94040 BIHINRNL LOBLINIBNBM JIGN3IGLOSISOL 3(M03dT, 2021, Ne2(18)

9596330035 ©5 969633B03wo ¢gdbmemyogdo

bobigdsfjsdmdgbge Jigewdo Hysjdonwo boddersgHol
8530396L0MYdgEo EBIYIOGOOL g33e9gbs SJBHow®Oo 1loddgsgGols
3653561338%9

3300 X9856H0d]

davit.japaridze@atsu.edu.ge

53530 §9Mgools bsbgdfonm »boggMliodgdo
J9050L0, LodoMmzgmm

bdsdosdo  asbboereemos  bobBgisfhs®mdmdfbger  Jbgerdo  F9®HBgwcmo

695402900 boddemsg®mol  3530m3396b06Mgdger  ©@sbsEsMMs  3s3amgbs  sgBowmo
bodders360ol  ©sb3356390Dg. F9gagbocros dm@gero®gdaemo 500 33 dsdg0l

bobB90sfo®midbgero  Jbgero s  3osbzatmodndmeros  sgBonmo  boddersgmol
sb33563900  bsgmo®og 58  Jbgando. sbgomodo  Bs®otgdoyeros  G9agd@omemo
boddgnsg®ol 3m339bbsg0s0g s 30m339bbsgool F9damd, IB30MGM30L MmO
D300 (sgbodsery@Ho, Jobodser®o) Mgs0dobsmzol. Bo®s®gdwem sb3sH0Tos
090093900, ®mammg dmbocrmobyemo 0gm, ©saobs, Gmd bob®gdsfs®dmddbyen
Jbgemdo  dsdz0lL  batolbbol 3H0GgH0dol dobyozom FgMHbgmemo  ©9goddowemo
boddgnsg®ol  05300396L06989c0  sbsgsMgdo  ghmoldbGmog 3356dms  dsdg0l
005 0600369er390L 5693290698l ©slsT390 BsMFmgddo, beagner 89megbidbGHog
3930698L Jlgerdo sgBoo boddersgMobs s HYhgMaool sbs3standb.

33356002 bodgggdo: 360H9H0ndo, 853m3396L0GYSI0 65O, F2)Ts 3839,
bodders360l sbs3563900, LolBYisfotrdmigbgero Jgero.

85230,  >YOWMOMOZ s MJA0MboE  Fobsfioeadge  Jugegddo
(Us =110 33) 6959300 LoddozMOols Fo3mA3gBLOMABYO B IMGIOL
LOdIEO3MOLs O Fo0  A3BMHZLYdOL  5EHOEL  M3EBH0TsEMo  FgMbg3s
fomdmgdls, Mmam®i fgbo 93mbmdozmmmdol  3Mo@gmhomdol dobgpzom
(Kenmesxko 1981: 19-32). dglodsdobsgo, 05303396L0MGdgo  absasmols
549bgdol 993y 99 Jugegddo odBHowmo LoddszMol  IBsJoMYGOOL
39930090000  dofigmeo  93mbmdogmmo  gx3gdBHo  (Ladagdgwo) dgBos,
300069 53 sbsc0AMOL LogdlS M@ SE0M batxgdo. Lol@gdsfomdma]dbgur
Jugando (Us = 220 33) 30 ©95d&H0eo Loddwog®mol d53m33gbLoMmgdgeo
3650050900l Lodds3MOLS S FobMogLgdOL sl FgMbggolsmgols
dgbodems  459m309gbmm  ggdBOHMgbgmaool  bamolbol  3Mo@Egmodo,
39Mdm@ dsd30lL dmmbmgbowo ooy 339699030 (FoboMady, XoxBsMIOA]
2020: 105-112). 53 LEHoG0sdo bsBasLidwmwos, ™™ LobEgdsfocdmaddbgen

153



030d() BIMATINL LOLITIGNB 'IJ6N3IGLOSISOL 3(M03d], 2021, Ne2(18)

JLgedo 50bodbweo 3003 gMH0wdol Jobggzom dgMbgmen do3zmad3gblomgdga
65 oML  godegds  asohbgl  ogdomo  Bodsbo  (MgodEomwo
LoddEs3zMOl LMo IMbTsMmgdol 3356d9030), 96 Modymaomo bodsbo
(396965300l 3396d9030). 53 Fgdmnbgzgzsdo, 396930305, oOLAOL Jombgs:
LolEgdsfomdmadabgen Jugerdo dsd30lL badolbolb 3Mo@gmomdol dobgzom
d96MRg0 3o3mA39bL0MGdYE0 BASMGOO bMA oM 25dm0f393L 53 Jugedo
5900 LOAIEZMOL  BJoMAGOOL  AoBMIL? 53 JoMbgsBg 3olbo
39LObO OMYMBOMOS 56 .
LA 3000b35%Y BP0 39BIAMOOLIEO 35LwIbo FoTMAOBIMYMBL

0949056, Ma:

% LobiBgdsfatmdmadddbger Jugedo dsd30ol batolbols 3o Mowydols
dobgz0m  d9MBgmamo  Fo3mad3qblomadgeo  IBsASMYdOL
30Bsb0s, 59 Jugedo LsdZ9d BOIMGOL omgom golivyeno dwyds
3503900 ovgebEmgml 9Mm3sbgml sldz9d Br3™Mgddo. Mm3s
MO0 3396d0L 3935 dsdgzs 9HPTobgNL Mobanmzgds, gl Bodbsgls
005, ®™A 53 3356d90L MOl sOLGdME GEgdGHOIE 393006DY
10AAE53MOL JooE0BYds IFOMPYDS I, 5JgEsb A53MIObsty,
330005 LOAIEZMOL s639MAIOOG;

¢ OmameE  (BoboMmadg, vomsmodg 2020: 105-112) ULGo@osdos
5060860, GmEds *F mMedygmgomo  Bodbobss, gl 60dBagl
085, Gmd ! 3396030 235436 M95JBH0o LoddEsz™MOL FoMBdO
396905305, M5 Mbs gzedrommon 3sdbEGdgwo Mgod@Emmol
©5996900m. bmarm Mo Qu ©5YO0m0 60dbolss, gl 60dbs3L
09, 6rmd 3356030 935436 oo M35dEBHOEO BZ0MH™M3,
53 1bs G9350300M0 M75JBH0w0 LOAIESZMOL WTSEHJOONO
Dgotmlb  oggbgdol aBoom. sdoloady, LobEgdsfo®dmadgdbgwm
Jbgerdo dsdz0L bamolbol 3Mo@gmomdols dobggzoo dgmbgmeo
953m03396L0MdYE0  BsASMGOOL  ©oygbgdol Fgdmbggzedo
330MHEYds, 9H0 FbMO3, 33963006 AoLs3gd0 s, dgmmg AbGOg,
3356080 gooliszgdo MgodBoweno Boddwregmg, Moz (39WLabs
359m0§393L 5900 LoddwszMOl IBsIMAOOL TGEOMYdL
Jugdo.

doMomso Bsffogo. asb30bomwme 500 33 dsd30L ImEgEoMIdMEO
(B396L doge  Fgagboo) Lol gdsfe®dmadddbgwo  gargd@mmassgdol
Jugaro (bsb.1), Loo 339630 ,0“ FomImeagbl Bodswsbligdger 3356dU. Jugerol
339609080 335 dsd30L olsd39d FBotyagddo BOHMb3garymaols doBbom
(35030l batolbol 3mo@g®omdols dobggom), dgmBgme odbs Mged@owwmo
LOIIH3MOL Fo3MA3BLOMABYPO IBIPRSMYIO. M3EH0F0BOEOOL STM(3560L
50mblibed sB396s, MM FogLoTomO OBHZMMZOL Mgg0ddo ,4“ 3356330

154



©. RIBIMOdY

(Bob.1) 3mds dsd30L owsero Loool (3bM.1) sfigzol dobboo mbgos
©539949bmo 353163 dgo  MgodBHmeo,  MmIgeroa  3MIomdL  FoMdo
M95dBHoo  bLoddwsgMols Imbdstmgdols Mgg0ddo,  Loddgrsgmoom 261,18
33350.  bmm d0bodse® ©o@B30MHm30L Mgg0ddo 30 olgy Jugaols ,4*
3396030 296m53L9do MgAOMgdsEO FodbEHJOgGO MgoBHMMmO b
34935mdL 238,9 93356 LOAAEIHIGMO.

P39b0  FoBsbos 39B39bMmm, Mmame  FgoEzegds  Jugado  sdGowmo
L0dAE 3™l B39MAYOO gEgdBHOo Jugaols 3356d9030 Mged@ovo
LOddH3MOL F53I39BLOMGOGE b YIMMS AoBMI3LYdOL gdYR.

B3960 59m3560LsMZ0L 5@bodbEo Fo3mI3gBLOMYdIO IBsYIMGOOL
LOIIWH3MY O AoBMo3zLYdOL SO0 Lofigols IMEgdwEMdL FoMdmoygbl.

Jji22 j215 j170

0 .
: l | L 550 +270
34367 3,5+ j42,84 / 437 + 53,55 l & 250 +/135

400 + 7230
240 + 135

w

250 + 120
150 + 70

120 + j70
70 + j40

3,37 + j41,3
4+ 48,96

3,75 +j45,9 54 /61,2
j174 j208

4 \
2 2547306 5

A 4 y
300 +j210 200 + 120
180 + 7125 120 + 70

Bab.1. 500 33 d5d30b gergdHHeREIEgdoL Jugwo.

19 gb®owdo bshg9bgd0s 3356dms Lo3Mms® s MMM LOYIEO
3M33gdurmo  Hobommdgdo, 33956d9H0 OHIBMESIGHOMMO  9BHOMO S
095JBH0o LoddwszMggdo s dsd30L 3M3s 360369 mdYdO 3356d9d30.
999 GO0 Jugarol 335639880 dodbEHGOGO MgodBHMMgdOL gobmogligdsd
gl ygges 3396d30 dds dsd39d0 Bm@mBoL Bstygddo dmagsos.

155



043040 BIGANR0L  LOBLINIBNBM JBN3THLOSGISOL 3OIBT, 2021, Ne2(18)

3dGoo 1. Jugemols 33563900b b337msG0 s YHEgH Fobrmdgdo s

9addHneo Gggodol 3sG8g¢Hgdo
é 1 2 3 4 5
3
1 2,04+j24,77 0,8+j9,74 0,32+j3,87  |0,44+j5,32 0,57+j6,97
2 0,8+j9,74 1,82+j21,96 |0,73+8,73  |1+j11,99 1,314j15,72
3 0,32+j3,87 0,73+j8,73  |2,42+j29,32 |2,01+j24,24 |1,53+j18,44
4 0,44+j5,32 14j11,99 2,014j24,24 |4,37+i53,41  [2,09+j25,34
5 0,57+j6,97 1,314j15,72  |1,53+j18,44 |2,09+j25,34 |2,73+j33,21
s |P 1250 -300 -400 430 -200
& | 9330
(@)
€ lQ
2 | Foase -36 -15 370 88
S, | 9330
&
')
C
(as)
*>)
e
&
C
$ |ug 0053 | 50809 518,27 542,9 521,35
&
Q
C
o)
2
S
s [P » liso |-180 1240 180 -120
2 | 3336
&l
52 49 80 265 138
2 ,02356)
™
5
')
C
(@8]
>)
)
&
C
& [Ug 07,86 | 51405 522,72 540,52 526,53
&
S
C
w0
C
©




©. RIBSMOdy

0dobomgzgol,  MMI  ©o35A0bmm  M®godBHomo  Loddeegzmol
0o3m339bLoMadgEo  obsYIMGOOL oAl FgIRd©  9dBHOWEmO
L0dIE63MOL 6535MYJOOL (330D, 530LHMZOL LOFOMMS oTMZMIoCM
Jugdo 9dGHomemo LoddEezMOL sBs3MAGOO MgodBHomwo Loddgegmols
3M339bLo300dg o 3MI3gblogool  89dgy. 93 ™M JgB;mbggzoms
3556256039090l dmMol gobbgsgqds ool ob, MM 3md3gblsool dgdcyma
290mmgegddo  dgo3egds  (39030Mgds)  ,4¢  3396d0L  3396d9M0
Q5300035 35JB0T>EME OEMZ0MMZOL Mgsg0ddo 261,18 Ia356-00m, beagom
806035 Mol otml 238,9 da356m-00m.

) Lgerdo s9doweo boddersztol sbs3o03980 Hgsddowero
bodders360l 3008396L53050009 — 9gdBOI0 Jugeol gegdBHMMASS339d
bsBgddo 9gGHom®mo LoddEregzgmol obs3oMygd0 sdM30EIdVIEos 335630
GIVU@AGONG 33563 2gHON® @ OIPIHONL IGZOODZIBLS o
3396005 Logmme® o Mmm0gMom  odBHome Fobsmmdsms Looggdby.
Fglododolo  0@bodbro  obs3otgdo  Qodmomagds  899ga0
258mbobmegdom (dsbstoadg 2005: 192-194):

i i i i

1 1
ﬂ':P_p:UZ'Z PE'"FEI'RE'_;I'; ﬁPQ:F'ZZQEQ}RU, ﬂP
g 1 =3

i=1 j= i=1 j=1

Loo@: APp— 500l bsboms ogBomed Fobspmdgddo 3356dms s@ormmMo

53003900, 253M)390 59GH0wMHO LOIIWS3MOL OBS35MYIOO, T233);
APy —  §oM8moagbl  bsbos  o@Bon®  foboomdgddo  Hgeddovwo

Q5G30MM39000m A53Mf39we 59@0MO LoAAES3MOL BsJoMAVL, FAZEG).
054b08scBH0 sB30MM30L Mg 000
w1" 335600

n
1 1
ﬁppl = —5[][]: 2 PlZlﬂ'le =—5ﬂﬂ: '{_25{]}
Jj=

- [(—250) - 2,04 + (—300) - 0,8 + (—400) - 0,32 + 430
- 0,44 + (—200) - 0,57] = 0,8328 B3¢y
il

1 1
801 =555 @1 ), OBy =52
=1

+[2:2,04 +(—36) - 0,8+ (—15) - 0,32 + 370 0,44 + 88
+0,57] = 0,00146 8ya;

baﬁ)o&b@ .ﬁpl = .ﬁppi +.ﬁPQ1 = D_.834'25 am;

157



94040 BIHINRNL LOBLINIBNBM JIGN3IGLOSISOL 3(M03dT, 2021, Ne2(18)

3boMa0©H0o godmmzErgdom Lbgs 3356d900Lsmz0lL dogzowmgo:
AP, = 0,985 933¢); AP; = 1,0849 9a3¢); AP, = 2,9936 033¢); APs
= 0,9682 93363,

9gLsd5FoLsE, F5dLOTSEIMHO IGZOMMZOL MML Jugerdo sg@ommo
LOJIWH3MOL  BS3IMAGOO  MgodB0Eo  LOTAEsgzmOL  3MI3gbLsE0sdY
9950096UL:

AP = AP; + AP, + AP; + AP, + AP5 = 6,8659 033¢);

F0b08s5¢r296%0 ©3HZ0(m300 (395000

.1 3396do:

n
1 1
APp1 = m"’lzlpf’e” =500z (7150
J:
:[(—150) - 2,04 + (—180)- 0,8 + (—240)- 0,32 + 180 - 0,44
+ (—120) - 0,57] = 0,3096 d3¢:;

n
1 1
APy, =W'Q1 E_ QjRy; =S00Z 52

j=1
-[52-2,04+49-0,84+80-0,32 + 265- 0,44 + 138-0,57]
= 0,076 933¢);
5960g>© AP; = APpy + APy, = 0,3856 03¢
3B5ErMA0M©H0o 353MmM3egdom bgs 335609005030l Jogomgm:
AP, = 0,5564 033@®; AP; = 0,8754 333®3; AP, = 1,6412 03¢%; APs
= 0,94 933¢%;
d9Ldsdols, F0b0dseIMO  IGHZ0OMZOL EOML Jugerdo  sy@oImO
LoddEH3MOL  B3MRIOO  MgodBHoImo  LoAdwszMol  3m339bLS(3050Y
56oU:
AP = AP; + AP, + AP3; + AP, + AP5 = 4,3986 03¢,

2029950<1c Jb9aerdo s9Bhow1t0 boddersaol @sbs 3563980 H9s59horiero
boddersgtolb __ 3d396bsgool _F9dcgmd - 335607080  HgodGHonwo
LoddEs3MOL F53mB39bLoMIdYIO IBWYIMIOOL oygbgdols Ggdmbggzsdo
(05bs5dg 2015: 439-440) :

1 n n
AP} = U_gz Z(Qi +Q;) (@ + Q)R

i=1j=1

Loog: @y @5 Q, — Tgbsdsdobs @ @s j 335609000 Ao
95JG0Mo  LoddEszmOL  F530md3gbLOMYdG  IBsYSOMS LOTdES36Y,
02356.

o APp 250mlobyangds 030395 Gog §obs 993mbgggedo, Moysb 3396d900L
MHJOMGHIGOO0  9BHOMo LOAIS3MYJO0 @S 3396dMs  LOIMMLG o
MOD0IOD 54306 [Hobommdgdo ME3wgeos.

Oo7b00seretr0 3(9h30MHM30L Hg50800

158



©. RIBIMOdy
»1“ 3356d0:

n
, 1 1
AP}y = 5553 Pr ) PRy =550y (-250)
j=1
*[(=250) - 2,04 + (—300) - 0,8 + (—400) - 0,32 + 430 - 0,44
+ (—=200)+0,57] = 0,8328 333¢;
, 1 c 1
8Py = 07" @1 ) QjFs; <5505
j=1
-[2-2,04 + (—36)-0,8+ (—15)-0,32 + 108,82- 0,44 + 88
-0,57] = 0,00054 33¢);
5960350 AP = APp; + AP); = 0,83334 03¢);
3BseMy0m©0 godmmzErgdoom Lbgs 3356d9d0Lsmz0L Joz00go:
AP; = 1,023 3a3¢); AP; = 1,1165 33¢); APy = 0,6836 93¢); AP
= 0,7758 933¢%;
JgLsdsdobs  FoJuoToEIMO BHZ0OMZOL ML Jugerdo SdEomMo
LodIWs3MOL B35 B0 MgodBHoMEo  LoddwsgmolL  3md39bLs00L

89999 sM0OL:
AP" = AP{ + AP; + APz + AP, + AP = 4,4322 93¢
F0b03s¢r9H0 03HZ000300 (395000
»1“ 3356d0:

n
1 1
APpy = 55537 Ps ) PRy =gg55° (~150)
j=1

- [(=150) - 2,04 + (—180) - 0,8 + (—240) - 0,32 + 180 - 0,44
+ (—120) - 0,57] = 0,3096 B3¢

1 c 1
APg1 =507 Q1;QjR1j =to0z 2
[52-2,044+49-0,8+80-0,32 +26,1-0,44 + 138-0,57]
= 0,0542 93¢,
53600 AP] = APp; + APj; = 0,3638 330);
365ErMA0m©H0o 453MmM3egdom bbgs 335609005030l Jogomgm:
AP; = 0,5096 da3¢); APz = 0,7217 933¢); APy = —0,1386 933¢); APs
= 0,6644 933¢%);

F9LsdSFoLO®  B0BOTseMMO  IBHZ0OM30L OHML  Jugerdo  9g@GoMMo
LoddEH3MOL  sBs3IMAIDO  Bgo@omwo  Loddszmol  3MI3gbLszool
99992 sG0ob:

AP' = AP{ + AP; + AP; + AP, + AP = 2,1872 333¢);

3060250, OMYMOE  odmm3zgdds  ag30B39bs  LolGHdsfo®dmIIbgen
Jbge8o  dod3z0L  boGolbol  3Mo@gMowmdol  dobggzom  Fg®Bgyends
695dBHovero Loddes3EmOL 0530339bLoMgdgds b5y MgdT>
©GHZ0MOMNZOL  OMyMmO3  JoJLodmE, Sbgzg JoboTSMGH  WIGHIOOHMZ0L

159



94040 BIHINRNL LOBLINIBNBM JIGN3IGLOSISOL 3(M03dT, 2021, Ne2(18)

036m3037M0 89980, 3gMINE, GrmymOE dmbsermobywo ogm, Jugwdo
399306005 5J&0M0o oA s3MOL IBSISMYJOO.

@31336s. LolEgdsfomdmdgbgc Jugado dsd30l bamMolbol 3Modgmowdols
dobgz0m  d9mPgmo  MgodBHowo  Loddeeg®mols  Jozmd3gblioMmgdgwo
365 oMgd0L  odoL  Fggyeo®  F9930M©s  9gBHOMO  LoIEE3MOL
5653569900, 301636M9Fso:

L. 3ogdlodogr®o G30MHM30L 950330 4 3306dd0
35399639090 6959BHMMOL 2396m53L900L d990 Jugedo
5>ABoM™Oo LoddmH2MOL 05652502900 999306 LOOEO:
6P = AP — AP' = 6,8659 — 4,4322 = 2,4337 9335

2. d0b0dseéo QOGH30MHM30L 69590830 -4 3396ddo

35399639090 6959BHMMOL 2396m53L900L d990 Jugedo
5>4BomM™o LoddmHamOL 05652502900 999306 LOOEO:
6P = AP — AP' = 4,3986 — 2,1872 = 2,2114 8335,

@0BIHIGNOS

dobs®odyg, ., XoxsM0dg, @. 2020. LoLEIsFomdmddbgwr Jugwdo
M95dBHoo Loddsgmol sdsEJdomo yoOml Tgmbgzol 3MoEgMowmdo
Q5 3500935303700 dMmEgo. bsgs®mggarml $9d6032960 wbozg®lbodgdol
bsd936096 IHMA9O0L 309dwyero. ISSN: 1512-0996, N4(518), ©939dd9M0
2020: 105-112.

doboMsdg, . 2005. 969GmambolBgdgdol  69500900L  FsGrongzs @
M35H000Ds30s. MBOWOLO: ,GJdb03MMO-6039MLOGHYEO .

doboMsdg, 4. 2015. 9¢299F®9696a9H 03290 (9¢9dBHOwer0) LobBgindo.
d00bo: ,B039MOLOO*.

Kenesko, 10.C. 1981. KomneHcanua peakTHBHOH MOLJHOCTH B CJIOKHBIX
a/IleKTpudecKux cucrteMax. M.: DHeprouszar.

160



©. RIBIMOdy

Energy Engineering and Power Technology

Impact of reactive power compensating equipment in a backbone
network on active power losses

Davit Japaridze
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Akaki Tsereteli State university
Kutaisi, Georgia

The article discusses impact of reactive power compensation equipment on active
power losses in a backbone network. A modeled 500 kv backbone network is compiled
and active power losses in this network are calculated. The calculation is conducted before
reactive power compensation and after it for two (maximum, minimum) load modes. As
a result of the reports, it was found out that, as expected, a reactive power compensating
equipment, selected according to the voltage quality criteria in the backbone network
regulates operating voltage values of the nodes within the allowable range and reduces

active power and energy losses in the network.

Keywords:  backbone network, compensating equipment, criterion, operating
voltage, power losses.

Introduction. In radial and magistral distribution networks (Un = 110 kv)
an optimal selection of reactive power compensating equipment is made, usually
according to the criteria of economy (Zhelezko). Consequently, the economic
effect (benefit) achieved by reducing active power losses in these networks after
installation of the compensating equipment is bigger than operating costs of

it. In a backbone network (U, = 220 kv)

we can use criterion of power
quality to select reactive power compensating equipment, in particular a required
voltage value in nodes (Makharadze, Japaridze). This article emphasizes that a
compensating equipment selected according to this criterion in the backbone
network may have a positive sign (in reactive power consumption nodes) or a
negative one (in generation nodes). In the case, naturally, a question arises: will
the compensating equipment selected according to the voltage quality criteria in
the backcone network lead to an increase in active power losses in this network?
Answer to this question is unequivocally negative - "NO".
Such a categorical answer to the question arises from fact that:
% Purpose of the compensating equipment selected according to the voltage
quality criteria in backbone network is to bring operating voltages outside
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the permissible limits closer to each other. When operating voltages of
two nodes approach each other, it means that a power flow across an
electrical connection between these nodes is reduced and, consequently,
power losses are also reduced;

As mentioned in the article (Makharadze, Japaridze 2020: 105-112),
when @ei is a negative, it means that we have an excess generation of
reactive power in node ¥, which should be reduced by installing a shunt
reactor. And when Qej is a positive, it means that we have a large
reactive power load in the / node, which we must reduce by installing
an additional source of reactive power. Therefore, in case of installation
of compensating equipment selected according to the voltage quality
criteria in the backbone network, a reactive power delivered from the
node on the one hand and on the other hand reactive power transfer
to the node will be reduced, which will definitely reduce active power
losses in the network;

Main part. Consider a 500 kv modeled (compiled by us) backbone network

(Fig. 1), where node “0” is a slack bus. Reactive power compensating equipment

was selected (according to the voltage quality criterion) to ensure operating
voltage values within the allowable limits (Makharadze, Japaridze). Solving an
optimization problem showed, that in maximal load mode a shunt reactor must
be installed in node “4”, which should operate at 261.18 MVar (see Fig. 1). And
in the minimal load mode, the regulated shunt reactor located in the "4" node
should operate with a power of 238.9 MVar.

Our goal is to show how active power losses will change in the network after

the installation of reactive power compensating equipment.

For our task, the nodal power values and location of this compensating

equipment are the initial data.
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Fig.1. 500 kv voltage transmission network.
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In table 1 the nodes' own and mutual complex impendences, nodal resulting
active and reactive powers, and operating voltage values in the nodes are shown.
Installation of shunt reactors brought the operating voltages in all nodes of the
network within the norm.

Table 1. Own and mutual impendances of network nodes and parameters of electrical
mode

Node 1 2 3 4 5

1 2,04+24,77 084974 | 0,32+3.87 | 0444532 | 0,57+j6,97
2 0.8+j9,74 1,824j21.96 | 0734873 | 111,99 1,314j15,72
3 0,32+j3,87 0734873 | 2,42+j29,32 | 2,01+j24,24 | 1,53+]18,44
4 0,44+j5,32 111,99 2,01424,24 | 43745341 | 2,09425,34
5 0,57+36,97 1,314j15,72 | 1,53+18,44 | 2,094j2534 | 2,73+j33,21

g |pmw [ 250 | -300 ~400 430 -200

g

e}

2 Q 2 -36 15 370 88

= ,MVar

£

é U kv | 500,53 | 508,09 518,27 542,9 521,35

$ | PMW [-150 | -180 -240 180 -120

g

T |Q

2 52 49 80 265 138

= ,Mvar

E

§ U kv | 507,86 | 514,05 522,72 540,52 526,53

In order to determine a change in active power losses as a result of the
installation of reactive power compensating equipment, it is necessary to
calculate active power losses in the network before and after reactive power
compensation. Difference between calculations of these two cases is that in post-
compensation calculations load of the "4" node will change (decrease) by 261.18
MVar at maximal load moad and by 238.9 MVar at minimal one.

Active power losses in the network before reactive power compensation.
Active power losses in network depend on resulting active and reactive nodal
powers and magnitudes of the nodes' own and mutually active resistance.
Accordingly, theselosses are calculated with the following formulas (Makharadze):
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n n n n
1 1
6 =4 5 L4
i=1j=1 i=1 j=1
Where: APp — active power losses caused by nodal active powers, MW;
APy — active power losses caused by nodal reactive powers, MVar.

Maximal load mode:
Node “1’:

n
APp, = ﬁ-PljZ;Plej =W102' (—250)
:[(—250) - 2,04 + (—300)- 0,8 + (—400)- 0,32+ 430- 0,44
+ (—200):0,57] = 0,8328 MW/;
1 N 1
APy =W-Qljzlo,-feu =507 2
-[2-2,04+(-36)-0,8+ (—15)-0,32+370-0,44 + 88-0,57]
= 0,00146 MW;
Thus AP, = APp; + APy, = 0,83426 MW;
‘We obtained similar calculations for other nodes, results are:
AP, = 0,985 MW; AP; = 1,0849 MW ; AP, = 2,9936 MW; APs
= 0,9682 MW;
Accordingly, active power losses in the network at maximal load mode before
reactive power compensation are:
AP = AP, + AP, + AP; + AP, + AP; = 6,8659 MW;
Minimal load mode:
+~Node “1”-

n
APy, = # ‘P, ;P]le =W102' (—150)
- [(—=150) - 2,04 + (—180) - 0,8 + (—240) - 0,32 + 180 - 0,44
+ (—=120)+0,57] = 0,3096 MWV;
1 C 1
APy = oo Qljzlo,-le =557 52
-[52-2,04+49-0,8+80-0,32 + 265+ 0,44 + 138-0,57]
= 0,076 MW;
Thus AP; = APpy + APy = 0,3856 MW;
We obtained similar calculations for other nodes, results are:
AP, = 0,5564 MW; AP; = 0,8754 MW; AP, = 1,6412 MW; APs = 0,94 MW;
Accordingly, active power losses in the network at minimal load mode
before reactive power compensation are:

AP = AP, + AP, + AP; + AP, + AP; = 4,3986 MW;
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Active power losses in the network after reactive power compensation. In

case of installation of reactive power compensating equipment in the nodes
(Makharadze):

n n
APy = 3 3 (@ + 0ar) () + 0ep)Ry
6i=17=1
Where: Q.; and Q.- the values of the reactive power compensating equipment
are installed in nodes i and j, respectively.
Here APp is the same as in the previous case, because nodal active powers and

the nodes' own and mutually active resistance are unchanged.

Maximal load mode:
Node “1’:

n

, 1 1

APpy = W'Pl,z_l%" =500z (72°0)
- [(=250) - 2,04 + (—=300) - 0,8 + (—400) - 0,32 + 430 - 0,44
+ (—200)-0,57] = 0,8328 MW;

1 S 1
APy = gog7" @1 ) QjFs; =550
j=1
*[2-2,04+ (—36):0,8+ (—15)-0,32 + 108,82 0,44 + 88
-0,57] = 0,00054 MW;
Thus AP; = APp, + AP); = 0,83334 MW;
‘We obtained similar calculations for other nodes, results are:
AP} = 1,023 MW; AP = 1,1165 MW; AP, = 0,6836 MW; AP,
= 0,7758 MW;
Accordingly, active power losses in the network at maximal load mode
before reactive power compensation are:
AP' = AP] + AP; + AP} + AP, + AP: = 4,4322 MW;
Minimal load mode:
~Node “1”"

n
1 1
APp1 = W'HZP"R” =500z (71°0)
]=
- [(=150) - 2,04 + (—180) - 0,8 + (—240)- 0,32 + 180 - 0,44
+ (—120)-0,57] = 0,3096 MWV/;

n
, 1 1
AP = g5 01 ), Oy = g 52
j=1
-[52-2,04+49-0,8+80-0,32 + 26,1- 0,44 + 138-0,57]
= 0,0542 MW;
Thus AP{ = AP}, + AP}; = 0,3638 MW;
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‘We obtained similar calculations for other nodes, results are:
J'EI.P':._f = 0,5098 MW, fil..F‘Elf =0,7217 MW, .'1'.1:';:_r = —0,1386 MU ﬂl.P!;

= 0,6644 MWV;
Accordingly, active power losses in the network at minimal load mode before
reactive power compensation are:
AP' = AP/ + AP, + AR/ + AP, + AP, = 2,1872 MW;

Thus, as the calculations showed, the compensating equipment selected
according to the voltage quality criteria in the backbone network gave us an
economic benefit/effect in both maximal and minimal load modes, in particular,
as expected, active power losses in the network were reduced.

Conclusion. As a result of installation of reactive power compensating
equipment selected according to the voltage quality criteria in a backbone
network, active power losses were reduced, specifically:

1. As a result of installation of the shunt reactor in node “4” at maximal load
mode, active power losses in the network are reduced by the following:

8P = AP — AP' = 6,8659 — 4,4322 = 2,4337 MWV.

2. As a result of installation of the shunt reactor in node “4” at minimal load

mode, active power losses in the network are reduced by the following:
8P = AP — AP" = 4,3986 — 2,1872 = 2,2114 MW.
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