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Abstract: [Introduction] With the development of new loads, such as distributed power sources and electric vehicles, DC(Direct
Current) microgrids have the advantages of fewer commutation links and lower system losses than AC(Alternating Current) microgrids,
and have become the current research hotspot. Due to the small coverage of the DC microgrid and access to a large amount of distributed
power sources, the fault current rises quickly with a large amplitude when inter-pole short-circuit fault occurs, making it difficult to
achieve differential coordination with traditional overcurrent protection used in AC distribution networks and posing a great challenge to
fault localization. [Method] Therefore, in response to the characteristics of fault current in DC microgrids, the method for designing
overcurrent protection setting value based on the precise control value of fault current through the integration of current limiting and
protection was proposed. Combined with the reasonable capacity design of each branch, it can easily achieve differential coordination
and accurately locate faults. [Result] A corresponding DC microgrid model is built on the PSCAD/EMTDC simulation platform. The
proposed protection scheme is simulated and verified, and the result shows that the scheme can correctly locate the fault point and
quickly remove the fault. [Conclusion] The proposed protection scheme can ensure the selectivity of overcurrent, which verifies the
rationality of the scheme.
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Fig. 1 Coordination and actual operation time of stage current
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Fig. 4 High capacity power supply terminal failure situation
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Fig. 5 Maximum capacity power supply terminal failure situation
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Tab. 1 Typical parameters of DC microgrid systems with multiple

power sources
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Tab. 2 Rated current of each branch
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Tab. 3 Typical setting values for protection of each branch of dual
power supply DC microgrid

kA
B T E£(100 ms) 1 B£(30 ms) I Bt
K, 0.73 1.00 1.30
K, 0.22 0.30 0.40
K, 0.44 0.60 0.80
K, 0.29 0.40 0.53
K 0.29 0.40 0.53
Ko K, 0.44 0.60 0.80

SCEE LAY S R Ry ), X 5 A R A
SCBEEORE £ L iR SRR £, T AR S BRI RE ) AN
BRI £, FEA O ELGE, B R AR Z1 500 ms.
] 7 AN [T 45 S % AR A I 1O

MR (5 FL 45 R AT A, £ Absc R, K, 7R Rl & A
J& 0.1 ms iR 2] [ BARY8oe i, b5 s U)W, HoAth

K. K, R

500 550 600 650 700 750 800 850 900
t/ms

(a) f, Wb

K, B K, EE‘?;’?I\Kg CERT

500 550 600 650 700 750 800 850 900
t/ms

(o) £ Wl

2 W B A AN B £, AR, K 7R R A R
0.1 ms A% T BefRyP e E, Ff s B DI, K, 7R
e 0.2 ms il & 1 Befdr, Bl fL 0 R R, fRIR
], H Al S % W7 % 2 AN B4R f) bR, K 7R R
KT 0.1 ms A E] T BLORY R 8, B 5 3 U B,
K, FEMCBE IS 0.3 ms fil & 1 BEAR3, BEE FE TN T RE,
PRAraR al, HAth S B W S 2 AN S
BEL I T, KRR R A2 05 5.9 ms iR 3 1T Bt
R4 e E, FERRE S 35.9 ms Wi HTF; i Tifad K, |
WM ERE N BT, Stk 1 By, BEE i i dlek
TR, PRAR ], K, TEBRE S 102.7 ms f5 i B A
PR K 7E B & AR I 3.2 ms iA 3] T BL R P38
B, FESCBES 33.2 ms WidT; Bl 45 i [ 40) 1h B 220 E 3
2 BT, K il T BeORAP, Bl e 4P R 18], ek
)5 31 ms Wi, K. Koo K, ANEI1E
2R L, R A A %Fﬁ SRR A G 0yt i
PRI T2, 16 S B T BE 3k I T R i T I,

500 550 600 650 700 750 800 850 900
t/ms

(b) £, Wi
2k
1
—K, i
;5 ﬂ K K, HLR
oF -
= \
K EE(HL
]\\K LT
-1r ';: K HLR
2t I—/ K, =R

500 550 600 650 700 750 800 850 900
t/ms

(d) f, Hp

7 T REMMET & SRR RUR

Fig. 7 Current waveform of each branch under different faults



70 R RETR A I

10 4%

B DT 5 22 48 e S 0T IE W 18475 7R BE Rk
BT, DGR K HL S T 6 e 22 I S I IR T, A ri 9
SRR A 2 S IR T

4 Zig

SCEE AR A L O P A L R A BT TR
G113 e PR DL B I T G A A
W TR TR A A e R R AR T ik, S
Tl B R 3 o (DR BC G 1 ik, 1R A R IR AR A Y
HOEAE, ISR 22 BL A, A3 H I AR Y B
TR B B B e o A i I e RS W A T A
HIEE T, PRar e R an

1) H R U8 SZ 8% 1T BRI 38 2 (E IS /N T 2 pu, H
KR i i H AR E; T B 3 o (/N T
A L A AL T B AR PP s (S K T I
B AT i K A FL I o

2) M A S % T BRI R 8 (R 2 A5 B0 FL U,
1 Bt R 8 e (6 ok 1.5 (580 B i, B PR e (E
R 1 AR E HL

3) BEUCHE S I i o 4% L YR 1) 25 e i o
17— B 75 18, hE SRR 0 kA

SCEE AT B AT I T TR Y
AR, R AT oA TR R —E S %

B3 3Lk

(1] E SRR, BiRak. & 43 =X e U A IC A 100 £ 47 sl ik T 38 45

W 1], B RGP 545, 2017, 45(12): 146-154. DOL: 10.
7667/PSPC160926.
WANG B Y Q, CHEN H. Overview study on improving
protection methods of distribution network with distributed
generation [J]. Power system protection and control, 2017,
45(12): 146-154. DOIL: 10.7667/PSPC160926.

[2] SARANGI S, SAHU B K, ROUT P K. A comprehensive review
of distribution generation integrated DC microgrid protection:
issues, strategies, and future direction [J]. International journal
of energy research, 2021, 45(4): 5006-5031. DOI: 10.1002/ER.
6245.

[3] HIRSCH A, PARAG Y, GUERRERO J. Microgrids: a review of
technologies, key drivers, and outstanding issues [J]. Renewable
and sustainable energy reviews, 2018, 90: 402-411. DOI: 10.1016
/j.rser.2018.03.040.

(41 wiEdy, WA HRM WA KR REHE [T IR,
2018, 56(4): 8-12. DOL: 10.3969/j.issn.1004-289X.2018.04.003.
GAO H L, TAN J C. DC micro grid technology and future
trends [J]. Electric switcher, 2018, 56(4): 8-12. DOI: 10.3969/j.
issn.1004-289X.2018.04.003.

(5]

(7]

(8]

[10]

[11]

[12]

[13]

CHANDRA A, SINGH G K, PANT V. Protection techniques for
DC microgrid- a review [J]. Electric power systems research,
2020, 187: 106439. DOI: 10.1016/j.epsr.2020.106439.

AN, IR T, VLA, A, —Fid F T IO 1 e 22 3
PRy (30, A Rk S HOR 4, 2022, 37(1): 55-63. DOI: 10.
19781/j.issn.1673-9140.2022.01.007.

LIJJ, LIU Y L, SHEN Z Y, et al. Research on a current
differential protection suitable for DC microgrid [J]. Journal of
electric power science and technology, 2022, 37(1): 55-63. DOI:
10.19781/j.issn.1673-9140.2022.01.007.

7R, KA, ARTOR, A BT B IR E R B
B Ry O %8 LI). 2 ), 2021, 49(1): 48-55. DOI: 10.
3969/j.issn.1673-7598.2021.01.008.

LI B, ZHANG X J, XU Y X, et al. Protection scheme with
limited
measurement [J]. Smart power, 2021, 49(1): 48-55. DOI: 10.
3969/j.issn.1673-7598.2021.01.008.

JEl R, 2R AU, R, A5, BE T H A ORI A SR B I
ML B R SR (D). RO RG0S5 15, 2019, 47(8): 42-
48. DOLI: 10.7667/PSPC180580.

ZHOUJ Y, LI F T, CHEN W W, et al. Line protection schemes

selectivity for DC microgrid based on local

for flexible DC distribution network based on capacitor

discharge [J]. Power system protection and control, 2019, 47(8):

42-48. DOL: 10.7667/PSPC180580.

ZE, AR, AR, A5, 2 v 2 Mk A HL I PR AP DG SRR R
D). W1 &% A 81k, 2016, 40(21): 2-12. DOIL: 10.7500/

AEPS20160601011.

LIB, HE J W, FENG Y D, et al. Key techniques for protection of

multi-terminal flexible DC grid [J].

2016, 40(21): 2-12. DOL:

Automation of electric
power 10.7500/
AEPS20160601011.

FLETCHER S D A, NORMAN P J, FONG K, et al. High-speed
differential protection for smart DC distribution systems [J].
IEEE transactions on smart grid, 2014, 5(5): 2610-2617. DOI: 10.
1109/tsg.2014.2306064.

KAk, ARRER, XU, 45, ELHL T T AR Or ks (7],
LI 54 5%, 2018, 55(20): 1-7. DOI: 10.3969/1.issn.1001-1390.
2018.20.001.

ZHANG L, TAI N L, LIU J, et al. Analysis of directional pilot

systems,

protection method for DC microgrid [J]. Electrical measure-
ment & instrumentation, 2018, 55(20): 1-7. DOI: 10.3969/j.issn.
1001-1390.2018.20.001.

T A T e e A A R PR AP SRS BT (D). AR
P EE L K2, 2021, DOT: 10.27623/d.enki.gzkyu.2021.001617.
LONG T Z. Research on energy control and fault protection
strategy of DC microgrid [D]. Xuzhou: China University of
Mining and Technology, 2021. DOI: 10.27623/d.cnki.gzkyu.2021.
001617.

EMHEMED A A S, FONG K, FLETCHER S, et al. Validation of
fast and selective protection scheme for an LVDC distribution
network [J]. IEEE transactions on power delivery, 2017, 32(3):
1432-1440. DOLI: 10.1109/tpwrd.2016.2593941.


https://doi.org/10.7667/PSPC160926
https://doi.org/10.7667/PSPC160926
https://doi.org/10.7667/PSPC160926
https://doi.org/10.7667/PSPC160926
https://doi.org/10.7667/PSPC160926
https://doi.org/10.1002/ER.6245
https://doi.org/10.1002/ER.6245
https://doi.org/10.1002/ER.6245
https://doi.org/10.1002/ER.6245
https://doi.org/10.1016/j.rser.2018.03.040
https://doi.org/10.1016/j.rser.2018.03.040
https://doi.org/10.1016/j.rser.2018.03.040
https://doi.org/10.1016/j.rser.2018.03.040
https://doi.org/10.3969/j.issn.1004-289X.2018.04.003
https://doi.org/10.3969/j.issn.1004-289X.2018.04.003
https://doi.org/10.3969/j.issn.1004-289X.2018.04.003
https://doi.org/10.3969/j.issn.1004-289X.2018.04.003
https://doi.org/10.3969/j.issn.1004-289X.2018.04.003
https://doi.org/10.1016/j.epsr.2020.106439
https://doi.org/10.1016/j.epsr.2020.106439
https://doi.org/10.19781/j.issn.1673-9140.2022.01.007
https://doi.org/10.19781/j.issn.1673-9140.2022.01.007
https://doi.org/10.19781/j.issn.1673-9140.2022.01.007
https://doi.org/10.19781/j.issn.1673-9140.2022.01.007
https://doi.org/10.19781/j.issn.1673-9140.2022.01.007
https://doi.org/10.19781/j.issn.1673-9140.2022.01.007
https://doi.org/10.3969/j.issn.1673-7598.2021.01.008
https://doi.org/10.3969/j.issn.1673-7598.2021.01.008
https://doi.org/10.3969/j.issn.1673-7598.2021.01.008
https://doi.org/10.3969/j.issn.1673-7598.2021.01.008
https://doi.org/10.3969/j.issn.1673-7598.2021.01.008
https://doi.org/10.3969/j.issn.1673-7598.2021.01.008
https://doi.org/10.7667/PSPC180580
https://doi.org/10.7667/PSPC180580
https://doi.org/10.7667/PSPC180580
https://doi.org/10.7667/PSPC180580
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.7500/AEPS20160601011
https://doi.org/10.1109/tsg.2014.2306064
https://doi.org/10.1109/tsg.2014.2306064
https://doi.org/10.1109/tsg.2014.2306064
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.3969/j.issn.1001-1390.2018.20.001
https://doi.org/10.27623/d.cnki.gzkyu.2021.001617
https://doi.org/10.27623/d.cnki.gzkyu.2021.001617
https://doi.org/10.27623/d.cnki.gzkyu.2021.001617
https://doi.org/10.1109/tpwrd.2016.2593941
https://doi.org/10.1109/tpwrd.2016.2593941

55

DY, A TR R VA P A LR U PR S 71

(14]  BE8 XAEH, 225, 55 BE PR DM R SAIE B G0 iR

Ay U], mbEHAR, 2019, 45(10): 3059-3067. DOL: 10.
13336/3.1003-6520.hve.20190924004.
XUE S M, LIU C J, LI Z, et al. Ranging protection of ring DC
microgrid system based on control and protection cooperation [J].
High voltage engineering, 2019, 45(10): 3059-3067. DOL: 10.
13336/3.1003-6520.hve.20190924004.

(15]  BJBOG. KL T4 08 U 5] A9 108 P A0 A 1 190 e i Rl 5 5 AR
5% [D]. K KHE K, 2020. DOL: 10.27356/d.cnki.gtjdu.
2020.002382.

WU X G. Research on fault isolation technology of low voltage
DC microgrid [D]. Tianjin: Tianjin University, 2020. DOL: 10.
27356/d.cnki.gtjdu.2020.002382.

(161 MW, Xk, 5525, 4. BET R pib I o e 0L iy R gt

PR ). B TH AR, 2023, 38(7): 1780-1792. DOL: 10.
19595/j.cnki.1000-6753.tces.210965.
CHU X, LIU Q, LU H Z, et al. Protection scheme for subsea
observatory power supply system based on control and protection
coordination [J]. Transactions of China electrotechnical society,
2023, 38(7): 1780-1792. DOL: 10.19595/j.cnki.1000-6753.tces.
210965.

[17]  MOKHBERDORAN A, CARVALHO A, LEITE H, et al. A
review on HVDC circuit breakers [C]//3rd Renewable Power
Generation Conference (RPG 2014), Naples, Italy, September 24-
25, 2014. Hertfordshire, UK: IET, 2014: 1-6. DOI: 10.1049/CP.
2014.0859.

(18] FRZRH. HUHLIR & A B M ORISR [D]. IR

My R W B T K £, 2020. DOIL: 10.27063/d.cnki.ghlgu.2020.
000522.
ZHANG H Y. Research on critical technologies of
electromechanical hybrid DC circuit breakers [D]. Heilongjiang:
Harbin University of Science and Technology, 2020. DOI: 10.
27063/d.cnki.ghlgu.2020.000522.

[19] ZHENG B Y, GUO F, WEN A, et al. Research on DC microgrid
protection scheme based on fault current controller [C]//2021
4th International Conference on Electronics and Electrical
Engineering Technology, Nanjing, China, December 3-5, 2021.
New York, USA: Association for Computing Machinery, 2022:
143-150. DOLI: 10.1145/3508297.3508321.

[20] WEITL, LI WW, GUO F, et al. Research on fault current
control method of DC microgrid battery energy storage system

[J].2023. DOL: 10.21203/rs.3.1s-2464907/v1.

fEE RN

SadE GE—E#)

1983-, 3, TRE0, E2 A { B 3 ki
| BB THEY A T 1 (e-mail ) kakyusei6@yeah.

net,

WIFE GRIEES)
1997-, Y3, B TR, s 715 B+, 3252

@ WFSET5 1 BT P P AP AR (e-mail)

’ - 1052399304@qq.com,

\
*BimmE

TEREN:

TIE AR W e 1 5 Reis W Aot (52177132)
AR [FHKAREFERESE

FRIBEGRT IR R A

TREHER AT U507 G5 P e A rb L e 38 R A7 2 f el
PFasE bk B b A T WK P U 43 S E PN A R SR b P e ) 22
TEAR S RFIE R IAGHE LER, 7548 7R W 3 S M 55 SR BRI BB (1 B
FRAY LA L, B2 TELR (IR PO 414 sz b DO 8 e AR 2R I2 IR,
2 r HE O T SRR IS T 1) YA 8, DR IGE P ) R BRI 2 TTHEINIE AT, I
D AR AR, sl i ) R R e R R

FECFR (DX £ TS B4R I ) AL BB XE R, 40
SR PR B AR R R 25 B0 5 1 43 B B B0 5, JEBIF T R AU AR
AR 2K MR R SRR AR TR . () X AR AR M I 26 11y
PEAME, BT AT NS AR [ 2 2] 1 4 2 5 R AL I &
o (B)BFFT BT VR HE W 24t I 405 A RO B B AR 2 Wi s R 45, SR & 0c
A5 I P 5 PR s X A 2R 2 W7

L= B G A T W R A O N B L O R o U B 0
(SKLHVDC-2021-KF-15)

TEZER  Eiihh iR E R E A RS TP 400 H Y
AR PhLRARAR

T B A3 I0T [ 4000 5 F 5 A1 2 VR O R R 1 s R BER, 5 —
B U R P e P R R O R, SR BN I B AT SRR A 4
SRR AT A I, IS B AR EORARBE A, LI R AL Bl P %o
PRAPE AR T BE A B VEREZEK, BRI T RSN, A B N TR
T2 e PR SRR

FEUFR (DA IR AR IR, 521 5T R iE
PR R LR AP 07 122, 55 B0 SR RS Y P O S B A B IX
()48 41 7 B T R R R HE A T 2 AR r L BR A 7 v, P8 AIR Y
AR S B b, A A i s (3) 4R T4 A 2 U TR S ik R — AL
BB AE), FEANSE N & A A S6A -, S Fl i A G o s 5 (4)
GEGARIH FTRHRE R G AT, SR T ST S BRI I s A
W L TR B 7 2, FERNSE IR R 8 I R B AT . ANHI LA i B T S
IR P L PR R R

(%3 »tH3Ek)


https://doi.org/10.13336/j.1003-6520.hve.20190924004
https://doi.org/10.13336/j.1003-6520.hve.20190924004
https://doi.org/10.13336/j.1003-6520.hve.20190924004
https://doi.org/10.13336/j.1003-6520.hve.20190924004
https://doi.org/10.13336/j.1003-6520.hve.20190924004
https://doi.org/10.13336/j.1003-6520.hve.20190924004
https://doi.org/10.27356/d.cnki.gtjdu.2020.002382
https://doi.org/10.27356/d.cnki.gtjdu.2020.002382
https://doi.org/10.27356/d.cnki.gtjdu.2020.002382
https://doi.org/10.27356/d.cnki.gtjdu.2020.002382
https://doi.org/10.19595/j.cnki.1000-6753.tces.210965
https://doi.org/10.19595/j.cnki.1000-6753.tces.210965
https://doi.org/10.19595/j.cnki.1000-6753.tces.210965
https://doi.org/10.19595/j.cnki.1000-6753.tces.210965
https://doi.org/10.19595/j.cnki.1000-6753.tces.210965
https://doi.org/10.19595/j.cnki.1000-6753.tces.210965
https://chooser.crossref.org/?doi=10.1049%2Fcp.2014.0859
https://chooser.crossref.org/?doi=10.1049%2Fcp.2014.0859
https://doi.org/10.27063/d.cnki.ghlgu.2020.000522
https://doi.org/10.27063/d.cnki.ghlgu.2020.000522
https://doi.org/10.27063/d.cnki.ghlgu.2020.000522
https://doi.org/10.27063/d.cnki.ghlgu.2020.000522
https://doi.org/10.1145/3508297.3508321
https://doi.org/10.21203/rs.3.rs-2464907/v1

	0 引言
	1 直流微网的故障特性分析
	1.1 交流配电网保护方法
	1.2 直流微网短路故障分析

	2 与故障限流融合的过流保护研究
	2.1 故障电流控制目标
	2.2 三段式过流保护配合原则
	2.3 对于特殊情况的考虑

	3 仿真验证
	4 结论
	参考文献

