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Improving Fan Virtual Inertia Adaptive Cooperative Control Strategy Based on STATCOM/BESS
MIAO Haidong',ZHANG Qing', YAN Yong',ZHANG Lina',HUO Tingting', HAN Linjie’

(1.8chool of Physics and Electronic Information Engineering , Ningxia Normal University , Guyuan 756000,
Ningxia, China;2.CGN New Energy Investment (Shenzhen)Co. ,Ltd. , Yinchuan 750000, Ningxia , China)

Abstract: In order to eliminate the problem of low inertia and large frequency fluctuation in wind power grid-
connected system when power disturbance occurs, an improved virtual inertia control strategy was proposed. A
cooperative control strategy of adaptive moment of inertia and damping coefficient was introduced in the main
control system of wind power inverter. The energy storage static synchronous compensator (STATCOM/BESS)
was used to provide the active power and reactive power required by the system. At the same time, the power
output of STATCOM/BESS was adjusted according to the frequency deviation and change rate of the system. By
analyzing the small signal model of virtual synchronous generator (VSG) of the fan, the setting rules of the
adaptive VSG moment of inertia and damping coefficient were determined. The Matlab/Simulink simulation results
show that the strategy has a more obvious effect on frequency fluctuation, and can effectively suppress the voltage
drop of the fan junction point,and improve the ability of safe and stable operation of the system.
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4 BEBHER W

(7)1, e 5 AES JRIE T, 5 022 1Y
W Bl R L, BT LA Aw {E 52 1 STATCOM/BESS
B M TR R 20 R R i T8 Y
P IR R R MR E . 45 B IED) R
L 5 5 %, 1981 VSG BYA Th R G Th o A
Faka R PR



Wik, 5. LT STATCOM/BESS 42

2 KA BE LI B S8 b ) 45 ) SRk

AT 2025F F55K FTH

B EU,cos(¢ —6) ~ UZcosp
7 Z (13)
B EU.sin(¢ - 6) ~ UZsing
VA VA
Hrp
¢ = arctan(wL/R)

Ko Z MR H SR £, U, 530 WAL AL
Vit B R L BR GE B I 36 9 VSG I 1 50 M VSG 1Y
BHAT A 5 LR B A0 HL IR RO S5 35 R
540D IR IEAL G i 7] 26 & AL/ M
SRR AR HT RS, A VSG A SORBE R 25T 0,15
F| VSG HL 1 ) R AL 338 RO AR B ) R 48
3 iR, Fe ik R X
1 EU,
P(s w, Z
Cls)= P‘,ef((s)) B K, | EU.
Juss + (D + —)s + ———
w, w, Z

(15)

RHILRE AU [ 22 A AL R AEAR
4J,EU,

p+ D+ ey
B )= P ) " ez

0 0 0
= - 1
X2 2, ( 6)

MR B R B, Rt TR e R
I 75 A 32k R R R TR AR S T A AR A Y 7 2
T, P DAL B R T 00 f s (16) AT, —
Br RS HARR AR o, FIRHLJE R B E

EU,
w =
Jyw,Z
(17)
VA
£=D , LK Z
4JEU, 4Jw,EU,

Foe HE S5 0 9 22 49 198 J5 D02 %of g 400 ) 25 &
HLBIL A 4 o 2 E AT T, BEHR €=0.707 , A4 =X
(17) vl # E BHLJE 280 D Y FEREAE , HEJ0LIA) 25 % o
HLIR F SR P 32 45 % — M 7 0.628~15.700 rad/s 3

B, T DA s B BB S T
AU <J < U (18)
15722 " T 06287

5 Ay AR5

STATCOM/BESS F- A XA A9 L 71 & 58 1) 45
FAR RG] 3 7, U A HEL I 28 48 01 7 A0 ol 60
Hz, P, AR M ] A5 (38, KN S MW, RGEHL R

F25 kV, N RG-S KL B — 5K 21
km B’Jﬁ&(}lﬁﬁ]%%ﬁ%ﬂkﬁ?%{ Hho %%*}‘;ﬂ
i EZHINE 2PN,

i R G

STATCOM/BESS
K13 STATCOM/BESS H: A X H1 22 G i il
Fig.3 STATCOM/BESS into wind power system model
F2 HESH

Tab.2  Simulation parameter

SRR B BEUE| SRR S8 ZHUE
L RQ 24 ﬁ?f;?d] JJ(kg'm?) 03
W LmH 22 | BRREC (2 ) 20
IEBORA  CIpF 24 ﬁ%g% k; 0.8
g@ }% UJKV 2.4 4#%3 Eﬁ B 2
B E UV 600 [‘ﬂ’? ’;{ﬁ k, 20
S J/(kgem?) 0.2 m{%éﬁ « 0.1

5.1 FF R 55 R N

FE A 1l 7 280 98 A8 1 0T % RUFR 2R G (1Y)
Wi 3 AT A3 BT, 24 =5 s I, A Hb 17 3 PSS I 4
MW, 5165 KU B AIUE DI FE 0 3 MW, R 5B
58/ F 55 I R ADLTBE B 4 ] SR I T B XU F, 2R G AR
RN L {Ezﬁ/@ ﬁn[’§l4ﬁﬁmo

60.2 -
60.11 14450 A A0V )

N 60.0

£ 5%

5981 BT AL o)
so8 B -
5 L 1 1 I 1 I | L |

59.7
40 42 44 46 48 50 52 54 56 58 6.0
tls

R U et i) £ R ViR e NIV nb /ST A
Fig.4 System frequency response of traditional/improved

virtual inertia control

FH I 4TI, =5 s B AR ML 57 28 P 2838 4 MW
TR G A A b 17 2 I3 1 B 1) R TR A YA
DIYPRAL T A DR 075K, FEUAH R G0R
BRVE o IR 5] B 1 R UL BT 4 o R ) K
HL 2R G040 A% 48 VSG F1fil F 9 59.82 Hz 42 Tt
% 59.97 Hz, $ETHRCR IR E] 0.15 Hz, B i Lz Fisf ]

HH0.37 s 4% 2 0.16 s, TR EEN0.19 s, 1T U5 |
67



wAEF 2025F F£55K HTH W RS KT STATCOM/BESS 42 & KU S0 B 3E 5 P ] 4% 1) SRk

NIZRWEAR LT 0 e LI S s il 4 T AU R
G o i), 4w T XU R GRS E P .
5.2 STATCOM/BESS i) ITh 2 Fn = $l B ift 4
STATCOM/BESS R £ H- B 5 A5 B 40 % i 2%
S 6 R el D AT T TC DT M
Dok 3 5 UL 2R G0 i UL o 1] Sa BT7R
B A DT ] Sh BT 7 oA g H
Dy, [ 5c Fir s 2 B R 4 il B Ui o
HH ] Sa FAT, Y R GEM0 3 5 400 {1 I 22 30K
B, AT Ty s, S RLER AR D T e, 14K
FRGE 1 M FUA R Sl 15t a5 YR 5 A (A O 22 5N
AF, HAE TR N el 2R G ) R UL Bl i
F & 5b AT, 24 2R MR 5 5 e (A0 2
HI S W TE =5 s I, RUBL I 9 5 H s 1A
A Ml 17 B 53 T B  HIC ) T BRI ROk
0 H H s B B, B G D) R 0 s RS, i T
TC Ty Ty 240 B 22 980/ | o i T ) ) 3Rk #)
FH 8] 5c AT AT, 24 2R GEA R 5 408 (HAH S5 I
H STATCOM/BESS #£ ¥ 5 2 S LA & 7
=5 s i, LI HL I A 1E{E , STATCOM/BESS %%
Ti) FEL IR i TG D Dy 245 [R] B 21, A g H A R
{E , STATCOM/BESS %% & [n] Hi, [ B 5 A 2l 2 %8
H S L AR M RS, STATCOM/BESS 25 17 it %
B2 RMA YR,

i

40 42 44 46 48 50 52 54 56 58 6.0

STATCOM/BESS
I LA DhR 411
(=]

tls
(a)STATCOM/BESSHIA Uit /1

) h-

40 42 44 46 48 50 52 54 56 58 6.0

STATCOM/BESS
i 1 TG DhOhR A1)

tls
(b)STATCOM/BESSI LIt H1

STATCOM/BESSJC I

I

STATCOM/BESSH Ui

STATCOM/BESS
it A P IR B A

40 42 44 46 48 50 52 54 56 58 60
(c)STATCOM’//gESS%%IJLEiﬁ
K5 STATCOM/BESS it (1 T 2 R il i i
Fig.5 STATCOM/BESS output power and control current

68

53 RFMEREEERBEXBEETLER

SR T AR RHIL I D9 5 FR R ) R e R AR
& TAE,STATCOM/BESS %% & 5 R Gk A7 W) 45
D1)R  TeT) Uy B ORI, DL 3 R 55
(TSI FIAT D ) SEAS AT o 8] 6a BT 7y KUFEL 3R
4t - W A L R AR FR A B, 1B 6b T 7R S STATCOM/
BESS % B P AR 26 M i AR TR A I

1.2 T

@ 1.1}

X0 —_

< 0.98

S 09k
0.8 1 1 1 1 1 1 1 1 1
40 42 44 46 48 50 52 54 56 58 6.0

tls
(a)WUHL R G0 0T 190 A

3.5

)

2> 3

m X

S S2.5kF

BE 2_

<

[

w

1.2.0 4I.2 4I.4 4l.6 4I.8 5I.0 5I.2 5I.4 5I.6 5I.8 6.0
(b)STATCOM/BEé/SEﬁEiﬁ%éﬂlﬂﬂEEE
6 XL RGEIF I A R STATCOM/BESS [ B3 B 28 M i J
Fig.6  DC busbar side voltage of wind power system
junction point and STATCOM/BESS

i &l 6a RI AT, >4 11 5 22 1), [ STATCOM/
BESS 2% 45 R Gi i th AME R TC T D)%, {45 XL
I A5 H T AE 75 2 0.98 (B £ 8 Je DR R &
FIHEME ., RN, STATCOM/BESS %% & 1 i £} 2k
0] R 38 B0 J SR R A A (L, PRI T
STATCOM/BESS %% B RS 1L TAE /8 T R4
XoF BT E TR I A HL I F R 2 I 8 T, RGEMRAR
B TGN FEMR R,

6 4

1) STATCOM/BESS % & < 5 H % 2 G2 41 %
{14 D 2 et S AR AR A T s T RN, D kg
6 A 2R 40 M FO £ 1 3 I AT PRI

2) o TR (1 R ULAET A 4 ) SR gl e g T A A
T8 I AR AR A sl FIBELJE R AR, R TR &R
BT ) i 25 1 AR AL 3 MR /M 5 B A
T BELJE 1B AN BELE FR AR N

3) HL 67 R 58 AR R LT, e AR ) R AL
T I ) o] SR e 410 o IR ERL 2R 0 A 3 % B AL
JLTE R B, 1 H STATCOM/BESS & $2 44t T i
T AMER T )%, (XA I 051 fL R Bk 9% ) i
i PR A2 B H R L, TR A b = T XU R



]
JE¢

R, % AT STATCOM/BESS 42 &5 KU B Sh I 1 @ 15 52 P ) 35 41 SR k-

AT 2025F F55K FTH

(2]

[4]

[6]

(8]

(9]

Bk

BEe 2, A, DE U, S KBS 50 R LR
1. i RGP 545, 2017,45(21) : 157-169.

ZHAO Jiaxing, GAO Wei, SHANGGUAN Mingxia, et al. Re-
view on frequency regulation technology of power grid by wind
farm[J]. Power System Protection and Control, 2017, 45(21) :
157-169.

(1SS S N E T SRR o8 i S o R R
M) L3l ,2021,51(8) :47-53.

ZHANG Yuxing, ZHAO Xingyong, GUO Yao. Virtual inertia
control strategy of flywheel energy storage in DC distribution
network[J]. Electric Drive,2021,51(8):47-53.

LIX J,YAO L Z,HUI D. Optimal control and management of a
largescale battery energy storage system to mitigate fluctuation
and intermittence of renewable generations[J]. Journal of Mo-
dern Power Systems and Clean Energy,2016,4(4) :593-603.
HZEW], TR . —Fh oA AR IR AU I A ] S
WERFFEL)]. HLCH% 57, 2019,49(7) : 78-81.

DONG Jungang, WANG Lirong. Study on an adaptive virtual
synchronous generator control strategy for distributed genera-
tors[J]. Electric Drive,2019,49(7):78-81.

F R BN AT, TR T e S o SR AR RY
AU BT 2 e )], L% 87,2023, 53(11) :9-18.
CAI Weiliang, CHENG Haifeng, PAN Zhixuan, et al. Frequen-
cy control strategy of DFIG based on rotor kinetic energy and
distributed energy storage[J]. Electric Drive,2023,53(11) : 9-
18.

ALIPOOR J, MIURA Y, ISE T. Power system stabilization us-
ing virtual synchronous generator with alternating moment of
inertia[J]. IEEE Journal of Emerging & Selected Topics in Pow-
er Electronics,2015,3(2) :451-458.

BLL, E M B AR, 55 TR INIRD R LR AR A
it RESAT R AT R 30k s S T 5 (). L ) RGeS 4
il,2018,46(22) :47-54.

YU Hong, XIA Xiangyang, PENG Mengni, et al. Research on
strategy of micro-grid frequency control in hybrid energy sto-
rage system based on virtual synchronous generator technology
[J]. Power System Protection and Control, 2018, 46 (22) : 47—
54.

XV WA, SOl 3, 45 . —FhIE T BEBOR (Y UL 37 JE PR
KM SR I (0] oI L BL TR 244, 2015, 35(7) £ 1596~
1605.

LIU Ju, YAO Wei, WEN Jinyu, et al. A wind farm virtual iner-
tia compensation strategy based on energy storage systeml[J].
Proceedings of the CSEE,2015 ,35(7):1596-1605.
RIS, PNIL, A5 2 IRl <7 (o o0 v g U1 25 i HL ALY
A R B A R P ()] AP R BL T R AR, 2017,
37(2):412-423.

SONG Qiong, ZHANG Hui, SUN Kai, et al. Improved adaptive

[10

[11

[2

[13

[14

(15

[16

[}

]

—

]

=

]

—

control of inertia for virtual synchronous generators in islanding
micro-grid with multiple distributed generation units[J]. Pro-
ceedings of the CSEE,2017,37(2) :412-423.

RIGER 0T AHAE B S H VLA & 2 5 — Y Biny |
W AR ). HLS {0, 2023, 60(9) : 34-42.

ZHU Xiaorong, HAN Xiao. The adaptive control strategy of
energy storage battery cooperating with conventional generating
units to participate in primary frequency regulation[J]. Electri-
cal Measurement & Instrumentation,2023,60(9) : 34-42.
T, BB, AR, 5F 3 Tkt LU 4R R STATCOM/
BESS FLI N Dy 5 8 26 0 B Jr k(0. 4 LR HR L 2016, 42
(1):112-120.

LI Ninging, WANG Jianzi, JI Yanchao, et al. Dynamic alloca-
tion method of DC side power based on improved ratio control
for STATCOM/BESS|[J]. High Voltage Engineering, 2016, 42
(1):112-120.

SRR, SROBTE, W E R, 4F . BESS-STATCOM 42 m KUK TR
TIFRIRAE PELT]. # ) LA A5 To D kb, 2016,37(2) 1 16—
21.

ZHANG Qiang, ZHANG Xinyan, CHANG Xiqiang, et al. Im-
provement of grid stability of wind-thermal bundled power sys-
tem by BESS-STATCOM[J]. Power Capacitor & Reactive Power
Compensation,2016,37(2) : 16-21.

X 2558, X751 56 . 2T STATCOM-BESS 4 ) J6 1y 44 il i K,
L BILEAL I R MBI ST 1B T L 2 e 5 A2, 2021,
42(2):22-28.

LIU Huigiang, LIU Yindi. Study on grid connection stability of
wind turbine based on STATCOM-BESS][J]. Power Capacitor &
Reactive Power Compensation,2021,42(2) :22-28.
N AW =S £ A B i R R 2 e D v
1] A 38 N ) S (], B ) A B kB, 2019,39(3)
125-131.

YANG Yun, MEI Fei, ZHANG Chenyu. Coordinated adaptive
control strategy of rotational inertia and damping coefficient for
virtual synchronous generator|J]. Electric Power Automation
Equipment,2019,39(3) :125-131.

XU AR S, AL T STATCOMA/BESS 88 AL XUHL VSG
R ADLBE I Y DR R 42 o) 5 R 0. L RGeS 45, 2019,
47(23):74-81.

LIU Qing, XU Honglu, LI Quan. Cooperative control strategy of
wind turbine-VSG with enhanced virtual inertia based on
STATCOM/BESS|[J]. Power System Protection and Control,
2019,47(23) :74-81.

AR R B AR, 45 BT FE 5 BEL S 455 4 )
SR HE AU 25 S v LA ) SR (D). H T B Bl
2017,37(11) :72-77.

LI Dongdong, ZHU Qianwei, CHENG Yunzhi, et al. Control
strategy of virtual synchronous generator based on self-adaptive
rotor inertia and damping combination control algorithm[J].

Electric Power Automation Equipment,2017,37(11) :72-77.

[17] ¥IA4E . 27 STATCOM/BESS B 5 il JX A, 175 B 2 1 BF

(T#%9%70)
69



wAAES) 20255 HS55K B TH

SRAT, 5 B X R IR 35 T 35 SR O T R B A AR ke 4k

[14

[19

38-40.
[11] 5K, 38% , M A4, 55 . B2 Bt il 4 5 PT LSRRI BT IL
X T T i R s FL DR P 1 2 AL T[], v RS R 4%, 2019
(1):71-75,83.
ZHANG Zhilei, GUO Tao, TTAN Shijin, et al. Effects of imped-
ance ratio of line capacitance to PT inductance on ferroreso-
nance voltage and current characteristics in distribution net-
work[J]. Insulators and Surge Arresters,2019(1):71-75,83.
[12] BEEIE, AR5 B, 5. 10 kv E 9 F R T 2 IR R i e
ST SR REL ] RS XA, 2020,57(2) :122-128.
YAO Yuhai, ZHU Yong, CHEN Fan, et al. Fault analysis and
countermeasures for fuses blown of 10 kV distribution network
PT[J]. Electrical Measurement & Instrumentation, 2020, 57
(2):122-128.
[13] 5 . G PT — U A8 Wt L Dt D)% 998 i e 9 B 5
[D]. 5 - Aefb s J1 k2%, 2006.
HAN Tao. Research on the breaking reason and preventive
methods of high voltage fuse for potential transformer[D]. Bao-

ding: North China Electric Power University,2006.

1 EME, S804, 45 35 kV bk S 2T IRk B L R 4
JUTf K 8 341 T 3 1 A R AT [0, L B ER 2, 2010
(6):34-37.

WANG Peng, GUO Jie, QI Xingshun, et al. The effectiveness
analysis of ferroresonance suppression measures for 35 kV neu-
tral point through arc suppression coil grounded system|[J]. In-
sulators and Surge Arresters,2010(6) :34-37.

[15] ®—7% . 35 kV HL PT B fic it VR By AT 5 D). 18
T AR BT R, 2020.

(b3 %‘ 69T )
FED]. R AR AL R, 2017.

ZHENG Zhihua. Research on the power of wind farm based on
mult-ilevel STATCOM/BESS coordinated control[D]. Harbin:
Northeast Agricultural University,2017.

[18] EakMe, BT 2%, h PR A5 . MM R] 2D e ML B AR A, I
R P ERLL TR SRR, 2014, 34(16) :2591-2603.

LU Zhipeng, SHENG Wanxing, ZHONG Qingchang, et al. Vir-
tual synchronous generator and its application in micro-grid|[J].
Proceedings of the CSEE,2014, 34(16):2591-2603.

FLLR A RS S, A5 LI U R [ 25 4R 1 )
DUBAE N BEL T 400 J5 (9] w05 L R R 2021, 15(11) - 49—
55.

WANG Hongxing, GUO Jingmei, XIE Zhiwen, et al. Grid-side

—

96

[16]

[17]

[18]

[19]

[20]

GAO Yiyi. Research on PT ferromagnetic resonance overvol-
tage protection measures for 35 kV power grid[D]. Zibo: Shan-
dong University of Technology ,2020.

AR JFH X264 A 35 KV PTHRKE S R R ot
LR B AT ). 5 FL 7, 2023,59(1) : 185-191,197.
ZHU Baojun, XIAN Richang, LIU Xinghua, et al. Explosion ac-
cident analysis and prevention of resonance overvoltage of 35
kV potential transformer[J]. High Voltage Apparatus, 2023, 59
(1):185-191,197.

XL SC . TE P 190 0 18 4 D S A I 4 [, Bt = 2 1 R
#t,2019.

LIU Hongwen. Principle and protection of iron core resonance
in distribution networks[M]. Beijing:Science Press,2019.

TEAR RMEE 2 50 TR TR IR N 5 [ AR R R ik
L s 1 5 P 43 5 475 ELIGLE (D). 78 JE 2, 2009, 46(2) : 30—
33.

WANG Wei, JI Shengchang, LI Yanming, et al. Qualitative
analysis and simulation verification of ferroresonant overvoltage
caused by PT saturation[]]. Transformer, 2009, 46(2):30-33.
XA, R A H . TC P PO TV g IS TR 5 0 T e PR 3R Y
(I, B 513 ,2016,53(21) : 76-81.

ZHAO Mengya, LIANG Zhirui. The analysis on the influence
factors of TV fuses blowing in the distribution network[J]. Elec-

trical Measurement & Instrumentation,2016,53(21) :76-81.

Wk H I . 2023-12-15
& ch H 191 :2024-02-18

33333IIIFIIFIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIFIIFIIFIIFIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIFIIIIIIFIIIIIIIIIIIIIIIIB D

supplementary damping suppression method of sub- & super-
syn- chronous oscillation in offshore wind farms[J]. Southern
Power System Technology,2021,15(11) :49-55.

EASCHR , SRAEZE PNFER, 5 . BE T VSG A RE R G I i AR
RS SO TR IE). ) A S, 2018,38(8) :
13-23.

HU Wengiang, WU Zaijun, SUN Chongbo, et al. Modeling and
parameter setting method of grid-connected inverter for energy
storage system based on VSG[J]. Electric Power Automation
Equipment,2018,38(8):13-23.

Wk H 4.2024-03-12
Bk H 191 . 2024-05-06



