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Abstract

In recent years, UHV AC/DC transmission projects in China have developed rapidly,
and transmission line corridors have become increasingly limited. As a result, UHV AC
transmission lines are increasingly located near areas where residents live and work, and the
electric field distribution around houses near transmission lines has become a major public
concern. To further investigate the electric field around houses near UHV transmission
lines, a full-scale house platform was constructed near an actual operating 1000 kV AC
transmission line. The electric field distribution above the house platform and around the
house was systematically measured and analyzed. The effects of house height and the
distance between the house and the transmission line on the electric field distribution were
discussed, with emphasis on the electric field distribution on the two-story platform. In
addition, the shielding effect of shielding wires installed near the house on the electric
field of the house platform was analyzed. The results show that the electric field on the
two-story platform is significantly higher than that on the single-story platform, and the
electric field decreases approximately linearly with distance. Installing shielding wires can
effectively reduce the power-frequency electric field intensity on the house platform. A
relatively optimal balance between shielding performance and installation economy can be
achieved when the shielding wire is installed along the edge of the house, with a length
3 m longer than the house edge and a height 1.5 m higher than the position to be shielded.
A reasonable combination of multiple shielding wires provides a much better shielding
effect than a single shielding wire.

Keywords: UHV AC transmission line; house; power-frequency electric field; shielding
measures

1. Introduction

With the development of the national economy, electricity consumption in China has
continued to increase, and the scale of ultra-high-voltage (UHV) transmission projects has
also continued to expand [1,2]. Owing to the shortage of land resources, the available
options for transmission corridors have become increasingly limited. As a result, UHV
transmission lines have become increasingly common near areas where residents live and
work, especially in densely populated provinces in central and eastern China. When UHV
AC transmission lines pass near houses, the electric field on house platforms may become
relatively strong, which can easily induce transient electric shocks and cause discomfort
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or even complaints from residents. Therefore, studying the electric field distribution and
control measures on house platforms near actual transmission lines is of great significance
for ensuring a favorable electromagnetic environment in residential areas and improving
residents” quality of life.

Early studies examined electric-field measurements near residences and methods for
reducing transmission-line electric fields. Caola et al. measured electric and magnetic
fields in and around homes adjacent to a 500 kV transmission line and reported that house
walls provided shielding from the transmission-line electric field [3]. Deno investigated
electric-field reduction beneath a UHV transmission line using a grid of parallel hori-
zontal wires [4]. Deno et al. quantified the reduction of 60 Hz electric fields caused by
grounded objects near high-voltage transmission lines using shielding functions related
to the object geometry and the distance from the object [5]. These studies provided an
important basis for the measurement, evaluation, and mitigation of transmission-line elec-
tric fields near houses and other structures. More recent studies on the power-frequency
electric field near transmission lines mainly focus on numerical calculation methods. These
methods can generally be divided into two categories. The first category is based on the
Laplace or Poisson equations for boundary-value problems and transforms the problem
in a continuous domain into a discrete system for solution, including the finite difference
method [6] and the finite element method [7,8]. The second category takes a set of fictitious
charges as unknowns and solves the integral equation for calculating the electric potential
from the charge distribution according to Coulomb’s law, including the charge simulation
method [9-13] and the method of moments [14-17]. In 2019, Luo Richeng et al. used
the charge simulation method to analyze the power-frequency electric field at a height of
1.5 m beneath a 500 kV AC transmission line, investigated the shielding effect of shield-
ing wires on the electric field, and determined the optimal arrangement scheme for the
shielding wires [18]. In 2017, Peng Chunhua et al. used a machine learning method to
summarize a large amount of shielding data for the electric field around houses obtained
by finite element calculations, and proposed an optimal shielding scheme involving four
parameters: the number of shielding wires, shielding wire spacing, horizontal distance,
and corrected height [19]. In 2016, Tong Z. et al. studied the electric field in the window
area of buildings near 500 kV AC transmission lines and proposed an effective shielding
measure by installing metal eaves along the edge of the building roof [20]. In 2015, Wu
Guifang et al. calculated the electric field around houses near transmission lines using the
finite element method and established a field model for comparison, thereby verifying the
accuracy of the calculation results [21]. In the same year, Wu Guifang et al. conducted
human electric shock perception experiments and proposed recommendations on limits for
the power-frequency electric field on house platforms [22]. In 2013, Huang Zixuan et al.
improved the charge simulation method by arranging fictitious charges on the building
surface using a honeycomb mesh division, and calculated the power-frequency electric
field near high-voltage AC transmission lines in the presence of buildings [23].

Although previous studies have investigated transmission-line electric fields through
theoretical analysis, numerical calculation, and field measurements, experimental stud-
ies on the electric field distribution around full-scale houses near actual operating UHV
transmission lines remain limited. In particular, limited attention has been paid to the
electric field distribution on two-story house platforms, where transient electric shocks
are more likely to occur. Moreover, systematic field investigations of the shielding per-
formance of different shielding wire arrangements remain insufficient. Therefore, in this
study, a full-scale two-story house was constructed near an actual operating 1000 kV UHV AC
transmission line. The electric field distributions at different distances from the transmission
line and for different house heights were systematically measured, and the shielding effects
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of different shielding wire arrangements were evaluated. Based on the experimental and
simulation results, practical principles for shielding wire arrangement were proposed. This
study provides technical support for controlling the electric field intensity on house platforms
near UHV AC transmission lines through effective shielding measures, thereby mitigating
potential transient electric shock concerns caused by power-frequency electric fields.

2. Experimental Platform Construction

The UHV AC transmission line selected in this study is the 1000 kV Ding—Tai double-
circuit transmission line. The span length is 625 m, and the conductor is configured as
an 8 x LGJ-630/45 bundle. The rated voltage is 1000 kV. The line adopts a drum-type
arrangement, with conductor heights of 95 m, 75 m, and 55 m above ground level for the
upper, middle, and lower phases, respectively. The lowest point of the transmission line is
approximately 30 m above the ground. The phase spacings from top to bottom are 33 m, 34
m, and 33 m, respectively. The phases are arranged in reverse sequence. In Figure 1b, A, B,
and C denote the three phases of the transmission line. The detailed conductor arrangement
and phase sequence are shown in Figure 1.
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Figure 1. 1000 kV Ding-Tai UHV AC transmission line. (a) Field photograph; (b) schematic diagram
of conductor arrangement and parameters.

The photograph of the experimental model is shown in Figure 2. The steel pipes used
to construct the house model had a square cross-section of 10 cm x 10 cm. The first floor
was 6 m long, 6 m wide, and 3 m high, while the second floor was 2 m long, 2 m wide,
and 3 m high. The second-floor platform was detachable. With the second-floor platform
installed, the total height of the house was 6 m, hereafter referred to as the two-story
platform. After the platform was removed, the height was 3 m, hereafter referred to as the
single-story platform. In this study, measurements were conducted for both the single-story
platform and the two-story platform.

Figure 2. Photograph of the experimental model.
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The shielding poles had a square base of 20 cm x 20 cm and a height of 8 m. The
shielding wires could be suspended at heights of 4 m, 5 m, 6 m, and 7 m, and each shielding
wire had a diameter of 5 mm.

A Narda EFA300 (Narda Safety Test Solutions GmbH, Pfullingen, Germany) field
analyzer was used for measurement. The typical broadband measurement uncertainty was
£3% for field strengths of >5 V/m within the frequency range of 5 Hz-2 kHz.

3. Analysis of Electric Field Measurement Results

All power-frequency electric field measurements were conducted under weather
conditions without rain or snow and with a relative humidity of less than 60%. The
measurement points were located at a height of 1.5 m above the ground or the platform.

3.1. Power-Frequency Electric Field in the Cross-Section Perpendicular to the Transmission Line

The cross-sectional measurement positions are shown in Figure 3. Because this study
focuses on the electric field distribution around houses, the measurements started directly
beneath the side-phase conductor, corresponding to a horizontal distance of 16.5 m from
the transmission-line centerline. From this position, the measurement points were arranged
along the direction perpendicular to the transmission line at intervals of 2 m on the ground,
1 m on the single-story platform, and 0.5 m on the two-story platform.
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Figure 3. Cross-sectional arrangement of electric field measurement points. (a) Single-story platform;
(b) two-story platform.

The cross-sectional electric fields were measured for the single-story platform at edge-
to-line distances of 15 m and 21.3 m, and for the two-story platform at edge-to-line distances
of 15 m and 25 m. The results are shown in Figure 4.
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Figure 4. Measured cross-sectional power-frequency electric field distribution. (a) Single-story
platform; (b) two-story platform.

As the distance between the house and the transmission line increases, the electric
field above the platform decreases significantly. At ground positions close to the house, the
power-frequency electric field decreases to some extent because of the shielding effect of
the house. In contrast, the electric field above the platform increases markedly owing to

https:/ /doi.org/10.3390/app16157855


https://doi.org/10.3390/app16157855

Appl. Sci. 2026, 16, 7855

50f 16

the greater height. The average electric field above the two-story platform is approximately
40% higher than that above the single-story platform.
3.2. Electric Field Around the House

The measurement points around the house are shown in Figure 5. Measurement points
were arranged at intervals of 1 m at selected distances from the house.

® Measurement point
o Measurement point

(@) (b)
Figure 5. Measurement points around the house. (a) Single-story platform; (b) two-story platform.
When the edge of the house was 21.3 m from the transmission line, the electric field

intensities at distances of 0.5 m, 1 m, and 1.5 m outside the platform edge were measured.
The results are shown in Figure 6.
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Figure 6. Power-frequency electric field at different distances around the house.

Owing to the distortion effect, the electric field intensity was relatively high near the
two corners close to the transmission line. Although the electric field intensity at the two
corners on the side away from the transmission line also increased slightly, it remained
lower due to the shielding effect of the house. The electric field intensity at the measurement
points on the side close to the conductor was approximately 2.4 kV/m, whereas that on
the side away from the conductor was only about 1 kV/m because of the shielding effect
of the house. Meanwhile, due to the shielding effect of the house, within the range of
0.5-1.5 m from the house, the electric field intensity decreased as the distance from the
house decreased. The average electric field at a distance of 0.5 m from the house was 22.7%
lower than that at a distance of 1.5 m.

When the platform was 15 m from the side-phase conductor, the electric fields at
a distance of 1.5 m around the single-story platform and the two-story platform were
measured. The measurement results are shown in Figure 7.
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Figure 7. Power-frequency electric field around the house at different platform heights.

Similarly, the electric field intensity on the side close to the transmission line is signifi-
cantly higher than that on the side away from the transmission line. In addition, the higher
two-story platform provides a more pronounced shielding effect on the ground electric
field near the platform. Compared with the single-story platform, the ground electric field
intensity near the two-story platform decreases by approximately an additional 10%.

3.3. Electric Field Above the Platform

Measurement points were arranged at intervals of 0.5 m above the platform, and the
shortest distance between each measurement point and the platform edge was 0.5 m, as
shown in Figure 8.
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Figure 8. Measurement points above the house platform. (a) Single-story platform; (b) two-story platform.

The electric fields above the single-story platform at distances of 15 m and 21.3 m from
the side-phase conductor, and those above the 6 m two-story platform at distances of 15 m
and 25 m from the side-phase conductor, were measured. The results are shown in Figure 9.

The electric field intensity above the platform shows an approximately linear distribu-
tion in the direction perpendicular to the transmission line. For every 1 m increase in the
perpendicular distance, the electric field decreases by about 5%. In the direction parallel to
the transmission line, the electric field intensity remains almost unchanged. The two-story
platform has a certain shielding effect on the electric field of the first-floor platform, reducing
the maximum electric field on the first-floor platform by approximately 15%.
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Figure 9. Power-frequency electric fields above house platforms at different locations and heights.
(a) Single-story platform, 15 m; (b) single-story platform, 21.3 m; (c) two-story platform, 15 m;
(d) two-story platform, 25 m.

4. Analysis of the Effect of Shielding Measures

For houses near existing transmission lines, the platform electric field cannot be
controlled by increasing the distance between the house and the line. Therefore, it is
necessary to investigate the shielding effect of installing shielding wires on the platform
electric field. In this study, the shielding effect on the power-frequency electric field was
investigated under the condition with the maximum platform electric field, namely the
two-story platform with its edge 15 m from the transmission line. The positions of the
transmission line, platform, and shielding wires are shown in Figure 10.
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Figure 10. Schematic diagram of the shielding wire arrangement.

The support poles were kept 3 m from the edge of the house platform in the direction
parallel to the transmission line, while the distance d from the platform edge in the direction
perpendicular to the transmission line was set to 0 m, 3 m, and 6 m for investigation.

The measurement points for the power-frequency electric field under different shield-
ing wire arrangements are shown in Figure 11, where numbers 1-9 represent the corre-
sponding measurement points.
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Figure 11. Measurement points with shielding wires installed. (a) Plan view; (b) 3D view.

4.1. Effect of the Distance Between the Shielding Wire and the House on the Shielding Performance

When the shielding wire was suspended at a height of 7 m, the distance d between the
shielding wire and the edge of the house was set to 0 m, 3 m, and 6 m. The electric fields at
the measurement points on the two-story platform are shown in Figure 12.

—&— No shielding
—Q&— 6 m from the house
—@— 3 m from the house
—&— 0 m from the house

Figure 12. Power-frequency electric field at different distances between the shielding wire and
the house.

The electric field values at measurement point 5 on the two-story platform, measure-
ment point 1 on the first-floor platform, where the electric field was the highest among the
first-floor platform points, and measurement point 8 on the first-floor platform, where the
electric field was the lowest among the first-floor platform points, are listed in Table 1.

Table 1. Electric field at measurement points under different shielding wire distances on the two-
story platform.

Shielding Wire Arrangement

Electric Field at Point 5/(kV-m~1)  Electric Field at Point 1/(kV-m~—1)  Electric Field at Point 8/(kV-m—1)

No shielding
Shielding wire 6 m from the
house edge
Shielding wire 3 m from the
house edge
Shielding wire 0 m from the
house edge

7.31 494 3.03
6.95 4.28 291
6.78 3.90 2.88
6.29 3.20 2.71
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By comparing the power-frequency electric fields on the platform when the distance
between the shielding wire and the house was 0 m, 3 m, and 6 m, it can be seen that the
shielding effect improved as the shielding wire was placed closer to the house. When the
shielding wire was 0 m from the house, the electric field at measurement point 1 decreased by
35.1%. When the distance was 6 m, the electric field at measurement point 1 decreased by 13.2%.

A comparison of the electric field intensities at measurement points 1, 2, and 3 with
those at measurement points 7, 8, and 9 shows that the shielding wire had a better shielding
effect on the points closer to it. When the shielding wire was 0 m from the house, the
average electric field at measurement points 1, 2, and 3 decreased by 34.2%, whereas that at
measurement points 7, 8, and 9 decreased by 13.7%.

4.2. Effect of Shielding Wire Height on the Shielding Performance

When the shielding wire was 3 m from the edge of the house, a single shielding wire
was suspended at heights of 4 m, 5 m, 6 m, and 7 m. The measured electric field values at
typical points are listed in Table 2.

Table 2. Electric field at measurement points under different shielding wire heights on the two-
story platform.

Shielding Wire Arrangement Electric Field at Point Electric Field at Point Electric Field at Point
5/(kV-m—1) 1/(kV-m—1) 8/(kV-m—1)
No shielding 7.31 4.94 3.03
4 m shielding wire 6.93 411 2.92
5 m shielding wire 6.92 4.03 2.91
6 m shielding wire 6.90 391 2.87
7 m shielding wire 6.78 3.90 2.88

For the first-floor platform, the shielding wire at a height of 4 m showed the weakest
shielding effect, and the electric field at measurement point 1 decreased by 16.8%. The
shielding effects of the shielding wires at heights of 6 m and 7 m were basically the same,
and the electric field at measurement point 1 decreased by 20.4%. This is because the height
of the first-floor measurement point was 4.5 m. When the shielding wire was lower than
the measurement point, the shielding effect was weakened. When the shielding wire was
1-2 m higher than the measurement point, a better shielding effect was achieved. Further
increasing the height of the shielding wire did not lead to a significant improvement.

For the two-story platform, the shielding wire at a height of 7 m provided the best
shielding effect, with the electric field decreasing by 6.5%. The shielding effects at the other
three heights were relatively weak. This is also because the height of the measurement point
on the two-story platform was 7.5 m. When the shielding wire was too low, its shielding
effect on the electric field at this position was limited.

4.3. Effect of Multiple Shielding Wires on the Shielding Performance

The shielding effect under multiple shielding wires was compared at the position
where the shielding wires were 3 m from the edge of the house platform. Four shielding
wire arrangements were tested: shielding wires suspended at heights of 5m and 6 m, 5m
and 7 m, 6 m and 7 m, and 5 m, 6 m, and 7 m. The electric fields on the platform were
measured under these conditions. The electric field values at measurement points 5, 1, and
8 are listed in Table 3.

For the first-floor platform, the arrangement with three shielding wires suspended at
heights of 5m, 6 m, and 7 m provided the best shielding effect. The electric field intensity
on the side of the first-floor platform close to the transmission line decreased by 25-30%.
The shielding effect of two shielding wires was better than that of a single shielding wire.
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For the two-story platform, the three-wire arrangement also provided the best shielding
effect. However, the arrangement with shielding wires suspended at heights of 5 m and
6 m showed a weaker shielding effect than a single shielding wire at a height of 7 m.

Table 3. Electric field at measurement points under different shielding wire combinations on the
two-story platform.

Shielding Wire Arrangement Electric Field at Point Electric Field at Point Electric Field at Point
5/(kV-m~1) 1/(kV-m—1) 8/(kV-m—1)
No shielding 7.31 4.94 3.03
7 m shielding wire 6.78 3.90 2.88
5 m and 6 m shielding wires 6.85 3.87 2.89
5 m and 7 m shielding wires 6.68 3.71 2.85
6 m and 7 m shielding wires 6.65 3.64 2.81
5m, 6 m, and 7 m shielding wires 6.62 3.51 2.80

In summary, multiple shielding wires provide a better shielding effect, and three
shielding wires can significantly reduce the electric field. When multiple shielding wires
are used, their suspension height should be properly ensured. If the shielding wires are
much lower than the measurement points, the shielding effect is very limited, and using a
single shielding wire at a greater height is more effective.

4.4. Surface Electric Field on the Platform After Shielding

To evaluate the shielding effect over the entire platform surface, the electric field on
the upper surface of the platform was measured when the shielding wires were 0 m and
3 m from the edge of the house, with wires suspended at heights of 5 m, 6 m, and 7 m. The
measured electric field intensities are shown in Figure 13.

(a) (b)

Figure 13. Power-frequency electric field on the house platform after shielding. (a) d =0 m; (b) d =3 m.

Figure 13 more clearly shows the shielding effect of the shielding wires on the electric
field. Compared with Figure 9c¢, the electric field was significantly reduced after the
shielding wires were installed. In particular, when the shielding wires were installed
at 0 m, the electric field intensity at measurement point 5 on the two-story platform
decreased from 7.31 kV/m under the unshielded condition to approximately 6.14 kV/m
after shielding, corresponding to a reduction of approximately 16%. For the first-floor
platform, the shielding effect of the shielding wires made the electric field on the side close
to the transmission line lower than that on the side away from the transmission line.
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5. Simulation

Based on the electric field distribution characteristics of the house obtained from the
experiments, the finite element method was used to further calculate additional param-
eters. On this basis, an installation scheme involving the diameter, length, height, and
combination of shielding wires was proposed.

5.1. Establishment of the Calculation Model

The power-frequency electric field generated when the transmission line is energized
can be regarded as an electrostatic field. Therefore, when calculating the electric field on the
platform of a nearby house, an electrostatic field model can be established, with the potential
of the house set to zero. The governing equations of the electrostatic field are as follows:

VXxE=0 1)
V-D=p 2)
E=-Vg (©)

where E is the electric field intensity, D is the electric displacement vector, p is the volume
charge density, which is assumed to be zero in the air domain in this study, and ¢ is the
electric potential.

Since the voltage on the transmission line and the ground potential are known, the
boundary conditions satisfy the Dirichlet boundary condition:

?ls = 9o (4)

where S is the calculation domain, and ¢ is the potential on the boundary.
The electrostatic variational equation is expressed as follows:

3p\*  [9p\*  [99\? 1
82) + <8§) + (;;) ] —p(p}dxdydz =W, = /<2£E2> AV = W,in (5)
s

¢l = @i(rp)(i=12--n) (6)

where W, is the total energy of the electrostatic system, ¢ is the permittivity, L; is the i-th
boundary, ¢;(r3) is the known potential at point 7, on the i-th boundary, and x, y, and z
denote the coordinate system.

Based on the above calculation method, the potentials of the ground and the house
surface were set to zero. The potentials assigned to the three-phase conductors are expressed

as follows:
u, = 75u
Uy = 12U e )
U. = TU %

where U is 1000 kV.

The simulation model reproduced the structure of the experimental model, as shown
in Figure 14. The transmission line was modeled with an equivalent radius of 0.442 m, and
the middle 100 m section was selected as the modeling segment. The other parameters
remained unchanged.

https:/ /doi.org/10.3390/app16157855
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Figure 14. Structure of the simulation model. (a) Overall structure of the simulation model; (b) trans-
mission line structure; (c) house and shielding device structure.

5.2. Verification of Simulation Results

Without shielding wires installed, the measured and calculated cross-sectional electric
fields were compared for the 3 m house at distances of 15 m and 21.3 m from the side-
phase conductor, and for the 6 m house at distances of 15 m and 25 m from the side-phase
conductor. The comparison results are shown in Figure 15.

8 -
L v Measured (15 m)
6] + Measured (15 m) 7 Calculated (15 m)
s —— Calculated (15 m) =~ « Measured (25 m)
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Distance from the line center (m)
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Figure 15. Cross-sectional electric fields of houses at different locations and heights: (a) 3 m house at
15 m and 21.3 m; (b) 6 m house at 15 m and 25 m.

With three shielding wires installed at heights of 5 m, 6 m, and 7 m, the measured and
calculated platform electric fields were compared for cases in which the shielding wires
were located 0 m, 3 m, and 6 m from the edge of the house. The comparison results are
shown in Figure 16.

Before shielding, the overall errors between the measured and calculated electric fields
of houses at different heights and locations were within 10%, and the maximum error at
the sensitive point, namely the position with the maximum electric field, was 4.7%. After
shielding, the overall errors were also within 10%, and the maximum error at the sensitive
point was 5.3%. Under the above conditions, the measured values agreed well with the
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calculated values, indicating that the calculation results have relatively high accuracy and
can be applied in engineering practice.
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Figure 16. Cross-sectional power-frequency electric field of the house after shielding. (a) Shielding
wires at 0 m; (b) shielding wires at 3 m; (c) shielding wires at 6 m.

5.3. Discussion on the Optimal Shielding Method

Under the conditions of a tower height of 30 m, a house height of 6 m, a distance of
15 m between the house edge and the transmission line, a distance of 0 m between the
shielding wire and the house, and a shielding wire height of 9 m, the effects of shielding
wire diameter, length, height, and combination on the electric field were investigated.

1.  Shielding wire diameter;

Cases with shielding wire diameters of 1 mm, 5 mm, and 10 mm were calculated. The
shielding effect of the 10 mm diameter shielding wire was 4.1% better than that of the
1 mm diameter shielding wire and 1.3% better than that of the 5 mm diameter shielding
wire. This indicates that increasing the shielding wire diameter has only a limited effect on
improving the shielding performance. Considering the tensile force borne by the shielding
poles and the cost of the shielding wire itself, a relatively thin type among commonly used
shielding wires can be selected for installation.

2. Shielding wire length;

Shielding wire lengths of 6 m and 12 m were calculated. The results show that the
shielding wire length mainly affects the shielding range and has only a slight influence on
the shielding effect. The shielding effect of the 12 m shielding wire was 3.9% better than
that of the 6 m shielding wire. Therefore, the shielding wire does not need to be excessively
long. It is sufficient to ensure that each side of the shielding wire extends 1.5 m beyond the
edge of the house, namely that the total length is 3 m longer than the house edge.

3. Shielding wire height;

In the experiment in Section 3.2, the shielding effects of a single shielding wire at
heights of 6 m and 7 m on point 1 were close, indicating that the shielding wire can provide
a good shielding effect within a certain height range. Considering that the cost of shielding
wire installation increases significantly as the installation height increases in engineering
practice, attention should be paid not only to the optimal height hopt corresponding to the
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best shielding effect, but also to the lower height limit hmin at which the shielding effect is
close to the optimal value.

As shown in Figure 17, the electric field at the observation point mainly comes from
the three conductors closest to the house. H is the tower height, h is the height of the
measurement point, D is the distance between the transmission line and the measurement
point, and d is the distance between the shielding wire and the measurement point.

Observation
point

Figure 17. Optimal height range of the shielding wire.

The shielding effect is the best when the shielding wire is located on the connection
lines between these three conductors and the observation point, as indicated by the red line
segments. According to the principle of similar triangles, the value of (H-h)/D affects the
optimal shielding height, as shown by lines 1 and 2, while the shielding wire distance d
also affects the optimal shielding height range, as shown by lines 2 and 3.

Calculations were performed for six cases with tower heights of 30 m, 33 m, and 36 m,
a house height of 6 m, and distances of 15 m and 20 m between the house edge and the
transmission line. The results show that when the shielding wire was 0 m from the house,
the optimal shielding wire height hopt was 2-3 m higher than the measurement point.
As the distance d between the shielding wire and the house increased, hopt increased
continuously, while the shielding effect decreased. When the shielding wire was 1.5 m
higher than the measurement point, the difference between the shielding effect at this
height and that at the optimal height was within 0.2 kV/m.

4. Combination of multiple shielding wires;

When multiple shielding wires are used, their suspension height should first be
ensured. The shielding wires should be suspended upward successively from a position
1.5 m higher than the measurement point. If the available suspension height is limited, the
wires should be suspended downward from the highest available position, and the lowest
wire should not be lower than 1.5 m above the measurement point.

In addition, the spacing between shielding wires should be ensured. Compared with
a single shielding wire suspended at a height of 9 m, the shielding effect was improved
by 4.2% when shielding wires were suspended at heights of 9 m and 9.1 m, by 6.9% when
suspended at 9 m and 9.5 m, and by 8.5% when suspended at 9 m and 10 m. When the
spacing between shielding wires is too small, part of the shielding effect overlaps, and the
effect of multiple shielding wires cannot be fully utilized. When the spacing is too large,
the upper shielding wire becomes excessively high. Therefore, a spacing of 1 m is relatively
suitable when multiple shielding wires are used.

In the experiment, the use of three shielding wires produced a significant shielding
effect, but it also generated a relatively large tensile force. Further increasing the number of
shielding wires caused obvious inclination of the support poles. Therefore, unless otherwise
required, two or three shielding wires are sufficient for multiple-wire shielding.
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6. Conclusions

1.  Before and after the installation of shielding wires, the measured and calculated
electric fields on the house platform agreed well under various conditions. This
indicates that the finite element simulation model can calculate the electric field on the
house platform with relatively high accuracy and can provide a reference for practical
engineering construction.

2. The house itself has a shielding effect on the surrounding electric field. At the edges
and corners of the house, electric field distortion occurs to a certain extent, resulting
in a higher electric field at these positions than at other locations.

3. According to the electromagnetic environment requirements for residential areas in
China, the recommended power-frequency electric field limit for houses is 4 kV/m.
The results indicate that shielding wires can effectively reduce the electric field inten-
sity in areas with relatively high electric field levels on house platforms, providing an
effective approach for improving the electric field environment of houses near 1000
kV UHV AC transmission lines.

4. The closer the shielding wire is to the house, the better the shielding effect. A shielding
wire length 3 m longer than the house edge and a height 1.5 m higher than the position
to be shielded can achieve a relatively optimal balance between shielding performance
and installation economy. When multiple shielding wires are used, their installation
heights should be at least 1.5 m higher than the shielding point where possible, and a
spacing of 1 m should be maintained between adjacent shielding wires.
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