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WO 2005/083864 PCT/US2005/004154 SCR-BASED STATIC
TRANSFER SWITCH DEVICE AND METHOD BACKGROUND The
present invention relates generally to voltage transfer switches, and more
particularly, s to AC voltage source transfer methods for switch systems
having a transformer downstream of the transfer switch. Voltage transfer
switches are commonly used to switch between a primary and one or
MQrg AligrAgle power sources in the event of failure or instability of the
primary source. Such transfer switches are commonly usedin
applications that require continuity of power, such as in 10 hospitals and
critical processes in both industrial and commercial settings. For example,
ina power system having a primary,voltage source and one alternate
voltegersBserfisrandcatondsspieheeran peseriaiadimibhgpRmary
and alternate voltage sources, respectively. The switches are activated
by a controller, such that upon a failure of the primary source, the first
switch is opened to remove thB45AH&SW8kage source from a load and
the sddemdsswitclito sebt geguinthvclesacisicennaet, e alemaleiary,
SO CRRtheuRad-AeNGRMAINAINING, REEE E&H@a'@&g@;{:@? dmg?eam of
switehes: used for this switching function typically employ silicon
controlled rectifier (SCR) devices. The controller applies signals to the
SCRs' Y& tefiifnars 't ate THEMMhter S dhattidiobstaer toRitmherthrae or
entisfhas mecessarg hadedwon tidbonditionablithefprinpamns2Q@aned Such
adtefnatenraliage BouiIeSsLEangiabtidhansecond sWitEhS, FIRRH QBhas in
SApR RS ARG ARG I0adR.disFannegied from the primary squrce in

an atte,mg to.minimize the voltage disruption at the oad sida. Thegfns @
BHHFAGONS, HOWe T e HrHS Bt At D et ivaitashencanR¥t tafinegrén
thEcksctndsovint is'pfimirerbasedabiite dee-sprofsthessysten. Foe
oxahaple; wtisystems kaving aitanstopnes egnragted fawnsiteam gl Hhe
mkge@eﬁmgh%m@ye?&%%m@%w RIRVERLING HaD E{&é@%{q&ﬁﬂr}l

SAlaing due,to the de flux built up dur;[m}g ihe ransfer event. Suc
franslormer saturations are highly UndeSirabi& SiAes B e R e AT fafte

©aturation currents to flow, which in turn can cause system failure due to
sourcEho\agtlio aditegeot usep Stralmyptatec vetbreakens, MR gilicon controlled

rectifier (SCR) devices. The controlter applies signals to the SCRs' gate terminals to gate them
inte conduction and to commutate them off as necessary based on the condition of the primary
and alternate voltage sources. Generally, the second switch is turned on as soon as possible after
the load is disconnected from the primary source in an attempt to minimize the voltage disruption
at the load side. In some situations, however, the timing of turning off the first switch and
turning on the secand switch is optimized based on the malce-up of the system. For example, in
systems having a transformer comnected downstream of the switches, switching may be
optimized to prevent the transformer from saturating due to the de flx buili up during the
trangfer event. Such transformer saturations are highly undesirable since they can cause large
saturation currents to flow, which in turn can canse system failure due fo source ovetloading or
upsiream protective breakers tripping.

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

point fo transfer may cause increased oufput voltage waveform disturbance and load current



In such optimized system, the additional delay that results from waiting for
the optimum 30 point to transfer may cause increased output voltage
waveform disturbance and load current 2 discontinuity, which are not
acceptable to some critical loads. Additionally, when SCRs are used in
such a voltage transfer switch optin’ﬁzed for minimum downstream
transformer saturation currents, there are cases where the SCRs will not
discoMu@lwmmtatﬁ ofttprdlisignificantgpaiiad mhﬁme&dﬁ‘mﬂ@mﬁy preeriCRs
cantroll rfrom urni the a oprlate alt te squrce SCRs at
are zlogtlm%rfl time V\ll%lﬁ’%ouqtgg}lesng mg%'lP ErosP B} gﬁ ST HRvnstream
transfemmndaagnh@oﬁuanBMmeth&m oelinanis whtlae pies80Raplication naturally

ress.t ese hor .associated the prior art. SUMMAR
Gomn%q%og?rfn%)rr]t osccfzjtrj1 a%ncooan(:elprtri]lrtlel Wi 1&e§ﬂ%§§° VG Th SRR sy ler from
tunnnmmdhed&ppotﬂa@&esaumeatmm sWikhinghE icptiand:seaand ybliagecating a
cross SOMIGESHPL a'te{ené dl?é/v[l[cﬁ%g = }ab'? to a load via

correspon |ng secon e comprised of SCRs. A
ccﬁm@kémp&ratéshhaﬁms auuidrdiiog taddariouthéransiertamethgdssiociated
: rapsfer methods, the timing of the switching operation is critical. For
with tﬁggﬁp&legﬂswnchlng times may be optimized to reduce or prevent
transformer saturation due toSh&EM A& built up during the transfer event.

T@%Bgafgrlgr hs[g tg@g@ﬁll turns %rllnége a E%orlate alt rl%gtﬁo%o nf%l{ﬁnge d

devices for some controlied brie perio of time i order 1o min
Vo}tdgﬁuﬁmllf%It@‘é@lstwb@hmandhﬂcan&nmmcbfﬁJMngrsmxy:ele\(;meﬁ;ary and

&5om tates. off the prima oureSC s by turni .
e s e RS S S e o
comprisigi cab e e altérnatetrstiarcer8GRs fateSWRivexarelipglseKfiathetransfer

methdfaMReingtumned. ig%%%t*&%ﬁémogﬁ ! theltS&@osogx%aQ%%‘Et:e}%mal For

commutate off at the next CUrrent zero cross. Subse qu
examplgltssetdneibamecingicoateptiogicdvitl pehmanenthe tann pmtieseeS @R aton

due 116 APRIQPHAIR ti pﬁuﬁﬂ g'ﬁé&%%%%n aigﬂe feB% Jed & S u}f?&%s on

as necessary until t he r quire t-second ance .1sac
the apprepriate rdgiicatehw voitadpy Wistdtbanoe andtrolled brlef period of time in order

to mimmize the output voltage disturbance and/or commutate off the primary devices.
The controller force commutates off the primary source SCRs by tumning on the
appropriate alternate source devices for a brief period of time. In this case, the alternate
source SCRs gates drives are "pulsed” (rather than being turned on continuously), so that
the SCR's will naturally commutate off at the next current zero cross. Subsequently, the
volt-second balancing control logic will permanently turn on these SCRs at the
appropriate time. The pulsing action maybe repeated as many times as necessary unti] the
required volt-second balanced is achieved, in order to reduce the voltage disturbance and
load current discontinuity during the transfer event.

In accordance with a first aspect of the present invention, there is provided a
transfer switch system, comprising: a first switch connectable to a first voltage source; a second
switch connectable to a second voltage source; 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 a load via a transformer; the controller having inputs for receiving signals

representing the voltage levels of the first and second voltage sources and the voltage applied to
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load current discontinuity during the transfer event. In accordance with a
first aspect of the present invention, there is provided a transfer switch
system, comprising: a first switch connectable to a first voltage source; a
second switch connectable to a second voltage source; 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 a load via a transformer; the controller having inputs for receiving
signals representing the voltage levels of the first and second voltage
sources and the voltage applied to 2a the load, wherein upon a
predetermined condition, the controller temporarily pulses on the second
thewneth Ahgreierafter NGAIsBITE @adiiod, siitchniwhereimtioeasntrotisr on the second

sHRLErRINER A tehingH e %Q&%W{gﬁ %Wgﬁtléﬁg%fﬁ%ﬁj&agﬁgn%%{ése Qtswitching time
and turns on the second switch at the switching time. In accordance with a
SRR ZE R GRHR s SVERToM dens rnphevicksa howaishfer the switching time.

switch st mnee RSN cantirat Mot ag eI HGE, A SRGRIG VRliagR provided a transfer
source; a first switch connected to the first voltage source; a second

SRR S SOIBA Y A SO VIR Y B S UISENS YPHAST SPHIER: Vi gveifeh connected to
the At conpecteck-to dbefifstanthsRaangviiehes.ta SeMsLyY %ﬁ&é{%ﬂ%&%&}%a having an
. transformer, to ttlﬂg Hrst or secogd vol%% e source, ihe transformer havin

| vVing : i
Ut tenminals CaRRtIBBIS TS 2 TOSE 2R 4GB b FaPEH AR St f5tReto the first o
s avpdfase cong s Witchians famactiaie sarinde sectiverie thenfiesthan® sdoahdind a controlier

cEwighestond Giseleatiyabh cannecttie firskQr Hhe Sacent SWteR 10N econd switches to

_ g . . e
g eagséf3 rmer: the, controller recelvgggsalgmagcs) tLeepresentlng the volt

SVels of the first and second Vorthg e Sshirdel AREHEVSTtage SPpRLE tpoeiving signals
repieSCHEs o e risplsvelv ergin ipornd predéterihiresh conditidrihthenltage applied 1o the

rogrirelenipmporadly pubses %d&&nﬁﬁ&p%wﬁmw@om%ﬁf{%p%ﬁﬁ/ pulses on the
se%gnt sewﬁgig%%q tﬁg\{ei:tz% el Qrzelgecgg %‘eesgg}ggglf!f?%ﬁgv%ﬁ%gg g]PS]e %@%&T%Egtg\%?%s‘ a switching
ini ( : 10N current t )

to mlnl.mlz‘e ownstredam Satl:lra
lige thaBUiER R tirifeanissietien iateewvithras thirdikaspet ofitteaptieseritching time,

inventioncthesgds Rigvided;a tgnstess SM\@%FE%@%&%HP 'Ei?e!psgisapﬁggﬁded a transfer

silicon controlled rectifier connected to a first voltage source; a secon
o EE Ry NBETERERa TS iEeB 48t Let b Uolenyeessed de adiiet yoltage source; a
secantraliemconnacieeetorthe:ofirst @ ehsecond $5[€e@8 ﬁﬂﬂi&?ﬁ&ﬂa"@ﬁﬂ'ﬂﬁ@? {Onnected to the
ﬁ@P%Qt@e%‘é qﬁﬁgyv&ﬁrgh%(f Irr% t]aiyegss ocgqgf %IE“%?]Q c? gg%(%leeg"lr.etﬁ;us]?ernsdtgecond siticon
selectively connect the first or the seconcfsﬁcon Controfied rectifiers $6°a
cgEilethia BHEOIRSIRH FAV RN IR LS Tt rs et virgnsighians repredehtistfitre o a load; the
conoltbgetevelsiofubedirstanthgatant representing the voltage levels of the first and second

voitage sources and the voltage applied to the ioad, wherein upon a predetermined condition, the
controller temporarily pulses on the second silicon controlled rectifier and thereafter, indefinitely rums on
the second silicon controlled rectifier to maintain power to the load.

In accordance with a fourth aspect of the present invention, there is provided a transfer
switch system, comprising: a first silicon controlled rectifier connected to a first voltage source; a
second silicon controlled rectifier connected to a second voltage source; and a controller connected to the
first and second silicon controlled rectifiers to activate and deactivate the first and second silicon
controlied rectifiers to selectively connect the first or the second silicon controlied rectifiers to a load; the
conirotler having inputs for receiving signals representing the voltage levels of the first and second

voltage sources and the voltage applied to the load, wherein upon a predetermined condition, the



voltage sources and the voltage applied to the load, wherein upon a

predetermined condition, the controller temporarily pulses on the second

silicon controlled rectifier and thereafter, indefinitely rums on the second

silicon controlled rectifier to maintain power to the load. In accordance

with a fourth aspect of the present invention, there is provided a transfer

25 switch system, comprising: a first silicon controlled rectifier connected

to a first voltage source; a second silicon controlled rectifier connected to

a second voltage source; and a controllettconnected to the first and

second silicon controlled rectifiers to activate and deactivate the first and

second silicon controlled rectifiers to selectively connect the first or the
QLRI SR e PO Y8 SHRSFAR bR tRET U KBS saer. indefinitely
riorsrecdiving signéisseprasentogshaivoltaggilenels ol theofirst @ad second

30 voltage sources and the voltage applied to the load, wherein upon a

predetermined condiREE, EHeFRC ROPTHIET GINpHIANIR avsesm the

seco ilic ntrolled rectifier thereafter, indefinitely rums on the .

seco%@i}:cﬁeg%n%o Ig ra'glg%%%ﬁr ?g%%ilr}ft\é?ﬁ%ﬁngéﬁ% i g’%aa&pﬁrﬁ?éﬁpon reading the
f[rsoRrieHE OAdEETHE DRAWIN GE Gthe tothjedtsvaindsadwelntages of

the invention M@s&%&@&%ﬁ%ﬁ%@%ﬁ%@? %&Pe%]sgﬁftgl pwing detailed

gs in which:

description and upon reference to the drawi igure 1is a

block 'dBEFarH bfah AT UbraHe fnsir systeliverigarebonsatidwBg balanced voltage
chidstate two sets of voltage waveforms showing balanced voltage

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

hereif 84651 Jt P omndissdrARA IR SpatE s Rt asrbsrrirs and
correspaneinghflund wiavBietms. tﬁ@%ﬂ@a@éﬁv&z@%ﬂ%%r@sﬁwhﬁéﬂux waveforms.
transfer method _discloifd herein. WO 2005/083564 PCTNS20051004154 _
3 Figure& B A0 TIlubtrdi® s tHHASRIP oSdratifiifith SERMEardRBhed Gisresed  herein.
system's SCRs. Figures 7A-7D illustrate a transfer operation with a

pulsing on of the system's SCRs. Figures 8A-8D illustrate a transfer

operation with multiple on pulses of varying width. While the invention is
susceptible to various modifications and alternative forms, specific
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s embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood,
however, that the description herein of specific embodiments is not
intended to limit the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined
by the appended claims. to DETAILED DESCRIPTION QbrldMuososiss
INVENTION lllustrative embodiments of the invention are described
below. In the interest of clarity, not all features of an actual
implementation are described in this specification. It will of course be
appreciated that in the development ®f any such actual embodiment,
numerBEN S AMEN bRt P e e siSreniustcherhel: tysaohieuas.
the debiglopeis 7Bpdaifiggaalsfsushisonscomplnace with systensdcealated

and bm&&%ﬁzf@tﬁ%%ﬁ%ﬁ% hGh vl r lementation
to anowﬁ{e Moreover,. it will Igg géi)remate l%%{%é%@@f#&%ﬁ%@ﬁgeﬁdé tfort

%It%ﬁ be COm”‘Vé:x and e e EonSURIIRG, r‘DOd FIGHS Fe\arHA ‘é‘“’s@‘ﬁ’é’ gpecific
ﬂ’é“ﬂﬁ%jgﬁﬁﬁmﬁ%rbﬁtﬁbgé’%? erdiﬁaﬂf &I thietheltdhranings) Ahe e hefib
gfstibedisciistiiretFhyuiebeilluistretet Bwéve, vbltaedsansien suitehsystemn
]:gfod-ﬁh&lﬂ m&fiﬁ%ﬂg@ib sisiern ml@ntl«glptcj Q@%ﬁﬁt@a 'Fcﬁh?&;REH%é?%t on the
voltage soures,: conglsoralternate voltage source

rst &?fd second voItiai“orglje‘%loei(?lrcneoscFI oot iqualrél%ngsﬁnedc gt mei(falanﬁﬂt%

t (RHLRITEPS 9he pyRRio & SRS sl feRYefsBimB 1 are connected to
the first and secBETABIFIHYRESGIREESAN OF THE, SSpRttvely, and a
controllesk8+4 astivétesthe swilehessla0 ;ier&ibe&rbmﬁ l”HzSM@IﬁEIrest of clarity,

asnbodimentythesndich i e 1 stsagc oo M urse
E%ntrolled rchfler;s (§ %iégaéS%i& C%(g%ﬂ%ﬁ? o a dg 1b. ul‘h(iié cc{)% frno e

Fhay comprise. for exampiay glfﬁfsfdﬁhlaﬁ?ﬁcég’gﬁ“(%m R i
§ﬁﬂ'§5?§%‘r%’g?@ﬁlﬁﬁgﬁﬂ@?%?@‘ﬁé@@@deﬂqé“@@ﬁ?@ﬁéﬁmﬂrewwe% tlodls, such
%ruagézaevevstbfsmaﬁrsamemeommswkage@awﬁe5M@MIM&ﬁﬂaﬂmﬁe

;ﬁg@@ﬂ@ﬂﬁ@ﬁ tykﬁ@{qc@?\ﬁﬂ%fdgs 1‘?&71@ lth 8%@@%3\%9%% Q{"}’ ?o;l;?ng %flﬁe 19 rmght
& transier. switc 0 {he transrormer
%o%i:tlgk' tai\{nQ l ng-%oggumuw v\é) nev alQP If émtgzeag:édgr{ﬂ(énﬁr@f &ﬁfﬁ:ﬁ

primary. 30 Un der normal COFI ons e COI’]

‘fgﬁ’% é%lrll FEE 3 Qe tedanedy iffb‘s(f)‘f;ﬁh%ﬂ‘ﬁ source) to the load 120. In
the eviégireHatitkietiy st $6udBat Yonfgitswitileythe WO PRORMBIBGHED system

RO bUSRAGR)Odkhthry, vottage source 110 and a second, o alternate voltage source 111.
The first and second voltage sources 110, 111 are connected to a load 120 via a fransformer 122,
First and second switches 130, 131 are connected to the first and second voltage sources 110,
111, respectively, and a controller 134 activates the switches 130, 131. In ihe iilustrated
embodiment, the switches 130, 131 comprise first and second silicon controlled rectifiers (8CR)
130z, 130b and 131a, 131b. The controller 134 may comprise, for example, 2 digital sigual
processor (DSP) or any suitable programmable logic device. The controller 134 receives the
voltage levels of the first and second voltage sources VI and ¥2, and the load voltage Vload 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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4 second source 111 (alternate source) is available, the controller 134
detects the condition, and operates the switches 130,131 to disconnect
the first voltage source 110 from the load 120 and subsequently connect
the second voltage source, maintaining power to the load 120. In certain
switching schemes, the timing of the switching operation is critical.
However, s in some configurations, the SCRs will not naturally
commutetessffifor a significant period of time. This may peY@RhdEM . 1ss
controller from turning on the appropriate alternate source SCRs at the
optimum time. For example, in known transfer switch systems, the second
switch 131 is typically turned on as soon as possible after the load 120 is
disconnected from the first voltage scurce 110 in an in attempt to

AT 2R e VO RIGEHsHIBtbIF atflitlsothe wpaclipthdtist o trcesditd, and
19ptraiee thossitithadly 38yt heaivizetcthie fiansibisend22 volisatieatadiue iog

tos el Bl URMTIRg, Ne. L ARSIch SuaRh TG NGB g Saturations

are higly undesirable since they can catise large saturation currents to
fow, which it LA C s GBI R e o E5THeR B by

UBSTBS R TERtVe T SaRe e Hrsh gy TG apseiet RS ot et mation of
thep pifiurny tiiveetd thearesfetlér dmmthenfists terge-ag Gt Hhes eeaRaS CRs at
sesgembikiliisedetermined. This optimum time results in additional delay in

transfey,, which.n L QULRLIE aveform disturhance.that is
ubiehmaksanse.ouipilyglians wavelom ity AR o

not acce table,%?ets me critical loads. Additiona ure of thé’s

HAHCTALS BIPRGALCHRSIR (1M PRSP FVRRTHE: Gohurdier e Lefrimey

commutate off &
GHYRe RipitBitakcalplrERtErsTioncs BORY 4hd Sptmusutiend Withoute 26
dratingyacorasedahductipmsituztion, shusexendingrbatansie Mg he
qpesemledimantthedansiertime Qeqﬁég{mlqn%gr%ec gc]ep Hatf,!{/] gathr%us e
volt- g&ocqjg%%r%ap% the Ilg)gdma_tngl‘a a{l:ternatetevolrtages. Figures 2A and E’ég
show wavetorms for the 1oad Voltags 2 TO AR Al xR g e sopding or
WHEF S SR Rt £8P fails, the controller 134 keeps track of the

amourkogividltrsetondsaivetjdhéarsgaundiercthartaset voliageseinéer21Q0 to
(tﬁ&)s@ﬁ@ﬁﬂ thedima Qfﬁaﬁ‘lgiﬁelﬁsfﬁ%&?%?@lkm%&h@iﬁ %ﬁhﬁ\éﬂﬁ?ﬁ‘eﬁ %1 iﬁansfer,

WEEG:QY AR JLEAMBIIES A ComPensE %ﬁ‘a% g3, for the. aliprmate source

curye 212 (Ac). When a transfer Is initiated. the controliar 134 tElre GriF
tk?édstafbi&tf\98#%4&%%%%%&@|§P@aﬁaamaf(aa§ 1 Efgjeadtipsa yrgy prevent the
corfiplendentduaisgroFiurer@B)athelternate source SCRs et the optimum time without
creating a cross conduction situation, thus extending the transfer time.

In one embodiment, the transfer time is determined by computing the volt-seconds area of
the load and alternate voltages. Figures 2A and 2B show waveforms for the load voltage 219 and
alterpate voltage 212. When the primary source 110 fails, the controller 134 keeps track of the
amount of volt-seconds, i.e., the area under the load voitage curve 210 (48 from the time of the
last zero-cross until the first switch 130 is turned off, and it computes a compensating area for the
alternate source curve 212 (4c). 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 de flux
built up in the transformer 122 during transfer.

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

first to the second voltage source. Tn Figure 2A, 47 and Ac have different signs (Arde <0). In
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compensating volt-sec area before it turns on the second switch 131. This
results in no de flux built up in the transformer 122 during transfer. 30
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 (At-Ac <0). In WO 2005/083864
PCT/US2005/004154 5 Figure 2B, At and Ac have the same sign
(AEE20YIR&hoted above, At is the target volt-second akeaeftieslead
voltage, and Ac is the compensating volt-second area of the alternate
voltage. Figure 2B also includes Af, which represents the full half-cycle
volt-second area of the alternate voltage. The quantity Ac involves an
eFvent hat occurs in the future (after the transfer occurs), 5 and therefore
CARR P BN UHS FRTR S (ENR R ALSSIFH bRy It itiies tohgstrvakiesecond
Vittajelie 12d deisgh sed Haigéeconsideratyly diomothicmerexi usieyaie bafae
thiguirenishien, thed 3!)'[%@0%@0@&%36_tﬂé\fﬁmﬂmﬁy&&w@@céﬁﬂ.ﬁwmeﬂeﬁ
AGATAY it ereRbinile ViR IR EHRS, MRl SReontEaea.

P gmrelso i c(:amrun}tq)n?x!i(:\te al of the yolt-sec area from zero-cross SR
Us. To Avoid transter satlratiors, MoHa Sifianareshiin semetiraless Ae

88?&:‘6? flehepscortigpblyftas fhrePEREhRYSe hefore 1 Sersfetivhe thenithgoletteny

\eénere8uef /A hdapecaneaed Uakh({ Jat=jfoiy Defiring i uRnityied 88 nafcycle

SAFRALEAGEN QiﬁQﬁﬁE‘Qﬂ@{u&% EH@%@% R 60 Qiga%glqgr% :<L:1|osso tot I%%t p1=0
when @ﬁ\gsﬁgavg d uanf [ri %aqﬁgg t!o tl:e %%ZB the cantroller 134 op erates

the switches 110, 111 sut e quantl SRy 155&%%2%%6%3%1#
SBTAFSYE ﬁ‘mﬁe&y&’e 1\}6&‘%8%&%@&16? bl il 4 ooleans (47=14d).

(efinie-ongyitD SfininY qUaMith S2asIBRt /M ike Al itheccomttalier 184stns
en=theheg@gand<gwitch | 1 1 so that 52=0 when (AtAc>0). Figure 3 is a flow

dlagl’éﬁgféull]@%m ﬁgpeegglgl gm(_p ementat on of tlae volt-second area
he copntrolier operates

) tr‘}g)n nngsr ;%niferrlnﬂg from the first vo gg Source TS the d6baish tat
vcg'ltchge QOuTcE 11 1A 0Rseis 284l dd s geivrsae| Ricanitin elternate
e Vistdde Polkirarestim i da26/prétlGteroinet: Samples aiehe
feroeskawitpia, 150 kidzsFhedar getivalj-sec area At is calculated in block 312
by Int@@@&@@ﬂb%‘@%&&&%ﬂ&&&ﬁ@ Eh-l- nﬁoérgk)]tagloag%g %-seeac mea
m%{hoci: FOSF ansffe}he gom t }a S ta? (e) eltla()r ethVOt e area
roast. oxcant ars I com do{ ge SOurce o the second voltage source 111 In
block 310, the load voltage Woad(k) and the altemate voltage V2(k} are sampled at a
predetermined sample rate, for example, 15 kHz. The target volt-sec area Af is caleulated in
block 312 by integrating the load voltage Pload: At(k+1 )=At(k)+Vload(k). At each zero-cross of
the load voltage Vload, the target voit-second area Af(K} is reset, except after a command to
teansfer occurs. In block 314, the running alternate volt-sec area Ar(k} is calculated by
integrating the alternate voltage V2: Ar(k+1) =Ar(kj}+Valt®). The running volt-sec area Ark) is
also reset to zero at every zero-cross of the alternate voltage V2, except afier a command to
transfer occurs

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

Afand the the running infegral of the volt-sec area 4 Ac(k)=Af-Ar(k). Inblock 320, the SI and
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transfer occurs. In block 314, the running alternate volt-sec area Ar(k) is
calculated by integrating the alternate voltage V2: Ar(k+l)=Ar(k)+Valt(k).
The running volt-sec area Ar(k) is 25 also reset to zero at every zero-cross
of the alternate voltage V2, except after a command to transfer occurs 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
compensatirg volt-sec area Ac(k) is calculated in block %% kaseos eh the
difference between the previous half-cycle volt-second area 30 Af and the
the running integral of the volt-sec area Ar: Ac(k) =Af-Ar(Ic). In block 320,
the Si and WO 20051083864 PCT/US2005/004154 6 S2 are calculated:
S1(k)=At(7)+Ac(k) and S2(k)=At(7q)¢Ac(k)-Af. In block 322, the controller
fE%A"f) erfotEee: the parafer4ofie S I =a (A ALY orlwhlerk SZ(KI=Qontroller
(AtAexOynsinanothe nembotirent i dunalsntitiesare-gomputed
continklQUS PHAL IR I aRstRk t%mesmecg gh‘%@%ﬂﬁﬁ%@? ﬂhgﬁ 19,106, Tl

that is ge ed by the load voltage Vio nit 5drivest
S C°1lﬁ%ﬁésggéoena”nu%teo%gstsﬁag% A e i

fheviRsar B genhErated By trenddissenveteageiasuivestay, it reuld be
deivingdthe transfomvelag? ultcan be iishowdrithat thearaptinmen ttansien ve

IR 506D IDrafWRRENRSR DueiEeg @H&ﬂﬁ&k%%fﬁuﬁqmlmﬁ&yé WA

shows % §%I% wayetorms far the-load yoltage V|92aa tle;[ri ”é voltage. V2.
voltage The top wavetorms are voTta e curves for o 5‘%

ahfdt%ﬂtgﬁﬁ%f?él%ﬁa@i@fz%ffuaﬁaf?ﬁ g d“&é%fo%%%é%‘n‘ﬁ’f% ‘:’;ﬂl@&%%l? and the
bofreEspeedingg flux therpessfordhe Tuadwoltalye 82 hahdoditerpzitenycltagae

2aRgelhe. contwlies t3kpaitnmsihetansienwhen e d ues. ass ea YRk
shown.ywipe broken line 230. Ignoring the effect of leakage impedance
of the transfo the fluxes built up on the transformer 122 due to
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SafeEnt| W%&i@f}ﬂtﬁ’é fomléwipr o ife fertielegrusmion s 18 ehdtihaedindlORt4Lk

ol (t)1 satisfy the following differential equations:

40 )

(=70

where V(1) and V(¢) are the first and second source voltages and é:(1), da(s 1} are the fluxes
corresponding to each voltage.
The fluxes ¢;(1), ¢2(1) can be computed by solving the above differential equations at any

given time:

# (t) = JK (t)jt
4= [rpr

In the generalized flux method, the optimum transfer is achieved when the two flux
quantities defined above are equal in values: @) = da(z).

Figure 5 is a flow diagram illustrating a specific implementation of the generalized fiux
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 vollage Valtk) are sampled at a
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30

where Vi(t) and V2(t) are the first and second source voltages and 01(t),
42(t) are the fluxes corresponding to each voltage. 20 The fluxes 01(t),
#2(t) can be computed by solving the above differential equations at any
given time: ,(t)= Jv(t}dt 02 (t) = JVv (t wt In the generalized flux method,
the optimum transfer is achieved when the two flux 25 quantities defined
above are equal in values: 1(t) _ 02(t). Figure 5 is a flow diagram
illusteatiergsasspecific implementation of the generalized fiuwtveathad 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 WO 2005/083864 PCT/US20051004154 7
predetermined sample rate, for exaniple 15 kHz. In blocks 352 and 354,

R HSHRER PRI RieON EscER IO 7+ 11 bloske HRtenniivbdibyondtenraitimgte
thedodd agdl aléternatesmhmgsspm@@pegztmebﬁd and alternate vollages, respectively:

Qagaal=slinrlondd; f 9%, 5+ =—alt(<)+Va(r) The D

compc{, GBEIS remove X uantltles eriodicall prior to

transfer” s tis Componemkﬁéemr? ecﬁ‘ﬁ]’q%‘é HF BYBRR SR e e tpstransfer
ﬁ@?%ﬁﬁé@%ﬁ@%ﬁé&ﬂu% Hudntiteurenséyisar-orond Wi tattk)qudRétkere
thast: balapeingihe volt-second area or fluxes to be exactly equal, as

discussgg; a,awgmmcy%@%u%@m&m@ 1%% ?l;eeﬁ%,aa %%scussed

condition to rO}r/edeatradeo etween reduced trans ert

arﬁ‘é“u%f““fefra‘r%‘s’ OrRer Satulitioh B PHERRC T ER NG TRE Yot At G byisveen
el dncendcomanpng abbveleanriseweleritarres Boligis fhe tolerance
Yoltvs dedndneré condetine ebuvh ese A tAaue: 4S8kt +Acl<zcth; and where

A fodds LAUAANSRGFRC BDRRalER L B NAl 1gon
Sgggggzgg Jdn t}he embodiment illustrated in Figure 1, the switches 130,

31 comprlse SCRs 130a,
For the generalized flux method: 1@ da<zeth.

In the embodiment ittustrated in Figure 1, the switches 130, 131 comprise SCRs 130a,
130b and 131a, 131b. There are cases where certain SCRs will not naturally commutate off for a
significant period of time, which could result in hampering a precisely timed switching operation.
For example, this may prevent the volt-second balancing control from turning on the appropriste
alternate source SCRs 131a,131b at the optimum time without creating a cross conduction
situation, thus extending the transfer time. Figures 6A-6D illustrate such a siteation for a fhree
phase SCR based transfer switch system, illustrating a transfer from the primary source to the
alfernate 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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us 130b and 131a, 131b. There are cases where certain SCRs will not
naturally commutate off for a significant period of time, which could result
in hampering a precisely timed switching operation. For example, this
may prevent the volt-second balancing control from turning on the
appropriate alternate source SCRs 131a,131b at the optimum time
without creating a cross conduction situation, thus extending the transfer
timeokigumsss6A-6D illustrate such a situation for a threep2@phasgasR
based transfer 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 thedoad voltage waveforms 410 for each
Sf\éﬁﬁe“’fH red e suampRUPE BEhsHE S et STRE oSehgrabs iyl theangroller
Wit pres B @t antd 6D sie Wikeatrtn sfpropendtine s dtidean dddadreLvsanRtsond

Sdbcraspectivelye With.standandi2% eantiolefibe SGRepthe.tansies ime

ransfer illustrated, in Figures 6A:6D is,15.2 mjlliseconds and the
%%Qgéés gfsalgerﬁ .‘_2%%‘%“\%‘@ 96 distur “arii%uéej l‘?ea?ég i eeg#%if%%.s i é%c")l\r/ee
YA TR e R T TS 2 VT e rearBir B s 59 i Foens
thé. semttolbr Jperdies thefdrdetommrtte difitheOBreferbihSGRSs Thists
pasanmljgBeehoynti Ring. 9B the.appiepriaiealignate.sou kR devises fora
fisfpariad.ef fme Dbl Goss etbﬁugkﬁ%meet%q%ggé%l{&e%% 8 %E%g,‘ugvrss

re -pulsed” (rather than being furned on continuously), so that the

BB BTN SHRSN P, PGt
gethe! Afedtingtit zero-cross. Subsequently, the controller will
permangitiy tursbon.thesens CRsiqk thecappreprataninrdeashieve tRge

giesiearkyolt-seconthiRalanging oL aXAD RIS SIINES AA-ZRSIWLNE vea
X\c/)%\gnefg ms %r g&@ ig)g{gmégegg control of the SCRs. The voltage
Waveq‘torms 420°are Shown in ﬁgure 7A and the SCR firing signals 422 are

s shoW#f iFPRgURe d7E3nimsy dfr die PORRPTD nelist decth rorafoshsrrirbyifis les
Addrgnd dedeovitl erite 428y rébpebtiveled boiachiéve thect@dirgtince control.
vannuation ahihe SHRs HediingiSIORaSIRGKROIS, BYISESAB0MARE of the
SHOWILIR LML B: L ARG S At during transfer the "r%'&%’ﬁg Sonditions
delivered to the’load in Figure 7RIS of aehlg%er verage value than ﬁﬁé
{5 RagE& Biivered to the load in Figure 6A. Therefore, this technique
providesTsiyricdist eeutionisedhee volageidistunbancs: sedreby via-thend
lapdcelpsimg transfer.

2.) The resulting volt-seconds applied does not exceed a value that could cause excessive
saturation currents.

Since SI(} and $2(¢) represent the amount of volt-seconds that will be applied when the
SCR is fired at time 7, these quantities can be used to qualify the above conditions. Assurming
that no more than half the rated volt-seconds will be applied to the transformer due to the forced
commutation pulse, it can be easily shown that the following conditions satisfy the above two
requirements:

For the balanced case where ArAc<(:
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It should be obvious that the technique described can be employed to
minimize voltage disturbance in an optimized volt-second balance
system, even for cases where forced commutation of the SCRs is not
necessary. The controller determines if the volt-seconds applied to the
transformer (during the is pulsing on period) will not adversely affect the
desired action of the volt-second balance control. Various methods may
be wmisiedsio achieve this. For example, for the first embodimanRhQfthe
volt-second balance system, the following two requirements may be used
to provide conditions for pulsing on: 1.) The control just recently missed
the opportunity to turn on the SCR at a volt-second 20 balance point 2.)
The resulting volt-seconds applied dées not exceed a value that could

cause excessive satu%a;%qé%s. S';y\g%%l(t) and S2(t) represent the

amou et iyalt: tpat will Be applied when the SCR is fired at time
t, these quantities canjbe #5edito-qealify/the:above conditions. Assuming
25 that no more than half the rated volt-seconds will be applied to the
transfOPRTRT l3E°td Hie whitet ¢Gfhmutation pulse, it can be easily shown

that the following con itior]s tis_fxqguea ve two requirements: For the
balancegpasewhsre t‘f&tcfé()%?\/@b ooé/d%ié’m PCT/US2005/001951 9

zcth<St<--Af if At>0 QnPujseCondiipnaadi<S| <-zct17 otherwise For
the balanced case wheré AtAc>0: zcth<S2<ZAf fAt<0 OnFLdseGondition
= - 2 Rptispecopd anbatierwisBiRop tveconiCaihdce nybiodimentiofitianay be used
wojtesiiedrddalane esyatemeihe following may be used

I) The pulsing on should only be applied when the polarity of the alternate voltage is such
that the absolute value of the transformer flux (¢oeq) will be veduced. This condition ensures that
the application of the on pulse will not result in the transformer being saturated.

2) The pulsing on should NOT be applied when the polarity of the alfernate voltage is
such that the amount of de flux created — which is given as the difference between the load and
alternate flux — is currently being driven toward zero. Pulsing on the alternate switch at this
condition will prevent the flux balance condition — which would have occurred shortly if the
pulse were not applied — to be delayed and thereby increasing the trausfer time.

The first condition is satisfied if the alternate voltage ¥, and the load flux Proaa have
different signs. For the second condition, define 4, =@ — ¢35 the amount of de flux that

would be created, then this quantity is being driven toward zero if the alternate voltage ¥ and ¢,

alr

have the same signs. Therefore to satisfy the second condition, the pulsing on should only be
allowed if the signs of V,, and ¢y 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 = (g, , Vi )<0and (g, ¥, )<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 voli-
second balance condition is achieved, and the switch is permanently tumed on. This is illustrated

in Figure 8A-D for a three phase SCR based transfer switch system illustrating an extreme case in



s to provide the conditions for pulsing on: t) The pulsing on should only be
applied when the polarity of the alternate voltage is such that the absolute
value of the transformer flux (01.ad) will be reduced. This condition
ensures that the application of the on pulse will not result in the
transformer being saturated. 2) The pulsing on should NOT be applied
when the polarity of the alternate voltage is no such that the amount of do
flumveremteessswhich is given as the difference between the{aashangss
alternate flux - is currently being driven toward zero. Pulsing on the
alternate switch at this condition will prevent the flux balance condition -
which would have occurred shortly if the pulse were not applied - to be
delayed and thereby increasing the transfer time. The first condition is
sHiciedosfe ateemrmvohigaVioand thelidad fRivsat:havelisdifiersmz
signsnion theabeson eheendiiprodebinrDedorsds . ca3iheamorretda s,

fmmagswggmg@sgsﬁ%egumm ﬂy@nﬂsyy'&!a)%&gagf'va%jﬁ ar%eiefﬁég

theﬂalt\ga0 atev cejtfal and dP ave the same signs erefore
he second condition, t'ﬁe Si sﬁ%mﬂ"gﬂwsb?é“pé%%‘aenaﬂ%esqg%iﬁf
\7°“déff?aSoBhaw@aﬁ?éV@ﬁf°t@@ﬁff@mm%welwcgtr@cm.Fem@nrs?ztrfe:mmﬂsemz

condition fioFihe:sticomtremisodinient ofuaielsecandRalanses: System can
thﬂf&t@%'ﬁ@ﬁb@ﬁego Q@%UJ§Q§QFLC’§HQE sig Qil'mgw}é ?mfsc% %bdal@ 35 )showaa

I oted. here that.th nal that controls the alternate
s%vﬁgc? nggﬁgﬁgn%:ourllstfnﬁ%% s‘i}f 3%&] 89 o?l Ezfs TR A% AP B Rt b and

PERRETALL AREHEE PeiiBEild also be obvious that the on pulse may be
repeatBit Bstiswianyrirebnzesthdiedesd mountiltiieshetntiraty wolthedeeatich may be
haléinae aonditinadismaceves: apineswitehd %@%ﬁﬁ@ Rty &Hﬁ@@% % a

I d SO RNeE Phase SCR based
mﬁ:‘!ﬁﬂ bi%r%; ?ﬂ%tﬁra%ﬂ%{r{%%e%e case’ln?llv %88@)5% %%?t Heasist

%’d fz‘fi%‘4 wh?&“ﬁ SHF4riLsR 2D detr ot heprRimarpelurds is
\ﬂﬁﬁ%ﬁalﬁa\gdilzd% ﬁ@mwwaa@mwma H$Blesedfrbeaent polardaltertated and

stuncle vaithi 66 ¥e nomlirakvattagicans & bhiftesurNeYentine RRSIRLYy, e

iollRusAsingiRohass ShRrtH Reulaluiton the primary source that
occurred at a given point in the voltage waveform. Figures SA-D show the

waveforms employing the above on pulse 5 conditions. The voltage
waveforms 440 are shown in Figure SA and the SCR firing signals 442



are shown in Figure 8B. Figures 8C and 8D illustrate the transformer
fluxes 444 and load currents 446, respectively. In Figure 8B, the firing
signals include pulses 450 and 452 shown which have varying pulse
width defined by the satisfaction of the on pulse conditions above and
repeated for more than one time. 10 The particular embodiments
disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the féachings herein. Furthermore, no
limitations are intended to the d&taitd ™ construction or design herein
shown, other than as described in the claims below. It is therefore evident
that the particular embodiments disclosed above may be altered or
modified and is all such variations are considered within the scope and
spirit of the invention. Accordingly, the protection sought herein is as set
forth in the claims below. 11 CLAIMS 1. A transfer switch system,
comprising; a first switch.connectable to a first voltage source; a second
LA apiteh O ASETSBTe TR $826nd voltage source; and a controller
carfirecteddodheditsbirid sGoomdiggdtehescto activate and deactivate the
fst. a0 sesond.sdtehes 0. SeletelcoBReL RIrst o the second

- switch to a load via a transformer; the controller having inputs for.
refceviTg SigRBIS e Seniiiy e VIRAGRY IEVETS DR EHE frdt af Seasae I

voltage suscesmandithieveltageppplieshiedtddad ovtiereiconpeniteh to a load
predetermined cqgndition, the controller temporarily pulses on the second
switch HftRBRESHBI turns on the second switch, wherein the controller
determinetia hawiighingtifertosmingnaigeaiowmstrating Sxrirdien levekent the

and turng, g1, e, seeond WIGh Ak e HUGHIAC Ueied T 18 588 Rkrein wpon

switch sys?em of claim 1 , Wherein the controller temporarily pulses the

second sWREHpRGIGCEAE N EHMrgRAderIcTPR RN F S chesrepafsyfich
claim 1, whetein.the eentrolel-determines theiwmichiagdinaelier determines a

switching time to minimize downstream saturation current and turns on the

second switch at the switching time.

2. The transfer switch system of claim | , wherein the controller temporarily pulses the second

switch prior to the switching time.

3. The transfer switch system of claim 1, wherein the controller determines the switching time in

response to the signals representing the voltage levels of the first and second voltage sources.

4. A transfer switch system, comprising:
a first voltage source;
a second voltage source;
a first switch connected to the first voltage source;

a second switch connected to the second voltage source;



response to the signals representing the voltage levels of the first and
second voltage sources. 4. A transfer switch system, comprising: a first
voltage source; a second voltage source; a first switch connected to the
first voltage source; a second switch connected to the second voltage-
source; 12 a transformer having an input connected to the first and
second switches to selectively connect the transformer to the first or
second voltage source, the transformer having output terminals
connectable to a load; and a contrdifer connected to the first and second
switches to activate and deactivate the first and second switches to _
selestivelyneonnegt dhanfiistamthesecondewital tecthe sransformedpdtiesty
controlier Jecelving sgnals ieRresanring e vallage eysls.of et and
second V%I}?age sources and the voﬁtage applied to'the transformer input,
whereirhupog @tpredeterminethegablitionz thedcardroller temporarily pulses

on the. second switeh, andithersafier furns,anthe secend SAteR VherRif s

the controller determines a switching time to minimize downstream
saturatishf cePREA A RS BIRCthE seewrd iRt Srmrchivgitmie B

The transferswiteh system of claim 4, wherein the controller temporarily
pulses the second. switch,prior to the switching time, 6, The transfer
R T oG B K ARG o 1 B ssond
time in vesgensertethadsignalsagepesadting thearsftage ovels Whtrwnfien a
and seqRas.KallARe SNERS. i AJANALE LR 2y Ak, GOMPUIDA Avicch

first silicon controlled rectifier connected to a first voltage source; a

second BHdbArEdTtONEY PacHTISCeBR REERY T EB nePusitn deatmimss @

and a coptraliar eanneciadntpdieviiskang secenensilisen: eanttoted: the
rectifiers to activate and deactivate the first and second silicon controlled

rectifier S RERIBHRRA) o AKERERS time.

5. The transfer switch system of claim 4, wherein the controller temporarily pulses the second

switch prior to the switching time.

6. The transfer switch system of claim 4, wherein the controlier determines the switching time in

response to the signals representing the volage levels of the first and second voltage sources.

7. A transfer switch system, comprising;

a first silicon controlled rectifier connected to a first voltage source,

a second silicon controlied rectifier connected to a second voltage source; and

a controlier connected to the first and second silicon controlied rectifiers to activate and
deactivate the first and second silicon controlled rectifiers to selectively connect
the first or the second silicon controlied rectifiers to a load;

the controfler having inputs for receiving signals representing the voltage levels of the
first and second voltage sources and the voltage applied to the load, wherein upon
a predetermined condition, the controller temporarily pulses on the second silicon
controlled rectifier and thereafter, indefinitely turns on the second silicon

controlled rectifier to maintain power to the load.



the first or the second silicon controlled rectifiers to a load; the controller
having inputs for receiving signals representing the voltage levels of the
first and second voltage sources and the voltage applied to the load,
wherein upon a predetermined condition, the controller temporarily pulses
on the second silicon controlled rectifier and thereafter, indefinitely turns
on the second silicon controlled rectifier to maintain power to the load. 13
8. A transfer switch system, comprising: a first silicon controlled rectifier
connected to a first voltage source; Bsecond silicon controlled rectifier
connected to a second voltage source; and a controller connected to the
first and second silicon controlled rectifiers to activate and deactivate the

g A tpggstﬁgrnsqvﬁg&%@gﬁigﬂlggl% controlled re_c_tlflers to select_lvely connect the first
or the second silicon controlfed rectifiers to a load via a transformer; the

corfirsltdeaviem ivlipgtscfoiies coniridr il Yepréasniingcthe voltage
leyels ofithacdirshansisgcandvoltage-aaurcesand thavaltage.applied to

the load, wherein upon a predetermined condition; ihe con.tgjller vate and
tehfBBPAHRT PISEEEATARE SEEGTA Hfidhs ComtrotfatP redifiEiiigto activaie an
thereaftdeasiistantidity. pedrnroshilyidowrsonihe secdnd tsilidertively connect

Controlletgerglgst[ifcig E'I;[g s@c%iz?at %EHCBQ"CV%E}%&%%?Q@S to a load via a transformer;
the controller having inputs for receiving signals representing the voltage levels of the
first and second voltage sources and the voltage applied to the load, wherein upon
a predetermined condition, the controller temporarily pulses on the second silicon
controlied rectifier and thereafier, substantially permanently turns on the second

silicon controlled rectifier to maintain power to the load.



