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Abstract:

The use of multi-terminal high voltage direct current transmission systems (MT-HVDC), has had a significant
increase in the power transmission of high-capacity power plants, especially renewable power plants. In addition
to the important advantages of MTDC systems based Voltage Source Converter (VSC-MTDC), the possibility of
VSC-MTDC system controllers interaction with other controllers and network devices has become one of the
main concerns. Therefore, in this paper, the possibility of interaction of the MTDC system based on VSC in
connection with a wind farm based on DFIG generators is comprehensively investigated and the effect of control
coefficients and network parameters on system stability is presented. The results of the eigenvalue analysis show
that some system components such as the vector current controller of the VSC and HVDC transmission line
impedance have a significant impact on the damping of the system modes. So the inaccurate design of the VSC-
MTDC system can lead to the instability of system oscillations. For stable operation of the system, an optimal
range of controller coefficients is provided.
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1. Motivation of the work

Power transmission systems based on MT-HVDC
technologies are anticipated to be key elements in the
future of power systems. Given that each station is
equipped with electronic converters, the behavior of MT-
HVDC networks is influenced by various control
strategies. With the increasing connection of offshore
wind farms to HVDC lines via DC links, there is a
growing need for comprehensive analyses in this area. In
the system studied in this article, the wind farm is
connected to an existing HVDC line through a DC link,
which serves as a method for integrating wind power
plants into the grid. However, a comprehensive analysis
to assess potential interaction in this design has not yet
been conducted. Therefore, this paper examines the
possibility of interaction between the VSC-HVDC
transmission system controllers when connected to a
wind farm. Additionally, the impact of weather
conditions on electrical network parameters has been
explored in various references. Severe temperature
differences between cold and warm seasons, occurrences
of events such as lightning, and high humidity can affect
the resistance and reactance values of network
components by damaging them. Furthermore, the
continuous expansion of the electrical grid not only
influences the short-circuit ratio (SCR) but also affects
the configuration and parameters of the network. Thus, it
is evident that selecting an appropriate value for
controller coefficients is not reasonable or logical in just
one specific scenario of electrical network parameters;
rather, it is better to consider a suitable range for
controller coefficients based on an acceptable range of
network parameters.

2. Contributions

There are several methods to analyze the stability of
power networks with the presence of electronic power
converters. Below are some of the methods used:

1- FEigenvalue analysis method

2- Impedance analysis method

3-  Open-loop modal method

4- Amplitude-phase dynamics method

5- Transfer function method

6- Time domain simulation
All the methods can reflect the relationship between the
instability states and the specific parameters of the
devices in the power system and specifically the power
electronic converters. However, the first and second
approaches are used more than other methods among
references.
In the eigenvalue analysis method, we first obtain the
dynamic equations of the power system, which are often
non-linear. These equations are linearized around the
equilibrium point as X = AX_ Then, using the eigenvalues
of matrix A (Jacobin matrix), we differentiate all the
modes of the system. Finally, using the eigenvalue

analysis, we investigate the effect of different conditions
of the system components on the damping of the modes.
In the impedance analysis method, the entire network,
including the inverter, converter, DC transmission line,
etc., is simplified with a constant DC voltage source. In
other words, the impedance method turns the stability
problem into a control problem, and therefore it uses the
Nyquist stability criterion to determine the system
stability. Using this method in systems with multiple
inputs and multiple outputs is associated with many
difficulties in using the Nyquist stability criterion.

In the time domain simulation, investigating the effect of
the parameters of the studied system on the output
response of different parts of the system requires a lot of
time. Of course, as the system becomes larger and so the
simulation time becomes more complicated and longer, it
is practically not possible to draw a general conclusion
about the interaction between the components.

The eigenvalue analysis method has the feasibility for
execution in large systems and it is possible to determine
the type of interaction based on the behavior of the
system modes. Therefore, in this paper, this analytical
method is used to investigate the stability of the power
system and detect the potential interaction between

system components.

3. Procedures

This study has tried to completely investigate the
interaction effect in the VSC-MTDC system based on
VSC converters in connection to the wind farm by using
the modal analysis method. For this purpose, a small
signal model of all system components is provided, and
using eigenvalue analysis the interaction phenomenon
between system components such as VSC-MTDC
controllers, wind farm controllers, and networks are
studied carefully. In addition, the obtained analytical
results are verified by time domain simulation. In the
end, in order to ensure that there is no destabilizing
interaction in the performance of the system components,
the appropriate design range of the system controllers has
been obtained.

4. Findings
The important results and innovations presented in this
paper are as follows:

1- The controllers of the VSC; and VSC; converters
in the HVDC transmission system, as well as the
controllers of wind farms, can significantly impact
the damping of the system. The influence of VSC
controllers and wind farms on system stability is
considerable, and improper design of these
controllers can lead to system instability. For
instance, the vector control of VSC converters and
the active and reactive power controllers of DFIG
generators have a greater impact on the damping
of system modes and can potentially cause
instability under certain conditions. Therefore,
precision in the design of these controllers appears
to be essential.
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2- Some components of the network play a crucial
role in maintaining system stability. Improper
design of electrical parameters in the initial stages
or changes to these parameters for any reason
after design can lead to conditions that expose the
system to instability. This issue becomes
particularly evident when the equivalent
impedance of the wind farm (Rw, Xw) increases.
Such an increase can significantly affect system
stability and lead to instability. Furthermore, the
issue of system instability can also occur at low
values of the wind farm transformer impedance
(R, Xi) and low values of the HVDC transmission
line impedance (Ruvbc, Xuvpc). Therefore, the
importance of careful design and proper
management of electrical parameters in
maintaining system stability is undeniable.

3- The optimal range of the system controller
coefficients under study has been determined to
ensure system stability. It is important to note that
these ranges have been established in such a way
as to minimize the likelihood of interaction
between controllers while also ensuring that
changes in network parameters do not threaten
system stability as much as possible.

5. Conclusion

The stable operation of the VSC-MTDC transmission
system requires a thorough examination of potential
interaction among all converters, controllers, and other
components of the power system. In this study, modal
analysis was employed to investigate the effects of
controller loop interaction in the VSC-MTDC
transmission system. The results indicate that certain
controllers have a significant impact on system stability,
and incorrect selection of gains can lead to reduced
damping and, in the worst-case scenario, result in system
instability. In particular, the vector control of VSC
converters and the active and reactive power controllers
of DFIG generators have a greater influence on the
damping of system modes and can lead to instability
under certain conditions. Therefore, precision in the
design of these controllers is deemed essential.
Additionally, the results show that, beyond careful
controller design, changes in uncontrollable system
parameters must also be considered; as time progresses
and the network expands, some uncontrollable
parameters may change, potentially creating conditions
conducive to system instability. Among the
uncontrollable parameters, the impedance of the wind
farm transformer (R;, X;), the equivalent impedance of
the wind farm (Rw, Xw), AC line impedances, and
HVDC transmission line impedance have the most
significant effects on system damping, with the system
potentially becoming unstable for certain values of these

parameters. At the end of the article, appropriate ranges
for selecting controller parameters are established to
ensure system stability.
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