0004701 A method of and appar at us for redu0| ng primng and sweep-out | ossg
in SCR switching.¢ircuits Technical field of the invention This invention
relat®s to a rfrethod of and apparatus for reduci ng primng and carrier
sweep-out losses in silicon-controlOO@4ZEOMifier svm tching circuits,
hereinafter referred to a;‘sethSonggrw ahnlatn fom rcults , Bgckground art In
conventional current puﬁsesggege,rup,géggn"% fsﬁﬁc the magni tude and
~ pul se width of the generated current pul ses are |mted by the maxi mum

di / dt ratT?\T@mCEt'ﬁ@!deﬂtb@DYq"@m on-state conoluctl\rllrt the t her ma;l %unct |°8tn
CondUCt‘I VI g%b Eorlc%n-con;rg’?egaéqt@er stﬁnngﬁbﬁgﬁt@h%g? fte??é )'egt g i?%ggs‘ jltgﬁ aeiin

CIl‘CLIItS
te rrpeJ:,at ur maxi mum_ i by

~the relatamg,laurmalp [err] (1) 5 vvhere Tis the width of the current puI se
and peak its hpeta'l\’leruiondGMenvadllsmgenératopi,dfshB type dliel rorgmjtudeland $URe pigticefiton

(. RRETESA o R e

onponeft an r| pp & corrpone much | ar ger
than the ther rral t| me- const ant , e, he Aq: [ ppI e conponent is much larger
han the DC conponent, resul ting mf i d&¥abl e decrease in the 20 heat

|l ow fromthe j unct lon for a given 'T"r‘rum ffunction tenperature, since the
reat flow i ser tu(r)re hg' d| fference bet ween the average |j urfét i on
ermper alturt ?&h iy Z‘& ks Q%t'tﬁ el §HerdiBl LRl
device is cﬁtﬂéj fctios feperiurel ont

ti me- constaadtn AOrip;ilém:muohen Ihaetmtset\hiem id tachriar peltieanciatpermaitimé-onstant, then the
o e @mhg o tf"m't"ﬁw e T
tenper & u al tot?u ebe ve C] e g%ﬂ %}ré
the maxi mEERE chalet dhg bF ﬁaﬁ éﬁéﬁ e

pul se r epeiretdoRdiantanthe sthd.etaaa rth réEMB RIRNBC compoR rtz at
the - peak janch ¢Hei jonctione opetated atrits maxmimt raaetr, urersunﬂmnbusty: wdthinonlecraanady beat
has i gnfft dgwaesyltigsThus thetmaximunt BMS turrestitatioy efshesSGR qgn bp reatized. The maximom rulsat
i:S associ. é‘toqgl;lfc‘%d?z i gpgermingd Py the sliowable AMS prrrent, pysh that the pggk iy °‘SEP8°°5&E“’% e

end of the ufdithStowesdt, 18s ifNoleli % sfeffibdnt bourdl ot hé&t@fs&ﬁ'atioﬂ il & ju &ib‘ﬁttﬁa(?n
and these |£8§sédlﬁéd5w&QW|€HJfét/er€du|FeE6}3Fy ¢haractafsticof Ahes SCRUI Atafié e ofOth b.ea
‘mnority° cramrmeaasneemre $todeéirshe)1uednou laad ) eseanadnearcenduor\qurrettet ghe rssva@w¢¢cﬁmh
the junctit é’he "§',Lﬁ?f' ékq ﬁ?reg chargeand: 3i@ comrjetply ge

mnority 1{;@ Jove r&% ezt °‘ifetit£3‘;%ﬂ:5;?§;'6&ﬁ?
carrier &ethe tuéfﬁ‘wﬁt& %auCHé 'é onatj zriH B3EVeRy HhtBRvald THUY @Jnﬁeerx
dr op fac Pbbst&stbdnbn jbyCdcc@durihg e mmdom@pnnmrvatb (TG fosaCinérbues w&wecrryasmg

i nt erval . pUlsewidthe BresiMReuiehtyatingdbusigcradsesw g:gdecmsi lsseddth. during t he -
reverse rec 3 BMeb Rf E!'é’c?”@a'§?‘ﬁd°'tﬂi?5§'é

i dth. Thd ﬁt@iﬂ"@?ﬁ%ﬁﬁ&ﬁ%ﬁ?ﬁ%ﬁ B oo Ot Sl eaRIaRoRY Sabgll

he

:An obj eed ol Il Bfe@ SLIRB jUnBEANE hedillly Suridd oAl 1PiHe GRtemal ik @&CATto adiduct
appar at us tdoomugm eatrdry thheggre etdd sgall hes.clotalivet mectroectemmrgtuteomemmmxt tdoe THER. .

The basi c nes qifcswntones chprgpterizgd By o finitesprepdi wocahofmrﬂ g¢rond.
oop o AN T T {%@tﬁ% "ﬁfﬁxnt& e
actual | ys tvl=JIE> If Qt’il’npl r6dre eHCtHJ: rgéno(ﬁ'lg ch

much curr emit totar augbn chh e SEBibled 3k 8, to zn:pkdcz ehls quﬂﬁltcma dafiRicitd) hBwbves e
burns it csfet:reaSFhﬁae mcﬁmm&ame@fbvtﬁwcﬁsmhe surehtnapability of ttetielige.a finite

spreadi ng |r\'/ce %tl J’a?g’éﬂ“é'lnlléFfe“tSat‘;" yr '°80“¥ Ju ‘iﬁ‘° parrar rthatdy t!'sned on
i ni tial ley ind) Gg ed% J &l Ets:e Ia 'g.l ?%Lcﬁdw Ingaﬂw?i‘gae

then the tseliddteithQRe BER DretdtashA6Sth® Sdturkibl mdﬁ & s TR EH’tM'alQ; mEi r33tsike a tlme
struct ur e delayihg swisqhe@then efecSORetighed sigaaltid apptied, eiedsangabldindwdtards tnyits dr@aturated-
conpl’i cat &tp e t@@rrenresanfeg fawetmmé@ce t Qrdy e etnall arspmeaﬂ pquuwt taﬁre ow dfhthe
nmade sna,glc"éﬁf& s el fime, theam't I9e 49 the s E‘ it to

S .
conpli cat e@w nla Jflﬁ%t Hﬁé“el’ ‘;’,’:ve }g%lgéé-nﬁaénil txanode curren nsta ﬂd

h&’fhe%ﬁ@e
decr eases thdiaduetorr ent capabi | |ty of Because of pread| ng. -

ef fect in theSedruse ofn satucablain orasheet qmtqvinsﬁwmterw mwath5§efftﬁx glvehpused in

poreass Ir LB SLT Sl "%9' o sggaw%%%%?&, b0 ol ST gty

SCRis to A ﬂd?aelaaede:u%rerrmtorp Hitfemantier B¥mBLEUNBN0E pssssuemmgk therbyaass es
with the SCR preferably of the saturable inductor type. This saturable
i nductor -acts like a tine delaying switch. Wien the SCR trigger signal is
applied, the saturable inductor is In its unsaturated state, and thus
represents a hi gh |rrpedance Only a snall -anobunt of current can then flow

the circuit. During th| S initi al time i nterval, -th-e vol tage appI [ e-d to:

BTTES ] Tpeaance, and tne. 'anode' curr'ent can start to

o - I T T o - " o o



as to saturate the*saturable reactor -after enlarging the turn-on region of

he thy@tor to pass a pulse current having a high di/dt. As will later be ™
fade evi however, the primng net\/\g erently introduce '

di ssi pation | osses. A further object of 'the rnvention, accordingly, is to . .

provi de a nov@!fclmeftqﬂomjtmmsai aﬂaeutsi thhlaatsaEura eattb ora;dqeayra&ntﬂe isardabiel rewator

substantial |y 3pf @ the fgt g“ E?Sm éatﬂ%'FbF Vi"@r‘r’é‘ig"rwer"‘é gwill
cur rent genel 4t e % et e 5 hinjpdectnninie R
may pr-oduce sC Qs y%%bé?ﬁﬁuhl%h fenéﬂc fmihfl¥&eS € recove (/) '
i nt er\Lat So- cal I‘Gmb besareapnmmbd rédefse ltLirént defdatiofidiG iteldlsiC Valtage diopractdssritiel SCR
the reverse culrftcemalsoswwnroqueeeqnsndmbldhe;sw prinationdusing thacevg eeeswon intervel. S-cdfled -
the mnority c ?ﬁp ssoc§ ‘f thlﬁ;g't' t? wryrs. %”“?;ﬁ' thefverse EH'T Sib‘le%‘t'ﬂég'ss'&ﬂw“ of
.o rty carrier sw, -ou roc sas Iater amne
An-addi tiong Eddﬁo ﬁjeétrb\"% .A\Bti'udnﬁs ﬁ,ia ¥iabpparatus
met hod of and famareahwre @dingAdR le@dhl sabNtahtibil ﬁtinlaﬁtgad& arysadateauhsara«n&dniﬂr ls\yeep-out
el i mi nati ng suessesdasswlipat ed minority carrier sweep-out |osses, as well.
Gt her and further Otb‘g ef@t%mmrl qbiasts il ecexpleined apraingfier taad apenmorsrfullydalineated inythe
del i neated iy PRV ‘loﬂ'ﬂﬂed claims. 15 Disclosure of the invention In
summary, frompResat of théinldiRey t ant aspects, ‘the invention embraces a method
of - reduci ng prim MGumAGC &bmhichs of N efipodtdit dspects: hel ifveRlidn. &tiriceh a MiptiRdd! of Wedubing
associ ated wi teiminase dcg [sWeepsout lossel lrtﬁCﬂleGp qnsuistaoaoerdted with nmlmson which

such. swi-t chi p@neehis srq' tch-a 'slﬁﬁé’ﬁ chel tﬁi/@d :
a_prad t Lt SCR
For ' predet b YRR ﬁ%‘h@ﬂéﬁ%}gﬁ G e i
mnority carr |r5\fe$se|v9lt " ﬁmty bﬁ'rlér!s Hﬂ:rtnﬁ bp-60 irft Inifidg tHe
interval, sai cumett rdouhgotbérprveeamugmtdml eaf transfeqing eHeadnkiay re&ultn@/narpﬁeungcalnﬂ aWéeptaut

ef f ect sweegi apargifis iopech msmdrprlmym@ad sweapsoutiigtervaly backstauseif pouer siipriies tpapduce heat

limting th SiFsp °H interval and transferring the.
energy Tesul ting ?%""ﬁ“‘a"‘éﬁf"" sy °’E°t9®'£bymaor i, Wi ot 8 e aglinhliniil

and sweep- out dr;ntuag'syal s back to s power supplies to reduce
di ssipation of the said resulting energy Preferred details are herer nafter

set. forth. Yh&retfsesietionef °I‘*5VY1 be descr exa V\é&h .-
oeoncs oo ST R e
drawi ngs Fi gu oe,tﬂ,n |s a expl anat ?y grap urr at
characteristics ohgtaéta E@%raﬁrogmmcu&enmﬁefoimsowumnglfragrtlararahdsﬁgmurzt :

appar at us féfr an BoRef ramrqg:umnnofmmreftrsed@awatoercosmqud incageordanpewithoths | mventron
Figure 3 is a’@?&#ﬂ"‘ﬁqﬂ%@ﬁ: \éte: or s rﬁﬁ? ng fromthe cirouit of
Figure 2 35 gopa. an ndy0 FI5 TESRERtEl A7 s Sphiad selors deftpieg oo
construct ed i n acmgur &QQWwatd'hgt-dﬁeoflaW&chbm ahad |nvoI ving the novel nethod

t her eof; Fi gair es -GguexB(8) and tb) #re spefdrine bbarin@Giidnchi direwit of Flgdrei7nduct or vol t age -
wavef or s generated in the apparatus of Figure 4; Figure 7 is a circuit

idi agram of a- rtib&agb ¢ 49; Fi gures 8(a) and (b) are waveforns _
beari ng upon ! apdetol thinid i tho Sﬁﬁa.sresrmdaryt@rm@arernuwgefaértcethﬁ.rst be made
i nvention | rs ab der graphs of Figurk 1 ithdtratingl the furd-brechardctaeistiel eSanUSTRoWitly artigwithoet priming;

i nventi on, refaep@nwem beingf plettad diengrithel ordirste; @"4 M@e Foadgh';'ﬁ @J?sc'ﬁag“rleecme labeled A'

5 - . . . A » .A' . “
0004701 circuit during the unsaturated period of the saturable reactor so @

x l u_s-t rat i ng trﬁges;g th traveﬂ:#g?g‘ al{oypa:jgtrfte#:;g y a a ved wﬂg W o:nt;f“;;ne r:g
priming; anod&qaf b rre orﬂétl cHiow, err,g:.é é'fuﬁ)e D rosehilg iaugadaa ERRg o
absci ssa. The sayrov6 dsedw ith hKEPHBIBE The pé enayaammmrﬁd dueré@ipuRe iscdetrined | b\the

(di/dt) or. anoid’ét retlrrsramtneaeroacmwrﬁ;tonm apiier hantiereprBesntsothp amale tireent withig prmeing time
increase in a e°f&f\‘sF r‘FtW't' g potedihatasmall ymeynt gf W°E’T1°‘t{ﬁdt%“tsﬁ’ﬂiﬂ9 £ g}"fﬁ“@'"‘""’a' |

three additio rg}gg;ff ?ﬁ"gﬁﬁn a%'kgﬂg%q@fﬁq;@rﬁmtg:; gse g can be.

S Curve D. The
represents @s Snbdks er Nihterval® ggt@)éfcas okl q'ﬁinc\Mtfj?cv?m thtOturned-on -

primng. The pe& orrragmrtdudeemfpetdﬁtsSnmusécedudt fatihgs @hdugh thist anbde duere brysestrhm however,
di / dt rating -decreaserthejunction t@nedr-en &ea. Gucht dvea is strietly atfamon pfet Meﬂttfsﬂanvéﬂunomwg
current with dMgFeinf "‘t“ 'n'E'“ 'o‘Y "'e'éf'" the, tumed-on ta":ﬁnﬂ E "mm mi’eé?ﬁm
anount of angdg ;;ﬁ’? froph e ALt i |"het '3P yP

I'nC easrn
the anode currenta mm@ganauﬁ. orit lcm.&g;wea;s artvts%un fs%bmm Fig\6 @AScRnpriBing beaturabre
di /dt rating deductoe Lblwithi angplaredongh doke, @ tapped @eswry winditgiPrg bias or @set edndigeB, and a
peak anode curaeeqmtiarvar\snd"tg Sshugted by ppeieliedes CR! a'!‘l'tﬁ“ Fesppgely t!\ﬁef'@n‘t"t:yiﬂi‘ft ::
he or g A g TER PP WA of e e
t ur ned: on Junctron ar erm S I ncrease

t hi s anode current does not however i ncrease the junction tur ned on area
Such area is strictly a function of the tin® duration of the primng
interval. Additional minority carriers in.the turned-on area pernit an
increase in the anode current. Thus, the di/dt rating depends upon two
p raneters the trrre duratron of the primng interval, and the

P — - == o
o . a . L I - - o . a A

g thrs |ntervaT “ATprimng andmnorrty carrre



: ] V- . . . .
0db4 701 inductor L1 in series between the +termnal ofthe power supply Eoc
arjd the SCR, and a resonant charging inductor L2 then series-connects the
SR to the +termnal of a shunt storage capacitor Cl. The prim ng interval
tijme duration is adjusted by sel ecti ngogdjgbqnt taps on the primry
wijnding P. During the prinming interval, ‘the voltage across the saturable

i fductor is @?gfqgéwe"aﬁwsmeﬂ%%:@m;g;ﬂ%ggl%ﬂgsm; ;l“ﬁnkfoﬁa P?H ge@@ﬂgggt;g%onant'
pi ming curr e r& e dura is adiju BES; im ! ing P
rq¢covery int Bind thg P the/ QAOIPa %l rﬁé lﬁéh 53 pgﬁmean de gm '

cqnduct’'s.s Theonaente Wﬁéarﬁfﬂww $he GHMING l&hrrén‘ia qutS Bihs BRSO 1. DEFghdievdree
| | man?’ appl fecaveiyontsrvalt the indestos velage isvabative softhaRﬂinoadeRBortdmas dheeesbrsé heeovery

me: and i noure %'ea usdecsby m ss%@aﬁeraii lmmpwwhm sciOp sasistanemyalueg pf Rhand R2
oo oI o e Wgﬂg%t L osee.
ssi pat g i Serse Yecove feri fe. FRRS $ Svithout
covery chaﬂ‘a@t‘ﬁrngahd ﬁNdéb-ohhﬁ'clSCRlelr&le ammnblﬁksuis&;a’iarg 6ahwt|e bdi@ustrated in
i m ng and §mre¢owaure BJrSmnetthls teverse eurentfiowsuhroeghtthd ¢hakinigl ickkiciopl2 of Figuren? q‘w
bak val ue, e spy ¢rpsiderphle FTPv%‘m‘ g .Q%'G'QSN%@"? i tgese dReduptaes and this

o o B B L G A T e e

jturate foatdte bf ihisCcieGit) Ho fritts ToulfdHe T4 vahue YoREGHEd bi the
ese induct asnsmami at Bosvneby@ugyy Bdi Sigup 3t B optlmtnheal&i(ﬁ RaUis onginedonvten sie current (g

pcovery. Suisiminimjasd.sthe sgyare-ioop ¢ong ad!ems thetm tugnoigo bﬁ cq_rBro"édaw limiting the wevegtee -

b excess oWé’fe"bﬁ ts?fﬁ r‘f"'“’aﬁd 3f’ uare-loap core in
eakdown®® THE éi U%J iEue E978 T %% S BRPn F Teey pgeroeed
Pverse curr ent 1A thedirdiild o Figurd, ied Jemawcha&mg [g88dratbd vdﬁzge @dfoss [0 What Rppprbathes
i n Figure SBvicelthe sayply voltage/Ey ire magnitkide. i The kit witageckhadssveedshaut cha mipntity Tairisrs is

ni mzed. THerefmqefitesJame asmvée 2% Ecovibe inductarEik limits the févense cusrentio thevalup hghqyyn
miting Phelray %’.‘{:&ﬁ# e dub ﬁﬁ’:b'f;@r%%{‘;gﬁéﬁs m%%?ﬁ%%‘;'“wﬂ&g F'f’}fgﬁ%‘ec ‘“s%?é?a'léﬁ
trent is g kir@e'ﬁ;élorﬁﬂp& re?fu‘i oﬁ: rds§" gétecondary_ '

'..—fo—rﬂr—kmo-o-cﬂQ_ﬂU)

6tPin Fan r f‘c
fection t owindmygs & iRiEer me:s@dan for mthneq ellatiéH, tHi rgfidssis Bipétinblenat i on
.0cess is corrplﬁetbeﬁremtatwa prinancaebjsctie csaﬁsmwhtmﬁs tol snbatmmylal‘imlnnte both the lmil!n

<o e TR e B i

e mnori tYLPaﬁ Lﬂ@w —s' with
ductor L1 Hio#estCR1tdna anaymfesemmewre.at rehnﬂoi EaMﬁ tme cawplﬁaouabelﬁdgmﬁpr ary
is |ow laevwm{agsaranéﬁt amalom;c d ire sesiee with, SCB1.dihe biay ein eBchné ar@rcowctenm

'R Junctlons‘ﬁ‘Ps %ﬁ % 'as w%égkﬁgi?‘??ﬂm d" S anonig;
Ver se vol t%’ﬁ%irc Zﬁér gg?l tﬁg e%s@%d?% b%?
eep-out  procesgdidiy, tHe €3 iveRdgs d?oEﬁﬁLﬁLrﬁf L2 Havé BoERSrépRfly ried tQﬁ&hé current, 1.
condar y 4o Sabhrbges cofrent umgeu)lntd_ﬁegamam;aﬂbo sndiLjhtofpoditiveciatiyatiopcihad, mwban SCR1
i s energy Isgused an aldjmets Fisires 5 aud & ahednductar i dakirizerpintoritsrupsasipiad reoias, thpreby
fi's i nvent i GRS he giBRB SyreaRt 1o4Mq ¥P1U8| i ni nate both the priming 30 |oss

issi pated in resistor Rl and the minorityngarrier sweep- out | oss

‘SSI patedsin resistor R2. The il d!s&arpa.r.,k#e—elwng.w t of Figure 4 is
nstruct ed in accordance with the inventi8a to provide such |ow | oss

3¢ -1 mng and QpRrity carrier sweep-out. The circuit conprises a pair of

i jccessi ve sat ur;@hl,‘@mbé‘idmﬁ@cﬁd.ﬁgkuﬁ@doh& havi ng respective primary, bias

T 0O 0O

i e N o

k)
--f—"l—lh‘ n_—s N

d secondggry vmn;slﬂnagserlaf;ﬂnﬁnamddiﬁhtu&sPSanmh di odes CR1 and CR2, |inear
ductor L3, reshstmognefidingpdreat 8CG-Ti as suppl y so- Iabel I ed. The pr| mary 35 .
ndings P and P ar l?mcocrlllprercr;ttf%ws dnrmSe I?qR ure !!i E?Jsu §rns t IHP rval,
§d B are Cmacéoéjlsd venStont Regt l g ssti érgf ug:é ltg iﬁﬂ\ ucto LE on the
tbcondar y ,w BtheFighnd iOdrivba furthierGile a&s&tvedatuﬂat.&ﬁwtﬁ&cme thsc IA@ ﬂe tRAductndl diGates
4gcondary wi ndmmg'v&ndfa ldrg® siraisaidah chaodimgtutrent sarts axcflom. The fdnumhev ‘@Rriod] lotthis current
iti on of P?'Fk's ?"?'615'?951 bythesp éfqmas indugganqes ﬁﬂwabél- e@’c‘l‘???@ el he aid of

' 15" ha Or "’“‘“{“ SaRET aﬁ:&&%%j ﬂf . egjsaQMEtfoﬁ his den °"°E§: 'g"éw k'ai

s L1 m&m e giridinge lidRddubyathe (B 86ithgh dnd FHeOnuptbet bi seeorﬁjaiyunm ioB IS, t ,the
-SCR1 | s clatping dctisn o4 CR1.iTihe nerober Bf sagemiarySwinding GnstSHe sdlevntdcudy thatlthé slamping
i'nto VeiPge ARPLANNOACOSS the gwam wingingdsf L iisglightlydess tan she qugoewrtm Thay
| ue 45 [ERR] where:

er®®of bias winding turns B orFvamomS@cu)pe-rEnc nBl=nunber of pri meBYy
turns P on L1 and inl=magnetizing current of L1. This primng

flows during the tinme-interval to 840 4, in Figure 5. During this
erval, the L1 core is driven fromnegative to positive saturation
t age Enc. The i nductor L2, on the 55 other hand, I's driven '
»»»»»»»»»» _ Al e W aTa I N MVISN-Y: a Dn—QA&Lhe current scr. At tine t., inductor

Ll s’aturat es’ p05|t|vely, and a l'arge - SI nu50| dfal charg| g currem bf'dTTm"‘?";""

o —— r N Y M N T




0004 701 Thus, the remmining part of the sweep-out voltage appears across
L2. The voltage wavefornms across L1 and L2 are shown in Figure 6. Since the
1 svve' out current is of the sane polarity as the bias current for
|nduct or ¥1, the sweep-out current aids t®O0% & current in resetting L1.
Further, since theS‘EhuE‘QEerHE-EﬁE'Bﬁ't&me%&gtaﬁgﬁtﬁd% grbddgh€ 1S no

current- 5 |im tingTHewnttégeomaveforrs seekshyl dndi L20dre fgufeVE &itce Uhe SERT Bdep-out
During this svveéﬁmﬁ'uts rﬂ!ﬁcsesns DOIao!wevG're bigsrdett éor indicteTLoVvihel @8edphumit current aids the bias

current-limtj ngﬁ on pro E ié{g c“gg %c\;%gﬁ‘bm tf‘[:adtucgrtbere 'Eh? current-
SCR1 Sweep-.out (EHJVE Et’or’ ur :%: fi nec 0 8 éﬁ SE proc;ess,
saturati.on, Wthhéls ensww&u rFenk arm& bBQL frifR ﬁf i the
(4) where: 16  sweep- mzmmnﬁwmugnénb;ms;msmtdbmg rt urbﬁs vlg on %Eﬁ% Z} e T'ﬁ' t_he

of primry W,Edl ng turns P' on L2, and inR=magneti zing current of .L2 Thus

as seen from Equations (2) and (4) a&ove the"pr ng current and.the
sweep-out current 20 can be indepen é‘ﬁ’l“?‘g’”ﬁ e i n magni t ude by the (4)
nunber -of turns on the two bias w ndings B and ; nanely, nbl and nb2. At
time t3, the svveé' =60ut process i s conplete, and the reverse voltage is-
absorbed by $ER1 éfmtucrurﬁfom!r2 drops to a low value (tine t3
in.Figure 5), t he vg#“ 'J'f I"\?g afusFeem2.88d L2 back into positive
saturation and by tfM s ctlo genera ‘es a positive voltage across the L2

pri mary 25 W ndi ng TRus, BRis€en\ftdni Ei@tions (B! AT Gbve, 8 Brivb areRt BRCthd ¥wEBR S current
of the second@r ganferivienendshtiyadivsteth i rodgoithale Gikzhe ridinbéra turristtinhectiva ibjal Wihdings BandB'; '

action, the bi aga'E?J eﬂ'ﬁd% nerate a- Iarge vol tage spi ke across L1,

ey e AT R R

and ‘sweep- out#® pm&Q%SFhIsSroha’gar@cflﬁﬁﬁeﬁ o ERGKItdge ft%lla& daRYwill& the
the L1 secondar zlom faltg. Nythutethid cl@ﬁ&mg Bélronﬂhu biagjeur Et vmuldnengafelanﬁgé vﬁuegé/ ka across
to to t the ene 9 o GF%E? QgDFeYP'ﬁa %ém Cﬁreaﬁgﬁue'mé‘%ﬂiamro t he bi as

citcuit, thus e ﬁfﬁ :;qt;

| | p-out
this intervale bﬁhgl-tﬂe ﬁ@ﬂuﬂe#rﬁewﬁi' t tﬁe e Lég sﬁmﬁﬁmﬁi 0 the%?;s.

current and theclsquc.rfeds oJiminaging ithe lbdes &pmoea | aﬁc&u&m}md ﬁ&hﬁt&u&QCﬁe!@ vbifage is
t he additi onal P’Eﬁsté’e-sthP'iqb\RPGGP@nm | Yiag ¢yirment &g tha gtdrétcersigyeip-L3uiSince R1 has a small -
time-interval, ‘Ew ﬂ‘rg oy I 5’5 fiHAL gre '?F9|W le- sP"t'FQa fsweppaolttimetinterval, this
power “suppl yat omﬁ h :PJ? eg‘snsllig ?saé{m:ﬁﬂg % ‘?osgt‘a’\sxg%gn A a:?:':ﬁzﬂ
process, provi dsmpfdnfoﬁa o lalsbl Nat i on- i osses atlenaant :
upon stch sweep- outA mpdifiesttcirouit fordtmtningAhe¥ dovel eshhrs ita" shiovih inf Fijureatt, tsadhrum HaldR§ Rovel
novel “tesults :T%‘i pragns lﬁﬁ%’gﬁg ¥ ggﬁ% the. Péfgfiga Ecd ma-touirfaa(mgnﬁ? Th@\c':gd:uitangnama@ls neg1atwg -
even apart fre® guse Slarrjecirgyl ‘@l}?'ﬁts é:‘PRHG an

oo nbgut i v ack e o ar R o B e e G o T

- 8(a). The cir cucitcuit corsprising nrﬁﬁcto‘rapaemdm aio&“b cnadnj é@ lsLiSpyAit dlé?nentsm _
‘series with theafd %senqmnnmgsn li wns\glnanwwdascaea CRZ; mnttansfarmrrslmgoperanon of

i nduct-ors LI @n@’z Q"“"ve' S{ QJ@GFNSMW-TFM@M pasitiuply Andecapacitor
second | ow | 0SSy JaRal G| ‘ﬁ' ﬁ‘te‘f{rjdqme 'i"%t‘ﬁl ey T]’Etf’BF;%'gg (i, é‘;”:;ﬁd
L4, di.odes CRA oueeision 16 i b duing the ¢ é/.svuogsfw a%at @?TEFUH oo Thenex:
and a cl anpi ng tine intdrtal, 6,00 &i mustibg safficiehtip the gtd?ﬁﬂura t SERA, reamrstxtaﬁﬁ t{) SORY is turned

T1. The opergpi ¥h a@j a t’??é"' i hatfging-waye ofcufresit I('dvsgenbnateu iand Heliverer tottherioad during the time

Fi 8(b ma ta. b $ o0 & v§FseqTeturning to the initial
nleg;'[ |evel( y) At aﬁg 'i?%@ﬁ%me@t %trg'ne % "tewg'ntﬂ %gﬁgﬁ%‘g‘“mﬂ atdimeds RAGW cyge of -

current (i) is gene'hatreldticﬁndstdreéd e @twhrd Arde rdvaraél capbicitdtIvditagest b ndsnbﬁfrﬂ‘@'load
toto t At nehatactefigsich Far g tea |Qm’ Slergynid delveledl\te tlimbnd mhuerf is casi the reverse

o b R s e e
The next tIrT'EI 0 the
SCR1 recovers. @i this ﬁéam?a d us S%ﬁh:q%e \ig c‘na%l r VOt ‘?eiﬁe r tﬁ'@?ﬂ at(%f @

of current [%tr’rgxcwd & SOR afagichuamvbitdgd iatiy. emla &lﬁl'n hgecl}comﬂrﬁ%mra@ﬂ ﬁdbmﬁ'@it oled
interval t2 {0 igdes R‘t Pn CR2) emﬂea/eltetsagm waitages aﬂdtt%bhanmnhesre operation into

reversed, retur'ﬁ?‘ﬁ'@v th%‘;s res‘sgx é g%ﬂj rI“arltle"s At time to f tto od wave
time interval ts?uo&vﬁ i& Vot rjégesgtr Qﬂ?“ |tude h%ﬁewm becomes Egactave or
operation is | nnegenafaeda E\Baeorraaieaétwrbabg . supply voltage
capaci't or vol®f afpedn dedpretadismprihe & eoltagath acdmtremtaem asielcﬁhda Qfmdhgrsm|aad|dd\tetransformer
‘| oad, energy is delivered to the |load. Thus, for this case, the reverse 55
capacitor voltage is |ess than the forward vcsltage and this difference in
capacitor voltage reflects the energy delivered to the | oad. For a
regenerative load in which energy is delivered fromthe load to the pul se
generator on the other "hand, the reverse capacitor voltage is greater than
_danger ous hi gh vol taes rra:__,lg‘e

recovery




-

'- 0004 701 T1. The turns rati o bétween the prinmary and secondary w ndings P - [L
~and S is selected such that the secondary wi nding. voltage is equal to one
hal f the D.C. suppl y voltage (EDc) when e, is equal to the desired clanpi ng.)

vol tage. 1f e, increases beyond thi s°98%3°1e|ther of ‘the di odes CRl and

CR2 (dependi.nge YA ra¥i0 lob @8 B! FHimahy dndCREGHAE SvirtiMhs Pahdl & s28RERYH SuBNRétANe

back to theecpataes windipy hyttagd eualTo ohé @alf/ e tDET) Busply witadeolE,£ubered it bal to the

cl anpi ng veésir @'amwelvoltmr ttheringrensdes bevand ahis value.| eitibrsof thecdipdes C-R1hansieCR2

skilled | n(dteﬂ‘? '"ee chm‘@:fe 'ta':; )&?Fda?"vé"’t't"o‘ﬁ '}%‘l’féﬁ opefaY back touhe RewerisHePhs Bhys; t

and scopt P Yageissaniel pxsped o ciphing yohee | ﬁﬁﬁe@nmﬁm?dn&muatare Rl dait-

A nethed otmﬁ.aMbmgararsbdﬁeragmamerﬁaﬁ bé @FingdR iR applindéd it | N SCR swi t ching
circuits associated with power supplies in-which energy is stored in

‘response t@iatMeh switching, the rise of SCR current upon such switching is-
del ayed Yor a predetermned priming interval, thereby also generating

addi ti onal i norA tmethadr of sﬂgcmmpmmleg SO cartied swm-mﬂmm ln §CR|smtt=tB0b dtmuptﬂg
the pri ni ngssPﬁf tad with p°"§?‘[§%%?@fsé7’ waish e g‘t' g.f"t OESCR

R e et o e §§§ﬁ s

i nterval’s Lhdrdidridgh WKHeerﬁdi’ QBeraling laMevels Qolﬁﬁ@@cpef&u{ svtre@b-@ﬁ ority carriers
t ransf er ri dgyirghesveseptogy intepal) llimiting the) cyrantturiyg ahelsveasp@pt intervah ppd rastadrirignthe

each of saleglefw "ePH' "an e%/e s"!ﬂ?t;ﬂl;hw@ﬂva' eagh lf !atﬂﬁlilrm'gbe ekalp}p'lﬂi!@%}st 0
reduce heaP Q!fl S clalfme 1%’::%%@% edl ng} dgzi ‘é ﬁerng;/ratinﬂandot‘ ans emn?]
as cl ai mMed ajehes @dgps turdb y‘f erating and

transferring 29 Aalser etvftmtgeﬂclhyprﬁuaﬁgﬁrabmep-m Hﬁﬁakdﬂﬁs Haigg, qh éombafaaat With gowefAN
SCR swi t chﬁur@lvcmemlaﬂamed o stgreaandrngeeqspmt tca Busutt@ténghsazura lpJe indactance means

conbi natlott‘tw?‘tsﬁdb?} wesn tg F baractesised aMP)Pfe@ gaturable o
seveu e it ST R e Ry R
supply neaj an,%e:ﬁmrj RUpbrofe oAb 644 T @ prbvide et ép-out

i nduct ance cmnan«j lnpansltéf)n atnageca ithl §di B tirableinduttaiee eaiistoec}arwdrrmgrbgclausmnt
during a pe\dertseprrh me«'mszt&c ultma ﬁnm@he n‘rwl-dlrmmfngd smmmc hmdtgve@b-oumrrm '
nmeans (SfaRi‘)'e tdtss' bei ng
e vt 3 uagp iy SR L b
current; d‘!ﬁ&@ﬁd ;ﬁiﬁﬁWn ) 8cHin t6ctlin e rvﬂt ﬁ%%(ﬁ@@ﬂsth or

transferri ngs ldrailngs (B, B'amhnpﬂwem ssmqs y biue panSof(sEidppwersesplymeans,Land iheGeéandary
t he provg,deg’"lsF (S §7) conpedted in eranevltb perogitaly foledidiode meanst(CR Y, §aaee heat
arsslpat op ot et ainedi i £acad s dn pesm it ticion gt o
daim3, ¢ Zgzigrgggo Fed MRUTMAL 'Cat u°r 215 PLim r?d:ucﬁé C& Hé‘ 58?{%? ¥ a

pai r of successive saturabl e I nductors (L,, L2) each having primary, bi as
and secopdary w ndings and with t pri y ndings (P. P') connected i.n
series vm&th the SCR neans (SCR1), P'Tll’é'“"lﬂl 3y, {Rﬁwﬁhl ngs - (B.. B') connected in

series to a bias part of said power supply means, and the secondary 35 .

W ndi ngs’ (S:heus Ny rmssgas;gdwumbemnures;"rfi"aﬂms t(Ble,-h yrep ozggb tm;r mgr%g;‘%u §-s on
1ts prim, inging) &Plai. tepegpentyithenn agnetiging cyrEan g
|(s prov quirest: 2 d§r WW@'“BW i?fm EﬁhaBT"édsﬂﬂrﬂ 'Ptﬂdg"t?rfiss's ?

h
o Fimt e [ twa HRAH 1 fdim 6 EREhABHzbdinltbat BarGORbARAGE Wbt tibother
expr essi on ofithe[p&if 6f] satifuBle@ndabtbrs (Lol ®dieiid the édicbsweepbatrcugént subisrantially in dcsorllanes

wi ndi ng (Bwithripd expregiadsent s t he nunmber of turns on its primary winding (P),
i mM represents the inductor magneti zi ng current. and I'b represents thd bias
45 current; and in which said sggco dar%/:m_hgjl,_p (S) of ‘sai d one of the pair
of saturable inductors -assists i B rHE thé said primng current. 6
Apparatus as clained in daimb5, character| zed in that neans is row ded .
for adj uft |thfetﬂnefew'@$?ets;bﬁnmr sawfnsm't%wmgéb' - ASIRPrages "“m E’ge z;'s‘
limt the JaNeNCEpoRRC (et e%‘v?nﬁ A Lt %’é?ﬁ'ﬁéﬂ ,aw"ﬁﬁu DI asgist
expr essi on Seelerih ,t,,‘fég 3\73 ﬁ e es RS PP T a
wi nding (b"), np&paaﬂrsasemrsedt d?Mf’é)Q:halﬁtfteﬁsz! RS thanimedrs ddfmpAdiidy thaitires Bgthe
(P),ink%¢ eqmpecseetb@s MmllngnthB‘ﬂ ofrtheragmftsamrahg inductoesris pravldledlfgf enelpimeg@nmesrdﬂte

bi-as cur r eregiustgiegt 9f i %g %@rgr%@w AtiCHEPAtsroprast Idvm tagerm%f jhe
pair of_sayrghy! T A GRS Ll em,o@zb e
nmeans. /. Ap pharatis 4l o 'C'ﬂil 32 dhnbot Pebén% vé Ba& rel HBRd1énergy _
conpri SI 8y ttdalefetrw mwfsatmmﬁoswpﬁsmtekdéed biaatnma&mungﬁou(a& ratig, clakactdnieeddsyi r
of saturable inductors is provided for enabling independent adjustnent of
the magni tude of the primng and sweep-ost currents, respectively. 8. _
Apparatus as clained-in Caim®6, characterized in that said bias w ndings
(B, B') are connected in series with a resonant charging inductance with
sald bi as part of -t he povver supply means. 9. Appar at us as claimed in Clal m

—+to- sa"ldpvxersupply may exceed t he"SCR maxi num vol t age rating,

T



0 004:70T Ti. The turns ratio between the primary and secondary wi nding (¢
ahd S is selected such that the secondary w ndi nﬂMHMﬂ"'ﬁugﬂhﬂ to one

hal f the D.C. supply voltage (EDC) when el is eq cl anpi ng
voltage. If e, increases beyond thisgugbgeo®i ther of the di odes” CRL and .
CR2 (dependi ng upon voItage pol arrty) conducts and thus transfers energy

back to th& 1pBwet|umsu twéléhube pt‘umrhend/eﬁcrp E'“d@aﬁhﬁéﬂdé ¢ eflestedpmaiciy thy eng
vol tage | e\$e4°“d aff| th"a Elc‘fd?"at%“'tt’éo"%'% mgﬁ;r

thep Of c
(s A ?gﬁgo A et R I R
of the | pyariaostoiage il ot and i vepsls s o
cing pr Funhagnad’tiﬂ:ammsmnemscsmepemnse bkultagesthlsrartS@Ranm@rﬂ crtrgswtﬂrecblu |f‘=t"s

assocT at ed withinthespivsandseopd ¢fdhe inventiyn asidefined inghe apperdedclainsi n r esponse to
such switching, the rise of SCR current upon such switching is delayed for
‘a predeterrﬁla\ed primng interval, thereby al so generati ng 15 additional
mnorrty “arriers in the SCR and crrent is |i

p crrc{rnts
i nterval, char agf\e'f" piiad; o e @gfﬂ%’%ﬂ : f@’sﬁ fiajo 'é’bjn}ﬁ%:céﬁs 98 of SCR
ef f ect SWE iﬂ%ﬁ qug 'dLIXy 351 4 predeti rdeﬂ%rrﬁrn%‘tﬁt@rpaloﬂ%reb $l§H dealar,atmg
limting t hﬁdﬁb‘r’id’l Qﬁihorﬁ#”chfriﬁrstr €thé VEOR) -t {thé RUENt as limkedl dufiy) SHeeprning intleal,
ener gy r &Suhbiatrgrisen bp thendafter generatdwee pvasd valtpgrtoaifes svaereaud qu gifch samqtmptrarrmrmg

S Sveep cetn A e e S S e T e
di ssi pat i orf"8isY{ i g,?y  the said AT n
G e b P e e G cosaran

'20 are efd afFd cﬁﬁb\ﬁﬁtﬁtéﬁb nBudtiveifitid fevsals. €l d reversal s.
Swi t chi ng- ci r c@iAn $CR swithingwictuit wiminga@nd sm;pmuaamgrahra‘ha\rm mrcnmbmmnrvathr Rower

wi th power sypp plngpan%mteadaﬁt%eqqgmsrnrgpep Eﬁ zgf- ce meat;'lr:
i S il ggtt e
scR

neans anés stval Cfbr thQ E a8 flsa U&ttﬁm@
means (L1, @é mgand @), USk gtanu&E@mbdﬁQa ersdlof eattl sWitchihd'® pmﬁdberitm swerg-oat
pr edet er m rmderﬁSarrdrmmsrg:Rn htopnactd vithl saldwsatyablsvinductangegness fohteansieRingbagkdo said
(SCR1) and peayer syeBly mws g‘-m) gnasa ertatmsérqmw aet‘aﬁ@e ofelwyining  and, sypensgit gyrrents
adj ust ed wptﬁﬁ quQA@ﬁﬂ %%' s claim digw ctfizdy! uquhﬁ erH rga{ ?ﬂlé%@&ar&b’tmeans
current; a bY¥ Eluc&ﬁ% , B An@BEIdRddNP I
transferri nga rh@vrﬂ\ath pmawwﬁdma Iy, AmecoRGect m)seraawrtgyhermdnaansgscmmnhe

t he provi dibig \M‘ﬁdasgﬁ {8, B3) Gonmetteddm serissurepbias sartcd said paveer S@PWG!!R!GS anwp secondarv

di ssi pat |3§)nW'0¢'"95H a%mnsqcrvdsrasedewr'titnpt’s'@tr F’°'°d diode m m med ip
A aim 3, Chtﬁg aaut )c%?samlq ﬁ%;& ’vo Iﬁﬁfﬁﬁﬁ ﬂgb&"ﬁgﬁ l"'(\a %'ﬂa
pai r of SUGHESHtekGorsal Ur abl € b T avi ng prrrrary, bi as

and secondary W ndr ngs and with the prr mary w ndr ngs (P. P') connected in
series wiph the SCR neans (SCR1) brg Jon dings (B, B') connected in
series toBa bi as part of said powé?c" STEPBI v, \rl’rﬁgﬂ' and the secondary 35
wi ndings (S. S') connected in series with- opposr teI y pol ed di ode neans
Y CR1, CR2) where Apmreaémsthasumbaromsr an iGlbgis mtnﬂ'ngéﬂaﬁpafePfE?elﬂiséEP “%“htehﬁft‘“'
i s provid d'tc‘r gmmam wirdinan®). daee %ﬁe‘hgﬁ 'f“‘é%[fgft@f’al Eg}f% @f‘geﬁs@g .
to limt h‘%‘" Jgfm?t pvin f""s'ﬂ% 1 jdoe PRl ST fance. W th ¢ he

it m 1.
expressi on 407" 6 Apparatus as claimed in Claim 5, ch{r&ﬁé’rr]zedM‘iﬂfaEme&;s pré@fifed fo? Bdjgsting ehe other
nunber of t birtA® pawbfisétarable @Gustbr li, /ig) to Binjt tiepsaidrseperessisent lubstantiale in astordanch s
on its pri nwitythaiexmtessign(P), il represents the inductor nagnetizing current
and 1b ref?resents the bias 45 current; ang in which said secondary w nding
(S) of said one of the pair of sat ur abI ¢t ors assists in limting the
said priming current. 6. Apparatu¥ &8¢l ainge g ' Claim5, characterized in
that nmeans is provided for adjusting the ot her of the a|r of saturabl e

i nduct or s%( wmerem&)renrtsehtﬁ metnumhef of tiirek amigs '# eng t i z;’;
accordance # Pﬁ“" ' imofFP 'R%F ‘fé g fja
of turns onfr:fceé;{ﬁ iy ,T;%é;‘y 2 resents t er o turns on

its primary w dnﬁ?m&ﬁ@Tcﬁarﬁdianzedtdumawmemgnebmsmgmye curns efnthe
and | b refr agpdutice brksawlndlass (BLB'f afribe padvrd satnrablia |lrtdhct9a|lﬁjprse¢ﬁ§rfereﬁﬂ9b'wp ingppRgdent:

(S') of sai eldrmett:herrt ot)the ﬁ?:%g# pf thg prisaiegangisheer o t’f*‘@f%’es s 185 Y gmected
limting tO seri reso atggmd tta ﬁﬁiﬂﬁg ét{ﬁlé ga%gg
characteri z ﬁ? 5?, lafih ag hé&dd %ra&edcﬁ’ $arabith &S ARGHIn\Re briens
W ndi ngs €sB,¢.aRx¢ at;;fta, sraarl ;rov@ subgly Hra kRed {hdlsch(ariairrmﬁt yailteys rderth, Btaracterized by
enabl i ng i ndependent adj ustnent of the magni t ude of the prinng and
sweep-out currents, respectively. 8. Appagatus as clainmed in C aimb6,
characterized in that said bias windings (B, B') are connected in series
with a resonant charging i nductance with said bias part of the power supply
means. 9. Apparatus as clainmed in Claim3, connected to feed a regenerative
Ioad mherern the ener gy 65 transferred back to sard power supply may exceed

- ~ NN R I NN PN — e~




B T

connect éizto thé | oad and the seconelary winding (S) to ﬁmm
di ode neans. (CR1,: CR2) connected to the power supply

‘guUch Exgaassi ve ener and pernit safe operation into thé r%e éner"atrsve* oad
j ' gy p p g

0. Appar at us as claimed in C #@@OA 7O0ar acterized in that said

pOV\Br s‘u-ppl y 1S al'a eln ﬁ aé I%I\llre wi 0 O"%el e ra 3 n OoTf wnic
| 5847 3 Pl dina rthﬁg b cggéh RRQ nfeal Ei rﬁ%ﬁ’% %#PJ? g?%c?nf chazr;

'Netzter le [errs}.»oem( es, dép

(EDC) having Zodiets 19\ine b G
t her ebet ween, camdctsﬁrdithprobwarsypwm 8 & craa@rvaacmesrs.oe érmgymu pérmif safe@ipk@sion
connect’i on of rrttbrtbemeqswattvercsd and sar d dr ode neans (CRl, CR2) are

seri es-.conn&ct ed ‘?z Baéa"sf’a?sd:' WE! peized i ?tﬁP'dGPV‘é%'éléﬂﬁzg ors ’s%
of t he""dl ode te%F e em‘ﬁ{fg émqs% gm;ﬁ mf S C of the
SCR swi-t chi ng cﬁ;barcﬁéré fand Qi dibde MEEns(ER -Etﬂm&!téd%ro dafd cHibd&Goréi h the point
sweep- out appaf sdridsScorcaa6rofitig: didale Gleamsrbearg cﬁl‘hﬁét&tto@&rd m:dndnyy wingiay (S). Oof

opposi tely tfol ed bbvm S§B mcieeg- iEmDC)co pmmgderd S@Btwahl perPircuigfpriming and sweep-out

seri es;connect3BRerEun e g % é?ﬁrﬁeé%er? h§fr§° be‘ip}i\p":téf';‘g .
ener gy inr es@ﬁ |n r gr;%até g éﬁéﬂi Bad 8 (penergy and
recei ve the. StyNerfth @B%ﬁé}ﬁy A3 @d e S ﬂaﬂﬁﬁﬁgyltdﬁa)‘atﬁécﬁﬂ éa & forChmphy i extess
vol tage rat im@nergntb paemain safé opera:tloampmprymmaesfemﬁﬁmemr(gv thaprmmwhdlsmfﬁé of which
oper ati on comspwpﬁ tt*reamrt@r [eries penneation of the ¢apa rorSn? é enlar“hg 'F‘P‘)J'SE)W{"‘G:“"
whi ch«:connect §°r‘f§d§a E't?gnf’fg of ePTe6 Nyt the,diode means Pepa cofngeted o @
wrn STO
the | gad, and serre con across . sal “capacitors w th the point of

serieg: connmtlr gn of ! ﬁ’edl ode means being connected to a secondary winding
(S) ofsthe tr r‘??(ﬁ'ﬁ‘ﬁr" ans. Pat.ent arisprfiche 1. Verfahren zur :

\éerelr IC E?re{; lﬁl?gr ?G% é?jﬁ/l: v Srfoﬁc%é}gé;f‘em Eiertula earem%t taSt Wl l erabq?ﬁverlu (-] rnrrglezrS tmegléI eue n

én igkeit von
wel chen in gbhargseHsrirg srerg.eZg‘es@d.dne.& dﬁm.ertase&ﬁaa eml"aeSéhaw.rrgdmer ein
wobei . der Q eivoibestminbtes ybnsmmiotarvaervmgesmad tmm dadlivh rin @pm Gleishibahter iagrit Bsétzliche

Vor spannr nt er \M,'F'P"t ELUQW{“ rden, f Strem "9(!!’ éieﬁqﬁr‘(%%’?@r‘“tmr:;\ beﬂfegizt
zusut 71 i che [ qhin A i A r s‘l{& g&gﬁ% m :ﬁi d.i"'esA“i';st.n?
Vor spanni nt g5 IR be§t ?M& Wil stintefvhilelin rsp@ f1&nd
Unkehr: Spannung\befaiteM@&htuNgérdresulfBrdidé E eg.a ]zur[rﬂd’d’n duenmnedﬁuea&tgmtvm \aai ise Warme-
abzut ast en, V\Kﬂbbltumer@smmn errEn rg!trzgserﬂnghbt astin- 30 tervalls begrenzt

wird, und [er rzeugung und

r u . Jafedie Xprdgerung
Netobarre [ JEDF@? Eﬁ&%‘ (gm‘thYeﬂGrf géke %}% %5]%1# geirégrﬂimé eﬂi’r&:ter-Schallt-

éﬂ'enrue& ﬁnbn@ﬁeﬁ ﬂfir S¢haitshgZdés
verringern. 2 Gléfemrblahrsenergiagbspﬁuwvuwmft eindmhiscb&n digciterneilz@nd HencGleictriehter gesthel-

Vor z6gerung, dgten E#tzwgsfargoaniudtmwtéfsewqhtmr 'éﬁflu'[cb IQP'}G"MQGUI@E ida® ein erster Teil (B) der

Fel durkehr un ttr vrt gtasinrichtung, (Le g zten
Aot asten ci r%svzrzzzr:fr S AN «%{i R D A e

mt Netzteil erBewfstallngmes ssg;enrzﬂan stdinds hatieddr rﬁk&ﬂuﬁ dee Schattriy) dingegteld @5, und

LG ei chri cht er slaBrait dereségtigenasiabigen unduktlvdatseinrtchmnmeine Ewrighetregn(CB1 evernindereist, aurch

und dén Q ei cHy Iohpg tdieyau égr itsteflyng Qe %m? reRul Foerpie gn die Netz-
[err] “ein ef%t! }(E@r 'i”c'%%"’ﬁ%ar" “I"é'r?’fﬁ'e%ﬂgﬁ‘\ﬂ‘? deg Engroie jnydle thsﬂmkrﬁ' f" verrin-
[err] “die Ber el tstah.%cuﬂue 8 Afsprulf & ik ANgethnXéiEhht2 BTS tie QARIGurlgBthibe RidORNi-
auf die Schal ttuusgnrﬂﬁmn&mlmhfeineﬁueamser(dsam;)mg‘sﬂhigenﬂektonmub,ast uriat2von denen jeder

‘Vor spanni nt er\Paimas- Mwa?aenwgztwélMﬂdmlqkiu(‘ﬁﬂ)ﬂuﬁwst{\@n ngnctie "f('i_f!"ck'!!"@}\ (P, P’} in-

Eﬂg: r )Scﬂlalet Eﬁcfg celtrs annﬁ\ %73‘ ztuﬁ%ﬁ c?e er%ﬂgggﬁur[gg {2 in eage H\ét en geltgﬂelﬁ\“lg% et::
Htﬂ Haoh spr

Ei nri ght ung ( 5\/ﬁﬁr e%ﬁzﬁiﬂﬁre@&@ctﬁ&ﬁe Eiﬁ'i‘chﬁﬁﬁ Qurh Ehﬁhlleﬁl’é[j\es der
der Var spann- hsluln [séttigngsfdiggent Indukmd'e(LErLe)rigr ernaraegtaruumeu&vmamstrbm( iDo/psent-
[err] ‘wird, saurfictenentserechendder Glidung e i n dem Schal tstronkreis zu verrin-

gern. ‘4. Einrichtung nach Anspruch 3, dadurcf gekennzeichnet, [err] die
[err] =1 nduktivi- [err] zwei aufeinag cnva_m‘ggﬂiﬂ_l%err] | nduktoren (L, L2)
[err], -von denen Jeder [err]- Vorspannungsun;;i err] aufwer st, von denen

dre[err] I n 50 Rerhe mt dem d eichrichter ie o
Vor spannungsvvr b }gﬁ ?h' @e'n\{"(’sPéi"h’é % @g P 48 nnu;,";us'.:,%em"
Net ztei'l e undc’%ﬁ, did Seku %{é ﬂ %EA."?,. (L?B&}enzung des
Di oden (CR1 paNrRErbi B AerStli r nrr c tung ac spruc

gekennzei chsset -duBc Binéshaung Erianls mmlqirunmgs Zgekernzélctinel Heth eina@mdlanndmrmieﬁins{em Jes
| nduktioren (L1, L2) [err] -eine Begrenzung des Vorspannstrones i mwesent- 55
I'i chen: entsprechend der deichung [err] 60 wobei nbl, die Anzahl der
Wndungen sei ner Vorspannungsw cklung (B), np, die Anzahl der W ndungen .
sei neri[efr] (P), |ml ~der WMagneti si erungsstrom des Induktors und |b der
Vorspannungsstrom i st, und wobei die [err] (S) "di eses einen [err] Induktors
di °_B&g g des Vorsannstrorres errj. 6. Einrichtun o I—
) e Enrrchtung zum Er nstellen des 7

[T r 0= 1 . o ~




N . v R - * * ———————— . e

5 ' ' [err] wobei nb2 die Anzahl der
Wndungen sei ner Vorspannungsvm cklung (B'), np2 die gen
seiner [err] (P ), -in2 der Magnetisierungsstrom des ﬁmwmmllmﬂnﬁ der
VorspannungsStrom 10 ist, und wobel iQeOSGrZQ'I(S) di &ses dndéref [&rr]

| nduktors ehfrea e Boidan wz@dﬁu%m.&ﬁnrdukerenqn E@ B8} e g %} b 04 hﬁ@&ftr&nes in
[err]. 7. EwsbdntiftheH@tspreiendBeiBieishing, dadurch® gekennzei chnét, [err _
di e Wndungen der Vor spannungsw ckl ungen (B. B') der beiden [err] .

I ndukt or en unf assende Einri cht ung éur [ er M2 er ner unabhingigen [err] der -
[err] .der 5Vorspann- und [err] vorg srepepr= IS bt 8. Ei nrichtung nach
Ansprueh 6, dadurch gekennzeichnet, [err] W e Vor spannungsw ckl ungen (8,

B') In Rei hQvoﬁbntnbzaimﬂrlizaﬂelsmalﬂﬂndeﬁ!Ed‘ﬂer %&pdﬁﬁﬁﬁgﬁkﬂ%ﬂwm&&ﬁﬂﬂzaﬂeér Windungen
Net ztei |l e veerburﬁ’deﬁnmkrudg ug) lnErierrMadnB sngsstiom/Ales [mduicdrs Bnd Ig der Viorspamuhgsstrdgm

zur Spei stmg bP' Své#q&? Ben §5taerr\asﬁf§aen Iogstors elpeStegmtigr o
Net zteile [ &% d?g %Qﬂmrhaé’%ﬁm fﬁe\%db Eder
[err] kannwvogg nrb%ercﬁr .rgehr W)Cler BdidbR shitig T TRAUKEGPEHE rh¥a dsertie EiHicktlrg 2ur

Gber deren Ermdyluehungkahernxyalﬂﬁ)rgrghrrEnAmaﬁd d&&rﬂl&bﬂerd&fﬂpw lnhdmmbastrdmr\gmkah ht
wird und derstn err] ) mt einer mit den Netzteilen EDc) verbundenen

PRk R el il

regenerativen \Er Eihdoheiigr sachi Afspruchi3, edié eémenlﬂnscﬁumrmerspura@gnaraks Adtaperatien |
9, dadur ch Yeibaaupiees clafveist, daaiddie Metd:d elelmellnmnkt&m-a eBnergje sd;nzmaxumalen

gepol te Nt z{Sgpnnungspe nopett g qglgenn B@Lﬁ
Kondensat or ‘ﬁrmf ﬁ:e :jfgﬂé )s 9" IE:III rlrer raucher
Kondensat or gheg fe’hﬁ&setlzisgepﬁ l@cfeﬁ ln ﬁﬁ2)'%plb e,,aagﬁJ‘ E,g&l
zu den Kopyl abfuRlemman uhdeifdasich eresetnmhahiseageh&bﬂvewharau Fs sRae aschi uB

der Di odeneinrl tﬂntmngrtma nauerAn{:mqh]S urdegd&mrmmnpmdafs die. Netztelle zwei entegegen-

Silizi urrges "‘ EW]\ Ehnd pabpl fhe yp °&1’ﬂ“

zum Vor. span - ,,[,% Opfray hel
zwel entggde ae Zit %BQ' &eﬁ irﬁb hﬂs rﬂc‘tﬁ@ﬁd InitZ ¥& Sékﬂncﬁﬂki ng (S)

geschal t et e viodiensat oren (CL, C2) [err] ei ne Spei cherung von Energie In 35

[err] von ei ner!isStizimoeste um GG‘@HWT%M'@F@“'V@F ldam!r@rﬁtyﬁcmng mb‘éqrsnsnr@n und

gespei chert ‘d‘@g F‘e % QPH %ﬁfE% En?)

e Fang, QTR R S 0 GadoAEA ' °'"%%%re:‘r.ea e Eog
Ver braucher dee sriakifialen iSpannu eﬁ%amessnenﬁhms mrmnzam didue b gabe laf @inen
sol chen [ er mhgeschiosgenen zugerErratB Varlm: erdaeﬁbnmslschmdymhmﬁimmmmm Abﬂlremmen

sine Tr ansf@rnneso'chm?ﬁ\ %}: iner sigherep B té? gv { n{?nF@ atrm:-
forr) cer KD ,azrrr",uay R i el e e ey
dem Rei nh# aﬁ,[.g;,e,;a

~geschal teten Di odenel nri chtung ver un en |st Revendi catrons 45 1. Met hode
‘de reduction des pertes [err] i'anpbrcage et lors de la suppression des
porteurs daffevendications: yi t s de conmutation A thyristors [err] [err] des |

al i ment at fons, faindds w6 Wlubtn dB8pdriRt lrafsrkadett lols dedh SupRsdicies Gorteurs dans les
comrut at i on cirduits 4ig FE@MAtatIon acthyridtord 8dabcidscss desCaliniehitations] Guns lesqidlled] @e I'@dtdicest -
conmut at i on egeraghsinée]lorp de thdite co.mmut mnr au pm ra[d?tm ‘durronrgaicries dks Shyistorsdans sle ladite
m norit ai re§°!’3rx‘i§1"t st "%‘ 'Ff‘ gt 3‘]‘ °o‘?3‘“‘§ 39I° e%&ﬁe&ﬁ'tm' ftaires

insi e d

[err] dur g sl et W o1 dgb .,aiu [ i
engendr er UQeeﬁeféﬁ d AN sder’é@dio‘h d Siisr d9 edﬁ §s fon des
porteurs n mponedrslinder ipenekandura p{éﬂbda] ded@pmpipﬁ dss:onéurdasespmret- mnb@;e résultant
limter le @ed#mnwamvtadﬂlal Jxeqsno h ddep s%%mm ard rshabune gex pésigdes damareage ot der
[err] [er#d s[;[ %séﬁ%f B PortRyr adites Almetpians Al dpdﬂ%r'% dBﬂPPd‘&ht‘“’é‘HQ&ﬁHé laglite
Lerr] [err] ds 43R 45 ShvaRlchion POLfetrie BRI Guetel BRI Al denBrRidH e
e [err] Iar@latiambrpaar?teecB §Bgrq1dﬁe ion |da ﬁ: jaﬁ& [seruilresZ er?ar? T
rlevendi cati on 13. Appare] peaiaherqdgaiet raquapn’eaimateapd';eul-sad e tes] cilemltslda commutatlon a
riestituti tm aysiste I;*f@ "F $n Wb'valﬁm\?MEWWﬁ@séHW X naaﬁﬂr?srp@::‘rsmmman?ge -

rppsr it i BT "%%rrﬁr%&‘gsg P
_ComTUt ationg ﬁl‘a‘bes L YJs’t gjustéedd fa que thel Y@ m
‘al i ment at iuna pbrde jd‘aptiage FREBEIEMINGS FaichAt $urte ]la aﬁrautdﬁn du mﬂrﬁwrxsdm)oét tﬂﬂﬁle
t hyr i st ores, pddie (Bdyeadiss mavhne indiietifs saturakidsl (b% LRbsqit] adiustée do Ifagon Ay @n'en courant de
‘alinentation et le thyristor, [err] par le fait qu' une partie (B) des
loyens -i nductifs saturables (L1; L2) est berr] de facon A provoquer une
liimtation du courant [err] pendant une [err]. [err] [err] faisant suite
[lerr] la-comutation du thyristor (SCRI); et qu' une 65 partie (B') desdits
yens |nduct|fs sat ur abl es (L1, L2) solt [err] de [err] [err] ce qu' un-

- ‘ LSO t enendr6

v o [T~~~ r - T



drs’s‘i |eat|on therm que de cette [err] dans le circuit. Appar ei | @

~selon la revendication 3, [err] par le fait que les mﬂm,ﬂmmﬁumﬂ III,
at ur &b conprennent deux inducteurs saturabl es succ
acun- ortant .un enroul enent pri nai Q0&FQhr oul enent de “polfar Fsaf i on
et un-enr oul e NRRbreSRMAAE Bbriclrs linfB sEINbrYhREROLBII EIrgidHAIBS mbfans [CRN) EdnAdtités auxdits

[err] “en [err | meyseg inkectitsrsyturables desfitBsRkystitueemuxditsrntnybesntatinintation (Hal) Hériersd provenant
(B, B) [err] hne@éegoreﬁe $digs £ urameeé amweaqyamdeesuﬂereffmnacrqsmtpm afiogi¢i néduire la

moyeps; d' al i ma ?j’h‘h@'{“'q gegeﬁ c o r:"n %‘in qxﬁ mo nl: gt{fls turables
conngctes en’ | 5&; igqgé a‘tEjIr}? iuc e£r ch 3com ortan A dRtoulement
sel ofila revengr.ﬁ.arel BhTe auréneernr risat®n et encddle encsaamrda legl@tronaryedisprip@izés (P,
adj ugter |"un @g émt poineassion BilieGiveLls shysiatbti(SEBN e tes ehmplem ts dé pelarisetidni (Bi B’k ptant
sensi bl errentwl e%@;;égs%ﬁnﬁégiamp igyde qu’gﬁﬁf&;@f’ ﬂ&ﬁ ’ﬁﬂgw'eme"“
laqugll e npl [ &F [‘ " ¢ our
(B) PEL [err] 20L& YHATA §°'?i" 'M éif’" “téré’sreserir )earmras Find g ol pour

[err]}zle courarata.-,éa;a @gel‘oln |at.¢nn duction et Ib represente e cour ant de

pol a |sat|on et que ledit enroul enent secondaire (S) d''une des parties

d' i nduct eurs”sat urables aide Ala lipitationMudit courant [err]. 6.

‘Appa erl selon la revendication 5, [(éf rorgaar giotia ¢ qui |l conprend des

nmoyens pour ajuster |'autre dela paire d'in dct eurs saturables (L1, L2) :
afin de | i mi t erdassiagieltd ehnnnrésdnmjahommuamrreslde%w jemestsiemalatisation @r)t' [ppegsente

sel onzl a relaftrleammt[rede]splee delaorsenr nt erimgiee brmérepréeemeﬁﬁﬂoeraded%gﬁg‘g “Ei de

son enroul ement'"‘dt*,ct BP'el fegeées ‘B." "‘d ﬁ?tajz%é'fg" etqus | ?JW?"”H@"%‘T?F‘P %‘Hﬁdes '
d'a

enr oul'erent pri 'FZ ?“‘]“’S.SI,,PQZ:] Aa ,,OZ il r?f#ehd 4R FHOG bR Sbur@luster

| b represente ligyufd Ear Ed'iR@lctdulsS dtiratites @4, m«)ea mmrse heibPsHRERt ledit courant de

secondai re (8 )supiftedsiondés rtiats Setonda iedorct eur s saturabl es aide Ala - .

limtation du courant pour [err] le thyristor. 35 . 7. Appareil selon la.

_r-everdr cation 6, [err] par le,fait quil corrgr'{'mp es noyens concemant <l es .
nonmbrlés de spires respectifs g’éa}t‘ﬁat'ﬂ‘r\"‘d@sm'er}r ol @ents (B, B') de la paire
d' i ndudct eur sseat urabl es, afin de procurer un ["err] [err] des anplitudes
respdctives du daosiaquetle {r.,erepiéseﬂte Id orolye desrireside son p dymrmdemw &) ng repgisente
Apparlei | selon'le aom*efvéaew@ardp@w ?J“'° ﬁ?"‘i ?"e (g’ )'f' "PP i‘e' S de "‘agnéﬂ“ﬂm ds

enr oylienents d mdyﬁe ]i '{5\ utg té mere\tt seoondarre (S') de

d d
| ndugt:i on desghar autre?pa b E&ﬁ@?ﬁ@&\d #6n aecd?i’crtérisﬁ %fﬁﬁ) @il bonipréridides! ﬁﬁyeﬁi)bﬁheﬁ'nant
d ali T'Ei?nt ation. |e£1om%ﬂ§3&5 Spites Fe3patifslda cﬁﬁ“ﬁdﬂlaﬁmnlammtg(ﬂ B dq la paitsrkindutaurg eaturables,

restijtiiti ve [ erafip ctqmroquautunrréqltgetiuﬂ!ﬁperﬂahia@hﬂa@mw#wemmi\@ﬁ dy faurpRty ¢'gmorgage et du

corr gspondant /FouR dreéHBH’ t ens d _
cryrler ol pa TG S R e
R

t rangfor. mat eur e yerRdlali mt prr mar re est err Ala
char d e—jet dont eer mplaemselbn haewendledtioe 3 ]Ié £8rte :[herga esﬂtudard(ért#rmde@ PAUt[feﬁ’f‘rﬂ]ef a
‘err]i ¥CRL, @hm ntation une @rramo tew assﬁ“rt ns istihls manimale.
| adi t e [err] °' qaragees df i ﬁptﬁf Jﬁr' a & oelvah Zedeux
I'OU ent nmalre

restitutive [er des Ble (baﬁétfrer\ rraeJ: l‘nG?anG entatRh rr ,,c)mrw db @imftér ladite
que lesdits rTDyaiaﬁgn N démﬁﬁdr&ﬁmmﬁdrﬁ&ﬁmEﬁrdmnabhamnéaituti@md,‘éfdim:e
pol ari t es [err] . ( EDQT)Adpereil selpn larreveaditationtS: ear ns ;poyens d alrmenta;ngg
condensat eur s, e‘r"? nt E"l‘a" ta"' %‘%‘P"Egﬁs "’§ . erm e

; te ulemen ct onctron
au point de Jonﬁajfﬁf% gaéé&?s E d§°d% rnes des
CR2) en [e ns t@tﬁrg le pHiht d@RhEARA détfoded ﬁ@ﬁﬁfseﬂl’aﬁdrt nﬁ)u[lﬁ'ieﬂtsedmdalre (S).

jonctjen des di odes 1[@rctit dd @iinjutation B thyeistors abreprenuint weappardibpaue! afridyGagd dt la suppression

G- rcurt ‘de cormdﬂsalortwﬂa rqr9~ti1e||ds cero raerrah hvara 'él’ venstigation :13 “ gifrg&;'a‘:
suppr gssi on Sfa ﬁ‘.’r'g" %??"%5 Icond e 5.8 NB rgie lors de
selon; |.a revend EE st&@ u r&hfu db eréi@m@@a f rWé recevoir I'énergie
al i m?ht ations d ggigi ée Gf dans( k&Xe)ie [lai’ei' |a s hpétiige A &e\lﬁlﬁbﬂfepqnﬂant[ew jensioni meximale
pai re’ de conden&amramsdsrth rigtors) e(®$ magens dedimifa tlm@nﬁa @rene»‘ @est é# %’“\93’9 un
| a comut at i off teactiop ﬁ"&ﬁ%r%?m "fc‘mﬁ’ °f'@%‘ '( nt ¢ ué"nﬁ'g:‘t eco g ?:s‘;
e ere PR e B Y ' TR

Ala tensr on maxi n 89 yr| stors des m)yens _

limtation de [err] en [err] [err] [err] pernettre un- 60 fonctronnenent
sOr, tonprenaf un transformateur (T1) dont |'enroulement prinaire (P) est
[err] ay poi nt de jonction des condensateurs en [err] et Ala charge, -et '
dont | 'i#enroul ement secondaire (S) est [err] ag point de jonction des

di odes,*en [err], et [err] aux bornes des condensateurs. 65




