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A New Flux Tracking LVRT Control Scheme for
Doubly Fed Induction Generators

Sun-Young Park *, Hyung-Jin Ahn ** and Dong-Myung Lee **

Abstract — Doubly fed induction generator (DFIG) systems widely used globally are highly
sensitive to the grid disturbance due to the structure that the stator is connected to the grid.
In the past, when a grid fault occurs in order to prevent a system, generators are separated
from the grid regardless of the fault duration time. Recently, however, the grid connection
standards(Grid Code)says that for the failures removed within a certain time, the generator
remains operation without separating from the grid. This paper proposes a new flux tracking
LVRT(Low-Voltage Ride Through) control based on system modeling equations. The validity
of the proposed strategy has been demonstrated by computer simulations.
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1. Introduction

Recently, wind energy generation is attracting attentions
globally. It is considered as the eco generation due to
generating electric powers from physical energy of winds.
The depletion of fossil fuels and environmental pollution
increase the interest in the renewable energy such as wind
power. In the last 20 years, renewable energy including
wind power market has been rapidly increasing in size. The
report of 2012 WWEA (World Wide Energy Association)
reported that total installed capacity of wind power in
global reached 254GW/[1]. This is the increase by 16.4%
compared to 2011, and it shows that wind power market
continues its upward trend.

In case of Korea, large offshore wind park is expected to
be constructed in Jeju-island, and the development plan of
green-island using new renewable energy technology
including wind power energy has been scheduled in
Ulleung-island chosen as green energy test site. As wind
power energy is increasing its interests and demand, grid
connection, grid control, and stability assurance technology
of a generating systemare emerged as an important research
project for national competitiveness.

Depending on the structure, wind energy generation
system can be classified into four types [2]. DFIG (Doubly
Fed Induction Generator) systems with type 3, which have
been adopted widely by world's leading wind turbine
manufacturing companies, consist of back-to-back PWM
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converters, DC-link capacitors and a wound-rotor induction
machine and so on.

In the DFIG systems, the stator of the generator is
connected to the gridand the rotor of it is connected to
back-to-back converter. DFIG systems can maintain the
constant grid frequency regardless of the variation of wind
speed, and can control the generation of active and reactive
power. Type 4 of wind power generation systems is defined
as a wind generation system with full power rated
converters [2]. In type 4, the capacity of generator is the
same as that of converter. Unlike type 4, the capacity of
converter in the DFIG system is about 30% of that of the
generator. Thanks to these advantages, DFIG systems
currently have the largest share of the market for wind
energy generators.

DFIG systems are highly sensitive about grid
disturbances due to the structure that the stator is connected
directly to the grid. In the past, when a grid fault occurs in
order to prevent a system, generators are separated from the
grid. Recently, however, the grid connection standards
(Grid Code) defines that for the gridfailures that last a
certain time the generator remains operation without
separating from the grid [3]. Thus, the wind power
generation system connected to the grid should have ride-
through function during grid faults as well as control of
power generation during normal grid conditions. An
existing LVRT (Low \oltage Ride Through) control
prepares for malfunctions by using additional protective
equipment such as crow-bar circuit. In order to reduce the
cost of additional equipment, various techniques have been
introduced [4-6]. This paper proposes a new LVRT scheme
by flux tracking method done in synchronous rotating
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reference frame of induction machine based on the scheme
in paper [6]. The validity of the proposed strategy is
demonstrated by  simulations carried out  with
MATLAB/SIMULINK.

2. DFIG Systems
2.1 DFIG System Modeling

In case of DFIG system modeling, most paper use stator-
flux oriented reference frame. When using the stator-flux
oriented reference frame, it is easy to control RSC(Rotor
Side Converter), and the stator flux can be easily calculated
using stator voltage and current.

In the synchronous rotating reference frame, voltage
equations of stator and rotor on the d-q axis can be
expressed as

e e d e e
Uys = Rslds + aﬂ“ds - a)eﬂ’qs (l)
e _Rj® d 2 2 (2)

qu - slqs + a qs + W, Ays
e _Rj® d e . e 3
Dyr = Relg, +aﬂ“dr (we a)r)ﬂ'qr ( )

e e d e e

Uqr = Rrlqr +aﬂ‘qr + (a)e _wr)ﬂ“dr (4)

where, Rq is the stator resistance, ngs is the stator voltage,

i° s the stator current, A5 . is the stator flux, v, is
dgs qs qr

the rotor voltage, ig, is the rotor current, A is the

dqr
rotor flux, w, is synchronous angular speed, and . is
angular speed of the rotor. The slip angular speed wy is
expressed as

W, =0, — 0, (5)

The flux equations of the stator and the rotor are given by

2 = L, + L ic, (®)
2, =L + L,i¢ %
X = Lic, + LiE, ®)
2 =L +Lie ©)

where, L, is the mutual inductance, L is the stator

inductance, and L, is the rotor inductance.
The d-q axis equivalent circuit of the DFIG system
shown in Fig. 1.

S

Fig. 1. The d-q axis equivalent circuit of DFIGs

To apply for stator-flux oriented control, the detection of
phase angle of the stator flux is briefly explained. In the
stationary reference frame, the stator voltagesare given by

. d
s =R +— ] 10
Uds s'ds dt ds ( )
s s d s
vy, =Ril +—A (11)

qs s'gs dt as

Thus, the stator flux and the phase angle of it in the
stationary reference frame are expressed as

2“35 = J.(Uc?s - Rslc?s)dt (12)
X, = [ 3, —Rig)dt (13)
ﬂ,s
g, =tan ‘{%} (14)
ﬂ’ds

From above equations it is noticed that the stator flux is
aligned with the d-axis in the synchronous rotating
reference frame. Fig. 2 shows stator fluxes in the stationary
frame and its phase.

Fig. 2.The stator flux and phase angle of the stator flux
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2.2 DFIG System Configuration

The overall DFIG system is shown in Fig. 3.
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Fig. 3. The overall wind energy generation system using
DFIG
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The DFIG system consists of back-to-back converter,
DC-link voltage and an induction machine. Back-to-back
converters mean RSC and GSC(Grid-Side Converter).

2.3 DFIG System Control [7]-[8]

The DFIG control system can be divided into the control
of the RSC and that of the GSC. The RSC is controlled with
the stator-flux oriented vector control, and regulates the
stator active power and reactive power. The stator active
power and reactive power are shown as follows

p - g(ugsigs rosic) (15)
Q, = 3 (02, - vsic,) (16)

2

After expressing the stator flux, (6) and (7), as the stator
current, substituting them into (15) and (16), (17) and (18)
are obtained

3L, ) e e
P, ~ ——(—mJUqSUqr (17)

3( L 31
R L (L

S

If the stator resistance is very small, the stator voltage
and the stator flux have a 90 “phase difference according to

(10) and (11). Thus the value of USS is negligible relative

to that of U;S. Consequently, the stator active and reactive

powers are approximated as (17) and (18), respectively. If
feed-forward compensation is well conducted, power of the
stator can be controlled independently by rotor currents.
The entire control block of the RSC is shown in Fig. 4.
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Fig. 4. The control block diagram of the rotor side
converter

The GSC uses vector control with grid voltage oriented.
It controls DC-link voltage and the reactive power provided
to the grid. Because the RSC controls reactive power
provided to a grid in general, the GSC regulates that as zero.
L-filter is connected between the GSC and the grid. The
configuration of a circuit between the GSC and the grid is
shown in Fig. 5.

T
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Fig. 5. Grid side converter with L-filter

The grid voltages are expressed as

. d.
ea:Rfla+Lfa|a+ua (19)
. d.
e, = Rsi, +L; —1I, +u, (20)
dt
. d.
e, =Rl +L; —I.+0v (21)

dt ¢
In this paper, the grid voltage is aligned with g-axis in
grid voltage oriented reference frame. If 3-phase voltage
equations, (19) ~ (21), are described in synchronous
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rotating reference frame, those can be expressed as.

. d. .
es = Ryis, + L, aljs — oL i + 0§ (22)
e H d i€ M e 23
eq=F2f|qs+Lfalqs—a)eLflqsﬂ)q (23)

The active power and reactive powers provided from
GSC are expressed as

3 eie

Pconv = Eeqlqs (24)
3 e

Qconv = EEd lis (25)

The DC-link voltage can be controlled by the g-axis
current and the reactive power can be controlled by the d-
axis current, as shown in (24) and (25). The entire control
block of GSC is shown in Fig. 6.

Fig. 6. Control block diagram of the GSC

3. LVRT Control Scheme
3.1 System Dynamic Characteristic under Grid Faults

This paperdeals with the control of RSC when there is a
serious low voltage 3-phase balanced fault. First, if a fault
occurs in the system, it has problems summarized as
follows [9].

 The mechanical output (Py,) is the same as the sum of the
stator power(Ps) and the rotor power(P,) with ignoring of
system losses. If a serious level of low voltage fault
occurs, the stator power will rapidly be reduced. In
general, as the inertia of generator is very large, the rotor
speed cannot change abruptly, which means the
mechanical output of wind turbine is unchanged. Hence,

the rotor power is increasing as much as the reduction of
the stator power consumption.

Normal : P, =P, +P,
(26)
Fault: P, ~ P,

* During a fault, the sudden increase of the rotor power
generates overvoltage and over-current in rotor side and
changes the dynamic characteristics of system. The
developed over-current and over-voltage, whose values
are several times bigger than the normal levels, increase
DC-link voltage and may destroy the RSC.

3.2 Existing LVRT Control Method

Existing LVRT control techniques, which protect the
overvoltage and over-current in the rotor side for grid faults,
such as crow-bar, ESD [10] or DVR [11] use additional
protection equipment. In most systems, an additional
protection equipment such as an active crow-bar circuit is
installed [12]. Even such equipment is able to deal with
fault reliably and immediately, it increases the cost of the
system.

A typical method protecting the overvoltage and the
over-current is the change of current command. For
example, there are injection scheme of a current opposite to
the magnetic flux, feedback technique of the stator current
[5] and so on. Such techniques can reduce the cost of
additional equipment, but it is essential to analyze exactly
dynamic characteristics of the system. Also, it may work
only in feasible region.

3.3 Proposed LVRT Control Technique

This paper proposes a new flux tracking LVRT technique
using synchronous rotating reference frame based on
reference [6]. Same as the idea of paper [6], to suppress
over-current and over-voltage of the rotor during a grid
fault, the RSC is controlled in the manner that the stator
flux tracks the rotor flux. Meanwhile, a flux tracking
technique proposed in paper [6] determines the level of the
flux tracking depending on tracking constant k (0 < k <
1).

The command for the rotor flux is set as k4, during a
fault corresponding to the level of grid failure [6].
Controlling the value of k depending on the dip of low-
voltage, this scheme enhances the performance of control.
However, controller performance is very sensitive to
tracking constant k . For a more stable controller
performance, the proposed flux tracking technique
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determines the rotor reference currents according to the
system equations and grid code instead of a tracking
constant.

In case of a fault, this paper uses a command of active
power and reactive power of the stator provided by the grid
code instead of the value of k in paper [6], and suppresses
the over-current in the rotor by tracking the rotor flux to the
stator flux.

In this paper, the generation of a command can be
explained as follows. After expressing stator flux,
substituting (6) and (7), as the stator current, into (8) and
(9), followings are obtained

A’Zr = %/’1’25 - O-Lrigr (27)
e Lm e e
/lqr = rﬁqs - O.Lrlqr (28)
2
where o=1- L
L.L

s—r

In (27) and (28), provided L% ~1, the rotor currents
S

are denoted as

igr = O_Li(ﬂ’fir _AZS) (29)
i;r = O‘Li (ﬂ“gr - ﬂ’gs) (30)

r

From (29) and (30) it can be known that the rotor current
is determined by difference between the stator flux and the
rotor flux.

If the rating of the rotor is [ the stator flux and the

rmax’
rotor flux should have the following range.
Ae

dqr

X <oll (31)

dgs T r max

When the fault occurs, in order to suppress rotor current
below I, ., the flux command is configured as the rotor

flux( Ag,, ) tracks the stator flux( Ag,s). When a fault occurs,

the command of rotor current can be selected as zero or the
value according to level of voltage dip to satisfy the grid
code.

In this paper, under the assumption that the wind velocity
and generator speed don’t have big changes before and after
a fault, the rotor flux command is configured to maintain

the rotor current level as that before the fault occurs.
Meanwhile, active power is controlled by i:r as known
from (28) as

Ay = A + ol 1§ (32)

T " Qleasy—state

In case of reactive power, depending on the grid code of
each country, the rotor flux command is given with
consideration of a low-voltage dip. Grid code of Germany
and Spain concerning about reactive power is shown in
Fig. 7. In the grid code of Germany, if the grid voltage is
below its 50% nominal value, the rotor current command of
reactive power is set as -1 [p.u.]. In this proposed scheme,

the command of iy, , which controls reactive power of the

generator, is determined by the current requirement shown
in Fig. 7 corresponding to fault level. Like (33), d-axis

rotor- flux command of rotor d-axis (/”Lzr) is determined
for tracking the stator flux.

Required reactive current/voltage static chracteristic
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Fig. 7. Reference of reactive output current(ROC) during
voltage disturbances, according to the German and
Spanish grid codes [13]

Agr = Ay + oLrljrROC (33)
The flux tracking technique proposed in the paper is
shown in Fig. 8. Fig. 9 illustrates the proposed LVRT

control block. The vg,_ ¢ andvg, ¢ in Fig. 8 and Fig. 9

mean feed-forward terms.

The proposed method protects the system by limiting the
over-current of the rotor, but protection scheme provided by
hardware is required if the system protections not secured
depending on the level of low-voltage [14].
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Fig. 8. The proposed flux tracking scheme
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Fig. 9. The proposed LVRT control block diagram

4. Vferifications

Fig. 10 shows the grid voltages for simulation studies.
This paper coversonly balanced 3-phase low-voltage fault.

|
il L
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Fig. 10. Stator voltage Waveform (The grid voltage)

The fault starts at t=1.43 and has lasted about 0.25
seconds. The level of low-voltage is 20% of the rating
voltage. In this paper, due to the large generator inertia and
pitch control, the speed of the rotor is assumed almost
constant during the fault.

As shown in Fig. 11(a) for without LVRT scheme, the
rotor current in low-voltage condition is increased by 2~3
times compared to that in the steady-state condition.
Fig. 11(b) confirms that the peak value of rotor current is

reduced by the proposed method. Also, reduction of the
over-voltage in the DC-link by the proposed method can be
known by comparing Figs. 12 (a) and (b), without and with
the proposed method, respectively.
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Fig. 11. Rotor current waveform (a) without and (b) with
the proposed method
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Fig. 12. DC-link voltage waveform (a) without and (b) with
the proposed method
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5. Conclusion

This paper proposed a flux tracking LVRT control
strategy which protects the over-current of the system by
modifying the rotor current commands corresponding to
level of voltage dip. The proposed technique is based on
system modeling equation in the synchronous rotating
reference frame. A rapid and simple fault control can be
available by using the value measured in steady-state
condition. According to the output waveforms the proposed
LVRT control technique is effective against a critical
voltage fault. Using computer simulations, the validity of
the proposed scheme has been verified
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