2140987 APPARATUS FOR REPEATELY APPLYI NG SHORT- ClI RCU T PULSES TO A CURRENT
TYPE FOR QUTPUT CURRENT -1 ' This invention rel ates to 2hdwadft RON
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nod

type inverter utilizing self-extinguish elenents for pulse width

of i%%%;nt type inverters, and nore particularly to the control of 'a
lon control. 5 I nvert grs..converting DC power .into AC

power having a desired frequency are broadly classified into a voltage type
and a current type. In the case of the voltage type inverter, its output
current waveformis generally sinusoidal, while its output voltage mavef@rm
10 includes pul ses distri jpp@mg FARSKEPEATEDLY AFFLYING SHOR®N t he ot her

hand, in the case of the cGIRCUIT PULSES 'T0/AICURRENT TYPE UNVBRIERO| t age wavef orm
i s sinusoidal, while its oufpu NOONTRRL square waveform 1In
regard to the latter type or current type 15 inverter including thyristors,
a proposallhas been nmad@his inventiea nelates to the,Gantzol 2f SUrrRpto a

pul se

( width nodul ation nethod simlar to that used for the contro

of the vol t agb¥YRP9pinvestesrs, and pore partdqularly, tq the, fontrod b R ver,
there has been a limtiation in 20 th ul ati frequengy .range in Vview
of the operatFHEFENG 5¥Pe, LOVRELSE; "‘Fﬁ'&%ﬂl ﬁ%’%&g@ﬁ%%ﬁ t he
prior art cur t | t .Lhe Iy ged i nprove- nent of 'the

out put curren{&gvaegggm%gégéhgagﬁﬁggl\%gdf%%?gg&‘ation t echni que has been
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G a specific 2pnybiedE8NeYnvaReing D poller ihitd At iguwiteyi ate the

having a desired frequency are broadly classified into a
voltage type and a current type. - In the cﬁse-of the
voltage type inverter, its_output current waveform is
generally sinusoidal, while its output volt#ge waveform
includes pulses distributed in a sinusoidal pattern. On
the other hand, in the case of the current type inverter,
its output voltage waveform is sinugoi#al, while its output
voitage waveform is a squhre waveform.

In regard to the latter type or current type
inverter including thyristors, a propoéal hﬁs been made
in which the inverter is controlled according to a pulse
width modulation method similar to that used for the
control of the voltage type, so as to improve its output
current waveform. However, there has been a limitation in
the modulation frequency range in view of the operating
characteristics of the thyristors used to constitute the
prior art current type inverter, and the desired improve-
ment of the output current waveform by the pulse width
modulation technique has been limited tq.a%ipecific

ffequency range only.- With a view to obviate the drawback




2- 1 of the prior art current type inverter, the inventors have proposed a
current type:inverter which utilizes self- extanU|sh el ements operable
i a high frequency range, which is sinple in construction and in whic}
pul se 5 width nodul ation control can be @&ff~ected up to the high frequeN
range. (Japanese Patent Application No. 56- 186815 corresponding to US
Pat ent AppllcabfohhSepribrNart4¢3x3&&tamypEPtnPereﬂr.Appbiaawbnmdaaﬂ al No.
82110784.4) 10 Such a current type inverter using self-extin-
gui sh-gl ement shayeppspposedba cHETERtekYDEs 1oYRTSesy Whichnusddiaescur rent
waveform cl oser to the sinusoidal waveformthan the prior art_one when _
high-frequencysﬁ&fséxﬁﬂﬁgﬁiﬁﬂdGﬁ&FFBﬁslQPSFﬁbiﬁeﬁveﬂoﬁEvérhlgﬁ §Fﬁ€ﬁﬁpcﬂb

15 control not only th t t but th
out put cur rent E2B7eY nERSFR,bEoRLBLPCAR ??ééighgbeﬁera =9e§h G pot

to. This i s3nceuill hBRefRELEaEBRELRT <BH, P8 BEFREEa 0B 't%%iﬁgi étES

supplied Wi { . dibgabney! EaRLel  OfrdpRhieBd"Bataal Piggaga’gbﬁhoh 36

al l owed to be n opén-circ condition u ge type
inverter, the PykﬁfspééifégpéﬁaxﬁﬁfEétUBQPEEQnQORbeEcQQEthBE&LE& BS.
pul se MAdth nodul ation techni que nust be determned within the 25 above
limtation. Mgg3psesi ardyEPCnPabentaappiicaltdonusesdalt Npe i nverter, one
of the phases at the positive arns and one of the phases at the negative
arnms nust be i82100784.4) at e.

10 - . Such a current type inverter using self-extin-
-guish elements as prOposed by the inventors can provide
an output current waveform closer to the sinusoidal
waveform than the prior art one when high-frequency pulse
width modulation is effected. However, an atteﬁpt to

15 control not only the output curﬁent waveform but also the
value of the output éurrents of the proposed cufrent
-type in#erter has been quite difficult as far as the known
manner of pulse pattern control is resorted to. This is
because, in the case of the current type inveréer which is

o 20 supplied with direct current from a DC power source and

~ which is not allowed to be left in an open-circuit.
condition unlike the voltage type inverter, the pulse
pattern for effecting the control aécording to the pulse
width moéulation.techniQﬁe must be determined within the
25 above limitation.
‘More precisely, in the case of the cﬁrrent type
inverter, one of the.phases at the positive'arms and one

- of the phases at the negative arms must be in the on-state.



3 1 Therefore, when the width of pul ses applied to one of the phases is
nar#Fowed so as to decrease the output current of that phase, the w dth of
283} appl i ed to anot her phase nust be wi dened. This results pot’ onIy in .
nbal ance of the output currents3of the three phases but also in a
non=si nusoi dal out put current waveform There- fore, the desired output
current navriéerefsre)cihée tive avidthvwbenptbsebabppliedntogonkeothithe phases
and the current waveforns of the three phases are considered. 10
A techn|cumpﬁasegehmrmarrgwedssnua3|ualdeorpGSechheeoutnateturmehton1a\J
current type inverter is discussed in a paper entitled "A Novel PWM =
Techni que fof thatohgee thewidth@fivprlees appbieddtpyamothesi shi et al
in | EEJ, Conference Record IPEC—TOK¥ ‘pp. 384-395 (March, 15 1983). This
paper di scIRiase A% ke reidersdy ol Eﬁa?ﬁ?\i%tﬁabﬁb’l endy dpo#Rding a

si nusoi dal oyt put current. wav and ca 0 _con rolI| the
val ue of3 t ange Qf (e ou ;B VERETeR sp?g géﬁdLsﬁﬁFrB# ﬁﬁﬂa i f
the el E%ﬁ@lﬁ%@.% AL ad SR S Hpa e ?ﬁ%#gﬁspﬂ?ﬁ?ﬁé%i%ﬁ%fﬁ%ﬁfﬁ ngs

fromthe vigyno éigégl5E$p&%eé%?%géﬁ?gggegggmcggaﬁbgy pencrease. It

S therefore a prlnary obj ect I nventron to provide an

appar at us fde£00dd Qlhd Gelte eI Shée RN ?nusétenre&hpahsesnaaaouee out put
vol tages and output currents of sinusoidal waveform containing higher

har moni cs idurremt Wwavretorms apPrthenthrde 'Whabegadre considered.

10° A technique for generating a sinusoidal output
current waveform from a current type ihverter is discussed
in a paper'éntieled "A Novel PWM Technique for Three
. ‘Phase Inverter/Converter" reported by T. Ohnishi et al in
- IEEJ, Conference Récord IéEC-Tokyo, pp.~384-395 (March,
15 1983). ‘

‘This paper discloses an inverter control'apparatus
capable of providing a sinusoidal output current waveform
and capable of also controlling the value of the output

. currents. .However, the proposed-contrdllapparatus requires )
20 a high switching frequency resulting in an increased loss i:}
'~ of the elements. Accordingly, the proposed control
apparatus has shortcomings froh the viewpoints of efficien-
cy improvement and'capacity increase.
It is therefore a primary object of the present
25 invention to provide an apparatus'for cdhtrdliiné a.
current type inverter;'which can provide output voltages
and output currents of sinusoidal waveform containing .

higher harmonics in a very small proportion and which can



4 adi eve varijable control of the output currents over a w de range.
According to- the present- invention there is provided an apparatus for
controlling a‘current type .dnverter including a plurality of self 4
extingui shing el ements connected in a bridge circuit; the self- extlngU|sh 5.
el enents being arranged to be triggered by pt[-J?Ibse Wi dth nodul ati on signal s,
sai d -appar atus cconprising: clock generator neans for generating a clock

si gnal _in accorathieve watriablef cagrelh ©f ﬂmtputpqhmnti cver o wide irange .

patterp_.generation CIW V, % Bat
sai d cFﬁck signal ;" pul'se i“%i at1on pattern Sl nai? respectlveus
ones of said sefat myumhammm seplgsﬂbttart?ﬁgelf
circuit means feiggiiahisd d/\bfﬁg&atﬂ'cﬁlﬂﬁkhﬁlwi-extimuish

short-circuit pul ses havjn redeterm.n ul th on ones
of said self-&& W@f%eﬂ’ &Mﬁﬂfﬁ%% f said
sel f-exti ngui sl”smmmaid apl:uamxpmriamgal d bri dge circuit, the others

of said self-exti ngwagdﬁ g@%{'%tér g&gq.gt{r% rﬁ%.‘ﬂl Té&‘i'dance
correspondi ng pul se w ulation pattefn signa s t hereby enabl 1 ng

short-circuiti pthra fregueacy P47 said inverter; conposite
circuit neans for gemmgmﬁmmtmwaetmsgemhu&o&mggﬁmﬁgfaal d

ool o ot AOAEPRFIsD 4 PRl St ol g5, RSE Ve it

signal s; and drpatterrcsignals fmamimmdn@ﬁrsgyesmelmsd
sel f- 25 extingui sh SheFER Poif plildd Séretafing ELttult |mbafs Corigéierating) £ d -

tri gger patter n sranalis, WIS RS siient! ot 1 05 AR kST e
predetermined pulse width for turning on ones of said self-extinguish
15 elements connected in series with others of said self-extinguish elements
to form pairs in said bridge circuit, the others of said self-extinguish
elenentsbeingarrangedtobetm:edmbythecorrespaﬂingpulsewidth
modulation pattern signals, thereby enabling short-circuiting of a IC
circuit of said inverter; | |
20 camposite circuit means for generating trigger pattern signals for
triggering said self-extinguish elements of said bridge circuit in |
accordance with said pulse width modulation pattern signals and said
short-circuit pulse signals and
driver circuit means for deliver:i.ng trigger signals to said self-
25 extinguish elements of said bridge circuit in accordance with said
St trigger pattern signals.
~ The present invention w111 be apparent frcm the following detailed
descn.ption taken in conjunction with the accampanying drawings, in
30 FIG. 1 is a circuit diagram of a current type inverter using self-
exti.ng\ush elements;
'FIG. 2 isablodcdiagranshmingthestructureofonefonnofa
prior art inverter control apparatus;
FIG. 3 shows the relation between the output pulses ofthepnor
35artinvertercontrolapparatussrmn1nne. 2axxithethree—phasewtput
currents of the inverter;’
" FIG. 4 is a block diagram showing the structure



description taken in conjunction with the acconpanying draw ngs. in which:
30&5? “FIG | is acircuit diagramof a current type-inverter using-self-
eui sh elenents; FIG 2 is a block diagram showi.ng the structure of one |
fosof a prior art inverter control gpparatus; FIG 3 shows the relation
betmeen the output pulses of the prior 35-art inverter control apparatus

~shown in Fidz a'ixdéiﬁbddlﬁnéﬂ'lf&ﬁfpﬂ@éeiﬁUéﬁtéErCébneﬁbi aiaph%thave”ef FIG 4

is a block diagram showi ng the structure - - an enbodi nent” of the -
i nverter. caydoddizmpatattise apmesehﬂg:.menbiaom esent Inventlon FIG 5 shows
the relation between the output pul ses of the i nverter control appar at 0’
shown in FIG 4 5 aREGH& tshaes pthes crelapionchetween thetbetpaterter,

FIG 6 is an enlarged maveforn1d|agran1of part of FIG. 5, FIG 7 is a block
di agr am shmh@a IRf heidinrertsr entrol Apparaths showneiprssent 4

I nventi on; ~ FIG 8 illustrates the operation of the short -

circuit 5pula§’(,d d'é??er%%‘ﬂfﬁ?ﬁuquﬁwii tﬁ!‘%’éﬁ r@f\ttﬁﬁoﬁ'ﬁv?ﬁtﬂ'a 7, FIG 9
EREIOEIEEAC A S AR AT TR AT A
rel ation bgﬁyﬁﬁﬁhjly% short-circuit pul se midth and the out put
FPIG. 7 is a block diagram showing the structure
of another embodiment of the present invention,
10 ~ FIG. 8 illustrates ‘the operation of the short-
circuit pulse generating circuit in the embodiment
_shown in FIG. 7:
_ FIG. 9 is a Signal and current waveform diagram
forsillustrating the operation of the embodiment shown
15 in FIG. 7; | |
FIGs. 10(a) and 10(5) illustrate.the relation
between the short-circuit pulse width and the output
current waveform in the embodiment shown in FIG. 7;
FIG. 11 is a block diagram shoming_the structure
20 of still another embodiment of the present invention; | o
FIG. 12 is a Signal and current waveform diagram
for illustrating the operation of the embodiment shown
"in FIG. 11;
| - FIG. 13 is an: enlarged waveform diagram of part
25 of FIG. 12;
| .' FIG. 14 illustrates the inverter operation under
the Signal condition shown in FIG. 13;

- PIG. 15 is a-block-diagram.showing:the structure



current wavef ormin the enbodi ment shown in FIG 7;. FIG 11 is a block
di agram showing the:structure 20 of still another enbodi ment of the ‘

1
i

present .invenfion; FIG: 12 is a si.gnal and current waveform di agram for
illustrating the operation of the enbodi nent showmn in FIG 11; FIG 13
an enl arged waveform di agram of part 2570f FI.G 12; FIG 14 illustrates the

i nvert ti der th ' . dit] h in FIG . .13: FIG 15 i

2 bl ock i ady A SR APRHIAT PHRRRERE ot Cth PYSReRt HARMREIPRL N of (e
. tion; FIG ' i | ¥

Pl T ust Mt i ng the bper ati dEdr Thatibofiint L ol fi dbetath Wldtan

FIG 17 is- fﬁ*ﬁ oM é§§ Iéﬁeﬁégm sHém

i1l ust ra!t Zsa?h?qzﬁ{/er eﬁ’@%ﬁ#}{g’}%}@&f er‘%%ééw;‘lsf;%’rgcon It oﬁkghown In FIG

17; FIG 19 is jg P@2lisgnd current waveformdiagram 10 for illustrating
the operation of a further enbodi nent of the present invention; and FIG 20
is an enl arged wavef or m @zgy AT dfs a1 terifargddd vdrefotnerdiagramvof pale
drawi ngs, FIG 1 shows a 15 current type inverter which has been proposed
by the invent o ®IG.MIGH utilizes sel f-extinguish elenents such as gate
turn-off (619 thyriSton;xé?ﬁfﬁwif¥%;éiates the inverter operation under
the signal condition shown in FIG. 17; | ) |
FIG. 19 is a signal and current waveform diagfam
10 for illustrating the operation of a further eqbodiﬁent
of the present invention; and -
FIG. 20 is an enlarged waveform diagram of part
of FIG. 19. _
Referring now to the drawings, FIG. 1 shows a
15 current type inverter which has been proposed by the
inventors and which utilizes self-extinguish elements
such as gate turn-off (GTO) thyristors. Referring to
FIG. 1, pairs of self-extinguish elements sﬁ, Sx: Sy
Sy; and Sy: Sy connected in series are connected in
s 20 parallel with one another to constitute a bridge circuit
-of the current type inverter 3 connected across a DC
poﬁer source 1 through a DC reactor 2 and controlled by
. & control appa:atusis. Outputs derived from the
connection points between the self-extinguish elements
25 Sy and sx, between thé self-extinguish elements sv and .
Sy, and between the self-extinguish elements S, and S,
respectively are supplied to alload 4 which may be a

three-phase motor. Three output-terminal capacitors 5



FIG. 1, pairs of self-extinguish elements Su, Sx; Sv, Sy; and Sw, Sz
c ected in series are connected in 20 parallel wth one another .to °
c%ﬁ%?jtute a bridge circuit of the current type inverter 3 connected dcross .
a power source 1 through a DC reactor 2 and controlled by a control
apparatus 6. Qutputs derived from t#e?cennecti on points between the

sel f-extingui sh el enents 25 .Su and Sx, between the self-extinguish

el ement 3 Sefa¥dosyA semnesticm anek oRiiNedsad ARKARS ShenoltPeE texmb-
respectively are supplied to a | .oad 4 which may. be a three-phase notor.,
Three out poialsepd dayegted 35 -7- 1 of Y or [err] connection aMé

connected across the_qutput term - nals of the inverter. 3, FIG 2 shows the
structure of a prior FIf go s ﬁ%l‘s}ﬂ’s"%"{%é@/f%rp{%oet p%ﬁ'*Se wi dt h .
nodul ati on 5 P control of ' e t i r 4 i ng. such
sel f-exti nSﬁP -°§§r%ﬁgﬁf§t%§e%er"lfs%% fogp% rB}l,]_'%/{gdbon r%fé%jbgp%’?éa&?us 6

I ncl udeg a k. tiq ' | todide t ' ircuit 62
and a drgi ve(gmc&g’?&%a Iorr‘llgrsgs‘{)hgl#se to ﬁe%ﬁ?cﬁﬁﬁ&iﬁ%%%ﬁequency
command si giah belifdaatnguish eldhents. PNk Rnd1ad Nerd hep fogha ed PWM

patterns are applied to the gates of the associated self-extinguish :
el enents SgonErolSuppatvatud By imdudds \&lclodk Gererastingi ghwvcubed current

wavef orm 15 di agram showi ng the wavefornms of inverter output currents lu,,
ly and w célpancBwM patterse gehexatigy cixapist $2 and a drive
circuit 63. In response to the application of a
10 frequency command signal f{.signals Pyr Pge Pys Py :;
Pe and"PY having the desired PWM patterns are applied
to the gates of the associated self-extinguish elements
SU' sz, SV, Sgr Sw and SY respectivelg. |
FIG. 3 is a signal and current waveform
15.'diagram showing the waveforms of inverter output currents
Iy, Iv'and Iw.cdmpared with'those of the gate signals

P P and'PY applied to the gates of the

ur Pzs Py Pxr Py
respective self-extinguish elements Sys Sz Syr Sxs Sy
and S, in the inverter 3. _ ' : ' .

20 ‘ The current type inverter proposed by the -
inventors and utilizing the self-extinguish elements is
advantageous in that, in spite of its simple construction,
high-frequency pulse width modulation can be achieved to
provide output currents includfng”higher harmonics in a

25 very small proportion. However, as far as triggering of
the proéésed current type inverter is controiled'by the
PWM'pattern’signéls provided'under cohsidefation'of not

leaving the inverter in its open-circuit condition, as



Pu, Pz, Py, Px, Pwand Py applied to the gates of the respective -
sel f - ext i_'ngui§h el erents Su, S z, Sv, Sx, Swand Sy in the inverter 3. -.
The current type inverter proposed by the inventors and utilizing the 4

sel f-extinguish el ements is advantageoysgip that, in spite of its sinple -~
construction, high-frequency pul se w dth nodul ati on can be-achieved to

provi-de output jeurn fégp#eg?'s'di ?Q.f&gﬂﬁébfér%”hﬁﬁtwlaggé a&&gu%rrehhent .

proport.i on.” However, " r a8 Triggering of the proposed current type

inverter is cop i&glfﬁ EﬂetbﬁvﬁyﬁéfaitféﬂfSEQUﬂhstﬁéo¥égédoﬁnﬁ9ior_a;t

consideration-of not leaving the inverter inits open-circuit condition, as

-8- 1 shown i nclitfend. typei Envésbees| 0 control the output current value in
the inverter itself as I1n the case of prior art current type inverters.,

FIG 4 is a block diagrarichoti bg ahslotk udiagrah showingnthdi sentcetrehe

i nverter control apparatus accord- ing to the present invention which has
such a funddi ovf tamtenbddimentcoff thacinvertext cogbreh apparatusfacagongd-one
of the pairs with the other is turned on, an on pulse is applied to the
other at the ki@ %9 nthe jpresent inventien vhighthag such a fupgtion -

gETer o001 S ah e SOk R R Lo RO S
pul 5o 4 0t gl Ak ok T8 B L AERLRY:, LAUBLESH Sos20do0R BhERy "
-pulse wdths ;5 applied to the other at the same time.
$ 10 ' Referring to FIG. 4, a clock generating circuit
61 géneraies'a clock signal having a frequency propor-
tional to An iﬂ;erter frequency command signal £ applied
thereto. A pulse width modulation (PWM) pattern generat-
ing circuit 62 generates, in synghrbﬁism with the clock
15. signal, PWM pulse pattern signals having pulse-widths_l
corresponding to the triggering (on-off) durations of the
individual self-extinguish elements SU' sz,-sv, sx, sw
- and S,. The patterns are such that the pulse width
' distribution provides inverter output Gurrent of sinu-
g 20 soidal.waveform. On the basis of the PWM pattern signals
applied thereto, a drive circuit 63 generates gate
signals Pys Pys Py, Py, Pﬁ and'PY which are_applied to the
gates of the associated self-extinguish elements Sy+ Sy
SV' sx, sW and sY respectively.
25 The output signal from the clock generating
circuit 61 is applied not only to the PWM pattern generat-

ing circuit 62 but also to an 6n-pulse generating circuit

64 (which willlbe referred to héreinafter as a short- -



asponding to the triggering (on-off) durations of the individual
tingui sh elenments SU, SZ, SY, SX, SWand Sy. The patterns are such
he pulse width distribution provides inverter .output current of §inu-
20 s0i dal waveform On the basis of -t Be=PWM pattern signals applied '
thereto, a drive circuit 63 generates gate signals Pu, Pz, Py, Px, PWand
Py whi chl arcizppit qehlse tgenepatingfcihcuitboci Théd shbrtegirgyditsh
el ements Su, Sz, Sy, Se, Sw and. Sy respectively. 25 . = The out put
signal frorpulkee Censraking £1¥ent rédi geserateapphorti-nbrcuikypudsese PV
attern generat- ing circuit_ 62 but also to an on-pul se generating circCe't
24 (mhicg\ﬂHHliﬁﬂTégeﬁh%xﬁ?%ﬁTﬁﬁ%ﬁ?ﬁﬁ%%# ekepentg vhich "form ghecuit pul se

ti ircuit). Thi hort - cj it I ting circuit 64
gener at 'eé‘ga%{fé‘b#tehivﬂ{%ﬁﬁss&rrﬁé{%‘gaqéé‘mi&&?%fqui G T
whi ch f h | ith th t n according to the trerns.
The PunSparth PV pASdrh et Fiedtf 6F 18 ?ﬁgﬁeﬁoﬁ“ﬁ” Fikrc 2
dit HCTULS | 13 | t ' P i :
The out put "ol 2 e i Bl B0 PSR e RR s Yo aRRRIEE e Ve
toget her wigha iyt  Sianal B dRdwe 19 FEEOTS: C'Tﬁﬂ'éuﬁﬂﬁée generating

circuit 64 to a'conposiﬂb S|gnaJ'ﬁeneraplng'C|rCU|t 65 whi'ch” provi des

~ conposi te @Fiighdlssifptd Tthe BWM QEERErS i gewetating élksutengesi te signal
generating circuit 65 are applied to the drive circuit 63 to appear

t her ef rom aret lappdiigdh togdetthdlz Wikl the output signal from the

10 short-ci:cuit'pulse_generéting.circuit 64 to a composite -
signal generating circuit 65 which provides composite
output signals..irhe output signals_frqm this composite
signal generating circuit 65 are applied to the drive

'circuit 63 to appear therefrom as the_sighals PU' Pz' P

vl
15 Py, Py and P, with the timing shown in FIG. 5. The

signals Pys Pys Py, Py, Py and Py shown in FIG. 5 have
waveforms diffe:ent from those shqwh in FIG. 3 in that
the short-circuit pulses generated framathe short-circuit
pulse generating circuit 64 are added to the corresponding
20 waveforms shown in FIG. 3. | _ - i:;
FIG. 6 is an enlarged waveform diagram of part
of FIG. 5 for illustrating the.generating timing of the
short-circuit pulses. Referring to FIG. 6, a signal U
| ié generated as the gate signal PU from the PﬂM pattern
25 generatiﬁg circﬁit 62, and this signal U; is followed by
a train of short-circuit pulses Sy, S, and S5 generated
from the short-circuit pulse generatipg circuit 64 in _

synchronism with the leading edge of pulses XI?-XZ and



15 PX1 P and Pi with the timng shown in FIG 5. The signals ZX
X PWand Py-shown in FI'‘G 5 have waveforns different fromthose shown i
FIG 3 in that the short-circuit pul ses generated fromthe short-circuit '

pul se generating circuit 64 are.added {g Lhe corresponding 20 waveforns
shown in FIG 3. FIG 6 is an enlarged waveform di agram of part of FIG 5

for illustrptigg tdépdeinfely NG ttle "gaté $1¢n&D0pL;: CitRei pubsbS@edth of
Referring to FI% %?pa S|gn* Ul is g%heratie%nas tRe gateélgnal PU from

the P\Wjpatt erghe Sslmmescit QUL €| pulids andsssi Psasmalllés €thahowed by
a train of short-circuit pulses S1, S2 d generated fromthe
short-circuit thatefcmwy dana@ELi tlneupu]isles ngeyeratedi Sromi the t PMI| eadi ng
edge of pulses X1, X2 and - 10 - 1 X3 respectively of the gate signal
Px0 The pul se pethernigenerating -cireuit 621 sckn Sthe sembedimsnt sof nbheer
than that of any one of the pul ses generated fromthe PW4 pattern

gener ati ng i rRXRSETHR invenginn Heing AsschHibede suoh ShoxtreiEei®n bei ng

Sfiﬁéhge‘é o iARe ?#%Eacéﬁa%ﬁ £ et /o< Ehretipdul o Sfemest e”*%‘g‘ﬁl)igvg
For mi ng the pddenith S Bt R Grd £ el STy, ng”‘;’QEn g
fromthe wavelp gy dy, (diferk Uit LIFGHiE pulsds B4y Be aPPiled "eé! the °

and 6, the value
self-extinguish element s! forming the pair with the

10 self-extinguish element Sy
It will be seen from the waveforms of the output
- currents I, Iv“and'Iw shown in FIGs. 5 and 6, the value
of these output currents varies depending on the pulse
‘width d of the applied short-circuit pulses. Since, thus,
| 15 the value of the ocutput eurrents is small_end large when
| the pulse width g.ofethe short-circuif pulses ie iarge
and small respectively, the value of the output currents
-can be controlled by eontroliing the pulse width 4 of the
_ short-circuit'pulses.
s 20 : FIG. 7 is a block diagram showing the structure
of another embodiment of the control apparatus accbrding
- to. the present invention. Referring to FIG. 7, a clock
geneiating'circuit 61, a PWM pattern generating circuit 62
and a drive circuit 63 ha#e-funciions similar to those
'25 shown in FIG. 2. |
- A frequency divider circuit 66 divides the
frequency of the clock signal generated from the clock.

generating circuit 61 and acts also to generate a pulse



A

of these output currents varies depending on the pulse wdth d of the

ap short-circuit pulses. Since, thus, 15 the val ue of the oUtput
cu s is small and |l arge when the pulse width d of the short-citrcuit

pu is large and smal | respectiyvgly,, the value of the out put currents
can be controlled by controlling the pulse width d of the short-circuit

pul ses. 20 train signal!& JhiéhahﬂﬁOﬁkpgéaﬂﬁéghiggwiBQ1EQew§E&HFEPre of

anot her ‘enmbodi ment” of t hetcontr ol apparatus according to.the presest
invention. defresponding & tHe desiped 88EBGA! bAFrehtCYRInelang P2M Mr
pattern generating circuit 62 and a drive circuit 63 have functions si “ar
to those 25istchwis isynchrdnous fwttheths freqdencyg-divite@6cdoekdes the
frequency of the clock signal generated fromthe clock. generating.circuit
61 and act Signal{ o HYeberpulse Loaie sigdalr@inisi gppli€d tbi ahshazta
predeternmned pulse width d corresponding to The desired output current

val ue afd WxFRiE RUdRe gereEating eheceitgééncy- di vi ded cl ock signal

This pulse train signal_ Q glied to a short- 5 circuit pul se

generating circuit 6@1%%'%1?‘? tEites ctheerepatienonfothenshonsrt -
ol se gener IR HAAY SeARRag cHiaRlh, o8 n arthtrine: FooRceBiang
pul se ge _ _

0 g i | | tern_generating
i routt " 6o e bR AP MoAdtiting SITRRE, B8 e dPREERA o « ne
phase of "0 piyly Hatiterd GildifaP B Hng/ ;& and Q,, of PWM pattern '

10 signals Qz;applied from the-PWM'pattern generating circuit

62. These PWM pattern signal'pOrticns_Qzl and Q55
correspond to tﬂe phase of o to 1/371 and the phase of 2/3n
to w, respectively. In the shorﬁ-circuit pulse generating
circuit 64, the PWM pattern signal portions in;and'sz ﬁ
15 are applied to AND gates together with the pulse train |
signal Ql'of predetermined.pulse width 4, applied from the
frequency divider circuit.ss, and the resultant short-
' circuit pulse train signals 031 and 032 corresponding to.
the PWM pattern signél portions 021 and Q,, respectively
20 are applied to a composite signal generating circuit - s
.65. In the composite signal generating circuit 65,
“the short-circuit pulse train signals Q3, and Q,, are
added to the (0 to 1/3m) and (2/37 to 7) phase portions
respectively of PWM pattern signals Q5 generated from the
25 PWM pattern generating circuité62 for controlling the -
associated self-extinguish elements. The resultant PWM
pattern"si‘gnals'q6 are applied from the composite signal

generating circuit 65 to the drive circuit 63.



to x, respectively. In the short-circuit pulse generating CIrCUIt 64, tpe
PW pattern signal porticons Q1 and Q 15 are applied to AND gates toge”
wi-th the pul se train si gnal- QL of predeterm ned pulse width d5 applied
the frequency divider circuit 66, and LRe-resultant short- circuit pulse
train signals @1 and. @32 corresponding to the PWM pattern signal portions
Q@1 and QA respectivel IRCchareoniydl aapparatus awing thenstryetarat.i ng
circuit~65. In the conposite signal- generating circuit 65, the
short~gircui t ghewe in F36 s hngataEianal®) Py ark, akipd Ryr thg witlb,,ll 3w) -

and (273w to'w) phase portions respectively of PWM pattern signals
gener at ed frofaWHap yvaveferng 1as @’Wﬁ'&r‘d’h%mq are @eff%'Fa'E%tf’é‘P‘Pl ng the

associ ated self-e ngui sh’ elene he resul t ant PMWIpatt r n

are a Iledfrtﬁ’rﬁﬁfé' %ﬁ PRI (1% ﬁ? T‘g%‘%ﬁ/e

ci rcuIOIto 63. i d Igl,{h cir%\/& E*;é/ gstty-_esséﬁugf re shown
in FIG 7, gaté‘g%nal I§C? ?‘Wa;% 'havﬂhg vvavefor#lrs as shown
in FIG 9 are f in
the period | é I'n Ir§ Clieé% l{#)he s(e?ﬁil'r e%%éullc tfi‘gsedﬁFWS\S/‘ZVHI{:Olf)‘?lﬁo érn :
control | ed by gikadaie Si gt the ARk Hardde ¢hidlV Sl #Ldbe Endiilpgh 22. On

t he ot her hand, the s@q‘ extingui sh el enent 'Sz form ng the pair with and
connected i n tlemEnthig,h fdrming fehax ipaig ivitie| aid réoriécted hin agerést he
10 sane phase is on-off? controlled by the gate signal P based on the
short-circui t widhs &he @el friextdingizaelement S, on the arm of the

ate s

10 same phase is on-off controlled by the gate'signal P,
based on the short-circuit pulse train signa; 032 as
seen in FIG. 9. Similarly, the self-extinguish element
sU is on-off controlled by the gate signal Py basgd on the
PWM pattern signal Q,,, and the self-extinguish elmeent

15 Sx is on-off controlled by the gate'Signal Py based on
the short-circuit pulse train signal Q,;. In other words,
the_self-exginguish-elements each forming the pair with
and connectéd on the same arm to the self-extingui;h

~ element inﬁgrmittently turned on in the periods I to

(N 20 Vi in FIG. 9 are turned on by the short-circuit pulse
train signals Q3 and, during the period of the pulse
width ds, the DC voltage ED is short-circuited through
the DC reactor 2. During this short-circuited period,
the output currents Iy, Iy and I, are null, and, ﬁhere-

25 fore, the oﬁtput currents IU' IV and Iw have waveforms
as shown in FIG. 9. The waveforms of the currents to be

- supplied to the loaa 4 are averaged by the functiop Qf_

the output-terminal capacitors 5 so that the actual



seen in FIG - 9. Simlarly, the self-extinguish elenent Su is on-off
coggesol | ed by the gate signal PU based on the PWM pattern signal @1, ‘and
tﬁgggklf-extinguish el meent 15 Sx is on-off controll-ed by the gaté signal
PXHased on the short-circuit pulsglgrm n signal B1l. In other words, the
sel f-extinguish elenents each formng the.pair wwth and connected on the
same armyto f yeXt pNgdiagh : I%@g-i t t4rHeeh Ol gyl t he
peri odsn?' tghggeéi%gi :rll:Urfl__ E‘fgg&%re urnegloér? g.:;d‘]{ﬁrl]{eéa?hdoéﬁ -4éi rcul ?ﬁbfllj se train
signal s B, sgidaldwaivetorhe agrﬁgai@hthhﬁgyﬂﬂnt@ﬁdﬁéhéicuﬁésg[Iavolta e.ED
is short-circuited through the DC reactor 2. During this short-circuitell
period, therpaglpot cAccerdingk tol thdsd sedond: enbddinmtt, tHlfd aneadtd fore,

the output currents IV, i and Z, have waveforns as shown in FIG 9. The
wavef or ms ofraltescofr thesoudpbd sugpiends Aiﬂalandi aan deraged by the
function of the output-termnal capacitors 5 so that the actual - 13 -1

current s5| scontrakdedToverppl wide: range byavaryiag: thiepulss seldtvef or ms
as indicated by the dotted curves in FIG- 9. According to this second
enbodi nent , 9ghREnEhe sherEscircuit pulses.candaniddac, the gurrentn pe 5

Short -ci ?gm‘v’%*"féﬁgé“éf’%%é‘fi%%é’ﬁﬁ?@é%‘x&epe P dﬁ?‘s{e Ltg;ge”‘ﬁih storted
h [ . of ' - [ t. FIGs. 10 10 ' t
than in the gggg g%g%aie%%%st enbodi nmen )(a) an (b) 'show t he

maveforn1(tﬁ | &) of one of the output currents | I land
" FIGs. 10(a) and 10(b) show the waveform (the
10 half-cycle) of one of the output currents7IU,'Iv and I
 at different pulse widths és'of the short-circuit pulses.
In the case of-éiG.'lo(a), in which the pﬁlsé width d_
is' small, the mean value of the dutput“current-is large
as indicated by the dotted curve. In contrast, in the
15. case of FIG. 10(b) in which the pulse width d_ is larger
than that in FIG. 10(a), the mean value of the.output
current is small. It will thus be seen that the outpﬁﬁ
currents of the inverter can be varied over a wide range
(from about 0% to 100%) even when the value of the direct
éé_ cﬁfrent ID is maintained constant. It is needless to
mention that the minimum current Qalue is contfolled'by
the minimum allowable pulse width of the short-circuit
pulses applied to the self-extinguish elements.
It will be seen from the aforementioned -
25 .émbddimentslof*the control apparatus accofding to the
' present in§ehtion'that'a_current type inverter can
generate output currents of sinusoidal waveform, and the

value of the Output currents can be varied over a very



at different pulse widths da of the short-circuit pulses. In the case

of-FIG 10(a)y, in which the pulse width'd is small, the nean value of the .
out put current is large as «indicated by the dotted curve. |In contrast, in
the 15 case of FIG 10(b) in which -Lhgqpul se width d5 is larger than that

in FIG 10(a), the nean value of the output current is small. It will thus

be seen thaj t@gdguggﬂgegurrents of the inverter can be varied over a w de
range (from about 100%9 even when the value of the direct 20 current

I D is mgintained constangrg.! 11i $§snacBlegk G2agkain SRowiay the eitRudtire
current value is controll.ed by the m ninunm al |l owabl e pul se width of the
short-circuit pfl seslapahotheroembodimehtenti thei sbneredeapparhtusi | | be
~seen fromthe aforenentioned 25 enbodi nents of the control apparatus
according to taecprdingttonthet prvasenhtt inventiont t Fhdsi emboddmentnis
generate output currents of sinusoidal wavefor and the val ue of the
out put curr@ntespesiatlyappcgongtrugted, fhat EghﬁsepﬁﬁﬁSEPsté.tE}QHGra
bl ock di agram showi ng the structure o [ i ment of, hpe

is 5

g still another e d
Control appar L8 GFCSRAFROCHECHKE pRLESH: aPRILAR ER. SeNEceREABaRS
coPeCtally S0 CPURLHE S LUab PLACHRLOELRR BG B WlEE ol 90000 . 1,
Coon 19, LBEELED, PR Pl Yaiok"Ga 00" PRChednBR i BT BRI OLS W L1
required for theeCfhCRighdPs witR'tRE command value of AC output
Y 10 currents required for the current type inverter.
Referring to FIG. 11, a clock signal having
a frequency pro;ortional to an inverter frequency command
signal g'is generated from a clock generating circuit 61.
The frequency command signal £ is also applie& to a pattern
15 select signal generating circuit 76 which generates a
patteﬁn select signal. The clock output signal from:
the clock generating'circuit.Gl is applied to a frequency
divider circuit 79 which generates distribution signals
Rys Ry, Ry, Ry, R, and Ry described in detail later. The
- 20 clock signal is also applied to.a feference pattern
generating circuit 72 which generates a reference patﬁern
signal P, and to a non-uniform-period-triangula: wave-
form generating circuit 77 which generates a triangular
waveform signal W having a non-uniform period synchronous
25 with the reference péttern signal P. The triangular
. waveform signal Q is compared with an AC output current
command signal'IR* in a éhorﬁ-circuit pulse generating

circuit 64 which generates short-circuit pulses S for



Referring to FIG 11 , a clock signal having a frequency proportipnal to an
=\“¢-;ter frequency connand signal f is generated froma clock generatlng
&IYZyit 61. The frequency conmand signal f is also applied to a pattern 15 -
sel éct signal generating circuit ¥6l%h+ch generates a pattern sel ect

signal. The clock output signal fromthe clock generating circuit 61 is
appl|ed1kc>s;ﬁulnﬁnﬂngsly\ﬁumnlngrQM|Qn€9°ﬁht%% pahvsaeEsthesselbati on
signals U %RZ, R R, Xand R described in detail later. The 20 clock
signal is aﬁmws@&l@%#%f@mt%t%rthem%‘émg andcuit 72 which

| t f t signal P, to a for eriod
ST angul ar ARSI AT f e T EtsT “Cetfpe P oEARtaY c8RAREr ongul ar
wavef or m si-gnal .W.havi ons uni f or | od. s hronoys 25 with the
ref erence pﬁ%‘t’i‘%’ﬁ%n‘%& %é]ﬁf'ér‘f‘f‘*% ‘i%pfg‘ﬁ ¥5§?ﬂ:5i ghll *TFPE"E8npar ed
th an t se .
\émeneratl ng CI rcul tacdéi}% c’h gener at egi:@#u %m k%??ggél ngﬁéﬂf oraﬂh - 15 -
1 simul t angrissd oA tdii€) Gui eSS Ofa [BYM RFdt€efh ééﬁefsﬁngeéifeaﬂtsh

el enments connected to the p03|t|ve and negative arns -of thé inverter

ther eby. f orgeYenediids FWM Pattdith tARgAXLS | réuaﬁdoé t 86rt@¥pbh8ing | N
response 5 to the application of the referernte patt%rn signal P and
short-circuwd apfirort $0% gétfdghtdmd ra goesr 260 Wgperiodi in6€hgebsoat es PV
pattern signals PF and PR corresponding to a front 600 period and a rear
600 peri od pericd o3Ghednvartsr ioperationer Ipcresponse ta theponse to
t he

10 application of the dist:ibution signals RU? g7 Ry, RX’-

Ry an_d_RY together with the PWM pattern signals PF' Po

and short-circuit_pulses S, a composite signal generating

circuit 65 generates composite pattern signals, PU', Pz',

Pty PL', Pw‘ and PY‘ distributed to the three phases to

v'x
15 control each 180° period of the inverter operation. The.

" gate signal patterns Py's Pz', 1 Py

obtained are applied to a drive circuit 63 to provide

| ] ]
¢+ P! and Py thus

gate signals_Pb,.Pz,_Pv, Px, 2w and PY applied to the
self-extinguish elements SU' Sgr Sys Sy, Sy and Sy
20 respectzvely., B _ _ _ o
' FIG._Iz.shows in further detail thé_prbcess
of generation of the signals above described. Referring
ﬁo FIG. 12, the distribution signals Rﬁ' Rz, RV‘ Rx, RW
and R, generated from the frequency divider circuit 79
25 have a pulse width T corresponding to the 60° period of
the inverter operation and have a phase difference of
60° therebetween. .fhe triangular waveform output =

signal Q from the non-uniform-period tfiangula: waveform



10 applicatjon of the distribution signals Ru, Rz, RV, Rx, X and,* :
together w th the melpattern signals PFt PR and short crrcurt pulses S g
conposi fe signal generating circuit 65.generates conposite pattern sign '
P PP * L Pl and Pyr distributed to the three phases to 15 contro

each 180. period- of the inverter operdtion. . The gate signal patterns Puto

P wl PV d P d
to provi de géasnsraﬁirgcycﬁ%it“’“’a?ﬁ% SYF° R o) gk, pltg [T O
sel f-gextingui §h el enRnif oSt o £im o ?Xu@/v 1% et of LHREdEehce | G 12

shomﬁ‘fn furt 8MAKet Al | ehe process of generation of the signals above

descri bed. %E%%&ﬂg s&gnﬁlle.lZ rhi3e tdianguldr vavefoin sidhalRg R

1 Wand R* generated fromthe frequency divider circuit 79 25 have a pul se

width T correggogdilled ehiehaohSuniTorasperiode tiriarigularowavesdcam and have
a phase difference of 60 therebetween. The triangul ar wavef or m out put

signal Q f pomsignalohereihosinger the perdioguicd escheipwlae thexpaferds ing
circuit 77 has its maxi mumor peak value IM at the rise tinme of the

pul ses of thedansesmined patt@ﬁnpgﬂgﬁaﬂudthTmﬁsﬁhqzﬂﬂﬁﬂquQMﬂkﬂinrnergnel Q
t”s]ecgglregdt hnepgigﬁug:;}‘ ;r@r;tt Eerl od tri an%gvef rm 53,5@55%” her |1___nq rs]lance
on- uni for . RRB-RE Rt %Sﬁ@%{‘a&%r#n Sarﬂa“a' : sl S J’r"[ﬁ the
non- un'forn}peglO%m%%&%@Q%x%h the non-uniform-period triangular

\_ 10 waveform signal Q to provide the short-circuit pulse
train S as shown in FIG. 12. Then, the reference pattern

| eighal P and shert-circuit pulse signal S are inverted
to proﬁide'an inverted reference pattern signal P and
an inverted'short;circuit pglse signal S respectively.

15 The signals P and S are applied to an AND gate to obtain
the signal P, and the signals T and § are applied to
‘another AND gate to obtain the signal Pp. " The signals Pp,
Ry: Pp. Pz; andfs, Rx areﬁappliéd to AND gates to obtain
signals PF'; PR' and S"respectively, and, then,-the

N 20 signals PF',.PR', S' and R, are applied to an OR gate

| Ato obtain the gate signal pattern Py' applied to the
' gate“ef the self-extinguish element S,. Entirely
similarly, the gate sigﬁal patterns Pz',-Pv', Px', PW'
and-PY' for the other self-extinguish elements sz, Sy
25 Syr Sy and Sy respectively can be obtained. The output
currents IU,'iV'and Iy of the inverter controlled by the
gate sigﬁals PU' sz PV'”PX' Py and PY'in'each'cycle of

the inverter operation have pulse-width modulated waveforms



FI 2. .Then, the reference pattern signal P and short-circuit pulse’™

- Si S are inverted to provide an inverted reference pattern signal F and
an Tnverted short-circuit pul se si<gngl S respectively. 15 Th e signals P
and S are applied to an AND gate to obtain the signal PF, and:the signals F
and | arp appérecde0® asoshewnAbD BIGe 12.obtain the signal PR*  The signals
P., Ry; PR, P and 'S, R are applied to AND gates to obtain signals PF
PRI and S' respectiveFyG.akd, ishan, enharged wayeformpdiagmam shomimgry are
applied to an OR gate ito obtain the gate signal pattern Pus applied t&‘fhe
gate of theisefurthern@ﬁ#éﬁlerﬁeWFVS%PINEnP%rEPF Aangular

signal patterns Pz # PV' Px I PWand PY %or,_ t he ot her, sel f,- eéti,ngg sh
el enents Szsigngl 2@, gateypignak, PALESERE Pyl'y Cgn /bEvonst duned PwiHe “qutput

b7 b P W ooRERgt) FiEseRes, Bue by fuw 1Ay ShEcA R sEtRe BpaliddH ° U

pul se-w dt h_npd e ef gr 7 1lsQVet 36 S i Qe 12.
FIG 13 is %ﬂr’eﬁégigg'a&%vggogggdi -%{gr‘ a'mlghgvﬁmlgggigrﬁ P &r ltiﬁgnr%hgre]tsgcfﬁ he
wavef ornms of,; s L0 I vef gbthaihe@ehsQa Fos01E FlcRPadaldon P P
Pads P F’él%gﬁ%% gEfg%d?%a¥gu§ g&rrgnts 1§Sa1v ,in tﬁ% I'nverter
operati on pggipdeh £hEErifAnFhGarlwaveltbrinisignali @and e ittt circuit
pul se train S obtained as-a result of conparison between the triangul ar
wavef or m si g@tefk a66mhARAGULYAt corresponds to the gate signal

10 ﬁgveforn1signal Qto provide the short-circuit pulse train S as shown in

10 pattern Py'. _ |
The fact that the output currents Iyr Iy and

I,, of the inveréer are null in the short-circuiged period

W
will be described with reference to FIG. 14, and how .
the values of the 6utput curfents_IU, I, and I, can be

15 controlled by varying the value of the AC output current

| command IR* will then be described. FIG. 14 illustrates
the operation of the inverter cikéuit before and after
a signal v, of the gate signal p;@ﬁern PV'-shown in _

FIG. 13 is applied. 1In FIG. 13, suppose that the output

20 current I rises at time tyr falls at time ty and rises ' k‘J'

_-again at time t,, while the output current I_ rises at

time-t2 between the times tl agd t3. Then, zﬁg ope;ating

conditions of the invérter from time t, to ti@g ty are

as shown in FIGs. l4(a), 14(b) and 14(c). In the periods
25 ty <t <t; and £, < t < t; shown in FIGs. 1l4(a) and

-14(b) respectively, the inverter makes iﬁs usgai:switching

operation. Ho%ever,_inhthe period t, <t i-t3 shown in

FIG. 14(b), the gate signal V2, hehce, the short-circuit



current command | R* corresponds to the gate signal 10 pattern P The fact
that the output currents IU, IV and | of the inverter are null in th N
short-citcuited period-will- be described with reference to FIG 14, a ow
the values of the output currents Id i¥ and iw can be 15 controlled by
varying the value of the AC output current command IR* will then be

descr.i bed. 1 Fldalge! 8 ldatsd res ezammeaxopuwtseam-eéxtmumwmmentcsw

before _and after a signal V2 of the gate signal pattern P1 shown in .FIG
13 isxappl i ed.ard) $Hé5DC Tirnyiposis tshrt-+elmamitad 2oy the reelf+extinguish
time too fall's at"tine tj and rises again at tinme t3, while the output
current | risdements i, thddiypeoritinthe masuls: ghat dkhe Thiwect he
operating conditions of the inverter fromtinme to to tipe t3 are, as shown

in FIGs. 14(a)cureany LydElong)unden the Qe shert-girquited copdigien
t2<t<t3 shown_ in FI.Gs. 14(a) and .14(b). sespectivel t he-inverter _makes
its usual wi ﬂ%:tﬁtf mqeé?r) %\/é?/’(e? )tﬂﬁfré‘%\é‘}é}"i f‘l‘é‘{e\/‘{t? PEhown in
FIG 14(b), t t ' | V21 h toCj i & - - I

S acts o {ur b-ahidre Vrtes aad i ahade it ot wiiplied g e 10ad °°
short-circuit b - X1 ' t Y4 Ak t resul t
t hat th:a d:“rey C&’&I’ Iﬁéﬁggﬁ&%&é{hﬁ?@&%’? aé(}?réhél t%% é(}(l)%é}ﬁi onu5
of the inverturreit (diintdnd ™ % s Gila Gt¥dlE Bérd ed) B manimgse and
Wphase are not supplied to th&®load 4. On the other hand, when the val ue
of the AC out Ayaxs the short-circuit periods dg,, dg, and dgy of

P 10 the output current IU' vary from dl' d2 and d3 to zero
\F/

respectively while maintaining the following relation:

d d d I *

s1 __s2__s3_,.__R . (1)

q T g Trmax

The output current IW is entirely similarly
controlled. In the case of the output current IV too,
the periods d51' ds_.,2 and 5133 vary while maintaining the
15 following relation: - '
dsp * 933 953 * 953 53 *dg __ Tp’

cecsssnsesscsss(2)

The value of the effective current IRMS at this time is

" given by the following equation:



current command IR* is varied fron1zero to the maxi mum ., AX,, the,
AoRi rcuit periods d81, ds2 and d63 of 10 the output current It vafy
- d2 and d3 to zero respectlyslx mhlle mai nt ai ni ng the follow ng

. S S2 S3 . a-a-=:1- 1 2
R (1) » 2 3' . RA The output current |W
|s entlrely simlarly & ol : f-the output current |V too,

t he periods d5l,

oy ning the 15 follow ng
relation: d 1I*-

-——+—~ﬁx21 The.value.of. B¢

effective curr ‘ t he ?ollomnng equatlon‘4
-19- 2 dl +d42+d' 3) - " RVA | RNE- 1{d d + +d) xX - :x Ib . -

3) The value of the effective current | 0 Pxs when IR* - 0 and
short-circuit continues throughout the periods, and I  is given by the
foll ow ng equati on when R é%/2(41+d2+d3) 4
EMs /dd~Id+3 - (e value of the effechive current Igﬁbe v3i ue of 1RW

vari es in phoport N 1 o % SR LR 4l #9800k s Mas ! BLAYLgRBGIEnb0 O3 are

periods, and IRMS is given by the followxng-equation when

® = ..
I = Ipmax®
2(d+d+d) : w,
EMS 2 3 xID 0000000000'00000(4) <
0 1 2 3 _
5 The value Of'IRMx varies in proportzon to /IR*

since.the values of I,, IRMAX' and_do to'd3 are constant.
In the present embodiment, the PWM patterns |
corrésponding to the'ihtermediate 60° period in the 180°
period of the inverter 6pe:ation are similarly provided
10 as shown in the wavefofms of the output currents‘IU; Iv and
IW in PIG. 12, and, therefore, the content of higher
~harmonics in the output currents can be decreased.to a fu/
minimum. Further, the 6utput currents can be controlled
over-thé wide range of from zéro to the maximum value
15 given by the equation (4) determined by the PWM reference
pattern signal P.
- In the embodiment shown in FIG. 11, the short-
circuit pulses have been included in the intermediate 60°
period portion of the 180° period in which no PWM pattern

20 signals are present. This period corresponds to, for



I'n the present enbodi nent, the PWM patterns corresponding t

o the

simlarly provided 10-as shown in the waveforns of the output currents

intermedi ate 60 period in the 180 period of the inverter operation ar eq %E’
e

IVand | in FIG 12, and, therefores g9e=content of higher

harnoni cs in

output currents can be decreased to a minimum Further, the output currents
can -be CO"%“&:E Bé!?rtﬁé]eiﬁ@dﬁtéﬁl%@eﬁitioﬂnpéziodtw ihethexcamer afl ue 15
t e

gi ven by e equation (4) determn by the PWM reference p
I'n the'enbodifﬁgnggtswuﬁgﬁafﬁ§htﬁérntn§'shnrrIGciLZUithues
incl udéd in the internmedi ate 600 period portion of the 180

no PWM patt ersh@btscipenit spwlsessoay . bahinchudeddinothesp?d
-20 - . exanple, the inverter operation period V in the cas
si gnal patt erpo¥eion of|the 1380° pegied irnwhigh po PP pat
included in the 120 period portiop of the 180 period in whi
pattern 5 5si§ﬁ&ﬂalsf$rﬁ§ nt and  fromyvhich Ehe $ BERERFE:

ern 5 5'si thaRal | PRHCEHES Pt
ncl uded i n' (BREFOR POEFLORer | FERLMRR bacr v SBEE, PRRS

modi 11 cat on GFTRES RRHIER Bpp e, bRl 48 HieTipvaste

added to the

attern signal P.

e, hthe been

Eeriod_in whi ch
dspesiodor

e of the gate

B8F8es may be
\\M

gggggggriod

ShfgL-Pe

case of the

;?g&ﬁHhQBnSUCh a

rs fromthe

enbodi nent s : ' h ' ' ' S
@%ﬁ%{% I add v 1ho%nehehbecorCehb gutacsigAalspiteand S are
P ]

U’

of the control apparatus. This modificatipn a
the embodiment shown in FIG. 1l in that short-
pulse trains S1 and s2 are added to the output

10 | FIG. 15 is a block diagram of such a modification

iffers from
circuit

s o: the

PWM pattern generating circuit 62, and the function

15 of the composite signal_generating circuit 65
from that shown in FIG. 11. FIG. 16 shows the

signal formation in this modification. Referr

is different
process of

ing to

FIGs. 15 and 16, the triangular waveform signal Q is

compafed with the value of the AC output curre

";K«f 20 I_* to produce the short-circuit pulse train S

R
the signals P and § are inverted to provide th

signals P and §, and the signals P, S and P, §

nt command
« Then,
e inverted

are applied

to AND gates to obtain short-circuit pulse trains Sy and

Sl respectively. Then, in the composite signal generating

25 circuit 65, the signals P, (= P), Ry; S, Ry P
Ryi Sy, Ryi and S,, Ry, are applied to AND gate

R (= P)l‘

s to obtain

signals PF','E', PR', sl' and Sz' respectively, and these

signals P.', s, Pp's 8;' and Sz':aré applied

to an OR



PWM pattern generating -circuit 62, and the function 15 of the conposi te
Slt(}' -generating circuit 65 1is dlfferent fromthat shown in FIG 11.  FIG
Fhgws t he process of signal formation in this nodification. . Réferring

to FHGs. 15 and 16, the triangular waveform signal Q is conpared with the
val ue of the AC output current cormeddd 20 1R* to produce the sgorth0|rcu|t
pul se tr S. Then, I gnal s P and S are inverted to provide the

i nverted SI gﬁ&ﬁstﬁ P&a n zfgt? pa ?%(?1? to he %Rﬂ-l 4-%‘_?_hto AND
gates to obtain shor U|t p se ral spgectj.ve y e

the conposi t8 §P§n§ rh@'él%ﬂé)ﬁ iﬁF %’

Si gnal s PL *ﬁ‘iﬂﬁ@%ﬁf %g yat r‘%;sp glaiﬂ%ee% RS @?% geifgfé’ JENY

PR IS a”9e§%-eﬁt§néﬁﬁbhe¢l %sagan be ovfhé&“eh P& é% he gate

signal pattern PU to“be applied to the self-extinguis In an
entirel y5si gheasuepaeceureatsale ,s Izg,n fa!ndoqt ! JEtHe ridwi@cﬁéfter

sel f-extingui sh el enents. can be rOVI a resu t 5 the output.
currents | scohtrelliedVbef thbegalmeelsﬁ.gmaflm fP%,géliﬁg &gml s PU

z PV and .in each cycle.of the |n op rat ve puI%e wi dt h

“nodul at ed umneéachscycie etoahesinhewﬂernoéb&atﬂmnIﬁaﬁeibhlseéwldﬂﬁatged
wavef orm showing in 10 further detail the waveforns of the triangular
wavef or m si Be@R Q:egaveveifgms p¥ercRf9° pg shiown in FIGRy 16.x 'wW' Pie

t currents IS in the inverter operation
and outpu FI1G. 17 is an enlarged waJ%form showing in

10 further detail the waveforms of the triangular waveform = U
-signal'Q, gate'signalnpatterns Py's PZ','PV';"P#', Py’
PY' and output currents Iys Iv, I4 in the inverter operation
period I shown in FIG. 16. 1In this period I, ‘the short-

_ circuit pulse train s obtained as a result of coﬁperison

15 between the triangular waveform signal Q and the AC
output current command Ig* is divided to be included |
in the'eignals Pz'_and Px';':FlG. 18 illustrates how the
inverter operatee:from time t = ty to tiﬁe t = tj'in
the diagram shown in FIG. 17. ?lé._la'illustratihg'the

20 states of the inverter circuit controlled by the control
apparatus ‘shown in FIG. 15 differs from FIG. 14 illust-
rating the states of the inverter circuit controlledlby
the control apparatuS'shown in FIG. 11 in that,:whereas
the DC circuit is short-circuited in the Vhphase in the

25 period £ < <t < tz in the case of the latter, it occurs
in both of the Wbphase and V-phase in the case of the
‘former. Ercept.for the above difference, the menner'of

output current control in the modification. shown in



period | shown in FIG 16. In this period I,"the short- circuit pulse
train S obtalned as a result of conparison 15 bet ween the triangul ar .
waveforn15|gnal Q and the AC output current command IR is divided to uéij
i ncluded in the signals Pz' and PaII EIG 18 illustrates how the |nve'I§F
operates fromtime t - toto tine t~ 223% n.the di agram shown in FIG 17.

FIG- 18 illusgrati the 20..states pf the er nt,rol | ed by
the contro %%g Egslghﬁﬁﬂl}ﬁ F% §tdFPfgﬂ§ F#gﬁpibﬁﬁ% %hoﬁﬁ éﬁ- rating
t he stat es ofF&§ hﬂverter circuit controlled by the control apparatus

shomn In FIG fthat, whereas the DC circuit-is short-circuited in the

V-phase in the 25 perigd § blf be<skén! £rbli®thasAidhrbhi8 bRl biks.| LaOGHA S

in both of the Wphase and phase 1n the case o rmer. Except for
the above difigrensgstih@inBNERE eireuE.EUBtauéseatf enet epbodimehes

nodi fication: shown in -22 - 1 FIG 15 is simlar to that in the
enbodi nent s shgwhninFFfes1111] andi 15 pespeetiiedy thatdichgr affeck FI Gs. 14
and 18 illustrating the circuit states of the enbodinents 5 shown in FIGs.

11 and 15 respfcthecpyesént ihventiont isf entirplysthe samenwhen thesetirel y
t he sane when these two enbodi nents are conmbi ned so that short-circuit of
~ the DC circui twocembedimenhscargecrshined gof §BAtoAhArsrribguis of the

W phase, V-phase and U-phase. In this case, ,the 10 shart-¢ircuit pylse
train Sis i RPUBLBCRAtPECRES: B Ebaesepﬁsaedﬂhépeansaﬁm0 Bf-é

are present. to the W-phase, V-phase and U-phase. In this case, the

U 10 short-circuit pulse train S is included in all of the
180° periods whgre.no'PWN pattern signals are present.

In the aforeﬁéntioned embodiments, the short-
circﬁit_pulse train S has been produced by comparing the
triangular waveform signal Q with the AC dutput current

15 command IR*. However, the effect of the present
invention is ehtirely the same when the triangular waveform
signal Q is split into two non-uniform-period sawtooth
waveform signals by bisecting at the peak of the signal Q.-
As an example, whereas a triangular waveform signal Q

20 as shown in FIG. 12 is generated from the non-uniform-
period triangular waﬁefofm generating circuit 77 in the
embodiment shown in FIG. 11, such'a signal Q may be split
into two Sawtooth waﬁeform'signals Q1 and.02 as Shown in
FIG. 19, and these signﬁls Q, and Qzlmay be compared with

25 the AC output current command IR* to obtain short-circuit
pulse tr_ains's1 and sz respectively. These pulse |

- trains Sl and Sz'are then applied to an OR gate to derive

a pulse train entirely similar to the short-circuit pulse



In the aforenentioned enbodi nents, the short- circuit pulse train.S has
bee@r oduced by conparing the triangular waveformsignal Qwth the AC

out RU¥- current 15 command I R* However, the effect ‘of the present

- invention is entirely the same when2Bhe triangul ar waveformsignal Qis
split into two non-uni form period sawtooth waveform signal s by bisecting at
t he peakilof ttagnssgshowh). iAsFIG.el2npl Gatehsigaals tho dhey@pplied diorm
signal Q 20 as shown in FIG 12 is generated fromthe non-uniform period
triangul ar thecbelfirgshinguish elements;van,thea beyproduaedianvth

4 FLG,
11, such a signal may be split into t sawt oqt h _wavef.orm si.ghal's, afd
as shown i nbasts 98, .th&n._éhPHE§61§F§H-§I pudpe, rragn ﬁaf’oéﬁﬁﬁﬂ#{%% 25
t he AC output _current connand %bt ain shqrt-circuit e trains Sl

Rt |
and S2 respEEfPﬁEPﬁe_?ﬂegécpu_ﬂéetpfegﬁ Y BFOYt§8S z?r“é:p[ur?er?oulff&?ﬁqtésd to an OR
te t . . | t N, ' I t - Ci i | se .
9858 - 150 hpkiRatRpRArpi T uRly sk ¥ el e ihet i yoilld il ¢

ot i U iR el e IRy 2 i,

short-circurt p alrn escr1 bed ference to FIG 12 thereby

providing output currggigher,han Réeenbodihenitishdwn e FagE 112 her,
the value of the output currents can be simlarly varied as descri bed.

Further, inishecrabpdipatteraseignall 6, borvestondimeg R4yl tern signal
P7 corresponding to the front 600 period may be used as the reference
pattern 10 £poneaboP, perdodhmaf\\biepased: ass itiwea referenge gasiwny to
10 signal P, and the PWM pattein sign;i P cor:éspogding to
the rear 60° ée:iqd may be used as ﬁhe igve:ted signal
F.: FIG. 20 shows the waveforms of the gate signal
patterns and output curténts in the inverter operation
period I in such a_case.,_PIG. 20 difiers froh FIG. 13
15 showing the operation of the:embodiment shown in FIG. 11
in that, wheﬁ, for example, a signallvz of the gate
signal pattern Py' is iﬁ its high.Levei in the period
.tl Lttty a signal W, of the gate signal patte:n_PW'
is in its high lé&el in the period t, < t_ﬁ,tl' and a
20 signal Uz-of the gate sighal pattern PU' is in its high A
 level in the period t,’ 5 t £ t5.  According to the diagram
shown in FIG. 20, during the transition from the ciréuit
state shown in FIG. 14(a) to that shown in FIG. 14(b),
the selffe#tinguish element Sv_is'turned on while
25 maintaining the self-extiﬁguish element S, in its on state,
and the seif-extinguish element sU is then turned on at
time t = ¢,°' while_maintaihing ﬁhe self—egtinguish-element

Sy in its on state. Thereafter, the s'elf-extinguish



the rear 600.period may be used as the inverted signal P. FIG 20 shows
the waveforms of the gate signal patterns and output currents.in the

i averter operation period } in such a case. FIG 20 differs fromFIG

15 showi ng the operation of the enpdjment shown in FIG 11 in that, when
for exanple, a signal, V2 of the gate signal pattern Py/ is in its high

i ts nigh | Higtng Sy 15 card iRlachlie 0% O & e PR oA ®

gate i gnal pgg Riirdul ¢ Btdte Frith A dhowlan@idd 1d{p) to tHak

According to the diagram shown in FIG 20, during the transition fromthe.

circuit stateshe in FIGG 1WA(). ! Whdinitheh @l f-edtinguidib)eldnent s,

sel f-extinguish elenent Sv is turned on while 25 nmaintaining the

sel f - exti ngui slontlinsast t9/\ben turned) o3t Aurimcrdmsittldn od ithgi sh el enent
Sis then turned on at tinet = t1 while maintaining the self-extinguish
el ement S 5i nciroudt state L£romertbat ehowrhdns JLG.ox4 (Rjuiteh that shown 1
element 8 is turned off at time t = t2 to cause transition of Xhe circuit
state from t hdft §Gan Li4{b} while phe Joadhwhiichmam be @n gdaStrigen the

sel f-extingui sh el enent conti nues t%ﬁpe t urned on durirmLtransit'on of

the 5 circui BOEPR: &5 POASH FEISRSHA LY -8 TAHIOR 1 FRRHCAHGM 9% Fi G
L400) i1t ol G BRI DR S G IR A EARIELAT
90Ul d Nt 1 Ur BN 1Bk o3¢ ehiiRX el BUekR 1HRIRH eldihe 1, and the
U 10 desired inverter operation would not be done since the
V-phase voltage is higher than the W-phase voltage.
Therefore, the éﬁbodiment described with reference to
FIG. 20 is as effective as the embodiments described
with reference to FIGs. 1l and 15 when a static load
15 or regenerative operation of the load is not taken into
consideration, since the desired operation of the inverter
is not done during the regenerative operation of the load,
although this specific embodimen£ is advantageous for
simplifying the structure of the PWM pattern generating
20 circuit 62. This specific embodiment is also effe&tive -
- for operation with the séwtooth waveform éignals having
the non-uniform period. -
It will be understood from the foregoing detailed
description of the present invention that output currents
25 of a current type inverter can be controlled over a wide
:ange while suppressing the content of higher harmonics in
the output currents to a very small proportoin. Especially

when the load is an electric motor, the noise can be



10 desired inverter operation would not be done since the V-phase voltage
i s higher than the Wphase voltage. Therefore, the embodi nent described
V\At@erehce to FIG 20 is as effective as the enbodi nents described with
ref ce to FIGs. 11 and 15 when-azsgtatic 1oad 15 or regenerative
operation of the load is not taken into consideration, since the desired
operati o OfuppresSydrterai Towolevebeaddr thg efficiency zanyalsechs i on of
the | oad, although this specific enbodi ment is advantageous for sinplifying
the structuiscpéaséd. P'Eheapresengeinventign2@scifusthersadvantageoas fi.c .
~enbodi ment is also effective for operation with the sawtooth viaveform >
si gnal s havfoy simphbfiyingfbhen gbrrudt strurtnrge ofnibesdayertedm t he
foregoing detailed description of the present invention that output -
currents 252ndfimpreying: thepEespoppecPL EhepdnVeEtesl| ed over a wide range
whi | e suppressing the content of higher harnonics in the output currents to
a very small proportoin. Especially when the load is an electric notor, the
noi se can be -25 - 1 suppressed to a low |l evel and the efficiency can
al so be increased. The present ‘invention is further advantageous for
sinplifying the circuit structure of the inverter and inproving the
response of the inverter. - 26 - o '



CLAD 1. An apparatus for contror-l—r—rrg—a—ebﬁereem—t_ype i nverter including a
plurality of self extiusi zng el ements_connected in a bridge circuit: th(@

sel f-exti ngur dh. el aemmt s bei ng arrajﬂﬂmﬂ"’w mmﬁﬂ’ ed by pul se wi dth
nodul aticn signals, said apparatus cl ock generator >
means for generating, a clock signal in accordance with a frequency ownund:
pul se width iwdulation pattern generatior 26~cuit nmeans for generating, in

synchronrsn1 aid clock signal, pulse w dth nodul ation pattern signals
for respectiv & of said sel.f- extrngursh el ements; 10

shor t ~Ti r cuit 1pul schnyepparatis £ori cantrollingras cmrengemeammet rms;mﬁ-nscﬁu am

with said clo iﬁnﬁﬂﬁﬂbf é&ﬁr&i&%ﬁaﬁn@ SfidntB SdnnEctadd LR G bpidge" eﬂ:cmrt-se
wi dth for turﬁr ng ot ones of said self-extinguish elfments co ch
series with othe h‘%@’ﬁﬂ F{ﬂw&‘g sard

bri dge ci rcurm&ﬁmmhetax sigmasd aﬂfappltatuguwbriﬁmherrent s being
arranged togbe turn H o\ %; W lchad, M?'ﬁ‘ &brRahder n
si gnal s, thereby .ena S o'??—cr rcur(?: ﬁg o'ri Qﬂ%% Cl rcu?t sa?d

i nverter: conyith aefmm for generating trigger pattern signals
for triggering sai qxAgkiwidhi mailstionl giteairs geheratioh lkirdgt Aednsufér i n 20

Chort -l rcul { STAFRb i YRR i ”°9'%'}£*?tse?$%?%* HinalBisk, A Bpdinacton

trigger si gnabatﬂemsaa.rgdahelfbr WMIM self-extingwishpdementsait in

accordance th: sar%# %Qgg\,& mamAE&o fRpagat us
as cl ai ned |n claim erern sar short - crrcurt pulse ner circuit
means enabl esm eald plodesignly Short %‘r ‘%t“gpgl

sighal s in acpréadeantined daatnieﬁrouimmg rz:uramtoﬂaiaﬁre saifearunmhrter

3. A contrgl apparatus_.a | ai F%% ﬂ]cl rsa.zd Qr@ﬁbﬂ %"Fm
short - ci rcuitejpﬂegg‘m% neans ena% es synchronr at1on

to form pairs in said bridge circuit, the others of said self-extinguish
15 elements being arranged to be turned on by the corresponding pulse width
°  modulation pattern signals, thereby enabling short-circuiting of a IC
circuit of said inverter: | |
' camposite circuit means for generating trigger pattern signals for
triggering said self-extinguish elements of said bridge circuit in

20 accordance with said pulse width modulation pa:ttem sxgna.ls and said
short-circu:.t pulse signals; and

' driver circuit means for delivering trigger signals to said self-
extmguisheleu:tsofsaidbridgecirqntmaccordamewithsaid
trigger pattern signals.

'252. Acaxtmlapparatusasclainedinclaml,wherexnsaﬁshort—

' cirmit pulse generating circuit means enables variation of ‘the pulse
w:l.dth of said short-circuit pulse s:.gnals in accordance with a desired
output current value of said mverter.

3. Acattmlapparatusasclaimedincla:mlorz, wherein said
30 short—circuit pulse generating circuit means enables synchronization of

said short-cirmit pulse signals with nsi.ng edges of said pulse width

modulation pattern signal

4. Acaxtrolapparatusasclaimedmclaiml.zor3.wheremsaid

" short-circuit pulse generating circuit means generates said short-circuit

35 pulse signals having a pulse width smaller than any of pulse widths of

' said pulse width modulation pattem signals.



said short-circuit pulse srgnals with rising edges of said pul se width
nodul on pattern signal . as claimed in clalml 2
or 3, ¢rein said short-ci rcurt m]mmlu;mﬁmu cirtcuit neans generates -
said hoft-circuit 35 pul se signal*s havitnd' aSpul*se width smler than any of
pul se W dt hs of said pul se w dth nodul atrg.p_pattern signals. - - 27 - 5.
An- apparatus as clained in claim1; including frequency dividi.ng circuit

means for geBerat |Atgaspmltue &nguablihvinqmlpﬁWem #MnGn
synAdr oni-sm &H&F Wé Shiige! ﬁmadiggg] Rdvirg® 8 Usruét b g
sai d cl odc signa V\/nere u:lggdatrar ntsr gnal Ji's_'5 -arranged to be
applied to t é@ﬂ"‘?“mg mr’&m f?ﬁ% sai d
pul se train Siefshcs mﬁ.aeltodtas anmidiﬂmwﬁatrﬁnpagxmrms

e

genor at ES*QM%?%?P@%#& b dpel QB¢ il

ont ro;#;’%ppar aq;sz o

accor di ng t omeAnai mmm pulse traiqsignpliandiportiiong of pulsenwidth
enabl es vari gidu3e gnilidlhlivitly 83hs8WE0 €4 2Y/9 W aRdla p&se |
accor dance vvr} Z? red o ut current " val ue of saiq tnverter:. An
appar at us as?c re @P’?u 19enereting ARld aPrtRiEC Rk PUeR S si gnal

gener at ng C6J Cui tA eatrolf qspag-atusaaecomding m/ammssmmreh: saidjfi:éqtmhoglk

\?v: g?ﬁl rmdt}l %"’ﬁéﬁﬁg%ﬁ Sl gnal S angéber ng syggﬁr on]:ﬁ'rﬁe%\n%h respect WB
O thereof: relgnal i aeeandance with 2 desivad adput Tgrent yelne of saidnans

for generatlmt@n un| formperiod triangular waveform signal

gﬁggﬁsgegﬁ;w to sal d reference %ﬁ‘%& N S#g'ei i.n im;r% smw:th 20 fsa(@)urd
generatin srmtgnal: generatipgl chaigmhmfﬁor gmemﬁgsgomnamdmbman with said
15cloek signal, areferencepatternsz.gnalhavxngaplaseofo tol/3’7'rof
pulse width modulation pattemn signale and bemg symhrmous w:.th respect
tol/3 W the:eof and nat-unifonn—per:.od tnangular waveform signal
generator means for generating a non-m:.form—penod triangular waveform

s:r.gmlcorrespondingtosaldrefereme pattern signal msynchrmi.sm with
ZOsaJ.dclodcsigml w?me:.nthestnrt—cirmtptﬂ.segeneratingcuaut

meansforgeneraungsmrt-cmtpulsesignals forturm.ngoncneeof
sa.i.dself—exting:ish elements connected in series w.l.thothersof said
self-exting.xish elements to form pairs in said bridge circu:.t, arranged
tocmparesa:.dnaﬁmifonn-penodtriangularwaveﬁomsxgmlwitha
250aumndvaheofanwtputaarrentofsa:dinverter.andﬂxepulsemﬂth

%

u,

nndmatimpatternsignalgeneraungcirautmeansxearrangedto \_)

generate pulee wi.dth mdulation pattem s:r.gnals for sa:.d self-extingu:.sh
eleum:ts of sa:.d bridge circuit in acoordame w.u:h saJ.d reference pattem .
sigmlarﬂsaidshort—c:.mtpulses:.gnals _
30 8. Acatmlapparatueeocordingtochm?,m:elnsaidsrm-
~ circuit pulse generating cirm:.t means forms said sm-cirmit pulse
_ s:r.gnals such that said shcrt-circuit signals exist m a phase of 1/3Ur to
2/3N of a period T where said pulse wi&th modnlauon pattern signals
~ are not present.
359 Aecntrol apparatueaeeordingto cla.ima, whereinsaidshort—
c:u:mit pulse genera.ting c:.rcuit means foms said short-clrmlt pulse
: s:.gnals such that said short—cimt pulse signals emt m a phase of 0
to 1/3 W or 2/3% to Tr of a period W where said pulse m.dth
modulation pattern signals are not present.



"sal d sel f-extinguish el errents connect ed in series with others of said

sel f - extlngush elements' to forn pairs mum rcuit, arran to
conpar e sai d non- uni for-rperiod tri angl l, lﬂ'("“"”ﬂbnal with a @

command val ue of an output current of said iAvertey, =and t he pul se h

nodul ation pattern signal generating circuit nmeans is arranged to..
generate pul se wi dth nodul atl on pattern si-gl8ls for said self-extinguish

el ement.s of saiyg brig g?ggg%ﬁ.% %?:kf’erft Fﬁ&'ﬁ gktern
Si gna%_(;and' sai eshort Cl rcul tk%ui se_ sl gna S 13 "a A conféde appar at us
according to cisubekaptiallyrag FeSerenendiat PR@Sci r cui t
means form sai d1skstirhtéd &ﬁulm u|4380$°96ﬁ|ﬁgﬁud1téh@t, @ﬂg&.hntt&uplart

i ath moaul at | ERFa0P R 281 R b e %) ot she Ssgmepryind Moara, © 1 °°

apparatus according to claim@8, wherein said short- ci rcw t pul se
generating circuit neans forns said short-circuit pul se signals such that
said short-circuit pulse signals exist in a phase of 0 to 1/3 O or 2/3 ?r
to -r of a period where sard pulse wath nnouratron pattern signals are
not present.




