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Description

Title of Invention: POWER CONVERTER CONTROL DEVICE

Technical Field
[0001] The present invention relates to a technofog controlling a power converter,
and particularly, a direct-type power converterréieafter, referred to as “direct power

converter”).

Background Art

[0002] As a typical main circuit configuration oh &C power converter that performs
AC/AC conversion (hereinafter, such an AC powervester is simply referred to as
"power converter"), an indirect power convertergsnerally used, which converts a
commercial AC into a DC via a rectifier circuit aadsmoothing circuit, and obtains an
AC output by a voltage source inverter.

[0003] Meanwhile, as a mode of directly obtainimgAC output from an AC voltage,

a mode using a direct power converter typified bmatrix converter is known. This

eliminates a necessity to use large capacitors r@adtors, which smooth voltage
pulsation due to a commercial frequency, and aaegly] size reduction of the converter
can be expected, and in recent years, this direatep converter has been drawing
attention as a next-generation power converter.

[0004] For the direct power converter, a configioratwith a DC link has also been
proposed, and a configuration without a smoothingui in a DC link on an input side of

an inverter and a principle of a modulation modehe configuration are described in
Patent Document 1 and Non-Patent Documents 1 andH2re, with regard to the

modulation mode, a method for generating a sigreadenis described in detail; however,
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with regard to synchronization between the rectifier circuit and the inverter, Fig. 10 is
only shown in Non-Patent Document 1, and Fig. 12 is only shown in Patent Document 2.
[0005] Moreover, Non-Patent Document 1 describes that a direct power converter with
a DC link is controlled by using a DSP (Digital Signal Processor) and a CPLD (Complex
Programmable Logic Device). However, details of logic adopted in the DSP and the
CPLD are not disclosed.

[0006] Meanwhile, as a modulation mode similar to those of Patent Document 1 and
Non-Patent Documents 1 and 2, a modified symmetrical triangular wave mode is shown
in Patent Document 2. Fig. 3 in Patent Document 2 shows a specific configuration of a
modulator. An up/down command of an inverter-side carrier is outputted based on an
up/down signal of a carrier on a rectifier side and on an output pulse obtained by a PWM
(pulse width modulation) on the rectifier side. However, in Patent Document 2, as
apparent from Fig. 4 thereof, the same thing as that in Non-Patent Document 1 is merely
shown as a result.

[0007] Note that, in Fig. 8 of Patent Document 3, a mode of modulating by the inverter
and the converter using the same carrier is shown.

[0008] Non-Patent Document 3 shows that a modulation is realized by a
microcomputer and an FPGA (Field-Programmable Gate Array).

[0009] Note that Patent Document 4 and Non-Patent Documents 4 and 5, which are

related to the present application, are listed in addition to the above.

Prior Art Documents
Patent Documents
[0010] Patent Document 1:United States Patent No. 6995992

Patent Document 2:Japanese Patent Application Laid-Open No. 2004-266972
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Patent Document 3:Japanese Patent No. 4135026

Patent Document 4:Japanese Patent Application Laid-Open No. 2011-193678
Non-Patent Documents
[0011] Non-Patent Document 1: Wei, L., Lipo, T.A., Chan, H, "Matrix Converter
Topologies With Reduced Number of Switches," PESC 2002, June 23-27, 2002, vol. 1,
pp 57-63.

Non-Patent Document 2: L.Wei, T.A.Lipo, "Investigation of 9-switch
Dual-bridge Matrix Converter Operating under Low Output Power Factor," IEEE
1IAS2003, vol.1, pp.176-181

Non-Patent Document 3: Fujita, Sakakibara, Matsuno, “Application and
Development of the Three Phase Indirect Matrix Converter for Air Conditioners”, The
papers of Joint Technical Meeting on Semiconductor Power Converter/Vehicle
Technology/Home and Consumer Appliances, SPC-12-174/VT-12-025/HCA-12-059, IEE
Japan 2012(20), pp.31-36, 2012-12-06

Non-Patent Document 4: Renesas Electronics Application Note: RX62T
Group - Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method,
RO1AN0821JJ0100

Non-Patent Document 5: Renesas Electronics Application Note: RX62T -
MTU3 Complementary PWM mode, ROIAN0731JT0101
Summary of Invention
Problems to be Solved by the Invention
[0012]  As described above, special logic has been required for the modulator of the
conventional direct power converter, and it has been necessary to accompany with a logic
IC such as a CPLD or an FPGA.

[0013] On the other hand, as a microcomputer suitable for controlling the inverter
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using the PWM modulation, there are ones introduced in Non-Patent Documents 4 and 5.
Hence, it is desirable to control the direct power conversion device by such a
microcomputer without using the logic IC from a viewpoint of hardware reduction.

[0014] In this connection, embodiments of the present invention seek to provide a
technology for controlling the direct power converter by the microcomputer without using

the logic IC.

Means for Solving the Problems

[0015] A power converter control device according to the present invention is a power
converter control device (1) for controlling a power converter (2) including a converter
(21) that performs AC-DC conversion and an inverter (22) that receives a DC voltage
(Vdc) from the converter and supplies a multi-phase AC current (Iv).

[0016] Then, a first aspect of the present invention includes: a converter control unit
(11) that outputs a converter switching signal (Scnv) for determining switching of the
converter based on a result of performing comparison between a converter carrier (K1)
and a converter threshold value (Ccnv) in each of first periods (P) repeated while having a
first period length (Tcnv); and an inverter control unit (12) that outputs an inverter
switching signal (Sinv) for determining switching of the inverter based on a result of
performing comparison between an inverter carrier (K2) and an inverter threshold value
(Dpwm) in each of second periods (Q1, Q2) synchronized with the converter carrier and
repeated while having a second period length (Tinv).

[0017] Then, in the first period, first data (Datal) and second data (Data2) are
alternately given to the inverter control unit, the first data (Datal) including a first value
(Tinvl) indicating a length of time from a start point of time of the first period to a

matching point of time (J) as a point of time when the converter carrier takes the
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converter threshold value and the inverter threshold value (Dpwm1) corresponding to the
second period (Q1) having the first value as the second period length, and the second data
(Data2) including a second value (Tinv2) indicating a length of time from the matching
point of time to an end point of time of the first period and the inverter threshold value
(Dpwm?2) corresponding to the second period (Q2) having the second value as the second
period length.

[0018] A second aspect of the power converter control device according to the present
invention is the first aspect thereof further including: an arithmetic processing unit (10)
that performs arithmetic processing for obtaining the first data (Datal) and the second
data (Data2) for a pair of the second periods, the arithmetic processing being performed
every first period.

[0019] Then, the inverter control unit (12) includes: a buffer register (124a, 124c)
which stores the inverter threshold value (Dpwm) and the second period length (Tinv); a
compare register (123a, 123c) to which contents stored by the buffer register are
transferred at a boundary point of time as a point of time serving as a boundary between
the second periods; a timer (121) that generates a count value that is compared with the
second period length stored in the compare register and becomes the inverter carrier (K2);
and a switching signal generation unit (128) that generates the inverter switching signal
(Sinv) on the basis of the result of the comparison between the inverter threshold value
stored in the compare register and the inverter carrier.

[0020]  Then, the first data (Datal[k+1]) obtained by the arithmetic processing in one of
the first periods (P[k]) is stored in the buffer register before the start of another (P[k+1])
of the first periods, the second data (Data2[k+1]) obtained by the arithmetic processing in
the one of the first periods is stored in the buffer register on an occasion of the start of the

another of the first periods, and the another of the first periods is present immediately
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after the one of the first periods.

[0021] A third aspect of the power converter cohttevice according to the present
invention is the second aspect thereof, whereirfiteedata (Datal): (a) on and after an
end time of the arithmetic processing when the dawnpoint of time is present after the

start of the arithmetic processing and before theé ef the arithmetic processing; (b)

when the boundary point of time is not presentrédfie start of the arithmetic processing
and before the end of the arithmetic processingpriogessing by an interrupt command
occurring at a first one of the boundary point iofie after the end of the arithmetic

processing; is stored in the buffer register irséhimdividual cases.

[0022] A fourth aspect of the power converter cohttevice according to the present
invention is the third aspect thereof, wherein firgt data (Datal): (al) is stored in the
buffer register at the time when the arithmeticcessing is ended when the boundary
point of time is present after the start of thehamietic processing and before the end of
the arithmetic processing.

[0023] A fifth aspect of the power converter cohtdevice according to the present

invention is the third aspect thereof, wherein fivet data (Datal): (a2) when the

boundary point of time is present after the sththe arithmetic processing and before the
end of the arithmetic processing, is stored inlthier register by interrupt handling by

an interrupt command occurring at a first one ef loundary point of time after the end
of the arithmetic processing.

[0024] A sixth aspect of the power converter conttevice according to the present

invention is any one of the first to fifth aspetitereof, wherein the inverter carrier (K2)

exhibits a single triangular wave in each of theosel periods.

[0025] A seventh aspect of the power converterrobuevice according to the present

invention is any one of the first to fifth aspettiereof, wherein the converter carrier (K1)
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repeats a monotonic increase and a monotonic decrease every first period, and the inverter
carrier (K2) repeats a monotonic increase and a monotonic decrease every second period.
[0026]  An eighth aspect of the power converter control device according to the present
invention is any one of the first to fifth aspects thereof, wherein the converter carrier (K1)
exhibits a sawtooth wave having the first period length (Tcnv) as a cycle, and the inverter
carrier (K2) repeats a monotonic increase and a monotonic decrease every second period.
[0027] In the first to eighth aspects of the power converter control device according to
the present invention, for example, the converter (21) is a current source converter, and
commutates at the matching point of time by the converter switching signal (Scnv).

[0028] In the first to eighth aspects of the power converter control device according to
the present invention, for example, the converter (21) includes a rectifier circuit and a
booster circuit, and it is determined whether or not the booster circuit contributes to the
DC voltage (Vdc) on the basis of the converter switching signal (Scnv).

[0029]

Effects of the Invention

[0030] In accordance with the first aspect of the power converter control device
according to the present invention, the number of complementary PWM modulators
required is saved to be one, for the control for dividing one cycle for controlling the
converter into two sections at the point of time when the converter commutates, and for

controlling the inverter in the respective sections.
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[0031] In accordance with the second aspect of the power converter control device
according to the present invention, write into the buffer register follows transfer from the
buffer register to the compare register, and accordingly, comparison between the first data
and the second data, and the inverter carrier is appropriately performed.

[0032] The third to sixth aspects of the power converter control device according to the
present invention contribute to the realization of the second aspect of each thereof.

[0033] In accordance with the seventh to eighth aspects of the power converter control
device according to the present invention, responsiveness of the output of the inverter is
improved.

[0034] In particular, in accordance with the eighth aspect of the power converter
control device according to the present invention, a range of options for selecting the
timer to be adopted is widened.

[0035] Objects, features, aspects and advantages of the present invention will be more

obvious by the following detailed description and the accompanying drawings.

Brief Description of Drawings
[0036] Fig. 1 is a block diagram illustrating a configuration of a power converter
control device according to a first embodiment and a configuration of a power converter
to be controlled thereby;

Fig. 2 is a block diagram illustrating a configuration of an inverter control unit
in the first embodiment;

Fig. 3 is a block diagram illustrating a configuration of a converter control unit
in the first embodiment;

Fig. 4 is a graph showing a relationship between a converter carrier and an

inverter carrier;
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Fig. 5 is a timing chart showing operations of the inverter control unit and an
arithmetic processing unit;

Fig. 6 is a timing chart showing operations of the converter control unit, the
inverter control unit and the arithmetic processing unit;

Figs. 7 and 8 are timing charts showing operations of a first method of the first
embodiment;

Fig. 9 is a flowchart showing operations of higher interrupt handling in the first
method of the first embodiment.

Figs. 10 and 11 are timing charts showing operations of a second method of the
first embodiment;

Fig. 12 is a flowchart showing operations of higher interrupt handling in the
second method of the first embodiment;

Fig. 13 is a block diagram illustrating a part of a configuration of an inverter
control unit in a second embodiment

Fig. 14 is a block diagram illustrating a part of a configuration of a converter
control unit in the second embodiment;

Fig. 15 is a timing chart showing operations in the second embodiment;

Fig. 16 is a timing chart showing operations in a third embodiment;

Fig. 17 is a block diagram illustrating a configuration of a power converter
adopted in a fourth embodiment;

Fig. 18 is a graph showing operations of a power converter when compared
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with the fourth embodiment;

Fig. 19 is a graph showing operations of the power converter in the fourth
embodiment;

Fig. 20 is a block diagram illustrating a configuration of a power converter
adopted in a fifth embodiment;

Fig. 21 is a circuit diagram showing an equivalent circuit of a circuit shown in
Fig. 20;

Fig. 22 is a graph showing operations of a power converter when compared
with the fifth embodiment;

Fig. 23 is a graph showing operations of a power converter of the fifth
embodiment; and

Fig. 24 is a graph showing behaviors of a variety of amounts in an example of

the fifth embodiment.

Description of Embodiments
[0037] <First embodiment>

A. Configuration.

Fig. 1 is a block diagram illustrating a configuration of a power converter
control device 1 according to this embodiment and a configuration of a power converter 2
to be controlled thereby.
[0038] The power converter 2 supplies a multi-phase AC current Iv to a load 3. The
power converter 2 includes a converter 21 and an inverter 22. The converter 21
performs AC/DC conversion for an AC voltage, which is obtained from an AC power
supply 8, and outputs a DC voltage Vdc. The inverter 22 receives the DC voltage Vdc

from the converter 21, and outputs the multi-phase AC current Iv. For example, the load
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3 is a three-phase balanced load, more specificalljhree-phase motor, and the
multi-phase AC current Iv is a three-phase current.

[0039] The power converter control device 1 comtrifle power converter 2. The
power converter control device 1 includes: an arétic processing unit 10; a converter
control unit 11; an inverter control unit 12; andA&D conversion unit 13.

[0040] In the converter control unit 11, a convergwitching signal Scnv that
determines switching of the converter 21 is ougaltt In the inverter control unit 12, an
inverter switching signal Sinv that determines shirig of the inverter 22 is outputted.
[0041] The converter switching signal Scnv is deteed on the basis of a result of
comparing, with each other, a converter threshaldesCcnv and a converter carrier (not
shown in Fig. 1) in each of first periods repeatdile having a first period length Tcnv.
[0042] The inverter switching signal Sinv is detered on the basis of a result of
comparing, with each other, an inverter threshatue (not shown in Fig. 1) obtained
from first data Datal (or second data Data2) antheerter carrier (not shown in Fig. 1).
The inverter carrier is determined on the basis gésult of being compared with the
converter carrier (not shown in Fig. 1) in eaclsefond periods repeated while having a
second period length obtained from the first dadalD (or the second data Data?2).
[0043] The AD conversion unit 13 receives the DQtage Vdc and a DC current Idc
from the power converter 2, the DC current Idc flogvbetween the inverter 22 and the
converter 21. The AD conversion unit 13 receivesample/hold signal SH from the
inverter control unit 12. The AD conversion ung& fierforms analog/digital conversion
for the DC voltage Vdc and the DC current Idc, vihiare sampled/held by the
sample/hold signal SH, and obtains digital valuds Df them.

[0044] The sample/hold signal SH is determinedtentiasis of a result of comparing,

with each other, a sample timing signal (not shawRig. 1) obtained from the first data
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Datal (or the second data Data2) and the inveateiec.

[0045] The arithmetic processing unit 10 generétesfirst data Datal and the second
data Data2 by arithmetic processing that is basedhe digital values Ddc and other
parameters (not shown) necessary to control theepoanverter 2. For example, when
the load 3 is a motor, the digital values Ddc asedufor estimating a magnetic pole
position of the motor. Such arithmetic processastarted by an interrupt command R1
from the converter control unit 11. The first d&tatal and the second data Data2 are
outputted to the inverter control unit 12 at diffler timings. The timings will be
described in detail later; however, the timings aetermined at an end of the
above-mentioned arithmetic processing or by arrimpe command R2 from the inverter
control unit 12.

[0046] Fig. 2 is a block diagram schematically sthating a configuration of the
inverter control unit 12 in this embodiment. Thevearter control unit 12 includes: a
timer 121; comparators 122a, 122b, 122c and 12Rdjpare registers (denoted by
“CompReg” in the figure) 123a, 123b and 123c; huffgisters (denoted by “BuffReg”
in the figure) 124a, 124b and 124c; and a switclsiggal generation unit 128. Such a
schematic configuration can be realized by a caonfiton commonly known, for
example, as a generally called multi-function tirpatse unit. The multi-function timer
pulse unit is included in a known single-chip mmwmputer (for example, refer to
Non-Patent Documents 4 and 5). The configuratimws in Fig. 2 is a schematic one,
and a configuration reflecting this is not alwag®pted in the multi-function timer pulse
unit.

[0047] A second period length Tinv, a sample timisignal Tad, and an inverter
threshold value Dpwm are inputted to the bufferistegs 124a, 124b and 124c,

respectively. These are obtained as the first Datal (or the second data Data2) from
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the arithmetic processing unit 10.

[0048] Contents stored by the buffer registers 124a, 124b and 124c are transferred to
the compare registers 123a, 123b and 123c, respectively, simultaneously with occurrence
of the interrupt command R2. In Fig. 2, an output of the comparator 122d functions as
the interrupt command R2, and in addition, serves as a transfer command for transfer
from the buffer registers 124a, 124b and 124c to the compare registers 123a, 123b and
123c.

[0049] The contents stored in the compare registers 123a, 123b and 123c are all
compared with a count value outputted from the timer 121.

[0050] The timer 121 functions as an up/down counter. The timer 121 counts up by
the interrupt command R2. The timer 121 counting up, and the count value reaching the
second period length Tinv stored in the compare register 123a, an output of the
comparator 122a is activated, and causes the timer 121 to count down. The timer 121
counting down and the count value reaching a predetermined minimum value (for
example, 0), the interrupt command R2 occurs by a function of the comparator 122d.
[0051] By appropriately setting timing at which the count value of the timer 121 is
updated, the count value concerned becomes an inverter carrier K2 exhibiting a single
triangular wave in the second period length Tinv. Then, the interrupt command R2
occurs at a predetermined minimum value (for example, 0). That is, the interrupt
command R2 occurs at a trough of the triangular wave in the inverter carrier K2. Hence,
thereafter, the interrupt command R2 is sometimes referred to as "trough interrupt".
[0052] Note that timing at which the output of the comparator 122a is activated
corresponds to a position of a crest of the triangular wave in the inverter carrier K2.
Hence, when the activation of the output of the comparator 122a is adopted as such an
interrupt command, the interrupt command concerned is sometimes referred to as "crest

interrupt".
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[0053] The inverter carrier K2 is compared with #zemple timing signal Tad, which is
stored in the compare register 123b, in the comipad®2b. Note that, when the load 3
is a three-phase load, the inverter 22 also outputwee-phase AC in accordance with
pulse width modulation (PWM), and accordingly, theare two kinds of the sample
timing signal Tad. Hence, there are also two kiofleutput of the comparator 122b,
and the sample/hold signal SH is activated twicéhenperiod having the second period
length Tinv.

[0054] The inverter carrier K2 is compared with theerter threshold value Dpwm,
which is stored in the compare register 123c, emdbmparator 122c. Note that, when
the inverter 22 outputs the three-phase AC, thezettaee or two kinds of the inverter
threshold value Dpwm. Hence, there are also tlmeéwo kinds of output of the
comparator 122c.

[0055] The switching signal generation unit 128eiees the output of the comparator
122c, and generates the inverter switching sigimal. S For example, when the inverter
22 outputs the three-phase AC, there are six kifidee inverter switching signal Sinv.
A technology for generating the inverter switchisignal Sinv from the output of the
comparator 122c is known in, for example, Patentubeents 2 and 3, and accordingly,
details thereof are omitted here.

[0056] Fig. 3 is a block diagram schematically sthating a configuration of the
converter control unit 11 in this embodiment. Toamverter control unit 11 includes: a
timer 111; comparators 112a and 112c; compareteggidenoted by “CompReg” in the
figure) 113a and 113c; buffer registers (denoted'ByffReg” in the figure) 114a and
114c; and a switching signal generation unit 118uch a schematic configuration can be
realized by a general-purpose PWM timer, and innala way to the inverter control

unit 12, is a known configuration included in a gd@ichip microcomputer. The



10

15

20

25

15

configuration shown in Fig. 3 is a schematic omel a configuration reflecting this is not
always adopted in the general-purpose PWM timer.

[0057] A first period length Tcnv and a convertereshold value Ccnv are given from
the arithmetic processing unit 10 to the buffeigtsgs 114a and 114c, respectively.
[0058] Contents stored in the buffer registers 1a#d 114c are transferred to the
compare registers 113a and 113c, respectively, Isimaously with occurrence of the
interrupt command R1. Here, activation of an outgfuthe comparator 112a functions
as occurrence of the interrupt command R1.

[0059] Contents stored in the compare registers Hifgl 113c are both compared with
a count value outputted from the timer 111.

[0060] The timer 111 functions as an up counterhe imer 111 counts up after being
reset by the activation of the output of the corapmrll2a. The timer 111 counting up,
and the count value reaching the first period lenitnv stored in the compare register
113a, the output of the comparator 112a is activased the interrupt command R1
occurs.

[0061] By appropriately setting timing at which teeunt value of the timer 111 is
updated, the count value concerned becomes a ¢encarrier K1 exhibiting a sawtooth
wave in the first period length Tcnv. Then, theeirupt command R1 occurs at a fall of
the converter carrier K1.

[0062] Fig. 4 is a graph showing a relationshipneetn the converter carrier K1 and
the inverter carrier K2, in which an axis of absas represents time. The timers 111
and 121 are driven in synchronization with eactentand here, it is illustrated that both
the converter carrier K1 and the inverter carri@r tike a value O at time t10, and that
both are increased immediately thereafter.

[0063] When the converter carrier K1 reaches thaevdcnv, the converter carrier K1
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falls as mentioned above. Here, a falling time i3@&dopted, and it can be understood
that it is at the time t30 that the converter earrKl takes the value Tcnv, and
accordingly, the time t30 is set as: t30 = t10+TcnVhat is, an inclination (rate of
change of the count value with respect to timejefconverter carrier K1 is setto 1. As
described above, in this embodiment, the convedeier K1 exhibits a single sawtooth
wave in the first period P repeated while havingfirst period length Tcnv.

[0064] When the inverter carrier K2 reaches a fiedtie Tinvl, the inverter carrier K2
counts down as mentioned above. Then, the invedater K2 reaches the value 0 at
time t20. Here, the time t20 is a point of timeentthe converter carrier K1 takes the
converter threshold value Ccnv, and the inclinatbtthe converter carrier K1 is set to 1
as mentioned above, and accordingly, the time $28et as t20 = t10+Ccnv. This is
realized, for example, by setting Tinvl = Ccnv, dnydsetting an absolute value of an
inclination of the inverter carrier K2 to 2.

[0065] Thereafter, the inverter carrier K2 coun{s again, and when the inverter
carrier K2 reaches a second value Tinv2, the ievedarrier K2 counts down as
mentioned above. Then, the inverter carrier KZhea the value O at time t30. Here,
t30 = t20+Tinv2 is set. This is realized by sejtifinv2 = Tcnv-Tinvl, and by setting
the absolute value of the inclination of the ingextarrier K2 to 2.

[0066] As described above, in this embodiment,aoheof a pair of second periods Q1
and Q2, which is repeated while having the secarib@ lengths Tinvl and Tinv2 in
synchronization with the converter carrier K1, theerter carrier K2 exhibits a single
triangular wave in which the absolute values ofittdinations are equal to each other (2
in the above-mentioned example). Then, a sumest#dtond period lengths Tinvl and
Tinv2 is equal to the first period length Tcnv. dimer words, the pair of second periods

Q1 and Q2 divides the first period P into two iistbrder.
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[0067] Then, the interrupt command R2 occurs at troughs of the triangular wave in the
inverter carrier K2, and accordingly, results in occurring at boundary points of time
between the second periods Q1 and Q2 (these points are illustrated by the times t10, t20
and t30 in Fig. 4).

[0068] Note that, in the following description, in some cases, the boundary point of
time between the second periods Q1 and Q2 that divide the same first period P into two
(this point is illustrated by the time t20 in Fig. 4) is particularly referred to as a matching
point of time, and is distinguished from the boundary point of time between the second
periods Q1 and Q2 that belong to the first periods P different from each other (this point
is illustrated by each of the times t10 and t30 in Fig. 4).

[0069] The following expression can be obtained by using this matching point of time.
The first value Tinv1l indicates a length of time from a start point of time of the first
period P to the matching point of time at which the converter carrier K1 takes the
converter threshold value Ccnv. The first data Datal corresponds to the second period
QI having the first value Tinvl as the second period length, and includes an inverter
threshold value Dwml considered in the second period Q1. The second value Tinv2
indicates a length of time from the matching point of time to an end point of time of the
first period P. The second data Data2 corresponds to the second period Q2 having the
second value Tinv2 as the second period length, and includes an inverter threshold value
Dwm?2 considered in the second period Q2. The sample timing signal Tad is included in
the first data Datal if the second period QI is longer than the second period Q2, and is
included in the second data Data2 if the second period Q2 is longer than the second
period Q1. Hereinafter, it is assumed that the second value Tinv2 is larger than the first
value Tinv1, and the second data Data2 also includes the sample timing signal Tad.

[0070] In Fig. 4, in the second period Q1 in which the inverter carrier K2 has the
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second period length Tinvl and exhibits a triangwave, an inverter threshold value
Dpwml to be compared with the inverter carrier K&rg, a case where three kinds of the
inverter threshold value Dpwml are present is shasgsuming three-phase modulation)
is also written. In a similar way, in the secoretipd Q2 in which the inverter carrier
K2 has the second period length Tinv2 and exhibitriangular wave, an inverter
threshold value Dpwm?2 to be compared with the iterecarrier K2 (here, a case where
three kinds of the inverter threshold value Dpwm@ present is shown assuming the
three-phase modulation) and two types of the satplag signal Tad are also written.
[0071] B. Operation explanation.

(b-1) Operation explanation for inverter contraltul2.

Hereinafter, a description will be made of ingatihg of the following data to
the inverter control unit 12, the data being theose period length Tinv for determining
a waveform of the inverter carrier K2 as shownig. B, and the inverter threshold value
Dpwm and the sample timing signal Tad, which ardoéocompared with the inverter
carrier K2, that is, the first data Datal and theosid data Data2.

[0072] First, in order to briefly describe the oggons of the inverter control unit 12, it
is assumed that the converter 21 is just a DC geltource that makes the DC voltage
Vdc constant and supplies the DC voltage Vdc. Bigis a timing chart showing
operations of the inverter control unit 12 andahiéhmetic processing unit 10.

[0073] Fig. 5 adopts a lapse time in a right di@gtt collectively shows the compare
registers 123a, 123b and 123c as the compareae@simpReg, collectively shows the
buffer registers 124a, 124b and 124c as the buéfgister BuffReg, shows the inverter
carrier K2, and the second period length Tinv,itiverter threshold value Dpwm, and the
sample timing signal Tad, which are compared with inverter carrier K2, voltage

vectors, which indicate a switching state of theeimter 22, the DC voltage Vdc and the
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DC current Idc, and also shows the digital valuec @add the interrupt command R2,
which are inputted to the arithmetic processing 0i

[0074] Here, the operations themselves of the ieve?2, which are based on the
voltage vectors, are known, for example, by Pateatument 3 and the like, and

accordingly, a detailed description thereof willdraitted.

[0075] Moreover, it is assumed here that the cdeve?l is just a DC source, and
accordingly, a periodic operation thereof is ndteta into consideration. Hence, the
second period length Tinv, the inverter threshaddug Dpwm, and the sample timing
signal Tad, which are given to the inverter continit 12, are collected as data DataO.
In other words, the data DataO can be considerd#tibafirst data Datal in Fig. 1.

[0076] An interval between the troughs that areaeelit to each other in the inverter
carrier K2, is understood as one cycle QO0, andeiscibed. Then, for a variety of

amounts in a k-th cycle (k is an integer), a synfkpls appended to a symbol indicating
each of the variety of amounts.

[0077] By comparison between the inverter carrix &d a pair of sample timing

signals Tad[n-1] of the (n-1)-th cycle QO[n-1] &éan integer), the sample/hold signal SH
is activated twice. In this way, a measured valfithe DC current Idc at the (n-1)-th

cycle QO[n-1] is obtained as DC currents ldc1[raddl Idc2[n-1].

[0078] Here, measurement of the DC currents Idd}[and ldc2[n-1] are performed

when the inverter 22 is in switching states indidaby voltage vectors V6 and V4,

respectively.

[0079] At a start point of time of the n-th cyclé[@], an interrupt command R2[n]

occurs, and the arithmetic processing unit 10 starithmetic processing using the DC
currents ldc1[n-1] and Idc2[n-1] and a DC voltagdcih-1] (these are illustrated as a

digital value Ddc[n-1]). Such arithmetic procesgis performed as interrupt handling
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for another process (main routine) performed byattitmetic processing unit 10.

[0080] In the figure, right-upward hatching showh a left end of "arithmetic
processing"” indicates a time spent for acquirirggdiyital value Ddc (the same applies to
the following figures).

[0081] By the arithmetic processing concerned, sdcperiod length Tinv[n+1], an
inverter threshold value Dpwm([n+1] and a samplergrsignal Tad[n+1] are obtained as
data DataO[n + 1]. The arithmetic processing fbtaming the data DataO from the
digital value Ddc is realized by a known motor ¢ohtechnology, and accordingly, a
detailed description thereof will be omitted.

[0082] The data DataO[n+1] obtained in the aritim@trocessing in the n-th cycle
QO[n] is written to the buffer register BuffReg,dafurther, is transferred to the compare
register CompReg at timing when a next interruphec@and R2[n+1] occurs (also refer to
the output of the comparator 122d in Fig. 2).

[0083] Note that, in the figure, left-upward hatotpishown at a right end of "arithmetic
processing” indicates a time spent for writing toe tbuffer register BuffReg
accompanying the arithmetic processing (the sarpkesyto the following figures).

[0084] The previous cycle is considered. The sdcperiod length Tinv[n], the
inverter threshold value Dpwm([n] and the samplergnsignal Tad[n], with which the
inverter carrier K2 should be compared in the wytble QO[n], are already transferred to
the compare register CompReg at the timing wherirntteerupt command R2[n] occurs.
In this way, the comparison between the inverteri@akK2 and the data DataO[n] in the
n-th cycle QO[n] is appropriately executed.

[0085] In a similar way, the data DataO[n+1] ob&nn the arithmetic processing in
the n-th cycle QO[n] is transferred to the compagister CompReg so as to catch in time

the comparison for the inverter carrier K2 in theX)-th cycle QO(n+1).
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[0086] (b-2) Operation explanation of comparative example.

Next, for comparison with the technology described in Fig. 4, a description will
be made of control, as in Patent Document 3 and Non-Patent Document 3, for dividing
one cycle for controlling the converter 21 into two sections at the time when the converter
21 commutates, and for controlling the inverter 22 in each of the sections (hereinafter,
this control will be tentatively referred to as “two-division control”).

[0087] Fig. 6 is a timing chart showing operations of the converter control unit 11, the
inverter control unit 12 and the arithmetic processing unit 10 when the inverter carrier K2
uses a triangular wave having the same cycle as that of the converter carrier K1. Note
that, here, an interrupt command R1[k] from the converter control unit 11 and the
interrupt command R2[k] from the inverter control unit 12 occur at the same timing.
[0088] The inverter carrier K2 and the converter carrier K1 start in synchronization
with each other, and the inverter threshold value Dpwm([k] is divided into two groups at
the time when the converter carrier K1 takes the converter threshold value Ccnv, whereby
PWM signals of the inverter 22 and the converter 21 are synchronized with each other.
[0089]  As described above, the two-division control can be performed by a single-chip
microcomputer instead of adopting a logic IC such as a CPLD and an FPGA.

[0090] Indeed, Non-Patent Document 3 talks about a possibility of application of a
microcomputer to a direct power converter, and describes that a configuration is available
by nine-phase voltage-source carrier comparison and general-purpose logic. In this
mode, in order to realize PWM modulations by one triangular wave carrier, two sets of
complementary PWM timers are applied, and general-purpose timers are used for three
phases, then the synchronization of the PWM modulations can be realized by starting the
carriers in synchronization with each other.

[0091] However, when the multi-phase AC current Iv has three phases, four to six
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inverter threshold values Dpwml[k] are required. eTihverter switching signal Sinv
covers a pair of switches, in which the inverter &&rates complementarily, by the
number of phases. Hence, in order to obtain theeriar switching signal Sinv,
complementary PWM modulators designed in respoasthé number of phases (for
example, for three phases) are required.
[0092] On the other hand, in a multi-function tinpedse unit, each of the units capable
of functioning as complementary PWM modulators @eris comparison between up to
three threshold values and a carrier waveform. cHgewhen the two-division control is
performed, two units are occupied only by contngllthe inverter 22.
[0093] In general, with regard to a multi-functigimer pulse unit included in a
single-chip microcomputer selected for consumer osestly, two sets of such units are
provided. Hence, when there are a plurality of bmations of the inverter 22 and the
load 3, for example, when a compressor motor anéara motor are separately
PWM-controlled as such loads 3 in an air conditiptigen there is a possibility that both
of the motors cannot be controlled by the samdesialip microcomputer.
[0094] Accordingly, a description will be made bel®f operations in which the
two-division control is performed for the invert22 only by the single complementary
PWM modulator in this embodiment. Specificallye tbontrol explained in Fig. 4 will
be described in more detail.
[0095] (b-3) First method of this embodiment

Fig. 7 and Fig. 8 are timing charts showing openst of a first method of this
embodiment. In both Figs., the converter carriérafd the inverter carrier K2, which
are shown in Fig. 4, are shown. However, in alsinway to (b-1) described above, the
symbol [K] is appended to symbols indicating theetst of amounts in the k-th cycle.

[0096] However, in order to avoid complication, tAppending of the symbol [K] is
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omitted for the interrupt command R2. As underdtaath reference to Fig. 2 and Fig.
4, the timing at which the interrupt command R2uwsdn this embodiment is the timing
at which the timer 121 counts up (trough interrupihich is the boundary point of time
described with reference to Fig. 4.

[0097] Note that, among the boundary points of tittee matching point of time
corresponding to the time t20 in Fig. 4, that e boundary point of time at which the
converter carrier K1 takes the converter threskalde Ccnv is appended with a symbol
JIK].

[0098] Fig. 7 illustrates a case where the aritlienptocessing for obtaining the first
data Datal and the second data Data2 is longertheamperiod length of the second
period Q1 (which corresponds to the second peeogth Tinvl in Fig. 4), and Fig. 8
illustrates a case where the arithmetic processirshorter than the period length of the
second period Q1. However, it is not clear in adeawhether the time taken for the
arithmetic processing is longer or shorter thanst@ond period Q1.

[0099] Accordingly, in order to cope with both caspriority is given to the interrupt
handling based on the interrupt commands R1 and RSpecifically, the interrupt
handling by the interrupt command R1 is treatetigker one (hereinafter, referred to as
"higher interrupt handling"), and the interrupt ding by the interrupt command R2 is
treated as lower one (hereinafter, referred tdasger interrupt handling”).

[0100] Fig. 9 is a flowchart showing operationstioé higher interrupt handling in the
first method, and such operations are executedhbyatithmetic processing unit 10.
Note that the lower interrupt handling is writin§ the first data Datal into the buffer
register BuffReg.

[0101] The fact that the lower interrupt handlisgsubordinated to the higher interrupt

handling (the higher interrupt handling is procespeeferentially to the lower interrupt
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handling) is based on the priority set in softwaréloreover, the lower interrupt
handling itself is executed by hardware in the lgifglpip microcomputer.

[0102] The converter carrier K1 and inverter car&® are synchronized with each
other, and the interrupt command R2 also occunsgsponding to the time t10 in Fig. 4)
concurrently with the timing when the interrupt coand R1[k] occurs, and the transfer
from the buffer register BuffReg to the comparestsg CompReg is also executed. For
example, the first data Datal[n] and Datal[n+1] temesferred from the buffer register
BuffReg to the compare register CompReg at thengnait which the interrupt commands
R1[n] and R1[n+1] occur in Fig. 7 and Fig. 8, respely.

[0103] In Fig. 9, when the interrupt handling byetmterrupt command R1[k] (this
processing is the higher interrupt handling) istety firstly in Step S101, the interrupt
command R2 that occurs concurrently with the inf@rrcommand R1[Kk] is released.
The occurrence point of time of the interrupt comoh&1[K] is a start point of the first
period P[K] of the k-th cycle, and is also an emihpof the first period P[k-1] of the
(k-1)-th cycle.

[0104] Here, the release of the interrupt commarl rReans that the interrupt
command R2 is treated as absent. This is becaitb®ut such a release, the writing to
the buffer register BuffReg is performed again bg tower interrupt handling after the
higher interrupt handling including the writing te buffer register BuffReg is ended.
This point will be also mentioned later.

[0105] Thereafter, by Step S102, the second dataZlld is written into the buffer
register BuffReg. However, this write is procegsiperformed upon receipt of the
interrupt command R1[k], and this write is perfodrefter the transfer of the first data
Datal[k] from the buffer register BuffReg to thengmare register CompReg (this transfer

is performed at the same timing as the occurrericthe interrupt command RZ1[K]).
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That is, the second data Data2[k] is written ifite buffer register BuffReg after the first
data Datal[k] stored therein is transferred tocttrapare register CompReg.

[0106] Then, in Step S103, by using the digitalugaDdc obtained from the AD
conversion unit 13, the arithmetic processing basedhe DC voltage Vdc and the DC
currents Idcl and Idc2 is performed, and the fista Datal[k+1] and the second data
Data2[k+1] are calculated. The first period P[kislpresent immediately after the first
period P[k]. The above-described arithmetic premesis performed every first period,
and the first data Datal[k+1] and the second dat@Z)k+1], which are obtained in the
first period P[K], are adopted for the control tbe inverter 22 in the pair of second
periods Q1[k+1] and Q2[k+1] in the first period P[K.

[0107] The above-mentioned comparative exampleesponds to the PWM control
performed for the inverter 22 based on both offitst data Datal[k+1] and the second
data Data2[k+1], and has required two complemerR&4M operators.

[0108] Accordingly, in this embodiment, the timiogwriting the first data Datal[k+1]
into the buffer register BuffReg and the timingwfiting the second data Data2[k+1]
thereinto are shifted from each other, whereby gseof timing at which these are
transferred from the buffer register BuffReg to toenpare register CompReg are shifted
from each other, and thus, the number of compleang®WM operators required for the
inverter control unit 12 is saved to be one. Spmdly, the second data Data2[k+1] in
the results of the above-described arithmetic msiog is held as a variable by Steps
S104 and S105.

[0109] Then, in Step S106, it is determined whethienot there is a new interrupt
command R2 during the arithmetic processing foainintg the first data Datal[k+1] and
the second data Data2[k+1]. Here, “new” meansuoarg after the interrupt command

R2" released in Step S101.
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[0110] It is possible to make such a determination by adopting a so-called interrupt flag
for the interrupt command R2. Such an interrupt flag is set by the occurrence of the
interrupt command R2, and is reset by the end of the lower interrupt handling or the

operation by the higher interrupt handling.

[0111]  Specifically, the release of the interrupt command R2 in Step S101 can be
realized by resetting the interrupt flag set by the occurrence of the interrupt command R2.
Hence, a determination result of Step S106 turns to a positive determination result or a
negative determination result depending on whether the interrupt flag is set or reset,
respectively.

[0112] The case where the determination result of Step S106 is negative, that is, the
case where the interrupt command R2 is not present after the interrupt command R2 that
occurs concurrently with the interrupt command R1[k] during the arithmetic processing in
the first period P[k] is a case where the arithmetic processing is shorter than the period
length of the second period Q1[k]. Hence, Fig. 8 corresponds to this case.

[0113] In this case, the higher interrupt handling is ended, and the processing of the
arithmetic processing unit 10 returns to the main routine.

[0114]  When the interrupt command R2 occurs firstly after the arithmetic processing in
the first period P[k] is ended, as lower interruption processing by this, writing of the first
data Datal [k+1] to the buffer register BuffReg is executed. However, since Fig. 9 is a
flowchart for the higher interrupt handling, such lower interrupt handling is not shown.
[0115] There is a required time for writing the first data Datal[k+1] into the buffer
register BuffReg by this lower interrupt handling. Specifically, there is a time required
for branching from the main routine to the lower interrupt handling and writing to the

buffer register BuffReg. Hence, the writing is delayed from the occurrence of the

interrupt command R2. In Fig. 8, the lower interruption processing is drawn on a lower
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side of the figure than the higher processing etegtin Step S102. Here, rightward
arrows indicate that the writing of the first ddbmatal[k+1] into the buffer register
BuffReg is performed later than the occurrencéefinterrupt command R2.

[0116] Hence, after the transfer of the second @=t2[k] from the buffer register
BuffReg to the compare register CompReg, the teanséing performed at the same
timing as the occurrence of the interrupt commarg] e writing of the first data
Datal[k+1] to the buffer register BuffReg is perfmd. In this way, after the second
data Data2[k] to be compared with the inverterieak2 in the second period Q2[K] is
stored in the compare register CompReg, the fath @atal[k+1] to be compared with
the inverter carrier K2 in the second period Q1[ki#l stored in the buffer register
BuffReg.

[0117] Hence, even if the arithmetic processingthg higher processing is ended
earlier than the start of the second period Q2fi¢re can be avoided such a situation
where the first data Datal[k+1] as a result of dhéhmetic operation is compared with
the inverter carrier K2 in the second period Q2[K].

[0118] The case where the determination result tep S$106 is positive, is a case
where the arithmetic processing takes longer tharperiod length of the second period
Q1[k]. Hence, Fig. 7 corresponds to this case. thig case, the interrupt command R2
is released (the interrupt flag is reset) by St&p7S and the first data Datallk+1] is
written into the buffer register BuffReg in the hay interrupt handling by Step S108.
[0119] A reason for executing Step S107 will becdiéed. If the interrupt command
R2 is not released by Step S107, then there rentlaénbower interrupt handling that is
the writing the first data Datal[k+1] into the beiffregister BuffReg, which is performed
based on the interrupt command R2. If this is etext; then, after the first data

Datal[k+1] is written into the buffer register BR#g in Step S108, and the higher
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interrupt handling is ended, the first data Datal[kis written into the buffer register
BuffReg by the lower interrupt handling one momndj and the processing becomes
redundant. Hence, Step S107 is executed.

[0120] Next, a reason for executing Step S101 melldescribed. If Step S101 is not
executed, then the interrupt flag is set due tartteerupt command R2 occurring with the
start of the higher interrupt handling. If thisle$t untreated, the determination of Step
S106 is always positive. In such a situation, $t8fp07 and S108 are executed even
when there is no new interrupt command R2 durirgy anthmetic processing in the
higher processing.

[0121] For example, in Fig. 8, the first data Ddwetll] is written into the buffer
register BuffReg before the timing at which the whanterrupt command R2 occurs.
Then, in the transfer from the buffer register BR&§ to the compare register CompReg,
the transfer being performed at the subsequentmmatgoint of time J[n], the first data
Datal[n+1] is transferred though the second dataZpa) adopted in the second period
Q2[n] should be transferred. In this case, theelter 22 cannot be appropriately
operated in the second period Q2[n]. As mentioakadve, it is not clear in advance
whether the time taken for the arithmetic procagsnlonger or shorter than the second
period Q1, and accordingly, Step S101 is execuiezhsure the appropriate operation of
the inverter 22 in the second period Q2[n].

[0122] As described above, in the first method,first data Datal[k+1]

(a) on and after the end time of the arithmetiaccpssing in the first period P[K] (refer to
Step S108) when the boundary point of time is preséter the start of the arithmetic
processing and before the arithmetic processingnded (when the boundary point of
time is the matching point of time J[k], and théhametic processing is ended later than

this: refer to Fig. 7),
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(b) when the boundary point of time is not pregémt is, when the arithmetic processing
is ended earlier than the matching point of timk]: Jfefer to Fig. 8), by the lower
interrupt handling by the interrupt command R2 eodog at the first boundary point of
time after the end of arithmetic processing,

is stored in the buffer register BuffReg in suctiiidual cases.

[0123] More specifically, in the first method, thest data Datal[k+1]

(al) is stored in the buffer register BuffReg a titme when the arithmetic processing in
the first period P[k] is ended when the matchinmpof time J[K] is present after the start
of the arithmetic processing and before the enti@frithmetic processing.

[0124] Then, by adopting the first method, among data obtained by the arithmetic
processing in the first period P[k], the first d&tatal[k+1] is stored before the start of
the first period P[k+1], and the second data D&teP] is stored in the buffer register
BuffReg on the occasion of the start of the firstipd P[k+1].

[0125] Hence, in the first period P[k], the firsaitd Datal and the second data Data2
are alternately given to the inverter control urit

[0126] As mentioned above, contents stored in th#eb register BuffReg at the
boundary point of time are transferred to the campagister CompReg. Then, the
contents stored in the compare register CompRege nspecifically, the inverter
threshold value Dpwml and the second period lefdgthl (or the inverter threshold
value Dpwm2 and the second period length Tinv2taedsample timing signal Tad), and
the inverter carrier K2 are compared with each mthélence, the inverter carrier K2 and
the contents stored in the compare register Comp@Regppropriately compared with
each other, and the two-division control can bézed by a single complementary PWM
modulator.

[0127] Hence, synchronous PWM modulation can bdizesh by using a single
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complementary PWM timer and a general-purpose PWidrt and the logic IC such as
the CPLD and the FPGA is not required.
[0128] In addition, a control system with a constaeantrol cycle can be configured
easily without depending on a processing time reguiior the arithmetic processing.
[0129] (b-4) Second method of this embodiment

Fig. 10 and Fig. 11 are timing charts showing apens of a second method of
this embodiment, in which the same symbols as-B) (escribed above are adopted.
[0130] Fig. 10 corresponds to Fig. 7, and illugsata case where the arithmetic
processing for obtaining the first data Datal dreddecond data DataZ2 is longer than the
period length of the second period Q1, and Figcdriesponds to Fig. 8, and illustrates a
case where the arithmetic processing for obtaitinegfirst data Datal and the second
data Data?2 is shorter than the period length odm®nd period Q1.
[0131] Fig. 12 is a flowchart showing operationgla# higher interrupt handling in the
second method, and such operations are executéldebgrithmetic processing unit 10.
Note that the lower interrupt handling is writin§ the first data Datal into the buffer
register BuffReg in a similar way to the first medh
[0132] The second method is represented by a flavwdh which Steps S106 to S108
in the first method are deleted. That is, afteapStS101 to S105 are ended, the higher
interrupt handling is ended, and the processinghef arithmetic processing unit 10
returns to the main routine.
[0133] When a new interrupt command R2 occurs atter start of the arithmetic
operation ("new" mentioned here means "occurringrathe interrupt command R2"
released in Step S101 in a similar way to "newthmfirst method), the first data Datal is
written into the buffer register BuffReg as the &vinterrupt handling performed thereby.

Such writing is shown as the first data Datal[naiidl Datal[n+2] in both of Fig. 10 and
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Fig. 11.

[0134] Regardless of whether or not the "new" imtet command R2 occurs during
the arithmetic processing of the higher interrugmdiing, the higher interrupt handling is
preferentially executed, and the lower interruptdieng by the interrupt command R2 is
not executed. Hence, as shown in Fig. 11, evémeifarithmetic processing in the first
period P[K] is ended earlier than the matching pofrtime J[k], the first data Datal[k+1]
is written into the buffer register BuffReg aft@ning of the matching point of time J[k]
at which the “new” interrupt command R2 occurs. nétg in a similar way to the first
method, the appropriate operation of the invert2ri2 the second period Q2[n] is
ensured.

[0135] Note that, unlike the first method, in thecend method, the writing to the
buffer register BuffReg (Step S108 of Fig. 9) ig performed in the higher interrupt
handling. Hence, as in Step S107, such proce$sirgyoiding the redundant writing is
also unnecessary. In contrast, Step S101 is akscuged in the second method for the
same reason as explained in the first method.

[0136] Note that adoption of Step S108 in the finséthod is desirable from a
viewpoint of shortening the time required for thgerrupt handling. Specifically, in
order to reduce a loss of the inverter 22 wheridad is very light, it is desirable to adopt
not the two-division control but control for coritieg the inverter 22 in one cycle of the
converter 21 (here, this control is tentativelyeredd to as "non-division control"). Then,
if the non-division control and the two-divisionrtool are used in combination with each
other, when non-division control is performed, tbever interrupt handling does not
occur, and shortening the time required for thermipt handling is achieved.

[0137] Moreover, as shown in Fig. 10, the timingsuich the first data Datal[k+1] is

written into the buffer register BuffReg is shifteehind similar timing shown in Fig. 7.
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[0138] As described above, also in the second method, the first data Datal[k+1] is
stored in the buffer register BuffReg in accordance with the above-described (a) and (b).
[0139] More specifically, in the second method, the first data Datal[k+1]

(a2) when the boundary point of time as the matching point of time J[k] is present after
the start of the arithmetic processing and before the end of the arithmetic processing, is
stored in the buffer register BuffReg by the lower interrupt handling by the interrupt
command R2 occurring at the first boundary point of time after the end of the arithmetic
processing.

[0140] And, by adopting the second method, in a similar way to the first method, the
first data Datal[k+1] is stored in the buffer register BuffReg before the start of the first
period P[k+1], and the second data Data2[k+1] is stored in the buffer register BuffReg on
the occasion of the start of the first period P[k+1].

[0141] Hence, in the first period P[k], the first data Datal and the second data Data2
are alternately given to the inverter control unit 12. Hence, in a similar way to the first
method, the two-division control can be realized by the single complementary PWM
modulator.

[0142] Note that, in both of the first method and the second method, the time required
for the lower interrupt handling performed by the interrupt command R2 occurring at the
matching point of time J[k] must be shorter than the period length of the second period
Q2[k+1]. Otherwise, the lower interrupt handling will not catch in time the transfer
from the buffer register BuffReg to the compare register CompReg, the transfer being
performed at the point of time when the interrupt command R1[k+1] occurs.

[0143] In other words, the period length of the second period Q2[k+1] cannot be set to
less than the time required for the lower interrupt handling. However, this required time

is shorter than a dead time in the switching of the inverter 22 (the dead time is usually on
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the order of several microseconds). Then, the period length of the second period
Q2[k+1] is not shortened to the dead time or less. This is because the second period
Q2[k+1] of such a period length does not affect the multi-phase AC current Iv outputted
by the inverter 22.
[0144]  Since there is such a relationship with regard to the length of time, there is no
practical significance of setting the period length of the second period Q2[k+1] to the
required time for the lower interrupt handling or less. That is, a minimum value of the
period length of the second period Q2[k+1] just needs to be limited to the required time or
more.
[0145] <Second embodiment>

Fig. 13 is a block diagram illustrating a part of a configuration of an inverter
control unit 12 in this embodiment. This configuration is different from the
configuration of the inverter control unit 12 in the first embodiment in that the value
inputted to the comparator 122d is caused to differ, and that not only the activation of the
output of the comparator 122d but also activation of the comparator 122a is used as a
trigger for the transfer from the buffer register BuffReg to the compare register CompReg.
Moreover, an OR gate 129 is also added.
[0146] That is, the comparator 122d compares the count value of the timer 121 with the
value (which is not a fixed minimum value as in the first embodiment) stored in the
compare register 123a, and causes the timer 121 to count up when both of them match
with each other. On the other hand, in a similar way to the first embodiment, the
comparator 122a compares the count value of the timer 121 with the value stored in the
compare register 123a, and causes the timer 121 to count down when both of them match
with each other.

[0147] Then, the OR gate 129 causes the interrupt command R2 to occur when either
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one of the comparators 122a and 122d is activated. That is, in this embodiment, the
interrupt command R2 is both a crest interrupt and a trough interrupt.

[0148] However, the OR gate 129 is shown for convenience of explanation in the
figure, and it is not necessary to provide the OR gate 129 as an actual constituent.

[0149] Moreover, the comparator 122d can be integrated with the comparator 122a,
and an output thereof can be used as the interrupt command R2 and a transfer command
for transfer from the buffer registers 124a, 124b and 124c to the compare registers 123a,
123b and 123c. The timer 121 in this case has a function to alternately count up/count
down every time when the output of the integrated comparator 122a is activated.

[0150] Fig. 14 is a block diagram illustrating a part of a configuration of a converter
control unit 11 in this embodiment. This configuration is different from the
configuration of the converter control unit 11 in the first embodiment only in that an OR
gate 119 and a comparator 112d are added thereto, and that the timer 111 is caused to
function as an up/down counter.

[0151] That is, the comparator 112d compares the count value of the timer 111 with a
fixed minimum value (for example, 0), and causes the timer 121 to count up when both of
them match with each other. On the other hand, in a similar way to the first embodiment,
the comparator 112a compares the count value of the timer 111 with the value (first
period length Tcnv) stored in the compare register 113a, and causes the timer 111 to
count down when both of them match with each other.

[0152] The OR gate 119 causes the interrupt command R1 to occur when either one of
the comparators 112a and 112d is activated. That is, in this embodiment, the interrupt
command R1 can be said to be both a crest interrupt and a trough interrupt when the
interrupt command R1 is expressed in a similar way to the expression used for the

interrupt command R2.
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[0153] Note that the OR gate 119 is shown for convenience of explanation in the figure,
and it is not necessary to provide the OR gate 119 as an actual constituent.

[0154] Note that the transfer timing from the buffer registers 114a and 114c to the
compare registers 113a and 113c is the same as the occurrence of the interrupt command
R1 in a similar way to the first embodiment. However, unlike the first embodiment, the
output of the comparator 112a does not directly function as the interrupt command R1.
Here, the case where the interrupt command R1 is adopted as the transfer command for
transfer from the buffer registers 114a and 114c to the compare registers 113a and 113c is

illustrated.

[0155] The converter control unit 11 and the inverter control unit 12, which are as
described above, can be realized by a known configuration commonly called the
multi-function timer pulse unit in a similar way to those in the first embodiment.

[0156] With the above-described configuration, the interrupt command R1 becomes
the trough interrupt and the crest interrupt, which are based on the converter carrier K1,
and the interrupt command R2 becomes the trough interrupt and the crest interrupt, which
are based on the inverter carrier K2.

[0157] Fig. 15 is a timing chart showing operations in this embodiment. Also in Fig.
15, in a similar way to Figs. 7 and 8, the symbol [k] is appended to symbols indicating the
variety of amounts in the k-th cycle.

[0158] Here, for the sake of simplicity, a description will be made while taking as an
example the case where the arithmetic processing in the first period P[k], which is for
obtaining the first data Datal[k+1] and the second data Data2[k+1], is longer than the
second period QI[k], and is naturally shorter than the first period P[k]. However,
considering that the arithmetic processing in the first period P[k] may be shorter than the
second period Q1[k], it is desirable that either of the first method and the second method,

which are described in the first embodiment, be adopted.
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[0159] Also in this embodiment, the timers 111 and 121 operate in synchronization
with each other, and the converter carrier K1 and the inverter carrier K2 are synchronized
with each other.

[0160] Since the timer 111 functions as the up/down counter, the converter carrier K1
apparently exhibits not a sawtooth wave but a triangular wave.

[0161] In Fig. 15, the second data Data2[n], which is already obtained in the first
period P[n-1] and held as a variable by the interrupt command R1[n] serving as the trough
interrupt for the converter carrier K1, is written into the buffer register BuffReg.
However, before this writing, the first data Datal[n] is transferred from the buffer register
BuffReg to the compare register CompReg at the same timing as the occurrence of the
interrupt command R1[n]. In this way, from the beginning of the second period Q1[n], a
variety of amounts (not shown) included in the first data Datal[n] are compared with the
inverter carrier K2 in the second period Q1[n].

[0162] At the same timing as the occurrence of the interrupt command R1[n], the
converter carrier K1 starts to rise, and the first period P[n] starts.

[0163] A second period length Tinv1[n] (not shown) included in the first data Datal[n]
defines a minimum value of the inverter carrier K2. Since the inverter carrier K2 falls in
the second period Q1[n], end timing of the second period Q1[n] is determined by the
second period length Tinvl[n]. For the second period length Tinvl[n], a value
corresponding to a time until the converter carrier K1 reaches the converter threshold
value Ccnv from a minimum value (for example, 0) is set, and at the matching point of
time J[n], the inverter carrier K2 starts rising.

[0164] The second period Q2[n] starts from the matching point of time J[n]. The
second data Data2[n] is transferred from the buffer register BuffReg to the compare

register CompReg at the matching point of time J[n], and accordingly, from the beginning
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of the second period Q2[n], a variety of amounts (not shown) included in the second data
Data2[n] are compared with the inverter carrier K2 in the second period Q2[n].

[0165] A second period length Tinv2[n] (not shown) included in the second data
Data2[n] defines a maximum value of the inverter carrier K2. Since the inverter carrier
K2 rises in the second period Q2[n], end timing of the second period Q2[n] is determined
by the second period length Tinv2[n].

[0166]  For the second period length Tinv2[n], a value corresponding to the time until
the converter carrier K1 reaches the maximum value (this corresponds to the first period
length Tcnv) from the converter threshold value Ccenv is set, and end timing of the second
period Q2[n] matches with the point of time when the converter carrier K1 reaches the
maximum value. At this point of time, the converter carrier K1 starts to fall, the first
period P[n] ends, and the first period P[n+1] starts.

[0167] As described above, the first period P[n] is divided into two by the second
periods QI[n] and Q2[n]. In a similar way to the first period P[n], the first period
P[n+1] is also divided into two by the second periods Ql[n+1] and Q2[n+1]. As
described above, it becomes possible to perform the two-division control also in this
embodiment.

[0168] Unlike the first embodiment, the converter carrier K1 rises in the first period
P[n], and falls in the first period P[n+1]. Then, it can be understood that, in each of the
second periods QI1[k] and Q2[k], which divide the single first period P[k] into two, the
inverter carrier K2 is not a triangular wave but a single sawtooth wave. That is, the
converter carrier K1 alternately repeats a monotonic increase and a monotonic decrease
every first period P[k], and the inverter carrier K2 alternately repeats a monotonic
increase and a monotonic decrease every second periods Q1[k] and Q2[k].

[0169] Then, the second data Data2[k] to be compared with the inverter carrier K2 in
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the second period Q2[K] is stored in the bufferigtsy BuffReg at the beginning of the
immediately preceding second period Q1[k] , anttassferred to the compare register
CompReg at the beginning of the second period Q2[Kence, obtaining the inverter
switching signal Sinv in the second period Q2[khpropriately achieved.
[0170] In a similar way, the first data Datallk+b] be compared with the inverter
carrier K2 in the second period Q1[k+1] is storadhe buffer register BuffReg by the
end of the immediately preceding second period P2fikd is transferred to the compare
register CompReg at the beginning of the seconibg&)1[k+1]. Hence, obtaining the
inverter switching signal Sinv in the second per@bk+1] is appropriately achieved.
[0171] As described above, in a similar way to fliet embodiment, also in this
embodiment, the contents stored in the buffer tegiBuffReg at the boundary point of
time are transferred to the compare register CogpR&hen, the contents stored in the
compare register CompReg, more specifically, thverier threshold value Dpwml1 and
the second period length Tinvl (or the inverteeshiold value Dpwm2 and the second
period length Tinv2 and the sample timing signatl)Tand the inverter carrier K2 are
compared with each other. Hence, realizing the-divsion control by the single
complementary PWM modulator is achieved.
[0172] In comparison with the first embodiment, tims embodiment, if the time
required for the higher arithmetic processing i®rshthe number of times of this
processing can be doubled. Hence, the numbernadstithat the inverter switching
signal Sinv is updated can be doubled, and respemsss of the multi-phase AC current
Iv is improved.
[0173] <Third embodiment>

In this embodiment, for the configuration of thengerter control unit 11, the

configuration (Fig. 3) adopted in the first embodmh is adopted, and for the
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configuration of the inverter control unit 12, tleenfiguration (illustrated in Fig. 13)
adopted in the second embodiment is adopted.

[0174] In this way, the converter carrier K1 exksba sawtooth wave having the first
period length Tcnv as a cycle, and the inverteri@akK2 alternately repeats a monotonic
increase and a monotonic decrease every secoratip€dil[K] and Q2[K].

[0175] Fig. 16 is a timing chart showing operatiamshis embodiment. Also in Fig.
16, in a similar way to Figs. 7 and 8, the symlpi$ appended to symbols indicating the
variety of amounts in the k-th cycle.

[0176] In a similar way to the second embodimefgp an this embodiment, for the
sake of simplicity, a description will be made wehiaking as an example the case where
the arithmetic processing in the first period Plkhich is for obtaining the first data
Datal[k+1] and the second data Data2[k+1], is lortgan the second period Q1[k], and
is naturally shorter than the first period P[k]. owtver, considering that the arithmetic
processing in the first period P[k] may be shottean the second period Q1[k], it is
desirable that either of the first method and #moad method, which are described in the
first embodiment, be adopted in a similar way ®dlecond embodiment.

[0177] Also in this embodiment, the timers 111 &l operate in synchronization
with each other, and the converter carrier K1 dnadinverter carrier K2 are synchronized
with each other.

[0178] In Fig. 16, in the first periods P[n-1] aRfh+1], the converter carrier K1 rises
unlike Fig. 15 shown in the second embodiment. tl@nother hand, a waveform of the
inverter carrier K2 is similar to that of the sedambodiment, and second periods, which
belong to different first periods and are adjadenéach other, for example, the second
periods Q2[n-1] and Q1[n] become line symmetridiore axis with respect to, as an axis,

the boundary point of time between both of themhe Tecond periods Q2[n] and
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QI1[n+1] also have similar symmetry.

[0179] In the second embodiment, such symmetry has been maintained by the fact that
the converter carrier K1 is an apparently symmetric triangular wave. Accordingly, in
order to obtain such symmetry also in this embodiment, a converter threshold value
CcnvB is adopted in addition to the converter threshold value Ccnv.

[0180]  Specifically, such a value is obtained as CcnvB = 1-Ccnv when a maximum
value of the converter carrier K1 is set to 1 (for example, this is realized by setting the
first period length as Tcnv = 1), and a minimum value thereof is set to O (for example, this
is realized by setting, to 0, the count value of the timer 111 when the timer 111 is reset by
the comparator 112a). Such a calculation is performed, for example, by the arithmetic
processing unit 10. Then, the converter threshold values CcnvB and Cenv just need to
be alternately inputted to the buffer register 114c (refer to Fig. 3).

[0181] As described above, in a similar way to the second embodiment, the contents
stored in the buffer register BuffReg at the boundary point of time are transferred to the
compare register CompReg. Then, the contents stored in the compare register CompReg,
more specifically, the inverter threshold value Dpwml and the second period length
Tinvl (or the inverter threshold value Dpwm?2 and the second period length Tinv2 and the
sample timing signal Tad), and the inverter carrier K2 are compared with each other.
Hence, realizing the two-division control by the single complementary PWM modulator
is achieved.

[0182] In addition, it is sufficient if the timer 111 has a general function that is an up
counter, and accordingly, a range of options for selecting the general-purpose PWM timer
adopted for implementing this embodiment is widened. This is advantageous in that
resources of the single-chip microcomputer adopted in this embodiment can be effectively

used.
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[0183] <Fourth embodiment>

In a fourth embodiment, a description will be maafethe case where the
converter 21 converts a three-phase AC voltagetih@dC voltage Vdc.
[0184] Fig. 17 is a block diagram illustrating anfiguration of a power converter 2
adopted in this embodiment. In the power conveltea current source converter is
adopted as the converter 21, and a voltage soovester is adopted as the inverter 22.
Such configuration itself is known in Non-PatentcDment 3 and Patent Document 3.
[0185] The converter 21 and the inverter 22 arenected to each other by DC power
supply lines LH and LL. The DC power supply linkl is at a higher potential than the
DC power supply line LL by the DC voltages Vdc.
[0186] Between the DC power supply lines LH and BL¢lamp circuit, to which a
nonlinear capacitor as illustrated in Non-Patentuboent 4 is applied, may be provided.
In the non-division control, a switch connectedsiries to the capacitor in the clamp
circuit is made conductive.
[0187] The converter 21 has input ends Pr, Ps andvRich are connected to a
three-phase AC power supply 83, and receive thnesg AC voltages Vr, Vs and Vt for
each phase. The three-phase AC power supply 8®eamderstood as an example of
the AC power supply 8 of Fig. 1.
[0188] The converter 21 commutates line currentksland It, which are supplied from
the input ends Pr, Ps and Pt in a cycle divided anfirst section and a second section,
and inputs the DC current Idc between the DC paueply lines LH and LL.
[0189] The first section is a period while a cutriawing through a pair in the input
ends Pr, Ps and Pt, the pair applied an AC voledpbiting a maximum phase and an
AC voltage exhibiting a minimum phase, is suppléedthe DC current Idc between the

DC power supply lines LH and LL.
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[0190] The second section is a period while a eurfeowing through a pair in the
input ends Pr, Ps and Pt, the pair applied an A@ge exhibiting an intermediate phase
and the AC voltage exhibiting the minimum phasesupplied as the DC current Idc
between the DC power supply lines LH and LL.

[0191] The converter 21 includes switches Qxp ard (Where x represents r, s and t,
the same applies hereinafter). Each of the swstcpep is provided between the input
end Px and the DC power supply line LH. Each & #switches Qxn is provided
between the input end Px and the DC power suppyLli.

[0192] Both of the switches Qxp and Qxn have anmsv®locking capability, and these
are illustrated as RB-IGBTs (Reverse Blocking IGBIRsFIG. 17.

[0193] Switching signals Sxp and Sxn are inputtedthie switches Qxp and Qxn,
respectively. Each of the switches Qxp is madedaotive/nonconductive in response
to active/non-active of the switching signal Sxpdaach of the switches Qxn is made
conductive/nonconductive in response to active/active of the switching signal Sxn.
Hence, the switching signals Sxp and Sxn compasedhverter switching signal Scnv.
[0194] The inverter 22 has connecting points Pu, d Pw. The inverter 22
performs switching the DC voltage Vdc by a switchpattern that is based on the pulse
width modulation, and outputs the (three-phase)tirpblase AC current Iv from the
connecting points Pu, Pv and Pw.

[0195] The inverter 22 includes three current pathsnected in parallel to one another
between the DC power supply lines LH and LL to varitice DC voltage Vdc is applied.
[0196] The inverter 22 includes switches Qyp and Qyhere y represents u, v and w,
the same applies hereinafter). The current patblkide connecting point Py, upper
arm-side switch Qyp, and lower arm-side switches1.QyDiodes Dyp and Dyn are

connected in antiparallel to the switches Qyp agd,@espectively. Here, "antiparallel”
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indicates that two elements are connected in parallel to each other, and that conduction
directions of the two elements are opposite to each other.

[0197] Switching signals Syp and Syn are inputted to the switches Qyp and Qyn,
respectively. Each of the switches Qyp is made conductive/nonconductive in response
to active/non-active of the switching signal Syp, and each of the switches Qyn is made
conductive/nonconductive in response to active/non-active of the switching signal Syn.

Hence, the switching signals Syp and Syn compose the converter switching signal Scnv.
[0198]  Such operations themselves of the converter 21 and the inverter 22, which are
based on the switching signals Sxp, Sxn, Syp and Syn, are known, for example, by Patent
Document 3 and Non-Patent Documents 1 to 3, and accordingly, a detailed description
thereof will be omitted. However, a brief description will be made of portions serving as
the premise of the description of this embodiment.

[0199] Now, it is assumed that the voltage Vt is the minimum phase, and the voltages
Vr and Vs become the maximum phase and the intermediate phase, respectively. Due to
symmetry of a phase voltage waveform, such assumption does not lose generality by
exchanging a phase sequence and by exchanging phases of the switches Qxp and Qxn.
[0200] Then, when such an assumption is made, both of line-to-line voltages (Vr-Vt)
and (Vs-Vt) are positive, and these are selectively outputted as the DC voltage Vdc.
Such a selective output is realized in such a manner that there are selected: a first state in
which the switches Qrp and Qtn are turned on and the switches Qm and Qtp are turned
off; and a second state in which the switches Qtn and Qrp are turned on and the switches
Qtp and Qsn are turned off. A period while the first state is maintained is the first
section mentioned above, and a period while the second state is maintained is the second
section mentioned above. Then, switching between the first state and the second state is

understood as commutation of the converter 21, which accompanies the exchange of the
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maximum phase, the intermediate phase and the minimum phase among the voltages Vr,

Vs and Vt.

[0201] FIG. 18 is a graph showing operations of the power converter 2 when the
technology known from Patent Document 3 and Non-patent Document 3 is adopted, and
is shown for comparison with this embodiment. Timing of the commutation of the
converter 21 can be determined by a symmetric triangular wave C1 and flow ratios D6
and D4 (= 1-D6). When a cycle of the symmetric triangular wave is ts, a maximum
value thereof is 1, and a minimum value thereof is 0, then the first section is present
continuously in a length D6-ts, and the second section is present continuously in a length
D4-ts.

[0202]  Voltage-source trapezoidal waves are for signal waves Vr*, Vs* and Vt*,
whereby the commutation of the converter 21 is performed on the basis of two voltage
vectors. Hence, the converter 21 commutates at a point in time when the symmetric
triangular wave C1 becomes equal to one of the flow ratios, for example, the flow ratio
D4. As shown in Patent Document 3, such commutation of the converter 21, is realized
by the switching pattern of the converter 21, which is obtained by performing
current-source gate conversion.

[0203] A desirable way of selecting the flow ratios D4 and D6 is known, and
accordingly, is omitted here. However, the first period length Tcnv, the converter carrier
K1, and the converter threshold value Ccnv, which are described in the above-described
"(b-2) Operation explanation of comparative example", correspond to the cycle ts, the
symmetric triangular wave C1, and the flow ratio D4, respectively (refer to Fig. 6).

[0204] In Fig. 18, a symmetric triangular wave C2 takes the minimum value 0 and the
maximum value 1. The symmetric triangular wave C2 is compared with voltage

command values D4(1-d0-d4), D4(1-d0), D4+D6-d0 and D4+D6(d0+d4). The values
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do, d4 and d6 are signal waves for the operatibtiseoinverter 22, and indicate ratios of
periods while voltage vectors VO, V4 and V6 aremdd in the symmetric triangular

wave C1, respectively. Here, there is illustratedcase where dO+d4+d6 = 1 is
established, and where so-called two-phase moduol&iadopted.

[0205] The inverter carrier K2 and the inverteregtiold values Dpwm, which are
described in the above-described "(b-2) Operatipiamation of comparative example”,
correspond to the symmetric triangular wave C2 #mal voltage command values,
respectively (refer to Fig. 6). When two-phase oiation is not adopted, voltage
command values D4(1-d0-d4-d6) and D4+D6(d0+d4+dé)farther adopted as objects
to be compared with the symmetric triangular wa2e C

[0206] With respect to the flow ratio D4, the vgeacommand values D4(1-d0) and
D4+D6-d0 are smaller by the value D4-d0 and labyethe value D6-dO, respectively.
Moreover, with respect to the flow ratio D4, theltage command values D4(1-d0-d4)
and D4+D6(d0+d4) are smaller by the value D4(dO+day larger by the value

D6(d0+d4), respectively.

[0207] Hence, these voltage command values are, usbdreby the inverter 22

operates on the basis of the voltage vectors VOaM#tVV6, which are adopted in periods
that take a ratio dO: d4: (1-d0-d4), in both of fivet section and the second section,
which divide the cycle ts into two. Then, the agk vector VO is adopted in a section
including the timing at which the converter 21 coumates, whereby the converter 21
commutates in a state in which the DC current lgesdhot flow. This is desirable from

the viewpoint of reducing a loss in the commutatibthe converter 21.

[0208] Note that regions where the DC current Idd the line currents Ir, Is and It do
not flow by the operation on the inverter 22 side lzatched in Fig. 18.

[0209] Moreover, with regard to the switching sin&up, Svp and Swp, ON/OFF
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thereof are individually indicated by high/low ofaghs. Note that switching signals
Sun, Svn and Swn are omitted since these switckigngals are on/off complementarily
with the switching signals Sup, Svp and Swp, resypely (except for the dead time).
[0210] As described above, Fig. 18 shows the omerstby the above-mentioned
two-division control. Note that the timing at whithe interrupt command R2 shown in
Fig. 6 occurs is shown as a fall of a signal deshbdiea symbol int in Fig. 18.

[0211] Fig. 19 is a graph showing operations ofgibe/er converter 2 when the control
shown in the first embodiment is applied in thiso@eaiment.

[0212] The converter carrier K1 is compared with flow ratio D6 corresponding to
the converter threshold value Ccnv mentioned irfitseembodiment and a commutation
is done. The converter carrier K1 exhibits a satftovave repeated in the cycle ts
corresponding to the first period length Tcnv, &ede, a sawtooth wave inclined in rising
is illustrated.

[0213] The first section and the length D6-ts tbédrrespond to the second period
Q1 and the second period length Tinvl, respectivelyhe second section and the length
D4-ts thereof correspond to the second period Q@Rtla@ second period length Tinv2,
respectively.

[0214] The signal waves Vr*, Vs* and Vt* are vole&gource trapezoidal waves, and
accordingly, the commutation of the converter 2ffagformed by the same voltage vector
as in the case shown in Fig. 18, and a switchiriggpaof the converter 21 also becomes
the same as that of the comparative example showigi 18. Hence, as line currents Ir,
Is and It obtained in this embodiment, the sames @ethose in the comparative example
shown in Fig. 18 are obtained.

[0215] In the first section corresponding to thes® period Q1, the inverter carrier

K2 is compared with the voltage command values D66(d0+d4) and D6, which
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correspond to the inverter threshold values Dpwmmtioeed in the first embodiment.
However, since the length of the second period Qdetermined by the second period
length Tinvl, the inverter carrier K2 takes the tage command value D6 as the
maximum value in the first section. Then, since two-phase modulation is adopted
here, a voltage command value D6(d0+d4+d6) = DG asomparison object of the
inverter carrier K2 can be omitted. Whether or siath omission is present corresponds
to the fact that there are a case where therénege types of the inverter threshold values
Dpwm, and a case where there are two types thereof.

[0216] The inverter carrier K2 is compared with tr@tage command values D4-dO,
D4(d0+d4) and D6, which correspond to the invetiteeshold values Dpwm mentioned
in the first embodiment, in the second section esponding to the second period Q2.
However, since the second period Q2 is determinethé second period length Tinv2,
the inverter carrier K2 takes the voltage commaader D4 as the maximum value in the
second section. Hence, the voltage command valde =DD4(d0+d4+d6) as a
comparison object of the inverter carrier K2 can dmitted. Whether or not such
omission is present also corresponds to the fatitkiere are a case where there are three
types of the inverter threshold values Dpwm, andase where there are two types
thereof.

[0217] It is obvious that the periods in which thaltage vectors VO, V4 and V6 are
adopted, the periods being obtained as describedealre obtained in the same way as
in the case shown in Fig. 18 as long as the flaweseaD4 and D6 and the values dO, d4
and d6 are not changed. Note that the timing atlwtie interrupt command R2 shown
in Fig. 7 occurs is shown as a fall of a signalaled by a symbol int in Fig. 19.

[0218] It is understood that the first embodimestaipplicable when, as described

above, the converter 21 converts the three-phasedi@ges Vr, Vs and Vt into the DC



10

15

20

25

48

voltage Vdc, and the inverter 22 outputs the nplig&se AC current Iv.
[0219] In this way, it is sufficient if the numbef complementary PWM modulators
required for the inverter switching signal Sinwvoise. Moreover, unlike the case shown
in Patent Document 3, in this way, it is not neaeg$o synthesize the inverter switching
signal Sinv in the first section and the inverteitshing signal Sinv in the second section
with each other.
[0220] Furthermore, it is obvious that, in the draghown in Fig. 19, a similar result is
obtained even when the inclination of the convedamier K1 is reversed, that is, is
inclined in falling. Hence, it is obvious that tlsecond embodiment in which the
converter carrier K1 apparently becomes a triamgwiave can also be applied to this
embodiment.
[0221] As a matter of course, the third embodimeah also be applied to this
embodiment. However, in this case, in a similay wathe converter threshold values
Ccnv and CcnvB, which are described in the thirdbedmment, it follows that the
converter carrier K1 is alternately compared whth low ratios D6 and D4.
[0222] <Fifth embodiment>

In a fifth embodiment, a description will be madé the case where the
converter 21 converts a single-phase AC voltagetim DC voltage Vdc.
[0223] Fig. 20 is a block diagram illustrating anfiguration of a power converter 2
adopted in this embodiment. In the power convettex rectifier circuit composed of a
full-wave rectifier diode bridge is adopted as twnverter 21, and a voltage source
inverter is adopted as the inverter 22. The paveewerter 2 further includes a power
buffer circuit 4. Such a configuration itself isdwn by Patent Document 4 and the like.
[0224] The converter 21 is connected to a singlesphAC power supply 81. The

single-phase AC power supply 81 can be understgodnaexample of the AC power
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supply 8 of Fig. 1.

[0225] The converter 21 and the power buffer cirduare connected to the inverter 22
in parallel to each other by the DC power supphedi LH and LL. A potential higher
than to the DC power supply line LL is appliedhhie DC power supply line LH.

[0226] The converter 21 includes diodes D31 to D8dich compose a bridge circuit.
The converter 21 performs single-phase full-wawifieation for a single-phase AC
voltage Vin inputted from the single-phase AC powarpply 81, converts the
single-phase AC voltage Vin into a rectified vokayrec(= [Vin[), and outputs the
rectified voltage Vrec to the DC power supply lined and LL. The converter 21
receives a current irec from the single-phase A@grsupply 81.

[0227] The power buffer circuit 4 includes a disdecircuit 4a and a charging circuit
4b, and exchanges power with the DC power supplsliiH and LL. The discharge
circuit 4a includes a capacitor C4, and the chargincuit 4b boosts the rectified voltage
Vrec and charges the capacitor C4.

[0228] The discharge circuit 4a further includegsransistor (here, insulated gate
bipolar transistor: hereinafter abbreviated as "TGBSc connected in antiparallel to a
diode D42. The transistor Sc is connected in sadehe capacitor C4 between the DC
power supply lines LH and LL on the DC power suplptg LH side. The transistor Sc
and the diode D42 can be collectively regarded sisgle switch Sc. By conduction of
the switch Sc, the capacitor C4 is discharged, gines power between the DC power
supply lines LH and LL. Opening and closing of #vatch Sc is controlled by a signal
SSc from the power converter control device 1. eNtitat the switch Sc is made
conductive in the non-division control.

[0229] For example, the charging circuit 4b inclsdediode D40, a reactor L4, and a

transistor (here, IGBT) SI. The diode D40 inclu@gesathode and an anode, and the
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cathode is connected between a first switch anadlpacitor C4. Such a configuration
is known as a so-called boost chopper. A diode B4donnected in antiparallel to the
transistor Sl, and both of them can be collectivelyarded as a single switch Sl.

[0230] The capacitor C4 is charged by the chargincuit 4b, and a both-end voltage
Vc higher than the rectified voltage Vrec is getedan the capacitor C4. That is, the
power buffer circuit 4 functions as a booster dircand whether or not the power buffer
circuit 4 contributes to the DC voltage Vdc is detmed by the switch Sc. By opening
and closing of the switch Sc, switching is madéoashether the DC current Idc flowing
through the DC power supply lines LH and LL is lmaf from the power buffer circuit 4
or is to flow from the full-wave rectifier diodeildge.

[0231] Since an output of the power buffer circtiits also a DC voltage, the power
buffer circuit 4 can also be considered to be idetlin the converter 21. In this case, it
can be understood that the converter 21 commutiage®C current Idc by opening and
closing the switch Sc.

[0232] Since the configuration and operations @f ithverter 22 are the same as those
in the fourth embodiment, a description thereof & omitted here.

[0233] Fig. 21 is a circuit diagram showing an eqient circuit of the circuit shown in
Fig. 20. In the equivalent circuit, a current ikas represented equivalently as a current
irecl passing through a switch Srec when the sv@iglt conducts. In a similar way, a
discharge current ic is represented equivalently asrrent ic passing through a switch Sc
when the switch Sc conducts.

[0234] Moreover, the current flowing to the loadvia the inverter 22 when the
connecting points Pu, Pv and Pw in the inverteaiZcommonly connected to either one
of the DC power supply lines LH and LL is also eglently represented as a zero-phase

current iz flowing through the switch Sz. MoreqvierFig. 21, the reactor L4, the diode
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D40 and the switch Sl, which compose the chargirqyit 4b, are shown, and a current il
flowing through the reactor L4 is additionally vieih.

[0235] In the equivalent circuit thus obtained,idsitdrec, dc and dz, with which the
switches Srec, Sc and Sz conduct, are introduaedl,deec+dc+dz = 1 is established.
Here, O< drec< 1, 0<dc< 1, and c dz< 1 stand.

[0236] The DC current Idc is the sum of the curseinécl, ic and iz, which cause the
switches Srec, Sc and Sz to conduct, respectivéjoreover, since the currents irecl, ic
and iz are obtained by multiplying the DC curredt by the duties drec, dc and dz,
respectively, these currents irecl, ic and iz asrage values in switching cycles of the
switches Srec, Sc and Sz.

[0237] The duty drec is a duty that sets a peritilerthe converter 21 is capable of
flowing the current to the inverter 22, and accogtlf, is referred to as the rectification
duty drec. Moreover, the duty dc is a duty withiekhthe capacitor C4 is discharged,
and accordingly, is referred to as the dischargg do. Furthermore, the duty dz is a
duty with which the zero-phase current iz alwagsvll in the inverter 22 regardless of the
voltage outputted therefrom, and accordingly, femred to as the zero duty dz.

[0238] An example of the operations of the powenwsster 2 having such a

configuration is described in detail by Patent Dueut 4, and accordingly, is omitted
here. In order to be compared with this embodimemfraph showing the operations of
this example is just shown in Fig. 22.

[0239] That is, Fig. 22 is a graph showing the afiens of the power converter 2 in

order to be compared with this embodiment. ON/@FEhe switches Srec, Sc and Sz
are individually indicated by high/low of graphsThe cycle ts of the symmetric

triangular wave C1 is divided by a ratio of thetifggation duty drec, the discharge duty

dc, and the zero duty dz.
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[0240] The zero duty dz depends on the operatidnthe inverter 22. Moreover,
since the full-wave rectifier diode bridge is adapfor the converter 21, the rectification
duty drec is passively determined by the dischdigg dc and the zero duty dz. That s,
it is the discharge duty dc that is controlled ire tconverter 21. Therefore, as a
comparison object of the symmetric triangular w&4 a value obtained by subtracting
the discharge duty dc from 1 is referred to assahdirge complementation duty (1-dc),
and this is adopted.

[0241] Unlike the fourth embodiment, the cyclegslso divided by two periods tz/2(=
dz-ts/2) as well as periods tc(= dc-ts) and trelcée-ts). That is, a period in which the
symmetric triangular wave C1 becomes equal to ogela than the discharge
complementation duty (1-dc) is a period tc, a peiio which the symmetric triangular
wave C1 becomes equal to or less than the redidicauty drec is the period trec, and a
period in which the symmetric triangular wave Cktdrmaes equal to or larger than the
rectification duty drec and equal to or less thhe tischarge complementation duty
(1-dc) are present as two periods tz/2.

[0242] Note that a desirable way of selecting tiselthrge duty dc is well known, and
accordingly, is omitted here. However, the firstipd length Tcnv, the converter carrier
K1, and the converter threshold value Ccnv, whighdescribed in the above-described
"(b-2) Operation explanation of comparative exampé®rrespond to the cycle ts, the
symmetric triangular wave C1, and the discharge gtementation duty (1-dc),
respectively (refer to Fig. 6).

[0243] In Fig. 22, a symmetric triangular wave @Rds the minimum value 0 and the
maximum value 1. The symmetric triangular wave 82compared with voltage
command values drec-Vw*, drec-Vv*, drec-Vu*, drez+ddrec+dz+dc(1-Vu*),

drec+dz+dc(1-Vv*), and drec+dz+dc(1-Vw*). The imiax carrier K2 and the inverter
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threshold values Dpwm, which are described in the above-described "(b-2) Operation
explanation of comparative example", correspond to the symmetric triangular wave C2
and the voltage command values, respectively (refer to Fig. 6).

[0244] Fig. 22 shows a case where so-called two-phase modulation is performed, in
which Vw* = 0 is adopted. In this case, the voltage command values drec-Vw* and
drec+dz+dc(1-Vw*) become 0 and 1, respectively, which match with the minimum value
and maximum value of the symmetric triangular wave C2, respectively. Hence, when
the two-phase modulation is performed, the voltage command values drec-Vw* and
drec+dz+dc(1-Vw*) can be omitted.

[0245] The voltage command value drec- Vy* is smaller than the rectification duty drec
by a value drec(1-Vy¥*), and the voltage command value drec+dz+dc(1-Vy*) is smaller
than the discharge complementation duty (1-dc) (= drec+dz) by a value dc(1-Vy*) (as
mentioned above, the symbol y represents the symbols u, v and w).

[0246] The switching signals Sup, Svp and Swp are illustrated in a similar way to the
fourth embodiment, and the switching signals Sun, Svn and Swn are omitted.

[0247] Hence, by using these voltage command values, the inverter 22 operates on the
basis of the voltage vectors VO, V4 and V6, which are adopted in periods at a ratio
(1-Vu*): (Vu*-Vv*): (Vv*-Vw#*) in both of the periods tc and trec in the cycle ts, and the
voltage vector VO is adopted in the sections including the timing at which the converter
commutates (the sections also include the periods tz/2), whereby the converter
commutates in a state in which the DC current Idc does not flow.

[0248] Hence, if the pair of periods tz/2 and the period trec are collectively considered
as a period trec', Fig. 22 shows the above-mentioned two-division control. Note that a
fall of the signal, which is denoted by the symbol int, indicates a trough interrupt

corresponding to the interrupt command R2 shown in Fig. 6.
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[0249] Fig. 23 is a graph showing operations of the power converter 2 when the control
shown in the first embodiment is applied in this embodiment.

[0250] The converter carrier K1 is compared with the discharge duty dc corresponding
to the converter threshold value Ccnv mentioned in the first embodiment. The converter
carrier K1 exhibits a sawtooth wave repeated in the cycle ts corresponding to the first
period length Tenv, and here, a sawtooth wave inclined in rising is illustrated.

[0251] The period tc and a length dc-ts thereof correspond to the second period Q1 and
the second period length Tinv1, respectively. The period trec' and a length (1-dc)-ts (=
(tz/2+trec+tz/2)-ts) thereof correspond to the second period Q2 and the second period
length Tinv2, respectively.

[0252]  Specifically, a period while the converter carrier K1 becomes equal to or less
than the discharge duty dc is the period tc, and a period while the converter carrier K1
becomes equal to or larger than the discharge duty dc is the period trec’. The switch Sc
is opened and closed so that the switch Sc is conductive when the converter carrier K1 is
equal to or less than the discharge duty dc. Hence, the discharge duty dc corresponds to
the converter threshold value Ccnv, and the signal SSc for controlling the opening and
closing of the switch Sc corresponds to the converter switching signal Scnv.

[0253] Note that there are also shown: the period trec while the converter carrier K1
becomes equal to or larger than the value (dc+dz/2) and equal to or less than the value
(drec+dc+dz/2); and the two periods tz/2 while the converter carrier K1 becomes equal to
or larger than the discharge duty dc and equal to or less than the value (dc+dz/2), or
becomes equal to or larger than the value (drec+dc+dz/2) and becomes equal to or less
than the value 1 (= drec+dc+dz).

[0254] In the period tc corresponding to the second period Q1, the inverter carrier K2

is compared with voltage command values dc(1-Vu*), de(1-Vv*) and dc(1-Vw*), which
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correspond to the inverter threshold values Dpwm mentioned in the first embodiment.
[0255] The second period Q1 is determined by the second period length Tinv1, and the
inverter carrier K2 takes the discharge duty dc as the maximum value in the period tc.
Here, the two-phase modulation is adopted, and the voltage command value dc(1-Vw¥*) is
equal to the discharge duty dc. Hence, the voltage command value dc(1-Vw¥*) as a
comparison object of the inverter carrier K2 can be omitted. Whether or not such
omission is present corresponds to the fact that there are a case where there are three
types of the inverter threshold values Dpwm, and a case where there are two types
thereof.

[0256] In the period trec’ corresponding to the second period Q2, the inverter carrier
K2 is compared with voltage command values dz+drec(1-Vu*), dz+drec(1-Vv*) and
dz+drec(1-Vw¥*), which correspond to the inverter threshold values Dpwm mentioned in
the first embodiment.

[0257] The second period Q2 is determined by the second period length Tinv2, and the
inverter carrier K2 takes the discharge complementation duty (1-dc)(=dz+drec) as the
maximum value in the period trec’. Here, the two-phase modulation is adopted, and the
voltage command value dz+drec(1-Vw¥*) is equal to the discharge complementation duty
(1-dc). Hence, the voltage command value dz+drec(1-Vw*) as a comparison object of
the inverter carrier K2 can be omitted. Whether or not such omission is present also
corresponds to the fact that there are a case where there are three types of the inverter
threshold values Dpwm, and a case where there are two types thereof.

[0258] It is obvious that the periods in which the voltage vectors VO, V4 and V6 are
adopted, the periods being obtained as described above, are obtained in the same way as
in the case shown in Fig. 22. Note that the timing at which the interrupt command R2

shown in Fig. 7 occurs is shown as a fall of a signal denoted by a symbol int in Fig. 23.
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[0259] It is understood that the first embodimestaipplicable when, as described
above, the converter 21 and the power buffer dirduconvert the single-phase AC
voltage Vin into the DC voltage Vdc, and the ineer2 outputs the multi-phase AC
current Iv.
[0260] Furthermore, it is obvious that, in the draghown in Fig. 23, a similar result
can be obtained even when the inclination of theveder carrier K1 is reversed, that is,
is inclined in falling. Hence, it is obvious thtte second embodiment in which the
converter carrier K1 apparently becomes a triamguiave can also be applied to this
embodiment.
[0261] As a matter of course, the third embodimeah also be applied to this
embodiment. However, in this case, in a similay wathe converter threshold values
Ccnv and CcnvB, which are described in the thirdediment, the converter carrier K1
is alternately compared with the discharge dutyadd the discharge complementation
duty (1-dc).
[0262] <Example>

A description will be made of a case where a siuflip microcomputer
RX62T made by Renesas Technology Corporation id fmethe fifth embodiment. As
shown in Table 1, the single-chip microcomputer RX6can compose two sets of
complementary PWM modulators by using, among 8-@ktisfunction timer pulse units
(hereinafter, “MTUs”), the MTUs 3 and 4 and the M§B and 7 (for details, refer to
Non-Patent Documents 4 and 5 for example).
[0263] Here, for the inverter 22-side complementaW/M modulator by the MTUs 3
and 4, sawtooth wave modulation of the switch Sasisd together by using the MTUO,

and synchronization is achieved by a synchronaurs fsinction of the timer.
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[0264] [Table 1]
RX62T MTU3
Counter$i/O Output signal TGR register TGR/TBR buffer Funotio
MTUO [MTIOCOA, B, C,D SSc, -, - - TGRA, TGRB, TGRE SScarr, - TGRC, TGRD, TGRF SSc0*, carr0, - PWM mode 1
MTU1 [MTIOCI1A, B TGRA, TGRB -
MTU2 |[MTIOC2A, B TGRA, TGRB -
MTU3 |[MTIOC3A, B, C, D Carr, U, -, X TGRA, TGRB carr +,td* TGRC, TGRD, TGRE carr + td0, UO*, - Complement&WywM
MTU4 |[MTIOC4A, B, C, D V,W,Y, Z TGRA, TGRB V*, W* TGRCTGRD, TGRE, TGRF VO*, WO*, -, - Complementary PW
MTUS [MTIC5U, V, W TGRU, TGRV, TGRW -
MTU6 |[MTIOC6A, B, C, D TGRA, TGRB TGRC, TGRD, TGRE
MTU7 [MTIOC7A,B,C,D TGRA, TGRB TGRC, TGRD, TGRE, TGRF
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[0265] More specifically, in the MTUOQ, the PWM 1 mode is adopted, and the values
SSc* and carr stored in the compare registers TGRA and TGRB are transferred from the
values SScO* and carrQ written in the buffer registers TGRC and TGRD, which
correspond to the converter threshold value Ccnv and the first period length Tcnv,
respectively.

[0266] The MTUO outputs the signal SSc corresponding to the converter switching
signal Scnv from an input/output terminal MTIOCOA, and controls the opening and
closing of the switch Sc in the fifth embodiment. Specifically, when the signal SSc is
"H", the switch Sc becomes conductive, and when the signal SSc is "L", the switch Sc
becomes non-conductive.

[0267] In the MTU3 and the MTU 4, a complementary PWM mode is adopted.
Values U*, V* and W*, which are stored in a compare register TGRB of the MTU3 and
compare registers TGRA and TGRB of the MTU4, are values transferred from values
U0*,VO* and WO*, written in a buffer register TGRE of the MTU3 and buffer registers
TGRC and TGRD of the MTU4, respectively, and correspond to the inverter threshold
values Dpwm. A value (carr+td) stored in the compare register TGRA of the MTU 3 is
a value transferred from a value (carr+td0) stored in a buffer register TGRC of the MTU3,
and corresponds to the second period length Tinv.

[0268] Signals U, X, V, W, Y and Z, which correspond to the switching signals Sup,
Sun, Svp, Svn, Swp and Swn, are outputted from input/output terminals MTIOC3B and
MTIOC3D of the MTU3 and input/output terminals MTIOC4A, MTIOC4B, MTIOC4C
and MTIOC4D of the MTU4, respectively. From an input/output terminal MTIOC3A of
the MTU3, a toggle output carr synchronized with the cycle corresponding to the second
periods Q1 and Q2 is outputted.

[0269] Note that the above-mentioned compare registers and buffer registers of the
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MTUO, the MTU3 and the MTU4 are all realized by ¢ingeneral registers (denoted by a
symbol "TGR" in Table 1).

[0270] Fig. 24 is a graph showing behaviors of tibggle output carr and the signals
SSc, U, X, V, W, Y and Z when a period (period wd)ile the power buffer circuit 4
contributes to the DC voltage Vdc is 1/3 of a periperiod trec’) while the power buffer
circuit 4 does not contribute to the DC voltage Vd&ll of these signals are “H” active.
[0271] The Value SSc0* is set to 1/3 of the valaer@, and these values are given to
the buffer registers of the MTUO. In the MTU3 ahé MTU4, the cycle of the inverter
carrier K2 is updated at a rise of the toggle ougaur corresponding to the trough of the
inverter carrier K2. In this way, the synchrond#&/M control between the converter
21 and the inverter 22 is realized.

[0272] Then, in a period (corresponding to the agdt vector VO) while the signals U,
V and W become "H" and the signals X, Y and Z beedht, the toggle output carr rises,
and the switch Sc switches. Hence, since the BWtcis opened and closed at the point
of time when the DC current Idc does not flow, aslin the opening and the closing is
reduced.

[0273] Note that, in FIG. 24, handling of the pesotz/2 is not clearly stated.
However, with regard to consideration of the zeutydlz, for example, the zero duty dz
can be taken into consideration, for example, lynge to dz-ts, a portion corresponding
to a value td0 in the value (carr+td0) stored mhhffer register TGRC of the MTU3.
[0274] Moreover, Fig. 24 illustrates the case whtre inverter 22 operates by the
signals U, X, V, W, Y and Z based on the three-phamdulation. However, it is
desirable to adopt the two-phase modulation froeviBwpoint of reducing the switching
loss of the inverter 22.

[0275] The above-described embodiments can be mddifi combination with one
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another as long as respective functions thereofatréisturbed. Such modifications are
also incorporated in the present invention.

[0276] Furthermore, in the above-described embodimmeand the modifications
thereof, the power converter control device 1 itsah be understood as an invention, and
in addition, the present invention can also be tstded as a control method for
controlling the power converter control device tluding the converter control unit 11
and the inverter control unit 12.

[0277] Although the description has been made efgresent invention in detail, the
above description is an illustration in all aspeetsd the present invention is not limited
to this. It is interpreted that unillustrated ctless modification examples are

imaginable without departing from the scope ofgthesent invention.
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CLAIMS

1. A power converter control device for controlling a power converter including a
converter that performs AC-DC conversion and an inverter that receives a DC voltage
from said converter and supplies a multi-phase AC current, said power converter control
device comprising:

a converter control unit that outputs a converter switching signal for
determining switching of said converter based on a result of performing comparison
between a converter carrier and a converter threshold value in each of first periods
repeated while having a first period length; and

an inverter control unit that outputs an inverter switching signal for determining
switching of said inverter based on a result of performing comparison between an inverter
carrier and an inverter threshold value in each of second periods synchronized with said
converter carrier and repeated while having a second period length,

wherein, in said first period, first data and second data are alternately given to
said inverter control unit, said first data including a first value indicating a length of time
from a start point of time of said first period to a matching point of time as a point of time
when said converter carrier takes said converter threshold value and said inverter
threshold value corresponding to said second period having said first value as said second
period length, and said second data including a second value indicating a length of time
from said matching point of time to an end point of time of said first period and said
inverter threshold value corresponding to said second period having said second value as

said second period length.
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2. The power converter control device according to claim 1, further comprising:

an arithmetic processing unit that performs arithmetic processing for obtaining
said first data and said second data for a pair of said second periods, said arithmetic
processing being performed every said first period,

wherein said inverter control unit includes:

a buffer register which stores said inverter threshold value and said second
period length;

a compare register to which contents stored by said buffer register are
transferred at a boundary point of time as a point of time serving as a boundary between
said second periods;

a timer that generates a count value that is compared with said second period
length stored in said compare register and becomes said inverter carrier; and

a switching signal generation unit that generates said inverter switching signal
on the basis of the result of said comparison between said inverter threshold value stored
in said compare register and said inverter carrier, and

said first data obtained by said arithmetic processing in one of said first periods
is stored in said buffer register before the start of another of said first periods, said second
data obtained by said arithmetic processing in said one of said first periods is stored in
said buffer register on an occasion of the start of said another of said first periods, and

said another of said first periods is present immediately after said one of said first periods.

3. The power converter control device according to claim 2,

wherein said first data
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(a) on and after an end time of said arithmetic processing when said boundary
point of time is present after the start of said arithmetic processing and before the end of
said arithmetic processing,

(b) when said boundary point of time is not present after the start of said
arithmetic processing and before the end of said arithmetic processing, by processing by
an interrupt command occurring at a first one of said boundary point of time after the end
of said arithmetic processing,

is stored in said buffer register in these individual cases.

4. The power converter control device according to claim 3,

wherein said first data

(al) is stored in said buffer register at the time when said arithmetic processing
is ended when said boundary point of time is present after the start of said arithmetic

processing and before the end of said arithmetic processing.

5. The power converter control device according to claim 3,

wherein said first data

(a2) when said boundary point of time is present after the start of said
arithmetic processing and before the end of said arithmetic processing, is stored in said
buffer register by interrupt handling by an interrupt command occurring at a first one of

said boundary point of time after the end of said arithmetic processing.

6. The power converter control device according to any one of claims 1 to 5,
wherein said inverter carrier exhibits a single triangular wave in each of said second

periods.
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7. The power converter control device according to any one of claims 1 to 5,
wherein said converter carrier repeats a monotonic increase and a monotonic
decrease every said first period, and
said inverter carrier repeats a monotonic increase and a monotonic decrease

every said second period.

8. The power converter control device according to any one of claims 1 to 5,
wherein said converter carrier exhibits a sawtooth wave having said first period length as
a cycle, and

said inverter carrier repeats a monotonic increase and a monotonic decrease

every said second period.

9. The power converter control device according to any one of claims 1 to 8§,
wherein said converter is a current source converter, and commutates at said matching

point of time by said converter switching signal.

10. The power converter control device according to any one of claims 1 to 8§,
wherein said converter includes a rectifier circuit and a booster circuit, and it is
determined whether or not said booster circuit contributes to said dc voltage on the basis

of said converter switching signal.



