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In calculation 3 phase AC output current Iu, Iv,IW of an
inverter based on the input DC current Idc of the inverter, it
is dif?cult to detect the DC current Idc When the line-to-line
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voltage pulse Width is narroW, thereby the DC current Idc
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pulse Width becomes narroWer.
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The frequency PC of the carrier Wave C is loWered in a phase
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Whose line-to-line voltage is high, thereby the DC current
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is enabled.

Idc pulse Width is set Wider. As a result, the current detection
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METHOD FOR MODULATING PULSE WIDTH,
POWER CONVERTER, AND INVERTER
FIELD OF THE INVENTION

[0001] The present invention relates to a method for
modulating a pulse Width, employed to control such a poWer
converter apparatus as an inverter apparatus that drives an
AC motor at a variable speed, as Well as a poWer converter

apparatus or an inverter apparatus that employs the method.
More particularly, the present invention relates to a method
for modulating a pulse Width so as to be preferable to detect
an AC output current from an output of a DC current
detector, as Well as a poWer converter apparatus that

employs the method.

[0002]

voltage commands Ev and EW With the carrier Wave C.

[0006]

FIG. 12 shoWs the Waveforms of such components

as the PWM controller 6; the horiZontal aXis denotes the

time. In FIG. 12, Eu, Ev, and EW denote AC voltage
commands (phase voltage commands) and C denotes a
carrier Wave used to modulate the pulse Width of each of

those AC voltage commands. Gu, Gv, and GW denote U, V,
and W phase gate signals obtained by comparing each of the
phase AC voltage commands Eu, Ev, and EW With the carrier
C and setting the signal on the H level When the Eu/Ev/EW
is larger than C and set on the L level When the command is

smaller than C in value respectively. When the gate signals

Generally, each of poWer converter apparatus used

Gu, Gv, and GW are set on the H level, the corresponding
sWitching elements Qu, Qv, and QW are turned on and the

reduces the higher harmonics by modulating the pulse Width
of the output Waveform. FIG. 10 shoWs the poWer converter
apparatus 10 having an inverter unit that uses a conventional

pulse Width modulation method. In the poWer converter
apparatus 10, a voltage supplied from such an AC poWer
source as a commercial three-phase AC poWer source is

recti?ed in a recti?cation circuit 2, then converted to a DC

voltage. The DC voltage is then smoothed in a smoothing
capacitor 3 so as to obtain a smoothed DC voltage. This

smoothed DC voltage is sWitched by sWitching elements Qu,
Qv, QW, QX, Qy, and Oz in the inverter so as to supply a
variable voltage and variable frequency AC poWer to a
motor 4. A diode is connected in reverse parallel With the
sWitching elements Qu, Qv, QW, QX, Qy, and Q2 so as to
How an opposite direction current therein.
A current detector 5 detects a DC current Idc While

a current detector 7 detects a U-phase motor current Iu, a

V-phase motor current Iv, and a W-phase motor current IW
that How in the motor 4 based on the detected DC current Idc

and gate signals Gu, Gv, GW, GX, Gy, and G2 output from
a PWM controller 6. The official gaZette of Japanese Patent
laid-Open Nob-153526 discloses in detail a method for

detecting three-phase AC currents Iu, Iv, and IW from this
DC current Idc by calculating.
[0004] A motor controller 8 outputs a U-phase AC voltage
command Eu, a V-phase AC voltage command Ev, and a
W-phase AC voltage command EW according to the detected
motor currents Iu, Iv, and IW, as Well as a speed command

Fr* received from external. The PWM (Pulse Width Modu

lation) controller 6 outputs the gate signals Gu, Gv, GW, GX,
Gy, and G2 used to instruct each of the sWitching elements

Qu, Qv, QW, QX, Qy, and O2 to make sWitching according
to the AC voltage commands Eu, Ev, and EW.
[0005]

Gu is on the L-level, and outputs an L-level signal When the

Gu is on the L-level. Other gate signals Gv, Gy, GW, and G2
can also be obtained similarly by comparing each of the AC

BACKGROUND OF THE INVENTION
to drive an AC motor at a variable speed respectively

[0003]

gate signal GX outputs an H-level signal When the gate signal

FIG. 11 shoWs a block diagram of the PWM

controller 6. A carrier Wave generator 601 outputs a carrier

Wave C (refer to the Waveform C shoWn in FIG. 12), Which
is a triangle Wave of a frequency Fc according to a carrier
Wave frequency command Fc set by a carrier Wave fre

quency setting device 608. A U-phase comparator 602 that
outputs a gate signal Gu compares the U-phase AC voltage

corresponding sWitching elements QX, Qy, and Q2 are
turned off. On the other hand, When the gate signals Gu, Gv,
and GW are set on the L level, the corresponding sWitching
elements Qu, Qv, and QW are turned off and the correspond
ing sWitching elements QX, Qy, and Q2 are turned on. A
symbol Vuv denotes a line-to-line voltage betWeen U and V
phases. Iu, Iv, and IW are output currents of the inverter unit.
Idc denotes a DC current.

[0007] FIG. 13 shoWs details of a period T1 shoWn in
FIG. 12. The horiZontal aXis of each Waveform denotes the
time and the vertical aXis denotes, from top to bottom, the

gate signals Gu, Gv, and GW, as Well as the line-to-line
voltage Vuv, the line-to-line voltage VvW betWeen V and W
phase outputs, the line-to-line voltage VWu betWeen W and
V phase outputs, and the DC current Idc. The current
detector 7 detects the motor currents Iu, Iv, and IW from the
DC current Idc With use of the gate signals. The description
of the details of this detecting method Will be omitted here,
since it is described in detail in the official gaZette of

Japanese patent Laid-Open Nob-153526.
[0008] As described in the official gaZette of Japanese

Patent Laid-Open Nob-153526, the gate signals Gu, Gv, and
GW can be represented by binary codes; eight combinations
of those codes are possible. Concretely, the combinations are

V0=(1,1,1), V1=(0,1,1), V2=(1,0,1), V3=(0,0,1), V4=(1,1,
0), V5=(0,1,0), V6=(1,0,0), and V7=(0,0,0). The one phase
is set on the H level in V3, V5, and V6 While tWo phases are
set on the H level in V1, V2, and V4.

[0009] HoWever, When the U-phase AC voltage command
Eu, the V-phase AC voltage command Ev, and the W-phase
AC voltage command EW are small in amplitude, the periods
Tb, Tc, Te, and Tf in Which the DC current Idc ?oWs

respectively become short. Although the Idc rises instantly
in FIG. 13, since its Waveform is an ideal one, the Idc
actually includes a delay time in its rising. In some cases, an
overshoot occurs in the Idc. Consequently, When the Idc

?oWing period is short, accurate sampling of current values
comes to be difficult.

Eu is large and a L-level (LoW level) signal When the Eu is

[0010] Furthermore, as disclosed in the official gaZette of
Japanese Patent Laid-Open No.9-56177, a dead time ( or
non-lap period) is set betWeen gate patterns so as to prevent
the upper/loWer arm of the inverter from being short
circuited to be caused by a delay in the operation of a

small in value respectively. An inverter 605 that outputs a

sWitching element.

command Eu With the carrier Wave C to output a H-level

(High level) signal When the U-phase AC voltage command

Jul. 31, 2003
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[0011] FIGS. 14 through 16 show examples in Which
such a dead time period is set respectively. In FIG. 14, a

[0018] In an another aspect of the invention, a pulse Width
modulation (PWM) method inserts the carrier Wave With the

section, Which is concretely a period A, includes tWo dead
time periods T 6. In the period A ranged from an intersection

long carrier cycle Within a range of 31/6 [rad] around the
maXimum value of the line-to-line voltage of the AC peri

point betWeen the W-phase voltage command value and the

odically.

carrier Wave Waveform to another intersection point betWeen

the U-phase voltage command value and the carrier Wave
Waveform, the gate patterns V4 and V6 that can detect a
current in the DC part respectively continue. FIG. 15 shoWs
timings of the gate signals When a small value is set for each
of the phase commands shoWn in FIG. 14. Generally, a dead
time period To is set for a certain time. Although the period

A becomes short, the dead time period T 6 eXists With the
certain time. Consequently, no current can be detected in the

period A When the period A becomes shorter than the tWo
dead time periods 2T6. FIG. 16 shoWs the timings of the
gate signals When the carrier Wave frequency is raised to
make the carrier cycle short as shoWn in FIG. 14. Also in
this connection, While the period A is set shortly, the To is
kept constant. Current detection is disabled When the period
A becomes shorter than 2T6.

[0012] Such Way, the current sampling period becomes
short, thereby current sampling is dif?cult due to the delay

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a block diagram of a poWer converter

apparatus in the ?rst embodiment of the present invention;
[0020] FIG. 2 is a timing chart of gate signals used in the
?rst embodiment of the present invention;
[0021] FIG. 3 is a ?oWchart of determination processings
for long carrier cycle insertion in the ?rst embodiment of the

present invention;
[0022]

FIG. 4 is a ?oWchart for controlling a PWM timer

in the ?rst embodiment of the present invention;
[0023]

FIG. 5 is a block diagram of a poWer converter

apparatus in the second embodiment of the present inven

tion;
[0024]

FIG. 6 is a block diagram of a motor controller in

the second embodiment of the present invention;

of the actual current in its rising, occurrence of the overshoot
of the DC current Idc, the presence of a dead time period,

[0025]

etc.

the second embodiment of the present invention;

[0013] This is Why the carrier Wave frequency must be
loWered to secure a sampling period enough. When the

[0026] FIG. 8 is a ?oWchart for the processings by a
carrier Wave compensator in the second embodiment of the

FIG. 7 is a block diagram of a PWM controller in

carrier frequency is loWered, hoWever, a problem rises; the

present invention;

magnetic noise from the motor and/or load increases as
disclosed in the of?cial gaZettes of Japanese Patent Laid
Open No.61-105047 and No.53-50422. The of?cial gaZette
of Japanese Patent Laid-Open No.61-105047 thus recom

[0027] FIG. 9 is a Waveform chart of the operation of each
component in the second embodiment of the present inven

mends that the carrier Wave frequency should be set at 8 kHZ
to 16 kHZ so as to reduce the magnetic noise.

[0028] FIG. 10 is a block diagram of a conventional
poWer converter apparatus;

SUMMARY OF THE INVENTION

[0014]

It is an object of the present invention to solve the

above conventional problems, thereby providing a method
for modulating a pulse Width so as to secure a sampling time
enough to detect a current, as Well as a poWer converter

apparatus or an inverter apparatus that employs the method.

[0015] It is an another object of the present invention to
suppress magnetic noise of induction motor Which is a load
of the poWer converter apparatus or the inverter apparatus

that employs the method.
[0016] In an aspect of the invention, a pulse Width modu
lation (PWM) method modulates the pulse Width based on a
modulated Wave and a carrier Wave and supplies gate signals
to a poWer converter, and detects each phase AC current of
the poWer converter based on a detected DC current and the

gate signals, Wherein the PWM method inserts the carrier
Wave With a long carrier cycle longer than the preset carrier

cycle periodically, and samples the detected DC current

during the long carrier cycle.
[0017] In an another aspect of the invention, When the AC
voltage of said poWer converter is under a predetermined

value, a pulse Width modulation (PWM) method inserts only
one cycle of the carrier Wave With the long carrier cycle of
an integer multiple of the preset carrier cycle every once at
1 [ms] or over.

tion;

[0029]

FIG. 11 is a block diagram of a conventional PWM

controller;
[0030] FIG. 12 is a Waveform chart for the operation of
each conventional component;
[0031] FIG. 13 is an expanded vieW of the Waveforms at
time T1 shoWn in FIG. 12;

[0032] FIG. 14 is a conventional gate signal timing chart;

[0033] FIG. 15 is another conventional gate signal timing
chart When each phase voltage command value is set

smaller; and
[0034] FIG. 16 is still another conventional gate signal
timing chart When the carrier Wave frequency is set higher.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] Hereunder, the ?rst embodiment of the present
invention Will be described With reference to the accompa
nying draWings. FIG. 1 shoWs a block diagram of a poWer
converter apparatus that controls an AC motor at a variable

speed. An AC poWer supplied from an AC poWer source 1
such as a three-phase commercial poWer source is converted
to a smoothed DC poWer by a recti?cation circuit 2 and a

smoothing capacitor 3. This smoothed DC poWer is thus
converted to an AC poWer having a variable frequency and
a variable voltage by an inverter 9 and used to drive an
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induction motor 4 at a variable speed. Both frequency and
voltage output from the inverter 9 are controlled from an
inverter control circuit through a gate circuit 21.

[0036] The inverter control circuit in this embodiment
uses a microcomputer. An inverter output frequency/voltage
calculation unit 15 receives an output frequency command
Fr* and each of the phase current values Iu, Iv, and IW of the
induction motor to calculate a primary angle frequency

command 001* and inverter output voltage commands Eu,
Ev, and EW. An integrator 16 integrates the 001* and outputs
the result to the PWM calculation unit 17 as a phase
command 0. Ashunt resistor 5 and a current detection circuit
11 are used to detect the DC current Idc respectively. A
sample & hold circuit 13 holds the detected Idc as a detected
current Idc1 and Idc2 based on a gate pattern received from
a PWM timer 20 When the detection is enabled. An A/D
converter 12 converts both of Idc1 and Idc2, Which are

analog values, to digital values and outputs the digital values
to each of the phase current detectors 14. The respective
phase current detector 14 calculates respective phase current
Iu, Iv, and IW based on the digital values Idc1 and Idc2 and
the gate pattern signal received from the PWM timer 20, and
the outputs them to inverter output frequency/voltage cal
culation unit 15. The PWM calculation unit 17 calculates the

data Tc*, Tu*, Tv*, and TW* of the PWM timer 20 according
to the phase command f, the output voltage commands Eu,

[0040]

In FIG. 3, the determination unit 18 determines

Whether or not a current can be detected according to both

of the output frequency command Fr* and the carrier Wave
cycle command Fc in step 101. When the determination
result is YES, an ordinary carrier cycle is set as the carrier

cycle in step 102, and ends the processing. When the result
is NO, the unit 18 determines Whether or not the long carrier

cycle is needed based on the timing is synchroniZed With the

calculating cycle of the inverter output frequency/voltage
calculation unit 15 (or another cycle) in step 103. When
there is need to insert a long carrier cycle, the unit 18 issues
a long carrier insertion request in step 104 and ends the
processing. When there is no need to insert such a long

carrier cycle in step 103, the unit 18 an ordinary carrier cycle
is set as the carrier cycle in step 102, and ends the process
mg.

[0041] When the unit 18 issues a long carrier insertion
request in step 105, the controller 19 multiplies the PWM
timer data received from the calculation unit 17 by an integer
multiple, then sets the result in the PWM timer 20 and ends
the processing in steps 108 and 109. When receiving no long
carrier insertion request in step 105, the controller 19 sets the
PWM timer data received from the calculation unit 17 as is

in the PWM timer 20 and ends the processing in steps 106
and 107.

Ev, and EW, as Well as the carrier Wave cycle command Fc.

[0042]

The long carrier cycle insertion determination unit 18 deter
mines Whether to insert a long carrier cycle according to the
output frequency command Fr* and the carrier Wave cycle

done every once at 1 [ms] or over or preferably every once
at a feW [ms] or over, can reduce the noise of the induction

command Fc. The PWM timer controller 19 also sets data in
the PWM timer 20 according to a request from the long

carrier frequency insertion determination unit 18.

[0037] Next, the con?gurations and operations of the
PWM timer controller 19 and the long carrier cycle insertion
determination unit 18 featured by the present invention Will
be described.

[0038] FIG. 2 shoWs the timings of the gate signals Gu,
Gx, Gv, Gy, GW, and G2 in this ?rst embodiment. If a long
carrier cycle insertion request is issued from the long carrier
cycle insertion determination unit 18 during an operation in
an ordinary carrier cycle in Which no current detectable gate
pattern exists, the PWM timer controller 19 sets PWM timer

data multiplied by an integer multiple (four times in this
embodiment) in the PWM timer 20, thereby the long carrier
cycle begins at a crest of the triangular carrier Waveform. In
the example shoWn in FIG. 2, patterns V4 and V6 having a
length enough to detect a current respectively occur and

In a test performed With use of a real machine, it is
con?rmed that insertion of a long carrier cycle, When it is

motor effectively.

[0043] According to the ?rst embodiment, the carrier
Wave as shoWn in FIG. 2 can be generated in the above

steps, thereby current detection is enabled. In addition,
because the loW carrier frequency is set only in part of the

ordinary high carrier frequency, the embodiment makes it
possible to reduce the magnetic noise at the time of loW
motor speed operation While the current detection accuracy

is kept.
[0044]

Next, the second embodiment of the present inven

tion Will be described. FIG. 5 shoWs a block diagram of a
poWer converter apparatus in the second embodiment. In
FIG. 5, the same reference numerals are used for the same
items as those shoWn in FIG. 10 to avoid redundant descrip
tion.

[0045]

In FIG. 5, reference numeral 108 denotes a motor

controller and reference numeral 106 denotes a PWM con

current detection is done in each of the sections. Because a

troller. The motor controller 108 outputs the U-phase AC

current detectable period alWays appears in such the long
carrier cycle, insertion of only one long carrier cycle Will do.

voltage command Eu, the V-phase AC voltage command Ev,
the W-phase AC voltage command EW, and the phase 0

Multiplying of the PWM timer data in the PWM timer
controller 19 by an integer multiple is to prevent the pro

according to the detected motor currents Iu, Iv, and IW, as
Well as the output frequency command Fr* received from

cessing of the inverter apparatus from being discontinued.
at a crest of the carrier Wave and end at the next crest of the

external. The PWM controller 106 outputs the gate signals
Gu, Gv, GW, Gx, Gy, and G2 used to control the sWitching
elements Qu, Qv, QW, Qx, Qy, and Q2 according to the AC

carrier Wave. The long carrier cycle comes to end at a timing
synchroniZed With a crest part of the original carrier Wave.

current commands Eu, Ev, and EW, as Well as the phase
command 0.

Such an integer multiple enables a long carrier cycle to start

This is Why the processing by the inverter apparatus con
tinues.

[0039] FIGS. 3 and 4 shoW ?oWcharts of the processings
by the long carrier cycle insertion determination unit 18 and
the PWM timer controller 19.

[0046] Next, a block diagram of the motor controller 108
Will be described With reference to FIG. 6. In FIG. 6,
reference numeral 201 denotes an integrator, 202 to 204
denote cosine function generators, reference numeral 205
denotes a subtractor, reference numerals 206 and 213 denote

