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ABSTRACT The Power system electromagnetic interference simulation calculation software package CDEGS
was used to build Ultra high voltage (UHV) AC transmission line models to simulate AC 1 000 kV single-circuit
wine glass tower, 1 000 kV double-circuit umbrella-shaped tower, and 1 000 kV/500 kV (the distribution of
electromagnetic interference of 220 kV) mixed voltage transmission lines on the same tower to the pipeline. A
systematic study was conducted on the different conductor phase sequence arrangement with different operating

conditions and different nominal heights of 1 000 kV/500 kV (220 kV) four-circuit mixed voltage transmission line
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on the same tower. The results showed that the electromagnetic interference of the 1 000 kV/500 kV mixed voltage

four-circuit transmission line on the same tower to the pipeline was much smaller than both the 1 000 kV single wine

glass transmission line and 1 000 kV double-circuit umbrella-shaped transmission line. Under different operating

conditions, the voltage level was more susceptible to the electromagnetic influence of the pipeline compared to the

distance of the transmission line from the buried pipeline. A 1 000 kV positive and reverse phase sequence

arrangement was more critical than 500 kV (200 kV) phase sequence arrangement. When 1000 kV reverse phase

sequence and 500 kV/200 kV in-phase sequence were arranged, the amplitude of induced voltage along the pipeline

was found to be the smallest. The results have important practical engineering significance for the UHV transmission

project and for the safe operation of oil and gas pipelines. Moreover, the results can provide a certain reference for

related engineering designs.

KEYWORDS Ultra High Voltage, Electromagnetic influence, Four circuits on the same tower, Buried oil and gas

pipelines, Induced voltage
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Table 1 Some standards and limit values about human

safety voltage
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Standard name Voltage limit
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TB/T 2832—1997

MR T AT CUE AR 224 i e b vl BRAE A 3R
TG 15 VL S5 FARI 60 V BARIE )33 Ve 1
T AEEM TN, —8& R A EE A R
A T Re Rk Lo R AE N SR, A SR A GB/T
3805—2008 brdfE " HUE 33 VIE NN B e ik

060601-3



WM A SE M T2 % 2020,38:060601

PR AE
?  HHERSE

21 tE#ER

AR SO ST AN B 5 a2 AT A AR T
AT ANAZ AR Y, A A7 B R AR L 2

(@)

4 (1.0,0.7) (2.0,0.7)
‘ (1.0, 0.2) (2.0,0.2)

FEVHEA 2Rk S e Bt R e
FHZ 8100 Q-m, 7= HFHZABINE 10%Q m.
5 2 i T 2 b A 1 40 428 305 mm, P
HA2N295 mm, EME 1.5 m. EIEPEEHELFR A
5000 Q-m, JEREEN3 mm. X5 R E R X E PH R
910 Q-m, FHXTHEFE 300,

(b) (3.0,07)
y

s

e

0 X AC transmission line / km

x AC transmiséMpe /km

(2.0, =0.5)

2 IS R A« (a) PATREAY ; (b) A8 A A
Fig.2 Models of pipeline and high-voltage line: (a) parallel model; (b) crossing model

B P 2R B A R PO R . 1 000 KV L [ELE AR
B 1000 kVXUEIFEESAT 1 000kV/500kV (220 kV)
B A 55 DY [ R 4k g, Wi 3~4 s, Hi,
1 000 kV 5 £k 7 5 iy 8xLIG-400/50, 500 kV T2k
A5 5N 4xLIG-400/50, 220 kV S8 7 5 4 2xLIG-
400/50, 4275 Hh 2R 1) 26 A 5 F LIG-99/55
OPGW-97/48, 11 5 1 FH 2% F1 o P 28 2 40 WL 36 2.

BRI B8 1 000 kV 4R BEISATHY, A S 44
LN 4 000 A; 500 kV ZRERISATRS, HAH 'S4k
LN 1000 A 220 kKV &R ERIZ1THS, HAH T84
HLI N 500 Ao FHrP 1 000 kV X RN AH A HE S N
ABC-CBA, 500 kV/220 kV XX [a] #H & # %] BAC-
CBA.

K2 FEMASHES. PHELERSH

Table 2 Electrical parameters of high-voltage transmission line phase line and neutral line

e AME / em AT HLBE 28 AFR T 5 25
Model Outer diameter Relative resistivity Relative permeability
HHZ LIG-400/50 2.68 1 1
Phase line
B ARE27 LJG-99/55 1.6 1
Neutral line OPGW-97/48 1.6 1
(a) sy
—0Q 18.5m i Q
""" (b) 19.0m y
£ i p MeRLLI S Q
2 . E
o i 155m
—_— ? o 5 ) S W— QA
A " c S teom | . 9
i o B
£ N 16.5m
g '_I-\Q ...................... QC
2]
£
2
3
77;,777777777777777777777777—.: X 77 = s X

E3 1000 kV i : () BB ARIE ; (b) W AT 15

Fig.3 1000 kV transmission structure: (a) single-circuit wine glass tower; (b) double-circuit umbrella-shaped tower

060601-4



TR A VR [ DG [ i P G R T ) L S

@ Yy
crQ 2166m Q
o)
<
bt 11.83m
e . -
© | Il
[o2]
g 12.55 m
e Q.9
[ee]
o
2 1321 m
bl s © (LSS (SRS Q@
<
o
&= FRSIRINEIN FHS——— .
—= PV Y =
2 oo didom i
o —
- 2 130m L
1S
X i
Lor) 1

AP PP P P P A A A A s

X

(b) y
19.15m

E e I LR LIS N, Q
o
[+]
Sl ottsImi Q

o I I

= 12.51m
Ecl—euzEny Q
o
o
Ng f—0 13.21m (o)
>

EQ 1547 m

T A— =

2 n v
ol e
EM—= 130m =

wn

0

S

AP PP S S S X

4 RJE RIS [ LR - (a) 1000 kV/500 kV: (b) 1000 kV/220 kV
Fig.4 Four-circuit mixed pressure transmission line on the same tower: (a) 1 000 kV / 500 kV; (b) 1 000 kV/220 kV

22 iHEEE
L J) & 45 B G T R 0 BUH S £ CDEGS
CEFMA . R A IRk ) Je
FHEEIFRE), DR NS S o 2
FFo AZAEIRE], o0 45 Rk i HAZ0
T BT S i s AT R IR T R B B
W26 (E RS . IR AR o S B S 4 R A
W93 A B RIS HUE A3 A o %A BT S A S
AT 22 It i P 2 6 o vl AU T B G R e O TH B
BOBHE, 1 B oK f X 2 B RE AR, 7 B |
fE PR T KRR AR [ A

SESTLC F¥ g 5 FH, AT LUR AT = S )
(Vo H b A0SR 5 5 R R 2, AT P AT R IR ) H YA
HUEJEEEAT IR, BRI RGN RS AL,
T RGUE A S AR LR ORI . HURREL,
I AT E R R RN I 2 BN FLE
SAREUE, THREEEPRFEEUTILA: (D B
NARG LM NS0 Hz, RGPATRAH]; (2) &
BN “CPATHE TR AR, BIEAAL 2
IS TR R (3D e B B BT A A
2 1 SELBL 23 ) A2 A 3 A A 0 4% vty R0 A 30 2% i [
HBRAE . ARG, EE PSRN, e
BHTBCATCTTR: (4 it R B K300 m,
P EREE R ER S EEOE N3 () KRGN
W E, ARG R LS, TERASEN
N AT B E A AE D -

3 HE4ER
RRe L

THEAFE] 1000 KV FL[ENEA LR 1000 kV XX
[ <P 7 i L 28 146 R 1 000 kV/500 KV 1R s (7] 4 7Y [a]
iy P 2 B S T T P A PR SRS R R A L, LS
Fis e

mES (@ wkn, i85 % IR,
BTG TR 1)L R RO R LR VT A A,
T8 55 % 2 % S AT g e A 1 SRR L T A e, e
1000 kV HL[=], XU=l4 4 S . 1000 kV/500 kV i
J [R) 4 DY [m] 4 F 24 6 ) 657 T8 1D JR . FEL s U A 43 3]
N14.00 V. 6.17 V. 425V, 1000 kV/500 kV i JE
[F) 12 DY [ i L 28 5% (1) 687 FEL S U (B AR AT 1 000 KV
B[Rl R[] 2R B 9EC0E 4 i N 69.6% F
31.1%. 1T 5 H 26N B R U6 E 35/ T GBJ/T 3805
—2008 bRAERLE 133 V N S 2l K IRE, 45l
HBRAE ) 42.0%. 18.7% F1112.9%.

HIES (b RIAEl, BI85 L% S,
TP “W” TEAr A, B TE RN HL R 1) e KA
HIAEAS ik, VA5 28 X I PR, 1000 kV
Bfal . XU E 2R . 1 000 kKV/500 kV IR T [F] 35
DU [A] 47 F 2 B X 5 36 1 8% N R R 0 AR 4y i N
46.75V. 26.18 VAHI113.60 V, 1000 kV/500 kV J&JE
[Fi) 225 DY [ i P28 6 1 JRKNY R S (A 52T 1. 000 kV
B[Rl R[] R 2R B 98I 4 i A 70.9%
48.1%. Forbr, FA[a] 4 2R e B I I HL R TR0
H A2 A BRAE I 142 6%, XA DY [E] 4 H 28 2% 1)

31

060601-5



WM A SE M T2 % 2020,38:060601

SN B VA 7 ol Oy 22 4 BRABL IR 79.3% 1 41.2%

(a) Single wine glass tower
16 —+— Double umbrella tower
—a— Four times on the same tower
14}
12¢
>
© 10F
(=2}
£ 8t
2
o Bfeeert A rreee
2 [ *
2 4 #
< o} 3 »
0
-2 M
0 500 1000 1500 2000

Distace along the pipeline / m

(b) Single wine glass tower
—=»— Double umbrella tower

50 - —4— Four times on the same tower
40+

>

S 30}

S r

> ‘II

B 201 it

9 |

210t /s

0 4000 8000 12000 16000

Distace along the pipeline / m

5 N[ R AR A SRR L TR 7 AR B < ) FRAT L 5 (b) Sl L

Fig.5 Comparison of induced voltages of different transmission structures on pipelines: (a) parallel situation; (b) crossover situation

2z TR, 1000 kV/500 KV I JE [7] 25 D 8] 4
P 2 S 0 7 T 1) HLRE T DU BE /N T 1000 KV BRI
A L 2R 8 A1 1 000 KV X< A e 2R 8, R
Z [l B2 B, 2R IR 18] (1 LR TP 2 A LA
Mo [FI¥E 2 P28 Rl B T AR S PE o, BR T A
(] 26 (1) FL G JBR RE A1, 3R SR E 5 — H R S 4 [ 2

@ Run together

—=— 1 000 KV run alone
14 - =&~ 500 kV run alone

12
10 ’*

Induced voltage / V

s ) e .
0 4000 8000 12000 16000 20000

Distace along the pipeline / m

AR
32 AEEITIR

ZFRAS R B IS AT 77 3T B I v 2R N H
AR LU 6 AT

(b) Run together
~»— 1000 kV run alone

16} ~&- 200 KV run alone

14+

|

243 \T?
® \
10 T
s |
> 8¢t | l
3 |
8 s} L
3 I N
£ 4t ‘ o. F

2 ; f

1 i 1 I 1
0 8000 12000 16000 20000

4000
Distace along the pipeline / m

6 AFEHEAT THLEN FEL R AT A EE : (a) 1000 kV/500 kV; (b) 1000 kV/220 kV

Fig.6

w6 (a) Fras, 7£1 000 kV 5 500 kV £ 7]
BATIRE T, EIEIRS PR B R IEE Y 13.60 V,
HILIEE T8 5 R R bk A, I T 2R R H
JEEEAR R “W” B4 AR 1000 kV BAE AT I,
BB 2R BN L RV N 10.46 V, 5L [EEE AT
FHICFERIRIR 2, S L[FEATH 111 76.9%; 500 kV R
MIZATIRAE T, 7EE1E S BRI, &
N L R AL AR V7 B A, BN T
BRI “M” oA, B H R IEE N 4.69 V,
FEILFIBAT I 0 34.4%. AR B (A B I LR KN

Induced voltages in different operating states: (a) 1 000 kV/500 kV; (b) 1 000 kV/220 kV

FH R U A 20 9l R N A R PRAFL 1 41.2% 31.7% FH
14.2%.

WK 6 (b) Fras, 7E1000kV 5220 kV 3L [FH
BATIRET, EHEIRENEN E RN 15.64 V,
HILFE T8 5 R AR B SR A, I Y RN
JEEAARZI “W” B A0 1000 kV IS ATRT,
B RN H R W AE N 13.48 V, 5 L [E B 47 Y
86.2%; 220 kV FMUZITIRA T, EEIE KB
PR AT BRI, RN LR AR A ORE R VT By
A, SN AR R MY AT, RN LR

060601-6



TR A VR [ DG [ i P G R T ) L S

WE(E 291V, RILFEEEITH 1 18.6%. T1H1FH]
{100 S Y 2 U I H T UL 1) Dl N A T BR AR 1)
47.3%. 40.8% F118.8%.

22 LR, E500 kV/220 kV HIHLZREE 1 000 kV
PRI A EFE B B OE, {H 1 000 kV HL R 25K
500 KV /220 KV i5y, PR 206 S5 1b A5 58 1 AT A
SR B N R, 500 kV/220 kV SIS AT, MK
T 1000 kV BEAHGEITIRES, H 500 kv/220 kV EH

IBATIN, BB U LRI s 3 A 2 DA ] A A
.

33 A REEFGRE

THEAS ) 9 MO [F A 7 AT B HE SR B E R
25 KON LR RS, R H R . 1000 kV.
500 kV (220 kV) % HL 2k B% 1 AH 7 A B Ol LR
3, IMHEERILET,

K3 AR EHASITTR
Table 3 Different phase sequence layout

LA 374 AH 71 Phase sequence arrangement
Voltage level 1 2 3 4 5 6 7 8 9
1 000 kV A C A C A C A A A A A A A C A C A C
B B B B B B B B B B B B B A B A B A
CA CA CA CC CccC CC CB CB CB
500 kV(220 kV) BACB ABBA AB AB BACB AB BA AB AB BACB AB BA AB AB
C A C C CcC C C A CcC C C C C A CcC C Cc C
I 1 000 KV/500 KV Fr iy, AR P 04 T RN R P W R I T 2 A
45 [ 1000 kV/220 kv

251
20

Induction valtage amplitude / V

4 5 6
Phase sequence arrangement

Bl7  AS[FRE P T N s e

Fig.7 Induced voltages in different phase sequence

HHE 705, 286 MAHTAmE, B 1000kV [
T 500 kV/220 kV [F AP HEBIRT, & 1B HTZE 1
JEN HL R TR AR, SN136.60 V A139.61 Vs 283 Fh
MFAE, B 1000 kVIEMF. 500 kV/220 kV [F
FEFHEBIIT, 45 T8 W 26 1S F R IR e/, N
12.5 VAT13.02 Vo 7E3X 9 Fl 8 B [ A 7 HEZI T
1 000 kV/500 kV (220 kV) VB s [F) 325 U [0 e 26
o A PR SR . PR DR A B KRN 23 70 DR e /N BT 1) 2.93
M 3.04 5. TFHEERER, 1E£1000kV/200 kV i
JE R ES S A/, 1000 KV [F)AH FE A B = FiAH
JPRT, ETE RN R E IS T 2 2R E,
R P H A I 2 A BRAE s 1 000 kV/500 kV ¥R
JE RS 25 1, 1000 KV [FIAR AT B ) = FfAe

PFRAE, RPN A 2 4 R E .

B 1. 40 7862, 5. 883, 6. 9 =Fk
AHFEAG E,  RIE#H] 220 kV/500 kV AH [ 5E 145 i
T, ML 000 kV AH TR I8 B RS, TR
F i, 1000 kV [FAHFFHEF S 18 2R 10 FRG T4t
FEFE Beom, T 1 000 kV ¥ 41 7 HES i B 35 . @il
ML, 24 384, 5. 687, 8. 9 =FMITAE ,
A LA H 1000 kV A5 A7 B L 220 kV/500 kV A1 7
A E K

34 RS

T B /I R PR B PR HUAE A R v R B P 2R i
TEEEMRBREL —. FEBEWPREERE T
W H RN M R, S 3 0 Hb sy B X
TRFREA — € PR FEA AR 7 HEZ 1) S 58
o, S 3R A BN ERAR, DR AR SE G TR A
i B KA FHES 3, B 1000 kV A F. 500 kV/
220 kV FIAHFHES . AR EE T, tHHESH
(100 A5 N7 P, P WS a1 8 T o

B 8 AT A1, BEAE T A S 2 K= FE M
30 mIRTF £ 40 m PRLFE b, B IE VRN LR
WA FEAS bRt T B A A S . DRk, 44
WS N30 mI, BT AT AN L s U {E A
K, 1000 kv X [ i L 2k B 1R JR6 B R s U6
% K1E M 33.63 V, 1000 kV/500 kV (220 kV) &

060601-7



WM A SE M T2 % 2020,38:060601

JE [) B2 DU [ i FL 28 0% 7 R s W A e KA 4 )
N 14.65VHI14.23 V, JEIE5 53N 56.4% F157.7%.
IEERER, RAN B, FTHSFLN
30 m ), EIE N R TN 22 4 PR

—a— 1 000 kV/500 kV four times

—*— 1 000 kV/220 kV four times
e —*— 1000 kV double times

el

N w w
3] o 3
ra 1

N
o

-
(6]
-

Induction valtage amplitude / V

nT
o

30 32 34 36 38 40
Lowest phase conductor height / m

B8  R[ETRRR R R R

Fig.8 Induced voltages in different nominal heights

AH LT 1000 kV X ] =% i R4 8%, 1 000
kV/500 kV (220 kV) Vi [F] 35 U [5] 4 HE 28 i %)
T (1) S8 N F R U AR A o S 2% . R, T
T 1 b R B R B ) IR AR = B SR B 1 000 kV/500
KV (220 kV) % H 5 28 0 Hb v B E I TR
P2 o

4 g

Ay VST T AZ 1 000 KV B[R AR . A8
1 000 kV X [=] 4= JE 85 A1 52 i 1 000 kV/500 kV
(220 kV) R [R5 DY B4y R e i, XF Lb o 17 =
T A [ 140 oy P 4 B 5 ) o A 0 PG T 1 40 A 1
W, FFERXT 1000 kKV/500 kV (220 kKV) IR [ 7] £
VU [l 4 L 2R B AN R SR AP AT B . A FEAT T
B LA S AS [RI R oe BE F I LEE AT T R G IBE 5L
B, it E 45 5 GB/T 3805—2008 Fr v FI & 11
33 VN5 %4 H R 1 BRABL HEAT bLER RV AG

(D B8 5% B4R, 1000 kV/500 kV
VB [ 24 D [ iy o 2 % S A5 0 1140 P L S A A
BT 1000 KV 5 =] P A L2626 A 1 000 KV X B[ <P
TEHT LR, W 237318 70.9% F148.1%.  H.[A %
FL 28 % R T T U B PR U 1B D N R 22 A TRAEL 1
1.42 4%, TR, Y =146 AL 26 i T 4 f R 35/ T
MR 22 A TRAE . 31X 2 PR D () 355 22 [m] 4% 3 [ 3% (1] (1)
A AE R 5R, BT AR B RSN, AR
H5—HESEREHMEmE, 2EHELgd,

LR % 2 (B 1 HL R T 2 A ELHRH

(2) 1000kV/500 kV (220 kV) J&JE [F35 DY [A]
LR IR I = R R ER IS TR TN, BB UL BB
M5/ N R A LR BRAE, 1000 kV 5500 kV
(220 kV) 3L [F] 32 47 I X 8 18 1 L T PR AR T
95 500 kV/220 kV FEARIZ AT, BN HL R KT
1 000 kV FLAUIZ 47 IR A s B 500 kV/220 kV i
A2 5 1 000 KV E B 8 PR B S, {H 1 000 kV
FE R 25 2] 25 500 KV /220 KV iy, R 200 T 4 T
() L TR B O 2 s 500 kV/220 kV Hphis
TIRAH 1000 kV/500 kV (220 kV) Y [1] 3L [F iz
ITIRESHLL, EFEELBEN B RS mEARET
BRI, W B AR MBS A

(3) E9FHILM AP A E T, 1000 kV [F4H
¥+ 500 kV/220kV [FIAH 7 HEFI B, B T8 1 26 1) I
N H R A R 1000 KVISAEFE. 500 kV/220 kV
[EAH PP HEFI, 3 18 9 28 1 J8N. B s 18 B /D
1 000 KV [F]AH 7 HE F16) 57 38 15 2 (1) FELRE T PO FE 3t
58, 1M1 1 000 KV ¥ AHFFHEZ AT B 5 55 1 000 kV
1B WA A B HES 500 kV (220 kV) A A
BHA 7 A . TR R, 1000 kV [
T A B, B TE WY 2R BN R S I T AN Ak
AIRAE . SEbr TS, SLRIMHETES G B
Be, RGBSR P A RS H R RN LR N AR T T A
ELtn AR R G 1 000 kV R it 4 Al TR AR
HVUE A AT E .

(4 fEFEEMAHTFAET, BEEHE NES
LR WHETE, 1000 kV R[E] i B 2R B AT 1 000 kV/
500 kV (220 kV) & [F) 55 DY =] Gy L 28 2% 718 1Y)
HLG TP 35 2 e Ve N BRI fb a3 ML T
1 000 kV MUl H £k, 1000kV/500kV (200 kV)
VB . [F) 25 DY [ iy v 428 B o) 57 3 (19 e . HE, s 0 i A
W28 o 7EX Al FL 2R B 25 0, e A
SLREE N30 m i, BN BRI E I T A
e A RAE, AT I IE 2 1 R R R R PRI
1 000 kV/500 kV (200 kV) %y HH, 5 28 5% Ml i 0o 4
ER .
5 \

2 3CHk

FEEEN, AR, A [, A5 R AR R A U L,
M 5 1) [ 5[], HL D E B A B, 2007, 27(5): 1-5.
DOI: 10.3969/j.issn.1006-6047.2007.05.001.

DU Zhigang, NIU Lin, ZHAO Jianguo, et al. Develop

—

UHV AC transmission and build a strong national grid[J].

060601-8



TR A VR [ DG [ i P G R T ) L S

10

Electric Power Automation Equipment, 2007, 27(5): 1-5.
DOI: 10.3969/j.issn.1006-6047.2007.05.001.

Lucca G. Different approaches in calculating AC
inductive interference from power lines on pipelines[J].
IET Science, Measurement & Technology, 2018, 12(6):
802-806. DOI: 10.1049/iet-smt.2018.0086.

Wang C, Liang X, Radons R. Minimum separation
distance between transmission lines and underground
pipelines for inductive interference mitigation[J]. IEEE
Transactions on Power Delivery, 2020, 35(3): 1299-1309.
DOI: 10.1109/TPWRD.2019.2941928.

Tao Q, Suna B, Bingran S,

et al. Analysis of

electromagnetic influence between high-voltage AC
transmission lines and buried oil and gas pipelines (May
2018)[C]//Chinese National Committee of CIRED.2018
China Electricity
Distribution (CICED), IEEE, 2018: 1099-1104. DOI:
10.1109/CICED.2018.8592579.

Dawalibi F P, Southey R D. Analysis of electrical

International ~ Conference  on

interference from power lines to gas pipelines. L
Computation methods[J]. IEEE Transactions on Power
Delivery, 1989, 4(3): 1840-1846. DOI: 10.1109/61.32680.
Dawalibi F P, Southey R D. Analysis of electrical
interference from power lines to gas pipelines. IL
Parametric analysis[J]. IEEE Transactions on Power
Delivery, 1990, 5(1): 415-421. DOI: 10.1109/61.107306.
W R . ST B IE W IS AT I 0 AT B U T H
il R L [J]. #EH R, 2008(2): 82-84. DOI: 10.13335/
j-1000-3673.pst.2008.02.012.

JIANG Jun. Electromagnetic influence on parallel laying
of oil and gas pipelines during normal operation of AC
lines[J]. Power System Technology, 2008(2): 82-84. DOI:
10.13335/5.1000-3673.pst.2008.02.012.

P v R A I A L o R R i AU T (1
AN K 54 1 TR ST [D]. bt #edb e SR, 2017.
WANG Pei. Research on electromagnetic influence and
protective measures of high-voltage AC transmission
lines crossing the oil and gas pipelines[D]. Beijing: North
China Electric Power University, 2017.

FRFL . 750 KV i i AT U HEL 4 T T MR O A IR
FURHTFE[D]. 7 & Hh B AR 2 (7R, 2013.

WANG Ailing. Research on the interference rule of 750 kV
high voltage AC transmission line to buried pipelines[D].
Qingdao: China University of Petroleum (East China),
2013.

AR, W6, AHA TR, 55 750 kV AT HE AT £ KT

11

12

13

14

15

060601-9

I [ RS A T[], A B L (B R AR), 2015(10):
16-22. DOI: 10.3969/.issn.1002-1140.2015.10.007.
DONG Gensheng, JIANG Jian, XIANG Shengrong, et al.
Study on the electromagnetic influence of 750 kV AC
lines on multiple oil and gas pipelines[J]. China Electric
Power (Technology Edition), 2015(10): 16-22. DOI:
10.3969/j.issn.1002-1140.2015.10.007.

Tk, FER R v S UL PR R I R IS AT IR A v
AUEE R AR S T R[], R AL TR R,
2010, 30(11): 121-126. DOI: 10.13334/j. 0258-8013.
pesee.2010.21.001.

QI Lei, CUI Xiang. Inductive coupling modelling of
normally operating UHV AC transmission line to
adjacent oil/gas pipeline[J]. Proceedings of the Chinese
Electrical Engineering, 2010, 30(11): 121-126. DOL:
10.13334/j.0258-8013.pcsee.2010.21.001.

Waee 3, WRYE, SRR, 55 . e i IR AS U HL 2R B IR i
A7 0 S b g A RS ) S B P T L. e
HL#%, 2019, 55(6): 205-211. DOIL: 10.13296/1.1001-1609.
hva.2019-06-030.

YANG Siqi, CHEN Wei, GUO Tianwei, et al. Study on
the electromagnetic influence of the normal operation of
UHV AC transmission lines on buried oil and gas
pipelines and protective measures[J]. High Voltage
Apparatus, 2019, 55(6): 205-211. DOI: 10.13296/j.1001-
1609.hva.2019-06-030.

TR, EH, F 1000 kV/500 KV [FAT-IR H 1Y =] 4
FEL G % L A A5 5 ) R 3R S DA A8 Tt 20 A ). v R
Hi AR, 2015, 41(11): 3642-3650. DOI: 10.13336/j. 1003-
6520.hve.2015.11.017.
HUANG  Xueliang, WEN

Electromagnetic environment influencing factors and

WANG Yu, Feng.
optimization measures for a 1 000 kV/500 kV mixed-
voltage four-circuit transmission line on the same tower
[J]. High Voltage Engineering, 2015, 41(11): 3642-3650.
DOI: 10.13336/j.1003-6520.hve.2015.11.017.

FER, B H R, BHEE, 55750 kV/330 KV IR K A 2
VY =] i R 2 % FE R PR B0 T[], =1 s FEAR, 2019, 55(1):
157-164. DOI: 10.13296/j.1001-1609.hva.2019.01.024.
GUO Tianwei, LUO Richeng, YANG Yagqian, et al. Study
on electromagnetic environment of 750 kV/330 kV
mixed voltage four-circuit transmission line on the same
tower[J]. High Voltage Apparatus, 2019, 55(1): 157-164.
DOI: 10.13296/§.1001-1609.hva.2019.01.024.

R, X, BB 21000 kV 5 500 kV/200 kV
(7 25 DY [ 45 % 1 SR L H B A HLUR [T, PR R 4R



WM A SE M T2 % 2020,38:060601

16

17

19

2013, 39(12): 3022-3028. DOI: 10.3969/j. issn. 1003-
6520.2013.12.026.

LI Zhenqiang, LIU Chuanquan, DAI Min. Induced
voltage and current of AC 1000 kV and 500 kV/200 kV 4-
circuit lines on the same tower[J]. High Voltage
Engineering, 2013, 39(12): 3022-3028. DOI: 10.3969 /].
issn.1003-6520.2013.12.026.

FEPR AR, 2. 1000 kV/500 KV R34 E 7Y [ 52 37 i i
2R PR H R B A A VPR U], SR L S R A T2 R,
2020, 38(2): 020602. DOI: 10.11889/j. 1000-3436.2020.
11j.38.020602.
DU Qingzhong, LU Mai. Safety assessment of
electromagnetic exposure to 1000 kV/500 kV mixed
voltage four-circuit AC transmission lines on the same
tower[J]. Journal of Radiation Research and Radiation
Processing, 2020, 38(2): 020602. DOI: 10.11889/j.1000-
3436.2020.11j.38.020602.

B, BT, #5, % 21 000kV 5 500kV/200 kV
[7i) P55 DY ] 24 ) i L PO i AT [0, v e L 2017,
53(11): 191-196. DOIL: 10.13296/j1001-1609.
hva.2017.11.031.

TONG Tao, GU Danzhen, CUI Yong, et al. Research on
the submerged current supply of AC 1000 kV and 500 kV/
200 kV four-circuit lines on the same tower[J]. High
Voltage Apparatus, 2017, 53(11): 191-196. DOI:
10.13296/j1001-1609.hva.2017.11.031.

KT, & e, 7 e, &5 . RpIK A (ELVO BR{E: GB/T
3805—2008[S]. AL 5T H EHRHE H i tt, 2008.

LIU Jiang, ZENG Yanhong, FANG Xiaoyan, et al. Extra
low voltage (ELV) limit: GB/T 3805—2008[S]. Beijing:
China Standard Press, 2008.

PR, BHZBH . o i PR B o T AR A L T
HWRFE[I]. ZRAEHL IR 22 244K, 2017, 37(3): 83-89. DOL:

20

21

22

23

060601-10

10.3969/j.issn.1005-2992.2017.03.014.

ZHU He, HU Yiyang. Simulation research on steady-
state electromagnetic interference of high-voltage
transmission lines on pipelines[J]. Journal of Northeast
Electric Power University, 2017, 37(3): 83-89. DOI:
10.3969/j.issn.1005-2992.2017.03.014.

2 [, B E AR, T T R R IR M. bt E
HLJ HERRAE, 2011,

LI Guohui, ZHONG Guosen,

Transmission line foundation[M]. Beijing: China Electric

HUANG Xiaoning.

Power Press, 2011.

INEIZE, WA, B3E, 5. R RS R AR o0
BT PR L[], 2 BUHR ), 2018, 35(4): 41-44.

SUN Zhiyuan, MENG Xuxu, MA lJing, et al.
Electromagnetic interference of UHV AC transmission
lines to pipelines[J]. Anhui Electric Power, 2018, 35(4):
41-44.

WK, A 550, P SLEE, 451000 kV/500 KV [R]B R
VU [m] 4 P 2 i e b i 7 14 BE (D). = R R 4R, 2012, 38
(1): 132-139.  DOL 10.3969/j. 1003-
6520.2012.01.019.

YANG Qing, SIMA Wenxia, SUN Yihao, et al. 1 000 kV/

issn.

500 kV mixed voltage four-circuit transmission line on
the same tower lightning protection performance[J]. High
Voltage Engineering, 2012, 38(1): 132-139. DOL:
10.3969/j.issn.1003-6520.2012.01.019.

eI . H I R G o) M B fF CDEGS i 47 [J]. %t
HL 77 8 AR, 2004(12): 29-31. DOI: 10.3969/j. issn. 1003-
9171.2004.12.0009.

NIU Xiaomin. Introduction to power system grounding
analysis software CDEGS[J]. North China Electric
Power, 2004(12): 29-31. DOI: 10.3969/j. issn. 1003-
9171.2004.12.0009.



