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-'2222328 CONTROL SYSTEM FOR VCLTAGE—SCURCE PULSE W DTH MODULATI ON STEP- UP ,(* ;
CONVERJER' FI ELD OF THE | NVENTI ON 5 hIS i nvention relates ‘'to a )

control system for a vol tage-source PWM (Pul se Wdth Nde|atngé;§%§%§H2ﬁé
converter connected to a power supply through a reactor. BACK

| NVENTI ON There has been al ready proposed a frequency 10 converter

I ncl udi ng a power supply side converter for converting an a.c. power

delivered froman a.c. power supply through a reactor to a.d.c. power, and
a nmotor C side conGONEROE o$YSEEHYEORNFOLTAGE-SOGRCE| PULSEaWADTH i abl e

frequency a.c. power 10 an gqp P-oP EBRYERIFRRS Del ng conprised
of a vol tage-source PMNI(P&g9eHEEngﬂﬁééﬁafroné-cunverrer, d.c. termnals
of the both converter, d.c. terninals of the both converters being

connected to each ot her, FGID F SRRk eRTIOR N9 connected between

positive and negative tern1naI§‘Ur’rﬁ€‘20“ﬁﬁrﬁ‘tﬁﬁ‘€ ters. This frequency
converterScan at t 3dSaninHBREERenteiAtespoiRr & aEPBEIRHenSYFERBd 9B maan

a.c. power sypikdg e-'sdi‘mcéJOVWMf a@mus@ tW'ﬂdEhdeMQHdQ@/@ioﬁ)lppéfepa-%? can
carry out dellvery and recei é) ower durin po runni ng of a or
and a pover E8RVRG teg Hﬁﬂﬂﬁé@ﬁ VE° nRPH& Lt ghﬁ?P%hlBaHeéﬁFpént
fl 0\(11\5 i 3 a frequency convertmcm{{;)nohns RFNGHEA I\Nﬂmwropl [err!j i ﬁ
produced in a reagtar connected between _the uppl y @and_t he power
suppl y side(xwweﬁkgfe rhﬂg p§ﬁﬁﬁsu§§ﬁf§§ 85§ﬁ§g%§ 8 mﬁie%Eﬁﬁg sate
such a vbot agendeopeas iabluddnger&omnmcor&umplppmaﬁe ommyetmzar i for
out put volt e aI to a t I qu t
aQSnQS? i é’ piok gedls t%%agia thr)xrn] d'% 0, t Baked

pomer- factor ower ply*I's designate
tionshi pS@RPﬂ-ESS"d!if%g{ierar] reapbpys,tohis d/octag:@vmlbp QBdVLa | motor

prﬁUCEd at @j8Ras€ohddgtBg D¥odn é@gieeQﬁnﬁp a variable voltage and
variable frequency a.c. power to an a.c. motor, both

15 converters being comprised of a voltage-source PWM (Pulse

Width Modulation) converter, d.c. terminals of the both

converter, d.c. terminals of the both converters being

connected to each other, a smoothing capacitor being

connected between positive and negative terminals of the

20 both converters. This frequenéy converter can attain an
improvement in a power—-factor when viewed from an a.c.

power supply, i.e., power—factor on the side of power
supply, and can carry out delivery and receipt of a power
during power running of a motor and a power during {_
s 25 regenerative running thereof.

| When a load current flows in a frequency converter
of this kind, a voltage drop V, is produced in a reactor
connected between the a.c. power supply and the power
éupply side converter. The power supply side converter

30 must compensate such a voltage droplas well to perform a
control operation so that its output voltage becomes
equal to a predetermined value. Assuming that a power-
factor on the power supply is designatﬁed by ¢ and the
relationship expressed as ¢ & 1 holds, this voltage drop

35 V, is produced at a phase lagging by an angle of 90
degrees with respect to the power supply voltage. When
an attempt is made to compensate voltage drop V, produced

P



Jdegrees with respect to the power supply voltage., Wen an attenpt is nade
tosgonpensate voltage drop VL produced - -2- at a phase |agging by an
angl e of 90 degrees by using the power supply side converter to control its
output voltage so that it is equal to a predeterm ned value, the contro

- circuit for the power supply side converter 5 would have to handle a | arger
control signal as a vector. Particularly'?ﬁ the case where a | oad current
is large, since the reactor voltage drop VL al so becone |large, the contro
signal also becones large, resulting in the possibility that the contro

si gnal exceeds oye e L] nt.ol e, ef é§¥E | .Gl rGuid. to
reach the satur%’?i \oén éig%%% lggﬁgﬁ&tﬁg Oa[)rgr%x:l% ﬁgdegtog]?dt e ((E:(%n? olu%lé'lﬁrgcuit
has reached t hetB&t RodgonSvERYE, sider conrverterntexaixghatssoateuty

control such thgé1fageC so/thaeien ikhepEr t8URP| prédéeetaiMest Valve,15
| owered during €omer running .and is raised during regeperatiyve runnln%&_An

obj ect of this FREeRPPEAROLs HFGHby iTRF FheROWeL sJUPRLY [ §idg convert
vol t age- sourse woLdt ehavie comvaidmile apablargércacontngl ousighabl easconrd r ol

wi t hout 20 causing an extraardinary. chan in_state irrespecti.ve of | qad
cur ront . - SUMRARIECEOTFE RUENTIEREAS: Gl RSt $2BRo YRR T oRoPeSuzien
provi ded a contisl larget,eminfcer the nesldtage-wolkage @udpeViwadsbh decome

modul ation st epyypggonygaet @on@%@leiélgﬁaﬁr ¥ 8biids 2§ a gl MHeQni{lilny )
comprising: a reactof connected in Sefles between an a.c.. gower supg y “and

an a.c. terninalnokhsapaspiipitétycthat, thesapptrrhgsigpadi e¥ceedsabove
between d.Ci10 the linear control range of the control circuit to reach

. the saturation range. When the operation mode of the

~ control circuit has reached the saturation range, there

occurs an extraordinary state in control such that a

d.c. voltage on the power supply side converter is

15 lowered during power running and is raised during
regenerative running.

An object of this invention is to provide a
control system for a voltage-source PWM step-up
converter capable of carrying out stable control without

20 causing an extréordinary change in state irrespective of
load current.
SUMMARY OF THE INVENTION
According to the invention there is provided a
W control system for a voltage-source pulse width
25 modulation step-up converter (hereinafter abbreviated as
a PWM converter) comprising:

a reactor connected in series between an a.c.
power:éupply and an a.c. terminal of said PWM converter,

a smoothing capacitor connected between d.c.

30 terminals of said PWM converter,
means for detecting an input voltage applied
to said reactor, _ .
' means for detecting a d.c. voltage across said
smoothing capacitor,
35 means for detecting a load current flowing in
said PWM converter,
means for setting a voltage reference with
respect to said PWM converter,



30 termnals of said PWM converter, neans for detecting an input voltage ..
applied to said reactor, neans for detecting a d.c. voltage. across said - %

snoot hi ng capacitor, 35 means for detecting a |load current
flowing in said PWM converter, nmeans for setting a voltage reference with
respect to said PWM converter, 3 nears for outputting .a current

anplitude reference on the basis of a deviation between said voltage
reference and said d.c. voltage, neans for outputting a current reference 5
synchronous with said input voltage to said reactor and having an anplitude
corresponding to said cOPRPSt HAH i tWfePukEingnce, maukertor Iwpdbitedeg a

vol t age comuargliféeence! avn NeEifar d:dsmd Off  aNtaéPileibfA CHEELREBANISHLEE Wi th
10 said current, reference

means uttin vol t age conpensation
conmand | eadi ¥ <39¢ ?ﬁﬁﬁ{-’e%ﬁ 388 FSléaﬁd X%tlgﬁa a phase angle of 90
degrees and having an anphnSudé‘omrrcast;mnblthggtoasamhmn‘tentraf@teﬁwe

reference.g S I3 | vect of .said voltage
comand and 55%"8" ??%?j% gg%ensfsa(aahon gg?§e0§ p%[alsailrg(f%%?rbr m as
a PWM cont r olhassigndanan ampddtadeyr Qﬁrteﬁp¢mﬂancthoonmmmd(ﬁcuxmehEWMA
converter on gy Pasde Qéféfégcgmwlcontrol command. 20 : In the
control system accordin he inventjon neans_for conpensatin

reactor vol tage drop VLm?gnﬁroﬁﬁ’Eled’qtrP%Wd}ﬂrél vPitage command in

t he allowing said load current to be in correspondence with

10 said current reference, _
means for outputting a voltage compensation )
command leading said input vol‘_f:_age to said reactor by a o/
phase angle of 90 degrees and having an amplitude
corresponding to said current amplitude reference.

15 means for calculating“'a"vector sum of said
voltage command and said voltage compensation command to
output said vector sum as a PWM control command, and

means for effecting a PWM control of said PWM
converter on the basis of said PWM control command.

20 In the control system according to the
invention means for compensating reactor voltage drop vy,
is provided in a control circuit. 'i‘hus, even in the
case where a load current becomes large, hence the
reactor voltage drop Vi becomes large, there is no U

25 possibility that the control signal becomes large to
exceed above the linear control range of the control
circuit to reach the saturation range. Accordingly,
even at the tlme of power running or at the time of
regenerative running, a stable d.c. voltage c¢an be

30 obtained at all times. _ .

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying draw1ngs.

FIG. 1 is a block dlagram showing an
embodiment of a control system for a voltage-source PWM
35 step-up converter according to this invention,



case mhere a load current becones |arge, hence the reactor voltage drop VL
bquﬁes | arge,. there is no 25 possibility that the control signal
becones | arge to exceed above the linear control range of the control
circuit to reach the saturation range. Accordingly, even at the tine of
power running or at the time of regenerative running, a stable d.c. voltage
can be 30 obtained at all tinmes. BRI EF DESCRI PTION OF THE DRAWNGS In the

acconpanying drawings: FIG 1 is a bIock di agram showi ng an

enbodi ment of a con igl system for ag& source BPWM 35 s p yp ~
convert er accordingﬁ t hfs fﬁveﬂtl%ﬂc t295ap; fofe e¥PIgindmg, the

expl ai ni ng theoppeaélbnnoﬁfthheconmtbm systennsHowm im FIS6. 1, and FIG 3

is acircuit diagr howj ng a fre cy,converter tq which this_i nvention
is applied. 5 aﬁ‘%’m \Il_gEDqlﬁESERI %}I{f%{l}fb: %F@%ﬁﬁ'ﬁ %Eﬁguency
Referring to Rr@avertenete wbichowhis &nvaﬁuiannﬁSgpppaled.of a frequency
converter to whi ch geldias rigly SR OfrptFon 6P 1HE: PREFERRED c.

power is delivere . C.
mtor 6, e.g.. an iRRKRErbAgmoter FEEeoughra thateoris, ahpwnerasupptyuitde

converter 3, %SIPNRIRGI6APIE A Ereififbric ?Hv%ﬂf‘e;w[t@fhave (hEg

power supply sjde converter 3 and, the converte
circuit confi GtRVRRBION Eabs a‘PBP&F-efiespecﬁ v@oé’(i‘-ﬁ\?é-r]{@ s a&e. | spovenposed

of switching d&l preréd foom s&! feomiydid al.eTehdwer Gu gﬁlfyanil S&Pfafx

GICs (Gate T of T tors etc a { odes conne antiparalle
t her e\(M t he"' ulr%n Gnifeo P¥ ?%rfs@ﬂ o’r%&é?gl?ﬂ {5‘ Pt %‘the"‘l‘régﬂﬁéf’rfve

swi t chi ng eIentwnaLpowﬂwlsuppmyrshﬂengonverter 3, a smoothing capacitor
U 4, and a motor side converter 5. The power supply side
converter 3 and the motor side converter 5 have the same
circuit configuration. Each arm of respective converters

15 is composed of switching elements of self-quenching
elements, e.g., transistors or GTOs (Gate Turn Off
Thyristors), etc., and diodes connected antiparallel
therewith. In this figure, transistors are illustrated

as the respective switching elements. While controlling

20 a voltage of the d.c. circuit, i.e., a voltage across the
smoothing capacitor 4 so that it becomes equal to a
predetermined value, this frequency converter can deliver

a power from the a.c. power supply 1 to the a.c. motor 6
-‘through the power supply side converter 3 and the motor

25 side converter 5 during power running, and can, in
contrast with the above, regenerate a power from the a.c.
motor 6.to the a.c. power supply 1 through the motor side
converter 5 and the power side converter 3, thus
permitting a power factor on the side of the power supply

30 to be'satisfactory. The power supply side converter 3
can perform a so-called step-up control to adjust a d.c.
circuit voltage (capacitor voltage) so that this voltage
becomes equal to a predetermined value higher than a
voltage crest or peak value of the a.c. power suppiy 1 in

35 cooperation with the reactor 2 and the smoothing
capacitor 4. This invention is concerned with a control



20 a voltage of the d.c. circuit, i.e., a voltage across the snoothing
capacitor 4 so that it becones equal tg a predetermnned value, this
frequency converter can deliver a power fromthe a.c. power supply 1 to the
a.c. notor 6 through the power supply side converter 3 and the notor 25
side converter 5 during power running, and can, in contrast wth

t he above, regenerate a power fromthe a.c. notor 6.to the a.c. power
supply 1 through the notor side converter 5 and the power side converter 3,

thus permi téj&é@xﬁl ﬁe\toertﬁ@cpeﬁvemn Suppby deide tdenyenkeersdpply 8Qcht @ be
satisfactoh¥ power gggly side converter 3 can performa so-called
step-up co F%ﬁ“??P%d?ﬁgYeﬁ . circuit voltage (capacitor voltage) so
that this voltagteperoing tquELGLola fhheds eisri showraaueohitgiodr syisirenn

vol tage crest of ak, t C we up I n oper.af.j on
with the r totl"h anﬁx?kggé%‘ot hrhlesnéad ca%gg t(i)-'P§4 Eiﬂ%fér n\slgéf) ?8n Tss‘,"a&
concer n&gl wednvercent3ol system for the power supply si de .converter 3 in

such a frequencyAé;o \ﬁergaaerRe errg g,&lq._d:dr@ rjeEIetLJlﬁ{ *shoup tabef ?rol

systemof this |nve i on used fbr th supply side 5 conver
an adder 7,valtage agefersingensetersed s acoppazigd rewitherp aatual g js

conpar ed W &cyu e b depe
devi ation A lgéhcu ngdalk!gél&rl?b??q%%/g ?/gﬂ:geg )(t:ilgirilite\rhf)t!I‘;Ir'{g!rg93 AV%) q%gr a%g;rtThe

vol tage corAVonéilalI‘@dou%%utlS‘P“itn tear g9l kA9g &°8tt9]df%ﬂ (AVR),

ampl i t yqe mMe{eresreage” ]:éh'tQ‘&llert heo cke«tpﬁtep 9 bmaeqwtmtefzar@ d.
allowi ng an actual voltage V. to ggl orre ndence'f/gl i e yol t
reference \Pignaly g (GErent am ‘%% 15 atilewing

supply y(kaeﬁidﬁmwnoﬁotméreﬁ@ibrtalzero, 1,e., allow1ng an actual 'gJ
voltage V to be in correspondence with the voltage
reference V*. A voltage of the a.c. power supply 1,
15 i.e., a power supply side voltage of the reactor 2 is
detected by a voltage detector 1ll. Thus, a first sine-
wave refeience_generator 12 generates a first sine wave
reference of a digital signal synchronous with a voltage
detected. Further, a second sine-wave reference
20 generator 22 generates a second sine wave reference of a
digital signal ieading the first sine wave reference by a
phase angle of 90 degrees. The first sine wave reference
génerated by the €first sine-wave reference generator 12

is input to a first multiplying D/A (digital-to-analog) g‘

25 converter 13. Further, the second sine wave reference

generated by the second sine-wave reference generator 22

is input to a second multiplying D/A converter 23. The

first D/A converter 13 outputs, in the form of an analog

signal, a current reference I * 'corresponding to a

30 product of the sine wave reference from the sine-wave

reference generator 12 and a current amplitude reference

II*I from the voltage controller 10. On the other hand,

the second D/A converter 23 outputs a wvoltage

compensation command V;. proportional to a product of the

35 sine wave reference leading in phase from the sine-wave

reference generator 22 and the current amplitude

reference [I*l from the voltage controller 10. At an



detected by a voltage detector 11. Thus, a first, sine- wave reference
‘gener-ator 12 generates a first sine wave reference of a digital signal
synchronous with a voltage det ect ed. Fubther, a second sine-wave
reference 20 generator 22 generates a second si ne wave reference of a
digital signal leading the first sine wave reference by a phase angle of 90
degrees. The first sine wave reference generated by the first sine-wave

ref erence generator 12 is input to a first nultiplying DA
(digital -to- anal Furt her, econd S|ne wave

§4 gpverter %
ref erence gene by*th h':,eec%‘hﬁr%ﬁ‘her SNS%r mce $OFer ther Lixrsts PAput
to a second rnrjlldafxmeyum DA dsnvwniprretB. wilthe af i ¥cdd D;:ﬂ\rEéh\tefIf edefécted
outputs, int orm S rrent.referenge [ery] .
corPespondlng % %ﬁﬁcaegggFﬁéggg%e a%véeYé?%}gﬂcgggﬁ&ﬂ4ﬁi}%ih%PMBve
ref erence genemmxa duknantecmntrehleanpACRmdé7nefEhen@mdﬁunﬂ domwtrdiber
vol t age contr okl t t se converter 23

out pu?s av Itgi e co %F]%; |onﬁ°%%$1§a g% [ngvpbrgggnaqqf% Jan?)r(gh&ctl%?u'f he
35 sine wave rédesiatdon ctali hg ieqyaiastof menahe JFhee-vealtagef command Vv,
generator 22 Reidfe ener Rt ! WdBdkaiaT foee 0 ladaomedle vobhddse

controll er the current reference
the first D/A compensat ion | qorBandr Micwi frem |thed %rmnwemlmﬂéd dme a

current detect gpehb del"l#ift\é@t&&”aﬁbhaa@?d 18, Ianp%hieh asﬁhlhsfeﬁgnvg\m rgid er

(ACR) 17. The ﬁurrent contyol)e 17 outputs a vo t age conmman
allowing the i A E) B%rg‘aﬁ‘&? t 88z & rect °f'he V'Sh?agémbdrﬁmfePIVA

fromthe curreatxmqonthebl epbtaiaed the vaeldgRere@eapsalihen EGPENd Mdut

fromthe DA convertel 2% 4 i Doashriehed 70° &' 2995k 18ne3L G

su tion of thE p a control command
Vg (see FIG. 2). To the PWM comparator 20, a carrier
wave signal of a triangular wave generated by ‘an

15 oscillator 19 is input as a second input signal. The PWM
comparator 20 responds to the both input signals to
output a PWM control signal to control an ON/OFF
operation of respective switching elements constituting
the power supply side converter 3.

20 The operation of the control system shown in FIG. 1
will now be described.

As previously described, the phase of the reactor

voltage drop V; lags by an angle of substantially 90
degrees with respect to the output voltage of the a.c.

25 power supply 1. On the other hand, the phase of the sine
wave reference output from the sine-wave reference
generator 22 leads by an aﬁgle of 90 degrees with respect
to the output voltage of the a.c. power supply 1.
Accordingly, the voltage compensation command Vic output

30 from the D/A converter 23 has a relationship such that
its phase is opposite to that of the reactor voltage drop
Vi, i.e., a relationship such that there is a phase
difference of 180 degrees (see FIG. 2), and has an
amplitude corresponding to the current amplitude

35 reference |I*|, i.e., the load current I.

In accordance with the control system shown in FIG.

l, where a load current I flows through the reactor 2,



. 100 both commands is perforned as a vector. The sum (vector sum thus
obtained is delivered to the first input term nal of a PWM conparator 20-8s -
a PWM control command VB (see FIG 2). 7To the PWM conparator 20, a
carrier wave signal of a triangular wave generated by an 15 oscillator 19
is input as a second input signal. The PWM conparator 20 responds to the
both input signals to output a PWM control signal to control an OV OFF
operation of respective switching elements constituting the power supply

si de convert er n t ol yst em sh in
FIG 1 wll’ ﬁ%%v b‘égg%% 37 b%%l-gﬁAsopbr g%/%rgust?é a':b %%%)jg%% 9=
react or vol te@mpensption agonmand aWghe obtalmmtthntbxal I yhao @kelgreee&wt h
respect to therQiREE iiSESOf :EHRQEI t he, ot her
hand, the phase H% %e‘%ne wave rﬂfergelﬁlceggﬁt? fromt etés]i nequvvav eB

ref er ence gePfé‘?‘é’e@*ngzal emadley AWMy eent 9l ogommyndeVywiish presyistad tim t he
output vqtaggi®f & a C. TRQ¥RI auppma 1com:%r1d' ¢ V.tHe® V:glaéxﬁgeslae -
conpensat’i on conmman err out fromthe DA convertef

ut
rel ati onshi rF%'b‘(:?F’f?r‘ét i ?% %‘bﬁo§?‘t‘9“€6‘ t"rﬂaﬂ BfM: gempazetor \20 t age
drop [err] iamd, tt@erb&ﬁéldaibepcitt@m:.tﬁﬁazltmrsceéraaﬁaésemlhf ey i@ G|

180 degrees e E d has an_anplitu corr onding to the current
anpl i t ude Séorﬁe'f%ir er?coéx"f%‘ﬁ]] ‘}I;' Rfic 1Baft8RT e m Iweac@&r&&%é‘% th
t he control dastmiptionn | bthEsG mvemelmx a damd cau‘fpnto;htf | aws sitlamaegh

t he reagtor 7 t p.Lerrs £ cance the Itage
conpensati orf%cnotnﬁ%lndbi)ﬁtbgegt glgﬁgghg & e’Jstirri oﬁéﬁa?%f%‘;ﬁﬁs Beﬁ’é’ &1 22
and the D/ Aigdespactive3of the 1oad current I to output a stable

@

d.c. voltage. _ u
15
20
‘ .
25
30

35



ptoviding a smaller PWM control command [err] ,is provided—4n-5_—this way
Thds;: a PWM control of the power side converter 3 is carried out .
t hrough the PWM conparator 20 and the base drive ci rcui'lt_r“m ml' Eﬂﬂﬁgﬂi
with this PW control conmand [err] As is clear from¥ \ iy
description, this invention can carry out a 8table 10 control w thout
causing an extraordinary state in control irrespective of the |load current

| to output a stable d.c. voltage.. 15 20 25 30 35 CLAI M5 1. A
control systemfor a voltage-source pulse wi dth nodul ati on step-up
converter (hereinafter abbreviated as a PgtAgmMBverter) conprising: 5

a reactor connected in series between an a.c. power supply and an a.c.

term nal of sald PWM canweontarqgl asgsbemhifiuyr capwsoiltageesonerciee pulkseveriidth
d.c. termnals of said PWM converter, neans for detecting an input voltage
applied to 10 mednyatdgnt ¢tepraunscdnvexteeeci{ heyednd ftery ebamy iatreat sas aad
snoot hi ng capaci tor, neans for detecting a load current flowing in said PW
converter, 15 PWM convexfgr) rempydsingg a voltage reference with respect

to said PWM converter, neans for outputting a current anplitude reference
on the basi® of a devi &t FeACkerSonnested, dn fpries hefween an a.c. power

supply and an a.c. terminal of said PWM converter,
a smoothing capacitor connected between d.c.
terminals of said PWM converter,

\/’I ‘means for detecting an input voltage applied to

10 said reactor,

means for detecting a d.c. voltage across said
smoothing capacitor,

means for detecting a load current flowing in said
PWM converter,

15 means for setting a voltage reference with respect

to said PWM converter,

means forloutputting a current amplitude reference
on the basis of a deviation between said voltage reference
and said d.c. voltage,

20 - means for outputting a current reference
synchronous with said input voltage to said reactor and
having an amplitude corresponding to said current amplitude
reference,

means for outputting a voltage command for allowing

25 said load current to be in correspondence with said current

reference,
means for outputting a vbltage compensation command

leading said input voltage to said reactor by a phase angle



‘y

__current

and said d.c. voltage, 20 . . neans for o

reference synchronous with said i nput voltage to 77' react or and havi ng-ap;
{

anplitude corresponding to said current anplitude ”wjmum for
outputting a voltage conmand for allow ng925 said _ ae in
correspondence with said current reference, neans for_outpuPtlﬁg a vol t age
conpensati on command | eadi ng said input voltage to said reactor by a phase

angl e 9 of 90 degrees and having an anplitude corresponding tofsaiqd
current anplitude reference ans for calcylating a vector sum qf sai|
vol tage confifin O dFaraer i Vst P LSRG RTT ESPORCHAS Fo Aaka

vector sum tar, c nd neans for effecting a PWM contro
of said P gg%?@&?éﬁg;%qﬂﬁfEgggﬁgéﬂé%hjd PWM cont r ol conn?nd. 2. A
control systemas s th. L n ' rej L d an Qr, out putting
said current refereﬁlrcegfnlgs éh)*c%%p‘g{ég%%%?&g%ss}r%%es%fgfeﬁ_c?é‘_dgé’lr?g‘r_ g{5"1”'
for outputt} kN e C | | a a
2 sanpl o varoanafl eAs TR ol g " Eomblnk R 1ot tSamind d St
correspogdi 841 80vabtions s @E%@mﬁlé&@éqf%&wﬂﬁz gﬂht age, and a
digital-to-analog converter for 15 outputting, in the formof an anal og
signal, a signal comeameondbRy &8facRifgUCA OPWMN MBS SigPalsdFPmpsa d
si ne-wave reference generator and said current -anplitude reference. 3.

A control sgeheersersen fobwet hasisClof rsalid M e¢on€bol Sabfimanans for

out putting voltage conpensati on conmand i s conposed of a sine-wave

ref erence g2&ner at or Af @orditqut system as set forth in Claim 1, wherein

said means for outputting said current reference is ()

10 composed of a sine-wave reference generator for outputting,
as a sine wave reference, in the form of a digital signal,
a sample value synchronous with said input voltage to said
reactor and corresponding to an insfantaneous value of said
input voltage, and a digital-to-analog converter for
15 outputting, in the form of an analog signal, a signal
corresponding to a product of an output signal from said
sine-wave reference generator and said current amplitude
reference. |
3. A control system as set forth in Claim 1, wherein
20 said means for outputting voltage compensation command is
composed of a sine-wave reference generator'fdr outputting,
as an input voltage sine wave reference, in the form of a
digital signal, a sample value leading said input voltage
to said reactor by a phase angle of 90 degrees and
25 corresponding to an instantaneous 'value of said input
voltage to said reactor, and a multiplying digital-to-
analog converter for outputting, in the form of an analog

signal, a signal corresponding to a product of an output
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as-.an i nput voltage sine wave reference, in the form of . a
‘sappl e val ue | eading said input voltage to said reactor of
90 degrees and 25 corresponding to an instantaneous tmm%ﬂﬁiﬁl!g ﬂml‘

i nput voltage to said reactor, and a nultiplying digital%0% gs =
converter for outputting, in the formof amg@nal og signal, a signal
corresponding to a product of an output 10 signal fromsaid sine-wave
reference generator and said current anplitude reference. 4. A control
systemas set forth in Caiml, wherein said neans for carrying out PW
control includesgreil 5 foom | batidr $irie-geaes atdafereride agenexatod  hAH VEVERT
and a PWM conparator responsive to said triangular carrier wave generated
by sai d oscil lcunrentdanpl it@d® refierehceomnmand to out put a control command
for carrying out an OV OFF control of switching el ements of said PW
converter. 10445, A pcontirpdl sysdteam d9r satv dordde- BouCtaiRVW, s twifergin

converter substantially as hereinbefore described wth reference to
t he acconpanyiS®tf%r @3, for carrying out PWM control includes an
5 oscillator for generating a triangular carrier wave, and a
PWM comparator responsive to said triangular carrier wave
generated by said oscillator and said PWM control command
to output a contrbl command for carrying out an ON/OFF

L control of switching elements of said PWM converter.

10 5. A control system for a voltage-source PWM Step—up

converter substantially as hereinbefore described with

reference to the accompanying drawings.




