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Table 2 Comparison of optimal relaxation solution sets
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fi/MW £/ pou.
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J% UPFC 4 UPFC  JUPFC & UPFC

1 37.15 44.35 0.000 2 0.000 1
2 35.82 42.22 0.000 2 0.000 1
3 34.50 40.08 0.000 2 0.000 1
4 33.18 37.95 0.000 3 0.000 1
5 31.92 35.82 0.000 9 0.000 1
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—J7 1, UPFC Z 58455 , 2S¢ L s A 22 F1
A UHFER) S/ IMELE— 22080y, W] UPFC 7E{L 1k
X 2 AMER EAT —E RCR . 75— i, UPFC



83 & AH) ALK

2P AR —F8 A B/ IME I AR B 3 5 — A~
FEPR R KME, X — 45 R AL T #6472 BAs )
AT 2k . A X AE 8RSk &, UPFC
Z 5 G A IR R /IMEREIR T 0.21%, #% i
10 B /ME T RER T 32.04% , 7 LLE 4, UPFC 7
R 2R 490 H s it 2 7 T LA SR A R AR .
(R, UPFC 2 51875 5 , £E 67T ARl I 52 5 R 46
BATERVER A TR, 30k T UPFC ZETC I
ARSI I FH 5 o

[FIRE -, X 24 AW 167 43 3 3647 & UPFC G
UPFC () £ BFr CIAL T, g 45 R 9 fr
N ATLAE H, UPFC 2 515 )5, R 400 i s i 22
FAALTC UPFC I R A, Je KR 57.00% , B
/NRENE R 8.12% ,~F-FI R Ry 28.42% ,{H 5 B[R] A,
RGN DIFEAE TR, i KIGE N 6.32% , fie/)N
HEE A 0.07% , IR N 2.61%, bR 45 R ILT
Fuzzy S48 Jir 0] 1) 7 542 A 2 B 108 mT A3 I A A
UPFC (¥ 58 77 , 8 1 BE RV R SR8 17 & 0%
PR R IESE = ARGt T %2tk

8 10 12 14 16 18 20 22 24
FRF ) W T/

—+— JCUPFCH AL 5 Ml S4B b

—— FUPFCI AL JG FH R 4845

9 UPFC 5T AIG REIAXIBIRITLL
Fig.9 Comparison of relevant indicators before
and after UPFC involvement in regulation

2 4 6

4 £

b i K UPFC 19 2 H br 2 By Bl AL 53
V5 AT R VU BRI S B S0 AR G0 B B A AL
PEA UPFC A5 5 DIt A 454k 64 12 FH SR 24T T 3
HIE, AT RAAFEI LA 4598 -

(1) SCHA R IR AL AR A 1 4 0 (E T AR R 5t
SFAOIRY [ AIG T R PR R A X JBE , WSO oK
I NNC 32 A0 =1 37 sREGE A TR, vl A RORE 1 25
ARV AR ARBUE N Y211 Pareto BT, H
AT R R AR AICR 5

(2) Sk nl 3 RSB T 2 T AL 42

P, B T 0 25 JC D A0 Ak S, Wi T3l &5 T8
AU, A5 R FEAR 2R G AT D3048 R 1 i 22
[ A, 305 W] A R0/ JC DL 1 Sl VR B, R
FIFFATH AR T B, Al — 2D P Bk R AR R
(3) Jagnl IR £ BEX TC AR A T
LRNVEACALPE, DL — 20 fid e 15 TR A SR A 00, 6
HLSEBRI I A
Sk
(1] RAESR, TR, B, 4. 45T N R E LR 0 &
UPFC (s LA [J]. w0 A i fkix % ,2018,38 (11):
92-99.
ZHU Zirong , WEI Zhinong,ZHAO Jingbo,et al. Optimal power
flow with UPFC based on semi-definite programming[ J]. Elect-
ric Power Automation Equipment,2018,38(11) :92-99.
(2] #hok, K755, BA W], 46, 25 1 UPFC SRS 2 1 56 s 1) B, 1)
AP REIIRIFELT]. iy TAREA ,2018,37(1) : 1-7.
HAN Bing,ZHANG Ningyu, HU Haoming, et al. Control capa-
bility analysis of unified power flow controller considering real-
time control strategy[ J]. Electric Power Engineering Technolo-
2y,2018,37(1) :1-7.
Bt e, BUORIR BRI 45 ST ORI T I I & DG
FCHLMTESIEAG [T ] 1 TR, 2018,37(6) :69-74.
LU Yuting,ZHAO Tianle,DU Hongji, et al. Reactive power op-

—
w
[

timization of distribution network with distributed generation
based on improved particle swarm optimization algorithm[ J]. E-
lectric Power Engineering Technology,2018,37(6) :69-74.
(4] 275,208, IR & A A aE I i 1 2 B ARz 1700
PRI ()], ) TAEHOR ,2018,37(2) :20-26.
WU Shuang,JI Cong,SUN Guoqiang. Multiple objection operat-
ion strategy optimization research of distribution network includ-
ing distributed energy storage[ J]. Electric Power Engineering
Technology ,2018,37(2) :20-26.
(ST xBTS, R, BT, 5. T+ Sa il e SRR B A sl g
SAETIIATELT]. T E L TR, 2004,24(3)
34-40.
LIU Mingbo, ZHU Chunming, QIAN Kangling, et al. Dynamic
reactive-power optimization algorithm incor-porating action num-
ber constraints of control devices[ J]. Proceedings of the CSEE,
2004,24(3) :34-40.
B R, R, S T B PR e A sl AR VO R = B
Beah ST T[], w8 gl 45,2018,38(9)
179-186.
QIN Hai,JI Yuan,ZHOU Chuanmei,et al. Three-stage dynamic

—
[=)}
[}

reactive power optimization algorithm considering constraints of
control device action times[ J ]. Electric Power Automation E-
quipment,2018,38(9) :179-186.

(7] BKE IR, R, SO A, 45 5670 S S0 fi PN i
B H TR ], B &S A 91k, 2015,39(15) :55-60.
ZHAO Jinquan,JU Lijie, DAI Zemei, et al. Day-ahead reactive
power optimization based on branch and bound-interior point

method [ J ]. Automation of Electric Power Systems, 2015, 39



PR S 71 &% UPFC 1 ) R L B Be 2 AR TC I AL S i 84

(15) :55-60.

(8] Wi, F Ak, kT 22 70 b0 HF 3 12 0042 v ol e ik
[J]. By TAEHR ,2018,37(3) : 118-122.
CHEN Hao, WANG Jian. The optimization of substation locating

e

and sizing based on DEPSO algorithm[ J]. Electric Power Engi-
neering Technology ,2018,37(3) :118-122.

ARARIL, TP, B K, . T B 2 TR R R S 1 S
TR T J7 i [T, s M AR, 2014, 38 (12)
3341-3346.

DENG Changhong, MA Qing,XIAO Yong,et al. Reactive power

—
=}
[t}

optimization based on self-learning migration particle swarm op-
timization and Gaussian penalty function [ J]. Power System
Technology ,2014,38(12) :3341-3346.

[10] KONAK A,COIT D W,SMITH A E. Multi-objective optimiza-
tion using genetic algorithms: a tutorial [ J]. Reliability Engi-
neering and Systems Safety,2006,91(9) :992-1007.

[11] KIM T Y,WECK O L D. Adaptive weighted sum method for
multiobjective optimization;a new method for Pareto front gen-
eration [ J ]. Structural and Multidisciplinary Optimization,
2006,31(2) :105-116.

[12] ZHANG W,YUTIAN L. Multi-objective reactive power and vo-

ltage control based on fuzzy optimization strategy and fuzzy a-

daptive particle swarm[ J ]. International Journal of Electrical

Power & Energy Systems,2008,30(9) :525-532.

MESSAC A,ISMAIL-YAHAYA A,MATTSON A. The normali-

zed normal constraint method for generating the Pareto frontier

—
—
(%)

—

[J]. Structural and Multidisciplinary Optimization, 2003, 25
(2).86-98.

YL IRAE HL DA . e — it 42 ) o AR S BR— e 5t vl
IR GE— i i g s AR M ] dbnt: hE iy iR
#1,2015.15-20.

State Grid Jiangsu Electric Power Company. Unified power flow

—
—
N

P

controller engineering practice [ M ]. Beijing: China Electric
Power Press,2015;15-20.

[15] SKRBZE, Ar Dl AT, . SCnS R8T 3h S T L R L BF
5E0)]. HMHA,2004,28(12) . 12-15.
ZHANG Yongjun,YU Yue,REN Zhen, et al. Research on dy-
namic modeling for reactive power optimization under real-time

circumstance[ J |. Power System Technology,2004,28 (12) :

12-15.
[16] T L. BUCH ARG M. Jbat: B i Rkt , 2003
120-134.

WANG Xifan. Modern power system analysis| M |. Beijing:
Science Press,2003.120-134.

[17] ABIDO M A. Multiobjective evolutionary algorithms for Electric
power dispatch problem[ J]. IEEE Transactions on Evolution-
ary Computation,2006,10(3) :315-229.

[ 18] AR 4 bk R NEFE , 5. B VU BRI UPFC /Ry TR R 4E
FAERIEIEHIFE[J]. AR ,2016,40(1) :92-96.
QI Wanchun, YANG Lin, SONG Pengcheng, et al. UPFC
system control strategy research in Nanjing western power grid

[J]. Power System Technology,2016,40(1) :92-96.

TEH RS

INEE(1979) , e, T L AR B, HF5E 07 16 H
NERGET BT BT RE BT W H AR (E-mail : sun _
rong2012@ 163.com) ;

SRR (1994) 55 WL AE 3 BT T7 1) A
oL RGALIETT

P (1962) , 55 W, B, WA
PN AU, 5807 ) D R ) RSB AT oA S 4R
il FECH R S A 25 .

B X A
Al ZE3HEBRAR h T EEE & T
NI (T) FURAR, Au, Fl Au, HE DA —AH0N
F /M BINF 107 H IS % & SRR Aw, F1 Aw,
DESHE —NBKTFEF 1+107, B Au, = A(A =1+
107) 0 Auy, < M/A < M =107° , L, ZHAS AT 2
PRI T — AR T &, R TR
A2 ZEBERSEHEES T
F A BEFERGAXSH

Table A1 Comparison of relevant parameters of
the system before and after equivalence
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Table A2 Relevant parameters of UPFC in
Nanjing xihuan network UPFC project p.u.
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Table A3 Wind turbine specific parameters
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Fig.A1 Topology near UPFC access point

Multi-objective and multi-stage reactive power optimization algorithm

for power system considering UPFC
SUN Rong, ZHU Zirong, WEI Zhinong, SUN Guoqiang, LIAO Xingxing
(College of Energy and Electrical Engineering, Hohai University, Nanjing 210098, China)

Abstract ; Unified power flow controller (UPFC) provides a new control method for reactive power optimization in power
system. Based on this, the UPFC steady-state model suitable for the new UPFC topology is first established and introduced into
the reactive power optimization problem. Then, the objective function and constraints of the multi-objective reactive power
optimization problem are defined by considering the constraints of the number of reactive power equipment actions, and a multi-
objective reactive power optimization model considering UPFC is established. Then, a multi-stage method is proposed to solve
the problem. In the first stage, the original problem is relaxed and normalized to unify the dimensions of multiple objectives; in
the second stage, the Pareto optimal candidate solution set of the relaxation problem is obtained based on the normalized plane
constraint method, and the selection method of the compromise solution is given. In the third stage, the integer variables in the
compromise solution are reorganized based on the triangular penalty function method to obtain the optimal compromise integer
solution of the original problem. Finally, the optimal compromise integer solution of the original problem is obtained. The actual
equivalent system of Nanjing western power grid is tested by an example, which verifies the effectiveness of the algorithm and
the application prospect of UPFC in reactive power optimization.

Keywords : unified power flow controller ; multiobjective reactive power optimization ; multistage optimization method ; normalized

normal constraint method ; triangular penalty function method
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