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Fig.1 Schematic diagram of multi-microgrid system
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Fig.3 Current and voltage vector graph of
A end for pre-and post-fault
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Fig.4 Current and voltage vector graph of
A end for pre-and post-fault
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Fig.5 Current and voltage vector graph of
A end for pre-and post-fault
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Fig. 6 Current and voltage vector graph of
A end for pre-and post-fault
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Table 1 Phase difference change information of
measured admittance of A end for pre-and post-fault
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Fig.7 Simplified structure of multi-microgrid system
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Table 2 Change information of measured admittance
for both ends of the tie lines for pre-and post-fault
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Fig.8 Multi-microgrid structure with protection system
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Fig.9 Multi-microgrid protection scheme
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Fig.10 Simulation model of multi-microgrid
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Table 3 Capacity of DGs and loads in multi-microgrid
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LD1:1 500+j15
! DG1:500 LD2:1 200+j30
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3 DG3.400 LD4:1 200+j30

LD5:900+j27
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Table 4 Measured admittance results of
tie lines before fault occurs

W2 2 T 16, | @/ (%)
A 0.019 -9.73

AB
B 0.019 170.6
C 0.022 -11.93

cD
D 0.023 168.92
D 0.017 -12.03

DE
E 0.018 168.83
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Table 5 Measured admittance results of
tie lines when F1 fault occurs

IRERER 1 /(%) ‘ Gy; ‘ ‘ G/ G, ‘ Ag;/(°)

A 109.63  0.047 2.47 119.36
AB B -66.89  0.038 2.00 122.51
C -46.5 1.25 56.82 -34.57
0 D -4535 0.313 13.61 145.74
D 112.38  0.099 5.82 124.41
be E -64.62  0.043 2.39 126.55
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Table 6 Measured admittance results of
tie lines when F2 fault occurs

R LR W5 @u/(°) ‘ Gy; ‘ ‘ G,/ G; ‘ Ag./(°)

A -42.54  0.020 1.05 -32.80
AB B 124.51  0.019 1.00 -46.80
. C -50.51 0.419 19.05 -38.56
v D 130.89  0.420 18.26 -38.03
D -49.71  0.804  47.29 -37.68
bE E -42.51  0.155 8.61 148.66
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Table 7 Measured admittance results of
tie lines when F3 fault occurs

BRERER 5 @i/ (°) ‘ Gy; ‘ ‘ G,/G; ‘ A/ (°)

A -9.74 2.21 116.32 -32.51
A B 170.57  0.193 10.16 173.72
C -11.92  0.104 4.73 118.79
v D 168.95  0.062 2.69 111.8
D -12.02  0.026 1.53 170.56
bE E 168.84  0.019 1.06 168.63

OIHT R T AL, R R TR AR AB Y S ) 1
PR E I BT WSS 1 R A 40 1t
2444 i ) 0 A W (LS A AN A, AN 2 90 1
BB B P S A, B PR I 0 N R A AR 22
O3 =32.51° 0 173.72° i I 48 2, FAt 2 %



SR A5 TN AL A R RO s e P T 73

i PR AH A 25 BT 90° ~ 270° Z [a] , RV 2 A4 2. K
BEAE N AEHREZRER AB |

Hy LA A7 B A5 2R AN, R i e T e
25 25 W v 0 5 29N W (LR A 22 7 AL S R 0 B
— 2. FUA I 45 4 W s B e N 5 44 72 A )
P A2 2 PR AP, SE BRI T RE

6 £iF

SCHX R R T A S K 2% G L I B ) PR A
SPEAT T BRI AT I Mo 255 TR R A
I T 4 5 0 - 94 1 i (R AL £ 22 AR RRAIE , 48 1
T b T R 2 0 S A ) Gl F, O P TS K 4% G
PRAP DT 58 0 2007 58 18 Sl e L IR 45 24 G i il
HI S D0 2 Vi 728 A B o BE DLk Rk B, RS
T3 LU0 S AL 3 5 4 I TR s ) < A A £ 8 Al i
HERA TFUN I PR IR 2 42, I ok AR /0N 1 B 2 6 A 9
Bl , 4 0 1 B B 0 Bsf R o G SO0 90 o L
PRI 5 I 11 W {155 8 e T ) MR EL =2 LG, AR A L
R A R I AR A - IR RO AR AR 2 22 i R
ANl BN 5 A ) 7 A R R, SE IR TR e
PR BRI IA R o 5 22 SR A 1L, SO fd
AR AR 71 22 3R e — AR A RO L, R AT 0 %
PERE L ER . BT A7 3 A s R A0 s I
Y, X H PO A A AN [ e B AT 7 O L,
SRR T I B AA R . T, R A R PR
BRI, ik R BHLAOR, AT RE R BRI 7 AT O3
KRR JES LA BRI | 25 e ) P 3
AR L R Gl T R A1 S s s ) DR 4 SR g R AT
WEFE, IE 45 G e I 3 P T K 20 0 i I 1) DR 4 3R
W, $ ) 52 1 H S R DR AP T 2
SEH:

(1] #Ebk, BRI ¥ PO AL RUOR I AE 1T B Utk 4
[J]. s TR A, 2017, 36(6) :138-143.

CUI Lin, TANG Yiyuan. Optimal operation and sensitivity anal-
ysis of the combined cooling, heating and power system[ J]. E-
lectric Power Engineering Technology, 2017, 36(6) ;138-143.
SCHEE, FITTE, BAR, . ST 2t ) R KU R A9 L
L RE R ISR TS (], i ) TAREOR, 2018, 37(3) .
123-128.

WEN Lingfeng, DANG Guangyu, TIAN Wei, et al. Research

[2

()

on micro-grid energy management system based on multi-time
scale[ J]. Electric Power Engineering Technology, 2018, 37
(3):123-128.

(3] F/NF, BRiedR, FARWT, 45 — R BESE s & OH B 321
P s L] B TEOR i, 2017, 32(10) ¢ 123-134.
ZHOU Xiaoping, CHEN Yandong, ZHOU Leming, et al. A mi-

crogrid cluster structure and its autonomous coordination control

strategy [ J ]. Transactions of China Electrotechnical Society,
2017, 32(10) . 123-134.

XN, AEME. S SNACH P 2180 R 1] D A OpR AR I 5
[J]. AT FAEfEIR, 2017, 35(11) ; 1639-1646.

LIU Jianfei, XIONG Xiong. Multi-microgrids power optimal dis-

IN
[

patch under active distribution system [ J]. Renewable Energy
Resources, 2017, 35(11) . 1639-1646.

AT, R, SAIGRAT, A — A s E R U YR
W I R R AR P T S LT O R R S
2016, 44(22) .24-31.

ZHOU Ning , LEI Xiang, JING Xiaorui, et al. Adaptive over-

—
W
—

current protection scheme for distribution network with high pen-
etration rate of DG[ J]. Power System Protection and Control,
2016, 44(22) . 24-31.
(6] FUUR, K, H%, 4. A0 2l I T8 B v T
SR IE DS [T]. B R G R 54, 2015, 43
(22).1-9.
YIN Xianggen, ZHANG Zhe, XIAO Fan, et al. Study on short-
circuit calculation model of distributed generators and fault anal-
ysis method of power system with distributed generators [ J].
Power System Protection and Control, 2015, 43(22) . 1-9.
(7] R4rar, £, 2R, . &=k T 190 i A 7]
BRI 23 B [J]. b E A HL TR A= 4k, 2013, 33(1):
130-136.
WU Zhengrong, WANG Gang, LI Haifeng, et al. Analysis on
the distribution network with distributed generators under phase-
to-phase short-circuit faults [ J ]. Proceedings of the CSEE,
2013, 33(1) . 130-136.
(8] Mfli, HGER, BR, &5 ST Hp IR Al it IR L O fE
W L PR g 1 e (T ). B RGE A gk, 2014, 38(15)
93-99.
CONG Wei, TIAN Chongwen, ZHAO Yishu, et al. Massive
date processing of intermittent energy based on map reduce
model[ J]. Automation of Electric Power System, 2014, 38
(15): 93-99.
[9] DEWADASA M, GHOSH A, LEDWICH G. Protection of mi-
crogrids using differential relays[ C] //21st Universities Power
Engineering Conference (AUPEC) , Australasian, 2011 1-6.
[10] iR, PNERE, EIE0A,4F. JE T AR Ml i A &
RrfRgr gy (3], b [ ol LT R 2% 4R, 2014, 34(10)
1650-1657.
JIA Qingquan, SUN Lingling, WANG Meijuan, et al. An a-
daptive protection method for micro-grid based on node search-
ing [ J]. Proceedings of the CSEE, 2014, 34 (10).
1650-1657.

[1L] KRR, BT, EBEE. 200 X L A 0F T AT R L i A
P& I]. RS A Sk, 2008, 32(20) :50-56.
LIN Xia, LU Yuping, WANG Lianhe. New current protection
scheme considering distributed generation impact[ J]. Automa-
tion of Electric Power System, 2008, 32(20) : 50-56.

[12] MU L, HAN H, JIANG B, et al. Microgrid protection based

on principle of fault location[ J]. IEEE Transactions on Elec-



A LBRA

[

—

[

trical and Electronic Engineering, 2016, 11(1): 30-35.
WK, KA, B, % ESEHE R HARDIE
[J]. ERPLCER, 2013, 33(22): 12-18.

FAN Mingtian, ZHANG Zuping, SU Aoxue, et al. Enabling
technologies for active distribution systems[ J]. Proceedings of
the CSEE, 2013, 33(22) . 12-18.

WET, B, T, %, 9 PQ HH AL R X IR
FOCH P SRR A 7 [T ] P IR L DA 24l , 2014, 34
(4) . 555-561.

PAN Guogqing, ZENG Dehui, WANG Gang, et al. Fault anal-
ysis on distribution network with inverter interfaced distributed
generations based on PQ control strategy [ J]. Proceedings of
the CSEE, 2014, 34(4) . 555-561.

SRR, RIEtE, FROCH]. TR A T R i
JAPELT]. I RG E B, 2016, 40(3) : 90-96.

HAN Haijuan, MU Longhua, GUO Wenming. Adaptability of
microgrid protection based on fault components [ J ].
Automation of Electric Power System, 2016, 40(3) : 90-96.
T, BRardy, BOIg, 5. BCr RO B0 T 20 B
REJI T[], BEIAR, 2015, 39(3) : 682-689.

YU Lei, CHEN Qifang, DUAN Liming, et al. Analysis on in-

(197 ya. BAREMAEIRIM[ C] /2015 48 v R AE v I 22 RS

£, 2015.

LU Qiang. Smart micro-energy grid[ C] //2015 China’s Smart
Grid Conference, 2015.

EWE, £I, #Je, %, IR M E M5 MET5
— s [T, B B ML DR AR R, 2015, 35(17):
4388-4396.

WANG Panbao, WANG Wei, MENG Nina, et al. Unified
control strategy of islanding and grid-connected operations for
DC microgrid[ J]. Proceedings of the CSEE, 2015, 35(17) .
4388-4396.

B, BB, TR T R AR 2 BT BOR 8 DR B
[J]. EMEA, 2015, 39(6) . 1469-1476.

ZHAO Min, CHEN Ying, SHEN Chen. Characteristic analysis
of multi-microgrids and a pilot project [ J ]. Power System
Technology, 2015, 39(6) . 1469-1476.

Zot, AIpe, SoCW, AE T RR N A S A AL R RO
WL T]. AR, 2015, 39(6) :1751-1758.

JIANG Bin, MU Longhua, GUO Wenming, et al. Microgrid
protection based on change of measured bus admittance [ J].

Power System Technology, 2015, 39(6) :1751-1758.

terconnectivity of multi-microgrids under fault condition of dis-
tribution network [ J ]. Power System Technology, 2015, 39 YEE A
(3): 682-639.

KROPOSKI B, LASSETER R, ISE T, et al. Making microgrid
work[J]. IEEE Power and Energy Magazine, 2008, 3(6) :
40-53.

SOSHINSKAYA M, CRIJNS-GRAUS W H J, GUERRERO ]
M, et al. Microgrids; experiences, barriers and success factors
[J]. Renewable and Sustainable Energy Reviews, 2014, 40
(1): 659-672.

FKIL(1990) , 5, WA, BT [l it
LR LB e AL AR 4 5 4R ) (E-mail ;
1310491@ tongji.edu.cn) ;

g (1963) , 55, HH%, T+ A= 5 0,
FEIT I A I R GEAR LR A A S
F, g LA K% H, BB B o 5

B (1981) 58 WL, i G AR, ZE
o HL AR T ST AR .

[

[

Protection scheme for tie lines of multi-microgrid based on measured bus admittance

ZHANG Fan', MU Longhua', QIU Jin®
(1. College of Electronics and Information Engineering, Tongji University ,Shanghai 200092, China;2. State Key
Laboratory of Power Grid Environmental Protection( China Electric Power Research Institute) , Wuhan 430074, China)
Abstract: With increasing interconnection and interaction among the adjacent microgrids, multi-microgrid is formed. Multi-
microgrid has many new characteristics, such as bi-directional power flows, flexible operation modes and different control
strategy of inverter interfaced distributed generations (IIDGs), which challenge multi-microgrid protection. Based on the
voltage and current distribution characteristics of the line parameters, this paper proposes a new protection scheme for internal
tie lines fault of multi-microgrid, which takes the change of measured bus admittance as the criterion. First, measured
admittance amplitude of both ends of tie lines, before and after the fault are calculated. Then, comparing the admittance
amplitude to select the likely faulty lines. Finally, fault line is located on comparison the phase of measured admittance among
the likely faulty lines. This scheme with high sensitivity and reliability, has a simple principle and is easy to be adjusted.
PSCAD/EMTDC is used in simulation analysis, and simulation results have verified the correctness and effectiveness of the
protection scheme.

Keywords : multi-microgrid ; inverter interfaced distributed generations;tie lines ;protection scheme
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