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Abstract

In a nearest future Georgian and Turkish power systems will be connected to
each other in parallel asynchronous operation through the b2b station. On a first step
Georgia will export 700 MW power through Akhaltsikhe b2b station and a bit later 300
MW through Batumi b2b station.

Such connection will create high frequency harmonics in both of power
systems, which causes sinusoidal voltage waveform distortion. The main reason of
such distortion is a nonsinusoidal characteristic of a load of the converter blocks.
Voltage distortion creates several problems in both of power systems (worsening of
power quality, additional heating of generators and transformers, increased losses in
power system elements, earlier crocking of insulation and etc.) and it’s necessary to
estimate the rate of nonsinusoidality and in case of inevitability to provide appropriate
activities.

In the work is carried out harmonic analysis for Georgian power system in
case when Georgia in asynchronous operation exports 700 MW power to Turkey via
Akhaltsikhe b2b station. For harmonic analysis the mathematical models of high
voltage grid and of b2b station are created. Modeling and most of Simulations are
realized in the “Ansoft simplorer” program.

The work contains five chapters. It consists of introduction, experimental
part, analytical part and conclusions.

In a chapter |, it is discussed HVDC technology, high voltage converters
classification, their sphere of utilization and their main advantages and disadvantages.
It is also considered in general environmental factors caused by HVDC system.

In a chapter Il it is considered main circuits and power constituents of back to
back station. It is also described 12 pulse converter scheme and all canonical
harmonics generated by it. It is shown thyristor module and it’s auxiliary circuits. In
general it is discussed important buses of a conventional converter station.

In Akhaltsikhe HVDC system the rectification and inversion processes are
done by AC system’s grid voltage (natural commutation), it means, that for switching
of thyristor is used systems voltage. In case of such commutation for normal operation

of HVDC converter, supplied voltages must be sinusoidal and symmetrical.
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In that chapter it is also explained the meaning of ESCR ratio for power
systems. Based on such like classification, Georgian power system belongs to strong
power systems group, because the ESCR ratio almost in every perspective scenarios is
more than 3. It’s also considered the main characteristics of back to back station and
described some of special controls, which are very important for Georgian power
system when it operates with converter station.

In a chapter Ill, it is carried out mathematical modeling of back to back
station. It is shown and in detailed described the simplified model of back to back
station. The converter transformers are represented as the special powerful
transformer’s models of “Asnsoft Simplorer”.

In first step modeling result it is shown the waveforms of rectified DC
voltages, DC current, supply AC voltages and AC currents consumed by converter
station. It is calculated THDs for voltage at converter supply bus bar and explored the
degree of nonsinusoidality in dependence of exported power by back to back station.

In a chapter IV, it is modeled high voltage transmission grid of a Georgian
power system and it is explored it’s influence on THD’s levels. It is shown the diagrams
of distorted voltages for various bus bars of a high voltage grid when back to back
station was exporting 700 MW power to Turkey. It is also shown the table of harmonic
contetns , which contains almost every existing and perspective high voltage bus bars.

In a same chapter have been carried out n-1 harmonic analysis. It is
considered an event, when the outage of OHL line “Zestafoni-Akhaltsikhe” takes place.
Obtained results defers from normal regime’s results. The situation is a little bit
heavier , because in such case the equivalent resistance and reactance of supplier OHL
lines is increased that accordingly causes increasing of harmonical voltage drops on
those lines. Resulting this , in n-1 regime the THD levels are higher than in normal
regime.

Have been researched the dependence of voltage and current distortion
ratios on exported power by converter station, considering the parameters of high
voltage transmission grid. It is shown the waveforms on that dependence for 500 kv
bus bars of “Gardabani” and “Enguri” substations. At other bus bars , those are
electrically far away from back to back station important difference in character of

alternation of THDs is not noticed.
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In a same chapter has been carried out the modeling of one of the
challenging reason of noncanonical harmonics. For modeling has been used two
software: “PSS/E” and “Ansoft simplorer”. It is shown the waveforms of system
frequency, 500 kv bus bar voltage, DC voltage, DC current and etc. On the picture of
voltage distortion sharply seems how the harmonic spectre changes when converter
moves from normal to emergency mode.

Last, fifth chapter of work includes the arrangement of filtration . Here is
discussed the filters selection issues. Has been considered the logic of filter selection.
It is described the polygon and circle impedances method. By using polygon method
and computer maximization appropriate AC filters are selected. It is shown the
schemes and frequency characteristics of the selected filters. These filters fully provide
b2b station with necessary reactive power.

Have been repeatedly carrying out harmonic analysis for Georgian power
system with installed selected filters in normal and n-1 regimes. For both regimes after
filters installation the THDs for every bus burs don’t exceed desirable value.

At the end of the work have been researched the dependence between
levels of THDs and exported power by back to back station considering AC filters and

respective conclusions are done.
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(High Voltage Direct Current - domocmo dodgol dnwdege cogbo) Lobgdo,
Gm3gmmo(y ©o3DoEgdnmo ogm 39&3bemolByemol  3mbggehmErgdol 30Do0g.
36mgghob oghmEo o goddggdo oym 3m33sboo ABB (Asea Brown Boveri). 53ob
3993330  8mygs bmogmmomlb  Lbgoolbgs Bgégoemgddo  8lgogbo  ¢odob
dEr0gomo 3069 o oo Loddemogéal HVDC 30330690L 39436o. 20 Bemobs
99993, 70-0060 Bemgdoob bobggotrgodhoemnmds Hocobhmergods Booboigemo
3963bemobByemol 3mbggéhmergdo, o3 Bob googdymo badato aym.

3oérggemo obgmo 3Gmgdihol gobbmezogmmgds dmbo 306oesde 1969
Bgeml, BHmeogbog gdudemnodoesdo gondsgl gem-603960L HVDC Lobtgds.

®gobomgol 3ywdogo gbolb gemgghGmgosgds dbmagmomb dGogoem
J394060300  308mygbgonmmo o dobo 3géL3gdhonmmds O 3Goghonemmds
bnew 13m0 3a3éom 0BG gde,  6odoy o Gl 00853milb doemyéo
9emgdhembo 0L 1Byggho gobgomotgds.

2010 Bemob 3mbo3gdgd0o omgobomgol dbmazemomdn 90-%g dghe HVDC
LobhgBoo god39dnemo, 98960 Loddmmogéoo 67000 3z3d, Bomgob yggemodg
ddemogéo Lobhgdol owgdyemo Loddmogérg 3150 3ggh-oo [11].

3°33°L0odo  Logotroggamm  Botdmoggbl 3otggem  d3gycbol, Locoogs
19bemmgl dmBogoemdo dmbeogds HVDC Loligdol géo-gémo hodel (8ycdago
©g960L Bobo&oa) 36rmgdhol gobbmezagemgds [18].

1.2 3ycdoge gbol sqasdd)émaoQoBsao

33@3030 Qgsob 30@0883()[5 3306003&\050 (33Cmo0 Qgsob 80@03330[)0006
38@068600‘3 doé\omo@ 3380‘353333630 806306(‘06863@00 330060)3033(4)0
Jyoboo.  Iydege  ogbols 068830 bo3d@o3€>ob aoo;3990L  9dm(30bols

3o06ygghobol b5 30660bgd0s Rodmmgmmommogeb géhm-9émo dodgdoo:
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1. gocobopgdo  Logédol gébo gbomgyembdg gémo o ogogg Loddemogéol
3oo3990bob 3nedoge gbol Loyergbgde go30emgdem 050300, JoEg (33eC0OEO
gbobo. o330 Iydogo gbol 3mbggEhmEymmo  d3qbognégdo  ya3tm
dg0600, goGY (33emoe  dodgol  dgglocogyégde. olg Gm3  o&Lgomdl
aoo3gd0l  Lobodmgém Logédg (700-800 33), Gm3emol Bgdmosy 93360
obobotrygdo ydoge gbom gocs3gdalongol 360dgbgemmgboc  bo3emgdos.
dedogo  gbom  Lodoghm  gocogdobol  obggg  bogemgoes  goByoemyco
Bggogemgbo gotrgdmbg, Godogbocosy 330g3L bogbgdel bozmgde Gomepgbmds
©> PBem 3oy Bmdal Loybrogbgdo. obggg, 8ydog gbl odgb  ULbge
93mgopto  Pdacohgbmogde  dsgbadnéo s gamgdhtycre  ggamgdel
ngommbodéobioomoy, o3  olggg dydoge  gbom  gemgdhmgoos3gdel
o300 3boérgl Boedmocoggbl.

2. oy 9emggdhemgos3gde brgds 30Bolgzgds b Bysendggds 308gcmoo 35dob
%330000 Eobbgsgbo bobo‘bq)36>m boaédg 3080@36000 603@3600 bo303<4:m

303990Lm0b dgotgdom (50-60 33). gl 3339 9dudcmnodoiesdos dyedoago
©gbob 3089mgde, EmBgmmmo Logédy sbyemmmdon Joemmdghél swBqggL.
3. bdobo gemgdh®ymmo ULobigdol ULbgocoolbgs oéggde o6  Lbgocoolbgs
gemgdhonmo  Lobhgdgdo o6 96006 Lobdéombyem 39330630, 3odoboiy 30,
Gmgboy  door  dméol  doemoob  J3o6rg  dobdoemos b gdgdmdemgdasb
96030bgml. Fogoemomace, 093mbosdo gemgghéyemo Lobigdel gémo bobocmo
dndomal 60 3gb3dg, bmemm dgmég boboemo 50 3gépdg. Lobgdel o3
6oBocemgdl  dmbolb  gemgbgégool  dodmizgemol  8odboo  (33emoo  dodgoom
3°390650L  30bbmzngemgde  gobogneo dgydmmgdgemoes. oy °3 boBoemgdl
ol og9ygbgde d8ogo gbol 3mbggBhmEnem  Jagbognegol, 85306
1339 99Lodemgdgemo bogds 8o mEral Lobyéggemo Looocool Lo8demogeals
dodm(3gemol  gobbmézngemgds, donbgovgoe domo dlbgémbreme dydomdabs
[11].

dbgogbo 3933060L bomgmmo Bogommomoes dydego  gbolL  BoboGoals
36mgdho, GmIgembs Bobodrgdotrg bodérmdo ndyocmme gbgds. Fobmsomos
Lodoooggemmlb 0o oyéadgool  gemgddeembobhgdgdel  Lobdebg o6
3oblbgogrogde 96:806gmaligob, 353608 93 ™M gggysbol Iméol Bohotrgdnemo
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Inmo3069398930L Loogndggembg goobye domo 3933060 gobbmeszogemogl
obobgémbymoc, o3 Lobhgdgdel odmy3009dgmmo Fobomgol Lodyoemgdol
odemggo.  0bodbymmol  dombggo  3mbggldmenme  3933060L  gokgdg
dggdargdgpos.

1.3 HVDC 3m63860m6850b 3°8mygbgdols ljo336>co

HVDC 3mbggéhmgdo 306g9moce godmoygbgl méro sbobdémbymoco
dmdndogg gemgdhenemo  Lobhgdol 3gbogbomgdemoce. oydpe  gobces  odabo
dgbodemmo  Iggbgoger  domo  godmygbgdol  Lbgo  d6rogoem  dg8mbgggel,
mIgemmogob sbobodbogoo:

1. ™&o gmgdhegmo Lobhgdol obobdembymo 3ooemgemyo
dndomos. Bmgoghmo  3mbhobgbhocontoe gemgdheneo Lobhgdgde dgoieggb
603096039 oLobdermbyem DML, BmIgemms 3933069803 HEOEOOEMO
dgomeoen  3gndemgdgemos.  obgor  Jgdmbgggode  HVDC—ob  goBmygbgde
gErEgeM0 353mbogoemos.

2. gemggdhermgbgégoals 3003930 dmégnemo 9696300l
Byotrmgdoesh.  Gmeglsy  96gegaol  Bystrmgde  dommash  odmErgdnemos
dmbdotrgdol  3306dgdl,  obge  8g8mbgggedo HVDC—olb  godmygbgde
9306m3o 3960 godotmmmgdnm gdol Boédmowmggbl.

3. ggogedn® Hmbgddo  gmmgdhomgbgégool  0d83mGhe.  olbgoe
0699830, Locooy oboemo ggbgészool odotgds dgndemgdgmos o, 930Lmob,
ddoebme  obobemgdal go8m dgndemgdgemos Lodsgém  bodgdoon dglgemo,
9emgdhmgbgérgaol 033médol go8séomgdnem gdol Botdmowmggbl dydago
dod30l 80Bolggqdo 3089emgdals godmygbgds.

4. 1339 o6Lgdymmo  3gemoco  dodgol gdodo3gdel boBols
393(ho61bot0obmdol godéos ol goc 3909300 Byedago dodgol boBoco. gL
bogdo  303d0b, Gmeogloy  HEolol  golbgereg  dgmedg  yodgol  ©ggdedo

BS%QUQUQSBO 306)0), 83@8030 dObsOb bo%om d)é)v)b()b bO&OGOb 38383@8@0@
d93demgdo 939350 mo bodob god¢oénbotasbmds.
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5. boad@03éob 6o 30000l 3006(1)600@0. 33emoce0 dodgol Jlgemgddo
Loddemogtol  bogoceol  3MmbhEmemmo  gooymgdnmes. 3ol godm  bdo6
333005383030 boﬁoém b@sbo (33C00000 dob3ob jbg@‘ao 83@3030 dob3ob

3od3990L Bodgbgdo, Gomo googommgl gb 3mbhémeno [15].

1.4 HVDC 3005336@006)360[’ 3emobioagazoi00

HVDC 3mbggéhmedgdal bogde (3mggde) o bobgde o6  3089cmgde
dgodemgos  oaymlb  Lbgocoolbgs  3mbagognéogose  domo  gao3gddnéo
g93mygbgdolisangol. 3™b396hmEyemo bocogdo dg0damgdo ogool
Imbm3mmmotymmo o dadmmotnmo. HVDC—ob  godmygbgdol Bmgogéoo
939e2ody 303PRgEgdyee gde Rsdmmgapammos gggdmen:

1. 8ydogo gbol Bobotme, 30dmaygbgds 08 398mbgggeda, Gmeglboy ™o
oo 30330690gemo  Lobhgds  gerBobgmol Igdmdemsos o  good;3gdo
boBol o6 303gemol Logotrmgds o6 96LgdmdL (Logotamggemm - onéaggeals
dogomomon). dbgo MmL  3mbggéhmel Igodemgds 3gmbgl Bmgmed;
dmbm3memonemo, dlggg dedmemotnmmo 3mbaggognéozes.

2. Lo8dmmoghol goopgds ™G dgglowgn®l 8méal, Gmegbog g3mbmdone
300l Botr8mocggbl ggmatoaonms Eedmegdnm ™m& Bgehoeml dmeal
Leddemogol gocogds dedogol dodgol bodoom ob 39dgmem, Gmgme;
Bglo m&hger80bocmasbo Ldgdaom. sbge Lgdslb 0ygbgdl comgdy ©3gbgdnemo
HVDC Lobhgdg3l dméral ndghgbemde.

3. 3embodge8obocmasbo HVDC Loabdhgds. ooy bo8o o6 gt HVDC dggbocgnéo
39mgeogonmmoE  godmymamoemod  gémdobgmmob o 303d06901emo
bo®gdoor o6 300g9emgdom, 30306 oLgor LobLhgdol HBmgdgh dyemio o6
620350 hg6r806oemasbl. 0y yggmmo gggbocgnte Rotmnmos géo dodgody,
35306  Lobhgdol  1Bmgdgh 3oGomgmmye  Fyemhohgedaboemosbl. oy
3b3ghmEL  odoggdyemo  odgl  B0dggzlmdom gbhmo (96 mEagg)
3o 35306 Lobhgdol Bmgdge d08cogzermdaom dnemhohgédabocmosbl.
3o6ommgemyéo o Jodogzermdomo  Lobhgdgdol 3m8Bobozes  ggodemggl
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30660@3@ 33@000863060@006 bob(lmaolj. Loderememem 30330

83@@00363060@0060 bob@gagbo 9 30060’)30 336)0@ 6o 3@06‘)@ 303060’)@8-

31emoo odshgdomo ggglocgnégddg gobgyemo botigdel godm [16].
3960 Bgdmaen Rodmagmoammabs, 96Lgdmdl sbggg Lbgo L3gz0030 360

QOGOQSUQJSBOB 300503083(4)080860, 6)008@3603 30053(4)3@‘3@0 80‘68%8500000
bo 30660[}860.

1.5 HVDClight Loldg3>

HVDC light bobdhgds Bo63moceggbl HVDC myobol géro-gé0 sboem Bggél
> ool Bokdohgdnmme o bdobo  godobomgdymmo  gdo
gemgghemgbgirgool  gooboggdo Bysemdggds b doBolgggds  3009emgdom,
Lodogerm bodgdoom o6 edogo gbol Robotman goblodmgimem gocobsgd
Loddemogtgdeg. HVDC light  Lobhgds  Bodmocoggbl  dodgal  Byotrml
3mbggbhmegddg (VSC — voltage source converter) cooogndbgonem HVDC
09gbmmmgosl  3m3d0bobrgdnmml  dnedoge  dodgolb  39dgemgdmsb, Lodogerm
boBgdmob b dywdogo gbol RobOBM™MOb o dobo ogdneo Loddemogég
0[33em 900 ©03gbdg smgneme 333t — b SLgyemmdnm dggd - dcog. HVDC light
3™b396hmEgd0  oogndbgdnmos  IGBT  h&obdobhmégddg o  83x3omdgb
doommbobdoéyemo  3ob0g0d3yemlnee  Imeyemopoom,  Go3 333900600
0330690L  ggoemhErgdel Bmgol o odhonee s Ggodhonemo Loddmmogeal
©98m7 30009890 o LBGSag0 30bihmemmol Lodnsemgdsl ademgge.

HVDC light bobhgdol 3089emgdl (6ob.1) odg0> cEe3&gLocmo 3memmodgenemo
0Dmemogeo. domo 3gqdobogyéo Lodh3o3g o dmgboemmds 9806h0ggol doom
0bLyomoosl BHmgmed3 806oldggds obg Bysemdggds goco3gdolb coemb.

HVDC light (9dbmemmgool odgl  3qgbodmmgdemmds  g6ren86g0aligob
o3my3ogdemoe  odhonte o Ggodhonmmoe  Loddmmogeol  LBGooo
3bhGmemobo, dodgals o Lobdocol Lsdoemyémdel 3gboehybgdecm. gL
dmgboemmds Lodyoemgdsl odemggo, 6Hnd Bogodgbmor gl Lobhgds  (33emoce0
dodgol  Jugem8o  3odaboy 30, Gmegloy dmzmmgre  396mgol  Loddemogég
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dogermgdnem (33eo0 dodgol Jugemdo 960l doemesk d306g (b1emcob sbemmb).
HVDC light Lobhgdo o0ggde  Bmenmmyéo  360b30dom.  momgddob  yggemo
dmbymodoemmds  doemmgobo  HE0bLaymEdohmGgdol  gobs Bmmoglgdymos
obyéyem 39bmdoda. dbgmo dodob gggbocgnedo o6 o6l Logotm 8malobyég
396Lmbomol 96lgdmds, Godgbocd(y dobo Bobmgs brogds aldobzoyésc b
ogh™mIohndoc.  hggbozyéo  3mdbobybgds  gobolobmgégds  dotomswoce
dbmemme 93m3GBmggmgdom, godmedgzgmmgdem, googdol Lobhgdgdoom oo ©.3.

3089mgd0 33omdgb dodmmstyem €g90dda, gbmo 39390 EOEI000
3mmobrmdobos bmemm dgmedg nobymaogemo [3]. oo gz 3memadgénemo
0Bmemo300, HMIgemo3 doemosh goddemg o Lvedgrms. dgdoboznéo dgggmds
> dmgboemmds gobndgmEgdgeml beoolb dbgo 3939emgdl 39dgg 306rmdgddo
obooblhomobgdemoce:

Bgoemgggds  39dgemmgde dgodemgdo odmbiogogl 3o Bymmgddo oo
BmEBoLBmGm igli3960q3 30.

dobolidggdo  308gemgde  dmbhoggoe  goeemgoem  ovogee  Liobbogoe
(0996030L 308mygbgdal botdg.

036939  °bodgbol  o®los 93 Lobhgdol  g3memmgoyno
13060 gbmdgde:  dogbodmero ggemo  Bobdmdoemos (Bygeem  308gemde  gocool
LoBoboomdmggm  dodobmnmmgdol  gbgde O  ggemgdo  ©3m33gbLoergdgb
96030bgml), Bgmol omgeol Ealzol sGoblgdmds, Goboy swgomo oggL
Bgomgdomommosbo  3009emgdol  dgdmbgggedo,  bogemgdoco bobdoébododo,
060bo060  gobmemmyto  Bgdmgdgrgde,  Eo8ogbooy  3odgemgde  8obodoo
Boogemyemo, 80Bob gbol o606Lgdmds.

96963mbolihg8oL  Bogtroee ydomos  ImogdNEed  Sghonéo O
égodhogemo  Loddemogbol  Lpodoemyt o Loedgom  3mbhemendy. o3
3bHEO™EmolL 03063303 dgademgds godmabgoml Loldhgdyéo ogotos. dodgol
Bygotorml  3mbggrhmbol  d0Dobg  oggdnem  googdel  Lobhgdol  oggL
13060(hgbmds  momgdob  8yobogeoe  Igopgoemmb  8yds  BgHhoemo
dgbodemgdemmdol gotrgemgddo O Bmobobmb odhonte o Ggoghonemo
Leddemogtol odmy30egdgemo 3mbhtmemo. gl ggodemggl  Lodyoemgdol
dmgobobme  ofhonto o Bgoghonemo  Loddemogfol  m3dodocmyo
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805060@360 d@os(‘m Q)od)3ot¢)m3ob 63‘508308. VSC bob(i)aaab ob333 H{md@oo
3036000[} 8@8::]06)3@ dbg@b bb3o Lobol aboé\@o&gﬁ)oe.

bob. 1 HVDC light 3089cmgoel 6ggocmo

8060@0000[)0)30[) 3(‘08303086}0@0 boanwoeoob 38@860@ 0@8(‘086@0,
6)(‘08 306)0@8@36)0 boﬁgbob 3880’)b383030 (83@0@0 dbb30b bO%O QO 83@8030

dodgol bobo), Locooy dodgol Byserml 3mbggéhménmo goo3gdel Lobdgds
3060 (33e0o0 dodgol boBmob, VSC Lobhgds 1nB&ybggemymal
6yg3900L  2-3 3§96 y39mqboce  Bob3mdol, gocerg  853m339bLotrgdgemo
dmbymdoemmdgdo  (3mbrogbbogmems  dohoéggde, Lobdermbyemo  308396Lo-
hoegd0) [4] . 0gégmgg ndobopglos gl Lobhgds oy Logdg ggodab Jugemels
3053060 mgdolmob,  6odwgbocosy 8oL Igydemos  dodgol o Lobdotal
Lhodeemodoges (dodgol Liodoemodszos 8oligob dmdmergdnem 3306ddogy 30).
99dmo  Rodmmgmomo 33060hgbmdgdom dbgmo Lobigds Botorems(;
0dlobyergal  dmBmbgdol  Lbgocolbgs  hodob  gemgdhmgocos3gdgdnl
dgdmbgggode, ogdbgde gl Byoamdzgds, Lob8gmmgmm oy 3nedoge  gbol
Bobotorol  (hodob goceogdy, Fogéed oyomgdgemos odgg ©woebodbml o3
LobhgBolb  godemysEgemmds, Eo8rogboo oge Lyem €odgbedg Bemol Bob
dg0gd6o.  36033bgemmgobo  Lolhgdomodmbobo  30g3d0bgdobol  $96 30093
LoGobgmo  olgmo  hodol  3mbggéahmegdol  g08mygbgds, Gowgeb Jzoég
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Loggudemgohogom  obhmEool  g08m  Fomo  bo3emmgobgdgde  dmemm3cg
dqLBogemommo o6 o0l [24].

Bobo8cogdotrg 6536m3do  gobormoger  3emoliognéo  (hodob  godmiz0cm
HVDC Lobhgdol oo  gggdmor  godmygbgdnem  ™Eag9 3830y géyem
36mgeododo Lbmégre sbgmo Lobhgds 3303l Bmegemotgdnme, Gowgob
oboemzobol  3yedoge  gbol  Bobotrmo  Bot8moggbl  3emobogneoe  hodol
dncedogo c0gbol Robotals.

1.6 9 3(’0@(’060360 o30d0m6>830

HVDC bobd)gagbob 803@360 8063300%8 SQ){]d(i)é)UQ)o 33005000 330&@360
oq)053(4>mb 33@0[) o omEo‘boBoob aosgd(i)ooo, 6)003006)3 33068306()[) 3003@360.

ge9gdhéyemo ggemo  Bo63mogdbgde, Gmgmey go8hotal  3mbhgdoo olggg

HVDC Lobhygdol good(zgde boboborgol godioédyg go6dgdmehydnme dogéal

ombgdom o 9g9bmdmemgdom. dedogo dogbohyéo ggemo 3o Boé3dmaddbgde

393630 3085300m0 ddago gbom. gosd(3gde bodob Bogé 3969606rgdnemo

0mbgdo oqxmEd0trgdgb GHNIMAL, GMmImmgdey Jotol dgoggzoe Imdeomdol

08ygd9b o> dgbodemms dggbmb o306, (3bmggeml 96 HEOLol Losbemmaggl
degookg d3qbocgnél b Locgy®b.

330633000l dmgemgbod dgodemgos  go8mabgoml Goom  bgemdgdmmo,
b3oy&o o MmBmbal 39b6960(300.

dncedogo dodgol bodgdl o8 8béog (33cmocee dodgol boDgdmob 83390060
13060(hglmdgde vdgon:

1. dm3gdemo Lo8dmoghol émL Gmegbsy Lodotm begds Bgdsmome
dodg0l go3mygbgdo, dnedoge dodgel good(3930 bobal Loytogbgde nogerm
Jgodg  BmBoboo, gowbg (33ewool.  gb  goegdmgds  mogoboogsc
3o60306mdgal dob, Gm3 Fydogo dodgol  gocoogdel HEOLol Logobys
6o 3emgo0.

2. 3ydogo  ogbol  boBol  BogbodnGo ggmmol  ododnmmds  HEobob
boobemmggl Locoacoo gednBol 3ogbognéo gg9emol 0oboBdmdocons.
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3. 8mbm3mmotymo 6gg08ob ML, 07 ©gbol EodENbgdal gBoc oboo
393mygbgdnemo, 356 dgodemgds  godmabgoml  3m330Lgdel  v&SLBmE0
dmgdgcogde. 9dohmd Bmgmesy Bglo 308maygbgdgb dghoemn ©od6YbgdLL
3009emol  Lobom, Gmdgmoyy  dgdemgdobooggoés  sbemmbos  dotomoco
393(ho600b 3ogbodéo ggemob gigdhn®o Robdmael 8oBboo.
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0930 1

d3edoge cogbols Boboomals dmgdgogdals 36)0(35030 oo 3ol 3036

3969606g3mmo 3568mbo 3930
2.1 3yce80g0 egbol RoboG0ral ogdemo Bbotrggdo

6030360 33@3030 QSGOU Roboérono 330303[& ™6 3006336@006[)
Iy 9emdobgmmob sbemmbl, 96y géom dgglogné@dos dmmoglgdyemo
©° 9603bgmnl 3303306)Q86006 8‘3@3030 dob3ob bo@(bggbooo.

bod06m30@mbo ©d mné)dgooob 8@35@6)3@0 bob@aagbo
60&8000@83636 @03(‘0330@363@ 360‘)33@36[} ©> dom dmérolb 3033060
6080@35000 3060030@ 806[)006308@@060 33@3030 @SGOU Robo&omals
bodnoemgdoom 06)0@033@ 303306)0006 38Q06360m (3033060 (33emoce0 dodgol
boBoo). slgore 303306)0 odemggo 603 33060@3[)(\0886[):

- by 6)3‘636330 dmboboemgmdol Jomgos;

- 3Gothognmo  dogmdotrgmdol  ob  goymgoemalBobgdgeme  dgdmbgggal
e6mb boddemogéals 8080033@0 bob(bgag?)b dméral;

- oébgbn@o 83636)0(300[5 U&gmgbo 303350‘360 8a8m936360 006033

Lbobhgdodo;

- 60@0@06&60[) bgéb%o 6863@06’36"[’ boHUoQ’JSBo 3(4.»0) Sécno bob@gaob

Lob3do&oo 56 Lobdoéaol 60630’)863@000;

- oo Lbgo.

2.2 3yc0dago cogbols Robotronols 3m63860m6ml5 396¢ocmgd0

HVDC  3mbggbrhméol  dofomoe  ghoemo 6ol ggbhoemo  ob
396¢0cmyHo Bboko. ggbhoemybo Bboko 960 3mbhGmmotgdowos oy o0go
5398700 803g36mdom Rotramo omEgdom ©d JMmbhEmmotgdsos oy
53989m0o 303g36mdac Bobomnmo Hokobhmergdom. bob.2 - B9 boRggbgdos
Logerenodmerolien gemgdhembdbognéo byoboo&hob (International
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Electrotechnical Commission - IEC) 3053@3000 33660@86()[)0 o 335@0@360
boqagbob oq)6033582>o.

0620006035090 _2qbhocmo ob thfmo'-c'v’ml@oo dbSEro

0620000 20bhoene 96 2abhacmm&o dboto

O610dOE 25000 boroo db 2abhmocmMEo tancmo

3560025000 booo 96 2abhocmM&o tanmo

R R - RE

6ob. 2 33660@330[10 o 33560@360 boqabols oq:50336360

LyobooGdyemo  ggbhoewnéo  bool  gbho  g9bhoemdo  dgodemgdo
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lsoq)oe, | N, 6008060@36)0 83@8030 @3600. Uyn 3o - 5008060@36)0 bo‘bnéo
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Lobg:
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dgbodmmmo,  Gmd  3mbgglhmeol 83393030  hEblgmEdodhmeanls
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36396hmE0lb  d000Bdg  oagdbgdnymmo  Lolhgdol  bm&3scmyte  Egy0dal
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3050[}08@36«)[} 8003@3 336)0030[) OGQOdbom (3“’3"308086@0“’)’ 60033@03

530330690L  gErxobgmmob dmzemg dgbmgol ombgls (3gge) o dydogo
©g9b0b Loddemogégl (3g3dh), Gmegby (33O dodgs bmdobocmyol hmemos.
33eoo  dodgol  Loemihgdg  dogermgdnmme  3mbogblohmedgde o
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g9 magomogdol bodob sgotoyemo godmemgs.
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THD % (V.Akhal) = - x 100 =
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V1112 + 6.48 + 16.512 + 13.352 + 5.452 + 4.4 22 + 4 582 100
= X =
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26,19

— 0
396.93>< 100 = 6,59%
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VhE+h2 +hi + k2,
hy
_ V3.642 +2.022 4+ 4.9& +3.922 7.58

X100 =
167.88 167.88

THD % (V.Qsani) = X100 =

X100 = 4.52%
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(0boogoeommt) 3063mbool $0dEo  oobobigdol  3mgege30gbhde. ool
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Byotrm LBmérgro of ggogdaL. sboemzobol 500 33 dodgol L3gdhEl ogaL (3b6.2-3o
dm(399ycmo Lobg:

356.2 sboemizobols d33boq>an€mb 500 33 Loemdol dodgal b33d0€m

# bobBotog, 333 5330, 33
h1 0.05 396.9391

h5 0.25 11.1011

h7 0.35 6.4815
h11 0.55 16.5061
h13 0.65 13.3492
h17 0.85 5.4500
h19 0.95 4.4275
h29 145 4.5830

8080")30)30@000) 06@030@30@36)0 30680’)6033@0 Q080b063860 O’)OCDSUQ)O
306)8(")6030[500’)30[)

h5
IHD (h5)% = —x100 =

= 396_94><100 =2.79
IHD (h7)% = E><100 = ﬂxmo = 1.63

h1 396.94

IHD (h11)% = hﬂxmo = 16.51 x100 = 4.15
h1 396.94

IHD (h13)% = hﬁxwo _ 1335 x100 = 3.36
h1 396.94

IHD (h17)% = hﬂxmo _ o4 x100 = 1.37
h1 396.94
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h19 4.43
IHD (h19)% = —x100 =
(R19)% = 37100 = 35552

h29 4.58
0fy =— — =
IHD (h29)% 1 x100 39694

x100 = 1.12

x100 = 1.15
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dodgol  dugemo  3o6Bmbognmmo  L3gdhGo  Lodoboggmmmepob  oyerdgendo
eoobemmgdoon 700 3ggh  Loddemogéol  gdudméoelobl  n-1  ég90ddo
(“OgLyogmbo — sboemzobal” godmErmgs). ©mbadbymme (3bEocmol (3bé.1-0o0b
(039600L606>  €991080) 390690 330demgal LnEoml, oy Go8ogboce 3dadcogde
Logygoges 960bobybmoeyémdol 3ymboo.

4.4 356mbo 336)0 > 560 3°6bo 3360 306>8mba 3900

Bobobrool Lhéndhneol gobboengolbol (moge ) 9gwbodbgm, 6nd 12-
3nemboobo demm3zol 83398030 (HE0blazmEdohmEgdacsb gémol dgmEgnemo
aéogbommo Botorgemos goklgmmogoce, dgmeolo 30 Lodgymbgrosc, 6o
Bo63mooggbl 89-5 o 89-7 Gogol 3068mbo3q00l Bobdmdal mbolidogdsb.
0gommtoe  g3olbmégdyemo  dw8ogo  gbol  3oemdgdde  Bobotrool
HEobLRmEBohmEgdol dogés Jugemoob Bmmbmgbormo gbgdals (60b.48)

1)Y/Y

_2xv3

I - X114 % cosa)t—%cosSa)t+%cos7a)t—1—11coslla)t+1—1360313a)t... (16)

2)Y/A

_ 2xvy3

I - X1, % cosa)t+§c055a)t—%cos7a)t—1—1160511a)t+%c0513a)t... (17)
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6)080 bObaOé)S
oboemzobg | 96gyéo | Bgbommbo | gotodobo Juobo | Byoemynom bycombo
# 3 33 33 33 33 33 33 33
hi 50 396.94 407.32 404.12 399.54 401.1 402.21 403.5
h5 250 11.10 8.54 9.5 8.56 9.32 9.91 8.91
h7 350 6.48 4,52 4.87 4.76 5.11 5.31 4,72
h11l 550 16.51 10.86 11.91 11.81 10.52 11.22 10.41
h13 650 13.35 8.22 9.17 9.35 8.9 8.93 7.88
h17 850 5.45 0.01 0.05 0.02 0.01 0.06 0.03
h 19 950 4.43 0.004 0.02 0.04 0.015 0.002 0.002
h 23 1150 0.002 0.001 0.003 0.001 0.002 0.001 0.001
h 25 1250 0 0 0 0 0 0 0
h 29 1450 4.58 0 0 0 0 0.02 0.05
THD, % - 6.59 4.18 4.51 4.49 4.35 4.53 4.09

356.3 bada6m33@mb aqagdaéoobol}@gaob 500 33 dba@ob 33056330[) 3o 3mbo J9eoo b33d06o N-1 6350330
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X 14 X

X [cosa)t — 1—11c0511a)t + 1—1360313a)t - %cosZBa}t + %cosZSwt ...](18)

9.0. 12 3nembosk dmmm39dde 3398030  Jugemol  dodgol  Yodné
©o80bobigdodo Bo3ygob Gmmb ©085dmdgb 12n+l  (n=1, 2, 3 ..) 6ogol
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