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Fig.1 Internal calculation process of cluster analysis
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Fig.2 Flowchart of protection action
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Protection principle of flexible DC distribution line based on

clustering center distance measurement
DAI Zhihui,CHEN Siqi, LI Yiran,ZHANG Yihong,HE Jingyuan,YU Lirui

(Hebei Key Laboratory of Distributed Energy Storage and Microgrid,
North China Electric Power University , Baoding 071003, China)

Abstract: Aiming at the issues of poor selectivity of single-terminal protection, and poor speed and high
requirements for data synchronization of double-terminal protection in existing flexible DC distribution net-
work , the protection principle of flexible DC distribution line based on clustering center distance measure-
ment is proposed. The principle only uses single-side current as the characteristic quantity. Different types
of short circuit faults at different locations of the line are simulated, and combined with the actual faults,
the post-fault line currents are collected and processed to form historical data samples. The K-means clus-
tering algorithm is then used to find the best clustering centers under different types of faults, and fault
identification and pole selection are realized by comparing the distance between real-time data and each
clustering center. The proposed principle doesn’t need complex feature extraction and calculation process,
and the complex setting of conventional current protection can be avoided. Finally,the simulation is carried
out in PSCAD / EMTDC, and the results show that the proposed protection principle has good selectivity
and rapidity, and the ability to resist the transition resistance is improved compared with the conventional
current protection based on local information.

Key words: flexible DC distribution network ; clustering algorithms ; clustering center;relay protection; single-
terminal protection;fault identification
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Data-driven multi-output model for short circuit current calculation in
distribution network with IIDGs
YE Ruikai, WANG Huifang, ZHANG Sen,ZHANG Yixiang
(College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)

Abstract: A large number of IIDGs(Inverter Interfaced Distributed Generators) are connected to the distri-
bution network under the “dual-carbon” target,which leads to an increasingly serious contradiction between
the calculation speed and accuracy in short circuit current calculation of distribution network based on
mechanism modeling method. Data-driven modeling method has been proved to be able to solve the contra-
diction effectively. However,single-output model is difficult to meet the demand of multiple calculation output
in practical applications, which may cause a problem of model quantity. Aiming at the above problem, the
multi-output regression modeling and calculation method for short circuit current in distribution network is
proposed. The problem transformation method and algorithm adaptation method are analyzed and compared,
the MTRS(Multi-Target Regressor Stacking),RC(Regressor Chains) and other problem transformation methods
and multi-output neural network method are proposed,which are suitable for solving the short circuit current
calculation problem of distribution network with IIDGs. The pivotal issues such as input feature selection,
performance evaluation index, calculation process and optimization method of hyper parameters are analyzed.
The example shows that the multi-output modeling method can satisfy calculation speed and accuracy simul-
taneously, and the performance of multi-output model is better than that of single-output model, and the
problem of model quantity in single-output modeling method is avoided.

Key words:short circuit current calculation; multi-output regression;inverter interfaced distributed generator;
distribution network ; date-driven modeling
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Table A2 Related parameters of DC lines
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Table B1 Protection judgment results of internal negative-pole-to-ground fault

ML R E (a, b da  de  da des 7 25
T i (0.36, 13.13)  19.38 442 1391 1124  fuifdeHhis
Ly LA (0.23, 13.82)  19.90 3.84 14.00 11.94 fAgEH
A3 (0.77, 12.02) 1840 535 1364 10.08 fibkfhhikha
T i (195, 18.16) 2170 0.94 1289 16.13  futfdeHh s
L, Lapsy (207, 15.99) 2000 123 1228 13.97 Stk
A3 (169, 12.37) 17.86 4.87 1267 10.34 Gkl

% B2 XM IEARIEHDERE (R I T 25 R
Table B2 Protection judgment results of external positive-pole-to-ground fault

bR WROLE B R (a, b dcy deo dis  des H i 45

L, (2,66, 2.76) 1327 1448 1629 092 XAk IR

Ls (127, 1290 1461 1596 1831 112 XAk

B ¥ Ly (3.16, 124) 1273 16.03 17.07 131 XA b/ LR
Ls (274, 331> 1326 1394 1585 143 [XAh#FR/IE

Ls (1.02, 1.02) 1487 1624 1869 149  [XAh#FR/ L

L, (277, 289) 1319 1435 1612 1.09  [XAhwbE/ R

Ls (110, 1.100 1479 16.15 1857 138 XAk

Ly ok Ly (2,65, 0.99) 1324 1624 1758 117 [XAHbR/EHpE
Ls (287, 341> 1315 1384 1569 158 [XAhwkE/ Lk

Ls (0.94, 0.96) 1495 16.30 18.78 158  [XAhk/ I

L, (2.84, 313) 1314 1412 1591 132 [XAhHbR/E R

Ls (0.89, 0.89) 1500 16.38 18.87 1.67 [XAhkE/ Ik

A 3 Ly (267, 1290 1321 1595 17.35 093  [XAhdb/ i
Ls (2.78, 3.24) 1322 1401 1587 138 [XAhkE/ ik

Le (0.96, 0.97) 1493 1629 1876 156  [XAhwk/ i

L (158, 1.62) 1430 1562 17.87 0.68 [X4hha/ Ik

Ls (1.39, 1.49) 1449 1575 18.09 0.90 [X #hiheE/J0 ks

Ep Ly (167, 1.59) 1421 1564 17.82 062 XAk Gk
Ls (173, 1.71) 1415 1552 17.69 050 XMk ik

Ls (1.40, 1.30)  14.48 1594 182  1.02  [XAhihE/ ks

Ly (164, 1.61) 1424 1563 17.83 063 XAk Gk

Ls (0.80, 0.93) 1509 16.34 18.90 1.71  [XAhkE/ i

L. R L4 (192, 1.79) 1396 1543 1750 031  [XAh#bE/ gk
Ls (236, 2.25) 1354 14.99 16.87 033 [XAhHbE/ R

Ls (0.42, 0.42) 1550 16.88 1953 2.33  [X APk IC ks

Ly (170, 1.44) 1418 1579 17.91 072 XAk

Ls (3.15, 2.02) 1274 1525 16.49 1.04 [X &Mk TG

A Ly (207, 1.84) 1382 1539 17.37 020 [XAhbE/ ik
Ls (2.72, 223) 1317 1501 16.62 0.65 [X&hihE/ ik

Ls (153, 3.42) 1447 1382 1668 150 [X Ak ik
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Table B3 Protection judgment results of external bipolar short circuit fault

bR WROLE B R (a, b) de1 de ds  du HlT 45

L, (3.96, 3.81) 1214 1356 14.63 256 X MRS

Ls (270, 2.72) 1323 1452 16229 091 [XHhHBE/HE

R Ls (0.97, 0.92) 1492 1635 1879 159 XA/ ik
Ls (337, 329) 1264 1401 1542 178 [XAMEBEIHE

Ls (241, 240> 1350 1484 1672 047 X HMHBE/FH R

L, (333, 323) 1267 1406 1549 171 [XHMHBESCHE

Ls (217, 219) 1373 15041 17.04 017 [XHMHBEHE

Ly R L4 (1.02, 0.89) 1487 1636 18.77 157 X 4MbE/ R
Ls (355, 3.43) 1247 1389 1519 201  [X AR/

Ls (239, 2.37) 1351 1486 1675 045 X MRS H R

L, (3.03, 398  13.08 1329 1518 215 [XAMERE/EHK R

Ls (219, 221> 1371 1502 17.01 0.20  [X AR/ kb

i Ly (129, 1.36) 1459 1588 18.25 1.06  [X4hHk/ ikl
Ls (361, 356) 1243 1376 1505 215 [XAMERE/IC KRR

Ls (2.03, 201> 1386 1521 17.26 0.08 [X4hkE/ il

Ly (2,74, 277) 1320 1448 1623 0.97  [XAMHRs/ Ik

Ls (2.60, 2600 13.32 1464 1645 0.75 [XHMHBESCH R

R Ly (2.89, 2.88) 13.06 1437 16.04 115 XA H R
Ls (290, 2.89)  13.05 1436 16.03 1.17  [XAMHRE/ Ik

Ls (258, 257)  13.34 1467 1649 071 X MRS

Ly (329, 2.86) 12,66 14.43 1578 144  [XAMHRE/ IR

Ls (154, 1.56) 14.34 1567 17.93 073  [X MM/

L. R Ly (3.38, 294) 1258 1435 1566 156  [X AR/
Ls (3.72, 369) 1235 1365 14.88 231  [X AR/

Ls (157, 1.56) 1431 1568 17.92 0.72 XM/

Ly (342, 333) 1259 1397 1535 1.85  [X AR/

Ls (122, 1.100 1467 1615 18.48 129  [XAhHlE/ i

A 3 Ly (359, 3.11) 1239 1420 1539 1.83  [X AR/
Ls (324, 3200 1275 1409 1557 162 X MR H R

Le (2.26, 226) 1364 1497 1693 0.27  [XAMHRE/ Ik
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Table B4 Protection judgment results of positive-pole-to-ground fault with different fault resistances

MR MO MEEAE (a, b) de1 de des dos 7 45

B (14.74,0.17) 1.77 21.29 14.08 12.77 IEMR

5 e (12.30, 1.36) 358 18.92 13.02 10.21 IR

Hoi (10.04, 0.45) 5.94 18.60 14.40 8.08 IEMR M

R (13.14, 0.40) 2.96 20.18 13.88 11.15 IR

L 10 AP (11.99, 1.56) 3.89 18.57 12.87 9.89 IEMR
Hoi (7.66, 3.09) 8.36 15.23 12.93 5.65 FIWT R 1R

R (11.56, 0.41) 4.46 19.34 14.08 9.59 IR

15 AP (9.24, 129 6.65 17.51 13.88 7.16 IEMR

A (4.36, 0.91) 11.53 16.49 16.58 2.52 F W R

EE (20.59, 2.83) 4.89 23.51 13.06 18.50 IERHe

5 o (15.56, 2.24) 0.78 20.21 12.07 13.45 IR

R i (11.64, 0.86) 4.29 18.99 13.62 9.60 IEARHe

B Ui (18.19, 3.18) 2.84 21.43 11.74 16.12 IEAR 4

L, 10 o (12.05, 2.07) 3.87 18.19 12.36 9.94 N EE3: 0
It (7.74, 0.72) 8.18 17.48 14.99 5.78 F W 5%

B Ui (13.98, 3.46) 2.70 18.25 10.78 11.95 IEAR 4

15 AP (10.54, 2.44) 5.42 17.07 12.35 8.44 IERHe

A (4.49, 1.38) 11.39 16.05 16.13 2.47 F W R R
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