WO 03/098771 PCT/ SQ02/ 00077 1 DYNAM C SERI ES VOLTAGE COVMPENSATOR W TH
CURRENT SHARI NG STATI C SW TCH Technical Field of the Invention 5 This
present iwoeawdsInl rel ates generally to the field of alter®amiSey2/ewnr? ent
(AC) electric power systens and el ectric power conversion systens, and in
particular, to a systemfor correcting a voltage dip condition in a power
line providing electric power to a |oad. 10 Background In an electric
power system electric power is typically generated by a generator and is
transm t t @Y NAMIQSERIES AFONTALG D ICOVMEPEN SA TORMWITH CERRENTSHARINGEr

| ocations, where the electric power is fed to a |load. Normally the
supplied electric power should MES&IIE HWHEEH of requirements. Such

requi renents include that the voltage should be 15 sinusoidal, the
frequency should be 50 or 60 Hz, dependent on the country, and that the
vol tage anplitude shoul d be Kdchairal Field vbthednvertidn devi ati on wi t hi n nor mal

regul ati on. viation by the voltage of the, el ri.cal power supply. . from
t he requi remaﬁlgs rPé“iﬁe’&Taﬁ'g%mH)ﬁe’fe t‘i’sog%ﬂeraﬁ]ryotﬁl @ﬁﬁeﬁ 0% ﬁgelina%g CWerBadAtq)cul ar,
one such éié‘éfﬁ@&)b%r 'éﬁs%’iﬂs 38d lech b&9&: SdRrersfi SPAiERUSHY ihﬂ?aﬂi@hir&‘@&ta' on of
equi pnent, and the shutdown of 20 sophisticated manufacturing plants, or
ot her i ndystem @k camettingmvettegadipsysaditing in Apowett lagpeprdvidingslectsepeieer tand
nonentary, reduction in the voltage of electric power supply, and is

typi cal | yloﬁ‘gused by a fault on the electric power system A voltage dip may
al so be caused by a |load on the electric power systemdraw ng a high

current fromthe electric power system creating a voltage drop across the
i npeddhce of the electric power sydiaskgramdrhis voltage- drop appears as a

vol tage dip aty.the.l : - ph .el {C t ni tude
of the vol {agetplsff egbie futer BEtaf pPEFL kv PRMEL erfiBh b &' SReRE™ 5
phases, adrdHieughsrined thioadt o tandmikdien und didgtbudobn nkSvdrly b Cdtdierdpgations,mat el y
the sane. A variety of power conversion_and_control nethod, or voltage

conpensat Bhae ks clepigiepoey et Edda a badohjramelly dhe sippiied slachiferay . sherkd
oo eyl mEmET ke s RUOLLATTALR I3 IREIBE NN
and net hodndsoidat; ahg fmgencnghaitld bet5) qrdlellz,| dependentins itlent¢@inivyt indathat the
voltage amplitude should be of nominal value, with deviation within normal regulation.
Deviation by the voltage of the electrical power supply from the requirements
may cause operational problems at the load. In particular, one such deviation known as a
voltage dip, often causes the malfunction of equipment, and the shutdown of
20  sophisticated manufacturing plants, or other industrial and commercial systems. A
voltage dip is a sudden and momentary reduction in the voltage of electric power supply,
and is typically caused by a fault on the electric power system. A voltage dip may also be
caused by a load on the electric power system drawing a high current from the electric
power system, creating a voltage drop across the impedance of the electric power system.
25  This voltage drop appears as a voltage dip at the load. In a 3-phase electric power
system, the magnitude of the voltage dip will generally be different in each voltage of the
3 phases, although the duration of the voltage dip is typically approximately the same.
A variety of power conversion and control method or voltage compensators has
been developed to compensate for a voltage dip. One technique used to compensate for a
30  voltage dip is described in US Patent No. 5,329,222 to Gyugyi et al. This patent

describes an apparatus and method for compensating utility power line transients with a



WO 03/098771 PCT/ S&2/ 00077 2 series injection voltage that is generated by
a three-phase inverter with a common direct current (DC) bus and is

coupl ed twotobe9g7hr ee- phase power |ine through a coupling PCRjS€o2/H@N7
transfornmer. However, if applied in a |ow voltage electric power system
the wuse of a three-phase- inverter whth one common DC bus and an injection
transfornmer is 5 not proper. This is because the cost of the coupling
injection transforner is high, and the injection transforner is heavy and
has a bi gsetiooinjedtion vokagd ther 3eacrated ey ajheed-pleise inveans ivithretont@yn dave

i nternal inpedan that mpy cayse additional voltage drop across the
i nj ecti oﬁ“@&thﬁﬂ%‘ls g IshgouRisdrie thp dhrse-pbese nower ling thrgash o pouriighe

over cone t'&p[}'ﬁbﬁﬂ' g IRV LEH; Y nsate for
t he vol talagxér opahurl nés 1%%%‘};%&? a%gfé?&aﬁ %%ﬁ&g&y%&é@g@&gr gfr e ’u@gd
oper at i orusefdfiactheseephasd: intviegermaph roat e mnatins PiColsuesdandAnoinestioh densioguer Bf
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vol tage dhfetioditRas@rh& BEHhBRFSEnd MUETd Bl Wdthrifk. C IRMBmEXre PHR ﬁi[?&ti%n

coupling injection 15 transforner. Consequently this device and the nethod
have a sitrns@rmet may deve mtersal impedantestbati hey cause WddianaitolBg8 d®p2R2ossn t hat

hi gh operati.on efficignc nd a | ow,valtage drop .acrqss the. injection
Fr anst or by "aSob. hefity 30T uo Rl BRHABHE) ThRDaAE Shenty bemFSES o
conpensatiyng@nfigtrin®tHedgeerttr B oliputl S6ltidead coMpedsatecon el Wilidke Hopldugidgi on
No. PCT/ SGOO' 00057 to SP Systens. This publication 20 describes an
appari&t ushosmal wpetgben.t hal this csusasapl wdresd appriiemefiimency phube Gippaigais
electric fyssem for conpensating for voltage dips. In this nethod,

i ndependent 1 nverters are directly connected to each phase of the power
lines to the |AadherAschniqueaiipbmpgnsatipg €drivoltagd dipnifdeseiitediia USSRaenttNe cost,

i ght i f th ] t : b im d. Yet t h;
Lechni ques B Eihisk hbsks it oF orl BFoPRaGe AEief bT ARESRTY Bl e e ing 25 o,
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conpensate Tfor a vol'tage dip using the energy fro enal ni ng
vol t dde dfansfoempowepndeiqnentlydiisi dayitehandvibe tnagleodihgve dHeiwelae dimitabion ab Hieat
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obt ai n eneHER tRNBfedior Rak@irhRE Badddebe MR th@knebisly.her, during the
Yet another technique of compensating for voltage dips is described in
International ~ Publication No. PCT/SG00/00057 to SP Systems. This publication
20 describes an apparatus and method that is suitable for application in low voltage electric
system for compensating for voltage dips. In this method, independent inverters are
directly connected to each phase of the power lines to the load. As no coupling injection
transformer is used, the cost, weight and footprint of the compensator can be minimized.
Yet another technique of compensating for voltage dip is described in US Patent
25  No. 6,118,676 to Divan et al. This patent describes apparatus and method to compensate
for a voltage dip using the energy derived from the remaining voltage of the power line
during the voltage dip. However, when the remaining voltage of the power supply during
a voltage dip is very low, or the depth of the voltage dip is high, it is difficult for the
method to obtain enough energy to perform the compensation. Further, during the
30  voltage dip and the dip recovery, transient current may be drawn from the power supply.

The power conversion method of this patent makes use of a half bridge inverter that



30 voltage dip and the dip recovery, transient current nmay be drawn from
the power supply. The power conversion nmethod of this patent makes use of
a hal f brwoge/9stverter that WO 03/098771 3 PCT/ SG02/ 00077 pcapeiozr/e®7a hi gher
DC bus voltage than a full bridge inverter for the same anount of output
voltage. In addition to the above volt3ge conpensators, uninterrupted power
supplies (UPSs) has been used to conpensate for voltage dips as well as
voltage transients 5 voltage swells and drops. However UPSs nornmally
consi st s BAUKETRhigherldG ibﬁgV@]gﬂEeé]é@, a fllduivge vevertonfor did e amsinhofjeutpner gy
storage Upljfget hat make UPSs nore expensive. Such a UPS has a further
limtation |§"t hat it normally operates at a | ower efficiency. The prior

art thus fail skt edditiavitdeha dbbg@tmhgmombm@%)wﬁeﬁ@ﬁste@ilﬂ)bye?fs%gg%&nt
device to nsate for voltage dips that can cause malfunction a _
shut down S gla? %’Gﬁ%t‘ﬁs?dalto SREPeBTHfe fe Holtagy sdipymes vadhmsrvpliage trassiemtvent i on
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| t age e r for.coppensati ng voltage dips in an alternating current
\éloect ?i C?Mﬁégiﬁaeﬁ\nhfhﬁggﬁwg@& gy ppegiss ébﬁg}é?m &ffmle@?rrprl si ng:
an ener st orBgepidY drt £ 119%d hvbidihe; okt age: a
current gZhari ng stl{g?{i%rts}\%st%h Eo?ﬁ)e‘;gﬁ% ej%vg\%%n’ %rfﬁg%{nsaﬁoﬁgt%q%}_ﬁteﬂﬁ%gﬁl nal s
of 20 tHEVgn@ntempassatagier coltpem ditsothaf oan setsechialfehdtiononiie ghitdgvh g | nput

and t 1 oA Series injection inverter connected in parallel
W t hq;éhgqéﬁl%s%g%@lgﬁér%{nﬁﬁm 4P switch for converti ng the DC voltage from

the energy storage unit to AC voltage; and a systemcontroller for
detecting a voltage dip on the input termnal and for 25 controlling the
current sharing static sw tchSanumaryeofdbe laeentionect i on i nverter wherein,
with no voltage dip detected, the systemcontroller controls the current
sharing stati dt $wanalbjecd ofbthe questut inveatiboro atibdteastly Raftcoafe, @rCalr kgt
cycle an%n?e%%%artec,) Io%e E)rh r%o%ee(ﬁiisaecﬁ/ahtg- eesccgfJ e?ggstilng \éfrgrgg%hents.

15 According to an aspect of the invention, there is provided a dynamic series
voltage compensator for compensating voltage dips in an alternating current electric
power system, the dynamic series voltage compensator comprising:

an energy storage unit for storing energy in the form of a DC voltage;
a current sharing static switch connected between input and output terminals of

20  the dynamic voltage compensator for selectively connecting the input and output
terminals;

a series injection inverter connected in parallel with the current sharing static
switch for converting the DC voltage from the energy storage unit to AC voltage; and
a system controller for detecting a voltage dip on the input terminal and for

25 controlling the current sharing static switch and the series injection inverter wherein, with
no voltage dip detected, the system controller controls the current sharing static switch to
be conductive for at least part of a current cycle and controls the series injection inverter
to conduct part of the current to the output terminals, and upon the system controller
detecting a voltage dip, the system controller controls the current sharing static switch to

30 open and controls the series injection inverter to inject a voltage signal between the input

and output terminals to compensate for the voltage dip.



to conduct part of the current to the output term nals, and upon the system
controller detecting a voltage dip, the systemcontroller controls the
current swearofgs7stati c switch to 30 open and control s thePS&rSiGE%000A] ecti on
inverter to inject a voltage signal between the input and output termnals
to conpensate for the voltage dip. Wo43/098771 PCT/ S&2/ 00077 -4
Preferably, the current sharing static switch conprises: anti-parallel
connected thyristors; and a thyristor drive circuit for receiving a control
si gnal from t hBreégreblanthe gntrewsishaning siatit fvdtchpompiridésag t he anti - paral | el
connected thyristors,with a firing signal in response to 5 the control

si gnal wher ei n@W?Iﬁll%roco%ffqeéigtéyﬂ?[Brsd%icgct ed, the systemcontroller

control s the thylijrit@rdrilel diRuRIfoE Hckivirny Peomidi@iddaP frbid ihaGyskaN@ntdiiter a
predeterm ned period after current through the current sharing static

switch cr adEs ppesiding thesdi-pasplel onanestad; thyristoysewith o firing wignabin reepopsé tes a

full byid S i dey) aj | h rrent sharing static
i e 1 o e (SR e AR RR, AR Wb WEiehIg, (il SPLEC.gH Rl
sw tched thechyiifiat drive viediitaigeprsvigoahe figing Rjgaal eferbepmaenrhined ipsisd aftand

out put term nals. g%ri ef Descgi ption, of the Drawi ngs Enbodi nents of the
present i AYETHE BBeRh the chsttisbainestaticwdichicressess®®&-ence to the 15 drawi ngs,

n which: Fl G phedranig SENGHRL b (R0 BMEHLIS! R biifed of Adlihase
i mpl erentation of a dynam c series voltage cc?rrpensa or Wi th % curre
sharing stdati¢es, awl while thedutrére shammg etatic swithh ¢ codimlidy narbieccamduitdz, Vel t age
conpensator. i.s connected in .an applicatio ci.rcyit; .20 G 2is a

ot ai 1ba Sttt TGS ag aittored e dysh ann Otees Hegalivinaged bomsendimbpyt i G
3 is a dehmi hifputsehanRmsi ¢ di agram of a systemcontroller of the dynamc
series voltage conpensator; FIG 4 is a schematic bl ock di agram
illustrating a three-phase inplenentation of a dynam c series voltage
conpensator with current shari - 25 FIG 5A shows an

g)estratti. C (ﬁﬁlt
oscillogram of a typical vo fﬁg S PYPGR R Drar IS er source: FIG 5B
shows an osci | Epgodiments dffike prebaidinveatibgal 8bwbaelesdrivgl SvitRE&Derf¥ NG HeC

15  drawings, in which:
FIG. 1 is a schematic block diagram illustrating a single-phase implementation of
a dynamic series voltage compensator with a current sharing static switch, and the
manner in which the dynamic series voltage compensator is connected in an application
circuit; |
20 FIG. 2 is a detailed schematic diagram of the dynamic series voltage compensator;
FIG. 3 is a detailed schematic diagram of a system controller of the dynamic
series voltage compensator;
FIG. 4 is a schematic block diagram illustrating a three-phase implementation of a
dynamic series voltage compensator with current sharing static switch;
25 FIG. 5A shows an oscillogram of a typical voltage dip from the AC power source;
FIG. 5B shows an oscillogram of the output voltage of the single-phase dynamic
series voltage compensator during the voltage dip illustrated in Fig. 5A;
FIG. 6A shows an oscillogram of a typical voltage dip from a three-phase AC
‘power source; and
30 FIG. 6B shows an oscillogram of the output voltages of the three-phase dynamic
voltage compensator during the voltage dip illustrated in Fig. 6A.



series voltage conpensator during the voltage dip illustrated in Fig. 5A
FIG 6A shows an oscillogramof a typical voltage dip froma three-phase AC
power souwoOe3/ogstdl 30 FI G 6B shows an oscillogram of the @arpe20@it ages of
t he three-phase dynam c voltage conpensator during the voltage dip
illustrated in Fig. 6A WD 03/098771 -BCT/ SG02/ 00077 5 Detail ed Description
Were reference is nmade in any one or nore of the acconpanying drawi ngs to
features, which have the sane reference nunerals, those features have for
the purposes of 5 this description the sane function(s) or operation(s),
unl ess the contrary intention eqr FIG .1 is a schematic diagram
illustrating a single-phase i m?ﬁﬁ’éﬂfiﬁ‘*&ﬁl@f% dynani c series vol tage
conpensat or 100/IcRNASELRG RahIREHh MY Hfe HOMREe §Pﬂfe%céﬁﬁany%'i%j dRiyvifgs 1o0ad
106. The dynam c series voltage conpensator 100 is operabl'e to 10
conpensat ¥atugss, whichdyee dhepgnierteferrnce nppeialsy dlosa fratireohavietfer the ppmeses aur ce

I T M L M

mul ti - phaggesgstem to conpensate for voltage dips on the supply voltages
fromthe respective supply phases of such a nulti -mlpihase system A

t hr ee- phase i niPinkit atscbpmatic dingramy Abpatigting o daglydphasgimplonpeiaten of 2 15
100 is il EHI%E_F- i i ridae i r e o .

Ref erri ngat 0 ll—'?%a%f , %lﬁgggglr@reng%%gelrdpe%n@%% %gg&}\%gﬁp%glnégt%or@f§8m§? ]th?e

pr ef er r edandea oAl ead 10Ac| THeslyaamit seaies wiape ngnpeadata 500 < bpd@ble @

series injection inverter 102, system controller 103 for controlling the
currefft sHRIRREASRtE O Yeltagg; C%Eﬁhml%‘f YRRy Yoktage frogy they ALcRQWasoMFrget®er A102,

and an enghgifortd 20 8% i3plcall 981tdRr dipri9isdi O iof QFi
di rect curren(t) (DO vc?Iu?ggcg to tg(r%e1 é?:élesg lpg?tgikﬁ osrl:h‘:: E\}//%ér}ﬁlgrs%%géz%l.}%g
ener gy stemepsasaiei 100 13ay aky tre efmployed if reomudti-phiser systcap de icoopensatd fypwheel
system a_hattery or_any ot her, neans that can provjde ener in the form
of “DC vor Tt Tl R oflie RORF St seir Dt ool PeSEepbdich gt -
paral | el fiaisé Bast@er iAthred-pia8s irplRmcHuasH F th%Q%naﬁftdse?i@E RoRdR c‘éﬁ{f)@ﬁgtcﬁd
bet ween the AC power source 105 and 25 |oad 106 through wres 107 and 108

respekt | vE]Ois illshatedim andjiy desenbed with refoteneattoaBIG. 4.

Referring to FIG. 1, the dynamic series voltage compensator 100 of the preferred

embodiment includes a current sharing static switch 101, a series injection inverter 102, a
system controller 103 for controlling the current sharing static switch 101 and the series
injection inverter 102, and an energy storage unit 104 for providing energy in the form of
20  direct current (DC) voltage to the series injection inverter 102. The energy storage unit
104 may be formed from an ultra capacitor, a flywheel system, a battery or any other
means that can provide energy in the form of DC voltage.
The current sharing static switch 101 is connected in pafallel to the series
injection inverter 102, and both are connected between the AC power source 105 and
25 load 106 through wires 107 and 108 respectively. A neutral wire 109 is provided as
return path. The energy storage unit 104 provides the DC voltage to the series injection
inverter 102 though wires 116 and 117. The system controller 103 and energy storage
unit 104 are also connected to the neutral wire 109, from which a reference voltage is
acquired.
30 The system controller 103 obtains an input voltage signal to the dynamic series

voltage compensator 100 from wire 107, obtains an output voltage signal of the dynamic



return path. The energy storage unit 104 provides the DC voltage to the
series injection inverter 102 though wires 116 and 117. The system

control | ewO1B898IMd energy storage wunit 104 are al so conn@cusdor/eorhe
neutral wire 109, fromwhich a reference voltage is acquired. 30 The
system control |l er 103 obtains an i npute6voltage signal to the dynam c series
vol tage conpensator 100 fromwre 107, obtains an output voltage signal of
the dynami ¢ WO 03/098771 PCT/ SG2/ 00077 6 voltage conpensator 100 fromw re
108, obt aveltaga conmpersatorsliofrfadm twiculfls, sbigimsla wirreat $iphal thoughhdgmalimisent 15

t hrough the curren har i static,switch .10l .neasured with a_. current
senso? 11%{,eﬂ]8b‘flﬁ“f opgh 2@‘?1?“‘5?‘5@9?“’9% rsg‘([}(j I‘F@@niﬁ fepdred aVith 2 (WECRY Y r ent
through t8&isorSErs, @btdity £ehirOft Jighie iHrBlighl A2ndTBREH 120 ofithd) c@r&i &151%{1%% g&nsor

119, and obtains a DC bus 5 voltage of serial injection inverter
t hr ough ssegigalinjegtion invertend2sinegsatedvivitle acurentTsensorskt end obtainsad Dér bus03

controls t current .sharing st at.i swi t.ch 1Q1 .th h, contr ol i.n 114,
and cognt r‘(/)(thagf3 ﬁ)é Sesréqt'l i fo_rli]j 1@3?1%65:#)? 61378}’%}%?1‘%?% rv_gﬂeg Lﬂg%}ﬂ ?g?al IVYIFFerf 111 €and
113. Duri sgtendcomtollep @03 ichatfols eidduriedn Sharinlg ataticSswittinl 0l h@rd@WRbngeUlike 105
provides a voltage within predefined limts, the systemcontroller 103

control s tHeaadepmrals digseriplgnjediipnsingeries thrppgle ponil liger! ¥2randdldBi es i nj ection
inverter 102 s £t ] IS .S current
sharing stati cﬂg%/]mn% gﬁ%%ﬁgﬁggé E(gﬁdsﬂréé}llsé@gtl 13?@%{1 i]t@egp ‘%"?R/resrla ﬁé:rgqggé.ré&%?ea

nor mal opeslaige ovitlin paideifinad limis] o systear cadroller h03 ebmadls elic asrdnld8haritigr ent
sharin node. Wien the system. confraqller 103 detects a voltage dip from
the AE potfaiic swick1 apgd tﬁ%ﬁfﬁ IEGHOnIRYEIter 2 ﬂi@éﬁ%‘ t_ﬁ%aunr?%'tq ,elmo is
det ect ed fskkfh%akbgi it JIBRALERARR st &»ﬂﬁh)’ﬂht ARIGHE ket ﬁlé%‘:%zn By phem
controller 103 controls the current sharing static swt 101" 6 open and
t he seri ethé mpouali gperatipnecomshitidiO® dlsoirefeeed terergyafiet asethe ¢vereni shirsngl1 07
and 108 so that AC power at or near the nominal voltage |evel is provided
to the | 0%4%®106. The dynamic series voltage conpensator 100, and in

particul ar thepwaRhitEs sysirtebhtddlleq0B ALREL S volfdde dip HEm th 20t $owe! RG&
between wire 107 and wire 108 so that the | oad 10 receives a dip free

suppl ¥  ab03 ky moraihen thequednfingd listisr whith 2s defeqiest drelishah¢ sgage¢raentiof the
2912 o e OG5 ot SRS SOTHSPER o P S il '
101 to open and the series injection inverter 102 to inject energy between terminals 107
and 108 so that AC power at or near the nominal voltage level is provided to the load
106. The dynamic series voltage compensator 100, and in particular the series injection
20 inverter 102, thus injects voltage between wire 107 and wire 108 so that the load 106
receives a dip free supply, as is illustrated by waveform 122.
A more detailed schematic diagram of the dynamic series voltage compensator
100 illustrated in FIG. 1 is illustrated in, and is described with reference to, FIG. 2. In
particular, more detail is shown of the current sharing static switch 101 and the series
25  injection inverter 102. The connections to and from the system controller 103 and the
-energy storage unit 104 are also illustrated.
The current sharing static switch 101 includes anti parallel-connected thyristors
210 and 211, and a thyristor drive circuit 212. The thyristor drive circuit 212 receives a
control signal from controller 103 through control line 114. When the control signal on

30  control line 114 is ‘HIGH”, the thyristor drive circuit 212 provides thyristors 210 and 211

with firing signals so that each of thyristors 210 and 211 becomes conductive while



particular, nore detail is shown of the current sharing static switch 101
and the series 25 injection inverter 102. The connections to and fromthe
syst em cowOrodlopsar:1 103 and the energy storage unit 104 ar @CalSs02/00077
illustrated. The current sharing static switch 101 includes anti

paral |l el -connected thyristors 210 ang.211, and a thyristor drive circuit
212. The thyristor drive circuit 212 receives a control signal from
controller 103 through control line 114. \Wen the control signal on 30
control |respeciivedprioper Wilidkt polatity i lappliest dCordeisely, oihen tietsigibP op comidldme

thyri st 21 211 with firing Si t hat h.of thyrist 210
and 211 HO4dHeLOtnalG TS RAHIVE B3 358%7 ToRLT e OBy 20 cd padt | ve
pr oper V%ﬁl@&ﬁi%%ﬁ&l& YarldSthaPRliErs SPNVRHSS] ¥ fohen &6@% ShanthwiRn ggntrol

line 114 is "L the thyristor drive circurt 212 d not provides
t hyri st orrsspretivesgrdret throwghtthyrfisteis Ad0 shd)Ahl scaalmed zete t hyri stors 210 and 211

form an open cjrcuit when. the e ctive cu nt. through thyristo 210
and 211 reaches /&F§S HECHQR lg‘éﬁffeé@?ﬁ?%‘é@?eﬁ&ﬁlﬁmgﬁ&f ST’%QhIP%@FYP&%%E(gO»f ul |
bri dge ofbriigk tdeive Rits 205 68S 2800x switéHif Batidny® IRt Snd2BT RRLagNtor 209

swi tching harnonics filter, and DC bus qgfa0|tor 209 connected over the DC
suppl y vorpegseeds oyl thedPG sepnly eltegresupplied Sroay theueriergyl idarage emit 104neecr116

and 117. ' i tching .devi,ces consi s of

| nsul at edﬁ%gtl ieésjglhfl‘ g%ﬁ-g?&ﬁ@n@ﬁé% 8? gwg?}@%%‘flewc?sﬁbgnﬂopyﬁtiPi?’llgﬁmag%qiﬁ@&efed

f r eewheelBipgatiTedsBto2d UGRDRwith GnBGRraldl cafdectenBesviceiig AEHdBARIDD S
filter caonsists of a series connected inductor 208 and capacitor 207, and

i s cdfnedVédndefde dirersiidichine harmeniesiiien eongistsiafe@ seties conmieefgd instuctos R08 chi ng
devi ces von W Lt J C I t htive out put
t er ni nal %gg'cagén%ﬂatr ﬁ??t%ﬂgiéi %Og%e%%gb eie% thOBagE gegnin%lst ‘E@hﬁgﬁgt".ﬂ&‘ e Jt put

t erm nal switching Tdeyices 08¢ twithntheoindtictbe RO dridgheortpiad itb ahe 2Rditigadutgiduct or
208 is ¢ nnectle‘(rj[,to V\z'lre 15, 12£ r. form n%p;t he output termnal of the
series inféttto iaH@é_ § EFPACHRfer Lalliph SOMUG Y e gegiie QUPHitHEIngf -t he
full bri dgg QhnsMonCHHIMDARKICHS APSilos 209 GhER DY & Rotted QF HB9 the
input termnal of the series injection inverter. The series injection

i nverlfer 108doy fepmingthe ouiut tirménagnéitle seriosrinjéntionisteier, wiom¢asahé negati®d over

control 1] 112 an 13 en t control, sign on control Iline 0 112
is "H G—l'ofu[h%géﬁm%% ‘?fs&%erfugvggrb%u%ﬁvgc Q?Vlﬁ%dg@oe&saﬁ@éleftﬁg R 3¥ts dP7si gnal
on cont r @hrnhihg ehelikBud termhinMestiRssdags iédion ifdrée uni t 206, 1GBT 204 is in a

cut-off node, and . . . . .
The series injection inverter 102 receives control signals from the system

controller 103 over control lines 112 and 113. When the control signal on control line
20 112 is ‘“HIGH’, IGBT 203 is in a conductive mode, and because the control signal on
control line 112 is inverted by bridge drive unit 206, IGBT 204 is in a cut-off mode, and
vice versa. Similarly, when the control signal on control line 113 is ‘HIGH’, IGBT 201 is
in a conductive mode, and because the control signal on control line 113 is inverted by
bridge drive unit 205, IGBT 202 is in a cut-off mode, and vice versa.
25 The system controller 103 measures the DC bus voltage supplied by the energy
storage unit 104 to the series injection inverter 102 through lines 110 and 111 connected
to lines 116 and 117.
FIG. 3 is a more detailed schematic diagram of the system controller 103 of the
dynamic series voltage compensator 100. Although the schematic diagram of FIG. 3

30  shows a digital circuit implementation of the system controller 103, the system controller



vice versa. Simlarly, when the control signal on control line 113 is
"HIGH, 1GBT 201 is in a conductive node, and because the control signal
on contr owoloBqoegs7113 is inverted by bridge drive unit 205PCrGB80228827is in a
cut-of f node, and vice versa. 25 The systemcontroller 103 neasures the DC
bus voltage supplied by the energy -gorage unit 104 to the series
injection inverter 102 through lines 110 and 111 connected to lines 116
and 117. FIG 3 is a nore detailed schematic di agram of the system

control | €03 Q3 abkb Hehignplelyerasd & @edrnaby ciehitagén acopbimbidboof 4dEitatirhiaugh t he
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vol tage ggppepsator 100 obtained from wire 108; the current through t he
current sharing static switch 101 neasured by current 10 sensor 118 and
provi ded t hr ottgroupuinalltagd signal 0f the dnamie veliaget comepegbatentd G ehtpiagd figpect i on
i nverter Zlé?geasured by current sensor 119 and provided to the system
control | &"° t hrough signal wire 120; and the DC bus voltage of the

series inject uRNcurfne th@ugh e Whirght dharihd Staticf fodtcBNDE hiRasdrbie by ddurgges
recei ved throulgh si gnal vm re 110 and_ si naI wire 111, and is obtai ned by
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STy o LR kTt S M
digital fd {fcﬁ{agéé) feceived through signal wire 110 and signal wire 111, and is obtained by
15  passing the voltages received through signal wire 110 and signal wire 111 through a
differential attenuation circuit 306.

Each of these inputs, which are in analogue form, is converted to digital form by
analogue-to-digital (A/D) converters 301, 302, 303, 305 and 304 respectively. In
addition, the digital signal of the input voltage signal to the dynamic series voltage

20  compensator 100 is pre-processed by digital filter 307.

The outputs of the system controller 103 are the control signal to IGBT 201 and
IGBT 202 which is output through control line 113, the control signal to IGBT 203 and
IGBT 204 which is output through control line 112, and the control signal to the thyristor
drive circuit 212 of the current sharing static switch 101 which is output through control

25  line 114. The neutral wire 109 is connected to the internal ground of the system
controller 103 and is indicated by 327 in FIG. 3.

An over-current detection block 314 receives as inputs the digital version of the
current through the current sharing static switch 101 and the digital version of the current
through the series injection inverter 102, and determines whether an over-current

30  condition exists. When the over-current detection block 314 determines that the current

through either of the current sharing static switch 101 (FIG. 2) or the series injection



The outputs of the systemcontroller 103 are the control signal to | GBT 201
and | GBT 202 which is output through control |ine 113, the control signal
to | GBT 200 oangB771 GBT 204 which is output through control PCrs&oL0®77 and t he
control signal to the thyristor drive circuit 212 of the current sharing
static switch 101 which is output threough control 25 line 114. The neutral
wire 109 is connected to the internal ground of the system controller 103
and is indicated by 327 in FIG 3. An over-current detection block 314
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the signal on signal wire 345 is ‘HIGH’, which is the case when a voltage dip has been

detected, the reference table-updating block 308 freezes the available reference signal

table. The reference table-updating block 308 generates a reference signal, which is feed

20  to a dip detection block 309 via signal wire 362 for detecting a voltage dip condition, and

also to subtracters 310 and 311 via signal line 341 for generating an injection voltage
signal.

Subtracter 310 calculates the difference between the reference signal on signal

wire 341 and the filtered digital signal of the input voltage on wire 107 via signal wire

25  340. Subtracter 311 calculates the difference between the reference signal on signal line

341 and the digital signal of the output voltage on signal line 342, which is then adjusted

through PI control 312. The sum of outputs from subtracter 310 and PI control 312,

calculated by adder 313, is then provided as input to pulse width modulation (PWM)

generator 318. Additionally, the PWM generator 318 makes use of the DC bus voltage of

30  the series injection inverter 102 from A/D converter 304 in generating PWM switching

signals on signal wire 343 and signal wire 344.
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When the conduction angle of the current sharing static switch is set to 180 electric-
degrees, the delay after each zero crossing of the current is set to zero. In this case the
conduction angle control signal on signal wire 353 is always set to ‘HIGH’.
20 Block 315 decodes the two-bit signal received from the dip detection block 309
into four signals provided on signal wires 350, 349, 348 and 347. When the two-bit
signal is ‘00°, the signal on signal line 350 is set to ‘HIGH’; and the other three signals
are set to ‘LOW’. When the two-bit signal is ‘01°, the signal on signal line 349 is set to
‘HIGH’; and the other three signals are set to ‘LOW’. When the two-bit signal is ‘10°,
25  the signal on signal line 348 is set to ‘HIGH’; and the other three signals are set to
‘LOW’. Finally, when the two-bit signal is ‘11°, the signal on signal line 347 is set to
‘HIGH’; and the other three signals are set to ‘LOW”. "
When the difference between the reference signal provided on signal wire 362 and
the filtered digital signal of the input voltage provided on signal wire 340 is larger than a
30  predefined setting, and the digital version of the current through the current sharing static

- switch 101 is negative, then dip detection block 309 generates the two bit signal ‘00’.



control signal is set to LOW again before a follow ng zero crossing of
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generates the two bit signal ‘10°, which indicates that no dip compensation is required

and referred to as the toggling state. The signal on signal wire 348 is set to ‘HIGH’; and
20  the other three signals are set to ‘LOW” by block 315, causing the output of OR gate 316
to be ‘LOW’. During this condition the signal on signal wire 345 is also ‘LOW”’ and the
reference table-updating block 308 continuously updates a reference signal table. The
output of OR gate 316 is inverted by an INVERT gate 325 before being fed to the AND
gate 326 with the conduction angle control signal on line 353. During this normal
25  condition the output of the INVERT gate 325 provided on signal wire 361 is ‘HIGH’. In
the absence of an over-current condition, the state of the signal on line 114 will be that of
the conduction angle signal on signal wire 353. Thus, in the absence of an over-current
condition, when the phase angle of current is within the conductive angle (signal on
. signal wire 353 is “HIGH”), control line 114 is forced ‘HIGH’, and the thyristor drive

30  circuit 212 provides thyristors 210 and 211 with firing signals.



of the above states in which two-bit signals "00' or "01' is generated. 15
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As set out above, when positive force commutation is required and the two-bit

signal is “00°, the signal on signal wire 350 is set to ‘HIGH’. The signal on signal wire

358, after OR gate 322, is also ‘HIGH’. In the absence of an over-current condition, the

20  output of AND gate 324a is ‘HIGH’, which forces control line 112 ‘HIGH’, and IGBT

203 is turned ‘ON’, while IGBT 204 is turned ‘OFF’. With signals on signal wires 347

and 348 ‘LOW”, the outputs of AND gates 319, 320a and 320b, provided on signal wires

354, 356 and 367 respectively, are ‘LOW’, and with the signal on signal wire 349 also

being ‘LOW’, the output of OR gate 323 provided on signal wire 359 is also ‘LOW’.

25 The output of AND gate 324b is ‘LOW’, which forces control line 113 ‘LOW’, and
IGBT 202 is turned ‘ON’, while IGBT 201 is turned ‘OFF’.

In a similar manner, when negative force commutation is required and the two-bit

signal is *01°, the signal on signal wire 349 is set to ‘HIGH” resulting in the signal on line

359, after OR gate 323, to be “HIGH’. In the absence of an over-current condition, the

30  output of AND gate 324b is ‘HIGH’, which forces control line 113 HIGH’, and IGBT

201 is turned ‘ON’, while IGBT 202 is turned ‘OFF’. With the signals on signal wires



crossed zero. The current sharing static switch 101 is turned or kept 'ON
when an over- current condition is detected; or when no dip conpensation is
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current sharing node, the static current 15 sharing switch 101 is only turn
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throu?h t he current sharing static swtch 101 is detected, the two-bit
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is ‘107, and the signal on signal wire 348 is set to ‘HIGH’. With the ‘HIGH” signal on
signal wire 348 and a toggling signal provided by block 317 provided as inputs to AND
gate 319, the output of AND gate 319 provided on signal wire 354 is that state of the

20 toggle signal. The outputs of OR gates 322 and 323 also toggles with the toggle signal.
In the absence of an over-current condition, the outputs of AND gates 324a and 324b also
toggles, which in turn toggles control lines 112 and 113. When the toggle signal of block
317 is ‘HIGH’, IGBTs 201 and 203 are turned ‘ON’, while IGBTs 202 and 204 are
turned ‘OFF’. When the toggle signal of block 317 then switches to ‘LOW’, IGBTs 201

25 and 203 are turned ‘OFF’, while IGBTs 202 and 204 are turned ‘ON’. During the
toggling state, the output terminals of the full bridge of switching devices 200, ‘+’ and -
are simultaneously switched from negative DC bus 221 to positive DC bus 220, or
simultaneously switched from positive DC bus 220 to negative DC bus 221. Neither of
these toggling state conditions causes any disturbance between input terminal 107 and ‘

30  output terminal 108. During toggling state, after each zero crossing of the current and

before the conduction angle control signal on line 353 is set to ‘HIGH’, the current



10 344 generated by PWM generator 318 are switched to control lines 112 and
113 respectively. The 1 GBTs 201, 202, 203 and 204 of the full bridge of
swi t chi ngwoesiogssst 200 (FIG 2) are controlled by the PWPSHISGokDwg7 si gnal s
to generate an PWM out put which, after the filtering provided by inductor
208 and capacitor 207, results in a-ri@guired sinusoidal signal that nakes
t he output voltage of the dynam c vol tage conpensator on 15 line 108 dip
free. Finally, when no dip conpensation is required, the toggle state, the
t wo- bi t shayirgy staticsswitkl' 101amdom-hmch1icgmdmdd1he $oagreakrent ﬂ@wsﬂ'@u'gls tlseinvetrts:r
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AND gat e o1 e AR oM S HENsleddiea d%% itBe bhddnt Shatis ofatit ReitdR 1t0edg! e
signal. The outputs of gat'es 322 and 323 al so toggles with the toggle
signal . cbhnductize abdthedeadsurrent fows thouegh ewrend shating w#ic switchd@dput s of AND
gates _324a and 324b also toggles, which in turn toggles control |lines 112
and 113. V\hen the toggle signal of block 317 is HGH, |IG&Ts 201 and 203
are turned ' ONYy; 1d€dl5fho@wb@ﬁﬁpé&@&lcﬁiﬁkv?&éopélﬁtes'fsWelﬂﬂdnoﬂﬂﬂzor evdhepakheat oggl e
5| gnal of bl ock 317 then switches to | GBBTs 201 25 and 203 are turned
'OFF , wspnditipohsrexmpveltage smissletectedr rTé‘é dymmc eries vRjtage sompeisgior 1§0st at e,
the out p and
18 O 8 oS MRS okl of sl Bl SAERNAY 10Fand SRitchibe B2

bus 220, d@mceﬂ(bmImarmmtmidﬁoavmﬂsehminjercmm positel W02 DEinpusck 26 voliageedipt | ve
DC bus 221.. Neit her t hese i ng st at condl ti olfs causes an

di st dearP@@O@fetIsﬂéé‘ﬁl‘i 'Ehetsé"ll § %IPHQIHH aging; sftic s @K 18Lri ng
toggling;s bﬁ)tv@? éﬁfg %E ﬂﬁ:%?]dﬁ&i(ﬁl rg‘i’esédrﬂﬂ)l O\thltl@%e%ﬁcﬁﬂfg]_iﬁﬁgtlorﬁﬁﬁp&ethéhe

conducti on  an gnal o |ine 353 is set to t he current
WO 03/ oggwmmg;m@mz/ 21110721)2 DA3 sirelr 26y is traeven byithe Hoggd SlVQtChmgv cdiduct i ve

and the | oad current 102 th

circuit rHEFILenaYy trﬂ?ﬁ %ﬁWHQ@FgﬁS ﬁ?@(’éﬂ\ég‘% 1i‘iSIﬁf"i~,q|u§’i“|cé'l a%ﬁ‘e SF%I 3 §{°°§ set
to " H GH31570kteM ﬁggd&teﬁm%@%waﬁ@ Behey, oftde tHeUgwiedting Haidtibgal iy adfi theSWi t Ch
101 is conductive and t | oad current flows though current sharing static

switch 16witchingydsiisas 29/1 @@aezo%mp?éwslaw bn Pefeenc 88 appdPred EnplepeRtalionont hs
or even where no voltage dip is detected. The dynam c
certen v e logelifle roafdarhid S8y

FIG. 4 is a schematic block diagram illustrating a three-phase implementation of a

dynamic voltage compensator with a current sharing static switch. In fact, three single-
phase implementations of the dynamic voltage compensator with current sharing static

20 switch illustrated in FIG. 2 are combined to form the three-phase dynamic voltage
compensator. In FIG. 4, control lines, signal lines, the energy storage units and series
injection inverters for phase-b and phase-c are not illustrated.  Although three
independent system controllers may be used in the three-phase implementation of the
dynamic series voltage compensator, typically a single controller is used to control the

25  three series injection inverters and the three current sharing static switches using the
principles described in relation to F1G. 3.

FIG. 5A shows an oscillogram 501 of a typical voltage dip from the AC power
source 105 (FIG. 1) on wire 107. FIG. 5B shows an oscillogram 502 of the output
voltage of the single-phase dynamic series voltage compensator 100 on wire 108 during

30  the voltage dip illustrated in Fig. 5A. FIG. 6A shows an oscillogram 601 of a typical
voltage dip from a three-phase AC power source 105, and FIG. 6B shows an oscillogram



proves the switching functionality of the current sharing static switch 101
and switching devices 201, 202, 203 and 204 of series injection inverter
102 duri nyoxaoys7no vol tage dip 10 periods. In particul ar, PCRSGSG0CHI ng
functionality of the current sharing static swtch 101 is proven through

t he conduction angle control, while-the switching functionality of the

swi tching devices 201, 202, 203 and 204 is proven by the toggle swtching.
The frequency of the toggle switching is controlled by the frequency of
the si gnab2 of tHel cutput valt@geswifithd thirse-plesse dyhaneid sgtievveliasg CHPSBRIGTEER t he

switching functionality of _ the 15.swi tchi dewvi ces;. .02 . 3: 204
is to be ?W%ﬁhelvr?ltag%ﬁ’é’f @P?téaéeqs}?pw@n@ﬁt gﬁ?eoﬂ?ll[ag? hdég ? é%egaﬁ g%én reﬁlﬁgﬁcy i's
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a

i npl enentation o ynam ¢ vol tage conpensator with a current sharing
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In FIG 4dv@pkhiOhal inBS curbd@ Hiadringi iede ortwienethee gy ns voltagelipfivighand seri es
injection inverters for phase-b and phase-c are .
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si ngl e- phase dynam c serie age conpensator 100 on w re 108 during 30
the vol t age diAmoitier ugtvambed of thempgbodiments| of theAnspsion nthas il theoglehf 601 of
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during the voltage dip illustrated in Fi 6A. _The vol tage dip S_Egearlng in

A ) 9. ©
t he imputthe filiért(egesita207zand iBdzter288 dbwabateddn S0 s®) mmabe kent soal B2 ol t ages
502 and 602 arﬁ?etcaill f%rthg:rraed%antage of the embodiments of the invention is that in the current

sharing mode or when there is no voltage dip from the AC power source 105, the
switching functionality of the switching devices 201, 202, 203, 204, 210 and 211 of the
inverter 102 and the current sharing static switch 101 is proved through toggling switch

20  and conduction angle control continuously.
The foregoing describes only some embodiments of the present invention, and
modifications and/or changes can be made thereto without departing from the scope and

spirit of the invention, the embodiments being illustrative and not restrictive.



5 The advant ages of the enbodi nents of the invention are manifold. One
advantage is that in the current sharing node or when there is no voltage
di p fromwbe3sg77power source 105, the |load current is shacedGoyodone
current sharing static switch 101 and the series injection inverter 102.
As the main fraction of the load curremt flows through the current sharing
static switch 101 whose voltage drop in conductive node is very 10 small
(less than 1 V), there is no obvious voltage drop between the input and the
out put oflaime: dynam c series voltage conpensator 100. Another advantage of
t he enbodi nents of the invention is that in the current sharing node or
when there is ho vVoAtdgeamis perfesonmilthpe chtpanmer faotongenisimg wiaye dipsninnor
part of the lIoad,current eIlows t hough the jnverter 102, so that the

i nverter Apolteraaiing gutyaRs elscicePO VRN SR BMARHE SPIRFUKILEES SOBPERIARSt r at ed
in FIG 2), L kept small in size. Yet a further advantage of the
enbodi nents 'of the invention is that in the current sharing node or when
there i s no voirt agegydstprage omit fdrestokigpaerey is therfosn 65 DA heltagswi t chi ng

functionality of the %g\nlﬁtchi ggédevi ces 2 02, 203, 204, 210 and 2 of

| 01,
the inverter AG3TaHJTERRS 8% mtclgﬁalmeﬁtjﬁskte PR QURYS Spingl
through tggldyRgnRWbRdEe SSinpdidatbP TEUGEIEQRRNGbmeRRS fs@id Gt laAdaMEp. The
foregoi ng descCribes only sone enbodi ments of the present invention, and
nodi f i catfeonmaksnd/ or changes can be nmade thereto without departing fromthe

scope and spirit.of.the inventian, t enbodj ment.s being illLustrative and
ot KT oot vb St itfen T R g B Bl st chiteht Sidfbh et

seri es vodwidgefof esmeRiatsald Dorvotasrrnaabidngeny stage Wi® A volkdpephier nat i ng
current electric power system sald dynam c series \(ol,ta%e conpensator 5
conpri sing: and éhgemgycostighergfor detectipgra ¥elgage rdip eWepadd npytttpanipgy gadofora DC
vol t age; . i - Af LG SW i out put
{orm nal sCoat U g SRR An B o Mokl o DAL Es DB Tl R
sai d i nputvitan@ woltapeltdip teecediadaii syk@na comiralles comjds tshid reurmeuesiaeing Goaticect ed
in parallel, with said curretfét sgari ng static switch for’ conlvertd' ng.sai d DC
vol t abe 1RSI e &QBfYIVEL19F 4 deash PRt AGUHENL Gyfde agd fontrols said scries

injection inverter to conduct part of the current to said output terminals, and upon said

system controller detecting a voltage dip, said system controller controls said current
sharing static switch to be non-conductive and controls said series injection inverter to
inject a voltage signal between said input and output terminals to compensate for said

20  voltage dip.

2. The dynamic series voltage compensator as claimed in claim 1 wherein,
with no voltage dip detected, said system controller controls said current sharing static
switch to be non-conductive for a predetermined period after current through said current

25  sharing static switch crosses zero, and conductive thereafter until said current through

said current sharing static switch again crosses zero.

3. The dynamic series voltage compensator as claimed in claim 1 wherein
said current sharing static switch comprises:
30 anti-parallel connected thyristors; and
a thyristor drive circuit for receiving a control signal from said system controller

and for providing said anti-parallel connected thyristors with a firing signal in response to



a systemcontroller for detecting a voltage dip on said input term nal and
for controlling said current sharing static swtch and said series

i nj ecti orwDrgeeg7er wherein, wth no voltage di p detect edPCT®HiGH2/8003T em
controller controls said current sharing static 15 switch to be conductive
for at least part of a current cyclejand controls said series injection
inverter to conduct part of the current to said output term nals, and upon
said systemcontroller detecting a voltage dip, said systemcontroller
cont r ol Ssf@icentedlrsiggal whabay, iwith st edliage dip detéreted shid systemcemtober eoateatd
controls said series injection jnverter taq inject a vplta Si. ant bet ween
sai d i npeaid Anaistogdpye C’crélilhf%%}]o¥1d?(§a‘@0feﬁﬁ%§&'i‘aé SFaQEqdﬁtenﬁgggé)Fflggg Gip 2.
The dynagc.oihem 4ol LAA% GOMRERRRE QidBckbalsoBd. i n claim 1 wherein, © with
no vol t age di p detected, said systemcontroller controls said current
sharing static switch to be non-conductive for a predeterm ned period

after current throygh said. current. 25 sharing stati.c it C zero,
and cdnducti vé& t he:fg%lfiﬁ”é?m]t‘}rﬁeflfas ¥%lita(¥eccl?mpé:ﬂ§ag?rh So‘f}alﬁne%\ggi ngiénuésgﬁe Shari ng
static S%‘é&‘lﬁgﬁ 393418 cGHORSOPPHRN 19r sall sctRS iSi¥atn iavat: itesaid @utpag ermdmpensat or
as cl ai rred nclaiml wherein said current sharing static switch

conpr i sess coBfobert by pantralling sagbpradeteratinecgatiosh ors; and a thyristor drive
circuit for receiving a control signal fromsaid systemcontroller and for

providing said anti-parallel connected thyristors with a firing signal in

response to W9 03/ G948 thamik7sdned VORI QaRFhssier ds chithedin slagndl whbeirei n,
with no voltage dip detected, said systemcontroller controls said

t hyr i18t osaidisenes injeptéan inverterspmpriaRs sl dridee phevdehingfevdssser a predet er ni ned
period after current through said current sharing static switch crosses
zero. 5 4. The dynam c series voltage conpensator as clained in claim3
wherein, sai @. par (Thefdyaamit uies enttageugmhpeashtby as diathekin dgin Aj wearkion

inverter to said output terminals, jis controlled by controllin i-d
pr edet er ThAlEcRajs PIERAL sg?n%étaﬂ‘f/ ﬁ&’l‘?‘?ll& '3 éP?t_é%lPe\‘/lpqos‘éegéo% ‘é%ssa{dogmi‘?“%% ai ned
in clai mfdzlyvi%beéfr IsBitchd Sidh that gé 'v?%age(rjyig?ﬂ {sQRjebied DetvRien GRIARAPE @A dufput |

bridge of swtching devices. 6. e dynam c series voltage conpensator as
cl ai med itermdhads.m 5 wher ei n,

7. The dynamic series voltage compensator as claimed in claim 5 wherein
said full bridge comprises four Insulated-Gate-Bipolar-Transistors with anti-parallel

connected freewheeling diodes.

20
8. The dynamic series voltage compensator as claimed in claim 5 wherein
said series injection inverter further includes a low pass filter comprising a capacitor and
an inductor.
25 9. The dynamic series voltage compensator as claimed in claim 1 wherein

said system controller includes a reference signal table for storing values indicative of
voltage on said input terminal when no voltage dip is detected, said system controller
using said values in said reference signal table for detecting said voltage dip and for
controlling said voltage signal injected by said series injection inverter.

30



while said current sharing static switch is controlled to be conducti ve,
said switching devices are switched such that no voltage signal is

i nj ect ed WotoamesT7sai d i nput and output 15 termnals. 7. TPo@E/SYnenwi’t seri es
vol tage conpensator as clainmed in claim5 wherein said full bridge
conprises four I|nsul ated-Gate-Bi pol angTransi stors with anti-parall el
connected freewheeling diodes. 20 8. The dynam c series voltage conpensator
as claimed in claim5 wherein said series injection inverter further

i ncl udes a | ow.pas¥hé idyhaniccerips veltamy conmmpsaot ey chided dmclaig Ycwbereinps 9.

The dynam c series voltage conpensator. as cl ai.ned in, claim 1l wherej said
syst em cemd pxtane eontrrlleq detecty spidioltagt ps‘?‘b‘i‘i‘aaf c'h.?fgfﬁnge pehvegy 8?%1[3@96 R a%agdes

| ndi cat i) %u{){eamﬁﬁl & cgﬁes:ﬂ)}lﬁi LNRte dt6eliiAahidWerRRerk sik@hl BYR dicPedssa

detect ed, “sald systemcontro él using said values in said reference
si gnal t plldetefminedietlaet i ng said voltage dip and for controlling said
vol tage signal injected by said series injection inverter. 30 WO 03/098771
-18 / SG02/ 00077 10. The dynam c series voltage conpensator as clainmed in

claim9 wherei sghd @SHshRNeELN V6 RdetontiRhaséSasSclhitheddhtcigm th phefém a
di fference between vol fage on said 1nput termnal and a cor r@?&o}r‘\éi ng

val ue st saiddystem santeoliesperfomeevaliagn dip deststion erbyern s1d ¢nTEsgee ¥ val ue.
5 11. The dypnami c ser.ie | t age,c [ i i i erein
caid systeidBTvreR tet b RO TIRE Ak yBhe Sl el eforBldl iharh

correspopglidlg value in said reference signal table exceeds 30% of a peak

val ue stored in said reference signal table. 10 12. The dynam c series
vol t dge conpensator as claimed in claim9 wherein said reference signal

table is frozgy m%esc%rinngCO Lérfaegqro@tiage b&nﬂ&k%} &d-claimed in claim 9 wherein

said reference signal table is frozen when said voltage dip is detected.

13.  The dynamic series voltage compensator as claimed in claim 9 wherein at
15 least a difference between voltage on said input terminal and a corresponding value
stored in said reference signal table is used for generating a pulse width modulation

control signal to said series injection inverter.

14.  The dynamic series voltage compensator as claimed in claim 13 wherein a
20 difference between voltage on said output terminal and said corresponding value is

further used for generating said pulse width modulation control signal.

15.  The dynamic series voltage compensator as claimed in claim 1 wherein
said system controller further monitors current through said series injection inverter and

25  current through said current sharing static switch for detecting an over-current condition.

16.  The dynamic series voltage compensator as claimed in claim 15 wherein

said system controller controls said current sharing static switch to be conductive for a

full current cycle upon detecting that at least one of said current through said current

30  sharing static switch or said current through said series injection inverter is higher than

the capability of switching devices of said series injection inverter.



13. The dynami c series voltage conpensator as claimed in claim9 wherein at
15 |l east a difference between voltage on said input termnal and a
correspomaong/ovsiiue stored in said reference signal tablePCI/Seodo7or
generating a pul se width nodulation control signal to said series
injection inverter. 14. The dynam c -90r-i es vol t age conpensator as cl ai ned
in claim1l3 wherein a 20 difference between voltage on said output

term nal and said corresponding value is further used for generating said
pul se width nodul ation control signal. 15. The dynanic series voltage
conpensat or azﬁclal d.in cla|n11 erein

furth
nonitors curr Lfb’l‘?a@éﬁ s rvodass ﬁ?‘gBTDISBtﬁr aﬁ\?ZﬁﬂPS %2%51112"5 %ef; g{\t °

through sahdy rs%&tage%{iﬁrt koApiidtdne ctWhéiebrfaaruleetarkithg aalywherl sydni ent
condition. 16. "The dynam c serles vol t age conpensator-as clainmed in claim

15 wher eiand a baitety bgslk.em control | er controls said current sharing static
swtch to be conductive for a full current cycle upon detecting that at

| east one of said current through said current 30 sharing static switch or
said current through said series injection inverter is higher than the
capability of switching devices of said series injection inverter. W
03/098771 -19 PCT/ S&2/00077 17. The dynam c series voltage conpensator as
claimed in claiml1 wherein said energy storage unit conprises one or nore
of an ultra capacitor, a flywheel system and a battery bank.



