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Abstract—In recent years with higher levels of wind power
penetration to the grid, beside active power production, Wind
Energy Conversion Systems (WECS) are controlled to provide
ancillary services such as load balancing and grid power factor
correction. Among several converter topology used to design the
power converters connecting the Wind Turbine System (WTS)
to the grid, the Neutral-Point-Clamped (NPC) topology is
attracting the interest of researchers. However, the NPC
converter suffers from the Neutral Point (NP) voltage unbalance
and, as the case of all the PWM converters, generates the
undesirable Common Mode Voltage (CMV). Therefore this
paper proposes a predictive current control method for a threelevel NPC grid connected converter capable of simultaneously
compensating the problems of : i) Load balancing and power
factor correction, ii) NP voltage regulation and iii) CMV
reduction. The simulation results show the good performance
and the clear capacity of the proposed method to achieve
simultaneously the three objectives.
Keywords— Common Mode Voltage; DC-link Voltage
Balancing; Load Balancing; Neutral-Point-Clamped Converter;
Predictive Current Controller; Wind Energy Conversion System.
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In fact, there are several converter topology used to design
the power converters connecting the WTS to the grid.
Multilevel converters are considered to be the preferable
topology at high power applications [6]. Among multilevel
converters topologies the three-level Neutral-Point Clamped
(NPC) converter is gaining great attention due to its various
advantages [7].
In the NPC topology the DC bus is splitted into two seriesconnected capacitors. The capacitor mid-point voltage, i.e.
the Neutral Point (NP) voltage, should be half of the total DC
voltage. Unfortunately, this topology suffers from NP voltage
unbalance that is accentuated when the NPC converter is
controlled to compensate load reactive power demand and
current unbalance as explained in [8]. This NP unbalance
causes the distortion of the output current and voltage
waveforms and creates increased voltage stress on the
capacitors and the switching devices causing their failure [9].
Furthermore, this topology, as the case of all the PWM
converters, generates the Common Mode Voltage (CMV)
that induces undesirable effects such as bearing currents and
excess voltage stresses in AC machine drive systems.

Renewable energy has been used for centuries in the
production of electrical energy complementing the
conventional energy production. Wind energy is one of the
fastest-growing renewable energy source in the world [1] [2].
In recent years, most modern Wind Turbines Systems (WTS)
have been equipped with variable speed generators, in
particular with the Doubly Fed Induction Generator (DFIG).

Several control strategies for NP voltage regulation and
CMV reduction have been developed in the literature [10][11]. Most of the control strategies are based on hysteresis
current control, pulse width modulation, space vector pulsewidth modulation. Recently, the model predictive current
control (MPC) is receiving much attention due to its good
dynamic behavior, flexibility and its easy realization [13]
[14].

Several works aimed to enhance the participation of DFIGWTS for voltage regulation, by enabling load balancing and
reactive power support to the grid [3] [4]. Recently the work
in [5] proposed an approach to derive the optimal power
coefficient of the WTS that allows reactive/unbalanced
power compensation and optimal power injection
simultaneously. The grid connected converter was controlled
to achieve load balancing and reactive power support to the
grid, however the topology of the converter was not specified.

This paper presents a predictive current control method
applied to a three-level NPC grid connected converter to
achieve simultaneously three objectives: Load balancing and
power factor correction, ii) NP voltage balancing and iii)
CMV reduction. Computer simulations are carried out
through MATLAB/Simulink software. The analysis of the
simulation results confirm the good performance and the
capacity of the proposed method to achieve simultaneously
the three objectives.
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II. CONTROL OF GRID CONNECTED CONVERTER FOR
LOAD BALANCING AND POWER FACTOR CORRECTION
A. Context
In the context of the work in [5], the participation of the
DFIG-WTS in load balancing and reactive power support to
the grid was accomplished by proposing an approach that
derives the optimal power coefficient of the WTS. Fig. 1
illustrates the DFIG-WTS.
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Fig. 2. Simplified converter, filter, and grid model.
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Fig. 1. Schematic diagram of a grid connected DFIG-based wind power
system.
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As shown in Fig. 1, the load power demand is satisfied by
the grid and the DFIG-WTS.
In this paper, study is focused on the control of the GSC
(dashed line in Fig. 1) with NPC topology. In this case, the
NPC converter control objective will not be limited to
achieve good reference current tracking, but two other tasks
appear to be unavoidable: the NP voltage regulation and the
CMV reduction.
B. Three-Level Converter Based on NPC Topology
A simplified circuit diagram of the three-level NPC grid
connected converter is shown in Fig. 2. The three phases of
the converter share a common DC bus which is splitted into
two series-connected capacitors and . The middle point
‘n’ is defined as the neutral point. Each phase output voltage
has three states: P when both switches of the top are closed,
O when the two middle switches are closed and N when the
bottom two switches are closed.
Taking all the three phases into account, there are 27
possible combinations of switching states. The vector model
of the three-level NPC inverter is used to represent the threephase output voltages by space vectors in orthogonal
plane
. The 27 switching states correspond to 19 voltage
vectors classified into zero, small, medium and large vectors
whose space vector diagram is given in Fig. 3.

SDIWC Conferences Copyright©2018, All Rights Reserved

α

V17

V6

V11

V12

V18

Fig. 3. Space vector diagram of the three-level three-phase NPC converter.

III.

NP VOLTAGE REGULATION AND CMV REDUCTION

A. NP Voltage Regulation
To ensure proper operation of the NPC converter, the two
voltages across the capacitors must be maintained equal to
half the full DC source. However, the flow of the neutral
current can cause the charge or discharge of the capacitors.
The unbalance of the neutral point voltage causes a damage
in the dc-link capacitors, an increasing in the output voltage
harmonics, in addition to an excessive high voltage applied
to the switching devices.

•

Solutions for NP Voltage Regulation

Several methods have been proposed to regulate the NP
voltage. Carrier-based Pulse Width Modulation (CBPWM)
and Space Vector (SVPWM) are among the earliest PWM
methods that have been developed with neutral point voltage
balancing scheme [15] [16]. The CBPWM method controls
the NP by adding zero sequence voltage to the output voltage
of the inverter. However, the calculated zero sequence
voltage is subjected to the restriction related to the maximum
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output voltage of the inverter. Thus if the NPC converter
operates inside the NP-fully-controllable region then the NP
voltage unbalance can be eliminated, otherwise it can only be
reduced. Furthermore, modified SVPWM methods have been
proposed to regulate the neutral point voltage, however the
need to detect the reference vector in order to identify the
nearest vectors makes the calculation more complex than the
CBPWM method.
Furthermore, the study in [8] reveals that additional lowfrequency oscillations are added to the neutral point voltage
in the case of unbalance current injection.
In the case of the NPC converter acting as a compensator
and thus controlled to inject reactive and unbalanced currents,
it is probable that the converter will not be operating in the
NP-fully-controllable region with the expectation of the
addition of low-frequency oscillations.
B. CMV Reduction
The CMV is described as
=

1
3

+

+

methods aim to use only these switching states in order to
maintain the CMV within (1/6) Vdc. The rest switching states
corresponding to the redundant vectors are therefore not used.
On the other hand, the NP regulation methods use the
redundant vectors to regulate the NP voltage. As a
conclusion, the CMV reduction and the NP voltage regulation
cannot be achieved at the same time. Some works proposed
to specify a threshold value for NP voltage variation [18]. The
CMV is controlled as long as the NP voltage variation did not
exceed the threshold value, otherwise the NP voltage control
is activated while the CMV is uncontrolled.
IV.

PREDICTIVE CONTROL

The variables to be controlled with the predictive control
method are converter currents, DC-link capacitors voltages
and the CMV. The two main MPC methods for power
converters are: Continuous Control set MPC (CCS-MPC) and
Finite Control Set MPC (FCS-MPC). This paper deals with
the FCS-MPC. First, the discrete-time model of the system
composed by the converter, filter and grid is presented. Then,
the predictive control strategy is explained.

(1)

,
, and
are the output voltages of the
where
converter referred to the neutral point n.

A. Discrete-Time Representation of the System
The discrete-time representation of the converter, filter,
grid in the
coordinates is as follows

From (1) it can be seen that the CMV depends on the
different states of the switches.

+1 = 1−

+

According to (1), the 27 switching states will generate
different levels of CMV: (1/2) Vdc, (1/3) Vdc, (1/6) Vdc and
0.

+1 = 1−

+

•

Solutions for CMV Reduction

Several strategies are presented in the literature to reduce
or even eliminate the CMV [10]. These strategies aim to
reduce the (dv/dt) in the output voltage that appears during
the switching in order to reduce the common mode current.
And as in the case of the NP regulation, CBPWM methods
control the CMV by adding zero sequence voltage to the
output voltage of the inverter. New SVPWM methods have
been proposed for this purpose such as the modified space
vector modulation in [16].These methods that aims to the
elimination of the CMV, are accompanied by an output
voltage distortion with a reduction of the DC-bus utilization.
In addition, the different SVPWM methods are vector
representation of the CBPWM methods with specific zerosequence voltage injection. In case the control aims to take
into account the two control tasks: NP regulation and CMV
elimination, it is difficult to calculate the zero-sequence
voltages to realize different objectives.
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with
: Inductance of the filter (H).
: Resistance of the filter (Ω).
, : Grid voltages in the
coordinates (V).
, : Output converter currents in the
coordinates
(A).
,
: Output voltages of the converter referred to the
neutral point n in the
coordinates (V).
: The sampling time (s).
k : The current sampling instant.
The discrete-time equation for the DC-link capacitor
voltage is
=

C. Simultaneous NP Voltage Regulation and CMV
Reduction
Among the 27 switching states, there are 19 that generate
a CMV equal or less than (1/6)Vdc. The CMV reduction

1

+1 =

+1 −

+

(4)

(5)

with
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: Capacitor voltage (V).
: Capacitor current (A).
: The capacitance (F).
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Load 1

•
•
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Grid
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B. FCS-MPC Strategy
The predictive control algorithm realizes at each sampling
instant the following steps
•

is1

With the measured variables at instant (k): Predicts
the values of the controlled variables for instant
(k+1) for all the 27 possible switching states.
Calculates the value of the cost function for all the
27 possible switching states.
Chooses the switching state that minimizes the cost
function.

C. Cost Function
Choosing a cost function mainly depends on the intended
application. The cost function considered in this paper has
three objectives. The first objective is to minimize the error
between the predicted inverter currents and their references.
The second objective is to minimize the error between the
DC-link capacitors voltages. The third objective is to
minimize the difference between the actual CMV value and
the predicted one. The proposed cost function is as follows
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Fig. 4. Schematic representation of the simulated system.
SIMULATION PARAMETERS

TABLE I.
Parameter
Grid voltage
Rf, Lf
Vdc
Cdc
f grid
Ts
(R1; R2; R3) ; (L1; L2; L3)

value
40 V (rms)
6 mΩ, 0.6 mH
400 V
100 µF
50 Hz
0.01 (ms)
(38; 28; 40) Ω ; (0.06; 0; 0.166) H
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Fig. 5. Grid voltage.

where and are weighting factors which can be adjusted
according to the desired performance.

V.

SIMULATION RESULTS

To validate the proposed multiobjective predictive control
scheme,
simulations
were
carried
out
using
MATLAB/Simulink for the system (dashed line in Fig. 1)
shown in Fig. 4 with parameters given in Table I. Figs. 5 and
6 show the voltage grid and the unbalanced load current
respectively. The NPC converter compensates the
unbalanced and reactive load current components by
generating the same unbalanced and reactive components in
the opposite phase. Thus only the active component of load
currents will be fed from the supply side. The reference
converter currents are calculated using the p-q theory.
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Load Currents (A)

The switching state that minimizes the cost function
represents the optimal switching state that allows to achieve
simultaneously the three objectives, and thus should be
applied to the converter in the next sampling instant.
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Fig. 6. Load Currents.

First, the weighting factors and are set to zero to see
the evolution of the DC-link capacitors voltages and the
CMV. In this case, only the current control is considered in
the cost function. As can be seen in Fig. 7, the load balancing
and power factor correction is acheived since the grid
currents are of the same amplitude with a phase difference of
one third the period and “in phase” with the grid voltage.
However, the capacitors voltages are not balanced and the
CMV is generated with its different levels.
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Fig. 7. For =0 and =0: (a) Grid Currents, (b) Capacitors voltages
evolution, (c) CMV evolution.

The weighting factors =0.1 and =0.01 were chosen
and implemented providing, in addition to load balancing and
power factor correction, DC-link balance with zero CMV as
shown in Fig. 8. At instant = 0.07 a change in the load
currents was introduced in order to study the system
performance in transient state. It can be observed that during
the transient state the DC link balance was kept with zero
CMV.
As mentioned in section III, the PWM methods balance the
capacitors voltages using only the redundant vectors.
However, these redundant vectors generate CMV. On the
other hand, the predictive control solved the two problems
simultaneously with a good reference current tracking. In this
case, the cost function is evaluated for each voltage vector.
To generate zero CMV, the predictive control chooses a
vector among the medium vectors that have an impact on the
NP voltage while generating zero CMV.
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Fig. 8. For =0.1 and =0.01 (a) Grid Currents, (b) Capacitors voltages
evolution, (c) CMV evolution.

VI.

CONCLUSION

This paper presented a multiobjective predictive control
strategy applied to a three-phase three-level NPC converter
capable of simultaneously achieving: Load balancing and
power factor correction, NP voltage regulation and CMV
reduction. The discrete time model of the system was used to
predict the system behavior for all the 27 possible switching
states. A cost function is defined for the three objectives. The
switching state that minimizes the cost function is selected
and applied to the converter in the next sampling instant.
Simulation results obtained show the capacity of the proposed
method to achieve simultaneously the three objectives with
good transient and steady state performances.
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