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Modeling and Analysis of Induced Voltage and Induced Current of
500 kV Double-circuit Transmission Lines on the Same Tower

TANG Haolong, FAN Yan, FENG Qianxiu, MOU Tingting
( CPECC Southwest Electric Power Design Institute Co., Litd., Chengdu 610021, Sichuan, China)

Abstract: When one circuit of transmission line operates and the other circuit of transmission line stops, large induced
voltage and induced current may be generated on the shutdown line, which has certain potential safety hazards for operators and
equipment. In order to study the induced voltage and induced current under different operating conditions, a simulation model of
500 kV double-circuit overhead transmission line on the same tower is established by using ATP-EMPT software. Then, the
effects of line length, transmission power, operating voltage and soil resistivity on induced voltage and induced current are
calculated and analyzed by the model. Finally, the hybrid differential evolution-particle swarm optimization algorithm is used to
fit the formula of induced voltage and induced current. The results show that: the line length has a great influence on the
electromagnetic induced voltage, electrostatic induced current and electromagnetic induced current. The transmission
power has a significant effect on electromagnetic induced voltage and electromagnetic induced current. The operating voltage has
an effect on the induced voltage and induced current, almost in direct proportion. Soil resistivity has a certain effect on
electromagnetic induced voltage and electromagnetic induced current. Through multi-variable fitting analysis, the functional
relationship between the above influencing factors and induced voltage and induced current is obtained, which provides a
reference for the estimation of induced voltage and current in subsequent projects.

Key words : double-circuit transmission lines on the same tower; induced voltage; induced current; multi-variable fitting

. W TR | A o St 2 0
0 5l = Fh 2 LB B g T i P 4

ZBE H\’%/ T D;u\ Ei%—}}( jjnx}‘LB\ o
2 R T R R T A PP TR TR LB, IS RO A



51251701 s M = S ES¥/W B s 9 - Cipr oy A CI B
WA E ACH . H o 5 2R B R 1E | 4
P TAER R TR X,

FH T2k H RIS A1 254 5 B0 01 28 % 2 1] 1Y)
AFT]BE 25 KM I8/ ) | [ A5l 4R B A FHaE— 20 i
M H— [1] 2R BB AT M o5 — [l 4R T LA A B
B, IE 1817 12 MK 2 FE 1501 2 B L IR R 3K 1Y
HL R R, AR B N B Ra 1 T i R e Bl
SCHRL L JHSE T 110 kV [R]3% XL [0l 26 % 8% 7 H R A1
SN L AT AR a3 . SCRR[ 2-3 TBF9E T AR
S 2 20 Ky L 2 % [ B 2418 s 4% [ % 2 i JR 7 Fi, R A
TR B UL S AR R | O X 2 B T D6 S 8 1k
PRELM TR, SCBk[4-5] %5 330 kV Al 500 kV
[F] 38 XL [ iy L 2R 8 TSP ATIE 4T 1Y 380 V LR AT T
TN L JBRIE R I A O BT AR HERE T KB AR 7
A, R 6 I EIHE T +800 kV ,+500 kV H i<k
FEASATH , ZE SR EL 4R 1Y 1000 kV 4F = e [R) 3
XUIT R [ 7 A R BN PR DG (] 325 0 I iy L
TN FEL R JER L OIS T EL A 22, (0 HEY
M) R 2R 114 22 A5 s 0075 R IER N FEL . JB%N; FEL 3 17 & il
BB A HOE

Sk T RS 43 M IR LI A e % I R L P JER
VA RN AR UK E B AL S B NI R R G R e
{5 B A ATP-EMPT #5371 500 kV [R]35 X A e 23
FFRZ RSO FLARTA TR AT TSR ik )
R ABAT HL A - 498 R B 23R X R FEL e RN L I
(RS2 IR TR & 22 53 388 Ak — R BF O Ak 530 76 X
iR R R IEATILA 45 T RN FL e JBR LI

M ZTEMA AR,
1 SR H T AL N Fi i 3 0 A

7] 555 W00 [ iy P, 20 6 > — I 2 B A E I8 AT ) —
[MIZE B ATIB I A58 2 T2 ) A i L R 5 R Pl
AR WAL B M R A 1 BT,
1, U, Uy UCHIE R BITER BRI — MR 1, 1
HIEF BT LB = A C,,  Cy Co, BT M,
My, M 53 3R IEHB1T4 0 A B .C =M 51584k
I a ALY A BE B A FI B LR C o I M 53
TR AEEIE 2 a AF B A E KT b L 225 RSl H J
LR

XHSHE LRI a AT A7 51 H IR L SRR

A
BITLEE B

L 1

i

UL Co™—— Mo U: L

¥4 L7777
E1 REENOEERE
R TS RN -
- % =joM I + joM, I, + joM, I, +joM. 1. (1)
ol . .
—afL=]wCa0U+JwCAa(U—UA) + (2)
jwC, (U - Uy) + jwC. (U -U,)
1 T IE H s A7 R B — A T AL VR AR AR 22 R
120° ARAZ (1) F(2) 5
U, =U,cos(yL) = jl,Z sin(yL) +
(/y)U,[1 = cos(yL) ] = j(M/M)ZI,sin(yL)
(3)
I, == j(U/Z,)sin(yL) + I,cos(yL) +
(/Y Z)Uysin(yL) + (M/M )1, [cos(yL) - 1]

(4)
Hrpr,
Yy =jo/M(Cy + Cy, + Cy, +Ce,) (5)

1 3
a:_sza()l:C/\a+(_?_J7)Cﬁa+
13
-+, 6
(-5 +i5)C0] (6)

Z(: = Mz10< CaO + C.'\a + CBa + CCa) <7>

3 1 J3
?)Mm - (3 -] ?)MCa

M=M,, - (i + ]
2
(8)
KU, B s s FE; U, L, WIS
AR Ry AR BE T S o HAERK
2 M ﬂﬂ%’?ﬁ%@ﬂjﬂﬁﬁﬂﬁo
1) M5B 2R I P A AN LT 15932 2 i v JR R
UL 1 =1,~0, HXIT—MBLis, A yL <<1, W47
o CLU, + CoU, + CoU,
(F)UA T C,+C.+C, +Co

(9)

U =U, ~




2) M{5im 2k B — i i M | — g AN R ML, 18R
SR, BI 1,=0,U,=0, W4
Uy | = [joL(M I, + Myl + M 1) | (10)
| = |joL(C, U, +C, U, +C.U.)| (11)
3) M{EB LR P IRE L 5 U, =0,U,=0, 1]
I =1, ~- (M., +M,I, +M_I.)/M,
(12)

2 PiEIR

2.1 IHEER

JUTRIF 5 1) i P 28 865 SR FH () 32 LIl 45 44y, F 5 35k
HESEOREITT 2B R 60 km , 4k 21T 4
HLE R 525 KV, 4 E i 2% D% 1000 MW, F: 4%
LS 5 4 x JL/LB20A —400/50, 43 24 [a] B Ky
400 mm ;3825 H 2k R FH JLB20A - 120 ; T4 42 Ml e, BHL
B 10 Q, H3E B ZRE 100 Q - m, [F]3E BT 1S
ikt 2 Frw,

2 500 kV [E)#E X [EFFE L

I FH RGBT A LA ATP-EMTP i 428
LR LCC REHLEE 7[R 35 XU IR] PT 1) EAR Y | i A% Al
T TR E AT 300 km Y 28 25 28 B A0 3T
Y HRGIE TS LB AT IE S 504 R
ERAHE Ve
2.2 FHERBNBEITE

MO W s AT, o — PR B s 1T,

{52328 2 % T g Y R B AT | 18 S 38 AT 4k s T
FH 1000 MW i1 7HL R 525 kV, i iR {5
BEAY S RS BIE I 2k 1 7= A 0 H KB R
34.23 kV (IEAH) , RN HEUFE =AM an sl 3 i,

HUE/RV

. L | L
0 0.02 0.04 0.06 0.08 0.10
] /s

3 (SIE&BREERNEE

23 HBEBRNBESHBRNERITE

ML IEE BT, 7 — P& igEkistT, H
{SHE 2 — Ui e M | — U AN HBR R 181 T 2R M
TR 1000 MW i1 THLE A 525 kV,, il 115345
i 2 i b AR A B K FL LIV HL Rl 9.44 kV
(WRAE) , S R BN FL I M 8.08 A (MR {EL) , FHL fif Je%
o7 HE 5 R JER N R I — AR AN 4 FEL S B,

A

T

.
0 0.02 0.04 0.06 0.08 0.10
] /s

B4 (D& iEERNBE

L L L .
0 0.02 0.04 0.06 0.08 0.10
] /s

B 5 {Snf&imEsmmBNBR
2.4 EBHBNERITE
H— IR BEIE W as AT, ) — 2R gt 1k as 1T,
A5 128 2 6 T s 349 4 b I, 35 0 AT 2k 8 i 3k T



R 1000 MW , iz 17 HLHE R 525 kV, dlid bk
B THRAR BT s 2K L AR ) B oK HE G Rk
N HL YA 288.42 A (EAE) , HLEJR N FEL R — AR
JEE 6 fis,

300 F
400

L L L
0 0.02 0.04 0.06 0.08 0.10
] /s

Bl o f{einskikrEuIRNEIR

3 TR HL PR RN, L YRS W0 PR 2R 0 A

J TSR A a8 A7 T80 R RN H R 5 8
HLJIE ) K/, DAASE 32 4 8% a A0 R 81, 43 3910 DA 2k it
K kTR G847 R A A 4 E BE R Oh £
A AT oM, B E R ELR K R 60 km, fi
PEIIFA 1000 MW, 32817 HL R A 525 &V, L
FH 100 Q - m, XFFEE—m F R TP, SRR
HAthszmm KRS58,

3.1 &RBKE

kTG K B T IR I EEL R R R R FE
F 52 ), PR I 2 AN A | 3 4R K B 4 il
920 km .40 km .60 km .80 km F1 100 km , F|JH 1)
ARG JE N HL R RER N 3 AT R AR A R
PL7 i, FRIELT AT, SR A 0 i Fi Sy FiL
AL N 2R VA ENA S SN YA SR S i S
JEE P 388 T 34 O, AT AR E BE G 2R 5 HaL A R P 7
5 eSSyl TRV N (BB ST /7 < a8
3.2 HEEIhE

SRR TR RS O PN S | B A
FR 52 ), PR A I 2 BN A | 8 ik T 2R 4 il
500 MW, 1000 MW , 1500 MW 2000 MW i
2500 MW , i) A5 ECR TR Xt b7 A, R R0, B 7 2
T, AR A 8 i, Hi &l 8 TN, A Jak v L
A FEL SRR P 7 B % ) R A 8 i 3 R 3
FRAR AV IR S5/ ; FR R R Fh R R R SR PR 3
Wi 26 ) S %) 1 o T S A S U LR AR

348 6
346 ul
>344 >
= sz
1315134.2 ‘3151 1ol
534.0 % sl
%33,8 § 6
336 4t
33020 40 60 80 100 %020 40 60 80 100
RERKE/km RERKE/km
(a) FrH BN LR (b) LA HL R
14 360}
12 340t
élo Fg 320}
8 kil
) 2300
280
& 4 E:
5 260
i ; i i . 250 ‘
Y920 40 60 80 100 1020 40 60 80 100
RERKE/km LR /km
(o) e BN LR (d) LA HL IR
B 7 &< S X R R B JE AR R BT A 22 i
3430 24
3425F
3420} 20
Zaaas < 16
‘3:?34.10 ‘33
2134.05f B12
Bsa.00f gf
#£33.95 Bt
33.90[ 4
32850 . . . . i ‘ . . .
250 500 1000 1500 2000 2500 50500 1000 1500 2000 2500
HIEThE/ MW Mk E/ MW

(b) FLRERR R K

(a) HFHEMAE
700

88

600|
e Zsoof
8.4 s
# H400}
0% e
& 300
50 =
5 #1200

100 4
250 500

N\

1000 1500 2000 2500
AT/ MW

(& HRLERIHE TR

1000 1500 2000 2500
HNEThE /MW

(c) RN R

7350500

B8 ik Th 2 Rk R R R AN ST BRI B0 B4
3.3 IBITHIE

ST I B AT R R N R R ER N R A 1)
soe PR R H A S B AR & e 1B 4T LR 23 0 R
505 kV 515 kV 525 kV 535 kV H1 545 kV, FH{5
LIRS % Ny FEL S RN LU AR AT RO 45 SR
K19 s, HHIEL O AT H RN F . | PR, F
R L JE N P A T L A SRR P 3G 3 B A A T R R )
NG A, 4 WA U IE G R
3.4 tIERER

Sk T RS - 4 B 23R X SRR L R FL I 1Y)
SRR HA S HOR AR | e R B R ) R
100 -mS50 0 -m.J100 Q- m.200 O« m F1500 Q - m,
I FE O SR X J% 07 F R R, F R AT 5, &5
AN 10 Fros, & 10 AT e RN H TR BE +



S FL B A A i sl e IRV FEL R BE LR O U, FRREEN RO U, SRS LA N 1
RGN H AN RV R R RESRIH RO 1 SRR L R TR P LB

FEL T SR L A i L LR g I T3 K TR U, BB A, SG 00, 228
355 zi PREC AR TT AR AT .
35.0 ;
b §§Z U ,=a,+al +a)nP+a,U+alna
H
gz: gz; U,=by, +bL+0b,P+bU+byinA (13)
- Ei: LT¢p teL+ce,P+eyU+eydnA
32. 8.7
I 510 JZTOE@.E/SESI 540 550 I = do +d,In L +d,P+ d,U + d,In A
(a) HHLRRHLE (b) HLRRER R L S
- 2 - :T:EEP ao ~a4 N b4 \c() 64%"] d d j‘j kﬂﬂy
o 5 A Matlab PR, 2 TR A 22 o b A - kT
82 P N .
S S DEALFERA I LA 0, 25 R 1 PR
g, & F1 BREPER
= 280
78 R BN L U /kV HL RGN L U /K V
7.7500 510 520 530 540 550 275500 510 520 530 540 550
BATHRIE/RV SBATHE/KV a -1.260 2 by —-18.054 4
Ce) LR RLIAL (d) PR AL
o a; 0.014 2 b, 0.128 1
B9 1E1TRE R X R R FE A0 R R A B R A
a, 0.079 2 b, 0.008 1
34275 100 ay 0.065 1 by 0.017 3
23425 2% ay -0.028 0 by 0.504 3
& & 90
ares gss T LIS HUR 1./ A LRI HL IR 1,/ A
" B o < -9.162 9 dy -79.184 8
. O 100 200 300 400 500 75 6 160 260 3‘00 4‘00 SbO ‘ 0.141 4 dl ~50.694 5
HRAEE/ (Qm) HHAEE/ (Qm) . d
(a) EpstUBp R (b) LRGSR “ 00005 2 0-2387

g

N
=3
G

g

R 3L/ A
Y8 B
> 8 &

s.40f e 0.015 2 dy 0.545 3

<:§Z _ e 0.078 8 d, 6.748 5

% ) 9 T WUE LG 2 2 H A M, ORI R T
E:g s (0 FLA ABAR AR AILA X (13) #4715, I8t
800 &——Too—Zo0~3bo 6050 BRSBTS R 2,

0 100 200 300 400 500

N
3

(o> BRI (@& BB %2 HHARSHABRIL

B 10 1 Fs BRSO 7 F P AN R R O 5 o Hi T S T P
33.90 33.914 -0.041
4 JERN R AR B 22 s i & by gAY R0 R T
34:24 34:207 0:096
R A5 wiF e PR ] 8 00 e Ay LR B — [T AT — 6.61 6.570 0.605
AR, LR LR R S w00 1000
KEE Bk Yy a7 FHH B SRR — e Y 8.99 8.780 2.336
KER N T HIRIZZ 28X N KRR, MRS 2245 332 3.290 0.564
LR TR ALSE AT AT A el e D0 S
et PR R D0 A B S i PR lie SHC B, I P H 2240 8.07 8.055 0.186
5 R IAYRE 0 2 B, T LU 47502 e s
SR AR, S RS LA 0 284.007 “0.384
AR AR Ty T LA | Sex a5 A A TJJiE 283.86 284.780 0324

L, LU B U0 PR RS b I 5 e R (TF#% 79 )



(7] e 5 i 4R I 5 A 4 FF 6l i 30 1 e IR A =Xt
5[ D] 2. B BT R 2%, 2009.

[8] #MEUD, iR, OB A A AT LR L I R 3 1T
TR )] 15,2009, 30( 4T 1) . 75-78.

(9] WM&, ZINET, TR/ TN 14638 A i B 3 4

SEMWESE [ )] BHADE 2 ,2013(16) :65-68.

R R E B R T AN A 1 L

5[ D] PR T PRSI K, 2009.

KA, PR et A5 TR S RIAAT Sy e RE AR

BREIE[)]. A5 ,2010,31(7) :2045-2050.

[10]

[11]

[12]  BESRTe. TN 12 PR (o B Al 11 2k i B oy 2 A% 32
HLERAFSE [ D].E PR . H R K2, 2008.
B A A T 1 R i e 2 o AT S A g AR
S ] A% ,2014,35(10) :64-68.
WP, e, B, 55 f R 2R I A A AT 3
Atk R e A T K BE RO BIF ST [ 0] . R 7 iR, 2009,
30(9) :12-14.
EE BT

BRER(1984), 5 AL, SR TR, L BN Fixd L
kit (W78 B #9:2021-09-05)

[13]

[14]

n
Mn

(L#EH 45T

H12¢ 2 AT A1, B R BN R B R S5 LA AR
TSR KA R 2E R 0.317% , F M X R 20
0.138% ; HLREIRR N FE AT FLEE SR S AR E5 R
I KA K 2.336% , I HHXT 1R 250 0.782%
A HL B, LT O L2 SR S LA A RS S A
XHRZEN 0.564% , F-IHINT 1R 2R 0.337% 5 i filh 2%
o FL AT LA R S A A R R X iR 22
H 1.68% ,~F-YREXT 1R 254 0.683% , H it Fik 4 T
X & B, LA s 4 R 5 L5 SR H A
REHTE 1% N, W& TR Bk TE A
(I HERAPE | Ry Je Sk TR IER N H e JER R FEL 9 1) 1T &) R
HAGEARL T 5%

5 45 &

T EEXF 500 KV [R]E R m] i e 2 R H | Jak
VAR TR BRI 2 IO TS

1) YA BRI LR i — Bl 4T — [R5 5 B, #F
FMERE ST s 2 b A 0 i K L R,
HL R 34.23 KV, B K HLRE BN FL Rl 9.44 kV, fix
K ERL BN HL IR A 8.08 A i K H B SRR L I K
288.42 A,

2) FRLREER N FEL R R R JRR N L kR
PEARLBEIE B G 2R R R T L Y il 2 S 4 344 Jon i
AR /I AE R R T8 5 H SR F, R P R P
DL B % TR BLE HE G 2R I 2 N, R JBR N F T
TRV FEL JE I FEL T o i 326 DI 367 Al A /DN 5 AR FEL R T
TR L RT3 47 L S 8 00 T 498 R 5 4 498 e B R 3
A R 07 S R R RIT R R R HEL A — A2 Y 1
T X i L JE R FEL S R L JR T R I R AN

3) SR H R B LA A TR R 5 5

FLEE R A BT A 22 K TE 19 L it
TRIA AR EEFE  J5 S T AR T
VO S PO T T 2 5%

S ik

(17 skfesh, TR, M, %110 kV [63E00E 2 #g /%
97 L BN F X AR B fe T ESE [ 0] 09 )1 e
A ,2017,40(3) :52-55.

[2] P& pE, THENI, [ 20, % W 4% 220 kv/
500 kV 4 2R 5 IR Ny FEL I 5 R0 E A BT (7).
Ha RH AR ,2009,33(6) :45-49.

[3] S#p%. 7T —H H 1L 750 kV [F58 X128 45 b 6 18
PERFZE[T]. 001 Si 4R ,2011,34(5) :54-57.

(4] S RATE, T, 5500 kV [F]3E 0L 4 e 2k
BT AT 1T 0.38 kV 2R I At A J8 0 FL R AR, F
LT ERAR ,2015,41(1) :306-312.

[5] FB=Je, P HAL, AR, 45,330 kV [ 38 X Il 4y o 2% 1%
TOPATIZI TN 380 V 4R H IR B R LA EATF[ T ].
L T Rb R 5 AR 2R, 2021 ,36( 1) :216-222.

[6] XNEZ, BE R, £/ %1000 kV &2 R - @ LR =
T2 R % i FL SN FL PR A3 BT [ ] R LR AR, 2015,
41(11) :3687-3693.

(7] Jeifeig A b 500 kV [RIEE SR H 22 3% S0 v Js AT
FE[D].J M AEREL T R 2 ,2018.

[8] farfi#e, ISR B ARG (B =IR) [M].RIX;
K Rh g R H i, 2001

[9] WRMEIC, P HAL, A, 55,500 kV 7] 38 X Il 4y o 2% 1%
TFEATHES A I L % N E R R R 3 1
ST R R ,2017,53(10) :209-214.

EEET:

BEK(1994), 8 A+, B TRF KES HiLit

IA4E,

#O3(1979), %, HALAEF AFEE Hikit T4,
BT A(1982) , %, A, BB AN, A Fd kit

I 4,

FIEIE(1992) , % A4, TAE)T AE & kit T4k,
(Wc#s B H#3:2021-10-30)



	20220307
	页面提取自－79

