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Improved graded load reduction strategy for resilience enhancement of an active
distribution network in a typhoon
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(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology, Ministry of
Education (Northeast Electric Power University), Jilin 132012, China; 2. Jinzhou Power Supply Company,
State Grid Liaoning Electric Power Co., Ltd., Jinzhou 121000, China)

Abstract: To improve the resilience of an active distribution network in a typhoon, a resilience enhancement method for
the network considering both hierarchical load reduction and hierarchical load reduction is proposed. First, the typhoon
with strong wind and a rainstorm is considered for its influence on the distribution network. The Batts typhoon wind field
model and a rainstorm pressure model is established to implement the quantitative analysis of the distribution network
element failure rate. Then the Monte Carlo method is used to simulate the active distribution network fault scenarios in a
typhoon, and a system information entropy for scenario selection is used to determine the fault scales. Second, a graded
load shedding strategy for the active distribution network is proposed, one which considers both the maximum first-level
load survival and the load shedding logic at the same level in the fault islands. Next, four active distribution network
resilience evaluation indices are proposed, i.e. comprehensive robustness, first-level load loss speed, loss rate and total
load curve area loss ratio. The hybrid GA and PSO algorithm is used to efficiently analyze the distribution network
resilience assessment model. Finally, based on the Matlab 2020a simulation platform, an actual distribution network and
an IEEE 118-node test system are established to verify the correctness and effectiveness of the proposed active
distribution network resilience assessment method considering graded load shedding in a typhoon.

This work is supported by the Joint Project of Commission of National Natural Science Foundation of China-Smart
Grid of State Grid Corporation of China (No. U2066208).
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Fig. 8 Time-varying failure rate of distribution lines
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Table 1 Resilience evaluation index results of case 1

ARCEiELAY R. VS (MWA)  R™ Ip
JR AR T HEL ) 0.0849 0.2158 0.4205  0.3528
B ARTC HL 0.1165 0.1160 0.2166  0.4919

A& JEARBE M 0.1165 0.1046 0.2038  0.4919
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FH T 26 AR FELYR O AE S 58 4 S FE I F T
IRBEAN, EEERBERIEE] 150%)5, X —
BTG R IIRET R EAKIAE, MM 150%
Bzl 600%, —HAAATIEFNSET T 5.56%.

m gt

SaL = (23)

[ W% =t )

TR

20 50 60 80 100 150 300 600
HARIBIE R /%

E 15 RRBBEBRN A EFRERNZIN
Fig. 15 Effect of PV permeability on load survival rate
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2 (13)— N (16) 1 H 45 2 & KRS T 1%
IEEE118 77 55 e H MBI R AR 45 SR R 2 Fros.
F 2 ATGN, 5 EUAATC H AT B4l e N Ol AR TR HA )
FHEE, 25 REA SR H 1R 67 A 0 % MBI J5 1 R
— AT IR I TR FE VS A RIBRR T 78.97% AN
9.88%, —HAMBRE RI™ 53 AIFEE T 61.82%A1
48.33%, P35 Ll e B gt N AR A L X &
KT 3.07%. MIIFHRIGAE T A SCHTH 7V 1H 3L
PR ST R

=2 Ef 2 HIMEITEERE R

Table 2 Resilience evaluation index results of case 2

LRI Re  V™/(MWh)  R™ Iy
JR AE T LX) 0.1469 0.5377 0.6991  0.3072
AR H Y 0.2066 0.1255 0.5165  0.5239
A& JCRAL M 0.2066 0.1131 0.2669  0.5239
:l: ~
4 zn 'l«%

ARICEI R B R FE RS, e —Fhodt 7 20m
Mis% A

B L BEC LIRS T k. AL LR SR
B IR 983 XU R A S P ) T FEL A e i e
B, RIE T Monte Carlo VEHEEIDLK) #3755 BEAE 42
T 2Rl e 5 R RS L, A T BB
PIIVECE (S R HERR PR . 85 s 0 SR HIRL, R4S &
TRl R AR 5 0 A FO AR Th R I e i S AR 1 [
HIBHAS N SN, A RURIE T & X F TR X 32 5)
Pic F X B B 0 i PR S SR A, TR AE—ERRE 1
BERAER DR 2% MG o 2SR B HEL I 4510 A1 TEEE 118 719 53
DK ARG TGN ISAE 1 PR I3 I AN R 90 4N EC L R
A B ANE

ASCRAET G MRE T 1B A E i Fe s A
W BURIBIVEIR T IS, RS sRa 5 ISR i E
SR O, R TR LB A R At
FEWMESR T BRI et — Dot

RAM XEECEMESH

Table A1 Specific parameters of the area distribution network system

FF 5 RN AR HUB SRRV FLRYS 2 /km 2k FLFH/Q LR FLTT/Q

| QG oz 110 LGJ-70 26.90 12.105 11.621
LGJ-120 27.10 7.317 11.084

2 QzZ RM 110 LGJ-95 43.398 14.321 18.054
3 RM MS 110 LGJ-150 70.108 14.723 28.254
4 QzZ YF 35 LGJ-70 23.71 10.670 9.531
5 YF DS 35 LGJ-95 8.90 2.937 3.435
6 QZ MZ 35 LGJ-150 7.43 1.560 2.771
7 QzZ ZG 35 LGJ-120 9.658 2.615 3.671
8 zG LH 35 LGJ-50 8.62 5.430 3.551
9 QZ LD 35 LGJ-150 8.23 1.728 3.070
10 QzZ JS 35 LGJ-70 19.80 8.910 7.960
11 JS ZH 35 LGJ-50 18.35 11.561 7.560
12 ZH X 35 LGIJ-50 18.34 11.554 7.556
13 QG YC 35 LGIJ-50 16.08 10.130 6.625
14 QG XH 35 LGJ-50 22.71 14.307 9.357
15 MS TD 35 LGJ-70 19.018 8.558 7.645
16 TD CD 35 LGIJ-50 12.24 7.711 5.043
17 TD YL 35 LGJ-70 5.00 2.250 2.010
18 MS TQ 35 LGIJ-50 14.32 9.022 5.900
19 MS SX 35 LGIJ-50 9.00 5.670 3.708
20 SX YJ 35 LGJ-120 8.90 2.403 3.373
21 MS AG 35 LGJ-70 26.00 11.700 10.452
22 AG FR 35 LGJ-70 2.60 1.17 1.045
23 AG GR 35 LGJ-50 13.10 8.253 5.397
24 AG XR 35 LGIJ-50 12.37 7.793 5.096
25 JAG QZ 110 LGJ-150 1.9048 0.400 0.767
26 MSG MS 110 LGJ-150 2.197 0.4614 0.885
27 QG YF 35 LGJ-95 1.86 0.614 0.718
28 YC SX 35 LGJ-50 7.72 4.864 3.181
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% A2 IEEE 118 TR AZHEYEIARIRELR
Table A2 IEEE Typical fault scenario for a 118-bus system

89-90. 96-97. 28-29. 5-6. 43-44. 8-9. 59-60. 65-66. 80-81. 78-79. 87-88. 104-105. 2-10- 19-20. 2-3. 16-17. 40-41.
24-25. 74-75 75-76+ 56-57. 100-101. 1-2. 84-85. 91-92, 115-116. 45-46. 31-32. 34-35. 90-91. 35-47. 82-83. 48-49.
52-53. 47-48. 83-84. 67-68. 68-69. 107-108. 71-72. 26-27. 41-42

TR BRI

1. 142, 1.5+ 1.67. 1.75+ 1.92, 2.17. 242, 2.67. 2.83. 2.92. 3.17. 3.5, 3.83, 4.08. 4.33, 4.58. 4.92. 5.08. 533.

SRt NI Z/h 5.5, 5.58. 5.75. 5.92. 6.33. 6.67. 6.83. 7. 7.33. 7.42. 7.58. 7.75. 8. 8.25. 8.58. 8.75. 8.92. 9.25. 9.5. 9.83.
10.08. 10.67
PV1 500 PVII 1000
PV2 1000 PVI2 500
PV3 500 PV13 500
PV4 500 PV14 500
G 6K HL IR PV5 500 PVI15 500
wRA 1AW PV6 500 PV16 500
PV7 1000 PV17 500
PV8 500 PVI18 500
PV9 1000 PV19 500
PVI10 1000 PV20 500
A5 1-30: 30% AT 30% A 40% = 2R GifiE
e — AT R 31-60: 40%— L Fifns 60% 2] 5 ga
R 61-90: 40% L fifrs 60% =45k fiifa
TR 91-118: 50% &k fifars 50% =4k fitfaf
# A3 IEEE 118 T RGEH
Table A3 Specific parameters of IEEE 118-bus system
,ﬂﬁ Eum o R 2 ’ééfﬁ AW X% Eu O KU 2L 2k AW
W5 R WA L FH/Q HP/Q 5 T A L EH/Q B Q
1 0 1 0 0 0 60 59 60 0.338 0.1218 80.551+j49.156
2 1 2 0.036 0.01296 133.84+j101.14 61 60 61 0.207 0.0747 95.86+j90.758
3 2 3 0.033 0.01188 16.214+j11.292 62 61 62 0.247 0.8922 62.92+j47.7
4 2 4 0.045 0.0162 34.315+j21.845 63 1 63 0.028 0.0418 478.8+j463.74
5 4 5 0.015 0.054 73.016+j63.602 64 63 64 0.117 0.2016 120.94+j52.006
6 5 6 0.015 0.054 144.2+j68.604 65 64 65 0.255 0.0918 139.11+j100.34
7 6 7 0.015 0.0125 104.47+j61.725 66 65 66 0.21 0.0759 391.78+j193.5
8 7 8 0.018 0.014 28.547+j11.503 67 66 67 0.383 0.138 27.741+j26.713
9 8 9 0.021 0.063 87.56+j51.073 68 67 68 0.504 0.3303 52.814+j25.257
10 2 10 0.166 0.1344 198.2+j106.77 69 68 69 0.406 0.1461 66.89+j38.713
11 10 11 0.112 0.0789 146.8+j75.995 70 69 70 0.962 0.761 467.5+j395.14
12 11 12 0.187 0.313 26.04+j18.687 71 70 71 0.165 0.06 594.85+j239.74
13 12 13 0.142 0.1512 52.1423.22 72 71 72 0.303 0.1092 132.5+j84.363
14 13 14 0.18 0.118 141.9+j117.5 73 72 73 0.303 0.1092 52.699+j22.482
15 14 15 0.15 0.045 21.87+28.79 74 73 74 0.206 0.144 869.79+j614.775
16 15 16 0.16 0.18 33.37+4j26.45 75 74 75 0.233 0.084 31.349+j29.817
17 16 17 0.157 0.171 32.43+j25.23 76 75 76 0.591 0.1773 192.39+j122.43
18 11 18 0.218 0.285 20.234+j11.906 77 76 77 0.126 0.0453 65.75+j45.37
19 18 19 0.118 0.185 156.94+j78.523 78 64 78 0.559 0.3687 238.15+j223.22
20 19 20 0.16 0.196 546.29+j351.4 79 78 79 0.186 0.1227 294.55+j162.47
21 20 21 0.12 0.189 180.31+j164.2 80 79 80 0.186 0.1227 485.57+j437.92
22 21 22 0.12 0.0789 93.167+j54.594 81 80 81 0.26 0.139 243.53+j183.03
23 22 23 1.41 0.723 85.18+j39.65 82 81 82 0.154 0.148 243.53+j183.03
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R A3
szﬁ R R (2 ’éiéfﬁ AW B EI O K (2 B AW
R S HFH/Q HBHQ My TRl TR HLBE/Q B Q
24 23 24 0.293 0.1348 168.14j95.178 83 82 83 0.23 0.128 134.25+j119.29
25 24 25 0.133 0.104 125.114j150.22 84 83 84 0.252 0.106 22.714j27.96
26 25 26 0.178 0.134 16.03+j24.62 85 84 85 0.18 0.148 49.513+j26.515
27 26 27 0.178 0.134 26.03+j24.62 86 79 86 0.16 0.182 383.78+j257.16
28 4 28 0.015 0.0296 594.56+j522.62 87 86 87 0.2 0.23 49.64+j20.6
29 28 29 0.012 0.0276 120.62+j59.117 88 87 88 0.16 0.393 22.473+j11.806
30 29 30 0.12 0.2766 102.38+j99.554 89 65 89 0.669 0.2412 62.93+j42.96
31 30 31 0.21 0.243 513.4+318.5 90 89 90 0.266 0.1227 30.67+j34.93
32 31 32 0.12 0.054 475.25+j456.14 91 90 91 0.266 0.1227 62.53+j66.79
33 32 33 0.178 0.234 151.43+j136.79 92 91 92 0.266 0.1227 114.57+j81.748
34 33 34 0.178 0.234 205.38+j83.302 93 92 93 0.266 0.1227 81.292+j66.526
35 34 35 0.154 0.162 131.6+j93.082 94 93 94 0.233 0.115 31.7334j15.96
36 30 36 0.187 0.261 448.4+j369.79 95 94 95 0.496 0.138 33.324j60.48
37 36 37 0.133 0.099 440.52+j321.64 96 95 96 0.196 0.18 531.28+j224.85
38 29 38 0.33 0.194 112.54+j55.134 97 96 97 0.196 0.18 507.03+j367.42
39 38 39 0.31 0.194 53.963+j38.998 98 97 98 0.186 0.122 26.39+j11.7
40 39 40 0.13 0.194 393.05+j342.6 99 98 99 0.074 0.318 45.99+j30.392
41 40 41 0.28 0.15 326.74+j278.56 100 1 100 0.0625 0.0265 100.66+j47.572
42 41 42 1.18 0.85 536.26+j240.24 101 100 101 0.1501 0.234 456.48+j350.3
43 42 43 0.42 0.2436 76.247+j66.562 102 101 102 0.1347 0.0888 522.56+j449.29
44 43 44 0.27 0.0972 53.52+4j39.76 103 102 103 0.2307 0.1203 408.43+j168.46
45 44 45 0.339 0.1221 40.328+j31.964 104 103 104 0.447 0.1608 141.48+j134.25
46 45 46 0.27 0.1779 39.653+j20.758 105 104 105 0.1632 0.0588 104.43+j66.024
47 35 47 0.21 0.1383 66.195+j42.361 106 105 106 0.33 0.099 96.793+j83.647
48 47 48 0.12 0.0789 73.904+j51.653 107 106 107 0.156 0.0561 493.92+j419.34
49 48 49 0.15 0.0987 114.77+j57.965 108 107 108 0.3819 0.1374 225.38+j135.88
50 49 50 0.15 0.0987 918.37+j1205.1 109 108 109 0.1626 0.0585 509.21+j387.21
51 50 51 0.24 0.1581 210.3+j146.66 110 109 110 0.3819 0.1374 188.5+j173.46
52 51 52 0.12 0.0789 66.684j56.608 111 110 111 0.2445 0.0879 918.03+j898.55
53 52 53 0.405 0.1458 42.207+j40.184 112 110 112 0.2088 0.0753 305.08+j215.37
54 53 54 0.405 0.1458 433.74+j283.41 113 112 113 0.2301 0.0828 54.38+j40.97
55 29 55 0.391 0.141 62.14j26.86 114 100 114 0.6102 0.2196 211.14+j192.9
56 55 56 0.406 0.1461 92.46+j88.38 115 114 115 0.1866 0.127 67.009+j53.336
57 56 57 0.406 0.1461 85.188+j55.436 116 115 116 0.3732 0.246 162.07+j90.321
58 57 58 0.706 0.5461 345.34j332.4 117 116 117 0.405 0.367 48.785+j29.156
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