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ABSTRACT: Gas-insulated transmission lines (GIL) have
become a preferred solution for long-distance, high-capacity
power transmission systems due to their advantages of high
current capacity, low loss, high reliability, and environmental
friendliness. The current-carrying capacity of GIL is a critical
parameter for evaluating power transmission efficiency and
ensuring system safety, with its accurate computation being
fundamental for controlling cable temperature rise. This paper
basic GIL It
comprehensively summarizes the current research status at
the
current-carrying capacity of AC GIL systems. Key factors

provides an overview of the structure.

home and abroad on methods for computing
affecting the current-carrying capacity of GIL are thoroughly
investigated. The analytical method based on thermal circuit
models, the thermal network method utilizing nodal analysis,
and the finite element method relying on computational
simulations are analyzed, along with discussions of their
Then,

enhancement strategies are proposed from perspectives of

respective advantages and limitations. potential

material-structure  optimization and intelligent thermal

management design. Finally, aligning with modern power
the critical challenges faced by GIL
technology and prospects for future research directions are

system demands,

outlined, including transient current-carrying capacity

calculation methods, digital 3D modeling, and intelligent

management technologies.

KEY WORDS: GIL;
computation method; thermal network method; finite element
method

current-carrying capacity; analytic

HeWE: HEKARPEEETIH (U23A20651).
Project Supported by the National Natural Science Foundation of
China (No. U23A20651).

W SARL SN H 28 M (gas insulated transmission lines,
GIL)FH K HL . RIRFE. =TS RS RIS RE A
BN KIS . KEEMHEKRRNNETTE. GIL HiRE
RHIWT I ERRCR . R R AT EIBITHE S, HiE
Wi R R ARG IR T R A T . %2R GIL fi
ARG, LR T GIL BALGHIESG T ENI/MRE
THEIPET IR, AT T #m GIL %0t 2 S R
Fo HANA T ET A SRR TR BT
BT B P 2 R A T UL A BR ICIE, B T % F
PER L HABPRLE AL 15 115 8 B A JAE S SRR T R 1Y)
YrRE MG T RSB ENEE T R RS AR RS
R, IR T HAT GIL Hi BRI B oS BPkR, JFXT GIL
BB R T I7 5 B = 4 R R e A HR R
HEE,

KR GIL; #FIiE: MEdrihEk; g ARGk
DOI: 10.13335/j.1000-3673.pst.2024.2093

0 515

B85 H AR R0 A TR SR R K, AUk

246 2% i FL 2% 1% (gas insulated transmission lines, GIL)
HHBFSRER. HAEENER. fRErfE., K

WA . AT ST 2 2R R B IR SRR O AR
NARG I EBEA RGN SR e SRR
IR, Ik E 2R L RIS, GIL BeA &50F]
A PR ZAS TBEE, OB S S i R B,
GIL R EE® B 4%k, SRR 3R SR
R ESR, FELX ., SRR IR S, 4
%%% SVt NME BoliA N =, JF B 5 il 5z
H.UKEFEERKE, M GIL il RGEASZH



F50% F3W o

R 1341

TER®I . 225 RE, HEEEERPIRSIAE TR
R AR e M S TR, X R R IR AR
HIALEDATEL AN, DU H TSR K3 st B /g
RGN ARSI T B R ZER, EAH R PR R
SR, GIL M#ERE T S, 550 2 KA EH
TR, M, GIL 5 B AR Bz —.

E 4%t GIL fIf R M 20 tHh2d 70 SEARTFLE,
1972 ARG 28— 254800 GIL $iH RGure 3 HHr
FEVGME Hudson HL) 78 A, 1% 2% % FEL 2R I FELE 55
2N 242kV, HIE 1600A°. 20 4 80 4EAR,
% [ 7F Waltz Mill & ¢ 1 24 it 5 FiE— 1) 1200k vV
Fim R GIL RIGLREL, HAHKE 420m, %7€ I
5000A0, HAs, EE. 2 E 5% E WA 20 b
J\AERIFUE T X4 GIL # AR R SR, H
TR i K. GIL B F 5 TS F A X A /b

MEZF, EAX GIL R 547 kB85
M, (HR . H AT GIL 7£ A& FL i S SR
R, ERAERE . T . RS ok 5 ATk
AT R JEB BT, [ Y 2R ST R IR GIL 4
FEARWE T AEENLRA], 2019 4 9 H 26 H, 75 GIL
CREER LRSI, BIEEIAFE 1000kV,
B EIL ] 6300A, FAHKEIS 5.8km, 2 HATA
BREES s M ARERA. BASERST
GIL 22t dar il T2, 0 B OB Rrm R 28I GIL $
AR PR T B A e ) AR % AR A T
B SHHEE, trEFE GIL H LR T e A K
RN B AT, HoNESR BRI T HARS %,

NTHRE ) RGN T AFREIBAT, 1S HT
0 2R B AR AT R B, (1S SRR
IR E R, IR R R B S0, #
Tt B T B R R B SRR ) I B R AR, B
M) 1) 28 1 Y R e P . A8 BB R B & A i
A T 2R LR ER AN B ZS, GIL [R HL 45 My R e 15
B IS E 2 PR, GIL R A
152 PR ARHRFER 485 R PE S R R 11
SO, SRR R R S A A By U
VIR, MR AE SR, Hit, GIL izt
RITIRNE T, ST fR GIL w8 H R 2 5 K
oy TREEH ) RA R AR E BT FEmi R L
SR A D 5 7 T A B . R IR
BT LI GIL it &0 G iz gk
ST SR, AT S 2 1 A 45T LA C R I ) % e
wR.

ZSCEN XTSI GIL frF 2R %, /30 7 GIL 45
PR, M T GIL IR N 2 1

w7 HR R BRI E DTS, PR ST R
ST RRRBEIRERITE: BJE Xt GIL KKK e
P Y, N GIL st R Rt Z % .

1 GIL £EXEHSHRERE

1.1 GIL &

W& AR IE, GIL (85505
T2, REEH T IR, HBER
w SRR E KNG . B RO R A 1)
A%, GIL i3 R ar sl s 8 .

1.1.1  GIL &5 #r

GIL & —FlR FH 4l SFe S8R IRIE &SR 4
%. S5 SRR B KRB IIE
g, FEHEAS SR, BEET LS.
2GE SR INNEZCE S PV o i PRt )5 | N v ok
NG SRR 15 8%, PO SR TR T/ER
W, AT A g 7R a1,
SR FH PN 50 22 2% S 7 I PR 256 182 B0 7S I S 4 412 4
JEMORE, 3R GIL el Stk . GIL ¥ & Wik K
bR e e, B AEEKE — &N
T~18m, FFAEFEARPR IR T R I A
GIL il trn s & Al proRl,

B Al(a)N75i 1000kV GIL Z54 4 i ks SL
5t Bl Al(b)A GIL =4ER7Y, B Al(c) Ny GIL 1
B rEE. B ALY, Di NFEAE, Dy
NFEINEAR, D AFEIEHNEAE, Do NFEHANE
1% - GIL 515 T SFe AR 48 25 4 J8 35 P T 5K (gas
insulated metal-enclosure switchgear, GIS)H [F]%i /i
BREERZ, XAET GIL & —Ffd sy, m
GIS EZEH T RGN S5Hh], Wbk,
BB IT o6 RRLiERaglel,

112 B2k, B8R GIL X407

Zeasek | AN GIL A& f R4 R G0 i L
13 #7a, GIL RIS SR il =
B FBEXHAET LT LA

1 MR, g imi s BT A,
R MARAG, WA T KESmE; BRZRHE
MR, S TWHE S T LR X T
GIL @ 25 T Huth . Hb R B akbsiE gy, nlogsb
by T A8 SR AR5 G, JEH TR R RN
oo PREEELS. R E B R

2) BiE. PEEERNRIREZ SRR, B
AL PRER A, F DY 4 3 S 2R I S AR e
LAE BOM R Y 3000A; FLASH B - HZ AR
B g By A BR S, A



1342 RIS AR S 2R R B B SRR

Vol. 50 No. 3

2500mm® A [ AR R4 0 B 45 402 B i 2000A 1%,
GIL #int & 5 252 SR AT AR . Y 37 st se
550k V 1] GIL 7E Fi i A B3 =040 B 7 0N e |
A& 3000~4000A, 800kV GIL A E FLIfT il ik 5
5000A, 1200kV GIL HJHFAIIAF] 6000A, 1 H T
Mo EATE R, FHATATIA ] 8000A

3) HiEiRAE. R LEERRBEAESST, %
B OR AT Rom foK, PR FE B O HBR N A
MBS ER L, MAEMRFEEE ST GIL, [F%
AT, fE 400kV HLESFEZL . 1100MVA ThE &L
M RgGH, LR OB R IFELA GIL 1)
1.5 fi%; MR, GIL RHAMBLLGHER, /18
TR LT T 2B AT, [FIBT SR T KT R 34k,
SAFBHETAR T 28 LA i g5,

4) THRES5HEEm, REBRRELS
A, GRRHBRAFERKERIRW, 75k
B, HXEBESREA —E KBRET B8
TR, FEARKM TN, HAgiEa
SRR, HEP ARG T GIL 2 —Fh 4@ i1
NIPESE R, RAEEREAL, 8 AT SRR
PRHOEZ SR R R e, H GIL FFJRAFRIEF A
H0.1%, FE9 AR, & BA BTN &6
RAE. KISy 5 Y,

3 K S S Bt Fh® A1 Fw,
it FIRNAETT I, 755 KRB BR s A I 1)
TEOLN, GIL fERE&E. s a e A A
SR, A TEReEAE, & T AR A2
BiSE R R g .

1.2 GlL #REEXSHRIK

GIL #ifi &€ CNTERFE %A F, GIL fefig i
A RRE A RO HIRAE, B2 GIL Wit s
P — N RESH, BEEXRIMERAEN 225
SEIBATRAFF R, e 2 SCrh I AR R “ 45
JESRA” HIE, RS T SEbrigiT i sha etk
B “z4, RaE” BA RN, ARARIA A dr A
WIBIES L E . B2 GIL KA IELT
ZH, WRBRZSH BN UK RG LA, THE
AIBAT RS Z YT A b, TR e
LRy W ER

TAESR, BEAE B 34T M 1 R R A R H R Y 3
hn, B, VAE. BRESSE 2 RO T 1) GIL A
PRECA WG, T B B AR T A S AR e 2
Whn, MIESW, {13 GIL RJEmE R, HiRE
(05 th S A PRI AT, R P AR A T R
() AT 78 7 G S B L AT SR AN

EAEIERO, b, seb i Bt #4 # GIL
RS, BEADL GIL (1S brig AT il E15 2 L 3R &,
{HiZ )7 ik R R R, A2 P B pilds
ARAL G T 24 15578 (thermal network models, TNM)
AT B RAR B 71 % (computational fluid dynamics,
CFD) 517,

fEMTU L BT GIL AR EE RS, M
SEE R, @I T R SR A e R 4
SR FASE R AL B &, (2 H HT I GIL #i
AT RIS, SClk[201h 48 T GIL
B EAE IR A S, HE AP R g
7. CHR[B01MRYE GIL 145 M) S #4[ml B 45 55,
Tt GIL 5 H8a ) # el g 2 7, $2 7 GIL #8iiE
FEMT T TR, N &g B BH R AR AT T 1R
IrHT .

] 53 DA /b BT R IR T R SRR T G ST A
JIFGY TTRE B B i B A B T4k o — A g
DR 2 AR, E I SR AR AR A I AT A R R A
GIL (i El ., SCHR[281i @ . 7 —Fh % e i fibds
FBF RS RIET TNM, ¥ GIL SRR FRER A
PRy, ARPRA LB LAY . SCHR[32]4E H T
F & GIL bR 2 [AIA R O F2 1) TNM,
HES T AR A 2000y TR, 45 RER Z TV
THHEI AR CFD B4 T 3 MERMU L, H
KRR -

CFD /i R A BRIk A BRARFZE: B 38
PR 22 732 3K A W R - IR - AR A I B 20 7 1, JE
ANSYS. COMSOL %54j U457, GIL Z &
AL, XF GIL B#d K i AT iAo 55, A
MZFATEEROR. MK, HREZ R
WG SCHR[341IT R TR R GIL #4Ffr . i
G T HRFEAN LY B R PR OT B AR I 07 FH L, $E
& 7R GIL A &, /48 7S E GIL
HREE 73 AT, A4S B K SRV . SCHR[35]R
A BRICIZEBAL T & 5E-CO, IRA SR GIL il
AT N E#IRRE ), ARG RRHEASMIART T
1) GIL f& e Bede M (H AL RE S A BT T F%, WK%
EREEAmIR U T TR
1.3 GlL ZHFMESHRER KK
1.3.1 R TR S 0 & S L

GIL MBI EE ) SR T B G, BRE
JIH) T H RS AR 45 8 TR B R VIR E ik
R RV R, %% BILHE T S4k
AT IHRE S E, B8 fRIUE GIL 18 SLPRiz T
1) B e A U5 B A I 448 5 K 0 A 52 L T



F50% F3W

S G S I N 1343

BB, TR R s R, R GIL A
FFA o

D) SRR THRERI L) 35 GIL TP
BAVE LUK, GIL R ER 2 T, st
RS 5 i, 28 ) e L o VA B s AR TR
JE, S GIL RS R 2 A HHE, Bk, 7%
THALEAT GIL I, A58 7 % 8 HIRE 3G, # R
FERUE B E T GIL B Fa e isqT .

2) R THRF R R R R SR AR
TH5E GIL Bt , 75 E58 70 7% 8 HHm TH RN oK
Mz, Blin, £ GIL BRI, 2%
JEAE G AT FARE . AhTe A FBH DL K Jo] B A5
MORMFEN R . R GIL (R
R, B R
1.3.2 AURRME . HUBCRF RS 5 B R IR ORIk

GIL HA KRB PR REARAE, A LiZ%
SRR X R AL R, B E R
Wk R oRPT . GIL SARRBIERERS K, 8w 2
B 2B+ R 2800 1%, KBRS SN
PR RS SIS B /D, R IRAEIRAR, Al
TRE I KT SRS L. GIL RS <
JEE RIS PRI, SRS 7E
ZIZAAAEIRDN, Hoefh B, AT
WY, D B Al 6], AT PR AR 2
RIS i o o PR L E G REAT R T AMEE A T
RERFE. AL, GIL % KM SFe LG EREN
TRAMBERLEGA R TR NE G, KR
REAPLR, A GIL REWEARSZ RS KA. K
R L

GIL SARMsE i & e e, %2k
MEEAERAG. MR, RV SR A, 15
GIL 5 RUFRINLIPERE, X2 GIL RES (L%
R R K LR L K LIRS AT M 6D GIL
HA Rsm A AR PURREE, BERS R ZBRINA
PRI ISR BT, AN H AT IREI R, fEH
e S AR 2 T M BERRE IS AT, PRIE T HIAVR R
2z att. GIL il REFHIFATERAE, W] A
LA N BB AT IR 4 R SR K AR A . (H
GIL fE st e rp & R v, I [a] ) R AR
AT I G AR AR, AT 2 M AU
Jigp A, MBI E. Bk, &HR#REMER
TR RAAD R 77, ORIUE GIL 7EA AR R A
SETE

UEAh, BESARMRL ARSI % TR
BT 5 H RN B A W R RS AT

GIL I, A8 5375 A5 MR X S0 B RS & 1
F s eSO, SRR 0 AR,
i GIL RENSAE ORAIE fa L W] SE S 22 2k 10 R IR oRe
e VAR N AR T LR

2 GlL#REXREEWMER

G GIL &M MEMREME DL J e B BRI mT
H1, SN GIL Fm i R 28 32 A 18 RURE . A7
IR, FEA TG, GIL MAFE. Sk E®R. §
R AN A . MR GB/T-11022M ke 550
SE, MM AR, SRS VRN 90°C,
Ah5E KB AT B AL VRIRE A 400C™, @ RS L
N, WO TR ) GIL 2R & H AR 1 i g vk
SE, EHEAY GIL 1R W i b 58 o v i) i e i
Pl R, B KRR B B O SR T B
N 5% SR, T B4R T (S R AT A Y. GIL
IR v OV il S B K e 7 (1) O B 2 e DR 3R M G
AHEAE bt B A2 Fs .

P A2 AL, GIL 3 E e 2 Rk &A1
ISR, RAEIIE GIL e AFRE L. A
PRIE GIL FIRFEAR T 5 i VRIS TR L, I3g— &
SR ) Tt 2 98 GIL 3t &, (H2FEAIK GIL (1%
FEL AR AR ), O 7w (R o R G T SR8 4T
AT aT, WHIT GIL Wit i &I 4 4 f2
AIARAR SR A B B S, AR RN IS AT RIAEA
[F) 26 A T REAT IR TR AR, R4 i B AR AL
R, OSLHURE R ERNEEFR,

21 RITHIETTX GIL #URERN

TEVTTBY B, MPRHE A B B LS M AL,
AIE A S GIL MBARCR IR & . SNBSS
B OIMFE I RBORHLIR R B S H 220 GIL
MR RE /P A BRI, A AR A
K, TEMFRIZAE A EM D TS
PIA B B T4 m AR, Ik RE2m T
Wil B2 R RRE T, 45 REGE K, U /)
Sl B, AT EE0 GIL f 34k 25 e Fa e 1tk Fn 75
ol eAh, GIL FIFEARMREE 7 2 eI 5 i,
i GIL 3@ BN R A, eI 5 e
FRIBSAT T ] e Sk gy vk fe i .

i LIRS SA R R A, 4Lk IR S
P 7 X GIL B s s m R E 2 . Sk
HILZ I SRS 4% T 2 M ERAL 2 7 A B
HRH, T OB A R 2 S B A I R,
fEAHRE TR, RN FIvERE . 42T 1)
PAaE o 7 SRR TS SRR R R AT



P‘

1344 RIS AR S 2R R B B SRR

il

Vol. 50 No. 3

a2 ERE™, IR T HECETEAR L, TTHES
MAGHRE T, HE5lRAS g5, iR
GIL #m &

2.2 BITHTXT GIL H#RENREMN

B 7 v v AR ) I R A [ AR R =
FISZI, 3R IR BT GIL Hs 1T BRI $AT 2%
PF, BIEAEEE. S MR RGH
Bt )14,

IR FE R GIL BN EE N R —.
WA TR I Th i, GIL B IIZa2SARH Sk
4RI F BH 2R AT RE 2 R A2 AR AN, 3 T R A 2R IR
B, ki, RSN S A ) H AN 4 5
HHRG R, SFERFEARET S, $EGIL [
WINPT TS

GIL WA R4Sk, H WSS
E PN O B A WA R . AU AR 2 S
SR B RN 2 RE, HETIRZM GIL ¥ B PE
fe. DIAWIALRM, GIL BTG, AT
SR KA SR E T, HETOR T A A
(IR AR GIL /AR S AR R i ) -3 sh
2 FARTIE LIRS 5%, WM Fe R FREEISh 5%
JEHR, e R R AR

GIL fEigfT i &= A KR, W
PARSSHPAIEET = BEE K, BRE T
B2 5] K kst a0 TR, GIL A A R
Yoy A5, TR R, R, Rk,
FERE ARG B BVE BSOS T R S R itk
5 R GIL This A Bt
3 CGILEREVWERE
31 MRITTEE

H w7 A 32K IEC-60853 ki F Tt 5
45 (0B A BOR &, IEC-602873 b5 v F Sk i &
B Fa IR, T GIL Hm & i 5H e
YL Rk, WERCE AT GIL 3R i 2 52
IEC-60287 #nif, HTRSREZEEL, 46 GIL
A By R KN My, ST S B[R] AR R HE AT 4
Hrit S, A, %05 TG A S I S ek g
BB, (UEH TRA&ERT . GIL B
TAE P/ B0 G5 R 1 3% DX B ) iR
B Ah, W AR B FE — AR, BRI TE BT
W, B R S AT 2 AR

HE Al BRI GIL 5 m] WL, 24P S
ARt ERE, TR AR N R, PRI
HAAAE R ARFE, ALY TR S ek 2 ] ) 44

Gk, SRIRET R, AERIE. T 7 (R,
B a5 R R IO R, WS TR R A2
Fizs o

155 B AR BE VL 0 B GIL (RIS R #]
RIS R I 1A ] B 3 S, S5 TE YT
R 3 G SRR S SER T E A
A GIL Ji BBl A JoT A BH, ) 8 S5 A (] % o o ¢ 4
A3 FRP,

Kl A3(a)y GIL Hlia 0, B A3(b) N GIL 5
AR EEREY . B A3(b)H, Ry NAZSAREERHN
BH; R, NAMTEIBH; Ry AN GIL RN BB, 0,
PR IR, Fi S5 A RGRAR I T 1) Q) A
FER IR, FARFFEAR B R I S T FL RS
LR, ARl BRI RS 8 AR A RO RIR R
RVFRE 05 B RO K VR 0 C BN
GIL #hFLIERE 00", 8714 st 18] iR 22 B Ay e [m) % o
IR ZE . SR, seiRm K TARR AN SR T
A1, B E TR IIAZ R T SRR R A
PP, 454 GIL [R5 MRRAE & [ Bbritk TEC 60287
HR AR B TR Tk, TS GIL B E 1 H
AR ()R,

1=J b~ (1)
R[R +n(1+4) R;]
A ROAFRAE S TARIRE T RAKERAS R
HFH; n ARAHSEREG 2, RSP S S
RBRFERIELG], RIARAE R B, T S
[EC-60287 H HL45 4> J& 31 & (45 e I 4

GIL FfERIE ] 73 A #fE T B #A4E
SN, b, BUE SR T SR A B RAE AR
RN AL T BOTTRVERE T AR, A58
A SRR TAGh T DL R S AR R A
By PIRSASE T SRR S SRRSO, 24
GIL 4 T #ke e RS, AN 75 28 R AN 5 TR 55T
FEAR AL R 55 GIL S50 55, BPAT B8
g R AL R RED, HEHPGR 0 5, FAE
HARBEAE, 482 AR S5 20 BH Ry R A% S #ABE AN
XoF 3t FABH I BBk 114 &5

IEHIZATR, GIL SR 4h 5% B BEAE 75 22 [ i)
LSRR SRR N AR RS . FARALE B
TAEWRE N A K E AR I R, PT 4% 50(Q2) 15,
ANFEIAZ LR 5 2 2L

R, =Ry [1+0,(6,-20)]-(1+y,) (2)

s Roe A 20°C (1) 57 B2 1) B HLBE ;s o
TR RL 20°C I 1 FEL P 2605 B R A v N TR
Sy IS R Y



F50% F3W

S G S I N 1345

HT GIL AR BT A% ket 5 s8R 2
JoT (R AR R PR AR — B, DRI, WTRAZ: R TEC-60287
RS AT ) AR GIL e S A
G R, B SR GIL R 8 FEE Z
5 GIL FERL Rl K.

£ GIL #iE T E S, it s BB A &
M ZHEOHERS, AHRRERIET B, 7
TR B RN — RS A, 72ms =4k
AT SRS E R E R, HoRE AR
YIS EG AR R, BT B A Fa 1 A
MAE, PCERH TSRS . ZkaRiH
fajBh, (EHAGE A T GIL RS 5. Hik,
RN U EEICATAE — 8 B SOEE 2 (8], Wk AR S5
AT, 256 Semf WA, S B s 2 4,
PR HERA T L IE ] 5] TR A T
%, RHA BRI i TR A A e 4,
DA AR 45 SRR AT F B i REGHATZ IE .
3.2 AWML

2540 GIL 4057 N BA #vE AL 3 I Hot
T, DR SR T A SRR R ST 1 E oy
i, EwRiVES . #otieve e, Taz
(BS54 FH A PH S PR ARE, T8I0 871 RO SR
i 7 FR AT R MR, RS AR & AT S RS IR
THOROOL, %07 ik fa VPl 2 8tk B LAE T
B Bt AT REUE AT BB IR N TES 7, Rl afe
AR H A SRR EE LT AT .
AH PG AR BT B TR R BIT T B, AT T v
UFIREHA, REFHTER] RO CEEMARE A, =
AT, ERRMIRB RSN SRR,
HXd 2SI EE TR, BES HIME
HEAR .

DASCHR [32] A 32 H 1 50t 8 ) 268 A5 2 0 AT 4y
BT, AT AL I 2 L84 AT R RN RE 7 KA 3R GIL
FRRERBRSRE. SRR, SRR
W 1) AT AR L) T R R ORI A LRI T
TGN RFEAAE; 2) BT GIL %32 b 147
B, AAFAE TR BAAR S B2 3) T4
35 B BE AR B, 2% T SRR L # 4
BT GIL SRS JEEHIR N, 20 T SR M5%
PRI RAE ST, Rk, AR T P T S
FIARZER: 1D PARRIRKMIFE P55 T 4% S
XPAE I O FARTE N BEFE AL T O, IERE RURE
2) FARRRUSFE P, 550K R0 FE P, S ANSE T 5%
AN THT 5 ) BB 2 SRS RAE # Qe 1R A 4
Qer[és]o

SCHR[13]HF R, 1247 SRR LR IRE A
[, AfEfEiRZE, B, Bocy sin] @ sr /e F4k
R AL BESARTES By ok LRE C. 445
PRIEHE D FNSEAR R R B, F 38 37 #0025 1570 G o
EHE A4 iR

Bl A4, On O O3 3 AASAR. HRFETIE
FANFENCTR IR BARFE, Ty Ton Tsn Tys Ts 5350
RIS ARTIE Fefk BRI, 4i%k
AR AN AR R R SRS, Tew Ty N
B E, Ry AHHRHEME. R NIERSTHIA. G
FEEBAF R o R 7R B I R e A AT A
R VEAE 3 HH A RN IR B R I =207 e, ST
ey 5 s G3) Fr b,

ﬂzg_n(Rcl—i_RcZ)_’_ T2 + T:‘ +
det Cl Cchchz Cchl CIRCZ
n'-1 -1
CR, CR,
%: TI _TZ(RCI+RCII)+ T;}
dt Cchl Cchchll CZRcll
%=&+ ]-'2 _T_%(Rcll +R012) +
dt G GRy, GR Ry,
4 4 4 4 3)
T, | n-T T-T
CGR,,, CR, GR,
ﬂ: T _T4(Rc2+Rc21)+ T
dr C4R02 C4R32Rc21 C4Rc21
%:%+ T, _Ts(Rc21+Rc22)+
dr C5 C5R021 CsRcZIRczz
L -1 7T
CsRczz CerZ CSRr22

s PRI O 32 BRI AR (1) BRI FE 5
FARBIR Or Oy RUFT BN FEIL = A AR A
BT 3 L SR AR 3 5 FEREAT B4k

ZA T BRI, AT FHEUE 7ok R
RO S HFE, e SRR KRR E
Ja, ERUHE B AR, F15 SRR AR
FEA I H e K VPR, RARIERE RN
GIL K& .
3.3 ARTE

A BR 70 3 BRI TR NURR P AL B A,
T 5 S T BUE 20 B e AR A B Bk 7=, AH B T
Pk AR 2%, A IR o A RS il B, GIL
TR IR ISR, T 3L i S R 2R M () 1)
REFREE BN R 3, EABREREE E 2 1R T, A R
TCIEF TSR T FE AL i) I, 508 5] 3k — Lok
SESME, JLR IR A RO AT Wik



P‘

1346 IS

il

e SR G A R B T R T VA SRR

Vol. 50 No. 3

Pt U e B A & IR AN R L, AERTURIRAS
TR SRR LI RARAR R T R AL A
Yy G L BTER R I AT,

A BR e vh 5 GIL 80 &, R e TR
YR, 7 EARYE GIL 817 M58 AR5 77 e
HLFE S 10 T 3o 7 RET L BT IR JGIA Y GIL #%
TERWE— PRI . B GIL (=4 )L
R, WIEHE PR, SR AR LLL A B
FREVIERIE SR AR JA OIS AT A A6, 0 GIL 4]
RIRE . BOKARVFRE. GIL 54 IR % AF
S Bl e (AT B O T R S AR SR AL, GIL 1)
P RE, I8 GIL WIMAMBIA AR &
Ja, BOECSE M AT ISR, V15 GIL 1R
O)AT, H IR AR R T LR SR o .

MATARICHHTE GIL BRI 2L
AR ML, FERT 73 3 2K, HAEE SRR
KRAMRE . i 73 W AT SRR L e i, 2 e
Wi S, e 7e e R IRTh Z A A E N
ANBIIBR A, o TRAS TR . Bi-AA &t
LR 2 e M 5 U R RIS AR B AT, FRRE
BRI RPN BRSBTS,
MLLZ T, A B- 2V [ RS & 07 B RE SEEL 2 W 2%
M, B8 T INAR AT B L RAIE,  RES LN
GRS AN A RO L, TR R, A
TS E, AR THE BRI RN K H s B AR 5
FAEe EWAMMIFHEITAT, GIL & THPHPIR
ARATIRICHT ARSI, KIS VR i
T RARFEET . GIL S P SR 10 7 152 44 Py
A 1) 3 22 LA 17 AT IR AR, #ufE

SRR FrRle
G L5V 40 4)
P ot
K TNLERHREE; pr ARE T B FAREGEAR R
MRVE R C, NASG SRR R I s O RFIAIFE;
Ar R FE TN S EE: OANE. BT GIL &
PRFNGEARPI IR LA /N, BELLht 50 35 A1 e 6 2w A%
SIE, ATRYE R RIAT R R, A A A Y
SRR AR [ A4 2 18] T 46 e FH RS AR
LM B T4 S R R e AR I 5, IR SR AR A ]
PRI Z [H] R e ke a3 5), RAA MR E T
R, = (GS)FR.
0, = Athd (5)
A Qu NXTTRALRING At AR I I ) B
SRR BIFIREZ: h NI EE: 4 A
AT AR . SR AT 23 H AR KRR SR S, 4

GIL %3 T RENR, AAMARE A E xR,
PR S ELHE SR AR S R SR I R S, S A
B S AT SR A A ) B A ) PR S S A P T
FEE} P25 18] YR Stefan-Boltzmann & 1%, H%
kR (6)FiR.

o(0; - 60)

Car = 1/ g4y + Dy (L+64) / (& - Dy)
At Qo NGRS #AE; o N Stefan-Boltzmann
W eqo N FIRINRIMM R R Z; o NFEEN
KIMPRIA K2 Deo N FIEIME: D NFEAEN
7y 0. NSRRI 6. NI E . KR
Stefan-Boltzmann &%, FALKEKP B I HFAH
GIL #hsefim st 2 B m] LU 37 ki 5200
O = 08, (0: - 03) (7
s e NTEARINRIINN R AR 2 . BART Bt
TR Z JEOCHER[81] .

FESEBR TAERI Y, 8 SMRIEIE Fk 5%
PRETEEVE L R BE BRI A ERIE A& i
AR U SRk 3 A T e A A B AR R AT R
i, TR RERT A PO, (ET s R A,
N LRI T TR L GIL A AL, IR
Z 18 GIL WAL IEEEE . AT, #
WAt T2 RRE B s v, HLuh SR e BRI [R] 5
JFEi /T CFD B, CFD Bl e %5 fE GIL 1
SERIAN T AEAT A, R AE R 28 TR 1
PERE, (EXT IS S RS GURLE G R ER s m, THE
BB IR, AL, SEPRR B T RER ELRE 2 M7
ERIRAT R4
4 127 GIL BRENH

e GIL B B2 2 /MR f R S
PITTFENE . DU R Z5H . BRARIZ AT AR DL 3
AR L R SR 4 () A T B e R
iR EERIEOREE 22, AWrEEAT SR SRR N T
W, TIAE GIL HORAE H AT Mk rh A 4 50 2 2 1
e
4.1 Wt SHEIERL

A BL T SiliE T 228 m GIL #t R
Lt —, ATLLESE “FEGE” 5 R B
Kizr, WELT 3 A7 mAT etk .

D S SR, £ RIERE L,
R HLBH R AR AR RL, 408 K 2 AR B
5 B (WH- AR 5 3 AR), AT RO FE . fE
GIL Z5#) b, SR AT EE 2 REN, B
TN A B RO T AROR I 5 AR, A R

(6)



F50% F3W

S G S I N 1347

SR AR BE 8D FE FHAER R AR, IR B $RTHE
MERIBR. 78 GIL SRR mEs; L, R
FME B fil ka5 X, Fo v — e Bl ey (e 46 R0 # P
Tif, TIARMERIA A BRI fik L FE iR
s, BAh, 1E 4R SR BT HE)Z (B R
BB AR TR, TR ERRR GIL MBS 45
F i e S 40 ) 264K

2) BHRGTF. LGSR RTH,
FEIR R R B e FH 5 AR RE AL K H S 8 2 e
SR AR BIR G SBAEN LG AN T, FEIRUEZ A
RUPR ™I e m Uk k77, A RT3 58 GIL B
MR, RS ARIETERT, TR T B AR
R EEROR B R A G S AR R K FI 2R T, $e Uk
aifg, MRS ZoRE S RAERE. thAh, ZA
B4l SFe SMRMAZERE, RAE M TR AL
R, XTEBEEORSEH TR SR, WO
BT HREEE T2, MR IR R 54 Fe s
A, P SRR AU o

3) BIASEER S HIE. 78 GIL sihgs i
forp, I 2 2 A BGRTERT EEE RTE HEEARL
R, MmN E . ErSRRIH n] R A G G
0 s FE AR e, TR R A IR R (U FR
PR AL ER, RSFF>0.9), A3 A8 SRR
AT AR AR R A AT A, S TRAR AR )
e, SAR SRS T2 ARSI
Mo AT LE F Ak 5 41 5% 1] HH 78 AU AR W B R0k Bl ik
NI B 3 e A A ), et PR A B MR S s
EAE, BRIRRGBIART.
42 ERUBHEEKRIE

1) IR WIS PR M 4Ed . X T4 S AR
AW, TR B AR AR AR AR S A e D
1, SRR SR RE, MBS SRR T
0 A B3 e = A FE R O MBI, iR E AR
AR, B SR SIS BRI
XF R GAT RO I, A 20 B AR A e
SRk, A R I, BRI R I R 5
TR IS TR ) A8 25 SRR, 38 B = BB SR AR 51 K
BT IR0, BhAh, AhFER H R 4ED iR B oK
PRI E BN, 75 GIL 5ok R X, ek
VeAMFERIMARAL, FFWHRPIEIRE, R 5K
R ARG

2) AEARGMAL. FEAHEARMAL L, AIE
GIL RSG5 NIRARR EIEOR,  anfdt ¥4 &0 on
GIL SURFEATA R, DULREREEHeE™, 8
A E T, i S AR A R, AR

Kl oy AT 5 SRR, AU R R GIL 3=
FizfrRaEtE. N TSl GIL 2540 i & st i
DU, FF T M - bl e - 3 o S R A — AL A
TN, I R AR FE W 4 SRR R S
P, JESEU GIL R RS AERE ] Bm & i KA Tt
A MTF B BTHE S BRI, GIL
o BRI R R TR T, Bk, RAR
SN e T IR AT ST SR FEARE SEi
WA R e, B ShR T GIL s BRIl K AR 4t
HRERS, WA E, ol s, B
YEFF GIL RGN R E

3) BRI H ARG T . T GIL RGBT E
[, FJEEST GIL AR AR, S N SEHE 47 4L
PRI R AUEE S, AR K 6~24h 1)
e SRR, R RRERERE, RS
6 R N B LA T S . 7E GIL J5 4y,
AR N T8 R S5V 40 i 20 7 B B S 8 i e T
W, HERA SR EL . GG H SR IE, If
A AR S R HI Y BT I T SRR . 452
LSRR Bt E . KRB, RHER
GIL /N TTHIF R T AT VAl ShaS TR
IR 2 A SR .
5 GILRKAEkEFRIRRE
51 FEREBBEBRAR

GIL fEy—Fpii B bR, BARTEAZE. B
B MU RESE 7 T A B AR, ATy I 6 1%
2 M 55 KB o

1 GIL fELIMEARA L . ELLIE NS E
REJ I GIL 4 (S, PRI KA AT,
SCHLRGE TR SRS . (H H AT 7E R I 3 258
MRS SF SRR & D0 &
ERAWSATIED, EEMPTIR 5. BT
SEVEZE, HSREAS I B ot KB, Hk, GIL %)
B RABIRIIAFAE, BEMB G — 55 F
B, U WA B R R R AT AN AT, B4
IS 5 25 A HEVEAR PR o BT FE LR I s, T
FIFVIE A, TF R e A TR I R 4,
Xt GIL K FLft g # it 5o/ T 48— M fa A 8. I 2
HHRIEEAR, LR AIREm U, RAANTH
REXH RS AT A EE, FTHE RS NME BN, X
PLEE UL R GU A BRI, Dy TR0 4 4 2 A R
A

2) GIL 4% SR HHA L. B GIL
FHH) SFe A& —Fhoiafiif =54k, HiR=MNE COo,



1348 RIS AR S 2R R B B SRR

Vol. 50 No. 3

1) 23500 fi%, %TFIMRMER, SFaIBESMAEKAN
YETF AR . HAT SFe/Ny W& SR HE N
2, AR TSR, SEYN IRE S
) e VERE AR SINE RE G P T B, A5 BRI B4l
SFs M4 Zkom ), 7 EmTTIAS] SFe WIS, T
SEINR T TEMERE, [R5y ik 7K P 4 B
mER. AL, KBS BB AL
PEANA P2 A S DR R TR B SR A0, BT REA
PIARE SE— A E KB

3) GIL W& @ o FE A « GIL 78 il %
st ArE e A H g E R, H
1E BRI AR AT g sh, fE A T skt
ELE T FARNBEDL R 4% 13RI, 8RR
A%, BR AR A B 2 S A VR T IR 2%, 3 A GIL 4
CRYERE TR, B AL 4. H RTOR I 1 e
FEJEIRGIFORI I A1, RT3 & R 4a 20
F o L 2 8 B OGEE FELAZ . A1 N R T 7 A
WORLREBE . AR B A T R A TESE,  flckE
FA IR 2 T 7 e RO e 35 . e FH I A e

4) GIL #glzAsil . R 5@ A N A GIL i
LW R 551 55 A7 T I 1 = 2 R o e e 2R T %2
FE RFESR I AE . AT IIME 55085 . a5 24,
PRBE A5 ARG i R BR M5 0% GIL th %
EEERE R BG5S TEAE R S BTl R Ek
S ARG T M LA R 2 A, s 3K
TIPIERAL IR B A, e DU F 055
A W o R o B e 2R A A A 0 3
BHAIMNEAG . ST ARSI S5, (Elk
Fnb A SRS S A BRROAR, T e A
R DA EIE S

5) GIL 7 IR BE T8 S5 Rr PR PR 855 Hh (138 B
PR . HarTdRIE GIL FINHRGIAZ, BT
PRI B s R R AT . B GIL B R
F, BRI BRI SE R R A5 H I GIL i FEAS m]
Gl B RO IR, GIL (8 AT B i i %
B L, HUBN 1. e PEfe . e RIRG S, 25
BEgom | 851 AR AR BR HE S 22 77 TH B3 0 4 X
A, BARTT REELHE bR R RO (] R AR A
NI FT Ay ) i TR MR KA R
) RS, AR AR G PR B 0038 B M A AR I GIL
BRI 2 N
52 REREZREBRE

B A R R LI R v s L TR 5 2 R D R 1)
AR FE, X GIL %5k v 15 £ 1) P g Rt oK i
P (R HE GIL 3B TS AR 7 2 38 R R

HL R R A M BB s 2 —, BT T )
BARMEREFNTES T X T ARK GIL HA KA LLT
AR

1) EZESE IR Bh 77 GIL B EHMEITH .
&4 Mk, BT E R AT LG 7 SR R AR RS A
N, EMTIFE. ARSI R OCVE R R AT HAR
RSB 2 &4 T R E A, T
AL TAR 5614 R MEh A 8 Bt S0 ut 7o P, i
SRR TAE R GIL 1 N AR I AR 1Y), 7E 22 S
WA 5 5 5 R T R s AR A R %, fn
GIL JRhEELL MM . RIEELIEN . ZSRER
WS, FEXF I AT AL BE 5 2 B 15 HA S B
i, DM SRR . AT, 7R LR S I I
R FEAG AL 3 GIL A8 &1 5 i
W PEFISE I, 3R GIL IS TR M 22 4.

2) GIL b it 5 = 4e @i 7. GIL 7E4%
NAE P2 R BEAT A B T E 2 A AR L AT SE AN R
FIoEE IR, T B B T E A B UG 2 24 3045
™ GIL Mg T AT 2T A AL, GIL FI%er1b
Wt 5 R 37 = 4R B 0] O R SR K R T
)00, = R A, TR B AL
RN, BHATRERER AL T, PR R
FERPE. PR RS TR, RN T B G
LSS I HAR, BT TR, RS A
gi b, BRI T R KRR
HAGHT AL S G S T B, AT GIL %
b HIEFES RS, PR A, fRma s
P, #e3h GIL T2 N .

3) GIL il RAF A EH . EReit itk
JRES AL ME A, St GIL (84T IR A 47 S 1)
AR T, S I A BV AE 7, 2 i 4t
RN EEAELT @I AT 2 SRR, SeBl
GIL [ M L A RE, $Emii e RN RIS
PRI Rt K. PR BREIBYE RS, X GIL [)iz
Yt FEIEAT H AW E BRI AL, PRAKIS 4E A R
EHBERCR . Ben, PR GIL Bt ilis flis 4 4 id
A — &, HiE 4 8dE i it 5l
i, AT ShliE S S e, SE AR
FI%E I 55 SE AR IE, fRR T GIL #4ih %
.

6 it

GIL DU 30 B MR A R, AE R
TAERAT I A R Tz, JCHAE R R
. RAERMERmNRT, GIL KRS ENE,



F50% F3W

o

X

/N 1349

NE R RGERTT KM RIRHE 7 A IR .
X GIL B THR, M7 A0 N 4532 A,
ATHER P g5 RAT IR R A TEUE
T 7 B B it B R VR4 RN IS 18 AT MR AR,
ZMINERNSERA TS GIL i ETHE K
RCRFERYE . H AT GIL #8 s T E 2 R EUE
PIRTTE, 27 R RAE R s E T R R R o
BRER K. BESE KB A N TR B R 8, ARRAT
RE 2V L L 5 20 HHER I BOR B H SR
TARHE GIL BOARK) 2 N AR AL A R, ARKTT
RexthEHZXT GIL #umETHE LR bR AEA
G, WA GIL B s HE N BAAPIR. S 80UE
YOI PSSR T 58, AR MO ARG — 1
HARIBSFMSEKYE . Hh, BEEITTENS AN TR
REFORMIR R, GIL #liEHAR Sia4eF & 1 fefe
RIEKG AT BRES S, ) RG IR
RURE N AR T B TT 1]

Mt & LA T W % IR (http://www.dwijs.com.cn/CN/1000-
3673/current.shtml),

SE 3 Hk

(1] ZHE, SOk, E¥, 5. RreEs GIL iR B & R A
[7. ®#BREAR, 2017, 41(10): 3161-3167.

LI Peng, YAN Xianglian, WANG Hao, et al. Research and application
of UHVAC gas-insulated transmission line[J] .
Technology, 2017, 41(10): 3161-3167(in Chinese).

[2] @RS, SRS, XM, . JRIELRE I AR R GIL 464
FEEFAR]. EHERAR, 2023, 49(10): 4046-4057.

PENG Zongren, ZHANG Pengfei, LIU Peng, etal. Key insulation
technology of UHV GIL in Sutong utility tunnel project[J]. High
Voltage Engineering, 2023, 49(10): 4046-4057(in Chinese).

[3] BENATO R, DIMARIO C, KOCH H. High-capability applications
of long gas-insulated lines in structures[J]. IEEE Transactions on
Power Delivery, 2007, 22(1): 619-626.

[4] HEY, B ARLSR BN GIL KM LRI, &
FEHA, 2017, 43(3): 699-707.

XIAO Dengming, YAN Jiudun. Application and development of gas

Power System

insulated transmission line(GIL)[J]. High Voltage Engineering, 2017,
43(3): 699-707(in Chinese).

[5]1 RIimd, KL, Bath, 5. BEWRUARLE S i Lkig e b v B
KRR IVIRERT]. =R, 2023, 59(9): 1-11.
LIANG Fangwei, ZHANG Changhong, LYU Jinzhuang, et al. Review
of key problems and development status of DC gas insulated
transmission line[J]. High Voltage Apparatus, 2023, 59(9): 1-11(in
Chinese).

[6] WpErEE, HUE, =R, . RNl GIL LG8 KL E TRRE
THET. B, 2020(7): 1-7.
YU Xingiang, XIAO Mingqing, YUAN Jun, et al. Design of Sutong
GIL utility tunnel across Yangtze River[J]. Electric Power Survey &
Design, 2020(7): 1-7(in Chinese).

[7] CHENG Jianwei, ZHU Sijia, JIN Shoufeng, et al. Analysis on electric
field distortion of three-phase tri-post insulator in 220kv compact gil
with metal defects[C]//Proceedings of 2019 IEEE Conference on

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Electrical Insulation and Dielectric Phenomena (CEIDP). Richland,
WA, USA: IEEE, 2019: 251-254.

MFE, FAE, BB, & SNBSS E R LR SR GIL X
BERORZR[]. HREAR, 2020, 44(6): 2377-2385.

LIU Zehong, WANG Chengyu, LU Shujun, et al. Key technical
parameters of UHV GIL in Sutong utility tunnel project[J]. Power
System Technology, 2020, 44(6): 2377-2385(in Chinese).

RET;, Whm, dE, . B8RRGSR B R BT TSR
R[], FEEHESS, 2024, 60(10): 86-103.

WU Chunfang, CHEN Yun, HUANG Tao, et al. Overview of
condition sensing and detection technology for power cables[J]. High
Voltage Apparatus, 2024, 60(10): 86-103(in Chinese).

GONG Ao, WU Zehua, JIN Shoufeng, etal. Transient overvoltage
simulation analysis of 1100kV long distance GIL[C]//Proceedings of
2019 IEEE Conference on Electrical Insulation and Dielectric
Phenomena (CEIDP). Richland, WA, USA: IEEE, 2019: 596-599.
XA, VR, TkEE, & ENSER R RS
VR B AR T[], HMEAR, 2025, 49(1): 316-322.

LIU Zhuokun, LI Jiandong, ZHANG Guohua, et al. Comprehensive
evaluation and improvement suggestion for the reliability of HVDC
system domestic and foreign[J]. Power System Technology, 2025,
49(1): 316-322(in Chinese).

Fd, EXT, K&, F. ERA RHISE S5 T L
W TR VRIS 2025, 49(1): 306-315.

ZHOU Yang, WANG Zhuding, ZHANG Man, et al. A grid cell based
distribution network planning method adapting to the increasing
permeability of distributed resources[J]. Power System Technology,
2025, 49(1): 306-315(in Chinese).

MINAGUCHI D, GINNO M, ITAKA K, et al. Heat Transfer
Characteristics of Gas-Insulated Transmission Lines[J] . IEEE
Transactions on Power Delivery, 1986, 1(1): 1-9.

TRl HET HCRP IR AR & A4 S v 28 i IR 2 8 e 15 b
SEAL[D]. &M HEG LR, 2021.

SR R R SR AL S U S AT [T]. H R AT EE, 2024(16):
298-300.
YUAN Ying .
equipment[J]. Electric Power Equipment Management, 2024(16):
298-300(in Chinese).

IMEEE . FET IR GIS RRH kT Akl 1 75 [D].
BN BBURE, 2013,

SEDAGHAT A, LU Haowei, BOKHARI A, et al. Enhanced thermal
model of power cables installed in ducts for ampacity calculations[J].
IEEE Transactions on Power Delivery, 2018, 33(5): 2404-2411.
OCLON P, RERAK M, RAO R V, et al. Multiobjective optimization
of underground power cable systems[J]. Energy, 2021, 215: 119089.
CHEN Geng, TU Youping, WANG Cong, et al. Environment-friendly
insulating gases for HVDC gas-insulated transmission lines[J]. CSEE
Journal of Power and Energy Systems, 2021, 7(3): 510-529.
RFVE, WL, BEH, % B ERERGRRERML R
I RS L HAMULRI]. BEMEAR, 2024, 48(6): 2404-
2415.

LIANG Yutao, LIN Shunjiang, FENG Xiangyong, et al. Multi-
objective optimal planning for AC electrical collector and VSC-MTDC

Research on UHV gas insulated transmission

transmission grid-connected system of offshore wind farms[J]. Power
System Technology, 2024, 48(6): 2404-2415(in Chinese).
AN, AVEER, SRE, . AR ERBER— 4 ER
W EARIRGII]. MBEOR, 2024, 48(7): 2895-2901.

CAI Xipeng, ZOU Changyue, PENG Faxi, et al. Discussion on
HVDC transmission technology for super-large scale offshore wind
power under offshore-onshore Power

integration[J] . System


http://www.dwjs.com.cn/CN/1000

1350

/‘\

4

R
R TEE

3u—

SR AL i LR AR BT S VR SRR

Vol. 50 No. 3

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Technology, 2024, 48(7): 2895-2901(in Chinese).

XSRH. T HURE- AR O HL T SR B A R A R B
FsZma[T]. & EL, 2024(15): 201-203.

DENG Yang. Effect of metal sheath loss on current carrying capacity
based on electromagnetic-thermal coupling cable calculation model[J].
Electric Power Equipment Management, 2024(15): 201-203(in
Chinese).

TR, JEESE, @i, 5. ARMBEEERT GIL 7GR
HEREFLT]. A TREREA, 2020, 39(3): 136-143, 150.

QIAO Yujiao, TANG Zehua, GAO Peng, et al.
characteristics of GIL temperature field under different environmental
factors[J].
136-143, 150(in Chinese).

RER, M, T, S RSB IHEINALHR].
B 56HUR, 2022, 43(4): 299-303, 331.

ZHAO Yingying, JI Hang, WANG Xunfeng, et al.
calculation methods for power cable current carrying capacity[J].
Power & Energy, 2022, 43(4): 299-303, 331(in Chinese).

XIE Maojie, LIU Wenbo, MA Guogqin, etal. Ampacity analysis of

power cables based on polypropylene insulation[C]/ Proceedings of

Distribution

Electric Power Engineering Technology, 2020, 39(3):

Review of

2023 IEEE 7th Conference on Energy Internet and Energy System
Integration (EI2). Hangzhou: IEEE, 2023: 3906-3911.

FAKAR, REUGE, A, S dUJpBSBIRTHRR ST R R R
S, BSHEE, 2024, 45(2): 197-202.

ZHU Changdong, ZHUO Honggang, ZHI Li, et al. Temperature rise
characteristics of power cable and its current carrying capacity
calculation[J]. Power & Energy, 2024, 45(2): 197-202(in Chinese).
LEBBIHIAT N, ATIA A, ARICI M,

analysis of helical ground-air heat exchanger under hot climate: in situ

et al. Thermal performance

measurement and numerical simulation[J]. Energy, 2022, 254: 124429.

CHENG Shucan, ZHAO Yanpu, ZHANG Jinxian, et al. Temperature
rise prediction of gas-insulated transmission lines based on thermal
network model considering contact fingers[C]//Proceedings of 2022
IEEE 20th Biennial on Electromagnetic Field
Computation (CEFC). Denver, CO, USA: IEEE, 2022: 1-2.

o N BRI R 55T B A S R e =), vl [ [ S v AL
B G 2. BUEHIE 72.5 kV R UL ERIVE SR SAa i 2 - GB/T
22383—2017[S]. db3L: HEFRAEH AL, 2017.

ik, M, BRE, & B GIL BREmIiHHIETR
[91. s, 2023(6): 16-22.
YUE Hao, LI Jian, LUO Chujun, et al.
calculation method of GIL ampacity in tunnel[J].
Survey & Design, 2023(6): 16-22(in Chinese).
NOWAK R, DUC J, SAMUL B, et al. A Thermal Network Approach
for a Quick and Accurate Study of Multiple Connected Switchgears[J].
Heat Transfer Engineering, 2022, 43(3-5): 183-197.

CHENG Shucan, ZHAO Yanpu, XIE Kejia, etal.
for fast computation of the temperature rise and optimal design of GIL
based on thermal network model[J]. Energy, 2024, 289: 130034.
NIU Haiqing, CHEN Zeming, ZHANG Huang, et al. Multi-physical
coupling field study of 500 kV GIL: simulation, characteristics, and
analysis[J]. IEEE Access, 2020, 8: 131439-131448.

HeMe. R IR GIL I MR 58 P O e BRI 92 [D]. b3
HJb IR AL RT), 2022,

CHEN Geng, TU Youping, WANG Cong, et al.

temperature distribution and current-carrying capacity of gil filled

Conference

Research on analytical

Electric Power

A novel method

Analysis on

with fluoronitriles-CO2 gas mixture[J] . Journal of Electrical

Engineering & Technology, 2018, 13(6): 2402-2411.
WU Xiaowen, SHU Naigiu, LI Hongtao, et al. Thermal problems in
solved by the

gas-insulated transmission lines finite-element

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

method[C]// Proceedings of 2012 6th International Conference on
Electromagnetic Field Problems and Applications. Dalian: IEEE, 2012:
1-3.

SIMA Wenxia, CHEN Xiaoxiao, SUN Potao, et al. Environmentally
friendly super-insulating material with three-dimensional nanoporous
structure: a promising candidate for future gas insulated transmission
lines and carbon sequestration[J].
2024, 479: 147673.

XING Yunqgi, WANG Zhiwen, LIU Lin, et al.
types of solid insulation in gas-insulated switchgear: in situ study and
case analysis[J]. High Voltage, 2022, 7(1): 158-164.

WANG Zhen, GAO Jianmin, WANG Rongxi, et al. Failure mode and
effects analysis using Dempster-Shafer theory and TOPSIS method:

Chemical Engineering Journal,

Defects and failure

application to the gas insulated metal enclosed transmission line
(GIL)[J]. Applied Soft Computing, 2018, 70: 633-647.

WRBE. B C3FTCN/CO2 U2 i B B 28 25 R I LA AL R
FEMEKHUFR[D]. dbid: Al I R%dbRD), 2022.

HEEX TSGR, EFAMEERRGAS. sEZRIFxR
WA R B A& AR dE M L R 23Rk GB/T 11022—2020[S]. kb
H: PESRHEH AL, 2020.

ZHU Sijia, LIU Peng, GONG Ao, et al. Optimization of electric field
distribution for tri-phase tri-post insulator in 220kV GIL[C]/
Proceedings of 2019 IEEE Conference on Electrical Insulation and
Dielectric Phenomena (CEIDP). Richland, WA, USA: IEEE, 2019:
259-262.

SHU Yinbiao, CHEN Weijiang. Research and application of UHV
power transmission in China[J]. High Voltage, 2018, 3(1): 1-13.
HAEf. AFEBETTT XLPE #7823 5 S 7 B AT
FED]. . BRPGELT R, 2023.

W, R, dOE, & TR d R
ST LI, PEE S, 2024, 57(5): 178-187.
HUANG Li, LIANG Yun, HUANG Hui, et al. Surrogate model-based
fast calculation of power cable temperature field: method and
application[J]. Electric Power, 2024, 57(5): 178-187(in Chinese).
ZHAO Lihua, WANG Zelong, ZHU Haiyi, et al. Study on temperature
rise characteristics of GIS disconnector under different operating
IEEE Transactions on Power Delivery, 2021, 36(6):

BEsmthigE it

conditions[J].
3601-3610.
5, BRANT, XI3E3E, . P 515 kV B SFe UALL T
BRI, mIEHEE, 2023, 59(5): 28-34.

SUN Longyong, YAO Canjiang, LIU Yingying, et al. Development
and design of new 515 kV DC SF; gas insulated wall bushing[J]. High
Voltage Apparatus, 2023, 59(5): 28-34(in Chinese).
HABIBURRAHMAN A, ARYA L D. Comparison of transmission
losses and voltage regulation of overhead and gas insulated
of 2020 IEEE International
Conference on Advances and Developments in Electrical and Electronics
Engineering (ICADEE). Coimbatore, India: IEEE, 2020: 1-3.

TR EE. BB AL A e R R S R BT 7S S SR [D).
Bk ZRAei IR, 2023,

Mg, SRk, SEM, % 5T HEE-HEEE 1 XLPE BAHHE
BARURE T[], AR, 2024, 57(4): 122-129.

CHEN Xingang, SONG Xin, MA Zhipeng, et al. Study on transient
temperature distribution of defects in XLPE cables based on

transmission line[C]//Proceedings

electromagnetic-thermal coupling[J]. Insulating Materials, 2024, 57(4):
122-129(in Chinese).

Wk, BE ®ER, % ETHEIRIGER GIL I 55
J. WL DRERAR, 2023, 52(9): 206-210.
YANG Long, LU Yi, YUAN Feichen, et al.

experiment of temperature rise based on finite element method[J].

Simulation and



L

5 50 & 5 3 M) S S S 1351
Mechanical & Electrical Engineering Technology, 2023, 52(9): of different conditions for SF¢/N, gas-insulated transmission lines[J].
206-210(in Chinese). IEEE Transactions on Power Delivery, 2021, 36(2): 831-840.

[52] #hEEE, KM, &MEE, 5. ETZ2HEETENSAELALTT [66] BOGLIETTI A, CARPANETO E, COSSALE M, et al. Stator-
B 2% BELR B T PE B A AT [T]. B HESIR, 2014, 40(11): Winding Thermal Models for Short-Time Thermal Transients :
3445-3451. Definition and Validation[J] . IEEE Transactions on Industrial
SUN Guoxia, GUAN Xiangyu, JIN Xiangchao, etal. Temperature Electronics, 2016, 63(5): 2713-2721.
rise calculation and overheating fault analysis of gas insulated [67] CHEN Xiao, WANG Jiabin, GRIFFO A, et al. Thermal modeling of
switchgear bus connector based on coupled field theory[J]. High hollow conductors for direct cooling of electrical machines[J]. IEEE
Voltage Engineering, 2014, 40(11): 3445-3451(in Chinese). Transactions on Industrial Electronics, 2020, 67(2): 895-905.

[53] International Electrotechnical Commission . Electric cables- [68] OTAKID, NONAKA H, YAMADA N. Thermal design optimization
calculation of the current rating - part 2-3: thermal resistance-cables of electronic circuit board layout with transient heating chips by using
installed in ventilated tunnels: TEC 60287-2-3: 2017[S]. Geneva, Bayesian optimization and thermal network model[J]. International
Switzerland: International Electrotechnical Commission, 2017. Journal of Heat and Mass Transfer, 2022, 184: 122263.

[54] BENATO R, DUGHIERO F. Solution of coupled electromagnetic and [69] MARTINHO L B, SILVAV C, L FILHO P M, et al. 3-D Finite-
thermal problems in gas-insulated transmission lines[J]. IEEE Element Analysis of Conductive Coupling Problems in Transmission
Transactions on Magnetics, 2003, 39(3): 1741-1744. Line Rights of Way[J]. IEEE Transactions on Magnetics, 2014, 50(2):

[55] HELLESO SM, EBERGE. Simplified model for heat transport for 7024004.
cables in pipes[J]. IEEE Transactions on Power Delivery, 2022, 37(5): [70] XUBRWF. FFHRTEK B BERREITHED]. FE: LWRR
3813-3822. PR, 2018.

[56] LIBotong, GU Tianfeng, LIBin, etal. Study on the gas-insulated [71] Agid, F6SCWR, EEP, . RETHRICHR TR AN RS
line equivalent model and simplified model[J]. Energies, 2017, 10(7): & B - S R 1 SR O IR[T]. R ROR, 2018, 44(5): 1557-
901. 1563.

[57] #i—#k, RIBA&R, KB, 5. FETHRITCENARLLH L NIU Haiging, ZHENG Wenjian, LEI Chaoping, et al. Estimation
B AAERB T [0]. WALE IR, 2016, 35(6): 16-18, 59. method for thermal parameters of soil around the cable based on finite
JIN Yilin, SONG Xudong, ZHANG Xiaoping, et al. Thermal circuit element and particle swarm optimization[J] . High Voltage
model analysis of gas-insulated transmission line based on finite Engineering, 2018, 44(5): 1557-1563(in Chinese).
element method[J]. Hebei Electric Power, 2016, 35(6): 16-18, 59(in [72] HAO Songhua, YANG Jun. Dependent competing failure modeling
Chinese). for the gil subject to partial discharge and air leakage with random

[58] A K. FET sz & M EBOE  ER B s B degradation initiation time[J]. IEEE Transactions on Reliability, 2019,
AT FE[D]. A& AREZRERS:, 2022. 68(3): 1070-1079.

[59] F#is, iRy, RAH . BEB SRR R LR A R 3R [73] MIYAZAKIA, TAKINAMI N, KOBAYASHI S, et al. Line constant
ST, HARES TR, 2017, 33(5): 55-59. measurements and loading current test in long-distance 275 kV GIL[J].
LI Weiwei, HOU Zhenqi, WU Ke, etal. Ampacity calculation for IEEE Transactions on Power Delivery, 2001, 16(2): 165-170.
cable in cable tunnel and its influencing factors[J]. Electric Power [74] LI Xiaolong, WAN Mingde, ZHANG Guangkuo, et al. Surface charge
Science and Engineering, 2017, 33(5): 55-59(in Chinese). characteristics of DC-GIL insulator under multiphysics fields: 3-D

[60] SUN Qiugin, LIN Ziqi, WANG Feng, et al. Thermal network modeling[J] . IEEE Transactions on Dielectrics and Electrical
modeling of tunnel cable considering circumferential heat transfer and Insulation, 2022, 29(4): 1608-1616.
tunnel curvature[J]. Electric Power Systems Research, 2021, 196: [75] CALLENDER G, ELLIS D, GODDARD K F, et al. Low
107190. computational cost model for convective heat transfer from submarine

[61] WANG Wei, BAI Xueting, SI Wenrong, et al. Review of calculation cables[J]. IEEE Transactions on Power Delivery, 2021, 36(2):
methods of power cables temperature based on thermal circuit model 760-768.

[C)//Proceedings of 2024 IEEE 7th Advanced Information Technology, [76] E—MA, fR&E4, 20k, 2. 252 kV GIS B EEm i B
Electronic and Automation Control Conference (IAEAC). Chongqing: T S Sl P PR T 75 V2 E 0]t LS, 2023, 59(11): 162-171.
IEEE, 2024: 1711-1714. GUO Yifan, XU Zhiniu, LI Xianfeng, et al. Research on temperature

[62] #hsw, et KIS, W AURITIRBT R R R R % field simulation and contact temperature prediction method of 252 kV
LR R (R FAREPE[D]. TG 22 5B KR, 2018, 52(5): 125-132. GIS disconnector{J]. High Voltage Apparatus, 2023, 59(11):
XU Liang, LONG Yan, ZHANG Gaoshuang, et al. Thermal 162-171(in Chinese).
characteristics study of EHV gas insulated transmission lines in pipe [77] CHENG Shucan, ZHAO Yanpu, XIE Kejia, et al. A novel multi-slice
gallery using node analysis method[J]. Journal of Xi'an Jiaotong electromagnetic  field-circuit coupling method for transient
University, 2018, 52(5): 125-132(in Chinese). computation of long-distance gas-insulated transmission lines[J]. High

[63] WANG Wei, CHENG Yinzhang, MENG Xiaokai, etal. Review of Voltage, 2024, 9(4): 826-838.
researches on power cables ampacity calculation[C]//Proceedings of [78] 4IEM, ik, T, % ETZHBEER GIS #ukk
2024 TIEEE 7th Advanced Information Technology, Electronic and HEAHTT]. HITHEARZEW, 2020, 35(17): 3765-3772.
Automation Control Conference (IAEAC). Chongging: IEEE, 2024: NIU Chunping, JIAO Lulu, WANG Xiaohua, et al. Thermal
1764-1768. characteristics analysis of environmentally friendly gis based on multi-

[64] STOSURM, SZEWCZYK M, SOWAK, etal. Thermal behaviour field coupling[J]. Transactions of China Electrotechnical Society,
analyses of gas-insulated switchgear compartment using thermal 2020, 35(17): 3765-3772(in Chinese).
network method[J]. IET Generation, Transmission & Distribution, [791 WANG Bo, JIA Xiaoyu, YANG Jian, et al. Numerical study on
2016, 10(12): 2833-2841. temperature rise and structure optimization for a three-phase gas

[65] QIAO Yujiao, LIANG Rui, GAO Peng, et al. Heat transfer analysis insulated switchgear busbar chamber[J]. Energy, 2022, 254: 124463.



1352 R IR ATV LS 2 B B T BT i ERA Vol. 50 No. 3
[80] KJE. 500kV GIL Z4FEME &40 B AW FL[D]. M EF [93] BENATO R, BRUNELLO P, FELLIN L. Thermal behavior of EHV

FET.K%, 2019. gas-insulated lines in brenner pass pilot tunnel[J]. IEEE Transactions
[81] M. PFLRAY GIL IR EE 54 o SRR SOsE E[D]. AR on Power Delivery, 2010, 25(4): 2717-2725.

K%, 2022, [94] FFIZR, HEok, R, . AT L RERBEAEII LR
[82] DU Mengbo, CHENG Zixia, MA Yuelong, etal. Simulation study R RIRAE[T]. mHERIAR, 2024, 50(12): 5269-5280.

on temperature distribution and ampacity of HVDC submarine cable LI Lirong, MEI Bing, DAI Junwei, et al. High-voltage transmission

laid in cable trench[C]//Proceedings of 2024 IEEE 7th International line inspection based on multi-scale lightweight convolution[J]. High

Electrical and Energy Conference (CIEEC). Harbin: IEEE, 2024: Voltage Engineering, 2024, 50(12): 5269-5280(in Chinese).

1975-1979. [95] DOUKAS DI, PAPADOPOULOS TA, CHRYSOCHOS A1, etal.
[83] EAM. GIL 4 AR RIEX 1 BB FL[D]. Kk K& Multiphysics modeling for transient analysis of gas-insulated lines[J].

T K%, 2018. IEEE Transactions on Power Delivery, 2018, 33(6): 2786-2793.
[84] WANG Jian, HU Qi, CHANG Yanan, et al. Metal particle [96] VLFFEL, VrkMS, ZEMER, . ¥MEHREY S P B

contamination in gas-insulated switchgears/gas-insulated transmission FACEETID). EEERAR, 2022, 48(1): 1-10.

lines[J]. CSEE Journal of Power and Energy Systems, 2021, 7(5): JIANG Xiuchen, XU Yongpeng, LI Yaocheng, etal. Digitalization

1011-1025. transformation of power transmission and transformation under the
[85] TU Youping, CHEN Geng, WANG Cong, et al. Feasibility of background of new power system[J]. High Voltage Engineering, 2022,

C3F7CN/CO2 gas mixtures in high-voltage DC GIL: a review on 48: 1-10(in Chinese).

recent advances[J]. High Voltage, 2020, 5(4): 377-386. [97] REUE, LBeE, ZBNE, . EE ) R B R IE BRI
[86] FENE, AJH. FT e E- R RAR P (1R & B 2R B ANk RIEIBATHIRRD]. HMEIR, 2024, 48(7): 2884-2894.

PRI 5[], MR, 2024, 48(5): 2179-2188. LIANG Zhifeng, LI Xiaofei, GUO Linrun, etal. Enlightenment of

DAI Zhihui, SHI Xu. A pilot protection for hybrid hvdc transmission Germany's power system transformation on the development and

line based on voltage-current sampling trajectory[J]. Power System operation of renewable energy in China[J]. Power System Technology,

Technology, 2024, 48(5): 2179-2188(in Chinese). 2024, 48(7): 2884-2894(in Chinese).
[87] A, E¥E, LM, 5. GIL BHIFE AR AR LR

SN, %A SEIEAR, 2024, 24(12): 4695-4704. 4R 2025-07-25.

XU Dakun, WANG Hao, JIANG Yangbin, et al. Analysis of the WS HHEA: 2024-11-27,

thermal environment and concentration of escaping gas in the GIL 1EE BN :

pipe gallery[J]. Journal of Safety and Environment, 2024, 24(12): EETE(1999), o, WALBTAE, AT N

4695-4704(in Chinese). NRG) IR SR B R R RS
[88] FEr s . BT FEMGUR KN (1 v 2% B A AR IKAG 23R (0] v FRR AR, %65, E-mail: gaohaiying.swust@qq.com;

2024, 50(5): 1826-1841. o wE(1976), B, @EES, @1, 92, W+

HUANG Xinbo. Survey of intelligent inspection based on image Rl £ G, IEEE Fellow, HF5C75 RN RS0 18

perception[J]. High Voltage Engineering, 2024, 50(5): 1826-1841(in wEHEH KA 56, eSS0

Chinese). BOR KB 2 7] 121 B U5 2 400 0 % T
[89] X, Z=kk, ZWER, 5. FETESEL YOLOVS [ HiLk Bt %, E-mail: hwong@swust.edu.cn;

ML 2 BEAG I VR, EHERAR, 2024, 50(5): 1954-1966. KEE1979), %, i+, HIZ, @4,

LIU Min, LI Zhe, LI Yaocheng, et al. Transmission line defect edge WESL T ) A B L N S R Je iRl S

intelligent inspection method based on re-parameterized YOLOV5[J]. P HIE AR 5%, E-mail: zhuyuyu@swust.edu.cn;

High Voltage Engineering, 2024, 50(5): 1954-1966(in Chinese). 8 SCE(1975), 2o, Wk, mg LR, WHAO7
[90] XIAO Song, SHI Shengyao, LIYi, etal. Review of decomposition T Ay A B TR I 9 Ok 9 1Y) 25 S AN B U T B i e

characteristics of eco-friendly gas insulating medium for high-voltage %%, E-mail: 200819735@qq.com;

gas-insulated equipment[J]. Journal of Physics D: Applied Physics, HHA(1997), B3, Wid:, WEFCOT A R e R

2021, 54(37): 373002. AWK SN, E-mail: hpusheng1997@163.com;
[91] ZHUANG Weijian, LIANG Fangwei, LIANG Zuodong, et al. AN (1992), 53, HL, SRIEEIEGZ, PHo07

Efficiency analysis of particle trapping for +320-kV GIL[J]. IEEE i) g b XGREL R A R B B RS,

Transactions on Dielectrics and Electrical Insulation, 2024, 31(3): E-mail: shihaotian1994@qq.com;

1541-1546. VFICAN(1995), 5, W+, W7 A ik
[92] Z=Flz, FRM, HEHE, 5. FETSCHPE BN 0 o i v 2k i X448 L TR AR, E-mail: 1624647208@qgq.

RPTET]. RMECR, 2024, 48(12): 5159-5168.

LI Lirong, DAI Junwei, CUI Hao, etal. High-voltage transmission
line detection method based on interleaved partial convolution[J].
Power System Technology, 2024, 48(12): 5159-5168(in Chinese).

como.

(At FE—)


mailto:shihaotian1994@qq.com
mailto:hwong@swust.edu.cn
mailto:200819735@qq.com
mailto:shihaotian1994@qq.com
mailto:gaohaiying.swust@qq.com
mailto:hwong@swust.edu.cn
mailto:200819735@qq.com
mailto:shihaotian1994@qq.com
mailto:gaohaiying.swust@qq.com
mailto:hwong@swust.edu.cn
mailto:200819735@qq.com
mailto:hpusheng1997@163.com
mailto:shihaotian1994@qq.com
mailto:gaohaiying.swust@qq.com
mailto:hwong@swust.edu.cn
mailto:zhuyuyu@swust.edu.cn
mailto:200819735@qq.com
mailto:hpusheng1997@163.com
mailto:shihaotian1994@qq.com
mailto:gaohaiying.swust@qq.com
mailto:hwong@swust.edu.cn
mailto:zhuyuyu@swust.edu.cn
mailto:200819735@qq.com
mailto:hpusheng1997@163.com
mailto:shihaotian1994@qq.com
mailto:gaohaiying.swust@qq.com
mailto:hwong@swust.edu.cn
mailto:zhuyuyu@swust.edu.cn
mailto:hpusheng1997@163.com
mailto:gaohaiying.swust@qq.com
mailto:zhuyuyu@swust.edu.cn
mailto:hpusheng1997@163.com
mailto:gaohaiying.swust@qq.com
mailto:zhuyuyu@swust.edu.cn
mailto:hpusheng1997@163.com
mailto:zhuyuyu@swust.edu.cn
mailto:hpusheng1997@163.com




MR A

E Al GIL EELGRAREE
Fig. A1 GIL Pipeline Comprehensive Schematic
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Fig. A2 Key factors of GIL current carrying capacity

A3 GIL FHEAERRNEE
Fig. A3 GIL Equivalent Thermal Circuit Diagram
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Table A1 Comparison of overhead lines, cables and GIL
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