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ABSTRACT: The long control link delay of the flexible DC
transmission system based on modular multilevel converter
makes the high-frequency impedance of the system present
negative damping characteristics, which is easy to interact with
the distributed parameters of the AC lines and cause the
high-frequency resonance of the system. At first, this paper
established the simplified model of high frequency impedance
of MMC based on the current inner loop control strategy, and
analyzed the limitations of additional damping control strategy
on suppressing high-frequency resonance in principle.
Secondly, this paper analyzed the output characteristic
requirements of passive filter that used to suppress
high-frequency resonance, and proposed a method of
high-frequency resonance suppression based on parallel
second-order high-pass RLC filter and a parameter design
method for it, which can adapt to the change of system
condition and effectively limit the loss. Finally, the correctness
of the theoretical analysis and the effectiveness of the proposed
method were verified based on the simulation of practical

project.
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At present, the high-frequency resonance caused by
MMC-HVDC is one of the important problems to be
solved. The mathematical model of high-frequency
impedance of MMC is shown in formula (1).

R+ SL+ Fjyor (8) Fyepay () Fpy (5)
1= Fiijier () Fgetay ()

filter
The delay Fuey of the control system results in

Q)

Zynic (8) =

negative damping of MMC in high frequency ranges.

The influence of current filter Fi,.. on Zwwc is

Iter

negligible in high frequency ranges. On the contrary, the
FV

feed-forward voltage filter Fg,.,

can improve the
high-frequency impedance characteristics of MMC. It
can be a low-pass filter or notch filter. The former has a
great influence on the performance of the controller,
while the latter has poor adaptability to conditions.
However, neither of them can improve the damping of
MMC over the entire high frequency ranges.

There are roughly four other forms of additional
damping control, as shown in Fig. 1. However, they have
the same effect on

high-frequency impedance

characteristics of MMC as  Fpy,,, O Fipo; -
:
O O O O O O O O
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Fig.1 Signal flow graph of additional control strategy

In contrast, the shunt passive filter can improve the
system damping in a wide frequency ranges and adapt to
the change of system damping. The requirements for the
impedance characteristics of the passive filter are as

follows:

S10

1) The impedance is resistive in high frequency
ranges and its amplitude is smaller than that of Zymc;

2) The impedance has a large amplitude in low
frequency ranges which doesn’t affect the operation of
system.

The typical high pass RLC filter meets the above
requirements. The performance of the filter can be
improved and the loss can be reduced by optimizing its
parameters. The impedance Z, of the RLC filter can be
expressed as formula (2), the angle of Z, is shown as
formula (3).

P n’ny(q” =1 —nyq’ 5
n_[ 2 2 2 2 2 2 ()
n” +nyq nqg(n”~ +nyq”)
2 2 32
-
tana,,, _nny(g” =D —mgq 3)

n'q

When the frequency f is not less than the cut-off
frequency fo, the angle of Z, increases with the increase
of quality factor ¢, and g=1 is more suitable for the
above requirements.

When g=1, with the decrease of fp, the amplitude of Z,
at the fundamental frequency will decrease, along with the
angle of Z, at the fundamental frequency. As a result, the
active power loss of the RLC filter will also increase..

In order to meet the above requirements, the
capacity Q of the filter is limited to the range shown in
formula (4).
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In the simulation system based on the north
corridor for project connecting Chongqing and Hubei
Power Grid, the performance of the proposed passive
damping strategy is compared and tested under three
typical conditions. The proposed method has better
performance than other methods and its loss is also

controlled within an acceptance range.



