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ABSTRACT: This paper discusses a multi-terminal VSC HVDC system proposed for integration of deep sea wind
farms and offshore thermal and nuclear platforms in to the grid onshore. An equivalent circuit of the VSC in
synchronous d-q reference frame has been established and decoupled control of active and reactive power was
developed. A three terminal VSC-HVDC was modeled and simulated in MATLAB/SIMULINK software. Voltage
margin method has been used for reliable operation of the HVDC system without the need of communication.
Simulation results show that the proposed multi-terminal VSC-HVDC was able to maintain constant DC voltage
operation during load switching, step changes in power demand and was able to secure power to passive loads during
loss of a DC voltage regulating VSC-HVDC terminal without the use of communication between terminals.
Index Terms --VSC-HVDC Multi-Terminal HVDC (MHVDC), Transmission system for offshore wind power, voltage
control, and wind power generation
KEYWORDS: High voltage directs current (HVDC) transmission control, power system modeling, power system
stability.
I.

INTRODUCTION

Growth of electric power transmission facilities is restricted despite the fact that bulk power transfers and use of
transmission systems by third parties are increasing. Transmission bottlenecks, non uniform utilization of facilities and
unwanted parallel path or loop flows are not uncommon. Transmission system expansion is needed, but not easily
accomplished. Factors that contribute to this situation include a variety of environmental, land-use and regulatory
requirements. As a result, the utility industry is facing the challenge of the efficient utilization of the existing AC
transmission lines. Offshore wind farms present a number of benefits compared to traditional onshore wind farms.
Namely, the availability of higher wind speed, the ease of transport of very large structures (allowing larger wind
turbines), and the limited available inland locations to install new wind farms in some countries (mainly in Europe)
render them a promising alternative [1].
Thus, the number of offshore wind farms has grown in the recent years. Eight hundred sixty-six megawatt of can be
connected to the main ac grid using transmission systems based on ac or dc technology [3]. The choice between these
technologies depends on the cost of the installation which depends, in turn, on the transmission distance and power.
The need to compensate for the impedance of the lines in ac transmission [4] makes its price grow with the distance at a
higher rate than dc transmission, whereas dc transmission implies a high fixed cost due to the need of large power
converters. Thus, there is a break-even distance from which the dc options become lower priced than ac [5], [6]. An
interconnection between the offshore wind farms, the oil and gas platforms and onshore grid can result in reduced
operational costs, increased reliability and reduce CO2emissions. The connection of different wind farms and different
onshore ac grids can be performed with a common dc grid based in a multiterminal HVDC (MHVDC) grid
arrangement, where the terminals are wind farms or grid connections. A multi-terminal HVDC (MTDC) network will
then be the core of such an interconnection system. MTDC can also open new power market opportunities and result in
better utilization of transmission lines [7].
Classical HVDC based upon line commutated converters has a main challenge in that it needs reversal of voltage
polarity during reversal of power flow. This means that classical HVDC is unable to operate at fixed DC voltage level
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for both rectifier mode and inverter mode of operation. Since maintaining a constant dc voltage during all conditions is
one expected and important feature of the MTDC, the thyristor based classical HVDC may not be a good candidate in
developing MTDC. New converter topologies and lower priced fast switching semiconductors have recently made it
possible to build voltage source converter (VSC)-based HVDC transmission systems. The benefits of using VSC and
fast switching are the ability to independently control the active and reactive power while reducing the size of the
output filters needed to have a low harmonic distortion [8]–[11].
Voltage source converters (VSC) on the other hand do not need reversal of polarity for changing the direction of power
flow and also are capable of independent control of active and reactive power. This makes VSC and ideal component in
making MTDC. This paper presents a proposed three terminal VSCHVDC model linking an onshore grid, offshore
wind farm and offshore oil and gas platform and discusses the control strategy for the terminals.
II.

TWO-TERMINAL VSC HVDC CONTROL

a) CONVERTER AND DC GRID MODELING
The converter can be modeled as a controllable voltage source behind a complex impedance connected to the point of
common coupling (PCC), as shown in figure.1.The converter can be modeled as a controllable voltage source behind
a complex impedance =
+
connected to the point of common coupling (PCC), as shown in figure.1.

Fig. 1. Single phase diagram converter station AC side.
This complex impedance comprises both the converter reactance and the transformer. This section recapitulates the
control of a two-terminal scheme, a full detailed description can be found in [20]. The first part briefly summarizes the
decoupled current control Principles, with emphasis on the converter voltage limits. The second part discusses different
outer control loops. The third part proposes an alternative implementation using a cascaded structure of an active power
controller and DC voltage controllers at the two converters in order to increase overall redundancy.

Fig. 2. Converter model block diagram.
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Fig. 3. DC side lumped parameter model.

Fig. 4. Decoupled inner current controllers. (a)

current controller. (b)

current controller.

Alternatively, equal priority can be given to the active and reactive power control, by having with the current reference
before limiting, as shown in Figs. 5 and 6. Instead of giving equal priority to both control components, this formulation
can be generalized to prioritize one current component over the other, without completely compromising the other.

Fig. 5. Outer active and reactive power controllers. (a) Constant
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Fig. 6. Outer DC voltage controller
This implementation guarantees operation at constant power factor and can be of interest when the reactive power
support provided to the AC network has to be guaranteed when a converter limit is hit.

Figure.7 over all Controller
B. REDUNDANT OUTER CONTROL
One of the disadvantages of the control implementation from the previous part, is that the control structure as such
cannot cope with an outage or blocking of the DC voltage controlling converter. Whereas an outage or blocking of the
power controlling converter only causes the power to drop, it does not cause a system outage since the DC voltage
controlling converter can still control the DC voltage. As the control of the DC voltage is crucial to the operation of the
power system, one can therefore duplicate the DC voltage control, as proposed in [21] and elaborated in [23] for the
power synchronization control, and mentioned in [24] for the operation of a two-terminal scheme. Fig. 7 shows the
control structure for such a cascaded power control that has been developed in the framework of this paper. By
implementing a correct control structure depending on the DC voltage at the converter’s DC terminal, it is guaranteed
that only one converter at a time controls the DC voltage. In the power controlling converter, the DC voltage is used
both as a reference signal and feedback signal as shown in Fig. 7, hence only is retained as an input to the DC voltage
controller. By using the actual DC voltage instead of a reference value , one avoids counteracting actions of the DC
voltage controller when the DC voltage varies as a result of an active power or DC voltage set-point change at another
converter in the system.
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Fig. 8. Initial conditions of the test system.
III.

SIMULATION RESULTS

Contrary to the two-terminal system, it is still possible to transfer power in case the DC slack converter fails or blocks.
Fig. 9 shows simulation results for the voltage margin control implemented in the 4-terminal VSC HVDC system from
Fig. 8 using MatDyn, an open-source MATLAB-based transient stability program [18].

(a)

(b)
Fig. 9. Interactions of converters in the DC grid after outage of converter 2: (a) Active power to the AC grid and (b) DC
voltage (MatDyn simulation,including ).
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(a)

(b)
Fig. 10. Interactions of converters in the DC grid after outage of converter 2 (Voltage droop control): (a) Active power
to the AC grid and (b) DC voltage
The results were respectively obtained advanced symmetrically A-stable algorithm with variable step size that
guarantees constant accuracy as well as high speed simulation [26]. In these simulations, the control scheme continues
operating as a voltage droop scheme, since no voltage limits were hit at any of the converters. Similarly to the results in
case of the voltage margin control in Fig. 9, converter 1 hits a current limit, which is accounted for by the other
converter’s droop action. The advantage of this voltage droop over the voltage margin control, is that the power after
the converter outage is shared amongst the different droop controlled converters in the DC system, which makes the
voltage droop control a suitable candidate for an operation in large DC grids. The joint control action of the different
converters in the system also results in smaller voltage deviations.
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VI. CONCLUSION
In this paper, a general electromechanical multi-terminal VSC HVDC model has been presented. The salient features of
the model are that it has a generalized cascaded control scheme for MTDC systems that allows for voltage margin and
voltage droop control and that current and voltage limits are represented in detail. A strategy to cope with a loss of the
voltage controlling converter in a two-terminal system is generalized to voltage margin control for multi-terminal
system and the model has been extended to include distributed DC voltage control. It is shown by simulations how the
limits influence the dynamics and what the effects are of neglecting converter limits. The results indicate that reduced
order models approximate the detailed model well. The model has been implemented in the open-source.
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