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(A Study on Power Flow Control of UPFC by Series and Shunt Voltage Source Model)
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Aol 2NHE s TS FESACh

ADstract

In this paper, in the power system having UPFC(Unified Power Flow Controller) Power flow of certain
line is controlled to desired value also power flow analysis algorithm is proposed considering power flow
constraints which is capable of analysis power flow of all system

This algorithm is applied to controlling line-overloading problems and the method of is proposed

By applying this algorithm to controlling line-over loading the method of controlling UPFC is proposed
and the effectiveness of controlling UPFC is proposed and the effectiveness of controlling UPFC is verified
through the research of practical system.

Also, the equation to set up an initial value of series and shunt voltage source of UPFC is proposed for
the effective power analysis.
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2. UPFC (Unified Power Flow Controlier)
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Fig. 1. UPFC schematic diagram

UPFCE 1@.1el B2 uieh o] 2749 Add
ZuE7L shiel AF AAEE FHa F2HA
Aok 7154 AWEEE A4z EE T3
it e d2e AEz A=Y gl B
ZAWES] FQ 7% AEABEHAN F88 d=
FEAHS AYATLZRYH FTd ARIAE

24 FFehe Aol WAAMHE Mol F2A
e TIL VY ohet T WY dFY =
Ao FEAYE 2Psts /5% Yo APl

= AR 598 Fohre nRAYE dze) 4
2 298 715 2tk ou FAAUe A4
& Qo2 29 Asam, FYAY Ve 2
Ho BAX WM AF YA ALUAE)
Mzgol o) 23

3. X -y

- —

e

G
g

3.1 M. gAY 2o 5732
aY2IHE 5 Ao olaEe AYAe AHgs
o 571822 Yehlz gtk

1898 - BRR/HTBHNGE 158 B2k, 001F 37

VL. = VUR(COS 60R+jsin ecR) (1)

VC = VcR( cos HCR + jSil’l GCR) (2)

QgAY 2 @LanEHE § ol Agdes
Sogslel 27k BAMe EAALT 7 - @Y
dhoz APZFE AoAwE THH Atk

K I, z + Vg M
1 <k [
k s - l'"“'\ TN H ™
‘ l z\')\

Re{V g l'ig *+ Vg !l'n}=0

l“——-—-— 5<

UM EFHOITIC S8z
equivalent circuit of UPFC

I E R E SRR IN

[y = i

VY 3

webd, Fig2olxe 7+ BAe] Ay
24 KolA,
Py = Vi Yicos(—84) + ViV VinCoS (Oim — O + Vi
VerYimC08 (8 g™ om) + ViVourYorcos (8 por— 6ur)
(4)
Qr = Ve Yyusin(— 8i) + ViV VimSIn(8pm — Om) + Vi
VerYimSin (0 ger— Oom) + Vi VirY orSIn (8 poe— .8)

5
°47V‘1 Ot = 01— Omn Okcr ™ Ok — Ocky O = 0 — Our
2A MellA,

Py = Vi YoumC0S(— Qo) + Vin Vi ¥ im€08 (8rie— Oor)
+ Vi Ver ¥ €08 (8 mer — Omm)

®

Qn = Vil VourSin(— ) + Vin Vi YV iSin (8 — O
+ Vi Ver Y yymSIN(S pep — O purn)
(7)

(153) 23



QU Q8 UPFCYl BAXZHON 23!

AZ1A, ot = Om— Ok» Okcr = 04 ~ Ocr
eAY HAHR Y A AS 78 4 glch
o714, 2t S=rmEaes gAY 78 4 gl
Y= Yu(cosOuijsinby) = Zx '+ Z, !

Ymm = Ymm( cos 6mm+j5in 0mm) = ZCR_l

BN AAAuER dASFE VL T,
2 OFE 5 Az, gAUNEY 2
Ve Iz 2 T8 F Atk P Qus FUAY
Vol BAE0) Mo s2x & iy

B2, ogAdl olsiM mt k ZAAlole] ma= A
EES S R =

PutiQu=Va+ V)T, (g

£de TASW AAWEY §EFHE DC
link A% VS L9} §2 DCHgog Easonz
HYAREE Vot QRIES DCugnae 2
AWele] FFsjelol Bk webd, HAAMEIA
5% FEAY Pp3t AN Apss

Pr+Pr=0 (10)

old, o] F2lo] A2 Q xHPower mismatch)E E}
W3, Akzdet YA FrhEE BEio|h

3.3 Jacobian#&9| £ H
Newton-Raphson®-& ©]-43t AFZFAAALS

[AD]=[J1[4X ] an
[Ax)] 9 Z48e o5 2o

24 (154)

[£(x)]= [ APUP,AQuIRAPAQwAP ) T )

o714, power mismatcht AP, = P,r+ P
ojch
[4X )= [46:46,,4V,,4V,45.,4V..48,) ("“1 3)

Jacobian ¥¥-& t}&-3} Bt}
[71=

0P 9Py 3P, 0P, P, dP, 3P
38 00, 0V, 0V, 36, V. 30,
d P, P, P, 4P, P, JP, 3P,
38, 36, aV, adV, 38, V., 36,
30, Q. 00 0@ 00, 00 30,
a0, 36, vV, 3V, X iV, 46,
00n 9Qw 30, 9@, 9Q, 9Q, 4Q,
a6, X IV, IV, 36, dVey 30,
3Py IPw 0Pmuy Pm OPm 3Pn 0P

30, 08, 9V, 4V, 868, aV, 36,
ka d ka J ka J ka d ka d me J ka

d 0y 38, 9V, 9V, 86, oV, 36,
3 Py aP,,,, d Py 3 Py 0 Py, 3 Pgy aP,,,

38 98, IV, aV, 38, V., 30,
(14)

3.4 X - yRMAA DAO| EJ|xA

7 - ALY B 27120 BE 9BE
PEn Z2ayd BEst Flde A9E AT,
ARo] e A BT WASR AT 9]
o] AT Yure 271xo] Wask

341 F¥AYYY 2722
A2A%Ye) 27124 4O ADE ol4s
of 7% 4 glon ot go] verd + ok

_ Pmre/
O = arctan( ToX ) (15)

Ve = (% )\/ Pt C 16
7]A,
C1=ere/_Xle:(V‘r)n— V(Ii) an

X 2 HBALYY inductive reactancec]x, 3
2} 02 initial value® ERICEL

Journal of KIEE, Vol. 15, No. 2, March 2001



34.2 gRAYL] 2=

HEdehyel HtArle xrizde HEAHY
9] FAEA] wel c2oh HAZIHETL voltage
regulator2 5235HE, HEALAS] FgAE o3
HEE. 4] 1 gho] Wahe, wioF W AWE 7} voltage
regulatori %Z}E}X] %ED}@, Vvain < I/URS
Virma B9 el vy wEE A 3AE gloz
FAEh WEAGEY 9 2|2AL P
P9 AgAAS T3 F 21D digste +
& 4 9lom, o o] #4313 4 glh
(Vi — V) VirX e sin (82) )

Ver ViX o (18)

X2 BEAYYY inductive reactiveo]x, H=}

2 initial valueE YERATE

8, = — arcsin

3.5 HEZAHHY SASY 2 dX=2L
ol ME XDHIARO] +F

3.5.1 Ax Ao WA A 5

Az|ede PV ARELelng, Qi Al
o3 T, Mol A7le AT gew 1A
2, 4Q, ¥ IFAFIA Beth o] Bs WEA
telel A F7)e YA gez nA A

[f(x)]= [ APidP,4QuAP s 8QmudPy] T
[4X 1= [46,40,4V,46.,4V,,46,]7

(19)

3.5.2 AxlRAe] Haudd 3

AREAMe] HatrAdd A9E Al HHEYE
7} voltage regulatorZ E2& 799 voltage
regulator2 $3314] &g A2 F o

(1) HEAWE7} voltage regulator2 2+ 3¢

A BAKY AtzrlE BEAHE o8 o
A3 A2 aAHeR, ZAKY AYgATIE
Jacobian®dell EF=A]) erom WY AY
Azl v} vkEA] o] WglEh wEkM, 49,32
4V 9 t-g3h

[f(x)] = [APkAPmAQkAQmAPmkAkaAPbb] T
[4X 1= [46,40,,4V 4V, 40.,4V.40,]T

(20)

B0 - BRREDIHGE £158 H2AR, 20015 38

2) 4
=A%
A RAKS} HYA7NE o) WEA| gho] Wzt
1, $2AYA 2le YRS A=)z 23e

Yy

ok wetbd, 4Q,3e 4V, WA "ok
[f(x)]= [4PdP,,4QuAQu AP pdQudPy)

A7 E 7} voltage regulator® S#H8lx) &

i1

[4X 1= (46,40, 4V,4V,00,4V,46,]7
(21)
HAANE T} voltage regulator2 T2 £ AE

gt TERYS WA Ex FFY 5 W) wE
Fe AAT & Ark
4. A

E =FdME ANRE 2FANEDS 27] 524
A%<l Hale Networkell #§3ld ZFANE A
). Hale Networkel Al5Eel M2ASFE [H E]
o] #159 1@5¢ 2k

4.1 UPFC DIMXIAl MAXFHA
UPFCE A4 9 2% Hgasls sz
2 dzel RANARE Jehid B 1, 29 2ok

0 1. BYUMHAl RMEE
Table 1. Bus output for steady-state

Bus| V(pu) |Angle(deg.)| Ppu) | Q(pu.)

1.0600 0.0000 13113 | 09081

1.0000 -2.0612 01999 |-0.7155

09872 -46367 | -04500 |-0.1500

0.9841 -4.9570 | -04000 | -0.0500

O 10| DN [ =

09717 -57649 [ -0.6000 |-0.1000

" 2. BAUHA HExF2A1
Table 2. Result of power flow for steady-state

Line Power at bus & Load flow
From| To P(VW) Q(Mvar)
1 2 89.3362 73.9938
3 41.7918 16.8208
2 3 24.4724 -2.5176
4 211128 -1.7229
5 54.6696 55599
3 4 19.3816 2.8664
4 5 6.5983 05185
(155) 25
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Aejd, o] BAHE FaEMor HFsta Fake
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" 3. UPFC 41 & RMEE

Table 3. Bus output of system with UPFC
Bus| V(pu.) | Angle(deg.) | POMW) | Q(Mvar)
1 1.0600 0.0000 131.8483 8.3727
2 1.0000 | -1.9225 20.0000 | -82.6858
3 1.0000 | -5.4649 -45.0000 | -15.0000
4 098% | -4.0894 -40.0000 -5.0000
5 09734 | -53791 -60.0000 | -10.0000
6 09927 | -35922 0.0000 0.0000

g 4. X - HAXDQIO| =

Table 4. Output of Series and Shunt Voltage Source
Verpw)| 0.x(deg)|  Voplpu) J,r(deg.)
00626 | -90.9489 1.0156 -5.4835
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59 FHE AT=S A dehidE 1933
rieg

4.3 UPFCOl HEAHIHII voltage regulator=
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Table 5. Load flow result

Line Power at bus & Load flow
From| To P(MW) Q(Mvar)
1 2 85.43%5 75.1433
3 46.4083 10.2289
2 3 31.2122 -11.3428
4 20.7112 -2.1625
5 51.1194 5.1424
3 6 30.3295 -13.6791
4 5 10.0334 0.5833
6 -29579% -4.5634
6 3 -30.0000 -1.9998
4 30.0000 1.9998
2 1 -83.0428 -74.3246
3 1 -44.743 -10.5744
2 -30.5753 9.2536
4 2 -20.4538 -1.0199
5 2 -50.0565 -4.8747
4 -99435 -5.1253
(a)
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Fig. 3. Test network and Load flow
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Table 6. Load flow result

Line Power at bus & Line flow
From | To P(MW) Q(Mvar)
1 2 35.1579 75.2273
3 46.2041 13.7064
2 3 31.1902 -6.9861
4 205428 -2.1653
5 51.0345 5.1363
3 6 30.0810 59723
4 5 10.1162 0.5821
6 -20.8267 -4.5622
6 3 -30.0000 -2.0004
4 30.0000 2.0004
2 1 -82.7675 -74.4268
3 1 ~44.48% -13.8331
2 ~-30.5916 438137
4 2 -20.28%5 -1.0299
5 2 -49.9751 -4.8792
4 -10.0249 -5.1208

ko3 7. PHEH
Table 7. Bus output

Bus| V(pu) |Angle(deg.)] P(IMW) | Q(Mvar)
1 1.0600 0.0000 131.3620 83.9337
2 1.0000 ~-19125 20.0000 |-78.4419
3 | 09920 -53299 [-45.0000 [-14.9917
4 | 09887 -40616 [-40.0000 -5.0000
5 | 0974 -5.3631 [-60.0000 [-10.0000
6 | 09928 -3.5602 0.0000 0.0000

B 8. X - HYEHHEYAUO| EH

Table 8. Output of series and shunt voltage

source

VCR(D.U.) 60R(deg) V,,R(p.u.) SVR(d%)

0.0610 -98.3900 1.0000 -53345

4.4 5ol A St

AZE L MASFE 413 429 Al gon,
B2E HEE 234 A2z sHAs, HoiadsgAe
2 AALAA AZEFY 150%2 7%tk

B0 - BRREDSHGE £158 2R, 200145 38

2018} . 7173/4 . @ZHZ-_J
4.4.1 BFAA] 18R] AYxF

(1) BN AHzf

E: 9. HMAHAIC 1388 MHEXH
Table 9. Load flow per one-line for
steady-state

From | To P(MW) Line Capacity
1 2 44.668 67.002
3 20.896 31.344
2 3 12.236 18.34
4 13.85%6 20.784
5 27330 40.9%
3 4 9.693 14539
4 5 3.299 4949
Total Loss 6.122

Hoe AANe 184% s2x HYZF e

o)tk

(2) A2 1314 N agA] AEEF 2 H-ske

Ztzke] Md27F 131 A agelzta 7S,
load flow T2 A8t Z AS = 2M1-2
AR BAM1-370 AR 2A2-370 AE, 2H2-4
Mg BA2-57F AR BA3-47 AZ, 245
7t A29) 131 1ZA HdRe fEHExR 2 #
Hagg AP oAU M=) 184 Ay
Al FR3ME0] M F BA3-47 HEe] Agure
vehgd #1038 2ok

H 10. 3-4 2M21 M3 WAl H23lx g
Table 10. Load flow for line open between
bus3 and bus4

From| To | POAMW) |Line Capacity| Overloading
1 2 | 46076 67.002 67.275
3 12054 31.34 65416
2 3 11614 1834 63.277
4 114529 20.784 69.904
5 27678 40.9% 67515
3 4 117441 14539 119.960
4 5 | 294 4.949 53.890
Total Loss 1 6154 | @9 MW | 99 : %

Az gakge] o 120%2 tE Aze B¢
Bt Zick Wby, UPFCE RA3-47F 2ol 4
3he Ao) 7P Z& ol AAEA.
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M3-47F A=ze] UPFCAlole] 93 AgzFAN 2 0.35 0
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_ ~ 0.25¢ 4-30
H 11. UPFCHIOION o8t M2x720
Table 11. Load flow result by UPFC control 0.20 140
{-50
From| To | P(MW) |Line-Capacity| Overloading 0.5 160
1 2 | 45.7688 67.002 | 68.3096 0.10 1-70
3 |20.0170 31.344 | 63.8623 005 1-80
2 3 | 10.6699 18.354 | 58.1339 ' {.90
4 | 155970 20.784 | 75.0433 0.00 -100
5 282323 40995 688677 —a—2FHYlp u] —e—For3 7 [pu] —a— 2 42t[deg.]
3 6 | 14.7822
4 5 2.4302 4949 | 49.1049 02 4. RSHHMON [IE XNBHAA] B}
6 | -14.253 . =4 . .
6 3 [-14539 Fig. 4. Graph of variation of series voltage
: source for active power
4 14.539 14.539 100
Total Loss| 65716 [ &9 : MW | @9 ' %
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Table 12. Vanatlon of series voltage source for reactive power

active power
Qlpu) Vipuw) Angle(deg.)
P(p.u) Vipu.) Angle(deg.)
0.15 0.0172 -27.9596 0001 0.0633 88.6973
0.16 0.0184 -39.5505 0.002 0.0626 -90.9489
017 0.0203 -49.3975 0.003 0.0620 -93.9515
0.18 0.0226 -57.4326
019 0.0253 ~63.8377 0.004 0.0616 ~95.5993
0.20 0.0282 -69.0739 0.005 0.0612 -97.9857
021 0.0313 ~73.2751 0005 0.0609 21004033
0.22 0.0346 -76.7192
03 0.0379 795797 0.007 0.0607 ~102.8442
0.24 0.0413 -81.9863 0.008 0.0606 -105.2998
0.5 0.0448 ~84.0358 0.009 0.0607 -107.7614
0.26 0.0483 -85.8011
0.28 0.0554 -88.6865 SEHEL PMWIEZ ZAAF| D Bgdzus)
0.29 0.0590 ~-89.8818 o]] u}% 7_.1 -]cg.@,] wWals Jelud ¥ 139 23
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Table 14. Effect of initial conditions

Verlpul 8.z(deg) iteration
0.01 180.0 9
0.02 180.0 14
0.02 0.0 10
0.03 -85.94 5
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Table 15. Line integer

Name Z [pul] |C [pul
From To R X Y/2
1 | @®North | @South|0.020 | 0.060 | 0.030
2 |{®North| @Lake |0.080]0.240| 0.025
3 | @South| @Lake [0.060{0.180| 0.020
4 | @South | @Main | 0.06010.180 | 0.020
5 |@South| ®Elm {0.040[0.120] 0.015
6
7
C:

Line

BLake | ®Main | 0.0100.030 | 0.010
@Main | ®Elm |0.080 | 0.240 | 0.025
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