
 

  

 

Aalborg Universitet

Modern control strategies of doubly-fed induction generator based wind turbine
system

Zhou, Dao; Song, Yipeng; Blaabjerg, Frede

Published in:
Chinese Journal of Electrical Engineering

DOI (link to publication from Publisher):
10.23919/CJEE.2016.7933112

Publication date:
2016

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Zhou, D., Song, Y., & Blaabjerg, F. (2016). Modern control strategies of doubly-fed induction generator based
wind turbine system. Chinese Journal of Electrical Engineering, 2(1), 13-23.
https://doi.org/10.23919/CJEE.2016.7933112

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

https://doi.org/10.23919/CJEE.2016.7933112
https://vbn.aau.dk/en/publications/9e412cfc-ff0f-41b5-af40-b7fe6d258928
https://doi.org/10.23919/CJEE.2016.7933112


  
Chinese Journal of Electrical Engineering, Vol.2, No.1, June 2016 

 

Modern Control Strategies of Doubly-Fed 
Induction Generator Based Wind Turbine System 

Dao Zhou, Yipeng Song, and Frede Blaabjerg* 
(Aalborg University, Aalborg, 9220, Denmark) 

Abstract: A doubly-fed induction generator(DFIG) based configuration is still preferred by wind 
turbine manufacturers due to the cost-effective power converter and independent control of the active 
power and reactive power. To cope with stricter grid codes(e.g. reactive power compensation, low 
voltage ride-through operation, as well as steady and safe operation during long-term distorted grid), 
control strategies are continuously evolving. This paper starts with a control strategy using the combined 
reactive power compensation from both the back-to-back power converters for their optimized lifetime 
distribution under normal grid conditions. Afterwards, an advanced demagnetizing control is proposed 
to keep the minimum thermal stress of the rotor-side converter in the case of the short-term grid fault. A 
modularized control strategy of the DFIG system under unbalanced and distorted grid voltage is 
discussed, with the control targets of the smooth active and reactive power or the balanced and 
sinusoidal current of the rotor-side converter and the grid-side converter. Finally, a bandwidth based 
repetitive controller is evaluated to improve the DFIG system’s robustness against grid frequency 
deviation. 

Keywords: Doubly-fed induction generator, reactive power, low voltage ride-through, unbalanced 
and distorted grid.  

1  Introduction 
A recent study by the Danish Energy Agency 

indicates that onshore wind power is the cheapest 
form of new electricity generation in Denmark[1]. 
Meanwhile, due to noise emission, footprint limitation 
and requirement for more wind energy, interest in 
offshore wind turbines has been increasing, where 
lifespan is expected to be 20~25 years[2]. As one of the 
most vulnerable components of the wind turbine system, 
much effort has been devoted to the reliable behavior of 
the power electronic converter because of the increased 
cost and time for offshore maintenance[3]. Furthermore, 
it is generally accepted that the thermal profile of the 
power semiconductor is an important indicator of    
the lifespan and has an influence on the reliability 
metrics[4-5]. 

A doubly-fed induction generator(DFIG) structure 
is still the most used concept by wind turbine manu- 
facturers due to the cost-effective power converter and 
the independent control of the active power and reactive 
power[6-8]. However, stricter grid codes on the low 
voltage ride-through (LVRT) prevent widespread use 
of this concept as the direct connection between the 
stator and power grid, causing high rotor voltage 
which may result in the overvoltage and overcurrent   
of the rotor-side converter in back-to-back power 
converters. At the same time, emerging grid codes 
require wind farms to withstand a small 2% steady- 
state voltage unbalance and higher transient unbalance 
without tripping[9]. 

To cope with the modern grid codes, this paper 
introduces a series of control strategies in cases of 
normal grid condition, short-term grid fault and long- 
term distorted grid. In section 2, a control strategy of 
the combined reactive power compensation from 
back-to-back power converters is described seen from 
their optimized lifetime distribution under normal grid 
condition. In the case of short-term grid fault, hardware 
and software solutions of the DFIG system are addressed, 
and an advanced demagnetizing control is proposed to 
minimize thermal stress of the rotor-side converter. 
The control strategy under long-term unbalanced and 
harmonic grid is investigated to improve the DFIG 
system performance such as balanced and sinusoidal 
current or smooth output active power and reactive 
power. A bandwidth based repetitive controller is 
proposed to improve the robustness of the control 
strategy against the grid frequency deviation by using 
the bandwidth parameter compared to the conventional 
repetitive controller. Finally, some concluding remarks 
are drawn in Section 6. 

2  Reactive power control in normal grid 
condition 
As wind turbines are usually located in remote 

areas, the voltage amplitude at the end of the trans- 
mission line may not be steady and robust enough. 
More countries have recently issued new regulations 
with respect to wind power management[10-11]. For 
instance, German grid code specify the relationship 
between active power production and reactive power 
injection as shown in Fig.1[11]. Even though the power 
grid operates normally (i.e. without voltage dip or 
harmonic distortion), if the active power is generated 
higher than 0.2pu, up to 0.4pu over-excited and 0.3pu 
under-excited reactive power is required and preferred. 
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Fig.1  Reactive power support stated in the German grid code 

The configuration of the DFIG system is shown 
in Fig.2, in which power converters are termed the 
grid-side converter (GSC) and the rotor-side converter 
(RSC) due to their positions. Apart from the advantage 
of being a cost effective and efficient power electronic 
converter, the reactive power has two injection routes 
fed back to the power grid. The stator of the DFIG 
stator Qs and the GSC Qg are different solutions, and 
can be independently controlled by the RSC and the 
GSC. 

Since the rotor voltage referred to the stator side 
is almost the product of the stator voltage and DFIG’s 
slip value, taking the winding ratio of the stator and 
rotor into account, the rated rotor voltage can still be 
estimated to be much lower than the stator voltage due 
to the low value of the rated generator slip. Assuming 
the same winding ratio of the primary, secondary and 
tertiary side in the grid-connected transformer, the 
RSC output voltage is much lower than the interfacing 
voltage of the GSC. The same active power through 
the back-to-back power converter leads to a de-rated 
design in order to maintain similar current stress of 
each power module at the rated power. 

In the case of the stator voltage orientation under 
the dq-reference frame, the DFIG stator-side voltage 
vector can be estimated, and the current vector can be 
calculated during the fixed active power generation 
and the reactive power injection. If all quantities are 
transferred to the rotor side, the DFIG rotor-side 
current vector and voltage vector can be expressed by 
the stator-side current and voltage.  
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Fig.2  Control possibility of reactive power in DFIG system 
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where Xs, Xm and Xr denote the stator reactance,    
the magnetizing reactance, and the rotor reactance 
respectively; σ denotes the leakage coefficient, defined 
as (XsXrXm

2)/XsXr; s denotes the slip value of the 
induction generator; ksr denotes the winding ratio 
between the DFIG stator-side and the rotor-side, and 
subscripts dq denote the variable in d-axis and q-axis. 
Due to the positive sequence of rotor variables during 
the sub-synchronous mode, but negative sequence 
during the super-synchronous mode, the function 
sign(s) is introduced, meaning if the slip value is 
positive, its value becomes 1. Alternatively, if the slip 
value is negative, its value becomes 1.  

Similarly, if a single inductor is used as the filter, 
the converter output current ic and voltage uc can be 
expressed by the grid current ig and voltage ug. 

c c c g gj jd q d qi i i i   i           (3) 

c c c g g g g gj ( ) jd q d q du u u X i X i    u      (4) 

where Xg denotes the filter reactance. 
In the case of the voltage orientation, the reactive 

power injection affects the current value in q-axis 
regardless of the DFIG stator-side or the GSC 
converter current. According to (1)~(4), it can be seen 
that the injection of the reactive power not only 
changes the current amplitude of the converter, but 
also modifies the converter output voltage. 

With the parameters of a 2MW DFIG system 
listed in Table 1, 1kA/1.7kV power module is used 
and the DC-link voltage is kept at 1050V, and the 
reactive power effect to the back-to-back power 
converters is shown in Fig.3. Three different wind  

Table 1  Parameters for 2MW DFIG 
DFIG 

Parameters Values 

Rated power Ps/kW  2000 
Rated stator frequency f1/Hz  50 

Rated slip value s 0.2 
Stator peak phase voltage usd/V 563 
Stator reactance Xs/Ω 0.93 
Magnetizing reactance Xm/Ω 0.91 
Rotor reactance Xr/Ω 1.00 
Turns ratio ksr 0.369 

Power converter 

Rated power/kW 400 
DC-link voltage Udc/V 1050 
Switching frequency fs/kHz 2 
Power modules used in GSC 1 kA/1.7kV, single 
Power modules used in RSC 1 kA/1.7 kV, two in parallel 

Grid filter 

Grid peak phase voltage ugd/V 563 
Filter reactance Xg/Ω 0.16  
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(a) Modulation index 

 

(b) Current loading of the device 

Fig.3  Effects of the reactive power injection to back-to-back power converters of a 2MW DFIG system 

speeds present the super-synchronous, the synchronous 
and the sub-synchronous operation of the DFIG. It is 
noted that the modulation index and device current 
loading change significantly if the reactive power is 
compensated from the GSC, while the modulation 
index and device current loading is kept almost the 
same in the case that the varying degrees of reactive 
power are controlled by the RSC. 

Based on the converter current and voltage, 
together with the phase angle between them, the loss 
dissipation of each power semiconductor can be 
calculated. According to the thermal model of the 
power semiconductor, the thermal profile can be 
mapped in terms of various wind speeds. On the basis 
of the released lifetime model from power semi- 
conductor manufacturers, which tests and identifies how 
many power cycles the power semiconductor can 
withstand at different levels of thermal stress, the 
annual consumed lifetime can be estimated on the 
basis of annual wind profile.  

Due to the lower operation frequency of the RSC 
compared to the GSC, its lifetime is much shorter 
because of the higher thermal stress[12]. As the over- 
excited reactive power exacerbates current and voltage 
stress of the RSC, the injection of the over-excited 
reactive power becomes critical from the system 
lifetime point of view. A combined reactive power 
injection from both the GSC and the RSC can be 
proposed in order to balance the lifetime between the 
back-to-back power converters, thereby enhancing the 
reliability of the DFIG system. 

Considering the different wind classes[13], the 

lifetime of the RSC and the GSC can be compared at 
different compensation strategies as shown in Fig.4. It 
is proven that the total consumed lifetime remains 
almost constant in a log-scale at different compensation 
schemes from the RSC point of view, while the total 
consumed lifetime varies significantly for the GSC. 
Moreover, it can be seen that the most balanced 
lifetime between the RSC and the GSC appears to be 
in the case that 0.1pu over-excited reactive power is 
supported by the RSC, and 0.3pu is provided by the 
GSC. For instance, the total consumed lifetime of the 
RSC can be optimized from 3.59E-2 to 2.50E-2 in 
Class I wind profile, which implies 1.5 times enhanced 
lifespan.  

 
Fig.4  Total consumed lifetime among the different 
reactive power compensation strategies, in which the 

various wind classes are taken into account 
Note: The solid line indicates the diode of the rotor-side converter, and 
the dot line indicates the IGBT of the grid-side converter; Color blue, red 

and green indicate the wind Class I, Class II and Class III, respectively 
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3  Ride-through control during short-term 
fault 
With increasing penetration, wind turbines are no 

longer allowed to disconnect from the power grid as 
that may easily create instability in the power system. 
Modern grid codes require that the DFIGs not only 
remain linked to the grid, but also inject the reactive 
current to support its recovery. For instance, the 
specification of German grid code is shown in Fig.5. 

As the stator of the DFIG is directly connected to 
the grid, the sudden change of the grid voltage may 
induce the natural stator flux (balanced fault) and 
even negative stator flux (unbalanced fault). Viewed 
from the stator reference frame, the vector of a natural 
stator flux stands still, while the vector of the negative 
stator flux rotates at the twice speed of the grid  

 
(a) Low voltage ride-through 

 
(b) Reactive current injection 

Fig.5  Wind turbine requirements under grid disturbance 

angular frequency. As a consequence, both rotate at a 
much higher frequency than the positive stator flux of 
the slip angular frequency at the rotor reference frame, 
which implies that the occurrence of the natural and 
negative stator flux leads to significant increase of the 
rotor voltage. The sufficiently high rotor voltage may 
saturate the RSC, causing its over-voltage and even 
over-current. 

In order to support the DFIG to successfully ride 
through the grid fault, both hardware solutions and 
software solutions can be used. As shown in Fig.6, in 
the case of the grid fault, a crowbar is activated and 
short-circuits the rotor winding through resistors, 
thereby limiting the rotor voltage and providing an 
additional path of rotor current. Meanwhile, the rotor 
current continues flowing into the converter DC-link 
through the freewheeling diode of the RSC. A 
dc-chopper is equipped to take care of the remaining 
wind power and prevent the fast increase of the 
DC-voltage. However, in addition to the cost impact 
of the hardware, the DFIG behaves as a squirrel-cage 
induction motor during the activation period of the 
crowbar and absorbs the reactive power from the 
power grid, contradictory to grid code requirements. 

Advanced control strategies are an important and 
cost-effective solution for the DFIG ride-through 
operation. One popular approach is to use demagnetizing 
current control as shown in Fig.7, which switches the  

 
Fig.6  Auxiliary hardware of DFIG during the grid fault 

ride-through 

 
Fig.7  Demagnetizing control strategies during the grid fault ride-through  
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control target from the active power and the reactive 
power to the natural component of the stator flux. 
Compared to the vector control, a flux observer and a 
notch-filter are employed to extract the natural com- 
ponent of the stator flux. By using the demagnetizing 
current control, the decaying of the natural stator flux 
can be accelerated, and the induced rotor voltage can 
be reduced[15-16]. 

According to the capacity of the RSC, the 
demagnetizing coefficient can maximally be designed 
in order to minimize decay of the natural stator flux[15]. 
However, viewed from the thermal stress of the power 
semiconductor, the optimum situation is to keep the 
rotor current low enough. Considering the grid code at 
the instant and amount of reactive current injection, 
the demagnetizing coefficient can be designed in 
order to equalize the rotor current between the instant 
of the grid fault and the instant of the reactive current 
injection[16]. 

In order to prevent the power module from a too 
high DC-link voltage, a DC-brake is used in the 
simulation, whose threshold values for turn-on and 
turn-off the switch are set at 1300V and 1100V by 
using a hysteresis control. Assuming that a 0.7 
balanced grid voltage dip occurs at the instant of 0.5s, 
a comparison between the traditional vector control 
and optimized demagnetizing current control are 
shown in Fig.8, in which the DFIG operates with rotor 
speed at 1800r/min.  

For the traditional vector control in Fig.8(a), 
once the grid fault is detected, both the active current 
and reactive current are set to zero. However, due to  

the existence of the natural flux, the rotor current (ird 
and irq) cannot track the reference of the rotor current 
(i*

rd and i*
rq), and the enable time of the dc chopper 

lasts almost 90ms. Moreover, in accordance with the 
grid codes, a 1.0pu reactive current is injected at the 
instant of 0.65s, and the maximum junction temperature 
of the diode appears during the period without the 
reactive current injection, which reaches almost 93.0 .℃  

As shown in Fig.8(b), when the grid fault occurs, 
a demagnetizing current is selected. During the fault 
period, the rotor current is kept closely within the 
desired value, and the enable time of the dc chopper is 
reduced to 35ms. Compared with the period of 
demagnetizing control and reactive current injection, it 
is noted that the diode is almost equally stressed and 
its maximum junction temperature is reduced to 
90.0℃. Furthermore, the damping of the stator flux ψs 
is much faster than the traditional vector control. 
Above all, it is noted that a proper design of the 
demagnetizing coefficient is able to achieve a minimal 
thermal stress during the period of the grid fault. 

4  Control strategy under long-term 
unbalanced and harmonic grid 

As an increasing amount of unbalanced/non- 
linear loads and power generation units are connected 
to the grid network, a long-term three phase unbalanced 
voltage with harmonic distortion may consequentially 
be produced. The overall performance of the DFIG 
system can deteriorate, i.e., including the unbalanced 
and distorted stator current, the pulsated active, 

 
(a) Traditional vector control                              (b) Optimized demagnetizing control 

Fig.8  Simulated results in the case of the DFIG at 1800r/min to ride through 0.7 dip balanced grid fault with  
various control schemes  
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Fig.9  Block diagram of the proposed modularized control strategy of DFIG system  

reactive power and electromagnetic torque. Thus, for 
the purpose of improving DFIG behavior under long- 
term unbalanced and harmonic grid, an effective 
control strategy needs to be implemented.  

During normal operation, the DC link voltage Vdc 
is able to maintain stability, thus allowing the RSC 
and GSC of the DFIG to operate independently as two 
separate modules without any communication. This 
modularized control strategy and its block diagram of 
the DFIG are shown in Fig.9. From the perspective of 
delivering wind energy with acceptable quality, the 
two control targets for the DFIG system can be 
defined as, 

1) Target I: No pulsation of active and reactive 
power delivered to the power grid. 

2) Target II: No negative and harmonic com- 
ponents of current injected into the power grid. 

With respect to the control strategy of the RSC, 
the phase angle of the grid voltage θ1 can be obtained 
by the enhanced phase locked loop (PLL) module[18-25] 
based on the resonant regulator tuned at 100Hz and 
300 Hz, while the rotor position θr can be obtained 
from the encoder. Afterwards, the DFIG stator active 
and reactive power Ps and Qs can be calculated based 
on the stator voltage U +

sdq and stator current I+
sdq. 

The closed-loop control of the rotor current I+
rdq 

can be realized based on a conventional PI regulator 
with the aim of the DFIG average power. In the case 
where alternative control targets are chosen, (i.e., 
smooth active and reactive power output or balanced 
and sinusoidal stator current), the closed-loop control 
with the vector proportional integral (VPI) controller 
tuned at 100Hz and 300Hz is employed to directly 
regulate the negative and harmonic components of the 
stator current, or the 100Hz and 300Hz pulsation of 
stator output active and reactive power. 

With respect to the control strategy of the GSC, 
the active and reactive power of the GSC Pg and Qg 
can be calculated according to the sampled grid 
voltage U+

gdq and current I+
gdq. Since the major function 

of GSC is to provide a stable DC-link voltage Vdc, the 
closed-loop control of DC-link voltage is implemented 
based on a PI regulator, and its output is considered as 
the d-axis current reference +*

gdI 
. Together with the 

q-axis current reference +*
gqI 

(normally set 0 for unity 
power factor operation), both of them are used as the 
input of current PI controller to regulate the positive 

component of the grid current. 
Similar to the RSC control, considering the 

alternative control targets (i.e., the smooth GSC active 
and reactive power or the balanced and sinusoidal 
GSC current), the closed-loop control with the VPI 
regulator tuned at 100Hz and 300Hz is adopted to 
directly regulate the GSC current negative and harmonic 
components, or the 100Hz and 300Hz pulsations of 
the GSC active and reactive power. 

A laboratory prototype of the down-scale 1kW 
DFIG system was set up and shown in Fig.10. The 
DFIG is driven by a 1.5kW squirrel cage induction 
machine as the wind turbine, which is driven by a 
general converter. The ac source Chroma 61704 is 
employed to emulate the unbalanced and distorted 
power grid. During the experiment, the negative, 5th 
and 7th order harmonic components of the grid voltage 
are set at 2.90%, 2.36% and 1.17% respectively. The 
parameters of the DFIG system are listed in Table 2. 

 
Fig.10  Laboratory prototype of 1kW down-scale  

DFIG system  

Table 2  Parameters of experimental DFIG system 
DFIG 

Rated power Ps/kW 1 
Rated stator frequency f1 /Hz 50 
Grid RMS line voltage usd /V 110 
Stator resistance Rs / 1.01 
Rotor resistance Rr / 0.88 
DFIG mutual inductance Lm/mH 90.1 
DFIG stator leakage inductance Lσs/mH 3.0 
DFIG rotor leakage inductance Lσr/mH 3.0 
Turns ratio ksr 0.33 
Pole pairs of DFIG np 3 

Power converter 
DC-link voltage Vdc /V 200 
Switching frequency fs /kHz 5 

Grid filter 
GSC line inductance Lg/mH 4 
GSC line resistance Rg/ 0.02 
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Regarding the control of the DFIG RSC, the rotor 
speed is initially set to 800r/min (the synchronous 
speed is 1000r/min), and the DC-link voltage is 
provided by the GSC at 200V. The control strategies 
for both the RSC and GSC are implemented using two 
separate DSP TMS320F28335 and a SEMIKRON 
SKHI61 for the driver for the IGBT. The sampling 
frequency is 10 kHz, while the switching frequency is 
5 kHz. 

Fig.11 shows the experimental results of the DFIG 
system under unbalanced and distorted grid voltage 
condition without the VPI regulator. It can be seen 
that significantly unbalanced and distorted current 
appears in both the GSC and the DFIG, and a 100Hz 
and 300Hz pulsation of the GSC and DFIG stator 
power can be observed. A detailed experiment result 
analysis can be summarized in Table III with the 
description of unbalanced and harmonic components. 

Fig.12 shows experimental results of the DFIG 
system under unbalanced and distorted grid voltage 
condition with Fig.12(a) control target I and Fig.12(b) 
control target II. As seen from Fig.12(a), when the 
control target I is implemented, both the GSC power 
and the DFIG stator power become much smoother. 
As summarized in Table III, in order to eliminate the 
100 Hz GSC power and DFIG stator power pulsation, 
both the GSC current and DFIG stator current contain 
a non-negligible amount of the 3rd harmonic component. 

 
Fig.11  Experimental results of DFIG system performance 
under unbalanced and distorted grid voltage condition when 

VPI regulator is disabled 

Similarly, for the purpose of 300Hz power pulsation 
removal, the GSC current and DFIG stator current 
contain the severe 5th and 7th harmonic components. 

Fig.12(b) presents experimental results of DFIG 
system under the unbalanced and distorted grid 
voltage condition with the control target II, i.e., the 
balanced and sinusoidal GSC current and DFIG stator 
current can be achieved. Both the GSC current and 
DFIG stator current are significantly improved with 
negligible harmonic distortion and minimal unbalance, 
which contributes to the safe and reliable operation of 
the power grid. As well, the pulsation of the GSC 
power and DFIG stator output power can be higher 
than that of the control target I. 

It can be observed from Table 3 that, compared 
to the control without the VPI regulator, the unbalanced 
and distorted current, as well as power pulsation can 
be significantly improved whatever control target is 
implemented. Moreover, the pulsation of the DFIG 
stator output active/reactive power and GSC active/ 
reactive power under the control target I is much 
lower than that of the control target II. However, the 
distorted DFIG stator current and GSC current, 
containing 3rd, 5th and 7th harmonic components, can 
be generated as a consequence. It should be noted that 
the negative component of DFIG stator current or 
GSC current can be suppressed considerably by using 
both control targets. 

Based on the aforementioned experimental results, 
it can be found that when the DFIG system operates 
during the unbalanced and harmonic voltage, the 
advantages of the proposed control strategy compared 
with conventional coordinated control strategy can be 
concluded as, 

1) In order to achieve the two alternative control 
targets, both the RSC and the GSC are able to operate 
independently without any communication, thus the 
control complexity of the DFIG system can be 
simplified. 

2) The negative and harmonic components 
extraction of the grid voltage, stator current for the 
RSC or the grid current for the GSC can be avoided, 
and the complicated control reference calculation is 
also unnecessary. Therefore, the control complexity of 
the RSC and GSC can be reduced. 

 
 (a) Control target I                                        (b) Control target II 

Fig.12  Experimental results of DFIG system under unbalanced and distorted grid voltage condition with  
control target I and control target II  
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Table 3  Analysis of experimental results 
 Without VPI control Control target I Control target II

Ug negative 2.90% 2.90% 2.90% 
Ug 250 Hz 2.36% 2.36% 2.36% 
Ug 350 Hz 1.17% 1.17% 1.17% 
Ig negative 13.82% 1.22% 1.62% 
Ig 150 Hz 1.62% 4.70% 1.18% 
Ig 250 Hz 14.49% 6.02% 2.31% 
Ig 350 Hz 13.39% 2.88% 1.84% 
Pg 100 Hz ±84 W ±10 W ±27 W 
Qg 100 Hz ±18 var ±9 var ±15 var 
Pg 300 Hz ±36 W ±5 W ±30 W 
Qg 300 Hz ±30 var ±4 var ±24 var 
Is negative 17.42% 1.56% 1.69% 
Is 150 Hz 0.45% 5.41% 0.31% 
Is 250 Hz 4.37% 2.79% 1.85% 
Is 350 Hz 1.87% 2.01% 0.92% 
Ps 100 Hz ±84 W ±18 W ±45 W 
Qs 100 Hz ±75 var ±25 var ±45 var 
Ps 300 Hz ±36 W ±12 W ±30 W 
Qs 300 Hz ±24 var ±10 var ±21 var 

3) By using the proposed control strategy, the 
control reference calculation for both the RSC and    
the GSC is no longer necessary. As DFIG system 
parameters are not involved in the control reference 
calculation, the possibility of DFIG system parameters 
deviation to affect the control accuracy can be 
eliminated. 

5  Bandwidth based repetitive control in 
deviated grid frequency 
Apart from the common low order 5th and 7th 

harmonic sequences, the power grid may also suffer 
from high order harmonic sequences such as 11th, 
13th, 17th and 19th. In order to remove the harmonic 
components of the stator current under generalized 
harmonic voltage (including both low and high 
harmonic sequences), the repetitive control (RC) 
regulator can be adopted due to its advantage of 
controlling the multiple times of harmonic sequence 
at the same time. However, the conventional RC 
regulator is very sensitive to grid frequency deviation 
due to its small effective control bandwidth at the 
harmonic frequency. Thus, an improved RC regulator, 
i.e., the bandwidth based repetitive control (BRC) 
regulator with the introduction of the resonance 
bandwidth parameter, can be employed to enhance the 
RC regulator’s robustness against the grid frequency 
deviation. 

The conventional RC regulator in the discrete 
domain can be presented as 

rcz rc
( )( )

1 ( )

N

N
Q z zG z k

Q z z







         (5) 

1( ) (1 )Q z D Dz                 (6) 

where, D is equal to the fractional part of N0/6, and N0 
is the ratio of the sampling frequency to the grid 

fundamental frequency[17]. The delay N is set to the 
integral part of N0/6. It has been proven in [17] that 
the block Q(z)zN is capable of maintaining very good 
repetitive control performance when one-sixth of the 
ratio N0 is non-integer. 

With a certain mathematical deduction[18], the 
BRC regulator can be presented as 
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where, ωc is the bandwidth in the proposed BRC 
regulator, T0 is the period of fundamental control 
frequency, kbrc is the gain parameter of BRC regulator 
to adjust the magnitude response at the frequency of 
interest. 

Fig.13 shows the bode diagram of conventional 
RC and proposed BRC regulators within the frequency 
from 298Hz to 302Hz, with grid frequency deviation 
of (50±0.2)Hz (i.e., (300±1.2)Hz). As shown in Fig.13, 
the conventional RC regulator and proposed BRC 
regulator with different bandwidth have different 
response when the grid frequency deviation happens.  

For the conventional RC regulator (ωc=0rad/s), 
the magnitude response drops from 40dB to 24dB, 
which may deteriorate the suppression capability of 
the stator current harmonic as a result of the higher 
steady-state control error. In the case of the proposed 
BRC regulator, its magnitude response drops from 40 
dB to 29dB with bandwidth ωc=2rad/s, and similarly 
from 40dB to 33dB with ωc=5rad/s, from 40dB to 37 
dB with ωc=10rad/s. Therefore, it can be found that 
when the bandwidth ωc is introduced to the conventional  

 
①Conventional RC, ωc=0rad/s: dropping from 40dB to 24dB 
②BRC regulator, ωc=2 rad/s: dropping from 40dB to29dB 
③BRC regulator, ωc=5 rad/s: dropping from 40 dB to 33 dB 
④BRC regulator, ωc=10 rad/s: dropping from 40 dB to 37 dB 

Fig.13  Bode diagram of conventional RC regulator Grcz(z) 
and proposed BRC regulator GbrcPI(z). (Q(z)=2/3+1/3*z1, 

T0=1/300 s and N=33; kbrc=250 when ωc= 0 rad/s; kbrc=460 
when ωc=2 rad/s; kbrc=820 when ωc=5 rad/s; kbrc=1300 

when ωc=10 rad/s) 
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RC regulator, the extent of decreasing magnitude 
response becomes much smaller, which is 16dB when 
no bandwidth, 11dB when ωc=2rad/s, 7dB when 
ωc=5rad/s, 3dB when ωc=10rad/s. Furthermore, the 
phase response at 300Hz also deviates from 0° when 
the grid frequency deviation happens. By comparing 
the four curves with different bandwidth, it can be 
found that when higher bandwidth is selected, the 
much smaller changing phase response can be 
observed, i.e., 55° to 55° when ωc=10rad/s, 65° to 
65° when ωc=5rad/s, 75° to 75° when ωc=2rad/s, 
80° to 80° when ωc=0rad/s. As a result, the closed- 
loop control performance of stator current harmonic 
suppression can deteriorate comparatively less when 
the higher bandwidth parameter is employed. Thus, it 
can be validated that the introduction of bandwidth in 
the proposed RBC regulator can be helpful to improve 
its robustness against grid frequency deviation from 
both the perspective of magnitude response and phase 
response, and the proposed BRC regulator can be 
more beneficial than the conventional RC regulator in 
the practical grid situation when grid frequency 
deviation occurs. 

Fig.14 shows the control block diagram of the 
proposed stator current harmonic suppression strategy. 

1) The PI regulator is used to control the 
fundamental component of rotor current. Since the  

 
Fig.14  Block diagram of the proposed stator current 

harmonic suppression strategy 

rotor current control is implemented in dq+ synchronous 
rotating frame, the rotor current control error always 
contains a DC component and 6n order AC signal 
components. The DC component can be restrained to 
zero by the PI regulator, while the 6n order AC error 
signals are automatically neglected due to the limited 
ac signal tracking capability of the PI regulator.  

2) The BRC regulator is used to directly suppress 
the harmonic components of the stator current. The 
reference of BRC regulator is set as zero (meaning no 
harmonic components of stator current are expected to 
exist), and the stator current feedback I+

sdq includes 
both DC and 6n components of stator current. Since 
the DC component in the error signal unfortunately 
affects the harmonic control capability of the RC 
regulator[18], an additional high pass filter is used to 
remove the DC component in the stator current 
feedback. 

The same experimental setup as described in 
Section 4 is used to validate the effectiveness of the 
proposed BRC regulator, and therefore a detailed 
description of the setup is not repeated. Fig.15 shows 
the experimental results of DFIG under high order 
harmonically distorted grid voltage condition with 
frequency of 50Hz when BRC control of stator current 
is disabled and the PI control of rotor current is 
enabled. The grid voltage distortion with abundant 
high order harmonic sequences results in the severely 
distorted DFIG stator current, i.e., harmonic components 
of 5.63% 5th, 4.14% 7th, 2.57% 11th, 1.99% 13th, 
1.97% 17th, 1.86% 19th sequence, as listed in Table 4. 
Thus, it can be seen that DFIG operational performance 
can be significantly jeopardized if the harmonic 
suppression strategy is not implemented. 

Table 4  Experiment result analysis data (%) 

Frequency/
Hz 

Grid 
voltage

BRC is 
disabled

50Hz, BRC 
ωc=10rad/s 

49.8Hz, 
Conventional 

RC 

49.8Hz, BRC 
ωc= 10rad/s

250 2.98 5.63 0.81 1.29 0.82 
350 2.91 4.14 0.72 0.96 0.70 
550 2.68 2.57 0.91 1.40 1.15 
650 2.57 1.99 0.82 1.22 0.91 
850 2.37 1.97 0.93 1.15 1.01 
950 2.18 1.86 0.77 1.00 0.88  

 
(a) Disabled                                               (b) Enabled 

Fig.15  Experimental result of DFIG under harmonically distorted grid voltage condition with frequency of 50Hz  
when BRC control of stator current is disabled and enabled 



 
22 Chinese Journal of Electrical Engineering, Vol.2, No.1, June 2016  

 

 
(a) Conventional RC regulator                            (b) BRC regulator with bandwidth ωc=10 rad/s 

Fig.16  Experimental result of DFIG under harmonically distorted grid voltage condition with frequency of 49.8Hz 
when conventional RC regulator or BRC regulator with bandwidth ωc=10rad/s is proposed 

 
Fig.16 shows the experimental result of DFIG 

under harmonically distorted grid voltage condition with 
frequency of 49.8Hz when Fig.16(a) conventional RC 
regulator or Fig.16(b) BRC regulator with bandwidth 
ωc=10rad/s is proposed. As seen from Table 4, when 
conventional RC regulator is adopted in Fig.16(a), the 
stator current harmonic distortion includes 1.29% 5th, 
0.96% 7th, 1.40% 11th, 1.22% 13th, 1.15% 17th, and 
1.00% 19th sequence; while the BRC regulator with 
ωc=10rad/s is adopted in Fig.16(b), the stator current 
harmonic distortion would include 0.82% 5th, 0.70% 
7th, 1.15% 11th, 0.91% 13th, 1.01% 17th, and 0.88% 
19th sequence. Thus, it can be seen from Table 4 that 
compared with the steady-state performance under 
normal frequency 50Hz, the steady-state performance 
with the conventional RC regulator and the BRC 
regulator under grid frequency deviation of 49.8Hz 
becomes worse. Moreover, it can also be validated 
that due to the introduction of bandwidth in the BRC 
regulator, the BRC regulator has higher magnitude 
response at the deviated control frequency, thus the 
better control capability of BRC regulator over 
conventional RC regulator can be guaranteed.  

Above all, based on theoretical analysis and 
experimental results, it can be concluded that, compared 
with conventional RC regulator, the proposed BRC 
regulator can widen the effective control frequency 
spectrum by enlarging the magnitude response near 
the controlled frequency with the introduction of the 
bandwidth parameter, thus the BRC regulator is able 
to have superior robustness against the grid frequency 
deviation, and ensure the lower stator current harmonic 
components. 

6  Conclusions 
This paper starts with a combined compensation 

of the reactive power from back-to-back power 
converters in order to balance the lifetime distribution 
in the case of the normal grid condition. In the case of 
short-term grid fault, the challenges for DFIG to ride 
through the fault period is addressed, and an optimized 
demagnetizing current control is proposed to keep the 
minimum thermal stress of the power converter during 
the fault period. An improved control strategy of the 

DFIG system under unbalanced and distorted grid 
voltage is presented, with the control targets of the 
smooth active and reactive power or the balanced and 
sinusoidal current of the rotor-side converter and the 
grid-side converter. Finally, the control strategy of 
stator current harmonic distortion suppression by 
using the bandwidth based repetitive controller is 
discussed under generalized harmonic grid voltage, 
and it is proven that the proposed regulator has 
superior performance over the conventional repetitive 
controller, especially in the case of grid frequency 
deviation. 
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