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PONER CONVERTING SYSTEM The present invention relates to a systemfor
copvertri ng. el ectri c.'power- between ac and dc by u3|ng a controlled renlitler
ciPcuit such as a full-wave bridge circuit. 5 Conventional ly,
various kinds of systens have been put into practlcal use for converting

el ectTi c power between single-phase or three- phase ac and dc by using a
S|ngV§1phase or three-phase full-wave" b}ldge circuit. The dc output
vol'tage of such a full-wave 10. brldge circuit is controlled by variably -
controlling the.firing phase angl e of phase-controllable controlled

rectifier means, such as thyristors, connected the respective arns of the.
bridge circuit. Generally; as such aggﬂﬁhﬁgﬂﬂﬂgggﬁéﬂﬁﬁﬁﬂrolIing.15 met hod,

it is wdely known that under the condition that the firing phase angle of

a group of thyristors connected to the positive.armof a full-wave bridge
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5 N COnventxonally, varlous k;nds ef systems have
been put into practical use for convertzng electrlc
.power between single-phase or three-phase ac and dc by.
using a’singie-phasé-or three-phase full-wave b:idge  |
_eircuit( The dc output'VOItage of such-a fall-wave

10 bridge circuit is controlled by vatiably controlling the
firing-phase angle of phase-controllable cohtroiled
reetifier ‘means, such as thyristors, connected the
respect;ve arms of the~br1dge c1rcu1t.

Generally, as such a thyrlstor gate controll:.ng

15 method, it is widely known that under the cehdltlon that
the'fi:ing phase angle'of a group of thyristers
cohnected to the positive-arm_of a fulléwave btidge
circuit_is made_equal to that of another group of |
thyris_tors connected to the negative arm of the same,

20 the phase angie is caused to be variable wheteby.the
outpﬁt voltage is controlled to take a value trom zexo
to maximum. _ | . -

In this methed, however, the lower the output
_dc voltage,-the layer the phase logglng of the ac current

25 "with respect to the ac voltage, so that the reactive



(é§>pomer i ncreases to deteriorate the power factor as well as to increase ¢
' Vppl e conponents, thereby affecting the power source. To_ i-pprove such

defect in the range of low dc 5 output voltages, U S. Patent No. 4,245, 393 .
di scl oses a power converter<systemin which the firing DR{I8ABBe of the
positive side thyristor group and that-of the negative side thyristor graup

af € '%éfdiigar@ﬁs@' f 1) iR ade Pdipér | PabiSr’ 389Gell | OVer out pubd,

vol tages, ~so that both the thyristor groups nmay operate in a shorted -
ndeys £6CPhErBESEO ribples IndiWE) Skhe téWy f 4 888688EH g itRRI € conponent s,
of a%out 150 Hz may be i nduced in the output current, I 1 e consi derabl e

| npr gyREBNEcZEeheEN made in power factor, etc. Thus, 15 further
i nprovenent in power factor is demanded. Another systemis disclosed to
make i nprovenewd improve suati Qefectnimrthel pangéi bEellowAddul sewi dt h
Control l ed AG-to-DC Converter to Inprove Power Factor and Waveform of AC
L5 neoGtpuentdlitageBiZE ULRANPAEENNGON 224N RHIRIisPbsesTRON, VOL. | A-15,
No. 6, NOVEMBER/ DECEMBER 1979. In this system' a sw tching el ement capable
of cpowergcohfrextenr system icowhintkedthe fivipgsphase anglef a ful | -wave
bridge circuit. The elenment is caused to effect a chopping operation with a
25 foRethecpositiye side Mhyristar greuphapdi iBapuPfethdi dth, so as to
. control the output voltage to have a desired value. According to this
- systepgasiNecside ABywdl JEPYUM rRiseaused tacbecdiffesnt, the power
ent'from each éther in the range of lower output voltages,
10 so that both the thy:iétdf;grbups may operate in a
shorted mode. Acco;dihg to this system, hqwéver, low
frequency ripple components of about 150 Hz may be
induced in the output current, while considerable
-imptovemenﬁ_has been madb in pdwer-féctbrg etc. Thus,
15 further improvemént in pddér factor is demanded.
Another syStem is disclosed to make improvement
in power factor in an article entitled "A Pulsewidth
Controlled AC-to-DC Converter to Improve Power Factor
and Waveform of AC Line Current" in IEEE_TRANSACTIONS ON
20 INDUSTRY APPLICATION, VOL. IA-15, No. 6, NOVEMBER/
DECEMBER 1979. 1In this sysfem, a switching element
capable of cutting-off a current is connected to the
positive arm of a full-wave bridge circuit. The
element is caused to effect a chopping operation with a
- 25 fixed repetition.rate but a Variable'chopping pulse-
width, so as to control the output voltage to have a
desiréd value. According to this éystem; since the ac

voltage is in phase with the ac current, the power
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-3- 1 factor may be nmade to approach a value 1. Further, the dc outputJZiZ;;:
voltage may i-nclude little conponent of the sixth higher harnonics of th 4
power source so that the ripple conponents in the output current nmay be
suffi- 5 ciently suppressed. ACcording to-this nethod, however, in order: -
to continuously control the output v8l #afe froma high value to a | ow one,
it & necessary to continuously control the pul se-width for chopping the -
-above- ment fonéacter @Maynde maden 0 FRRFBIFR A (VRIS ely nERESRREme theow
ever, it is difficult to effect such control_ and there is a limt_.in
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require the c y ' e output voltage 20 to a val ue bel ow one
tenth of tﬁe_%g%égélgﬁ]%dp _ orsge{lﬁ'npl e, in a high speed el evator system

driven by a dc nmotor, itad jr : LRLRUSE ¥ rok ot Re-ganeed to a |
~val ue bel ow one thoUsantﬁﬁ@oﬁﬁf%% %t%%%%%jwﬁaé,u%ﬁwgqggéegmi tg%i S appar ent
t hat the-abov%dmaqy Y& NeR@t pPhhteakBekebm andildmerefore
the.first-nmentione 1%5@?2%?9§ﬁﬁgﬁggﬁ? be d%gg??ﬁ w%?cﬁbthe?Pespee€%%€
Ilhrl Pg| lohase ¥ahRS & d NRwdHd ) Ver agl Aeeessd ey Stdecbitinubis1gh oups of

e full-wave - - -

control the pulse-width for chopping thelabove-mentioned

" 10 element from a wide value to a very.narrow one. How-
ever, it is difficult to effect such'eontrel and there
is a limit in narrowing fhe_chopping pulse-width. By
ueing currently availeble_transistors or gate-turn-off
thyristors (hereinafter abbreviated as GTO), it is

15 _impossible to conﬁrelethe output voltage to take a value
- lower than one tenth of the-;aﬁed one, in view of the
above&ﬁentioned minimum chepping pulse-width.
| In spite of this, tﬁere are numerous uses
which'reQuire;the control ta. lower the output voltage
20 to a value below one tenth of the rated oﬁe. " For
example, in a high speed elevator system driven by a
- dc motor, it ie fequired to confinﬁously control the
epeed to a value below one thousandth of the rated one.
In such e case, it is apparent that the ebove-mentioned'
25 system'can not be.applied thefeﬁo end therefofe the
firsﬁ-mentioned system cannot but be used in which the
respective firing phase angles of the positiﬁe and

negative side tthister groups of the full-wave



- thyristor bridge circuit are controlled., An object of the present

ention is, therefore, to provide a power converting.system-between, an
C side and a dc side having a sinple construction and capabl e of - : ¥
controlling the output voltage 5 over a w de range with an.inproved power
factor: According to the pregent invention there is provided an electric -
power converting systemin which electric power is converted between ac @Qﬁ
dc hphyesétie Brigpt £Diduee drectbrdtrellad.r cuit including. phase-con- trollable
controlled rectlfler aLd system_co swifc ans 10 for -
choppi ng®3 Waesh up“’oprﬁiel"% Pt &3 ‘g%tref?reerg' c\lﬂér Cui. Mrr"é%ns for :

contaqbdweagommmg asy;ltenobetmed amcac fside Apdn3 dmsadednmnge with a

desie p%ig qigggﬂ; E°‘39‘% 2 amg*& S§s1tWdt h for
chop |§n£élgsa| SWifc |ng meansS. I n accor anté% véttﬁgsal Eea red out put
VOl towgs. a MEde m@rwwlmﬂ@dpm £8fkRATrti ng systemis capabl e of
ef f ect i N ShARAG tEOPid PreSit! ifndtesH ithBre GeNpE&)ikied Garl- ametnEurt her mor e,

in the | ower deSired output voltage range the,.phase of the rectifier
mearROWes GAVRRBIRg S¥RES™ iPewhifih Fge‘ﬁtdﬁ f‘%g"q’ﬁ%&f@o &Rt i oned |
pul sg V@t lacabyauémgedz \whﬂmlleddrecuzﬂeﬁ r«:a.rhtughencmhngemget-@n- vol t age
range the pul.se- . S riabl controII phase
angl¥®° %%F%&%‘{] d'E"Tﬁ i S RS pr()g‘d];s]'t’!r?sﬂ‘?/enj?‘:I Ion %ﬂg now be
ddscfimetiofpingag &t cmtauplaf waid qoatmldnderet@lfiﬂ' stoauibarmegang . dr awi ngs, in
whi Cfbr controll:.ng a phase angle of said rectJ.fJ.er means in accordance .

with a deszred output voltage, and means for controllmg a pulse-'

width for choppmg said sw1tcl'u.ng means in accordance with said desired

output voltage. . T :
15 Preferably the power convertmg system J.S capable of effect:.ng
" stable control over the entire controlling range. _
_ Furthermore, in the lower desired output voltage range the
phase angle of the rect;f:.er means is vanably controlled while main-
ta:.n:.ng the above-uentmned pu]se-w:.dth at a fixed value, and in
20 the higher desired output voltage range the pulse-w:.dth is var:.ably_
controlled w_hJ.le maintaining the phase angle at a fixed value.
' Evbodiments of the present invention will now be described
by way of example with reference to the accompanying ‘drawings, in
which: : :




<
-5- Figs; 1 to. 4 are useful for explaining the principle of operatioh_of (i:;;)
the present i-nvention, of which Fig. 1 is-a schematic diragram of a .basic

Grcuit of a power converting system Fig. 2 shows wave-forns for 5
expl ai ning the operation of Fig. 1 ciyeuid, Fig. 3 is a characteristic

di agram of the pulse-width and phase angle with respect to the out put
vol4dge co nd, and Fig.: 4. 114 ustrat L Lagham.qf function
generatingcircuit for %ﬁ%ﬁ’niiﬁgééhg %ﬁ%ﬁ%@%gﬁ:ﬂg#’% ggsﬁ's‘iglr%l\ﬁnaﬁhne Fig. 3;
Fig. 5is a gepangls tL.Co.di f +BaPAELL a hadien ;
S PSR O B e a0 A DBELBEHE LGB G oty
wave-forms forpiexpliai s Ny 4 erptiOPE)aGtan 6 B BasBcSkikeMithidE o -
illustrates a circuit configuration of a dc notor to which an enbodi nent of

“the power conRiwd T LRind spseanssPiy.i BVEAbweNwaveFdrm ,fdr §. 8
illustrates a basic circuit configura- 20 tion of another enbodi ment of the

power convért igapluixiing ofhé hep@resioh 68VERYGLON; cEirguit,siFdes \8aviss faor ns
for explaining the operation of Fig. 8 circuit; Fig. 10 illustrates a basic
circuit confi gharackeristic diagram efiother palbedwidth ahd phasaer
-converting systemof the present invention; Fig. 11 shows wave-forns for
expl ai ni ng t hangler atitin xéspect 46 thecoutput voltage command, and
'Fig. 4 illustrates a schematic diég:ém of a function
genérating circuit for obtaining the characteristic as
10 shown in Fig. 3; |
Fig; 5 is'é general schemafic diagram of a -
_ particular emquiment of the pdwer:cénverting_system
accordﬁng to the éresent invention; | |
. - Fig. 6 shows wave-forms for.explaining the
. 15 .operation of Fig. 5 systém;'-
- _Fig. 7 illustrates a circuit configuration
of a dc motor to which an embodimen£ of the power
convertihg'system-qf the present invention is applied;
Fig. 8 illustrates a basic circﬁit configura-"
20 tion of another'embodiment of the power converting system
of the pfesent invention:; o |
| -Fig. 9 shows wave-forms for explaining the
.operation of Fig. 8 éircuit;
' Fig. 10 illustrates a_basic gircuit configura-
25 tion of still another emquiment of the power converting
'system of the present invention; |
Fig. 11 éhgwé wave-forﬁs fqr explaining the

operation'of Fig. 10 circuit;



‘ Fig. 12 illustrates. a basic circuit configura- tion of a further

odi ment of the power converting system of the present inwvention;,Fig., 13
spiows wave-forns for explaining the 5 operation of Fig. 12 circuit} and  «
tig. 14 illustrates a basic<cigGuit configura- tion of another enbodi nent

of the power converting system of the present invention. The principle of-

ogeration of 1yl ep#ni1idsta¥es! hoBashl cRechiifs cotEirnided by referrigs
to Figs. 1to houg h the description will be nade here about such a case -

wher g {GHOR A tigechas &APdAoheAk! 6£Sthec bower womvedtd\tgy a current

cuttlng off capabitity. in a power 15 converter systemwhich is illustrated
y Wayyster® @i Ttite affesénthinttenedon;conversion i s made between a three-

phase ac power source and a dc.side, the principle of operation of the

invention wll ﬁ&grehﬂlshowsdeaveeﬁdrmsefomnemmﬂaxnxngutns will be

described | ater where 20 a si-ngl e-phase ac source and/or other different

S\§ t dperptizmofirBigselil igcuitshend an enbodi nent- of a basic circuit

confi guragi on according to the present invention. In the figure, a

full -wave bridd@igi rk4iillysssatsest o basde sirquik jcqnfiowrarr], y err]

Merr], Vlerr], Werr] and Werr], the ac ternminal of, the full -wave brldge
Ci rcmntorb@ﬁ]gammg ggbpgz.aent of the power convert:l.ng '

system of the present lnventlop.,:
The'p:inciple of operation of the present
10 invention will be first described by referrind‘te Figs.

-~
c - -

1l to 4. : _ _
Though the.desstiptioﬁ will be made here about
such a case where GTOs are used as contﬁollebie switching '
‘means having a current cdtting—off capability in a power
15 converter_system.whieh is.illﬁstrated by way of example
| asd in which power conversion is made between a three-
phase ac power source and a dc side, the principle of
operation of the invention will be :eadily understbod'
even in such a case as will be desciibed'later where
20 a single-phase ac source and/or other differeﬁt switching
means are used. |
Fig. 1 shows an embodzment of a basic clrcult
configuration according to the present invention. In the
figﬁre,,a full-wave bridge circuit is constituted;by
25 thyristors U,, U,, Vy, V,, W, and Wz,_the ac terminal
of the'fﬁll—wave bridge circuit being cennected to a
three-phase ac source Ea, while a chopper circuit

constituted by gate~turn-off thyristors G'l'o1 and GTO,



. S C .
t hr ee- phase a¢ source E[err] while a chopper circuit constituted by
gate-turn-off thyristors GIerr] and GI(err] 1 bei ng connected bet

Bhe dc ternminal of the.sane bridge circuit and a load L. The respective

-gates of ‘the thyristors Uerr] to V\Ler7(]_, Gl err] and GT(err] are
controlled so as to control the 5 vol‘tage across the load L conprising

resist or , .an_i nductance and a dc¢ voltage spurce EL. . Now, it is
assumed t atbFHQQtFﬁ@nfﬁﬁﬁpng WEQQ_éﬁet#ﬁf%%ﬁEF??fs°Eu???cF§ﬂFly.Ionger
than the perjod.of wave qf the ac sourcge and that the voltage of 10 the dc
source EL ta Eédgev§FESQ&5n§ﬁaﬂal (#Tmuxthe out put dc voltage E[err].

.For exanple, such condigi 0 S e e Dproyi | a.Ccase ere for
t he purpose of control I g’}}%@%‘% ,ﬁ]teegr??%tﬂfg %ggggog? ?het)r%hot or is
the load L. &5 * o RREZ ron di ag; pkakhi ng the
operation of *?HchTPﬂct?intd cc)’fﬁl% ga%elzscai%ﬂ i i%és?rga& e%égéeggr)%éﬁ:ﬁéiwggg-for nms of
the phasesvobbigageackostInd Idia aulduiip¥pdingca esibeapdrtlicalt phase
current 11U Here, it is assuned that the thyristors Ul to W are 20 .

gat e- contr ol fadustahce EIasad IR oligs Sdtee BLLN respect to the .
thyristor Uerr], the phase angle a is represented by an angle of - lag from
a point of tinme at whi qow,hdt/dd agssateddMPbatike i ikda8gAdLtaALPOl arity
from a negative value to a positive one and therefore 25 referred to as a
control |ag abyRE bdr eheafllicdid L lis isufficiently longer than the '

272

périod ofIWave of the ac source and that the voltage of;

10 the dc source EL'takes_é value somewhat lower than the
output dc voltage E,. For example, such conditions as
aboﬁe'are_prOVided in such a case where for the
lpurpose'of controllinéia_dc motor, the armaﬁure circuit
of the motor is the load L.

15 Fig. 2 is a wave-form diagram for explaininé
the operation of the circuit of Fig. 2 and illustrates -
respective waﬁé-forms of.the phase voltages.ﬁ; vV, and W,
the output volfage E, and the U-phase current IU.

Here, it is assumed that the thyristors U; to W, are
20 gate-controlled with a phase angle a. For example, with
. respect-to the thyristor Ul,'the.phase angle a is. -
fepresentéd_by-an angle of lag from a point of time-at_
wh-ich the volta;;e of U-W iphase is changéd in polarity
from a hegative value to a positive one and therefore

25 referred-td as a dbntrol lag angle.hereinafte:. It is
further aésumed'that_theIthyristors"GToi and'Gsz are
chopped Withfa'peiibd T and a pulse-width P and with

the same_period'and a pulse-width (T-P), fespectiVely.



A\her assunmed that the thyristors GTerr] and GTerr] are chopped W th
riod T"and a pulse-width P and with the sane period and g pul se- whdth

, respectively... -8- Fig. 2(b) shows wave-forns when t he thyristor's
err] and GTC{err] are chapged. under the condition that the control. |ag
angle a is zero. I'n this case, for exanple as shown by a loop 5 [err] in

j —

FG LoD (N ket GURCLRld S PAETn OB ouah (he

ac po S er | I icoineli £3bd | urned of f and
at h\ﬂoﬁ?%ﬁ%eé%ﬁy? ?EedG%%gE?stt?%red the Iog‘g{dlto 1'il.ﬁérrent | f1ows

throug&b,{mpaiggagniﬂ@m b¥ Bheoloop wit hout passi ng through t he power
source Eferr] is tine, the output -voltage E[err] is zero. Thus, the

out put vol tage Fierehidacasepukoe- examplayedsoishaiaf ibyed viddpa pul se-width
‘P as shown in Fig. 2(b). Therefore, 15 the-output voltage Eferr] and the
U ysha ukn g lehenethenthyrﬁ.edtolrycmlang rfiadd pul se-width to. be
variable. In this case, the phase |l ag of thé phase current with respect to
t he omemmw E{:br@]lghsthsr $hyTistoais Uso andatV4 teo pdwet factor may
approach 1. Since thereis alimt, however, 1n narrow ng the pul se-wi dth
Pl err]the leadicurzent {p paases| thnr@us@tphe \Bst M@E[sguqceo take a val ue
Iomer t han about one. -

E,. Then, if the thyrlstor GTO;y is turned off and at

a
the same time the thyr;stor GTO, is fired, the load
10 current I, flows through the path as shown by the loop
| <:) without passing through the power source E,. As
this time, the output voltage E is zero. Thus,. the
output voltage E has a pulse—llke wave-form deflned
with a pulse-wzdth P as shown in Flg. 2(b). Therefore'
15_ the output voltage E and the U—phase current IU may
.be controlled by arrang;ng the pulse-w1dth to be
variable. | _. |
In this case, the phase lag of the phase
current with respect to the output voltage Eo is very
20 small so that the pouer factor may approach 1.
Since there is a llmlt however, in narrowzng
the pulse-w;dth P, it is.difficult to control the .
' output voltage E° to take a value.lower than about one - .
-tenth.Of the-rated'one. |
25 | o According-to.this embodiment, therefore, the
output voltage Eo may be continuously controlled_to
zexro by controlling'first'the pulse-width P to its

minimum value and controlling then the control lag



e : .
tenth of the rated one. 25 . According to this enbodi nent,
therefore, the output voltage [err] may be continuously controlled to zd
By controlling first the pulse-width P to its mninumvalue and control LTAG .
then the control lag . -9- 1 angle 3 to change its value while

mai nt ai ning the pulse- width P at i{s”m ni num val ue. Fig. 2(c) shows

S0, 5 '{#él%ieéﬂae e i | e Lue whEls BHiRsR4PnE, She, RS e

condi ti on tha, ﬁnns mndth ntained at its mninumvalue. In
particul ar, " +¥¥%r§B{E3rr] to Ware sel ectively fired

with the control Iag a 9 err on one._hand_and.the.th rlsto GHCH 10

is chopped with the n12$ﬁin1£g Qﬁ ?h%aﬁﬁrgsFWFd&ﬁ %h u

conduction p £ i S r |%odetern1ned in
accordance wt q%e é%%?ro %%g ;Egofkuéfdv%§héé ﬂggﬁghgwn ‘in the

figure, the rr%@ly"@:l{@%ﬁt \p@léé'éé' £5e8hhi¥elctdCBd aBoRt lZRrddpProve the
15 power factor i'n the Iom/output range. The relationship bet ween t he

out put vol t agmderd @RE eetaifitowhasLt 2pHL cpal dadwiiehryl S& WadtaRne®
~di scussed above, will be illustrated in Fig. 3. |In particular, Fig. 3

shows the relad i minimineeslide 20n partigalaeymandriiger 1], thel each of
the pulse width S[err] and the phase angle S[err]. Along the axis of
absci ssa thethyr:.stors_Ul to W, are selectively fired with the-
control lag angle 90° on one hand.and the thyristor GTO,;
10 is chépped'with the minimum value of.the pulse-width P .
during the conductidn period.of.thevthyriStbrs-Ul to W,
 which is determined in accordgnce with the controi'lag
angle 90°. Thus, as shown in the_fiéﬁre, the reactive
pdwef can be sufficiently reduced so as.ﬁd impfove-the
15 power féctor in the low output range. .
The_relﬁﬁionShip between the output voltage
and each of the phase angie d and the pulse-width P, :as
discussed above, will be illustféted in Fig. 3. 1In
particular, Fig. 3 shows the relétionship beﬁween the -
20. voltage command Sy and each of the pulse width sp and.

" the phase angle S;. Along.the axis of abscissa the
voltage command Sy islgxpreSSed_by the ratio of a -
desired oﬁtput'voltage to the rated one, while along
the axis of ordinate the.pulse-width P is expressed by

25 ‘the raﬁio.théreof to the'full-cénduction'width and the
phése'angle'a is expressed bf the contrql 1ag-an§1e.
As seen in Fig. 3,;the outéut voltage is cbntinuoﬁle'

controlled f?dm zero to the rated voltage by controlling



~ - Vol tage command S[err] is expressed by the ratio of a desired out put
jage to the rated one, while along the axis of ordinate.the pul-sesw dth
5 expressed by * 25. the ratio thereof to the full-conduction w dih and
¥ phase angle a is expressed jgy 4 he control lag angle: As seen in Fig.. 3,
t he out put voltage is continuously controlled fromzero to the rated - -

Vol APV GRRLLRLALA0s . ada tHE BHlse- Wil § el And, the phase angle S

I n suc nner t e range where tthe cé&man tage i's higher than

- one t epidhd¥ et " B4 Ceh¥OLhAGE: whB®eP $hef cotindind Soltag@rigd with the

control lag angle S° at zero™5 degree, while in the range where the

commarHigid ¥ agitan Soh@\'eéntHaBs£0RRet tattedvdltaged) athdPuldde phase angle S
is varied with the pulse-width S maintained at its mninmmvalue. Although

vari owsidel fe)dsis avabedowitiicthd contolblag dnyle B Vet otetde
pul se-wi dth and 't he phase angle a in accordance with the voltage conmand
S[ & r |deqareex awipl ke ainngheheangel whieere [thes tcontmethd rwdltagel. idhe circuit of
- Fig. 4 is constituted by function generators F and F[err] respectively

havi nglawet achan i ane ctenthhof5theespied one,hdholphage camgdead S as
illustrated in the figure, the respective outputs Serr] and Slerr] of -
whi ch Sypris srartedawithhthehpudseewidthc Spamaintained at | ht¥ig. 3. Thus,
t he output voltage nmay be controlled in accordance with the voltage conmmand
Sl er r MIRLTEGRYR+P® g 20 the respective gates of the G err] and '

| Gﬂ(Ierr}i and L”Eiéﬁoﬁgﬂ various methods can be considered to

10 obtain thé values of the pulse-width P and'the phase.
angle o in aécordance-with-the voltaée_command Syr an
example-amonglthemzwill be illustrated in Fig. 4. The
circuit of Fig. 4 is constituted by function gené:ators
F, and F, respectively having ¢haraCte:istics with

15 respeét to the voltége command Sy as i1lu§trated in the
figure, the respective.qntputs s, and Sp_of which
generators have the characteristics as illuStrated in
Fig. 3, fhﬁs,_the éutput voltage may be'contrplled in
accordance with the voltage command Sy by contfblling_

20 the respective gates of the GTO; and GTO,, and U, and
W, by using the outputs sulam.i-sP of the function
generators F, and F, as the pulseéwidth'command.and the
phase angle ccmmand,'respectivelf. |

In particulat, if the control lag angle a is

25 cbntrolled to change from 90°-to 0° while maintaining

the pulse-width é fixedly'at 0.1, the output'voltage
3v/2, '
T

~ may vary from zero to 0.1 x =-=E_. Thereupon, if the

pulse-width P is controlled to change from 0.1 to 1.0,

&



%
Werr] by using the outputs Slerr] and S[err] of the function generators
Flerr] and F[err]l:as the pul se-wi dth command and t he phase angl e command
¥ espectively. In particular, if the control lag angle a.is 25 controlle
to change from90[err] to O[err] while maintaining the pulse-width P-
firxedly at 0.1, the output voltage ﬁm&lvéry fromzero to 0.1 x [err]
‘Thereupon, if the pulse-width Pis controlled to change fromO0.1 to 1.0,
1 the ou%quhQOPngﬂtiN@F&éggé196%@??%ﬁ»&9nﬁﬁﬁmﬂ4ﬁ#ﬁhﬁrYa*%# the contro
of negative gﬂfpﬁt vol tage, when the control lag angle a is varied from
90[err] to 1BpTeral, 5 the output voltage changes fromzero to -0.1 x
[err] * .. Thereupon

when the pul se-width P j ied from0.1 to. 1.0,
the negative output vofP&g aF%é’%li‘r?é'?é?\éMs&eqaoti‘fsee\r/c?‘#'g%fégﬂ?@et oOFi gs. 5
d 6, L cul 1 di 1 0 t J. ' h bnci pl
o1 oper at | ol Phe, Sonf¥RT ya lanigl O 1 MHRARY SRS Y ;é?gg“:c' ple
h ! di g | ' ' ekt t di t
The prescht EhbodueRae"yTRACE e Rares AU 2 G 8 Fore Te usorul

for expl ai ni fetBApBRG Whe tak PR sekiRiB’e Hd voridd Ehemdpayi ngs, a
gate. pul se generating circuit PSfor the thyristors includes three phase-

shifters PU £8V1.0pdtRé/ nedaeive’ dutphits olddg@v#fuénincreases to

-~ —E_.

™ a

| Referring to‘Figs}.S and 6, a particular
10 embodiment of the invention based on the principle of-'
operation.as diScussed;ébove wil1 béfdéséribéd_here.
Fig;.S is a schema£ic'diagraﬁ of an embodiment
of a poWer:conberﬁer sttem'according.to the present
in&entioﬁ, and Fig. 6 is a time chart of.Wave-forms
'LS usefnl fqr'explaininé the operation of the system of -
 Fig. 5. | -
| In the dfawings, a gate pulse_generating
circuit PS for the thyristors includes three phase-
shifters PU, PV, and PW. .Thé'ﬁhrée'phaseivoltége of an’
2Q ac powef source E, is A-Y'tranéformed by.a transformer
Tr.intolline voltages UW; VU and WV having a neutral
pbint-which are then supplied to th§ phase;sﬁiftérs PU,
PV and PW. A phase édmmand signailsé is also applied to
eadh of the phase-shifters PU, PV and PW._'The_phaée ' |
25 ccmmaﬁd sighal'sa is produced by a function generator
:Fa héving such .an output which cauées the control lag
angle o fb bé zerb in thé iange where a voltage command

signal S and hence the output voltage take large

\



: -
Zéggic power source E[err] is A Y transfornmed by a transformer Tr, into line

Y% ages UW VU and W/ having a neutral point which are then-supplied to

t he phase-shifters_PU, PV and PW . A phase command .signal S[err] is also _§
applied to each of.the phase-shiiters PU, PV and PW The phase 25 comand
signal .S[err] is produced by a function.generator F having such an out puk_
whi gh ¢alses,! as ehdwolin &ieng e drhas pether phasetBhifsegs where a U
vol tage command signal SA and hence the output voltage take large — -12- 1
val uespugs pyhand iBW fpmpdute wideswidieh ppatseshGUl eardPGBU,RPV and PW produce

wi de-wi dth pul ses GJerr] and QJerr]; GV and.GN}err]; and GNerr] and

G er r BVqr esde6Mqveland &5 s v GW, Fi xespechhvebyar 8st sbewapphi ed to the
respective ates?S of the thyristors Uerr] to Herr]. At a point of each -
of theFpgasé-smwhich aneythen appHed stgathepuespersiveosdtss - ing a
positive hal f-wave of the source Ea is produced, while at_a_pin. 2 of the

sank, efother thyrishiang Uprtedhr oldtng BORREaPEvEaRh PE\Ehe i s generated.

10 A GTO gate pulse generating circuit PP is supplied with a
oul sc- RPAER-SBHFERTS B PV and TH; o8 FRFR PLLER JoF CORRRRIS gnal S err]

o ot B BT A R St PR 1
g e R U R e CTE TR TR

range Q@%&%olling a negative.half-wéve is generated.

10 A GTO gatg_pglse genef;ting circuit PP is
suppiied with a pulse=width command signél*SP;' This.GTQ
pulse-width éommand.signal Sp is_dbtained by a second
functioh_geneﬁétor Fp which préduces sﬁqh_an ouﬁput
signal the-?uisé—width of which is a small fixed value

15 in the range where the voltagé command signal Sy and
hence the-output voltage take smaller valﬁes, while the
pulse-width of which becomes large in the range where
the voltage command signal Sy, and hence the outpuﬁ
voltage take-larger values, as seen in Fig. 3.

20 Thus, corresponding to the pulse width
command signal Sy, the GTO gafe pulse generating circuit
prdduCes pulses GT; and GT,, as_illustiatéd in Eig; 6,
which are then applied to the thyristors GTO; and GOT,,

| respectively. | |

25~. In response #6 these pulse‘s_GT1 and_GTz, the.
thyristors GTo1 and GTO, aﬁe gonduqtive;énd non- |
cbnduqéiﬁe, respectively,.dﬁ;ing the period.P,_while

they are non-conductive and cohdﬁctive;_:espectively



&

t he vol tage conmand §ignaf S[err] and hence the output voltage take |argey

values, as seen iinh Fig..3. 20 Thus, corresponding to the pul se
- Wi dth command signal S[err], the GIO gate pul se generating circuit produces.
pul ses GI[err] and GI[err], as illustrated in Fig. 6, which are then

‘apptied to the thyristors GTJ err] TaneB GOT[err], respectively. 25 _

| mFesponse to these pul ses Gﬁ[erra and Gl[err], the thyristors GIgerr}
and GTQ ek r |daringokacpe¥éodndTnBh- conductive, respectively, during the
period P. while they are non-conductive and conductive, . pectively,

-13- 1 during the periB&g¢T7pillpsgrates I.aﬁ’starpé%]éscad#%pﬂe‘?c%&iwp ian
crbodi - et ol Ly Bpter cenverl ug.sisl SR seerdag dg 41, et Lon ko
Syt st or anfRTERETeRoinEe Ehs: EPRRHS CPREERL O Bl m e porof ant FPS a
Giraut 1 for the thyPierase ol Peadomathe a AR 8 G 1R, " Choun
in Fig. 5, %@Sﬁé?%apCQ”Eﬁéihosy@?E&Pc&°g$ﬂf 4k A0/ sfﬁrgﬁﬁﬁggﬁﬂi“e“t

detected by urrent trans= forner , an armture command

S . Th At i t i : e -
o cor dance viSTELHESr b ikibs 203 Wonibldy U b I@ diriéntlor

ure current conmmand o
the motor, and FPS a phase-shifter for the amplifier..
| Fﬁrther,{Ps-designates a géte'contrpl circuit
10 for the thyristors-'_U1 to W, which is similar to that
* shown in Fig. 5, and PA.a comparator‘ﬁhich’éompares an -
actual armature current detected by a dc current trans-
former CT with an.armature current command Sc-
The'armature current is controiled to a given
15 valﬁe in accordance with the armature current command
sc.' An actual speed detected by a tachcmeter geherator
PG is compared in the phase?shifter FPS with a speed
command Sg so that the actual speed is caused to follow
the speed command SS by_controllin§ the £ield cﬁrrent'
20 over positive and negative ranges. |
| Such a control system has a feature that by
controlling the armatﬁre'current only in one direction,”
the motor hay be controlled ﬁo operaté in any one of -
four running modes, i.e. a £orward running mode, a
25 backward funning one, a pawering'running.one; and a
regenerative running One; ' | |
In case vhere a service inferruption occurs

in the regenerative running mode, there is a possibility



%Eilﬁ An actual speed detected by a tachometer generator PG is conpared
8 Jhe phase-shifter FPS with a speed command S[err] so that-the actyal
speed is caused to follow the speed command S[err] by controlling the field -
current- 20 over positive and negatlve ranges. Such a control systemhas a.
feature that by controlling thel&rmature current only in one direction, the

oL Y GEREOLLC b SRR e Ul yarolge Todes, | e va

node _runnlng one, "a pomerln runnlng one

and a 669&5‘@%&*%5&89”&9%9% ble@ ﬁé z‘@i‘i{ s a?sert’c? CE1Lidw e pt | O”OOCC‘”S

in-the regenerative runnin I'S a possibility -

1aa06, At ifs L BYELSHET EoDEERY geﬁgcv riteiils VOlFeLiOfe | he thyi stor

CIrCUIt econes zero so as to e arnmature' currenf to abruptly

i nCreaskaindP{1y i & aer doAghkbr 350G na@ttad On ithe NEARdLErén the armature
5 circuif. In the present enbodi nent, -however, since a chopper circuit

corpst igigeai by tim ther?séeeatGEﬁiwarmemi GEﬂeaféx}, isigeangct ed between
‘the dc terminal of the full- wave bri.dge circuit and the notor, it is.
possi hileopmer utipéhitheonstitutede by dhie hyapidtory GTO fan@ul se gat e 10
signal to the thyristors GIerr] and GTJerr] to turn off them when the
arnaturEO§umseuonnectedsbetgeeanthevdh telminal hef cthe follequirement of
any dc contactor, resultlng in reduction in size of the systemas well as
i n coswave brrdge circuit and the ‘motor, it is possible to cut

off the armature current by applyzng an off—pulse gate

10 signal to the thyristors GTO1 and GTO2 to turn off them
when the armature current exceeds a gzven level. Thus,
there is no requirement of any dc_contactor,iresulting
in reduction in size of the system as.well as in cost’
of the same. o | -

15 According to-the.present embodiment, a remark-
able industrial effect may be shown in'such a way that
the power factor in the three-phase power eonverter or
inverter system can be'improved; the capacity of the-

" electric power source can be reduced, the dc contactor

20 so far requlred becomes unnecessary, etc.

Flg. 8 ‘illustrates another embodiment of the
"preSent invention and Fig. 9. shows wavefforms for
explalnrng the operation of the embodiment.
In the embodlments as so far descrrbed, the

25 full-wave_brldge is constituted only by thyrrstors in
order to enable -the system to convert the electric
power not'only in the_converter mode from ae_into dcl

but reversely in the inverter mode from dc to ac.

.



3 .
of the sane. 15 According to the present enbodi nent, a renmark:
abl e, industrial effect may be shown in such a way that the power factoy
sthe three- phase power converter or inverter systemcan be inproved, the"
.capaC|ty of the electric power. source an be reduced, the dc contactor
sg far required becones unnecessary, c. Fig. 8 |Ilustrates anot her
enbodi ment of the present jnvention and Fig. 9 shows, wave-forns, fo

explalnlnb t he operat|5ﬁ ShetﬁésﬁnﬂbﬁFﬁbﬁPeIﬁYﬁﬂﬁ?e&ﬁxﬂﬁ?&ﬁﬁ%P%&e o far

descri bed, the 25 Il-mave ridge is _consti ted on y,thyristors in
order- to enab?Pe ?ﬂﬁa ?s?ﬁnﬁ SgcaﬁvéPFeF (ﬂ@;f) %ﬁﬁ in the

Co e o Trifrei 2nEs 2?2 Vanahd) Wiok ﬁ%ﬁ" ”eﬁﬁ%%tu?v éﬁé%ﬁaaf-‘iv%"?uﬂﬁ
' t t o | 2

2 ver o 3 g8t i R i IR e

Dlerr] angl Dbohadoted! Eo5tneORREaLIYe! @140 P4 \ deacg shegsame, a

GTO i s - connect et ween t c-termna -wave brldge and a | oad

L of the Sa”@onﬁéétéddbeﬂﬁegn ke G Gerdinid %f Qﬁfe 41 Phbave Efi‘&&ét ed

in parallel wth the load L, as shown in Fig.

case, if theag@nirobadag éﬂgltﬁeasﬁinet h%n&iw Iditaae% efd:},ci&@ﬂitﬂﬂ . |
Werr] is-controlled to vary, the voltage across the dc termnals akes a

val ue betwees load current is connected in parallel with the load L,

~

as shown in Fig. 8. | |
10 ' In this case; if the control lag angle a of
the thyristors U;, V; andiwlsis controlled to vary, the
voltage E° ecross the dc terminals'takes-a value between
' the solid lines as showﬁ'in fig.lS(h)._ Further, Fig.
9(b) shows the wave-form of the output voltageon when
15 the pulse-width Pofor the on-offpcontrol-of.the GTO is
. controlled with the control-lag angle maintained un- .
changed.__In particular, Fig. 9(b) illustrates the case
_where the chopping operation is'repeated five times.
Thus, the present 1nventlon is also effective in the
20 case where the system operates only in the converter
mode, so that power conversion may be made in a wide
raoge with a'high power fector-by controlling the phese
angle a as well as the pulse-width P. |
Although only the- power convertlon between a
25. three-phase ac side and a dec Slde has so far been
descrlbed, the p:esent invention will be of course
applicable to the power conversion'between a single-

phase or poli-phase, other than three-phase, ac side



e solid lines as shown in Fig. 9(a). Further, Fig. 9(b) shows the
waye-form of the output voltage E[err] when 15 the pulse-wdth P for, the
of f control of the GTOis controlled with the control |ag angle .
-intained un- changed. In part énuar Fig. 9(b) illustrates the case wher e
choppi ng operation is repeated five tines, Thus, the present invention—_-
H@Iso ffe tlve iLn the 20 ~case where the systen1operates only in the 5,&
er 3R §8 that power conversion nay be made in a wide range with a

ngh_pover f actg\ﬁgy Rk del A EbdHdhénd 87 Yhkbnas the

pul se-wi dth P onl € power convertion between a 25 three- phase

ac si dg,a0d 3099F§bggph§§ dEa%é%§QEdj iRl -pHgse £€Cgaenvention wl|

be of Ttourse applica power conversion between a single- phase or

pol i - phagea. a&hsiaéhaanahﬁ@r pha.sesho%fs wélfe-formé for ea’plagndc side. Fig.

10 illustrates an enbodi nent.in -which power conversion is nmade between a

singl eiRgacReapparaeidnd oF dhiy Subodiddrih 11 shows wave-fornms for
explain-"5 1ing the operation of. this enbodi.nent.” Referring to Fig. 10, a

chopper circuit refieriringeddFigat &0 ura- cﬁdppéwrcﬁtouitGTq err] and
GTg err] is connected between a dc terminal and a load L of a full- wave

br|dgeconstﬂtﬁtednbylgame&ﬂmranﬁﬁsﬂhyriéﬁams]GTG{ean@ GBPgrip 10 and S2.

connected between a dc termlnal and a load L of a full-
 wave brldge c1:cu1t constltuted'by thyrlstors Ry, Ry, 59
10 and S,. | |
| :Fig. 1l(a) shows the output_volﬁage-Eo in the
. case where only the phase angle'a,of the thy:iétofs Ry
. to 8, is contrdlled, and'Fig.-ll(b) shows the output : .
| voltage E 1n the case where the thyrzstors G'ro1 and
15 G-'I.'D2 are on-off controlled by the pulse-wxdth P in
' addition to the control of the phase angle a. In
particﬁlar, these figutes show wavefforms undei the
condition tha£ the control lag angle_a_is 90° and the
outﬁﬁt_voltage.Eé-is'iero._ Similarly to the previous
20 embodiment, the power factor maY,be remarkably improved .
when the output voltage E, is zero if the pulse width P
- is caused to be minimum. Further, also similarly to the_
previous embodiment, if the control lag angle o is .
controlled from 0° to 180° and the pulee;width P is also
25 controlled from its maximum vaiue_to'its minimum one,
control can be made over a whole-range in the converter ..
mode and in the inverter mode. |

- .. In the aforefmentionedaembodiments, although



§

Fig. 11(a) shows the ‘output voltage E[err] in the case where only the
- phase angleJerr]-of the thyristors Rto S[err] is controlled, and Fig.
11(b) shows the output voltage E[err] in the case-where the thyristors
Grg err] and ‘15 Grgerr] are on-off controlled by the pul se-width Pin _
addi tion to-the control of the phas& & gle a. In partlcular these figures’
shiew wave- forns under the condition. that_the contro] 8 g s ais 90[err]
t HEPFPER e '

and the. odtp e\/(ﬂ“l’"gg”é”ﬁ”éﬁﬂ wave ROWEr §??ﬁ:‘|"&r4‘?YtBe us 20
enbodi nment e actor S%Erena kably Lngroved mhen t.he out put
vol t age E[er%ﬁ an%Qﬁeﬁgk g=d singecan; infermittomh _
" Further, -al sg S|n1%9r 3ﬂ1th§gfr vi ous enbodi nent, if tgﬁ control |ag -
angle ais cgﬁngﬂ r 1" 2 ABRPERY ?ﬂ rﬁﬁ|§§ ¥R PR s also 25 -

over o whol eFiB1g& i oS! Eﬂoﬁﬂ{éﬁe Héemopidy thEh b Feabiflly By G83eRRTRC
af or e- mengi O&né Pag@iq.ﬂgim (fﬁjﬁ_vlt ﬁie% en” tid fui:l-ﬁgeefﬁ ntal wave

power factor € I nprove arnoni cs nay be pro since an
cintermttent QUABH IR tH¥H ;Sél? SEreRy el S?!décelﬁsiiﬁ’.ﬁ%fa%e@ Gn 2-
Such . hi gher harnoni cs nay ‘be reduced by Insert- Ibng a filter ciLrcult

between the fabodtaénh tOdf Hud £ Utdcrn ﬂqﬁéeaﬁacm [ 2B sHoWs waive- 12
illustrates an enbodi nent of such a technique and Fig. 13 shows wave- formns
for expl ai ni Forise foRereip Xeiming hazer@drﬂeﬂbn of the embodiment.
_ | In the drawings, a filter circuit 1ncludes a
lO _reactor-LD_and a capacitor S -If.a current ;LD flowing
through the reactor L, is maintained-at a continuous
constant value when the G’I.'ol is at OFF state, the output
voltage E of the full-wave bridge circuit has a wave-
form as shown in Fig. l3(b) under the condition that
15 the control lag angle o of the thyristors U, to W, is
' maintaihed to be zero. |
In Fig. 13, diagrams (c) to. (f) respectively
show-the terminal voltage ECD across the capacitor CD'
‘the terminal voltage EL across ‘the load L, the current
20 flow1ng through the reactor LD and the U-phase
current IU. when the thyristors GTOl and GT02 are one-off '
'ICOntrolled with the pulse widths P and (T-P) respectively
as shown in figure (g) , while maintainihg the control
lag angle a to be zero. - |
25 : In this manner, there are meritorious effects
that not only the source wave-form may be improved but
" also the gate pulse generating circuit may be simplified

because the output current ILD-of the full—wave bridge



: <
In the drawings, a filter circuit includes a 10 reactor 1D and a capacitor

Clerr]. If acurrent L[err] flowing through the reactqr L[err] is . ,

gipt ai ned at a continuous constant value when the GTQerr] is at OFF 3 4
g, the output voltage E['e,r_rJL of the full-wave br.idge circuit has a _

formas shown in Fig. 13( % under the condition that 15 the contr'oll,:;...
ANgH s f 1 4 ok J r |k sl d i e be zero: %
'g&%@%ilé%raméﬁ?é{:% %?;Juraégpggtgi_ve ylglﬁgvﬁ%%?nv?%;j?é@ol tage ECD
‘acrosgpd 'ﬁfé’d)aé&é&rl?f%_ﬁafréﬁnmaﬁh yalteagRillge across the load L, the |

oW

current 20 IJerr] ng through thé reaCtor LD and the U phase current
ITerr], when thers hwiésémbedGhehes' hsaRdnCiChed abyva T4l @esbgel | ed with
the pulse widths P and (T-P) respectively as shown in figure (g), while

mai nt deseiptitondtisee begnamngde,abyowdy oF @xadple, about thHe this
manner, there are neritorious effects that not only the source wave-form
may5 - becases ovheslrd UETOS sare hasgdt aspsiwidcohdmey atldang wapable nef be
sinplified because the output current ILD of the full-wave bridge - 18 -
ci r cuiquttingmmifivwususvenhat theeet SPOiss mays be greglacedibyr] can be fired
even by a narrowwidth gate pulse. In the enbodi nents as nmentioned above,
al t horgnvantional obtanaistotenQjuand By wey siiowkapIRigabbbii the 5 cases
where GICs are used as sw tchi n% means capabl e of cutting off a current,

f hese va7&ly qritecthepsamejeffects as those obtained in e

previous embodiments.

10 ' As. discussed above, according to the embodi-
ments of the invention, power conversion may be made ove_t __

. a wide range with an improved power factor.



¥ . .
‘conventional transistors err] and qerr] a§~ShGWﬁ—Fn—ELgh~iéL_MAth qU|te :
the same effects as:.those obtained in the pre | di nent s. ol
As di scussed above, -according to the enbodi - ;’mg"ug tlon power
conversi on may be nade over a wide range -with an r factor
-19- CLAIMS: 1. An el ectric pod® =converting system in which

el @efric power is converted between ac and dc by using-a controlled
rectifier cir6WAMSEncl udi ng phase-control |- ‘5 able controlled rectifier.
means, sai d system conprising sw tching neans for chopping a dc output of
said control l1ed rectifikt electtic power tonvemting Isysiem phmséhiclyl e of.
said rectifier neans in accordance with a desired output voltage, and neans
for control | iedgctrix mﬂ:wmsltdaonwerthdppemgegm dcs andc [dan Pyesing n o
accor- dance with said desired output voltage. 2. An el ectric pomer
converting sﬁt@ﬁ%‘&&%ﬂ ngeebifierneircpi twingl uding phasareankeriin

sai d phase angle |s caused to be variable when sai d desired output 15

vol tage isSl sRptEobled crerhifier,Beaes (iaid §¥§$ﬁﬂﬂqgﬂﬂﬁkﬁ¥995
caused to be varlable when sald desi req output voltage i. er than sald
pr edet er mi ne@Widiching means fox,cRPRPiRHC apé\ﬁeP%ﬁ&e stem

oo b AR AR BEE, TR UG ITE 20 *
T phase angle of sazd rectifler means in accordance with
a desired output voltage, and means for controllzng a
10 pulse-width for chopping said switching means in accor-
danée wiﬁhJSaid'desired'output voltage. -
2. o " an éléctricupower:cohverting QYStem'accoraing
tb”Claim'l, in which it ié_so“arranged that said phase
angle is caused to be variable when said desired.outpﬁt
15 voltage"is'loﬁer than a pfedetérmined'value, while said
pulse-width is caused to be va:iéble when said désiréd'
output voltage is higher thén said pfedetérminéd value.
3. An electric péwef convefting-system according
to Claim 2, iﬁ whiéh said phase_angle controlling means
20 is so arranged thatlwhen said desired output voltage.is
|  lower-than_said predetermined value, said phase angle
is caused to be variable in accordance with said desired
output voltageQIWhile when said desired'output.voitage
is higher than said predetermined value, said phase
25 angle is maintained at its miniﬁﬁm value if said phase
angle ié représented by.a'control iag-angle.
4. | ‘An electric.pbwer-converting system according

to Claim 2, in which said pulse-width controlling means



/

A\t han ' gned val ue, said phase angle is caused to be

ab\ e {ll‘i‘i@ﬂuﬁmﬂguf |h sai d desired output voltage, while when said
: [ outy & IS higher than said predeterm ned val ue, said phase ¢
25 apgle is maintained at its mninmumvalue if said phase angle is -
represented by a control |1ag an@be~ 4. ' An el ectric power converting.-
system according to Claim2, in which said pulse-width controlling means i, ;
- 20 - iBs seoaxmangesd that wham said desired output voltage ii$ | ower than
sai d predetermi ned value, said pulse-width is maintained at its mninm
val ue, lameire thiamn sadidi rredeterminedi vabpeagéaid RPdREWiEER said
predeterm ned 5 val ue, said pyl§e-mﬁdt£ I S cgUied_to be V@éiable in
accor dasc BaintRringd) afedbe Minipum Valvggewhale when saidsiectric power

converting systemaccording to,ajm31, {nh which.,a filter circujt i E
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