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1 Introduction

With the development of Modular Multilevel Converter (MMC) technology, Voltage
Source Converter-based High Voltage Direct Current (VSC-HVDC) is being used in power
systems. Power systems are widely used. Between the two AC backbone networks, DC back-
to-back converter stations can realize asynchronous networking, better connect AC grids of
different voltages and isolate the two AC synchronous grids, effectively isolate the mutual
influence between the interconnected AC synchronous networks, and limit the short-circuit
current, and the contact line power control is simple and convenient for dispatch
management. Compared with conventional DC transmission, the back-to-back project
can also reduce equipment costs and save transmission investment because there is no DC
line and the DC side loss is small.

The Yu-E DC back-to-back interconnection project adopts flexible DC transmission
technology, which is the world’s largest in terms of voltage level and transmission capacity
and is of great significance in promoting China’s DC technology innovation and optimizing
the power grid structure in central China.

Yu-E DC back-to-back networking projects all use flexible DC transmission technology,
the voltage level and transmission capacity are the world’s largest, with the world’s highest
voltage level and transmission capacity. The converter station in the back-to-back project
combines the rectifier station and inverter station of high-voltage DC transmission and
completes the conversion process from AC to DC and then from DC to AC in the same
converter station (Shi et al., 2004). Because of the complex operating conditions and the
coexistence of DC and AC equipment in the same converter station, the electromagnetic field
distribution around the back-to-back converter station is more complex than that of a single
DC converter station or AC substation.

From 1970 to 1990, many scholars carried out theoretical calculations and measured
analyses of electromagnetic disturbances in HVDC converter stations (Annestrand, 1972;
Sarma and Gilsig, 1973; DeVore et al., 1988; Caldecott et al., 1990). The factors affecting
radio interference levels were discussed and interference in the frequency range of
0.1-10 MHz was analyzed (Annestrand, 1972). Most of the domestic and international
studies focused on the electromagnetic simulation of the main equipment in the converter
station (Cai et al., 2018), while the electromagnetic distribution characteristics of back-to-
back converter stations were less studied.
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TABLE 1 Summary of the electromagnetic environment limits outside the back-to-back converter stations.

Electromagnetic environment parameters

Scope of application

Power frequency electric field (kV/m) 4 Civil house
10 Farmland
Power frequency magnetic field (uT) 100 —
Radio interference (dBuV/m) 55 20 m outside the projection of the side conductor

TABLE 2 Summary of the electromagnetic environment limits in the converter station.

Electromagnetic environment parameters Limits Scope of application
Power frequency electric field (kV/m) 10 Most of the area
15 Local area
Power frequency magnetic field (uT) 1,000 General area
2,710 Controlled Area

Measuring the power frequency electric field, power frequency
magnetic field, and radio interference in the converter station, the
distribution pattern and characteristics of the power frequency electric
field, power frequency magnetic field, and radio interference were
analyzed and summarized. This paper provided a reference for the
environmental protection of the back-to-back converter station project.

2 The back-to-back converter station
electromagnetic environment limits

For back-to-back converter stations, since the DC part is placed
in the valve hall, and the EMF (Electromagnetic Environment Field)
generated by the DC equipment in the valve hall can almost be
controlled at a reasonable level, the EMF limit in the station is
mainly for the power frequency EMF caused by the AC charged
frame. A summary of the electromagnetic environment limits is
shown in Tables 1, 2 (ICNIRP-2010, 2010; IEEE C95, 2002).

3 Test equipment and methods

3.1 Power frequency electric and magnetic
fields

3.1.1 Test equipment

Power frequency electromagnetic field measurement was done
using PMMBS8053A type electromagnetic field measurement
instrument or NARDA NBM550 electromagnetic field measurement
instrument. Instrument range: electric field 0.01V/m ~ 100 kV/my
5 Hz-100 kHz;
measurement equipment should be in the calibration period.

magnetic field 1nT-10mT; frequency range:

3.1.2 Measurement method

The measuring instrument probe is installed in a well-insulated and
adjustable height to the ground tripod, the fixed probe height from the
ground is 1.5 m, and the probe is connected to the host with an optical
fiber longer than 5 m. The probe is placed at the selected measurement
point, and the measurement personnel holds the host for measurement
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and reads the electric field strength and magnetic induction strength
value. Testers should be far enough away from the probe of the
measuring instrument, at least 2.5 m in general, to avoid large electric
field distortion at the instrument.

During the measurement process, when the instrument is turned
on or switched to the measurement mode, we wait for the
instrument to stabilize before taking readings; each measurement
point readings are not less than three groups, and the measurement
results are taken as the arithmetic mean of multiple measurements.

3.2 Radio interference

3.2.1 Measuring instrument

Using the German ROHDE & SCHWARZ company, radio
interference measurement produced the R&S FSH3 electromagnetic
interference test receiver, supporting the model HFH2-Z2 electrically
shielded ring-type active antenna. The performance of the instrument
conforms to the technical specifications of the CISPR radio interference
measurement instrument. All measurements are made using the quasi-
peak detection method. The measurement equipment should be in the
calibration validity period.

3.2.2 Measurement method

Measurement was based on "GB 7349-1987 high-voltage
overhead transmission lines and substations radio interference
measurement methods.” The test should select 0.5 MHz as the
measurement reference frequency, and the frequency value with
the smallest amplitude within £10% of the reference frequency as the
measurement frequency point and the radio interference value of the
frequency measurement after statistical evaluation of the radio
interference level value.

To avoid errors due to possible standing waves in the line when
measuring at a single frequency, multiple frequencies should be
measured within the 0.15-30 MHz band, such as 0.15, 0.25, 0.50, 1.0,
1.5, 3.0, 6.0, 10.0, 15.0, and 30.0 MHz. The measurement position is
the measurement reference distance. The measurement must be well
selected for each frequency to avoid interference that is not
generated from the transmission line or converter station.
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500 kV bridge arm reactor before the inspection walkway frequency electric field transverse distribution measurement position.
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FIGURE 2

Unit | Operation inspection walkway industrial frequency electric field distribution.

The background interference field strength can be measured
at selected measurement points during line or converter station
outages. If the line or converter station equipment cannot be
blacked out, it can be measured at 400 m from the line, 1 km from
the converter station, or one to two environments similar to the
measurement point location; the measured environmental
interference field strength value is the measurement point of
the background interference field strength value.

Frontiers in Electronics

03

3.3 The back-to-back project
electromagnetic environment

3.3.1 500 kV bridge arm reactor power frequency
electric field measurement

In the direction of the 500 kV side of the bridge arm reactor,
two sections are selected for measurement along the direction of
the vertical bridge arm reactor to the inlet pipe busbar interval.
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FIGURE 3

E side bridge arm reactor inspection walkway industrial frequency electric field distribution during unit Il operation.

The measurement point is the inspection walkway between the bridge
arm reactor and the valve hall, as shown in the red part in Figure 1.

During large loads, 500 kV bridge arm reactor frequency electric
field measurement is carried out. From the distribution curve, it can
be seen that the electric field intensity is maximum in the middle
position of the inlet and outlet lines of the upper and lower bridge
arms of the same phase of the bridge arm reactor (for example, the
middle position of the upper and lower bridge arms of phase A). In
the position of the middle of the junction of the two phases, the
electric field strength is the smallest.

The maximum value is 12.14kV/m at 14m in unit and
11.56 kV/m at 54 m in unit. The maximum value is 12.21 kV/m
at 56 m in unit |l and 12.23 kV/m at 56 m in unit Il.

(1) Bridge arm reactor inspection walkway electric field strength
tested during unit | operation

Starting position (0 m): 10 m outside of the upper bridge arm of
phase A (10 m is the position of the upper bridge arm of phase A).
The electric field intensity distribution curve is shown in Figure 2.

(2) Measurement of the frequency electric field of the bridge arm
reactor during the operation of unit Il

The starting point (0 m) for the upper bridge arm A phase
outside the 10 m position and the electric field intensity distribution
curve is shown in Figure 3.

From the distribution curve, we can see that the electric field
strength is greatest in the middle of the inlet and outlet lines of the
upper and lower bridge arms of the same phase of the bridge arm
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reactor (for example, the middle of the upper and lower bridge arms
of phase A). The electric field strength is the smallest in the middle of
the junction of the two phases.
The maximum value is 11.56 kV/m at 54 m when unit | is operating.
The maximum value is 12.23 kV/m at 56 m in unit II.

3.3.2 500 kV bridge arm reactor power frequency
magnetic field test

The 500 kV bridge arm reactor work frequency magnetic field
measurement is carried out during the large load. The measurement
content is: unit | unit Il bridge main linkage change the north side of the
inspection walkway work frequency magnetic field distribution. The
maximum value of the magnetic field of unit | is 0.424 mT at 52 m from
the measurement point. The maximum value of the magnetic field of
unit | is 0.375 mT at 12 m from the measurement point. The maximum
value of the magnetic field of unit I is 0487 mT at 17 m from the
measurement point. The maximum value of the magnetic field of the
unit I E side is 0411 mT at 52 m from the measurement point.

(1) Unit | operation E side bridge arm reactor inspection walkway
power frequency magnetic field test

The starting point of the test (0 m) is 10 m outside of phase A of
the upper bridge arm, and the test results are shown in Figure 4.

(2) Unit | operation bridge arm reactor inspection walkway power
frequency magnetic field test

The starting point (at 0 m) is 10 m outside the C-phase line, and
the measurement results are shown in Figure 5.
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FIGURE 4
I-frequency magnetic field of the bridge arm reactor on the E side when unit | is running.
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FIGURE 5
Unit | operating bridge arm reactor power frequency magnetic field.
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TABLE 3 Comparison of the EMD level between the back-to-back converter
stations and the traditional flexible and straight converter station projects.

The back-to-back

The traditional flexible and

converter stations straight converter stations

Power frequency electric field
(kV/m)

Power frequency electric field (kV/m)

2.97-12.23 1.21-5.86

3.3.3 Radio interference test

Since the converter station is mountainous and forested on the other
three sides except for the doorway side, it cannot be tested. So, radio
interference measurements were carried out at 20 m outside the doorway
in the north direction of the back-to-back project. From the measurement
results, it can be seen that the radio interference outside the doorway does
not exceed 50 dB (1V/m), which meets the requirements of the relevant
environmental protection limits [<55 dB (uV/m)].

3.3.4 Comparison analysis of electromagnetic
environment between back-to-back converter
stations and traditional flexible and straight
converter stations

A comparison of the EMD (electromagnetic disturbance) level
between the back-to-back converter stations and the traditional flexible
and straight converter station projects is shown in Table 2, 3. The measured
values of the power frequency electric field of the conventional flex-station
are 121kV/m ~ 586 kV/. The measured values of the back-to-back
converter station’s electric field are 2.97kV/m ~ 1223kV/m. The
analysis showed that the EMF characteristic parameter values of the
conventional flex-straight converter station were smaller than those of
the back-to-back converter station. This was due to the more complex
operating conditions of back-to-back converter stations where DC and AC
equipment coexist and the structure is more compact.

3.4 Conclusion

Considering the present electromagnetic distribution characteristics’
inability to accurately measure back-to-back converter stations, the
electromagnetic environment in 500kV  back-to-back converter
stations is analyzed. The conclusion is as follows:

1) Station frequency electric field 500 kV bridge arm reactor inspection
walkway area frequency electric field is approximately 12.23 kV/m at
the maximum value of 56 m when unit II is operating at full load.
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