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Fault coupling characteristic analysis and relay protection research on an AC/DC hybrid power grid
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Abstract: As the amount of AC/DC hybridization increases in power systems, the difficulty of grid operation has increased
significantly. Therefore, ensuring the safe operation of AC/DC hybrid grid has become a major and urgent issue for China.
The converter station is the hub of an AC/DC hybrid grid. Different from the traditional synchronous machine power supply,
its fault coupling characteristics are complicated. In this paper, starting from the response and transfer characteristics of the
converter station to the disturbance, this paper explains the coupling characteristics and generation mechanism first. This
provides a theoretical basis for the fault analysis and protection research of the AC/DC hybrid grid. Furthermore, it evaluates
the adaptability of AC and DC line protection and studies new principles of relay protection in different fault periods. Finally,
it puts forward an idea for control and protection coordination, and discusses further research directions.
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Fig. 1 Typical grid structure of AC/DC hybrid grid
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Fig. 2 Fault coupling characteristic
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Fig. 3 Model of coupling characteristics of converter station
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Fig. 4 Model of converter station at the beginning of fault
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Fig. 7 Model of converter station dynamic adjustment stage
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Fig. 8 Fault characteristics of equivalent impedance of
AC side system
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Fig. 9 Fault characteristics of voltage and current



-180 - CEEE R R

HIL 8. & 9 mrn, S m Roks R B H
TEMARGHGT AR LA BAFAE o

Xt BN AR G i SLRFALL T B A i
P SRS AN P A F XU 2, i N ARFAE B AT B
Bett. BA LCC-HVDC ZG MM, H B Bk i
RERFIERTRAE A =K B, BAA T At s AR A
rEe. s BL RSB 10 PR,

il LAY

AR R S THEL
L

b

600 T T T T
asof ez

300

150

0r  —
150
30 -

ﬂ 1 1 1 1 1 1 1
0.96 0.98 1.00] 1.02 1.04 1.06 1.08 1.10 1.12 1.141.16

35 —t : _—
301 N\W‘A TR

0.96 0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16
1fs

UkV

L

¢ oL
ShOLSnS
T

kA

==

10 BRI AR Gt ne Kz B B 45 4iE
Fig. 10 Stage characteristics of fault response of
DC side system

B R A S A PATB Berp, T s YR A it
M EFL I, TR & AR AT A, BT
A R B AIG, e AH F IR K, AT R R AR e AH 2R
O B 2R GRS A AR i | 2 e B AR R

FH T4 AH 2 5 W R AR % RSB AS I R
GUiEfE . MR ATIE ARSI A B ARG
il SR S B e A BT SE DR 3R A O, DRI g B AR A
I HH el 2 e R [ B O R AE . AT YRR LR
FEAE bR 5| 3AE S GC I ) B HL R Upes HELIAL
loc AN 11 Fiow.

1000
z 500 AAN Ap
il
1.90 1.95 2.00 2.05 2.10 2.15 220
tls
6
- A\
%, \ wammvmmwwM
£
. Y
1.90 1.95 2.00 2.95 2,10 2.15 2.20
5 s 7
» | SEAE LA ‘
gr B 0 5 HLEF ]
wE 1
N |l

0].90 1.95 2.00 2.05 2.10 2.15 2.20
t's

11 FEEMEAER AT ERAEE . BIRESPEFHIE
Fig. 11 Fault characteristics of DC voltage and current when
communication failure occurs on inverter side
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Ab TR AS B BN, A BT R B B 8 20 A
ooty B SR IR S AR, AT 2P R
R . IRAEAL IS R R T RIS . W T ERM
N F H S FELARL R R AT AR N

Uy =Uu,S, +u,S, +u.S,

i, =1,S;, 1)

I, =13S;,

Ie =14S;c
W ug AERM A Uas Ups Uc A fan b ic 2
%U%iﬁmﬂii‘ﬁ EEE}FD EE.Y)?TE, Sua~ Sub~ Suc *D Sia~
Sib~ Sic 73 1) 9 =R FELS I 5% BRSO FEL IR 5% BR B

T IR T SR bR B IR AE B BUR T IR =
BOPRHATIER, W RURIMMSSRBI B, s
X FAZIR R G IE 55 7 8 BAT AR A R

fo=ti-1, o
fo="Tc+ T,
MEFRENAZ R, LR B Eh 7 B eSS T
PR AR AS R W IE PP 7y B
fo="f.+T, @)
fo =T = To
A £ 2 A BRSO TE R ST 4
oy £y A f 20 RRR AN A 1E PR A B o3
B RN &, R T E.

X (2). (@), Himuh RSN LSy

PR B T BOSSIRLN AL PP 3050 73 B R A2 B



BRA, 5

A2 ELUIR £ P IO S BAR 5 Rk 20 BT 5 4k L ORI - 181 -

B E | £ - f, |HEsh; Sk | B E
o BT I AR Iz R |+ f, BT
PeshFnzg R f, - f, |57,
1.4 INGE

1) Fff 5 H8he Jak 0 e o R 5 AR e A ) A EL VALV
A LR e o3 A B VS R 2 A . AE AN [R] B B
AN EEAE MO R], A Hint R I AR
CRVERFE, W R S I B BRI

2) R ST AT B A M SR Y BB ) A 3 3 A AR A
A, BB F IO REE . T A B
AVTTHY B, 2830 5 40 55 U Y (1) AR 4 1 I AR AR AIE
ELLR G BB BOERAE, X S MR R T i
ZRIR AN R R ) RS . X T IR AR S B, i
BN BSEHEARS, BAE R EkE
Al R TR RREERE, v gt sl R HL S
ERATER R

3) A WbmEIBE . B AR AT MRS
() = B B 43 At J7 9 ] DA ] Ak e 0 ik 1 A 90 R 1) 45
Mo nob, MIEBhF=E R, L. R HEMERE
FEMUFRFAE 237, A8 T B A Bt sty A ) P <O A TR
2, T AR I EE A 7T A R0 B R v A H

2 RIPENMEIRE

AT TR X AR G R E N AT T S
wWHoe, Hotse Rl 13 fios.

o BRI <

O ERNEES R

& 13 BN SRR
Fig. 13 Adaptive analysis theory

HTP 13 AT, A5 ORGP 1 e R B 12 A F
AT WRAE AL F AR S S B R & F R 2Ry
SE BRI & R R REAT S B T

HEEE I SATFINER 1 Pon . IS 264
EMN AR TE R I 2 B

Sia VML 2 WM, TR, 2ENRe
JAHHEG E S IR, G TR . )
G, T EF RS R B I R E RS, B RE

S HERRETEOC, DRI R IE A T 2
=1 RIPREEREN
Table 1 Best applicable conditions for protection

sass I IS A

I AR WefRy el F I T EA IR
PR R BARAPTCAT (v v 2 ) FT LSS RO BT Y
ZER R B LR oA T LA RO SR rh 2 i
FRRY FFMTE, FRHTUNTHE
AT RS BRI B DA S HE

*2 ENMESIER
Table 2 Adaptability analysis results

RO RRIEM FALIEES
AR w TAHREER

R R iy = AR

TARAR A R % SEBURFE

FUAR B & AR

A A P A % FHTBE)
et Fr oy A & FHTEE)
Ji T AR T 1] w ek W&l
Teft J e oy B 1) e SEETIR &
SRR ZD) # SR

NS i gy L R 223 = SRR
(58 AT I 7% NI [H]
HAIBRER 2 7% AR

3 HhBIYRERRIFRIBRR

FEFE /R B AR X LA B Bk, BLK
Helias I AL SRR PESE RS |, JRH T R AIEH
TRABT B SR B RS &l 14 P

T TN R
WAHBEL | AW RIR | EERTA

AZ LA M

B 14 RIPFHIRIESZILBRE
Fig. 14 Realization of new protection principles

3.1 #EN=

3.1.1 T FH MBI W B B S P i o 8 v S LR
F M B F R G A FELE /N AR R

MHERER R A, W LT, Kk

X LR R DR S B T LR . B R



-182 - CEEE R R

(S BOIAR RSP E Bf  A5 5 1) S8 SRS AL A A5 A
PRI (1738 A R ) TR AL I e S s o P o i H
2L B SRR PR A A R 3 00 B {5 5 R 2
AL SRR AN, R A& FR I R e AT I i
WL, PAERAR, RFONTIOBILR . L4
H R AR IR, SRR AR (0 PR R AN R S BT B A
Fo R EHE AR, HE TR0 TR FE S -
#ie b, EABEARIBATR, R
{8 IRLERFPEAE A BT TR BE & A S 25 2
A AR E R AE B,

At AR i 2 B 915, 18] 15(a) Ay AR [R]I I L FHL
I PE B R A 50 km. 200 km. 400 km. 600 km 4t
P50 FL R T AR 18] 15(b) A AR TR MR FE RS R AN
[FIE IR A RH R A B R B T AR o

0.6

041

02t /
0 ) ES

0.2 : : : : : : :
0.998 1.000 1.002 1.004 1.006 1.008 1.010 1.012
tls

(a) FHET 520

kA

0.4

031

021

I/kA

0.1p
—o0

— 50
0 1000

— 1500

01 s s s L 1 N L
0.998 1.000 1.002 1.004 1.006 1.008 1.010 1.012
t/s

(b) oL 3 L PH 52
15 fRIPIRIBIEIE
Fig. 15 Protection principle verification
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the current on both sides of the DC system
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Fig. 18 Protection principle verification
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