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Fig.1 Topology of low inertia system connecting to
offshore wind farm via VSC-MTDC
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Integrated control strategy for improving frequency stability of low inertia system
connecting to offshore wind power via VSC-MTDC

CHEN Houhe,Ql Wenbo,JIANG Tao,LI Guoqing
(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China)

Abstract: The low inertia power system connecting with large-scale offshore wind power via VSC-MTDC
(Voltage Source Converter based Multi-Terminal high voltage Direct Current) system, has critical problems
of few SG(Synchronous Generator),low inertia level and poor power support capability. To end this,an inte-
grated frequency control strategy for the low inertia system considering the VSC-MTDC and offshore wind
power cooperation is proposed. Firstly,the SG with the prime mover and governor is aggregated into a single-
machine system frequency response model,and a VSFR(Virtual System Frequency Response) controller of the
converter is constructed. The stability of VSFR closed-loop control with classical parameters is analyzed by
the Routh stability Criterion. Then,an additional pitch angle and rotor speed control method of doubly fed
induction generator for multi-wind speed conditions is designed to solve the problem of VSC-MTDC grid
voltage violation caused by insufficient power support capacity of offshore wind power integrated system.
The power mutual support capacity of the wind power integrated system is improved by adjusting the pow-
er output of offshore wind farms to support the low inertia system,which can ensure the secure operation
of the VSC-MTDC. Finally, the performance of the proposed control strategy is analyzed and verified in a
low inertia system connecting to offshore wind power via three-terminal DC grid. The results indicate that
the proposed method can provide better capability of frequency response and power support,and can improve
the frequency stability of the low inertia system.

Key words: offshore wind power; VSC-MTDC; low inertia system; virtual system frequency response; power
support



LTS Tew JYFF IR RIR R, o5 R U MER IR 5 H SRR, SR guliiske
FHAEWIRGEFE; Fup JIVEEEHL i R LA B T 5 M Th L), e Tea OTEFZCE: R J9iH
IR 7 R T R GRS R A (R 255 D N S RELE R R G AT
B AR/ NERRIIRR. g m g KRS R AL R DR OR 4 F 216 ) BB

B Al SFR &8

Fig.A1l SFR model

A
P E
" ! — — MPPTHIZ
be - (A
I| Vin<V1<V,<V3
’ 0=po<p1
M} '
V3,fo
yar Eh 2P0
/ R Va,f1
7T ik
A v :
A ¥info :
00 W1, max CUtV
T

Vin-a,fo BN R IR LB SN, SOUBLARLH T S5 T R s 128 Vo, fow Vi D
SRR LB, SOBUHI DD 5% TR X R 2 %k ABCDE Ayl A M) S BRERIE 7
WEBLIDER 4L, 14k ABCDE NI d Iy G KBLIIE 1% (DE & B'E’ 76—
“1.

B A2 XHIhE-45ER-RERSF %

Fig.A2 Active power-rotor speed-pitch angle curve of wind turbine

G

[ #FUso. V. Pio. Ugpwr. d_|

v
| MU AR st TR Sk

| D). Q2R 320 |
7

[ suian, vsrREs |

| P, e p s % |
[

Rl Uge

JA B AR, i
LRI R TR

B A3 SNERELRAITH RMRIE
Fig.A3 Flowchart of integrated control strategy for frequency stability



25

35

————— SG, ——VSFR, -~~~ CVSG, ~IVSG
Bl HMIEHI SRR N

Fig.B1 Frequency response of different controllers

# Bl MARZFESH
Table B1 Parameters of test system
e B E AR ivgfE]
WFVSC % E 75 /MW 1000 k 1
GSVSC, HiiE 7 &/ MW 1000 fo/Hz 50
GSVSC, #lE & &/ MW 500 d 15%
G KM &=/ MW 3 Udc,o 1
RS R E & 300 Udown 0.95
KHREF 1/ us 50 & 1/ us 100
300
Z
_____ I
2
=100t
o TN
-100 : : : : .
0 4 8 12 16 20
t/s

WFVSC : — H 3 SRR MG s - - = T 3 4% il e 0
GSVSCy: — IhFR SCIRHEME s - - - I fa il S v
GSVSCyp: —— IR ZIRHCME; - - Il 4% 5w

El B2 RREAR T ERRIEBININR

Fig.B2 Active power of each convertor station in low wind speed scenario
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Fig.B3 Active power of each convertor station in medium wind speed scenario
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