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Differentiated reinforcement planning method for a distribution network considering
simulation of the whole process of typhoon disasters

GUO Mingxin, LI Shaoyan, GU Xueping
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Typhoons can have a serious impact on a distribution network, so it is very important to formulate the
windproof reinforcement planning scheme of overhead lines. To improve the resilience to natural disasters, a method for
improving distribution network planning based on the whole process simulation of typhoon disasters is proposed. By
simulating the real-time wind condition of the whole process from typhoon landing to typhoon extinction, differentiated
reinforcement is implemented for each line. First, the Dirichlet process mixture model (DPMM) clustering algorithm is
used to extract typical typhoon landing scenarios, and the storm track model and Batts wind field model are combined to
simulate the typhoon moving path and wind field, and the real-time fault probability of distribution network lines is
calculated. Secondly, combined with the typhoon simulation results and the differential overhead line failure rate in
different wind speed standards, a double-layer stochastic programming model is established with the objective of
minimizing the annual investment cost of multi-level line reinforcement, the cost of loss of load during typhoon transit,
the loss of power outage and maintenance cost. It is analyzed using Benders decomposition algorithm. Finally, taking the
improved IEEE33 node system as an example, the effectiveness of the proposed method is verified.
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Fig. 1 A strategy framework for improving resilience of
differentiated reinforcement planning including the

whole process of typhoon disaster simulation
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Fig. 2 Process of typhoon landing scene clustering
based on DPMM algorithm
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Table 1 Typhoon landing frequency information

and landing location

T Z)1 &S
BRI 33 13 24
N 110.48°N 110.67°N 111.05°N
VA
2121°F 21.25°E 21.46°E
) 110.53°N 110.76°N 111.11°N
(VA=)
21.22°F 21.38°E 2147°F
) 110.58°N 110.85°N 111.16° N
fE 3
21.22°F 2139°E 2147°F
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i E 4
21.22°F 2142°E 2149°F

e ARG 7 5 KOS fl b S5 BRI & KRGS
JZE ERTT AL S RO . Hr,
B KL ZE N & KRS 0SS hRER R
JERIZEME, ARiER SR 1013 hPa, EFGT7 AL
fwpiJrIaff. WIFERY, 3 FgRRr I A
BARSCHEY, KXt 3 FIRFEICE M T DPMM
R, EHUREIANE i A B Herh R i
A E R, MR S XS R SRR A R
WK 2 PR

#* 2 £T DPMM R AR B RIE S LG E

Table 2 Information and probability of typical landing

scenarios based on DPMM clustering

FhEE/(km/h) 7 f/rad S JE % /hPa W2
26.888 1.134 35.851 0.037 972
26.888 1.134 37.781 0.085 434
26.888 1.053 35.851 0.052 53
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Table 3 Typhoon parameter settings and data set
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Table 5 Comparison of the results of different windbreak

reinforcement planning schemes
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Fig. 5 Result of type II line reinforcement planning
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Fig. 6 Result of type IV reinforcement planning
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Fig. 7 Result of wind zone reinforcement planning
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Fig. 8 Result of the differentiated reinforcement planning scheme
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Fig. 9 Schematic diagram of different typhoon scenarios
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Fig. 10 Impact of scenario difference on windbreak

reinforcement planning

4. 4 A[EFE xR X0 E X B 5 0

RIS ASC AT R B 22 S A0 B R 7 VEAEAN ]
LU ASTE N HIA R, A E 20 000.
40 000, 80 000. 160000, 200 000 3 7T F N & 4
E PR AS R AL (R ] 5 Rade AT % bear iy, Hogh
Rl 11 fror. Hoe 11 B0 B+ A B R, 78
40 000 T T RefE sS4 A B Nl , (R eAE
MR e R AR A B> . TV BN 7 SR AE
A 80 000 T LA Ry,  HoE RAS Jak 2 5 A
i, HLBEE U PG N, 2R A 2R B [ A = AN
TN OB AR BT, H 5 2= R A [ R S
A FE PRIR T D o o KX EEAT I R 77 S T
TRE A BIIE N, 15 2 2R EE e SN[, Ak



Wi, %

b WO A REARAUL AR E f P90 22 SR A I LRI B4R T 5 % - 71 -

AEHTIRAR, AH 3207 S 5B R AN 2
&, LB FEZRT AV T %=, SEH
LRE RS T IV AU E R T 5. AL 11 XS B
AL, Z2 AN A T AR A SCBEE B P
W, HE AR T AN E D %, R T =R
TN R T SEAEAS RIS AT 2t

@

O R

@ v

800 000 )
Ozl

700 000

600 000

500 000

400 000

LR AL TT

300 000

200 000

100 000

20000 40000 80000 160 000
[

11 FREIFE T ZMMERKI S R3TEE

Fig. 11 Various reinforcement planning schemes
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