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A DVR Control for Compensating Unbalanced Voltage 

Dips of a DFIG System using Zero Sequence Components
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Abstract

The dynamic voltage restorer (DVR) is an effective protection device for wind turbine generators

based on doubly-fed induction generator (DFIG) that is operated under unbalanced voltage dip

conditions. The compensating voltages of the DVR depend on the voltage dips and on the influence of

the zero sequence component. The zero sequence component results in high insulation costs and

asymmetry in terminal voltages. This paper proposes the use of a proportional-resonant controller in

stationary reference frames for controlling zero sequence components in the DVR to protect the DFIG

during unbalanced voltage dips. To enhance the proposed control method, a comparison is carried out

between two cases: with and without using the control of a zero sequence component. Simulation

results are presented to verify the effectiveness of the proposed control method by using the Psim

simulation program.
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1. Introduction

Currently, wind farms are contributing a large

amount of power to the power grid system. The

disconnect of these wind farms due to faulty events

will therefore cause power quality problems to the

grid. A wind turbine based on a DFIG is a device

sensitive to grid disturbances, especially to voltage

dips [1]. As well, new grid codes require wind

turbines based on DFIG to remain connected during

the occurrence of unbalanced voltage dips [2]. There

is a great deal of research regarding many methods

for protecting the DFIG from unbalanced voltage

dips that found in the literature. Some methods are

carried by changing the structure control of the grid

side converter and rotor side converter [3-4]. Other

methods include the addition of an external

protection device to the DFIG system. In [5], a
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crowbar system is connected to a rotor circuit in the

case of rotor overcurrents or dc-link overvoltages,

but the machine draws a high short circuit current

when the crowbar is activated. The DVR is an

effective external protection device for sensitive

loads, such as DFIGs, when operated under

unbalanced voltage dip conditions [6-8]. Little

research has analyzed the restoration of the positive

sequence and compensation for negative sequence

components, while the effects of a zero sequence

component in compensating voltages of the DVR

have also been ignored. In DFIG systems connected

to the grid, if Y0/Δ step-up transformers are used,

there are no zero sequence components on the DFIG

side. However, currently the Y0/Y0 step-up

transformers are used increasingly in distribution

systems. Thus, the zero sequence component will

appear on the DFIG side during faults. The zero

sequence component results in high insulation costs

and asymmetry in terminal voltages. In [9], a

method is presented for mitigating zero sequence

effects in the DVR by providing a circulation path

within the DVR for zero sequence current. A

generating mechanism of a self zero sequence

component in a system with different neutral point

grounded modes is presented in [10]. This paper

proposes a method for controlling zero sequence

components in the DVR to protect DFIG during

unbalanced voltage dips. In this control method,

three phases of compensating voltages are controlled

as three single phases separately in stationary

reference frames. Hence, proportional-resonant (PR)

controllers are applied. To enhance the proposed

control method, a comparison is also carried out

between two cases: with and without using the

control of a zero sequence component. With this

control method, the DVR will compensate fully the

unbalanced voltage dips, while the DFIG can operate

normally during faults.

2. The Operations of DFIG

The DFIG system used in this paper is shown in

Fig. 1. It consists of basic components such as the

turbine, a gear box, a DFIG, and a back-to-back

voltage source converter system with a dc-link. The

DFIG system is linked to the grid via a transformer

the coils of which are arranged in the form of Y0/Y0.

Fig. 1. Schematic diagram of a doubly-fed
induction generator based on wind
generation systems

2.1. RSC control

The aims of the rotor side converter (RSC) control

are to control the stator active and reactive powers

independently. By using the stator flux oriented

vector control strategy and neglecting stator

resistance, the stator active and reactive powers can

be expressed as [11]
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where Ps and Qs are stator active and reactive

powers. Lm and Ls are the magnetizing and stator

inductances. Vsd and Vsq are dq components of

stator voltages. Ird and Irq are dq components of
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Fig. 2. Schematic diagram of a DFIG system with
DVR. Vsa, Vsb, and Vsc are three-phase
supply voltages. Va, Vb, and Vc are
three-phase compensating voltages. Vta,
Vtb, and Vtc are three-phase terminal
voltages of DFIG system

rotor currents. ψsd is the d component of stator flux.

From (1) and (2), the control of stator active

power is achieved by controlling the rotor current q

component orthogonal to the stator flux, while the

stator reactive power control is achieved by

controlling the rotor current d component aligned to

the stator flux.

2.2 GSC control

The aims of the grid side converter (GSC)

control are to maintain the dc-link capacitor

voltage constant and to ensure a converter

operation with the unity power factor. The current

equation that flows through the inductor can be

written as follows

g

gggg

L
IRV

dt
dI -

=
(3)

where Vg, Ig, Rg, and Lg are voltage, current,

resistance and inductance at the grid side,

respectively.

The dc-link voltage can be expressed by

gr
dc II
dt
dVC -=

(4)

where Vdc is dc-link voltage, C is dc-link

capacitor, and Ir is rotor current.

The cascade vector control structure is carried out

with an inner current control loop and outer dc-link

voltage control loop combining with a reactive

power control as in (3) and (4).

3. The Proposed Control Method

The proposed diagram for connecting the DVR as

protection for the DFIG system is shown in Fig. 2.

As mentioned before, the use of a star-star step-up

transformer in the distribution system will introduce

a zero sequence component in supply voltages

during unbalanced voltage dip faults (Vso ≠ 0). This

zero sequence component will propagate into

terminal voltages if it is not eliminated fully in the

DVR. By applying Kirchhoff’s voltage law, the zero

sequence component of terminal voltages can be

expressed by

Vto=Vso+Vo≠0 (5)

where Vso, Vo, and Vto are zero sequence

components of supply voltages, compensating

voltages, and terminal voltages, respectively.

In order to suppress the zero sequence

component in terminal voltages (Vto=0), the DVR

must generate a zero sequence component that will

be equal in magnitude and opposite in direction to

the zero sequence component present in the supply

voltages. This means that
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Fig. 3. The control method without controlling zero
sequence component. Vpre_dp, Vpre_qp, Vpre_dn,
Vpre_qn, Vsdp, Vsqp, Vsdn, Vsqn, Vdp, Vqp, Vdn,
and Vqn are the positive and negative
sequence components of prefault voltages,
supply voltages, and terminal voltages.
Subscripts p, n are the positive and
negative sequence components in a
synchronous reference frame. th is the
synchronous angle of voltage

Vo=-Vso (6)

The zero sequence component of compensating

voltages is

( )cbao VVV
3
1V ++=

(7)

where (7) shows that the zero sequence

component depends on the compensating voltages

Va, Vb, and Vc.

3.1 DVR without a controlling zero 

sequence component

A control diagram of a DVR consisting only of the

control of positive and negative sequence

components are mentioned (Fig. 3). The supply

voltages, prefault voltages, and compensating

voltages are analyzed into positive and negative

sequence components. Two reference frames,

namely the synchronous reference frame and

negative synchronous reference frame, and four

proportional-integral controllers are used. As

described before, the supply voltages will contain

three components (positive, negative, and zero

sequence components) during unbalanced voltage

dip faults. With this control method, only the

positive and negative sequence components are

compensated, therefore the faulty voltages cannot

restore fully to its original value.

3.2 DVR with a controlling zero 

sequence component

In the proposed control method, the compensating

voltages are controlled in a stationary frame by

using PR controllers as developed in [12].

Three-phase voltages are not, however, transformed

into αβ-frame, instead being controlled directly in

the abc-frame. The three-phase voltages are

controlled independently of each other (Fig. 4).

Thus, the sum of the three-phase compensating

voltages cannot be zero.

0VVV cba ¹++ (8)

Considering from (6), (7), and (8), this means that the

zero sequence component can be eliminated from the

restored voltages with the proposed control method.

The differences between this control method and

existing control methods can be seen in Fig. 4. First,

the voltages are measured and controlled directly in

a three-phase frame. Transformation to a

synchronous reference frame is not necessary.

Therefore, it is simpler than the general control

methods [9-10] where the voltages are measured,

transformed, and controlled in a synchronous

reference frame. Second, the proportional-resonant

controllers in the stationary reference frame are
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Fig. 5. The simulation results without a controlling
zero sequence component in a DVR as
compensation for unbalanced voltage dips
of a DFIG. (a) supply voltages; (b)
compensating voltages of DVR; (c)
terminal voltages of DFIG system; (d), (e)
and (f) zero sequence components of
supply voltages, compensating voltages,
and terminal voltages; (g) stator currents;
(h) rotor currents; (i) active and reactive
powers of DFIG; (j) dc-link voltage and
reactive power from grid side converter

used instead of the proportional-integral controllers

in a synchronous reference frame.

Fig. 4. The proposed control method of DVR for
controlling zero sequence component.
Vpre_sa, Vpre_sb, and Vpre_sc are three-phase
prefault voltages. Vref_a, Vref_b, and Vref_c

are three-phase reference compensating
voltages. The transfer function of PR: GPR

= Kp+Ki.ωc.s/(s
2+2.ωc.s+ωe

2)

4. Simulation Results

Simulation results have been performed by using

a Psim simulation program for a 2 MW DFIG wind

turbine system and a DVR as analyzed in Sections

2 and 3. The DFIG parameters are given in Table I.

The stator active power is controlled at 2 MW. The

switching frequency of the DVR is 5 kHz. The

injection transformer turn ratio is 1:1. The

unbalanced grid voltage dips appear at 2 s and are

removed at 2.15 s. The operation of the DVR to

compensate for the unbalanced voltage dips, which

contain a zero sequence component, without and

with the controlling zero sequence component are

presented in Fig. 5 and Fig. 6, respectively.

The unbalanced voltage dips and zero sequence

components are shown in Fig. 5 (a), (d) and Fig. 6

(a), (d). With the control of positive and negative

sequence components, the terminal voltages cannot

be fully restored (Fig. 5 (c)). Consequently, these

voltages are unbalanced, and its zero sequence

component is almost the same as the zero sequence

component of the supply voltages as seen in Fig. 5
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Fig. 6. The simulation results with a controlling
zero sequence component in a DVR as
compensation for unbalanced voltage dips
of a DFIG. (a) supply voltages; (b)
compensating voltages of DVR; (c)
terminal voltages of DFIG system; (d), (e)
and (f) zero sequence components of
supply voltages, compensating voltages,
and terminal voltages; (g) stator currents;
(h) rotor currents; (i) active and reactive
powers of DFIG; (j) dc-link voltage and
reactive power from grid side converter

(d), (f). However, by applying the proposed control

method, the DVR has the ability to compensate for

unbalanced voltage dips containing the zero

sequence component as depicted in Fig. 6 (b), (e).

As a result, the terminal voltages are restored (Fig.

6 (c)) and the almost zero sequence component is

eliminated (Fig. 6 (f)). With DVR protection in both

cases, the DFIG can operate normally during

unbalanced voltage dips as shown in Fig. 5 (g)-(j)

and Fig. 6 (g)-(j) because the zero sequence

component does not effect DFIG operations.

However, zero sequence components will cause such

problems as electrical insulation and asymmetric

voltages. This lead to an increase in high insulation

costs in a DFIG system. Therefore, the control of

zero sequence components is truly necessary.

5. Conclusion

The application of a DVR to compensate for

unbalanced voltage dips of a DFIG system has been

investigated. The compensating voltages of a DVR

depend on the voltage dips and on the influence of

the zero sequence component. With the proposed

control method in the stationary frame, the DVR can

compensate fully for a zero sequence component

during unbalanced voltage dip faults. Consequently,

the restored voltages are almost balanced and the

DFIG can operate normally during faults. The

simulation results confirm the effectiveness of the

proposed control method.

Table 1. SIMULATION PARAMETER OF 2MW
DIFG

Rated power 2 MW

Stator voltage (phase-to-phase, rms) 690V

Stator voltage frequency 60Hz

Stator resistance 1.1616mΩ

Rotor resistance 1.307mΩ

Stator leakage inductance 0.05835mH

Rotor leakage inductance 0.06286mH

Magnetizing inductance 2.496mH
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