section 30 from the commercial AC poWer
source 20, the converter section 30 full-Wave recti?es this

commercial AC voltage VAC. Then, the smoothing capacitor

shoWn in FIG. 8(C), as a result of this division. Then, the
65

arithmetic processing section 100 proceeds to step SA7. At
step SA7, the arithmetic processing section 100 generates
the PWM sWitching pattern signal P corresponding to the
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PWM Width W1. Next, the arithmetic processing section 100
outputs the PWM switching pattern signal P to the inverter
section 60, and returns to step SA1. Then, the arithmetic
processing section 100 repeats making the above decision.
When the PWM sWitching pattern signal P has been input

8(C)) into the output AC voltage VOUT, by the PWM control
of turning ON/OFF the sWitching element according to the
PWM sWitching pattern signal P. The inverter section 60
supplies this output AC voltage VOUT to the compressor

to the inverter section 60, the inverter section 60 converts the

In this case, the PWM Width W2 of an output AC voltage
element v2 in the output AC voltage VOUT is smaller than the
PWM Width W1, contrary to the trend that the DC voltage

motor 70.

DC voltage VDC (=the DC voltage VDclz reference FIG.
8(C)) into the output AC voltage VOUT, by the PWM control
of turning ON/OFF the sWitching element according to the
PWM sWitching pattern signal P. The inverter section 60
supplies this output AC voltage VOUT to the compressor

VDC2 is higher than the DC voltage VDcl. In other Words,
10

motor 70. In this case, the PWM Width W1 of an output AC

voltage element v1 in the output AC voltage VOUT is the
PWM Width that has been calculated at step SA6, as shoWn

in FIG. 8(C).
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the PWM Width W2 is made smaller than the PWM Width
W1 so that the area S of the DC voltage element v1 becomes
equal to the area S of the DC voltage element v2. As a result,
an output AC average voltage CAOUT that is an average
value of the output AC voltage VOUT is maintained at a

constant value, regardless of the variation in the DC voltage

When the timing of the carrier period has come, the

VDC (the DC voltage VDC]L to the DC voltage VDC2)

arithmetic processing section 100 sets “Yes” as a result of

folloWing the variation in the commercial AC voltage VAC.
Thereafter, the above-described operation is repeated for

the decision made at step SA1, and then proceeds to step
SA2. At step SA2, the arithmetic processing section 100

every one-carrier period, at step SA1 to step SA7. Based on
this operation, a PWM Width W3 to a PWM Width W5 are
varied according to an increase and a decrease in DC
voltages VDC3 to VDC5 so that all the areas S in output AC
voltage elements v3 to v5 become equal, as shoWn in FIG.

takes in the target voltage Vm from the target voltage output
section 80, and then proceeds to step SA3. At step SA3, the
arithmetic processing section 100 takes in the instantaneous

DC voltage VDCS from the instantaneous DC voltage detect
ing section 50, and then proceeds to step SA4. In this case,
it is assumed that the DC voltage VDC has increased from the
DC voltage VDC1 shoWn in FIG. 8(C) to the DC voltage

8(C). As a result, an output AC average voltage VAOUT takes
25

VDC2, due to the increase in the commercial AC voltage

At step SA4, the arithmetic processing section 100 sub
stitutes the reference voltage Vref from the reference voltage
setting section 90 and the instantaneous DC voltage VDCS
(=the DC voltage VDC2) taken in at step SA3, into the
equation (1), and calculates the DC voltage correction
coefficient A. Then, the arithmetic processing section 100
proceeds to step SA5.
In this case, it is assumed that the commercial AC voltage
VAC takes a higher value than the rated value, and that the

ence voltage Vref due to a reduction in the commercial AC
voltage VAC, at step SA4, the arithmetic processing section
100 substitutes the reference voltage Vref from the reference

voltage setting section 90 and the instantaneous DC voltage

VDCS (<the DC voltage VDC2) taken in at step SA3, into the
equation (1), and calculates the DC voltage correction
35

DC voltage VDC is the DC voltage VDC2 (>the reference
voltage Vref) shoWn in FIG. 8(C). As a result, the DC voltage

correction coefficient A (the reference voltage Vref/the

coefficient A. Then, the arithmetic processing section 100
proceeds to step SA5. In this case, the DC voltage correction
coefficient A takes a value larger than 1.
At step SA5, the arithmetic processing section 100 sub
stitutes the target voltage Vm taken in at step SA2 and the
DC voltage correction coefficient A (>1) calculated at step

SA4, into the equation (2), thereby to calculate the corrected
target voltage Vma, and then proceeds to step SA6. In this

instantaneous DC voltage VDCS) takes a value less than 1.
At step SA5, the arithmetic processing section 100 sub
stitutes the target voltage Vm taken in at step SA2 and the
DC voltage correction coefficient A (<1) calculated at step

SA4, into the equation (2), thereby to calculate the corrected
target voltage Vma, and then proceeds to step SA6. In this

a constant value at all time Without receiving an in?uence of

the variation in the DC voltage VDC folloWing the variation
in the commercial AC voltage VAC.
When the DC voltage VDC has decreased from the refer

case, as the DC voltage correction coef?cientAtakes a value
45

larger than 1, the corrected target voltage Vma becomes
higher than the target voltage Vm.
At step SA6, the arithmetic processing section 100
divides the corrected target voltage Vma by the instantaneous

case, as the DC voltage correction coefficient A is less than

1, the corrected target voltage Vma becomes less than the

DC voltage VDCS taken in at step SA3, and obtains a PWM

target voltage Vm.

Width W, as a result of this division. Then, the arithmetic

At step SA6, the arithmetic processing section 100
divides the corrected target voltage Vma by the instantaneous
DC voltage VDCS (=the DC voltage VDC2: reference FIG.

processing section 100 proceeds to step SA7. This PWM
Width is larger than the PWM Width W1 shoWn in FIG. 8(C).
At step SA7, the arithmetic processing section 100 gen
erates the PWM sWitching pattern signal P corresponding to
the PWM Width (>the PWM Width W1). Next, the arithmetic
processing section 100 outputs the PWM sWitching pattern
signal P to the inverter section 60, and returns to step SA1.

8(C)) taken in at step SA3, and obtains a PWM Width W2
shoWn in FIG. 8(C), as a result of this division. Then, the
arithmetic processing section 100 proceeds to step SA7. This
PWM Width W2 is smaller than the PWM Width W1 that is
before the increase of the DC voltage VDC.
At step SA7, the arithmetic processing section 100 gen
erates the PWM sWitching pattern signal P corresponding to
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Then, the arithmetic processing section 100 repeats making
the above decision.

When the PWM sWitching pattern signal P has been input

the PWM Width W2 (<the PWM Width W1). Next, the

to the inverter section 60, the inverter section 60 converts the

arithmetic processing section 100 outputs the PWM sWitch
ing pattern signal P to the inverter section 60, and returns to
step SA1. Then, the arithmetic processing section 100
repeats making the above decision.

PWM control of turning ON/OFF the sWitching element
according to the PWM sWitching pattern signal P. The
inverter section 60 supplies this output AC voltage VOUT to

When the PWM sWitching pattern signal P has been input

DC voltage VDC into the output AC voltage VOUT, by the
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the compressor motor 70. In this case too, the product

to the inverter section 60, the inverter section 60 converts the

(surface area) of the DC voltage VDC and the PWM Width

DC voltage VDC (=the DC voltage VDC2: reference FIG.

becomes equal to the area S shoWn in FIG. 8. As a result, the
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First, the arithmetic processing section 100 proceeds to

output AC average voltage VAOUT is maintained at a con
stant value Without receiving an in?uence of a reduction in

step SB1 shoWn in FIG. 6, and makes a decision as to
Whether the timing of a carrier period has come or not based

the DC voltage VDC following the reduction in the com

mercial AC voltage VAC.
As explained above, according to the ?rst embodiment,

on a result of the time measured by a timer (not shoWn). In
this case, the arithmetic processing section 100 sets “No” as
a result of the decision made, and then repeats making the
same decision. When the timing of the carrier period has

the arithmetic processing section 100 corrects the PWM
Width based on a result (the corrected target voltage Vma) of

multiplying a ratio (the DC voltage correction coefficient A)
of the reference voltage Vref to the instantaneous DC voltage
VDCS detected by the instantaneous DC voltage detecting
section 50, and the commercial AC voltage Vm. Therefore,
it is possible to supply the output AC voltage VOUT of a
desired value to the compressor motor 70 Without receiving
an in?uence of the variation in the commercial AC voltage
VAC. As a result, it is possible to operate the compressor
motor 70 in an optimum state of load characteristics and

come, the arithmetic processing section 100 sets “Yes” as a
10

100 takes in the target voltage Vm from the target voltage
output section 80 in a similar manner to that at step SA2, and

then proceeds to step SB3.
At step SB3, the arithmetic processing section 100 makes
15 a decision as to Whether a carrier period count value n is 2

or not. The carrier period count value n is a count value of

ef?ciency.

the carrier period. In this case, it is assumed that the carrier
period count value n is 2. Then, the arithmetic processing

Further, according to the ?rst embodiment, the reference
voltage setting section 90 alters the setting of the reference

section 100 sets “Yes” as a result of the decision made at step

voltage Vref according to the commercial AC voltage VAC.
Therefore, it is possible to supply the output AC voltage

SB3, and then proceeds to step SB4. At step SB4, the
arithmetic processing section 100 substitutes 1 into the
carrier period count value n to initialiZe to count, and then

VOUT of a desired value to the compressor motor 70 in
countries and regions Where the poWer source situations

(rated values, and stability, etc. of the commercial AC
voltage,)are different. As a result, according to the ?rst
embodiment, it is possible to avoid the risk of the occurrence

result of the decision made at step SB1, and then proceeds
to step SB2. At step SB2, the arithmetic processing section

25

proceeds to step SB5.
At step SB5, the arithmetic processing section 100 takes
in the instantaneous DC voltage VDCS from the instanta
neous DC voltage detecting section 50 in a similar manner

of a stalling and a stop of the compressor motor 70 due to
an overcurrent attributable to a voltage shortage and an

to that in step SA3, and proceeds to step SB6. At step SB6,
the arithmetic processing section 100 substitutes the refer

overvoltage.

ence voltage Vref from the reference voltage setting section

Further, according to the ?rst embodiment, the PWM
Width is corrected for every one-carrier period. Therefore, it
is also possible to correct the ripple IR2 included in the

SB5, into the above-described equation (1), and calculates

output
Thus, according
AC voltageto IOUT
the ?rst
as shoWn
embodiment,
in FIGS. the
9(C)ripple
and IR2
(reference FIG. FIG. 9(D)) included in the output AC

90 and the instantaneous DC voltage VDCS taken in at step
the DC voltage correction coef?cient A, in a similar manner
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voltage IOUT is loWered as compared With the conventional
ripple 1R2‘ (reference FIG. 9(B)). As a result, it is possible to
avoid the current stop due to the overcurrent attributable of

to that at step SA4. Then, the arithmetic processing section
100 proceeds to step SB7.
At step SB7, the arithmetic processing section 100 sub
stitutes the target voltage Vm taken in at step SB2 and the DC
voltage correction coef?cient A calculated at step SB6, into
the above-described equation (2), thereby to calculate the

the ripple, and to improve the reliability. Further, it is
possible to loWer the cost for reducing the ripple (the cost of
an overcurrent breaking circuit, and a sWitching element).
Further, according to the ?rst embodiment, the instanta

corrected target voltage Vma, in a similar manner to that at

neous DC voltage detecting section 50 as a non-insulating

voltage VDCS (=the DC voltage VDC) taken in at step SB5,

step SA5, and then proceeds to step SBS.
At step SBS, the arithmetic processing section 100 divides
the corrected target voltage Vma by the instantaneous DC

circuit directly inputs the instantaneous DC voltage VDCS to
the arithmetic processing section 100 via the A/D conversion
port. Therefore, it is possible to shorten the detection time,
as compared With the case of detecting a DC voltage by

and obtains a PWM Width, in a similar manner to that at step
45

using an insulating circuit like a photo-coupler or the like.
Further, according to the ?rst embodiment, a detection
error of the instantaneous DC voltage VDCS is determined
based on only the variance in the resistance of the voltage

the inverter section 60, and returns to step SB1. Then, the

arithmetic processing section 100 repeats making the above

dividing resistor 51 and the voltage-dividing resistor 52
respectively. Therefore, it is possible to detect the instanta
neous DC voltage VDCS at loW cost and in high precision, by

only correcting the resistance.

decision.

When the PWM sWitching pattern signal P has been input
to the inverter section 60, the inverter section 60 converts the
55

DC voltage VDC into the output AC voltage VOUT, by the
PWM control of turning ON/OFF the sWitching element
according to the PWM sWitching pattern signal P, in a

In the ?rst embodiment, an example of the case of

calculating the corrected target voltage Vma at the timing of
one carrier period has been explained With reference to the
?oWchart shoWn in FIG. 5. It is also possible to calculate the
corrected target voltage Vma at the timing of an n- (2 or
above) carrier period. This case Will be explained beloW as

similar manner to that described above. The inverter section

60 supplies this output AC voltage VOUT to the compressor
motor 70. In this case, the output AC average voltage VAOUT
of the output AC voltage VOUT takes a constant value
Without receiving an in?uence of the variation in the DC

a second embodiment.

voltage VDC folloWing the variation in the commercial AC

Next, the operation of the second embodiment Will be

voltage VAC.

explained With reference to a ?oWchart shoWn in FIG. 6. An

example of calculating the target voltage Vma at the timing

SA6. Then, the arithmetic processing section 100 proceeds
to step SB9. At step SB9, the arithmetic processing section
100 generates the PWM sWitching pattern signal P corre
sponding to the PWM Width. Next, the arithmetic processing
section 100 outputs the PWM sWitching pattern signal P to
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When the next timing of the carrier period has come, the

of a tWo-carrier period Will be explained With reference to

arithmetic processing section 100 sets “Yes” as a result of

this drawing.

the decision made at step SB1, and then proceeds to step
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SB2. At step SB2, the arithmetic processing section 100
takes in the target voltage Vm from the target voltage output

recting the PWM Width for every n-carrier period greatly
contributes to the cost reduction.

While the ?rst and second embodiments of the present
invention have been explained in detail above With reference

section 80, in a similar manner to that at step SA2, and then

proceeds to step SB3.
At step SB3, the arithmetic processing section 100 makes

to the draWings, detailed structure examples are not limited

to the ?rst and second embodiments. Any other design
modi?cations Within the range not deviating from the gist of
the present invention are all included in the present inven
tion.
For example, the square-Waveform PWM system as
shoWn in FIG. 8(C) has been explained as an example in the
?rst and second embodiments. HoWever, it is also possible

a decision as to Whether the carrier period count value n is
2 or not. In this case, as the carrier period count value n is

1, the arithmetic processing section 100 sets “Yes” as a result

of the decision made at step SB3, and proceeds to step SB10.
At step SB10, the arithmetic processing section 100 incre
ments the carrier period count value n (=1) by one, and then
proceeds to step SA7.
At step SB7, the arithmetic processing section 100 sub
stitutes the target voltage Vm taken in at step SB2 and the DC
voltage correction coef?cient A calculated at the last carrier

15

period timing, into the above-described equation (2), thereby

to obtain similar effects to those of the ?rst and second
embodiments When a sinusoidal Wave-approximated PWM
system for controlling the motor and the compressor motor
is employed as the PWM system.

Further, in the ?rst embodiment, a description has been
made of the case Where the reference voltage setting section

to calculate the corrected target voltage Vma, in a similar
manner to that at step SA5, and then proceeds to step SBS.
At step SBS, the arithmetic processing section 100 cal

90 sets the reference voltage Vref (reference FIGS. 2(A) to
(C)) corresponding to the commercial AC voltage VAC.

culates a PWM Width in a similar manner to that at step SA6,

HoWever, it is also possible to set the voltage corresponding

and then proceeds to step SB9. At step SB9, the arithmetic
processing section 100 generates the PWM sWitching pat
tern signal P corresponding to the PWM Width. Next, the
arithmetic processing section 100 outputs the PWM sWitch
ing pattern signal P to the inverter section 60, and returns to
step SBl. Then, the arithmetic processing section 100
repeats making the above decision.
When the next timing of the carrier period has come, the

to the poWer source situations of each country or region (the
commercial AC voltage VAC is alWays loW (or high)), as the

reference voltage Vref.
25

As explained above, according to the inverter control
apparatus of the present invention, it is possible to supply an

arithmetic processing section 100 sets “Yes” as a result of

output AC voltage of a desired value to the AC load Without
receiving an in?uence of the variation in the commercial AC
voltage. As a result, there is an effect that it is possible to
operate the AC load in an optimum state of load character

the decision made at step SBl, and then proceeds to step
SB2. At step SB2, the arithmetic processing section 100

istics and efficiency.
Further, the correcting unit corrects the pulse Width based

takes in the target voltage Vm from the target voltage output

on a result of multiplying a ratio of a reference voltage to a

section 80, in a similar manner to that at step SA2, and then

detection result of the instantaneous DC voltage detecting
unit, and a target voltage. Therefore, it is possible to supply

proceeds to step SB3.
At step SB3, as the carrier period count value n is 2, the
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arithmetic processing section 100 sets “Yes” as a result of

the decision made, and then proceeds to step SB4. At step
SB4, the arithmetic processing section 100 substitutes 1 into

characteristics and ef?ciency.
Further, the setting changing unit alters the setting of the
reference voltage according to the commercial AC voltage.
Therefore, it is possible to supply an output AC voltage of

the carrier period count value n to initialiZe the count, and

then proceeds to step SB5. At step SB5, the arithmetic
processing section 100 takes in the instantaneous DC volt
age VDCS in a similar manner to that in step SA3, and

proceeds to step SB6. At step SB6, the arithmetic processing
section 100 substitutes the reference voltage Vref from the
reference voltage setting section 90 and the instantaneous
DC voltage VDCS taken in at step SB5, into the above

an output AC voltage of a desired value to the AC load
Without receiving an in?uence of the variation in the com
mercial AC voltage. As a result, there is an effect that it is
possible to operate the AC load in an optimum state of load

a desired value to the AC load in countries and regions
Where the poWer source situations (rated values, and
45

stability, etc. of a commercial AC voltage,) are different. As
a result, there is an effect that it is possible to operate the AC

correction coef?cient A, in a similar manner to that at step

load in an optimum state regardless of countries and regions.
Further, the pulse Width is corrected for every one period

SA4. Then, the arithmetic processing section 100 proceeds

of a modulation carrier. Therefore, as the in?uence of the

to step SB7. In other Words, the DC voltage correction
coef?cient A is calculated only at every tWo-carrier period.

ripple included in the commercial AC voltage is reduced,

described equation (1), and calculates a neW DC voltage

there is an effect that it is possible to avoid a current breaking
due to an overcurrent attributable to the ripple, and it is also

Thereafter, the above-described operation is repeated at step
SA7 and afterWards.

possible to increase the reliability. Further, there is an effect
that it is possible to loWer the cost (an overcurrent breaking

As explained above, according to the second embodiment,
the DC voltage correction coef?cient A is calculated for
every n carrier periods. Therefore, it is possible to decrease
the number of calculating the DC voltage correction coef
?cient A per unit time, as compared With the case of
calculating the DC voltage correction coef?cient A for every
one period like in the ?rst embodiment. As the correction
can be realiZed by the loW-cost arithmetic processing section
100 at a sloW processing speed, it is possible to loWer the
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Further, the ratio (a reference voltage/a detection result of
the instantaneous DC voltage detecting unit) is calculated
for every n periods of a modulation carrier. Therefore, it is

possible to decrease the number of calculating the ratio per
unit time, as compared With the case of calculating the ratio
for every one period. As a result, there is an effect that it is
possible to loWer the cost, as the correction can be realiZed

by a loW-cost arithmetic and logic unit.
Further, there is an effect that it is possible to shorten the

cost.

Particularly, When the carrier frequency is to be set high
based on the request for reducing the noise of the compres
sor motor 70 and for improving the precision of the Wave
form of the output AC voltage VOUT, the method of cor

circuit) for avoiding the ripple.
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detection time, as compared With the case of detecting a DC
voltage using an insulating circuit like a photo-coupler or the
like.
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Industrial Applicability

3. The inverter control apparatus according to claim 1,
Wherein the correcting unit corrects the pulse Width by

As explained above, the inverter control apparatus relat
ing to the present invention is useful for the air conditioner
that is used in countries and regions Where the poWer source
situations (rated values, and stability, etc. of a commercial
AC voltage,) are different.
What is claimed is:
1. An inverter control apparatus comprising:
a converting unit Which converts a commercial AC volt
age into a DC voltage;
an inverting unit Which converts the DC voltage into an

calculating the ratio for every one period of a modu

lation carrier in the pulse-Width modulation system.
4. The inverter control apparatus according to claim 1,
Wherein the correcting unit corrects the pulse Width by

10

output AC voltage of a predetermined frequency by a

voltage.
6. An inverter control apparatus comprising:
15

an instantaneous value of the DC voltage; and

pulse-Width modulation system based on an assigned

maintain the output AC voltage at a desired value
folloWing a variation in a result of a detection by the

pulse Width, and supplies the output AC voltage to an
AC load;
an instantaneous DC voltage detecting unit Which detects

instantaneous DC voltage detecting unit,
Wherein the correcting unit corrects the pulse Width based

an instantaneous value of the DC voltage; and

on a result of

output AC voltage.
2. The inverter control apparatus according to claim 1,
further comprising a setting changing unit Which changes a
setting of the reference voltage according to the commercial

AC voltage.

a converting unit Which converts a commercial AC volt
age into a DC voltage;
an inverting unit Which converts the DC voltage into an

output AC voltage of a predetermined frequency by a

a correcting unit Which corrects the pulse Width so as to

multiplying a ratio of a preset reference voltage associated
With the desired value of the output AC voltage to a
detection result of the instantaneous DC voltage detect
ing unit, and a target voltage as a target value of the

5. The inverter control apparatus according to claim 1,
Wherein the desired value is a rated value of the output AC

pulse-Width modulation system based on an assigned

pulse Width, and supplies the output AC voltage to an
AC load;
an instantaneous DC voltage detecting unit Which detects

calculating the ratio for every n periods of a modulation
carrier in the pulse-Width modulation system, Wherein n is
equal to or greater than 2.
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a correcting unit Which corrects the pulse Width so as to

maintain the output AC voltage at a desired value
folloWing a variation in a result of a detection by the

instantaneous DC voltage detecting unit, Wherein the
correcting unit corrects the pulse Width so that a surface
area calculated as a product betWeen the pulse Width
and the DC voltage remains at a constant value.

