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A traveling wave protection scheme for flexible DC power grids considering both
short-circuit and breakage fault identification

SHEN Yi, HUANG Chen, ZHAO Zhenting, LI Yinhong
(State Key Laboratory of Advanced Electromagnetic Technology (Huazhong University of
Science and Technology), Wuhan 430074, China)

Abstract: Currently, most traveling wave protection of flexible DC power grids only considers short-circuit faults when
configured. When breakage faults occur, the correctness of protection actions is unclear. In response to this problem, the
action characteristics of traditional traveling wave protection under breakage faults are first analyzed. It is concluded that
traditional traveling wave protection cannot correctly identify short-circuit and breakage faults. Thus, the second current
traveling wave front characteristics and line voltage characteristics at the receiving end of the line under breakage and
short-circuit faults are explored. The first current traveling wave characteristics at the sending end of the line and the
characteristics of the product of voltage and current changes at both ends under the two kinds of faults are studied. A
traveling wave protection scheme considering both short-circuit and breakage fault identification is proposed. The
performance of the proposed protection scheme is verified on the PSCAD/EMTDC simulation platform. The results show
that the protection scheme can accurately recognize and cope with faults of various conditions and has high speed and
resistance to noise interference.
This work is supported by the National Natural Science Foundation of China (No. 52207107).
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Fig. 4 Schematic diagram of positive pole breakage fault
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Fig. 5 Lattice diagrams of current travelling wave propagation under internal breakage and short-circuit faults
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LT a8 & Bk FE 4 o G R I IR B A 1
V], )RR B o i e i £ L R KT SR IX 43
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N
T IUETS (22)

b N vt I ZI G4 & H Bk i 4 J5 28 ) 1) 2B R
At RIS TR T SR AE N B (7 + An) ~ (5, + At +
T) PIRSRAE SNEG  Ar R T 25 T 75 1ROk g 1)
n NRFE ST 5 s u, [n] i 1 B CRAE R AR
DA B R

o E WA R RIS, TR A AN R
PR RV X 43 W 26 15 J o kB, 40 =X (23)
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5i = [minZ ~ Lmax1 set

A 1, 9 E AT B BUS b I & AL R B KA O
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max1 set
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ok RN S HURN 28 22 2R S5 R VE WLSCHR 217 2R
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P =800 MW P =1200 MW
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Fig. 8 Four terminal MMC-HVDC simulation model
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Table 2 Setting values and time parameters of protection criteria

I B AE KA RN A1 24
IS (au,)|> 4, 4, =40kV
|du, /dt] > &, £, =1800 kV/ms

|S(Au, )/S (Duy)| > ki ke =09
u, =200kV, At, =3 ms, T, =50 ms

5. =-08KkA, T, =0.8 ms

[T

6,< 6,

(20km,0 Q) \ [ [(420km, 0 Q) « £;, ., [(200 km,
0 Q) . &ikfE Ry P1. P2 &L B 3 Fin.
3 P1. P2 MIGHY S(Au,) F1 S(AL,)

Table 3 S(Au,) and S(Ai,) measured by P1 and P2

[ 4 S(Au)/KV  S(AL VKA S(Auw,)-S(Ai)
. Pl -54.92 -0.12 +
Siappigl(20 km, 0 Q)
P2 -40.24 0.09 _
P1 -95.45 -0.22 +
Siaporkl(20 km, 0 Q)
P2 -80.10 0.20 _
Pl 41991 1.53 _
Si20p¢l(200 km, 0 ©2)
P2 44725 1.50 _
Pl -372.88 1.66 _
Si2pbrkl (200 km, 0 Q)
P2 396.03 -1.66 _
P1 -82.43 0.53 _
Frsppel (420 km, 0 Q)
P2 -121.14 -0.26 +
Sorpokl(420km,  P1 -166.16 0.62 _
09Q) P2 -231.74 -0.52 4

AL, SEFRY P, RFEEE fis B S(Aw,)-
S(Ai) BIKTF 0, IEmEEE £, f £, F S(Au,)-
S(Ai) BN 05 X TRY P2, JIAIMEE £, T
S(Au,)-S(A) BIKTF 0, IERMEE £, M £, F
S(Au)-S(Ai) ¥I/NTF 0. L, HHE S(Au,)-
S(AL,) <0 A BHLIX 7 1F f [m) s
5.3 BPEFEANRFIFIHE AL IE

RIRIE S TR I A R, AR 2R
B L12 BBCE T IERE O £, L |(300km, 0 Q) |

Froome |(300km, 400 Q) F IE % Wi £ B £,
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L AT | S (Au, )| > 40 kV « S(Au,)-S(A,) <
0. |du,/de|>1800 kV/ms il |S(Au, )/S(Au,)| > 0.9 ,

BER R4 8 3, FH IERR A X P I A 30U i

LR P2 A R E AT S a0 B 9(a) s AT BA
i, KT 2R, WM R S(AL,) <0, %
BN S(Ai,) >0, Kk, HE S(AL) <0 n]#
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Fig. 9 Waveforms of voltage and current measured by P1

and P2 under various faults
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Table 4 Time required by fault identification of P1 and

P2 under various faults
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Table 5 Identification and response of sending-end protection under various faults
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|du, /]
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Table 6 Identification and response of receiving-end protection under various faults
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Table 7 Response of protection under different SNRs
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