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Abstract

In response to the performance degradation problem of distribution network transmission lines
under extreme conditions, taking typhoon conditions as an example, a single device transmission
line maintenance strategy optimization model considering maintenance thresholds was proposed.
The model firstly analyzed the distribution characteristics of typhoon wind field based on historical
typhoon data, and established an optimized Rankine typhoon wind field model that integrated wind
speed attenuation effect and urban building disturbance to calculate the wind speed load borne by
transmission lines. Secondly, considering the deformation degree of metal components of transmis-
sion lines under wind speed loads, a dynamic failure rate model of transmission lines was con-
structed in combination with metal deformation theory. Furthermore, considering the maximum
constraint on the dynamic failure rate of transmission lines, a segmented maintenance strategy
model was constructed. At the same time, using the general measures and costs of transmission line
maintenance, the maintenance cost and reinforcement level of transmission lines were introduced
as decision-making objectives, and a joint optimization model was established. Finally, the NSGA-III
algorithm was used to solve the model and the effectiveness of the model was verified through case
analysis, comparing with the non-segmented maintenance strategy model. The results indicated
that the model proposed in this article had superior maintenance decision optimization capabili-
ties, which can help reduce maintenance costs and improve operational safety in distribution net-
work systems.
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ARSI R 3 2 G R AR I R SR HE 5, 0] R R mE I X — 5 JRUE ¢ X PR H D A e
AR EE . I, & XORI T FRET PE4E S SRmg 28 0 S

AT R ERAEZ T, BRI OCUEAE RS & KU ) B AR AR 8 . ok 55 S T R E Vg [X
Pt S TRE, RDE T R B R S o IS RS AT AR, R T HUAAE I, 0 & K8 S E 1 R
AN AL BRI 1]. 78 EHAERET 2008 2 2017 4F) PHHLM & KB, 704 77 520 e g AT i B2 R,
FEWFTE 7RG X “BURE” FITRE K “CHERYS” IR S R, T B B U SR AL TR 2]
TREESEAH TR G R W MR R N AR R S A B AR N R SR AR B, fE T AR AR
REXT & R B RO715[3] . IX SR THES)) 1 AR T U Ty VA AN R R A, PREE T E TR
GRS EIZAT . AR, XECHF AU AL T 4B SRS R BB, R BB SR JZ A T IR AR .

FEWTFE G XN L ) R RN, T8 25 51 H & RIS AR, & KAE R TR B Y, 2ETmsk
RN N Z BT, IR B R B sEm . BT, KBS PG 2 R & KR 5
HRIESHWAR, 7T NEHE . FEE RN 2L = RS HAA 4], F1W1, WRF (Weather
Research and Forecasting Model)fl MM35 S8 KA A E AL, BRI T H MR sh )% 58, (BT
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THREEE B K, TEHHT & U AU S AR [5]. MILLZ R, SE R ALR G IR 2500 &
R I FEEAT A5, B SR T S AR RO HE i i IR S N R AL A, E AL Georgiou 5184[6].
Rankine 157 [ 7] 1 Batts £ 7%4[8],

TER AR AT IS AR T T, AT 2 A BhGe vk 25 F B i B B o 0% & XU 1 i FL e e 1)
DU ik A 591, T i Fia B R B4 A ] g B 175 12 T i Pl 482 I e 2 5 IRl B 2 B S B DG BB . et [
ATFVERI R SRR, BT log(n) 5 IR LR MG R, o y ARSRIE U] 1 48 26 4502 Wb /5 10]
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[ 7K, g DA/ GE S AR R IR R AR ZE 3 N 7K 7 0 B AR TR A 4R 5 . SR NSGA-TIT ik
fift Pareto B ARAREE, MNARSCHCAAE ik £ 2 B BME, M2 STl 6 MO F T I HL X XU B 428 5 22 35F
P B T4
2. (o)A

AL LA A KA L R LR RGN R . FE T A LR HLEI 4T, BRER G KR EE
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FEHIE X & R B IR 2, 6 RAE /N A I 3 J7 [ A8 R A RS E , AR AR
U, AT AR G MAE— /N AR B TT 1] 0 R AU AR AT & RS B v, DRAFIEE o FETHEE
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A RIS, K R R A S IR AT, sk 5 52 X RE MR ) 5 4 S AT N [E AL B, RERS A
BAREA BRI PUNEE T, AR R A . (2) KBS, 44N [A4,,1]. EEaRExT g
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VA TE o 27 ARV ] P T I B e A R o XA N T e 4 R e R, I 2 B4 SR A
M2 EE T o DR/ MBI AR P9 45 32 BEAE T X i 2R B BdE AT I ], A48 ) 1 7 EAT A 4R o A R o
il 2% F N e 48 B » e TEEE Std 493-2007 (Gold Book)HH #1 Hi FIAE I ) 97 FH 2 e 5 g i 2% f 196 K 2 2%
PEAR[17], AR X S5 o (DB A BAREE, 5 R S5 HL 2R IME AR 22 BB A TR 2 1) AR
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RS BhBMELES A ( £, = min AAC YRR ALAE S I E KT ( f, = max MML ) A B b, 44 B
(Aus A ) ot 3 TR 5 o R P e S S X0 B (P B

IR NSGA-II EIEGRAL £ R T RIS B S & MR I A, =02 . e
RO BAE M KT, HBE S Gen = 0 BJS REN5 R IR AL (Front = 1), il J 52 AEHEFFAR
SRR T UGB LR 31 NIE T = 0 55 00 SO B R R 2 B, T3k
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5. B9
5.1. BIRER
MATES G 2022 FHAE TG 6 SR . Sl BB, MR IE 1 iR

Table 1. Typhoon data in 2022
= 1.2022 FENEIE

B A 2P UeS BARIEmSs) G RATG UK (hpa) a WA
2022-04-07 08:00:00 148.5 39 13 1002 Malakas
2022-04-07 14:00:00 147.6 4 13 1002 Malakas
2022-04-07 20:00:00 147 4.2 15 1000 Malakas
2022-12-13 14:00:00 132.1 18 13 1004 Pakhar

PA bt DX O8], 328 HOGS 13 ad s i 1) £ RS, DR R R 11 AR A B RONAR I
RIS 8, Hrb, — I =SOSR S SN EdE, 0 2 Pos. TR E0E, ik
HRGE ) EdE, Wk 2 Pk

Table 2. Wind speed data from Shanghai meteorological station in 2022
 2.2022 F EBSRIEKIR IR

I 1] Ui A R (m/s)
2022-09-14 20:00:00 58361 2
2022-09-14 20:00:00 58362 10.3
2022-09-14 20:00:00 58365 6.3

PAEIE X N, B B ERA T 2 3 3 PR

m
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Table 3. Morphological attenuation factor parameter

*®3. RERRETEH

ZH Bl
r 0
r 350,000
c, 0.6
h 70
zy 2
z 10

5.2. W ARRESHRBIS

KRG ETE MR E NBREB(EERSGE. B RE v« EXLAE), R E XL
R L vy » 11 SR 2] 5 ORI BEES L, 11 A R S XN FRGE vy, & KR E AR R, o
A B/ ZaRE U AT, S8R ILIE 1 PR

BRNEEES LT
SERE (n=528)
o  BEEUREFN
304 EHERITRN
MSExdtL:
25 BEX:s5.1
B 215
ok 76.3%
= 2]
5
s
g 15

H
-
10 %'\\\ o “E@

MW”“ %'Mﬂ— . ¢ 8 8 .

$ T e wed Do 08 o

0 100 200 300 400 500 600

Figure 1. Optimizing the fitting results of the Rankine model
& 1. 4k Rankine #HAUALER

BT 1 3 2, SRR JE BB (I ) AE & U0 X (CEAR<200 24 BL) IR Tl o S5t 25 00 T S HERR L (B )
FEUERTY MSE A 21.5, RALBERL R Z K 76.3% (MSE~5.1), JGHAEAREE X (20~30 K/Fbos X ) 5 52l
HHREO) LT ReE S FINEE 50 A5, FEBA T XGEE 30 KA 25 KAy, kil
WERMEIE A 26 K/FP, FEMGUT FCSEAEL, HEMI R SR Ak 7 5 AR BE 5 I R 2R M 80RO EL . AR B X 48(>300 2
)P AR 47 5 ARG A G (M 22 3~5 K/, T RE S VL MR BE R E BUSTHUAS £ A 5%, (HARAL TR £ 4
BIBURE (£1.2 K/ D) B HEAR AL (£2.8 K/ AE 55%, FasE PER AR T

53. K “NER" FHTHRESHRERIER
GRCCDEESE” T 2024 £ 9 A 10 HAEPALAR PP E R #7858, 9 A 16 H 7 I 30 73 LSR5 K
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G442 KIRD) BBl LR AR VR, AR 1949 4 ISR BB 1 U 6 AL
BRI 3 SRS b0 B R AT O AR 24 h R 06 RBUIE B, BB AR, W5 &R
Oy (%7577 ) B Oy (Xpays vpy) ZIEVIEEES, (AR A R HI 2] T BT +1 218 £ RS 3R v,
PESMT AR« DUBETE” X bt o ol OB TR Py, B ARERE J7ARGEAG 1 /N DD K, 9
kA A3 HHELHIFT L5 K 20 5V & RBR 7, B BR 72 SR B A0 2% 4 BT

Table 4. “20-minute” time step “Bebinca” typhoon track data

T4 2007 HELSK “NER" SNBEHE

I ) 1 2 idis
2024-09-16 00:00:00 123.9000 30.4000
2024-09-16 00:20:00 123.8001 30.4333
2024-09-16 00:40:00 123.7002 30.4667

MRYEX F B X & KREEATH [ 16]dfE T, 45t T 2@ TS HEE g=1.5 . £
AR R E SR R SR B KRR KGR R, FRAARIZ R LA 5.

Table 5. Maximum wind speed radius data of typhoon “Bebinca”
#z5 “NBEER aRBEANEFEZHIE

HIRETPRY R 442 (km)
2024-09-16 00:00:00 245952
2024-09-16 00:20:00 245952
2024-09-16 00:40:00 24.8354
2024-09-16 23:40:00 35.0206

B b X K58 98 ANFITL( B, Byyeoe, By )o MHE R G RERAR, it a2 B S P G
O RTEE RS, ARAEILA S A (7T R 2067 A P A2 B I BERT XGE . AR 2010 AE KA €110
kV~750 kV e L 2R R BT ITE) (GB 50545-2010) U 7, BARGZS H T e FE 2R 42 1 H 2 B 4 K TR
WGEBEHAE Y 24 m/s, THE AR 2080 DO A F 2R b, DU rp 2 S Oc i ), BARM L,
Vi R IR 1A 2 P

WEEBARPONESR WEEBIARP OISR

00

sm

At v

0

i
-

[

Figure 2. Example diagram of wind load and failure rate of transmission lines in the area
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5.4. HEPRREER O

AR NSGA-NI FIER R BEAT KA, SRS HOE QN MR 50, SRS ECN 40
Ko I SRIEACIE] 3 FREEARBOLE] 5 RIS, HRITATHHERIRRE, FEEE TRE BB B R
fE,  BEIS I HE A 44 SR

—" %N

9100
9000 -
8900
8800 -
8700 -
8600 -
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8400 T T T T T T T T T T 1
0 10 20 30 40 50

S ANVE
Figure 3. Iterative diagram

E 3. xKE
HRITA

x10%
20

¥ -400 X

Figure 4. Pareto chart
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ERPERISUS, WK 4 Fios, W RFCATH RE A AR BT RE M, AR 2R AT ih 28 (1412 bR
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Table 6. Data resulting from different maintenance strategies
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