EEMER CONVERTER APPARATUS 1 ' The present invention'reggggﬁgﬂgaﬁa

" pAw&kr conver- ter apparatus for power conversion between an alt

CYtriant or a.c. systemand a direct current or d.c. system by neans of a

f'ul lJ-wave bridge circuit. 5 Her et of ore, various power converter
ratus have been enpl oyed in practical applications for effecting-power

conver si on between a singl e-phase or‘tﬁrée-phase a.c. line and a d.c. >

system by using a singl e-phase full- wave bridge circuit or three-phase €

full-wave bridge circuigt,.-.210 ‘ﬁk? L ~valtage of the full-wave
bridge circuit is contfolTéd ”35% #%gggbggégﬁgndingly and controllably

the firing phase angle of thyristors inserted in individual arns of the
full -wave bridge circuit. As a gate control for the thyristors, it is 15

wi dely known that the thyristor or thyristors connected in an armor arns
of thelfull-wave bri@be pinemdnt chnveastpon telatpms atdt ¢ Pk ASC ABVE ras
the thyristor or thyristors connected in an armor arns of the bridge
circuit ofetheaprezperue foirarmiawesi denyeesilioredeiwann2enc@idlie phasénangl e,
wherein the phase angle is varied under control to thereby assure the
control ofculienRt cOTodt fut SYALeMe2nder dlmesite qumpentr ®N &v®-to the
maxi mum val ue. The hitherto known control system hcwever 25 suffers
short coni By S4RR Bhadeangg oft & nudlcwaver baridge cipcuif.elative to the

a.c. voltage is incrgased as the d.c. output voltage is | owered.
Cbnseq%ently, reactib%rﬁﬁﬁﬁpre: various power converter apparatus

E have been employed in practical applications for effecting

power conversion between a single-phase or three-phase
a.¢. line and a2 d.c. system by usihg a single-phase full-
wave bridge circuit ér three-phase full-wave bridge circuit.

10 The d.c. output voltage of the full-wave bridge circuit
is controlled by varying correspondingly and controllably
the firing phase angle of thyristors inserted in individual
arms of the full-wave bridge circuit.

As a gate control for the thyristors, it 15
15 'widely known that the thyristor or thyristors connected

in an arm or arms of the full-wave bridge circuit on the

pcsitive polarity side as well as the thyristor or

¢t

hyristors ccnnected in an arm or arms of the bridge
circuit on the negative pclarity side are fired at an

20 equal phase angle, wherein the phase angle is varied
under control to thereby assure the control of the d.c.
output voltage over a whole raﬁge from zero to the maximum
value, '

The hitherto known control system hcwever

25 suffers shortgoming ;hat phase lag of the a.c. current



IS increased,

canponént s,
syst em whi ch

has been al ready proposed by the sane applicant as the present application.

Reference i s

this prior art control system the firing phase angle is differentiated for

thé\'thyrl%o
each ot her
t akes place

is intended for overcoming the abovenenti oned di sadvant ages

to be made to U. S. Patent _1Q, . No. 4, 245,293. According to

rzs?ﬁ%;ﬁ?@ 985%%"% ¥ d%&%r%é‘ofse fﬁ%{@gsgﬁg % \é‘ﬁes'dd% from

oW out vilt'age T arye So CiTcdi't” "'node
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arrangenent, I'cant i nprovenent of &tor 1s cer a|n y
attained. HoyeVEherd §e&0 hvfoe}.%‘?f e T Mft E‘Sétb%p"a%v‘%fén[
consi deration of the fact at current rp es o om1frequenC|es on the
order of 20 159 ﬂacﬂéeseaoelaggtié %otniiﬁarf&ﬁwt @wé&oérséua&'?%t %rbotcftfer

systemfor i

1979" under

nprovi ng the power factor has recent | y been reported in "I EEE
TRANSACTI GNS ﬁkéﬂwweAPPLl CATI ONS, VOL | A-15, No. 6, NOVEMBER/ DECEMBER

the title "A Pulsewidth Controlled 25 AC to DC-Converter To

1 nprove Power Factor anfl péweiroconverier isiystamwnich fscendiendeldo fidd s

proposal , those el enents which are capable of perform ng current breaking
function are cwenecming theecapevementdroredfdidedvahtagesehas bden 1 bridge
circuit on the positive side and adapted to carry out choppi ng operation.

The out put vAlreadpfprbpobedddpy the same applicant as the present

10

15

20

25

application. Reference is to be made to U.S. Patent

No. 4,245,293. According to this prior art control
system, the firing phase angle is differentiated

for the thyrlistors on the positive side and those on the
negative side from each other in the low output voltage
range so that a short-circuit mode takes place through
both the groups of thyristors. With such arrangement,

a significant improvement of the power factor 1s
‘certainly attained. However, the power factor remains
to be further improved in consideration of the fact that
current ripples of low frequencies on the order of

150 Hz are produced in the output current.

Further, another system for 1mp;ovinéwéﬁe.§ower
factor has recently been reported in "IEEﬁ TRANSACTIONS
ON INDUSTRY APPLICATIONS, VOL IA-15, No. 6;'N6VEMBER/
DECEMBER 1979" under the title "A Pulsewidth Controlled
AC to DC Conve;ter To Improve Power Factor and Waveform
of AC Line Current™. Accordiﬁg to this proposal, those

elements which are capable of performing current breaking

function are connected in respective arms of the full-wave

I nvol vi'ng a degraded power factor as well as increased ripple
to adverse effect to the 5 power source. A power converter

MY



/,~£|rCU|t can then be controlled by varying correspondi ngly the pul se width
Qf the chopping control pulse signal. 5 Since the a.c. voltage and current
Dare caused to be in phase according to this control system the power
factor can be approxinmated to 1 (one unit). Mreover, the sixth harnonic
\\ypgnponent of the power source is scarcely contained in the d.c. output
vol tage, and the 10 rippl e conponent #f~the output current can be
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25 drivenyhysa chrBR @t',tdttﬁfs 0d &2ErbHEaH ?geéni h%thé Howdseflabeo

controlle continuously to about 171000 of the rated speed. In sucﬁ case,
the systeéaﬁcserépwo&@.da%@bwel Meshé ORAL N, 0P Moe SR NOknEe adopted and

thus =~ -4- has to be replaced by the control system such as the one
di scl osedgi Rt H. Rarfahar! cmpchedt, @P3tRe! pewalkowdurce is
_scarcely contained in the d.c. output voltage, and the
10 ripple component of the output current can be suppressed
to a large degree;

However, it should be pointed out that the
control system according to the aforementioned proposal
encounters difficulty or limitation in controlling

15 continuously the output voltage to a low value by
correspondingly narrowing the pulse width of the chopping
pulse signal. In reality, it i1s impossible to control
the output voltage to a value lower than about 1/10
of the rated voltage with the aid of transistors or gate

20 turn-off thyristor now commercially available. 1In this
connection, it should be mentioned that there are
numerous applicafions where the continuous control to
1/10 of the rated voltage is required. For example,
in the case of a high speed elevator or lift system

25 driven by a d.c. motor, 1t is often required that the
speed be controlled continuously to about 1/1000 of the
rated speed. In such case, the systeﬁ according to the

above mentioned proposal can nqt be adbpted and thus



Therefore it is desirable to provide a power converter apparatus for power
cpnversi on between an a.c. systemand a d.c. 5 system which can assure
control of the, output voltage over an extensive range with an inproved
power factor, and to provide a power .cogverter apparatus which can operate
In a stabl e manner over a whole control range. According to the present

~invention thengsi & RBeOpiaded HYOYRE OREXYSY sPstaPBadRlaySthdbnéldigeiosa@ pover
cokwer si on between an a.c. system 10 and a d.c. systemby using a full-wave

bri dge circui tini g, gthipaeritt NbEaE 249 ED3EMRddSabsvei ded with control | abl e
swi tch nmeans capable of per- formng a current breaking function,

conprising: phase angl therefbrelitnbsnriesitableotd prolideg at paverhecryeaney e of
said switch neans; 15 - - pulse width control neans for controlling
the width of Eppsestushfah powes copwertioni hatiweemamsati@m pestenr and acdicent
choppi ng operation; and gate signal generating neans: for controlling the
turni ng on andystém shichicmsassurn el nf the saitput ol tageo PVen g extiengive
pul se wi dth during a conduction-enabl ed period determ ned at |east by said
phase 20 angl &angs With # Arpreved BOMSTdEReoT, ofnd AR PLOYadR i3 ROWRTH EORYRTLeT

angl e controll ed b;/ t he phase angl e cqntrol ans.is sggchrog‘iélzed wW.th the
choppi ng per i APPEFaUsev! £ WERR AR BISE Janner OKer g,y

obj ects of Lhe present L gihiqh M oRESTS S SURRLS s LESRANC: e
e 2SO S St Bl W reing e, conflion befehy 3Cal6) systen
arrangenent 19f,n L - ghash by hlsine e s 1-98%e Hridfe lcircuit in which at least
one amm is pfovided with controllable switch means capable of per-
forming a current breaking function, comprising:
phase angle control means for controlling the phase angle of
said switch means; | |
15 pulse width control means for controlling the width of pulses
which cause said switch means to perform a current chopping operation;and
- gate signal generating means for controlling the turning on
and off of said switch means using said pulses of controlled pulse width
during a conduction-enabled period determined at least by said phase
20 angle. |
In one preferred embodiment of the invention, the phase angle
controlled by the phase angle control means is synchronized with the

chopping period of the pulse width control means.
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s. 2Ato 2C show signal waveformdiagrans to illustrate operation of the
cuit shown in Fig. 1, Fig. 3 graphically 10 illustrates characteristic
tions of the pulse width and the phase arngle to a voltage conmmand, and

4 shows schematically a circuit arrangenent of a function generator

for obtaining the characteristic reI;tLpns illustrated in Fig. 3; 15

Fig. 5is a circuit diagram show ng general- arrangenent of the power

convenl er appar at usyaeee’ ShB0 diel FMRATSE Sho! BEcLBURU R didy © u‘

shows “a circuit confTguration o I ng ST gna enera iNg.circul

enpl oyed 4 rnt[lﬁ £ ORYRE! BppaRRAAIARD KO £O1TbR1ng: dBldrepeilys Signal

wavef or s ustrate opefrati-on o pping sig generating circuit

shown | N fgigen 5ibyl ey ySo2he¥amd 1@ iy, C0Al & GHighbeR Al \AiRleheD DUl Se

generating citeult used I n the converter apparatus shown in Fig. 5; Figs.
9A to 9Dégyaﬁﬁaﬂy§ﬁsmaygﬁghggd|@m%yﬁidﬁ)|Ilustrate operation of the gate

pul se generating -6- 1 circuit shownh in Fig. 8 Fig. 10 is a circuit
di agr gm showi ng a dF;cgsnDnou;ocmntarx@ t/ SLEIus trabecbhe peveicigaw/ert er
apparatus according to the invention is used;:5 Fig. 11 is a

circuit Gbiagm?arnﬁtwmﬂgoﬁ,t hheehipm g 1l - S\ﬁdﬂsbal dgecwm;cw t according
t o anot her enbodi - nment of the invention; :
arrangement of a three-phase full-wave bridge circult,
__Figs. 2A to 2C show signal waveform dlagrams to i;lustrate
~operation of the circuit shown in Fﬁg._l,_Fig. 3 graphically
10 illustrates characteristic_relationé of the pulse width
and the phase angle to a voltage comnand, and Fig. 4 shows
schematica;ly a cirecuilt arrangement of a funection generator
for obtaining the characteristic relations illustrated
- in Fig. 3;
15 : Fig. 5 is a circult diagram showing a general
arrangement.of the power converter apparatus according
to an embodiment of the invention;

Fig. 6 shows a circuilt configuration of a

chopping signal generating circult employed ih the
20 converter apparatus shown in Fig. 5;

Fig. 7 shows signal waveforms to illustrate
operation of the chopping signal generating circult shown
in Fig. 6; |

Fig. 8 shows a circult configuration of a gate

25 pulse generating c¢ircuit used in the converter apparatus
shown in Fig. 5;
Figs. 9A to 9D show signal waveform ;iagrams

to illustrate operation of the gate rulse generating



the britdge circuit shown in 10 Fig. 11; Fig. 13 is a circuit diagramto
show a si.ngl e- «phase full-wave bridge circuit according to still another
enbodi ment of the invention; and Figs. 14A and 14B are signal waveform
diagrams 15°to illustrate operation of the bridge circuit shown in Fig. 13.
In fhe first place, the principle-of the present invention will be
des®fi bed by referring to Figs, 1 to 4.-By way of exanple, it is assuned
that the inven- 20 tion is applied to conversion of a three-phase :
alternating acdireultoshawe. ipowdrg sdyce and that controllable switch or
commut ation neans exhi biting current breaking function is constituted by
gate turn-of f thyristor&ighelddl rnaf taerckrdwit edlagramnphpwingsrO)d. ¢ However
it will be readily 25 understood that the invention can also equally be
appl i ed to t HeoERRverstERlosystemdire-whigk a. poweswepnyedter apnaratisse
where anothertype of switch or commutation neans is adopted, as will be
descri bed hera$¢@Fdéng to the dinyentigmwks auefdsuit configuration of a
t hree- phase full-wave bridge type rectifier éircuit. In this figure,

e

thyristor? [err] and [efitB-cdmdd &d GIreekhedi #EE2H, SHGYIRER JfiReR-
it larit i.de.5 fit d by t t - of f
Phyri stor or Regfe whiLLrAYS; Hiden G L uith: actardinling whdkinm ameds-

the respecti Vn?erlx){' ggetggnin(‘)‘_réntt eonn;egat ive polarity

Figs. 12A and 12B are€ signal waveformdiagrans to illustrate operation of (ifﬁ

Figs. 12A and 12B are signal waveform diagrams
to illustrate operation of the bridge circuit shown in
10 Fig. 11; B
Fig. 13 is a circuit dlagram to show a single-
phase full-wave bridge circuit according to still another
embodiment of the invention; and
Figs. 144 and 14B are signal.waveform diagrams
15 to illustrate operation of the bridge circuit shown in
Fig. 13. S
" In the first place, the prindiple of the present
invention will be described by referring to Figs. 1 to &4.
By way of example, it is assumed that the inven-~
20 tion 1s applied to conversion of a three~phase alternating
current or a.c. power source and that controllable switch
or commutaﬁion means exhibiting current breaking function
is constituted by gate turn-off thyristors (hereinafter
referred to simply as GTO). . However, ;t will be readily
25 understood that the invention can also equally be applied
to the conversion of a single-phase a.c. power and/or
to the case where another type of switch or commutation

means is adopted, as will be described hereinafter.



, e are each constituted by a thyristor for general use. . A three phase
°c. power source Ea is connected to 10 the a.c. input termnals of thee

full -wave bridge circuit. Direct current or d.c. output voltage Eo is
ontrolled through gate control of [err] and [err] as well as the thyristor
[err] and [err] and applied to a | oad L which nmay be conposed of a resistor
RL, an inductance LL and a 15 source of d.c. voltage EL. In this .
connection, it is assumed that the load L has a time constant LL/RL which i
S sufficiently greater than the perldh of the a.c. power source and that

t he d. rli/oVOI t age ELz%f%se%egkgg at, aci%ﬁ‘é'e/?kf% ﬁxghggl %ga that of the

out put Itage Eo con |t|ons may apply
constitut e [ t I ) , f or
exanpl e. yée?%%a g hyqﬁnééﬁgfg%%ga ?%ﬁaég thggg' t shown

in Fig, 1 @O%Wﬁefgsc@bupha %&a@ﬁéwu, cdnfddola f3e output

d.c. voltag Eo and ‘a U phase cur e asé ang e for the gate

control i %eéwuqdz@ybﬁid%é/baemeaw (ﬁﬂé‘rﬂdsitfvé eﬁ@@&h@? this
phase angle is represented by a phase lag froma tine p0|nt at whi ch

the phgseaval te3gh Bonsoitiited byveHegdtomungabrreth rE%%'otr‘ \gp polarity

and wil|l hereinafter be also terned the control Iag angle. Further, a pulse
width of GT®,pwdsigel skotchiogpigiemset Sty p é.ﬁﬁr]d 5 caithddted | S
represented by P. Fig. 2B illustrates wavefor duced ®hen t he

t hyri st or $nUzheVassne dRive bhadgegamm&adnckharnegatadammdlaﬂﬁtwnntro
| ag angle a of 00 when the chopping is
side are each constituted by a thyristor for general
use. A three phase a.c. power source Ea is cannected to
10 the a.c. input terminals of the full-wave bridge circuit.
Direct current or d.c. output voltage Eo is controlled
through gate control of GTOU, , GTOVi and GROW, as well as
the thyristor U2, V2 and W2 and appiied to a load L which
'may be composed of a resistor RL, an inductance LL and a
15 source of d.c. voltage EL. In this connection, it is
assumed that the load L has a time constant LL/RL which
is sufficiently greater than the period of the a.c. power
source énd that the d.c. voltage EL is selected atla
slightly lower value fhan that of the output voltage Eo.
20 Such conditions may apply when the load is constituted by
an armature.circuit in the control of a d.c. motor, for
exémple.
Figs. 2A to 2C serve to illustrate operation of
ihe ciécuit shown in Fig. 1 and showé.waveforms of phase
25 vdltages u, Vv and'w, the'output'd;c.ivoltage Eo and a
U-phase current Iu. The phase angle for the gate control
is denoted by a. More particularly, in respect of GTOUI;

this phase angle is represented by_aiphése lag from a time



Ferr]®are rendered conductive, respec- tively, and which are determ ned by
the control lag angle [err] "at:that instant. In this-case, when the [err]
is fired, a current flows through the thyristor V2, resulting in a
load 15 current | flow ng through the power supply source Ea. as indicated.
by-a loop [err] in Fig. 1. Subsequently, when the [err] is fired with the
[err] being turned off, the load currerg JL flows along the path indicated
by a loop [err] in Fig. 1, shunting the power source Ea. The out put

vol t age 120 pddnt satewhiah ithes phadeantoltdgeal eVubir, W s viewedwted of réme
.out put voltage Eo corresponds to a train of pulses each having the width P,
as illustrateghtivéi go pBsiFive dunlamdkiyngandewpllsaemednafRemrbabdEsoit
i's possible to control the output voltage Eo and the U phase current [U. 25
In this casierméed phaseonggyadf lag gnabe. cuFurhhers! at pudse widthhuwput
voltage Eo is extrenely small, to thereby permt the power factor to be
appr oxi mat éhe Pulgenslenad) fomwehanpingceperasion OfnGIAU 0n GFOV e
possibility of -9- 1 narrowing the pulse width P, it is difficult to
control X hensitGT®Wy ol agerresent®d &&IFtower than 1/10 of the rated

vol tage. To deal with_the problem nentioned ab It is 5 taught according

ve, i
to the invention thatFiBe éé%ﬂ%ﬁ?ﬁ¢f$sw%§PE8ﬁ@G progdneeshyEhen cthe
shortest.width and thep the cont | a ngle a is controlled wth the
pul se wi dt P B ﬁ%rﬁaﬂat’aﬁme@q%q'{memgaﬁgmﬁgsagig? e 8108 A% &y"%ﬁ&l ow t he

with the control lag angle a of 0° when the chopping is

performed -with the pulse width P during periods in which 10 the [err] and <ig%i
24

performed with the pulse width P during periods in which
10 the GTOUl, GTOV1 and GTOW1 are rendered conductive, respec-
tively, and which are determined by the control lag angle
a at that_instant.-
In this case, when the G'I‘OU1 is fired, a current
flows through the thyristor V2, resulting in a load'
15 current IL flowing through the power supply source Ea, as
indicated by a loop (:) in Fig. 1. Subsequently, when the
GTOVl is fired with-the-GTOUl being turned off, the load
current'IL flows along the path indicated by a loop (:) in
Fig. 1, shunting the power source Ea. The output voltage
20 Eo is zero at this instant. As a result, the waveform
of the output voltage Eo corresponds to a train of pulses
each having the width P, as illustrated in Fig. 2B. Thus,
by making the pulse width P variable; it is possible to
control the output voltage Eo and the U-phase_current IU.
25 In this case, the phase lag of the phase current relative -
to the output voltage Eo is extremely small, to thereby
permit the power factor to be approximated to 1 (one unit).

However, because of a limitation on the possibility of



%t put voltage Eo to be continuously controlled to.zero. 10 Fi g.
| lustrates waveforns of the output voltage Eo and the U phase current®

h are obtained by setting the control lag angle [err] at about [err]
.~ WTh the pulse wdth P being naintained shortest (i.e.) by approximting
- the output voltagée to zero. More particularly, the 15 thyristors [err] and
[err] shown in Fig. 1 are fired at the control |lag angle of 900, while the -,
choppi ng operations are effected by theglerr] and [err] with the pul se A
width P during the periods in which the GTO s are nmade conducti ve,
respecti yel yarbosargdechev phlsespedtht @,t He 208 defflculthsockcomtinol the
operation is perfornmed by the [err] in the pulse wwdth P over a tinme span
ext endi ng f patplulte witage Eagtangl dexedi ldwen pharelydlt afe thesimated n
Fig. 2Ato the control lag a of the V-phase voltage V. In this manner, the
reactive poweilte®e.be significantly 25 decreased, whereby the power factor

I's enhanced in a | ow power range, as can be seen fromthe illustration.
Fig.. 3 graphically ilTeasieale¥its SheopaapkenimepeligRgde aRefi% iy e
pul se width to the output voltage, ecifically

i || ust r abes tpught GrIPPILRE ﬁﬁgtPérﬁﬁ#ﬁgziﬁﬁpﬁggéeﬁﬁgtRuéiﬁuY§4&gLﬁé§%
2baci ssa | SRGRFANt SO FECOPORALPIS GHARE THF SHLOBP BOE, T S (TehBRAte
R NEAFCRAGRE Rk A C R e e e
Lhe'whol € cQNIUGLI N1t P°Lh Ofne halfldwek 56L] OBbFesherdoy N1 £l senl dth
output voltage Eo to be continuously controlled to zero.

10 'Fig. 2C illustrates waveforms of the output
voltage Eo and the U-phase current which are obtained by
setting tbe control lag angle o at about 90° with the pulse
width P being maintained shortest (i.e.)-by approximating
the output voltage to zero. More particularly, the -

15 thyristors UZ’ V2 and W2 shown in Fig. 1 are fired at the
control lag angle of 90°, while the chopping operations
are effected by the GTOUl, GTOV1 and GTOWl with the pulse
width P during the periods in which the GTO's are made
conductive, respectively. Described with respect to the

20 GTOU the chopping operation is performed bj the GTOUl

1
in the pulse width P over a time span extending from the
control lag angle a of the U-phase voltage U shown in
Fig. 2A to the control lag a of the V-phase voltage.V,
In this manner, the reactive power can be significantly

25 decreased, whereby the power factor is enhanced in a low
power range, as can be seen from:the iilustfation,_ -

Fig. 3 graphically 111@strates relationships of

the phase angle and the pulse width to the output voltage.



whi | e¢t he phase :angle [err] is varied in the range | ower than 1/10 of the
rated voltage, so as to allow the output voltage to be controlled to zero.
Vari ous . nmeans may be enployed for varying the pulse width P and the phase
angl e a in.accordance with 15 the vol tagg wnmand Sv in the nanner
ment i oned above. An exanple of such neans is schematically shown in Fig. 4.
The, appanat Wpries spegisRshDiy [ UPLEL OB g2nesatreted afdlativhsipavEpdand
respective characteristics such as showmn. Wen the output signals Sp and
[err] whichsar efpriiigadlse espeth ROahdvehe, phade tdmgleincttonageottager s
[err] and FP are utilized as a pul se width conmand signal and a phase angle
command si geammamd tSe. gdliee cooltageotomhengaiSy thakermfdlohmgrtseéoabsbessh
and [err] and the thyristors [err] it is possible to acconplish the out put
vol t age contisolgiivierpSimceermsine nathot ko Chiet amtech it Sy, whilbere
particul ar, when the pulse width P corresponding to the voltage command of
0.1 (i.ed 1khe shase anglel worndgthe| pudsenwdididd R daitemtabongnthand and
"1. the control lag angle a is varied from[err] to O on the other hand, the
out put voItQQ§LQQ%QM§RQUS¥¥F¢Soﬁeiﬁﬁetiﬁe b An [tams ¢f. theupentueat |y,
by varying the pulse width PfromO0.1 to 1, the output voltage is increased
up to [err] 18 sn@lendhdnirhe IFethe EsAetdveotta Hhshahale condpeting t age,
t he out put vol tage can be varied fromO to_-0.1 x 3 Ea by varying_the
control | agP&RdO& a A HLbL (e 18080 EreRefd&nt 13y, QHF\Rﬂ%ﬁﬁgw¥aEhp§Pse

wdth P froggovggfééhuntil the ratio 1/10 of the rated voltage has

Is varied until the.ratio 1/10 of the rated voltage has 10 been reached, (2%2

10 been reached, while the phase angle Sa is varied in the
range lower than 1/10 of the rated voltage, so as to allow
the output voltage to be controlled to zero.

~ Various means may be employed for varying the
pulse width P and the phase angle o in accordance with

15 the voltage command Sv in the manner mentioned above. An
example of such means is schematically shown in Fig. 4.

The apparatus is composed of function generators Fa and
FP having respective characteris;ics such as shown. When
the output signals Sp and Sa which are produced, respec-

20 tively, from the function generators Fa and FP are utilized

~as'a pulse width command signal and a phase angle command
signal for the gate_cgntrol of the gate turn-off thyristors
GTOUl, GTOVl and GTOW, and the thyristors U,, V, and W,,
it is possible to accomplish the output voltage control in

25 accordance with the voltage command Sv.

In more particular, when the pulse width P
corresponding to the voltage command of 0.1 (i.e; 1/10 of

the rated voltage) is maintained constant on one hand and



t he negative output voltage can be increased up to . Ea at maxi mum
w, an exenpl ary enbodi nent of the invention inplenented on the basis #&f

9. 15 Fig. 5 shows a general arrangenent of a power converter
apparatus, according to an enbodi nent the invention, in which a-gate
control circuit GC includes as najor éghp

gener 31 Ot fléndi® 182 cRRRENG. A0V R AR NG0S! £GUDE CROwR 2 gate

20 pulse ‘generating crroult e remaining clrcuit com ponen s are sane

as those (desor ithath heggd NHEERLS. vENE A L 4P Bé Oba %é&”ﬂ*oﬁcz'e%os‘%@”anged
as to perforn1t gat e control for the gate turn-o thyristors [err] and
sﬁg

[err] ang the iBd Or sshBke ué%l&ye,rrﬂ Iﬁfffﬁgdeﬂeepaisewifawe phase

angl e command nal [err] and the pulse wi dth command si gnal Sp';upplled

from the girgactg.an wnﬁ{]atnéSoEepamdv&tdﬁpﬁstm&uaséa P ¢ AR I5a
referring to Fig. 5 e three- 1 phase vol tages suppl® ed from

the pgwegtsmaxdemint, are transforned into |ine voltages UW VU and W havi ng
a new tral point through a transfornmer Tr. The line voltages are then
suppl i ed, respectiVitytheocohteeipldsehshinegasi P, oatPutaveiRegech of

whi ch has the other input supplied with the phase conmand sign [err].

The phaséheoonbpiitsiymbtager cani bepverdest fiyomhe tanedi.danxg &Bor Fa in
such a manner that the control lag angle a be zero in a range in which the
vol t age bynvanyinigrithe Syonhtohedsg Anglritpufronl Pfeto 180°.

Subsequently, by varying the pulse width P from 0.1 to 1,

3”2' Ea

10 the negative output voltage can be increased up to
at maximum.

Now, an exemplary embodihent of the invention
implemented on the basis of the principle described above
will be elucidated by referring to Figs. 5 to 9.

15 Fig. 5 shows a general arrangement of a power
converter apparatus, according to an embodiment of the
invention, in which a gate control circuit GC includes as
major components a phase shifted signal generator circuit
PS, a chopping signal generating circult CSG and a gate

20 pulse generating circuit PC. The remaining circuit com=
ponents are same as those described hereinbefore. The !
gate control circuit GC 1s so arranged as to perform the
gate control for the gate turn-off thyristors GTOUl, GTOVl
and GTOW, and the thyristors U,, V, and W2 in accordance

25 with the phase angle command signal Sa and the pulse width
command signal Sp supplied from the function generators Fa
and Fp, respectively. |

In more detail, referring to Fig. 5, the three-

’he principle described above will be elucidated by referring to Figs. 5 to

onents a phase shifted S|gnal 'z

<



10 is of a great magnitude (refer to the correspondi ng characteristic
curvesillustrated in Fig. 3). Thus, the phase shifters PU PV and PW
produce phase control pulses in dependence on the phase command i nput
[err]. The phase control pulses are then supplied to the gate pulse 15
generating:-circuit PC and the choppi ng gkgral generator circuit CGS. In
this connection, it should be nentioned- that the phase control pul ses
[eLr] and [ ehasd Aforsupkés! sippliba Poom it PuWeraynsreé Eheabbr ee- phase
source voltage Ea are produced from pins nunbered 4 of 20 the phase
shifters PUtrvisforndil ivtbelihe pulsagelset, arul 4md ryvikavingt aohlewky
the negative hal f-wave of the source voltage Ea are produced fromthe pins
nunbered 2, tradpgciintel yhréughhe orhasformer tTre, pultsesliveryoleagksand
[err] for controlling both the positive 25 and negative hal f-waves of the
source vol t age Ehen csyppliled, edespestiNely ,nt o tireespiiase eshiftierel PU,
Such phase shifter per se is hitherto known. The phase-shifted pul se
signal s fer FV and PW each ofidwhdeh] hagr slec @tHemmnput psuspiief whshphase
. shifters PU, PV and PWare supplied to the input of a synchronizing pul se
gener ating &hec@phase commardrsignad Se¢.cofhes ahage coumard gahgnatose
flip-flops and so forth, 5 as will hereinafter be described, wherein the
pul se gener dSoPnNePaRed &V i FheyAURLEAPEMERNST AR Jleaskn sFiehed panser
signals [er

si gnal

P6 h

10

15

20

25

%& and [err] and [err] to_thereby preduce a synchroni zing, pul se
afy B centrel 28 aR8LRCY BT LZ%II'% in gﬁe?%ﬁﬁniflhﬂbiﬁh t he

the voltage command signal Sv and hence the output voltage
is of a great magnitude (refer to the corresponding
characteristic curve illustrated in Fig. 3). Thus, the
phase shifters PU, PV and PW produce phase control pulSes
in dependence on the phase command input Sgx. The phase
control pulses are then supplied to the gate pulse
generating circuit PC and the chopping signal generator
circuit CGS. 1In this connection, it should be mentioned
that the phase control pulses GUl’ GV1 and_GWl for
controlling the positive half-waves of the three-phase
source voltage Ea are produced from pins numbered 4 of

the phase shifters PU, PV and Pw;-while the pulses-GUz,
GV, and GW, for controlling the-negative,palf-wave of the
source voltage Ea are produced from the pins numbered 2,
respectively. _On the other hand, the pulses GUl'; GUz',
GVl';'GVE’ and GW ’;_GWZ' for controlling both the positive

1
and negative half-waves of the source voltage Ea are produc-

- ed from the pins numbered.7, respectively. Such phase

shifter per se 1s hitherto known.
The phase-shifted pulse signals GUl'; GVl'; GW,

(&



se width controlling phase shifter PP for the gate turn-off, thyristore

as the reference signal for the chopping functions. 15 ) The
puLse wi dt h control phase shifter PP for the GIO s has other input supplied
with the pul se width command .signal Sp.which is produced fromthe function
generator Fp in such a manner the pulse width of the pulse width command .
pul se signal remains constant at a_snmall_value in a range 20 in which the A
vol t age conmand signal Sv and hence e out put voltage is of a smal

magni tude r.eas iRy tshe figange. N Lgh \(Ql t d_signal Sv and
hence he38§?§ﬁe VoV&&Qd a¢§20fp%8?§€sg ﬁ% ﬁﬁ*ﬁﬁ%%gﬁﬁg gu¥§et dPﬁaSF t he
command p%kf?%h?'s' B CAPLdd Biprato F%ES 1603 3 Wt g5 el bl ustrated

in Fig. 3). e pul§e_mndi contro phase shifter PP produces a _
choppi NG $yPRhofh® z8hel @@1fsreecg@£@ﬁa@ingheis~?éw&r @ ZiTKh PUbSBc 81 g8 Eg in

ource vol tage Ea. The synchroni zing pulse signal [err]. is utilized in a
)

conformance to the pul'se width command Signal Sp. This phase shifter

my - {4 compoBedcersta ik ehérPhasg Piifplamioled 488 senperehal |y
avai l abl e from Schi emens Co. Ltd. The chopping signal CSis supplied to the

gate ml sgs GeDEL ahebrednafticr Be déecpfbedpuivhe reanersiorpgiseuit PC
produces gate 5 signals [err] and [err] for the gate turn-off thyris- 1
1 tors [egegenatiopets] drivwenl limssyhehpahess grialrs dres rghasedshertedf or the
thyristors [err] and [err] on the basis of the input signals nentioned
above, aspulsé bigneds GU GV,'; GW,' and GU,'; GV.' and GW.' to

13 GV 's GWy 2 3 9, 2
thereby preduce a synchronizing pulse signal Ps-having a
preselected frequency which is higher than that of the -

10 source voltage Ea. _

The synchronizing pulse signal Pg 1s utilized in
a pulse width controlling phase shifter PP for the gate
turn-off thyristors GTO as the referénqe signal for the
chopping functions. '

15 - | The pulse width control phase shifter PP for the
GfO's has other input supplied with thg pulse width command
signal Sp which 1is produced from the function generator Fp
in such a manner the pulse width of the pulse width command
pulse signal remains constant at a small value in a range

20 in which the vdltagé command signal Sv and hence the output
voltage is of a small magnitude, whereas in the range in
which the voltage command signal'Sv and hence the output
voltage are of a large magnitude, the pulse width of the
command pulse is increased (refer to ‘the characteristics

25 illustrated in Fig. 3).. The pulse width controlling phase
shifter PP produces a chopping signal CS at the frequency
of the synchronizing pulse signal-P6 ?n conformance to the

pulse width command signal Sp. This bhase shifter PP may

|
!



after be described. 10- . In this-manner, in the case of the
ermbodi fent now bei ng descri bed, the chopping signal CS is synchronized wit
t he phase-shifted signal by synchronizing the pul se signal input P. N
supplied to the pulse width control phase shifter PP with the phase-shifted
signals fromthe three 15 phase shifters PC. Fig. 6 shows in a circuit
digg;an1an exenpl ary enbodi nent of the Eﬁobping signal generating circuit

PO B oSRRUTLAEANL,MAYEAI, LG ] LR 18R 78BS BRRRRR Ve

choppi ng “si gnal nerati'ng crrcuit T

fromthe ter]jy t DS f hifters Phi . P

phase- shi fte;‘{(;lqarplﬁjfasgjs‘g[grz?ﬁ gtr?gq[err , C?e'sp"é%'l veﬁl/? %‘,{ﬂ?@ﬁigg trsg‘?&)ar?'d %% the
posi tive halfswaygs: 204 tBecRIte diplde pbrtBergaytcecvol tage
wavef or s U\/%/s VU %éld WU phase- sm eed %%Yﬁaé pﬂasercogmam signal Sa

and are applied to inpghet gaRiendhdsk gortthddr 0fi AcAND Pei beid s gatlhe
NAND circuit NAL then produces at the output termnal 12 thereof a pu% se

train signalsfgnals uscuaiedcvn Bng@ Tbk%nct‘or tHé-gdtei BaPHdLIT Ynyradse
trains which correspond*to thd serial- % zed phase-shifted signals [err] and
[err] GR2, peekicETON) OGOV, plaase GUTW.! exss w11 Ps atde PRatAcedgialg y, the

pul se signal Ps has a frequeﬁcy.mhich is 5 six tinmes as hi gh as that of the
a.c. source 'mﬂéagEGEg. akdr Te€Wanloe, umtaerthmsteqﬂeﬂgy ut, ahe raxe the
voltage Ea is dssuned~to be equal to 50 Hz, the pul se"repé&titionTrequency
of the pul sebdsis no§i ghel 1Rpuits si@hals mEmtignedeaboden as will herein-
after be described.
10 In this manner, in the case of the embodiment now
being described, thé chopping signal CS is synchronized
with the phase-shifted signal by synchronizing the pulse
signal input P6 supplied tc the pulse width control phase

shifter PP with the phase-snifted signals from the three

15 phase shifters PC.

Fig. 6 showé in 2 ¢ircuit dizgram an exemplary
embodiment of the chopping signal generating circuit CGS,
and Fig. 7 shows signal waveforms to illustrate operatibns
of the chopping signal generating circuit CGS.

20 There are produéed from the terminal pins 7 of

the phase shifters PU, PV and PW the chase-shifted pulses
) [ [ 1. ' o~

GUl ; GU2 ; GVl : GV2 land GW 5
correspond to the positive half-waves and the negative half-

l'; GW,', respectively, which

waves of the source voltage waveforms UW, VU and WU phase-
25 shifted by the phase command signal Sa and are applied to

input terminalsll,'z and:13 of a NAND circuit NAl. - The

NAND circuit NAl then produces at the output terminal 12

thereof a pulse train signal Ps illustrated in Fig. 7 and



Ngnal Ps is identical with the pulse trains [err] to [err} 10 which are
strated in Fig. 9B. The pulse train signal Ps is supplied to a D-type
-flop elenment FF1 which then produces an output signal Pl in response

he | eading or rise-up edge of the pulse [err] 15 The out put
signal Plof the D-type flip-flop elenent. FF1 is applied to an input - '
termnal 13 of the NAND circuit NA2 and at the sanme tine to an input o
termnal 14 of a progranmabl e pul se generator PG The latter nmay be A
constituted by a hybrid I C which incorporates therein a 20 high precision
cryst al 10sdnldlatdiingansii hasudsgr éraihisexibidh [¢dyréspogdnewalthesseriiel -
programmabl e pul se generator PG is so designed as to be capable of . -
produci ng delesctihadg-shifted ségaahﬂlﬁﬂitﬁ &ﬁ%putGV équ@N'%xand1&W{apge
of 60 KHz to 0.0005 Hz. In the case of the illuStrated 25 exanple, it7is
however as§Wmad pRduce@ pupBethenphase std fterd PUogPimand tR¥at a pair of
pul ses are generated between the adjacent.pul ses of the six pulse train by
setting thdcconfingLky p the pulse Fignels Ko bas o2 pbreavedicy whhlsohs -
16 - In_this manner, a pul se signal Péﬁ(F : z; I s produced from an_out put
terninaP 98K tH&SuI&D JkER &8 oFhRE dé%ﬁﬂ €%l t BOBRFGt ViodtRSMIER 4 and 2
of a NAND c¢jrcuit l\!’cAE?as wel | astoaterm’sﬂ_ 11 of the D-type 5 . '
flip-flop FOFr EXATRAL r KBERSERR fREAULHAN RF SFRaPOPEFE] VORIt REe)E ois

produced from an tput terminal 9_af .the flip-flop EF1. e oujiput pul se
~signal [erﬁfs%qot{:aﬁéef%?%g *’ﬁt é(aai'tza’wttrb%t?luiﬁgeFSPﬁtQ'} 4t X%ﬁeq\j.gncy
through a of the pulse train signal Ps 1s 300 Hz. This pulse train

signal Ps 1s identical with the pulse trains GU, to GV,
10 which are illustrated in Fig. 9B. | |
.The pulse train signal Pe is:supplied to a D-type
flip-flop element FFl which then produces an output signal
Pl in response to the leading or rise-up edge of the pulse
GU, . _
15 - The output signal Pl of the D-type flip-flop
~element FFl 1s applied to aﬁ input terminal 13 of the NAND

circuit NA, and -at the same time to an input terminal 14

2
of a programmable pulse generator PG. The lattér may be
constituted by a hybrid IC which incorporates therein a

20 high precision crystal oscillator and has a great f;exi-

" bility for general use. The programmable pulse generator
PG is so designed as to be capable ofvproducing selectively
fifteen seven kinde of output frequencies in a range of
60 KHz to 0.0005 Hz. In the case of the illustrated

25 example, it is however assumed that.the pulse generator PG
is so programmed that a pair of puleeS-are_generated between

the adjacent. pulses of the six pulse train by setting the

terminals 2;.3, 4, 5, 7 and 8 to zero'potential in common.



capacitor C and a resistor R which éignal P4 is then 10 applied to the &
termpal 1 of the D-type flip-flop FF1l. The pulse signals [err] to [err]

* frent i oned above are illustrated in Fig. 7. In response to the application
of. the saw tooth waveformsignal [err] the output signal [err] appearing 15
at the termnal 5 of the D-type flip-tJqg crcuit [err] becones logic "0".
At this time, the output signal [err] fromthe NAND circuit [err]
caryrespongs to a | ogi cdin wiets duanéryré, pulsechignal By seBigee7pr aduced
between the pulses [err] and [err] for exanple, of the | se train 20
signal Ps. prkeducedutfron sn sowbplit PEermipels&s dfbdile "Milsedgénérator s.
A negative potential VE is applied to a Junction of resistors [err] and
[err] througBGaandsiappididdrtd inputietebmivels 1 andiiZeof rai KANDgnal P6
(Fig. 7) conposed of positive and negative individual pulses. 25 This

pul se si gnal ck@cudtydih, & aiellcaantioadyssraingdods iaf ctheibetupeon of
the fact that the GTO pul se width control phase shifter PP qferates I n
response 38 fLaprfdopodiRy & aviehtnesudyat ine thatsds PulseisignabeP; -17 -
1 noted that ,the.frequency of the. pulse signal [err] i.s 600Hz which™is six
times as higﬁFéﬁ-tﬂ§ FRTedRe e FPefueRc PuSPWORTTIMNa D 1 oF ebBeng,

description has been made 5 in conjunction_with the generation of the

pai r ed puIse§158ﬁﬁ%9Ptﬂ§;TnugR%_T ?PFtaHHlEGr§F5§a¥fﬁgrﬁﬁs%r§$ﬁrn si gnal

P LT SO e net® 20T %S Ebden vavbirorh U £ hbdughdy" ot 0
capacitor C and a resistor R, which signal Pu is then

1°

The pulse signals Pl to Pu mentioned above are illustrated

in Fig. 7.

10 applied to the terminal 1 of the D-type flip-flop FF

In response to the application of the saw .

tooth waveform signal Pu, the output signal Pl appearing

15 at the terminal 5 of the D=-type flip-flop circuit FF,
becomes logic "Q". At this time, the output signal Py
from the NAND circuit NAZ correspon@s to a logical pro-
duct Pl-F;, whereby two pulses are produced between the
pulses Gﬁl' and Gwz’, for example, of the pulse train

20 signal Ps. The output pulse signal P5 comprises logic
"O0" and "1" levels. A negative potential VE is applied
to a Junction of resistors Rl an¢'R2-through a resistor
R3, to thereby obtain a pulse train signal Pg (Fig. 7).
composed of positive and negative 1ndividua1'pulses. |

25 This pulse signal P6 is very effective and advanta-
~geous In consideration of the fact that the GTO pulse
width control phase shifter PP operates in response

28 to the positive and the negative pulses. It is to be



~ signal [err] fromthe D-type flip-flop elenent FF js 10 al so produced in
)AB ponse to the rise-up edge of the pulse GAR' to cause the programmbl e e
puj se generator PG to be operated in a simlar nmanner. In other words, the
_ pul se generating circuit CGS performthe opera- tion described above every
tine the individual pulses 15 [err]_of the pulse train signal Ps are
applied to the input of the circuif &@&s= As the consequence, the out put

5&‘% the BREEH- ShAe: gﬁﬁ&i&%@fﬁ 3?%9%‘)?#23%%%3&%&?3 %riQTﬁZ“EEI Eﬂi e
Control || RACBRORE1SH (e 10V Phe Cap PnTBh, B8 £k mofeey] QAT own,

wher eby t kNG, signal PS having a duration 25 (or pul se wi dth)
correspong?ﬁgnggeyhgfgﬁqg?vwdth command signal Sp is produced. Fig. 8

shows an exenpl ary gif Gifid EMEEStng! 2LeBrabthd® Gale Huddsuagaer ating

circuit PC, and 1 Fig. 9 shows signal waveforns to illustrate operation

of the?gaiﬁ Bbh3angeiratWith Cﬁl*i@U%énE’QatHeheofi ttheh@dahde mentioned that
each of the-gate signals [err] and [err] for the [err] 5 and [err] and
[err] hasptitBekypetwelerf ivHe\puDses . GUD! eapdr GWGUl @ \the pigbgsi bed in
conjunction with [err] there are two types of périods, i.e. one period
during whtpiihheiknad @y rl@éfdtencei Dsotbhbepaade TuPEIg Sopyce when the
[err] is fired (that :

It 1s howeyer readlly understood that the output

signal P, from the D-type flip-flop element FF is

10 also produced in response to the rise-up edge of the
pulse GWZ'“to cause the programmable pulse generator |
PG to be pperated in a similar manner. In other words,
the pulse generating circuit CGS perform the opera-~
tion described above every time the individual pulses

15 GUl', cessny GV2' of the pulse traih signal Ps are
applied to the input of the circuit CGS. -As the
consequence, the output pulseé from the pulse generator
PG are produced constantly in synchron;sm with the
phase-shifted pulses GU, ', ceeees GV,' in a stable

20 manner. :

! The output pulse train signal P6 thus obtained
is applied to the GTO pulse width controlling phase
shifter PP which per se has heretofpfe been known,
whereby the chopping pulse signal PS having a duration

25 (or pulse width) corresponding to the pulse width
command signal Sp 1s produced.
Fig. 8 shows an exemplary circuit configu-

fation of the gate pulse generating'ci}cuit PC, and



raferréd to as the conduction enabl ed period), .and the other period during
whi ch the | oad.current shunts the power supply source (that is, the period
during which the output voltage 15 is zero and which is referred to as the
shunt period). The former period is designated by [err] while the latter is
deilgnated by [err]. For the other gate pul ses, the correspondi ng peri ods
ar e~tlesi gnat ed by attaching the sanme suf¥$xes. These periods are .20

illustrated in Fig. 9A which is_depicted on the assunp- tion that the
control |dg dHige 9sSBOWThalgaad Ypyeliorms %9 d&f@ﬁ?@@aﬂae%ﬁ?ﬁe gat e

period i 1 wnich e 1687 bt SRS B BRABEAAR, SRF LR rer o during the
orr] s only rbqui red B8 GensratRORIRINE A el thakneaRinShei ng i red
current 11 o RO Pt RPELE B e} R L 58, S cRoe 0002 (e
oapoctival y 2 FToTL a8 SHOR, Bl AR IeBe L, TRy AR PalrRiser bec

her ei nbef or e moFdleparbRRIIars/,0nal destrfbdd | USt rat elomh fukb8iof8BwhiRnt he form of
a pulse train. As can be seen fromthis figure, for the gate pul ses [err]

and [err] fC”GTdWi, there are two types of periods, i.e. one

10 ts, the period during which the output voltage is produced and which is (i%}

period during which the load current flows into the
power supply source when the GTOUl is fired (that
10 1is, thelperiod during which the ouﬁput voltage is
. produced and which 1is referred to as the conduction
enabled period), and the other period during which
the load currént'shunts the power supply source _
(that is,_fhe period during which the output vdltagé
15 1is zero and which is referred to as the shunt period)!
The forme: period is designated by.GUli, while the
_latter is designated by GU12' For the oﬁber'gaﬁé |
pulses, the corresponding periods are deéignated ﬁy
attaching the same.suffixes. These periods are :
20 1illustrated in Fig. 9A which is depicted on the aséump-
tioh that the control lag angie is a. The éame ‘
applies to Figs. 9B, 9C and 9D.
The gate'pulse signal TGUl is 6nly féquired
to be a positive'voltage_during the period in which
25 the GTOUl is conducting ahd remain zero dﬁring the
non-conducting periodlpf the GTOUl. On the other
hand, the gate_pulsé_TG_U2 is only required to generate

a pulse of narrow width upon being fired under the



ferr] apply, respectively. In other words, the pul ses appeari.ng at the °* t
rmnals 2, respectively, of the three-phase phase shifters PU PV and PW

Ay be utilized as the gate pulses 15 [err] and [err], as they are.
Therefore, the follow ng description_is directed to the gate pulses [err]

<®) thyristors [err] and [err] on the negative side, rel a- fions [err] and
‘Egs
M

and [err] Wen the pul ses [err] and ﬂ@nﬂ illustrated in Fig 9C are .o
supplied I \ 1G]l | FEV an er, as o
i ndi cak ediigﬁ& EBndéQi %‘erlg'lg‘{rgeﬁ#r%éuceéj Eseg é‘rerli']e [er T which are.

contlnuouguyrgﬁ ”%i %?. 1“5 %?% durlng tinme spans between [err] and
err et

[err], ween err ween [err] and [err] respec- 25

tively. These pul S‘i‘?xe[ Beldid WhdRAId Frem! khiSH Ribd thdrithodba = On the
a aving a pul se

ot her hand, the chopping sign th corresponding to

the puls %&sét bpeoanand se&qa}ecﬁpafé saagnsd ff%’iﬂ ttms Reipiers v e - 20 -

si gnal erating circuit onl'y the choppi ng signal CS

that ig Iﬁaﬁynahaﬁalam\ﬁéspéévar$@§9 aﬂghﬁep%hssd;yudséfpﬁé%éesentatlvely
shown.” It will readily be appreciated that other chopping 5 signals

synchroni gedreerBs PG PaSRem ik desepibéadnpbeintewial s arweseiccessively
applied as the inputs. The gate pulses [err] and [err] to be applied to the

[err] andbisic] saprajsodieedilustratedanta High 9Be ifrolgros fgrmogi cal
expreSS|22§ a pulse train. As can be seen from this figure,
for the gate pulses TGUZ, TGV2 and TGW2 fdr the
io thyristors U2’ V2 and W2 on the negative side, rela-
tions TGU,=Gu,, TGstsz and TGW2=GWé apply, respectively.
In other words, the pulses appearing at the terminais |
2, respectively, of the threé-phase phase shifters
PU-PV and PW may be utilized as the gate pulses TGUE,
15 TGV, and TGW,, as they are. Therefore, the following
description is directed to the.gate pulses TGUl,
TGV, and TGW . . | o
When the pulses.GUl, GUZ, le; GV2 and
GWl; GW2 1llustrated in Fig. 9C are supplied to flip-
20 flop circuits FFU, FFV and FF, respectively, as
~indicated in Fig. 8, there are produced pulses GU),,
GV, and GW, which are continuously maintained at
high level during time spans betweeﬁ-GUl.and GU2’
between GVl and.GVzland'between Gwl and GWZ’ respec-
25 tively. These pulses GUu, GVu and qu ére illustrated
in Fig. 9C. On the othéf hand, the chopping signal
CS having a'ﬁulse width éorﬁespondingito the pulse

width command signal Sp'is inputted'fﬁom the chopping



[err] [err] [err] e e 1 [err] [err] [err] [err] [err]
[err] °© (2) [err] - 21 - To this end, the
pul ses[err] and [err] are applied to a NOT circuit NT together with t he
choppi ng signal CS. The output pulses fromthe NOT circuit NT are applied
to a three-gate NAND circuit [err] to %Qereby 5 obtain the pul se outputs
mhrch satisfy the |ogical expressions ( The out put pul ses thus obt ai ned

expr eggrno?sjppsz'{) ‘b%igﬁ%lé%g’é %tsaﬁéfé’tﬁ’é‘lt[ %%a?&%%&hat ?é?rfl 2glnglal[ err] are
o vesa, % Fha CaRREkns b Bk B, SIS, L T hEEEBREbeRR b, 7
soich the poigle ﬁ*?ﬁ%tgési‘gpﬁﬁ%érﬁff b o s YRR B T 01
designates anp@rgPiirfe2dfydne afirdeidt L MR 6nér | LALYpIUE €M
5 signals synchronized with the respective associated

phase signals are successively applied as the inputs.

The gate pulses TGUl, TGVl"and TGWl to be applied

to the GTOUl, GTOVl and GTOW1 are produced in

accordance with the following logical expressions:

N
.GU11=GUH.§VM°CS |

GV11=GV4'GWH'CS

GW11=GW4'GUH'CS

GU =GU4'GVu'CS

-

=GVu'GWu'CS

12

GV12

»~

TGU1=GU11+GU12=GUH.@Vu'CS+§UA

Gvu-ﬁ

— Cep ee. (2)
TGV, =GV, GW, - CS+GV, -GW,~CS

TGW

l’GWu'GUu'CS"'GWu-GUu.CS _




R-denotes a push-pull thyristor anplifier, and Ps denotes a phase shifter
p¥ the thyristor anplifier th. Further, 20 GC designates the gate control
jcuit shown in Fig. 5, and PA de5|gnates a conparator for conparing an
otft put signal froma direct current transducer CT destined for -detecting an
armature current with an armature cury nt command signal Se. 25
The armature current is controlled To*be constant in accordance with the

Cachombter genor at ol PG RS cBABar SReWPHT peedﬁ%&”%&ﬁ%&%“ﬁedu&%ﬂa_ 22,
cont rort1 RESRAEY (Bl & QITF chEFPHIE NI EgaeRe L 08 ERe cORBPRATE 1 et i on.
22mE ngng ?gﬁﬁe@pem%%nﬁﬁgsbﬁé\gfﬁu{{ﬁg’%oerh? (C}?&é {'lﬁgrgél isbteg above,
dc. ot ol PnapRdtes ﬁﬂ%ﬁ%ﬁéég%q‘ﬂﬁé&#&c&%@yr*%%fi%ﬂ FRaseey

backwas d d
ackwasd ghthenetHe q%%] égueg W %hpquigéykurregggigggont|nuously

regeneration node. ecause e ar mat ur

control | egxfgeggimé)qlcpnstmé é‘hjc?%e 1 tﬂfj-l%at%@tgfﬁéﬁ gr t he

thyristors [err] and [err] ma arrom/MA duration).

15 then ¥Wipplivy it an&x%r-gateononcw&scuf%tm §696HateLgLl on node
of operation, rendering the outpul voltage fromthe thyrlstor circuit to be

zero, theboghead eixpressions (2) be satisfied, whereby the gate -
pulses TGUl, TGV

1 and TGWl are derived.

10 ‘In th;s way, the gate pulses TGUi; TGVl; TGWl
and TGU,; TGV,; TGW, can be produced.
~FPig. 10 shows an example of applications of
the invention in which the power converter apparatus
according to the invention is employed for a speed
15 control of a d.c. motor.

In the figure, a reference symbol M designates
an armature of a d.c. motor, F designates a field system,
th denotes a push-pull thyristor amplifier, and Ps denotes
a phase shifter for the thyriStor amplifier th. Further,

20 GC designates the gate control circuit shown in Fig. 5,

- and PA designates a comparator for comparing an output
signal from a direct current transducer CT destined for
detecting an armature currént with an armature current
command signal Sc.

25 The armature current is controlled to be
constant in accordance with the armatﬁre current command
Sc. An actual speed ;ignal produced from a tachometer

generator PG is compared with a speed-commahd signal Ss



1

B!

arise g danger that the armature current is rapidly increased to eventually
dedtroy the thyristors. Wth a 20 view to evading such difficulty, it is a
common practice to insert a d.c. contactor in the armature circuit. In
contrast, according to the invention, it is possible to cut off the
armature current when it has increased beyond a predetermned | evel by
supg%ying a gate turn-off 25 pulse signal to the thyristor circuit in

whi gate turn-off thyristors [err] ang Jerr] are used in the full-wave
bridge on the positive side thereof. By VAi¥tlue of this feature, it is

Systemto be PRolBeRe vf Fodphads, SErRel PR, Shy Fesltckhy Renplll!

systemto expensi vely enented I'n a redu

pover fact or by, hige Az &PINGF | E5nOPSI 8RN LHRUT 2 dRhlrht Nk hetpRower

i nvertor operation 5 node can significantly 1 nproved, allow ng the

capacity of tH@gE@W@@53#”86@ﬁ%&WQEQéQnEedﬂ9€E€§%ﬁqWd%f#HHTdéHbFﬁh§h€e,_
unnecessity of use of the d.c. contactor. In the foregoing description, "it

has been assuypdreb3dt tie SiéichcereeRdt $speontded lied iste a o 0foAform
positive polarity of the bridge circuit are constituted by the gate

turn-off tByrtst ohe &pe@d comtand $&e switch el enents on the negative side
are constituted by the thyristor for general use. However, the switch
elements [err] and [err[Witdy tiee coostrolt sgshbem ldesgatibeadirabafd, 15
thyristors, while the switch elements or GTOs on the positive side of the
bridge circuiitarésrepbasdbtiley thelnhgnesddrectiongerferaaimamire tourhent
stmiar effec%b operate the d.c. motor in four different modes, i.e.

a forward rotation mode, a backward or reverse rotétion'

10 mode, a power running mode and a regeneration mode.
Further, because the armature current is continuously
controlléd so as to be constant all the time, the gate
pulses for the thyristors U2, V2 _and-w2 may be of a
narrow width (i.e. short duration).

15 When service interruption occurs in the regen-
ération mode of operation, rendering the output voltage
from the thyristor circuit to be zefo, then there will
arise a danger that the armature current is rapidly
increased to eventually destroy the thyristors. With a

20 view to evading such difficulty, it is a common practice
to insert a d.c¢. contactor in the armature circuit. 1In
contfast, according to-the invention, it is possible to
cut off the armature current when it has increaséd
beyond a predetermiﬁed level by supplying a gate turn-off

25 pulse signal to the thyristor circuit. in which gate
turn-off thyfistors GTOUI; GTOVl ang GTOW1 are used in
the full-wave bridge on the positive side thereof. By

virtue of this feature, it is unnecessary to use the



11 shows anot her exenpl ary enbodi nent of the invention, and Fig. 12
signal waveforns for 20 illustrating operations thereof.,-In the case .

the illustrative enbodi nent described above, the thyristors [err] and

err] are connected to the negative term nal of the full-wave bridge o
circuit in order to permt the power invertor operation-in addition-to the
power 25 converter operation. However, in the case of applica- tion where .
such power invertor operation is not hgquired, the thyristors-[err] and o

~[err] can be replaced by diodes DU, DV and DW respectively, as is shown in

Fig. 11 4.c0.28onthRtory aiwihe €hé. o9ubRIN \Gidtage &9 ©é the bridge

circuit shown in Fig. 11 which is produced through control only of the
control | afn@pgkasavellyt Hendlnidnved irra] relducedprsasnted by a solid line
curve. 5 Fig. 12B shows the corresponding d.c. output voltage Eo which is
derived by controlli Begstikespul e voowér Pfattblre igattthep Woesr f esneaptel | i ng
the [err] and [err] with the control |ag angle a being naintained at a
presel ect esbenatidons mdeecrashede hkeras nbhef bhe. pdwe rwdvrefexrtod Oosépanion Fig.
12B is depicted on the assunption that the chopping is effected five tines.
I n thi S memode, cahebenvdi@miidii eamt by dnprovieds| pldmyvinw athegeousl y applied
al so to the power conversion only in the forward direction. The power
conver si orcaR@city B &b AP D \EWPRLTI §eursfgdanitieh dgcressedednpover
factor by contrglling t he phase angle or control_lag angle [err] and the
pulse\Mch4ﬂ¢iB%°ﬁh§_g§P@ mﬂqgggssygy of use of the d.c. contactor.

In the foregoing description, it has been

2

assumed that the switch elements provided in the arms of
10 positive polarity of the bridge circuit are constituted
by the gate turn-off thyristors or GTO's while the switch
elements on the negative side are constituted by the
thyristor for general use. However, the switch elements

U V., and w2 may be constituted by the gate turn-off

2? "2
15 thyristors, while the switch elements or GTO's on the
positive side of the bridge circuit are replaced by the
thyristors for general use, to the similar effect.
Fig. 11 shows another exemplary embodiment of
the invention; and Fig. 12 shows signal waveforms for
20 illustrating operations thereof. In the case of the
illustrative embodiment described above, the thyristors
U2, Va'and w2 are connected to the negative terminal of
- - the full-wave bridge circuit in order to permit the
power invertor operation in addition to the power
25 converter operation. However, in the case of applica-
tion where such power invertor opera;ion'is not required,
the thyristors U2,.V2 and W2 can be ?eplaced by_qiodes
DU, DV and DW, respectively, as is sbown iﬁ Fig,.ll;



di ode D connected in parallel with the full-wave bridge circuit wll

psevent the load.current | fromflow ng 20 through the power supply sourdg #5°
when the [err], or GTOW are bl ocked. Consequently, it is no nore required

1 to shunt the power supply source by switching alternat- ively the [err]

and [err] i-n the manner descri bed hereiggefore I n conjunction with the

enbodi ment shown in 25 Fig. 1 (refer t6%*RAe loop path [err]), whereby the

i U GABe R B
equally be aBBgagﬁ F&rc? el,'sé"ﬁﬂfg %f ﬁéefféoséxﬁﬁgg‘té ?récﬂf;&érterb#og&lca
Thventi on | neRRFERY RETYRE S upiR ek Rheld b et B PR e phase
aéSéfg?ﬁgrfzgﬁPﬁﬁuggga?Fﬁgﬁb&§¥3§§§%F%§i€%% %gaéﬁgg%#égﬁﬁér“; 6mn %n 10
hyr i ot or> GIERE- AAAEGRAVE, ohs ekt eoborRing b CATRRTRE vd dad K8, 1

connect ed bejieen 2sSidadhisrddane @o&r@fﬁﬁgseﬂécguﬁaeamﬁi&rﬂ-p-ofO@HeL-
Fig. 14A shows an output 15 voltage Eo produced when only the phase angle

(control gate pulses for controlling the GTOUl, GTOV., and GTOW

1
with the control'lag angle o being maintained at a

1

preselected value as described hereinbefore. The waveform
10 shown in Fig. 12B is depicted on the assumption that the
chopping is effected five times. _
| ~In this manner, the invention can be effectively
and advantageously applied alsé to the power'conversion
6nly in the forward direction. The'power conversion can
15 be effected over a wide range with an improved power
factor by controlling the phase angle or control lag
angle' a ‘'and the pulse width P of the gate pulses. A
diode D connected in parallel with the.full-wave bridge

circuit will prevent the load current I. from flowing.

L

20 through the power supply source when the GTOUl, GTOV1 or
GTOWl are blocked. Cbnsequently, it 1s' no more required
to shunt the power suﬁbly'Source by switching alternat-
ively the GTOU

GTOVl and GTOW. in the manner described

1° 1

hereinbefore in conjunction with the embodiment shown in

25 Fig. 1 (refer to the loop path @ )R wherebjr' the control
is much facilitated. ' ' | '

In the foregoing, description has been made on

the power conversion between the three-phase a.c. source



. hﬁ angle a) for the [err] and the thyristors [err] and [err] is
A trolled, while Fig. 14B shows an out put voltage Eo which is produced e

mhen t he [err] and [err] are controlled by the gate pulse of a pulse width |

Pin 20 addition to the control of the lag angle a. The illus- trated
signal waveform corresponds to a case where the control lag angle [err] is
set at [err] with the output voltage Eo being zero. It is noted that the

power factor at the time of the output2svel tage Eo being zero can be remark+
25 ably inproved by reducing the pulse width P to a possible mninun, as

i n the caspmdftlidedenhodiimentsy desnod i belloherernbaformes Mirdtheun; when the

|l ag angle [err] is control- led over a range of O to [err] in conbination
wth - 24y ind thetcoher dnventimn ptdsesqudihyPbler apoigbadnee t o m ni mun,
then the control can be performed over the whol e range which covers both
“the forwarmbrroaweienanodng tie eckivedid $€ egefer FOWEd) VLIV ed Bidhe-5

It will now be understood that the invention teaches that the phase angle
(herein reffedg®d2t ®- aP8¥eds the control lag angle) of the switch neans
capabl e of exhlbltlng t he current breaklng function is controlled and that
the width of the swifeBingpHhays fARCERRT SAFEFRLEFY RERRAimentd?PEi onal |y
controlled durjng the so- caIIed conducti on- enabl ed peri od deternined by the
phase angl@® 1inryenties ﬁBsﬁWﬂQPt???xﬁ?veBuPOPW§P%%ﬂ§n3§Hrf?ﬁ%E%ﬂ a

that the gate_t ff thyrist ly f |
Single phaSH1SeR) AceiBR s anaRTG 15 PRRCBTOHBAaRAd o Bribdes. I n this

case, theé%é%%m._ Figs. 14A and 14B show signal waveforms_for
illustrating qperation of thé power_converter shown in
10 Fig. 13. | |
Referring to Fig. 13, a bridge circuit composed
l.an.d GTOSi and thyristors
is connected between a single-phase a.c. power

of gate turn-off thyristor GTOR

'R, and S,

source Eb and a d.c. load L. Fig._l#A shows an output
15 voltage Eo produced when only the phase angle (control

lag angle a) for the GTOR GTOS, and the thyristors R

1° 1
and 32-15 controlled,_while Fig. 14B shows an output

2

voltage Eo which is produced when the G’_I'ORl and GTOS1
are controlled by the gate pulse of a pulse width P in
20 addition to the control Of the lag angle'a. The illus-
trated signal waveform corresponds to a case where the
_control lag angle a is sét at §0° with the output voltage
Eo being zZero. It is noted that the power facﬁor at the
time of the output voltage Eo being zero can be remafk—
25 ably improved by reducing the pulse yidth P to a ééssible
minimun, as in the case of the embodiments described

‘hereinbefore. Further, when the lag;angle_a is control-

led over a range of 0° to 180° in co@bina@ion wit



factor is inproved f.or the phase for which the GIOis used. In other words,
the .present invention can be effectively applied to a power converter
systemin which only one armof a full-wave bridge circuit is provided 20
with the switch neans capable of breaking the commutated current. Further,
the switch:means is not restricted to_tag.gate turn-off thyristors. -27-
CLAI M5: 1. A power converter apparatus for effecting power

cogversi off DehucEanERod 6f BLY HUIY wdk P SYSLA KBRS oP nitd iRy ©

bridge circurt in whic t least one armi1s provi cont

swi t ch meansyBe£3pAEI BoRkrB YUY Fertindd §78aKLRE MBIk PAnge

conprising: phase angle control nmeans for controlling the phase angl e of

d9

sai d swtch yREEK, cBVESE BHothh tHRNfctwdRRNSoh PErS§0BAT ahll Bileh® adiiidrd 0 of .

pul ses whi dh cause said switch nmeans to performa current chopping

operati on; apﬂegeﬁeratgn@b'@@mvyﬁgﬂunneans forcontrolling the turning on
and off of said switch neans using said pulses of controlled pulse width

during a onducti on-endbl ed 115 noar ibed wWsderstoed thateshe Wnvedtdgrhase
angle. 2. A power converter apparatus according to claim1, wherein

sai d gate sitpsathesnthati thenpirese anglan(eerebngeafeareda tgpatad ssi sl
which is effective to turn on and off said swtch neans a plurality of
ti mes using @0eseontpolsdag anmgle )k mf rihe eswbtithemepushcapabise of d
exhibiting the current breaking function 1s controlled
and that the wldth of the switching pulses for the switch
10 means 1s additionally controlled during the so=-called
conduction-enabled period determined by the phase angle.
It 1s also possible to carry out the invention in such
a manner that the gate turn-off th&ristor or GTO'is
inserted only for a single phase in place of providing
15 ﬁhe GTO for all the phases. In this case, the power
factor is improved for the phase for which the GTO is
uséd. In other words,-the present invention can be
effectively applied to a power convertef system in which
only one arm of a full-wave bridge circuit 1s provided
20 with the switch means capable of breaking the éommutated'

current. Further, the switch means 1s not restricted

to the gate turn-off thyristors.



duction-enabl ed period. 3. A power converter apparatus according
tWelcl @aim 1, wherein said phase angle control neans an i |lse width ,
C rol means are so arranged as to 25 vary said and said
se-width in dependence with a desired voltage Mﬂﬂmhﬁm d.c.
termnals of said full-wave bridge circuit. =28 4 LTy Ammer
_converter apparatus according to claim 3, wherein said phase angle is nade
vari abl e when said desired voltage is not higher than a predeterm ned
val ue, while said pulse width is nade variabl e when said 5 desired voltage -
goes beyond said predeterm ned valué’ 5 A power - converter apparatus
accordin claim4, wherein said phase angle control nmeans is adapted to -
vary saﬁgABﬁ§Se angl e in accordance with said desired voltage when said
desired yoltage isan 'dqyg n | det.er gi e, and
naintaiﬁyéajd phasé QEH%S ?g ezgaa |%§€éﬂﬁgﬁss§P§ gg??§€§3§%|tage goes
beyond | r {erayped | .c. oRVey ter Annarat us
accordi z%éﬁpcfgﬁmgz,ghmﬁerb\eé?#%é} ga?)ual' s% V\nsg?ﬁg)g[g%?raol% (r?e'é:n's I"'s 15" adapt ed
to mai ntgy usohd urae1wvdive b iizsngd Feat t WMIRNWRLECH @eSivekwol tage is
not hi gher than said pre- determ ned val ue and make said pul se wdth
vari abl ere¢ aemoisapeeviideld sditth et esllyablegswiBenr meizhglesired -
vol t age goes beyond said predeterm ned value. 20 7. . A power
convér t eyapgtpke ad spaecordiimg tao clmremtl, bnbakthg Fume tdforsai d ful | - wave
bridge circuit : _ :
comprising:

~~

phase.anglle control ineans for controlling the phase
angle of said switch means; |
pulse width control means for controllingthe width
10 of ;Sulses which cause said switch means to perfofma current
chopping operation; and. |
gate signai generating means for controlling the tixming

on and off of said switch means using said pulses — E

of = controlled pulse width during a conduction-enabléd
15 period determined at least by said phase angle.
2. A.poﬂer converter apparatus according to
claim 1, whereih said gate signal generating means is.
arranged to generate a gaﬁé signal which is effective
to turn on and off said switch melans a plurality of times using
20 said pulses of controlled pulse width during-said
conduction-enabled period.
3. A power converter apparatus according to
claim 1, wherein said phase angle control means and
said pulse width control means are so arranged as to
25 vary said phase angle and said pulse.width in dépendence
with a desired voltage appearing between d.c. terﬁinals

of said full-wave bridge circuit.



an both the positive-and negative sides thereof are each provided with saJ€:;pf
switelf neans capabl e of perform ng the current breaki ' each of

on
said switch 25 neans being provided with said gate si ' ans
for producing a gate pulse for said switch neans in aiﬂmu “Emm‘:mnﬁ
phase angl e and the pul se wdth. 8. - . A power conwertertapparat us
according to -29- claim1, further including short-circuit neans for
ef%etting a short-circuit across said_dzg._lerninals of said full- wave

bridge circuit, when at |east one of said switch neans is opened to break

the current.y5 9. A powWe PUVBHvELPRE BT hEpaPRRASAET ATt to claim
8, wherein all arns of said full-wave bridge circuit on the positive side

thereof or abfghimaty,vener¥id eat@gshaye Shgizeahs amGle RFVidlere Wiként he
control |l able switch neans capable of perform ng current breaking 10

function, sajdighdekigieduwdlympnsidendy BIgReed thancloyrddes svhikddeans
corresponding to a period in which said d.c. termnals are short-circuited.

10. ‘A paleae ,cahidre eaiapprubseswhdthr disnmade cariiatlleorwidenwhatdi n
said short-circuit nmeans is constituted 15 by a rectifier elenent connected
bet ween shi ddestredemoltaigs igoemrx¢yendt sadddpire detersiinedli vakué on as
said full-wave bridge circuit. 11. A power converter apparatus
accordi ng toSany one off tiewen czerventerappparafiiseciasceniing-&oift ed
signal controlled by 20 said phase angle control neans is synchronized with
a choppi ng petada 4t whersin s2ifd phasentnsiensgnérol means is

adapted to vary said phaSe angle in accordance with.
said desired voltage when said desired voltage is not

10 higher than said predetermined value, and maidtain_said :
phase_angle to be smallest when said desired voltage
goes beyond said predetermined value.

6. - A power converter appaﬁatus according to
claim 4, wherein said pulse width control means is

15 adapted to maintain said pulse width to be smallest
when sald desired voltage is not higher than said pre-
determinéd value and make said pulse width variable in
raccordance with said desired vbltage when said desired
voltage goes beyond sald predetermined value.

20 7. A power converter apparatus acéording to
claim 1, wherein arms of said full-wave bridge circuit
on both the positive and negative sides thereof are each
provided with said switchimeans capable of performing
the current breaking function, each of sald switch

25 means being provided with said gate signal generating
means for producing a gate pulse for said switch means
in accordanceiwitp the phase angle and the pulse width.

8. A power converter apparatus according to



A.power converter apparatus accordin ' ; in said
wi dth control neans includes a pul se gene Lng a pul se, , |
gial 25 whi ch determ nes said choppi ng peri od’mmm'mgmaﬂh :
control ling phase shifter for receiving said pulse signals I nput
‘thereto and varying controllably said pul se wdth, the output pulse-signal
produced from -30- said pul se generator being synchronized with said ~
phase shift signal. 13. - A powey pnverter apparatus according to any\ #
one of the pre- ceding clains, wherein said full-wave bridge circuit is 5 ~
consti t ut egh pymayt hirgecplaas e ddl hd YREesRELE0R1GichAW tme 594 df@?teffféd:ﬁ?\? a
generating neans being adapted to turn on and off said switch neans at a
frequency ghbsb-tsrauiteadrod $a1@sda6. heghminadltoOfsspadralg~ system

14. - A power converter apparatus according to any one of clains 10 1

to 12, wheggve bBoidgeuldirwase brikige strlieabti dneonst isai@dswytah

si ngl e-phase full-wave bridge circuit, said gate signal generating neans
bei ng adaphesnsoisubpemedartd dfresiai theweturlremtans at a frequency which is

at least twice as high as that of said a.c. system 15 15. A power
conver Per Gippar at us Acpowdimanvertem appaeteaisn ancardingreocircuit of a
d.c. notor is connected across d.c. termnals of said full-wave bridge
circuit. I1slaim 8, whepsiey addnarmerofppald: fuldmwaenmibridgeas 20

her ei nbef ore described with reference to, and as illustrated in, Figs. 1 to

4; or Figseimcudtopn the ppgitive sidertherecfior @lternatively on the

négative side are each provided with the controllable
switch means capable of performing :current breaking
10 function, said short-circuit means being adapted to
close the switch means corresponding to a period in
which said d.c. terminals are short-circuited.
10. - A power converter apparatus aécording to claim
8 or 9, wherein said short-circuit means is constituted
15 by a rectifier element connected betﬁeen-said_d.c.
terminals in parallel to and in the same diqection as
said full-wave bridge circuitl -
11. A power converter apparatus according to any one of the
preceding claims, wherein a phase-shifted signal controlled by
20 said phase angle control means is synchronized with a
chopping period of said pulse width control means.
12. A power converter apparatus a&éordiﬁg.ﬁo:
~claim 11, wherein said pulse width control means
includes a pulse generator for producing a pulse signal
25 which determines said chopping period and a pulse width
'controlling §hase shifter for receiﬁing said pulse
signal as the input theretO-and.varying'controllably

said pulse width, the output pulse s@gnal produced'from




12B; or Figs. 13 to-14B of the acconpanying drawi ngs—Fhe—text—of-the—

speei€fication has been reproduced by photocopying th | rigina
typescript. Jt may contain a few amendnents which ar "ﬁl;ﬂ‘lﬂu ﬂ(ﬁfad.
The original typescript containing these anmendnents L ral0] 0

the prenises of the Patent Office

— - - 30 -
said pulse generator being synchronized with said phase
shift signal.
13. A power converter apparatus according to any one of the pre-

ceding claims, wherein said full-wave bridge circuit is

5 constituted by a three-phase full-wave bridge circuit,
said gate signal generating means being adapted to turn
on and off said switch means at a frequency which is at
least six times as high as that of séid a.c. system.

14, - A power converter apparatus according to any one of claims

10 1 to 12, wherein said full-wave bridge circuit is
constituted by a single-phaée full-wave bridge circuit,
said gate signal generating means being adapted to turn
on and off said switch means at a frequency which is
at least twice as high as that of said'a.c. system.

15 315, A power converter apparatus according to
claim 1, wherein an armature circuit of a d.c. motor is
connected across d.c. terminals of said full-wave bfidge

circuit.

16. ) A power converter apparatus substanﬁially as

20 hereinbefore described with reference to, and as illustrated
in, Figs. 1 to 4; or Figs. 5 to 9D: or Fig.l1l0: or Figs. 11 to
12B; or Figs. 13 to 14B of the accompanying drawings.

t;zt £ the specification bas bean Teprodnced Uy photocopying the applicents oziginal
::;ucap:. It msy contain a fev spendments which are difficult to resd, = The original
typesczipt containing these ssendments may be inspected on the premises of the Patent Office



