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SCR- BASED STATI C TRANSFER SW TCH DEVI CE AND METHOD
BACKGROUND The present invention relates generally to

WO odosagsed r ansfer switches, and nore parti cul aPCUS1005/004154
AC vol tage source transfer methods for switch systens
havi ng a transfornmer downstream of the transfer
swtch. Voltage transfer switches are commonly used to
switch between a primary and one or nore alternate
power sources in the event of failure or instability
SCRIEABEIVRIATROMERANSIAR [SWITCH [IIMVICREANTH &ETHOD
commonly used in applications that require continurty
of power, such as in hospitals and critical processes

in both industrial and_com settlngs For
exanple, in a power syé?gﬁzﬁé9$ﬁ§ a primary voltage

Sqye %%S%Qn\%ﬁﬁoﬁl'etlﬁésr@h@raﬁ? td Al@es ﬁ&ﬁs?e@ switbi&ds, #ddnore particularly,
second swi tches are associated wth the primry an
to AGaveltasa sperce dlansfgemebads & switelk pestans/kdvng T trensiuinter ldewnstream of
wated by a controller, such that upon a
theu%iﬁﬁlg‘&}eté of the primary source, the first switch is
opailiege transfanawitchtd erepronimadnly weddt @gevithUietweehr 0 primary and one or

| pad and the second, switch_is subse t | osed to
more afiEiHEE POPRE TP IAAPE G PEEINE PR R, OFGR@Emary source. Such
transfBR&VAIABNAR GoRPMRIy hiRdtil@ppIRaGons kha reqiﬁ@tdoﬁnﬁmyt &hR%ver, such as in
used for this switchin ?unctlontyplcalye O\F/
hospitgis &Q@o@ﬂt@@hpﬁoé?ﬂswlnr@é iimdustrial S@?‘/‘m@@@l‘%@é§eﬁm% or example, in a
powef QAP e BRI (10 RuRor P 1R Rt e | S fa second
switclas mmsmmt@d ethe theoprimmhy emhditérhan afitapd eomés;raespeamﬂy The
: ternate volt sqQur ces. ner al | t he seco
swite i AN G PR doBTPIAG CElb A So0e GBI OB A ROR Y Pei the fist
switch $s Spene@ RN @ehewE e GAMAE vBHAGEBIoYrcs bR & Told ald Ad %ﬁd switch is
to mnimze the voltage disruption at the load sid
subsefyengly ptosed tueRnnepisthe hlg%ai@ pourggio the m%hWGtIWWﬂW%Wer to the
the first swtch and turning on the second switch is
“optimzed based on the make-up of the system For
exXaapftatic $Wit®y$‘tl$ﬁ® fretlris rsg/itahitlg dmsfion typicatlp em@btyesilicon controlled

rectif O LI ERPeP! The Ballbf hiiies SRhIETH B 085, Bfie SRl AsG ate them

into cdBddctibix alditd torkiRutdty the@ dfhes hdcanefyebasey 8Mthe &H@MRion of the primary
transfornmer saturations are highly undesirable since

and alt¢agie paltpge soutses. a@@t@l@é{t e 48608 swméh Britged gn ps grgn as possible after

the lo%is%cb 16%%6'}‘1'09@&16?? By SHREEHaf 1%&&1 teco Eﬂﬁin{@e he @Bﬁ%e disruption
overloadi ng or ups protectlve ers tripping.

at the load side. In some situations, however, the timing of turning off the first switch and

load

turning on the second switch is optimized based on the make-up of the system. For example, in
systems having a transformer connected downstream of the switches, switching may be
optimized to prevent the transformer from saturating due io the dc flux built up during the
transfer event. Such transformer saturations are highly undesirable since they can cause large
saturation currents to flow, which in turn can cause system failure due to source overloading or
upsiream protective breakers tripping.

In such optimized system, the additional delay that results from waiting for the optimum

point to transfer may cause increased output voltage waveform disturbance and load current
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In such optim zed system the additional delay that
results fromwaiting for the opti mum point to transfer
worays508386£ | ncreased out put vol tage wavef orm PCT/US2005/004154

di sturbance and | oad currentdi scontinuity, which are

not acceptable to sonme critical |oads. Additionally,

when SCRs are used in such a voltage transfer switch

opti m zed for m ni num downstream transforner

saturation currents, there afe cases where the SCRs
dlscmﬁﬂuﬁty,n@ltucl@ aleUfo? 5&%}3&9!@%’%&5@ c®fidal foRHs. @\cﬁﬁt%'aﬁﬂr c\ﬁ%@h SCRs are used

period of tine. s may prevent the control
in sucthua rviottggeo transiies sa’p‘p&hdmtmmz@ wrtlemnawve @@unstr@ns@msfamner saturation

currergq. L%F b n%ge]tstﬁ)ﬂlgl %?% ﬁ)g tnﬁ el%tﬁrglr@fz rru%fits rFE(%J %{?Slé)nqﬁcant period

of timl @ BNhayefPVdne teicontralitd fi@aswmitd@she apnvpiasERGSate source SCRs at
associ,ated with the prior art. SUMVARY This discl osure

the opfigny e PHBEULATEH g AFFESS §°%c{vaﬂ%%%fa%n fhyp exiopdigg dhy transfer time.

V@it BH8erR APPIRALSS ABL8Es tﬁé%tsﬁc;l’tc@ﬁnnég laERbiafdCyieEHe Plor art.
vol tage sources (primary and alternate) are

connectable to a | oad vi 8U¥BYIABSpondi ng fi rst and
Cg‘ﬁ?s \c’)\gutré: 1se§01£cei3}1efi E\N?]é%%ggés §1lecfj du%tho%%@& 11nProved voltage source

rotT er opera accor
transfé swigchiig. rl%ﬂshmﬁiSseccbmi Bltage $duades f(}ﬁimﬂ?tahd) dBernhthparkicohegtable to a

of the svmtch eration.is critical. For, ex | e,
load g CORRTARGEIE st MS%@H@ SPithRes et S ROEREELP! pi-Eent controller

operafel ARSSOR RIcoRAE S0 R0s Bl Andthsdsdan s!n'rié tlaHetEt mBfods, the timing
during the transfer event. The controller tenporarily

of thetsyyitebingropelation pparihisal. aftas emmelpm’ﬁ@hmdnw ey b emintiged to reduce
or preﬁa%ﬁt:s %&ﬂzjsg&l[n%e S%u ag”tl &lie R? i thdd. (Hutx 1@13 rl].lk)ndlg'fn eﬁw Ynsfer event. The

vol tage di e an
contrallenmanipmiaily tfrnd bnetlmrappmpmaﬁahem&ts soUice de\omitsrfof $amiie controlled brief

; t at fft
period §F ficoaHEerS iR ize: b o Bioul Plagh oG h e g comenutate off the

prlmaf}Délev‘?ceE’r TBE caioliediorle colniBitatédboff ﬂie%n%ﬁt%}eso&&eSCRs by turning on the
al ternate source SCRs gates drives are "pul sed

approprize ab¢rnath apuipe deigess dphe drishpasiod of ﬁlu@uslnﬂns cagp, thigealternate source

SCRSE_%%S g&ssar(\é\'l o;gljlse'aagﬂd{h%l Lﬁn %91 1ﬁéae?rﬂw tlﬁfl({lisgg,c %ﬁtﬁ&t the SCR’s will

ent zer
naturdblyl canmhutgte ofivt rtiod ndxod guxren/Mzbﬂo qmmsmﬂmbxmbgmlyuﬂm ohi-deb@slebalancing

at..t he appro riat T uIS|n t|o
contiql Jigie Sl a0 R db tae MERsLa G0 pomieed Rty orr Hliing action
mayb¥ &dpeats€ a9 RdnPahRpEe ﬂede&a@ﬂﬂh’[ﬂ\tﬁéjl,eqhﬁiacpf(ﬂﬁﬁecbﬁd bAENEEE is achieved,
thé vol tage di sturbance and | oad current dlscontan|ty

in ord@uﬁeur@@m Hee voltagesdistirhapesnd lgsd) querepmpisoppimmigdudag theptransfer event.

DRAW NGS O hﬁﬁl hﬁf&‘(ﬁ?fﬁq E)SR?(VI i nvention
will becone app]gﬁen upon reagl ng the OW ng

d éxXtladir | obibctiearr :ictyahiagﬁsaarfdtha poventied &ana rbeeorh® apragent upon reading the
| ock d| adr am of an

follow:g\)zlj;;jl 3’%}?’?%9‘%5?119&8@ ]a)éc} u cglsxiaé}ﬁnce o fhe rawings in

Figure 1 is a block diagram of an AC voltage transfer system.

Figures 2A and 2B illustrate two sets of voltage waveforms showing balanced voltage
conditions.

Figure 3 is a flow diagram of a transfer method disclosed herein.

Figures 4A and 4B illustrate two voltage waveforms and corresponding flux waveforms.

Figure 5 is a flow diagram of another transfer method disclosed herein.
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Figures 2A and 2B illustrate two sets of voltage

wavef ornms show ng bal anced vol tage conditions. Figure
wW@2008/083864 ow di agram of a transfer nethod di scPOBFES2005/004154

herein. Figures 4A and 4B illustrate two voltage

wavef ornms and corresponding flux waveforns. Figure 5

is a flow di agram of anot her transfer nethod discl osed

herein. Figures 6A-6D illustrate a transfer operation

with standard control of the3systems SCRs. Figures

7 RiglkRsidA-optin@tiated tidafes bratRPerial #taai ddatrdl ¢FuhSsy’m's SCRs.

on of the system s SCRs. Fi gtures BA-8D illustrate a

t FiensssdA-dpelentaisit tynstRT PRACEHON Veithompsing g8 obthe FEIGIAGCRS.

WF%IUFES 8% qun&ﬁ@[ a }’a%@ire 1&‘[?011%%191?18&1?[%'0%4\»@5&% af Jvagﬁﬁg width.

catrons an ternative fornms ecific
e Mok the intventidnes emn‘cepmﬂ/aetobeenuslno«lmﬁcmonsvalyd alfereptivepdrens, specific
s.and are herein flesc

d
embodifshi G0t A Be o REuEy of FRaif &8 s diMifksyand bre herein

descriB& @i Hetafl. IPERdId Ge @iMBEEHO® MEwever, IRt thédesegtlod ﬁelem of specific
[imt the invention to the parti cul ar forns discl osed

embogimentsris mpkingesded tor Ymitthreinvaition P dhe patiegaictyes digplosed, but on the

contrag\? dthé n‘ft HoAS to SO llﬁ@&ﬁca’cﬂpg éﬁ[bfvﬁf ARt éﬁ’deéltefr@ulvbéqﬁllmg within
e spirit and scope o e I nvehtion

the spgtgfand ecszbyof tlimanweppemabedbfmb@bﬁﬁle appentled E@mﬁESCRI PTI ON

et 1 on DRI ATLE BRSERIE QR TR THERPR b o

cliasstrhtive difbodahéntd eRthdli@fentibn ar d@edribal belopl. eneRt altbrest of clarity,
are described in this specification, It wll of caourse

not alb@a%@r(gcqnachal ipplemeationaarg é@%llb?ﬂr’é‘rfplsogpe‘éﬁ%t@ﬁc pt will of course

be afthddidbd efiRodh nﬁﬁt de%&@sof R e gRAt akdQn e?rﬂa%ﬁhﬁén@ numerous
ecl st ons nust to achieve the devel opers’

implempetelifni-cpegia @mssme Imugkbe ovagé tanhéevaithh dwktpem spetidicegpals, such

as cmglﬁlgan%g Sll n%ﬁsf ! elle at cf arl Elg%l re%%-?él%g? \é'grillsgxgi’n%, 1&1} Mlbféfgr(})ln%rom one
implempmﬁ@n Ri@dtheh &Mo&b@é} awdlle ve hepeaated dbf ich adeghdpnait effort might

and tine-co sum but d neverthel ess be
be cogp%ﬂlﬁﬁ@ﬂ%%ﬁéwm& G Ve tnﬁzs%legf? E? it e WPmlmi%for those of

ordlnatlf' ?klﬁ ik RV RYink R &%@ﬁ’tf dfithiQtistBbgedi scl osure. Figure
ustrates an AC voltage transfer switch system
1BmureTh dlusratpsdneA Comltagstiranyist ewitdOystencl 00d dde drafigfersiwitch system
y r con
100 m%ﬁ dgé; ‘Jﬁ gla%, qr ?“aéggfg{%%%%%&%ﬂW zilﬁJ]:g?el%sz 09 gﬂgag% golaage source 111.

The fived lah@ g 0RO Hbles sduOes D11 B fre compert esla ﬂa‘adazbwaeda &2k former 122.
via at ansfor:lrgé| é 2. First nd second swi tches 130,

First apgqsegond yitehas A QOIMEP@ ty Hop Qist arrhSerend ygitage sources 110,

111, &%Hcﬁ@&yl&l% aléolltroﬂﬁsmtabt%ltéé th@rh@wﬁhé‘so M8d,0]J1er Iﬂ-%ﬂe illustrated
activates the swtches 0, 131. In the illustrated
embodiment, the switches 130, 131 compllse first and second silicon controlled rectifiers (SCR)

130a, 130b and 131a, 131b. The controller 134 may comprise, for example, a digital signal
processor (DSP) or any suitable programmable logic device. The controller 134 receives the
voltage levels of the first and second voltage sources VI and V2, and the load voltage Vioad as
inputs. The load voltage Vload here is defined as the output voltage of the transfer switch applied
to the transformer primary.

Under normal conditions, the controller biases the first switch 130 to connect the first

source 110 (primary source) to the load 120. In the event that the first source 110 fails while the
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enbodi nent, the swtches 130, 131 conprise first and

second silicon controlled rectifiers (SCR) 130a, 130b
war@s08Be4 131b. The controller 134 may conpriBET/USING/004154

exanple, a digital signal processor (DSP) or any

sui tabl e programmabl e | ogi c device. The controller 134

recei ves the voltage levels of the first and second

vol tage sources VI and V2, and the |oad voltage VI oad

as inputs. The | oad voltage &1 oad here is defined as

seconﬂ hs@u&bl tinut(ak@hita 961116@ its heaitabi) sieesonsiotléC (3a0akdte fhet @)ndl’uon and
t ransf or ner normal condi tians,

Und
operaiss Eleer arides 1 &dabia frecaed EhegﬁhSt EHHIEES GONIGE d bR he H@ad 120 and
subse%%éenﬁg c§191&érc{3ﬁ1at 3 ﬁg Q/Ffte@é 5Yurs O WaRdini JolhRr {o‘\i\ﬂ? Jeaa%o.' n

vent t irst source 110 fails
t e sertaom dwigching echtmgs, (ﬂad timimganf éhespvitahelg dpsradivaiis aﬁtlical However

o R SR B0 RO o
time. SDME @1y IpkOvent eH® dohﬁolﬂ@&ﬂ)nlﬂﬁ)mﬁgl dn&h&@@iﬂ@lﬁ[ﬂtd MteGEHiE @fs’iﬁce SCRs at

t he second voltage source, maintaining power to the
the optipan 419§: | n certain switching schenes, the timng of

thgy sV r{ﬁ@'lﬁ‘ %19\9@ 'ﬁ%ﬁéf&l"kvxht%h @jffétén'lsc e sek@iﬁﬁé@ﬁfch 131 1§§f?§cally turned

conf i gurat’i ons, nof naturally commut
on as csbclin asoposalbtq affer ﬁlnecla)ml lmam Cbstoumectqdrfeom e ﬁlstm@ltagﬁ evwreg 110 in an

attemgﬁ tto 1}11%2%1{&8 the voleaggg)ﬁsu%ré?)h %ﬁth% Ny cf] Bf rﬂ%) {vlfo'a:sto%rces 110, 111 are not

U rc | mm
initialX 8yieh®nized, #he amnsibimadrsie rw1$lvmamedie s 'tceﬂ‘& DCHrixsegiong during the

eansig Pt (e BRATOER MR o ISP B BIRAI G D can cause large

satula\fi%htcﬁﬂgnt§@d1ﬁ8§f whRniiA van cﬁﬁ ERRP Sy di@n il idEtd ffrce overloading or
vol tage disruption at the load 120. If the two sources

upstrepfroproteetiveaprealiest trippingi al |y synchr oni zed t he

Lr"[%gﬁlg R :ﬁ)}&g‘r é’éﬂtdl‘%ﬁo%a{hlér ﬁtﬁm%’tﬁn% i ﬁﬂ?t&eﬁé@ livt ﬁl?slf isLLtlrce 110 to

rans
the se%alt\dJ scar ¢eoh]sl @rdetehingedl.y Thmd@ﬁmu&bhme sesuite it ktimahdelay in transfer,
: auselarge sat ratlontpurr to{llovv, whi ch H%turn
which 312y CAHSeO LYYt e MY dEsticBansg bt s sob pres gogpme critical
loads Uﬁddﬁﬁﬁﬁllﬁriﬁflﬁt‘étdf\tﬁe BCRA I ESminiaRP6 MGt thEUeBY&Q] fme may prevent the
transforner saturation, the optimumtine to transfer

contrglles fiomh gurpingsan e @ppreptiate atterngth sogise SR ssahe eptimum; time without
creatlg%% %{ors@ 9 qmct Jh'f ﬁtu%@% H}ﬂlgkhkx%%%ﬁlg lﬁlahﬁ?lj ﬁl?@d di tional

r an vol t age
Wi elﬁeaemmﬂlmbmxr tham@easfeitate 1ss{emmma¢ be pblablhtengttbe sdtveeconds area of

the IOE%MEPE&%? tsag?s %mla%g/g 12%2]? s W eefglrl%g/gﬁfhse&g% vo?tage 210 and

alternaR@NoltRkd 212, f (e e ﬁlﬁlﬁﬁy QBukd ¢ 1 QBRI Ok icBhol Rl 1184 ‘R@éﬁ track of the
source SCRs at the optimumtine wi thout creatin

amougt efselicssaensst @nthg iptreganferthe toad yobsgeeyevendl Ot (e from the time of the
last zé15-%pdcsfs Ghtif th8Brst switch 130 is turned off, and it computes a compensating area for the

alternate source curve 212 (dc). When a transfer is initiated, the controller 134 waits until the
target volt-sec is approximately equal to (as in Figure 2A) or complements (as in Figure 2B) the
compensating volt-sec area before it turns on the second switch 131. This results in no dc flux
built up in the transformer 122 during transfer.

Figures 2A and 2B illustrate two different balanced conditions for transferring from the

first to the second voltage source. In Figure 2A, At and Ac have different signs (4¢-4c <0). In
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In one enbodi nent, the transfer tinme is determ ned by
conputing the volt-seconds area of the | oad and
w@bdaososmte vol t ages. Figures 2A and 2B show warRel/081085/004154
for the | oad voltage 210 and alternate voltage 212.
When the primary source 110 fails, the controller 134
keeps track of the anmount of volt-seconds, i.e.,the
area under the | oad voltage curve 210 (At)fromthe
time of the |last zero-cross antil the first switch 130
Figurd 3B AW an8dHale thaR6mb bigh QARME BF). ACIRENSM, 476 b eodtQblt-second
the alternate source curve 21 (Ac When a transfer
area qfdhg fadiveltage, aptheleds s @91111&‘1541314 rseeondrateg of fie alternate voltage.
F1gu1<%:§§ gl?sto gx&essﬁcw 1&}1? %ét%éfs ( asﬁjll%ha?&é@l: e Yot %e@octhd dlea of the alternate
voltageo rﬁ’jerrgamuuygélc\/mw;lvsseml aveshthat bowe intthe ﬂrtnlg (efiert the transfer occurs),
n_no

b
and dRFEFOR SR Mot 67 sty odBhRabd B rehasP Rt ey e Btsideg {Rage 212

does I8 chidgd Sbhad@aigodh frkgrandusiatianeste tentintfeq ﬂﬁe ﬁﬁu’ntny Ac at any
transferring fromthe first to the second volt

given digng tean e anmrejtimates Aromd el fabr (thawereidf 15ethe rﬂe\gwr@ﬂ half-cycle
volt-s %c%'h@%reﬁoe}lsd ANE ﬂ}%g{ugnggamt al %? ﬁle%lt @@é’ﬁe&a ?glélsﬂp@ 2crO5 I8 time 7.
v hts, $eaeiditranséa saturatioas, Inméld sumttoagbqwmnﬂFlgurm?sﬁ ttheecontroller 134

0pe1a‘@%r$)ens? E‘xl ngu . d 1;@1]&'}08’189 the g(é\?tfg ¥ rues \%}:l 564% L% 8%1{21& (J4t)=|4c)).

Deﬁnm@aﬁaﬂdlﬂy Srahs Slﬁyﬂ#ﬁc,\lmletcoﬁﬁ!@lmﬂd3a rtends @h th&a gecdntigfviigh €11 so that
vol tage. TSe guantity Ac involves an event that occurs

S1=0 ypen -4ci®hre (after the transfer occurs), and

t REFEEY forf @J‘F%ﬁfe he ¥ asitolied ?§@515€1£’c€sdthe '@W@H&Wm 111 such that
assum ng that the alternate voltage 212 does not

the qt@ham}e%ltcmdsi cd@dda@ rtqgetheo ayuahe fpi éxaif@bfsle pbitsecandfaseacof the alternate

Voltagap(gl? c(:e :‘f% gf 1 }A S%%ts &?Q%l{-gfllcv glﬁ e&rlée c%?trolfer qege[urns on the
secon@muﬂous sfouhait Slzad) f\»\daer(;«ltea[cvo) t-second ar ea, and Ar is
Ee runni n of the volt-sec are frorP
NN 6%% W 1qt ntlllusﬁarggg a@gecgyb*liepl@p%mgpgro the volt-second area

methoddbd ﬁﬁﬁéf&ﬂﬁ% fioth tHR& S Ydlal gé ursh PI’Wto' e EbQUA Q/O?ﬁ@ge ddfee 111. In
contr ol operates the switches 110, 111 such

blockt hidk, thp eloabs@lltglgEe Kieddie's al@ﬁ thg alfpiatac veltage el&l arg spmpled at a
predet%%ﬁx%{:d ?ﬂnlﬂ@'lgtg Ay angllnh% k?lszh SiilléA‘El' 5@? Vﬁft Igg(‘sﬁl%gﬁ{t 1L lcgfculated m

urns- on the seco
block BA2 bAnt&ratirigahelond noltapeWwldmwl: H Gl p=218) Ve dGpn it eelclh%ro-cross of

134 erate he switches 1 1 such that th
the loﬁ‘g é(ﬁﬁ‘? i gztg"%t“%\ﬁ%fg%c fd%fé}%“dtl 6‘5%%%&? I8 dergh exoqmy|after a command to
transfé}abécui?é/dlﬁ Mokt SQQCQi'éerﬁﬁlﬁ% Qterkd1® VRULRE NALL AWQ(I% i99%%iculated by
(At =Af Defining quantity S2 as S2=At +Ac- Af the

mtegr@tm&th@ Mt@natq xﬂltqg@ s ekt Heds@tofdt (ewiTthe ﬁullmug g@it-tmaarea Ar(k) is

also 1%%’F %8%‘[%’%? -LIo § Pk telu’?ttt a{) %n % %?R%'inaﬁer a command to

rating speC| I C i nplemnmen
transfaralctursecond ar ea

In block 316, the maximum half-cycle volt-second area is calculated by latching the value
of Ar(k) at every zero-cross, before resetting Ar(k). The compensating volt-sec area Ac(k) is
calculated in block 318 based on the difference between the previous half-cycle volt-second area

Af and the the running integral of the volt-sec area Ar: Ac(k)=Af-Ar(k). In block 320, the SI and
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method for transferring fromthe first voltage source
110 to the second voltage source 111. In bl ock 310,
wo b@slogases vol t age Vioad ) and the alternate voOPCHYS2005/004154

V2(k) are sanpled at a predeterm ned sanple rate, for
exanple, 15 IcHz. The target volt-sec area At is
calculated in block 312 by integrating the | oad

vol tage Whad: At (k Jrl)=At(k)+Vload(k). At each
zero-cross of the load voltage Vload, the target

S2 ard/ @él&ulﬁl@@o S (REQA%MAND dn& m(a@em(k)emg@ufafm &lock 322, the controller
to transfer occu the runnlng

134 p@mle}sghq Bansgr tW1§3é§] ﬁ?e%(f‘l&ﬂ(@) ?rgNltealSé GVaQ

Lt SRt fat
Arﬂi E&{t?é A oﬁﬂ%nl@ %\E fR&T g ?ﬂue% %%ﬁ%o\l%mlted_cgggmg)ug g pr10{ k(s a transfer
eventi Shalfss fhmme'spmndetoothaﬂuewlmtys gaaeoiadrigsthe dfadtvioliage Vioad when it
e Vo t a comand. t o
crives oG e o c e e R0 S0 COPREoRE P REI et fhat would be
genelafc@({l ﬂoy&ﬁ@ s n@eRadeSsotRke ClUN atfad woye Hatieh mguaﬂaﬁnmai UED. It can be
at every zero-crogss, hefore resetting

Ar (k) .
shownrﬂet @6 ﬁﬁewg@ttr ey ppint is aghieyed avhap thepe o Hwy guangtiescpre paual.
bh’%hlfe @%ﬁo@@ﬁ#@s&é‘ ox%sfffnefh%%&i Hak) g@%dcﬂ"a%d%ﬁt%‘ﬁb@%ltage V2.
halT-cycle volt-second area Af and t t he runni ng
The td)mmgxtfai,ms)met odtago burvesetor éqadavod,uage ,’Al;Q Kl)d:ﬂlfcermte kpltager212, and the

(]
bOttOl](’l J‘X%VGR%I 5 C313_2§e( |°8})‘eS£°1§g]§gg Flgj( %% (ek) -%AC ﬁ(}oagfvoltfi%e %? @Ed alternate
voltag%ZzZz tThe coadlicd 184 herfadthsney frosis vHea tid funck are atfagIn- shown by the
% =0 (At Ac<0) or when S2(k)=0 (AtACO . In another
bﬂmﬂeﬁﬁ%a Ment, two flux quantities are conputed
C @ity ?ﬁéséercPM IQé{kaFé)m%eH LRRSE e tB¥SREmer DG, tfhé ﬁ%kesfﬂdt'% up on the
corresponds to the I's generated by t
transfoupter slge drecadthevapplidationd pf tlesﬁltsheoltagamgﬁrsc riép aanhe smdnd voltage
n i magi nary flux that
sourct, B} SRR 0 ot B SRR Yt 8hE" ol T age sour ce 111
if it were driving the t 0@ 09 f r 122. It can be
shown that the optinmm tTapsfs nPEoint i s achi eved when
these two flux quantities are equal . Figure 4 shows
two sets waveforms for tM@ qagﬁoltage VI oad and
alternate vol tage V2. TH‘”I eforns are vol tage
curves for |oad voltage 210 and al ternate voltage 212,
amﬂletewé] » onct i m)\mme dirstrendiseeoncheuc@rvolisges ndd wg?)f Y are the fluxes
es for the | oad voltage 220 and alternate voltage
CO““@ 1“%He%@BH?V%$Ier 134 performs the transfer when the
f Ty eexéy g% ? canSiRdhpRied S RiQkes abé\féedlﬁglgntlal equations at any
I gnori ng t fect of [eakage i npedance of
giventimgnsf or mer 122 the fluxes built up on the
transfornmer 122 due to th cation of the first
vol tage source 110 and @ -3@23%@ vol tage source 111
satisfy the following differential equations:

#,0)= [, ()
In the generalized flux method, the optimum transfer is achieved when the two flux
quantities defined above are equal in values: ¢;(?) = @o(2).
Figure 5 is a flow diagram illustrating a specific implementation of the generalized flux
method for transferring from the first voltage source 110 to the second voltage source 111. In

block 350, the output voltage Vload(k) and the alternate voltage Valt(k) are sampled at a
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at where Vj(t) and V2 ) are the first and second

source voltages and fi (t), (t) are the fl uxes
weorses3sendi ng t o each voltage. The fluxes fj (POT/UBT0$/H04154

can be conputed by solving the above differenti al

equations at any given tinme: (O=JV(O* f2 (t) V2 {t)dt

In the generalized flux nethod, the optinmmtransfer

is achi eved when the two flux quantities defined above

are equal in values: fj(t) =f2(t). Figure 5is a flow

prede@iragedBamplt usit) Bk ieRgmple Ip&EiA i Ia bloghk SR rah@BiSQrtheﬁoaﬁlmd alternate
generalized flux nmethod for transferring from
fluxes B g ¢\1/o<|’3c alﬁéie&%'ﬂj‘fdt?é by tintegysting dheslaad Are gléirnalg é(og%ﬂ?ﬁ:d@spectwely

Dol st @5 AL (?“éfw éﬂ‘&:@?gdwa? ad(l) and the

aghe et eblﬁb@&ﬁi‘t $saf@icﬁed1 ditod btarflexquaptiteslperlodidally Ipnor to transfer

bl ocks 352 and 3 oad and alternate fl uxe
using gy Kipown S bt BloHK 42t theytransiee st O HEeS waen 8 o uintites are

al;t e oltages respectively: Fload (k +l)= fl oad
equal @’f@}a?@y fa,i(k +1) =fah(k) + Valt(k) The DC
cﬁuman dnan baiamia:ugdhed/oft{smlbcmeta 61 Ovxegutaritei ¢¥aetdy equal, as discussed
perio rior. to st e ng..any.kno
sbove] p a0ttt it Rast BE ofept<d (BRuROY o B3Y R artnge off between
reduc¥@ihstdd €infel dh¥ sekhe Akdotihes tAhSoftt3hturadtion @trérlt) Dehaigkhe tolerance
Rat her than bal ancing the volt-secqognd area or fl uxes

as zeth,dhpealanesd eonAiang aboveLan §p spyrdtsads HBVe: some error
t QILBrARGR &A1 &%g#ag ednid® Lhe.Lal ag ggtﬁ,@ﬂ@cm Ofhdt Qhere Ardc>0:

provide a trad bet ween reduce ransfer time and
IS21=l$ﬁv®fa‘iﬁwht of transforner saturation current.

| erance. ct t he bal anced
&]FlggLP%ﬂ%%\% Ho‘geﬁgéﬁqwf en as foll ows:
V@A theSERAnaft g ARt MEGE a, Mt svAGRES 130, 131 comprise SCRs 130a,
\ SI\ =\ At +Ac\ <zcth: and where A t-AoO._ For the

130b gshEtlal 134éd Tﬂlp‘gzxaw@z;sp%‘dfher@ certginp PCRe #all nptnatygally commutate off for a

signi g;%%%g% ?f tsngk \@‘gfl ?@1@8’ 1és§1§ ngI% H%rl%% %g&%llsgfyghﬁ#ﬁ A rlt;cﬁgl operation.

For emm thik @rag pmmehaiha vBItRscont Ibhlancihg narttpd ﬁiom/tuunngmm tteeappropriate

altem?tgssl?p)tcel ﬁc%%ﬁ.glq %137 ﬁe“ lgrél]%]; t]ﬁ%&tb‘é\{}a {Er(?ﬁtfl}gga cross conduction
s1tuati‘éﬁ eﬂ1§§ b}@tBndl ﬂleeci%ﬁ‘ﬁﬁl @mel IHigurePyA BENREaté B&h a situation for a three

1t-second bal anci ng control fromturning on t he

phasea%,}ﬁ: dpserddtaaster switch system, illustrating a transfer from the primary source to the
alternate source following a 35% voltage droop failure on the primary source, with the alternate
source leading the preferred source by 30 degrees. Figure 6A shows the load voltage waveforms
410 for each of the three phases. Figure 6B shows the SCR firing signals 412, and Figures 6C
and 6D show the transformer fluxes 414 and load currents 416, respectively. With standard
control of the SCRs, the transfer time for the transfer illustrated in Figures 6A-6D is 15.2
milliseconds and the load sees a significant voltage disturbance due to the transfer.

To improve the transfer time and minimize the voltage disturbance seen by the load, the
controller operates to force commutate off the preferred SCRs. This is accomplished by turning

on the appropriate alternate source devices for a brief period of time. In this case, the alternate

source SCRs' gate drives are "pulsed" (rather than being turned on continuously), so that the
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alternate source SCRs 131a, 131b at the optinmmtine

W t hout creating a cross conduction situation, thus
we@aos8isny t he transfer tinme. Figures 6A-6D i | PUBUSBNE004154

such a situation for a three phase SCR based transfer

switch system illustrating a transfer fromthe

primary source to the alternate source follow ng a 35%

vol tage droop failure on the primary source, with the

alternate source leading the preferred source by 30

SCRs G0 ReFallyFtdhiheta® o fs BOWS rekecreat zetolctcage Subseqli@ttlysthe controller
410 for each of the three phases, ure 6B

Eﬁoms.the

will pgornenthy P 8n dhese SCRe At ﬂwpmpglmee@n B 2P VB s g fyalt-second

balanctlﬁé‘%; QLAES1e f T{%&ﬁ% AL4padndw tﬁ@%a%fbﬂﬁﬁfo’i’ sﬂclﬁ (B:\)Slmzed control of the
pectively standard control of

SCRst rT;hln sbbaget wmfcﬁms 4t2a arg shamar igrFigure dét amdttb@l SCR flhilmme@als 422 are

showrg 1. g’;reS@l 5F1\2g 4y rgts gcﬂ? ﬂﬁbg%g éltx%ﬁaells?ﬁ%{iiﬁ&?es a424 and load currents

426, répettifplQV &otadokietd ﬁﬁ&feellfed d:cﬂﬁnalﬁdmm)flthm (R e ﬁmhg elgﬁals include

di stur bance seen by ontrol | per at e
pulses 505 474 SNuBHRIAYE T8t FC 1 ep%egrf : e e ok LI BES Setivered to
the lo&h L yhed oby lﬁg‘ﬁélné\)%&g@ Rafub enaARRY ﬁﬂfag@Hﬁw%l ddeb AR 18ad in Figure
source devices for a brief period of tinme. In this
6A. Therstore,tthis tedhnisua arevidesuvignligoReedugiianeindhe velagsr @Sturbance seen by
ather t han being turned on conti nuously),
ﬂﬁﬂo%ﬁﬁ? ng?% §SCRs Wi | | naturally commutate off at the
nexshogld rteesttvictie rtlca{ aheo®shniGubdacileadt day  betengplayedtto ahingmize voltage
w || pernmanent] turn onthm&g SCRs at the '

ropriate
disturkingg 1o B APEUEA RSP PalRGPS -Setn VBl Bhori: Warre foreed

comm%%%@i@ﬁb?the@(ﬁ&ﬁ?ﬁotl@ce%@r?hOW the wavefornms for such
optim zed control of the SCRs. The vol tage waveforns

4Tbe gostrelesvietarmines gitee ¥altaprpndhapscy 1o Fhen@a@f@mr 4during the
pulsmél%ﬁ L}% 1?5’}({3‘&8%6 E\;{ %1 %@ﬁ% rﬁle ehl)gée@{’aec 158% ﬁ%%oﬁ@gcond balance control.
Varioﬁs,hmeﬁnﬁSmé}Z 6e emphyet ta auhleye thio Fac bxawde,tthethd égstreatbodiment of the

Volt-swp gﬁh{%fggys%%?ttgane wu}g T'yfog]ﬁfﬂllélriel}: tﬁsllpg{g glﬁ %Belép '@)e%ﬁwde conditions
mlpdﬁﬁgoﬁurlng transfer the voltage delivered to the |oad
ure 7A is of a higher average value than the
vod tTélge:oa@@lu jugrreeently nmipwsd tepaepropumity i wrsen thendeR b peolt-second
t echni que provides significant reduction in the
bﬂmﬁ{ﬁ % e di sturbance seen by the |l oad during transfer.
| B. )§[hhe wéslthg voliwecurss tpgltedtdoes h@cheded wevatieshbati doeldl aase excessive

; he eﬁ?I ed to mnimze voltage disturbance in an
saturafioq ¢ ?@% vol t -second bal ance system even for cases

WRR{cE S f}} GeOsHHTepEathnt 88 fouhher EREchiflsNRet WIHARSPPII when the
The controller determnes if the volt-seconds applied

SCR isdirehat timgristheseriantitingrqan detused puaulifytherrbpes P%i)‘thm |Assuming
that nf 9?01 BH%E rhﬁg"t% aﬁ%{efd%ﬁt stegﬁldg%\ﬁ %€ %ﬂfeﬁ't@ heXfankt¥®mer due to the forced

t-secon ance control
commutation pulse, it can be easily shown that the following conditions satisfy the above two

requirements:

For the balanced case where At A¢<0:
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Vari ous nethods may be enployed to achieve this. For
exanple, for the first enbodi nent of the volt-second
whaloangisesystem the foll ow ng two requirenent BCTYH$2008004154
used to provide conditions for pulsing on: 1.) The
control just recently m ssed the opportunity to turn
on the SCR at a volt-second bal ance point 2.) The
resulting volt-seconds applied does not exceed a val ue
that coul d cause excessive daturation currents. Since
Sl (t) and S2(t) (represent; the anount of volt-seconds
that will be appl ret<whsm 4he SCRPY fired at time t,
t Wedglsqliomtiieri s gan be Used to qualify the above
condi ti ons. Ass HHMJ<$%& —pwh notherwikan hal f the rated
vol t - seconds wi Il Zbe applied to the transforner due to

tﬁ& tileﬁglggcee%mw@é;égnqwse it can be easily shown

'ow ng conditions satisfy the above two

rquwé;régﬂt ?WIE r t? tgﬁalla anczdfcadgge\r/\ﬁere A Acs.

3" The 1se di nent of the volt-second
bal ance system |T é4f%$$6mfﬁ' P BEC used to provide

the conditions or pul sing on: 1) The pulsing on

sRotxhel smh& etbodipehi edhemrdhsactied pddrae isysernfthe fdlowing may be used

al t rnat %%¥%e Js such that the absol ute val ue of
toPmYﬂ% FVEW FSWE o oad) will be reduced. This

c Wﬁhé p&ﬁng Bg %&ﬂsd éﬁlﬁbe ﬁlﬁﬂaea Midleh Gt doRiRitP bf thb alt@fath ubﬁ@ge is such
not result in the transfornmer being saturated.

2)
that th"e'raésqiuﬂemahg o rﬁh%fhmmfoambﬁlum@ma@ wiill &el regiiestl. (This qopdlitipn eysures that

erna uch t t he ny of dc

the apBegOf oL He SR IR b G ARGl by SRR e
t B)E‘Th@ @dlsﬁigd)lﬁilioardm&()&’ Efel applied ivehefs ulig' polbdity dfehéglternate voltage is
iven toward zero. Pylsing on the altergtgte switch fgltﬁloadand

such ttmﬁ.tge BBAUL Ol dR ﬂ»weaﬁ ev twl% Keetyan e theflifireacs petesn

altemate %dxc h Ypé”rfénﬁ?%%ng Q)‘Pl%ﬁ ?(gvagrh" Qkfol Yulsfngt SiE1HR Lﬂlt%ﬁla’t’éﬁbﬁtch at this
applied - to be delayed and thereby increasing t

condlmqrawslf preveitribe fIMkdalaness @omidnm ++ whichswesdd he¥d eqpujred slhceﬂy if the
alter nat

ol tage ve
pulse il Bhiel GO e DR ARS ol PBlialie IR PR,
fiRg fivstf @nliitiohas @mlﬂﬁ& iPthedgtefdatxvéltgt v, and the load ﬂux Broaq have

different signs. For the second condition, define ¢, =4, ,, —¢,, as the amount of dc flux that
would be created, then this quantity is being driven toward zero if the alternate voltage V,, and ¢,

have the same signs. Therefore to satisfy the second condition, the pulsing on should only be

allowed if the signs of V,, and ¢, are different. Combining the two requirements, the on pulse

condition for the second embodiment of a volt-second balance system can then be written as:
OnPulseCondition = ($,,,,-V,,)<0and (g,V,,)<0

It should be noted here that the on pulse signal that controls the alternate switch can be
continuously applied for as long as the above condition remains satisfied. It should also be
obvious that the on pulse may be repeated as many time as necessary until the required volt-
second balance condition is achieved, and the switch is permanently turned on. This is illustrated

in Figure 8 A-D for a three phase SCR based transfer switch system illustrating an extreme case in
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woul d be created, then this quantity is being driven
toward zero if the alternate voltage Vali and fd have
WO bh@s5583%84 Si gns. Therefore to satisfy the secopdI/US2005/004154

condition, the pulsing on should only be allowed if

the signs of VaUand fd are different. Conbining the

two requirenents, the on pulse condition for the

second enbodi mrent of a volt-second bal ance system can

then be witten as: OnPul seGondition =(fhm Vall) <0
whicl2B0rdnkfr Vabiry fidh lat pgRay! $uke Wetehabaneyd AdhinkD§olBye and 55Hz

pul se signal that controls the alternate swtch can be

ﬁequ@t%ittp R GlsTpteagnurdeeviith §P%arontinH groliaes #isl 6 blzefrequency. The transfer

follo&%[| gih%lﬁ a§e % “cnc8-n§ﬁ'ﬁ Al ngdlf"(% th% %)1 1§‘E§§ goﬂr%%lyt%% c%gurgg&/ atoaugiven point

in the &o]ﬂamawyveuﬁm’m |Flgllll'eS BAqll)lshew ﬂae)IWaszefcmnsi ehml@megethe above on pulse

condlf 1005, e’ngleoVnrQltlag%gvé\r/]qlfgl\{l?e%dziﬁga:llg él%ogﬁl H%ﬁél@fr@ &Aem% A[)%gzgl%rgyg signals 442

are shdWieh Phase SECRrFRARERA GanSDelllusivtd ¢ §YS&Mer fluxes 444 and load
illTustrating an extrezne case i nwhich a transfer

currerge dhp-srepestiyedy-pAi diguye 8Buthe diring ignaffaigiclude pplsemnt sapnd 452 shown
whic %{% no 1?21 1§esf#d§% g@tglng%géh%_gatl g@(&uﬁe (ﬁii: t@@%ﬁﬁéﬁ? 081§d1‘¥\51}rshabove and
repea&dlfbmwsreah@ m@lt&nqohase short-to-neutral fault on the

p curr at a.give oi.nt in the .

vare aleTRY 6B s QP RE GRS R RE BB T Shion may e
modlﬁé‘tphtﬁlyplﬁaldehﬁn&b@éﬁ@n’t%ﬁt RyhiS feftofslinetsOfpparchii® ¥@kd 88Red in the art

ros 440 are shown in Figure 8A and the SCR

havmg iﬂrq 1??@‘3@1 fribg teachinesdiegein hg‘mwilﬁmﬁ Rpukiligipns pregigieadedsic the details
of coficBE: I ldé&%ﬁ Aefeit REoWA, a&ﬁérotrhg‘?ras fdek@fg)%d 4&4h@?ﬂm!n§’ iow. 1t is

currents 6, respectivély. In Figure 8B, the firing
therefotegpvadest ﬁhnt:ﬂhu @el“upwllasesbod&‘iﬁelandhsaﬁ@@dahmn@be:ﬂtelnakm modified and
sl PR S h ABT BE S A SaF eGP e, e
protedidf sbiidhe herdineis pasdt ifatt iarheiadivent s di scl osed above

are illustrative only, as the invention nay be

nodi fied and practiced in different but equival ent

manners apparent to those skilled in the art having

the benefit of the teachings herein. Furthernore, no

l[imtations are intended to the details of

construction or design herein shown, other than as

described in the clains below. It is therefore evident

that the particul ar enbodi nents di scl osed above may be

altered or nodified and all such variations are

considered within the scope and spirit of the .

i nvention. Accordingly, the protection sought herein

is as set forth in the clains bel ow CLAIMS WHAT | S

CLAIMED I'S: 1. A nethod of controlling switches to

switch between first and second vol t age
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sources, conprising: turning off a first switch

associated with the first voltage source; tenporarily
w@osiosdgeon a second switch associated with t heCHESINE004154

vol tage source; and turning on the second switch. 2.

The nethod of claim1, wherein pulsing on the second

switch includes pulsing the second switch as many

tinmes as is necessary to mnimze the output voltage

di sturbance. 3. The nethod aff claim1, wherein pulsing

on the second swi tch incl ggdagyv®l sing on the second

swtch as rrangl times as i s necessary to conmutate off
WHATLE €LAIMERIS:ch. 4. The nethod of claim 1, wherein

the fiv S}n ard &eé‘d?lﬂ%llﬁag LGRess 'tﬂ‘éwéi’? betiden TAY! B GRbRA voltage
term na whereli n pul Sing on the second sw tch
sourcctsncdnupimngppl ying a voltage pulse to the gate term nal
ecaon net hod of claim

2 o G L P SE SO I 3 eyl st g i et o

MikdihpOr & €ly oMM IoheartAtswiBh b@Ocialed Mefitthe 06nd V1Rke §ouRst; and
the second switch at the determned switching tinme. 6.

ﬁémﬁétoﬁélée wEoRd SYitehs wherein the second switch is
| sed 5‘ fHo8 rof bRidh hevwdatsr ﬂﬁ?{)}f’% &b gﬁ&e bﬁ'ﬁmluaes pulsing the

Terret of claimb5, wher term ni ngt second
seconé wivitchhas mmi)u@ie@ aanahseessary tnanipigrathe oﬂtpuh‘eolﬂagqr distuglradice.

cond. yol t ol s:.8..The .nmethqd of clai.m?7 .
or ei AURASTDIioG Ve WATSPORILY e Mideeori ol iedenguising on
the sedérRiBsviR @ nfah@ e hoig edvasaey o dBnmfate biaheBish Olit@f
claim8, wherein the swtching time is determ ned

r 8spondbe teetode of glagm u]t>eW\}fé?1E}et§e disty ¢l sgcend SWHHI&S wﬂéde SCRs
havm%’géﬁ%ftél el8a1Q fwHe R Fulﬁlﬁ oft rt‘ﬁ’e s%@&%%ﬁllﬁc?&%s %Pﬂgﬁlg% Voltage pulse to

I ng approxi mately equal. 10. The neth
the gaphtermeinal afralSER @fghﬁeecmad/swmlm i ncl udes computi ng the

ti.me integral of the t and .second voltages. 11.
Tﬁe ne?h%gleg’fodgfﬁla%‘ iotlm? P8P Re swi t chi ngtinme is
detefminied switch@g pionsie niiginiibeddvwiveedn k@ @hadbs catent;had

first and second voltages bei ng. approxi matel yequal 12.
Atyrpigg ondhe sefprdgyY 1@9@%%& deicgmigeq Syipung time.

6. The method of claim 5, wherein the second switch is pulsed on prior to the

determined switching time.

7. The method of claim 5, wherein determining the second switch includes analyzing
waveforms of the first and second voltage sources:

8. The method of claim 7, wherein analyzing the waveforms includes computing the
area under the voltage waveforms.

9. The method of claim 8, wherein the switching time is determined in response to
the absolute values of the areas under the waveforms of the first and second voltage sources
being approximately equal.

10.  The method of claim 7, wherein analyzing the waveforms includes computing the
time integral of the first and second voltages.

11.  The method of claim 10, wherein the switching time is determined in response to

the time integrals of the first and second voltages being approximately equal.
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a first swtch connectable to a first voltage source;

a second switch connectable to a second voltage
waousoe3seand a controll er connected to the firBCT/AERIN05/004154

second switches to activate and deactivate the first

and second switches to selectively connect the first

or the second swtch to a load via a transforner; the

controller having inputs for receiving signals

representing the voltage leviels of the first and

segond Arphistgewsensysrm, andplifige:vol tage applied to the

| oad, wherein on a predetermned condition, the

c@ﬁ‘tlﬁtcﬁ“fﬂéth@WﬁgPlﬁﬁ? PYATShYPLAES SeWCehe second switch and

t 3. The

t?gﬁﬁ%erse\gﬁ]%cfwﬁ??gtggngg?&g g‘lﬂ%g?gwlvﬁer%l n the first

and:os‘af@ldmctoswcted Heghd first andlese@@Rsswitches fﬁrwtwa’ra asd deactivate the first

;m 222 aR ge%cﬁl% S\g c%ﬁa Ito e %cgﬁevﬁgggﬁggﬁglﬁ? greoﬁle[g'c?lnrd switch to a load

necessaldya fransformenyi ze the out put vol tage d| st ur bance.

15. The ﬁrarsfer swtch system.of claim 12, erein

t Hie EUHOHET 1BHing IPUTE 0D FPoP AN Gs HBRANITCRVSERiTEae (Yatgee levels of the

tines @gstiafd BRORS %@ifa%e 58urtQIFMLEL Go1RkL o 1% fédftd) Hﬁtload wherein upon
switch 16. The transfer switch systemof claiml

wher ei a préfisteemined gpihditiond élneecrcmtmﬁg tampeuiatibyhiudsgs tonrﬂee segond switch
m ni m él?d %%ﬁ% Cﬁ%l;lélo%tathgge%% -%lelr rent and turns on

t he secon e svv| | ng time. 17. The
t nansf @he swintfeh swiydi e3tent of |chu’m 126 whabeix elienfifsh@nd second switches

. ontroller tenporarily pul ses the second switch prior
mcluc{%oSC%}g.r% switching time. 18. The transfer switch system

ofj4cl aimk ks LRI sidien WINILR] her wﬁ&jeﬁlr HeN&tbig ]i)ulses on the

SW t chi ng tine in response to t he SI gna S represent
second §witglpfs megey limgaedsds pdcesshey thinpigimizgidhe Supoheblings dla‘glebance

SQYr Cegfhg'%ran'saf%* lﬁ&lltw §%{te§i t lfbcllamp ?ﬁ\ewhg'rgi%p 1% o%gpﬁeg g}%ulses on the

conprisin sour cé; 'a seco
secon8 OWitcleas 1aa1ﬁy tiiaés Bk hebhssaqlr’tﬁ eoinaaitdtoofflie Mkt stitciol t age
\s/gg{ gg g hg (}fﬁ%c P %w?t ch ts?s@el%ocl)}n glgltme th (\)Nhtepe?n %ﬁec g(r)]lgtroller determines a
switching time to minimize downstream saturation current and turns on the second switch at the
switching time.
17.  The transfer switch system of claim 16, wherein the controller temporarily pulses
the second switch prior to the switching time.
18.  The transfer switch system of claim 16, wherein the controller determines the
switching time in response to the signals representing the voltage levels of the first and second

voltage sources.
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a transfornmer having an i nput connected to the first
and second swtches to selectively connect the

WO e@ss8se4rer to the first or second vol tage sopeT/ES20051604154
transfornmer having output term nals connectable to a
| oad; and a controller connected to the first and
second switches to activate and deactivate the first
and second switches to selectively connect the first
or the second switch to the sransfornmer; the
cqot r olABmifEeGitHldhwer SR PsysRR, €58ptidiAg the vol tage
| evel s of the first and second voltage sources and the
velfirsigeltagsiovesd; t o the transforner input, wherein upon

aa@fec%%?itv%ft 'ens%gn.cg;ondi tion, the controller tenporarily
pul’ses on the 'second switch and thereafter, turns on
t hdirseodioh comictet to B0 firstheltdgeansicer swi tch syst em of
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20. The transfer switch system of claim 19, wherein the first and second switches
include SCRs.
21.  The transfer switch system of claim 19, wherein the controller pulses on the

second switch as many times as is necessary to minimize the output voltage disturbance.

22.  The transfer switch system of claim 19, wherein the controller pulses on the
second switch as many times as is necessary to commutate off the first switch

23.  The transfer switch system of claim 19, wherein the controller determines a
switching time to minimize downstream saturation current and turns on the second switch at the
switching time.

24.  The transfer switch system of claim 23, wherein the controller temporarily pulses
the second switch prior to the switching time.

25.  The transfer switch system of claim 23, wherein the controller determines the
switching time in response to the signals representing the voltage levels of the first and second

voltage sources.



