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1. INTRODUCTION

The drawback of non-uniform networks (X/R#const)
appears when the network is meshed (has loops) [3], [4]: extra
losses caused by circulating current (CC) appear; in some
branches currents are considerably increased. A ringed
network (which has one loop) is considered in [7] where the
shortcomings were apprehended as well as ways to eliminate
them. The task complicates when there are more loops. Then it
is impossible to do without matrix algebra. The losses due to
non-uniformity can be found by subtracting the losses in
uniform grid from those in non-uniform one. However it could
be necessary to locate the problem in the network and now
more sophisticated method should be applied.

II. CONSIDERED NETWORK

The fragment of network in Kurzeme (west Latvia) is
considered. The main energy flow is directed to Klaipeda.
Branch impedances and loads are given in table 1.

Node matrix M reflects n=17 branches and k=14-1=13
nodes (Fig. 2). Of all 14 nodes one is balancing. Circuit
diagram contains 7=4 independent loops represented by matrix
N. Branch impedances are represented by Z-matrix. On the
basis of these matrices, the square matrix A, and inverse

matrix B, are obtained:
M

TABLE 1
BRANCH IMPEDANCES and LOADS

Q)

Desig- Impedance Desig- Load
nation Q) nation MW)
Z, 0.42+2.62i Ji -275.6
Z, 0.16+5.29i J> -4.1
Z; 6.38+12.88i Js 0
Z, 6.38+12.88 Jy -3.8
Zs 2.05+2.641 Js 0
Zs 2.05+2.641 Js -1.2
Z; 6.42+131 J; 0
Zs 17.8+361 Js -12.7
Zy 12.1+24.441 Jo -14
Z 0.36+0.72i Jio -2.8
Zy; 0.16+0.31i Ji -22
Zi> 0.15+0.3i Jis -9.2
Z)3 1.18+1.52i Jis 0
B4, )
CC is found by means of CC matrix 4B
1;=4BJ, @)

To eliminate CC, the opposing voltages E can be found:
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TABLE 5
TRUE EXTRA LOSSES IN MESHED NETWORK
Table 2 Sample 1 73.88 kW
Sample 3 548.26 kW
Table 3 Sample 1 11.25 kW
Sample 3 971.9 kW
Table 4 Sample 3 234.02 kW
Sample 8 243 kW
E; ~Lis
=48 (14)
E, ~Leiy

III. CHARACTERISTIC OF MESHED NON-UNIFORM NETWORK

To foresee the possible extra losses in the network, the non-
uniformity factor K,, can be found which equals to extra
losses, when the network is loaded by loads equal to unity.

IV. CONSIDERATION OF NETWORK VERSIONS

More calculations were made to see how extra losses and
K, change. The results are presented in table 2 - with changed
branch impedances with the same loads; table 3 — with
changed branch impedances according to table 2 and with
changed loads but the same for each case; table 4 — with
changed branch impedances and changed for each case load.

V. USING THE SCALING FACTORS

Proceeding with calculations, vector J of node loads was
written according to table 1 in MW which in calculations was
considered as current in Amperes. The results 4 were
obtained. To have the true results 4, it is necessary to apply
scaling factors K:

A,, =A4K - (20)

Some true results are given in table 5.

VI. CONCLUSIONS

1. In meshed non-uniform networks, CC exist in all
branches. CC in branches pertaining to both adjacent loops are
combined of CC in these loops.

2. Extra power loss in the network is equal to the sum of
extra losses in each branch which are equal to squared CC
module multiplied by resistance of the branch.

7. Judging by the results, the extra losses are small but with
changed input data they can greatly increase.
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I. IEVADS

Nehomogeéno tiklu (X/R#const) trikums klast pamanams,
kad ir slégtais (kura ir kontari) tikls [3], [4]: paradas
cirkulgjosas stravas (CS) papildu zudumi, dazos zaros
ievérojami palielinas stravas. Gredzenveida tikls (kura ir
viens kontiirs) ir apskatits raksta [7], kur ir apzinati trikumi un
veidi, ka tos noverst. Probléema komplicgjas, kad tikla ir
vairaki kontiiri. Tad nevar iztikt bez matricu algebras.
Nehomogenitates zudumus var atrast, atpemot zudumus
homogenaja tikla no zudumiem nehomoggnaja. Toties tad
nevar€s noteikt vietu, kur tie rodas, lai veiktu nepiecieSamos
pasakumus.

II. IZSKATAMAIS TIKLS

Tiek apskatita dala no elektriska tikla Kurzemé. Ir
pienemts, ka lielaka elektriska plisma tiek virzita uz Klaipedu.
Zaru pretestibas un slodzes ir uzraditas 1. tabula.

Mezglu matrica M ietver n=17 zarus un k=14-1=13
mezglus. Viens no mezgliem ir balansgjoss. Tikla shéma satur
r=4 neatkarigus kontiirus, ko attélo matrica N. Zaru pretestibas
parstav matrica Z. No §im matricam ir izveidotas matricas 4,

un B.:
Az—[ﬁ] ()
1. TABULA
ZARU PRETESTIBAS UN SLODZES
ApZimé- Pretestiba Apzimé- Slodze
jums () jums (MW)
Z 0.42+2.62i J; -275.6
Z, 0.16+5.291 J, -4.1
Z; 6.38+12.88i Js 0
Zy 6.38+12.88 Jy -3.8
Zs 2.05+2.641 Js 0
Zs 2.05+2.64i Js -1.2
Z; 6.42+13i J; 0
Zs 17.8+36i1 Js -12.7
Zy 12.1+24.441 Jy -14
Zi 0.36+0.72i Jio -2.8
Z 0.16+0.311 Ji -22
Zi; 0.15+0.31 Jis -9.2
Zi3 1.18+1.52i Ji3 0
B4, )
Cirkulgjosa strava ir noteikta caur CS matricu 48
1.;,=4BJ, @)

Lai novérstu CS, ir jaatrod pretspriegums E:
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5. TABULA
ISTIE PAPILDU ZUDUMI SLEGTAJOS TIKLOS
2. tabula 1. kopa 73.88 kW
3. kopa 548.26 kW
3. tabula 1. kopa 11.25 kW
3. kopa 971.9 kW
4. tabula 3. kopa 234.02 kW
8, kopa 2.43 kW
E, ~Leir
o |F 4B
E, L, (14)

I1I. SLEGTO NEHOMOGENO TIKLU RAKSTUROJUMS

Lai paredzétu iesp&jamos papildu zudumus tikla, var
izrekinat nehomogenitates koeficientu Knu, kas ir vienads ar
papildu zudumiem, kad tikls ir noslogots ar slodzi 1.

IV. TIKLU VARIANTU IZSKATISANA

Lai redz&tu, ka mainas zudumi un nehomogenitates
koeficients, tika dariti vairaki aprékini, rezultati ir tabulas: 2.
tabula — ar mainttam zaru pretesttbam un tam pas$am slodzeém;
3. tabula — ar mainTtam zaru pretestibam saskana ar 2. tabulu
un ar mainitam, bet katra gadijuma vienadam slodzém; 4.
tabula — ar mainttam zaru pretesttbam un katra gadijuma
mainitam slodzeém.

V. MEROGA KOEFICIENTU IZMANTOSANA

Veicot aprekinus, mezglu slodzu vektors J saskapa ar 1.
tabulu tika rakstits megavatos, kas aprékinos tika uzskatits, ka
strava amperos. Tika iegiiti rezultati A. Lai iegltu Tstos
rezultatus, jaizmanto méroga koeficientu K:

A, = AK - (20)

Dazi Tstie rezultati paraditi 5. tabula.

VI. SECINAJUMI

1. Slegtos nehomogenos tiklos CS ir visos zaros. Zara, kas
pieder diviem blakus esoSiem konttiriem, CS ir So kontliru
summa.

2. Papildu jaudas zudums slégtaja tikla ir vienads summai,
ko sastada zaru CS modulu kvadratu reizinajumi ar $o zaru
aktivo pretestibu.

7. Spriezot péc iegltajiem rezultatiem, papildu zudumi ir
mazi, bet, izmainoties sakumdatiem, tie var krietni pieaugt.
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1. BBEJIEHUE

HenocraTokx HEOJHOPOIHBIX ceTel (X/R#const)
TIPOSIBIISIETCS, KOTIa CETH 3aMKHYTHI (COoepkaT KOHTYpHI) [3],
[4]: mosBISIOTCS  MOMONHUTENBHBIE  (IOM.)  IOTEpH,
oOycrmoBneHHple  mupkymupytommmu — Ttokamu  (LT), B
HEKOTOPBIX BETBAX yBEIMYMBAIOTCS TOKU. B [7] paccMorpena
KoJIbleBasg (MMEIoUIas OAWH KOHTYp) CETh, I'I€ BBISABIICHBI
HE/JIOCTaTKH W IIyTH MX YCTpaHEHHs. 3ajada yCIOXKHSETCs,
KOrja IosBisiercs: OoJbllle 3aMKHYTBIX KOHTYypoB. Torna He
oboiiTuce  0e3  MaTpuuHOW  anreOpel.  Ilotepu  oT
HEOJIHOPOJHOCTU MOT'YT OBITh Haii/ieHbI, BHIYUTAS MOTEPH B
OJHOPOJHOW CeTH W3 MOoTeph B HeomHopoaHod. Ho ecmm
HY)KHO OIpPEICIUTh MECTO, IlI¢ BO3HUKAIOT NPOOJIEMBI, TO
Heo0X0 1M 0oJiee N3OLIPEHHBIA METO/I.

II. PACCMATPUBAEMASI CETh

PaccmatpuBaercst gparment cetu B Kypseme (3amamHas
JlatBust). OCHOBHOM IOTOK MOIIHOCTH HAlpaBlICH B
Knaiineny. ComnpoTtuBieHusi (comp.) BeTBEHl M Harpy3Ku
yKasaHbI B Tabmwe (tadi.) 1.

V3noBas matpuna M conepxurt n=17 BerBedt u k=14-1=13
y310B (Puc. 2). U3 14 y3moB onuH OamaHcupyromuii. Cxema
CONCP)KUT 7=4 HE3aBUCHMbIE KOHTYPBI, IpEICTABICHHbIC
matpuueii N. ComnpoTuiieHus (COIp.) BETBEH MpeACTaBIICHbI
MaTpuueii Z. Ha ocHOBe 3THX MaTpHIl TOJIyYeHbl KBaJpaTHas
Matpuua Az u oOpatHas marpuna By

Az= M (O]
NZ
TABJIMLIA 1
CorPp. BETBE} U HATPY3KI
O603Ha- Comp. O603Ha- Harpyska
YCHHUC (Q) YCHHUC (MW)
Z, 0.42+2.621 Ji -275.6
Z, 0.16+5.291 J> -4.1
Zs 6.38+12.88i Js 0
Z, 6.38+12.88 Jy -3.8
Zs 2.05+2.64i Js 0
Zs 2.05+2.641 Js -1.2
Z; 6.42+131 J; 0
Zs 17.8+361 Js -12.7
Zy 12.1+24.44i Jo -14
Z 0.36+0.72i Jio -2.8
Z 0.16+0.31i Ji -22
Zi; 0.15+0.3i Ji2 -9.2
Zj3 1.18+1.52i Jis 0
BZ:AZ-I 2)
UT ompenensiercst mpu momornm mMatpuist LT 4B
1,=4BJ, @)
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TABJIULIA 5

TIEPECUMTAHHBIE JIOIL. TIOTEPH B 3AMKHYTOM CETH
Tabun. 2 Bribopka 1 73.88 kW
Bri6opka 3 548.26 kW
Tabm. 3 Bribopka 1 11.25 kW
Bribopka 3 971.9 kW
Tabu. 4 Bri6opka 3 234.02 kW

Bri6opka 8 2.43 kW

UYroOs! ycrpanuth LT, HeoOX0oanMO HalTH HanpsKkeHus E:

(14)

III. XAPAKTEPUCTHUKA HEOJJHOPOJIHOM 3AMKHYTOI CETU

UroObl MpeaBUIETh BO3MOXHBIE JIOI. MOTEPH, BO3MOXKHO
ONpeNeuTh KOIPPHUIUCHT HEOJHOPOIHOCTU K,,, KOTOPBIi
PaBeH JIOIL. MOTEPSIM NPH €AUMHUYHON Harpy3Ke Y3JIOB.

IV. PACCMOTPEHUE BAPUAHTOB CETU

beumm  choemaHpl  pacdeThl, dYTOOBI  yOEOMTHCS, Kak
U3MEHATCS notepu U K,,, pe3yinbraThl B: Tabl. 2 — C
W3MEHEHHBIMH COIp. BETBEH U C TEMH )K€ Harpy3Kamu; Tadi. 3
C H3MEHEHHBIMH comp. BeTBed (mo Tabm. 2) u c
W3MEHEHHBIMH HO OJMHAaKOBBIMH JJIsI BCEX CIIy4aeB
Harpy3kamu; 4 — ¢ I3MEHEHHBIMH COIIP. M Harpy3KaMH.

V. CTIOIb30BAHUE MACIITABHBIX KODOOUITUEHTOB

IIpousBoas pacueTsl, BEKTOp J y3JIOBBIX HAary3ok B Ta0i. 1
ykazadn B MW, HO B pacueTax 3TH 4HCIa IPUHUMAIUCh Kak
ammnepsl. [Ipu 3TOoM mosyuen pesynbrar 4. g momydeHust

UCTUHHOTO  pe3yibrata A,, HEOOXOAUMO MPUMEHHTb
MacmTaOHbIi K03 dunueHT K:
4, = AK - (20)

r

HeKOTOpLIe NEPECYUTAHHBIC PE3YJIbTAThl JaHbI B Tabm. 5.

VI. BBIBOJIbI

1. B 3aMkHyTBIX HeomHopoaHbix ceTsx LIT mossustorcs Bo
Bcex BeTBsaX. LT B oOwmieil a1 OByX KOHTYPOB BETBH PaBeH
cymme LT sTux KoHTYpOB.

2. Jlon. moTepu ceTH paBHBI CyMMe€ [OI. IOTEpPb BETBEH,
paBHBIX Tpou3BeAeHHIO KkBajgpata Mmonyns LT BerBu Ha
aKTUBHOE COIIP. BETBU.

7. Cyns mo pesynbTaTam, IOIN. MOTEPH Majbl, HO TpHU
HU3MEHEHUH BXOJHBIX JJAHHBIX OHU MOTYT CUJIBHO BO3pPAacTH.
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