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Abstract: With the deepening of the "dual carbon" strategy, the power grid in mountainous areas carries the dual mission of delivering
clean energy and promoting regional economic development. As the core component of the backbone network, the design and planning
of 220kV overhead transmission lines directly affect the safe operation of the power grid and the effectiveness of ecological protection.
The special geographical environment in mountainous areas leads to three major contradictions in traditional route design: spatial
contradiction between terrain undulation and path optimization, intensity contradiction between extreme climate and equipment
reliability, and protection contradiction between ecological sensitivity and construction scale. The existing design standards are mostly
based on experience in plain areas, lacking systematic consideration for special working conditions such as high-altitude
electromagnetic environment and foundation stability under freeze-thaw cycles. The research in the article breaks through the
limitations of a single professional perspective, constructs an integrated technology system that includes terrain modeling, disaster
prevention, and intelligent control, and innovatively proposes a full lifecycle value assessment model. Through multi physics coupling
simulation and empirical research, the dynamic correlation law between mechanical characteristics and electromagnetic parameters of
transmission lines is revealed, and differentiated design criteria suitable for complex mountainous environments are formed, providing
key technical support for the construction of new power systems.

Keywords: overhead transmission lines; path optimization; disaster prevention; full lifecycle; digital twin

[ L1y X FEL g o 2% S 8L v e 3t B A 52 4% L AU A AF
B SRy L b BEEHT R A RSB
T3, 220kV 3= R R GE S BEYR 4544 1 B -5 T B
AN (R EE A A o A e 2R B TR DX R IR UK
i TR L AR AR IR UL i @ NE A AL, kK
1) AT X

1 NAEMBLREENTE

BEE S X B PR A RS, B SR FFEEE K, JR
A7 i FEL A D S i M AT A2 2RI 1 P LR SR SR I AE
WX, R4 1 R 2R e LTI I 78 2 pb ik, kRt fife
IR AR IR VT, B BOS AT LR, DLRTT AR R
71, WESEHM RS A S MG s, H AT, DT

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

LG AR AL AR B I A BBV, RO S, H
8+ R B GRA A CV8 BEOR X RN 32 PR . BRE, 32
2R A LR B Vi U7 58 A BT R BRI, T 6 HL R
BRI -

2 KEEARSEMRIT

2.1 BREMESTFEER

Fe 2 0 AU 5 H S TR IR BOR , #ysd =4t
PG R, ST B AT 0 R RE LA . SR St O 5
AT 2 Bbsitl, SR BRI 25° BRI 1.
Ui 2 B AR S TRURR X (R R o AT B R 5N
HIEIEREG X 50 5 — @A KA HEAT -4k i JEE
FLIE, FEIER 3000 K DX ICKE BEAE RS = 0. 15 5. Xt

103



@f' VISER

KALEHE - 2025 8% 4555
Hydroelectric Science & Technology.2025,8(5)

ANFIHUT A, TERENE R A S5 A 2 0 AT S A 2 2
SRR, SRR VR B - F D 30%. TEIR HIXCR
R REROR, KB ILE IR L 4~6°C, A X%
AR T . B A A2 R AL b 2F ks B e AR
P E AR ZE S HIAE £5em YU N, SRR ZEANED £
Sem'™ o &b XA BRI Y T R LI IR B, WALk R il
&L AV PR AL GB 50545 MINEER . R FFEE B 71k
EREE, WE 1T MisHES RS EER, SCREE ST
B Hh 3 1) S B A, SR TR IR T 55%.

2.2 BB FRERE

Wl 5 FE SR AR A B S A S 28, 5 R T 48
12%1 RIS, RVFESLIEITRERTTE 150°C. ALGIE
K BN AS @ HL B B8 1530325, AR I 5 4% W 5405 B 2
BAGT B, RIS XK IN 4 FE R4 i 25%. BfF R
A BEE D RE R & 4 21, TR 7K P 7 52
V) 208 5 20 TP B ) 1/3 o A R M X A M 7Y
BRI, K B i e 0. 5kW/km LAY . BESL 4850
BHARIERL, 456 Gl SE A B0 St B i 2 v R 4%,
FETHREE R R 15%, TR FLRIRSIINEI RS, KR
97 4 4 5 R JE 1) B A Bl TR 4 A6 Ak XU 30 T 1L % 22
0.3mm AR o QU HIACERR OIGaZirE, 15 HMK
X 4 266 2% b o ME 2R B AIG 40%.

2.3 RE/EER

T2 VB IR & B VKIS R 50, M E U R I

BHGAR IAN 5 2507 7 A ISl , S B DK R B (1 22 K ) T
W FERBAGICAZBBTRICAZ A &P iR E , 54
SR AN MRE PR 60%. 7E 7 FLIE B3R Z X 30 8 = 4k [N H
LR G, K7 Sk T 2o 2 B SRS, 4 e o ik 1) 26 42 il
16 0.3 /AR o R VIR 4%, 2238047
MRS A SR AR AU T, MRS R Smm/ KK H 3l
BN A TIZE . R GERLVKEE B, RA AU 5
IR A, BUKECRIE S Smm/h, REFERIL G 07 15 M4
fIC 65%. A4 T 9 HIE T &, & InSAR PR JEAR IR
DEHE 5 M TH AR AR N 4%, M TR AT RLIA 72 /NS
TE 38 X S TR IR sh 4 2% B, 3@ PRI AR A SR 4G
¥, AR PR BER L 70%.

2.4 ELSEHXERA

BUHER T AL IS i T2, 6 5 08 1 B ek 2 1 e
B EE 85%. JFRMIRELAL AL A IEA, BARIE L&
FRAR 70%, T J8 B4 40%. HEASBEREA, NA
FUAR PAURE AP T g AN R AR A PR R, 5 30 35 e i 73 6 2R A
WG 1 FERNKE Z IR 90%. B 4E5r BON FEOE A &
HERAR, SEBUATEE MR JERETTRE M= K P . 7 2%
PRARRE VPSR, @I 23 TUIRZASHE bR S SRR (1) 14
T 5| NARS IS W%, FETC I X I S
TR o FF A R R e b F B 02 5, SR DO AR i

104

WEHA, MM ERTTE 0. 1Q%. MHET
R AR B R, SIS R S A IR T o A U, R
FEr IR 0.01°C. BT AN e Rge,
TR P 2 S BRI BUASAT AR L 6 % 1 B AR S B 1 B
W, A R 97%.

3 ZF S AIEFE TN

3.1 &4 RN ARE

TEf LR B Ay LIRS o, R BH R K. 18
Yt TR AE RS A, R 22 4 BE (R 5 A TSR . it 5
N2 RS PP 7923, B W it A8 S ) 452 2 77 o J A4
MIRZI o B BT ES S R R M R R S T T2, &
PRI R B A, 1T 5 i I 2R 4 1 3 e N mT it
Ji& WIS YRR AR T S RAR [ . KIS SRR,
RIS AR AT A R 40 0 R AR A, T O 1B 4 TR
P JE o T v SR SR 2R B UK AR T, KRR
PSP GO -R R T AR AR L X L2 U A I 9L
IR 55 45 o URME S WP IRAIE T £ R 1 A SRR T 00 H &
GrPERE AR, [R5 7R T ) 2k sl B as
SN o 7E RS PENLHI S S AR 20 SR, RS
WK AR NI GG, F AR B A 5 PR B 2
rFERA .

3.2 RERASBHMATEENGE

Stk LR HA ) N FH G T A% G2k B I i 0,
T U I 1 AR B o S A A R Gl I SER
ISR, TR BB CEAL RGeS, B BRI
YA 3 B KA 8] S5 B 9 AR FR IR A PR S AT R 1k
BBV, AR R i K, o6 P At R
IR o B PR R 03 i SR A B K 3 AN R BLTE BRI
W NS, TR RS S AR TR UL IR A =
FEAE AR AL N . F R B JE R AT R (A 2 E BRI E
456 T IS AT WL HEAT 2 46 FE AL PP Al  7E TSN
PTH T, SR SR R R A RS R TR,
FE T R GE0T F KRR

3.3 BBHESESMEEN

IR T T2 AR N, MR S i) AR g By
BIBcHEBOR E o AR O T AR A S IR AR FETh
R, TR ERR I AE S RS B2 FEE LR 38 it
AR A ME, Tl Y EERE TR RN B
SN I AR A B e St T i S Bs 42, IR I
HMTVER AL AT T B I 2RI AS o RS RG0S5 I E PR A
TRBFZ RSN, PR E 52 o, @ e
M EAZ A RY . fEm R ARE W, RS HER
SR HEBCA S, R 52 DR S o PR AR AME
MUHIRIHT, Ha 2R AR A0 N X IR A 28 R, R AE A
JRIEERBAE R . B AR AT, TN B B
XA BRI E AT RIAE SR, ST RS RS P R

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



AKHLRHE - 2025 458% 4558
Hydroelectric Science & Technology.2025,8(5)

@" VISER

4 BREAKARRERE

4.1 BFEES=HHERIT

B B a 2 W0 K TR, T2
THET B RE AR AIE 5 LAk - 2 B AL R R R S R 4 T
PRAE TR0, T IE BG5S P A 24 PR T L
BBl 5% o 3 250 71 525 MBI RAIR BE TR LB 1852
£, W RIS ) T OO B stk TREAL . Ky
AR R DR BT BER R 4ERY B T s A% i, 4 rE
i Jo SV B B FA R Bt T R R T AL A ST R RE A
ARG, HERBB a2, A TR T/EE
PR 60%. FEEZ TP TAER, MRS, 456, th
JRAE T R SEIN B A L, T ERAE BN BLR - 2R
SEM B IT REUTIR A o A, SR AT AL S X B e
e, $RTFIT R AT

4.2 SIS S BEMEE

A A R 2% SE BN R RO &S ) AR 4%, 34
Gt A IR N IS R 8 B ) R SRARE T - BT
HEAGUEL RS TR IS S5 R SRR, B R E R
BRVWR bR = PEANAY ks & NIV RTE T a2 3 S
R, PR ZEBITUF RS . T RGHIE

B BRSNS P IR S PR, $ETH R GE M N ST

WHR BAT B % 1 D Re R e 2 S, sl g s 80 I 5
FESL A HATIAREARY , S B b TR A 232 SR A 95%.
WELZIERMEGFE, a8 TAER, LAV S
T AL TR AR, T BT A M DU P 265 o JF R LT X e
AL B AR UE R G W ORIS AT Bl A AT SL vk 53
WL, R E S DR
4.3 FEEEMHEAHR

U S 20 I A5 B iR P g T 2k 19 EE 5 4
FEPJE, K R Bt Ty 5. SRR SR AT I AR
IRIAEE R IO PERE DL S, HHE S i RO () AR AL T AE T
W IE . AR ECEAL R N SR b ke B A1k RE T,
PETHE B R G AT S . FAEE SR 1 S
J&, N AET B AT IR B M HOR R4 . TR BN
FEE R TR A6 R PR A B ) 4 A VR AR 2 AE A R
KGN T RRANEOR, RTINS A R R 2%
2337y B PR REE A A o SRR, R GEHR %

OB R RH AR R AR5 R AR, D ide R SR A HE S

TFRIEZARE:, MR G fr R, Bl T
A A2 o SRREVIAT MR LSRN ST 70, HES)
Bt PR B 1) A o ) A AU T AR

5 MRS RFEIEXTH

5.1 IR SIRFNIEIR TR A

L X A FL 2 i X Al i A0 A% O AE TR 22 JR
Bt & o fE R I B, RS P AR B E S
AT SR, A IR RS . R UK

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

JEESE 18 TS H BN HR e . 0 T X dk, Pk
TR RS A S, I S S R AR A
EHREEME, MM RIRREFE 0.85 LT, 1E
BUKBRIR T, W] RN S EORRIKE A3 E, St
VK B FE I 2K R 5 5 52 G B, B R 2R Btk 4t
FLBE NG T b 5 o ERSZARFEA BT bR e, B0 AN A R4k
o DX ) 8 22 AR T vk RO 5 7 DK R B SRS, TEHER
2500 K PA I DX I0Hs S HE VK S 38 0 20% . TF R SA53E B A4
BHMER, BHTERICIZ &S HIE S LG, 7ECER %+
THESNABIE S, EEKE R RSN S, W R
Z-H” TR, BES SR TERE. BANUKKS
BTG RSB, SEI I TUE SR AT SRR 96 /Mt

5.2 % BHri i iELH

HE D R T P 22 4L 20F . IV H bR R Rl &
SRR R« B2 8 M AR A, R R R i
T 58 %% HARBUE 250, B8 A SR 4 2k X 4% 40 R
ZMF. TEBAERURIBY B, TFR = AR il 2 i 595, ¥
HIUR 9 RS « AR ASRBURC R | R A S5 R AL A (]
IIATRLCEAS o« XTI A SR X, B R I
HEB IG5 E AR P 26 AT BT 5, K 2 1 7 JER 9 B I 4
40%. FEFI AT PG, SIANX PR R SEILR
TRAME PR AT B . R ARZ TN T, SRH
SR A T B RGN AR, 50 A 1 D S SR A
o FER MR B RS, B FBUERE & His
(AR, R DR I fil R R E

5.3 BERHIARESEH

MY BE 22 TR T AR S BT AR S R R TR
I AU, K b S5 5 R 1025 A0 2 B B T B Al
Vet FF R AT Hb ot 45 84 T 73 A B8R B A A 002 . 7
W7 AP 7, Bl R/ R I W I B 5 R S e
PR e T R R A TS . RS IR AR BB,
BHAESHREEBEIE, Rirmeh U 2 &,
ORIt P3N X A=W 2 RV FR S = N IR 22 501K 85%.
FEREEEN R G, SCIES S, s, &
AT IEHE B8, SCR 2 48 2R I E s ik
o HLEERNAREFEHUS], Biiss TR )% 5
R BMREEERIAS ORTE R R, BB AR 2G4 T
—REARMZENA

6 Z5iE

AW ARG T ILX 220KV 484 4y B 28 B () 617
RBHE R, R T Z AT MEAIRI . 8 AR
RefiAt . 5 FHRBN B B RS RR, SEIL T ik R0
Sz fam i RSET . Ak E IR R L,
SR R R AL T AL SR TR, HES) IR B AR 71 2 35
MBI A . B2 A HOR R BN, bR B35 22 %
Vit A BRI ) Bh A 12 17 AU A8 . 95 2 LAl & 3T

105



@f VISER

KALEHE - 2025 8% 4555
Hydroelectric Science & Technology.2025,8(5)

BH I AMEL eI B % R RE, Tk
FARBELIENFT BN o« AR TR IR S A 7Y
(RS BE BT« B ARG TR L %2 B VR AR &3
T AR5 M ek
(5% 3]

(1% E. @KLK 10kV R ESE B ERAAR S
R F[D]. B9 BHHIE T A%¥,2023.

(2] #F F K. 220kV =l & B AL T E AT KA
B 5.1k, 2020 (9) : 22-24.

106

[B1BF B, kBhiE, E AR, & LR IX 500 kV £ 5 H
oA B OR om Rt U] E 4 g B E
1%,2024,11(1) : 185-195.

(4] 48, 110 kV Exme LB IR E R ARk T
HRI]. BF oM 5EE#H A, 2024,8(10) : 164-166.
PEH /- BAT (1991, 6—), HFh k. KEE LAY,
FrEEN: mARG AN T, YRFIRE(: A"
AW EAT AR FTELE, B EEITEE, BAK
Al TR,

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



