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Characterization Method for Roughness Coefficient of HVDC Conductors
Under Rainfall Conditions

LI Xiaoyun, MA Aiqing, ZHANG Chengwu, XU Jinshuai
(School of Electric Power, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The roughness coefficient m of the conductor surface is one of the key factors affecting the estimation of
corona inception field strength. Under the rainfall conditions, raindrops are easily attached to the surface of high-
voltage direct current transmission lines, and the surface condition of the conductor has changed. The change in the
surface condition of the conductors directly affects the roughness coefficient m in the Peek formula, resulting in a
significant error between the estimated corona inception field strength and the actual value. Under present rainfall
conditions, there is no unified standard for the value of roughness coefficient m. In this paper the deformation coeffi-
cient W and distribution coefficient f are introduced to characterize the influence of raindrop magnitude and distri-
bution density on the corona inception field strength. The correlation relationship among the deformation coefficient ,
distribution coefficient and roughness coefficient is set up by utilizing the variation law between the corona incep-
tion field strength and those two factors. The expression of roughness coefficient m under different rainfall levels is
obtained, and the Peek formula is thus modified. The feasibility of the scheme is verified by establishing a calcula-
tion model for the high -voltage DC conductor with attached raindrops and comparing it with the simulated field
strength values of the corona cage. The results show that the error between the calculated electric field strength of
the corona cage and the field strength obtained based on the finite element method is less than 8%. After determin-
ing the roughness coefficient under different rainfall conditions, the modified Peek formula can be applied to esti-
mate the corona inception field strength of HVDC conductors under rainfall conditions , which is simple, accurate
and easy to implement.
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Table 1 Rain intensity and average diameter of raindrops

Rk R S5 2% ef bR 3/ (mm b ™) R -4 AR /mm
N 0.20~1.25 0.65~1.25
P 1.25~5.56 1.25~1.50
K 5.56~15.60 1.75~2.25
e} 15.60~50.60 2.25~3.00
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Table 2 Calculated value of corona field strength under

different rainfall degrees

W% B A% /mm AL /(KV - cm™)
1.0 32.75
1.5 21.28
2.0 17.51
3.0 17.24
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Table 3 Relationship between rainfall intensity and

raindrop diameter and quantity

FEFRBRIE WY ER/mm AR RO
JINFR 1.0 20
TR 15 27
K 2.0 33
FETH 3.0 39

2.3 RERE.OHRBSHEERHKCIKKC RAET
R 28 AL L o3 A 2800 5 e )m , nl
VAT B T AE 80 70 R B3 K, Rt e K
Gy bR, e AR, 455 1.4 AR B AR
YR, 7] ISR AR LR T 2 200
SHZEN QG ES I P N B (R

~ 351 —~ 24
o 53]
> 33F > 1l
< 3t <
5 5 200
N 31 N 19k
301 o gl
® 29 ® 17
0.9 1.0 1.1 0.9 1.0 1.1
I3 Z AL I3 F AL
(@) /NI d=1 mm (b) FIF @=1.5 mm
—~ 20 ~ 20
£ £
J1s 15
> >
<10 210
N N
w W
B 0 B 0
0.9 1.0 1.1 0.9 1.0 1.1
(¢) KFIFT ¢=2 mm (d) R =3 mm

10 BERHF SGRYSEZHENXER
Fig. 10 Relationship between deformation coefficient,

distribution coefficient and corona field strength

R HABSN IR R, H5 SRR 25 1F T M &
B84, FURS 2R %0 m T Do i 2 (9) FRAE , HIVKHLRS
FHONBER AT WA RH LN EEY R E, S
DG FARTE TR T RS T E A H(E .

m=—= 9)

455 X (0) nT LA B A (] e R 75 B2 2k r AL R
FA, a0 ] 10 Ff R BEA T L, AT A B



W53

ez, THENE, TR, A BERIAR T o L B T L LS R AR <173

ESVES) ZF NI SR TEN I GIPRUS W VSt E: Wi

m=Age " +A,f (10)

K (10)H, Ao A 1 BUE 3K (10) 25 G A [R) B w2

BET P MNRET M E,, TS TG T4k

FEYE E AR, TR A5 S

B A=0.607,1,=1.101,4,=0.542 , )5 FE 4 0.99, ¥ &

R, B0V CA Peek 242, Bl AT 153 Peek 18 1F
NN

E=E x(Ae " +A 51 +9:298 1
0 X (A4, +'f)(+J6_) (11)

WA AL, 5L FLILAS R B W A
I3 BB AR AT, W LU B AR BB,
RREZ DT VAN T N TV L L oy N 1
(D) Fr ST BT 254 T Peek AUBIETTHE
AT LAA BR300 , 0 FHAESC B TR

3 HERIGIE

FEAE R IE 5 1Y Peek 23 2 TR Al AL 523738
AHERR I , 2T Deutsch B, N il % 5 L B 3
1 7R (S5 TR = R, R BN G RS
SR EH R(E LM R, 7] LA LT Deutsch
B IR AT SR A F 2 T T FEL 5

THEASR 3 F SC[24) TP AR IR AR, S22 4
r=11.284 mm, HL %= 8 48 n=12.5 cm, S5 HHUG B
S YA R R — B, SN L U, F s e R Ak
BRI E AR oA 0, St i He o R HR
SEHL R PRI A3 S N 80, 100 KV A8 EL FE AN ASGHIE o

Deutsch R IZIA N, 6 & A LR, 28 (R HE
far FUSE MR S (A W (L, 2 ) A s ol R A

P
VE= g (12)
J=koE,, (13)
V-J=0 (14)

¥ 13) 5L A, X2 T et
NI i0):R7pp )
E-V(V-E)+(V-E}=0 (15)
K(12)-(15) : E WG B, R 258 ; 0
FAHLHHL, £0=8.854x107" F/m; p oy 25 S HI fif B
JE, Cm sk NE TR, k=1.9 em®/(V +s); ] HHLTL
B A/m’,
A (15) ] LUTAT AL h

$E BB, By _
Edr2 - r odr +(d ) =0 (16)

K (16) A7 AE ALy ol 45 - O 2t fin v 1

EH, BEEREE N0, QRZS MM, H
2.3 B IE Y Peek 22 TG G 2 o ¢ 1tk ] A4
FAAT N

o=U r=r,
{¢=O r=r, (17

A7), r LB 2= AR A A 0] 5 ] 1Y
PE, rn<r<rn. WHEr=r.i G425 N E,, #

1 A8)H ARy r I M2 JE T 1A 75

r

a| 2 1 r -
E_T Eou_ 21Tk80(1 _g) (18)

K18, 1 A B B N2 e it i Y
HL It o

[=2mr,] (19)
ML U 52BN IG5 0 E Z T DU

K (20)Fn
U=["Edr (20)
R T 0.01 wA ISR B S UE
AR 8 TR, 2 45 2] FE 37 08 BE 1 A THR R

WE 11,

WINFEIN U, HRAIIE
EHIR MR BAME

|
R IE G B Peek A Rt 5
R
|
KA B T JE R & IE BRI
TR 9 U I=I+AL
|

| skmsgithasy |

E11 BREZEEZETERREER
Fig. 11 Flow chart for calculating the field strength of the

corona cage body
TR B A 22 0 S MR 75 5 A BR Ty B
BN e, LR 12, IR 12 v DL B
ek T R P A, L T TR AL 1 5 M iR R
AR5 D5 EAT 2 A B AR AL AR [R] , A7 7R L83
W22, I RIRZEZ N 8% , Bl T 1B 1E )5 HY Peek 233X
AL 7 3788 AR R 1



174+ 202642 /1 y § 474 + Mok 2
tor . BT HZSHE TR %, 2020(3) : 13-200.

: ?8&¥5¥t§§%§%§ LI Xiangchao, LUO Hua, LI Xueting. Analysis of corona current
~ 158 ® 80 KV 78 triggering threshold for different shaped metal tips[J]. Insulators
Ig ® 100 KV sI7 R/ and Surge Arresters, 2020(3): 13-20.

o [5] VFFME, ROFBE, 2% B, . B RRAL e ol 4k Pl OR3P U [l
glm ARSI BUIHER). ) RGeS, 2025, 53(1):
) 160-170.
§ i3k XU Jiayan, WU Fangying, LI Rui, et al. Dynamic identification
technology for the failure risk of the secondary virtual circuit of
relay protection in an intelligent substation[J]. Power System
12 . . . Protection and Control ,2025,53(1): 160-170.

1 2 3
Y ¥ FL44/mm
12 AEENEETBEEEEIFRE
Fig. 12 Electric field intensity of corona cage under

different rainfall
4 ZEig

L) AR [ L s, B R 25 F LE IR R 5T T B )
e M L TROR TR R A e AR I i L R
S TR A R AR 0 400 B S B R,
LR RS (EIE R, B2 I

2l AE T I ATEAS B W F 5370 Z2 85 AR AE R i
RN 3 A7 5 PR T RS 2 37 FR 2 W), AR TR) 2608 T T
] B S i AT 5 £ — RE BV RN T
O] EIV:ER S N e 77 Y A

3) IR R B W M AT R K SRR R B m
ZIAIAYRHRIC AR , NI IE 1 B3R 2515 T Y Peek 22
2, SRR B TRUAG RS 2 750, T i R A T A
PR TR B0 5 R , 507 HAS 2 BB E A
PO, B0k 1A R A R

SE Lk :

(RIS SN i S F: U N 1Y p DO R ik T R 2 sk sy Gk B e
SEM[D]. ALt Ak J ke, 2021.
WANG Feng. Influence of surface materials on corona discharge
characteristics of HVDC transmission line under rain condition[D].
Beijing: North China Electric Power University ,2021.

2] B& xR, A R BIESUREN A iR
USR], = He L 7%, 2022, 58(10) : 83-88.
CHEN Di, LIU Chen, LI Qiang, et al. AC corona inception field
strength characteristic of conductors considering air humidity[J].
High Voltage Apparatus,2022,58(10):83-88.

[ A T i L o 9N L 8 1€ S T Ry G S S ]
LA A A R SE D). 5 R HL R, 2020, 56(9) : 197-202.
YI Fan, DU Zhiye, HUANG Congpeng, et al. Study on charge
distribution characteristics of insulation surface under negative
corona in sphere-plane gaps[J]. High Voltage Apparatus, 2020, 56
(9):197-202.

[4] FFEE, Y A BRI ARG e Jovi b 2 v ik A B

[6] & i, BRI7 A, AR S8, IR T R I X 2k v S
AIRZIR[)). L AR, 2012, 38(11):2863-2868.
CHEN Lan, CHEN Fangdong, ZHAO Xuesong, et al. Influence of
rain drops on corona discharge in AC transmission lines under high
rainy condition[]J]. High Voltage Engineering,2012,38(11):2863-
2868.

(7] BUOSOR, T, AR AR, 45, AR L B R BOHI LG 2R B 2
AR LR T, = L, 2021, 57(4): 1-9.
DUAN Nana, WANG Xuehuan, XU Weijie, et al. Summary of the
influence of different ionization coefficients and attachment
coefficients on the corona inception field strength[J]. High Voltage
Apparatus,2021,57(4): 1-9.

(8] ZZIEH, JAIIA: , L, A5 R i F S Uit P 2k B L S
RIS T]. 4 b4k, 2014(4): 70-73.
AN Zhengzhou, ZHOU Yusheng, LIU Rangjiao, et al. Calculation
analysis of ground electric field for UHV AC transmission lines
under effect of corona discharge[J]. Insulating Materials, 2014(4):
70-73.

(9] HBAELL,E M. AN LN 5 U i R SR T A 0 4y
AT T BOR41, 2019, 34(s1): 14-21.
HAO Jianhong, WANG Hui. Calculation of the surface electric field
distribution of high - voltage direct current transmission line[J].
Transactions of China Electrotechnical Society,2019,34(s1): 14-21.

[10] dugnl, 7+ BB @, A5 FRK T R R U A L e
FLAE RS2 AT e R, 2009, 35(10) : 2340-2343.
FAN Jianbin, GU Chen, YIN Yu, et al. Effect of water drop on
UHV DC transmission corona performance in corona cage[J]. High
Voltage Engineering,2009,35(10):2340-2343.

[11] BR il S50, 2L, 5. T AR F T 220 kV 4828 T3R5
P SRR R PEIAF A [T, 8 R FL R, 2021, 57(12) : 170-176.
CHEN Di, SU Chungiang, AN Haijian, et al. Research on corona
discharge characteristics of grading ring of 220 kV insulator under
rainfall condition[J]. High Voltage Apparatus, 2021, 57(12):
170-176.

(2] X F8, 0 WL TS, G SRR NI e A B A O
B AT ol INSRREDFIEL)]. HE R TR 28, 2021(4): 184-190.
LIU Lei, SHEN Meng, HAO Yuliang, et al. Impulse flashover
characteristics  of hollow composite insulators with different
installation angles under heavy rainfall[J]. Insulators and Surge
Arresters,2021(4): 184-190.

[13] RIRGK AGARTE, £ W7, 55, 0105 RE L HL w3 4 1 4 B e
ARBAIE]. B RGP 54,2025, 53(16): 136-146.
ZHU Junyong, YANG Dongzan, WANG Xin, et al. Research on

cascading failure situation awareness for smart substation operation



W53

ez, THENE, TR, A BERIAR T o L B T L LS R AR

<175~

[14]

[15

[t}

[16]

[7

—

[18]

[19]

[20]

[21]

[22]

[23]

and maintenance[J]. Power System Protection and Control, 2025,
53(16): 136-146.

RIT 2, kL, BSR4 F sl PR A5 A TC LA SR 2% 3%
BRI ORGSR, 2025, 53(18):64-73.

WEN Kaiyun, ZHAO Hongshan, ZHAO Shice. Clustering - based
routing algorithm for wireless sensor networks in substation
environments[J]. Power System Protection and Control, 2025, 53
(18):64-73.

SRHEES M) B AR ELUR L3 R X S A B UK
LR IR AU RZ R[], TR AL A, 2022, 58(8):275-279.

ZHANG Haibing, WU Haitao, HU Qin, et al. Influence of DC
electric field intensity on conductor glaze icing and its corona loss
[J]. High Voltage Apparatus,2022,58(8):275-279.

FA RS MRS, S R LR R AR LR S
TR PR R B OC R[] B LS, 2019,55(6):192-197.
WANG Donglai, LU Tiebing, LIN Yaoyu, et al.

between the HVDC conductor surface roughness and the roughness

Relationship

coefficient of corona discharge[J]. High Voltage Apparatus, 2019,
55(6):192-197.

R KIRTE S0 TR R B SRR R S M D).
PR E PR, 2014,

WU Zhi. Influence of water droplets on corona discharge character-
istics of transmission line[D]. Chongqing: Chongqing University,
2014.

LA LR ORI AR KBTS R X L B R T AR
FEHER 2], AR, 2008, 34(4):633-637.

SHU Lichun, GONG Lin, JIANG Xingliang, et al. Corona incep-
tion discharge characteristics of conductor adhered with water
drops or pollution[J]. High Voltage Engineering, 2008, 34(4):
633-637.

R, R T, S5 VR ORI VA il P e 3R T
Yisg i J). = EEAR 2009, 35(9) : 2087-2090.

GUAN Zhicheng, CHU Jinwei, ZHAO Yuming, et al. Simulation
for the influence of contamination particulates on surface electric
field of HVDC transmission conductor[J]. High Voltage Engineer-
ing,2009,35(9):2087-2090.

TRIRDG, 25 AR B AR A e T i S P S T ).
JUA R ST,2012,25(11):57-61.

ZHANG Zhenxing, LAN Sheng. Impact on corona discharge of
high voltage transmission conductor by attached water drop[J].
Guangdong Electric Power,2012,25(11):57-61.

DR B i BB H 800 kV 52T 500 kV IAT
i i e 3 TR L S BN S BT, R L R, 2017,
43(7):2114-2121.

MA Aiqing, CHEN Jian. Analysis on three - dimensional hybrid
electric field and related electrostatic induction effect of +800 kV
DC and 500 kV AC parallel transmission line considering rainy
days[J]. High Voltage Engineering,2017,43(7):2114-2121.
AT, % 2 RN GIB 150. 8A JHHT IR AF B S b b 1
PRI B4 B T/, 2021, 18(7):22-28.
YANG Dongfu, LUO Lan, LIU Gangling.
discussion of GJB 150. 8A rain test[J]. Equipment Environmental
Engineering,2021, 18(7):22-28.

T BT L 5 TRV DR 3R R T X U Lk A R
Fryszm)]. HEEHL TS, 2016,36(23):6579-6585.

MA Aiqing, LU Jixing. Effect of raindrops under DC power trans-

Interpretation and

mission lines on corona vibration considering of environmental fac-

[24]

[25]

[26]

[27]

(28]

[29]

[30]

e

R (

tors[J]. Proceedings of the CSEE,2016,36(23):6579-6585.
e, WhoR i, ARWTIE L 45 TE RS T s T A Ll Y
Xof JEL LR SRS I ZR e BT A b I R S BEL PR S i 3 BT ).
N FR GG, 2025,53(9): 166-175.

MA Chenglian, YAO Xinyue, SONG Mengqing, et al. Analysis of
the impact of substation grounding network on the resistive
coupling of the surrounding gas pipeline system and the newly
built grounding system under high frequency lightning currents[J].
Power System Protection and Control,2025,53(9): 166-175.

X R PR, EAAE AR BT DBSCAN R fiE 22 L 3 32
e S YU ST ). T R SR S, 2024, 52
(24):140-148.

LIU Chang,ZHENG Tao, WANG Zhihua, et al. Algorithm for real-
time identification of sampling abnormalities in smart substations
based on DBSCAN[J]. Power System Protection and Control ,2024,
52(24):140-148.

KNG, A T, S5 R T S O B AL R IE R
P B R AR AFPE AT, L T AR 24412, 2013, 28(1): 73-79.

LIU Yunpeng, ZHU Lei, LYU Fangcheng, et al. Analysis of the
positive corona onset characteristic of the bundle conductors in the
UHV  corona cage[J].
Society,2013,28(1):73-79.

TR TR RO, A BT SVG B S URERL IR () A
T UAMEBE & U ) 2 Ur a2 A5 SR (1], 0 RGP S
2024,52(12):177-187.

WEI Yinzhong, SU Jiabin, CHEN Bin, et al. Cooperative economic

Transactions of China Electrotechnical

operational strategy of substation reactive power compensation
equipment based on an SVG dynamic loss model[J]. Power System
Protection and Control ,2024,52(12):177-187.

Wk B, ShIcE, B B AR BRI RS T AR R By
IREF RPN, I RGO 545, 2024,52(3): 161-171.
GENG Xin, MA Wenheng, WU Qiong, et al. Islanding prevention
technology for substations in the context of large - scale grid
connection of new energy|J]. Power System Protection and Control ,
2024,52(3):161-171.

AT TR, HEEEE, AF. JE T IRIEE S SCD SCIF I e
AR LG TR AE 2 ARt SR ARSI, H I RG R
S, 2024,52(2): 129-142.

YU Yili, ZHANG Zhanyao, JIE Xiaoxia, et al. Automatic genera-
tion technology of secondary safety measures in an intelligent sub-
station based on a knowledge graph and SCD files[J]. Power Sys-
tem Protection and Control ,2024,52(2): 129-142.

ThSUE, R, I P, . 454 TEEE std80—2000 Il CDEGS
A8 F Sl B A R AR AL B RIE L) ). ) R AR ]
2024,52(24): 131-139.

MA Chenglian, SONG Mengqing, YIN Bo, et al. Optimizing the
design of a new substation grounding network by combining IEEE
std80—2000 and CDEGS[J].
Control,2024,52(24):131-139.

Power System Protection and

e (1997—), %, M, T RHFR T 6 0 & R B L el b
E-mail : 1148917200@qq.com).,
LR E(1975—), %, Wb 3, E 2 RF SR AM B AL

Bl B R TR G ERS IR B RS R R A
RA A S AR IR A AT 5 (38 42 4 ) (E-mail : aqmab@126.com)





