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Abstract: Modular Multilevel Converter (MMC) with the addition of average voltage model
(AVM) has increased the efficiency, performance and scalability for voltage source converter
(VSC) within multi-terminal high voltage direct current (MT-HVdc) network. When this
technology is integrated into the large HVdc transmission system, electromagnetic-transients
(EMT) complicates the study of transient’s states. Unlike complex modelling, a simple and better
understanding of the AVM in VSC stations helps to improve the dynamic control performance
in the large transmission system hence, improving steady and transient states. This paper presents
the solution, by using state space analysis of a four terminal test grid, to optimize control
parameters of VSC stations. In order to validate the desirable performance of AVM under
dynamic states, practical scenarios have been simulated using PSCAD/EMTDC software.
Simulation results are presented and its state-space analysis is also studied.
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1. Introduction

HVdc is preferred as the suitable transmission system than alternating current (ac) for bulk
power transfer [1-2]. The development of controllable semiconductor switches and voltage-
source converter (VSC) technologies are rapidly expanding within the fields of high-voltage
direct current (HVdc) and flexible ac transmission systems (FACTS). Presently, the topology
which persists in controlled converter technology for an efficient response against the rise of
short circuit faults across ac and dc side is modular multilevel converters (MMC), with four-
quadrant converter modules [3-6]. MMC technology has various advantages such as low
switching frequency, high efficiency and excellent output voltage waveforms [7-8]. The major
advantage is that all switches have reduced frequency of switching which results in minimum
switching losses [9]. Advancement in VSC and MMC technologies are leading to reduce
undesirable impacts in the power systems. MMC technology was first introduced in Trans Bay
Cable Transmission Project (California, USA) [1].

In MMC-HVdc, scalability to higher voltages is easily achieved and reliability is improved
by increasing the number of submodules (SMs) [10]. Previously, detailed models (DM) for
MMC-HVdc systems were used which include the representation of thousands of semiconductor
switches that use small numerical integrated time steps for fast switching events accurately.
However, computational burden introduced by these models highlights the need to develop
simplified models which provide similar behavior and efficient dynamic response. These
simplified models are known as mean or average-value models (AVMs). Their main purpose is
to replicate the average response of switching devices and converters, and controls them by using
simplified functions and controlled sources [11-12]. They require significantly less
computational resources and use larger integrated time steps leading to much faster computations
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-0.6pu respectively. The effect of power change at Grid Side-2 can be seen in Figure. 13. Pyc and
V¢ of the Grid Side-1 and Grid Side-2 show stable margin values and stay in their rated range
during disturbances. Effect of power change at Grid Side-1 and Grid Side-2 on the dc voltage
can be seen in Figure. 14 and 15. Proposed solution shows faster and much stable response than
classical tuning method. Th dc-voltage link also settles itself within £10% suggested stabilized
range [25].
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Figure 13. Power fluctuations at the Grid Side-1 and Grid Side-2. (a) Results obtained from
state-space analysis, (b) results obtained from hit and trial method

Graphical representation of the results shows us that state-space analysis can enhance the
response of the AVM based VSC-HVdc system. State-space analysis look at the voltage
variables in the controller and helps to find optimal range for the inner and outer part of the VSC
controller. Hence, improving the dynamic response under any disturbance.
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Figure 14. Effects of power change at Grid Side-1 on its dc voltage (a) Results obtained from
hit and trial method, (b) results obtained from state space analysis
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Figure 15. Effects of power change at Grid Side-2 on its dc voltage (a) Results obtained from
hit and trial method, (b) results obtained from state space analysis

6. Conclusion

This paper focuses on the possible improvement in the control system of an average model
of MMC-VSC-HVdc system using state-space analysis. The proposed solution in this paper
shows that state-space analysis can improve dynamic response of the VSC-HVdc system under
any disturbance. The response improved by optimizing the control limits of the AVM-VSC-
HVdc system. Four terminals-based test grid is designed in PSCAD to perform the simulations.
Test rig is tested in two cases to understand improved dynamic responses of AVM based HVdc
system using state-space analysis. First case includes change in power at wind farm side and
second includes change at grid side. The results obtained are satisfactory and show improved
response. However, more efforts and research should be put on non-linear behavior of MMC-
VSC-HVdc system, so that HVdc can become more possible and practical solution for renewable
sources in future.
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