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Inverse-time current protection method of a microgrid based on a composite fault compensation factor
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Abstract: In order to solve the problem of the influence of an inverter interfaced Distributed Generation (DG) on the speed
and coordination of microgrid protection, an improved inverse-time microgrid current protection method based on composite
fault compensation factor and a Beetle Antenna Search (BAS) algorithm is proposed. First, by analyzing the voltage
distribution characteristics of the protection installation at the time of the fault and combining the characteristics of the
measured impedance, a composite fault compensation factor is constructed. This solves the problem of long time delay
caused by the short-circuit current changes in inverse-time overcurrent protection and improves the speed of protection. In
addition, in order to solve the problem of microgrid protection coordination caused by factors such as DG access and changes
in the operation mode of microgrids, the BAS algorithm is used to optimize the parameters of improved inverse-time
overcurrent protection to ensure the coordination and cooperation of adjacent protections. Finally, a microgrid simulation
model is built in DIgSILENT/PF software to verify the effectiveness of the improved method. The simulation results show
that compared with the traditional inverse-time overcurrent protection, the improved protection method significantly
improves the speed performance and meets the coordination requirements under different operating modes and fault
conditions of the microgrid.
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Table 1 Simulation parameters of the microgrid model
Aot ZH
DG 1/DG 2/DG 3 1500/100/200 kW

Line 1/Line 2/Line 3/Line 4/Line 5
Load 1/Load 2/Load 3/Load 4/Load 5
HLE/Ji% (PCC)

0.01+j0.015 /km, 1 km
300/100/200/200/400 kW
0.4 kV/50 Hz

2 RIPSHNNHEEE
Table 2 Optimized setting of protection parameters

(Sial k=3 Lo /11 DS, a,
R1 1.796 6 5.908 7 0.0200
R2 2.0557 5.592 4 0.020 1
R3 2.900 3 1.3793 01727
R4 1.180 4 3.0439 0.0200
R5 3.2550 0.852 6 0.052 4
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Table 3 Protection operation delay of different fault locations during grid-connected operation

o I-ITOCR ITOCR
W P B

PR BR PR BR CTI
F1 02797 — 0.796 3 — —
F2 01451 05127 0.367 6 0.5430 1.1279 0.5849
F3 0.002 7 0.377 2 0.3745 0.090 4 0.646 4 0.556 0
F4 0.208 6 — 0.464 0 _ _
F5 0.022 6 0.4280 0.405 4 0.1179 0.724 1 0.606 2
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Fig. 4 Bus voltage during F2 point three-phase fault
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Table 4 Protection operation delay of different fault types during grid-connected operation
I-ITOCR ITOCR
[

PR BR CTI PR BR CTI
A 0.002 7 0.3743 0.3716 0.1005 0.674 2 05737
B 0.007 8 0.448 6 0.440 8 0.108 5 0.6712 0.562 7
c 0.002 7 0.3883 0.3856 0.0959 0.6820 0.586 1
D 0.002 7 0.377 2 0.3745 0.090 4 0.646 4 0.556 0
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Table 5 Protection operation delay for different fault locations during islanded operation
B I-ITOCR ITOCR

PR BR CTI PR BR CTI
F1 0.1772 — — 14773 — —
F2 0.1248 0.484 3 0.3595 0.793 6 1.780 8 0.987 2
F3 0.002 9 0.449 1 0.446 2 0.094 2 0.8713 0.7771
F4 0.167 1 — — 0.876 3 — —
F5 0.034 1 0.461 6 0.427 5 0.176 6 1.198 3 1.0217
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Fig. 5 Bus voltage during F1 point three-phase fault IR TE o
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Table 6 Protection operation delay for different fault locations during islanded operation

s I-ITOCR ITOCR
R
PR BR CTI PR BR CTI
A 0.002 6 0.409 3 0.406 7 0.1271 1.047 8 0.9207
B 0.0135 0.4745 0.4610 0.1448 1.0390 0.894 2
C 0.002 7 04213 0.418 6 0.106 2 0.944 8 0.838 6
D 0.002 9 04491 0.446 2 0.094 2 0.8713 0.7771
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