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Fig. 1 Wind farm structure
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Fig. 2 Equivalent circuit of transmission line in wind farm

2 TIMRKIEITRES

2.1 IREE A ELBIIEHI R
U 4 W ASL0 45 3 PRt WL 2L T 6 30 3 50 o Y
VA JE o0 Y E IS A5 L4 05 KU BLAL, 2 (8) BT
Q=0
0%
S Qi A ERA b B KB HLALIY 3 5% (], var;
Qi T 5 1.0 TE I 4 (8, vars n—— AL HL 35 R
LA, £ 5 Q3,5 & £ XUk HLAL 4 6 7T 1 2 20

HIHARN

Qv (8)

Q= | Swrs = P (9)
ﬁ[[l :SWT,A-—% k ém%*ﬂzﬂﬂggi,VA;wa—% k é?
DR HLZE F9 Bl AT TR, W



AR ANT
DRSS AN IS
(12)

282 N - 47%
22 REEB:KIRKEGDMRR/NHITIHMMIESR BB RER RS R
R KL R I
PSRN B FTLOR AL 303 , 5 76 /ML RO 5 1 B RE . | e [ |
£ KU BLAL O, 7T 47 0 | L E—1l
Pii=Pi P, o | PHRERTR | St | |
A Py—— M HLALIRE , W s Ploe—— R0 25 070 25 51 4E | h |
W Pl ——UE UL ARIURE W D I |
FRSRECR (U o P i ek ot e 1| R | Tl |
£ L HLALIOURE T 3 | i
. n I | I
At Pl — ﬁﬁk‘*ﬂEEHL?HE’JLﬁWP AAAAA A | ! o |
JXHLHL A R A TR A8 B FE W5 Pl —— 55 1 4% 15 Hi 4k i 40t i :i‘— BB | |
W : ! |
|
I
|
|
|
|
|

Ujmin <U.< Ujmax

WU MU ——RE R E B R IR, Vs U——HRFE

AL AE, Ve

2) IR MHL R

|0§";?_0P(‘.C|<8
Orec= > 03— 015
S QL O R A L vars Q po——IF 195

(13)

(14)

RETCT T3, var; e—— B8 M/ 1R B, 8 F TR L TG
TIHE4A 11 0.1%.
3) L HLE 24 5k
I, < I (15)
Q3| Shi= Phs (16)
A 55 b XU L H 075 % PR A B

A TP ——— O {0 5 3 4 P8 85 R FEL T, A
23 fAkFE

LT TR ELA AR A 4 R P R e A, T T ek JC T
A il JeAR LR v AL S, 1 3 S DLRURE 37 B R 1
/INAy B AR I T6 D P A SR R, R SRR S
PRESORITE 37 8 pRBSCR AN8 0 , LR B RGN R
231 WitRtk

TEAHE A B B, 75 i A RUHR 37 45 A BLASE 55 B S S 4, O
FF 0T H I B RE LA i G ALAL R T % {8, 7 R hr
T BTG (E, A s LA R -
232 TSN E R AL

L B AGE I BE PR, UEA TR I A 2SR AR
Wi, 5l 2, D) B AR RSO S 2 TR B 0 k2R T 4 3
FEAH 5 AN 2 04 H AR sRBUE il KAB . 5 K B s o

K3 R

Fig. 3 Particle swarm optimization algorithm flowchart
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Fig. 5 Active power of each turbine
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Table 1 Parameters of cable'"”’
A/ mm? FE B/ (Q/km) F 8%/ (mH/km)
95 0.184 0.39
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Fig. 6 Reactive power of each turbine
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Table 2 Wind farm power and total loss

s K37 B IR IMW UL 3 AR/ MW
WG A 35.762 1.0539
KB 35.762 1.0516
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Table 3 Simulation results in scene 3
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WG A 27.961 0.8350
FE B 27.961 0.8309
ZMH 0.000 0.0041

RNES IS PR A< S O /U L Dz 770 VLG R S ol i E 5 S
R TAME, A BRI A SR A A . I 13 B
N TR A OS5 1 P —E Wk 3 R,
PIRH SIS T AR 37 19 B AR A AR Y, TSR B ™ A A i 6

LR IS A U870 0.0041 MW,
34 =4

FEF 10 SC0F AR AT B, KU 3 i B RE 5 XU L XL
] B TGI8 A AR CTE , IR UL, AR /N3 X SR g A RS mg B 7
—AF Py AU 37 R R B RE A AT O B L. B 14 D KU
Y A ECL IR, 1 5 AR A A v £ 448 5T s i S, XU KL
WM LA 3 h (] BRRFER 4R, AR AR AR 2920 NEEAREHE . K]
15 S KL 37 JE D46 A1 BOAREL , B 44 1 UL 3 TE i 4
(B M =7.5~7.5 Mvar [6] (i IE 257045, BEB@ 3 h BEAT— KR
EE, Btk 2920 MEEA B

Kk /(m/s)
I w=20
[ 16< <20
 12<W<16
. 8 < <12
. 4< <8
. o<W <4

NE A
N(270°)

S(90°)
K14 XA
Fig. 14 Wind rose of a year

—07.5 -5.0 -25 0.0 25 5.0 7.5
XHI% TC 5 4 {H/ Mvar
K15 —4 R oYYy 248 4 (E 010

Fig. 15 One year command value of wind farm reactive power

4 R A R B KU I S RERIFE . SR A
JAHL I A B RE R 2510.1 MW -h, S B XUFRL 377 . Fit A 404
FE 2508.7 MW -h A LR IS A BRI 1.4 MW -ho

F4 KEIEATREEB T —ER R BEAERSE
Table 4 Total electric energy power loss of a year with A and

B strategies

R JAUHE 37 S RE S FE(MW h)
g A 2510.1

g B 2508.7

28 1.4




286 K FH

>

[Ny

i 476

4 & i

=

R SCHE Y — Tl 2 5 R I K 17 IR R 7 40 R S /MK B XU
Y ot il S me o SR FH X R 4 v T8 1) G T 2y S5 4
A A3 TE 25 L 3 4% 5 IR ML, /s 1 KU 373 £ ) SR B
HE TR R R . 5 BUA SCIRA L AR SCH R T %
i £ I ) AL RE | AU ML 2L A 3 R LA B JR T AR 4 R ) 3 it
dsrh 547 5 503k 25 & 2 MW KU HLZE 4 AR R XU 37, 7 AS
Tvi) XL AN ] IR ) AR [ JE D46 4 10 2% 148 Rt AT 407 X EE 43
B, A FL 25 B0 T A SCHIr 4 4 A% JRCRRL 37 6 T 46 A 3 i1 55 g
fA b

(5% 30k ]

(1] GB/T 19963—2011, KHLIZH AR I RGEHAMELS].
GB/T 19963—2011, Technical rule for connecting wind
farm to power system[S].

[2] TAPIA G, TAPIA A, OSTOLAZA ] X. Proportional -
integral regulator-based approach to wind farm reactive
power management for secondary voltage control[J]. IEEE
transactions on energy conversion, 2007, 22 (2) : 488-
498.

[3] MOHSENI-BONAB S M, RABIEE A. Optimal reactive
power dispatch: a review, and a new stochastic voltage
stability constrained multi-objective model at the presence
of uncertain wind power generation [J]. IET generation,
transmission & distribution, 2017, 11(4): 815-829.

[4] RAMIREZ J] M, GONZALEZ ] M, RUBEN T O. An
investigation about the impact of the optimal reactive power
dispatch solved by DE [J]. International journal of
electrical power & energy systems, 2011, 33 (2) : 236-
244.

[5] MARTINEZ-ROJAS M, SUMPER A, GOMIS-
BELLMUNT O, et al. Reactive power dispatch in wind
farms using particle swarm optimization technique and
feasible solutions search [J]. Applied energy, 2011, 88
(12): 4678-4686.

[6] ABOUELELA A A, ABIDO M A, SPEA S R. Differential
evolution algorithm for optimal reactive power dispatch[J].
Electric power systems research, 2011, 81 (2): 458-464.

[7] ZHANG B H, HU W H, HOU P, et al. Reactive power
dispatch for loss minimization of a doubly fed induction
generator based wind farm [C]/2014 17th International
Conference on Electrical Machines and Systems (ICEMS).
Hangzhou, China, 2015: 1373-1378.

(8] %M, ayyl—, W&, % LKL AN 2 H bz
TR AP S ms ). f ) TREEEA, 2024, 43(3)
121-129.

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YANG D D, YU J Y, GE J, et al. Adaptive multi-
objective reactive power optimization control strategy for
offshore wind farms [J]. Jiangsu electrical engineering,
2024, 43(3): 121-129.

EAWE, THL, WLRE, S TR IO T B IR IR A R AR 1 A
RGBT ], TR BRI, 2024, 42(4) : 522-529.
HU P, DING K, JIANG K Z, et al. Reactive power
optimization technology for wind farms considering the
reactive power resources allocation cost [J]. Renewable
energy resources, 2024, 42(4): 522-529.

AMARIS H, ALONSO M. Coordinated reactive power
management in power networks with wind turbines and
FACTS devices [J]. Energy conversion and management,
2011, 52(7): 2575-2586.

HE J, LI Q, MA J, et al. Research on capacity
configuration method of concentrated reactive power
compensator for wind farm LVRT capability [J]. The
journal of engineering, 2017, 2017(13): 2428-2432.
ZHANG B H, HU W H, HOU P, et al. Review of reactive
power dispatch strategies for loss minimization in a DFIG-
based wind farm|[ ] ]. Energies, 2017, 10(7) : 856.
KANNA B, SINGH S N. Towards reactive power dispatch
within a wind farm using hybrid PSO [J]. International
journal of electrical power & energy systems, 2015, 69:
232-240.

ZHAO B, GUO C X, CAO Y J. A multiagent-based
particle swarm optimization approach for optimal reactive
power dispatch [J]. IEEE transactions on power systems,
2005, 20(2): 1070-1078.

ZEWEE, PR, AR, 55 XS KR B T I
PEIMBEARMEATTE ()], KFTRES#4T, 2017, 38(5): 1397-
1404.

LIL X, YAO X J, WANG X D, et al. An optimal reactive
power dispatch strategy for interior-point method based
wind farms [J]. Acta energiae solaris sinica, 2017, 38
(5): 1397-1404.

ULLAH N R, BHATTACHARYA K, THIRINGER T.
Wind farms as reactive power ancillary service providers:
technical and economic issues [J]. IEEE transactions on
energy conversion, 2009, 24(3): 661-672.

ZHANG B H, HOU P, HU W H, et al. A reactive power
dispatch strategy with loss minimization for a DFIG-based
wind farm [J]. IEEE transactions on sustainable energy,
2016, 7(3): 914-923.

R, BRI, TR . AU K AR B/ ME R A )
TP AR AR L)), i TR =4, 2020, 35(3) :
520-529.

RONG F, LIP Y, ZHOU S J. Coordinated optimal control



63 X FEAE . ST RRER MU X T AL S g 287
with loss minimization for active and reactive power of classification [ J]. Acta energiae solaris sinica, 2023, 44
doubly fed induction generator-based wind farm [J]. (8): 396-403.

Transactions of China Electrotechnical Society, 2020, 35 [20] 0%, sk, B)aM, 48 AT R m K 5
(3): 520-529. DR B R PR AT ] R PHBEA M, 2025, 46
[19] X7, AL, RZAR . THLA 20 R 6 T % (2): 607-614.

SYBCIEATSEL) ] R IRES 4L, 2023, 44(8): 396-403.
LIU J, ZHAO H, LIU A D. Study on active power

LIU J, WU P D, WANG Q C, et al. Joint optimization of

wind farm output power and load based on wake redirection

distribution method of wind farm based on unit

[J]. Acta energiae solaris sinica, 2025, 46(2): 607-614.

LOSS-MINIMIZATION-BASED REACTIVE POWER OPTIMIZATION
STRATEGY FOR WIND FARMS

Liu Jun, Zhao Xuanbo, Ge Lei, Chen Zhengliang
(School of Automation and Information Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: When the grid dispatch center issues a reactive power command value, the wind farm needs to rationally allocate this
command value to each wind turbine generator (WTG) to meet grid stability requirements. To achieve this objective, this paper proposes
a loss-minimization-based reactive power optimization control strategy for onshore wind farms. An improved particle swarm optimization
(PSO) algorithm is employed to optimize the reactive power reference value for each WTG, aiming to reduce total losses within the wind
farm. These losses encompass generator losses, power converter losses, filter losses, transformer losses, and transmission line losses.
To validate the effectiveness of the proposed strategy, a wind farm model with a 5X5 layout is established. Simulation studies compare
the conventional reactive power control strategy with the proposed loss-minimization-based reactive power optimization control strategy
under different scenarios. The simulation results demonstrate that the proposed optimization strategy significantly reduces power losses in
the wind farm.

Keywords: wind farm; reactive power optimization control strategy ; loss minimization; wake effect; PMSG



