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a b s t r a c t

This paper analyzes the unbalance problem of a stand-alone doubly-fed induction generator (DFIG) under
unbalanced loads and proposes a compensation method to balance the stator output voltage. The pro-
posed compensation method is developed based on a predictive current control (PCC) method imple-
mented in the rotor current controller. The development of the PCC is based on the discrete model of
the DFIG to predict an appropriate average rotor voltage vector to eliminate the rotor current error in
the following switching period. The identified rotor voltage vector is then applied to the rotor-side con-
verter (RSC) by using space-vector modulation (SVM) with constant switching frequency. To improve the
control performance, a compensation method for time delay based on the prediction of the future rotor
current at the end of current sampling period also is investigated. The proposed control scheme was
tested by experiments with 2.2 kW DFIG to demonstrate its excellent steady-state performance as well
as extremely fast dynamic response.

� 2015 Elsevier Ltd. All rights reserved.

Introduction

Doubly fed induction generators (DFIGs) have been commonly
used in variable-speed wind turbines [1–25] due to its advantages
such as converters with slip rating, ease of implementation, and
four-quadrant active and reactive power control. The control and
operation of the DFIG have been focused on generator modeling
[1–3], direct power control [3–10], fault ride-through capability
[11–14], unbalanced grid voltage [6–10,15–16], and unbalanced
load in case of stand-alone mode [17–25]. In these studies, the
majority of current control systems for DFIG systems have been
mainly developed based on the traditional vector control scheme
using a conventional proportional-integral (PI) controller to regu-
late the current. However, it has major disadvantages such as
steady-state errors, difficult tuning process of control parameters,
and sensitivity to system parameters when reference control vari-
ables are not dc components. Consequently, this considerably
reduces the control bandwidth and seriously causes oscillations
on the control system in either the steady state or the transient
behavior. Especially, the DFIG-based wind turbines working under
unbalanced grid or unbalanced load conditions requires more

accurate control due to the effect of the negative sequence compo-
nent. Under such condition, control quantities are composed of the
negative component with twice synchronous frequency that a con-
ventional PI controller cannot regulate precisely. In order to
increase the control accuracy, the analysis and operation of grid-
connected DFIG systems under unbalanced network [6–10] or
unbalanced stand-alone systems [17–25] have been widely inves-
tigated based on a dual rotating reference frame, called positive
and negative frames. In this control approach, the positive and neg-
ative sequence components of the current are controlled in the
positive and negative reference frames, respectively. However,
these control schemes are too complicated to implement due to
decomposition processes and frame transformations, which signif-
icantly increase the control time delay. To tackle this problem, an
improved control approach for an unbalanced stand-alone DFIG
system, implemented in a single positive reference frame with a
PI plus a resonant controller (PIR), was introduced in [23,38]. The
complexity in calculations of the control algorithm was greatly
reduced, but the design of controller parameters was not a
straightforward task. Furthermore, the transient performance of
the proposed method was not taken into account in that research.
As such, it is necessary to offer an optimal controller that gives
faster transient response than PI and PIR controllers under
unbalanced operating conditions for the DFIG system.
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Many developments of predictive current control (PCC)
approach in the literature have shown very good performance for
control of power converters and motor drives, offering the poten-
tial for obtaining fast transient response, null steady state errors,
high control bandwidth, and accurate control. An overview of basic
concepts, operating principles, and control diagrams of model pre-
dictive control for the traditional 3-phase voltage-source inverter
was presented in [26]. For current controllers, the authors in [27]
proposed a PCC method in which the future current values in the
stationary reference frame were predicted with all possible switch-
ing states and then an optimal one that gave the minimum current
error was chosen. The advantage of this PCC was no coupling
effects between current responses when one of these reference
currents was changed. However, the method to choose an optimal
quality function utilizing constraints is difficult and sensitive. In
[28], an enhanced predictive current control technique with fixed
switching frequency was developed for an asymmetrical dual
three-phase ac drive in which fast torque and current responses
were achieved. The predictive control scheme helps avoid the use
of PI controllers and pulse width modulation (PWM) schemes
which are not easy to regulate controller gains in multiphase
drives. A discrete-time PCC for a PMSM was proposed in [29],
where a delay compensation method was employed by adopting
a predictive observer for the current. However, the control algo-
rithm is sensitive to machine parameters. In [30], a robust PCC
method combining two-sample deadbeat control with a Luen-
berger observer was developed to estimate the future value of
the grid current. However, the control algorithm requires more
computational complexity. One of important characteristics of
PCC method is the accuracy of estimated parameters of system
models that significantly improve control performances. In [31],
an online parameter estimation method with respect to PCC
approach for a phase-controlled rectifier was outlined. A robust
high bandwidth discrete-time PCC scheme for voltage-source
PWM converters was developed in [32], where the time delay com-
pensation method utilized a predictive current observer with an
adaptive internal model for system uncertainties and disturbances.
In addition, the PCC strategy has been proposed for microgrid
applications [33], induction motor drives [34], inverters of uninter-
ruptible power supply applications [35], active power filters [36],
etc. However, it has been rare to see the PCC approach in DFIG
applications.

The purpose of this paper is to develop an improved predictive
rotor current control scheme for a stand-alone DFIG system
connected to an unbalanced three-phase load. Under this working
condition, the stator output voltage will be unbalanced due to the
load effect and can be compensated by generating a proper refer-
ence rotor current for the rotor current controller. Due to the

requirement for controlling the ac terms of both positive and nega-
tive sequence components in the reference rotor current during
voltage unbalance, the proposed predictive rotor current control
scheme was developed to improve the current control accuracy
and to increase the control bandwidth and system stability. The
principle of the proposed PCC method is to predict the appropriate
average rotor voltage vector in the next sampling period in order
to remove the rotor current error in the next sampling period. To
enhance the control accuracy and improve control performance, a
conceptual analysis of PCC with the control time delay compensa-
tion for such a DFIG system is clearly analyzed and effectively
implemented. The control time delay compensation method in
which the sampling frequency is set as two times of PWMswitching
frequency is developed to accurately predict the actual instanta-
neous values of the rotor current, which greatly enhance the control
performance. Thewhole control scheme is based on the positive ref-
erence frame where there is no need sequential decomposition of
the measured rotor current. The paper is organized as follows. Sec-
tion ‘Unbalance problem in an unbalanced stand-alone DFIG’ ana-
lyzes the unbalance problems in an unbalanced stand-alone DFIG
system. The proposed PCC algorithm under unbalanced operation
conditions is discussed in Section ‘The proposed PCC algorithm of
DFIG control scheme’. Next, Section ‘Experimental results’ will show
experimental results to demonstrate the advanced features of the
proposed PCC control scheme. The conclusions are drawn in
Section ‘Conclusions’.

Unbalance problem in an unbalanced stand-alone DFIG

Analysis of unbalanced stator voltage of DFIG

Fig. 1 shows the general configuration of a stand-alone DFIG
supplying an unbalanced three-phase load. The system is com-
posed of a rotor-side converter and a load-side converter (LSC),

Nomenclature

vs, vr stator and rotor voltages
vP voltage at the point of common stator (PCS)
is, ir, ims stator current, rotor current and stator magnetizing

current
kr rotor flux
Lm mutual inductance
Rr, Lr, Ls rotor resistance, rotor inductance and stator induc-

tance
xs,xr,xsl synchronous, rotational rotor, and slip speeds
hs, hr, hsl synchronous, rotational rotor, and slip angles
r total leakage factor
d/dt, D differential operators in time domain and discrete

time domain, respectively

e error values

Superscripts
+, � synchronous positive and negative reference frames
^, ⁄ predicted and reference values

Subscripts
+, � positive and negative sequence component
s, r stator, rotor
dq synchronous dq axes

Fig. 1. Back-to-back converters based DFIG configuration with an unbalanced load.
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