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Abstract — Calculation and analysis of the radiated elec-
tromagnetic field by the high voltage converter valve
are very important for the electromagnetic compatibility
analysis between the various components of the con-
verter system. First, the electromagnetic radiation calcu-
lation process of the converter valve is proposed. Then,
according to the actual engineering application, a DC
transmission simulation system of the converter system
was built, and the current of the converter valve tower
arm was obtained. Subsequently, according to the actual
size, a 3D calculation model of the converter valve tower
was established, and an MoM-based calculation method
for the electromagnetic field of the converter valve tower
was proposed. Finally, the attenuation characteristics and
azimuth characteristics of the converter valve tower are
analyzed, and the distribution rules of the radiated elec-
tromagnetic field inside the high voltage converter valve
hall are clarified, which provide a theoretical foundation
for the evaluation of the electromagnetic compatibility of
the converter system.

Index Terms — A 3D calculation model, converter valve,
DC transmission simulation system, MoM, radiated elec-
tromagnetic field.

L. INTRODUCTION

High voltage direct current (HVDC) transmission
has become the best choice for power transmission due
to its large transmission capacity, long transmission dis-
tance, and high stability [[L]. Among them, the HVDC
transmission grid can not only realize large-scale and
long-distance transmission of electric energy but also
can greatly improve the safety, reliability, flexibility, and
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economy of the grid, and it has significant social and eco-
nomic benefits. HVDC transmission technology is the
new peak of direct current (DC) transmission technol-
ogy in the world, and it will play an irreplaceable role in
long-distance power transmission projects [2].

The converter station is the center of AC and DC
power exchange. It realizes the energy transfer from
the AC system to the DC system [3]. It is the core
of HVDC transmission technology. Its operation status
directly affects the safety and stability of the entire DC
transmission system and even the AC system. However,
in the converter valve hall, the switching transient of the
converter valve will generate a broadband current inside
the valve tower, thereby deteriorating the surrounding
electromagnetic environment [4]. At the same time, the
online monitoring unit, communication system, and pro-
tection and control system of the converter valve are
very close to the valve hall and are in a strong elec-
tromagnetic radiation field, which seriously affects its
normal operation [5]. For this reason, it is necessary to
carry out the calculation of the electromagnetic radia-
tion of the converter valve and the research its attenua-
tion characteristics.

In 1971, Harrold conducted experimental research,
analyzed the frequency of power line radiofrequency
electromagnetic noise, and used a spectrum analyzer
to analyze the interference characteristics of radio fre-
quency (RF) noise [5]. Afterward, Annestrand studied
the radio interference generated when the converter valve
was turned on [6], analyzed the factors affecting the
level of radio interference, and proposed corresponding
suppression methods. Maruvada and Gilsing proposed
a calculation method for analyzing and calculating the
RF interference level of converter stations, which was
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verified based on the Vancouver Island converter sta-
tion [7]. Morse measured the electromagnetic interfer-
ence of the Nelson River DC transmission line in Canada
[8,9]]. Melvolil et al. analyzed the electromagnetic noise
voltage within the carrier frequency range of the HVDC
converter station [10]]. Bacon et al. measured the elec-
tromagnetic noise of AC lines near HVDC transmission
lines. The measurement results are helpful to analyze the
interference propagation mechanism between AC and
DC transmission lines [11]. The International Special
Committee on Radio Interference proposed a calcula-
tion formula suitable for the calculation and analysis of
the radio interference of the bipolar DC line based on
the large amount of measurement data obtained by the
test line and the actual line in operation [12]. In addi-
tion, funded by the Canadian Electric Power Association,
Maruvada, Malewki, Wong, etc., carried out electromag-
netic disturbance measurements on two 400-kV con-
verter stations in Canada and gave the electromagnetic
field inside the station and 500 m outside the station
0.1. Measurement results of radio interference and RF
interference in the M-5MHz frequency band [15]]. Tatro
and others in New England analyzed in detail the power
carrier problem of a 450-kV, 1800-MW converter sta-
tion through measurement and calculation [16]]. Japanese
Yuichirou Murata and Shinji Tanabe used the method
of moments to calculate the RF noise generated by the
transmission line of the HVDC converter station and pro-
duced a 400:1 scaling model. The measurement results
are in good agreement with the calculation results [17]].
With the development of HVDC transmission technol-
ogy, the issue of electromagnetic compatibility in con-
verter stations has been paid more attention, but almost
all research works are concentrated in the field of RF
interference, and research works are conducted on the
basis of experiments.

To this end, this paper proposes a calculation
method for the electromagnetic disturbance radiated by
the high-pressure converter valve and analyzes the fre-
quency characteristics and attenuation characteristics of
the electromagnetic disturbance radiated by the high-
pressure converter valve to provide theoretical guidance
for the electromagnetic compatibility design of the high-
pressure converter system.

II. CALCULATION METHOD

A. Calculation process of radiated electromagnetic
field of converter valve

For the analysis of the electromagnetic radiation
level of the valve of the flexible DC converter sta-
tion, it is necessary to first obtain the current of all
the wires at any moment by measurement or calcula-
tion; then for the spatial point where the electromagnetic
field strength needs to be calculated, calculate the field
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strength of each section of current at the same moment
at this point and superimpose. Combined with the exist-
ing commonly used calculation software FEKO belongs
to the characteristics of the frequency domain method,
the time domain current obtained in the first step needs
to be Fourier transformed to obtain its frequency domain
response, and then calculate the response at different fre-
quency points in the space point and superimposed to
obtain the electric field strength at any point in space.
The specific calculation steps are as follows.

(1) The establishment of the 3D model of the valve
tower. For 3D models of components without cur-
rent inflow, such as shields, metal scatterers are
modeled according to the actual dimensions. For 3D
models of components with current flow, such as the
convertor valve unit and its internal power modules,
a simplified unit model is built using a metal plate
instead of the power units, considering the electrical
connection of each power module inside the unit.

(2) Setting of the excitation source. The excitation
source is in the form of a single current source at
the point of connection to the DC bus with the exci-
tation source injected from one end and withdrawn
from the other.

(3) The calculation area is designated. Through the set-
ting of boundary conditions, calculate the radiation
field generated by the single excitation source con-
sidering the case of metal scatterers in the valve
hall.

(4) The calculation of valve tower electromagnetic
radiation. The DC bus current obtained from the
PSCAD calculation is Fourier transformed to obtain
the amplitude-frequency characteristics at different
frequencies. The frequency points of interest are
multiplied with the radiation field results obtained
in step (4) to obtain the electromagnetic radiation
of the valve tower.

B. Radiation source analysis of converter valve hall
From the generation mechanism distinction, the
flexible DC converter valve electromagnetic disturbance
sources can be divided into the following three kinds:
(1) the operation of the converter valve caused by con-
tinuous electromagnetic disturbance; (2) the converter
station high-voltage equipment corona generated elec-
tromagnetic disturbance; (3) the converter station high-
voltage equipment discharge generated electromagnetic
disturbance. Among them, corona and interference gen-
erated by the discharge of equipment are similar to the
general AC high-voltage field station interference phe-
nomenon. A basic assumption of the study converter
station design can meet the immunity requirements cor-
responding to this phenomenon. In the occurrence of the
above phenomenon, it can be ensured that the converter



0.6H 2.5mQ  2.5mQ 0.6H

Fig. 1. The commutation simulation system of DC trans-
mission.

station equipment is not affected and is a normal opera-
tion; so the analysis in this paper is no longer considered.

Establish a DC transmission commutation simula-
tion system in actual engineering applications, as shown
in Figure[T]

This paper mainly analyzes the electromagnetic
radiation disturbance of the converter valve hall on the
rectifier side, and the pulse current of the upper and lower
three-phase bridge arms is shown in Figure 2{a). Fur-
thermore, the frequency domain analysis method is used
to obtain the amplitude-frequency characteristics of the
bridge arm current, as shown in Figure [2[b). It can be
seen that the currents of the three phases all exhibit peri-
odic square-wave characteristics in the time domain, and
only small differences appear in the high-frequency band
in the frequency domain. In the third step calculation, the
single radiation field is usually multiplied by the enve-
lope parameter.

To facilitate the accuracy of the calculation of the
radiated electromagnetic field, the amplitude-frequency
envelope is used as the disturbance source, and the cur-
rent excitation source is set at the corresponding bridge
arm position.

C. 3D models and calculation method of converter
valve tower

Due to the existence of valve towers and a large
number of metal conductor structures such as pole con-
ductors in the valve hall, while the converter valve
reflects different impedance characteristics under differ-
ent operating conditions and frequencies, only the use of
electromagnetic field numerical calculation methods to
solve such complex electromagnetic field problems more
accurately. In this paper, FEKO, a numerical calculation
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(b) Frequency domain waveform diagram of bridge arm current

Fig. 2. Time-frequency parameters of three-phase bridge
arm current.

software developed based on the method of moments, is
used to model and calculate in the valve hall.
For the electric field E, the expression is

v L jou o JkR
E= vV.J das — /J ds.
47r£a)/s R 4 Js R M

To solve for the current J, a triangular section is
made of the metal surface, as shown in Figure El After
the triangular section, each side of the triangle is num-
bered and the positive and negative numbers of the two
triangles connected to the side are defined.

Introduce the current basis function as

_247 p, and h, are marked —
fu= +2—1+, p, and h, are marked + > @
0, else
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Fig. 3. Definition of the parameters of a triangular sur-
face element.

where h,il denotes the distance from the vertex corre-
sponding to the n-1th edge to the n-1th edge, and p™,
denotes the vector from the vertex within S,, correspond-
ing to the nth edge to the field point within triangle S,,.
p~n denotes the vector from the vertex of the other tri-
angle corresponding to the nth edge to the field point.

The current J at any point in the triangle can be
expanded by the vector from that point to the three ver-
tices

3
J=Y Jufa ©)
P
Therefore, the electric field E can be further
expressed as
o JkR jou
E= +2. ds———
Zhi 47178](0 ASn R 47 JAsn
—JjkR
+p;f S—ds). o)

Taking the power function g, =f;,, m being the trian-
gle number, and making the inner product of the power

function and E
\Y 2 e iR
J +—-——dS
gm’ Z " < 47178](1) asn BT R >

n

J(OIJ‘ p+ e]kR
(gt ——— +n ds).
e L (e S [

ASn
®)
Define each part of the above equation as follows:
Py = — <V 'g$,¢m>
Amn = (g, Am) : ©)

Zmn = cI>mn +Amn
®,,,, and A, are the scalar and vector bits between
AS, and AS,,. Z,,, is the equivalent impedance between
AS, and AS,,. The matrix equation above can be
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Fig. 4. Calculation process for electromagnetic radiation
harassment from converter towers.

organized as
[Zmn][-[n} = [Vn] @)

V is the conductor potential distribution and can be
obtained by measuring the voltage. J is calculated and
substituted into the electric field equation to find E.

To simplify the analysis, the conductors in this
project were all modeled using conductors with a radius
of 0.01 m (it was verified by comparison that changes in
the radius of the conductors when calculating the radia-
tion field had little effect on the calculation results). The
metal frame is modeled using metal-faced conductors,
without regard to the thickness of the metal frame, which
is assumed to be a thin conductor plate made up of per-
fectly pure conductors. The final calculation process for
the commutator tower is shown in Figure ]

In the part models in Figure[d] the equalizer cover is
insulated from the valve tower. The interior of the con-
verter module can be simplified to 10 thyristors in series.
The equalizer frame is connected to the valve tower at
both the front and the rear, with the middle section insu-
lated from the tower. The electrical connection contains
all the wiring of the converter tower inside the converter
valve hall. In this case, the current source is at the ter-
minals of the converter transformer. When setting the
boundaries, the coordinates of the rectangular boundary
vertices are given, which is the basis information for the
later analysis of the radiation properties.

III. ANALYSIS OF ELECTROMAGNETIC
RADIATION
A. Variation characteristics with frequency

As shown in Figure [j] it is the calculation result of
the radiated electromagnetic field of the converter valve
tower at (—10,12.5,5) in the 150 kHz to 30 MHz fre-
quency band. Among them, Figure[5](a) is the amplitude-
frequency characteristic of the radiated electric field, and
Figure 5] (b) is the amplitude-frequency characteristic of
the radiated magnetic field.

It can be seen that the value of the radiated electric
field is much larger than the value of the radiated mag-
netic field, which is about 1000 times. Therefore, when
assessing the electromagnetic compatibility of converter
valve towers, the radiated electric field should be the first
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Fig. 5. Calculation results of the converter valve tower at
(-10, 12.5, 5).

choice to be assessed. In addition, through the electro-
magnetic field cloud diagrams at f = 0.15 MHz and f
= 30 MHz, it can be seen that on the plane of Z = 5
m, the positions of the maximum radiation of the elec-
tric field and the magnetic field appear close. Therefore,
if the communication facilities are placed in the air of
the converter valve hall, the right side should be consid-
ered as much as possible, and the radiated electric field
and radiated magnetic field in this direction are relatively
small.

B. Attenuation characteristics

As shown in Figure [0} it is the calculation result of
the radiated electromagnetic field of the converter valve
tower at point (X, —5, 15). It can be seen that in the X-
axis direction, the calculated values of electromagnetic
fields at different frequency points all show an attenua-
tion trend on the X-axis. On this straight line, the atten-
uation characteristics of the electromagnetic field are
almost identical.

As shown in Figure [7] it is the calculation result of
the radiated electromagnetic field of the converter valve
tower at point (—10, ¥, 15). It can be seen that on the Y-
axis, the calculated electromagnetic field values all show
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Fig. 6. The attenuation characteristics in the X-axis direc-
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Fig. 8. The attenuation characteristics in the Z-axis direc-
tion.

a trend of first increasing and then decreasing, and the
radiated electromagnetic field is the largest in the middle
of the Y-axis.

As shown in Figure §] it is the calculation result of
the radiated electromagnetic field of the converter valve
tower at point (—10, 12.5, Z). It can be seen that the
attenuation characteristic of the electric field value in the
Z-axis direction is not obvious and can be approximately
regarded as unchanged; the attenuation characteristic of
the magnetic field value in the Z-axis direction is related
to the frequency point. Among them, the higher the fre-
quency is, the greater the electromagnetic field value.

C. Azimuthal characteristics

To further demonstrate the azimuthal characteris-
tics of the radiated electromagnetic field of the converter
tower, the electromagnetic field values at eight near-field
boundary points were calculated, as shown in Figure [0
It can be seen that within the 25-30 MHz band, the
electromagnetic field values are greatest at points (—10,
30, 15) and smallest at points (20, —5, —5). Therefore,
when placing communication equipment inside the con-
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Fig. 9. Azimuthal characteristics of the radiated electro-
magnetic field.

verter hall, it should be placed at point (20, —5, —5) as
far as possible, so that it receives less electromagnetic
disturbance.

IV. CONCLUSION

In this paper, the calculation method of electromag-
netic radiation of high-voltage converter valve tower is
proposed, and the attenuation characteristics of radia-
tion field in space are analyzed, and the strongest and
weakest positions of radiation electromagnetic field in
the converter valve hall are clarified. It is suggested that
when placing communication equipment in the converter
valve hall, it should be placed in the lower right corner
of the converter valve hall as far as possible. The pro-
posed method can determine the spatial distribution of
the radiation field inside the converter valve hall, and,
based on this, the immunity requirements for communi-
cation equipment are proposed. In the future, combined
with the experimental measurement method, the electro-
magnetic compatibility measures between the communi-
cation equipment and the converter valve are formulated.
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