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Fig.1 Topology of independent microgrid
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Fig.2 Simplified topology of independent microgrid
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Fault characteristic analysis and line protection research of independent microgrid
DAI Ming',JIA Ke' ,FANG Yu',YANG Zhe',BI Tianshu',ZHANG Chi®
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. Electric Power Research Institute of Guangdong Power Grid Co. , Ltd. , Guangzhou 510080, China)

Abstract ; Since differences of fault characteristic between converter-interfaced source and traditional generator and
topology of distributed access of converter-interfaced source, it is difficult for traditional distribution network protec-
tion to act quickly and reliably. The analytical expressions of equivalent positive-sequence fault component impe-
dance of different power source branches in independent microgrid are deduced,the variation rules of impedance an-
gle of equivalent positive sequence fault component under influences of load conditions before fault, output current
amplitude after fault and external equivalent impedance with different control strategies are analyzed,and the action
performance difference of positive-sequence fault directional elements at different locations in microgrid is analyzed.
On this basis,a fault direction judgment method is proposed based on phase comparison between positive-sequence
fault component current and the distributed PV ( PhotoVoltaic) current before fault. The start-up logic is constructed
by using increments of PV branch current and PV power reference value to form a locking-type protection scheme,
which is able to remove lines of all types of fault in a minimum range. The correctness of the proposed scheme is ve-
rified by results of PSCAD/EMTDC simulation.

Key words : microgrid ; relay protection ; equivalent positive-sequence fault component impedance ; fault component

based directional relay
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Table Al Positive-sequence voltage, current and fault component of microgrid when fault occurs in K,

- ¥l
bR T e e b &

Up/V  219.39/-60.90° 140.31.2-60.92°  79.08.£119.14°
Ug/V  224.62./-59.33° 142.80/-59.33°  81.82./120.67°
I, /A 116.06 £155.88° 462.22 /-67.45° 552.41./-59.16°
I,/A  116.06£-24.12° 207.14/-47.53°= 110.69.£-72.15°
I3 /A 154.03.2-84.92°  97.21./-84.92° 56.82.£95.08°
I,/A  289.69./-86.18° 184.94./-86.18° 104.75.93.82°
Is /A 205.99./9.18< 361.17.£97.58°  410.76 £127.67°
lg /A 239.23.,119.25° 290.39./119.13° 51.16 £118.57°
I, /A 233.73.120.76° 290.22./120.74°  56.49./120.66°

R A2 Ky AL, A e IO 2% ) A Ak PR SR IE P i 2 BB AL

Table A2 Positive-sequence fault component impedance of each measuring point in microgrid when fault occurs in K;

R R /IQ Bl sl D
AZ, 0.1432 -1.7
AZ, 0.7392 12.82
AZqy 1.4400 25.59
AZ, 0.7549 25.32
AZs 0.1925 -8.53
AZg 1.5457 0.57
AZ, 1.4484 0.01
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Fig.Al Results of direction criterions of load lines connected with single-ended power and power supply lines when fault
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Fig.A2 Results of direction criterions of load lines connected with double-ended power when fault occurs in K,
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Table B1 Positive-sequence voltage, current and fault component of microgrid when fault occurs in K,

- ZHUH
B R 5 Wl B

Up/V  219.38./-60.90°  181.69./-60.90°  37.69.119.10°
Up/V  215.77/-58.78°  183.70/-58.36°  32.09.,118.82°
1L /A 12796 £-139.20° 122.59./-177.15° 81.62.,108.26°
1, /A 127.96.£40.80° 122.58 £2.85° 81.62.£-71.75°
I3 /A 29255./-84.22°  249.08.£-83.81° 43.51./93.43°
I,/A  266.24/-72.65° 645.92./-67.69° 381.37./-64.23°
Is /A 185.23.£43.92° 353.56./87.13°  252.69.£117.26°
lg /A 239.19.7119.14°  287.23./119.27°  48.05£119.91°
I, /A 242.87£121.33° 283.95./121.72°  41.12./124.01°

3R B2 Ko A I, 3k Fi o0 -0 e Ak A S5 3% TE PP i e 43 BB 41

Table B2 Positive-sequence fault component impedance of each measuring point in microgrid when fault occurs in K,

BT NS [EETWeTA
AZy 0.4618 10.84
AZ, 0.3932 10.57
AZy 0.7375 25.39
AZ, 0.0988 3.33
AZg 0.1492 1.84
AZg 0.7844 -0.81
AZ, 0.7804 -5.19
= % [— 03— o —¢5 [ — 4
o -
X
@% 90
=180
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2105506 ]
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Fig.B1 Results of direction criterions of load lines connected with single-ended power and power supply lines when fault

occurs in K,
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Fig.B2 Results of direction criterions of load lines connected with double-ended power when fault occurs in K,
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