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Abstract: When microgrids operate in different modes such as grid connection or islanding, the changes of network topology pose high
requirements for the coordinated protection strategy of substation secondary systems. Therefore, a substation secondary system
protection strategy based on combining the improved gray wolf optimization (GWO) and particle swarm optimization (PSO) algorithms
is proposed. Firstly, the mathematical model is established with the goal of minimizing the total operating time of all relays in the
substation ; Then, for the coordination optimization problem of overcurrent relays , the gray wolf optimizer and particle swarm optimization
are combined, the improved GWO-PSO algorithm are used to solve the model; Subsequently, a central protection center, intelligent
electronic devices and communication channels are used to obtain and transmit real-time data, and relay protection strategies for
substations in different modes of microgrids are proposed. The simulation results show that compared to traditional methods, the
proposed method has faster calculation speed and can significantly improve the speed of protection system.
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Table 1 Primary and backup relay pairs
(A F a4k aE =4k A

F1 R1, R2 R10, R4
F2 R1, R2 R10, R4
F3 R3. R4 R1, R6
F4 RS, R6 RIL, R6
F5 RS, R6 R3, R8
F6 R7,R8 RS
F7 R7,R8 RS
F8 R9, R10 R2,R12
F9 R9, R10 R2,R12
F10 R11,R12 R9, R14
F11 R11,R12 R9, R14
F12 R13,R14 R11, R16
F13 R13,R14 RI11,R16
F14 R15,R16 R13
F15 R15, R16 R13
F16 R15, R16 R13

FFRIELECT , 4K L A% R o FH AR H 2 A SRt
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F2  FEMEESCR Lk B 25 B0 B 18 RO 1M B ) i B
Table 2 Relay operating time and CTI for grid
connected mode

ESGER N Vi EL )

MO Tk gﬁ% fER BEMER CTUs
[8]/s [8]/s

Fl R1 R10 0.611 0.926 0.316
R2 R4 0.811 1.495 0.681

" R1 R10 0.926 1.358 0.442
R2 R4 0.842 1.168 0.326

M3 R3 R1 0.495 0.811 0.316
R4 R6 0.611 0.989 0.382

¥4 R3 R1 1.168 1.526 0.355
R4 R6 1.000 1.316 0.316

Fs RS R3 0.295 0.621 0.326
R6 R8 0.358 0.726 0.371

6 R5 R3 1.316 1.632 0.316
R6 RS 1.074 1.432 0.358

F7 R7 R5 0.046 0.358 0.316
F8 R7 R5 0.052 0.453 0.413
9 R9 R2 0.612 0.926 0.316
R10 R12 0.811 1.389 0.587

F10 R9 R2 0.926 1.768 0.864
R10 R12 0.800 1.126 0.326

Fl1 R11 R9 0.495 1.042 0.316
R12 R14 0.611 0.811 0.425

F12 R11 R9 1.134 1.487 0.354
R12 R14 0.947 1.263 0.316

F13 R13 R11 0.304 0.620 0.316
R14 R16 0.365 0.739 0.374

Fl4 R13 RI11 1.263 1.589 0.316
R14 R16 1.102 1411 0.316

F15 R15 R13 0.052 0.365 0.316
F16 R15 R13 0.056 0.428 0.374
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Fig.2 Performance comparison of optimization
algorithms
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Table 3 Setting calculation results under islanded and

I IET S J] E] 5 5 435 A 20K L 25 28] T 5 48 14 38 1
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PSP ERENE . R 2 AT LR Y, B s
B (14 DA [ ] B 2475, T 2 B 1R 0.3 VAR A,

grid connected modes s
¢ Yt 1 Yisi2 Y53 Yt 4
ARG TMS TMS TMS T™MS
R1 0.164 0.127 0.116 0.163
R2 0.182 0.170 0.213 0.181
R3 0.103 0.164 0.264 0.102
R4 0.246 0.181 0.253 0.246
RS 0.051 0.218 0.324 0.050
R6 0.321 0.168 0.153 0.320
R7 0.031 0.159 0.138 0.028
RS 0.529 0.196 0.302 0.528
R9 0.127 0.144 0.144 0.126
R10 0.236 0.163 0.199 0.234
R11 0.151 0.166 0.070 0.149
R12 0.140 0.185 0.239 0.140
R13 0.074 0.175 0.226 0.074
R14 0.184 0.169 0.141 0.183
R15 0.028 0.133 0.118 0.028
R16 0.272 0.190 0.298 0.271
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