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Experimental Research on Ground Total Electric Field Affected by the Variation of
Voltages of Two Crossing HVYDC Transmission Lines
XIE Li, LU Jiayu, ZHAO Luxing, HE Kun, WU Guifang, JU Yong
(China Electric Power Research Institute, Haidian District, Beijing 100192, China)

ABSTRACT: With the development of HVDC technology in
China, the crossing of HVDC and UHVDC transmission lines
has occurred frequently, which brings new challenges to the
prediction and control technology of electromagnetic
environment. In order to obtain the distribution characteristics
and influence factors of the ground total electric field of two
crossing HVDC transmission lines, it is of great importance to
carry out the experimental research on the ground total electric
field of two crossing HVDC lines. The outdoor crossing HYDC
test line was built with 4-bundle conductor, and the array
arrangement of electric field measurement devices was adopted
for the experimental research on the influence of conductor
voltage change on ground total electric field. The distribution
characteristics of the ground total electric field in the crossing
area were obtained, and the effects on ground total electric field
by the polarities and corona intensities of the crossing
conductors were summarized. The experimental results can
provide basic data for the prediction of the total electric field,
and give technical support for the design and environmental
assessment of the crossing HVDC transmission lines.

KEY WORDS: ground total electric field; corona of conductor;
variation of voltage; crossing HVDC transmission lines

E: WA E R R BORI AR, miR . R L
AT S TR AR 0 S B, ) FE PR SE O T A2 T 45
AREE P RIPRR . A SRA 1 (] A S A e B b T e
W AR R RS M DR 3R, el PR A S LR e B b
ERAII R 2R 4 RPN AN

EEWB: WM AR RHEIE «WIE1AE SO i i 2k b
T 3 = 4E T R B AR BF R (GYB17201800203),

Science and Technology Project of State Grid Corporation “Research
on 3-D Prediction Method and Control Measures of the Ground Total
Electric Field of Two Crossing HVDC Transmission Lines”
(GYB17201800203).

FLAK B, SRHAIBES A B i £ p FL 7k T 5
T I Gk L AR oS i [ J RS2 M R IT T, RAT AL
SR L T 5 I R AT, R RS
B PEAT SN AR AR . W FEEE R AE X
PR LA B 1 R IR TR 4 IR, A2 X i
TR RS BRI PR 4R AR AR M

KR My, Sl RN, X EEHE
Lk

0 3=

B TR R R BRI R, A 2
R e IS EL VAR R B S B LRI, T
i S T U B AT S R 0 U B, T LA
JEH G . AR 2 BT RO 1 R ke,
2 LR B TR R4 o 7 T f e AR ke i
Tk [ o S A R PR ) (7 b B, bt S
PRI 1] R

RO 43 A B [0 L 7 2% R B S 1) A R
Byiy, R AW SR, SERUA A SN &
REER I b R A A ], TR AT i
8, AR IRl R A s, L N RS
25 A8 SO MHE I SR R T I R B, A 538X
A by R RS AL A R ARG, ML
FESLI KA R AR, SR, &
) B9 7 AN 25 () 2 I 5 = o0 A, T & R e 8
P 43 A S X )T R P T R 3
il TG ] B B A (b T A R B . T
B = A I L, AR AR L S
DRI TE b P37 2 ) 4 7 380 T R F I, 4%



5382 SN & I =T 1 R B = S )

41 %

PRI 5 R (AR A R

FEVHELTIETT IR, ERE RS & I ) = 45
PN YRR . 1989 4, ZEHAIARAE A i
R B T = e, I e b
FIE R TR, A I I =Y
TSR BRI R R, AEARFR ISR B AT
PRUENE THE R AT IRRSETT, =4t
I R 1 28 I £ S o G 2 A7 AN L SN
AR (& Fi g i 01 SO O e R
B BRI I = YRV SLA S TR, Tl
R A5 OGRS TR T A
Mo Hre e HZ, w1 T E 2 i i RO a 2 A
B Zapmn K, 9 HIE, S Sk s b A7
LRI R, FR A VR PR A i A B A
PEN BT 45 2R fe 5l 45 ROV IRIE, fe(E %€
SRR AL

FEAR BRI S5 T, L o PR e e M T 5 R
(IR BGAIF AT LA = 4 0 322200, e S
FLRE R K3 i 5 B L, R L AN AR S
P TIFIDE SR

Ny T EE R AT i T i A v 2 IR
AR R R 3R, R T R AT s B FL U
2k A I R E T BRI, ASCH T
P IRIAZ S5 BRI 2 B, BIETC IR 75 7 7
ATEF LRI A BT %o R = eI AT A R
G TSR R ], e b
MR FEH, A L R R, K
KR A 5 I AR, R i AR Rt
AL SIS L U ML T 5 RS (RS A . IS
25 SRONT O AT S L i S P 3 (1 = 4 T
TP IR, v s B B A DE
RS A

1 WERXEHE RIS K EIHR
(BT S

1.1 AERZXESETAERLR I &

h T RS B TR P IR I A S 1)
B, FEALRT BV R RS s T A Ag
S ARG 4 B

JEREG R BUK: 100m, R )EIRE 2 BLK: 55m,
PIIELE S48 % 4xILIGLA-95/15 S4k, #¢ X fh
A 90°. RN LR B AN T 4 AR BUR LS B 1
FERS AN, AR TR 4 034, Hor 24 0m gEIk F

40cm, HARRCEAR 5 bR TR ILAN 4 /)R 34k
SERCERREEE, AR R ATL .

N T A AT S T U e 5 I AN [ Y R
wRERE, PRI i ELTR G LS 4 0~+400kV
BT [N, MRS ER I 2 A S LA
S0 b BE AR (R EE TR o P AR A SCES R L
Krek Bt 1 pros

E1 PHIRXEBEERRELEE

Fig. 1 Photograph of outdoor crossing HVDC test lines
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Fig. 2 Diagram of test locations under
outdoor crossing HVDC test lines
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Fig. 3 Diagram of surface voltage gradient
curves along the lines
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Table 1 Range of surface voltage gradients under
different voltages of the crossing HVDC test lines

LR S4& ik T2 T G (kv /em)

+80KV/+80KV ki 7.2~100, F: 86~12.1

+80kV/+100kV F: 6.8~10.3, F: 11.2~14.7
+80KV/+120kV F: 65~106, F: 13.7~17.3
+80KV/+140kV F: 6.1~11.0, F: 16.3~19.9
+80KV/+150kV F: 6.0~112, F: 17.6~21.2
+80kV/+160kV I: 58~11.3, F: 18.9~225
+150KV/+80kV F: 146~175, F: 7.0~13.7
+150kV/+100kV I: 14.3~17.8, F: 9.6~16.3
+150KkV/+120kV F: 140~182, F: 12.2~189
+150kV/+£140kV [: 13.6~185, F: 14.8~215
+150KkV/+150kV F: 135~18.7, F: 16.1~22.8
+150kV/+160kV [: 13.3~188, F: 17.3~24.1
+200KV/+80kV F: 20.0~228, F: 59~14.8
+200kV/+100kV I: 19.6~23.2, F: 85~17.4
+200kV/+120kV F: 19.3~235, F: 11.1~20.0
+200kV/+£140kV [: 19.0~23.9, F: 13.6~22.6
+200kV/+150kV F: 188~24.0, F: 14.9~239
+200kV/+160kV [: 18.6~24.2, F: 16.2~25.2
+200kV/+180kV F: 183~245, F: 18.8~27.8
+200kV/+200kV [: 17.9~24.9, F: 21.4~30.3
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Fig. 4 Distribution of ground total electric field with the
voltages £80kV/+80kV of upper and lower lines
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Fig. 5 Distribution of ground total electric field with the
voltages £150kV/£80kV of upper and lower lines
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Fig. 6 Distribution of ground total electric field with the
voltages £200kV/+£80kV of upper and lower lines
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Fig. 7 Distribution of ground total electric field with the
voltages £80kV/+£150kV of upper and lower lines
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Fig. 8 Distribution of ground total electric field with the
voltages £150kV/+150kV of upper and lower lines
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Fig. 9 Distribution of ground total electric field with the
voltages £200kV/+£150kV of upper and lower lines

40
E
2
5 9
N
E —%—+6m —+—+5m
ﬁ -40 —*%—+4m +3m
= Se%--=3m ---+-- —4m
= <o %--—bm —6m

-80

-6 -4 -2 0 2 4 6

B TR L IER R /m

B 10 _EE+200kV/ T E+200kV At A E S K BIF D
Fig. 10 Distribution of ground total electric field with the

voltages £200kV/+£200kV of upper and lower lines
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Table 2 Order of the maximum values of
the ground total electric field in four quadrants
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Fig. 11 Distribution of total electric field at +3m with

changing voltage of lower line and £80kV of upper line
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Fig. 12 Distribution of total electric field at —3m with
changing voltage of lower line and +80kV of upper line
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changing voltage of lower line and £200kV of upper line
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changing voltage of lower line and +200kV of upper line
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With the development of HVDC technology in
China, the crossing of HYDC and UHVDC transmission
lines has occurred frequently, which brings new
challenges to the prediction and control technology of
the ground total electric field. To obtain the distribution
characteristics and influence factors of the ground total
electric field of two crossing HVDC transmission lines,
it is of great importance to carry out the experimental
research on the ground total electric field of two crossing
HVDC lines.

The outdoor crossing HVDC test lines are built
with the bundle of 4xJL/G1A-95/15, and the array
arrangement of electric field measurement devices,
shown in Fig. 1, is adopted for the experimental research
on the influence of conductor voltage change on ground
total electric field.

Lower line

|----.- - ---0-.0---0 1 6m

-@--@---@-® 15m

-@--@---0---@ +4m

Fig. 1 Diagram of test locations under two crossing HVDC lines

The 2-D and 3-D methods are used to calculate the
surface voltage gradient of the upper and lower lines.
The test voltage combinations of these lines are
determined according to the range of the surface voltage
gradients.

The distribution characteristics of the ground total
electric field in the crossing area are obtained by the
experiments. All the experimental data of the ground
total electric field are displayed in three types. The first
type is the distribution characteristics of all the positions
under a certain voltage combination. The second type is
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the distribution characteristics of positions on a certain
line when the upper conductors’ voltage is fixed and the
lower conductors’ voltage is increasing. The third type is
the distribution characteristics of positions on a certain
line when the voltage of the lower conductors is fixed
and the voltage of the upper conductors is increasing.

The effects on ground total electric field by the
polarities and corona intensities of the crossing
conductors are summarized. If we sort the magnitude of
ground total electric field in four quadrants, there are
three stages of the order according to the corona intensity
of the upper and lower lines. In the first stage, when the
lower lines have no corona, the order of the magnitude of
ground total electric field from large to small is U-/L-,
U+/L+, U+/L- and U-/L+, where U represents the upper
lines, L represents the lower lines, + and — represent the
polarity. In the second stage, when the corona of the
lower lines is not too hard, and the upper lines have no
corona or the corona is not too hard, the order of the
magnitude from large to small changes to U-/L-, U+/L-,
U+/L+ and U-/L+. In the third stage, when the corona of
the upper and lower lines is quite intense, the order of
the magnitude of ground total electric field from large to
small changes to U+/L-, U-/L-, U+/L+ and U-/L+. From
the first stage to the third stage, with the enhancement of
the corona intensity of the lower lines and the influence
of the upper lines on the corona of the lower lines, the
ground total electric field in the U+/L- quadrant
gradually increases and becomes to the largest. For the
practical crossing HVDC transmission lines, if the
conductor corona is weak, the maximum ground total
electric field appears in the position near the ground
projection of U-/L- intersection. While, if the conductor
corona is intense, the maximum ground total electric
field may change to the position near the ground
projection of U+/L- intersection.

The experimental results can provide basic data for
the prediction of the total electric field, and give
technical support for the design and environmental
assessment of the crossing HVDC transmission lines.



