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An energy acquisition system for the ground wire of an overhead transmission line can provide a continuous and stable power
supply for an on-line monitoring device. Its key issue is how to obtain enough power. To solve this problem, an energy
acquisition scheme based on the double-insulated ground wire of an overhead transmission line has been investigated in this
study. Three energy acquisition schemes were proposed, equivalent circuit analysis models of the three energy acquisition
schemes were established, and the maximum power acquired was theoretically analyzed. The energy acquisition power of the
three energy acquisition schemes for different tower-type sizes was also analyzed. A simulation model was built in PSCAD. The
effects of load impedance, length of energy acquisition wire, grounding resistance, and load current on the power acquired were
analyzed. The research results of this paper provide theoretical guidance for choosing an energy acquisition scheme and for
designing key parameters in practice.

1. Introduction

With the increasing dependence of society on electric energy,
the reliability requirements of stable power grid operation are
becoming ever more demanding, and hence, a large number
of on-line monitoring devices have been put into operation
on transmission lines. Due to the lack of a continuous and
stable low-voltage power supply, on-line transmission line
monitoring devices are usually powered by solar cells, small
wind turbines, and batteries. The stability of this power
supply is greatly affected by the weather, and the output
power is small, the volume of the device is large, and the
economy is poor. The need for a power supply with sufficient
power and continuous stability has become the development
bottleneck of on-line transmission line monitoring devices.
According to the principle of electromagnetic induction,
there is induction voltage on the overhead ground wire [1],
and a current loop can be formed between the two ground
wires or between the ground wire and the earth [2]. Accord-

ing to relevant research estimates, the circulation energy loss
between the overhead ground lines of a common 220 kV
transmission line is 34138 kWh per year [3]. Hence, an
energy acquisition technology using the overhead ground
wire can provide sustainable and stable electric energy and
is the most promising means to solve the power supply
problem for on-line transmission line monitoring devices.
However, at present, only a small amount of power can be
taken from the ground wire, and a method to obtain suffi-
cient power from the ground line to meet the power demand
of the on-line monitoring device has not yet been developed.
Therefore, it is of great practical value to study ground wire
energy acquisition technology.

At present, some researchers have carried out studies on
energy acquisition technology for overhead transmission
lines. References [4–8] investigated energy acquisition tech-
nology for high-voltage transmission lines. However, a
high-potential energy acquisition system cannot supply
power to a ground potential monitoring device. References
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[9, 10] proposed a method of extracting energy from over-
head high-voltage power lines and transmitting it from the
power line to a monitoring device on a tower through wire-
less transmission in a magnetically coupled resonant config-
uration. Reference [11] proposed an integrated capacitive
divider and controlled power flow conditioner for tapping
electric power from the transmission line to rural distribu-
tion loads. References [12, 13] studied a method of electric
field energy harvesting based on the principle of capacitance.
Other papers [14–16] explored the feasibility of obtaining
power from the shield wires of a transmission line. They indi-
cated that this form of power supply can be a feasible and
cost-effective alternative for feeding small loads existing
along a high-voltage transmission line compared to other
forms of power supply. Reference [17] presented a voltage
stabilization system based on a step-down DC-DC converter
for an energy acquisition system. Reference [18] proposed a
new method of designing a low-cost substation to tap power
from extrahigh voltage lines to power sparsely populated
areas. Reference [19] investigated the equivalent circuit
parameters of typical transmission lines at rated voltages
from 110 kV to 1000 kV. References [20–22] researched the
energy harvesting system of wireless sensors to realize the
self-power of these nodes. Reference [23] described the devel-
opment of an electromagnetic induction power supply sys-
tem that obtained stable power from overhead ground
wires. Reference [24] reported a simulation study on a power
conversion module for an energy acquisition system that
used the ground wire of the transmission line. Reference
[25] used an overhead ground wire-based energy acquisition
system to power a monitoring device for external breakage of
transmission lines. Reference [26] analyzed and calculated
the induced voltage and induced current on the insulated
ground wire of an overhead transmission line and simulated
the power acquired from the ground wire.

However, none of the above studies addressed the selec-
tion of a ground wire or the installation scheme of a ground
wire-based energy acquisition system, and all ignored the
influence of tower size on the power of the energy acquisition
system. References [27, 28] studied the use of electromag-
netic induction energy acquisition technology on the ground
wires of typical overhead transmission lines, proposed energy
acquisition schemes on the OPGW (Optical Fiber Composite
Overhead Ground Wire), and on segmented insulated
ground wires, respectively, and proposed an energy equiva-
lent calculation circuit. References [29, 30] analyzed the
power distribution characteristics of each energy acquisition
point when multiple points were simultaneously energized
on a typical overhead ground line. Reference [31] compared
energy acquisition schemes between the OPGW and a
segmented insulated ground wire on a typical overhead
transmission line. These studies only analyzed energy
acquisition schemes for a typical overhead ground wire
with one OPGW and one segmented insulated ground
wire. In practice, it is very common that both ground
wires are segmented insulated ground wires. However,
there has not been any literature report on the selection
of energy acquisition schemes under this kind of ground
wire configuration.

This study assumes that the key to the feasibility of
ground wire energy acquisition lies in the adequacy of the
power acquired. In this paper, the energy acquisition scheme
and the parameter selection for an energy acquisition system
for double-insulated ground wire were studied. Three energy
acquisition schemes were proposed, and their equivalent cir-
cuit analysis models were established. The maximum power
of the energy acquisition system was theoretically analyzed.
The energy acquisition power of the three energy acquisition
schemes for different tower-type sizes was compared and
analyzed. A simulation model of a double-insulated ground
wire energy acquisition system was built in PSCAD, and a
simulation analysis was carried out. The effects of load
impedance, length of energy acquisition wire, grounding
resistance, and load current on the power acquired and the
energy acquisition scheme were analyzed.

2. Energy Acquisition Method for Double-
Segmented Insulated Ground Wires

The alternating current in the transmission line conductor
generates an alternating electromagnetic field in space, and
the ground wire in the alternating electromagnetic field
generates an induced electromotive force. Induced current
can be formed on the ground wire when the ground wire
forms a closed loop with the earth or another ground wire.
There is also a coupling capacitor between the ground wire
and the conductor, and an electrostatic induction voltage
can be generated on the ground wire. Because the ground
wire is grounded, the electrostatic induction voltage is 0.
Therefore, the electrostatic induction effect can be ignored.

Figure 1 shows an equivalent circuit diagram of the two
ground wires of an overhead transmission line, both of which
are segmented insulated ground wires. The two segmented
insulated ground wires are SW1 and SW2, respectively. R1,
R2, R3, and R4 represent the grounding resistances of the
towers. SW1 and SW2 are directly grounded through R2
and connected to other towers through lightning insulators.
E1, E2, Z10, and Z20 are the induced electromotive force and
the equivalent impedance of SW1 and SW2, respectively. R
represents the equivalent load resistance of the energy acqui-
sition device.

The formulae for calculating the induced electromotive
force on the ground wire are

E
·
1 = l ⋅ 0:1445 I

·
a lg da1 + I

·
b lg db1 + I

·
c lg dc1

� �
,

E
·
2 = l ⋅ 0:1445 I

·
a lg da2 + I

·
b lg db2 + I

·
c lg dc2

� �
,

ð1Þ

where l is the length of the ground wire (km); Ia, Ib, and Ic are
the three-phase current transmitted by the conductor (A);
and da1, db1, and dc1, respectively, indicate the distances
between the three conductors A, B, and C to the ground
wire SW1 (m). In the case of a symmetrical arrangement,
da1 = dc2, db1 = db2, and dc1 = da2.
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The equivalent impedance of the ground wire can be
calculated as

Z10 = l R1 + 0:05 + j0:1445 lg 660
ffiffiffiffiffiffiffi
ρ/f

p
/r1

� �
, ð2Þ

where R1 is the resistance per unit length of ground wire SW1
(Ω/km); f is the frequency of the current (Hz); ρ is the soil
resistivity (Ω·m); and r1 is the effective radius of ground wire
SW1 (m). Z20 is calculated in the same way as Z10.

For a system where the two ground wires are both
segmented insulated ground wires, there are three schemes
for installing the energy acquisition device.

2.1. Energy Acquisition Scheme I. As shown in Figure 2, the
high-potential end of the energy acquisition device is
installed on the insulated ground wire, the low-potential
end is installed on the iron tower, and the other ground wire
is short-circuited with the discharge gap of the tower. In this
scheme, the current circuit is composed of towers R2 and R3
and two ground wires SW1 and SW2, and its equivalent
circuit is shown in Figure 3.

2.2. Energy Acquisition Scheme II. As shown in Figure 4, the
two ends of the energy acquisition device are, respectively,
installed on ground wire SW1 and the iron tower, and the
gap between ground wire SW2 and the iron tower is not
short-circuited. In this type of scheme, ground wire SW2 is
not connected to the current loop, and the current loop is
composed of ground wire SW1 and the ground. The equiva-
lent circuit diagram is shown in Figure 5.

2.3. Energy Acquisition Scheme III. As shown in Figure 6, the
two ends of the energy acquisition device are, respectively,
installed on ground wire SW1 and ground wire SW2, and
the gap between the ground line and the iron tower is not
short-circuited. In this case, the current loop is composed
of the two ground wires, and the equivalent circuit diagram
is shown in Figure 7.

3. Equivalent Circuit Model and Power
Analysis of Energy Acquisition Scheme

To perform a theoretical analysis of the power acquired by an
energy acquisition device, a mathematical model of the
energy acquisition circuit must be established. According to
the equivalent circuit of each energy acquisition scheme
described earlier, its mathematical model can be established
using the Thevenin equivalence principle.

3.1. Energy Acquisition Scheme I. According to Figure 3, the
power supply voltage uoc and the internal impedance Zeq of
the equivalent circuit of energy acquisition scheme I are as
follows:

SW1

SW2 R1 R2 R3 R4

E1 Z10+ –

E2 Z20+ –
R

Figure 1: Equivalent circuit diagram of a double-segmented insulated ground wire.

SW1

SW2 R1 R2 R3 R4

E1 Z10+ –

E2 Z20+ –
R

Figure 2: Schematic diagram of energy acquisition scheme I.

R3
R2

RE1

E2

Z10

Z20

+ –

+ –

Figure 3: Equivalent circuit diagram of energy acquisition scheme I.

SW1

SW2 R1 R2 R3 R4

E1 Z10+ –

E2 Z20+ –
R

Figure 4: Schematic diagram of energy acquisition scheme II.

R3R2

RE1 Z10+ –

Figure 5: Equivalent circuit diagram of energy acquisition scheme II.
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uoc = E2
·
− E1

·
−

E2
·
⋅ Z20

Z20 + 2R ,

Zeq = Z10 +
Z20 ⋅ 2R
Z20 + 2R ,

8>>><
>>>:

ð3Þ

where R is the tower grounding resistance.
The power acquired by the energy acquisition device is

P = u2oc ⋅ RL

Req + RL

� �2 + Xeq + XL

� �2 : ð4Þ

According to the impedance matching principle, when
the load impedance ZL of the energy acquisition device is
conjugate with the internal impedance Zeq of the equivalent
circuit, the maximum power can be obtained, and the maxi-
mum active power is

Pmax =
u2oc
4Req

: ð5Þ

3.2. Energy Acquisition Scheme II. According to Figure 5, the
power supply voltage uoc and the internal impedance Zeq of
the equivalent circuit of energy acquisition scheme II are as
follows:

uoc = − E1,
·

Zeq = Z10 + 2R:

8<
: ð6Þ

The maximum acquisition power is derived, and the
formula for the maximum power is as follows:

Pmax =
0:0052 ⋅ l2I2a lg da1/

ffiffiffiffiffiffiffiffiffiffiffiffi
db1dc1

p� �� �2
+ 0:75 lg db1/dc1ð Þð Þ2

� �

l R1 + 0:05ð Þ + 2R :

ð7Þ

3.3. Energy Acquisition Scheme III. According to Figure 7, the
power supply voltage uoc and the internal impedance Zeq of
the equivalent circuit of energy acquisition scheme III are
as follows:

uoc = E2
·
− E1

·
,

Zeq = Z10 + Z20:

8<
: ð8Þ

The maximum acquisition power is derived, and the for-
mula for the maximum power of energy acquisition scheme
III is as follows:

Pmax =
0:0078l ⋅ I2a ⋅ lg dc1/da1ð Þð Þ2

R1 + 0:05 : ð9Þ

4. Case Study

To obtain the maximum power from the energy acquisition
device, this paper studies the influence of the spatial position
relationship between the ground wire and the conductor, the
load impedance, the length of energy acquisition wire, the
grounding resistance, and the load current on the energy
acquisition scheme.

4.1. Impact of Spatial Position Relationship between Ground
Wire and Conductor. In different tower-structure types and
sizes, the spatial relationship between the ground wire and
the conductor is different, resulting in different induced volt-
ages on the ground wire. By comparing the power of different
energy acquisition schemes under different positional rela-
tionships between the ground wire and the conductor, a posi-
tion space can be divided into four regions, as shown in
Figure 8. The colors in Figure 8 are only used to distinguish
different spatial regions and have no other meaning. The spa-
tial position of the ground wire and the conductor has great
influence on the power of the ground wire energy acquisition
device. Different spatial relationships between ground wire
and conductor lead to different optimal schemes for ground
wire energy acquisition. In the region shown in Figure 8(a),
scheme III is superior to scheme I, and scheme I is superior
to scheme II. In the region shown in Figure 8(b), scheme II
is superior to scheme I, and scheme I is superior to scheme
III. In the region shown in Figure 8(c), scheme I is superior

SW1

SW2 R1 R2 R3 R4

E1 Z10+ –

E2 Z20+ –
R

Figure 6: Schematic diagram of energy acquisition scheme III.

R2

RE1 Z10

E2 Z20

+ –

+ –

Figure 7: Equivalent circuit diagram of energy acquisition scheme
III.
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Figure 8: Continued.
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to scheme III, and scheme III is superior to scheme II. In the
region shown in Figure 8(d), scheme II is superior to scheme
III, and scheme III is superior to scheme I. The above results
show that the optimal energy acquisition scheme and param-
eters for different transmission lines may be different. There-
fore, in practical applications, each transmission line needs to
be analyzed separately to design the optimal energy acquisi-
tion scheme and parameters.

To study the influence of load impedance, length of
energy acquisition wire, grounding resistance, and load cur-
rent on the energy acquisition scheme, four kinds of tower
with different head size were selected in this study, with the
spatial positions of ground wire and conductor belonging to
the four regions in Figure 8, respectively.

Case 1. da1 = 5:2m, db1 = 6:4m, dc1 = 11:5m. Their spatial
positional relationship belongs to Figure 8(a).

Case 2. da1 = 23m, db1 = 7m, dc1 = 18:5m. Their spatial posi-
tional relationship belongs to Figure 8(b).

Case 3. da1 = 9m, db1 = 19m, dc1 = 11m. Their spatial posi-
tional relationship belongs to Figure 8(c).

Case 4. da1 = 14m, db1 = 5m, dc1 = 18:5m. Their spatial posi-
tional relationship belongs to Figure 8(d).
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Figure 8: Spatial position relationship between ground wire and conductor and the power acquired.

Resistivity: 300.0 (𝛺·m)
Aerial: analytical approximation (Deri-Semlyen) 

Underground: analytical approximation (Wedepohl)
Mutual: analytical approximation (LUCCA)

Tower: 3L1
Conductors: LGJ-240/30
Ground wire 1: GJ-100
Ground wire 2: GJ-100
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Mid-span sag:
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Figure 9: Simulation model of transmission line.
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The voltage level of the transmission line is 110 kV. The
two ground wires are segmented insulated ground wires with
the same parameters. The resistance per unit length of
ground wire R1 is 1.16Ω/km. The current frequency f is
50Hz. The soil resistivity ρ is 300Ω·m. The effective radius

r1 of the ground wire is 0.0065m. The length of the energy
acquisition wire l is 2 km. The tower grounding resistance R
is 10Ω. The load resistance of the energy acquisition device
is 10Ω. The load current of the transmission line is 80A. In
order to calculate the power acquired in the above cases, a
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simulation model of ground wire energy acquisition was
established in PSCAD. And the frequency-dependent phase
model was used for the transmission line modeling, as shown
in Figure 9. Figure 10 is a simulation diagram of scheme I,
and the structure diagrams of scheme II and scheme III are
similar.

4.2. Impact of Load Impedance. To study the influence of dif-
ferent load impedances on the electric power acquired under
different schemes, it is assumed that the load impedance of
the energy acquisition device varies between 1 and 50Ω
and that the power curve under each energy acquisition
scheme is as shown in Figure 11. This figure shows that when
the load impedance is less than the internal impedance of the
equivalent power source, the electric power increases with
increasing load impedance; when the load impedance is
greater than the internal impedance of the equivalent power
source, the electric power decreases with increasing load
impedance; and when the load impedance is equal to the
internal impedance of the equivalent power source, that is,

when the impedance matches, the electric power reaches
the maximum.

The equivalent power supply internal resistances of
scheme I and scheme III are small, but the equivalent power
supply internal resistance of scheme II is larger. In different
tower types, the load impedance has different effects on the
choice of energy acquisition scheme. For example, in Case
3, when the load impedance is less than 14Ω, scheme I is
superior to scheme III, and scheme III is superior to scheme
II. When the load impedance is between 14 and 17Ω,
scheme I is superior to scheme II, and scheme II is superior
to scheme III. When the load impedance is greater than
17Ω, scheme II is superior to scheme I, and scheme I is
superior to scheme III.

4.3. Impact of the Length of the Energy Acquisition Wire. For
the case where the two ground wires are insulated ground
wires, the power of the energy acquisition device is indepen-
dent of the span between the two towers and is only related to
the length of the wires between the grounding point and the
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Figure 12: Variation of power with length of energy acquisition wire in different cases.
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power collection point (i.e., the length of the energy acquisi-
tion wire). Assuming that the length of the energy acquisition
wire varies between 0.1 and 10 km, the maximum power
curve for each energy acquisition scheme is as shown in
Figure 12. This figure shows that as the length of the energy
acquisition wire increases, the maximum power increases,
and the speed of increase is related to tower size.

In different tower types, the length of the energy acquisi-
tion wire has different effects on the choice of energy acquisi-
tion scheme. For example, in Case 3, when the length of the
energy acquisition wire is less than 2.5 km, scheme I is supe-
rior to scheme III, and scheme III is superior to scheme II.
When the length of the energy acquisition wire is between
2.5 and 4 km, scheme I is superior to scheme II, and scheme
II is superior to scheme III. When the length of the energy
acquisition wire is greater than 4 km, scheme II is superior
to scheme I, and scheme I is superior to scheme III.

4.4. Impact of the Grounding Resistance of the Tower. To
study the influence of the grounding resistance of the tower
on the maximum power acquired by the energy acquisition

device, it is assumed that the grounding resistance varies
between 2 and 50Ω. Figure 13 shows the maximum power
curve under each energy acquisition scheme. It is clear that
the maximum power of scheme III is not affected by the
grounding resistance, but that the maximum power of scheme
II decreases with increasing grounding resistance. However,
the maximum power variation of scheme I is complex. In Case
1, the maximum power of scheme I increases with increasing
the grounding resistance. In cases 2 and 3, the maximum
power of scheme I decreases with increasing grounding resis-
tance. When the grounding resistance is greater than 15Ω, its
influence on power tends to be stable. In Case 4, the power of
scheme I is no longer monotonic. When the grounding resis-
tance is less than 5Ω, the power of scheme I decreases with
increasing grounding resistance, but when the grounding
resistance is greater than 5Ω, the power of scheme I increases
with increasing grounding resistance.

The grounding resistance of the tower has an influence
on the choice of energy acquisition scheme. Because the
influence of grounding resistance on each energy acquisition
scheme is different, the optimal energy acquisition scheme
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under different grounding resistances is different. For exam-
ple, in Case 3, when the grounding resistance is less than 5Ω,
scheme II is superior to scheme I, and scheme I is superior to
scheme III. When the grounding resistance is between 5 and
7Ω, scheme I is superior to scheme II, and scheme II is supe-
rior to scheme III. When the grounding resistance is greater
than 7Ω, scheme I is superior to scheme III, and scheme III
is superior to scheme II.

4.5. Impact of Load Current. To study the influence of trans-
mission line current on the maximum power of the energy
acquisition device, it is assumed that the load current varies
between 30 and 300A. The maximum power curve under
each energy acquisition scheme is shown in Figure 14. This
figure shows that the maximum power of the three energy
acquisition schemes increases with increasing load current
and that the choice of energy acquisition scheme is not
affected by the magnitude of the load current.

4.6. Selection of Energy Acquisition Scheme and Parameters.
According to the above analysis, the energy acquisition

scheme for a double-insulated ground wire is affected by
the spatial positional relationship between the ground wire
and the conductor, the load impedance, the length of the
energy acquisition wire, and the grounding resistance of the
tower. Therefore, in practical application, according to these
relationships, it is necessary to consider comprehensively the
impedance of the energy acquisition system and the length of
the energy acquisition wire and on this basis to select the
installation scheme for the energy acquisition device.

In practical application, for a transmission line that has
already been put into operation, its tower type, distance
between wires, and operating parameters have been deter-
mined. Therefore, when designing an energy acquisition
device, it is only necessary to consider the load impedance,
the length of the energy acquisition wire, and the grounding
resistance of the tower to select the energy acquisition
scheme and parameters. They can be determined in turn
according to the following steps.

First, select the length of the energy acquisition ground
wire according to the required power and the curve of the
power with the length of the energy acquisition wire. Assume
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Figure 14: Variation of power with load current in different cases.
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that in Case 3, the load requires the maximum power of the
energy acquisition device to be not less than 2W, as shown
in Figure 12, scheme II is optimal, and the length of the
energy acquisition ground wire should not be less than 6 km.

Secondly, according to the grounding resistance of each
tower and the variation curve of the power with the ground-
ing resistance of the tower, select another tower in the energy
acquisition loop. It can be known from Figure 13 that, within
the adjacent range of not less than 6 km of the energy acqui-
sition ground wire length, select a tower with the grounding
resistance less than 10Ω as the tower with its ground wire
shorted.

Finally, according to the variation curve of the power with
the load impedance, the optimal load impedance of the energy
acquisition device is selected. It can be known from Figure 11
that in scheme II, the optimal impedance value of the energy
acquisition device is 20Ω, and then the impedance conversion
circuit is designed according to the actual impedance value of
the load to achieve impedance matching.

A designed energy acquisition device was installed and
operated on the actual transmission line. The main parame-
ters of the energy acquisition system were shown in
Table 1. The value of other parameters was the same as those
in Section 4.1. The installation method of the device was
scheme III. Based on the above parameters, the theoretical
analysis has shown that the power acquired by the device
was 2.08W. The field-installed energy acquisition device
was shown in Figure 15(a). It consisted of an energy acquisi-
tion box and a lightning protection box. Its daily average

power acquired from December 21 to December 30 was
shown in Figure 15(b). Its power fluctuation was mainly
affected by the load current. As can be seen in Figure 15(b),
the average power acquired for 10 days was 1.93W, which
was close to the theoretical design value. The difference
between the actual acquired power and the designed value
is mainly affected by the load current fluctuation. The power
acquired basically meets the design requirements, which
shows that the method proposed in this paper is effective.

5. Conclusions

In this study, an energy acquisition scheme and its parameter
selection in the case of double-insulated ground wire have
been considered. According to the characteristics of double-
insulated ground wire, three energy acquisition schemes have
been proposed, and equivalent circuit analysis models for the
three schemes have been developed. The maximum power
acquired by the three energy acquisition schemes has also
been analyzed. The power acquired by the three energy
acquisition schemes under different tower sizes has been
compared and analyzed. The research results show that the
relative spatial position of the ground wire and the conductor
has a great influence on the power acquisition of the ground
wire. Different spatial relationships between ground wires
and conductors can change the optimal scheme for energy
acquisition.

A simulation model of the double-insulated ground wire-
based energy acquisition system was built in PSCAD, and a

Table 1: The main parameters of the energy acquisition system.

Key parameters Value

Spatial position relationship between ground wire and conductors da1 = dc2 = 5:2m, db1 = db2 = 6:4m, and dc1 = da2 = 11:5m
Average load current of the transmission line 80A

Length of the energy acquisition ground wire 1.187 km

Grounding resistance of tower whose ground wire shorted 9.4Ω

Load resistance of the energy acquisition device 8.6Ω

Designed power 2.08W

Lightning protection
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Figure 15: The field-installed energy acquisition device and its daily average power acquired.

11Journal of Sensors



simulation analysis was carried out. The effects of load
impedance, length of energy acquisition wire, grounding
resistance, and load current on the power acquired were ana-
lyzed. The conclusions obtained are as follows:

(i) When the load impedance is equal to the internal
impedance of the equivalent power source, the
power of the energy acquisition system reaches the
maximum

(ii) As the length of the energy acquisition wire
increases, the maximum power increases, and the
speed of increase is related to tower size

(iii) The maximum power of scheme III is not affected by
grounding resistance, and the maximum power of
scheme II decreases with increasing grounding resis-
tance. However, the maximum power variation of
scheme I is complex and is related to tower size

(iv) The maximum power of the three energy acquisition
schemes increases with increasing load current, and
the choice of energy acquisition scheme is not
affected by the magnitude of the load current

(v) In different tower types, the load impedance, length
of energy acquisition wire, and grounding resistance
have different effects on the choice of energy acquisi-
tion scheme. In practical applications, it is necessary
to consider comprehensively the factors described
above to select the energy acquisition scheme and
its parameters
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