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Pilot Protection Method for DC Distribution Networks Based on Transient
Voltage Cosine Similarity of Current-Limiting Reactor
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(College of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou, Hunan 412007, China)

Abstract: When a short circuit or grounding fault occurs in a DC distribution network, its fault characteristics are complex, and a fast
and reliable fault protection method is the key to ensuring the safe operation of the DC distribution network. A fast and reliable fault
protection method is an important guarantee for the safe operation of DC distribution networks. A DC distribution network pilot
protection method is proposed based on the cosine similarity of the transient voltage of the current-limiting reactor. Firstly, the differ-
ences in the voltage characteristics of current-limiting reactors at both ends of the DC line are analyzed when a single line-to-ground
or line-to-line faults occur inside and outside the DC distribution network, and according to the principle of cosine similarity, a fault
discrimination method based on the cosine similarity of transient voltages of current-limiting reactors is proposed for the fast
identification of internal/external DC fault. Then, the voltage surge ratio between the positive and negative poles of the current-
limiting reactor is used to identify the type and polarity of DC faults, based on which corresponding protective measures are taken.
Finally, a simulation model of a multi-terminal radiated DC distribution network is built using PSCAD/EMTDC simulation software.
The effectiveness of the proposed protection method is verified. The simulation results show that the method has a certain degree of
resistance to fault resistance and can better meet the rapidity and selectivity requirements of DC distribution network protection.
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Fig. 1 Topology structure of DC distribution network
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Fig. 2 Diagram of internal fault network
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Fig. 3 Diagram of external pole-pole fault network
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Fig. 4 Diagram of external single line-to-ground fault network
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Fig. 5 Flowchart of fault protection
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Tab.3 Calculation results of voltage similarity of current limiting
reactors at both ends of the faulty line inside the area
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Tab.5 Calculation results of voltage similarity of current-limiting
reactors at both ends of the line with different fault resistors

TEWERE/Q T v BRI E R LR S AR Ty ) ARRLEE
5 AR 0.998
10 AR 0. 995
15 AHIR] 0.983
20 AHIR] 0.982

4.4 RIPFHRERE

ARSI AR T BRU HL 0 T 25 B R AR S A B R
Y EL Ik Bl O AP 12 T DRt CRRVR B 2 1A
0.3 ms) . A VLI IEMR . %07 L AE 2 B

TR B PE R R EOR , H A —E R
HLHAYRE ST o AR LU AR ST LT T sl i A M ()
e P R R A R LE 50 ) BT AABC DR 75 VA R
PRI Tk, RSO AR 2 AR BE TR F I G PR
G AT BN AR BRSSO A i 5
R, A TR RO st U E s nr .

D) M TRG R R R T, BRI BT
for FEL TS PR AR 52 AFARURE A B I DX PN Al B e P 25 55 05
TE JRE B B ey 4 AR

2) fETRESER R, AL PR 4 ) e e )
M Lu(e) = u(e = T) JT B AT AR IR du(r)/de,
HR TR . SR, 220 e itk b 315 15 5]
A SR8 22 A 45 SE PR L TR AR A 3 22 (] AN R s A M A
TE—RE MR ZE , PR SRR R AR AR X B A 15 B
IRZEE NI o R AR AR AR AR UL
PEAT ORI (X (10) Bz ) BESE Y . R
FAU AR SN

5 %ig

AR B L R ) R B AT, ARSI
T IXC PN AN e s 9 T L X 8 % R it B PR T
AR, R T R TR AP A
A 5% AR RLRE AY L B R TGN SR B i, IR R
PSCAD/EMTDC 15 B A% BT 3 AR 47 )5 ik B A8 34k
AT TIRE, Z5800F .

D) Z O PR, RS S, (AR
1 s B0 1 (5 R TR T 5 A4 B I R I R A XA
DX AR, it A ELAUC R R A s sl R

2) Fr B ARy i Ak U R B RE ) Bk, TR
i 5 A BEL 20 Q0 A0 17 50T 2k 5K 1 i PR I P A LR
ARPEAME R T 0.9, W2 AR SERIE &0

3) PRI TR LA 22 it S R O R P
RIS, LRI RERE T R B A,
H 3z Wz 17 2R /N

4) ZARY T ST R LI £k U PR I BT
A EGS, YEEE S A BREER 5 b W
AR S AR R PN I Ol o PR e S PR TR I
TR TR .

S 30k

[1]  WUNDERLICH A S, DANIEL B, ENRICO S. et al. Protec-
tion scheme for fast detection and interruption of high-



Hi2

7R, A5« T BRI HE DA 2 5 Fh T A SR B EE F) LA TG FEL PO AR R 47 7 3 9

(3]

(4]

(6]

[10]

[11]

impedance faults on rate-limited DC distribution networks [J].
IEEE Journal of Emerging and Selected Topics in Power
Electronics, 2021, 9(3): 2540 — 2549.

B, MR, SR, 5. IR RGP E R LRA
(3] v E R HL TR 244], 2014, 34(19): 3114 - 3122.

XUE Shimin, CHEN Chaochao, JIN Yi, et al. A research
review of protection technology for DC distribution system[J].
Proceedings of the CSEE, 2014, 34(19): 3114 - 3122.

BROE, XS, sRAE AR, S VR A G I 4k L R SRR R
PRI I S50, 2022, 59(3): 1-9.

HAN Xiao, LIU Jianting, ZHANG Yiwei, et al. Summary of
key technology of relay protection in flexible DC distribution
network [J]. Electrical Measurement
2022, 59(3): 1-9.

IRz, AREE, ERAE . A H TR A BC L 4k HL R B T 2%
B0 B RGG STER], 2019, 47(5): 179 - 187.
ZHANG Zhaoyun, LIN Pu, WANG Xinghua. Review on relay
protection of AC/DC hybrid distribution grids [J].
System Protection and Control, 2019, 47(5): 179 — 187.
AL, ARIEI, ESFAT . TR0 DR R Y PROE B U AR
T BRI B AR (T ) B R AR, 2022, 48(12) : 4959 -
4967.

XU Shimin, ZHU Xiaoshuai, WANG Shouxiang. Current
single-ended-ranging ring DC microgrid protection is based on

& Instrumentation,

Power

control and protection cooperation [J]. High Voltage Engineer-
ing, 2022, 48(12): 4959 - 4967.

Mibos, BESCA, ARABA, 4. R TR A R A R
P B R O (T]L O R A Bk, 2021, 45
(8): 185-193.

CHEN Shaoyu, HUANG Wentao, TAI Nengling, et al. Protec-
tion method based on single-terminal transient voltage for DC
distribution network with current limiting reactor [J]. Automa-
tion of Electric Power Systems, 2021, 45(8): 185 -193.
FENG X, QI L, PAN J. A novel fault location method and
algorithm for DC distribution protection[J]. IEEE Transactions
on Industry Applications, 2017, 53(3): 1834 — 1840.

KT, BT, Sl & LTI B AR R R
it B 2R BRSO A ik [T). i ) RGP S, 2021,
49(18): 128 - 136.

ZHANG Xinyu, FAN Yanfang, MA Jian, et al. Pilot protec-
tion method for flexible DC distribution lines based on fitted
current slope characteristics [J]. Power System Protection and
Control, 2021, 49(18): 128 - 136.

TKBkA, el GRERSE, AR LR DX F AR ] 6 B
DCIRE ALy [T R R, 2023, 17(3): 38 — 46.
ZHANG Linxi, MOU Longhua, LIANG Ziwen, et al. Fault
area location method for short circuit between poles in DC
regional distribution network [J].
Technology, 2023, 17(3): 38 - 46.
MEGHWANI A, SRIVASTAVA S C. A non-unit protection
scheme for DC microgrid based on local measurements [J]. IEEE
Transactions on Power Delivery, 2017, 32(1): 172 - 181.
Wi, W0, RE L, % it T Ry /e o Rt i
T H P 3 P 4 A (0 ). H O R g AP S 4R, 2016, 44
(22): 50 - 55.

CHEN Fufeng, YANG Yang, SONG Guobing, et al. Adapt-
ability analysis of single terminal traveling wave protection in
mid-voltage DC distribution based on VSC[J]. Power System
Protection and Control, 2016, 44(22): 50 - 55.

Southern Power System

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ARWets, Herh, 220 BH, 45 . T PRI i Rk R 1) 22 0 2 B
RS I EL W BRI O SR [0 ], LRI, 2019, 43(2)
537 - 545.
QI Xiaomin, PEI Wei, LI Luyang, et al. DC fault detection
scheme for multi-terminal hybrid AC/DC distribution network
based on current-limiting inductor voltage [J]. Power System
Technology, 2019, 43(2): 537 — 545.
MARVIK J I, DARCO S, SUUL J A , et al. Communication-
less fault detection in radial multi-terminal offshore HVDC
grids[C//]. 11th IET International Conference on AC and DC
Power Transmission, February 10 - 12, 2015, Birmingham,
UK. London: IET: 1 - 8.
SNEATH J, RAJAPAKSE A D. Fault detection and Interrup-
tion in an earthed HVDC grid using ROCOV and hybrid DC
breakers [ J]. IEEE Transactions on Power Delivery, 2016, 31
(3): 973 - 981.
BIRL, BIRSC, 2R, AT . S T I I TR A e A R
PULLBRYI7 [ AR [T ], [ s AL T B2 40, 2018, 38
(18): 5343 - 5351.
JIA Ke, XUAN Zhenwen, LI Chenxi, et al. A directional pilot
protection based on transient high-frequency impedance phase
angle for flexible DC distribution grid [J]. Proceedings of the
CSEE, 2018, 38(18): 5343 - 53515.
2N, BIRE, SREKDY, AE L R T ALY ) RRAE Y SR BRI
R A [T ). I RS A Bk, 2019, 43(23): 116 -
122,130.
LI Meng, JIA Ke, ZHANG Qiufang, et al. Directional pilot
protection for flexible DC distribution network based on
directional characteristics of instantaneous current[J]. Automa-
tion of Electric Power Systems, 2019, 43(23): 116 - 122,130.
FRR, BORE, Bk, A5 R TS HL DO A L EE R Y
FeVE B AR B LR (T ], s R, 2019, 43(10) : 3823
- 3832.
WANG Congbo, JIA Ke, BI Tianshu, et al. Protection for
flexible DC distribution system based on transient current
waveform similarity identification [T]. Power System Technol-
ogy, 2019, 43(10): 3823 — 3832.
JRIZE, BN, 2OREL, 45 SR ML ALt S AR TR A B
L L I AR By [T ] L R A Bk, 2018, 42
(14): 165 - 171.
ZHOU Jiapei, ZHAO Chengyong, LI Chengyu, et al. Pilot
protection method for DC lines based on included angle cosine
of fault current component [J]. Automation of Electric Power
Systems, 2018, 42(14): 165 - 171.
B, DIRE, BRI, A RETARSXAN U BT RE A T
PR R R OB [T). o R4 A dh ik, 2019, 43
(18): 111 -119.
ZHENG Liming, JIA Ke, BI Tianshu, et al. Longitudinal
protection of T-connected transmission lines in new energy sta-
tions based on cosine similarity [J]. Automation of Electric
Power Systems, 2019, 43 (18): 111 - 119.
BURE, KRB, HeRIR, 45 T AR SR AR L Y XU A Sl ik 411
LRI [T]. b E i AL R 244, 2019, 39(21) : 6263
- 6274.
JIA Ke, ZHENG Liming, BI Tianshu, et al. Wind farm station
transmission line longitudinal protection based on cosine
similarity [ J]. Proceedings of the CSEE, 2019, 39 (21): 6263
- 6274.

(F#:% 18 M Continued on Page 18)



