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Line pilot protection of a mesh DC grid based on the sign of the resistance component
in measured impedance

DAI Zhihui, SHI Xu
(Department of Electrical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: For a mesh DC power grid with current-limiting reactor installed at the outlet of a converter station, there is no
boundary between the lines, and protection based on the boundary effect is no longer achievable. In addition, traditional
differential protection has problems with long delays and strict communication synchronization requirements. Therefore, a
pilot protection scheme based on the sign of the resistance component in measured impedance is proposed. Through
analysis of the Peterson equivalent circuit of a mesh DC power grid, it is found that when an internal fault occurs, the
signs of resistance component in measured impedance at both ends of the line are the same, while when an external fault
occurs, the two signs are opposite. According to this characteristic, the real part of the measured impedance is extracted by
continuous wavelet transform (CWT), and a protection criterion is constructed. Theoretical analysis and simulation results
show that the proposed protection scheme can identify various types of HVDC line faults reliably and quickly, and can
withstand high resistance and strong noise, without the need for strict synchronization of double-end data.
This work is supported by the National Natural Science Foundation of China (No. 51877084).
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Fig. 1 Single-line topology of mesh DC grid
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Fig. 2 Peterson equivalent circuit when the fault

occurs inside the line
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Fig. 3 Peterson equivalent circuit when the fault occurs

at the beginning of the line

HI& 3 AT&D, P ARSI EE TR AL B
WLk, Wb AL i KRy PAE I HL R, anaX(6)
Pz o

Uy, (s)=2AU (s) (6)
RG] 3 AT45 Py AL HLIR £, (s) N
_ _Ux(s)
Iy, (5) = 706) (7

163 2(6) FH 3K (7) T 15 26 2% 1 v A B ) P Ak 7
Wyt HFALEXG)MA .

RS P T AR IR R U, XM Peterson 5
S5 E 2 HAMRIRBESSE. HEkm b
MBTH S 7&K MR, Fik U, (s)
I, () MRE ARG KG)HEM, RFEHLG)HH x
BN 11 AR A KORIT],  3E 45 21 28 1% A ity
W R P, Ab RN PR R A R (S)

2.3 XINGBES T
2.3.1 A X bk
MR IE R X AR, S s AR AT



RN, S TR RS WL S R R I - 109 -
Yo BRI LR R, T AU () BB AR IEE R, I Z,,.(s)=0, T=2f
IEIEEI P, o B Uy, (s) F1 T, (s) BIRIERE K (3) Re[~Z, ($)] 0 = —Re[sL//Z ()] <0 ©)

e, AFEEAXQG)T MU ()e” Bl
Ul (s)e 7O BT o -1 45 21 1 77 1) # sy Py A il
=P E(S).
2.3.2 A X A b

R A A X AN E RS, X R[] Peterson 554K
HLES I P 4 BT .

L P Iy

* Z,
Uy,

& 4 &EIXINEFERTE] Peterson ZF55 E 8%

Fig. 4 Peterson equivalent circuit under the backward external fault
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Table 1 Measured impedance at different fault locations
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Table 2 Average value of measured impedance resistance

component under internal monopolar fault
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Table 3 Average value of measured impedance resistance

component under internal bipolar fault

e R R,

A -276.97 -261.46
5 -288.21 -263.06
£ -291.76 -257.35
g3k 3 MENAD) RSB R B A, ik

Tl 5 s 459 41 7 A X PN

4.2 XINSREHE S

4.2.1 AR B

DAIE AR 4 S PEFE s R 5], 2 i s o7 1 3
WK O (f,) FIAHAT RS (f;) B, P AT P, Ay =
BE7 L RH 20 5 R 47 45 R 9 B

S 400

N 0000000000000000000000

Z 200 o

i °

4

K 0 80 ORe[Z,]

e ORe[Z,,]

=2 o

g 200 %000 oo000O0

E 0000000000 %0060

= 7400 L L L L J

. 0 0.5 1.0 1.5 2.0 2:5
A% /Hz x10*
(a) £,

S 400

N 000000000000 0000000000

Z 200f o

] o

]

&K

= 0 ORe[Z,,]

E’ o ORe[Z,,]

s =200 %o

= 0000000000000000000000

i

= —400 : ; ; :

- 0 0.5 1.0 1.5 2.0 2.5
B/ Hz x10*
(b) fHb

9 XSMERBEMERE TN EEEBESE
Fig. 9 Resistance component of measured impedance

under external monopolar fault

F 9 AT AR, R AR X A B e b A PR
242 45 7 it ) 2 L7 PR BEL 3 B A TG AT B PN 55 A o
W ST AR oy RSP R 4 Rk 4 FoR.

ik 4 A DFR RG], IR
Tl e s 459 41 A X A/
4.2.2 XM

L4 Vet s S e, e AL T A
HE(f,) FIAHAREZRES () B, PR P, Ak A3 & FHLA7E



- 112 -

W) R GRS B s

R P B B A R A 10 Fos
* 4 X piRiEtErE TN ERR B A S 2 FIE
Table 4 Average value of measured impedance resistance

component under external monopolar fault
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under external bipolar fault
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Table 5 Average value of resistance component of measured

impedance under external bipolar fault
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Table 7 Simulation results for various signal-noise ratios
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Table 8 Simulation results of internal and external

faults for various line length
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Table A1 System parameters of the four-terminal
MMC-HVDC grid
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