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al nost i nstantaneously. FIELD

[0002] The subject of the disclosure relates generally to dynamic
voltage sag correction. More specifically, the disclosure relates a device and
method for optimal utilization of the kVA capability of a dynamic voltage sag
correction device which can be adapted for use with a plurality of input voltages.

BACKGROUND

[0003] An electrical load which receives power through an AC power
system is generally designed to operate reliably when the actual supply input
voltage is within approximately 10% of the rated supply input voltage. A voltage
sag (or dip) can refer to a temporary reduction of the rms AC voltage in which the
actual supply input voltage is below approximately 90% of the rated supply input
voltage. A dynamic voltage sag correction device can refer to a device which is
capable of correcting temporary voltage sags in a voltage input signal that is being
provided to a load. Voltage sags can be caused by startup of a large load within a
facility, a circuit fault, a problem at a utility company, a problem with a generator, or
any of a number of other reasons. The dynamic voltage sag correction device is
generally inserted between the voltage input and the load, and includes a
combination of circuit elements and logjc which are adapted to provide a correction

signal almost instantaneously.



[ 0004] Traditional dynam c voltage sag correction devices are
packaged according to their current and voltage ratings. For exanple,
a first dynam c voltage sag correction device for a three-phase input
voltage nay be rated for 100 anps (A) at 277 volts (V), and have a
correspondi ng kilovolt anpere (kVA) rating of ((277 V)* (100 A)*
(V3)) 1000 = 48.0 kVA. A second dynam c voltage sag correction device
for a three-phase input voltage nay be rated for 100 A at 120 V such
that its kVA rating is 20.8 kVA. Because conponents in a dynam c
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current rating, the first and second dynam c vol tage sag correction
devices are simlar in physical 'size, conponents used, and cost. In
ot her words, the second dynam c voltage sag correction device with a
KVA rating of 20.8 kVA costs al nost as nuch as the first dynam c
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used at a fraction of their ratings. For example, a dynamic voltage sag correction
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may be used in a system which is supplied by an input voltage of 208 V (ina 120 V

line-to-neutral system). As a result, the kVA throughput of the dynamic voltage sag
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[ 0008] An exenplary dynami c voltage sag correction device includes an
input termnal adapted to receive a first operating signal, where the
first operating signal has a |line-to-neutral voltage. The first
operating signal is provided to a | oad through an output term nal
which is in electrical comunication with the input termnal. The
dynam c voltage sag correction device also includes a regul ator
nodul e including a rectifying device, a storage unit, and an inverter
switching device. The rectifying device is adapted to rectify a
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correction signal. A secondary w nding of the injection transfornmner
is connected in series between the input termnal and the out put
termnal. A bypass switch is in electrical comrunication with the
input termnal and the output termnal. The bypass switch is in a
cl osed position during a normal operating condition such that the
injection transforner is bypassed, and in an open position during at
| east a portion of the voltage sag such that the injection
transforner is energized. [ 0011] Anot her exenpl ary mnet hod
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WO 2008/ 141092PCT/ US2008/ 063067 swi tchi ng devi ce adapted to use the
stored energy to generate a correction signal during at |east a
portion of a voltage sag. An output buck transforner in electrical
comuni cation with the regulator nodule is adapted to decrease a
vol tage of the correction signal. A bypass switch is in electrica
communi cation with the input termnal and the output termnal. The
bypass switch is in a closed position during a normal operating
condition such that the step-down transformer and the out put buck

t ransfor mer ¥PeBiAI%esed. [ 0015] O her pri nEFPES20BEE0¢T es
and advantages wi |l becone apparent to those skilled in the art upon
review of the followi ng drawi ngs, the detail ed description, and the
appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS [0016]
Exenpl ary enbodi ments will hereafter be described with reference to
t he acconpédifacken sigaali Agecondary winding of the irfgctieh drangfoimerds ednpeetid in

di agram i | kdtakhabided t Rpiitamtind nd tHeYAIt ‘fermmai.a,gsggﬁg sWRE 8 GE 1 ON

device with a series injection transfornmer 1 n accor ce with an
exenpl ary ggpiHenl semmunication with theﬂr(pgg@pmpplga_ndgh? gutautdgrggrp%mThe

i Il ustrati pghads bRtPAs RNA8I8s&Sdsfith Alirikly D Attntal ¥edrhtRcondilot lidhQRat ON
devi ces in_accordance with ag)m%)a(e Iaﬁ% enbodi ne 19]

=GO . nt [00
Fig. 3 is Hedmeciondragsiqureris FrPREPRIFTIY JYino L leasty
correct i onpghtivi ofthewvbithgaay BEtH thBIANES injdctiomBarsforeker Biutiefgizdr | €S
I njection transforner in accordance with an exenpl ary enbodi nent.

[0011] Anocther exemplary method of correcting a voltage sag
condition includes connecting a load to an output terminal such that the load
receives a line-to-neutral véltage of a first operating signal. An input boost
transformer is used to increase a line-to-line voltage obtained across a second
operating signal having the line-to-neutral voltage and a third operating signal
having the line-to-neutral voltage such that an increased line-to-line input signal is
provided to a regulator module. The increased line-to-line voltage is approximately
equal to a voltage rating of a regulator module. The increased line-to-line input
signal is rectified, and energy corresponding to the rectified increased line-to-line
input signal is stored in a storage unit. A voltage sag along a first AC bus line in
electrical communication with the output terminal is detected, and an inverter
switching device is used to generate a correction signal with the stored energy. A
static bypass switch is opened such that an injection transformer is not bypassed.
The injection fransformer is used to reduce a voltage of the correction signal, and
the correction signal is provided from the injection transformer to the load.

[0012] Another exemplary dynamic voltage sag correction device
includes an input terminal and an output terminal in electrical communication with
the input terminal. The output terminal is adapted to provide a first operating signal
to a load, where the first operating signal has a line-to-neutral voltage. A step-down
transformer is adapted to decrease a line-to-line voltage obtained across a second
operating signal having the line-to-neutral voltage and a third operating signal
having the line-to-neuiral voltage such that é decreased line-fo-line input signal is
provided to a regulator module. The regulator module is connected between the
input terminal and the output terminal and includes a rectifying device adapted to
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[0020] Fig. 4 is acircuit diagramillustrating a dynam c voltage sag
correction device with an output boost transformer in accordance with
an exenpl ary enbodi nent. DETAI LED DESCRI PTI ON [ 0021] The
kil ovolt anpere (kVA) rating of a power electronic swtching device
is a nmeasure of the nmaxi num capacity of the power el ectronic device.
In general, it is desirable to utilize the full kVA capacity of a
device to mnimze costs, optim ze device performance, and optim ze
efficiency of the device. The kVA rating can be calculated for a

si ngl e phasevaé¥ptdsi ng Equation 1 bel ow i n whi ch VPEBURMBOGH6 num
rnms bl ocking voltage across the device and A is the maxi num rns
current through the device. For a three-phase device, the kVA can be
cal cul ated using Equation 2 below. It can be seen from Equations 1
and 2 that the WA rating and/or the kVA capability of a device is
directly prespythe deratased lingrio-ns! inpiy eigadr @ siorageaind @dapied toT$iore energy

principle E&FhsBSndﬁ% thé Fé’&ﬁf‘é@ &e'&re%@é‘&hr@-tblﬁnégaf g@“ér%dar’} lh@é}%fror ners to

maxi m ze the WA rating and/or WA capabi | nam ¢ vol tage sag

correcti onsw&mr@é@wcmdam%w yse tk%tO(eguewgrggf ttb ﬁa@eéytee qoyeetiqngional i | o

Vol't  10004¥gtsbvoltage sag. An output boost transformer is in electrical communication
with the regulator module and is adapted to increase a voltage of the correction

signal.

[0013] Another exemplary method of correcting a voltage sag
condition includes connecting a load to an output terminal adapted to provide the
load with a first operating signal which has a line-to-neutral voltage. A step-down
transformer is used to decrease a line-to-line voltage obtained across a second
operating signal having the line-to-neutral voltage and a third operating signat
having the line-to-neutral voltage such that a decreased line-to-line input signal is
provided to a regulator modute. The decreased line-to-line input signal is rectified,
and energy corresponding to the rectified decreased line-to-line input signal is
stored in a storage unit. A voltage sag is detected and an inverter switching device
is used to generate a correction signal with the stored energy in response to the
detected voltage sag. A static bypass switch is opened such that an output boost
transformer is energized. The output boost transformer is used to increase a
voltage of the correction signal.

[0014] Another exemplary dynamic voltage sag correction device
includes an input terminal and an output terminal in electrical communication with
the input terminal. The output terminal is adapted to provide a first operating signal
to a load, where the first operating signal has a line-to-neutral voltage. A step-down
transformer is adapted to increase a line-to-line voltage obtained across a second
operating signal having the line-to-neutral voltage and a third operating signal
having the line-to-neutral voltage such that an increased line-to-line input signal is
provided to a regulator module. The regulator module, which is connected between
the input terminal and the output terminal, includes a rectifying device adapted to
rectify the increased line-to-line input signal, a storage unit adapted to store energy
corresponding to the rectified increased line-to-line voltage, and an inverter
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Equation 2: kVA (three-phase) = (V\)* (A* 1 kilo Volt *'3) 1000

Vol ts [0022] Fig. 1 is a circuit diagramillustrating one
phase of a dynam c voltage sag correction device with a series
injection transforner 110 in accordance with an exenplary enbodi nent.
The dynami ¢ voltage sag correction device includes a regul ator nodul e
100, a static bypass switch 105, series injection transfornmer 110, an
output termnal 1151 and a three-phase input. The three-phase input,
whi ch can be provided by a utility conpany, a generator, etc., can be
recei ved aI‘%EZWWHHWZ ermnal 106, an input term nal YOVUS28463867
input termnal 108. The three-phase input also includes a neutral
line 109 such that the three-phase i nput includes four input |ines.
Alternatively, neutral line 109 nmay not be included and the

t hree- phase input can include three |ines. The devices descri bed

her ei n cansWighinget¢vice agaried theusedhe sigeedsmgrayde gerariier gosgatian siww! of
whether 3. QI Mast PHN ofd At sad) AWEREIHRCK EndEIf o dibhidaP” - as

used herein i ne-to-neutral vo ae- - can re evotage on
a singl e | farampicationiwiih e fe@g@mlﬂ@%'ew adgpiechiedegiease ayollageéthgdes a

physi cal ngattdcldn sibmg. A/wpé’&é dNSh td iR @ledfidall BRAMRAGSERit Pelifut
termnal 106 to receive irst oBeratl ngwm gnal of the three- lgghase

input, an REMHALANG th%oateattﬁgme%inﬁ & O&psp SWIITHEIN # EPRrchRgsitipd Aup
receive a seorhohaaigaiondigors swhahatafie $toe-dbwn eangibrare aht ietoutmmnbuan AC
bus line 103 is conn cted to input termnal 108 to receive a third
operating ’bsrf."aW’ bt Ba?sﬁpee phase i nput such that power can be
provided to the system In an exenpl ary enbodi ment, the first
operating signal i/ W18hg AHenngecipalieatarss pne advantagss dilkpgcome@raaent t he

second opefAahbdikkiied 'i}ﬁﬂhe GAl dB:BS ré%qévpbﬁhé foﬂ@w:ﬁ? a)auﬁr@d% hrR\RtHegecond
phase which is shift 120 rees fromthe first phase, the third

oper at i ng $¢sgHalon amcbWs agge 98H& 103) can have a third phase which
is shifted 240 degrees fromthe first phase. [0023] Static
bypass switch 105 can be inpl enmented as power transistor sw tching
devi ces, a pair of thyrPBIEBESERIPIIONOF THERRAVWAIGSE | el , or any

ot her type of swi tching conmponents known to those of ski Il in the
art. During nor rral[0016perﬁxb'mpm,ry embodimadite wilk Heesafter be desoribed afle sag,
static bype? SW tgﬁ' an . bedrcb,o%gd such that an operating signal
flows direl ?rﬁnch,B A"i‘fcﬁﬂ‘&ai“('?% 1'% 0 out put termnal 115. Wen a

vol tage sag is detected, static bypass switch 105 can be opened by
any met hod known {0 17hoig. dfis gieiredit diggramdiugiratingong PhAe efifeiaemis
signal fropidge 95&céﬁé@oﬁeév.é‘eaw.trb@smm,mnmﬂsfwnﬁé? iPhcdofi2ings afth by a
correction signal I_‘generat ed by regul ator nodul e 100 and
provi ded tﬂ?‘Sﬂijﬂp'é'@ﬁ@? i"l‘ﬂ ction transformer 110. As such, series
injection transforner 110 can be a lowduty transformer which is
bypassed and r enail018ps Sim 2 iskldjagram Hlesteatigy 2dtreephaseysystenmed dynamic
Qperation. yahbes b&&%&ﬁ&éésﬁﬂ%%&%ﬁ?ﬁ bt o R¥eABY difRftfd ! zed
during a sag P 7 on. a resu ere are no continuous power

| osses associated wth series i ion transfor

100247 Gor 65 i ny A010D . HG- R Ptk dadtambRnG  BEAT ISR P nai ng

connect ed a@f«rEion G€GLd RitrOdn mmtﬂoes&%saandezearﬂeacmléarmembmtiﬁnmgormer
connected |n ser,es s line, 101, Aturns ratio of a

t r ansf or mel" ¥5AIPRES ‘Wﬂl%n?’f?énﬂlf eFP8MElts in the primary winding to

turns in the secondary w ndi ng. The turns ratio can be adjusted (by
swi t ching taps or [8380f cHiind is paitediadiagram)ilusthatingrit dymaMic VARgRERI at t he

-9- correction device with an output boost transformer in accordance with an exemplary

embodiment.



secondary wi nding. In an exenplary enbodi nent, series injection
transfornmer 110 can be used to step down (or reduce) the correction
signal such that a | oad connected at output termnal 115 is provided
with the proper voltage during a voltage sag. For exanple, series
injection transforner 110 can be a step-down transforner capabl e of
reduci ng a voltage of 208 V produced by regul ator nodule 100 into a
vol tage of 120 V or |less for use by the | oad. [ 0025]

Regul at or nodul e 100 is used to generate and provide the correction
signal to se¥?&¥¥4%ction transfornmer 110. In an exeRpIBI2(08/063067
enbodi nent, regulator nodul e 100 can include a half-bridge inverter.
Regul at or nodul e 100 is connected to the three-phase i nput through a
line-to-line connection with AC bus Iine 102 and AC bus |ine 103.
Using a direct line-to-line connection without a step-down
transformer (or as opposed t PRTALED-RESGRIRTIAN connection) results
in an increased input voltage to regul ator nodul e 100. For exanpl e,
t he three-phase i (qo&1] mThelkiiowvaltbatheké fkvphiating oth pow@redardeica 120 V
operating §ii?c§6r11| 45 thealogd C%Etrplectaed at Ouatc%tffﬁ%s V\ri’é]h Ao

| i ne-t o- nebt ral ICGNRE& 3 O f“g? FERSPEP 58t Pc 3?‘5%5 tHE o t age
down to |ideddeo-Inganaral, ¥ js desjathlatoutiline thelfal KMFOcapmcindfia geviseitadled wit h

1 sttt oA c8ts. obiniee oS pbftinlnDE: Al oplife SARRAEY Lo dovoe.
vol t age of Tiel A xating can bgyaleulaied foy a sirgle pledse dewige Lsing Fanalivnllebel®d can

be rated fgryith v &ARE maRBnuYn rAdBlobhicy Yotag@bcrbfietnd ¥Rar: Sny Rlid mae sag
correction device Is increased. %026;1 Regul at or nodul e 100
Fepa HbersPhass,

i ncl udes aMSKBRAYESBHENYIDPUGH thedavicey | exiee: tha kVAFEPt i ng
noge_ 130. &%la?&eagg‘.ﬂg Etaﬁabtrowetbél@ﬁ. ]Eg_aa.i. B@slétenfffm&@ﬂt@% :1), Igineetﬁm,
and is a cgnnecting poj,n en i rst storage, uni nd a
Second ot oPagUATAIMS S EYA FepablincetiadeyRifs A Bebatidraifotan:
135. In anvmgagb@sytr@moﬁbmnrs,priﬁi:ipistcansb@na@mlum Withl Seching secon]g
storage unit 14 an be any type.of. c ci.tor nown to. those o
Sk 1 g TBRegimER o iRysdins ROR g sb e KR BB tinr : 140
can accunutigtamiavaltage sagcaraetigry deviceshe form of el ectrical charges

during normal operation of the system These stored charges can be
rel eased during a voltage sag to suppl engptypsr replace a voltage
provi ded t Bavstigout: hVé‘r(ﬁfinleIPhﬁ&@:thr)éﬁf@ﬁW line 101. In an
alternative enbodi nent, first storage - A’

2008/ 141092PCT1US20081063067 unit 135 and/ or second storage unit 140

can be any_other ty f _energy_storageléiéiole known to those of
skill in tRauagen E'M&ree'pﬁﬂ%%ﬂ&&e@ﬁi Tmbnggsncgg:’g 125 receives an

i nput fromAC bus |ine 103, and is a connecting point between a first
rectifying device 145 and a second recti f%{sf}%ﬁ devi ce 150 which.is in

series with first [9% {79-Ags a&lFekdiaggmi g DEeRNeSS Al GEFME 145
andds econdvsirRge ishy bdsrﬁeoﬁe:v H@@%e_l\ﬁrih a wieshqjéaromt?pgfemﬁérﬁy 0 pr]ga@b'rdégee _
conduct current in the s .direction (i.e. irst re .ng device
195 conduc i B pramam: bty i She Fataae ST ILINES 158 and
second r ectncludeng retedatarendch@e tGn dstHts bgpassenitch M0&A seiigsdojectom t owar d
rectifying [ inf W | | cerid )

used to Chg?rgsggrpfe fgﬂo'sﬁc} geH:"lﬂ??lrnlt"’lr i@%gﬁ%k%ﬁ%gﬁaﬁ ﬁﬁ%"ﬁl %rg/[? ﬁggﬁgt\ﬁ%ge
150 can beingsedhich cahbe geovisisd ivd Wilircagwaniniatgera@iaisetneahde o t hose
skilled indBgedbfan iﬁﬁuﬁergrﬁ%fmhib%hénqgﬁllt%rﬁﬁnaﬂ'?@ﬁ laRd %ggﬁglﬁ%nﬁﬁapﬁ)@d to

provide a correction sign I's approximately e the

recei ved i npeitheephasgdnrifialso inchided ginesige i@ 4 esrihatdSHoBoRhageni nal
;/Ol f ag_et campbﬂnetsnuééswomﬁm;nﬁ@f hAlt‘érrféﬁtaél !ﬁwtralmﬁngmaw& ﬁ?ﬂc!?@?tﬂhsed
olimt current surges into the rectiftier i dge. an r. C e
circuit el épehedhgppRase Loddfen naHdedhes ings. Ibl{hﬁé’%f"(‘fg? 8?1%"6%‘&%[6'8. The
can be used to provide voltage sag correction regardless of whether a physical
neutral line is included in the input. Further, as used herein, line-to-neutral voltage

-8-



[0028] Inverting node 130 is in electrical comunication with series
injection transforner 110, and is a connecting point between a first
inverter switching device 160 and a second inverter sw tching device
165 which is in series with first inverter switching device 160.
First swi tching device 160 includes a first transistor 170 and a
first diode 175 connected in anti-parallel with first transistor 170.
Second swi tching device 165 includes a second transistor 180 and a
second di ode 182 connected in anti-parallel with second transistor
180. In an eXEAWPHP2-11 - WD 2008/ 141092PCT/ US2008/ BEBUEP08/063067
enbodi nent, first transistor 170 and/or second transistor 180 can be
i nsul ated gate bipolar transistors (1GBTs). Alternatively, any other
type(s) of transistors can be used. During a voltage sag, a device
controller can be used to control first inverter sw tching device 160
and secondcamieiariteihespitegshomy sidgivilive ofi@binpulgegartiass efrwhethen thet isput

correcti onjngj il physichE RS ffd. fArpA@:tbhenﬁé%qeeomee{ee% iHpuf teFeihal

storage unit 135 and second storage unit 140. In an alternative
embodi nent 10§ {oreseiyeq Bist ereratinorsignehef t%WQ?eprﬁe inpyb AH A Rysling 102

inverter swdofRedied ﬁammeerﬂqt‘rﬁl mrtob@cdum S4BRAd Qgerutﬁigf‘!s]?r@l\ﬁf_ tAé bpse-
conponent s_and/. or a the hod kno skill in the
art oRaLe iy e T G S ns TS fonreoied s Bpi lomesl 108 oo ani
148 ffi rst twreebeﬁaﬁnglgigd@\ﬁfﬂetﬂréé-paa@b mﬁmcsmgh fr%Cbthvf(etlcag bdevﬂwcedléoh

an 1 rst nverter swtc evice 1 Sec L NV tc 1 ng
Govi ce 1658 gbEET 13 8h e Ady iR ert g i SERANE siohg et A8 s "
a second blies 101 eariBéve #fifsiphapeadbe edandopéd@8ng signat falergg A bas line
invertin i and
second |%ve6]g§ra %g«%{’g%&‘&ﬁﬁ é\%%%&hl&@ ruff@\%lv1§g‘g§§¢3!e€ﬁ%rqq9{%@'§|%t%$udes a
filter indthettbird qmatire qlgnlat (eioncaeﬁal@uqlme w@l)canalmea third phase wighds or

191. In angR¥EPARY ﬂi%r?ﬁ'st phw pass filter 188 can be used to
filter hi gh frequency sw tchi ng corrponents fromthe AC correction

signal which is b Iato to . series injection
tlrgnsforrr{er 1|10 p g ?Ftaicetwf’ I§JS ?"H Sﬂn S?H?@?'B?% a!i% ‘I?sl in !
IeI ectri ca:c trammrmvmahmgﬂeméshatpheof ﬂhymtcbrercoﬁrvucltauhn agti-paralle aw anlpr ough
ow pass fi trical,.c ni. cat i.on n
orer e LRbeEhpaBleiohind 3EeRErs o § Tidep R bR TG A BlAR iRl
[ 0030] | n - aperatienpé.awheretisreds me volfagersagdstatinhypassodwita d 08 agn beclpeerd | on

devi ce Ca”s@éhﬁﬂ% rg%fﬁﬁé@@e WS QirE AR e AE bub Y 1(§|ht8"é?u}énu1 EgindpVi ce

control |l er can as one or nore progranmab I nt egr at ed
circuits, di%ceen aarn&awaguw delpeled Sialic upass, S“@tpts&%eﬂn ki epenas by

circuit Coanfﬁsmoa knBWn womkm% inert BY ®Boperbiify SN GBmcADbLP! | er
can be used to control charg of the stora e units, detect. a

vol t age saline b%eedmwplem&@wm@thaﬁaewglbn@ @Fegitoaﬁwabwafw swi t ch
105. The dg¥ncifted B rdqRAdtG mbNe mmdmOw@@ﬂhmgﬁemdsthe&tm inverter

Swiohi g delces 9 IRDSA! &, A BHLIRER G 910 561 bOT Sk Ag! T

transformer which is bypassed and remains essentially non-energized during
normal operation. Series injection transformer 110 may only be energized during a
sag condition. As a result, there are no continuous power losses associated with

series injection transformer 110.

[0024] Series injection transformer 110 can include a primary winding
connected across regulator module 100 and a secondary winding connected in
series with AC bus line 101. A turns ratio of a transformer can refer to the ratio of
tumns in the primary winding to tums in the secondary winding. The turns ratio can
be adjusted (by switching taps or switching transformers) to control a voltage at the

-9-



WO 2008/ 141092PCT/ US2008/ 063067 i nput operating signal such that a

| oad at output term nal 115 can continue receiving adequate power

W thout interruption. The correction signal generated by the inverter
swi tching devices can have a voltage which, after being stepped down
by series injection transformer 110, is adequate to suppl enment or
repl ace the operating signal (if any) provided through input bus |ine
101 such that the | oad receives approximately the sane
line-to-neutral voltage as is provided during a normal operating
condi tion. WO2008/141092 0031] As an exanpl e, during nor ReUBHEPELT70N,
static bypass switch 105 can be cl osed such that an operating signal
with a line-to-neutral voltage can be provided from AC bus line 101
directly to a | oad connected to output termnal 115. At any tine
during normal operation, first storage unit 135 and second storage
unit 140 ceerobdarywinding: Hargedemplaty sgtbodBdntsseriehinietich tangfoadebi® | i ne
103. The dey]Ge,&Q 5&@@1%& FodR) B\ Rlrb N RIrkluch Bt GRAIAL I ng
signal for a voﬁ] [?‘ operating sig can e nonitored at

i nput t er nFeéiHECtEdH! O%PUtgﬁt’fmﬁ' 1ﬂ£t5rﬁr¢iﬁ¢ed1v1'§1 thg propayvatge@didig &l ong AC
bus line 1GkagaBsd. Olfor%txaﬁﬂhé é&rié@'injécﬁiﬁﬁhh%rrﬂéﬂ1@@%@&@@@!435%%1 the
devi ce controPI er can,jdent] f E’/"a vol ta%e sag when the operatin

signal is fransformerfanable ol fequsingianelegro @OR MaRadYRed by degiifiapodute
operating so@na V@lageofmvexlam)beusabwmbume sag may be identified
when the operating signal at output termnal 115 drops bel ow 90% of
t he normal operat cSlRle ned
per cent age can be'[(ﬂﬂsfO?%ghlaYo?Hb%uleﬂ?g%%d‘c’tgbggﬂ%ﬂr&%p & caﬁmgnet ect
t he vol t ag@orseargom@gmﬁj toeasies injeatipe transigyamead §0-sln anciredplpsx egbodimgntog
devi ces, OFegﬁféYor%J@i‘ﬁfe @tﬁﬁ%ﬁ)delérl‘%‘ﬂrbrlﬁﬁe H}Qﬁé‘r Hegiilktor “nddﬂleﬁ@@ i@rt.

In an exenplary enbodi nent device contraoll er can

cont r ol | er ConRseied Eféﬂ‘eltweﬁ'@hﬁﬁ ‘“thtmfo\“@f %F%@e"n@&onﬂ@lowtﬂéﬁp bys.
6, 118, 676, jiddo2edHdi ACbEd I\l 3UILRINgfa mlfébfslmettg-uhélsmr@@trcﬁmdmbeé glep- by

ref erence. 32] \We ) i s detect t he
devi ce confiP¥n V@FS‘C‘E{H&?L 8%@3885?%986913\/"?%’@‘9 tf@@%@?@v’m rr?é”‘fslﬂlg aal ue of
a correcti mre&bmmbutsmﬁgétbaégmtmﬁbmmmmrForfexarhaleptpenraéergam gnal

provi ded throu C i ne 101 and | ter
passi ng t h"8H a%@??ggai\ﬂr{?%’gf’fs%%mtpf%vi %@? ﬁ%@k $3q aﬁ?gthlen a si gnal
whi ch i s eqaralected aboutpliolsls. Mbt!rtehlmeplomalral@pammmm@rsﬁgnafprm%ﬂwl'ech The
devi ce con r fi i 7 Vi ce
doutce COLIEoRaR dohfio FRILSlyal! bk DHERLE 0D SIbEAadeY] o2,
correct i onwith gnédput mltgeﬁefr‘tﬁoéd Wh e lveriading gormestiandiyserated i s 1.r st
storage uni ég#pa‘?lﬁ ﬂaa%uesﬁm@gm%id@a aﬂﬁaHmaut M@ge bf‘(1§6\/?*ﬁ5@l=%}zv As

enbodi nent, first stor second stora unit 140 can

al so cont i Aud, fagutaiesan '%Mr(‘g“@@e(f?tﬁd&fé’it leash 208 %28 U@d‘\ﬁh%f the ne 102

and AC bus glddigc $0@g84hd BErddien ¥élideAg ckitBed. The correction signal,
whi ch can be in phase wth the operating S|gnal fromAC bus line 101

can pass through | g4ePasedlatd: okt dodndi Gl eiae Ao do SRARAS
swi t chi ng corrpone ntToduced o the corre n gnal

i nverter smd&:iﬁﬁ:gnmenlrtyertlmOOfémbﬂQarStgi@g@ndde h%ﬁep@we%w m@%W@‘ él@w ce
165. bus ind fE33hd EACcRREARG bbRlbShEGTh 1ERRRRE Ik 1 98N Pass

filter 188 to Seriés in rans or mer lustrated in
Fig. 1, a pesamdsieragendnitigOarhichds ineserips il fi ES@)FFOEaIQSh@F 6131%"" aMo is

connect ed L& SISy RO URIRE, fﬁ@?@tblré‘gfea}mtﬁ@s%& sbédi sididgeiith RI0rRd weat or

out put 111. A secondar w ndi n ies injection transforr&g }J-(
i s connect @BY lYRe §6¢3PasTQlS) KoM tBG'%OSPloﬁék"itﬁ'lthe e FEL StARAE YINVECR@ g i s

al so Conneﬁé@ﬁndlsfbréb’ﬁ @it |0 cah taBeumndiatk aad swaﬁﬂr@pm tHOBm Iof biketrical
capacitor 108 can use

at i ak ind ance of
series inj QE?rP?)%d‘ﬂWﬁ’?f'Bgﬁ@?ragﬁ'bogttﬁe F%ﬁ(g?ﬂ”%é%%?osﬁ?feﬁgﬁ?rﬁg%gé} 99t er
released during a voltage sag to supplement or replace a voltage provided to output
terminal 115 through AC bus line 101. In an altemative embodiment, first storage
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-14- and the kVA of the dynam c voltage sag correction device is
advant ageousl y increased. For exanple, a normal |ine-to-neutral

vol tage of AC bus line 101, AC bus line 102, and AC bus |ine 103 can
be 120 V, and the line-to-line voltage across AC bus |ine 102 and AC
bus line 103 can be (120 V)*= 208 V. As such, first storage unit 135
and second storage unit 140 can each be charged (to a DC voltage
which is a peak voltage of the RVE voltage of 208 V) such that an AC
vol t age produced by inverter nodule 100 is approxinmately 208 V. A
current val MREOEHFEUYA AC bus |ine 101. AC bus |ine 10PCTVERPSREHuUs
line 103 can be 100 A such that regulator nodule 100 can have a WA of
approximately ((208 V)* (100 A)) / 1000 = 20.8 kVA. Connecti ng

regul ator modul e 100 through a line-to-neutral voltage (120 V) or
stepping the line-to-line voltage down to 120 V would result in a kVA
of ((120 Wnit [3E0diyrisegontGmage ait 14Q camtbgany @dlenfypeloéendraesto@gei ne

vol tage al @aeolin g oS of iR oty L r ansformer 110 results in a
73.3% increase I n A. Further, because the cost of the dynam c

of the " 208 Cv"réii@a‘}i Foelie rBad e SRR ert AGHER o g

capabi | i t yancis@ndopnestiay pomhbetivbgn afirsereictifging dedce 043 anf a séend 120 V'

dynami c vo il i Furt her
vt the usEAPoRERRE25! RkhRgSE Rt let®hdh SRR Kl o
regul at or restifying device 449 mseoegd:mtltymgrdedga @50, 0dhichdotme anertifyingn  bot h
120 V and gafeVedday curr@‘htt ANY sanfd du%ﬁtldrﬂiifCﬂspl%cﬁ?lﬂgﬁtaﬁﬁén?% 110)

| i ne-to- neutraf con guratlons turing costs are

reduced beeandelsicuentan a direion ey framarctieneds 5@ cear rasiiing
conponent Sq&ade £ RAHGL cﬁrfbrﬁfne@&%rctr%{fvard rectifying nodd 9#535Rs klich,s t O

be understood that requlator nodule 100 illustrated in_and deslg{l bed

with ref er Bigtectiyinggvice 145ca0e yisd i Ctia('igeb@rsﬁ stoRREP HE't TRd A9 BSBREL to
the type, RIRE dedblA0 ca BANGRATE Bhargé s€doRd stdragd urtoRB&AbEN td N

unher o PGARARIRIE Mery /G0 AEsREypaaet medHip AL LS Uil RS 0t her

arr angerrent:orm‘ct[@h sighaliwhidh i€ approxieatety duiblertbewectived impsevottageskidhlthatn

the art. ne enbodi nent. . t he
regul at or 5?" 9% £8P ‘gownnlc??t) % %fer%ﬁ]s%ﬁ ?‘E)“eagg gﬁh Ef'éﬂi 9 5%'?%‘%%6‘!\%?%6%%8, 676,
t he enti r eindustot tESuran befusat talmit surient eurges intoghie rastiigribridge ard woteste.
Simlarly, Y i /

descr ey 1ol cibEn@uash o SORRATERESS b INEIIIRESENI, G Bldon i cn
105, devi cincteane rrdlrleéﬁ-lln%t’@tagémYl?éCli"rﬁﬁF@FFBFPIFE‘HO%‘E“QTE%EQWE‘B%GE‘Q n U.S.
Patent No. ohdltibia &hédé. |nQJneQ=>m5éa¥né?ﬁ @eéoﬁrﬂﬁhgﬂ@ dnagings kovinesipsef skil |l

in the art ramillustratin

t hr ee- phas Ekilsasp &g a5t Cq[i&t?f’aﬁ‘ﬁ]eé C\S‘BPQ %F@’éu%’&d’r%‘ﬁ’?'F weqsskap! %I@\'/T%?%ﬂﬁs
accor dance |rirf dkeiplRy 8FBbEE MROJCIRIAG detite 848 @ﬁdmtsev@wca@bmtn@e nts,

the dynam ¢ volta ag cqrrectio evi erein can
used in syg?‘éﬁ’ﬁsﬁﬂg Q%Sbfrﬁ?%ﬁ% FCtﬂrdﬂ(B‘gﬁs terﬁﬁg‘éeiys theAef:Tffylgg 8%1\9?%@68
vol tage s age @ﬁj‘r bihet davived @ypatte 208ctiffing the AChiredopiha ipubksigiatsiiraakCoe
used to pr % e corgﬁ%:rélﬁn 1iR§naI such that a voltage at a first

out put ter d during a voltage sag First dynamc

vol tage sag correction device 200 includes a first requlator nodul e
205, a first seri d8028hj devaring nadar3P érinelechicd Coamp%p PP With 8¢1igs; ¢

bypass swi {fdriigd Bansforifaf €0, RAG%Ea bm@&nﬁgcbotdmemé@h@mmvaﬂ@NI ded
t hrough an AC bus |ine AC bus

an
YU e o8 MR o A ISR A S I
vol t age acunas Srsfovirtesr sWtﬂﬁn@d&lmoAGlrbﬂmltbhmg dedde 16mmalud®<aeﬁrpi ary

enbodi ment , {1t Stlfoe%graaftﬁgt&qr%dwago CdalB éaap &I tj ﬂgl V\tn %r&%’gﬁ&iﬂor

corrponentstrﬁgs'?tg erence o Fig.
170. Second switching device 165 mcludes a second tran31stor 180 and a second

ne

diode 182 connected in anti-parallel with second transistor 180. In an exemplary
-11 -



Fig. 1. [ 0037] A second dynami c voltage sag correction
device 225 of the three-phase systemcan be used to provide a
correction signal such that a voltage at a second output term nal 227
is maintained during a voltage sag. Second dynam c vol tage sag
correction device 225 includes a second regul ator nodul e 230, a
second series injection transforner 235, and a second static bypass
switch 240. Second regul ator nodule 230 is connected to a
line-to-line voltage across AC bus line 217 and AC bus line 221. In
an exenpl ar YYRHHHI¥ENt , second regul ator nodul e 230 BEHUS2MBOEHHE t he
sanme conponents as regul ator nodul e 100 described -16- wth
reference to Fig. 1. Alternatively, second regul ator nodul e 230 may
i ncl ude any ot her conponents which can be used to generate the
correction signal. In another exenplary enbodi nent, second static
bypass swi embodiment, retlsangistas117e and/aj sesendiansisiersiégrogn be ipylategdgate
second r eguth@hOfarl SR AGBTE). R RRSIALRY bflif%(r) %ﬁgﬁééﬁra?kéidré?cmws S

switch 105, series injection transformer regul at or _nodul e
100 descr i $%d- UIRI AePERaeRaE. ? geYiggconirolier can be used tojqepisgl|fir invRitery

dynam c vobdiReRgTRdice 960 86d s6udnd aiveAe sddbhiad déhie: 14T fghi@as system
can be used,to @rovi e a.coL.recti 0{.% ii &n@l ﬁUCh thatd_a.V9Itta e aIt a
third out paleaaieRogFios Fanakis ganerpied ioM 1 chAgesSIHd IR Jet sigroe vhlt g
vol t age satpgand stbhdstothgeivoit 12@.5Ini ancdltedativeermhbodidentefiyat iateter nodul e
250, a third serigs. inj ion transf - third static
bypass swi ?VE'W v8 .evﬁ?bgg'ﬁ %rlﬁeg?%c?'n g{cﬁrglg‘gewt%@% ciieg%goﬁﬁeccg;b é’g to a

| i ne-to- | i mplanadritedyesimranysghekCobpendrthand/drbysamyt ofk@r imedhdd kewR1®. | n

an exenpl DR Bt 4 third regul ator nodul e 250 can include the
sane corrpg%hé%%s ag"r egu&frtét or nodul e 100 described with reference to

Fig. 1. Alternativel third regul ator nodul e, 250 may, i ncl ude any
ot her comnponents Wﬂzéh (Fé{ﬁt%%raﬁ%éﬂtiﬁﬂ‘é’rf@f;%'ides':?rﬁgeyéﬁi%%tﬂf n signal .
{ R agot her re@ﬂf?ﬁ@'d@?iye en?gﬁﬁ ﬁ&ﬁhd rdchiggng deliaé hs%_bmgasa irﬁnlaitfr@wnarﬁgg |

ird series.injection transforne an irdre Qr ul e
250 can o pg‘?"é‘iee‘l G[%stsgﬁ@dggveﬁeéf‘fvﬁmﬂ?pdfg g€ 3\7(]% ?E%c"i‘(i%?qg% &Waé%lgp
i nj ection thraughfaoirsieius 1d® 184ant a eeponedbos limDtBf. A b@ade §iteri188ds wi t h
reference {o Fig. 1. . - .
descri bed é&aqnﬁctgg@élrng%rggg P%deF1| 38.degp%ﬂfgs\ﬁ&tehg'r%&R{ﬂgﬁggﬁ%ﬁéﬁg@%ed in
each of t hsedohd éwedgmmuitching deticsyt65 dgwommass Elieri 188 nplndes ediitemindietorf or a
120 Vv, 100 |ide: 1.0- | Syl ' §s i i i ne as
1 ust r at et TEEE B O o R o ey Dm0 s
kVA + 20. slonpass filer 188 cembe used to fikerpigh equenay swithingjcemwenents from
| ne-10- neyerat cGruttib SiEAd WhEhGs @vra@@f;j( BiRIr@Rbddiel TDORb SPrigtown
transforners at the inputs, the kVA would be 12 WA + %{g\l\A |+ 12 IkVA
36 kVA. Thimectien rangformier $1 s sheh. $tiEs inifcien panpiamey 1 iR plegiigal o
provi des ?c@rhﬂuhilﬁétﬁﬂﬂﬁth! e ndecee? ;mcmm?@esmagradwtqas; filtati1B8.0A8
systens. In an alternative enbadi nent irst series. i
t r ansf or mebs ,relg.e%%cﬁnapaltéqm@gmp?.}]og@@p 5t tp gﬂg(ﬁ '6?C§8F 'n%%?tega?l@c?lhi rd

series i nj esineotiort. r ansf ornmer 255 may be -17-

[0030] In an exemplary embodiment, the dynamic voltage sag
correction device can also include the device controller (not shown). The device
controller can be implemented as one or more programmable integrated circuits,
discreet analog circuit components, discreet digital circuit components, or any
combination thereof. The device controller can be used to contrel charging of the
storage units, detect a voltage sag, and control opening and closing of static bypass
switch 105. The device controller can also be used to control the inverter switching
devices to generate an appropriate correction signal to supplement or replace the

-12.-



repl aced by a single three-phase series injection transfornmer as
known to those of skill in the art. [0040] Fig. 3 is a
circuit diagramillustrating a dynam c voltage sag correction device
300 with an input boost transforner 305 and a series injection
transforner 350 in accordance with an exenplary enbodi nent. Wile
only a single phase portion is illustrated in Fig. 3, it is to be
under st ood that dynam c voltage sag correction device 300 can be
conbi ned with any nunber of other dynami c voltage sag correction
devi ces for WS&WHIRAY nulti-phase system Alternati vBEUS2BAMAEATC

vol tage sag correction device 300 can be incorporated into a single
dynam c voltage sag correction device for use in a nmulti-phase
system For exanple, in a three-phase system the single dynamc

vol tage sag correction device can include three regul ator nodul es and
a single tinp@i@pph?éis@ Sign?leswcm that a lcad<at ovtpetrterminal 115 can cfriipyd feckivingn
exenpl ary SfEAdk ﬁ&%ﬂ&ﬂ%%@cﬁ&{{] Giih BOLrAtBY b e300 can
be a single p ase V|ce or use in hr ee ase system " Wth the
except i on Byeren syitchisodavicep £a8 hayenevoltage wh@yn%ﬁﬁrée*oa stepged dewpn by
correcti onsgRy Hrﬁ&:ﬂé@%ﬁﬁ&n@?@ﬂ@h@ad%&@% %@ﬁ’&erﬁ@rﬂ %?Fep@a%ettﬁl@oﬁéfélﬁl@ C

vol tage s g correct| on_devi ce descr reference to F|g
anot her ex89A! 4 v pIyideAdPuIPRA bus “%Whﬁ’é}héré?é the PR ECPRS devi ce
300 can beaptﬁ@dnh@lyﬁﬁébérﬁeluﬂik&to eutranbitagnaeis ipeslided darin@dnpmbalt er mi nal
310 is prOV|d an adequate operating voltage in the event of a
vol t age sa‘i’;pe E'ch H 't'% i nput bus 315. [ 0042] | nput boost
transformer 305 can be used to boost a line-to-line voltage input to

a regul at or nodul 0032 4 amexample. Jgingdwenalapeadipn.atatichyparsswieh 300.

The |ine-t gy ealaeoevaégea%ch fatn bﬁerah{gagdgﬁﬂwﬁﬁgméﬁ%%t@msg@@rpss an
AC i nput bus 325 and AC 1 nput bus rlmara/ wi ndi ng of i nput

boost tranky BTPH@?d fom Acs b'&)'m@e@f‘ iregllyrts adoagsonpggied o UM KT AC
i nput bus 380, At titeSRERG Hermal hﬁbé’lﬁild}gfu%f stbﬂu@blhnib@@@énd §atonad @tl’o% 305

i's connected acros us ctif ode..3
regul at or %Hlﬂoéa@f@%”'ﬂsc@[ﬁ?ﬂ?h@@b&:gﬁ '"Eﬁ 5%}%'&%%@{‘%9{ hs 8r ner
305 goes t @evi®Cdonfryilgngam osiin3Afy, manitdr thefoperating signai ge acajtages say. T3¢0

and a second storage, ca aC|to 3 his
greater th3' PN SigTay,eart B np “‘A%%Z‘Bé%%g@%/x%p. np&%hus?é%agnd AC
i nput bus a30ocaBeniatmgiAf} st lineri 0t y anvédrat ey otB&0ocatinh.clnére in series

with AC bu

correcti ongrgll)%&?n@ %@ﬁe@gﬁgg&%ﬁl rgl(ejc uqd%g %wpeg%‘gﬁgjls{hggj?g%% ed W th
ref erence signdtigjessithana pzedeltefrrmd@emptaaeyf brifeanahoreratipg sigaglivalue.
bypass swi F&beéﬁﬁslec a%i@fgetg%s%éfbe%mﬁéd WREH B2 dpara%ﬁg k@Raltat appLOT Mer

350 during norna eration’such that series, inj i on transfornmer

350 is a | gt 115 ramb%@vnﬁe%tqﬁiwmmp@rﬁtmaé@eala'@@en&temtw%ous

pover | 0SS@g. préddidritthed peRlcha@e caAde ahy atheEvdlyd amR Mcb@bnﬁdﬁfér ean be
opened and serles injection transforner 350 C%H be

10043] 1 delowiBmpnEbS Ses BT AENET MBGaMEAIOT Aty 85 k] dgyces.

adapted f obr atfothdr reatBddsiknowh o thopd Ui‘ﬂilll it $hecdrt. dn abieremplanput

vol t ages. i LSt nput,. B ~LRLection
transf or meP™ é%ﬁﬁ'ﬁﬁgheq?vggﬁoﬁtéouusg vm %(tr"ﬁollj S?]r't%’ ﬂ?gggg@hMen
used i n a sfotecn il §. BatentrNt. 611|1ﬂ@76dhe|enf&evit§bba@'€ of wpigh js a second

i nput booshc&r&ﬁﬁ?&cﬁéﬁh b?rg&g}fgbgctl on transforner conbinati on can be

used with reg when used in a systemwlth a second
line-to-line volta i nput, and so on, In an e‘@ﬁ'ﬁ g rroodlmen,
i nput boost transf r VE0en g uoltage sad [sefetgdiare| P coypllgr can use
tr ﬁnsf or rreéddwﬂslriaerb@@&ch uabumne ﬂﬁ%ld@?ﬂ%hohécﬁhﬁ%@ﬁﬁﬁucﬁ%t aapmbmatiory
?tegﬁlr at gfeﬂgt&ﬁltorggrng Oélgr?ari p?o%%eg thertao 4§¥%St ||'(Jie%1 (}1 5 Vﬁ%ggrgeec;hlc;ﬁ] & E;F\alt 0
(after passing through series injection transformer 110) results in a signal which is

equal to or close to the normal operating signal value. The device controller can
-13-



WO 2008/ 141092PCT/ US2008/ 063067 | ow vol tage system In alternative
enbodi nments, input boost transformer 305 can boost any line-to-line

vol tage by any ot her anount [0045] Fig. 4 is a circuit
diagramillustrating a dynam c voltage sag correction device 400 with
an out put boost transfornmer 405 in accordance with an exenplary
enbodi nent. Wiile only a single phase portion is illustrated in Fig.

4, it is to be understood that dynam c voltage sag correction device
400 can be conbi ned with any nunber of other dynam c voltage sag
correction dEQPBEEI®PHr use in any nulti-phase syst em PAIERPMAGEIGTE] v,
dynam c voltage sag correction device 400 can be incorporated into a
singl e dynam c voltage sag correction device for use in a nulti-phase
system As an exanple in a three-phase system the single dynamc

vol tage sag correction device can include three regul ator nodul es and
use a si ngsantohiireidnysintes awitahinggfeyiced 60 and second inveft@C4aEhiDg deyvice 165

vol tage sa&cﬁ%ét%ﬁtaue&la@@xb%né&%n'gwagggén&aéh%g aﬂe»@%ﬁdm Rieqer

410, a regul ator nodule , statitc ass sw and out put
boost t r an%9 fiffb Btorags . U“$t1§§36‘éﬁﬁpqnﬂém¢€tﬂlﬂ’étr1 481 i enexamplaed t o

reduce a Iera@odnaeﬁtlﬂ@té{&hgégmt@ﬁm&amﬁ%%é uhit 740 éa%al@@éorﬁlﬂueAC bus
line 430 such that an ipput. voltage to regul ator nodule 415 does not

exceed a VBI'BSRIE Fhargesdif BYa"PB'SW%EP&C ti’h‘ﬁﬂ'}?éoafﬂd Albus|ling dOF dvd i n
/I:\IC gb 4, | st mpzdmy@ dabamaé edm@dtiod $n &l QFlﬁh e@u% BphASe Bils tHel dperatid§ and
us | nNe (0) orrecte | Ne. e own | nput
o tace osiotal o bs GRSt s droldttipw pES AlsE IR 5 Sieme s
second st ohigiy fequepay switchingdmponerdsy int@tivredrintd theecofikbtiorRignian gy first

vol tage s a]ﬂVer?etr %lt p@/ (P%/?C% 24! atnﬁgr g’gc%nﬁ %2@% s%!t%niﬁg dgy céM ﬁ vi ce

controller, and ou st transtorner can used step a
voltage of a correction_signal generated by regul ator nodul e 415 up
to a vol tage whi cHU33] adbgGarectes signgnaamadt P Ipvepassdlen188dpt age of

t he operat semsm;adﬂah tréhéformyhmm@mustsat& inlFig. heh Bgmawhai@gotéw.@ygh
AC bus linge, 4 £e0t| on 5| naI and erat a n_be

provi ded t'BJeﬁt'crrbtéﬁi’S et connesgle cﬂﬂ%ﬁt’eq u %ﬁ&ék"%‘ﬂe
wi ndi ng of amali rvgula&m@atput 1ensA @édﬂiﬂarﬂ*%dnﬁg @r@en@:mpdncmrmmnhaguloat or

dul e 415, b, f 405
o comneot BaoT ekl sk it AL Bk B, oieioe ot YRR o e y
enbodi rrentcormed:tpdltn teoals with a fikdraapacitod 038 dﬁherhtapamtnem&cané:lwusedm I
auto - 20 ¢ q]ﬁa%faﬁmhfr&p(a?ﬁnhs B af%Exes m@@%&% Hmﬁo%rser 405

can be any T ranst or mer ose ski n the
art. second [0001575]5 filer stapeandsiehpis & serieg it dayy pmd"us@ 819ngan be

rated at Zgéﬁélarﬁ‘ehbﬂﬁnieﬂf BEMHS iRectitn! taReB A 1@§%aﬁ§te69 \Fb‘ftﬁgé bftRe 450

can be 346 V, and t line-to-line voltage across AC [Tne 425 and
AC bus i n%orﬂ?&@o’bﬁgﬂ%éo‘%@ @/"0"@98{9”‘!}‘6\/%?1'9{5’!3 #1398 0p LaHA t°4t59 “B%tF? prRUtEL ed

to step th@iegduded byte IdaalcoRfected ét%@@uﬂ%‘frﬂlnbpi1%77=o?f/e%ﬂﬁﬂle tA@bug he
rating of re uI at or m)di]i,e 415 is not ex ce ]g% 0, rst sto

Ta
capaci t or lﬂ?S 0] feeysrrmAly epyde g operpting ?'Qﬂa 9 iRyt ke 5'”%?&1/5
cor r espondArgitdge @beasbe@pedcrdmmm&bhé B§e1 CelUs bniy bble t6 pvidetsory wodul e

415 can pro c ction signha f _approxiately 277 V. ring
o rmi  oper PRI 478 e i Hadie eilre B 5B X bty Sdeniig dPVice®
operat i ng @l@nadatef’uhem:omebtbusighalnmldﬁefterd:reu‘@gem@d|bdeuuje¢jion@ap¢qvtot o]
out put ter 1 : . ction
of a vol tagqedq?aeqégatagﬁlwgﬁéé a@r arlls’l%é ggﬁpé%%ﬁgarﬁ%@nd"@g&gmg&bﬂ
i ncrease t¢apagifor 190 jsrin geiRsIVBVAC Bgs ling B, e \eframAG busdingdlOd £5d  of
346t v sgchmm@tv SR cARPEiG I AR RIdARE! redhifiiEn AG 284S0 ddiRg4Rffacan be
restore provided to output terminal 115.

[0034] As a resuit, regulator module 100 can be rated at a higher

voltage (i.e., the line-to-line voltage) than the line-to-neutral voltage of the system,
-14 -



[ 0048] As described in the exanpl e above, use of step-down
transfornmer 410 and output boost transforner 405 allows a regul ator
nodule with a voltage rating of 277 V to provide a 346 V correction
signal to supplenent and/or replace the line-to-neutral voltage al ong
AC bus line 350. Thus, in addition to the ability to be adapted for
use in virtually any |ow voltage system as described with reference
to Figs. 1-3, the '277 V regulator nodule can al so be adapted for
use in high voltage systens. This further reduces manufacturing costs
because a siWGPWS ARl at or nodul e can be adapted for BSEURPISHG6I6T
systens with a wide array of input voltages. In alternative

enbodi nents, the regul ator nodul e adapted for use in a plurality of
systens may not be rated at 277 V, but can have any other voltage
rating as known to those of skill in the art. [0049] In an
al t er nat i vengtheddAmd the dyinhmicottags @g/mrrteam deape ¢oadveotageoustievi ce

|11 ust rat egoilly " R AEAGR, & Roldalindhiobibbr ﬂ%oéf%: b ipOigh Rc 5ad

correction in systens ch operate at of an’ exanpl e,
regul at or budbling ©24ami A& kup Bve1QB saelheaPd V. @ﬂﬂ ttp ltﬁlﬁ-tQ'We \pliage aciegs

| i ne-to- nedtril iHQhbd2ERd R@rbg§ﬁn@=€b§3éb$1 Hel (A€o0 4’59%&?9 2@@\'245@; s\éch %stSUCh
the line-to-line valtage across AC i ne i ne 430

can be 4153*9f393tt@5136ﬂﬂd ﬁ?%ﬁgﬁtﬂ@@rmﬂéo&aﬂeﬁ@ 'a%%h?f%' &%Ect he 415 V
line-to-ligsita @mmesdgwék wag@afth@mm&ragaeﬂzdaa/)\@bhMaﬁa‘o ng of

277Vsucht at the f rati re ulato

Gtilized, saaod&ﬁefﬁ%x pgtsseo Pl rirngal 2B\, £ girgent e
tranlsfornethrma_;lm Ac(itiuésmm Aomhsgdfemmbhagemshb@eomcﬁrpzﬁ1@1)‘A su?]h ]
regul at or ul e 0 r OXi t hat
t he operati r?gregﬁﬁ'ﬁoélmogH%me%busKFY%%QXé@f %ﬁoﬁ@a@égﬁt\é 31(?:605 gct ed.
The auto bdedkO £ ea.akvVér rmnnetamgmmmm1mthtdmghaumpm -nagraknown t o
t hose skil t

t ransfor rrepa%fb%én&c]@)t(ﬁe 958{ tﬁé]" %ﬁéﬁg ke ‘réredr%&gg%ll%ﬂgvé\'gh‘?j rSnggg for
provi di ng %A oh@E2G¥WY" (360 Aédﬂpeﬁh flgkVéi ffhéif éﬁtﬂgé'p%[ﬁ&tpﬂlges@'@ﬂﬁl

val ues andhghqg Wh séﬁ&:jh@&t% tiEReilRs Mbtrasmtgm‘ﬁ@@% ikifbadetih kQAS -

[ 0050] The fore oi n escription of exenplary enbodi nents has been
present ed Fusthgs %B%thBFO‘T’tIOIfU@thB?mWOB@Rf%ﬂQ%E@@Wﬂef"ﬁﬁ is grimarily not

i ntended t eurbautaﬁ\b@pmel 066t §¥ithd R0B Vi mam[dmté@@wdorﬂe@udmﬁw%aﬁﬂhse
form di scl osed, and.npdi ;I cati ons _ and v | ons

re pPoss
light of tARBYABRRPINERARMHBCBRNAIYmRE t %'Eq fecog of 1% ‘iyné@' of the
di scl osed edilﬁ@dlsﬁgﬂbrﬁecttbﬁ dédce witretaied cads:aﬁnm MRuribeoyEe, thé usdef defigent i on

be def d. b | h t What
'S & al meqmieptof fats g + APRARSS Aol SRR nd il o Refilisr  Y1e
an i nput t enodislecio04eibg s md)o‘_thek%l\vmcmﬁav_(ste \oyiibodtserigs wieghien |,

wher ei n t he, Ll Sler ARG REIE Bttt B figl AR, lAs'@faEBﬂ,%Hu’fd%’turMB'cB&Q%}e

reduced because less distinct regulator modules are needed and components can
be bought in greater bulk.

[0035] It is to be understood that regulator module 100 illustrated in
and described with reference to Fig. 1 is not meant to be limiting with respect to the
type, number, and/or ai'rangement of electrical components. In alternative
embodiments, regulator module 100 can include any other number of components,
any other types of components, and/or any other arrangement of electrical
components as known to those of skill in the art. In one embodiment, regulator
module 100 can be any of the regulator and storage modules described in U.S.
Patent No. 6,118,676, the entire disclosure of which is incorporated herein by

reference. Similarly, any of the other components illustrated in and/or described
-15-



an output termnal in electrical comunication wth the input

term nal and through which the first operating signal is provided to
a | oad; a regul ator nodul e conpri si ng a rectifying
device adapted to rectify a line-to-line input signal, wherein the
line-to-line input signal is obtained froma second operating signal
having the |ine-to-neutral voltage and a third operating signal
havi ng the line-to-neutral voltage; a storage unit
adapted to store energy corresponding to the rectified |lineto-line

i nput si gnalWO Z§g141092 an inverter sw tchPFEUGRGPBEsT
adapted to use the stored energy to generate a correction signal
during at least a portion of a voltage sag; an injection
transfornmer in electrical communication with the regul ator nDduIe and
adapted to reduce a voltage of the correction signal; and

bypass swi Wihreafereasestothig. dauck asraiaiic bytaise awitdht 195¢ ﬂl@lloerqmtroltee,re‘w rmh and

the out put pd phdkM@ited x@@és%hsbot e, §y@a1§r§ N6 4B a'rﬁ dr 'Bg%n hﬁ%?ﬁlethogl o

position during a normal operating conditioh suc e injec

t r ansf or meknqve B s Sbakill igibe aitir t her wherein the bypass switch is in
an open position during at least a portion of the voltage sag such
that the injectioo@3bpnFigpeies diagraamitingiztiegla thrée-phasedgictreofafynahizi m

1, wherei nv&l@%e Qgé) gc?r?ecﬁm &&Ji-'ce(é\ ?@&:‘o?oea‘?ﬁcg wﬁttl gﬁ iegergmgl%se%b%m%e%?' In
alternative embodiments, the dynamic voltage sag correction devices described
herein can be used in systems with any other number of phases. A first dynamic
voltage sag correction device 200 of the three-phase system can be used to provide
a correction signal such that a voltage at a first cutput terminal 202 is maintained
during a voltage sag. First dynamic voltage sag correction device 200 includes a
first regulator module 205, a first series injection transformer 210, and a first static
bypass switch 215, A three-phase input to the system is provided through an AC
bus line 217, an AC bus line 219, and an AC bus line 221. First regulator module
205 is connected to a line-to-line voltage across AC bus line 219 and AC bus line
221. In an exemplary embodiment, first regulator module 205 can include the same
components as regulator module 100 described with reference to Fig. 1.
Alternatively, first regulator module 205 may include any other components which
can be used to generate a correction signal. In another exemplary embodiment,
first static bypass switch 215, first series injection transformer 210, and first
regulator module 205 can operate the same as static bypass switch 105, series
injection transformer 110, and regulator module 100 described with reference to
Fig. 1.

[0037] A second dynamic voltage sag correction device 225 of the
three-phase system can be used to provide a correction signal such that a voltage
at a second output terminal 227 is maintained during a voltage sag. Second
dynamic voltage sag correction device 225 includes a second regulator module
230, a second series injection transformer 235, and a second static bypass switch
240. Second reguiator module 230 is connected fo a line-to-line voltage across AC
bus line 217 and AC bus line 221. In an exemplary embodiment, second regulator
module 230 can include the same components as regulator module 100 described

-16 -



3. The device of claiml, further conprising a | ow pass filter
connected between the inverter sw tching device and the injection
transfornmer to filter high frequencies fromthe correction signal.

4. The device of claim3, wherein the | ow pass filter conprises a
filter capacitor and a filter resistor. 5. The device of claim
1, wherein the storage unit conprises a first storage capacitor
connected in series with a second storage capacitor at a storage

node. 6. The device of claim5, wherein the rectifying device
conpri ses a WPrM#14¥2tifyi ng device connected in seri BEI/§28080608Gecond
rectifying device at a rectifying node.

with reference to Fig. 1. Alternatively, second regulator module 230 may include
any other components which can be used to generate the correction signal. [n
another exemplary embodiment, second static bypass switch 240, second series
injection transformer 235, and second regulator module 230 can opetate the same
as static bypass switch 105, series injection transformer 110, and regulator module
100 described with reference to Fig. 1.

[0038] A third dynamic voltage sag correction device 246 of the three-
phase system can be used to provide a correction signal such that a voltage at a
third output terminal 247 is maintained during a voltage sag. Third voltage sag
correction device 245 includes a third regulator module 250, a third series injection
transformer 255, and a third static bypass switch 260. Third regulator module 250
is connected 10 a line-to-line voltage across AC bus line 217 and AC bus line 219.
In an exemplary embodiment, third regulator module 250 can include the same
components as regulator module 100 described with reference to Fig. 1.
Alternatively, third regulator module 250 may include any other components which
can be used to generate the correction signal. In another exemplary embodiment,
third static bypass switch 260, third series injection transformer 255, and third
regulator module 250 can operate the same as static bypass switch 105, series
injection transformer 110, and regulator module 100 described with reference to
Fig. 1.

[0039] The three-phase system described with reference to Fig. 2
allows the kVA to be increased in each of the three dynamic voltage sag correction
devices. Thus, fora 120V, 100 A |ine-t0-}1eutral signal which is connected line-to-
line as illustrated in Fig. 2, the three-phase system can have a kVA of 20.8 kVA +
20.8 kVA + 20.8 kVA = 62.4 kVA. Using a traditional line-to-neutral configuration or
a configuration with step-down transformers at the inputs, the kVA would be 12 kVA
+12 kVA + 12 kVA = 36 KVA. Thus, it can be seen that the three-phase system of
Fig. 2 provides a significant increase in kYA as compared to traditional systems. In
an alternative embodiment, first series injection transformer 210, second series

injection transformer 235, and third series injection transformer 255 may be
-17 -



7. The device of claim6, wherein the first rectifying device
provides the rectified line-to-line input signal to the first storage
capacitor and the second rectifying device provides the rectified

line-to-line input signal to the second storage capacitor. 8.
The device of claim®6, wherein the first rectifying device and the
second rectifying device conprise sem conductor diodes. 9. The

device of claiml1l, wherein the inverter switching device conprises a
first inverter switching device and a second inverter swtching

devi ce. WO 2009514100 he devi ce of claim 9, wherein thePGWFRW0DGEWErt er
swi tching device conprises a first transistor and a first diode
connected in anti-parallel, and the second inverter swtching device
conprises a second transistor and a second di ode connected in
anti-parallel. 11. The device of claiml, further conprising a
capaci t or replanetbyeal singiegbneaiphede serieh irgeciier tradonnenes dnoven tofthdseef

I nj ection gl{qﬂﬁm‘eo%r{rer. 12. The device of claiml, wherein a
primary winding of the injection transformer is connected across an

out put of the inverter 1g\_/vitc,hi ng device and a second jnput term nal.
[0040] ig. 3 is a cifcuit diagram illustrating a dynamic voltage sag

correction device 300 with an input boost transformer 305 and a series injection
transformer 350 in accordance with an exemplary embodiment. While only a single
phase portion is illustrated in Fig. 3, it is to be understood that dynamic voltage sag
correction device 300 can be combined with any number of other dynamic voltage
sag correction devices for use in any multi-phase system. Alternatively, dynamic
voltage sag correction device 300 can be incorporated into a single dynamic voitage
sag carrection device for use in a multi-phase system. For example, in a three-
phase system, the single dynamic voltage sag cotrection device can include three
regulator modules and a single three-phase injection transformer.

[0041] In an exemplary embodiment, dynamic voltage sag correction
device 300 can be a single phase device for use in a three-phase system. With the
exception of input boost transformer 305, dynamic voltage sag correction device
300 can operate in the same manner as the dynamic voltage sag correction device
described with reference to Fig. 1. In another exemplary embodiment, dynamic
voltage sag correction device 300 can be used to ensure that a load connected to
an output terminal 310 is provided with an adequate operating voltage in the event
of a voltage sag along an AC input bus 315.

[0042] Input boost transformer 305 can be used to boost a line-to-line
voltage input to a regulator module 320 of dynamic voitage sag cormection device
300. The line-to-line voltage input is obtained from the voltage across an AC input
bus 325 and an AC input bus 330. A primary winding of input boost transformer
305 is connected across AC input bus 325 and AC input bus 330, and a secondary
winding of input boost transformer 305 is connected across AC input bus 330 and a
rectifying node 335 of regulator module 320. As such, an output of input boost
transformer 305 goes to rectifying node 335, and a first storage capacitor 340 and a
second storage capacitor 345 are charged to a voltage which is greater than the
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13. The device of claim1l, wherein the second operating signal is
provi ded t hrough a second AC bus |Iine connected to a second input
termnal and the third operating signal is provided through a third
AC bus line connected to a third input termnal. 14. The
device of claim1l, wherein the line-to-neutral voltage of the first
operating signal conprises a first voltage value and a voltage rating
of the regulator nodul e conprises a second voltage value, and further
wherein the first voltage value is | ess than the second voltage

val ue. WOYH14$é device of claim 14, wherein thePETEEPSPENTage
val ue conprises 120 Volts and the second vol tage val ue conprises 208
Vol ts. 16. The device of claiml, wherein the first operating
signal, the second operating signal, and the third operating signal
conprise a three-phase input signal. 17. The device of claim
1, wher ei nlinenle-live ypliage agrss AG ihputheis B2 whth §Cdepuit s 33(hdSeriee injentient er

SWi t chi ng ggydrsifeRB50, waneg b wRRAR! fe,'nn?mc%hséhsé% did ad‘@ov?rﬂd a

second bus i ne. e device o wher el n sum of
the volt ag@edﬂo't@g?eof@d%ofréeﬁqnowr@i generated byregulaton medyled2qdsigseibed he

i nj ection WHI@Fh?ér@ﬁé@tb Fi and 2ACRGERTRRN Snbédthed! a g@h& @gfes@&w&&?ﬁ

first operatin nal during the voltage sag are equal to the

l i ne-to- neé???ﬂq‘ e e byase feniss ipigstiogensiormig 360 §HENS BRIMaheparafion

nor mal gpem&ﬁmﬁ% @ﬂé@h}ecﬁfh transformer 350 is B M@y- d&t\lﬁr@\ﬁsf@fmé‘rhﬁbﬁgﬂwhmer ein
a secondar ndi n t he ction_transf | onnect ed

eros hot NEAEE RIS Pk iSTeeSn RUPRES iRt o il papass sk 50
A et hod 085$m1‘rtm:d)pemgd and e¢rieaddediag traosfdintar 360 campe esergiged.
connecting a load to an output term nal such that the | oad receives a

't;p% ;glneut ral volig@e 9 aR ekdhbry@riioaindh® réd s mbdli@yedcdse out put
adapted for use in systems with a plurality of distinct input voltages. For example, a

first input boost transformer and injection transformer combination can be used with
regulator module 320 when used in a system with a first line-to-line voltage input, a
second input boost transformer and injection transformer combination can be used
with regulator module 320 when used in a system with a second line-to-line voltage
input, and so on. In an exemplary embodiment, input boost transformer 305 can be
a relatively small auto transformer. Altematively, input boost transformer 305 can
be any other type of transformer capable of boosting the voltage input to regulator
module 320.

[0044] As an example, a line-to-neutral voltage of AC input bus 315,
AC input bus 325, and AC input bus 330 can be 120 V with a current of 100 A. As
such, a line-to-line voltage across AC input bus 325 and AC input bus 330 is 208 V.
Input boost transformer 305 can be a 69 V auto transformer capable of stepping the
line-to-line voltage input to regulator module 320 from 208 Vupto 277 V. Asa
result, regulator module 320, which can be rated at 277 V, can be used to provide a
correction signal in a system which has a line-to-neutral voltage of 120 V. Ina 100
A system which uses three dynamic voltage sag correction devices, the kVA is
increased 131% from {(120 V) * (100 A) /1000) * 3 = 36 kVA to ((277 V) * (100 A) /
1000) * 3 = 83.1 kVA. Further, using series injection transformer 350 as described
with reference to Figs. 1 and 2 alone or in combination with an input boost
transformer allows a single regulator module to be adapted for use in virtually any
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rectifying a line-to-line input signal, wherein the line-to-Iline

I nput signal is obtained froma second operating signal having the
line-to-neutral voltage and a third operating signal having the

| ine-to-neutral voltage; storing energy corresponding to the
rectified line-to-line input signal in a storage unit. detecting a

vol t age sag; using an inverter switching device to
generate a correction signal with the stored energy in response to

t he detected vol tage sag; opening a static bypass switch
that is in eVReFIEY®E comunication with an injecti onPEVEREBEFNE ;
and using the injection transfornmer to reduce a voltage
of the correction signal such that the correction signal can be
provi ded to the | oad. 21. The nmethod of claim 20, further

conprising connecting a secondary wi nding of the injection
t ransf or melowi voltags systenwi infaitamaihv@ drolodirends, il bpdsi tangomies 3pEcaus

line in el gedk %ﬁﬂnectermé'%l&@é'b?%n%fh'&rQrﬂourﬂpUt termnal and the

out put term na

[0045] Fig. 4 is a circuit diagram illustrating a dynamic voltage sag
correction device 400 with an output boost transformer 405 in accordance with an
exemplary embodiment, While only a single phase portion is illustrated in Fig. 4, it
is to be understood that dynamic voltage sag correction device 400 can be
combined with any number of other dynamic voltage sag correction devices for use
in any multi-phase system. Alternatively, dynamic voltage sag correction device
400 can be incorporated into a single dynamic voltage sag correction device for use
in a muiti-phase system, As an example in a three-phase system, the single
dynamic voltage sag correction device can include three regulator modules and use

a single three-phase transformer.

[0046] Dynamic voltage sag correction device 400 inciudes a step-
down transformer 410, a regulator module 415, a static bypass switch 420, and
output boost transformer 405. Step-down transformer 410 can be used to reduce a
line-to-line voltage across an AC bus line 425 and an AC bus line 430 such that an
input voltage to regulator module 415 does not exceed a voltage rating of regulator
module 415. As illustrated in Fig. 4, step-down fransformer 410 cross couples AC
bus line 425 and AC bus line 430 to the sag corrected line. The stepped down input
voltage can be used to charge a first storage capacitor 435 and a second storage
capacitor 440 of regulator module 415. During a voltage sag, static bypass switch
420 can be opened by a device controller, and output boost transformer 405 can be
used to step a voltage of a correction signal generated by regulator module 415 up
to a voltage which is adequate to supplement or replace a voltage of the operating
signal (if any} which is still being provided through AC bus line 4560. The correction
signal and operating signal can be provided to a load connected to an cutput
terminal 445. A primary winding of output boost transformer 405 is connected
across regulator module 415, and a secondary winding of output boost transformer
405 is connected in series with regulator module 415. In an exemplary
embodiment, output boost transformer 405 can be a relatively small auto
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22. The nethod of claim 20, wherein the voltage sag is detected with

a device controller. 23. The nmethod of claim 20, wherein the
vol tage of the correction signal is reduced to the |ine-to-neutral
vol t age. 24. The nmethod of claim 20, wherein the voltage of

the correction signal at a secondary w nding of the injection
transfornmer plus a reduced voltage of the first operating signal
during the voltage sag is equal to the line-to-neutral voltage of the
first operating signal during a normal operating condition.

25. The met WA2WF14994i m 20, wherein a line-to-line voPEHBRIBHOGS t he
second operating signal and the third operating signal is greater
than the line-to-neutral voltage of the first operating signal by a
factor of-a square root of three. 26. The nmethod of claim
20, further conprising connecting a first storage capacitor of the

st or age uniransfoimesr fAkasnatively, eutpd boonst trensfoager 408 sat be eny atheatysé¢ of age

node. transfofmer KfowHEth MR e QF sl A1t gr? tf urther conprising

connecting a first rectifying device o he rectifying device in
PRI R TR T A ARG AR
i nverter shrettomengaldeltégeeacodsstanerd biveliesss0sh bellvoy, dedibedinaasiie
cerios ar SaBhoRbht G S LA CAGHIE TR hsBths SaPRRY o
devi ce confparisgirmgr 4Hhcanppuiset do stiep #ig 600 V line-to-line voltage down to 277 V
such that the rating of regulator module 415 is not exceeded. First storage
capacitor 435 and second storage capacitor 440 can store energy corresponding to
the stepped down voltage such that regulator module 415 can produce a correction
signal of approximately 277 V. During normal operation, static bypass switch 420
can be closed, and an operating signal from AC bus line 450 can be provided
directly to output terminal 445 through static bypass switch 420. Upon detection of
a voltage sag, output boost transformer 405 can be used to increase the 277 V
provided by regulator module 415 to a voltage of 346 V such that the operating
signal along AC bus line 450 can be restored.

[0048] As described in the example above, use of step-down
transformer 410 and output boost transformer 405 allows a regulator module with a
voltage rating of 277 V to provide a 346 V correction signal to supplement and/or
replace the line-to-neutral voltage along AC bus line 350. Thus, in addition to the
ability to be adapted for use in virtually any low voltage system as described with
reference to Figs. 1-3, the ‘277 V' regulator module can also be adapted for use in
high voltage systems. This further reduces manufacturing costs because a single
regulator module can be adapted for use with in systems with a wide array of input
voltages. In alternative embodiments, the regulator module adapted for use in a
plurality of systems may not be rated at 277 V, but can have any other voltage
rating as known to those of skill in the art.

[0049] In an altemative embodiment, the dynamic voltage sag
correction device illustrated with reference to Fig. 4 can be adapted to provide sag
correction in systems which operate at other voltages. As an example, regulator

-21 -



an output termnal in electrical comunication wth the input

term nal and capable of providing a first operating signal to a | oad,
wherein the first operating signal has a line-to-neutral voltage;

an input boost transforner adapted to increase a line-to-line voltage
obt ai ned across a second operating signal having the |line-to-neutral
voltage and a third operating signal having the |ine-to-neutral

vol tage such that an increased line-to-line input signal is provided
to a regul ator nodul e; t he regul at or nodul e connect ed
bet ween t he WARRI#14¥R ni nal and t he out put term nal anBCHGHRHBIOSPGg a
rectifying device adapted to rectify the increased |ine-to-line input

si gnal ; a storage unit adapted to store energy
corresponding to the rectified increased line-to-line input signal;
and an inverter switching device adapted to use the

st ored enemgyuied1§eae harea wliage ralingiobd7 5V gnd thedineitmgeuttal veltege a
portion of > rin
afodOAEHIE G850 can be 240 V. As suchdhelifb Rfil- Rk AAS dap{;&rﬁo

el ectrical comunication wt e regu at or e an

reduce a vBYs lngeAZSrandiiC besrlinedBP ean e dnal,; Sigredaymtranséasmenditd gan be

wi ndi ng of uidiRoisRipahé u@@vmhéwbsmrmagé ao&pmﬁéﬁeﬂgqtatd? nﬁﬁue%ut&gé neen
the input termnal and t put termnal;

switch in EABEOFEERY SE@h‘ﬁ‘ﬁW‘%éﬁ" kYA rﬁﬁ"IQrPftr?E!“thdU?d”ﬂ%‘?'Tﬁ 'ﬁé'F"’Z&Hd the
out put ter THsz’aH,of‘éblefb@bﬁt tiaRSfoRYRIAI 5, mdt@bumrariafoan@ﬂ Emad eedid i on

during a ngr oper u? such  t he tion
t ransf or rresu?r@l’%y@% h{?’%éwg’ E'lftr?ﬂ tOWBP‘élf" %ﬁ ? thﬁgéF@DWt chisin
an open pospgroximatbly 2400V atch teatshe aperatirg dgnabdn ABSduUE tihé afEcadlge: such
that the i Qégq%ta{e%pcotnre%{éaf %ggﬂto'b%cl?ﬂgﬁs%rﬁ%g tan be connected at the output
as known to those skilled in the art. In an alternative embodiment, step-down
transformer 410 and the auto buck transformer can be configured for providing
voltage sag correction for different operating signal values and/or for regulator
modules with different kVA ratings.

[0050] The foregoing description of exemplary embodiments has been
presented for purposes of illustration and of description. It is not intended to be
exhaustive or limiting with respect to the precise form disclosed, and modifications
and variations are possible in light of the above teachings or may be acquired from
practice of the disclosed embodiments. It is intended that the scope of the invention
be defined by the claims appended hereto and their equivalents.
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30. The device of claim29, wherein the input boost transfornmner

conprises an auto transforner. 31. The device of claim 30,
wherein the auto transforner is adapted to increase the line-to-1line
vol tage by 69 Volts during the nornmal operating condition. 32.

The device of claim?29, wherein the injection transforner reduces the
voltage of the correction signal to the line-to-neutral voltage.

33. The device of claim?29, wherein the increased line-to-Iline
voltage is equal to a voltage rating of the regul ator nodul e.

34. The deyi ge,of claim 29, wherein a sumof the reduced voltage of
the co H@Eﬁ‘g‘ﬂ“g?‘ﬁnal at the secondary wi nding and a reduced
line-to-neutral voltage of the first operating signal during the

vol t age sagl.ar e Aeljdahict wltfesabicofedtion devite edmpididgage of the first
operating signal during the normal operating condit, on. , 315' The
device of cl ai m@PINPULERERa) adapieddp gecslys afiptoreRipe pighdl. wherpipdhe first

St Or 296, LARBGIdnAl has AMHABSGS-Ahitdl voIRlgeeS Wi th a second storage capacitor
at a storage node, the rectifying device conprises a first rectifying
devi ce connected in series with a second rectifying device at a
rectifying node,aniput fremingy sralesiriephferamprigatipawyidethe syt tesainakband; ¢ st

i nvert i 5Ghj | ce. i r switching device
connect ¢ W#}g@r@gggg%éb%%l%g%ﬁ?ﬁjg&nngeéfé[g\égél& “further wherein the
storage node, the rectifying node, and the inverting node are

connect ed i n paralegadhtobyoduleicompriiog | i ne and a second bus |ine.

36. The device of claim?29, wherein a primary w nding of the input
boost transformer is ¢ - e l.] .
second AC bus 11 e, - AHACaoEEEERaDRaa kbR i e bR S, Bherein

t r ansf te hiae-té-ine mpuedigradisabraiss ftdnea seood dpediinysgdal hevignitle tiheto-neutral

regul at or nodul e. . . .
g vcﬁtage an(}J a t%lrd operating signal having the line-to-neutral voltage;

a storage unit adapted to store energy corresponding to the rectified line-

to-line input signal; and

an inverter switching device adapted to use the stored energy to generate a

correction signal during at least a portion of a voltage sag;

an injection transformer in electrical communication with the regulator module

and adapted to reduce a voltage of the correction signal; and

a bypass switch in electrical communication with the input terminal and the output
terminal, wherein the bypass switch is in a closed position during a normal operating condition
such that the injection transformer is bypassed, and further wherein the bypass switch is in an
open position during at least a portion of the voltage sag such that the injection transformer is

energized.

2. The device of claim 1, wherein the bypass switch comprises a static bypass switch.

-3



37. A nethod of correcting a voltage sag condition conpri sing:
connecting a load to an output term nal such that the | oad receives a
| ine-toneutral voltage of a first operating signal;

usi ng an input boost transforner to increase a line-to-line voltage
obt ai ned across a second operating signal having the |line-to-neutral
voltage and a third operating signal having the |ine-to-neutral

vol tage such that an increased line-to-line input signal is provided
to a regul ator nodul e, mherein t he increased i ne- to Iine voltage is
equal to a yoltage . rati a ul at or . ul e: 1

I ncreased I?ne %g ﬁ%¥65¥QJ lih fco%ﬁqﬁq O“H% gy %8 %E?%g%ﬁﬁﬁﬁnyg
t he r e@tvertdredittiias dadedard tl‘l@nﬁ&ﬂbn Gensiforpiet tosﬁilgamighl freqersdiafaagetheni t ;
detecting a voltage sag along a first AC bus line in electrical
conmunfEECHIRSERA N t he out put terminal; using an inverter swtching
device to generate a correction signal with the stored energy;

4, The device of claim 3, wherein the low pass filter comprises a filter capacitor and a
filter resistor.
3. The device of claim 1, wherein the storage unit comprises a first storage capacitor

connected in series with a second storage capacitor at a storage node.

6. The device of claim 5, wherein the rectifying device comprises a first rectifying

device connected in series with a second rectifying device at a rectifying node.

7. The device of claim 6, wherein the first rectifying device provides the rectified
line-to-line input signal to the first storage capacitor and the second rectifying device provides

the rectified line-to-line input signal to the second storage capacitor.

8. The device of claim 6, wherein the first rectifying device and the second rectifying

device comprise semiconductor diodes.

9. The device of claim 1, wherein the inverter switching device comprises a first

inverter switching device and a second inverter switching device.

10. The device of claim 9, wherein the first inverter switching device comprises a first
transistor and a first diode connected in anti-parallel, and the second inverter switching device

comprises a second transistor and a second diode connected in anti-parallel.

11.  The device of claim 1, further comprising a capacitor connected in parallel with a

secondary winding of the injection transformer.

12.  The device of claim 1, wherein a primary winding of the injection transformer is

connected across an output of the inverter switching device and a second input terminal.
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opening a static bypass switch such that an injection transformer is
not bypassed; using the injection transforner to reduce a voltage of
the correction signal; and providing the correction signal fromthe
injection transforner to the | oad. 38. The nethod of claim
37, wherein a primary wi nding of the input boost transformer is
connected across a second AC bus line and a third AC bus line, and a
secondary wi nding of the input boost transformer is connected across
the third AC bus |ine and a rectifying node. 39. A dynamic voltage

sag correct if n '%E Hgvefce fitn ' q ere%nth {)c'ﬁ'ﬁd E%rgq]n%[as}i‘%nall ir% &ﬂ?viijed throﬁgl? a

output termal "I'h el eéctrical ’communi ca ermn
and adapbmbAChupliay cameated td’asiecomiamﬁﬁﬂtaguﬁalgﬂdithettb)irdiolbe@ﬁﬂ}g signal i8i N

the first, o ating, si as a lineto-neutral volt a
st ep- RN Tty Fd%ﬁs frecconassin a8 B FPHITTERA ne vol t age

obt ai ned across a second operating signal having the |line-to-neutral

vol tage andif tiThé devapesfalding, sihgreal thb @iMé-Rondudal VdlRge bPhB &t bpérating
vol t age such that a decreased line-to-line input S|gnal i s provided

to a rugul sempriyesddirg;voltage value and arvelageggtingeidhe rrgulgias masklseenwgses
bet weeg. .t ey, dd é‘balﬁéraﬂh @heﬁ@zﬂe&ﬁﬁh@ﬁw%lﬁgg%%%leé’sr{HarPtﬂgQédoﬁ& Déltfde

rectifying ce adapt torectify t reased line-to-line I nput
si gnal yalue.

15. The device of claim 14, wherein the first voltage value comprises 120 Volts and

the second voltage value comprises 208 Volts.

16. The device of claim 1, wherein the first operating signal, the second operating

signal, and the third operating signal comprise a three-phase input signal.

17.  The device of claim 1, wherein the storage unit, the rectifying device, and the

inverter switching device are connected in parallel by a first bus line and a second bus line.

18. The device of claim 1, wherein a sum of the voltage of the correction signal at a
secondary winding of the injection transformer and a reduced line-to-neutral voltage of the first
operating signal during the voltage sag are equal to the line-to-neutral voltage of the first

operating signal during the normal operating condition.

19.  The device of claim 1, wherein a secondary winding of the injection transformer is

connected in series between the input terminal and the output terminal.

20. A method of correcting a voltage sag condition comprising:
connecting a load to an output terminal such that the load receives a line-to-

neutral voltage of a first operating signal through the output terminal;

rectifying a line-to-line input signal, wherein the line-to-line input signal is
obtained from a second operating signal having the line-to-neutral voltage and a third operating

signal having the line-to-neutral voltage;
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a storage unit adapted to store energy corresponding to the rectified
decreased line-to-line voltage; and an inverter

swi tching device adapted to use the stored energy to generate a
correction signal during at |least a portion of a voltage sag;

an out put boost transfornmer in electrical communication with the
regul ator nodul e and adapted to increase a voltage of the correction
signal ; and a bypass switch in electrical conmunication
with the input termnal and the output term nal, wherein the bypass

switch is in a closed ition [] ._operat.i n Lti
such that the sthiTRonas chrePsiiiat g AREUELp SREATULOR S siace
are bypmdssed. 40. The device of claim 39, wherein the output
boost transforner conprises an auto transformer. 41. The device
of cl ai m 40, th%fin t he ﬁuto transforner is adapted to increase the
vol tage of the cBIFHEEPFER B 3M by 69 Volts during the nornal
operating condition. 42. The device of claim 39, wherein the

| i ne-to-neutral ustlgtaadverrRipritchiss Bdte\Vo bterate a correcidn sighs widmhe stordd
claim 39, wherein the qgfrigse line-to-line voltage is equal to a

&gt

vol t ageicFGit PAgsPERsCrtp gy VHe8F0d8 e.
opening a static bypass switch that is in electrical communication with an

injection transformer; and

using the injection transformer to reduce a voltage of the correction signal such

that the correction signal can be provided to the load.

21.  The method of claim 20, further comprising connecting a secondary winding of the
injection transformer in series with an AC bus line, and placing the AC bus line in electrical

communication with an input terminal and the output terminal.

22.  The method of claim 20, wherein the voltage sag is detected with a device

controller.

23.  The method of claim 20, wherein the voltage of the correction signal is reduced to

the line-to-neutral voltage.

24,  The method of claim 20, wherein the voltage of the correction signal at a
secondary winding of the injection transformer plus a reduced voltage of the first operating
signal during the voltage sag is equal to the line-to-neutral voltage of the first operating signal

during a normal operating condition.

25.  The method of claim 20, wherein a line-to-line voltage across the second operating
signal and the third operating signal is greater than the line-to-neutral voltage of the first

operating signal by a factor of-a square root of three.
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44. The device of claim 39, wherein a primary w nding of the out put
boost transforner is connected across the regul ator nodul e and a
secondary wi ndi ng of the output boost transformer is connected in
series with the regul ator nodul e. 45. The device of 39, wherein
a sum of the increased voltage of the correction signal and a reduced
voltage of the first operating signal during the voltage sag is equa
to the line-toneutral voltage of the first operating signal during
the normal operating condition. 46. The device of claim 39,

wherein a psi mag i R r i .

acr oss o seina He iR ol 20 Sk R BB EARRLA Fliel SoRRIORERS or
w ndi ngle@forﬁgemnstlmpermewmthtﬁsacmfd(smmge dapaditon atectt@dgaardess a first AC
bus I'ine and the regul ator nodul e. 47. The device of claim46,

wherein the,sec dar e ste -down transf
connect ed atfos fawgz@&nﬁ rr?gmg g conuiee ik ﬁrﬁﬁ%dg yingrdeyisg of
r egul aih@hredtipld Gevme in senéh&wth“a sRbADcafyigalevRetat AgcafywRl icdge sag

condi tion conpr|5|ng connecting a load to an output
term nal ad to r V|de t dwitha first atin |
whi ch has a“%i FB“" t°|f ﬁﬁa‘%gﬁtéﬁg cr compnsing Come&%‘?é-)f’gﬁ‘ﬁ‘ 17 %%ﬁ““g

transf @éﬁ@éofttpe i‘ﬁ%‘ﬁe@@%ﬁclﬁné H88cd ddlal sBEonNIGh T REEswWiRihdigRYice ©F Ql‘éSn\ﬂerter
second operating signal having the |ine-to-neutral voltage and a

third opéshing dryiosiigpaies Aban inyertipgnode ne-t o- neutral vol t age such that
a decreased line-to-line input signal is provided to a regul ator

modul e; 29. A dynamic voltage sag correction device comprising:

an input terminal;

an output terminal in electrical communication with the input terminal and
capable of providing a first operating signal to a load, wherein the first operating signal has a

line-to-neutral voltage;

an input boost transformer adapted to increase a line-to-line voltage obtained
across a second operating signal having the line-to-neutral voltage and a third operating signal
having the line-to-neutral voltage such that an increased line-to-line input signal is provided to a

regulator module;

the regulator module connected between the input terminal and the output

terminal and comprising
a rectifying device adapted to rectify the increased line-to-line input signal;

a storage unit adapted to store energy corresponding to the rectified increased

line-to-line input signal; and

an inverter switching device adapted to use the stored energy to generate a

correction signal during at least a portion of a voltage sag;
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rectifying the decreased line-to-line input signal; storing energy
corresponding to the rectified decreased line-to-line input signal in
a storage unit; detecting a voltage sag; usi ng an

i nverter switching device to generate a correction signal with the
stored energy in response to the detected voltage sag; opening a
static bypass switch such that an out put boost transformer is

energi zed; and using the output boost transformer to increase a

vol tage of the correction signal. 49. The net hod of claim 48,

wherein the decr %ﬁj%&id#g%gl?#gﬂﬁéﬂiH%1e¥9ﬂc£13&ﬁmhlﬁli&%ﬁlh/it&l%@regﬂhtfoﬁ%dule

rating of a regul ator
and adapted to reduce a voltage of the correction signal, wherein a secondary winding of the

injection transformer is connected in series between the input terminal and the output terminal;

and

a bypass switch in electrical communication with the input terminal and the
output terminal, wherein the bypass switch is in a closed position during a normal operating
condition such that the injection transformer is bypassed, and further wherein the bypass switch
is in an open position during at least a portion of the voltage sag such that the injection

transformer is energized.

30. The device of claim 29, wherein the input boost transformer comprises an auto

transformer.

31. The device of claim 30, wherein the auto transformer 1s adapted to increase the

line-to-line voltage by 69 Volts during the normal operating condition.

32. The device of claim 29, wherein the injection transformer reduces the voltage of

the correction signal to the line-to-neutral voltage.

33.  The device of claim 29, wherein the increased line-to-line voltage is equal to a

voltage rating of the regulator module.

34, The device of claim 29, wherein a sum of the reduced voltage of the correction
signal at the secondary winding and a reduced line-to-neutral voltage of the first operating signal
during the voltage sag are equal to the line-to-neutral voltage of the first operating signal during

the normal operating condition.

35. The device of claim 29, wherein the storage unit comprises a first storage capacitor
connected in series with a second storage capacitor at a storage node, the rectifying device
comprises a first rectifying device connected in series with a second rectifying device at a
rectifying node, and the inverter switching device comprises a first inverter switching device and

a second inverter switching device connected in series at an inverting node, and further wherein
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50. The nethod of claim48, further conprising providing the
correction signal with the increased voltage to the load. 51. A
dynam ¢ voltage sag correction device conprising: an input term nal
an output termnal in electrical comunication with the input

term nal and adapted to provide a first operating signal to a | oad,
wherein the first operating signal has a lineto-neutral voltage;

a step-down transforner adapted to increase a line-to-line voltage
obt ai ned across a second operating signal having the |ine-to-neutral

vol tagg,. g;#@ n%glﬁ% "k I%Bt?%{ﬁi[ g{s%ggfsalng 1{1@&?‘ h%go(fehﬁe %dnrﬂgctég 1nr13%yatllreﬁLo)(/a grst

vol t age su an n
to a reglimtaad agecud dps line. t he regulator nDduIe connected
between the input term nal and the output term nal and conprising a

Conal 7 19 S8V e BOAR St AobEhitit 4 PHin ) SUGRRE Sk Pl fons s loRe
COr r esRRBAIAGdtadrokd e fifst A0 ﬁuseﬁhe laA¢ b eas8d AI0 R 1ine; ARG crldbggaindiap af the

input boost transformer is connected across the second AC bus line and the regulator module.

37. A method of correcting a voltage sag condition comprising:

connecting a load to an output terminal such that the load receives a line-to-

neutral voltage of a first operating signal;

using an input boost transformer to increase a line-to-line voltage obtained across
a second operating signal having the line-to-neutral voltage and a third operating signal having
the line-to-neutral voltage such that an increased line-to-line input signal is provided to a
regulator module, wherein the increased line-to-line voltage is equal to a voltage rating of a

regulator module;
rectifying the increased line-to-line input signal;

storing energy corresponding to the rectified increased line-to-line input signal in

a storage unit;

detecting a voltage sag along a first AC bus line in electrical communication with

the output terminal;

using an inverter switching device to generate a correction signal with the stored

energy;
opening a static bypass switch such that an injection transformer is not bypassed;
using the injection transformer to reduce a voltage of the correction signal; and

providing the correction signal from the injection transformer to the load.
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an inverter switching device adapted to use the stored energy to
generate a correction signal during at |least a portion of a voltage

sag; an out put buck transforner in electrical
comuni cation with the regul ator nodul e and adapted to decrease a
vol tage of the correction signal; and a bypass switch in

el ectrical comunication with the input term nal and the output
termnal, wherein the bypass switch is in a closed position during a
nor mal operati ng condition such that the step-down transformer and

t he out put ckThé AR85LA E)F@l%iﬁ@%’? WHPAS § ?Hmary wmdm%%f tl:lrehﬁpﬂ%\ébé:ﬁraﬂgformer

cl aimb51, erein the output buck transforrer comprises an aut
t r ansfiscomrected across H&coffthd Cdewilive anf a thlndmﬁ? Bds lmmardea wcomblry wmdmg of

line-tQ-ne voI s 240, Val.t The deV| e of
ol o m 85 Mg KRR SRR e G O T aG omating e WRERERSTE, ©! <
connected across the regulator nodul e and a secondary w ndi ng of the
out put bucl3% r aasfyaamirvdliageagrent@bnidevisecommmismg: h t he regul at or
nodul e. 55. .The device of claimb51, wherein a primary w nding
of the step- dowf tiFRHLFBY i s connected across a second AC bus |ine
and a third AC bus line, and a secondary w ndi ng of the step-down

transfornmer is ca@il@amacl BS8edridal EGhmAicitith wit@e aipat tdh@inabgidl at or
nodul e.
adapted to provide a first operating signal to a load, wherein the first operating signal has a line-

to-neutral voltage;

a step-down transformer adapted to decrease a line-to-line voltage obtained across
a second operating signal having the line-to-neutral voltage and a third operating signal having
the line-to-neutral voltage such that a decreased line-to-line input signal is provided to a

regulator module;

the regulator module connected between the input terminal and the output

terminal and comprising

a rectifying device adapted to rectify the decreased line-to-line input

signal;

a storage unit adapted to store energy corresponding to the rectified

decreased line-to-line voltage; and

an inverter switching device adapted to use the stored energy to generate a

correction signal during at least a portion of a voltage sag;

an output boost transformer in electrical communication with the regulator

module and adapted to increase a voltage of the correction signal; and

a bypass switch in electrical communication with the input terminal and the
output terminal, wherein the bypass switch is in a closed position during a normal operating

condition such that the step-down transformer and the output boost transformer are bypassed.
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40.  The device of claim 39, wherein the output boost transformer comprises an auto

transformer.

41. The device of claim 40, wherein the auto transformer is adapted to increase the

voltage of the correction signal by 69 Volts during the normal operating condition.
42.  The device of claim 39, wherein the line-to-neutral voltage comprises 346 Volts.

43.  The device of claim 39, wherein the decreased line-to-line voltage is equal to a

voltage rating of the regulator module.

44.  The device of claim 39, wherein a primary winding of the output boost transformer
is connected across the regulator module and a secondary winding of the output boost

transformer is connected in series with the regulator module.

45.  The device of 39, wherein a sum of the increased voltage of the correction signal
and a reduced voltage of the first operating signal during the voltage sag is equal to the line-to-

neutral voltage of the first operating signal during the normal operating condition.

46. The device of claim 39, wherein a primary winding of the step-down transformer
is connected across a second AC bus line and a third AC bus line, and a secondary winding of

the step-down transformer is connected across a first AC bus line and the regulator module.

47.  The device of claim 46, wherein the secondary winding of the step-down
transformer is connected across the first AC bus line and a rectifying node of the regulator

module.

48. A method of correcting a voltage sag condition comprising:
connecting a load to an output terminal adapted to provide the load with a first

operating signal which has a line-to-neutral voltage;

using a step-down transformer to decrease a line-to-line voltage obtained across a

second operating signal having the line-to-neutral voltage and a third operating signal having the
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line-to-neutral voltage such that a decreased line-to-line input signal is provided to a regulator

module;
rectifying the decreased line-to-line input signal;

storing energy corresponding to the rectified decreased line-to-line input signal in

a storage unit;
detecting a voltage sag;

using an inverter switching device to generate a correction signal with the stored

energy in response to the detected voltage sag;

opening a static bypass switch such that an output boost transformer is energized,;

and
using the output boost transformer to increase a voltage of the correction signal.

49.  The method of claim 48, wherein the decreased line-to-line voltage is equal to a

voltage rating of a regulator module.

50. The method of claim 48, further comprising providing the correction signal with

the increased voltage to the load.

51. A dynamic voltage sag correction device comprising:

an input terminal;

an output terminal in electrical communication with the input terminal and
adapted to provide a first operating signal to a load, wherein the first operating signal has a line-

to-neutral voltage;

a step-down transformer adapted to increase a line-to-line voltage obtained across
a second operating signal having the line-to-neutral voltage and a third operating signal having
the line-to-neutral voltage such that an increased line-to-line input signal is provided to a

regulator module;
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the regulator module connected between the input terminal and the output

terminal and comprising

a rectifying device adapted to rectify the increased line-to-line input

signal;

a storage unit adapted to store energy corresponding to the rectified

increased line-to-line voltage; and

an inverter switching device adapted to use the stored energy to generate a

correction signal during at least a portion of a voltage sag;

an output buck transformer in electrical communication with the regulator module

and adapted to decrease a voltage of the correction signal; and

a bypass switch in electrical communication with the input terminal and the
output terminal, wherein the bypass switch is in a closed position during a normal operating

condition such that the step-down transformer and the output buck transformer are bypassed.

52.  The device of claim 51, wherein the output buck transformer comprises an auto

transformer.
53. The device of claim 51, wherein the line-to-neutral voltage comprises 240 Volts.

54.  The device of claim 51, wherein a primary winding of the output buck transformer
is connected across the regulator module and a secondary winding of the output buck transformer

is connected in series with the regulator module.

55. The device of claim 51, wherein a primary winding of the step-down transformer
is connected across a second AC bus line and a third AC bus line, and a secondary winding of

the step-down transformer is connected across a first AC bus line and the regulator module.
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