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Resume

Dissertation topic is about real problems that exist today in High voltage
transmission networks, such as deterioration of network voltage shape and
regulation of voltage level.

It is necessary to underline the fact that both above-mentioned problem is
quite extensive and may have many causal reasons, so its complex study within scope
of one study is practically impossible. Therefore, within this topic only those private
cases will be examined, when these problems are caused by the operation of the
converter substations in the network.

For today, there are two main types of converter substations:

1. Traditional, current source converter;
2. Relatively modern, voltage source converter;

According to the manufacturer, each of them has a different commercial
name, for example:

In specific cases current source converter might be referred to as a HVDC
classic technology when the voltage source converter is often called HVDC light
technology.

Nickname of voltage source converter follows from the fact that such
technology is relatively "lighter" and flexible compared to its predecessor.

Scientific news of research topic can be considered the fact that in case of
several converter substations operation, network voltage leaps and complex analysis
of its shape distortion by modeling practically has not implemented. Because this
requires a tremendous time and resource, above-mentioned research will be
conducted by considering several specific scenarios.

The topic is quite relevant, Because both above described problems are
becoming more and more large not only for those systems, where communication
with neighboring systems is carried out through converter substations, but also
where the renewable energy integration is going on intensively (Sun and wind
energy). Renewable energy is one of the most important in the modern world for
almost all electrical systems.

It is true that the renewable energy integration is very attractive in terms of
ecology and technical performance simplicity, but it has a number of disadvantages,
because their parallel operation with the network is not with a standard
synchronization. Most of them are connected to the electrical system via converters.
Such connection is already well known as cause of network voltage distortion and
voltage bumps in case of variable voltage filters.

This research has great practical importance, because with the received results
in modeling will be possible discussion about specifically which level Harmonic
Competitors overlap is expected during parallel operation of various converter
substations. Also, what reactivity power should be generated by a specific variable



voltage filter at 50 Hz frequency, that the network voltage leaps caused by its switch
be in limits in a different modes.

Chapter 1 refers to modeling and reviewing the characteristic scenarios,
where was modeled 1000 MW converter classic type substation, which power
change is made by changing the importance of constant power. The converter is
connected to an equivalent network and network power at connection point is
determined according to short circuit power and current value. Accordingly,
Simulation of network enhancing or weakening scenario is possible by changing
value of short circuit power and current.

Chapter 2 refers to spectral analysis of nodes voltages, where the 6-node
electrical system was modeled, on which the high voltage direct current was
connected, where was observed to change the power from 100 MW to 1000 MW
and to show what the harmonic spectrum is for each node. It was revealed, that
correlation between power and harmonic distortion is non-linear, which is
expressed that with the increase capacity, there is a nonlinear change of
distortion non-linear change distortion has a place.

Chapter 3 refers to frequency scanning of network nodes, where was
discussed about network specific node. Namely, in this node modeling a wide range
of frequency scanners were provided (Up to 50-2000 Hz) and revealed that specific
"dangerous" frequencies harmonic sequences during which the resonance is
expected in the mentioned node.

In chapter 4 we are joining the different size reactive elements in the
simulated substations and disconnect variety discrete elements in sequence. Each
disconnection is observed on the node voltage leaps. These leaks are compared by
size defined by the network rules for the appropriate level of voltage in percentages.
As a result we will show the magnitude of the reactive element, which at one time
computation do not violate network rules.
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“HVDC Classic”

HVDC (high voltage direct current) qdbmemyos {o®dmoagbls dscrmgsbo

9099dGH®™b03oL 3H9dbmmmyosls s 259m0yYgbgds gwgd@®we LoliEgdgddo. gb
5oL 9339430 s FMbYOHJOIMWO F9OMPO OO MEHIHMBO’ JergdEHOIEo
969600l MM o630 gdBg 2ooLoEgds. HVDC sa0gm3g 259m0ygbgds
©59M930009090 99dEHOIo LobEgdgdol olo3o300MGdSE, MHMPILYS
33W9©0 b0 53530060905 F9w9degdgE0s. 53 BH9gbmemyosls sd@oems©
0y969096 ALmBwomlb  Bbgsolbgs FaM@GH0wgddo. 39651369 Hengdsdwy
HVDC Ub6Me©gdmEs  9homm3geesgorwo  Go®obdmemgool (sbgoo  Godol
GoMoLEGMMGOOL  FoMM30L  gengd@BMmm®b  d9mdwos  GHoMOGMMOL  BsGm3o,
95650 459MOMZL 396 b YbL) BsBBY (Lobgerfimadom “HVDC 3¢wsbozo”, sb
“‘GMsogomo  HVDC”) @d  290m0ygbgdmes  33wso  gbol
39M5L5gIbgoE 39T0350 s 306H0Joo.

“HVDC Light”

omm  fergddo w339 dglodangdgmo gobs sbowo GHodol HVDC-ol
394365. gL Mobeglio Ggdbmemaos LoddwszMoL 3mb39OLOOLMZ0L 0ygbgdls, s6ro
9ONM3GOS(30)E0 GoMmoLEGHMMIL, 56599 MO ®5653900MM39
Bobbg356M99@ M golowgdgol, MMmdgwmsg IGBT-gdl »fm©qdgb (Insulated
Gate Bipolar Transistors) sbgmo 3m63960GHMM900 Fo6dMmopqbgb dsd30l Fyommls
3Mb390FGHM™M9d — VSC (voltage source converter) o 084850096 oo
LobdoMgbyg (1-2 khz), 45603083 b)H0 MEMEsEH™EOOL d5dmygbgdom. (PWM
— Pulse Width Modulation) 53 @&gdbmemaools 3m3gMEowo bobgufimgdss
“HDVC light” 56 “HVDC plus”. 94603960 30 VSC-HVDC. opgobsmgols VSC-

HVDC  g08m0yggbgds  dbmwmo 930609 ©@o  Lsdmowm  m@gbmdom

90994 GHOM9bgMHR00L 49oL5393S®.
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LobdoM  O0s35DPMbdo 0f)393L by dgdesls d9dogzo ©gbol ByHYOMI6
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©@0Hs0bol dJmbg dMdozo dsd30L GowEMmgdo 89Jdbogros 0dolsmzgols, Gmd
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R0WEHM900 39@9© ImJb0os 35B0MOMMIb TJgsMIO0m S HFLMIB “IEo
369J3H9d0l @OML Fom0 odmygbgds MBM™M 05%0 X WIOH.

HVDC light bobgds (VSC- HVDC)

VSC- HVDC ULol@gdols (voltage source converter HVDC) 3mbgoam®ssos

Bob.2-Bgs  ImEgdmeo, ©@d 0902905 (33090  dsd30L  BOwEHMIOOU,
AMBLBMOoEMMGO0L, 3mb39MGHMMGOOL, RoBMMO Mgod@MmMgdol, dvdogo
dod30L 3mbgbLHEHMMGOOL S 3d030 dsd30L 3509gEgdOLYH.

26



J_ZCdC ymB3BpmEso

1.

Loy 80 Ko .
ac ac.
GH——% ﬁ ﬁ —

T

AC AC
QomBo DC 3553@70 Qompio

Bobsbo 2. HVDC light Lols@gds

VSC- HVDC Lob@gdol ©33065¢9lmdgdo s 58myggbgdols sGgsemo

do6M0mOE0 2oblbgs39ds HVDC  3emsbogls s VSC- HVDC  boli@gdgdl
dmM0b, 258m0bo@gds 58 3565L369eols Bsmm3z0ls s 3MbEMMEIOL LobEgdol
LOHMEYgMz35do. B BoJAHMO0  gobs30MMIGIL  M30MOBHILMdJIOLS o
3590g9gbgdols 56950l oBOPIL, GMIgwms dglobgdsg J399mo 3394690
L5MBSMO.

9L 500L Obarglio Fgdbmem0s s XM 300093 Mgl Jbmzgomdo by
659096039 s1gM0 3OM9E 05 FobbMM 309w gdMo. dobgEozs5© 0dols MM 9l

A9Jbmmaos  doBg  9boEysBOELS  ,BH9dbozMeo  FgBrmls  sbgmo
LobEBYF9d0L  FMBEIIOLMZOL  3MdBHOZMWsE 9O sMLGIMBL,  AlMBom
3s1d 9300 3500 MM YbMdOL LodEoMY FbMEME 93MbMT03MMHO BoJBHMOOMSS

do9:izgero.

*  5JBHOMH0 S MYodEHoMEro Loddws3z3MOL FM3009dg0 JMBEHMM®O,
4m39ea3500  ©sdsGgdomo  353m339bLoGMgdgo  Amfymdowmdgdols
24569d9.

PWM - ol Ubsdmsggdoom, VSC-HVDC Lob@gds ¢353¢0g3L LBodwmoamgdsls
393MbGHMOMWMmm  5JBHoMOO 5 ©95dBH0wo  LodAEEgmg  JOHMAIBIPOLAD
©53MY30JOIWOQE. 390939990 9dBHoMMO  LoddEszMOL  BoJLoMYOEO
(399393900)  36033690™md0lL  @OMLYE,  ®godBHomwo  bLoddwsgz®mol
3Mb6G®MgOl  89Mdwos  53mbGHOMEML  dsd3s 33O dsd30L  Mgdo.

27



3M6396HGHM™O0L  dogt M95JGoIeo LoddEsgmol ImbTsMgds s 29bgMSE0s
090dgds  999mygdbgdem  0dbgl FoLmsb BogMmgdMEo (3390 dsd30L
Lob3gdsdo MgodGHomewo boddErsg®mol  3m33gbLoooLsmM30L,  3Mmb3gMEMMO
503390 LoddE 3L BoMRWdTO.

e  L03ds3M0L EsTsbobxgdol 0bodobBs30s.

VSC-HVDC bLobGgdolb  m95dGoero  boddersg®ol  dgloadegdenmdgdo
390dgds 259myg9bgd e 0dbsl Jugedo dsd3z0l 3MBEHOMEOLsM30L s STob
doerom  BoddsgMol  Fo0owo bo®olbol dobow(gzs. Fswselobdo®veo
350m35  Jugwdo  Bbgoolbgs  Lobol  53560093%g  LHMsxo  ®goa06Mmqd0L
L5TMogdsll 0deggzs. SFSBMD, LoBMLMOoEOL LyggbOIBdMHOZ0 FMMOT0MmYdS
59306900 30639MEMMOL J0gM 396900693 dsd3500 356HMboI M B3gdEHOU.

*  5M5xR9xM0 99539ds dm3wgE dgMHmM30L bL.

306390GH™O0 39d5mdL (330050 dod30L FYsmrmgdobsh ©sdMI30IdMWS©
o3 AL b3wgds FgMdbmdosMgl bol 33eso dsdzol HMgdo 93500900l
900560, 535L00b IM 39 FGMHMZJO0 (33050 Jod30L B BOOISWIMS©
396 dmdd9909b 39dog30 dsd30L [HHgDY. M) (330 dsd30L HMgdo bgds
dm3mg dgemzgs , b Moodg d0Bgbom dsd3z0L T9d30M9ds, LoddEsgzmOl
390053995 933HMI>GHEMd© 93935 HobsLFoMYbLEBLZOMW LowoHI®Y.

o 3393 530M0 Bsdols 399306090990 sedMMDS

0903mm93903> (3300 dsd30L  Mgdo  Tgbosderms  asdmofizoml
3009353099600 BsIs 3eslogm® HVDC bob@gdgddo. dsa®sd gb VVC-HVDC
bobGH)dgddo  ®Momgdolb 9O  bEads  MwEPb 5  A9dMYygbgdos
03003399300 Jd50 b5H539M259E9M 0 IM[YmdOEMmdgd0, s 1o3M0lS©
3500 dsd30lL  9MLYdMBdS  (33€SO 4030l FMT0  SPIMBS LoFoMm. 9L
9600936903650 5330693l 3000993H53009M0 ROl 5EdsmMdsL s BOHOL 3
Lol gdolb 459myg9gbgdsls obsdo 3o dEAMIMdOL 3mmboom.

339960353008  oOLYdMDds  LyFoOM  9G0s.  FoMM3oL  LobEgdgdo
390350mmM390ols s  0b639OHEGHMMOL  dbostgl  FMFomdgb 9B Tb700LYD

28



©59M93000935. 0LOBO 96 5H0SD M0 GdO LoEHIE3TNbOZs3OM
5ObBY, 9b BOEOL 3MBEHOMEgOHOL LOLHEIRILS S LTI MMBSL.

e  J9LodgdEmds  3390ML  3MbdMmgzsbo  BH30MHmgdo s 35LoYIMO
33%50 d5030L JugeEgdo.

VSC-HVDC bLob@gdsls 999deros 2590m0dw9dsmb Bo3wmsMo 33eo@o dsdgs
§0obsLfoMAbLIBW3OM  Lobdomgby, Yyzgwsbso®o FdGWMBsgo  Bsbdsbgdol
©Mb3s69d5. 9B M30L90s G90dgds #odmygbgd e 0dbgl obgmo Jugargdols
15339050 Lo b3S 9egdBHOMMAsdMIM39090 oS 56 SOBGIMOL.

e 36535 B9Mdobscrosbo 3)dogz0 dsd30L Jugaro.

VSC-HVDC ULob@gds dogw®g dmbgmbgdogemos 0dobsmgols Hmd dgoddbols
Jugeo 3mb39MGHMEMIO0L OO MIbMBdOM Bs3doMm© 30609 BoOEMOBY.

3M6390GH™O0l 8096 2969600609dMwo  330e@O dsd35 890393L  Fowowo
00l 3560m3Mb0390L, MMAgdog §oMdM0ddbgdosd IGBT GH®msbBoliEm®mgdol
9505BObA0MHY0 FoOHM30L oM. gl 3563Mb03gd0 b3gd0sb 33so dsd30l
Juodo @5 0f39396 dod30L  Tobobx oSl G ™30l dBGOZ  Jugerol
9099963900l 3domdol gowgsMglgdsl s MOOoM s LdEHIE93mdNbo3sgom
b9wdgdegdl 0fj393L. 930LsmM30L  3639OEMMGIMD  5TMbE)9:19d9b Fomowo
LobdoMob RBOWEHMIOL, OHMIGdoE bbb FoMdmddbowo Ts®owo MoyoL
3560H3mbo3gdol hsb3mdsL. VVC 30mb390EHMMGOmb 6 sG0olL LoFoMm 65009
©954GH0Mo  bLoddwszMol bs3m3gbLsgoM Jmfgmdomdols 2sdmygbgds s
35603mb03gd0 ©9M30009dYwos dbmerm PWM ol Lbobdomgbyg. ©@sdswo
(0oL 3063Mb03gdol 8905090 mMds  doosh  @Ido0s.  F58olosdY
ROWGHMJO0L B3Oy @S Do Sbgmo  GHodob  3MbzxMEHMMIdOLMZ0L
3600369036500 3306095 360503290 LobEHYGIOL BoEHMJOMD TgEsMGdOm.

@960l §ysmrml 30639GEGHMMOL dmddggdol 360630306 45dmdobsty,
Mbgdo MM 3093500 bgds ©gbom. gl 60dbogl, MM LozMMscmo dsd30L
RMOI0MGOOL MBs®IO ol 96 255BB0s. 5FLMSB, Jols Jog® Jugerdo Qoabsgbogro
@960 9O MOl LobMLMmoEMMO BMOIOL, ©IBOL FyoOml  3M3bgMHEHMEMOL
069306 godmIobstyg.  sMLOBMLMmo©MOHO  ©gbo  ofigg3l  Jugeol

29



9w9396¢$90d0  9M3LObMLMOoEE dsd30L 35MHBYOL, MoE LsdME MM  ¥sddo
53550bx 9Ol JugeErols dsd3zsL. MM30 SLgmo 3Mb3gOEGMMO IdWszM0s s dobo
3930965 Jugarol dsd30l Tsbobx g0 33530y, 3580b 59930 9dgEo bgds
33%050 35030l 3563Mb03wwo BowGHMJdOL 459mygbgds, HMIgEmSE OHMYMEO;
§9b0 MO0 oMo Fb30s 5d300:

1. Jugeools  dsd30L  odsbobxgdol  oledzad  Loogdwg doygzsbs,
35603b03ME0 BOWEHM309;

2. 3356dol  BOWb3gmgmxzs  Mgod@owo  Loddwszmom, o3 33560y
d096MH™gdmEo 3mb39M0GH™MM0 dogMH 459390 MgodBowo bLoddgsgzMols
»Q09M 39990 B5¢BLOL™ sELsEA9bs.

©OoLM30L  9MLYIMWO  JSTIMEFEOWYO0m  GegdBHBMEo  Jugarolbomgzol
dmdomdol  M9509900L  3MPbom MBOM  3OMIWYIGHYIM0S ©IBoL  Fysmrml

3M6390GH™M900, ULHmeMgo s00@™I, 33w930L  BoGgddo  doMOMSEO

4016500905 4585b30egdo 0gbgds 58 GHodol 3mbzgMEHm®mgdby.

3o05¢00 35330l gab-ob 3m3MEs3E00l BmEgEroMgds

35050 o308 99dBGOMRA9sd3gd0 bobol  3mIMEHsEooLsl  bdoMo
5300 543L 3MIMES30MM0 gosdsd30L  FoMdmdabsl. 500 33 bmdobser®o
35030l 9ab-0ol  BogoomBg 9MLEIE0BIOMEO 3OMEgLYdOL FMPYOEmGOOL
36OmyMsds  ATPdraw-do  3mgzsbobgm  s®slbodg@®omwo  3m3m@o3ool
906 gds. YoM gdeo bdgds 6563969000 Bobs® 3-Py.

BobsBo 3. Fomogro dsd30l gab-ol demgmomgdwymo liggds

30



1935 890393L 308MIO0M 50boTbMw G999y 9E9TxbGEHIOL:
1 - BY9gBsDBs (3350 dsd30L LodgE Moo Fystrm;
2 - bsbo, ®MmIganby3 396bMmM 309w gdmEos GHEMBL3MBO0s;
3 - 3396d0 59MIOM39e580Y, Lo OBMIGdS A5d35;
4 - B553gxBs 58MIMM3g0, MHMIOL LMo gGdOM3 FobMOEF0YGdM
5M5L03gEHO0E 300099BHO3G0SL;
5 - bsbob 9dGHomEo god@oermds;
6 - 3396d0 53dMION3gerol 9999y, LosE 0BMTgds dd35;
7 - bsBo BHMobL3MmBoEool gocmgdy;
8 - bsbob dmem (g Eowo;
9 - bsbob 3H9350)M0 359BHIOMS.
Bobo® 4-Bg 653969005 boBob sM0l0dgEHMOMEo 30189)GHo300L 9IRS
6 3356d30 (bsBol ms3d0) Jogdmeo Ledgsbs dsd30L IOMEIdO. HMAMOF o0
BoboBosb Bsbl 3mAm@o300L Fggao 3oL MIMHO 45sds035 J030090)
903969 B9M0m 50b08bM 735BsBY - 613 33.

S04

(k]
S0

100+

=100+

-3

-500

-7o0 r T T r r T r r T
0,04 0,02 0,04 0,06 0,05 sl 010

(file exa_3.p; x-war t) v:BEGA v BEGE w:BEGC

BobsBo 4. 35935 boBob sLisfyoldo

31



Bobo® 5-%g 30 6583969005 3m3MEo300L Fg9gAs© boBol dmEmTdo dowgdwyeo
d5935. HMAMO3 59 BobsB0L BB, BoBOL drrermTo gosdsdz0L Lowog dg@o
3590b 300069 bsbols sLsfiyolido s 53 3630 9E o J98mbgzg30Lm30L 00

50fg3L 700 33-b.

500

[kv]
300 -

100 ~

-100 A

-300 A

-500 +

-700 T T T
0,00 0,02 0,04
(file exa_3.pl4; x-vart) v:ENDA v:ENDB Vv:ENDC

B5bsBo 5. dsd35 bsbols dmewmdo

50mIO™M39ol  53oHgdoL  BIMMZ0L  @OMOL  (33C0MGI0D  0(33XYOS
390535030l LOWOYJd0 BsDYdOL Fobgz0m, BoaEdd LsgHMM  LYIMHSMO
ME3WI0s S BsO®M30L MMgdol bgdoldogMo 3madobszools dgdmbggzsdo
bsbol dmmdo  5ds035 dgBo  3ddImEOL  30Mg bsbol ™msgdo. gu

3993979005 3m3NEHO300L BIEIRID J93MEILIONO BIOL 5M)33EOM
bsbols dmemdo. [1]

32



0530 1. bggdol 3megeotgds s Labslosmm LgbsMgdol gabboengs
1.1. 33930l 8gorm@menmMyos

LoOLYMEHSE0M M9doL  33¢09g30LM30L  49FMYgbgdMEE0s LIOLIMZ0L
g3gwoby  98IIONO0  ©>  BIOOME  3dZOGILIPRYo ooz Ho
(308309939M0) Y0 9doL 3goMmEoO. 39MIME, sdmygbadmwo odbgds
3033093 9OMwo  IMOIWoMmgdol  Msdgbody  3MA3ErgdumMo  LsdwoEgdy,
GmIol  Jobgzomoz  Bo@oMgds  33wg3s. 30039 Gogdo  dmbgds
399mby33wg30  FMgEol  YGHIWMOHO  IMOIWoMmgds 03  3OHMYGSIoL  0d
00MMYMO  IMEMEoLb;mzol, Omdgoi dmbsfogmdsl  doowgdl
LodMsgool  3Mmi3gbdo. 990y  399939%  BmEgoMmgdmwo  bdgdol
5d9b0dg  Lobsbosomm  LEgbs®o s 9dzg Imbgds  EgoLlmzols  sa
90950 gd0m  SMLYIMWO  FOMOEGIGOOL  boByolds. oMo JosFMOL
(530MmbomEmo  4Bgdol  obbgs  Jmbgds  FMmEYoMgdol  Tg9Rgd0L

IGO0 5965¢r0BgdoL 93009y.

1.2. HVDC bolsgdols lsggdols dmegeno®gds

90 90MmgdoLlm30L 259Mm309gbgom Lo0bgobMHM YoMl 3OHMYMSTs
DigSILENT Power Factory. 36Mma6sdsdo dm3gdaeos HVDC-bob@gdol
450mbmMo  dmgwo,  Mmdgwog  B396  499m30ygbgo  sbgam0odgool
BoloGotmgdes (bob.7).

B39b0  F0Bsb0s  os300Mm  dsd30L  AobolinsmgdEgdo  Lbgoalibgs
1396969008 OHML S 935330MIMD Fom, MY OMAMO o3 9bsli sb9b9b
B0l dsd35%Y.

Udndsbg (bsb. 7) dmEgdmwo 935d3b ACI-ol dbotgl (33wrso dsd30L
L@ g 930L0 (33050 35030l BowEH®Mdom, AC2-0b dbstglog ImEgdwmewro
339938 33wso @360l  LoLEGHYds  ®Oz30LO0  FowrEHMGdom,  HMIEOO3
399M0ygyqgbgds  35M0mbB03900L  AoLOGRoWEGHMO®, MMy  35M3mbo3Mwo

33



©535b0bxgds 56 459m0f30mb JugErol dsd35d0. dms Boffocrdo dmmagligdmeos
dombgbs dbodgl 12 3meliosbo goddsMmM39gdo, MMIgo3 33w L
3905ddbol 3dozs0 s dmdogo ©gbol bsbol Lodmsgdoo dool
3o6x 3965 ABOIGL I Mo3LdIE 0639MEGHMOIOM6, GMIwgdoE 58 3)Tog bl
0b93 39M5d36056 (33e9 WYbs s AOL(39996 AYBMdgo LolEgdol 33EsEO
dod30L Lo Egby.

Bggbo FoBobos  ©393300©I 339 9TOMMY  dodZIL, ML
390MOMI0s  33¢09©O dod30L BoEEGHMGO0 ©O 365bMm MY MO 493egbsls
3mobgbl BoGHMJO0 O BoGHMgdol do69dg Jugedo Bshmmeo HVDC-
Lob9ds, O™Igeroi 1000 dg33-0 LoddEszMOLYS.

9Y0MgdoLsl 58m3094gbgdo MLsLOYIM ddEs36M gegd@Mmboli@gdal
Omdgwog  ImEgdmeos  Bobs®d  6-Bg. 3OMYGs3sdo  JgLodsdol BB By
539000 893003500 B396 odmbm® gagdBHMmlolBgdol 3s6sdg@®m9ddo
(Bsb .8).

9dbSyere Jugaral megare

TR JT S —

1 NY) ¥
- 11 %
L J l-'.’

BabsBo 6. gergdBHOMEo Jugerol dmgero

34



ACl

HVDC-ols d]nannﬁ'm dmgemo

Bsbsbo 7. PowerFactory-ols HVDC-ols dm@geo

AC ogochfagho

35



boog ImEgdnos 3xds faMEGowol 3505993 Mgd0, 396MdmE 3Mmby
©96Ls o 39035l FmMol HMIgeoa 20 Mool GHME0d S 35835 FIOHEMIOM
9ONgMwgddo GMmIgros 1 (p.u) FoMOMI0MO 9GOHMIMEOL GHrMenos. dosd30L
3MmbGOMmobomzgol dmEgdmwo  335d3b GgodBHowmwo  LoddszMob
b5 F9MH0oL 5dLB0doE MO B3EM900, 56 M59gboL 45dMTdoz90s 56 FoMgds
3999905 LoLEBHYIL. B39b  3oG>IMboZMo  9bseoDolmz0lL  439LsFOMMYDdS
3503mbo3zMmo s  9w9dBHOHM9bgMaool  bomolbol  356539FGHMIO0L  AMORS
Gmdgwog dmEgdmeos Bobo® 9-Bg. Losg dmzeg JgHm3zoL dodbodsgrmMo
Loddwsgzmg 5 000 335, beerm ©gbo 12,55 35. JobodsenrMo dmzwg gHm30L
boddeogtg 3 000 835, gbo - 7,5 35. LHMEOIE gb 396M539BHMNO0 33F0MOIGOS
999pamdo sbserobolmzol.

External Grid - Grid\/nv Network.ElmXnet ? ®
Basic Data Bus Type SL =
 Load Flow Setpoirt local = Cancel
VDE/IEC Short-Circuit Operation Poirt
Figure ==
Complete Short-Circuit Angle 20, deg
ANSI Short Circut Vottage Setpoint 1. pu. M
IEC 61363 Reference Busbar bl il
RMS-Simulation
EMT-Simulation
Harmonics/Power Quality Reactive Power Operational Limits
Optimal Power Flow Capability Curve b
Reliability Min.  |-3999. Mvar  Scaling Factor (min.) 100, 7

Max.  |5999, Mvar  Scaling Factor {mac.) 100, %
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External Grid - Grid\Inv Metwork.ElmXnet

? x
Basic Data General | Harmonic Voltages ] Frequency Dependencies ]
Load Flow Use for calculation -
Cancel
WDE/IEC ShortCircuit Max. Values ﬂ Min. Values J
Complete Short-Circuit Short-Circuit Power Sk'max (5000, MVA Short-Circuit Power Sk’'min 3000, MVA e
ANS! Short-Circwit Short-Circuit Cument lk'max  [12,55109 kA Short-Circuit Cument lkmin 7.530656 kA Jumpto ...
|EC 61363 c-Factor (ma ) 1.1 c-Factor (min_ ) 1.
R/ Ratio {max.) 0.1 R/ Ratio {min.) 0.1
Impedance Ratio Impedance Ratio
RMS-Simulation
Z2/Z1 max. 1. Z2/Z1 min. 1.
EMT-Simulation
_ X021 mane. 1. K01 min. 1.
Hamonics./Power Guality
RO/X0 mae. 1. RO/X0 min. 1.
Optimal Power Flow
Reliability
Description
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53 5.4 559 | 45.7 | 44.6 | 46.4 | 1691 | 245.8 | 247.1 | 249.2 | 247 0.89
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Frequency Sweep - Study Cases\Study Case\Frequency Sweep.ComFsweep
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[~ Automatic Step Size Adaptation
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33 999300 LoEEHILMb, HMIgE B3 IMOIIMW0s IEHZ0MM3s Load 1-0b
Loboo.

BUS 2-220 - {o60mopqblb BUS 1-220-0b 99Bmdger  J39LoymdU,
OHIgeHgsa dmgdeos Load 2 @os@zodOmgs.

BUS 3-220 — 053538069005 mMo 220 33 dsd30L gab-o 33560 BUS 1-
220-b, bmwm MO0 93GHMGHOBLBMOTIGHMOOD 020 935300600
BUS 3-110 33 99330l ULoew@gl, MmIganbgsg dmgdyeos Load 3
A3060Hm0.

BUS 4-220 - {o63509bl dmdmemgdom dyma 99mdge J39Loamol.

BUS 1-220-%g 0m3qo 9M6¢HmMo  3mboglsdméo  (bsb  63), ®mdgeros
0960mo9bL 220 33 dsd30L BodgsBs JMBEILSGHMOU.

BobsBo 63. FMbEBHNMMO 3MbEILIGHMMOL 3565393 M9d0

Shunt/Filter - Grid\Shunt/Filter(17).ElmShnt ? X
General ] Measurement Report } Zero Sequence/Meutral Condudor]
Load Flow Name Cancel
Teminal | = | Gid\BUS 1-220\Cub_9 BUS 1-220 i
Zone ﬂ m
Area ﬂ Jump to ...
[ Out of Service
System Type ’AC—L| Technalogy m
RMS-Simulation MNominal Voltage ’22}7 kW B
EMT-Simulation Shunt Type ,ﬁ 'l:'c"__r
Hamonics/Power Quality Input Mode ,m J o
Optimal Power Flow Controller
Max. Mo. of Steps ’17 Max. Rated Reactive Power 100. Mvar
Act No. of Step m Actual Reactive Power 100. Mvar
Description
[ According to Measurement Report
Design Parameter (per Step) Layout Parameter (per Step) ﬂ
Rated Reactive Power, C 100. Mvar 6.576651
Loss Factor, tan(delta) ’Di ’7
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©5330603900LmM30L 530090 3 goblbgeggdmEo  Mgg0d0, gugdos:  OEOL
9d0608m30b ©9:080, 315 EOL S LEESFML Fodlodwdols Mg:009d0. S G95039080
dm35b@obgm  FMbGHMEMO  3mbglsG™MEmOlL  bbgsabbgs  ©olzMgEHMEMdom
B39, OHMA0L ©0535DMmboE 0gm 0-csb 100 995356599 O ©353300OM
dod30L  BobEHMIgOL Bgdm@  90bodbmen  3356d90d0. Fogdyero  Tggygd0
393035690 3bMH0gdTdo @ 935890 Fglsdsdolo IO gdo.

4.2. ool 3060330l Mggodo

3bO0o 4. 3503900 s EH30M3900 3356d9d0L Jobg3z00 ool Jobodwdols

6950300
P, Q,
°0BH3060Hm
Q03 g3 | 9330
39
) Q)
LOAD 1 30 15 0ol dobodxdols G080
LOAD 2 70 35
LOAD3 60 30
Qc=0 Qc=20 Qc=40 Qc=60 Qc=80 Qc=100
395600 32356 023960 93356 32356 3356 3356
ds03 % a3 | % a3 | % a3 | % d%03 | % d%03 | %
5 S S 5 S S
BUS1-220 | 213 0 215 09 217 1.8 219 27 221 36 223 45
1 2 3 4 5
0.9 1.3 2.7 3.1 4.0
BUS 2-220 | 210 0 212 ] 213 6 216 3 217 3 219 9
BUS3-220 | 213 0 215 09 217 1.8 219 27 221 36 223 45
1 2 3 4 5
BUS 4-220 | 225 0 227 09 230 22 232 3.1 234 40 236 >0
1 7 8 9 0
0.9 1.8 2.7 3.6 45
BUS 1-110 | 106 0 107 ] 108 9 109 3 110 4 111 5
0.9 1.8 2.7 3.6 45
BUS 3-110 | 107 0 108 ] 109 9 110 3 111 4 112 5

3b®o 4-3o dm390w0s 3060dseGo M908l OML IGH30MH™M39d0, S1939
5153306039090 3356d980L dobgzom dosmo Lsfyobo dsd39d0, HMIGEgd03
399L5050905 3030l 2oIBOOL  0%-056 36503369 MdSL, bmerm  FbEHMGO
3MbglosG™M®ol  Lbgoslbgs  @oL3MgEGHMWMdsBY  3MIMEGSEo0oLsl gl
360H™m396GH900 0BOYdS.
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90090 9909390D9 ©IYMOPbMBdom 5358900 IO (bobsbo 64), Loss Y
©90dBY osBMIowos dsd30L AoabGs 3MME9bEJdd0, bomwmm X ©0ghdby
239005HBMmdowos  FIMBGHMMO  30bgLOEGMMOL  bbgoolbgs  ©oLIMYEHMEOMdS
092935690d0.

220 33 35930 3356d900Log0l

20 40 60

mBUS 1-220 mBUS 2-220 mBUS 3-220 BUS 4-220

5.5

(6]

»
n

F =Y

w
\n

w

N

d5d30L 25bMS %-do
N
(%]

=
"

0.

¥, ]

o

80 100
Qc, 33356

Bobsbo 64. 0030l g90sbMOL Mo ool dobodmdols Hgg0dd0 220 33 dsdg0L
3396d9ddo

OmamO3 Bobs® 64-ob BBL ool dobodwxdols Mgig0ddo 220 33 3396d900L
39030l 25obMs b3S B3O 3%-056 3603369 MdIL 33560 “BUS 4-2207-%g
60 93356 M95dGH0meEo bLoddwszmol FMbEHMMHO 3MbEILIGMMOL 3MTMESE00L
©OML, bogm 60 93350-Bg Bgdmom yzgws 3396do oo 90bodboyer
60dbemls.
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653 099b905 110 33 35330l TboMgls, BoboB 65-b Bsbl bmdobscry®o dsdg0lL 3%-
00 25O sx0JlLoMmES Fbmerme 80-100 dga935M0 M9od@Eomero Loddsgzmob
3039E5300LsL.

110 33 d5d30L 3356393030l

4.5

3.5

2.5

350306 29bMs %-do

N

1.

(8}

0.

(6]

o

20 40 60

EmBUS1-110 mBUS3-110

80 100
Qc, 333560

Bob3sDo 65.95030L g500sbMOol Ao ogrols dobodwdols Mgzoddo 110 33 dsd30l
3396d9ddo

4.3. 3950000l d5glodmdol MHgg0d0

3b®o 5-80 dmEgdvwos  dogdbodoemo  Mgg000L 3565393000, L3
IAH30MHM35 ZOBOOW0S 5 FBodTOLOE Q9I0BYdS bsHgdbY3 90DIMY,
6954300 LoddEsz3MOL IMMBM3b0gdsds3 0853 IGZ0OM30L 3396d9330.
3b®o 5-8o dglyer Imbo39998bg ©oYMbMdOm 935390 dsd30L BobEmdol s
39696060 H35d@Hom@o boddmsghol gGs3030 220 33 dsdzol 335699BlomZ0L
(Bobo®bo 64) s 110 33 dsd30L 3356d930Lm30L (Bobsbo 65).
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3b®0oeo 5. 3583900 5 333003980 33563900l FobyEz00 OOl FrsEMOls

053dbodwdolL G9g50030
P, Q,
53
@03 | aager | dage6
LOAD1 | 50 ¢l 3995000l dodbodmdol Mgg0do
LOAD2 | 90 45
LOAD3 | 80 40
Qc=0 Qc=20 Qc=40 Qc=60 Qc=80 Qc=100
333956 333956 333956 333956 03356 03356
3326do dod, d5d, 359, 00D, 00D,
dodgs | % S| % S| % S| % 8 | % 8 | o
N N N 5 5
BUS 1- 0.9 1.8 2.7 4.0 5.0
220 208 0 210 1 212 2 214 3 217 9 219 0
BUS 2- 0.9 1.8 2.2 3.1 4.0
220 205 0 207 1 209 2 210 - 212 8 214 9
BUS 3- 0.9 1.8 2.7 3.6 45
220 208 0 210 1 212 9 214 3 216 4 218 5
BUS 4- 0.9 2.2 3.1 4.0 5.0
220 219 0 221 1 224 - 226 3 228 9 230 0
BUS 1- 0.0 0.9 1.8 2.7 45
110 104 0 104 0 105 1 106 9 107 3 109 5
BUS 3- 0.9 1.8 2.7 3.6 45
110 104 0 105 1 106 9 107 3 108 4 109 5
220 33 dod30L 3396dgd0Lmgol
6.0
&S 5.0
1
X
2 4.0
€
2
3.0
Lp)
e
.8 2.0
<&
2
W | [ III
0.0
20 40 60 80 100

Qc, 0350
B BUS1-220 mWBUS2-220 mWBUS3-220 BUS 4-220

BobsBo 66. Asd30L 2300BOHOL IH¥YEO FroEOL Joglodserm® MGgg0ddo 220 33 dsd30L
339609030
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B5bsB0b BBL, BT 5do3 0bgzg OMOME ool dobodMdob Mgg0ddo 3356do
“BUS 4-220” 53005 3%-056 B0350b 5 y39e0s ©obs®Bgb 3306098303 80 s 100
32356-0 ©95JG0vo LoddwszMol 0bgdaoolsl Ws3306M3900L 3356ddo (BUS 1-
220). 5650000 Lo 33593 110 33 dsd30L boer@ggd by (bobsbo 67)

110 33 35330 3356390030l

20 40 60 80 100

Qc,333560

P
n

Y

w
n

w

d5d30L 50bMs %-do
o = N
v = ui N (%]

o

mBUS1-110 mBUS 3-110

Bobsbo 67. dsd30l g900sbMOL Ao Brsmol dsdlodswrm® Hggoddo 110 33 dsd30L
3396d9ddo

4.4. b5©sIMU dsdlodwydol Mgz0do

Lo@odmb  dogduodorme  Mg0dd0  GH30MmMgdo 335609080  FodlLoToEMMSSS
30BM©O, M3 ™Mogz0lL B0 4olbdmMdlL, Mmd Mgod@omeo Loddwsgzmob
06905 200BoM©s  9dBHOMOMb  gPms.  Gggodol  godzqds  dmbs
3b5Mmy0mEs 0lingg, MMM sbsMRIBo ool 8060dTol s FrsELOL
35Jbodxmdols B9708900L, F9IRgd0 dg@obowros bMow 6-do. JgbodsdoBO©
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53539 220-110 3356d900Lm30L 5030l oEIBOOL s MHYodEH0mEro LoddesgzMOL
396965:300L 3OO (bsbsbo 68-69)

3bM0@o 6. 3583900 5 IHZOMMNZIO0 335637001 FobYE300 OEOL osdmls

353b0dwdols Ggyoddo
S¢) P, aQa
20 | aage 6(;?
LOAD 70 35
1 Lo@odmb oglodmAol Mgz0d0
LOAD 110 55
2
LOAD 100 50
3
Qc=0 Qc=20 Q=40 Qc=60 Qc=80 Qc=100
33964 93356 03356 93356 93356 933956 93356
0 dod3 % a3 | % 33 | % 33 | % 303 | % 33 | %
5 5 5 5 5 5
BUS 0.9 1.8 2.7 3.6 5.0
1-220 203 0 205 1 207 2 209 3 211 4 214 0
BUS 0.4 1.3 22 2.7 3.6
9-920 200 0 201 5 203 6 205 7 206 3 208 4
BUS 0.9 1.8 2.7 3.6 45
3-220 203 0 205 ) 207 9 209 3 211 4 213 5
BUS 0.4 1.8 2.7 3.6 45
4-220 213 0 214 5 217 9 219 3 221 4 223 5
BUS 0.9 1.8 27 3.6 45
1-110 100 0 101 1 102 2 103 3 104 4 105 5
BUS 0.9 1.8 2.7 3.6 45
3-110 101 0 102 1 103 2 104 3 105 4 106 5

Bobo® 68-sb BsbL, MM ffobs B19:508900sb goblbgsz9d00m o Fbmerme 80-100
33356-0 ©95909o LoddErezMmOl 0bgdE00l MML 435l 3%-0560 BoTbYOL
©oM3935 220 33 dsd30L 339609080, bmeom 110-0l dbsGgL 435d3L6 03039
bEOomo.

Bo3o6m9dends dmEgero6gdsd s dolids 990099005 33063905, GMI mvy
3M6390GHMOMmo  J39L5EAMOL  qobbos  FodloMgdmwo  MgodEHowmwro
10dd 3Ol BOWEOO, 5699 396 3310l ol LOWOIL WS 3OS Fobg3Oo, 53
LOEOOL JHP0bS 31T 353050 Fg0dEYdS 4odMOf30MmL 03 LoEOEOL dsd30l
Bob@mdo, ®MmIgroi 396 9305930 gdl Jugerols Falgdoo oblyBOgME
B®3dsL. B396 9gdbzgzsdo gl Lo 80 b 100 Fge35¢M53Y 0Ym.
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220 33 dod30L 3356dgd0limgols

Ll IIII IIII "l_h“
20 40 60 80 100

Qc,03356

o
=)

v
o

P
o

d5d30L 50sbMs %-do
N w
o o

=
o

0.

o

mBUS 1-220 mBUS2-220 mBUS3-220 mBUS4-220

BsbsBo 68.35030L gssbHols o lismsdmls dsglodsgrey® Hgzoddo 220 33 dsd30l
339609030

110 33 35930 3356d900L030L

20 40 60 80 100

Qc,333560

w P
w s ow

d5930L 353bMs %-do
¢ = N
vi = U1 N U

o
o

EmBUS1-110 mBUS3-110

B5bsB0 69.35330L 35Ol IO Lsmsdmls Jsgdlodogrm® Mg70d80 110 33 dsd30L
3396d9080
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50b0dbmols 05300056 5(30¢09d0l dobboom X 0gLOS
3M63960GHMOMo  J39LsyMMOL  IRWIMdJds  ovgabml  bbgossbbgs
©oL3MO9EGHWMO0L IJmbg BoEEHMYd0, MoYL FMIbEObML dsmo doxolgdMO
39039, M50 05300056 5030w ML dsd30L 93390060 bob@mao.

B90m50b0dbmols  gom35¢oljobgds s  Lbgoslbgzs  Loool
ROWEAHMIO0L  ©oygbhgds  sLg3zg  bgwl  JgmhHymdlL  gosdigdo  LoLGgdol
M39M5GHMOL dsd30L M9 gdsd0, ©sbs35MmYgd0L Jqd(30609d5d0 s Jugerol
L5039EMMBOL JoBEOSTO.
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1.

©s13365

50mIOM39ol  FoHBgdol  BsOM30L  OMOL (3300 gd0m  0(33gdS
3900505030l LOWOEYJO0 BsHYOOL Tobgz0m, FogMsd LogMmm LSO
ME3WY05 S BIOMZ30L MHMYdoL bgdoldogmo 3mddobszools 9gdmbaggzsdo
bsboll dmwmbo  99sdsd3s dgBo 3ddmOl 30Mg bobol ™msgdo. gb
3900fjggaos 303 GHogool gy 393OEILIRPO  HIWROL
56933w0m byBol demenmdo;

35D98L Mol sLogGHM0s 1%-b 560 Mbs 5©0gdsGHgdmL, Fobsomdgy
d990mbg935d0 0603935 Jugeol Hglgdom s boo brmMAs;
30b6390GHMOMo  §39U5aMOL LoddwszMol BOHEOL 3OHMIMOF0vIWS©
0DMgds J0gHM9d0L HgmEowdo dsd30L BMOToL X 3OO EBsbob)gds;
B3gb dogc BoBo®mgdremds 339359  9B39bs, MMI  ©IMI0YIMGdS
oA 3PS @S 356MTMb03ME TbObXJOSL Tl sMFMBOZ0, M3
008530 250m0bs@gds, MM LoAIESZMOL BOPILMD GO SYOO 593
©535b0bx 930l 95O R03 (33000 gdsl. gl 0dsl 5oTbZL, MM Lbgoslbgs
356G3mbogme  LobdoMgbg  Jugrdo  sEYowo 53l 30MTMboZM
9B0bsbLvYen dmzegbgdl;

50b0dbmo bEgbs®gdol gobboergs 0dwg3s d39x30m FoMdmEygbsl 0¥y
MmO 330006 GeM3mEmaool  (33eogds  Jugerol  Hobosmmdgdol
139JGHOME LOINL;

MHMamO3 89092900006 Bsbl Lo3dsme 89360 HaMEHowos 3gd@®do, Lowos
LoLEGYdob 0839BLO Jo0sb F30695. gl oMGIMYdS 5930 dESE b
0965 450035¢00L0b7dME0 BowEHMOOL F96OF73500Y;

BoBHM90m@0 965¢r0D0sb 930305 ©o39L3365m, MMI vy Jugerdo
dmbqds obgmo sboero gwgdgb@ol s3sEgds, MMAGELSE M9odE0Mwo
0mbgds  209Bb0s,  9mME30gdgwos  Jugrdo  sMLYIMWO  BOWEHMIOOL
95399 BHO®dOL bgersbsro G9935L909;

BoGo690nds Im©ger0o®mgdsd s dobds d99gdds 43063965, GMI 0wy
3M63960GHMOM@o  J39L5AMOL  4oBbos  FodloMgdmwo  Mgsd@EHowmwo
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10dd 3OOl FoEHMO, 56+ 396 (3300l Job LOEOWIL s sGs Fobg3zEYero,
59 LOEOOL GHM0BSE 30T BHS3050 Tgodegds 45dmofigoml 0d Looob
dsd30l  bsbGmdo, MMIgwog 3960 ©93d59mB0gdl  Jugeol  Hgbgdoom
39bLBZOME bMOISL;

. 50b0dberoll 930096 s30egdol dobbom MAXMdGL0S 3Mb3gMEHMEMMEO
J39B5PMMOL IREMIYJTs 9YgbmL bgoolibgs oLIMYEHIMdOL TJmbg
ROWEHMY00, MoEA0 IMIbBEObML Fomo doXoLYOMOMHO FITMOMZS, MOMS
05300056 5030 ML dsd30L 83390060 bab@mdo.
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11.

12.

990my9bgdo @oGINGNMS

3HB0sb0 ., 3MmMO05d30¢0 0. Foeo dsd30L gab-ol 3mIMESEo0L
dmgero®gds. ,969M05%, 2016, No4(80), a3. 74-76.

3HD0560 Q., 3MMH05d30¢0 0. SB0IYEHOOMEO IGZOOMZOL A53cgbs
Jugol dsdgzs%bg. ,gbgMa0s®, 2018, Ne1(85), 93. 26-29.

5OB0osbo §., MmO05d30w0 0. dogHmgdol aMEGHowol Lobdo®vmo
135606905, BEAH-b LEA™PIBGHMs 87-9 Moo LogMMsMmGOLM Lsdgibogtm
3Mbgx396m9b300, 2019.

3OHB0osbo  g. Logodmzguml  9bgMamboliEgdol  sMHSLObMLMOIE OO
695709900L  250M330935 @S 9b65E0Bo  MMEOJJE  SLobJOHMbmEo
39390600 306md90do. 2012 §. 128 a3.

Lodo®mm39emb 9696293H030L5 s HYoedMTsM93900L FoMGAMEP0MH OGO
96H™36m@0 3m3oLool sA9bowgds Ne10 ,,Jugerol Fqlgdo®. 2014 §. 123
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5OB05b0 ., 3OH05I300 0., GJEOBsM5dz30wo m. Jugwol 3356d9d0L
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Vijay K. Sood, HVDC and FACTS Controllers. *Springer”, 2004, 297 p.
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Education”, 1st edition, 1994, 1200 p.
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2 edition, 2003, 672 p.
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