DYNAM C VOLTAGE SAG CORRECTI ON CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains
Weraopa4w092 from U. S. Provi si onal Applicati on NoRCBU$2018/063067

7,441 , filed May 11, 2007, U.S. Provisional

Application No. 60/938,054, filed May 15, 2007, and

U S. Application No. 11/835,000, filed August 7, 2007,

all of which are incorporated herein by reference in

their entirety. FIELD [0002] The subject of the

di scl osure eral |y _t ' age sag
correction. Wéﬁ@?)g&slffgﬁgwﬁﬁ m&%@hﬁ e rel ates
a device and nmethod for optimal utilization of the kVA
capability of a dynam c voltage sag correction device
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vol t ages. BACKGROUND [0003] An el ectrical |oad which
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dynam c voltage sag correction device can refer to a
devi ce which is capable of correcting tenporary

vol tage sags in a voltageFlEldNt signal that is being
provided to a |oad. Voltage sags can be caused by

| a I I
Faun 10002, Finelhtioct s bistlobuli i e dohsr B id it
voItaQe 48§ @bfrieetion.0Mcr8 spetifisaly nhe diselosuird eslateaas desice Enel
ynam c vol tage sag correction device is generally
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are to provi correction
al nost i nstantaneously.[0004] Traditional dynan1c
vol tage sag correction devices are packaged accordi ng
to their current and BACKEROUNDhgs. For exanple, a
first dynam c voltage sag correction device for a

thr ee['oﬁﬁéfe Amgfétctr}’c%ll [RREWHARN rBEeil8d 38wer 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 voitage. A voitage
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 logic which are adapted to provide a correction

signal almost instantaneously.



for 100 anps (A) at 277 volts (V), and have a
correspondi ng kilovolt anpere (kVA) rating of ((277 V)

WO 20080008 * ( b )) 11000 = 48.0 kVA. A secondP@l/tse08063067
vol tage sag correction device for a three-phase input
vol tage may be rated for 100 A at 120 V such that its
kVA rating is 20.8 kVA Because conponents in a
dynam c voltage sag correction device are sel ected
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manu ured for use only wth a 240 V i'nput, an
correction Bavice ofitht A&&/A mtrhge}fcmw yVAaloesﬂs diynestias rauth agéhe first
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~are required to purchase and inventory parts for a
distingt inpatt voljage. di ff erent devi ces. Manufacturing costs
woul d be reduced if a single dynam c vol tage sag

corr jﬁlbpy cﬁé{hlﬁg ﬁJ‘PML;da gﬁtlﬁ&ac%%g?if; ?Elté‘%ﬁg%%@r@cﬂon device

pl ur |npu tages nst ances,
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V inilrt 50 081 a6 Qaess PRI it denne o BasE s espction
deviddsSefaire QiferéhBshrtd aA@ laré tisctufld &4€ padkhged separately. As
a result, dynamic voltage sag correction device manufacturers are required to
purchase and inventory parts for a plurality of different devices. Manufacturing
costs would be reduced if a single dynamic voltage sag correction device could be

adapted for use with a plurality of input voltages.

[0006] In some instances, dynamic voltage sag correction devices are
used at a fraction of their ratings. For example, a dynamic voltage sag correction
device with a three-phase voltage rating of 480 V (in a 277 V line-to-neutral system)
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

-2-



correction devices are further limted in their

ability to accept higher input voltages such as a 600
WOL2008/E0920- | i ne signal. To handl e these hi gh VRIT/E$888/063067

speci al i zed heavy duty devices are manufactured. The

speci al i zed devi ces are manufactured and packaged

separately froml ower voltage dynam c voltage sag

correction devices, resulting in additional costs and
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adapte recéive a trrst operating Si
devidel insthicipeptitah gtllizagoalof thiaes k‘_a{AI capability nfettter ddviemcanpe.
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€ sag correction device al so i ncludes
dlstlncéglmmtvolrtag&ml uF ertherc thete rigy ameeddor ayHighy vqléage:dyn@mlc voltage

verter. switchi.n
sag PGy ceaufiEh 1§ BoleiTbfie bertoih 5RIE e fanaoner
Vouag@gygeﬁﬁgnal where the line-to-line input signal is
obt ai ned fron1a second operating signal having the
line-to-neutral voltage and a third operating signa
having the |ine-to-neutral vo“%g The storage unit
is adapted to store ene spondlng to the
rectified line-to-line input signal, and the inverter

SWi t qboosl den ERenplatyl APhB/hid @olte?é éégic@ﬁr@étm\ @é\ﬂd&egmcludes
to generate a correction su{:]nal uring a voltage sa

an inpyt {enninal iagaptedsieseeeivera first epe@tingdgnal owharm
e 08 SAEHLPT AAT T o rov
to a load ehetighiarebutput terminal which is in electrical communication with the
input terminal. The dynamic voltage sag correction device also includes a regulator
module including a rectifying device, a storage unit, and an inverter switching
device. The rectifying device is adapted to rectify a line-to-line input signal, where
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. The storage unit is adapted to store energy corresponding to the rectified
line-to-line input signal, and the inverter switching device is adapted to use the
stored energy to generate a correction signal during a voltage sag. An injection
transformer in electrical communication with the regulator module is adapted to
reduce a voltage of the correction signal. A bypass switch is in electrical
communication with the input terminal and the output terminal. The bypass switch
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communi cation with the input term nal and the output

termnal. The bypass switchis in a closed position
WaQIzN0B/M41022 nor mal operating condi ti on such thatP@¥EsS2008/063067

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.

[ 0009] An exenplary nethod of correcting a voltage sag

dition_jncludes connectin
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er” exenplary dynam C voltage sag correction
invertbe siwdtehingedeMes isausddhipigenasate a gprragtiprasigpat wiih the stored

otk ok et !
energ eSS B R ERERE SoBE A Sl tyPabO SiBRiE opened
such@hit 41§ injeidhataridorphdrgnot bypadsead, Thdipjectiohardrisfetmer is

operating signal has a |line-to-neutra] vtgl fgg}ge. An
useditaseduesa yoltage A& the erirestion-signalsychdhatibesgitecton signal can

| 1LDe-£Q-]] ol t age obtai ned across a second
be p’8§§@%§tt§r¥ééi‘?agd/na| having the line-to-neutral voltage

and a third operating signal having the _ _
| i ne-[0010F utAradthenéxergplasydynamict valtagersageearerrtion device

) line-to-line jnput signal | royi ded I .
oSSBT raEHoe Bt SR e Ba SRR g v
the inpLRYEhIRGEIT THE oafiflit téitniRaltis ehphBlerbfrbyiding 4 fifst epesating
rectifying device, a storage unit, and an inverter
signal i edhadgwhbiens the.firsteparating signahhae @i live-tosneide) vetiage, An

ol 4 bR S8R 5050 TR BT 808 ool across
a sedoid @5erafig Bz haviagtee linéitetheutral ealtage anda-thiod bpeeating
signalﬂT’\%l\J/%ngStlhgeqiar!lle'-to-rrrl]eeutral voltage such that an increased line-to-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,
a storage unit, and an inverter switching device. The rectifying device is adapted to
rectify the increased line-to-line input signal, and the storage unit is adapted to store
energy corresponding to the rectified increased line-to-line input signal. The
inverter switching device is adapted to use the stored energy to generate a
correction signal during a voltage sag. An injection transformer is in electrical

communication with the regulator module and is adapted to reduce a voltage of the
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inverter switching device is adapted to use the stored

energy to generate a correction signal during a
WOolg/a4j@9%sag. An injection transforner is in eREEUS100884063067

communi cation with the regul ator nodul e and i s adapted

to reduce a voltage of thecorrection signal. A

secondary w nding of the injection transforner is

connected in series between the input termnal and the

corregiihaianeL AsaoRneay HBar R ine dnek e fafigSiner Btonnected in
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line-to-neutral voltage of a first operating signal.
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proviH&§ {& asrégula'tdremb@ulbl Mehe m@tdas‘édgmLtoLImeS\tthagé |s rapproxmately

storage unit. A voltage sag al on_<|:1 a first AC bus line
equal tp aveliage catingoefiaubator BPden badncsapgrd lintoriRgnput
S e
signg| is g—:‘c‘ﬁgg& %ndaggo Igslgb&rr%\oéﬁ%afnﬁstp”tﬁ& I?%&Qﬁgqgib%%ss& iHE]E-line
inputesigidlys stdred ot & Gtdrppasmits v Vcltagessag)ahmg aficsh AChbus dine in

s 5 A i
SWItCHHg/&&lbé’ gerttdtd HRoRBEAGE SigRBI witBRé stoved energy. A

ded romt e I'njection transfornmer to the | oad.

statld BYs muﬁheropemedmmhyhaymrm@ctml trangforagy is not bypassed.
correction_devi ce

' d t
The {lReyan eI 5 Ho i (st 2 Bt LR SiteghP] hal. and
the cbRBEfior §fg‘ﬁ'aﬂ%| provided dtsrh he irféctiomatransfomd@nioetieticad.
provi de first operatlng signal to a | oad, V\,herethe

first operatln ignal has a linpe-to- neutral v (9

A st d90d8hn Ano her exemplary dynamic voltage sag correc |on evice
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 vqltage and a third operating signal
having the line-to-neutral voltage such that é decreased line-to-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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transforner is adapted to decrease a line-to-line

vol tage obtai ned across a second operating signal
Whh209B/4109he | i ne-to-neutral voltage and a thi rRCT/US2008/063067

operating signal having the line-to-neutral voltage

such that a decreased line-to-line input signal is

provided to a regul ator nodul e. The regul at or nodul e

is connected between the input term nal and the output

ot i I i | yd i fyi devi d
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~the ret ecreased line-to-line voltage, and
switchimgedevice adaptetlita gisgdhe storad smeegly toogenryatena cotrectien signal

i 3PSt "5 B BB B8 Bt P e tmurication
with Beaehliated meaaBLEHTBlddpted tdinthsageed Vblkdgy ofmbrdcsereation
is adapted to increase a voltage of the correction

signadi gnal . [0013] Anot her exenplary method of correcting
a voltage sag condition includes connecting a load to

sed | . .
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cond?tbhtiaged?Q\cenme:?tM/m Idadansafm%mput tesmirsal chdaptetb tor prayisdesthe
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transfftthet i$ Ds&d t@@?&l%fabg% lﬁ&féﬁ‘iﬁn{ﬁ%ﬂé& dtht@ined across a second

I ne-to-neutral voltage suc t a decreased
operatingesigoal having theulinestagnautralsvoitageiamndda thirdsopesgtingsignal

. le. .Th d |ine-to-]|i ' ' L iS o .
iR el eSS b ik et BE e b PR ipna
provif &8 16 asedulatdembaulel Mnd Betreased Niae-to-sinatinstdigmal 3s rectified,

storage unit. A voltage sag is detected and an

and enargy correspPRding ig the (aatibied degrraseddingclding Pyt signal is

COrrecgtio i.ognal W [ ' .
e B, R s R PRI SR g
is us@@wg_@négn@ _Ia_thdmteoabn @igbrfalwwbﬂhetstdfmedrmfengyrm rasponse to the

ener gi zed. e output boost transforner is,used t
detertag eiaee 22001 SGUCOYPERG SEBFR SLoPERFG PYSILINaT B PLfput boost

r i r 1
B

voltagerafitmaoiractidresignakal communi cation with the input
termnal. The output termnal is adapted to provide a

A1 2 ARG} 248y b IS iR covio
inclugé€Bndapdt 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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transforner is adapted to increase a line-to-line
vol tage obtai ned across a second operating signal
Wh2eB/mei09he |ine-to-neutral voltage and a thi rRCT/US2008/063067
operating signal having the line-to-neutral voltage
such that an increased line-to-line input signal is
provided to a regul ator nodul e. The regul at or nodul e,
whi ch is connected between the input termnal and the
_output termnal, includes a recti f‘yi ng device ada{Jt ed,
switchiggrdavice gdanieditp sisele glarpd @nesdy fornesnarpln a spgration signal
duringta‘i? f&HE aF’éBr‘Fioﬁ‘Bf‘E%ﬂagQ S?P."r/ﬁw & Lgﬁu%fréﬁ%%gf HPelkBtrical
he rectitied I ncreased ne-to-Iine voltage, and an
commumvieatia aithttod reguldiev inved el ipadapted tasiectdasesa voltape of the
epergy t nerate orrection signal during at.least
correghioi Sngh 8ioVaass sriglh i gelenticaleqimuptiton it s gkt
termih8l ﬁh&ﬁféélﬂ?bt EPRRREN TRkl BYpadk siitchgs red ¢lodledrpdsmibi @uring a
I's adapted to decrease a voltage of the correction
normg| gperiating copgiios stishtthat the step-gowe: transfemeemanhthea@iteHt buck
ith the.in ermnal and the output termnal. The
transﬁ;wg@p%w[)gﬁéch in a closed position during a nornal
operating condition such that the step-down
t rang0015r Gther phrcipal featurbs akdtadvastagesewilldreeome apparent
bypassed. [0015] O her principal features a .
to th%’iﬁ/%lﬂ'!%'é@“ﬁﬁﬂ per e g5 S fllowing fvings the detailed
. § ' ffimshe fol lowi ng draw ngs, the
desc@g@aﬁléggqggggpg}éggg’g’ lrg%d t he appended cl ai ns. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0016] Exenpl ary
enmbodi nents will hereafter be described with reference
to the accoRBHREDESGRIRTION OF SHEDRAWINGS; s 5
circuit diagramillustrating one phase of a dynamc
vol t g ) hérits Wil Refedifer bRSadderiBel vith
tranggg?ﬁgr Wﬁ@%%%@ﬁggm&?ﬁ a{n gxerrplrary
referendott theraccopEtyjnd-drawigs.s a diagramillustrating a
t hr ee- phase system of dynam c voltage sag correction

devi ' cofdance with an exe Ly ' .
dou 3i0at) HSCLIERo bR AE R BB cynarmic
voltagé %ﬁp"c‘brr\é@kibﬁ@%v&é@viﬂpé itk Mjedion transfotthenih acgartiance with
oost transformer and a series injection transforner
an exemplacpeawediment h an exenpl ary enbodi nent .
[0018] Fig. 2 is a diagram illustrating a three-phase system of dynamic

voltage sag correction devices in accordance with an exemplary embodiment.

[0019] Fig. 3 is a circuit diagram illustrating a dynamic voltage sag
correction device with an input boost transformer and a series injection transformer

in accordance with an exemplary embodiment.

[0020] Fig. 4 is a circuit diagram illustrating a dynamic voltage sag
correction device with an output boost transformer in accordance with an exemplary

embodiment.



[0020] Fig. 4 is acircuit diagramillustrating a
dynam c vol tage sag correction device with an out put
whyesa4092ansf ormer in accordance with an exenpt@k/yS2008/063067
enbodi ment . DETAI LED DESCRI PTI ON [ 0021] The kil ovolt
anpere (kVA) rating of a power electronic swtching
device is a neasure of the maxi num capacity of the
power el ectronic device. In general, it is desirable
to utilize the full_kV device to
m ni mze costs, oaﬁ-ﬁ‘i\@g&ggﬁa ﬁlpi\‘ mance, and
optimze efficiency of the device. The kVA rating can
be cgbgpipt qdweflqrovélt%lnﬁtfér@ (WA;ﬁatﬁ@/d)f@PuwengleEwatd on
1 bel'ow i'n which I's the maxi rumrns bl ocking voltage
switchingodayieeis @mﬂaﬁ@reaﬂathﬂ maximiam egrpailindt the Rawereelgctronic
thr t \Y/
devicg|RUERStc S ey 1 BRI IS aeor e’

mmlrﬁ@e reokts) wplaias d@ﬂee beﬂ’bdnantél,aatnd dmtlrhiv!é effitiengy eftiveadevice.
he kVA capabi | | of a device js dire

The lb\(/ms@tmg eRraPecglauiated ipk a ginale Phase ﬁﬁwcaéérrtgeEqm@ 1 below

in whi 0% Renfalndn maebioBkfBAotabl 2R Meldeyibnd W igdhe
transtorners to maximze he rating an

maxicapabinkicuyreot thiguginite devicag&os aghras-plasd devidevthedd/A can

ve Bl bras ESVAGR RS2 A o b Auof 830 i 2
the kVA) ratifg GndMrithe [k%?@épeﬁhmy ot a fevicCis' ditdictly Pregbriithal to the

[ ustrating one phase of dynam c vol tage sag
voltage aceassi the déyidece Iwmplnlnalpé%ca@beuuﬁedcalom withegpeicialiyer

cont e AR ol R AP o GORF ) PEpaply o

dynahfi@VbRage sa®duirectididevices.ati ¢ bypass switch 105,
series I njection transformer 110, an output term nal

115, and a three-phase input. The t hr ee- phase i nput,
i ] ﬂ Eon‘pany, a
Equ%@?aﬁ?’? (Qﬁ)tgﬁﬁﬁﬂééjeﬁ g,y)rﬁ(c I 7600 BEb/tsan | nput term nal
106 an input termnal 107, and an input term nal 108.

The three-phase input also lnclkzt;desl a neutral line 109
Equatish 2! RO (H18e!dHaR8) 7833 o)+ 220 e ()

[0022] Fig. 1 is a circuit diagram illustrating one phase of a dynamic
voltage sag correction device with a series injection transformer 110 in accordance
with an exemplary embodiment. The dynamic voltage sag correction device
includes a regulator module 100, a static bypass switch 105, series injection
transformer 110, an output terminal 115, and a three-phase input. The three-phase
input, which can be provided by a utility company, a generator, etc., can be
received at an input terminal 106, an input terminal 107, and an input terminal 108.
The three-phase input also includes a neutral line 109 such that the three-phase
input includes four input lines. Alternatively, neutral line 109 may not be included
and the three-phase input can include three lines. The devices described herein
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
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i nput includes four input lines. Alternatively,
neutral line 109 may not be included and the

wa moga419Pase i nput can include three |ines. ThRCTHBY2088653067
descri bed herein can be used to provide voltage sag
correction regardl ess of whether a physical neutral
line is included in the input. Further, as used
herein, line-to-neutral voltagecan refer to the

can e VoA S 5 b Pk EL LSRR th oo
includ¥s Q%y&bﬁpnéllﬁﬂal ifeC AHRCIRSE firle *I@’Piét cdrﬁ{é&étﬁ{o ﬂa%t te?minal

recelve first operating signal of the three-phase
106 to mpwye arflrsromrgtlng signed of the thoesrpbase inpyit, arpdC bus line 102

s cobb iR rhRL A0, oSS oS I ot

phas€ MRCaed ahAC BRBUiINESIVB i8donhBEtetdGoigs i témmimal M08 to receive a
operating signal of the three-phase input such that

third pmmtmgeﬁtgrtaé ogsm_a/tfme&pmse fepusych hal powier eartRePspyjded to
th SRREH 8 exdBic EFlpoPRRE 1803 OpRlot Bl GapercReaC bus

line 1@ﬁ¢baglh@ﬁesa ﬁr\%ﬁbhﬁ@é ,dh¢ EASOMspSEm?QM@)aIQ?MnQaN@ bais line
second phase which is shifte ees . fro
102) eap davpRasecondrhase which ie ﬁa&eé %?%rﬁe% sosh ﬂle/@ss pRase,

the tﬂdqugpéf%w %ﬁh# gﬁﬁngsid“bgg liRE 5!@%2)\3%? ®Bve B Bt orRBeddlch is

egrees phase. | Static bypass
shiftezi24@ Hed@®sdeom liiee firgblpbaset ed as power transistor

switching devices, a pair of thyristors connected in

ant i ny. oth

oot A5 S e SRSt 04 B e AP SRR o
transf&ér"@vlnt&'m@g akliess, a p8ir of W@tdrb&bﬁnééteﬂqmaﬁitltmllélagr any

static bypass svmtcﬁ 105 can be closed such that_an

otherdype &f swicBingreampansits KNewWo e jhaseoph sid! i the arheDygag normal

opergfrbd B dinef g ¥ pd bBtadk Ha s ifis bBss &tesE 105 cp be losed
suchahat mbbe@tlhgfmlghe? doWlsg\Bleeoﬂi/ fnlsim WCliéuis tihe 184 tto oaltpthtthHsninal

t om i ne
115. SPpncusags W4 1§ dRioTieR: b bypass TBitdPBEANdepRFned by
any r’évr@%hgnri‘j J{rg)v&}ﬁﬂ)efh%"s@%f RIS #e §H°énmb§eﬂa‘ﬁﬂg%al from AC bus

roug series 1 nj eCtI on transforner
line ‘Emlcd:an bersupplenmirded ivatin er repkfosdrine a cogeeton B'@n§| Whlch is

genciet it ot AoROHIE! 1L el sl P hch fet

transREE&S1 100] RS LS, SeriRBIARENEM trahSfonmer any:ahaoeea ebasvg4dmﬂ
during a sag condition. As a result, there are no
transfrmemudo ipBbyrassedsaukremaips egseitiallynen-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
turns in the primary winding to turns in the secondary winding. The turns ratio can

be adjusted (by switching taps or switching transformers) to control a voltage at the
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series injection transformer 110. [0024] Series

injection transforner 110 can include a primry
woRaaglit41g9connect ed across regul at or nodul e 100PGKiHS2808/063067

secondary w ndi ng connected in series with AC bus |ine

101 . Aturns ratio of a transfornmer can refer to the

ratio of turns in the primary winding to turns in the

secondary wi nding. The turns ratio can be adjusted (by

SWi t chi ng taps or svmtch transforners) to control a
seco%awge 0g- tIReneRdsRiAY wﬁaﬂmenmew &%ﬁn drgnsformer 110

can (| B Sbp ORI &7 R e Ephbpn SERE sl e 8 0

connsciel dtloatpud témdabb‘rﬁlescpr@mm with fhe propemivolidge dBring a

duri I .
voltafi, 855 B Ftrhols sebief Riigeton hafsafibeh o e Bs' 4 5feri@sun
transﬁirﬁi%r%wabkarméaeaﬁgra VARRf! 6f 2008 V erlodided By mjame nitfdule

roduced by regul ator nodul e 100 into a voltage

100 noto azo ageef 120 Y ardessifar use hnibelead. [ 0025] Regul at or
nodul e 100 is used to generate and provide the

I anoasSh, Haatcl e Foo i LER | BeEERT ahq gFovdcthe

correctich Smaatdﬁ@érﬁeshnjed:gen itransfdrater 1R€g Uhanoexemoplaneetbodiment,

reguipfas aneain 100 %eghlhgﬁl@tp?ﬁrﬁ%@ﬂg%'ws%r PG5 Fhoduge 1001is
coanb‘%d thRe Hke- pdéﬁs%% c?dijh é'llﬁ@"té-‘iinb'c%ﬁné(é‘mﬁﬁthm bus

hout a ste ans ormer (or as opposed to a
line 102rend ACrieus lirse 183 ksing ald)rec'em-tcsllmmcamn%i@neulﬂmt a step-

down, REASTaRe! R Zscniosed thay msattna e FonpBh ot BaEEm an
increRS&Y irfifut @oﬁé’%e % Féqsﬂeﬂbf Ribduicned. For ekamprndhe eneeqieise

at output 11 | i ne-to-neutral connection {or a
lnputtmayibﬁca 720 inpuhusadiespronisie a1 28 yeoreiating gignal to the load

conn A5 SSARGH {74 e e e rifeh TP tpgtormer whic
stepd theevdiRige! dtvie nivestd- néuﬂrahll) uefukt@dmbdulEi 100 is,only provided
regul at or nodul e 100 j s vided, with an |nﬁut Vfﬁc{emgﬁ 1,
g.

with an iqputyolypge of 120V, H\)idthii 6 inedgdine qarpection fllusia
regulgag& @BHUIQGI JPk§Holided HitH SR iHput Y8Itage BACH Z0NG) KUB)Qf 208 V. As

nam c voltage sag correction device is
suchi regtﬂatsemodmﬁ)m@ cRngﬂaI rantceﬂ fonaﬂ llfkast 208 V,randidhesk\GA of the

st.orage node 120,..a rectif g 125, and an
dynamig ¥PiagR, SAY GReSHON deYiFg 'O receives an i nput
from AC

[0026] Regulator module 100 includes a storage node 120, a rectifying
node 125, and an inverting node 130. Storage node 120 receives an input from AC
bus line 102, and is a connecting point between a first storage unit 135 and a
second storage unit 140 which is in series with first storage unit 135. In an
exemplary embodiment, first storage unit 135 and second storage unit 140 can be
any type of capacitor(s) known to those of skill in the art. First storage unit 135 and
second storage unit 140 can accumulate and store energy in the form of electrical
charges during normal operation of the system. These stored charges can be
released during a voltage sag to supplement or replace a voltage provided to output

terminal 115 through AC bus line 101. In an alternative embodiment, first storage
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bus line 102, and is a connecting point between a

first storage unit 135 and a second storage unit 140
WORIBM410%2 i n series with first storage unit 13CT/USR0881063067

exenpl ary enbodi nent, first storage unit 135 and

second storage unit 140 can be any type of

capacitor(s) known to those of skill in the art. First

storage unit 135 and second st orage unit 140 can

accunmul ate and store en the f f t
unit (HBCATIGr SeRaTRGSAGIEYTID S0 2N B pier bire Shiery Sibrage
dewcétl&{o% fb'l%gé%feﬁufl imehd giteased during a V°' tage sag to

l'ement or replace a vol tage provided to out put
term nal 115 through AC bus line 101 . In an
al t e[0027)v e Rantifidngraade 125rreceiyes aagapul fromasC dwg/l@e 103,

o R35SAP e B85 HBbled S 1oL RASIE Y4b 4 o

rectlf{;\htg ddviie2740 Reedh ibYin Beriee dethlfist reeafsinggevice i r45ut|=|rfst om
C bus line 103, and is a connecting point between
rectlfwngﬁevrc&ci 45 ane §egend Fectifying gevics %fgb&mcia frm ?W‘#@‘ymg

oo et A Hnesalt AL 16 b piniapit it

conduets:jdu‘rrse'nngw deiwiecﬂodéglay\ﬂ'om Inzcﬁtcfymgmodecﬂ& gnahgebondl gastifying
_conduct rrent t (i.e., fi

devicedtat FonduptuEuirenl inaacsmipdoweghssiying Hode 1220s AssHoh.

first rglé}@fryfgfg %0666?%5 hh M BRetolchargd Arstatoage it 135/ éﬁ@ second

conducts current In a direction toward
rectifyiagtddvidgent5®ode beaked tachangdh se¢ondsstoraga Lniyi1Ag asdinayen to

those SR B 31Ty s tutceopoE ooyl T8 aeR g it g tovide 2
corre%ﬁ&ﬁ%ibn%‘l Whﬁgﬁstﬁiidm)&ﬁ%té!? d@mgmmcrebb%e |ﬁ;}$ut|\}dﬁdger$uch that
art. As a result, regulator nodule 100 can be used

voltage Spgawbw te 5056 rcf ominalsyaliage oami kenfully capscisd. nicbRiging
D5 o e S K3 B PR Ry 50 ey K8 protect

the ciretit erRingéhts Apohar gudden imdteas@rmllﬁé-todlmebmlbaged Tthe sudden
imt current surges |ntoth? ect|f

incregpe i ine{oring VpEage MAYLRG &t § aa\y %c\“gg?@& $3¢

cond'tlo'ﬁ eridy. lthf‘ne"é’r'nb@Sﬁneﬁ'fhﬁ soHddR |h§‘€:’ir@§§%s'k'hown to those

-to-line voltage may occur at Startup and/ or when
skilleal imdhe agecaraloe osediduring startisp tol preyaet endgsinablsmeurrent surges.

soft char mrcu t ,as ot
in arcreregiAnLEmROdaner st PR el e T Endol maidhnd Regiing
devide S@EQn e ERficohdu@dr 8iveBB! Alterathed, e tectifying devices can
rectifying device 145 and/ or second rectlfy ng
be any other devices capable of rectifying the AC line-to-line input signals from AC

bus line 102 and AC bus line 103.

[0028] Inverting node 130 is in electrical communication with series
injection transformer 110, and is a connecting point between a first inverter
switching device 160 and a second inverter switching device 165 which is in series
with first inverter switching device 160. First switching device 160 includes a first
transistor 170 and a first diode 175 connected in anti-parallel with first transistor
170. Second switching device 165 includes a second transistor 180 and a second

diode 182 connected in anti-parallel with second transistor 180. In an exemplary
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devi ce 150 can be sem conductor diodes. Alternatively,

the rectifying devices can be any other devices
Wa2198118920f rectifying the AC line-to-1ine i npRET/US2008/063067

signals fromAC bus line 102 and AC bus line 103.

[0028] Inverting node 130 is in electrical

comruni cation with series injection transforner 110,

and is a connecting point between a first inverter

embqﬁmp@t@'ﬂ?%ég%'%ﬁr HO R0k SRS aaRsIared carube euidted gate
blpolé'Nl‘rz%rﬁ‘égétB% dey Aﬁ@rndﬂv&ﬁl aﬁ?‘o‘tl@é}' t?ﬁe{é&?’é\‘ fr8nd®fdrs can be

es a |rs transi st or and”a first diode 175
usedccﬁ]urm@taadolr(ageasmg -pdevite ebntiblier darrlse usedis ceniso! firgignverter

oSG 6 LIS eI WAEhILSEA S 68 e o

adeqaéfe cd??édi\bhfﬁlgﬂélﬁ@?éﬁé@m’d froaNthesdHargdSBtoréd irdfirst storage unit
exenpl aryenbodi nent, first transjistor 170 and/ or

135 ansteprondrelamos Wit 140 Iman semalive arakpdjmest dirgoinyprer
switch@%?cféa/ﬁégoﬁsé% rgabgg)gzs)egoﬁ‘& ﬁrﬁf%mk%mga&%m% 6% b FE)%( s)

e use ge sag

implefedrited usiny 4wy bitver campomentzeand/or bp lahyadthén nnethod known to
inverter sw tching device 160 and second inverter

thosesof gkilhimi§edti ce 165 such that an adequate correction
signal is generated fromthe charges stored in first

stor 6{662 ' tFlr%’tiétéﬁggejh t%ﬁ&%@ aﬁi&émcitgtbrag%hn 10 Hitst

alternat e enbo first inverter swtchin
rectifdiegi deyvicest4 5 add secerd ceatifying devioe A, e firgt rouege@swwmg

ooy TSR Bl I PEM S Io§ MR Fod g fene

throughta fn{.s@QQQ]mEH'B&tarﬁi 8'5866nd!BUS iA8H 88N A KR pass an@:r ]Reis
unit 140, first rectifying device 145 and second

conneeled dtynvertidaviode 1B9cbetwrentirstinvererswitshingpewseJ§0 and
1
L

189, alfited cépﬁ@fﬁi 1905 ahtl efilledGesidtdra®1pdasrnt éxdmeplatBembediment,
connected at invertijng.no 0 between, first inver
low pagstitter A§8 ¢ali Q?euﬁ%bt%fﬂ?rg“é@bﬁﬁq%@%‘r pwitching PBH]H‘?&en{ES from

the A‘%?ébﬁ? gghQWNF?@ Ss prdvidéd B?%glﬂéid#%%dtﬂefmbtt@fsenes

ter capaci , and a filter
injectiers tmhsiorr:h@t 110l mm@ueepearme@mbtmmﬁémmen biP jsaisslectrical

fil 188, c d. fil
combspt SRR S et R BaB o 0. v
usedWdrefh, efediic ic8ffminicatsn tan esferdahye 66 drdndmed:t&ziectrlcal

connection.

[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 control 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
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injection transfornmer 110. As such, series injection
transformer 110 is in electrical communication with

wa e840 t er switching devices through | ow pal¥SI/E$2008463067
188. As used herein, electrical comrunication can
refer to any direct or indirect electrical connection.
[0030] In an exenplary enbodi nent, the dynam c vol t age
sag correction device can also include the device
controlleraénot sh omn The devjce congqgller ca

input jopgralifgrtignalaichriBabs ket WY iermis| rﬁa@gffooﬂt@&e receiving
adquii\tgi : vféf withAft isrupheh oG hel dofridctiof %f%ﬁ @Bhérat@dj $y1tRet

circuit conponents, or any I nat1o
inverten emﬁohlngmlmarehama rvoltage wl*mh tedten beihg stepped down by
e, units, detect a . voltage

sene%mﬁé@ fgmﬁr tﬁj é% adggldgtlega s(&lppge[natlent °%§B%§§s‘ﬁg 'operating
signa¥ i éﬁ)}"} ;ﬂr@@de@hﬁrdd@;%‘ iBBUICHUY fird 1©1 soah tiidtIRe sad FRRiVeS

control the inverter switching devices to 3enerate an
approxpetaly the samerinedernavtil yakage as ipravidashduring a dormak

erating signal such that a | oad at out put
operqttp‘@m na%tlofi?S can continue receiving adequate power

wi t hout interruption. The correction signal generated
by t §8031lveiseain exarnpld, dyridg\riores| operatianestatio blypage switch

whi ch f d d [
105 QR FoPRESUgH Gl ar GeTAHs SR Wb neTa-nglFabysitags can
be prggs ﬁﬁﬁgﬁ%@lﬁﬁ 'I|ﬁ8"’l'01(dnfehcﬂ9¥é albaY icBRAE1BH Y DutputREiminal

such 't hat recei ves approxi mately
115. tAtargrctlme lduniag trermabiopeiatioo) ﬁrzsg etonage unjb13%iansbiserandrgjorage

di tion.
unit BB e ey A 0AN AS Bup 0ng B AR AR SRS Fogy The
deV|cjéecoﬁ'|t|‘b$1§ch§N66nt‘ir’ﬂfﬁll &ﬁoﬂ&ﬁftﬁé ldp@rair@\ﬁbnwfbhaa/oltage sag. The
l'ine-to-neutral vol e can provided fromAC b

operatingesigoal Q:arﬂé%mqnltpce al bRyt t%m'f@!t"@@ ?bOBtwbEﬁrmma' 115, at

., n
any b Sopd A ol e 0 SR By PHETeaRAL A 0
embdifimicut, | thie @b&rc@eibritdmlleugéh Nentifisa Ivohagd@ﬁg avhenABemperating
~line 103. The device controller % n conti ually ianal val
slnatinkes e [Spusl(ring Siesnigs 4 BPtgLoRergling signal value.
For T e S et S P!
terminab115% deopb()bélowa@ﬁfl af the nanyaknp&ratlm@e@nabv,aluen Adt%natlvely,

the poégfqtgggn}?\ggd)%gﬂﬁ% @%ﬁ&%?%ﬂﬁ er vaft2” 'hgee Héwfcg cBntroller can
detect the voltage sag using one or more comparators, logic gates, analog devices,
or any other method(s) known to those of skill in the art. In an exemplary
embodiment, the device controller can be the controller described in detail with
reference to U.S. Patent No. 6,118,676, the entire disclosure of which is

incorporated herein by reference.

[0032] When a voltage sag is detected, the device controller can use
additional logic to determine the value of a correction signal such that a combination
of the operating signal provided through AC bus line 101 and the correction signal
(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
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signal is less than a predeterm ned percentage of the

normal operating signal value. For exanple, a voltage
WG2Ys/tY9IDbe i dentified when the operating si gnlT/E$2008/063067

out put term nal 115 drops bel ow 90% of the nornal

operating signal value. Alternatively, the

predet erm ned percentage can be any other val ue. The

device controller can detect the voltage sag usi ng one

contraLVsb{rﬁs?tg Flidine pekgnien 8% ReeatdineRel Puifipaevice 165
such %‘iét arl tﬁha@éﬂ@b@fr&cmg@hﬁﬁﬁgenb%egw élférﬁ@ﬂ'ﬁd QistRérges

can controll er described in detail
from first starage uni 135xandrsecand slorags unit 4487 4 anmemnlarrye

f whi
embiEn M st oesdi g, abd $8r B 8tef e Foft 12oan.atso cpptinue
to reckiVé ERargRBY(If @vhR4bIE PfiotiSARCASIE Iiie0TeR ah@ AC bl line 103 during
determ ne_the value of a correction signal such that a

the veltaas sag.i hesprmegtion sianal.iwycRicgndie iprRiAsgeuith ieoergrating
agnd@ﬁ B‘fﬁg l%t{;}kellﬁleo JoRnd Qg scfhrréfgﬁ) Irﬁﬁ?Péég ?ér el fferrg)move any

rough sef1es 1njec anst or ner
high frequérncy $witehing goaiponbntﬂ“mtrsdemdalntcb meocormdea:tm signalHzy first

nor mal operating_ si val ue. The dev nt.r ol
invertag R OIG Agyisa 160 ABBRrSECon iRvaTiRg SUGTE GBI AES:

second i nverter sw tching device 165 such that an

adeqt[eb%ﬁcwcscﬁﬁédt@h sﬁgr%laianl (SasBaRsh a6V HakY filter 188 to
alternating discharges fromfirst storage unit 135 and

series énjectiprstransfgemeni 10.148.illusiraded bxEigp N apprienasyvinging, of series

ol FhoShRREDT U oo eRRE300, Bl AdR D aC £ 8 102
and aﬁﬁédwétok bapHut 3 1andsééoritisry erﬁtﬁn%@fﬁ séﬂé$ irgedtiom tramsfagrer 110

ag. The correction signal, which can be in phase with
is conm@ctggm aene@wghg%%bus e 184 blRe sewmwm@aa i$alse
conn%?trggﬂﬂ :}i‘)ar&%l a ﬁl‘térl ag:ﬁérh ?QB |r ?p@\‘gaégétcwnﬂ% can be used in
comtﬂﬁétﬁcﬂCWith meakayeahdbgtahcegf sene® njectiosvtrardiomeerdEll toeform a

e A AR BB B o
exerﬁq %ﬁmﬁé&déhtS§éﬁ&5|nje'&léﬁtt#a?1§fdrhf€?9|f1@rd'8ﬁ stép@ vdiage of the

rated in , a primary winding of series
correclipe (sigrtah domrtsfa)vwitagelwbwhss tassriban @i eqvablosthe line-to-neutral

to b a r
vottagf e B31tpE 06 Gafherdey A Puln RipdieCl o ForPXTbRl AC bus
line 1td1 &/Q’fdfﬁfa"%b%vlée SAUIREAMTY signaksf £20 Wtblmuﬁﬁlthéﬂmnal 115.

1 ne e secondary Ww ndi nq is als
A voltage sag can occur such that AC bus line 101 is only able to provide 80 V to
output terminal 115. The device controller can cause the inverter switching devices
to generate the correction signal which, after being reduced by injection capacitor
110, is equal to approximately 40 V. Because the secondary winding of injection
capacitor 110 is in series with AC bus line 101, the 80 V from AC bus line 101 and
the 40 V correction signal are additive, resulting in a 120 V operating signal

provided to output terminal 115.

[0034] As a result, 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,
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connected in parallel with a filter capacitor 108.
Filter capacitor 108 can be used in conbination with
WO 28k/a416€93 nduct ance of series injection transfRETES2008/@3067
to forma second |ow pass filter stage which is in
series wwth low pass filter 188. In an exenplary
enbodi nent, series injection transforner 110 can step
a voltage of the correction signal down to a voltage
is less than or equal to the |ine-to-neutral

and tOSIktVé’g@f the<yngynie Veltagr gag GRAEEY dgyicg it pdyantapapysly

I I
nredd3y, 8L pRIBHE. Mokt o AGLBNIIABIK RGOS
bus Imel 102y endAC bas Imec‘lﬂB carchetii2atV, /B:Ddath‘e linerte- Iitmlvmltage across

AC bija e 302Can AP ik, 0 an Reld 2B 0cr QBT -8 Y uth. fst

storag€\UrfteB3s ndI8BES R Stokase GAit ﬁaetdaﬁréa%h%@bha»@e@mo afn®r
eing reduced by injection capacitor 110, is equal
?mj; apiAC

voltag@pﬂmh isea pegk xroltage Bé&@LBM& mtmc@‘raﬂﬁr \/) auetyt
i on ca aC|tor

volta ro o P er'rI t t rélqte\/alue
% 4qed t% t‘eo P 4

throu@ﬁfA@%PsQMeSﬂHn@lC Bu§ |Iﬁ§|dOQ| ﬁﬁd ACBUS lihe d OBrt:a’m B0V A such
operating signal provided to output termnal

that rpggtmr meduler XU can hawg al kA el apiereximatety (498 %/é *(408 ) /
10003 28 é“@?&%o‘ﬁ%'e‘cﬁ‘ﬁ@ équﬁr Volc{b‘%lé di tﬁr%ulg'hrbe iekd- ﬂg@rﬁl

e lTine-to t he sys em an

voltagé’mm W) loe stippiarng thevitre- ’@gmesa@tagy d@nt\ it@n 20 & ivoald eesult in a
advant zggeousl y |Ecrease

A pf (520 S5 23480 t) DEDEES S hnVRCTRNS. oine the Inc-Taing yotage
along# WitR S%%f nﬂ@gtl rAHSfokrhBe 1 4@%% |Fi% ﬁ@@‘yvmc?é@set iRVA.

I ne-to- ol tage across AC bus line 102 and AC bus
Further nleecei@edhea cost ¢fithe dynamic bia\ge:sag)sovecw@n devige is primarily
curregh VeS8 2BELH o208 MR p e Mok A EortBllony i i
100 A(%E)ngﬁtyoié drﬂ\ﬁ‘lnBP@néﬁﬂaIl?@ﬁor@fthaﬁ%é/boﬁttﬁhhé EO Indyiamic

age "produced by inverter nodule
voltage sag domgctipn degrewitin1 0@/ @émamlaw E urthlneb Mgh theupe of series

el bone 10 0 P A

modlggmw?r@é ased (r( B&B N0 Vv almcuiogg\yxl 8., Shﬁmﬁul:saﬁe@m;emmn
nnectin U at or ul e
transforaar UL dneramenRl SUSQUBHON, AF adeeih Hgnyfagturing costs are

redut%ﬁ;e)?é’lié(é'llggs {(})@th@??e(%@ﬂlﬁg Fr‘;bdjfogbéo L d%\cfA&ﬁJrggrsn'anénts can

be barsghitdn gheater belkt o- 1 i ne vol t age

[0035] Itis 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 afrangement 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
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along with series injection transforner 110 results in
a 73.3% increase in kVA. Further, because the cost of
waQ es/d41ae2ri ¢ vol t age sag correction device i s BGCH/H$2008/863067

current driven, the cost of the '208 V dynam c vol tage

sag correction device with 100 A capability is only
increnentally nore than the cost of the '120 V dynam c

vol tage sag correction device with 100 A capability.
Further yet, the use of series injection transforper

with referegce th £k pHsh as stadigyapss swilal 1951 devige conkoller, etc. can
be @ﬁ%ﬂbﬁfé&f" aé‘Bﬁ rbedOl U 8. Paitdriedh. '6‘1?8’%'? 180y aﬁ%tr?éﬁnethod

serles I njection trans or ne
knowni todhbse oéaklliaitheoaﬂtl gurations. As a result,
manuf act ur i ng costs are reduced because Iess di stinct

bougHPORR gFadh 2P 8 HRgraroiSfiie s IRBE e RIS sogynamic
voltag@@bgrc@mlcﬁbﬁﬂemdyIu@aé@&dehbelwwhaéredxempw eftftiotimbat In

wWith reference to Fig is not neant to be limting
alterrgtive erabpdipents the éiyﬂwu,c thaasaessag afard%tforh@e\aﬁ@%ﬁswlbed

herelﬂfca‘ﬁI t‘?{ Egécr?@ dﬂfsg%g dﬁfﬂ §n¥ hfhe@lnﬁ.ﬁ‘iﬂb@tdf ‘ﬁaggpogoﬁ?éf‘&?namlc

can ude an

voltage ﬁtag reniestioadgvice 300 d)fytheShm‘e-plm‘qwswhem caamnloé asea@ by provide
s corlo SanaLET P oo 5 R 202 € e

d t
dunn?@%lf’ge&rm%% l‘;isr cfié}?lcr | EWgﬁS%@QM%%Brr’éEﬁoﬁ agvice ZUO iRBkides a
first rﬂa@u&l’cﬁ" mobdtelec2(5, raefirdt serﬁec:-sm;ee:tloh tramstdrmes 21|ﬁ)c anpcaﬁmstaatatlc

bypazs sRIRRAIS. /A Fuepriioed MRUaRAING YREst s RiBuieE rough an A

bus |rr@‘ ?f?e%‘?\eACde%' Ithe 416 WY éﬁAsj Blid ﬁné’?E@S?n‘%WégﬂletbQﬁlodule
devi ce contr ol er etc. can i rrp ement ed as

205 ig@oonepied tora linesto-ing mltag%acr@sgs_ A3 by fine @19 NG bus line

20,515 PR e VA e b e et e some

mmgfregimawﬂrﬁoddﬂéﬂ@g&imgbedwﬂ&nﬂelfmnde\m (133 1| n
accordance with an exe errbo i ment

Altergab e ekl MAgHIEs20 de?ﬂa @W&th%@@@aanents which
can t?é’[l%&ﬂd %@n%"a 4 E%rr%%ﬁ&ﬁ' %%r f §r'£) héﬁexé’rﬁplﬁ'ﬁ@nﬁﬂbdlment

ot her ases.
first siama bypasemwmg‘ez i rsbserezst m;mtnda\tnramfczmmrcm Ot, aed fl rst

reguls P BB AP Sait SROGHT (R eias a5 Trfe Vet el i riges
injectO trafsfRnet 81 0€4&nd 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 regulator module 230 is connected to 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
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during a voltage sag. First dynam c vol tage sag

correction device 200 includes a first regul ator
WOorsM4e0e05, a first series injection transf orBEyU2008/063067

and a first static bypass switch 2 15. A three-phase

input to the systemis provided through an AC bus |ine

217, an AC bus line 219, and an AC bus line 221 .

First regul ator nodul e 205 is connected to a

with refc?r%n%%io y - N e S coRdaaBriate” e pi 2L gvndace

any WHlé}Fbé'ﬁ'Betd?s%_d%?n‘é%fﬁ‘lﬁé%ﬁe@ﬁon S|gna| In
regu ator e 100 descri be th reference to .

anothier eodenmiarartembwrne‘rit,rwcqnégalam bypanasdswitchp240, rﬁﬁpond series

il 5ot 294 SFRERE ot B8 4 by e same

as statitpghasdwitdh 16%, s‘é?@bhﬁjeb&cﬂ@ﬁénﬁﬁhh@hﬂ@%nd tégllator module
series injection transformer 210, and first regul at or

100 dasgribed 6% refereppetaf-the same as static bypass
swtch 105, series injection transfornmer 110, and

r égugggg?l ”wmlr%n%ﬁ%n%%&ég@@a icofrebBbR 4RORe. 245 5 e three-

A’'seco ynam ¢ ge sag correction
phaseeysieen 236 befustddetotmowdemmecﬂm signalauchdhatadoltage at a

rovide (o]0 ction, Si such that a valt.age at a
third B iplda 47 BrmeiAingd 3uridd Aydida e’ oo Bl sag
correk‘,ﬁ'ért\ A80ice3u5 1581%83 anird fe§uMriradgule 2H0s arthire isefigs injection

device 225 includes a second reqgul ator nmodul e 230, a

transfroen@56e and @ thitf staticobypasssyyi 0.28hird seguiatos saeside 250

s coBbhb BRI e AR A1 PN g8 1.

In anl é%é@ncfaé % énBodimdnisthirdnegdfilor mbﬂul@msl)(edimln@lude the same
ment, second regul ator nodul e 230 can i ncl ude

compdnenés as regplonardiiad Opatnscrbed wibaeferenge to Fig. 1

. ; ‘ ) .
Altergéti\ge% Qﬁ@%‘"ﬂ%@{léﬁr %(gdlﬁg 2§g ﬁé)gm | ncﬁrﬁﬁgﬁg 'c\g%nents which
can tﬁmnml‘lmgenmfate:thecmréMmmhalo Iy anether @xemplary embodiment,
third §{Rti6 Ry Poea SHICD 2605 SNk P aTs DIRS o8 Sabivipr BleY 2! B third
regul';éagtid‘?ﬁédl% 250PE5 Spémie @@sarﬁ@%sssiéﬁ@ Byp2B4iteH 105 Edries

can operate the sane as static pass swi tch 105,
injectien trassfoninec il 6nand regfiatorsiodule 1 Oa@ésm@@m withrrefasgnge to
Ei 00 described with reference to Fig. 1. [0038] A third
'9- Hynani ¢ vol tage sag correction device 245 of the

t hr eephase

[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, fora120V, 100 A |ine-to-}1eutra| 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 kVA 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
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system can be used to provide a correction signal such
that a voltage at a third output termnal 247 is
WOorliopiao92ed during a voltage sag. Third vol t agRCEBESR008/063067
correction device 245 includes a third regul ator
nodul e 250, a third series injection transfornmer 255,
and a third static bypass switch 260. Third regul ator
nodul e 250 is connected to a line-to-line voltage
across AC bus line 217 and. AC bus |line 219. In an
repla@%§w6a$lpg@ri§&ﬁ-ﬁaﬁ§? Selfs MILIGNI ERNSIOTRRI ASKRa! iy Hhose of
skill it qd Yde the sane conponents as regul ator nodul e 100
described with reference to Fig. 1. Alternatively,
third regulator nodul e 250 may include any other
conpdfe4@k \ig.chiscaaireuit diegeam dllugdiading taedynamic voltage sag

coreE8 Bk 220D 0 RN ST Y R e
transtdraies 3808 racedfiangs dvitharn exeegidratepibodiniene Ptllecanly a single

operate the sanme as static bypass swtch 105, series
phase mosgian isrillusteated ot Figr 31t ds toube updgraterd thatdynamia yeltage sag
S ' it : - Ei .
conef 3R LU Ao Bl 6 SLERIA 04 kb 8 nd By vpnaoe
sag cdirteetisn idegice¥Aot Bsdim amcmedtspHasersystem. cAlternativély edynamic
dynam ¢ voI_tage sa orrection devices. Thus, for a.
voltagd gag comrsetian Heer9an b incoraeaiediiie A Tadle shRaRlie yoltage
sag dorfietibRdefReddr Usé Wérn%?lﬁ‘ Halefdy8tend. Fol BRafiple 6n BRARR-
system can have a kVA o 0.8 kVA + 20.8 kVA + 20.8
phask \&ysten 2hé single dysamic voltagedsad coragctiomeevics paninciude three

reguibfilagiias P80 2 Sinfls P58} el VaTEMET TS v o
12 kVA + 12 kVA = 36 kVA. Thus, it can be seen that

t he t[pDat} pPhask exerhsiaryoémbogdimentpdpvardiesvaltage sag correction
~significant increase in kVA as conpared to traditi onw_
deviogy@a0an ber SIRGIE RhaseAeIe Ifsisei Herreq-phase SUFteY With the

oxcobaFH KPR poRSHAAGImA R SRAE ISTATO AT LSRbL doic

300 ddrﬁ@pém;émfth%%émmdm:cee pisdhe dybgmic goltagecsagcersegiicnsdevice
series in t K h .

descghed i etaienss fo Ficadadh ARoge eXeTAoe: Sohpatde e ypmic

voltaéla%‘é%}do"i‘ltécﬂgn YNRAVEcHP b WSLII9SnSaFd Bk haPadeBhaected to
th an I nput boost transforner 305 and a series

an outpjibtermimal 318ris poovided 94th amadequata aReeating Yeltage in the event
of a SOIER HyaiBRE2H ABMhout Bl S v @ singl e

[0042] Input boost transformer 305 can be used to boost a line-to-line
voltage input to a regulator module 320 of dynamic voltage sag correction 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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phase portion is illustrated in Fig. 3, it is to be

under st ood that dynam c voltage sag correction device
wW@B0s/tHa9be conbi ned with any number of ot her R{yKiES$7088/063067

vol tage sag correction devices for use in any

mul ti - phase system Alternatively, dynam c voltage sag

correction device 300 can be incorporated into a

singl e dynam c voltage sag correction device for use

ine1@ 5B oagR SCRSIAC ORISR ANAAL: Liayt DS A50: [SHIES ijection
transﬂﬁHg‘F %5@aﬁlhﬁd?ﬁﬁ ¥8efids Gith A0 WualiRk W%H%[eau%ﬁato step down

hree- phase I njection transformer
the veltagspoha y,oerabmh signal getyeratactbw oégulafor sugiube) BReasi dﬁscrlbed

with (i BCR RALISC] aPB A WMo FBP R EBGre At baudye switch

355 ddr%@ﬁgédm by9ass thécﬁ@h&r%@\%fcﬁﬁ@r%ofcﬁﬁmwﬁbrﬁ%llo@)@ratlon
can operate in the sane manner as the dynam c

such\tmttswg@ssa@cb@m tr@asﬂomea 800 de adewtuty rangformer #repgh which

= e ] :
terel i Fiorting s 3R0IP6seRC U R GRRARE BB0, st BRFRS swicn
355 sty epethed aﬁdb@&ds irjociiort wdnsforrmer 850 pah biscemergided310
is provided with an adequate operating voltage in the

004404311 sbctern Ance PAAF a5 aguAlpE Mt 330 can be
adap%ﬁre g éfd'ég?tbglé WiE avﬁlhfafl‘l%?of dBttctlitp@ \foﬁggbét ®br example, a

nam ¢ vol tage sag correction device
first iBOGt bodst tﬂanefmm lahdénjeotieratransfiopmer cembinadionewhirf be bsed with

requighis SRLISRR0RRRES i e Sl wilin 080t e hypdiout, o
secoﬁ@?hrh?t Ub%@ﬂﬁéﬁﬁ@rrﬂéf Qﬁdi irfjéctidtPitandTeEmerSorabihatibnicapie used

0, a secondary w ndi ng of input boogst
with :egmiﬁoome@ul%@zo M@e@dlﬁ%idﬂ@jsﬁé?@s\&'tm@ segpod “B@sloé@@ voltage

. n ct | f & :
inputgfia So i il PR BRR, BitsBimpAl ekl Poo Rt Forad: 369 can be
a relétﬁlélly $mial @ut@ﬂén&&ﬁneﬁnﬂlterrfatwely Bipoit bgestdaqumfonrmr 3Hcan
and second staorage cap g 345 q
be amopihes P LRTSOGHEIRL 2hPesing e GARpRATRA e Jgauiator
¢ AC input bus 325 and AC input bus 330. Series
mod@%%?fl on transforner 350, which is in series with AC
bus Iine 3 15, can be used to step down the voltage of

a cor[0edd] onAsaglwran‘gltele! linex-tb-bguiralyiiggerof fsd input drig 315,

AC i HRA2S, SR it bUs RS ed Eog 19D P Wil Gurréft G100 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 V upto 277 V. As a
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. In a 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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355 can be used to bypass series injection transforner
350 during normal operation such that series injection
wa rekef199er 350 is a | owduty transforner thrRaOKHS2008/063067

whi ch there are no conti nuous power |osses. During a
vol tage sag, static bypass switch 355 can be opened
and series injection transforner 350 can be energi zed.
[0043] In an exenpl ary enbodi nent, regul ator nodul e

320 can be adapted for use . jn syste with a pluraljty
low voltags SY§tAR: INANAAbI APRCTIn dRRHLPERStiransrmar A9t can
tbé}ﬂf) 1A L,y ' ansf or ner
boosco Elinnéa]tfdla[)h?}é gglﬁeeaﬂggg%ﬁ%ﬁ}érﬁggﬂ'ator nodul e 320 when

used in a systemwith a first line-to-line voltage
i npul0045]seigat isrppaircuibdiegram diustrating @ dynamigjvedegesag

conetfigSEETF0RAIP AR By EokPHAEHILS 1 88 =REe it an
exempldt9-dmbddif@nt Ol eI BUingl8ithase pation Is ildsteated &igy 4, it
_ enbodi ment, i nput boost transforner 305 can be a
is to be:uRderstoqd thehdynamiovaliagessas errrectianidavieg 0@ can be
i L. t . ,
comty by RS S e P RS for e
in am{ etuti-phase spsene  AROrNAtIVOW4H yremivaltegerdag, carrection device
ine-to-neutral, volta of AC.in {Jt bus 315, .AC in\Putf
400 gaiabe pEorRarateini:d sintle dYRaicvoltase SeacQagtian device for use

i il A le @& d tH? k& RQsiePh, LA Single
na rg‘g'i'ods'smsﬁ%fyisﬁégﬁt s AP gRathPle @ 4t ﬁ%llﬁ)?abus%? 3307 5 208 V.
dynainipuoltdgeosag tomesticor device 08n drnlude thieg gegulatarsnodules and use

. trapsforner ca | e of stepping the line-to-line
as'”Q‘SﬁB‘ﬁfépggﬁtﬁJﬁaB%%F@Sﬁl ator modul e 320 from 208 V up to
277 V. As a result, regul ator nodul e 320, which can be

r at eqoeaeR 7 Dyhansia voR8geisag dopreRtion iddeica 400 ineltidiesra step-
signal in a systemwhich has a_line-tqo-neutral v%a e
dowrptransformer 410.za neglatos nodaie ¢hD o stadiedyprse SWIlGHh 440, and

outpfpGF fRRIRrFSE §65) I FEYr T 4 b bpfREE teduce o
line-to{liaéAovfage Hobody) ar ATDBGS line 325 86, an REAbug-lime 30 such that an
sing series jnjecti nsforner 350

InpULROP 46 E6 @Al (o011 15 DORRIS SXPaRR Aojoiae raund Bf reguiator
mod Q8 WIsN A Misthicd iAF b.PQLgte@-gI@Wn trarisimeMeT0 afdsevduples AC

i
single regulator nodul e to be adapted for_use in i
bus lirier 42Gbhg Adhbusiine dB04g4he gag earrerieddinesr Hag stapped down input

o RSB P P Bt a5 s 39 4 BBt Sage
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 450. The correction
signal and operating signal can be provided to a load connected to an output
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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[0045] Fig. 4 is acircuit diagramillustrating a

dynam c vol tage sag correction device 400 with an
Wopu4109200st transforner 405 in accordance w RGI/E$R008/063067

exenpl ary enbodi nent. Wiile only a single phase

portion is illustrated in Fig. 4, it is to be

under st ood that dynam c voltage sag correction device

400 can be conbined with any nunber of other dynamc

olta sa .co n de f
transifiner - AMfEEtERbt SIPUABOGELEANTRIer 05 S vy alher bupe of
transAEF Wb tgewégee?ﬂg@l fRthebs.i nCorporated into a

singl e dynam c voltage sag correction devi ce for use
in a nulti-phase system As an exanple in

t hr ed0QAls e Asyan examplee reguiglos nagdiaeidd 5@&%@@6@ 277V. A

line- té%&hﬁ%év@[@% #ré% %ﬁ%é %ﬁ%ﬁgg ézyn c%enof)g %ﬁba\f éﬁ%ﬁﬂ%ﬁln@to-lme

voltadd Barvse A(Dbheglﬂe% &l ACSChulins 480 QEnWGG)mVI L&teﬁ down
st epdown transforner 410, a requl ator I

transtormer &1 Bygaaske yspd thstepdhe 598 oiinpte- liBBo tag@ Qﬁg\frbtpn?‘e%? v
such lﬁi?ag thg*rswemgl L RGSFRBIRY 415 @@%&@epé&d Fﬁiggg

age across an
capadiforbisd andeed{ stocdgd dmbacadnr |4|4ﬂ uianwsibteaeseergp correspondlng to

e sl AL 5 0055 D e 8 00 L2461 3L Mt
sngna‘f’%ﬁ‘@pﬁrg) SR Pvn%uwnéfrﬁélso&w%r?%té’t@ Byﬁads' sﬂtﬂtch 420

AC bus line 430 To the sag corrected 1i ne.
can bst dppedi arslan oppmtmgcslgrmjérmﬁ(bbusjbe@l 460 C@Imabeggrqanded

aechs bl AR SNPGRS 203 et o

a volrégbts%@e obiffit bdbat iréndfyAAEF468ChA rmeéwédctann@@aepeneamw
device controller, and output boost transfornmer 405

provndqﬁ bygegulatpriaoduled 15 0@ veltroesf 346 ¥ isushithatthe; opeseting
a l&44 15 up to a voltage
sgnq‘ﬂﬁpﬁw A@%\%él %‘% %ﬁéﬁg% rr%nt or rgpl ace a vol ?age

of the operatl ng signal (if any) which is still being
pr OV|[de4|81 hrasugdsofibeldus thé agamsm afone, aiseraf stépdown

o B B b R AR i
voltaGé r Q(IRHQFHF Z'PPV% 6r6ﬁﬂéfao3wv élﬁfedh@n@@ﬁm@é @dppl@hﬁﬁﬁ and/or

nodul e 415, and a secondary w ndin
replaoeﬁlp@ilnm@eutrahv@fage@ong@@ bys e @é@t dduisp lrtéﬁ!qil&l@n to the

ab|I|t3\/Mto Be ra%%ﬁ{ %I f3r u@gqﬁj k/f?‘tu%%2 ank/qoﬁr\'/oﬂésg‘@k@tre}‘n 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 alternative 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
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enbodi nent, output boost transformer 405 can be a

relatively small autotransfornmer. Alternatively,
Wop4109200st transforner 405 can be any ot herPGEPE00§/063067

transformer known to those of skill in the art. [0047]

As an exanpl e, regulator nodule 4 15 can be rated at

277 V. Aline-to-neutral voltage across an AC bus |line

450 can be 346 V, and the line-to-line voltage across
AC bus line 425 and AC bus_line 430 can be 600 V. -
modude 15 ceAmevea e lirae NGO ¥ ardips e Grastealotiaee
across ACTHud I;?‘r(-:I 458 FHI‘? be3g®) FOWY L re tHe Mhétslind gggaéégﬁcrotss AC

rating of regulator nodul e 415 i's not excee Irs
bus limect2fgand Afabus tine 436 candbes4tbDVd Steprdayen trapsfoirmer 448@an be

used 5% ieCe B T M TG dbbut o e BB i tace

rating 6f PP M Siithsthan e il KAPPFRMGBTreyilafol mydulBW 151 utilized.
normal operation, static bypass switch 420 can be

Instegd @ @yto beestdransheman 4. ahge buek tiansfasmer icapdesaged to
. . t .

buck §7 yBadk B Ee0tiatds bR 41 SR Fidwn o,
approxiiiatgg 28180V sacth thit the operdtingrsi@mal ey AGGuscline 480 varthe

to increase the 277 Vk&%ovi ded by requl at or rmg_ul e 415
adequgtely G%Wr?‘éf&g- afhegq@o\b dransfem rr?@“%ﬁﬁ;?%‘f"ﬂ%e @éﬂ'&? output
as kribvt'th @Qgg%iillleﬁriﬁ tHe QrtC 3R a@ealfe‘?ﬁétﬂfee b[)@%@rldt, §p-down

€ t a st ep- down

escri in the exanpl e above, use o
transforavef4iOnamd #ikOaato b uskttartsfdrovestcanr @ansbnfigured 45providing

w5 A5 e B o SR ot B B

mod@@gmfh difflert RviYatihgge- t o-neutral vol tage al ong AC
us line 350. Thus, Tn addition to the ability to be

adapted for use in virtually any |ow voltage system as
descri0888] wi the foseeeing desedptiaryefl exemplaphembgdiments has been

I l.e. f Qr - '
oresd AR5 BipERAl bPIGRPaRT ArlS PESEHAR! AisiiR Rrhgo be
exhagstvesobkaiingaevith rspgceta theyretise food disclased, badadagifieations
for use with in syst&\i

ro| | tems_With a wide array of [nput .
and vayjatigge are PRsaiplein t@_tetf&%m%ﬁfetngﬁr% Py BF Acgpired from
practif e ienb & érgips/)H{?ﬁer‘ggt % iRlineRbLY Xhé’(fth&hé%sg%lf PR invention

not be rated at can have any ot her voltage
be defatddpy e ¢lamsappendarskbersio skdltheir equivalemts.. [ 0049]
In an alternative enbodi nent, the dynam c voltage sag
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correction device illustrated with reference to Fig. 4
can be adapted to provide sag correction in systens
WOnRiog/41092%er at e at ot her voltages. As an exanplRGT/US2008/063067
regul at ornodul e 415 can have a voltage rating of 277 V
and the line-to-neutral voltage across AC bus |ine 450
can be 240 V. As such, the line-to-line voltage across
AC bus line 425 and AC bus |line 430 can be 415 V.
- rapnsforner 410 can be used to step the 415
WHA?\%DF?E%—&(Q@ vol tage down to the regul ator nodul e
vol tage rating of 277 V such that the full kVA rating
of1, r egnlghamid0eade éaSgléorrécﬁsd Hbvigs colprisigd of auto
boost transforner 4 15, an auto buck transformer can
be used to buck the voltage at the output of regulator
nodul e an input esminzt adeptesiie reselp et pae@tingRigna), wherein
- : ! [ C bus line 450 can
thef@sﬁ%@g&%ﬁf&épﬁalggafsﬁéhbggg-ﬂ?%gggﬁ@% uck transformer can
be connected at the output as known to those skilled
i n t he aardutpluhteamired| ire elegtrioat cempaghicatticn with ¢pe thpuh terminal
ransfo r. 410 and the auto buck transfqrner can be
and hisHATGAPIY the fir P, S DAL FEoWdEa S AIRERs on f or
di fferent operating signal values and/or for regul ator
nmodul es wigulbtef frloBURNEokMAsihgt | Ngs. [0050] The
foregoi ng "descri ption of exenplary enbodi nents has
been presented for purposes of illustration and of )
descri pti on.a fectifyingdevicaadaatas tooestifves lingria+ine input signal,
j Mt i . t. [ f ' e
whergloPr it Lie 1bREF b8 PhfnBi BohT 6 <sBbM EpafatiiTgne
havirgf thehmeatooveuttst aohage andra thind dperaiiepusiged| having the line-to-
practice of the disclosed enbodinents. It is intended
neutrah4eitages scope of the invention be defined by the
cl ai mrs appended hereto and their equival ents. WHAT | S
CLAI MED | S: glstofadly NAFLAaNR B Ioreéheay CERELAENAIAY S the
conprising: an 1 nput termnal adapted T0 recelve a
rectiffad lite-toplineatnipuity signgh@nd wherein the first operating
signal has a line-to-neutral voltage; an output
termnal in ' . l,eat ' '
term nal anoaerl ﬁ?’%ﬁ%ﬁ%@@ﬁ@%@ﬁg [ érogbt%wpgg%éﬂﬁ"gé é‘tiBg\;%%fanergy
to generatevisiesttion sighalafliring atdgadtat portionddilsevattagersag; ng a
rectifying device adapted to rectify a line-to-1line
i nput signal ,. . . . .
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.
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wherein the line-to-line input signal is obtained from
a second operating signal having the |ine-to-neutra
woylos/ai@92and a third operating signal having tIME/US2008/063067

| ine-toneutral voltage; a storage unit adapted to

store energy corresponding to the rectified

line-to-line input signal; and an inverter sw tching

devi ce adapted to use the stored energy to generate a

cqrrection signal durj t |least .a portion of a

vt t agbhe AgVich otclgiac] TErfe: comPBsiRar oK RAsscRllar cgnnected
betwé@rﬁTmmin%FtbPQw%HiH? 'deQicetsd ﬁlfeqmeféﬁéﬁltr%nlafaﬁln@gwtiﬁér high

and a

reduce a voltage of the correction signal;

frequeppiesdramithe polrectigresigndkal cormuni cation with the
i nput termnal and the output term nal, wherein the

bypas STﬁg"idEGigggoff .cild?mg%‘éfkﬁ?lﬁg} fh[%%w ﬂ%sdftf{e'g ﬁgrr?prf%% Pfiter

opérating con ion he"i'njec
capatitarmerica fiter fesidypassed, and further wherein the
bypass switch is in an open position during at |east a

portiop of the vyoltage sag such that the, i njection_
[ Bhns Dhardevics of Rlaig b adierom R aae I beoDRGreH 4 frst
storsf IS BRSPS OB oy 843 ool storage

nodel ow pass filter connected between the inverter
switching device and the injection transforner to

fid terLhi fre [ ' ' i
e douie Sesre T aiS \pERH fefieE hRFiaage BhfPRises & s
rectif%i@n@md\ﬁ(ﬁﬁc@hrfédté@ In sérfeacwitiva swednd rectifyiey dedds dba redifying
he device of claim1l, wherein the storage unit
nodegonprises a first storage capacitor connected in

series wwth a second storage capacitor at a storage

ode. $he HAGICHN ESrPS, WhéreiA fhe MIBEF 'iryaﬁ@eemeetdr{mgegthe

n
device conprises a first rectifying device connecte
rectified lire-teelinevinplut sigpat tonttherfirst stbragegcaaditoeand the second

rectifg/ﬁ%;c%g\%/ciéeg 85 Qﬁe?%thééggﬁ\‘ie(glﬁqlifog[ﬁé {rﬁ)gj?'s{angl toV\{P\%rseéc%nH t‘é‘?orage

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.
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rectified line-to-line input signal to the first

storage capacitor and the second rectifying device
Wraesil41e®2 t he rectified line-to-1ine input sighEl/U$2908/063067

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 claim1, wherein the inverter swtching

device coggrlse flrst inverter swtc evi ce ,and

0 %ee CTHi FRviEs C8 CIaiI T SYherg nde pEErY 1A B J Iseton
'transfarn"’?'n'eﬁnlsgcenr‘(@l‘fédE bBrdsBer d)ut?ht bﬂ%grlﬁ\%rtéﬁ’%vi'lfgwoﬁé%dgﬁ% @Rd a

nprises a first transi afirs
secombmmxttarmmal anti-parallel, and the second inverter
Swi t chi ng devi ce conpri ses a second transistor and a

ador oerst Oeias F BB it BRiEEeBRg Sperdihig #Bfp! s provided

througRRNESIoRd AO U@%flﬁﬂel @inrwctéﬁ t’@ égémntarrmume"rmnm arid thieethird
I njection transforner. e device of cla

OperaMﬁ\Qr%itha'aS 9rcp\md/thxp\4g|h ﬁgthtsfl Ptq]bus HP@@PPBﬁCtPFjéﬁﬁ hirgdpput
term|h§I connected across an output of the inverter
W tchi ng device and a second input termnal. 13. The
deV| ce of claim1, wherein the second operating signal
i 44pr ovhel ddvicbrocﬁu@imaﬂ sevareth the limestolnevdrat wnitage ofitheofirst

oS b PO A § R b
mod%'cbﬁwdrfé%ta éé‘do'ﬁd%ltagé‘balu@%n@%ﬂﬁér @/hefélﬁ*tﬁ@ first voltage

ereirn the line-to-neutral voltage of the first
valueoipdess thag the geabnd vollage walug. fi rst vol t age val ue and a
vol tage rating of the regul ator nodul e conpri ses a

3‘31%0”81(;9{%9‘%9588 oY%’ali'r% 1 é‘rg[]ttﬂgrﬂr%‘ﬂgﬂt%gﬁt % Vbrrm?)hses

volta ue-i's ess e sec alu

apprd)5maTéI? 1¢eWale arid tHeasernohd vollageeiaiud bemprises appiaxagately
val ue conprises approxinmtely 120 Volts and the second
208 \@Jts age val ue conprises approxi mately 208 Volts. 16.
The device of claiml, wherein the first operating

siqgnal Thd Reviee @B Rfim 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 paraliel 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 approximately
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.
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operating signal, and the third operating signa
conprise a three-phase input signal. 17. The device of
WQ2eB/M41092 wherei n the storage unit, the recti fBGTYHS2008/063067
device, and the inverter switching device are
connected in parallel by a first bus |ine and a second
bus Iine. 18. The device of claim1, wherein a sum of
the voltage of the correction signal at a secondary
2ﬁdln of the |n+ ection t ansforner a redyced

Reethpd of $8Irested avoltage sppseng @Pa‘{qf%“%i‘%nal

durlng the voltage sag are approxi mately equal to the

| i ne- t @oRAEHM) a Yedd RUSn Bltpulfertinall sudpahat iHedoal 98édives a
during the normal operating condition. 19. The device

line-tofnesttral woltageanpiea Erst operiinarsiangl tiraughrigesutpulderminal;
|nject|on transforner i s connected in series between

the i nﬁ‘é‘#nf&ﬂlbr i -toame g;%%gtwﬁé%m ! Irn%oto fhe input signal

met hod condi ti

is obtximgyt freimngy sewrrmepénangg &lgmmt/mgahemnbﬂutndmrawmége and a
such t hat t% | oad ?cel ves a |line-to-neutral voltage

third gperatipg sign E@WE‘Q thg ligegrteutral ¥alkadehe out put

termnal; rectifying a line-to-line input signal,

wher ei %térh% éhé\'@ytc%rr'e'sﬁéndlﬂg% thé Eétﬁiﬁedshn@b(bﬂlrféﬂﬁpﬁf §fhal in
a second operating signal having the |ine-to-neutral

a storagetajit and a third operating signal having the
line-to-neutral voltage; storing energy correspondi ng

to the fi e line input signal in a

st or agé{eg%mn % ?Igéc(% Séggoa vol tage sag; using an

inverter switching device to generate a correction

si gnal usirighat irevesten sedtchingrdpricentor gerparateea correbtion signal with

detected vol tage sa p ati c bypass sw tch
the stared engegy 'é‘rfeﬁa ?%W cfeg t% @P9?§aﬁot bypassed:;
and using the injection transforner to reduce a

vol t ag&hidd's s?éifcﬂ%&ia‘s@%vﬁﬂcﬁ%@ﬂch%éﬁhﬁ hﬁécﬂdﬁﬁransformer is
correction signal can be provided to the | oad.

not bypassast; ladd of claim 20, wherein a secondary w nd| ng of
the injection

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, wherein a secondary winding of the injection
transformer is connected in series with an AC bus line, and further wherein the AC
bus line is 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 approximately 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
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transformer is connected in series with an AC bus
line, and further wherein the AC bus line is in
W@2088/141022al conmuni cation with an i nput term nIT/ESRH08/063067
the output termnal. 22. The nmethod of claim 20,
wherein the voltage sag is detected wwth a device
controller. 23. The nethod of claim 20, wherein the
vol tage of the correction signal is reduced to
approximately the |line-to-neutral voltage. 24,  The
operatichignald uEing; the Mo !tagk sp8i % aPH@WBPt%EgB?' tBifge lIne-toneutra
It f i fir8opeafaY shinaf dpRRG AW atopeldtthgdoridifon.
Vo aﬁf)e@ﬁ é)n ?éangﬁ%rﬁer pPusga reﬁ‘uceg voﬁgg%e of the

firstoperating signal during the voltage sag is
a@gpr oxImmmethodqlielaing 20 whergina line-iesling woltags acrges dhe

socot iy SRS 1 SRR B g B PR A -

neutrbi Wsitdge- &fithe fivstl dprastirarsigaal bya factepotlapprexihately a square
signal and the third operating signal is greater than
root qff{aree. ne- t oneut ral vol tage of the first operating
signal by a factor of approximately a square root of

t Bsee. 138 melhiGd BEERRA 20f \Ame?éiﬂ‘tlggstd’?@?% ‘r%‘linﬁ do rPHRt

unit conprises a first Storage capacl connected in
storagercapacitort dormesrbindsesiesveitiea sepand storage capscitorajea storage
node. 27. The nethod of claim 20, wherein the
noder ect i fying device conprises a first rectifying device
connected in series with a second rectifying device at
a 27eCt The hitgho@ efcladf 20] Wbersihhing redtifgihgidevite, cohprisdsa first
_the inverter switching device conprises a first .
rectifyingslavige eannestechiy sasigscuithadegond cadtifyingdavics at a rectifying
nodeswi tching device connected in series at an inverting
hode. 29. A dynam c vol tage sag correction device
conprising: an input termnal; an output termnal in
el28ct r Thhametbodroh claahi20n whieréintthe invener siwitchingadevace

comqr?%gg,%l (?\lﬁg{ngghg%/ lﬁglt&i%pg IdfelwrcsétanodD g rseeltcclarqg ins\}egtré?lswtltgh%g device

connected in series at an inverting node.
20. 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
27



operating signal has a line-to-neutral voltage; an
i nput boost transfornmer adapted to increase a
WO 2008141092 | ne vol t age obt ai ned across a secondPCT/US2008/063067

operating signal having the line-to-neutral voltage

and a third operating signal having the

line-to-neutral voltage such that an increased |ineto-

line input signal is provided to a regul ator nodul e;

t he regul at or ul e .caonnect e et wee he input . .

Lorm nal and ERENIRA HACE @tapira O8G0 hE facPRgEd fine-to-ine
input/sfgifdlf Yi ng device adapted to rectify the increased

l'ithe-to-line input signal; a storage unit adapted to

store energy corresponding to the rectified increased

| i ne-to-|iné stafage ynihadaptedrid stareiangsgy eprrespending ¢p the

cdevi d.t t t d energy to generate a
rectnf%?rlbé%ta?gﬁrﬁbl 3ﬁallllﬂetjﬁ§lijtn§98% ’?é‘gst a portion of a

vol tage sag; an injection transformer in electrical

conmuni cat i am invéitert $weitchég Hevice adagtedticanse teagibsst energy

d |t f th ti S| |, Wwherei
e g ey e
connected in series between the input termnal and the

out put gnaihjachsh tranBfbrineP i afeetriod] E6Mnhini€atRsH Withahe regulator
comuni cation wth the input term nal and the output

module amdradaptedh ta eiducerrevaliagesef thaicogiectian isignal,cvheren a

i ti.on. durd .a nor ' it
secof MM PBLENP SrER0T RepSREnEt S rBRMAS fhphshieh ne
inputwBehidaNahd hdB PSS teiitiiialhahg i n an open position
during at least a portion of the voltage sag such that
the injection transforner is energjzed. 30. The device
of cl aidPYRASSHEI iR et'?féﬂ?ﬂ&ﬂm'ﬁagwﬁw %@f%ﬁd@?ut terminal

' f . is i i i i
ond S RUHISBat Y r{ARSIE sutch e T By gl qurng o
normiahopewsiagtdoaditionssitob-thatitheviojectige tiapstasmesis bypassgdsend

g A et AT B e A o, Bt Frion o
the vHREYE 88g slieh 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 is adapted to
increase the line-to-line voltage by approximately 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 approximately the line-to-neutral voltage.

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

approximately 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
28



vol tage of the correction signal to approximately the

line-to-neutral voltage. 33. The device of claim 29,
WOoRNeB/@41892 he i ncreased line-to-1ine voltage i SPCT/US2008/063067

approximately equal to a voltage rating of the

regul ator nodul e. 34. The device of claim?29, wherein

a sumof the reduced voltage of the correction signal

at the secondary wi nding and a reduced |ine-to-neutral

Vvol tage. oftthe first erating signal during the )
the fitzhop&gRingLgoRRle o B Volleer Pog iR BPPEDY mtel gl to the line-
to-nepﬁat UAtageobitthg eﬁrﬁ,forgg?&irﬁg gghapm*i@ {HAON S ﬂgeﬁ%&;dgﬂ&ondmon.

he normal operati condi f1on. 35. The devi ce
claim29, wherein the storage unit conprises a first
st38: agkhe dpvice tod claimnzth svhareimthestorgevinihcempesema first

storajy SeRacIG B ese sl TR PR stdPecBbbhid Al storaoe
nodel theSRIctiBang\léVice coRfppiRes ekt fastifling deliee cdhnacted in series
rectifying node, and the inverter sw tching device

with & sRpENG E3CTEYING devicel & festilying pede AN ipkerierswitching
o PRI BETIG I s SR B G, SR EEIS PR Sonng
deviceasbmneicter] inesdriekyatray invetingandiet badifadkert wherenthe stoeage

nodey {18 fecubingsBoBetANcHER BLeBNaeIoermEgorREIE 1 Reralie BY & firs

bus litlel AR ¥ s8tHad Bls fhet e 1 nput boost transformer is
connected across a first AC bus line and a second AC

bus |ine, and a secondary wi nding of the input boost
t 13@nsf Dherdevice of slaimc2hwheresa primary sdoegiog A€ the input heost

dth l,at dul.e. et '
ransfinerde cRB3 B derid BHAYY bRy e e ol ALl and
a secthdaw Riding bitHehpatBbodthainsfdrthdragdonrssed eréss the second
line-to-neutral voltage of a first operating signal;

AC bysiling and thegagulstmsnodulgnsf ormer to increase a
line-to-line voltage obtained across a second

ORSI at hAfe bl cofBERG alvdRabk ey Qriftid @mpRéihgge
oo PiietiodtR coliRKiAgaleRbE 330l Gridpid miftihg
line-to-neutral voltage such that an increased |ineto-

line i momnestinmalload tpanwiutiad temninal suh hebthedeadireceives a
. Wherein the increased |ine-foljne voltage is
Ilne-tgmﬁ,@gal Nﬂ&%‘?@ogﬁﬁ'ﬁﬁ o(péar%‘tl%%lggég rati ng of a regul ator

nodul e; rectifying the increased line-to-1line input

si gnal ;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 approximately 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;
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storing energy corresponding to the rectified

increased line-to-line input signal in a storage unit;
wQlzgt4109%y a vol tage sag along a first AC bus RGTESI008/063067

el ectrical communication with the output term nal;

using an inverter swtching device to generate a

correction signal with the stored energy; opening a

static bypass switch such that an injection

transformer is not bypassed; usi n% the injectjon

transt SlEiRGUINgR veltAgeesag alongadrsbinG bies iep inelectical
°°m'ﬁ"#jq§c ion fAH tRE 8}/%?],[@&”“%,. correction signal fromthe

lon trans mer to the load. 38. The nethod of
claim 37, wherein a primary wi nding of the input boost
t r ansf aisingran veoenevitehingcayice ta ganasalg acorastian signal with
th &ﬁdda third AC bus |line, and a secondary w ndi ng of
€ SiMeY PABHY boost transforner is connected across the
third AC bus line and a rectifying node. 39. A dynamc

vol t agepeathgcdktAictiypassewiteh steRRhatsamijectioni trangformer is
termnal; an output termnal in electrical

not bypasa@ei cati on with the input terminal and adapted to
provide a first operating signal to a | oad, wherein

the 111 s PieiRfechon FaBBfiirmidito fedudets LML e correction
step- or t

vol t age; own trans nmer adapt ed decrease a
signdl;iaret t o- | i ne vol tage obtai ned across a second
operating signal having the line-to-neutral voltage

and a third. operating..signal_ havi the..
et emedingdfe Foreludh $6i PRt 08 hiGron sapsiqmey io the
load.! i ne input signal is provided to a regul ator nodul e;
t he regul ator nodul e connected between the input
termnal and the output term nal and conprisinga .
%@elgput boost

r &8 i f Jnengnelaad ok claiapt/e Wheseing PITANK WEdiae PE
transtdriferi® chhRéctb 8 REtosy #88¢ond AC bus line and a third AC bus line, and
a secondary winding of the input boost transformer is connected across the third

AC bus line and a rectifying node.
39. 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 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
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a storage unit adapted to store energy correspondi ng
to the rectified decreased line-to-line voltage; and
W0B/M41e92 er swi t chi ng devi ce adapted to use tHEI/E$2908e53067

energy to generate a correction signal during at |east

a portion of a voltage sag; an output boost

transformer in electrical conmunication with the

regul at or nodul e and adapted to increase a voltage of

the correction sjgnal; .and a bypass switch in . .

el ectrical AJRRIANINGAS\ice adamtedia rerfythe BPﬁﬁeﬁéPdé'ﬁﬁ'to"me
input%l@ﬁna@,m put termnal, wherein the bypass switch is in a

closed position during a normal operating condition

such that the step-down transfornmer and the out put

boost transhstorageairit adarted éel store energy ervesronsting to the

..cl,aj m 39 erein the, out boost transformer
rectuﬁgg %ae%ed\éw eé&"ﬂ’? Y@F?sq%o% r. 4 1. The device of
cl ai m 40, wherein the auto transfornmer is adapted to

i ncr ease t hanvaldéregeswifchinedevice adhpted toi upeathelstored energy
appr oxi mat el_é 69 Volts du lﬂg% t he nor nPI oEer ating
to gepeiats aicarechon signal daing &t (5ast PAKIYBOT 1YeraesH Sefle

line-to-neutral voltage conprises approxi mately 346

Vol ts. aﬁ&:qtﬁlﬁ%&&‘( :tr_%ﬁsﬂfmﬁe'rm BlefticarBsmphuhiédton with the

decr ease Ine-to-line voltage is approximately equal
regulator madile agd adaptedytoincraaser ayoltagee! thedreectian signad; and
device of claim39, wherein a primary wi nding of the

out put _hoost transf.ormer .| . : . .
Fegul afan PR A el S Ao B Re s termina

and the @itputtemainer, Miteréin themypasedwitoh sein @slosed position during a
regul at or nodul e. 45. The devi ce of 39, wherein

“gw Su
normaf opereting ceaditien suehthgidhsrsteprdowsrtransfognersanghiie agut
the first operating signal during
boos réeﬁé\}gﬁﬁgbé@sﬁa)g |538§1'ppr oxi mately equal to the
line-to-neutral voltage of the first operating signal
d4oi ngThérdevioe rofiiclaimed % whereinahei auitput. borst transfaieer ce
of claim,3 erein a primary w nding of the

Comtglssﬁ-adbwoa%ﬁ B¥ter is connected across a second AC

bus line and a third AC bus line, and
41. The device of claim 40, wherein the auto transformer is adapted to

increase the voltage of the correction signal by approximately 69 Volts during the

normal operating condition.

42. The device of claim 39, wherein the line-to-neutral voltage comprises

approximately 346 Volts.

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

approximately 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.
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a secondary w nding of the step-down transforner is
connected across a first AC bus |line and the regul at or
WOrisa09247. The device of claim46, wherein tIE/US2008/063067

secondary wi nding of the stepdown transforner is
connected across the first AC bus line and a
rectifying node of the regul ator nodule. 48. A nethod
of correcting a voltage sag condition conprising:

| | d
ofBvs e fleviee, 2050, WREERI Ardim ob fientipsBi gt Oait the
corre@tﬁ% éghéf‘é‘nd Q'rééﬁﬁéoa{/olté?jet &Qﬁe fir'§t'dtﬁar§t|r$§ §|?nQPM@nng the

transforner to decreasea |line-to-I'i ne vol

voltagﬂasag iseaproxinsately Q;cmabtrdthqomwo ngutgalgmmaghaxf ithe firsie

ne-to-neutr e an rd operating signal
OPGrE\%‘QSusﬁ%“%' "‘PS%‘*P&’"H@ ?‘P%’P 8|°P§8%‘°§uch that a
decreased lineto- line input signal is provided to a

r agul atiy dowNek! b claird @Y, wherginthprimheey wirriteg of the step-down
| i ne-to-1ine input S|gnal storin

transfosmes spentnasied achoss & waaandi Ad byisdine-anct® thirgk ACobyS fige, and
a sechHHFy \ﬁinglﬂ‘?daof thekté ﬁbmetr 6rmé’r§§%hh@8teﬂ é’c%é§991rst AC

nverter swi |ng evice to generate
bus Imera"rﬁldhecregslagnahodwleh t he stored energy in response
to the detected voltage sag;opening a static bypass

ch_s htha n o t tranfor
e TG0 3 oy 48 MsrB e shhRR W Fisidhet the step-
downI t%s@@ﬁﬁeﬁs‘b@hhé@l@d@cr&@ﬂfé@ﬁr‘sﬁAU s Iﬁiegﬁﬁdj a réBtifyifieenode of
hod of claim48, wherein the decreased |line-to-line

the ragzulatagquu|eapprOX| mately equal to a voltage rating of
a regul ator nodule. 50. The net hod of claim 48,

f ypt he | di [ '- I

W Bh O of cBReffY 4 YoRigl S SRRURRh SRS . ¢
vol tage sag correction device conprising: an input
t er mi ngbhnecting 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 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;
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an output termnal in electrical comunication with
the input term nal and adapted to provide a first
Whpes/at1o9y signal to a | oad, wherein the firstPCT/US2008/063067

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

step-down transformer adapted to increase a

line-to-1ine voltage obtained across a second

operating signal having the line-to-neutral voltage

and a third operating signal having the

| i ne- t §PRBINOraptaligIYRgES SWHAN SHah hat ameywteyt baost trRfsiermer
; | L t signal is provided to a regul ator nodul e;
Isen%ﬁgﬁﬁégﬁ#ator nodul e connect ed between the input

term nal and the output term nal and conprising a

rect i f ysimg thewiutputduwmst transiormecta ingrease a noltage efithe

[Lne-to-]ine input signal; a storage unit adapted to
correchiqf} 8198Akr gy corresponding to the rectified increased

line-to-line voltage; and an inverter sw tching device

adapt ethe mettssd bhelafh asedhersin diye Hecgeised dine-te-line voltage is
correction signal during at |east a portjon of a

approxinateheeaud:tam wltags rajng ef erregdeéemBpdilg- el ect ri cal
communi cation with the regul ator nodul e and adapted to

degre h I ' j = -
05812 et S o Rl LSRR R drection
signal withtthé émoreased woltagenio thetlpad. t er mi nal , wherein the

bypass switch is in a closed position during a nornal

CBnerh AeA ol St oo Blandfude EFaPERas .
bypassed. 52. The device of claim5 1, wherein the

out put gpUAput te@Rifabr "er conprises an auto transforner.
53. The device of claim5 1, wherein the

line-to-neutral voltage c I ses appr.oxi matel y. 24 .
Vol t 5. a80utpaeaBna, BV SIeCHIGH RommurGHE VAN D P fgminal
- - . f r H )
and PR Bl P SO R r R e B operating

signal has auinaqto-heutkaltvoltagéor mer i s connected in series
with the regul at or nodul e.

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;

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;
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55. The device of claim5 1, wherein a primary w ndi ng

of the step-down transforner is connected across a
WE28mH0%C bus line and a third AC bus |ine, aRI/ES2008/063067

secondary wi nding of the step-down transforner is

connected across a first AC bus |ine and the regul ator

nodul e.

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

approximately 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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