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The voltage-source-converter- (VSC-) based multiterminal VSC-HVDC power transmission system (VSC-MTDC) is an ideal
approach to connect wind farmwith power grid. Analyzing the characteristics of doubly fed induction generators as well as the basic
principle and the control strategy of VSC-MTDC, a multiterminal DC voltage control strategy suitable for wind farm connected
with VSC-MTDC is proposed. By use of PSCAD/EMTDC, the proposed control strategy is simulated, and simulation results show
that using the proposed control strategy the conversion between constant power control mode and constant DC voltage control
mode can be automatically implemented; thus the DC voltage stability control and reliable power output of wind farm can be
ensured after the fault-caused outage of converter station controlled by constant DC voltage and under other faults.The simulation
result shows that the model can fulfill multiterminal power transmission and fast response control.

1. Introduction

Wind energy is one of themost widely used renewable energy
sources with its large potential capacity [1]. By the end of 2012,
more than 53764 installedwind power units are built inChina
and the installed capacity reaches 75324.2MW [2].

But rising capacity also brings much negative influence
on the grid stability and power quality [3]. With fast devel-
opment of power electronic technology and voltage source
converter high voltage DC transmission technology (VSC-
HVDC), HVDC system has been used in long distance
transmission lines or cables [4]. VSCs provide continuous
and independent control of real and reactive powers and have
a better dynamic performance compared to current source
converters [5]. The literature [6, 7] points out that wind farm
integration technology based on the VSC-HVDC cannot
only solve the negative influence on grid safety and power
quality when wind farms connect to grid, but also improve
the transmission capacity, which helps to make flexible wind
power flow control come true [8]. The literature [9] proposes
that VSC-HVDC system enables fast control of active and
reactive power independently. As mentioned above, HVDC

light technology is a good way to transport bidirectional
power between wind farms and grid [10]. In addition, the
VSC-HVDC system can feed power into passive networks
without local power generation [11].

When one terminal of the VSC-based HVDC system fails
or exits, wind farm connected with single terminal will be out
of operation. But the application of VSC-basedmultiterminal
system (VSC-MTDC) characterized by high requirements
on reliability and quality is able to solve the problem. VSC-
MTDChas lots of potential advantages comparedwith classic
HVDC, such as short circuit current reduction and rapid con-
trol of active and reactive power [12–14]. Control strategies
are studied after modeling [15, 16] and VSC-based MTDC
has attracted much attention [17, 18], especially for wind
farm integration. At present, the common used VSC-MTDC
control strategies are voltage drop characteristic method
[19] and master-slave method [20, 21]. But now all these
strategies are still in the stage of theoretical research or sim-
ulation experiment. The literature [22] deals with power flow
calculation (PFC) of hybrid AC/DC power systems where
several asynchronous AC systems are interconnected via a
common multiterminal VSC-HVDC system and proposes
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a unified AC-DC approach for PFC of a hybrid AC/DC
power system. The literature [23] proposes a stochastic mul-
tiobjective optimization algorithm for simultaneous active
and reactive power dispatch in electricity markets with
wind power volatility. The literature [24] proposes a new
unified method for power flow calculation in AC grids with
embedded multiterminal HVDC systems based on voltage
source converter.

2. The Characteristics of DFIG in Wind Farm

At present, in wind farms, variable frequency technology is
the development direction, which can be divided into directly
driven synchronous generator and doubly fed induction gen-
erator system according to structure and operation. Variable
electrical constant frequency wind generator can realize the
decoupling between rotate speed and power frequency, which
helps to reduce the interaction between wind power and
grid interaction. Especially double-fed induction generator
(DFIG) has become the main choice in the wind farm device,
as it not only changes the operation of wind power system,
but also reduces the capacity of the frequency converter of
wind power generation equipment. Therefore, based on the
output characteristics of the DFIG, this paper studies its
relationship with VSC-MTDC system coordination control.
DFIG changes the input rotor excitation current frequency
through the frequency converter to change themagnetic field
of the rotor rotating speed. So the rotating speed is able to be
a constant. At present, the control of DFIG is often made by
constant output power. In suchmode, active power imbalance
will lead to a voltage fluctuation, which may destroy the
system stability. The mission of the VSC-MTDC is to deliver
power from the wind farm instantaneously to ensure the bus
voltage stability. So the aim of the converter control is to
keep constant AC voltage and AC active power. The grid-
connected wind farm and VSC-MTDC system structure are
shown in Figure 1.

3. VSC-MTDC System and Its Control
Strategy Applied in Wind Farm

In the following part, the control strategy suitable for wind
farm connected with VSC-MTDC is proposed.

3.1. Converter Station Controller Applicable to Wind Farm. In
Figure 1, the system can guarantee reliable wind farm output,
as well as the stability of power supply. Converter1 and con-
verter3 are connected with the power grid, converter2 with
a wind power field, and converter4 with a passive network
to provide local load. Compared with two-terminal VSC-
HVDC system, this system is more reliable and substantial.
As mentioned previously, converter2 controller takes the set
of active power and constant AC voltage control strategy,
and converter4 connected to the passive network (VSC4)
takes constant AC voltage control strategy, and converters
connected to the network (VSC1 and VSC3) use multiple
DC voltage control method, that is, constant DC voltage
control strategy and power control strategy based on DC bias

control separately. This paper uses a converter control design
based on the strategy above. The active and reactive power
regulation control system and DC voltage control system
based on the inverse system can be simplified as shown in
Figures 2 and 3.

Inside the virtual box of Figure 2 is the calculation
process of inverse system. 𝑃

𝑠ref, 𝑄𝑠ref, and 𝐸𝑠ref are active
power, reactive power, and voltage reference values and 𝑃
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VSCDC voltage measurement.Their differences are adjusted
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𝐵 as intermediate variables. The main equation (1) is shown
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𝑃
𝑠
= 𝐸
𝑑
𝐼
𝑑
+ 𝑃
𝑑𝑐
,

𝐴 =
𝑈
2

𝑠
cos𝛼 − 𝑄

𝑠

𝑈
𝑠
𝑌
,

𝐵 =
𝑃
𝑠
− 𝑈
2

𝑠
𝑌 sin𝛼
𝑈
𝑠
𝑌
,

𝑑 =

{{{{{{{{

{{{{{{{{

{

arctan(𝐵
𝐴
) + 𝛼 − 𝜋, 𝐴 ≤ 0, 𝐵 ≥ 0,

arctan(𝐵
𝐴
) + 𝛼 + 𝜋, 𝐴 ≤ 0, 𝐵 ≥ 0,

arctan(𝐵
𝐴
) + 𝛼, 𝐴 > 0,

𝑀 =
√2𝐴

𝑈
𝑑
cos (𝛿 − 𝛼)

.

(1)

3.2. Multipoint DCVoltage Control. VSC1 uses a constant DC
voltage control strategy shown in Figure 3, which is respon-
sible for maintaining the balance of active power and DC
voltage stability. DC voltage will rise or descend according
to the direction of power flow. When the active power in
VSC-MTDC system is insufficient, VSC1 sends active power
to DC network by the power grid this time. When VSC1
exits, the active power in the system is insufficient, and DC
voltage decreases; when theVSC-MTDC system active power
is superfluous, VSC1 sends active power back to the grid. At
this moment, VSC1 exits, active power in the system becomes
superfluous, and DC voltage rises.

To improve the reliability of VSC-MTDC system DC
voltage control, except VSC1 which uses the DC voltage
control, DC voltage bias control is introduced to VSC3, that
is, multipoint DC voltage control strategy based on the direct
voltage deviation control. The basic principle is as follows
VSC3 is in the reactive rate independent control state when
VSC1 is in the normal working state; while the VSC1 occurs
a fault and exits, DC voltage needs to be detected. When
DC voltage exceeds the allowable range, DC voltage control
will take the place of constant power control automatically,
keeping active power in balance and maintaining the DC
voltage constant. The control system is shown in Figure 4.
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The control system includes two controllers to achieve
DC voltage and constant power control, respectively (shown
in Figures 2 and 3). When VSC1 exits, if VSC1 sends active
power to the grid before the fault, the DC voltage will rise;
otherwise, the DC voltage will decrease. Once the DC voltage
exceeds the rated DC voltage of VSC3, DC voltage reference
value is fixed on the highest reference value (or the lowest
reference value) and will not change. At the same time, the
converter changes fromfixed power controlmode to constant
DC voltage control mode.

3.3. Initialization of Active Power and AC Voltage Controller
on Wind Farm Side. As previously mentioned, in order to
keep the instantaneous power transmission fromwind power
and maintain the bus voltage stability of wind farm, VSC2
that is connected to the wind farm must use constant active
power and AC voltage, using power independent control
system (shown in Figure 2) to design the active power and
constant AC voltage controller (shown in Figure 5). The
reactive instruction input value is the sum of the adjusted
volume of PI unit (AC voltage deviation measurements) and
the measured reactive power. In Figure 5, 𝑈

𝑠
is the actual

measurement of AC bus voltage value; 𝑈
𝑠ref is bus voltage

value for reference.

3.4. Passive Network Constant AC Voltage Controller. When
theVSC-MTDC system supplies power to passive network, to
obtain symmetrical sinusoidal alternating current, constant
AC voltage control must be used to obtain the symmetry of
AC voltage. The AC voltage controller is shown in Figure 6.

4. Simulations and Analysis

In order to verify the reliability of the strategy and appli-
cability of VSC-MTDC in wind farm, PSCAD/EMTDC
simulation software is used to build the system model as
shown in Figure 1. In the system, we set the reference power at
100MVA, the reference voltage at 62.5 kV, and the switching
frequency at 1650Hz. In the simulation results, 𝑈

𝑠𝑛
, 𝐸
𝑑𝑛
, and

𝑃
𝑠𝑛
(𝑛 = 1, 2, 3, 4) are representative of each VSC connection

busAC voltage, VSCDCvoltage, active powerVSC intoVSC-
MTDC system. There are some cases studied as follows.

Case 1. Simulation of wind speed change and fan switch
caused by active fluctuations from wind farm. At 1 s, active
power from VSC2 to VSC-MTDC system rises from 50MW
to 100MW, and results are shown in Figure 7 (𝑈

𝑠4
is the

voltage of passive network and 𝑈
𝑠2

is the wind farm bus
voltage). The results show that the controller can track
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Figure 7: Variation of active power in wind farm.

the wind changes well and ensure the stability of the system
effectively.

Case 2. Before the fault, 𝑃
𝑠3
= 300MW, 𝑃

𝑠4
= −100MW,

VSC1 transmits active power to the DC network. At 1 s, VSC1
gets a fault and exits, and DC voltage increases; VSC3 is
automatically converted to DC voltage mode from constant
power mode, and the DC voltage is controlled near 130KV.
The results are shown in Figure 8. It can be seen that when
VSC1 exits, a DC voltage is still able to remain constant and
active power from the wind farm and bus voltage are stable.

Case 3. Before the fault, 𝑃
𝑠3
= 200MW, 𝑃

𝑠1
= 150MW, VSC1

delivers active power to the DC network. At 1 s, VSC1 faults
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Figure 8: Permanent loss of VSC1 under condition of absorbing
active power from DC side.

and exits, and DC voltage decreases; VSC3 is automatically
converted to DC voltage mode from constant power mode,
and the DC voltage is controlled near 110 KV. The results are
shown in Figure 9. It can be seen from the figure that when
VSC1 exits, DC voltage is still able to remain constant and
active power from the wind farm and bus voltage are stable.

Case 4. One phase short circuit fault on wind farm bus
automatically eliminated 100ms after the fault occurs. The
result is shown in Figure 10 that during the fault, VSC-MTDC
can guarantee the stability of the DC voltage. When the fault
disappears, the system can be quickly returned to the state
before the fault.
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Figure 9: Permanent loss of VSC1 under condition of injecting active power into DC side.
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Figure 10: A single line-to-ground fault on the AV bus of the wind farm.

5. Conclusion

Multipoint DC voltage controlled VSC-MTDC system can
switch the operation mode without communication and
greatly improves the operation reliability and economy. So it
will be widely used in future transmission and distribution.
The large disturbance between stations or communication
network has little influence on the output of wind farms. One
such application is to supply systems characterized by high
load density and high requirements on reliability and quality
together with high costs after production interruption. The
next step in research will concentrate on the optimization
of control strategy and coordination control between the
converters.
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