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Research on generator tripping strategies for stability control systems in VSC-HVDC
grids
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Abstract: To ensure the secure and stable operation of voltage source converter-based high voltage direct current
(VSC-HVDC) grids, dedicated stability control systems must be deployed, and effective control strategies are es-
sential for their implementation. The control modes of converter valves and the associated topological relationships in
VSC-HVDC grids are analyzed. The transmission capacity of the DC grid and that of the sending-end single station
are defined, and corresponding calculation methods are proposed. Based on the difference between the pre-fault
transmitted power and the real-time transmission capacity, the surplus power of both the DC grid and the sending-
end single station under fault conditions is calculated. From two perspectives—generator tripping based on pre-fault
generation output and generator retention based on post-fault residual transmission capacity—a surplus power alloca-
tion strategy for generator tripping among sending-end stations is proposed. The proposed method decouples the sta-
bility control strategy from DC control modes and grid operating conditions, thereby significantly reducing engineer-
ing implementation complexity. The stability control system developed based on the proposed strategy has been vali-
dated through real-time closed-loop digital simulation and practical grid operation, demonstrating its applicability to
complex DC grids.

Keywords: VSC-HVDC grid; stability control system; DC grid transmission capacity; surplus power allocation;

generator tripping
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Fig.1 Four—terminal DC topology of the VSC-HVDC grid
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Fig.2 Bipolar—level topology of the VSC-HVDC grid
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Table 1 Relationship between power substitution by remain-
ing valve groups and control modes
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Table 2 Relationship between maximum substitutable power
by remaining operating valve groups and operating modes
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Table 3 Correspondence between single—converter transmis-
sion capacity and control modes
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Fig.3 Calculation flowchart of transmission capacity for DC

power grids
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Fig.4 Calculation flowchart of transmission capacity for a
single sending—end station

B, W2.31W8 4,
B, RSB EER, R Z
R il T L RE ST C <o

=, TR A W 1A A U 1 3
Bt i BRSO IRES, IR s 4 r A
TE A BN, A B K S 7 3t i P i
ﬁléjj Coii

Ny

Nii s

Chl,u: zsbl,uu' (6)
=1

s Sy IHEMREE b SRR Ui 1 55 32 Sl
A B LR B UE R s N IR U 0 5 52
St A AT PR R

VUL, FEJRGPNWTAZ St 1R 71 5 2K o 4
A IR AFTE AR NI 2, BT AR R B 2R ) 32 i
ol i AL RE ) RN, 19 B BR= 5 1A 0 1 AT
A i R L BE ) C e

Oy

Cbl_r_z' — zcbl_r_j_[ (7)
=1

A Cu g WHEIZER j A5 28 0 1 25 A A FR S N
R AR G A R RE T 5 Oy MR 5 10 7
SAFTE AR+ NB 2R 1 52 g i 1150
BHAL, Coon Cun Coo —HTHEUME,
3 Bk v 1 vl B R R LR T Cu:
Co,=min{Cy s Coi1ss Coreif (8)
SN, 2K i s EAZ R BE ) C e,
T L RE ST C e ATE T AR, ARSI 2
e i v ) RRTHLRE S Ci:
Ci= Crpg : t Copm s (9)



44 =k 2

#
5
g

24 FHERITEE

A4 SN A BT HE T AR A A G A b
MRS, NIt HREEREERHRE LTS EH
TR R L BE T, A R i B A R S
L EEST, VTR AN R A A g 4 i R X
FIRZM, O 25 FEXH s 5 . AL M AL R i
TR . FE MR e 6 R T H iy
AE 1 1B H X FLBE 25 T T ik . AR IR
2 SR RS, I T A7 gt 1 42 ol
R | = R N e = WSl R T L M= s WAk e
MG Sk s R s ATy R R e
e

3 UM EREE

TERREIR . ) RGBT 5T, Fragiiik
Uity FEL DR IS 35 A7, ANGE 2 22 B I F B i & 1
Ao L B R 56 (N 1 S ) B i 32 856 1. A
TR, —H AR N R AR, KT
LU TR RE ) T R . A LU H I Tk R k%
Uig D)%, 2 g AR D R 25 1l N3k e 48 3 R 2o O
NER N B S 1 B A -/ 3] R T N =2
B, gE— 2R e IRk o Rk, Ariat
AR 15 T TR IS T EMER T B B AR TR, IR
SIS BRI -

3.1 PIHL EL R BE IR H B B
311 FEEZENAR

B JE VTN s 2 IR AT P2

DR RE I 0 . F T 0 22 EHE I i L 7
58T, ATRFAE PRI 3 S5 —2K W H
FEL 190 3 A 1) 3R (IRt L P i P i T 32 PR AR i 2
AU, RIS T 1 vk e S 2 DR
T B AR L RE T S s B RO R
Uil Z A 9 23R (TR 3 iy Bl i PR BB D 32 PR P2 A I B
D), RV R R 6 o ERLnth  126 ) 25 8 o Bl v
BE RSy o TEDIMLAN B2 4 v, T EE R 25 18
IR B AR

2)UINLVERIZ R . Rk P28 5 A T 5 i 11
XFGARTG], Xk IR H U Y AR — A . 26 g
PR B A DR AN AT A7 R4 s EA T VIR, B
P, 194 2 ) 23 0 R A 36 v A ol AR AT DB,
RO SEA

3.1.2 YIHLSELREE

AR SCHETT PRI ] RS A I HL 0 B SR

Fems— . FETRCEATHRIR I | PIRR
EAIOE Y BN 7 1 o A E R ) B RARS P g
6 A AL L0 7 LB A BT, A5 30 4% 6 vl S
Pl . Yl BT bk ) o e & i),
FR BRI B AR D RAT s Sl AR Y], TR
25 AE LA Bk A D) RN T LA 43 TR o 1
S TIIRR

TG HRMBEE RO RE R . R
LU 2 B P TR B, RS A K g il A
54 FEL FIE T 240 MR o 26 o 45 3l PR B o o o ELUR AR
D) 229 3% Tt 2 T A 3 g Pt R R B 2 R, AR A
RBEARR; HAFRBRER, FHEYHT
BT 34 g A5 ) R A U RE T LG ) A AR
32 YINREE— IS B AR

S50, I T 326 i B 3t Dy ek 2 % 1 26
Ui I i L RE T AR i R U

P sation i = P s — C; (10)

K s Py aions HIET 0T VIR P, Wi
Ui ¢ i A BT A P DR

S0 R R A 26 i 46 i 1
I L M L RE ), 1B YD

Poire™= > Ppei— Cua (11)

s P e PUETEREAS HL 5 L BB 7 1) A FE R D
% v FL YR o

S =0 R 6 v At YAk H O LA
K gty 1 U)o

Pcul_nel_[ - PP"C—[ * Pcul_nel ( 12)

ZPprej
U, ZEEFIBOR IR 2 A R i UL
1) %“ Pcm,nctj <Pcur,slalion,1" % Pcul,slalionj %E ii ﬁ#ﬁ l
jﬁ W@]B{%X{I‘@$}Lgﬂ§: Pcut,z‘ :

Pculj - Pcuumlion,[ ( 13)
Iﬁjﬁrj‘ ’ i+%:%ﬁﬁ% Z jﬁﬁﬁ]%ﬁ% APcut,f:
APCL\I i Pcul,slatiun,z’ - Pcul,nel,i ( 14)

2>%P(‘m,net,i > Pcut,stationj ’ %Ezlgjﬁ I:F'j:n Iz//%}ﬁﬁ
W UIER Sy, OBl A

Pcut,z‘ — max { Pcm,net,i - ZAPCLHJ' ’ Pcut,stmionj }( 15)

PIHLAEME — A 70 Be s 2 AN 5 s o R
BERT R GEBATIE AL, AR RO ik oty 1 B



%3

BT, Fe MR AR E A R R GV AT 45

FHLRE I Cy, iRk 2 RIS HLBE ) Ry Coo MR
P B ML AR A, 7 LT P ey F
Ponzs R Pocuions 1 P ion 20 BT T
P st Z P saion 1 H P s = P surion 2, TE ¥ 1 328
VI Pesnerrs TR 2EY) Py ez A RGIBATIE
A2 1o

Ao
|| a2

)
Pw 2 \‘.\ I cut_net_1 Q/\l

P 1
\\\ e i[)(HLﬂ ation_2
|

A2 1’

: A
¢ CuP., CHC

E5 PIHRE—HNIETRE

Fig.5 Allocation schematic diagram of generator tripping
strategy 1
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