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A novel optimization scheme for HVDC rectifier station protection based on
an integral ratio of characteristic harmonic current
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Abstract: The existing converter station protection of high-voltage direct current transmission (HVDC) system has the
problem of misoperation when external faults occur. Based on the integral ratio of characteristic harmonic currents, a
protection optimization scheme for HVDC rectifier stations is proposed. In this scheme, the characteristic harmonic
current ratio between the primary side of the converter transformer and the AC line at the transmission end is used to
identify the internal and external faults. The ratio is greater than 1 when the internal fault occurs, and the ratio is less than
1 when the external fault occurs. Then the time coordination between the protection of the rectifier station and the outside
AC system is designed to prevent misoperation of rectifier station protection in the case of AC system failure outside the
zone. Simulation results show that the proposed protection optimization scheme can accurately identify internal and external
faults, and is not affected by fault type, fault distance, transition resistance, fault initial angle, and noise interference.
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Fig. 1 Unipolar HVDC system
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Fig. 3 Equivalent circuit of fault component of in-zone fault
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Fig. 4 Approximate equivalent circuit of the 11th
harmonic of the fault component of in-zone fault
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Fig. 5 Equivalent circuit of fault component of out-zone fault
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converter station area
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Fig. 8 Flow chart of protection optimization plan

3 MEWIESSH

3.1 (FEEESSH

7t PSCAD/EMTDC /i BV & adikimid
B 3 &M 4800 KV B TR B AL, 44
R 3 5k AT ZR I La~Ls MU FE 23934 40 km,
40 km. 20 km, R4 515 )8 2 R{E Ause: A 0.3 KV,
15 B AP KAEAR N 10 kHz. TR SESE—ER
[ AR GY, 28 R B A a5 ) R G i i
FE— 28 30 mst®l,  H A 7 PR il i s, B
it & A 1ms, EP(3)H Ns=10.
3.2 MAHSHE S
3.2.1 B [X PN

VBRI G X N $e g AR R TBy — I M o b7
t=3s i A MRA GBS, R HE 8 B)



VFEE, 5

FETFHFE I EIRAR 43 ELAEL ) HVDC i Rtk 5 % - 131 -

J& Aiy AT ALY Wi 9 Fs .

< 0.06 AR A il
= v
= 1
= 004 |
~ |
— 1
] |
& 002 :
= ! ;
209995  3.0000 3.000 5 3.0010  3.0015

t/s
B9 XABBERT Al 5 Ay
Fig. 9 Aiy, and Ay at the time of in-zone fault

FRAEE 9 R B SmT s, Wb k45 0.5 ms
WER SR a8, HrliEmiHE B R Sk s 3l E
DI R AR R A — O R R 11 KIS
KTk ik i, S e R —2.
B EE R ENE 1 ms B0l & K N s T AT
9 X1=0.413 39, X,=0.082 23; 1=5.0270>1, #HhT
R A BT Sl DX PN AR, R R S A R TR
JR A PR L E B
3.2.2 Bk X Ah

W B IR AT IR Ly bW i -l AbFEt =3 s
B A FRA SR, R E RS oLy
PH S BELR 20 km. TR SR B 305 Al AT AI

1 10 s
< 006 Ry 5
5 v
= 004t ! )
= | \iy
= 1 L.
= ]
& 0.02F |
i 1
%— | Ay

29995 3.0000 3.000'5 30010 3.0015

t's
B 10 XIMNBERT Aiyy 5 AQy
Fig. 10 Aiy; and Ay at the time of out-zone fault

FRHE ] 10 FR i LA SR vl i, R AR JS 0.5 ms
WERFEE a8, BrliEmih g Ry 5k E sl s
I IR AR R S — R R R 11 WIS =
INFIRITIE A AR T, SE TS R 2.
BRI SR s e 1 ms Bl & K po a5 ]
3 X1=0.005 14, X»=0.12327; 1=0.0417<<1, #H
b i s Sy Rt X AR, GBS PR T RE SRR 3
BRI IERY, TR SR IR WS 5 PR
[F], 2.6s Jaks 3 B b R RS -

3.3 (RIPIMIL S RERE 5 #7

AR BAIAL 7 G AR AR IR DX A SRR )

FIHE i 25 PR3P 5 X AN E i 4 PR AP R ]
EATERREC G R i T EAERC A SR BT
(14 S Bl S E R Tt e A PR AP IX AR A ]
BT, TP B ) {35 AL A A DRI
RAUIBR RS (] (2.3 )%, S RIRALE . o
R B AR AN R R DR C A SR A it R, X

it ST AR X N SNSRI T3 VA AEAN TR R ok

NHPERE, PABSIERTR CR A T SR AT AT I
3.3.1 AN RS R AT B AR B 1 2 A

W E AR S A E s, o P f

15Q, WFEYIIEMAN 0°, HRFEEE B AT S fi-Ly
B AR E, T RARWE 1 PR,
x1 TEIMPELBMBEE THHESER

Table 1 Simulation results under different fault types and distances
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Table 2 Simulation results under different transition resistances
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Table 3 Simulation results under different initial fault angles
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Table 4 Simulation results under noise interference
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