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Current protection strategy of active distribution network based on
improved particle swarm optimization algorithm
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Abstract: The connection of large-scale inverter interfaced distributed generators (IIDG) to the active distribution
network leads to the change of the distribution network structure and tends to produce wrong action or no action of
the original current protection device as the permeability increases. Considering IIDG low-voltage ride through and
fault current characteristics, a fault equivalent model and solution method of the active distribution network with
IIDG were proposed. Considering the nonlinear and voltage-control characteristics of 1IDG fault current, particle
swarm optimization was used to solve the fault model iteratively. The current protection setting scheme considering
1IDG access was presented. An active distribution system with IIDG was established by using MATLAB/Simulinnk
to verify the correctness of the fault equivalent model and the effectiveness of the improved solution algorithm, as
well as the rationality of the current protection setting scheme considering 1IDG access.
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Fig. 2 Schematic diagram of IIDG connecting to active distribution network ~ Fig. 3  Fault equivalent circuit diagram of ADN
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Fig. 4 Fault sequence diagrams of ADN when two-phase fault occurs
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Table 1 System parameters and circuit protection configurations when 1IDG access is not considered
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CD 5 1. 715+31. 750 CB3 1. 400 0.476 0.157
DE 8 2. 744+j2. 800 CB4 0.798 0.433 0.105
EL1 2 0. 686-4j0. 700 CB5 — — 0.052
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Table 2 Simulation results and PSO calculation results of three-phase short-circuit fault
(B4 {5 EAE CRAD PSO 5146 AL g (B A X R 22/ % AHAL AR R 352 25/ %6
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Table 3 Simulation results and PSO calculation results of two-phase short-circuit fault
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Iy, pes/kA 0.059(/—0. 95 0.061(/—1.06" 3.39 3.77
ig mcs/A 58. 685 60. 674 3.39
i([.IIIX}3/A 0 0 0 —

HI 3% 3 AT, BEER E A T AR 0 I A s 5 LA 5 PSO TS5 3 18 e B 0090 A B A — B, 43k
B A5 DR L S Al B /N, B BOMI R 22 0 R H 4 iR 25 AR /N . 25 DL b e il i 4 2R L B0 UE T AR BF 9 4
HH ) TG B S5 AR TR (9 T 1 D RO R ik i v M T U TIDG B L 2R G0 1 PR 4 4 A TR
4.2 HRRPEELERSKRE

M IDGL.IIDG2 5 1IDG3 §If: M % 2 2w 9 1 MVA B, K38 A BF 52 B 42 60 ik 5 45 80 % SR i 7 ik
Kl 6 2% TIDG #2 AJ5 45 (A9 8 e AN 4 iR . BLB 45 PR B A AR 0 3 1Bl ol 2 S an 3¢ 5 o, Hop
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Loin T Lo R T BER/N S BRPEVER . R 5 AT LLE H L 45 B AR 303 BBl ol 2 B0 23 e 225Kk,
x4 ZEIUDCGENEHNERRIPLEREEHE

Table 4 Current protection position and setting values after IIDG access are considered

2L 4 R KB /km FH#E/Q R4 4 5 1l /kA 11 /kA 1" /kA
AB 2 0. 686-+j0. 700 CB1 5.639 0.583 0.262
BC 3 1.029-+j1. 050 CB2 2.690 0.530 0.210
CD 5 1.715+j31. 750 CB3 1.415 0.482 0.157
DE 8 2.744-+j2. 800 CB4 0.863 0.438 0. 105
EL1 2 0. 686+j0. 700 CB5 — — 0.052
AF 2 0. 686-+j0. 700 CB6 5.647 0.832 0.210
FG 3 1.029-+j1. 050 CB7 2.658 0.756 0.157
GH 6 2.058+j2. 100 CB8 1.328 0. 687 0.105
HL2 2 0. 686-+j0. 700 CB9 — — 0.052

x5 ERAPEESIREE

Table 5 Protection range or sensitivity of each segment

2 % 4% B S AET RS2 1B /% LB,/ % IES I B3 5 %% I Bt it /5 4%

AB CB1 29.124 76.952 5.683 12. 647 6.612
BC CB2 28.063 68. 507 3.283 8.303 4,583
CD CB3 27.915 65.275 1.973 6.051 3.506
DE CB4 18. 872 61.986 1. 300 5.430 4. 906
EL1 CB5 — — — 9.811 —
AF CB6 28. 856 77.098 4.037 16. 029 8. 284
FG CB7 27.541 67.954 2.296 11.045 5.593
GH CB8 31. 895 67.465 1. 300 8.523 7.301
HL2 CB9 — — — 14.602 —

VAEL 6 W BEZR E A AE = A0 4 Jm 1 i A B8] 43 i) FH 358 Al %) o —F 0 B 0 DA R LAt FH A A B8k 5 AR i o
WCHE T 0 RE - 8 B3k X e e A5 B R AT SR L I X L IR SIS R X LS R N ER 6 Frs . N 6 TTLLE . K
# PSO B b6 38 I BE AR B/ W IR R O3 A 5 31, 8 ROk Bods /N T 25 il PSO 5 Hofth w IR AL 3 2

(7] Fsf o 5 SR 3 A SR A it AR M S5t G X L an 11 9 Bz, W LA Y el I 14 980 3 1A T 4 ) 48 R e T L sk
R A A0 T R R R SR R A LA B SR T G S PSO B3 X i RS Y SR 1) A RO

Fo6 EHiEWHHBERRTLL

Table 6 Comparison of algorithm convergence

Bk AR 1) 4R 38 10 B A W S5 AR TR B W SR B 100 W 3EARE J B
WS 3 240 34 1.423%10 " 4.629x10"’
AR 4038 47 9.774%10°° 1.210%x10°
REHLR Bk 4107 54 2.248%X10° 3.885%10 °
ek PSO 5%k 3621 29 1.815%10 ° 6.635x10 "
KIEER=N A7 4027 23 8.479x10 ° 1.214%X10 '
M PSO B3k 3225 16 1.677X10° 8 1.663x10" "
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