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Doubly-Fed Induction Generator Wind Turbine
Model for Fault Ride-Through Investigation
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ABSTRACT

The paper presents an investigation into the be-
havior of a grid-connected, wind turbine driven
Doubly-Fed Induction Generator (DFIG) during Grid
faults which are represented by a voltage dip on all
three phases of the voltage supply. Stator-voltage-
oriented vector control is used to decouple the ac-
tive and reactive power generated by the machine.
The dynamic DFIG model is used to simulate the
behaviour of the wind turbine generator during both
normal and fault conditions. Simulation and exper-
iment results are shown in a very good agreement.
Further the model can be used to investigate Fault
ride-through performance of the DFIG.

Keywords: DFIGt, Fault ride-through, Doubly-Fed
Induction Generator

1. INTRODUCTION

The Doubly-Fed Induction Generator is widely
used for large grid-connected, variable-speed wind
turbines. Variable speed wind turbines offer a num-
ber of advantages [1] when compared with fixed-speed
turbines, including operation over a wide range of
wind velocities, independent control of active and re-
active power, reduced flicker and lower acoustic noise
levels.

As the amount of installed wind power increases,
it is becoming increasingly more important that tur-
bine generators remain connected and support the
grid transmission network during transient system
disturbances- so-called fault ride-through (FRT), as
specified by various national grid codes [2].

To study the fault ride-through capability of the
DFIG, an accurate model of the system is needed;
this must include details of mechanical, electrical and
control systems’ behavior if it is to accurately predict
the fault ride through performance of the generator.

In this paper, a new model for a vector controlled
doubly-fed induction generator is developed to inves-
tigate drive fault through characteristics, allowing for
the switching effects of all IGBTs and anti-parallel
diodes. The model is used to study the fault ride
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through performance of the DFIG in accordance with
the transmission system grid codes.

The paper is organized as follows. First, the sys-
tem modelling is reviewed and discussed. Then, sim-
ulation results of two fault scenarios is obtained and
compared with measurements. Finally, the model
will be used to investigate the FRT capability of the
DFIG.

2. DYNAMIC MODEL OF A DOUBLY FED
INDUCTION GENERATOR

A doubly-fed induction generator (DFIG) is com-
posed of a three-phase wound rotor induction ma-
chine with a supply connected stator winding and a
rotor winding fed through a PWM controlled con-
verter via slip rings (Fig. 1).
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Fig.1: A diagram of a DFIG wind turbine.
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Two three-phase, voltage source converters are em-
ployed in the scheme: a rotor side converter (RSC)
and a grid side converter (GSC) connected back-to-
back in a dc link arrangement and controlled using
vector control methods [1-3]. In this paper, a stator-
voltage-oriented, vector control DFIG model capable
of modeling the switching of the power electronic de-
vices employed in the two IGBT converters is devel-
oped using Matlab/Simulink.

A. Drive train and wind turbine

A two-mass representation of the drive train has
been used in many literatures [4] which is suitable to
model the mechanical part for investigating behavior
of DFIG under fault conditions.

B. Power converters

Either RSC or GSC is modeled with six IGBTs and
anti-parallel diodes connected back to back. Either
the Diode or IGBT is simulated by a resistor, induc-
tor and DC voltage source connected in series with a
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switch. The Diode switching operation is controlled
by the anode-cathode voltage and current while IG-
BTs switching operation is controlled by the gate sig-
nal, the collector-emitter voltage and current which
each model can be found in MATLAB/Simulink (sim-
power toolblox). Switching of these IGBTS is oper-
ated with the Pulse-Width Modulation Techniques
(PWM) as shown in vector control scheme. In this
control scheme, the task of RSC is to decouple control
of the stator active and reactive power of the DFIG
while the GSC has to keep the DC-link voltage con-
stant at a reference demand regardless of the magni-
tude and direction of the rotor power. Both convert-
ers are normally set to operate at unity power factor
using stator voltage-oriented vector control. The con-
verters are controlled independently with a switching
frequency of 5 kHz, according to a laboratory test.
C. DFIG

The dynamic model of DFIG is the space vector
representation of electrical quantities with the state
equation (1)-(2) for stator and rotor side voltage [3] .

-1 d) -
/U_s = RSZS —+ Jb dt —+ weMAS (1)
- 1ad\, -
U = Rpip + (ATb i (we - wT)M)\T (2)

Where M represents a space rotator namely

M =[0-1;1 0]

Stator and rotor flux linkage can be given by equa-
tion (3)-(4).

A = Lynis + Lyt (4)

D. DFIG Power and Current Control

From the equation (1)-(2), all quantities are de-
composed into the d-q frame using stator voltage-
oriented techniques. All voltages and currents in d-q
frame can be substituted in a power flow equation as
mentioned in [3]. Therefore, the stator active (Ps)
and reactive (Q;) power generated by the DFIG can
be expressed in equation (5)-(6).
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where igq = ()\sq - Lmirq)/LS

Since the g-axis flux linkage component (Ag,), the
stator self inductance (Ls), the mutual inductance
(L) and the d-axis stator voltage component (Vsq)
are constant, the DFIG active power and reactive
power are independently controlled by the d-axis ro-
tor current component (4,4) and the g-axis rotor cur-
rent component (irq), respectively.

In RSC power controller, a typical power-speed
curve is used to define the reference output power for
the controller according to the Turbine Characteristic
in which to track the maximum power at each wind
and generator speed. The reference rotor currents for
control of active and reactive powers can be expressed
as

irdref = PI(Pref 7Pmeas)7 irqref :PI(Qref *Qmeas) (7)

Where %yqref and ipqres are references for RSC power
control and PI is the proportional and integral gain.

From the equation (2), the rotor side voltages can
be rewritten in the d-g-axis components.
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Where 0 =1 — L2 /L, L.

There are rotational emf term and transformer emf
term (the derivative of flux) in each component. Since
the operating slip range of DFIG is limited, the effects
of the former term are very small and also the stator
flux is assumed constant. Therefore, the reference
rotor voltages for control of active and reactive powers
can be expressed as

Urdref = Pl(irdref - ird)
Urgref = PI(irgref = irq) (9)

Where vydref, Vrgres are references for RSC current
control and PI is the proportional and integral gain.

In GSC controller, similar to RSC, all quanti-
ties are decomposed into the d-q frame using stator
voltage-oriented techniques. All voltages and cur-
rents between grid and GSC converter can be ex-
pressed in d-q frame as

di )
Ved = Ricq+ L thd —weLicg + Vear
. dicq .
Veg = Ricg+ L Frai WeLicg + veq1  (10)

Where R, L is a line side filter between Grid and GSC.
The active (P.) and reactive (Q.) power as men-
tioned in [3] can be expressed in equation (11)-(12).
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(11)

Pc = vcdicd

Qc = *vcdicq (12)

As shown in equations, the active and reactive
power is proportional to the d-axis and g-axis con-
verter current component (icqq)-

In DC-Link voltage control, the energy stored in
the DC-link capacitor is considered as cv?,/2. The
time derivative of the energy is equal to the sum of
GSC and RSC power. Hence the DC-Link equations
are obtained as:

1 dv?
Zec Vdc
2 dt

= Pasc — Prsc (13)

Where PGSC = vcdicd, PRSC = vrdird + vrqirq
and icrsc = Pr/vde,icgsc = Pc/vdc. Hence,

1 dvdc
—=C

= lcgsec — Tersc (14)
From equation (13) and (14), it can be concluded
that the DC-link voltage can be controlled using the
GSC current in the d-axis component while the reac-
tive power is controlled using the GSC current in the
g-axis component.
From equation (10), it can be rearranged as

di
Vedl = — (chd + L Z‘l;d> + weLicq + Ved

. dicq .
Vegt = — | Rica+ L ol weLicq (15)

Therefore, the reference voltages for GSC can be
expressed as:

Vedref = —PI(icdrer — ica) + feedforward_term
Vegref = —PI(icqref — icq) + feedforward_term
(16)

Where PI is the proportional and integral gain and
Vedref, Vegres are references for GSC current control.

In order to offer preferable dynamic response to
grid voltage dips, the feed-forward term is estimated
to the stator voltage [5].

To generate 3-phase PWM signals to drive the con-
verters connected to the rotor and grid sides, the volt-
age demand needs to be scaled by using the factor, K1
and DC-link voltage, v4. to produce the modulation
factor, m, for RSC and m,. for GSC. The modulation
factor can be given by

My = K1 % Urggrer/vdc
me = K1 % Veqgrer/vde
Where K1 = ((21/2) * Vpac//3).

A diagram of vector control scheme for RSC and
GSC is shown in Fig. 2.

3. MODEL VALIDATION

The model is validated using the laboratory DFIG
test rig operating at speed of 1.12 p.u. (12% above
synchronous) and generating 5kW (0.67 pu) power at
unity power factor.
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Fig.2: Vector control scheme for RSC and GSC.

Two fault scenarios regarding the FRT GB grid
code are investigated in the paper as concluded in
Table 1.

Table 1: Two cases of the fault scenarios.
Case Fault Voltage Fault duration Voltage
(pu) (sec) Recovery

(rw

1 0 0.14 0.9

2 0.15 0.50 0.9

NB. All fault scenarios start at tume of 1 sec.

The applied fault is a 3-phase grid voltage dip from
a normal voltage (1 pu) to a fault voltage of 0 and
0.15 pu, respectively. All fault scenarios initiate at
time of 1 sec and clear at time of 1.14 and 1.5 sec,
respectively. After that case of 0.15 pu fault volt-
age will be investigated for the FRT capability of the
DFIG.

4. RESULTS AND DISCUSSION

The resulting simulated and measured stator cur-
rents, rotor currents, active and reactive powers are
shown in Fig. 3 and 4. Comparisons between simu-
lation and experiment peak stator and rotor currents
result in the following conclusions: During fault ini-
tiation (at time of lsec) and clearance (at time of
1.14 for casel and 1.5 sec for case 2, respectively),
both stator and rotor currents can spike and reach
the value of 60A (4pu) and 40A (4pu), respectively.
The spike at the rotor side can damage the power
electronics devices (IGBTs or Diodes) inside the RSC
converter if there has no protection.
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Both after fault initiation period of 0.05 sec and
after fault clearance time of 0.03 sec, fault stator and
rotor currents, active and reactive powers between
simulation and experiment are shown in a very good
agreement (see Fig. 3 and 4).

After model validation for two cases, the case of
0.15 pu fault voltage is used to investigate for the
FRT capability of the DFIG which included a crow-
bar (between RSC and rotor of DFIG) and DC chop-
per (across DC link between RSC and GSC) in the
model. The crowbar is set to operate at absolute peak
rotor current of 2 pu and the DC chopper is set to
switch on and off at DC voltage of 1.08 pu and 1.06
pu, respectively. The simulation results are shown in
Fig. 5. The results show that stator currents, rotor
currents and active and reactive powers are similar
to case 2 which doesn’t have a crowbar and chopper
protections but in the FRT protection case the RSC
currents are different because the crowbar protection
can protect the converter after peak currents reach 2
pu while in case 2 (no crowbar and DC chopper pro-
tection) the converter could be damaged. For DC link
voltage, it can be increased until capacitor broken if
no DC chopper. Therefore, as part of FRT capabil-
ity of the DFIG, the crowbar is used to protect the
converter while DC chopper helps the system to re-
lease an energy across the DC link and also prevent
capacitor breakage.
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Fig.3: Simulation (left side) and Experiment (right
side) Wave forms for three phase faults of case
1(0pu).

5. CONCLUSIONS

A new model for a vector controlled doubly-fed
induction generator is developed to investigate drive
fault ride through characteristics, allowing for switch-
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Fig.4: Simulation (left side) and Experiment (right
side) Wave forms for three phase faults of Case 2
(0.15 pu).

ing effects of all rotor and supply side converter de-
vices. Simulations are compared with measurements
using a 7.5 kW laboratory DFIG operating under
fault conditions, showing a very good agreement.
The model can be used to investigate the fault ride
through performance of the DFIG in accordance with
the transmission system grid codes.
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