"-1- DESCRI PTION METHOD OF CONTROLLI NG POAER CONVERSI ON DEVI CE TECHNI CAL
FIELD 5 [0001] The present invention relates to a pul se-wi dth nodul ati on
(PWW control reducing a loss in a power conversion device for converting
alternating current into direct current or direct current into alternating
current. BACKGROUND ART 10 [0002] When an on-off operation of a

sem conductor switching elenment, i.e., akw tching of the sen conductor
switching elenment is conducted in a power conversion device (for exanple, a
t hree- phase inverter), a switching loss is caused. In a case that this
switching loss is large, is there PESCRHBTI@Nuch as an efficiency
decrease of the power conversion device and an upsi zing of the power
conver si on deyi heca |t f cool ing_device for renoving
a gener at ed ﬁé!:rtcﬁ" ﬂtﬁﬁﬁﬁfﬁ@fﬁiﬁé é%owgﬁa (&Ns\aFBcSIIQé“frequency i s
| owered in oMEVMEOE20 reduce the switching | oss, a waveformcontrol
performance is reduced due to a decrease of the nunber of sw tching

oper ati ons. ' r hi gher harnonics relative to a fundanent al
wavel engt h i Eﬁt‘r@!{&"&'—aﬁﬁ)g As a counterneasure, a two-arm nodul ation
25 met hodz i n p\yy t heT$iM :PqJéi i r i S ssing the
reducti on5 of [\\fg\’/gpc;lr m cont r ol SIpég.'r Eﬁ%ﬁ@gd?o@'hg&%ﬁ?ﬁmq'gekﬁﬁ%ﬁ In this
t wo- ar m nodulradderia g id® W) cagetrod mehdc MRl ueso 96 ihhaegophases are - 2-

conversion device for converting alternating current into

direct current or direct current into alternating current.
BACKGROUND ART

10 [0002] When an on-off operation of a semiconductor
switching element, i.e., a switching of the semiconductor
switching element is conducted in a power conversion
device (for example, a three-phase inverter), a switching
loss is caused. In a case that this switching loss is large,

15 there is a problem such as an efficiency decrease of the
power conversion device and an upsizing of the power
conversion device because of the necessity of a cooling
device for removing a generated heat. Contrary to this, in
a case that a switching frequency is lowered in order to

20 reduce the switching loss, a waveform-control performance
is reduced due to a decrease of the number of switching
operations. That is, a rate of higher harmonics relative to
a fundamental wavelength is increased.
[0003] As a countermeasure, a two-arm modulation

25 method in which the switching frequency is lowered while
suppressing the reduction of waveform-control performance
to the minimum is known. In this two-arm modulation

method, voltage command values of three phases are



corrected to cause one of the voltage command val ues of the three phases to
becone greater than or equal to an anplitude value of a triangul ar-wave
carrier. Thereby, a switching of the sem conductor swi tching el ement of the
5 one phase is stopped for a certain period, so that an average sw tching
frequency of the three phases is |lowered. (see Patent Literature 1)
[0004]FIG 13 is a time chart of voltage-Z2Zomuand val ues of three phases and
a triangul ar-wave carrier in the to two-arm nodul ati on nethod. FIG 14 (a)

is atine chart_of I e command Lues of,  three phases,in a three-arm
modul at i on_ madisECtErc8 kn (88 S ae OF the” vRLiad b Calana (ol esdin:
conpensati o j } i f i t hod.
FraPTa e CHRIRHFEE ghusdEIl HEEsME b e BT L o o
modul at i on metrheditudl endailua iodna fada ng ul apdwbatd earpRzcentiagegbef 4 he

vol tage command_val ue of each phase is denoted by "nt. [0005] As shown in
FIG 14 (a), SWidehingeoldnengemicendustarawiisdiing elemant of thef three

h , f h, | V¥, Kk maxi I | i
e erval (BRE fask T8 KB DRER BB I et AR U S S R SR " il mum |
level in an igj@ry@é $BitcHihPTresuleh SHTeet Her sy ;?]HBEBQ A 160kred..,
sem conduct or 25 swi tching el'enent for ‘one phase in these intervals "A" and

"B", the corfeer Gatemiubitexratwaeeldormof FIG 14 (b)) is added to each of

t he vol tage nd valuyes V*u, V*v. and V*w of three phases. This

correcti o% am‘& is Fﬁiﬁ-c&ﬁat%@ Byn@uﬁhlaﬂ:tc?fndoﬂ%ggowﬁy@adtﬂnmnd val ue
V*u -3- fro i , - i i A" d S ting the
vol t age comnravr?éu\(/e'éﬁ §£ '-\I/-Erv?% )S;Hn‘%ségﬁ@(gé 'H‘EELNS[J\I,;%W@% ﬁ§¥rlr’?tl1£ﬁ'{;/j:|%e Bg As
a resul tipas tfwvary med alorioh eheMiodt FIG/ 14+(a) iand MimetcRafhofl G 14

(c), the voltage 5 command val ue of one of the three phases always exceeds
or becones eyddtage caaavndtvialkeslafetlreerphagealsain watbree-arm

modulation method. FIG. 14 (b) is a time chart of a
correction amount (compensation amount) a which is used
in the two-arm modulation method. FIG. 14 (c) is a time
15 chart of voltage command vaiues in the two-arm

modulation method. A modulation factor (modulation
percentage) of the voltage command value of each phase is
denoted by "m”.
[0005] As shown in FIG. 14 (a), among the voitage

20 command values V*y, V¥y and V*y of three phases, for
example, the voltage command value V*, takes a maximum
fevel in an interval (zone) “A”, and the voltage command
value V*y takes a minimum level in an interval “B”. In
order to suspend the switching of the semiconductor

25 switching element for one phase in these intervals “A” and

“"B”, the correction amount a (waveform of FIG. 14 (b)) is

added to each of the voltage command values V*y, V*y and

V*w of three phases. This correction amount « is

calculated by subtracting the voltage command value V*



carrier with a phase change done every interval of 600. Thereby, the

sem conduct or switching el enent of the one phase exceeding or equal to the
anplitude value of io triangular-wave carrier stops (suspends) its

swi tching operation. Thus, by adding the correction amount a to the voltage
command val ues V*u, V*v and V*w of three phases, the voltage command val ues
Vu + a, Vv + a, and V*w + a for the twd-arm nodul ati on net hod can be
produced. 15 [0006] Moreover, Patent Literature 2 discloses a notor control

apparat us that perforns ch over, bet ween t he . t,wo-arm nodul ati on net hod
agg t he thregfgﬁ?n]ngéhﬁ'at dn% hH4.thE A WCI 4 'z%Tud’al?\érﬁUIEF'EaeqtéFQr e]
0007] Pat ent gkl . R nem I catsk Pulal i catl an; No.
E%Q- 13]9871 thetl?’g?ﬁen SL(???rré?mgé‘ﬂ:ue}apane@g atlgxtl'cwﬁlépl iticat\?oPll"(3 i

Publ i cati on Nhe AOEAHI13BA, ( par agrephi, [ H95H] o WO06Y] wApEfdims, ofl G 4,
FIG 5) SUMVARY OF THE | NVENTI ON TECHNI CAL PROBLEM [ 0008] When the
t hr ee- ar m noMifath off néfhott s 86Fb Mo Wi &h i8Nl @ wd-hr{(®)rdde ;mdlbageet hod

navi ng.ar®i JERTERRNET VALERAI! Aife Qv ar TR ANATER SHNRER GrePdbes. a
oL ove! Bl BECLESSehER, o el BBt el gy PRl g TSR b
there are thedreidiowinth arphbeaschange done every interval of 60°.
Thereby, the semiconductor switching element of the one
phase exceeding or equal to the amplitude value of

10 triangular-wave carrier stops (suspends) its switching
operation. Thus, by adding the correction amount a to the
voltage command values V*y, V*y and V*y of three phases,
the voltage command values V*y + a, V*y + o, and V*y +
a for the two-arm modulation method can be produced.

15 [0006] Moreover, Patent Literature 2 discloses a motor
control apparatus that performs a changeover between the
two-arm modulation method and the three-arm modulation
method.

CITATION LIST

20 [Patent Literature]

[0007] Patent Literature 1 : Japanese Patent Application

Publication No. 59-139871

Patent Literature 2 : Japanese Patent Application

Publication No. 2007-151344 (paragraphs [0056]~[0065],
25 FIG. 2, FIG. 4, FIG. 5)

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0008] When the three-arm modulation method is

compared with the two-arm modulation method in a case



- [O009] At first, a gate signal (switching operations) in the three-arm

nodul ation nmethod will now be conpared with a gate signal in the two-arm
nodul ation nethod in a io case that the nodul ation factor mof the voltage
command val ue of each of three phases is relatively small. FIG 15 is a

view showing a tine chart of the voltage command val ues V*u, V*v and V*w
and a tinme chart of a U phase gate signal4-Gu, in a case that the three-arm
nodul ati on nethod is used 15 when the nodul ati on factor m of each voltage

d I [ I 0.1 = 0.1)., FIG 16 i ' how [
comn, el U 4R ek s oot B o b ol SR e
ti hart of te ;3] ' -

e, ST Oh R G 5888 O ol Lhelasthe g, SenE Ao oo

command val ugnieshedquglerterdtel anowerl)evdl0fft G tchiagt hseetarm fRul ati on
met hod shown in FIG 15, an anplitude of each of voltage command val ues
Vu, V*v andtirrge-arsmnod Hatien mefhedef Benad, ithis 7s0gat eff§cigmt cu

whi ch i bt ai.ned ' h I . I ith th
{1 angut of vgvec i S bRt R AP RCRRR AR, BawByruut - a5 -
55% . [0011] @R trReaptheye IfIémFI)WIIIIA%thIﬁ)IBII]%ﬂ%I'm modul ation met hod shown in

FIG 16, during an interval for ich t 5- switching of sem conductor

switchi ng el @009 ond finabea( gade, sigmphbésivitchmigmedrationsanm i t udes
of the voltage command val ues of the other two phases (e.g., V-phase and
Wphase) arethgr fereepata madudationrigeihod, widsngw be compared

with a gate signal in the two-arm modulation method in a
10 case that the modulation factor m of the voltage command
value of each of three phases is relatively small. FIG. 15 is
a view showing a time chart of the voltage command values
V*y, V¥yv and V¥yw and a time chart of a U-phase gate signal
Gu, in a case that the three-arm modulation method is used
15 when the modulation factor m of each voltage command
value is equal to 0.1 (m = 0.1). FIG. 16 is a view showing
a time chart of the voltage command values V*; + a, V¥*y
+ a, and V¥*yw + a and a time chart of the gate signal Gy
of U-phase, in a case that the two-arm modulation method
20 is used when the modulation factor m of each voitage
command value is equal to 0.1 (m = 0.1).
[0010] 1In the three-arm modulation method shown in
FIG. 15, an amplitude of each of voltage command values
V*y, V*¥y and V*y is small. Hence, the waveform of the
25 gate signal Gy which is obtained by comparing the voltage
command value V*y with the triangular wave has every
pulse having a large puls‘e width (on-duty: 45 ~ 55%),
[0011] On the other hand, in the two-arm modulation

method shown in FIG. 16, during an interval for which the



"~ 5interval in which each pulse has a small pulse width (nanmely, on-duty is

| ower than or equal to 10%. [0012]1n a general power conversion device, in
order to prevent the upper and | ower-arm sem conductor switching el enents
of a same phase from beconming in ONstate io concurrently with each ot her,
a dead tinme is applied to the gate signal so as to delay a timng of OV OFF
swi tching of each sem conductor sw tching-el enent. However, in the case
that the two-arm nodul ati on nethod is enpl oyed, the wavef orm of gate signal

has an interval_in which eac ulse is w dt ) becones snaller if
the nmodul at | Y& BE ﬁf@@dﬁh%g”fjb\ﬁpr $W”€‘?}}"é7 ?HE HfeQd & PHE $Rannot

be applied t / 0 t t

caused. Hencge B’r‘ @Veﬁgagﬁqﬁ on&[?IE'gl(t?tac')rEmél \1%&%19? @E@%n%ﬁ%qgl ue is
relatively | @@minhah?l Raefiesadf ¢hieooRAekstnb I\Ehtafsne%e(ergn ydylaideon met hod
in order to reduce the voltage error. [0013] the gat'e si gnal

(swi t chi ng opae‘rditWop@)asm) are tangse- aHmnmiutlaa@atamlgmh/\GIul haswabe

conpared with te signal in the twq-arm nodulation nmethod in a 25 case
Chat Lhe FoddnbETUAT FRCEEICH SRChHACHRR thEs & SHANAPUIPEAVIf Tach of ~Chr oo

phases is mﬁéﬁé% %élcﬁ{gc?u i& 1o y%tstrpaﬂlcgﬁmteﬁwcﬂgrfo chart of the

vol tage co s Vu v an and ‘the U phase gate

signal Qu, i fCOtae tmﬁtatglp@néhaeepcanmrn@dnb@trsmnr@éhn:cte3£hIcﬁrd-ésre@ov\hen
t he nodul ati on factor m of each voltage -6- command value is equal to 1 (m

= 1). FIG 1®reveniitew sROEMgNa {owerciadm #mife Nl Gtages wdboming val ues
T VY R s B By SL Tt bb B S bR Sl & of
10 concurrently with each other, a dead time is applied to the
gate signal so as to delay a timing of ON/OFF switching of
each semiconductor switching element. However, in the
case that the two-arm moduiation method is employed, the
waveform of gate signal has an interval in which each pulse
15 width (on-duty) becomes smaller if the modulation factor m
becomes lower. In this case, the dead time cannot be
applied to the ON/OFF operation, so that a voltage error
might be caused. Hence, if the modulation factor m of the
voltage command value is relatively low, it is preferable to
20 use the three-arm modulation method in order to reduce
the voltage error.
[0013] Next, the gate signal (switching operations) in
the three-arm modulation method will now be compared
with the gate signal in the two-arm modulation method in a
25 case that the modulation factor m of the voltage command
value of each of three phases is relatively large. FIG. 17 is
a view showing a time chart of the voltage command values
V*y, V¥y and V¥*y and a time chart of the U-phase gate
signal Gy, in a case that the three-arm modulation method

30 is used when the modulation factor m of each voltage



* 5 nodul ation nethod is used when the nodul ati on factor m of each voltage
command value is equal to 1 (m=1). [0014]In the three-arm nodul ati on

met hod shown in FIG 17, the pulse width (on-duty) of the gate signal Gu
beconmes extrenmely small during an interval for which the io voltage comand
value V*u of U-phase is small. On the other hand, in the two-arm nodul ation
met hod shown in FIG 18, the gate signal-gau has an interval for which the
switching is stopped, and has the other intervals for vvhich each pul se has

a certain level of pulse width. That thel ga @Qu in the
tWo- ar m mduloammaﬁﬂ VTN SRR T e QR cod o 1 wmv&h the

pul se width I I.ﬁén?:l S g #ﬂ&al

three-arm m) at | oﬁr@net¥hod I-Lor&mofﬁﬂﬁcg%qﬁgée %@?‘ ereeﬁf"r(;‘(e)g V\H‘én t he
nodul ati on fa&t ar *npf ot hey g o)t agex C@ﬁaaaohwéttmaﬁt bdrgfe ddte two-arm
nodul ati on nethod attains a higher voltage accuracy than the three-arm

modul ati on meigndlBgaase tp”IHasa\pmranaaBEItatatotheettvhodarm | ess influenced
by the voltage error due to the application of dead tinme. Mreover, since
an aver age 25“§ﬂlltléﬁl% mesheshés Wwied nahao thenmedul atiosh fast®odMi s | over

t han that of h r I o y_of \the two-arm
nodul ati on h%GEF 9&5@%?%%&@@“@ ﬂscg%{lh% I'ib/ jrg(gﬁ "'wiflt)(‘:hi ng
frequency of - In’th@rthreRdy @hi @b dBINGEN Méaved $hawd hat of the
t hr ee- ar m nodul atlon rret hod, there is a problem of noise. [0016] Hence, an
idea is conc&ldhble,t tae ptmlsemddltiaat {on-nody )i af iImet glaé& sraabé&l) fromthe
two-arm5 no Iatlon met hod to the Llhree armm)d qrwgﬁd when t he

I

modul atf on | RAGMEDE ﬁ@mv%még@a oHREHa0 AF JBtes va G RaR, the
(o the t 18- an e 586 &P Mo LRy BT RS O FLRIT grrthen method

to the two-arm no Yhe o

other hand, in the two- arm modulation method shown in
FIG. 18, the gate signal Gy has an interval for which the
switching is stopped, and has the other intervals for which
each pulse has a certain level of pulse width. That is, the

15 gate signal Gy in the two-arm modulation method shown in
FIG. 18 has no interval in which the pulse width is
extremely small as the case of gate signal Gy of the three-
arm modulation method shown in FIG. 17.
[0015] Therefore, when the modulation factor m of the

20 voltage command value is large, the two-arm modulation
method attains a higher voltage accuracy than the three-
arm modulation method because the two-arm modulation
method is less influenced by the voltage error due to the
application of dead time. Moreover, since an average

25 switching frequency of the two-arm modulation method is
lower than that of the three-arm modulation method, an
efficiency of the two-arm modulation method is favorable.

However, since the average switching frequency of the two-



~io of the voltage command value is |arge. However, a sinple changeover

bet ween these two nodul ati on net hods m ght cause a problemthat the noise
i s suddenly changed due to a sudden change of the average sw tching
frequency. [0017] Moreover, the above-nentioned Patent Literature 15 2

di scl oses the changeover of nodul ati on nethods, but cannot solve the above
problemthat is caused due to the differénce between nodul ati on factors of
t he vol tage command val ue. [0018] As expl ai ned above, in the Held of power

20 conversion device, jt .is an object to suppress,the switching | oss while
pr ovi ng t h@ NI TRl IRHAREE R 15 LRF dhan thakeh e RBacenoRat se
that is caus e t | ati on. net hods. SCOLUTI ON
TO PROBLEM 2??@@3}%0@%8’?&%&0%‘%? ﬁ?’es n{b%n ?corﬁ(?lt iere is provided a

net hod of cofig@LIGINg MaIVE! a¢oTWEhSIsORodR W 0aflertisantaet i ng al ternating
current into direct current or direct current into alternating current,

wher ei n t he poaeulabersode devwidched (ohiayuged)tfrosat he tavgadersi gnal

t 30 i t i t chi I ided in,t . - 8-

conver si o dUPALabies dnEiRE 5ar BIaRe 1 B oma e Panistiod: gna
generat i ng SWﬁéH”Frﬁ?@%‘cﬂHﬁﬁ%iéﬁ. ot fn Rif Eﬁﬁ%SFt%lg@%rﬁ%QHdt ° a _
vol tage command value, characterized in that the nethod conprisés steps of:

5 conparing &atex misntallyeaadoriten heheohtadelgbimrandovd iesveftcmed i pl e
phases with an absol ute val ue of a m ni nrumval ue anong the vol tage conmand
val ues of théchanged fspazddie dhaegoprattmenlylativ adaathadhodedei n t he

Phecor recti oA annguad AliEn R FipEahERyhan e B afiRlatE) Sa6tPedt ng «he
I Sl A e e U e S I i
val ues is | ach@ngaanerhpeblvyedrutbessd btwo modulation methods might
cause a problem that the noise is suddeniy changed due to
a sudden change of the average switching frequency.
[0017] Moreover, the above-mentioned Patent Literature
15 2 discloses the changeover of modulation methods, but-
cannot solve the above problem that is caused due to the
difference between modulation factors of the voltage
command value.
[0018] As explained above, in the field of power
20 conversion device, it is an object to suppress the switching
loss while improving the voltage accuracy and to suppress
a sudden change in noise that is caused due to the
changeover between modulation methods.
SOLUTION TO PROBLEM
25 [0019] According to the present invention, there is
provided a method of controlling a power conversion device
for converting alternating current into direct current or
direct current into alternating current, wherein the power
conversion device is configured to output a gate signal to a
30 semiconductor switching element provided in the power



15 of the m nimum val ue, and selecting a signal obtained by subtracting the
m ni mum val ue anong the voltage command val ues froma m ni mum val ue of the
triangul ar-wave carrier if the absolute value of the mninmmvalue is

| arger than the maxi num val ue anong the voltage 20 conmand val ues;

produci ng a triangul ar-wave-shaped signal in the correction-term adder by
mul tiplying a gain by an addition signal-8&f the maxi rum val ue anong the

vol t age conmand val ues and the m ni mum val ue, wherein the

i BT B LT o

by sel ecti ng%f,ﬂ%l ] é‘c?b \r@q%

triangul ar - e-sha n% ‘;q%ﬂgfgﬁﬁ]lg‘tsﬁe QEF rec qgﬁ) gﬁ(?u%ta pu cuI ating
corrected volwiate eeodanstio uesalmotﬂaege:@drﬁmanﬂ- veloeadder by 30 addi ng
t he second correction anmount respecti V6|K to the -9- voltage conmand

val ues of thehanagtgrizenhdsethabiihs meg Dlﬁlecgﬁfﬂéi’§€tﬁ1élteﬁ)‘5 ofe pul se-wi dth

nodul ati on of_ _each of the_corrected voltage nd. val ues; and out putting
The gat e 21 ghampg Tng amesutiiet o1l E8fphY TREntRtaEE iedBipaidover

one aspect of,diliesaBpyRARIEch AbseRNWiPh! 4% BSBANRS ViADKPGFI N devi ce

according to e present Ion Is characterized In that the gain varies
accordi ng tomaimodulnatyaud achomn efthiehe oltd ¢ ageo comaardl walluess of the

[ 0021] Mor eover, one aspect of the above nmethod of controlling a power
conver si on déﬂpl:tépé%d'd?@lﬁﬂé i at Rerpeekion- tﬁrﬁ%rﬂﬁ'@ﬂﬁ%"%‘h‘ﬁ%t‘értﬁ@d in

correct ron adgt o SReT TITBED Fat TR 0r AT GRS et cofietion
15mul ti pl d cabirBueft tMmehead radetidie-tadthta @aes lgpaéei@fctmg Jeiigman val ue

anong the vol tage conmand val ues and the m ni mrum val ue 22] IVbr eover, one
aspect of thebdlaénednbiyhsdbéfactimg dhig n@ammmmrvadmeeammmgdmew

according to ”??age command values from a maximum value of a
triangular-wave carrier if the maximum value among the
voltage command values is larger than the absolute value

15 of the minimum value, and selecting a signal obtained by
subtracting the minimum value among the voltage
command values from a minimum value of the triangular-
wave carrier if the absolute value of the minimum value is
larger than the maximum value among the voltage

20 command values; producing a triangular-wave-shaped
signal in the correction-term adder by multiplying a gain by
an addition signal of the maximum value among the voltage
command values and the minimum value, wherein the
triangular-wave-shaped signal is synchronized with the first

25 correction amount; producing a second correction amount
in the correction-term adder by selecting smaller one in
absolute value between the triangular-wave-shaped signal
and the first correction amount; calculating corrected
voltage command values in the correction-term adder by

30 adding the second correction amount respectively to the



- 20present invention is characterized in that an attenuati on of harnonic
conponents and a suppression of tine rate of change have been applied to
the load factor by a lowpass filter and a soft-start circuit. ADVANTAGEQUS
EFFECTS OF | NVENTI ON 25 [0023]As is clear fromthe above expl anati ons,
according to the present invention, the nodul ati on nmethod can be varied
continuously fromthe three-arm nodul ati-@+ nmethod to the two-arm nodul ati on
nmet hod as the nodul ati on factor of the voltage command val ue beconmes 30

| arge. That is, the three-arm nodul ation nmethqod is -10- e ed when the
odalat i on { HGIEAESCOMMAN AIBRIES Qola AL B: PHASASNBE LhE Wihdual |y

enpl oyed as the padul atd ooy LRELAEL BRFOUIRSIAAL IRl RGN \¥ BaUaY oesince the
g'r% ? dggxn%ecomedw hc{ et

t wo- ar m nodul ati me ree-arm nodul ati on

net hod accor ¢hRgcherébEedNesRalgd rvenim@Ad Yheuask sendavubsutEddc eleas
conpared with the case that only the two-arm modul ati on method is used.

Fur t her nor e, gatsudignatiantleecsentieons wetaaswWiECcbupgrelssventas conpar ed
with the cas at e nodul ation nethad is.sinply switched tq the

t hr ee- ar n? rmi.d(sgl}-ﬂn né'{]WoQPV\ﬁEn O ardff ROl e %%yeoqn Q%ég command
val ue i s snal : | i I pal | he two-arm
nodul ati on né%ﬁgmﬂﬁ ?ﬁgaﬁdlu?gtﬁ@ga g?ﬁ&v%??%%%%?taggéwval ue is

| arge. [0025]gresadtli theantidrerist dieanadtedizieah ih adtar the gain ageriegmmand
value is large, the waveformsimlar to that of the two-arm nodul ation
met hod can b@@mralingdto HeipedwWadpendactosr QhItd v ol Frgevs @ BHNER thr e

generated, so
values.

10 [0021] Moreover, one aspect of the above method of
controlling a power conversion device according to the
present invention is characterized in that the triangular-
wave-shaped signal synchronized with the first correction
amount is produced by multiplying a load factor by the

15 multiplication of the gain and the addition signal of the
maximum value among the voltage command values and
the minimum value.

[0022] Moreover, one aspect of the above method of
controlling a power conversion device according to the

20 present invention is characterized in that an attenuation of
harmonic components and a suppression of time rate of
change have been applied to the load factor by a low-pass
filter and a soft-start circuit.

ADVANTAGEOUS EFFECTS OF INVENTION

25 [0023] As is clear from the above explanations,
according to the present invention, the modulation method
can be varied continuously from the three-arm modulation
method to the two-arm modulation method as the
modulation factor of the voitage command value becomes

30 large. That is, the three-arm modulation method is



20 that the switching | oss can be reduced. BRI EF EXPLANATI ON OF DRAW NGS

[ 0026] [FIG 1] A configuration view show ng one exanple of a
gate-signal generating section according to first and second 25
enbodi nment s. [FIG 2] A configuration view show ng one exanple of a

correction-termadder 1 according to the first and second enbodi nents.
[FIG 3] Atine chart show ng one exanpt&0ef signal waveforns of respective
parts of the correction-termadder 1. [FIG 4] Atine chart show ng one
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modul ati on f aetdurcewn adis tdrenpa@reapevithniradcasd dhdtsoadyathe dwio-arm
modulation method is used. Furthermore, a sudden change
of the noise can be suppressed, as compared with the case
10 that the modulation method is simply switched to the
three-arm modulation method when the modulation factor
of voltage command value is small and the modulation
method is simply switched to the two-arm modulation
method when the modulation factor of voltage command .
15 value is large.
[0025] In addition, when the modulation factor of
voltage command value is large, the waveform similar to
that of the two-arm modulation methoed can be obtained.
Hence, suspend intervals of the switching are generated, so
20 that the switching loss can be reduced.
BRIEF EXPLANATION OF DRAWINGS
[0026]
[FIG. 1] A configuration view showing one example of a
gate-signal generating section according to first and second
25 embodiments.
[FIG. 2] A configuration view showing one example of a
correction-term adder 1 according to the first and second
embodiments.



[FIG 8] Atine chart show ng one exanple of the respective signal
wavefornms in a case that the nodul ation 25 factor mof the voltage conmand
value is increased in the second enbodinent. [FIG 9] An explanatory view

of a switching |oss. [FIG 10] A configuration view show ng one exanpl e
of the correction-termadder 1 in a third enbodi nent. -12- [FIG 11] A
time chart show ng one exanple of respeelilve signal waveforns in a case

that a load factor | is enlarged in the third enbodi nent. [FIG 12] A

configuration vi i ng,one exanple of .5a gain multiplier 10 and a
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and a tri angtﬁﬁ?-e\?\/g\elg%cgfri erﬁleg{ig\é{)veoaﬁgrgn‘?ﬁoqﬂﬁl g?l}lgél%nétrﬁggg_ﬁiwgf 14] A
time chart shiowi ng one exanpl e of voltage command val ues of the three-arm

nmodul ati on nmethod_and showi ng one exanple of the correction anount and the
t hr ee- phase vol {B§6.cdiménding gbartusitowang opedexampéetafovalbagedul ation
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[FIG. 5] A time chart showing one example of the
respective signal waveforms in a case that a modulation
factor m of the voltage command value is increased in the

10 first embodiment.

[FIG. 6] A time chart showing one example of a
corrected voltage command value V*¥y + B and a U-phase
gate signal Gy in a case that a modulation method
according to the first embodiment is used when the

15 modulation factor m of the voltage command value is equal
to 0.1.

[FIG. 7] A time chart showing one example of the
corrected voltage command value V*; + 8 and the U-phase
gate signal Gy in a case that the modulation method

20 according to the first embodiment is used when the
modulation factor m of the voltage command value is equal
to 1.

[FIG. 8] A time chart showing one example of the

respective signal waveforms in a case that the modulation
25 factor m of the voltage command value is increased in the
second embodiment.

[FIG. 9] An explanatory view of a switching loss.

[FIG. 10] A configuration view showing one example of
the correction-term adder 1 in a third embodiment.



20[FIG 16] A tine chart show ng one exanple of the voltage conmand val ues
and the gate signal in a case that the two-arm nodul ati on nmethod is used

when the nodul ation factor mof the voltage conmand value is equal to 0. 1.
25[FIG 17] A tine chart show ng one exanple of the voltage conmand val ues
and the gate signal in a case that the three-arm nodul ati on nethod is used
when the nodul ation factor mof the volisge conmand value is equal to 1.

- 13- [FIG 18] Atinme chart show ng one exanple of the voltage command

val ues and the ga signal. in a case that the two-arm nodul afi on nmethod is
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mount r r

correction a einafter referred to as, correction anount 13) to

each of the vol {RYE.cOBaRd tkakueh ayt lshdwingndné" exafmphe asf poatege and 20
t her eby produces corrected vol tage conmand values V*u + 8 , Vv + 8 and V*w
+ 13, as showemmeand valugredf three phases and a triangular-wave

carrier in a two-arm modulation method.

10 [FIG. 14] A time chart showing one example of voltage
command values of the three-arm modulation method and
showing one example of the correction amount and the
three-phase voltage command values which are used in the
two-arm modutation method.

15 [FIG. 15] A time chart showing one example of the
voltage command values and the gate signal in a case that
the three-arm modulation method is used when the
modulation factor m of the voltage command value is equal
to 0.1.

20 [FIG. 16] A time chart showing one example of the
voltage command values and the gate signal in a case that
the two-arm modulation method is used when the
modulation factor m of the voltage command value is equal
to 0.1.

25 [FIG. 17] A time chart showing one example of the
voltage command values and the gate signal in a case that
the three-arm modulation method is used when the
modutation factor m of the voltage command value is equal
to 1.



correction-termadder 1 outputs the corrected voltage conmand val ues V*u +
13, Vv + 13 and Ww + 13 respectively to conparators 2. Since operations
of a NOT- 25 circuit 3 and a dead-tine generating circuit 4 provided
downstream of the conparator 2 in FIG 1 are known, detail ed explanations
thereof will be omtted fromthe follow ng disclosures. -14- [0029] Next,
operations in the correction-term adder-113wi Il be explained referring to
FIG 2. [0030]At first, a calculation process for the first correction

anount (hereina r rred.to a orrection 5 anou ch serves to
IR PR ot el 5 g RS PRACH AT TR P it el

t nodul I | ue
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and V*w, to ahe mloeatrsna'nmmmrmﬁronnmexfhd@esmyeutmmmﬁnd val ues V*u,

V*v and V*w. Then, the nmaxi mumval ue calculating unit max(x, y, z) outputs
the sel ected rﬁaﬁlu}ahmmﬁa@tﬁan@ve)‘ then vialbageneommand e hieiimeadual ue

cal cul ating l% mn(x, y, z) receives the voltage comand 15 val ues V*u,
V*v and \ﬁw sel ects a mnimum one of these voltage command val ues V*u,
V¥v and V*w. FUN"@'PE"MB@BQ'MEWS”Q unit mn(x, y, z) outputs
the sel ected m ni me val ue mn(Vv* A conparator 5 conpares the maxi mum

val ue max(V*J0@R2F]Jan BEB'tsltuEmii@dvrallaret]j m n(V*)1 of the m ni mum val ue
mn(VvV*). If the maxi mum val ue max(V*) is glreater t han the absol ute val ue
Imin(Vv*)1, tROQREBdar aV@rlt%gge@%n'Hﬂéi hafalse sty *waMd voagud/sw 9 signal s1

(sl = 1) to ppubt SRaled LrEMputted to a gate-signal generating

10 section shown in FIG. 1. This gate-signal generating
section outputs gate signals to semiconductor switching
elements provided in a power conversion device (for
example, a three-phase inverter) for performing‘ an AC-to-
DC conversion or DC~-to-AC conversion. Each of the gate

15 signals is obtained by applying a pulse-width modulation
(PWM} to the voltage command value. A correction-term
adder 1 adds a second correction amount (hereinafter
referred to as, correction amount 8) to each of the voltage
command values V*y, V¥y and V*y of three phases, and

20 thereby produces corrected voltage command values V*; +
B,V*y + B and V*y + B, as shown in FIG. 2. Then, the
correction-term adder 1 outputs the corrected voltage
command values V¥y + B8, V¥ + 8 and V*y + B
respectively to comparators 2. Since operations of a NOT-

25 circuit 3 and a dead-time generating circuit 4 provided
downstream of the comparator 2 in FIG. 1 are known,
detailed explanations thereof will be omitted from the

following disclosures.



absolute value Imn(V*)1 is greater than the maxi nrum 25 val ue max(V*), the
conparator 5 sets the signal sl at 0 and outputs the signal sl (sl =0) to
the switch 6. The signal Si is used for a judgnment of the switch 6. [0032]

The maxi num val ue max(V*) and the m ni mum val ue m n(V*) which are outputted
fromthe maxi mum -15- value calculating unit max(x, y, z) and the

m ni nrum val ue cal culating unit mn(x, y;14)} are also inputted to each of a
subtractor 7 and a subtractor 8. The subtractor 7 subtracts the maxinmum

val ue max(V* 1 (i,e., 1- X(V*),),. 5and then, oufputs thjs

val cul ated STGOBY { Nt FoRratione IBbTe da U i Qlot S8 BT i ni mum
val ue m n(Vv*), 4 - L; = e - A apd then, outputs this

cal cul ated si)mg’;’rllglgr% g:kt Ié‘ﬁ?\ndt E%feérvbrﬁeegsvelﬁz'hQG sel ects the signal 1 -
Eﬂ_aX(V*) \fhenl[;dw?a?lgﬂamtsﬁrmﬁat%@rﬁl{,’mmhrﬁ@?w@{mﬂﬂﬁsﬂ s elquall to 1
l.e., S1 = . e ot her and, e SWIC sel ects e Sl ghal - -

m n(V*) whencotieestigralampunt égedarinafien referred to as, amemctios switch 6

h I d si L h ' A f f thi
cortect i o adlIAE got JHOICE SE0RS e 68 SIAENTRS ceotread T Badble O

wavef or m of %%{',D%%tw‘n im&l?%g‘é,f#ﬁgr}céaﬁglz G 14 &bbf\gﬂiecp‘girds_t 3 d for the

t wo- ar m nodul metthod. ul'aty on pr ocess correction

amount -a t haty, Bag| BRI SRR iR AEY e dieh1AR@ Bxanpl e. That 20 is,

according to this enbodi nent, the correction anount a nay be cal cul ated by

t he other calf@03djon g otexEmum-value calculating unit max(x, y, z)
receives the voltage command values V*y, V¥y and V*y,

10 and selects a maximum one of these voltage command
values V*y, V*y and V*w. Then, the maximum-value
calculating unit max(x, y, z) outputs the selected maximum
value max(V*). In the same manner, a minimum-value
calculating unit min(x, y, z) receives the voltage command

15 values V*y, V*y and V¥, and selects a minimum one of
these voltage command values V*y, V*y and V*¥yw. Then,
the minimum-value calculating unit min(x, y, z) outputs the
selected minimum value min(V*). A comparator 5
compares the maximum value max(V*) with an absolute

20 value [min(V*)] of the minimum value min(v*). If the

“maximum value max(V*) is greater than the absolute value
[min(V*)|, the comparator 5 sets a signal s1 at 1 and
outputs the signal s1 (s1 = 1) to a switch 6. If the
absolute value [min(V*)| is greater than the maximum

25 value max(V*), the comparator 5 sets the signal s1 at 0
and outputs the signal s1 (s1 = 0) to the switch 6. The
signal sl is used for a judgment of the switch 6.

[0032] The maximum value max(V*) and the minimum

value min(V*) which are outputted from the maximum-



[ 0034] Next, a cal cul ation process for the correction anount f3 which serves
to cal culate the voltage command values Vu + /3, Vv + /3 and V*w + 13 in
the first 25 enbodi nent will now be expl ai ned. [0035] The maxi mum val ue
max(V*) derived fromthe maxi numval ue cal culating unit max(x, y, z) is
added to the m ni mum value m n(VvV*) derived fromthe m ni rumval ue
calculating unit mn(x, y, z) by an addet59. A gain -16- nultiplier 10

mul tiplies this addition- result si gnal max(V*) + mn(V*) by a gain k. Then,

t he gain rrultl | i er éﬁ utsthlsr sult si nal\}ﬁ'f g i}v*))
[003arnext . ¥AlluroGale ARG, Sni via k. dbsdd QiR ity vade
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al with the absolute val ue | k(max( + 10 mn(V*))Il. If the absolute val ue
| k(max(V*) +thenMaximuirg ‘galme“nat a\h*) rféoamslo|(mee,vh|uma><év*)t)he

t I ts th I 1) t
cui ten 12 1 Aideneduop BEBUWETYES LaftPeaE ide el hon i Re Wit Fe val ue”
| k(max(Vv*) +T’Hé‘%\/1*t)t)rb tbPes Y thé HrﬁnWLL?mt K}%lébgﬁﬂ*nﬁgk t 0 and
out puts the signal to t esvmtch 12. The signal s2 i's uUsed for a
j udgnent of ﬂl@n’sv\nlt (:he1,2 1[ Qmih(VHa)svwmdhtH@nranﬂ]pwss théscorrection

anount a outputted fromthe switch 6 and the signal k(max(V*) + 20 mn(V*))
outputted fré&mlenigd sigdedita the §W'tq+Heﬁsvaf‘@h5W'tCh 6 selects the

signal 1 - max(V*) when the signal s1 inputted from the
10 comparator 5 is equal to 1 (i.e., s1 = 1). On the other
hand, the switch 6 selects the signal -1 - min(V*) when the
signal sl is equal to 0 (i.e., s1 = 0). Then, the switch 6
outputs the selected signal as the correction amount a¢. A
waveform of this correction amount a outputted from the
15 switch 6 corresponds to the waveform of correction amount
a shown in FIG. 14 (b) which is used for the two-arm
modulation method.
[0033] The calculation process for the correction amount
a that has been explained above is just one example. That
20 is, according to this embodiment, the correction amount «
may be calculated by the other calculation process.
[0034] Next, a calculation process for the correction
amount B8 which serves to calculate the voltage command
values V¥*y + B8, V*¥y + B and V*y + B in the first
25 embodiment will now be explained.
[0035] The maximum value max(V*) derived from the
maximum-value calculating unit max(x, y, z) is added to
the minimum value min(v*) derived from the minimum-

value calculating unit min(x, y, z) by an adder 9. A gain



12 selects the correction amobunt a when the signal s2 outputted fromthe
conparator 11 is equal to 1 (s2 =1). On the other hand, the switch 12

sel ects the signal k(max(V*) + mn(V*)) when the signal s2 is equal to O
(s2 25=0). By so doing, an operation can be achieved that selects snmaller
one in absolute value between the correction anount a and the signal
kK(max(V*) + mn(V*)). [O0038] At |ast, thet6+gnal derived fromthe swtch 12
i s added to each of the voltage comand val ues V*u, V*v and -17- V*w of

the th h as, th t. ountt hat i I, dul at |
mothod of ¢ he T BlieanbBaTHeRTP 18R.ETI% AE BT b ot 4 BEPROKD val ues
VFu + 13, Vv, + + I i S s BEINSI pl f 5
colrjr ection 0}4- trﬂgne\gﬁlt);%g %(#T%ﬁrﬁggvgﬁ’{uéewégbggialgl I?}}!ll?@l?ﬂ_lé?l gngogi ment .

[0039] The copnaghitenthiy readdesidnel Adbaxd k) I+ novnpbe*)). expl ained
referring to tinme charts of FIG 3 show ng signal wavefornms of respective
parts of the[@036dti oNevdr,nd atupar@tprad loneceisaplan Jaoabli| @alge(a) is

U, Vv and Vi SlhErel TP HraianBheam N holUP BT RRGr HETBy S HOVIAN fum val ue
max (V) and the, M NBRNAIG BV max(v*) + min(v*))| of the

signal k(max(V*) + min(v*)) derived from the gain
multiplier 10. Then, the comparator 11 compares the
absolute value | #| with the absolute value |k(max(V*) +

10 min(V*))|. If the absolute value |k(max(V*) + min(V*))|
is greater than the absolute value { |, the comparator 11
sets a signal s2 at 1 and outputs the signal s2 (s2 = 1) to a
switch 12. If the absolute value | @} is greater than the
absolute value |k{(max(V*) + min(V*))}|, the comparator 11

15 sets the signal s2 at 0 and outputs the signal s2 (= 0) to
the switch 12. The signal s2 is used for a judgment of the
switch 12.
[0037] The switch 12 receives the correction amount «
outputted from the switch 6 and the signal k(max(V*) +

20 min(V*)) outputted from the gain multiplier 10. The switch
12 selects the correction amount a when the signal s2
outputted from the comparator 11 is equal to 1 (s2 =1).
On the other hand, the switch 12 selects the signal
k(max(V*) + min(V*)) when the signal s2 is equal to 0 (s2

25 =0). By so doing, an operation can be achieved that
selects smaller one in absolute value between the

correction amount @ and the signal k(max(V*) + min(V*)).

[0038] At last, the signal derived from the switch 12 is
added to each of the voltage command values V*y, V*y and



15 as shown by a time chart of FIG 3 (b) are calculated fromthe

t hr ee- phase vol tage command val ues V*u, V*v and V*w by the nmaxi mum val ue
calculating unit max(x, y, z) and the mnimumval ue cal culating unit mn(x,
y, z). Then, the maxi num val ue max(V*) is conpared with the m ni rum 20
val ue absolute value Imn(V*)1 by the conparator 5, as shown in FIG 3 (c).
As shown in FIG 3 (d), the signal sl whléh is outputted fromthe
conparator 5 is equal to 1 when the nmaxi num val ue max(V*) is larger than

t he absol ute | ue in(V*)1, and is_equal to 0 en the 25 sql ut e val ue
v 11 o W g HER 9% nadeRsnaS it SR EeHET bR Teie it T |
max( V*) out puyt Lr t €r;Sl -1 mn( V)

out putted fr@ﬁ%ﬁéﬁsﬁﬁ‘r@@%@Hﬁﬁ%ﬁﬁ@%F% iizéggﬁb\éq'wghgm in FIG 3
-18- (e). Thamudhehawebere s asitagleneoshaidhd- vatuds ngvy)+weenyte
signal sl is equal to O, and selects the signal 1 - max(V*y when the signal
Si is equal Ho B.anhkewehy,+tBeacearcalduiateagnolMisais @ puimoitiedofis shown in
FIG 3 (f). 5 [0042] On the other hand, the signal max(V*) + mn(V)

out put t eds f r corrgetodiaf thaagoHage arguimandavel denasgacdingiedhei th t he

correction appunt a, as.sho in FIG 3 (g). The signal k(max(V*) +
mn(V*)) obt irﬁédeﬁlp?rafmeﬂv\gi ng the signal max(V*) + nmin(V) by the gain k

inio the gai i pl e &]ﬂst ey, k Nz 1 e
correction arl;orbu(z?bg. [gg\&%g{ﬂéﬁat eegrorrpaglaggglg%?gggr)i tgh\gglgm%{hupleé val ue
| al of the explat¢heanraf@umhgatertdmdetebssl of 6 1Mal Beshlowbxd Bignal
mn(Vv*))l of the signal k(max(V*) + 15 min(V*)) is carried out by the
conpar at or 1Wa¥eEnows ph mapectivie) passs HohiRe porestion-term rddegnal s2
out putted fr(1mthe orrg)(%rgﬁt 2‘]% 11 is equal to 1 when the absolute val ue

| k(max(\V*§ + n?ﬁ(?/p)%)ﬁ i?f"P¥yer than the absolute value | al, and is equal

to 0 when th¢apa@|ut eFve.us daRls i time chart showing one example

of the three-phase voltage command values V¥*y, V*y and
V*w, wherein m denotes the modulation factor. The
maximum value max(V*) and the minimum value min(V*)

15 as shown by a time chart of FIG. 3 (b) are calculated from
the three-phase voltage command values V*y, V*y and V*y
by the maximum-value calculating unit max(x, y, z) and
the minimum-value calculating unit min(x, y, z). Then, the
maximum value max(V*) is compared with the minimum-

20 value absolute value {min(V*)| by the comparator 5, as
shown in FIG. 3 (¢). As shown in FIG. 3 (d), the signal sl
which is outputted from the comparator 5 is equal to 1
when the maximum value max(V*) is larger than the
absolute value |min(V*){, and is equal to 0 when the

25 absoiute value |min(v*)| is larger than the maximum value
max(V*).
[0041] The signal I - max{(V*) outputted from the
subtractor 7 and the signal -1 - min(V*) outputted from the

subtractor 8 have waveforms respectively shown in FIG. 3



20 |l arger than the absolute value Ik(max(V*) + mn(V*)) | . [0044]

Mor eover, the signal k(max(V*) + mn(V*)) and the correction anount a have
respective waveforns shown in FIG 3 (j). Then, the switch 12 selects the
correction anmount a when the signal s2 is equal to 1 (s2 = 1), and 25
selects the signal k(max(V*) + mn(V*)) when the signal s2 is equal to O
(s2 = 0). Thereby, the correction amoun183 is outputted as showmn in FIG 3
(k). [O0045] At last, the correction anount 13 that is used for the

nodul ati on nmethod_of the first enbodi added to _ -19- ch of the
vol t age comméfd- VE% the s %{hcﬁ C%‘-Flet ?'gf‘ﬁi “dor rBPEY Vol t age

((:gmr_?_ﬂgsval ug‘ﬁl%ff‘utéﬁ sdéﬁnt\éér?ri 3'8(1%8“%% IQI’GQF@ i s co ?ggfewgl ghg\l/vrcli i ﬁ

FIG 2, and hhgxgpt9 Wrﬁﬂ@'thés&ﬁélﬂ@ﬂzb)@cﬁbélQ@Wmafl'rf’rﬁére%?hth@ angul ar
wave. By this gate Signal OFF operation of each swi t chi ng el enent

i s conduct edco[rﬁeaﬁ]omeﬁtmoalrrteloatismuhla’dhtﬁdh’:HS redtmva o IGac Bof t he
gain k, the voltagg command val ues and V*W io the correcti on

amount a and [O4&dr r e ERcafbhBT U@nﬂmlhh%&)\glﬂ@ TS VREY + edpf VA

Vv and vew gk ated B fenfBefod tofea dalai BB aBRTER o) “Efev*ii
(b) s a timgyhHHieef Wilth ﬂ%rcﬁfﬂr‘éﬁh@ﬁwmo@n@nd the H onal ;rk(rrax(V*)
+ mn(V)) whgn the gain k is equal to 2 (k = 2) and the nodul ation factor

mis equal t@I1G.53(MF Orhe. sigral k(frv:éx(ﬁ’*a H—l meirqhét ) ) obtahiredobyect i on
amount /3 when the gain k is equal to }lg and t he nodul atlon factor m
i s equal 20t n0lBpping ¢hs) sigoahapaxdd™x HETBU?]GVWO‘?IYVHM daiRekgdl n k is

equal to 10 the gain multiplier 10 also has a waveform synchronized

with the correction amount «.
[0043] Then, the comparison between the absolute value
| @| of the correction amount a and the absolute value
tk(max(V*) + min(V*)})| of the signal k(max(V*) +

15 min(V*)) is carried out by the comparator 11 as shown in
FIG. 3 (h). As shown in FIG. 3 (i), the signal s2 outputted
from the comparator 11 is equal to 1 when the absolute
value |k(max(V*) + min(V*))| is larger than the absolute
value | |, and is equal to 0 when the absolute value | «| is

20 larger than the absolute value |k(max(V*) + min(V*))|.
[0044] Moreover, the signal k(max(V*) + min(V*)) and
the correction amount a have respective waveforms shown
in FIG. 3 (j). Then, the switch 12 selects the correction
amount a when the signal s2 is equal to 1 (s2 = 1), and

25 selects the signal k(max{(V*) + min(V*)) when the signal s2
is equal to 0 (s2 = 0). Thereby, the correction amount 8
is outputted as shown in FIG. 3 (k).
[0045] At last, the correction amount B that is used for

the modulation method of the first embodiment is added to



2 (k =2) an

d where the nodul ation factor mis equal to 0.5 (m= 0.5),

t he

signal k(max(V*) + mn(V*)) takes its maxi numvalue at a point A at which
t he U phase voltage 25 command value V*u of FIG 4 (a) takes its naxi num

val ue. This
calculated b

following fo
FIG 4 (c) i
K(max(V*) +
of the corre
switch 12. T
kK(max( V) +
formula (3)
mis smaller
formula (3)

maxi mum val ue of the signal k(max(V*) + mn(V*)) can be

y a followng fornula (1). -20- [Formula 1] [0049] Moreover,
val ue of the correction anount a at 5 thegpoint A can be cal cul ated by a
rmula (2). [Formula 2] [0050] The correction amunt R shown in

s obtained fromthe correction anount a and the nal 10
@aghvofthy witags 8B ma NErVBHeEBAf her The ra%ié?

TR AT SHe, EoRREnte o Plle oiRARY Valbds I *”P&E&
PR3 8hdt e pal n{a é\{gsobeﬁrr?é&rﬁﬂmywﬁ fiolf e RO 5

or afo | owm ng for

Yt e val ues

THes, @hee@@ﬁl’feéﬁioﬂ betm Gdder tihefrei@t IpnsQ‘foﬁ(l/g ufr@ld aw ng

is satisfied so that the signal K(max(V*) + min

sel ected &s sheoworiredliGn2armudtthie gate signal is produced i)y t e

i0

15

20

25

comparison with triangular wave. By this gate signal, the
ON/OFF operation of each switching element is conducted.
[0046] Next, a relation among the modulation factor m,
the gain k, the voltage command values V*y, V*y and V*y,
the correction amount @ and the correction amount 8 will
now be explained referring to FIG. 4.

[0047] FIG. 4 (a) is a time chart of the voltage
command values V*y, V*y a.nd V*w when the modulation
factor m is equal to 0.5 (m = 0.5). FIG. 4 (b) is a time
chart of the correction amount a and the signal k(max(V*)
+ min(V*)) when the gain k is equal to 2 (k = 2) and the
modulation factor m is equal to 0.5 (m = 0.5). FIG. 4 (¢)
is a time chart of the correction amount 8 when the gain k
is equal to 2 (k = 2) and the modulation factor m is equal
to 0.5 (m = 0.5).

[0048] Under the condition where the gain k is equal to
2 (k = 2) and where the modulation factor m is equal to
0.5 (m = 0.5), the signal k(max(V*) + min(V*)) takes its
maximum value at a point A at which the U-phase voltage
command value V*y of FIG. 4 (a) takes its maximum value.
This maximum value of the signal k(max(V*) + min(V*))

can be calculated by a following formula (1).

a

when t he nodul atrdn factor



20[ Formul a 3] [0051] On the other hand, when the nodul ation factor mis

| arger than 0.5 (m> 0.5), the relation of the following fornula (4) is
satisfied so that a mnimum anplitude value -21- of the correction anpount
[ Formula 4] s
[ 0052] Mor eover, since each signal at a point B nerely has a sign opposite

ais selected as the correction anmount 13 at the point A

to that at the point A the relation of-Zthe fornula (3) or

(4)

is satisfied

al so at the point B. The phases other than the U phase are simlar as the
case of U phase, _10 [ 00531 As nmenti oned above, the correction amount 13 is
obt ai ned by seIEEPT l&rdll er one in absol ute val ue between the correction
amount a and the signal k(max(V*) + min(V*)). If this calculation is
carried out for onegpgriod of phase under the condition where the gain k is
equal to 2 is (k ==2y—ant.X he*nodd htion factor mis larger than 0.5 (m >
0.5); the signal k(rax(V*) + mn(V*)) is selected in regions (intervals)
near zero-cross points, and the correction anount a is selected in the
other regions (intervals) as the correction anount 8, as shown in FIG 3

20(k) . [0054Tigeagihe prrewxp! andhl 98Sof thel BoHPEEfiBOafount a at

5 the point A can be caiculated by a following formula (2).

[Formula 2]

l=m=05++ +({2)

[0050] The correction amount B8 shown in FIG. 4 (c) is

obtained from the correction amount « and the signal

10  k(max{(V*) + min(V*)) by selecting smaller one between

the absolute values of the correction amount a and the

signal k(max(V*) + min(v*)) in the switch 12. The relation

between the correction amount a and the signal k(max(V*)

+ min(Vv*)) at the point A is represented by a following

15 formula (3) or a following formula (4). That is, when the

modulation factor m is smaller than or equal to 0.5 (m =

0.5), the relation of the following formula (3) is satisfied so
that the signal k(max(V*) + min(V*)) is selected as the

correction amount 8.

20 [Formula 3]

%%gé}wm + o 0 {3)

[0051] On the other hand, when the modulation factor m

is larger than 0.5 (m > 0.5), the relation of the following

formula (4) is satisfied so that a minimum amplitude value



that the relation between the m ni num anplitude value of the correction
anount a and the peak of the signal k(max(V*) + mn(V*)) can be freely
varied by varying the 25 gain k. Accordingly, a rate between the two-arm
nodul ati on nmethod and the three-arm nodul ati on nethod can be controll ed.
-22- [0055] Next, a variation of the corrected voltage command val ue V*u +
13 of the U phase will now be explained2mn-a case that the nodul ati on
factor mis increased fromO to 1.15 with a constant gradient. FIG 5 5 (a)
is atinme chart of the U phase voltage co nd, val ue u when the

modul at i on f 86t HIE QI SCHIBARP ¥ BriolS SICSEE i 3% thie CEBRSEHAN gr adi ent
FIG 5 (b) is a tirEEBpha%Ehof the ?rrection anount a and the signal
kK(max(V*) + ﬁ"ﬂf’\%"))_ M g ?85”? ‘a tinme chart of the correction io
anount )3. FIG EO&H f a] time chart of the corrected voltage comand

val ue V*u + 13 [, p[ﬁase in the first enbodinent. The gain k is equal to 2
(k = 2). [0056] As shown in FIGS. 5(a) and 5(b), the anplitude of the
correction anount ,g.ef the two-arm nodul ati on 15 nmet hod becones small er as

the nmodul ation factor>i-oft the “vioktage command val ue V*u becomes larger. On
t he other hand, the*anplitude of the signal k(max(V*) + mn(V*)) becones
| arger as the nodul ati on factor mof the voltagecommand val ue V*u becones

larger. zo[0Qpd5n]a T oMb ER! 8iyak) e dBRT Sidiw BedIAdimansf ardymis
smal ler than or equal to 0.5 (m1- 0.5), the signal k(max(V*) + mn(V*)) is
equal to thehaw gestdoropposiite doathakred- thespopul A, sthedaedatimxiofum val ue

Shown i 1 Fi GEREATBITaHA 6B)CT (EciS, ShETIRRRI ASDAE 116 ARBTEe VaIEE from
the correctiof AUYiifar than the U-phase are similar as the case of U-
phase.-

10 [0053] As mentioned above, the correction amount 8 is
obtained by selecting smaller one in absolute value
between the correction amount a and the signal k{(max(V*)
+ min(Vv*)). If this calculation is carried out for one period
of phase under the condition where the gain k is equal to 2

15 (k = 2) and the modulation factor m is larger than 0.5 (m
> 0.5); the signal k(max(V*) + min(V*)) is selected in
regions (intervais) near zero-cross points, and the
correction amount «a is selected in the other regions
(intervals) as the correction amount 8, as shown in FIG. 3

20 (k).

[0054] From the above explanations, it is understood
that the relation between the minimum amplitude value of
the correction amount a and the peak of the signal
k(max(V*) + min(V*)) can be freely varied by varying the

25 gain k. Accordingly, a rate between the two-arm
modulation method and the three-arm modulation method

can be controlied.



and the signal k(max(V*) + mn(V*)) is selected as the correction anount s,
whol e of the signal k(max(V*) + mn(V*)) is selected as the correction
anount . -23- [0058]In a region (interval) where the nodul ation factor m
is larger than 0.5 (m> 0.5), absolute values of the nmaxi mum and ni ni num
val ues of the signal k(max(V*) + mn(V*)) are larger than the absol ute
value of the 5 correction anmount a. Hencg2-if smaller one in absolute val ue
fromthe correction am)unt a and the signal k(max(V*) + mn(V¥)) is

sel ect ed, corr ctl nmount g whi ch ed for, the two-arm nodul ation
met hod and tﬁ@‘i éﬁ (Q/*\jaﬁlaﬁ'i(IP\‘C\Pé ;héf%oﬁﬁ’%%‘@qi WQ/IEDQ@S of tﬁe tlo

correction aggﬁm.néépe gpég]vé\s %h% rEHgdHJ1 tyi Oﬂhfa%%t w'”"t‘m g s further

| arger, a rat ing of Ut he correc |on anount is used for

the two-arm bk baniAef kadk @ﬁag%é%ba@m%@rﬁa@brlﬁ] i nmore

i ncreased. Waen the 15 nodul ation factor mis equal to 1.15; whole of the
correcti on aimontéasedsfixaheltenl sl 5 fveltdnoareonsbanar@[mdlamt iFls, S he
correction anount 13 is constituted only by the signal of cor ectlon anount

a. At this ti@e,ist Retie- @?WWU‘I%@MTPH@@@OMOJ'@%%@@@W ¥ Bened. zo
00601 Since SpeD gL ER8 e RIGh, et B IS0 TR TR 18,
o8 o oo st et iy e Lo 11
[ 0061] Next, afptheeamesttom amatet gat ans thel si@nal ki(max( ¥e)expl ai ned in
ot “a%qfn“(ev%’”' B0 T B ME ehdrt Of the'coftedtion ™™ 10
10 amount 8. FIG. 5 (d) is a time chart of the corrected
voltage command value V¥, + B8 of U-phase in the first
embodiment. The gain k is equal to 2 (k = 2).
[0056] As shown in FIGS. 5(a) and 5(b), the amplitude
of the correction amount a of the two-arm modulation
15 method becomes smaller as the modulation factor m of the
voltage command value V*, becomes larger. On the other
hand, the amplitude of the signal k(max(V*) + min(V*))
becomes larger as the modulation factor m of the voltage
command value V*y becomes larger.
20 [0057] 1In a region (interval) where the modulation
factor m is smaller than or equal to 0.5 (m = 0.5), the
signal k(max(V*) + min(V*)) is equal to the correction
amount a at zero-cross points and at maximum-value
points and minimum-value points of the signal k(max(V*) +
25 min(V*)), as shown in FIGS. 4(b) and 5(b). Hence, if

smaller one in absolute value from the correction amount «

and the signal k(max(V*) + min(V*)) is selected as the
correction amount B8, whole of the signal k(max{(V*) +

min(V*)) is selected as the correction amount 8.



-24- (0062]FIG 6 is a tine chart of the corrected voltage command val ues
V¥u + /3, Wy + 13 and V*w + 13 and the U phase gate signal Gu in the case
that the nodul ati on nmethod according to the first enbodi ment is used when
the 5 nodul ati on factor mof each voltage command value is equal to 0.1 (m
= 0.1). FIG 7 is atinme chart of the corrected voltage conmand val ues V*u
, V*v + 13 and V*w + S and the U-phasg@gate signal Gu in the case that
E nodul ati on net hod according to the first enbodinment 3.0 is used when

nodul ati on factor m of each vgltage c nd value is,egual to 1 (m=
The gai n[RAB8dqualntd reginn= ('Z)ter[\/(ﬁjgmﬁﬁrﬁhg“%m%‘&ﬁoﬂet hod(of t he

) -
equal o 0. 1acr AV [iaE”Bhel, e RS R e A R B e
having a nar gqw ﬁ‘rﬁﬁ?anﬁ*téhéSﬁﬁhhnﬂﬂrﬂvtas{he@swtw@sgnﬁl Ck(rﬁa)a(m/#ﬁe same

manner as the three-arm nodul ati on nethod shown in FI In the
modul ati on met moch OF *§ hearfd tartgentibd mahe aMIuttEevaDJedlfdthEon where the
nodul ation factor mis equal to 1 as shown in FIG hape of the

7
U—phasehgfatefé)lrljﬂﬁtioﬁj aﬁg@“ﬁﬁ Sl sBERER il aMRiIgE ‘W@t‘ﬁ‘ ﬁ%\‘/&%@nough to
cause the volt t of I b
dead 11 me. ' X Nl Gam Hafr el SH o 0B o PRt Ng: P Rk od shown i n
) r SWe £HEEAE S
the switchi ng?lws?ésﬁ ndea-"m “ s)c}rre t neﬁFgggtﬁéﬁ%c@%{&hg%grrectl oﬁ&?gsm

ggdef 2é-i S CORSich! ¢4 ‘i‘f&é’é foretH & rsb o egbefinBEiLI atith Methald ahdrehleod can
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t
t
1

signal k(max(V*) + min(V*)) are mixed in values of the

.10 correction amount B.

[0059] As the modulation factor m becomes further
larger, a rate of selecting of the correction amount «
(which is used for the two-arm modulation method) as the
correction amount B is more increased. When the

15 modulation factor m is equal to 1.15; whole of the
correction amount a is selected as the correction amount
B, i.e., the correction amount B8 is constituted only by the
signal of correction amount a. At this time, the two-arm
modulation method is completely performed.

20 [0060] Since such a correction amount 8 is added
respectively to the voltage command values V*y, V*y and
V*y, the modulation method can be varied continuously
(gradually) from the three-arm modulation method to the
two-arm modulation method with the increase of the

25 modulation factor m.

[0061] Next, a puise waveform of the gate signal Gy will
now be explained in the case that the modulation method

according to the first embodiment is used.



varied continuously (not rapidly) fromthe three-arm nodul ati on nmethod to

t he two-arm nodul ati on nethod as the nodul ati on factor mof the voltage
command val ue becones |arge. That is, the three-arm nodul ation nmethod 5 is
enpl oyed when the nodul ation factor mis small, and the two-arm nodul ati on
met hod is gradually enpl oyed as the nodul ati on factor m becones | arger.

[ 0065] Moreover, in the nodul ati on nmet hodg4gccording to the first enbodi nent,
t he two-arm nodul ation nmethod is io conbined with the three-arm nodul ati on

met hod. Hence, the_noise can be reduced as c ared wth the case that only
the two- arm HORB2] onF kexHodSi 3 UG, CIERt RErAS §,0r£e§ﬁﬁée\40@@é§@e of the

28%13%? ?2nbigﬁﬁﬁ%ﬁaﬁgaﬁﬁﬂgﬁﬁéi’aﬁm' Wndn 1 F HoduRait o #HE: 6 em of the
el oyed whey Thi raat B SN eACOR, (EnE PaSe e hR0aTR 0%, .o &' Y

| arge. [0066hMetRodenccohdimyhe rbduFiast anmftasd ion emtofs Use v iveht dye
command value is |arge, the gate signal cones to have a wave shape sim|ar
as that df tReodwdakion fagtpatinonf maebdeldagemcornarangevalivtisons f or

whi ch the swi tching i t.opped.c b btai.ned...Accondi ngl ¥,.,.the sw tching
| oss can be P@diﬁ:‘egQ.(ZS][séts'g?TAgdfyi oEL@I‘y?’?na ttt'}ﬁe é:rﬂéfg:lgﬂé ,e a .
conpl i cat ed %%'r?ék@édo\?o|tl%a§}r@rt%%$ﬁahld yuthedsve cal qul gk pn feraApdul ation

met hod whi ch applies a po coordi nate conversion to the vol tage conmand
val ues of thnegyphagesrad the Uo phusé yatwsegaad @prn thdecasé aet i on.

That is, 30 without such conplicated cal cul ati ons, by neans of an easy

the modulation method according to the first embodiment

10 is used when the modulation factor m of each voltage
command value is equaito 1l (m = 1). The gain k is equal
to 2 (k = 2).
[0063] 1In the modulation method of the first
embodiment under the condition where the modulation

15 factor m is equal to 0.1, the wave shape of the U-phase
gate signal Gy has no pulse having a narrow pulse width
(small on-duty) as shown in FIG. 6, in the same manner as
the three-arm modulation method shown in FIG. 15. In the
modulation method of the first embodiment under the

20 condition where the modulation factor m is equal to 1 as
shown in FIG. 7, the wave shape of the U-phase gate signal
Gy has no pulse having a pulse width narrow enough to
cause the voltage error due to no execution of ON/OFF
operation because of dead time, in the same manner as the

25 two-arm modulation method shown in FIG. 18. Moreover,
in this case, the switching loss can be reduced since the
switching is suspended for some time.
[0064] Since the correction-term adder 1 is constructed
as the first embodiment, the modulation method can be



-26- analog circuit or easy digital circuit such as FPGA, a direct
correction fromthe voltage command val ues V*u, V*v and V*w of three phases
i s possible. [Second Enbodinent] 5 [0068]1n the nodul ati on net hod of the
first enbodiment, the correction amount 13 is added to the three-phase

vol tage conmand val ues V*u, V*v and V. Thereby, a zero-phase voltage (i.e.,
a voltage to ground) is varied. However,2%he variation of the voltage to
ground is 10 increased, a |eakage current become problematic. Therefore, in
a second enbodi nent according tqo the present invention, the gain k of the
modul ati on m¥@EieRdotoREOUHELY émeddraBH | Y)sTRam EReadedei g™ o t he

o var i ed acopAUgticT e RSN Ble I o flialR oIS el i &
8 (a) is a tErfgtﬁo*@aﬁglé’tfiotrh?aétd%h%ﬁeof"ﬂhtea?%lﬁ \Abwe] Valuien a case

that the nod actor mis increased fromD©D to 1.15 with a const ant

20gr adi ent . Ble@or8esbjargea That isharh e dfh rigee aoonr eaid oia thoountethadd t he
signal k(max(Vv*) + mn(V*)). FIG 8 (c), is a tine chart of the in k. FIG
8 (d) is & timERmipy sk W%%”c%?@é@toidd#ﬂaé}h% taGhog m |t$(§m@|ae§5ﬂ%stﬁeti me

chart of the T e I o vial ) f e in the
second emodFﬁ&]taﬁog‘%c?%ﬂgﬁgvmgﬁjd% g??g;“%'r‘ﬁ %n%éayggpgéeiﬁémi ch the
t hr ee- ar m nogypatilatiomtraedor smepelceyaes(iager.i n an interval for which the
nmodul ati on factor mof the voltage command value is snmall), the gain k

remai ns equall @@68](k M@zoven) in tien makedathen meihad eccoaetitg he
becores, eaual ntorfs dikateTkhs: 1 bl kGt adtoal BeBTata N2,
the gain k teBRpPRBICANEY dHR #hike=2FmMMBBdulation method. Hence,

the noise can be reduced as compared with the case that

only the two-arm modulation method is used. Furthermore,

a sudden change of the noise can be suppressed, as

compared with the case that the three-arm modulation

15 method is simply employed when the modulation factor m
of the voltage command value is small and the two-arm
modulation method is simply employed when the
modulation factor m of the voitage command value is large.
[0066] Moreover, when the modulation factor m of the

20 voltage command value is large, the gate signal comes to
have a wave shape similar as that of the two-arm
modulation method so that the time durations for which the
switching is stopped can be obtained. Accordingly, the
switching loss can be reduced.

25 [0067] Additionally, in this embodiment, a complicated
calculation is unnecessary such as a calculation for
modulation method which applies a polar coordinate
conversion to the voltage command values of three phases
so as to obtain phase and amplitude information. That is,

30 without such complicated calculations, by means of an easy



5 the nodul ation factor mof the voltage conmmand val ue has just becone
equal to 1 (i.e., the region of two-arm nodul ation nmethod). After the tine
poi nt when the nodul ati on factor mhas just becone equal to 1, the |evel of
the gain k is nmaintained even if the nodul ati on factor m i oi ncreases.

[ 0071] Thus, since the gain k is weighted according to the nodul ati on factor
m a conplete three-arm nodul ati on can lgegachieved in an interval for which
t he nmodul ation factor mis |ow. Mreover, in this second enbodinment, the is
anplitude value of the correction ampunt )3 can be suppressed as conpared
with the firsnalegodingit, oseanadighall edicade sieh @i FEMApa ddirekd.

0072] Mo . Ih | at i '
enboal nont  poULEeEb ARy BG, Yo Tde ESBMaNH Vatugs \hoSe 98 PRd 115
enbodi nment . [,k rgF ﬁqp@giﬁﬁggb [ggﬂésﬁb‘é‘? second enbodi ment, the mxture
t hr ee-ar m nodula

rati o bet ween the ion method and the two- arm npodul ati on

met hod is vari efiSeqonct @rddocdmeni]a 25 magni tude of the nodul ation factor
m However, in a third_enbodi ment accordi ng[ to the present invention, the
mxture rati §0R6®den IndharaedaatiRaunatngd @t Hod fArRt t he two-arm

modul at i on 1 2t Bodidftafls CortelipRt AR ORRET A'le dle RS S on

oS chmaudhraTPRIE IR gL RS Sl s GpaRal s, assi e
Thereby, a zero-phase voltage (i.e., a voltage to ground) is
varied. However, the variation of the voltage to ground is

10 increased, a leakage current become problematic.
Therefore, in a second embodiment according to the
present invention, the gain k of the modulation method of
the first embodiment is varied according to the modullation
factor m.

15 [0069] A concrete example of the case where gain k is
varied according to the modulation factor m will now be
explained. FIG. 8 (a) is a time chart of the U-phase
voltage command value V*y in a case that the modulation
factor m is increased from 0 to 1.15 with a constant

20 gradient. FIG. 8 (b) is a time chart of the correction
amount a and the signal k(max(V*) + min(V*)}. FIG. 8
(c) is a time chart of the gain k. FIG. 8 (d) is a time chart
of the correction amount 8. FIG. 8 (e) is a time chart of
the corrected voltage command value V*y + 8 of U-phase

25 in the second embodiment.
[0070] As shown in FIG. 8 (c), in a region over which
the three-arm modulation method is employed (i.e., in an
interval for which the modulation factor m of the voltage

command value is small), the gain k remains equal to 0 (k



5FIG 9 is an explanatory view of the switching loss. A follow ng formula
(5) represents a | oss wsw per one switching. A followng fornmula (6)
represents a switching | oss Wsw per unit time. For sinplicity's sake, the
foll ow ng explanations will be given assunmng that a voltage v and a
locurrent i vary linearly as showmn in FIG 9. [Fornula 5] 15 [0076]In
such a case, the energy wsw which is losg7within a swwtching |oss Tswis
represented by the above formula 5. Mdreover, the switching | oss Wsw per

unit time is proportional to a magnitude of the current i as represented by
the above formila (-@)enHé’H%@,n Fhea"tchfg\éfaz@f)ﬁa?aﬂféf IBaRCEQRT ¥ q‘i‘gFI ow and

st ohi ng 1088 Beds QHes"RopT n3iE, S Sartbf E b ETS P Wi Sy e
hand, in a ceppdthait yhadiend, fAsttdis exanhpis, Bhahgand i he ipereertked

flowing in the sem conductor 25 switching elenent is large, the switching
| oss Ww - 280 Becteasmssaithie gaénr kst bieadmmd eqpudlatood (K ad)) Mhlredur r ent

the' b ec3 ar iTRoHUR LI EH ORLTABEDT 1 RhthEe Ol B39 B TRD horbeahas
harmoni ¢ compaae&-PrFAEFuLNEo 1 (i.e., the region of two-arm

modulation method). After the time point when the
modulation factor m has just become equal to 1, the level
of the gain k is maintained even if the modulation factor m

10 Increases.
[0071] Thus, since the gain k is weighted according to
the modulation factor m, a complete three-arm modulation
can be achieved in an interval for which the modulation
factor m is low. Moreover, in this second embodiment, the

15 amplitude value of the correction amount 8 can be
suppressed as compared with the first embodiment, so that
the leakage current can be reduced.
[0072] Moreover, the modulation method according to
the second embodiment produces advantageous effects

20 similar as those of the first embodiment.

[Third Embodiment]

[0073] In the second embodiment, the mixture ratio
between the three-arm modulation method and the two-
arm modulation method is varied in accordance with a

25 magnitude of the modulation factor m. However, in a third
embodiment according to the present invention, the
mixture ratio between the three-arm modulation method

and the two-arm modulation method is varied in



5 switching | oss Ww does not becone problematic. In a region (interval)
for which the |load factor | is high, the two-arm nodul ation nmethod is
realized to reduce the switching |l oss Wsw. [0078]FIG 10 is a configuration
di agram showi ng one i o exanple of a correction-termadder 1 in the third
enbodi ment. In a control nethod of the power conversion device in the third
enbodi nent, a mani pul ati on anount 13 preofiieed i n consideration of the |oad
factor | is added to the voltage command val ues V*u, V*v and V*w so that

he 15 d | 1 13 d \V* 13
e toed [ ooroRatian &d sufthNel o Ry e fop diAfion rectos il the ©
I oad factor laﬁ ghl"ac&%"r"er;]g?oﬂi’éarp%\ﬂ’érd%h%%rQYo%"@q_ﬁlﬁ‘a' k(max(Vv*) +

m n(V*)) outpu fromt aln multrplier 1 ereby, a signal

kI (max(V*) +[0074%])) ﬂsmﬁ@‘trau@s:g oﬂ'lnheSngér Ilo(mextaibn deaviaeVEan is
provi ded for belng added in order to apply an inclination to a rapid change
of voltage whiccklz2asified dn§podl eom Ak athent RsSapmdrbae! awtﬁhmﬂaas 25

0080] Th | ut I LKl \/* f I

I (o (VS o1 Srapiii el ey Tiiew BdnEstirehladi gt AT TS
inputted to egf o %u?fﬁ“ L fré eegemgr@t|egslw «MPERQYRE, the signal
kKl (max(Vv*) + -30- cal ul at ed by the | oad- fact or multiplier 13 is

inputted to sheitshingh P2foll6OdNIg Tberm:nfa ¢ 6D n&npmmantsm svmtmlndgced from
the correcti on anount a and the signal max V*) n]( I%,% in the
gfr f@d)

switch 12 by @§$é6’t9ﬂ"ﬁgj3%"rré!m§rt‘6'h% oFoab%lé‘na elokeued M\@mi on
Sonal o at ST re e (8 B RTIhg, Haf SYQERgETNARD, A"

mn(V*))de agdirsehy i Tb@r?l Dﬁé'ar#iy? e?é. s(h@alvnt he RIGeoef satisfaction of | a

101 kI (max(V*) + mn(V*) by conmparing the absol ute val ue of the
correction armuhl:oam/wltanSt]he absol ute val ue of the

[0075] [Formula 6]

Wow = fow - [ v-ide] -« + - (6)

15 [0076]1 In such a case, the energy wsy which is lost
within a switching loss Tsw is represented by the above
formula 5. Moreover, the switching loss Wsw per unit time
is proportional to a magnitude of the current i as
represented by the above formuia (6). Hence, in a case

20 that the load factor | is low and the current i flowing in the
semiconductor switching element is small, the switching
loss Wsw does not become very problematic.

[6077] On the other hand, in a case that the load factor
| is high and the current i flowing in the semiconductor

25 switching element is large, the switching loss Wsw



signal kl (max(V*) + mn(V*)). The produced correction anount 13 is added to
the voltage conmand val ue V* so that the corrected voltage command val ue V*
+ /3 is 15produced. The other configurations are simlar as the first
enbodi ment. [0082] A concrete exanple of the third enbodi nent will now be
explained. FIG 11 (a) is a time chart of the voltage command val ues V*u,
V*v and V*w. FIG 11 (b) is 20 a tine cl@agt of the correction anount a and
the signal kI (max(V*) + mn(V*)). FIG 11 (c) is a tinme chart of the

ti rount 13. FI. 1 (d) i ti hart. of the load factor |.
FG 11 ?2) “lacreerrs Wi ttj"tﬁ (rﬂ%%'faszfo?hé:[%g éqt@%ef SOAARE GATTER kY +
13, Vv + +.8 i.n 25 i di . ' th
gain kvi S gnggcldcq\%d’l’ﬂgdé(kﬂzglr_'%éf'fb%R'&ﬁF%ﬁ\v%@dtgg%ghé}ﬁlatﬂﬂo‘;foﬁ]ﬁ?@@goural 1(:30

0.85 (m = 0. §5k. |dWO&BlASheaevar h Mirbe® atid®)mantt okl ($)reAilz@drd t ude of

t he signal kl(max(\/’*) + mn(V*)) becones larger as the -31- load factor |
beconmes hi gheedulte tber nedseonn dnbanm@nghemmperR@s beqayse $he oduced by

| ecti f the. ti t d the si KI (8 i n( WV
by moans b1 SHHLEDID Ao SeVEEN BRI RISBEGO8 6aP LRDIAMAL LS| IN1he cave
t hat |1 ' I Y tjh j t
and e si gndPoiP PGB VLT AR URIER ERPICRE BB FRADTINET (v )

is selected awdfm@rrmomesuidtioammeth &di it acbtigieah toi rteozel fhahere the
| oad factor | is small. 10[0084]1n a region (interval) where the | oad

factor | is lsavigehiagswias &VsW.ues of naxi num val ues and mi ni mum val ues of
the signal kl[%?@f) FI@niy?s) aa(rzgngfget?gaetrion diagram showing one

10 example of a correction-term adder 1 in the third
embodiment. In a control method of the power conversion
device in the third embodiment, a manipulation amount B8
produced in consideration of the load factor | is added to
the voltage command values V*y, V*y and V*y so that the

15 corrected voltage command values V*; + 8, V*y + B8 and
V*w + B are produced.

[0079] Specifically, a ioad-factor multiplier 13 multiplies
the load factor [ of the power conversion device by the |
signal k(max(V*) + min(V*)) outputted from the gain

20 multiplier 10. Thereby, a signal ki{(max(V*) + min(V*)) is
obtained. The signal kIi{max(V*) + min(V*)) is provided for
being added in order to apply an inclination to a rapid
change of voltage which causes a problem in the two-arm
modulation method.

25 [0080] Then, an absolute value {ki(max(V*) + min(V*))]
of the signal ki(max(V*) + min(V*)) calculated by the load-
factor multiplier 13 is inputted to one input terminal of the
comparator 11. Moreover, the signal kf(max(V*) +



than the absol ute value of the correction anbunt a. Hence, in the case that
smal l er one in absolute value is selected as 15 the correction anount /3
fromthe correction anount a and the signal kIl (max(V*) + mn(V*)), a

m xture of the signal klI(max(V*) + min(V*)) and the correction anmount a
that is used in the two-arm nodul ati on nethod are sel ected as the
correction anount O 20 [0085] Since the-30rrection anmount S cal cul ated by
the nethod of the third enbodi nent is added to each of the voltage comand

I Vi th hr duy t hod | d wh
Uhe Toad t actbintVrD EalbiTated e ia, ?a‘ﬁa I T Lt
nmet hod 25i s Fe ?Utf@& M%Qﬁ Eg\“‘:gﬁdl %actor is large. That is, a changeover

bet ween the eé-afFmno ation nethod and the two-arm nodul ati on net hod

can be attai Eubsqqor drhe tertéeetiorndrhacimr f .is pPedulce@Bétdwm aheesult,
when the | oad factor is low, the three-arm nodul ation is enpl oyed because

the swi tchi ngolroestMéwaraosmd la adtthie sigmal kienaai ¥ Jard e WWa) jroni ¢
conponents can be reduced. Wien the |oad factor | is high, 5 the two-arm
modul ati on | &N difi? Gyedchal 2t hysselegtinghsmallechong 0bsbsaiwtearabees

reduced. [008 ]..The_ third. enbodi rren rodu advant a ts simlar
as the first Ohe &GS mcﬁm&@ B o8B FRe I RO (LS he L hi o
enmbodi nent e 0] ce such as
a sol ar pome?ngpn‘g *oner s g'?:nh( E%g?le‘fs t\E/bn g‘a\(ggér?/a |gn531&%t e | oad
factor | is ¢pnld ef s[ftqgfé@t@ﬁi)@tﬁllrr@ tk Qﬂ(&ﬂ]alxr(\l*h)e*—athhrﬁ(vm)w , the
| oad factor | is as sinply nultiplie bythe signal k(max(V*) +mn(V*))
However, thesktadHactignal 2 znOuatrthe timte wfesptiaackiapplof bgdt ém an

i nst ant aneous- vol t age- dr op
10 [ki{max(V*) + min{V*))]|, by comparing the absolute value

of the correction amount a with the absolute value of the
signal kifmax(V*) + min(V*)). The produced correction
amount B is added to the voltage command value V* so
that the corrected voltage command value V* + B is

15 produced. The other configurations are similar as the first
embodiment.
[0082] A concrete example of the third embodiment will
now be explained. FIG. 11 (a) is a time chart of the
voltage command values V*y, V¥y and V*y. FIG. 11 (b) is

20 a time chart of the correction amount a and the signal
kifmax(V*) + min(V*)}). FIG. 11 (c¢) is a time chart of the
correction amount 8. FIG. 11 (d) is a time chart of the
load factor I. FIG. 11 (e) is a time chart of the corrected
voltage command values V¥yg + B8, V¥y + B8 and V¥yw + 8 in

25 the third embodiment. In this example, the gain k is equal
to 1.8 (k = 1.8), and the modulation factor m is equal to
0.85 (m = 0.85).
[0083] As shown in FIGS. 11(b) and 11(c), an amplitude
of the signal kli(max(V*) + min(V*)) becomes larger as the



conpensating device or the like rapidly rises when a power failure (power
outage) or the like occurs. In a case that 20 the control nethod of the
third enmbodinent is applied to a power conversion device causing such a
rapi d change of the load factor |, the three-arm nodul ation nethod is
rapi dly changed into the two-arm nodul ati on nethod at the tine of rapid
change of the load factor |I. As a resuli3ia high 25stress is given to the
device. [0090] Therefore, in a fourth enbodi nent according to the present

i nventi on, i n IG 12, the load factor assed through a
| ow. pass mf@ﬁg PHctatal pacaiias Mgh@ cd ef@raﬁ& tihBAMOWRE fitted to

the | oad- factgy, i 03Th|dft Ltiplier 13, multipl
the signal S ﬂ‘ﬁ('r?hi"i(lsf)li Eneeiro §FCeReBosa R Stig: TOmRZagd « nrough

the |ow passcb'r'r%@fidrf’%rﬁ%ﬁﬂ‘ﬁyb%éﬁa tSH@‘rSti 'an%/(tmé s(\ﬁ;g;qsnﬁhg(\?kb]fr

configurations of the fou ment ar simlar

enbodi ment, exphaaahisons drienkat-oMd IsebebEiotmiht 885t ate el deo! | PHULIBY
di scl osures. [0091] The | ow pass filter LPF attenuates harnoni c conponents

i ncl uded 3 n indhegsa@sathat smalhar e dbyabsopute \value dsfagieatect al

uppr esses. aft? b tha 607 EE0F Ot ABRLAH tha MRt SIaNa| araK6Ke? than or

caaLe O 2 PIRAFEPR) MBIy RNE 5 BRI RRTAB VP I (1RG) G85es the
selected as the correction amount 8 in a region (interval)
where the load factor | is small.

10 [0084] In a region (interval) where the load factor | is
large, absolute values of maximum values and minimum
values of the signal k/(max(V*) + min(V*}) are greater
than the absolute value of the correction amount a. Hence,
in the case that smaller one in absolute value is selected as

15 the correction amount 8 from the correction amount a and
the signal klf{max(V*) + min(V*)), a mixture of the signal
kifmax(V*) + min(V*)) and the correction amount a that is
used in the two-arm modulation method are selected as the
correction amount 8.

20 [0085] Since the correction amount B calculated by the
method of the third embodiment is added to each of the
voltage command values V*y, V*y and V*y; the three-arm
modulation method is realized when the load factor | is
small, on the other hand, the two-arm modulation method

25 is realized when the load factor | is large. That is, a
changeover between the three-arm modulation method and
the two-arm modulation method can be attained according
to the foad factor I.



[0092] As a result, even if the load factor | rapidly changes, the signal
which is inputted to the |load-factor 15nultiplier 13 can be gently varied
as shown in FIG 11 (d). Accordingly, the power conversion device can have
a gradual transition fromthe three-arm nodul ati on nethod into the two-arm
nodul ati on nethod, so that a |l oad of the power conversion device can be
assuaged. 20 [0093] Mbreover, the fourth-BRbodi nent produces advant ageous
effects simlar as the first to third enbodi nents. [0094]1t is conceivable

power suppl y DERY erfenn t8sdlinbRssl Shroltagelinss bindohbatfRg Gevi ce
and the 11 ke ekl (B dAE AR 8RR, LAALEAGS chel swidihg

[ 0095] Only t he above con exanpl és resen

have been expbaknaw nsdetrall. ﬂ@ﬂmagvamel tthies n@bseoaﬁdt thée k& @sigerson
inthe art that -34- various nodifications and variations of the above

exanpl es can dean@ereeRis itian the isidisted dedéhaoctingi lpd Jadierpk ésdrigh,
ncl uded §n toeniNORTa JBed e tiednEr e gl evEd: mit FRB08Per Wikl o,
al though the gipRsn N o¥Y §PsiBan be reduced.
[0087] The third embodiment produces advantageous
effects similar as the first and second embodiments.
[0088] It is conceivable that the third embodiment is
10 applied to, for example, a power conversion device such as
a solar power conditioner system (PCS) in which a variation
of the load factor | is gentle.
[Fourth Embodiment]
[0089] In the third embodiment, the load factor | is
15 simply multiplied by the signal k(max{(V*) + min(V*)).
However, the load factor | of an uninterruptible power
supply system, an instantaneous-voltage-drop
compensating device or the like rapidly rises when a power
failure (power outage) or the like occurs. In a case that
20 the control method of the third embodiment is applied to a
power conversion device causing such a rapid change of the
load factor |, the three-arm modulation method is rapidly
changed into the two-arm modulation method at the time
of rapid change of the load factor |. As a result, a high
25 stress is given to the device.
[0090] Therefore, in a fourth embodiment according to
the present invention, as shown in FIG. 12, the load factor
| is passed through a low-pass filter LPF and a soft-start
circuit 14 and then is outputted to the load-factor multiplier
30 13. The load-factor multiplier 13 multiplies the signal



vol tage conmand val ues of three phases are corrected has been explained in
the first to fourth enbodi nents, the present invention is applicable to

vol tage conmand values io of nultiple phases nore than or equal to three
phases. LI ST OF REFERENCE SIGNS [0097]1 --- Correction-term adder V*u, V*v,
V*w --- Vol tage command value Gu, G/, Gn, &, G, & --- Gate signal 15a, O
--- Correction anmount k --- Gain max (V#E}3--- Maxi num val ue of voltage
comand val ue mn (V) --- Mninmmval ue of voltage command

ot ver AN Tt AT Sy SO 8l LRl Lo o
into alternathig) Gl 3R FEF EPF LRl REEEoft-start circuit 14. Since

the other configurations of the fourth embodiment are

similar as the third embodiment, explanations thereof will

5 be omitted from the following disclosures.

[0091] The low-pass filter LPF attenuates harmonic

components included in the load factor |, and thereby

outputs only a fundamental component of the load factor I.

Moreover, the soft-start circuit 14 suppresses a time rate

10 of change of the output to a level lower than or equal to a
predetermined value, and thereby, gradually increases the
output.

[0092] As a result, even if the load factor | rapidly
changes, the signal which is inputted to the load-factor

15 multiplier 13 can be gently varied as shown in FIG. 11 (d).
Accordingly, the power conversion device can have a
gradual transition from the three-arm modulation method
into the two-arm modulation method, so that a load of the
power conversion device can be assuaged.

20 [0093] Moreover, the fourth embodiment produces
advantageous effects similar as the first to third
embodiments.

[0094] It is conceivable that the fourth embodiment is
applied to, for example, an uninterruptible power supply

25 system, an instantaneous-voltage-drop compensating
device and the like in which the variation of the load factor
I is rapid.

[0095] Only the above concrete examples according to
the present invention have been explained in detail.

30 However, it is obvious to a skilled person in the art that



4 conversion device is configured to output a gate signal to a 5

sem conduct or switching el enent provided in the power 6 conversion device,
wherein the gate signal is obtained by a 7gate-signal generating section
configured to apply a pulse- 8 wdth nodulation to a voltage command val ue,
O9characterized in that the nethod conprises steps of: ioconparing a maxi num
val ue anong the voltage ii conmand val ued4of mul tiple phases with an

absol ute value 12 of a m ninum val ue anong the voltage command val ues of 13

gat o- o gnal - SEnapar i EURRATARS, AR TR AREts Rt Aol dkdmaletn: in

the correcti eam bR deyme adrerninbiedsrd#Ficid @gs sa scordinhbativedb kysent
subtracting the 18 maxi num val ue anong the voltage command val ues froma 19

maxi mum val uéneendiori aAgubamaties ehiaawise f stigd podHkEatinnaians anong
the voltage %%ntjirgﬁ%nvsalalf%silggiuded in technical scopes of respective
5 claims.
[0096] For example, although the method in which the
voltage command values of three phases are corrected has
been explained in the first to fourth embodiments, the
present invention is applicable to voltage command values
10 of multiple phases more than or equal to three phases.

LIST OF REFERENCE SIGNS

[0097] 1 --- Correction-term adder
V*y, V¥y, V¥  --- Voltage command value
Gu, Gy, Gw, Gx, Gy, Gz --- Gate signal
15 ¢, B --- Correction amount
k --- Gain
max (V*) --- Maximum value of voltage command
value
min (V*) --~ Minimum value of voltage command

20 value



21 larger than the absolute value of the m nimum val ue, and 22sel ecting a
signal obtained by subtracting the 23 m ni num val ue anong t he vol tage
command val ues froma 24 mnimum val ue of the triangul ar-wave carrier if
the 25 absolute value of the minimnumvalue is |arger than the 26 maxi num
val ue anong the voltage command val ues; 27producing a

triangul ar-wave- shaped signal in the 2836rrection-term adder by

mul tiplying a gain by an addition 29 signal of the maxi num val ue anong the
vol tage command -36- 30 val ues and t€ 'p%gunlvalue, wherein the
triangul ar- 31 wave-shaped signal is ;ﬁgh ized with the first correction

o Lo 32 O EREROEEGEN AT Ao AR AR et term
triangul ag - waversdeiad sitgrdatang eberent into direct current or direct
3 current into alternating current, wherein the power
4 conversion device is configured to output a gate signal to a
5 semiconductor switching element provided in the power
6 conversion device, wherein the gate signal is obtained by a
7 gate-signal generating section configured to apply a pulse-
8 width modulation to a voltage command value,
9 characterized in that the method comprises steps of:
10 comparing a maximum value among the voltage
11  command values of multiple phases with an absolute value
12 of a minimum value among the voltage command values of
13 the multiple phases in a correction-term adder provided in
14 the gate-signal generating section;
15 calculating a first correction amount in the correction-
i6 term adder by
17 selecting a signal obtained by subtracting the
18 maximum value among the voltage command values from a
19 maximum value of a triangular-wave carrier if the
20 maximum value among the voltage command values is
21 larger than the absolute value of the minimum value, and
22 selecting a signal obtained by subtracting the
23  minimum value among the voltage command values from a
24 minimum value of the triangular-wave carrier if the
25 absolute value of the minimum value is larger than the
26 maximum value among the voltage command values;
27 producing a triangular-wave-shaped signal in the
28 correction-term adder by multiplying a gain by an addition

29 signal of the maximum value among the voltage command



© 36 first correction anount; 37cal culating corrected vol tage command val ues
in the 38 correction-term adder by adding the second correction 39 anount
respectively to the voltage command val ues of the 40multipl e phases;
41obt ai ning the gate signal by the pul se-width 42 nodul ati on of each of the
corrected vol tage command 43val ues; and 44outputting the gate signal to the
sem conductor 45 switching elenent. 12.-Bfe- nethod of controlling a power
conversion device 2as claimed in Caim1l, characterized in that 3the gain
varies accordigaeto a_npdul ation factor of t

e. co nd val ues.
18 e e rodalfescaf Aopis min Deter Velug e B R St ENE iU e 1o one
of G ai ng, emfﬁ s KEBEACERIHAETs | 4V ERFo AT Wi BN IHIRFir WG (HeaRfgn Si gnal

synchronlzed
' 32 amount;

33 producing a second correction amount in the

34 correction-term adder by selecting smaller one in absolute
35 value between the triangular-wave-shaped signal and the

36 first correction amount;

37 calculating corrected voltage command values in the

38 correction-term adder by adding the second correction

39 amount respectively to the voltage command values of the
40 multiple phases;

41 obtaining the gate signal by the pulse-width

42 modulation of each of the corrected voltage command

43 values; and

44 outputting the gate signal to the semiconductor

45 switching element.

1 2. The method of controlling a power conversion device
2 as claimed in Claim 1, characterized in that |
3 the gain varies according to a modulation factor of the

4 voltage command values.

1 3. The method of controlling a power conversion device

2 as claimed in one of Claims 1 and 2, characterized in that

W

the triangular-wave-shaped signal synchronized with
4 the first correction amount is produced by multiplying a

load factor by the multiplication of the gain and the

U

6 addition signal of the maximum value among the voltage

7 command values and the minimum value.



4 the first correction amount is produced by nultiplying a 5l oad factor by
the multiplication of the gain and the 6 addition signal of the maxi num

val ue anong the voltage 7 conmand val ues and the m ni mumvalue. -37- 4.The
met hod of controlling a power conversion device 2as clainmed in Caim3,
characterized in that 3an attenuation of harnonic conponents and a 4
suppression of time rate of change have-béen applied to 5the |oad factor by
a lowpass filter and a soft-start circuit.

1 4, The method of controlling a power conversion device
2 as claimed in Claim 3, characterized in that

3 an attenuation of harmonic components and a

4 suppression of time rate of change have been applied to
5 the load factor by a low-pass filter and a soft-start circuit.



