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SUMMARY Power line communication (PLC) technology utilizes the
alternating current distribution network to transmit signals, enabling high-
speed information exchange in photovoltaic (PV) power systems without
the need for additional wiring, thereby saving costs. The use of PV PLC
technology may potentially cause radiated emissions that interfere with
wireless radiocommunications, consequently leading to electromagnetic
compatibility issue. Additionally, conducting accurate radiated emission
measurements on-site in PV power systems can be challenging. The paper
proposes a methodology utilizing a scaled model for the equivalent radiated
emissions of PV PLC. This approach facilitates the execution of equivalent
testing for PV PLC radiated emissions under controlled laboratory
conditions. Conducting a simulation study using CST to determine the
equivalent simulation of actual long-line model through scaled short-line
model, three scaled short-line models with different diameters were
selected for comparison with the simulated radiated emission results of
long-line model. After that, the optimal scaled short-line model was
determined, followed by practical testing of the scaled short-line model in
an anechoic chamber. Finally, by comparing the results, the accuracy of the
simulation model was validated, this further substantiates the feasibility of
the research methodology employed in this study. The study serves as a
reference for achieving accurate prediction of PV PLC radiated emissions
and the determination of associated limits in the future.

key words: photovoltaic power system, power line communications, scaled
model, radiated emission measurement

1. Introduction

In recent years, photovoltaic (PV) power systems, serving as
a green energy source, have been widely adopted worldwide
[1]. PV power systems typically leverage existing power
distribution grids to implement high-speed information
exchange through power line communication (PLC)
technology. PLC efficiently transmits electrical information
data signals through the 380V/220V low-voltage power
distribution network, eliminating the need for additional
wiring, thereby saving costs [2]-[4]. The frequency bands
for PLC technology vary across different countries and
regions [5]-[7]. In China, the commonly used frequency
band is 0.7 to 12 MHz [8]. Due to PLC employs the
conventional power line as the transmission medium, which
are designed for transmission of 50 Hz alternating current
and are not shield, this could lead to potential interference
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with radiocommunications within the same frequency band
during the operation of PLC [9], [10]. Therefore, it is
particularly important to measure radiated emission from the
PLC.

PLC employed in PV power systems concurrently
utilizes two parallel conductors for signal transmission [11],
[12]. The PLC signal current in the two conductors will flow
in opposite directions with the same current intensity, known
as differential-mode current. In this case, due to the opposite
current directions, the electromagnetic fields generated by
the two conductors can cancel each other out, resulting in a
lower radiated field strength. However, in practical
situations, the impedance unbalance in PLC systems can
cause the current in the two conductors to transmit in the
same direction, known as the common-mode current, this
results in the power cables radiating a stronger
electromagnetic field [2]. The equivalent circuit for the PLC
current transmission model is shown in Figure 1. The blue
lines represent the differential-mode current, while the red
lines represent the common-mode current.
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Fig.1 Equivalent circuit of PLC current transmission model.

Where e, and e; represent the equivalent voltage
sources of the PLC modem, The two phase lines convey
equal-amplitude quadrature signals from the e¢; and e, to the
load end. In addition , /; and I, denote the currents on the
two phase lines, /. is the common-mode current and /4 is the
differential-mode current, Zsi, Zs», and Zs3 respectively
represent the impedance of the voltage sources and the
ground impedance at the source end, Zpi, Zi», and Zi3
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respectively represent the impedance of the loads connected
to the phase lines and the ground impedance at the load end.
It is important to note that the generation of /. is due to the
parasitic effects between the PLC equipment and the ground,
as well as between the power lines and the ground. Here,
impedance Zs3 and Zi 3 are used to represent these parasitic
effects.

By performing equivalent transformations on the PLC
transmission model circuit, the value of /. can be obtained
through circuit simplification:

I = Zzel _Zlez
© ZeZ,
Z,=7,+7, (1)
c: Z].Zz +ZS
Z,+7Z,
Z,=Zg+Z7,(i=1,2,3)

Where Z; and Z, represent the sum of impedances on
phase line 1, phase line 2, respectively, Zs represents the sum
of the impedances to the ground. From the above
calculations, it is evident that common-mode current exists
in PLC systems lacking impedance match. This impedance
imbalance often arises from unbalanced PLC modems
(voltage sources e; and e, impedances Zs; and Zs») and
connected unbalance loads Zi; and Z.

The International Special Committee on Radio
Interference (CISPR) has established the CISPR 11 standard,
which specifies the limits for the radiated emission of
industrial, scientific, and medical (ISM) equipment that
unintentionally generates electromagnetic radiated emission
[14]. However, CISPR 11 only provides conducted
disturbance limits below 30 MHz and does not specify
radiated field strength limits. Some standards specifically
developed for PLC have been proven to have excessively
stringent radiated emission limits[15], [16].Hence, some
scholars have undertaken specific research on the radiated
emissions measurement of PV PLC, demonstrating that
testing PLC radiated emissions measurement is more
meaningful than conducted emissions measurement [17]—
[19], but the complexity of on-site testing conditions can
lead to instability in the results of radiated emissions
measurement. In laboratory conditions, a stable PLC
radiation testing environment can be provided. The use of an
anechoic chamber and antennas for radiated emission
measurement of power cables is practical [20], [21].
However, most existing laboratory research focuses on in-
house PLC radiation, where the in-house PLC line length is
shorter and cabling is complex. Directly using in-house PLC
for radiation testing is challenging to equivalent to the actual
PV PLC outfield long line of radiation [13], [22], [23].
Therefore, it is important to find an equivalent testing for PV
PLC radiated emission that can be conducted under
laboratory conditions.

The paper proposes a methodology utilizing a scaled
model for the equivalent radiated emissions of PV PLC,
enabling effective testing of PLC radiated emissions
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equivalence under laboratory conditions. Based on the
characteristics of power cable that can be equivalent to a
series of dipole antennas, the antenna scaling model theory
can be applied to transform the long-line configuration of
PV PLC into a short-line model. This approach enables the
feasibility of radiated emission testing under controlled
laboratory conditions. The effectiveness of the scaled model
is verified through CST simulation, and the scaled model is
tested in laboratory conditions to validate the accuracy of the
simulation results. This study serves as a reference for
achieving accurate prediction of PV PLC radiative
emissions and the determination of associated limits in the
future.

2. Methods
2.1 Theory of PLC scaled model

The strategy for determining the radiation of power line is to
divide the radiation structure into small electric dipole units.
The electromagnetic field radiated by the entire cable is the
sum of the electromagnetic fields generated by these basic
dipole antennas [24]. Therefore, we can apply the scaled
equivalent theory [25] to shrink the actual long-line PV
cable by a certain proportion into a short-line model,
enabling research under laboratory conditions. In the
meanwhile, maintaining the electrical dimensions of the
scaled short-line model consistent with the original long-line.

Suppose the frequency of the radiation issue for the
original long-line is w;, with dielectric properties
characterized by parameters ¢; (dielectric constant), u
(magnetic permeability), and J; (electrical conductivity).
The length is represented by rj.and the electromagnetic field
intensity vectors are £ and H,. The Maxwell's equations are
as follows:

VxH, = jo ¢ E, (2)
VX E| =—jouH,

In the equation (2), 51 represents the complex

dielectric constant of the medium for the original long-line
radiation issue.

In the radiation issue of the scaled short-line model, the
frequency is w», with dielectric properties characterized by
parameters & (dielectric constant), w4 (magnetic
permeability), and d, (electrical conductivity). The length is
represented by 7. And the electromagnetic field intensity
vectors are E>and H>. And then:

n=ki,0=ko,& =k &, 1, =k, 3

The Maxwell's equations are as follows:
VXszjwz‘c;zEz “)
VxE, ==jo,m,H,

If we require the electromagnetic fields to be equal in
the two radiation issues, i.e., E1 = E> and H; = H,, the
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calculation can be deduced based on the two sets of
Maxwell's equations as follows:

Table 2 Material Parameters for the PLC Cable Model

Structure
of Each
Layer of

Thickness
(or Radius)
(mm)

Material

Electrical
conductivity
(S/m)

Relative
dielectric
constant

loss
angle
tangent

VxH, = kl'kz’k3’(jw| 6:1 El)

)

the Cable

VxE, =k .kz.k4.(_jwlﬂlHl )

Let k3 and k4 be 1, i.e., maintaining the dielectric
constant and magnetic permeability unchanged with
frequency variation. Also, when the frequency increases by
a factor of £, the length of the short line is reduced to 1/k of
the original long line, i.e., k1=1/k; ensuring that the electrical
length remains constant. In this case, in Equation (5),
kok,ok, =1a0d g .k .k, =1 can be adjusted to ensure that

the electromagnetic field distributions of the two radiation
issues are consistent.

When the medium has losses (i.e., d # 0), or the
electrical conductivity of the metal conductor in the antenna
feeder is not approaching infinity, if it remains unchanged as
the frequency increases by a factor of &, then J should also
increase by a factor of &, i.e., 0> = kd1. However, in general,
achieving this is difficult. The core wire material of the
power line used in PLC is often made of high-conductivity
copper or aluminum, the radiated power far surpasses the
dissipated power. Therefore, errors due to not increasing the
electrical conductivity can be neglected [26]. The
relationship between the parameters of the long-line and the
scaled short-line is as shown in Table 1.

Table 1 Scaled short-line model parameter equivalent relationships.

Lone- Scaled Lone- Scaled
Parameters ong short-line Parameters ong short-line
line line
model model
Length r rlk Diclectric € 3
constant
. . Magnetic
Frequency f i permeability # #
Electrlf:a} s 5 Excitation U Uk
conductivity voltage

2.2 Radiated emission modeling and simulation of PLC
scaled model

Based on the actual on-site investigation of a PV power
station, the selected PLC power line model was denoted as
ZC-YJLV22-0.6/1kV-3x185+1x95mm?, i.e., a three-phase
four-wire armored AC power line. The cross-section and
composition of the cable model are shown in Figure 2. The
dimensions and simulation parameters of each layer of the
cable are provided in Table 2.

1.Phase  2.Insulating 3-Packing
conductor layer layer

4.Inner sheath
5.Armor layer

6.0uter sheath

7 Neutral
conductor

Fig. 2 Structure of the PLC Cable Model.
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Establishing a PLC cable model in CST cable studio.
The cross-section and composition of the cable model are
shown in Figure 2. The dimensions and parameters of each
layer of the cable align with the guidelines outlined in IEC
60502-1:2021 [27]. To validate the effectiveness of the
scaled model and save simulation time, a single-direction
long-line model with a practical line length of 25 meters was
selected,16 meters above ground. Based on the equivalent
circuit in Figure 1, choose two phase lines as the signal
transmission lines, and construct the circuit model of the
cables in the CST design studio.

With reference to the FCC Part 15 and its amendments,
the regulations pertaining to radiated emissions
measurement principles for Access Broadband over Power
Line on overhead line installations were considered [28].
The arrangement of test positions is depicted in Figure 3.
Initiate the calculation from the signal injection point on the
power line in the longitudinal direction. Established
measurement locations along the length of the power line at
distances of 0, 1/4, and 4/2, where / signifies the wavelength
corresponding to the center frequency point of the PLC
operating bandwidth. According to standard requirements,
when conducting radiated emission measurement below 30
MHz, it is necessary to choose the vertical polarization
direction for testing , the simulation settings were
consistent with the standard requirements. The test distance
under the long-line simulation was 30 m, the test distance
was proportionally reduced when performing scaled short-
line simulations.

0 A4 A2

Test
Distance

* *

Antenna Test
Locations
Fig. 3 PLC cable electric field test locations schematic diagram.

In practical PLC signal transmission, the utilization of
orthogonal frequency division multiplexing (OFDM)
technology is customary to address the issue of wastefulness



in spectrum resources [29]. According to practical usage
scenarios, the frequency range of PLC signal transmission
was determined to be 2~8 MHz . Due to the broadband
nature of OFDM signals, actual test results are susceptible
to additional out-of-band interference, making it challenging
to accurately identify the measured signal. Therefore, a
sinusoidal continuous wave signal within the range of 2~8
MHz was selected as the input excitation source for the
simulation.

After determining the parameters for the actual long-
line simulation model, investigate the selection of a scaled
model with a ratio of 20:1 for scaled equivalent research.
The variations in simulation parameters before and after
scaling are presented in Table 3. In the actual radiated
scenario, considering the aluminum core material of the AC
cable, according to the previous analysis on the scaled model
theory for PLC, the electrical conductivity can remain
unaltered without undergoing scaling.

Table 3 Comparison of model parameters before and after scaling in PLC
radiation simulation.

Excitation Simulation
Length Frequency voltage sampling
(m) (MHz) W) points
Before scaling 25 2-8 1 1000
After scaling 1.25 40-160 0.05 1000

It is also important to note that the sampling points used
in this simulation are identical before and after scaling.
Although the frequency range increases after scaling and the
frequency resolution is lower, the low resolution does not
affect the accuracy of the simulation results. However, an
excessive number of simulation sampling points would
significantly increase the simulation time. Therefore, to
conserve performance and reduce simulation time, this study
uses the same sampling points before and after scaling.

The simulation of radiated emissions from the actual
long-line PV PLC was conducted first, followed by the
simulation of radiated emissions from the scaled short-line
model. Considering practical measurement, addressing the
scaling issue related to the cable diameter, the scaled short-
line model was categorized into three types: proportional
reduction of cable diameter, reduction to the standard cable
diameter, and unchanged cable diameter. Radiated emission
simulations were conducted for each type, further
facilitating a comparison of differences among the three
scaled short-line models. Specifically, the standard cable
diameter chosen for scaling is model ZC-YJLV22-0.6/ 1k V-
3x10+1x6mm? [27]. The cable structure and materials of
each layer are consistent with the original long-line cable,
with the dimensions of each layer detailed in Table 4.

Table 4 Dimensional parameters of the reduced to standard cable model

Structure of Each (z?}:tgiej:) Structure of Each (E?llzzgiejss)
Layer of the Cable Layer of the Cable
(mm) (mm)
1.Phase conductor 1.8 (Radius) 5.Armor layer 0.2
2.Insulating layer 0.7 6.0uter sheath 1.8
3.Packing layer e 7.Neutral conductor 1.4 (Radius)
4.Inner sheath 1.0
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2.3 Measurement setup

The verification experiments were conducted in the five-
meter anechoic chamber at the school of mechanical
engineering, Southeast University, Nanjing, China. The
scaled short-line model was subjected to verification, and
the arrangement of the test cables is depicted in Figure 4(a).
At the signal injection end, a differential bridge was added
to provide differential signals for the two phase lines, and a
50Q load was set at the load end. The signal source(Keysight
N9310A) was used , together with an EMI receiver (R&S
ESI7) and a biconical antenna. The signal source emitted a
swept signal in the range of 40 to 160MHz, and the receiver
bandwidth was set to 100kHz. As the signal transmission
frequency range for PV PLC actual long-lines is below
30MHz, to ensure the accuracy of the scaled model, the
antennas were chosen in the vertical polarization direction
for the verification experiments of the scaled model. The
cable height and the testing position height were both set to

0.8m, as illustrated in Figure 4(b) at the test site.

R Metal rack
N to SMA wire Screw fastener Power cable

Differential SMA to N wire Wood board 50Q Load
signal bridge

(a) )
LLITTT 1T
SR L T T T Ik R

(b)
Fig. 4 (a) Arrangement of the scaled short-line model measurement for
PLC, and (b) measurement in the anechoic chamber.

3. Result and Discussion

3.1 Comparison of simulation results between the long-line
and scaled short-line models

Comparison of simulated electric field radiated emissions
between the long-line and scaled short-line models is
depicted in Figure 5. The simulated radiated field strength
of the long-line model increases initially and then decreases
with the rise in frequency, reaching its peak at 5.8 MHz .
This phenomenon is attributed to the model's line length
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being 25 meters, which is approximately half of the
wavelength corresponding to the frequency of the maximum
value at 5.8 MHz .

The average and maximum differences in simulated
radiated field values between the long-line and scaled short-
line models at various positions are presented in Table 5 and
Table 6, respectively. Through comparison, it is evident that
the radiated field strength results of the unchanged cable
diameter model differ slightly from the long-line model,
with some frequency points exhibiting differences
exceeding 15 dB . As shown in Figure 5(c), when the test
position is at A/2 position, the unchanged cable diameter
model reaches a maximum difference of 22.4 dB at 7.96
MHz (frequency range of the scaled short-line model: 159.3
MHz).

Frequency / MHz
660 60 80 100 120 140 160
E
>
=
==}
=
=
2
=
2
£
‘g Long-line Model
= Scaled Short-line Model: Unchanged in diameter
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. Scaled Short-line Model: Proportional reduction of diameter
T
02 3 5 7
Frequency / MHz
(a)
Frequency / MHz
(}0 60 80 100 120 140 160
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E
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=
]
=
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3 Long-line Model
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10f - Scaled Short-line Model: Reduction to the standard diameter
Scaled Short-line Model: Proportional reduction of diameter
3 3 2 5 ; 7
Frequency / MHz
Frequency / MHz
0\,4"10 60 80 100 120 140 160
E
>
=
=]
=
=
2
=
2
z
£ Long-line Model
= 7 Scaled Short-line Model: Unchanged in diameter
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Scaled Short-line Model: Proportional reduction of diameter
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Fig. 5 (a) Comparison of electric field radiated emissions at the 0 position
between the long-line and scaled short-line models, and (b) comparison of
simulated results at the A/4 position, and (c¢) comparison of simulated
results at the A/4 position at the A/2 position.

Table 5 Comparison of the average difference in radiated electric field
strength between the long-line and scaled short-line models.

. Reduction to the Proportional
Unchanged in R
. standard reduction of
diameter . .
diameter diameter
0 position 12.42 dB 4.85dB 3.91dB
/4 position 12.13 dB 4.62 dB 3.01dB
/2 position 10.23 dB 3.25dB 3.26 dB

Table 6 Comparison of the maximum difference in radiated electric field
strength between the long-line and scaled-down models.

. Reduction to the Proportional
Unchanged in .
. standard reduction of
diameter . .
diameter diameter
0 position 21.76 dB 17.35 dB 14.19 dB
A4 position 22.26 dB 14.67 dB 11.35dB
A/2 position 2241 dB 11.76 dB 8.30 dB

In the range of 2~3.4 MHz (frequency range of the
scaled short-line model: 40~68 MHz), the field strength
values and trends of the proportional reduction of diameter
scaled model show slightly larger differences compared to
the long-line model, as depicted in Figure 5(a), when the test
position is at 0 position, the proportional reduction of
diameter scaled model reaches a maximum difference of
14.19 dB at 2.26 MHz (frequency range of the scaled short-
line model: 45.20 MHz). However, in the range of 3.4~8
MHz (frequency range of the scaled short-line model:
68~160 MHz), the trend is essentially consistent with the
long-line model. The average difference within this range is
only 1.74 dB. Despite some discrepancies at low frequencies.
It can be learned from the data in Table 5, compared with
the long-line model, the scaled short-line model of
proportional reduction of diameter and reduction to the
standard diameter have an error of less than 5 dB over the
whole frequency band, which can meet the error
requirements for engineering applications [30].

The reason for the discrepancies at low frequencies is
that the test distances (30m for the long-line model and 1.5m
for the scaled short-line model) fail to meet the distance
requirements for the antenna's radiating region. Considering
the PV PLC cable as a linear antenna, the field around the
antenna is typically divided into the reactive near-field
region, the radiating near-field region, and the far-field
region based on the distance from the antenna [31]. At low
frequencies, when the PLC cable length is small compared
to the wavelength, it can be considered an electrically small
antenna. In this case, the boundary between the reactive field
and the radiating field is given by R=1/2m. The testing
distance of 30m used in this study, although exceeding the
boundary of the reactive near-field region, is still relatively
close to it. Due to the influence of the reactive field, the
electromagnetic field distribution becomes complex,
resulting in significant differences in radiated emission
results before and after scaling in the low-frequency range.
At high frequencies, due to the shorter wavelength, the PLC
cable can be considered an electrically large antenna. The
boundary distance of the reactive near-field region for an
electrically large antenna is depicted as equation (6), and the
boundary distance of the radiating near-field region is
represented by equation (7)[32].

L3 L
~0.62 (6)
\} 3f \F
2L2

R, = (7

Where R1 represents the boundary distance of the
reactive near-field region for an electrically large antenna,



R, represents the boundary distance of the radiating near-
field region, L represents the maximum length of the antenna,
and A represents the wavelength. At high frequencies, the
30m testing distance is located in the far-field region, where
the reactive field has almost no impact on the radiating field.
Therefore, the consistency of the radiated emission results
before and after scaling is relatively good. It is also
important to note that while theoretical conditions delineate
distance criteria for field regions, in practice, the
characteristics of fields do not change abruptly but rather
gradually. Thus, it can be observed that from low frequency
to high frequency, the differences in radiated emission
results before and after scaling gradually reduce, eventually
stabilizing.

Meanwhile, the CPU time consumed for simulation
solving by the scaled short-line model and the long-line
model is 188s and 338s, respectively. This indicates that the
scaled short-line model, while effectively representing the
long-line radiation emission, also saves computation time.
This provides a convenient approach for estimating
radiation emissions of cables with complex structures in the
future. The computer used in this article: CPU, Intel Xeon
Gold 6154, GPU, NVIDIA GeForce RTX 3080 Ti, RAM, 64
GB.

Reduction to the standard cable diameter scaled model,
the cable cross-sectional area was determined according to
the standard as 10 mm? for the phase wire and 6 mm? for the
neutral wire, slightly larger than the 9.25 mm? and 4.75 mm?
of the proportional reduction of diameter scaled model.
From the graph, it can be observed that the field strength
variation trends of the two models are basically consistent,
but the radiated field strength values are slightly higher than
the proportional reduction of diameter scaled model.

The comparison of the differences in radiated electric
field strength between the three scaled models and the long-
line model is illustrated in Figure 6. From the simulation
results, it is evident that the proportional reduction of
diameter scaled model exhibits the best fitting with the long-
line model, confirming the effectiveness of the scaled model.
Considering the practical cable selection during
measurement, although the fitting accuracy of the reduction
to the standard diameter scaled model is not as high as that
of proportional reduction of diameter scaled model, the two
models show a generally consistent trend. Moreover, when
compared to the long-line model, the average difference in
simulated radiated field strength within the tested frequency
range is 4.2dB. Therefore, in the measurement and
validation phase, the choice was made to use the reduction
to the standard diameter scaled model for comparative
analysis of PLC radiation.
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Fig. 6 (a) The difference in radiated field strength between the long-line
and scaled short-line models at 0 position, and (b) the difference in
radiated electric field strength at 2/4 position, and (c) the difference in
radiated electric field strength at /2 position

From the simulation results, it is evident that the
radiation results of the scaled short-line model with an
unchanged diameter exhibit a lower fitting accuracy with the
long-line model. However, its trend and numerical values
still possess certain reference value. In cases where the
scaling factor is relatively large or the diameter of the long-
line model is small, it may be appropriate to consider using
a short-line model that only changes the length for
simulation and measurement studies. Additionally, the
introduction of a correction factor for the radiation results of
the short-line model can be considered for accurate
prediction of the long-line model's radiation results.

3.2 Comparison of simulation results and measurement
results for the scaled model

To validate the accuracy of the equivalent long-line radiation
from the scaled short-line model, validation experiments
were conducted. The scaled short-line model with reduced
diameter to the standard cable was chosen for the
comparative simulation results. The cable used in the
experiment had the model number " ZC-YJLV22-0.6/1k V-
3x10+1x6mm?", The specific dimensional parameters are
shown in Table 4. Taking the half-wavelength (1/2) position
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as an example for the comparative simulation and
measurement results, the illustration in Figure 7 shows the
solid line represents the simulation results and the dotted line
represents the measurement validation results. The results
indicate that the simulated results of the scaled short-line
model align well with the measurement results, with an
average difference of 2.91 dB, confirming the accuracy of
the simulation model. This further validates the credibility
of the method using scaled models to investigate actual

long-line PLC radiated emission measurement.
50y

Electric Field / dBuV/m

* Measured Result
CST Si ion Result

40 60 80 100 120 140 160
Frequency / MHz

Fig. 7 Comparison of PLC scaled short-line model radiated emission
simulation and measurement results.

However, it should be noted that, in comparison to the
simulation results, there are noticeable discrepancies at
certain frequency points in the test results, manifesting
phenomena such as resonance frequency drift and an
increase in resonances. The occurrence of these situations
may be attributed to factors such as object scattering in the
laboratory and assembly errors in the test setup. Due to the
absence of precision cutting equipment, the experimental
arrangement does not qualify as precise measurements for
simulating the model [33].The remaining differences could
be attributed to two factors. Firstly, the finite number of
simulations and measurements may not be sufficient to
achieve the best match. Secondly, the measurement
uncertainty also has a certain impact [34],[35]. Further
research will delve further into the measurement uncertainty
and the unbalance of the cable.

The above analysis demonstrates that the scaled model
can be applied to radiated emission testing of PV PLC cables
under laboratory conditions. However, when dealing with
excessively long cables requiring a larger scaling ratio,
additional considerations may be necessary. Firstly, a larger
scaling ratio means that the cross-sectional area of the scaled
cables also needs to be smaller. During practical testing, it is
crucial to consider whether smaller cross-sectional cables
are commercially available for use. According to standards,
it is recommended that the minimum cross-sectional area of
cables should not be less than 1.5mm?[27]. Secondly, a
larger scaling ratio also implies a broader frequency range
after scaling. As the frequency increases, the required test
distance decreases. When a larger sized antenna is close to
the test cable, the loading effect of the antenna during the
measurement may disrupt the field distribution, resulting in
inaccurate measurement results. Therefore, it is necessary to
consider selecting appropriately sized receiving antennas to
ensure the accuracy of the measurements.

4. Conclusion

The paper proposes a methodology utilizing a scaled model
for the equivalent radiated emissions of PV PLC, enabling
effective testing of PLC radiated emissions equivalence
under laboratory conditions. Based on the characteristics of
power cable that can be equivalent to a series of dipole
antennas, the antenna scaling model theory can be applied to
transform the long-line configuration of PV PLC into a
short-line model. This approach enables the feasibility of
radiated emission measurement under controlled laboratory
conditions. Selecting three scaled short-line models with
different diameters, a comparison of simulated radiated
emission results was conducted in CST with the long-line
model to verify the effectiveness of the scaled models.
Subsequently, a scaled short-line model of PV PLC was
constructed in the anechoic chamber for on-site validation
measurement. The results indicate that the scaled short-line
simulation model is accurate. This further validates the
credibility of the method using scaled models to investigate
actual long-line PLC radiated emissions measurement,
further research will delve further into the measurement
uncertainty and the unbalance of the cable. This study serves
as a reference for achieving accurate prediction of PV PLC
radiated emissions and the determination of associated
limits in the future.
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