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Research on Corona Noise Distribution of AC Transmission Lines Based on
Three-dimensional Finite Elements
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(1. School of Electrical and Electronic Engineering, Hubei University of Technology , Wuhan 430068, China; 2. Key Laboratory of
Solar Energy Efficient Utilization and Energy Storage Operation Control , Hubei University of Technology, Wuhan 430068, China)

Abstract: For studying the distribution characteristics and influencing factors of corona noise of ultra-high voltage
transmission lines, in this paper a three-dimensional model based on the finite element method is set up. The arc
sag characteristics of the conductor and the splitting characteristics of each phase of the conductor are fully consid-
ered in the module. First, the maximum electric field intensity on the surface of the transmission line is calculated
using the finite element method. Then, the corona noise distribution of the transmission line is calculated using the
CEPRI noise prediction formula. The accuracy of the prediction model in this paper is verified by comparing the
field monitoring values with the predicted values. The results of the prediction model show that the split conductors
and arc sags can significantly improve the calculation accuracy of the maximum electric field intensity on the sur-
face. In addition, the strongest area of corona noise in the transmission line is at the arc sag of the conductor, while
it is also more concentrated in the range of 20 m lateral radius and 240 m longitudinal radius centered at the arc
sag. Within the radius of 40 m of tower radiation, the lateral attenuation of corona noise is 3.6% and the longitudinal
attenuation is 3.3%. It is found by arranging different phase sequences that the corona noise generated by the same
tower double circuit positive phase sequence (ABC-ABC) arrangement is the smallest compared with other phase
sequence arrangements.
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Fig. 2 Simplified schematic diagram of tower
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Fig. 3 Section diagram of eight bundle conductor
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Fig. 4 Three-dimensional model of tower and line of

1 000 kV transmission line
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Fig. 5 Design flow chart of corona noise

three-dimensional model
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Fig. 6 Schematic diagram of electric field distribution on

twisted and simplified conductor surface
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Fig. 7 Noise fixed-point monitoring distribution diagram
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Fig. 8 The distribution of the maximum electric field

intensity along the surface of the transmission line
MWL R 8, W] LA HY T R SR T HL 37 0 )
i B R B U B2, BRI O AT I8 R Bl il T

FLAT 14 SRR, 1L 375 900 3 R T A T, i AR T A B
rh | T BT, SN E TR TR, T R
h SR AT 5| AT 33X IR 2R R T P i s R R
BN o ML 3 0 A B R A, ABC —AH
LN LT T R IREAR L AR R 54
STV T k2 E TR TS > PN S AR ER g
i 520 m B FEL, BRI oh 520 m BT HO AL . =
FH 4R e K L3758 B A A 2 18.29 kV/em, B AH :
15.29 kV/em, C#H:13.29 kV/em,
SCH 3 AR AR AEL H A vk LA K — 44 BROTHY
TIERAT TR HHEER IR L,
®1 HWRESE&ARARKBEHEEITEE
Table 1 Calculation value of maximum electric field

intensity on the surface of transmission line

A/B/C S M I K/

E VRS i AT IR 25/%
(kV-cm™)
SHATRRIT BT 18.29/15.29/13.29
(EEDEEREINS 17.71/14.25/12.55 3.1/6.8/5.5
TYEERC R 17.68/14.35/12.77 3.3/6.1/3.9
TYE RS 18.24/14.85/13.48 2.7/2.8/1.4

HRHE 2 1 IS5 R mT AT, SCOh G Y — A R
2 B R R L R S L T A L, R iR 2
1R 6.8% . BLILHL far vk LA S — 4 BT M 4%
BELRK H S, 20 T SLMA R AR DL K
IR . X F RIS LS T AL /N, 5 3 R
FIFIXTR 225 T 3%, i 4 ai ek 5 Yk
Oy 5L LR B B K T L PR S P LR R T4
R FLRARXHR 22 B4/

LRGSR AT A T LU R 8518 S0h 5 R
SR DA K 43 54 S 4 11 DR 3R R 08 1) i B8 1 3R 1T e K
Yyt 0 SR A JE o TR 28 BH R FH SO R AR AR 343
1) 5 4 2% 11 e R L S B R A
32 HELRBERENT

48 #E ST R i R R I A P M e R AR A
DA RIS S 45 5 4 R R R b 15 S AR AR A
X i P (P W P R R SR T T CEPRI 3N 23
AT T W H S B I B A T H

R X6 R i U], S B B T i 40 Sl P 2
FEITAERY IR —2F o ELASH : OFE I 2 i A e 75 1Y
1 10 3 A B AT S — M B s Qi AE T
N1 3 A, A0 IR TEAL TF 46 1] — DA 35 174
TR AN o i P 2 G PR R P R 1) R )
A thZE ILIE 9. 10,



], RSUR, URIRT-, 25 JET = AT BROTHSS it 2 L M A IT +149-

WF5E 55381
52r
—=— CEPRITRINE
g —o— P37 IHH
2 R
et 50
<3
B
%
I 48+
- 8
46 1 ! ! I ! )
0 10 20 30 40 50
S AR A ] B 5 /m

9 LK EFEEEG S HX L E
Fig. 9 Comparison of transverse distribution of corona

noise of transmission lines

52¢
—=— CEPRITII A 30
—o— B M NME
— g .
<
5 S0 N\‘\'\_\_\’\_\“
=2
L
%
O 481
®
46 L 1 1 L 1 L L 1 ]
0 40 80 120 160 200 240 280 320

A EE IR A 1] 1E 25 /m
10 HMBLEESREIE D7 LLE
Fig. 10 Comparison of longitudinal distribution of corona

noise of transmission lines
R U 55 B WM (B T T L, A P
PREE T 5 4 S S {E bR v 22 R B Y 1R 22
1, At T L5 00 L 2 ) ) e R L /N 2
RER/NLE 2,
R2 LRESRSETNERER

Table 2 Relative error table of line corona noise prediction
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Fig. 11 Three-dimensional distribution of line
corona noise
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Table 3 Phase sequence arrangement and combination of
double-circuit transmission lines on the same tower

FEAE ML MF2 MF3 MIF4 S M6

+ C/C C/A C/C C/B C/A C/B
th B/B B/B B/A B/C B/C B/A
T A/A A/C A/B A/A A/B A/C




£ Be2ds s

-150- 20264F8 f1 y § 8
AE P % i L e B I 7 A (1) S DL TR 12,
54
P = = Y
53+ ,n"v"'v‘l\
= pae |
Ay v v v 2
= X v v R
E 52 ,r;"/v POl 20 gn SO * ’x
2 il «* . &
B v * * v 2
néﬁ 51 v " 4 * % v
k3 * " =--a, L .
Tl ot TeaBcaBcTe Ot
«"  « ABCCAB ",
s a ABC-CBA n
o N v ABC-BCA LY
+ ABC-ACB "
-60 40 20 0 20 40 60
P 29 5 B 25 /m

E12 HFEXEBLEEEEESmHMm
Fig. 12 Effect of phase sequence on corona noise
distribution of transmission lines

M 12 vpa] DOULEE 3], 7 ] 85 0[] v, 26
6, AN TR) AR e B A 2 5 B = S Y o A
2SS, Lhar T s oy LN b Sy ], 2 A
N IEAHF (ABC-ABC)B , 26 T HL MRS i (i fe /), Ry
50.76 dB(A), X TAEIEAFHESI T, AR
BOIE AR HES) , A 75 4 AH 1) 22 W P kA 1
W, TR TR R R R AR . RO/ Ry
ABC-ACB Y , 42T H 22 M P (R (A TR — 28, Oy
51.85 dB(A). HIHLZ T, ABC-CAB AT [ L 22 e s
K, 4 53.25 dB(A),

ATV R e 2 3 R AN [ M P M (L ) S PR T < [
% Z 8] 1) HE BB AR 22 2 90° B 180° I, 4[]
S P R, 2 TS P, 7 A 1 P e R A () EORH B 1 AR
FJ5 ), AN A Y R AR 05, PR I H 2 MR P
(RSN e/ 1N

FIC , AL 22 0 008 27000, HL S 73 (1 5L
I IR o DR SRy A [ (8 1 P, 2 T3 v R P 0
AR AN ] B 28 S e K, 2377 28 FE BRI B AR T
A NS S Gk 2 NS

HRAE L3R 43T, 4[] 3 X 6 A i L 46 B 1)
FF R 1M (ABC-ABC) R, 45 ] 5 14 FiL 1 308 2 A
(122 1200, IZBUE EHIT 90°, IX i A54% [l #% 114
i, 2 T30 P TR 08 [ % 11 0 i B A28 & A, DT I
T M IR, AHILZ T A AN IE
AR B (0] 3% 22 T A i R R TP AR 25 25 [ 3
n, anSR A A ABC-CBA HEZ, W45 [9] 5% A LR
BIE AL 22 5 240° , Ho g He BB AR A B 42 30T 2700,
37 PEASONE , DT 350 2 e P (1) W (15 A

PRI, X6 [ B8 00 [ iy P, 2 ff ), 2 M A
FEPE 2R 53 0 A e A1, DAl /b H 2 MR P
R P, 44 e o HL R P T T S PN 22 41

4 ZEig

SCHUCR T = 4 A BRIC A M i R L 4R i R
T fe K HL SR, 5 08 T 0 4 T 4 SO 1 52
Wi, SRS A LR B LA A R T B S [
i, SR CEPRI M s FUI0 2 3150 1 A PR 48 i v 2
M7 ) = A AR I, BARZSIB AT

DEEH T —Fh % 8 24 5 48 KON IE 52 i 11
1 000 kV iy FL 2 % o 2 MR S R AL . 155, R
A BRITC A HT ARG T 5 v A5 0 T 4 2 B R i
T KL BE VR 250 A0, IR 45 5 S S A far
AL G I EAT O G5 R, CHRESIE T
G SITER RS SRS AR TR

2)K FH CEPRI M 75 FUn 28 =X, 3180 i v 2 ik
HL S 7 1) = o AR I, R TS R S Bl
BRI PEA T X L, 0AIE T SR &5 R B ERf 1, Ho
FL I 75 75 PR 8 R A KR 25K 8.7%

3)H e 6 SRS B AT, A5 H i R B
Mg P R o) O R T 2 R 3.6% , N [ I A FE A
3.3% , AR ) o e A P (L (A B T 2 N A
IE 25 40 m A0 B INARL . BEAR, A T a2
H SR R YA TSR G, SC AR 2 T i e R B S
1) = He oAl IR T b, 25 R Eon,
M 75 7 T A A 5, ] B DA SICERE Sy s A 1] 2
#2420 m, YA EAR 298 240 m A3 [ P 2 B4 0
A3 o XX AT DAk H 2 M RS (1) W 0 5 9 PR AR 2
% I A L Lk I ) R e B A TR T SR Y
HAR

4)3E 36 AN [ A P 2R A T B AT D & B AR Y
ANTA], v 7 A g F M S RNV AN A [R] .
IEAHT (ABC-ABC) = A= 11 HL 2 MR A5 AH X F A A 7
MRS R /N o X BERE A IS WA P A B R T
SRR

Sk

(1] <, LR, F R, S5, 8 R e 5 B U il i 2 i ] T g
FRIFGTLEIR[T). BT HL AR, 2023, 17(5): 145-152.
Meng Changhong, Kong Xiangmin, Wang Yachen, et al.Review on
the research of audible noise from extra high voltage and ultra high
voltage AC/DC transmission lines[J]. Southern Power System
Technology,2023,17(5): 145-152.

[2] 5 f, ROIAR BT, 45, 750 kV A5 Bk LS IR Y 52 5
BRI B %, 2022, 41(1): 52-59.
Wu Jian, Zhao Yalin, Geng Mingxin, et al.Influence and control of
corona noise in 750 kV substation[]]. Journal of Applied Acoustics,

2022,41(1):52-59.



W5 S

], RSUR, URIRT-, 25 JET = AT BROTHSS it 2 L M A IT

*151-

[4]

[10]

[11]

[12]

J 7 AR 5% B FE T CPO-VMID R HiL 2 7 7 I8 e
WEE TR, B IRk S BOR %4, 2025,40(2) : 30-41.

Zhou Jun, Qu Zhenguo, Zhan Ziang. Traveling wave fault location
method of transmission line based on CPO - VMD[J]. Journal of
Electric Power Science And Technology,2025,40(2):30-41.
ZERRIE RRIDEIE 2 AR U L S PTG o 2R v T A
SARP]. H R, 2025,46(8): 105-115.

Li Jingzheng, Du Xiaotong, Li Meng. Single - ended protection
scheme for offshore flexible low-frequency transmission lines based
on high-frequency transient quantities[J]. Electric Power Construc-
tion,2025,46(8): 105-115.

X VEEW, AR BT R RE ] S PR B CH s Y
e Pl IS (V[ P R G D 541, 2024, 52(3) : 74-82.
Liu Qing, Huang Yuhe, Wang Yu, et al. Distribution network fault
location based on an electromagnetic time reversal P - parametric
criterion[J]. Power System Protection and Control , 2024, 52(3):
74-82.

TR T B R, A AETRSL R B S R AT
AT TP E L 7, 2023,56(11): 151-159.

Zhang Guangzhou, Fang Shubo, Zhang Zhenyu, et al.Design of DC
composite electric field measurement structure based on vibratory
sensor|J]. Electric Power,2023,56(11):151-159.

WL SR, S0, A R B A A i
W 54300, K RETRAR ,2021,39(12) : 197-200.

Pan Xiaotong, Tang Lutian, Han Wen, et al.Measurement and
analysis of total electric field of UHVDC transmission lines[J].
Water Resources and Power,2021,39(12):197-200.

R BE, P B 004 3, A5 RIS AU A8 s M P R IR
TRTFIL). ) TR AR 2025,44(5): 117-127.

He Guoyang, Ji Shengchang, Zhu Lingyu, et al. Noise
characteristics and prediction methods of operating converter

transformers[J]. Electric Power Engineering Technology, 2025, 44

(5): 117-127.
BRI, E e G Bl A R e R M R S R BT

[J]. ZEHE%E,2025,62(9):31-36.

Hu Jingzhu, Zhou Bing, Ni Yuan, et al. Analysis of noise
characteristics and impact of box-type substation[J]. Transformer,
2025,62(9):31-36.

W TRk B U, 45 3L T CEEMDAN-TQWT J5 ik i 28
JEAR SR FR RO AR 5 FEMR)]. I RhE SEOR 241, 2024, 39(1):
272-284.

Shang Haikun, Zhang Ranzhe, Huang Tao, et al. Partial discharge
signal denoising based on CEEMDAN - TQWT method for power
transformers[J]. Journal of Electric Power Science and Technology ,
2024,39(1):272-284.

ERBE ALK, 55, 55, T ICEEMDAN RIBCHE /N B
¥4 i P 6 B AR A S W R )], W TG AR, 2025, 33
(12):56-61.

Wang Lingtao, Ren Hongwei, Wang Ziyu, et al. Transmission line
fault travelling wave signal noise reduction based on ICEEMDAN
and improved wavelet threshold[J]. Electronic Design Engineering,
2025,33(12):56-61.

NSl O P17 O s A e AT R S S Tk

2RO P S AR R AR ORI A TR 241, 2024, 39(3) :
852-862.

Du Zhiye , Hao Zhaoyang, Zhao Pengfei, et al. Research on propaga-
tion characteristics of gas - insulated transmission line ultrasonic
guided wave for sound source localization[]J]. Transactions of China

Electrotechnical Society,2024,39(3):852-862.

[13] SRR, XU L0, WEERE, 2. LR F o0 2 T B At v 4 B L

[14

[15

[16

(17

(18

[19

[20

[21

=

[

b}

—

=

—

[t

—

RSB A3 AT . FR 50,2021, 58(10) : 125-132.

Jiang Yuze, Liu Shigiang, Xie Lianke, et al.Electromagnetic
environment measurement and analysis of HVDC transmission
lines in Shandong power grid[J]. Electrical Measurement &
Instrumentation, 2021,58(10): 125-132.

[ISEEIER 63N I S s L ike MU S RS
[J]. =L #%,2022,58(5): 1-6.

Zhang Haibing, Wu Haitao, Hu Qin, et al.Review of audible noise
of overhead transmission lines[J]. High Voltage Apparatus, 2022,
58(5):1-6.

TLHERE, DRI, B R, 55, 220 kV Sl T G i oa
S43FT). BREROR 5 TR, 2022,22(31): 13787-13793.

Jiang Jinbo, Shen Junfeng, Huang Guoliang, et al.Calculation and
analysis of 220 kV transmission line power frequency
electromagnetic field[J]. Science Technology and Engineering,
2022,22(31):13787-13793.

W R K, THE RS , 45, 500 kV 32 U2 B4l =800 kV
TS = A8 i ] iSO (T2 ) , 2022, 55
(2):175-182.

Lan Tian, Liu Yongcong, He Wangling, et al. Calculation of three-
dimensional ion current field of 500 kV AC line crossing =800 kV
DC line[J]. Engineering Journal of Wuhan University, 2022, 55(2):
175-182.

Hedtke S, Bleuler P, Franck C M.Outdoor investigation of the
corona characteristics and audible noise of a hybrid AC/DC
overhead line[J]. IEEE Transactions on Power Delivery, 2021, 36
(6):3309-3317.

WA KB R PR, AT Z kIR LA Y CNN-
BiLSTM 755 5 44 22 PR 2 i rl 2 B T 0 Mg 75 500 ). 25 s b 4
2024,60(12):160-169.

Huang Yuehua, Zhang Zihao, Chen Qing, et al.Prediction of
audible noise of CNN - BiLSTM high altitude multi - factor
transmission line based on multi - head attention mechanism[]J].
High Voltage Apparatus,2024,60(12):160-169.

XL, 58 BB P AR SER MR IR ) REEASE
SETRINLIL. B L TT,2024,52(7):32-39.

Liu Songkai, Dang Xi, Chen Ping, et al. Transient stability
prediction of power system combined withnoise filtering[J]. Smart
Power,2024,52(7):32-39.

Varghese A C,Pal A, Dasarathy G.Transmission line parameter es-
timation under non-gaussian measurement noise[J|. IEEE Transac-
tions on Power Systems,2023,38(4):3147-3162.

Bharti S, Dubey S P, Nagwanshi K K, et al.Analysis of electromag-
netic environment in 1 200 kV single circuit UHVAC transmission
line by using face software and semi - empirical formulae[J]. Ain

Shams Engineering Journal ,2022, 13(3): 101642.



152 202648 A y 941 1 H62% s
[22] Ehefs Al 2%, #i, 4. £500 kV [RIEE = 0122 B A Huang Mingxiang, Guo Zhibin, Pan Lizhi, et al.Propagation

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

ZRBI L REFREL) ). FE R, 2020,44(5): 1978-1984.

Ma Xiaoqgian, He Kun, Xie Li, et al.Study on electromagnetic
environment of =500 kV triple - circuit flexible DC transmission
line on same tower[J]. Power System Technology,2020,44(5): 1978-
1984.

Zhang Yemao, Xu Jilai, Li Ni, et al.Audible noise analysis of
750 kV AC transmission line in high-altitude area under different
weather[]]. IET Generation, Transmission & Distribution, 2023, 17
(11):2644-2654.

FATHING , R B0k, S8, 4. +660 kV L Tt Hi FRL 2k I i SR 5%
WFFE[I]. 29 £ el 77,2020, 48(10) : 58-63.

Chen Xiangpeng, Chen Yubing, Guo Tianwei, et al.Research on
electromagnetic environment of +660 kV DC power transmission
line[J]. Smart Power,2020,48(10):58-63.

BRI AT ER IR, A ST R R T I A
(D)—34E ()], B EFAR ,2019,45(9):2990-2998.

Xie Gonghao, Fu Wanzhang, He Wangling, et al.Calculation and
research of audible noise of AC transmission lines(I) - three - dimen-
sional distribution[J]. High Voltage Engineering,2019,45(9):2990-
2998.

AYTEE AT 2R 45, SCUtn i 4R al W M S
(I3 USRI . L A, 2019, 45(12):4070-4078.
Fu Wanzhang, He Wangling, Xie Gonghao, et al.Calculation and
research of audible noise of AC transmission lines ( Il )-distribution
under crossing erection[J]. High Voltage Engineering, 2019, 45
(12):4070-4078.

PRI, AR, soll s, 35, T LS R I R i s A i i 2
% AW P I VAL e R, 2012,38(9):2189-2194.
Chen Yuchao, Xie Huichun, Zhang Yemao, et al.Audible noise
prediction of UHVAC transmission lines based on corona cage|J].
High Voltage Engineering,2012,38(9):2189-2194.
TIAAL, RIGERE , He 0, A8 FET Rl S0 B2 10 S T i R e
PRI, B R ,2017,43(4): 1354-1361.

Wan Baoquan, Wu Xiaorui, Pei Chunming, et al.Calculation
method for acoustic power based on multivariant regression method
for AC transmission lines[J]. High Voltage Engineering, 2017, 43
(4):1354-1361.

Li Yigui, Li Qi, Meng Wei, et al.Finite element method assisted
audible noise detection for overhead line conductors using the cage
experiment|]]. Energies,2023,16(12):4564.

ZeRAE T2 IE RN, 55, JET EMD-XGBoost B (1 32 it i
P fi% ] T e P A SO T 5 5. e T r i, 2023, 59
(6):180-187.

Li Zhenhua, Cheng Ziyi, Chen Xingxin, et al.Study on predication
method of audible noise valid data for AC transmission lines|]J].
High Voltage Apparatus,2023,59(6): 180-187.
BOIRE SRAEMS WA, A, SRR P A T W IR R Al
Oyt S LR R PE DT S (J]. AR ALl 3 R 2741, 2022, 49(2) :
63-71.

[32

[33

—

=

characteristics of pure tones of audible noise generated by single
AC corona discharge source[J]. Journal of North China Electric
Power University,2022,49(2):63-71.

L PRI R 7, 45 UHVAC [R]85 XUl 2k s R 1 2
SRAMHTLI]. H R G SO A Bhik2EHz, 2019, 31(6) : 143-150.

Ma Aiging, Lin Pengyuan, Chi Jie, et al. Analysis of surface electric
field of UHVAC one - tower double - circuit transmission line[J].
Proceedings of the CSU-EPSA ,2019,31(6): 143-150.

i, W1 5 M AR A ARBIK Sk R LR R S
AT B A R P SR S (1), P L TR 2, 2022, 42(12):
4633-4640.

He Gaohui, Hu Qin, Du Mingming, et al. Experimental research on
the DC corona loss and audible noise characteristics of natural
icing conductor{]J]. Proceedings of the CSEE, 2022, 42(12): 4633 -
4640.

[34] SKEL), MR, BE B, 45, 750 kV/330 kV IR [7) 35 70 ] 4y H,

[35

[36

[37

=

]

—

2100 Hz " 4l 75 o0 A MUER BTS2 ). 55 K L i L 2021, 57(1):
108-115.

Zhang Jiangong , Zhao Xuecheng, Lu Yao, et al. Study on
“100 Hz” pure tone distribution regularity of 750 kV/330 kV
mixed voltage quadruple - circuit transmission lines on the same
Tower[J]. High Voltage Apparatus,2021,57(1): 108-115.

OB R, E B, AR T M AR I A AR
HUAAT K FH]. o R SR #4:, 2023, 38(1) : 138-145.
Xu Xian, Zhou Jinhang, Wang Ying, et al. Mechanism analysis and
application of ambient noise decoupling load measurement and
identification model[]J]. Journal of Electric Power Science and
Technology,2023,38(1): 138-145.

SR, FPRAE TR S TR LA LSTM-LightGBM
PR v S I il P 4 S T AT A P TR 1 T k).
45 A, 2024, 18(8): 115-123.

Wu Hairong, Li Zhenhua, Cheng Ziyi, et al.Invalid data cleaning
method of audible noise for UHV HVDC transmission lines based
on attention mechanism and LSTM - LightGBM[J]. Southern Power
System Technology ,2024, 18(8):115-123.

XK ATRERS , X% K, 55 AN R4 e A It P 2 v g Jok o
PSR WESEL]. AN 135, 2024,61(2) : 41-48.

Liu Yongcong, He Wangling, Liu Xingfa, et al.Experimental
research on the characteristics of AC corona current pulse at
different altitudes|J]. Electrical Measurement & Instrumentation,

2024,61(2):41-48.

A E(1985—), B, 4, 813, N F AR A B H AR b

R ALK | FAHFIRB LAY ) F 48P 49 5 R (E-mail : zhaoguo@hbut.

edu.cn),

REIR1999—)5F , AAEAF 52 FF G5 &1 4 4 0, 2R 36 ¥ BE 335

A7 Y (3845 4 &) (E-mail : 2972805257@qq.com).





