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Optimization configuration research of UPFC based on DC power flow
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Abstract: The UPFC device in the power system can adjust the line current distribution and improve the economic cost.
Therefore, the UPFC optimization configuration problem has a relatively high research value in the transmission line
planning. Based on the UPFC DC power flow model, this paper ignores the power loss and reactive power, establishes the
UPFC optimization configuration mathematical model with the economic cost of the generator as the objective function,
and uses the Big-M method to process its nonlinear power flow equation. The method transforms integer nonlinear
programming problem into a mixed integer linear programming problem that adapts to more solvers, and the installation
position and capacity of the unified power flow controller in the line are optimized. The simulation calculations are
carried out in Matlab using examples to verify the correctness and effectiveness of the model and strategy.
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Table 1 System planning result

UPFC ‘R & Poi/MW Pe/MW R AHLEA/(S/h)
Az 197.4 75.2 65322
L1+L3 2113 435 6231.4
L1+L4 205.8 55.6 6435.8
L2+14 200.6 70.1 6455.6
L2+L6 199.5 65.4 6321.9
L3+L4 202.5 49.6 6326.8
L3+L6 198.6 73.2 6510.5
L3+L7 197.2 59.6 6 485.6
L4+L5 198.1 49.8 6310.5
L4+L6 204.6 55.6 6378.5
L4+L7 220.6 74.1 65225
L5+L6 224.6 46.8 6324.6
L6+L7 198.5 65.8 6348.7

2) AN[A) 2B 25 0] R LA S

T RS UPFC S5 R0 Bt H bR R EL 5200,
¥ UPFC “hehhb [l e fr ki 4 b, i et s
WaE, BB KE N 0.01, 7E ERREEY 0.15,
MEL R A ARG, AR S S LK 5. Bl
FH LR L) UPFC SR wishil, e H AN 7 %
i, M x=0.08 1, HFreREok R0 HARE, b5
B3I T A ANFI UPFC 850t T4 Al
RS AR, 38 A ST R kT LAk 2
UPFC i A=

X107
6.7

S LA ((Sh)
o
=

0 002 004 006 008 010 012 014 016
AR

5 REMXER
Fig. 5 Capacity planning result

XFT IEEE-118 277 R4, MME &N 0.1,
UPFC &40 2 &, WILIHMT U BIGUE, e
il B FAh IR 10 FPEE AR BAR KRR 7 2
X2 PR, WIATEOUT, % RGN KA
BE/NIE 194 963 FT0, U7E(17-31)H1(26-30) P4
%¢ UPFC J&, BEETECAFE R 157 946($/h).

1E 2 Wl 5 15 R4, IEEE-14 &%, IEEE-118
ARG =M sclt AT Ui AR LS, SRR b

W 3 Pon, 73 MHE = RGO R BN 6 4
AT, BEEMZEK R ML, mILZEEH
WA NI R, SR 2 R A W A ) 2t b
Sk BT B2 55 A o ISR IEEE-118 R4
(I LS TR R 32.61s, AbF—ANAHEH N .
FER B ABHAT ARG T, s At 3
L) UPFC Wy Bl S 6 s«

%2 UPFC EBE4HR

Table 2 UPFC configuration result

LR B (i) A®/($/h) UL E (i) AD/($/h)
17-31 31-37
{ ) 157 946 § ) 168 152
(26-35) (46-50)
17-31 R
( ) 159 848 @1-37) 168 556
(31-37) (25-30)
26-35 2225
6 ) 163 428 ( ) 174 243
(30-38) (25-30)
26-40 g
¢ ) 164 479 (25-30) 175 581
(22-23) (33-41)
20-21 22-25
¢ ) 166 569 ¢ ) 178 637
(26-40) (46-50)
=3 HERZMEX L
Table 3 Comparison of simulation system efficiency
RYKA 2 HL5 AT IEEE-14 IEEE-118
o (17-31), (30-38),
Ietheke (3-7),
) (2-4), (2-5) (3965) (25-30), (22-25),
Y (31-37), (26-35)
THELI 7] 0.79 s 2545 3261s
5 it

fH T UPFC n] LA B Th R AL R /), 0%
RS D& A Al KRG mR0e T, N TS
UPFC (AL ELE » A SO B A Y Fl Big-M
W, R FF UPFC MRIWTFTSENG, X 40—l
B E 2R v i 22 B R AT . R A
F A BARAE A AL T H AR B2, 3R T (5 B 50HIE,
WER LGS U

1) 2T UPFC HAUMITEY, Kk & 344
PRI 1) U A Ay VA R e R () B, et v
BIE AL Hbs g%, A Matlab o T HAY
YALMIP K47 KM, %075 B e &g it ic
# UPFC [fIfig

2) UPEC [ N4 B N B T R 40847 A
K HAR R A SR, LERf E B ] REIL L 2
P a, SRAZAERKE = 06 ) 15 21 3
R UE LA B



BT H ALK UPFC (A0 Be & RS

- 47 -

Sk

[1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

HOU W, GUO L, GONG X. Survivable power efficiency
oriented integrated grooming in green networks[J].
Journal of Network and Computer Applications, 2013,
36(1): 420-428.

BRI, VERE, RAR, S T HE A SR ]
¥ UPFC IR SR PEDEFL[I]. 00 A ik ek,
2018, 38(12): 67-72.

LI Shenghu, WANG Ting, WU Dong, et al. Research on
UPFC power flow convergence characteristics based on
initial value estimation and power flow controllable
range[J]. Electric Power Automation Equipment, 2018,
38(12): 67-72.

AN S, GEDRA T W. Estimation of UPFC value using
sensitivity analysis[C] // Proc 2002 Midwest Symp Circuits
Systems, August, 2002, Tulsa, USA.

I, Wi, IT4E, A8 JET PSS/E ) MMC-UPFC
HUR R A& 07 BT VE[T]. M R G R 4, 2018,
46(19): 123-131.
CAI Hui, YANG
Electromechanical
MMC-UPFC in PSS/E[J]. Power System Protection and
Control, 2018, 46(19): 123-131.

TRE, Xy, s, 48 T3 i 4 e i
DPFC fRALICE T[T, W RGP 5, 2018,
46(9): 94-102.

XU Yautian, LIU Dichen, HUANG Yong, et al. DPFC

optimization

Jian, PENG Zhuyi, et al

transient simulation method for

configuration strategy for increasing
transmission equilibrium[J]. Power System Protection
and Control, 2018, 46(9): 94-102.

IYAMBO P K, TZONEVA R. Transient stability analysis
of the IEEE 14-bus electric power system[C] //
AFRICON 2007, September 26-28, 2007, Windhoek,
South Africa.

HhUK, sk, TSR, % %18 UPFC SEAHI 5RRg
{9 FLL 0 D A B I BEE[I]. B TREOR, 2018,
37(1): 1-7.

HAN Bing, ZHANG Ningyu, HU Minghao, et al. Research
on grid power regulation capability considering UPFC
real-time control strategy[J]. Electric Power Engineering
Technology, 2018, 37(1): 1-7.

oW, BAR, FRL 4 LT UPFC WAL & iAT
FR[D]. HREAR, 2018, 42(8): 2585-2594.

GE Xuefeng, WEI Ran, ZHOU Ke, et al. UPFC-based
economic operation of distribution network[J]. Power
System Technology, 2018, 42(8): 2585-2594.

BRI, IR, BT 2 Bk LIRSk UPFC

[10]

(11]

[12]

[13]

PR HI]. B RG R 5, 2010, 38(8): 43-48.
YAN Nannan, FU Zhengcai. Coordinated design of UPFC
based on multi-objective particle swarm optimization[J].
Power System Protection and Control, 2010, 38(8): 43-48.
B, MR, WIS, UPFC of v oy S () 2 S
Gt AR E )] RS E B, 2012, 36(1):
55-60.

ZHAO Yuan, YANG Xiaosong, XIE Kaigui. Sensitivity
analysis and optimization configuration of UPFC for grid
reliability[J]. Automation of Electric Power Systems,
2012, 36(1): 55-60.

SRR, AREMS, HIb, 55 BT 2R HbRL
1) UPFC £ AR I M 22 40 H (1 L & 7 R 5EL]. B
WA, 2019, 43(2): 638-645.

ZHANG Dabo, ZHU Zhipeng, LIAN Shuai, et al.
Allocation scheme research of UPFC based on multiple
scenarios with different weighting coefficients and
multi-target optimization in wind power integrated system([J].
Power System Technology, 2019, 43(2): 638-645.

FANG W L, NGAN H W. Optimising location of unified
power flow controllers using the method of augmented
Lagrange multipliers[J]. IEE Proceedings-Generation,
Transmission and Distribution, 1999, 146(5): 428-434.
AN S, CONDREN J, GEDRA T. An ideal transformer
UPFC model, OPF first-order sensitivities, and application
to screening for optimal UPFC locations[C] // 2007 IEEE
Power Engineering Society General Meeting, June 24-28,
2007, Tampa, FL, USA.

[14] %, UPFC pikht S M ARAvHE D). SBIBILH

[15]

[16]

[17]

2014, 36(6): 491-495, 501.

ZHUANG Haijun. Location of UPFC and optimization of
network loss[J]. Heilongjiang Electric Power, 2014, 36(6):
491-495, 501.

WM. TR 28 (UPFC) 2 H AR 47 il & A4
ek il R Tl | ) v R S SR R B R 2 R A
2013.

YANG Shangjin. Research on multi-objective coordination
control and stability control strategy of unified power
flow controller[D]. Beijing: China Electric Power Research
Institute, 2013.

EAPA, XL O RGN ST BRI,
ZREAHIR, 1996(5): 8-12.

WANG Shouxiang, LIU Yutian. Review of load flow
calculation methods in power systems[J]. Shandong Power
Technology, 1996(5): 8-12.

FHER, d5E, £, & BRI ST
FGHR[T]. M EEIA, 2017, 43(4): 1067-1078.

LI Guogqing, BIAN Jing, WANG He, et al. Review on DC



_48 -

@ &R B R

[18]

[19]

[20]

[21]

grids power flow analysis and control[J]. High Voltage
Engineering, 2017, 43(4): 1067-1078.

BEOR, MRS, XS5, BRI AU R E
YBR[, HLRIHA, 2012, 36(10): 147-152.

ZHAO lJinquan, YE Junling, DENG Yong. Comparative
analysis on DC power flow and AC power flow[J]. Power
System Technology, 2012, 36(10): 147-152.

AR, xidk. JET T HERA SN Big-M AT HL
W o A o IR B B[], H B, 2018, 42(8):
2604-2611.

LIU Jianchen, LIU Shanlin. Optimal distributed generation
allocation in distribution network based on second order
conic relaxation and Big-M method[J]. Power System
Technology, 2018, 42(8): 2604-2611.

M5, RO, TRAAW, S5 L TR A AT HEM
R EBIIC R A D-To D o 2 I B iz AT 0],
I HUHL L2440, 2014, 34(16): 2575-2583.

LIU Yibing, WU Wenchuan, ZHANG Boming, et al. A
mixed integer second-order cone programming based active
and reactive power coordinated multi-period optimization
for active distribution network[J]. Proceedings of the
CSEE, 2014, 34(16): 2575-2583.

MOLZAHN D K, LESIEUTE B C, DEMARCO C L.
Approximate representation of ZIP loads in a semidefinite
relaxation of the OPF problem[J]. IEEE Transactions on
Power Systems, 2014, 29(4): 1864-1865.

[22]

(23]

[24]

B, WO, T B TRA A R & R
K FBH LA IE L P TE DA ARG BC B[], TR 2R,
2016, 31(3): 121-129.

LI Jing, DAI Wenzhan, WEI Wei. A mixed integer convex
programming for optimal reactive power compensation in
distribution system with wind turbines[J]. Transactions of
China Electrotechnical Society, 2016, 31(3): 121-129.
DING T, BO R, LIF, et al. Optimal power flow with the
consideration of flexible transmission line impedance[J].
IEEE Transactions on Power Systems, 2016, 31(2):
1655-1656.

SARAVANAN M, SLOCHANAL S M R, VENKATESH
P, et al. Application of PSO technique for optimal
location of FACTS devices considering system loadability
and cost of installation[C] // Power Engineering Conference,

November 29-December 2, 2005, Singapore, Singapore.

Yrfs HEF: 2019-05-05;

{&EI HHF: 2019-07-11

EEEIT:

3 ¥ 1996—), F, BREHARA, ARF@OABRA R

% #7; E-mail: liuliuchang@whu.edu.cn

% FQ977), F, @A, a3z, AR

F ) Al H) RGBT A5 %] . E-mail: byronwu@whu.edu.cn

(Gt BHehr)



	DOI: 10.19783/j.cnki.pspc.190498 
	基于直流潮流的UPFC优化配置研究 
	Optimization configuration research of UPFC based on DC power flow 
	将串联注入电压VT相对于电流Io分解为同相分量Vp与正交分量Vq，同理将并联注入电流IT进行正交分解为Ip和Iq两个分量。因此，装置UPFC的输出电压和电流可写为： 
	[24] SARAVANAN M, SLOCHANAL S M R, VENKATESH P, et al. Application of PSO technique for optimal location of FACTS devices considering system loadability and cost of installation[C] // Power Engineering Conference, November 29-December 2, 2005, Singapore, Singapore. 



