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Investigation on the Faulty State of DFIG
in a Microgrid
Minyou Chen, Member, IEEE, Lei Yu, Neal S. Wade, Xiaoqin Liu, Qing Liu, and Fan Yang

Abstract—Different faulty states of a doubly fed induction generator (DFIG) connected to a microgrid are investigated in this
paper. First, the simulation model consisting of two DFIGs connected to IEEE 34-bus test feeder for two vector control based was
set up to investigate the transient performance of the microgrid.
Then, different types of faults of the DFIGs, including partial loss
of excitation (PLOE), complete loss of excitation (CLOE), and interturn short circuit (ISC) were analyzed through the simulation
model using vector control strategy. The experimental results indicate that the active power will increase during the PLOE, and
the average increase of the amplitude is about 26%, which will decrease the electromagnetic torque by 8% and increase the voltage
at the neighbor node, the stability of the microgrid will be broken
eventually. For the CLOE, the active power decreases about 80%,
and node voltage decreases by 9.4% due to the inverse absorption
of the reactive power. When the ISC occurs, the average node voltage and the active power decrease together. Finally, the suggestion
for the detection of the DFIG faults is presented, which could be
helpful to protect the DFIG from fault accident.
Index Terms—Doubly fed induction generator (DFIG), fault
analysis, loss of excitation, microgrid, vector control.

I. INTRODUCTION
HE renewable energy is becoming more and more important for the development of the world, especially for the
countries, which lacks of primary energy. With the increase of
the electric power demand in China, the power grid keeps extending and many ultrahigh-voltage (UHV) transmission lines
have been built, which can satisfy the increasing electric power
demand. However, new problems for the expanding power grid
rise up, such as the high operation cost, great difficulty in operation, which also decreases the reliability and stability of the
power grid [1].
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The studies on the renewable resource have promoted the
rapid development of distributed generation (DG) technique,
especially the development and construction of the microgrid.
In general, a microgrid is composed of the DGs, energy storage
units, energy transfer units, variable loads, and it can operate
either in the grid-connected mode or the islanded mode [2], [3].
In the past few years, many new microgrid have been built in the
west and north of China, and wind power is frequently used in
these microgrids. The power supply problem has been solved;
however, new problem rises up, such as the accident of the wind
generation system, which usually affect the steady operation of
the microgrid. Hence, it is necessary to study the faults state of
the wind generation system and the influence on the microgrid.
The wind power is one of the DGs in a microgrid, and currently there are three main kinds of wind generators (WGs)
are frequently used, including [4]: constant speed constant frequency squirrel cage induction generator (SCIG), variable speed
constant frequency doubly fed induction generator (DFIG), and
variable speed permanent-magnetic direct drive synchronous
generation (PMSG). At present, the doubly fed wind generator is widely used because of its low capacity of the converter,
relative simple control, in addition, it can operate in constant
voltage or constant power factor mode [5].
Many studies on the control strategies of the microgrid have
been carried out by some researchers, and great achievements
have been obtained [6]–[9]. In order to ensure the stable operation of the microgrid, some researches about the fault and protection of microgrid have been done [10], [11]. In [12] and [13],
the authors analyze the performance of the DFIG during the
grid faults. Wind power is one of the main DG in a microgrid,
therefore, it is necessary to study the failure characteristics of
the DFIG and the impact of the microgrid.
In this paper, based on the control methods achieved by the
current studies, the investigation of the faulty state of the DFIG
in a microgrid is conducted and a detection suggestion for these
faults is presented. First, the model for two vector-control-based
DFIG was set up, then simulation to investigate the transient performance of two DFIGs connected to the IEEE 34-bus test feeder
was carried out. Performance of the DFIGs with different fault
was analyzed, including partial loss of excitation (PLOE), complete loss of excitation (CLOE), interturn short circuit (ISC) of
the DFIG, and results indicate that the active power will increase
during the PLOE, and the average increase of the amplitude is
about 26%, which will result in the decreasing of the electromagnetic torque by 8% and the increase of the voltage at the
neighbor node; finally, the stability of the microgrid will be broken. For the CLOE, the active power decreases about 80%, and
node voltage decreases by 9.4% due to the inverse absorption
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Fig. 1.

One-line diagram of 34-bus test feeder system with two DFIGs.

Fig. 2.

Basic configuration of DFIG connected to the grid.

of the reactive power, in this case, reactive power compensation must be available to make sure the steady of the microgrid.
When the ISC occurs, the average node voltage and the active
power decrease together. In the end, suggestion for the detection
of the fault mentioned in the paper is presented, which can help
to avoid the damage caused by the fault of the DFIG.
The remaining parts of the paper are arranged as follows.
Section II describes the structure of the microgrid and presents
the simulation model; the control method for the DFIG is presented in Section III, results are analyzed and a fault detection
scheme is discussed in Section IV, and finally, the conclusions
come at Section V.

II. SIMULATION MODEL SETUP
To study the change of the parameters of a microgrid and
the faulty state of the DFIGs, the microgrid model shown in
Fig. 1 is set up, which is composed of one-line diagram of the
test feeder and two DFIGs. On IEEE 34-bus test feeder, there
is a small 4.16 kV section in the 24.9 kV feeders, and there are
two-line voltage regulators to support the voltage under normal
circumstance. In order to simplify the model, the parameters of
two DFIG are set as the same, the rated capacity is 2 MW and
other parameters are as the same as those in [14]. The capacity of

the transformer in the model is 100 MVA, and its transformation
ratio is 0.69/24.9 kV.
For the DFIG in the model shown in Fig. 1, it is composed
of wind turbine, gearbox, induction machine, converter, and
transformer, and Fig. 2 shows the schematic diagram of the
DFIG. The basic structure of doubly fed machine is similar
with an induction generator, but the rotor contains three-phase
symmetrical excitation winding, and the converter provides a
variable amplitude, frequency, and phase excitation current. The
stator of DFIG is directly connected to the grid, and the rotor
is connected to a back-to-back voltage-source converter to the
grid with a crowbar, which is used as the rotor overcurrent
protection [15]. The application of the pulsewidth modulation
(PWM) technique can make the DFIG operate at a wide speed
range, and the energy could be bidirectional to the grid.

III. VECTOR CONTROL FOR THE DFIG
The vector control for the DFIG is mainly based on the control
of the grid and rotor-side four-quadrant insulated gate bipolar
transistor (IGBT) converter. The main task for the grid-side
converter is to maintain the dc capacitor voltage between two
converters as a constant and ensure the stability of grid-side
voltage, meanwhile, the main task for the rotor-side converter
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Fig. 3.

Vector control configuration diagram for the rotor-side converter.

Fig. 4.

Vector control frame of the grid-side PWM rectifier.
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is to make the stator output active power tracking the desired
value and keep the power factor constant [16], [17].

not be changed when the ir q is changed to control Ps . Fig. 3 is
the schematic diagram of the vector control at the rotor side.

A. Rotor-Side PWM Vector Control

B. Grid-Side PWM Vector Control

Since the stator is connected to the grid and the frequency
can be considered as a constant and the influence of the stator
resistance is small, hence the stator winding resistance can be
ignored. The induction machine is controlled in a synchronous
rotating d–q axis coordinate, in which the d-axis is along the
stator-flux vector. Therefore, the stator voltage vector is along
the q-axis. By ignoring the DFIG stator electromagnetic transient process, the active and reactive power at the stator terminal
can be calculated as follows [18]:

The grid-side converter is controlled by the vector control
program based on the grid voltage vector, and the decoupling
control for the active and reactive power. The d-axis component
of grid-side converter current is used to keep the dc bus voltage constant, and the q-axis component of grid-side converter
current is used to control the reactive power transfer between
grid-side converter and grid.
Therefore, the active and reactive power Pg and Qg of gridside converter can be calculated by

3
3 Lm
usq isq = − us
ir q
2
2 Ls
3
3us
Qs = usq isd =
(Ψs − Lm ir d )
2
2Ls

3
ug d ig d
2
3
Qg = − ug d ig q
(3)
2
where ug d is the d-axis component of grid voltage vector, and
ig d and ig q are the d- and q-axes component of grid-side converter current. The control of grid-side converter is mainly based
on the control of its voltage, and need to establish the contact
between converter voltage ug c , and ig d and ig q . In the synchronous rotating coordinate, the grid-side voltage equation can
be formulated as follows:


dig d
ug cd = ug d + ωs Lg ig q − Rg ig d + Lg
dt


dig q
(4)
ug cq = −ωs Lg ig d − Rg ig q + Lg
dt
Pg =

Ps =

(1)

where Ps and Qs are active and reactive power of stator winding,
us is the DFIG phase voltage, and ir d and ir q are the component of rotor current along d- and q-axes, respectively. In the
synchronous rotating coordinate
Ls = Lls + Lm
Lr = Llr + Lm
Lm =

3Lsr
2

(2)

where Lls and Llr are the leakage inductance of stator and rotor
and Lsr is the mutual inductance between the stator and the
rotor.
According to (1), the active power Ps can be controlled by
ir q , and the reactive power Qs can be controlled by ir d . Because
there is no interaction between ir q and ir d , therefore, Qs would

where ω s is the stator voltage angular velocity, and Rg and Lg
are the induction winding resistance and inductance, respectively. Grid-side converter vector control structure diagram is
illustrated in Fig. 4.
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Fig. 6.

Mechanical and electromagnetic torque of DFIG.

Fig. 5. DC voltage of converter and rotor current of DFIG. (a) DC voltage of
converter U d c . (b) Rotor current.

IV. SIMULATION AND RESULTS FOR THE FAULTY
STATE OF THE DFIG
During the practical operation of the generator, faults may
rise up because of the aging of power electronic devices, short
circuited of the rotor winding, open circuit of the excitation
winding, etc. For the normal operation, the generator can run
at supersynchronous state or subsynchronous state [19]. Under
the faulty state of a DFIG, the active power, reactive power,
voltage, and current of generator stator will change. Therefore,
in this part, the investigation on the change of the DFIG status
is performed, such as the PLOE, CLOE, and ISC of the rotor
winding exists in the DFIG. Then, a fault detection scheme is
presented.
In the simulation, the DFIG model is operating at the power
factor constant mode and the reactive power Qref is 0 kvar in
the model, the wind speed is 10 m/s, and at the 2.5 s, the DFIG
failure rise up. In order to facilitate the analysis, the failure
duration was extended to 0.5 s. At the time of 3 s, the accident
eliminated, and the impact of the reclosing to the system at the
same time is simulated.
A. Result for PLOE
Because the grid-side converter is mainly used to maintain
the dc voltage Udc ; therefore, when the grid-side PWM control
opened under the fault conditions, the dc bus in the grid side will
lose the voltage support. But the excitation of generator will not
disappeared completely; therefore, the generator will operate in
the state of PLOE.
Before the fault, the generator runs at subsynchronous situation, and the grid-side converter absorbs power to stabilize the
voltage of dc bus. After the accident, the grid-side converter
disconnects from the grid, the rotor-side current is provided by
the capacitor, and the change of the voltage Udc is shown in

Fig. 7. Change of the active and reactive power of DFIG for PLOE. (a) Active
power of DFIG. (b) Reactive power of DFIG.

Fig. 5(a). It is obvious that the Udc decreases in the exponential
form for 2.5 to 3 s, and the amplitude decreases from 10 to 2.2 V.
Because the excitation current of rotor side is provided by the
voltage-source converter; therefore, when the capacitor voltage
Udc decreases, the rotor current will decline, and the amplitude
of three-phase current will also decrease in the exponential form
from 67.5 to 41.7 A, as shown in Fig. 5(b).
At the same time, the torque imbalance will happen in the generator, i.e., the absolute value of the mechanical torque is greater
than the electromagnetic torque, as shown in Fig. 6, and compared with the mechanical torque, the electromagnetic torque
declines about 8%. The excessive torque will speed up the rotor,
and the active power of generator temporarily increases, the amplitude of the difference can reach 26%, as shown in Fig. 7(a),
which will result in the decreasing of the electromagnetic torque
by 8% and the increase of the voltage at the neighbor node; finally, the stability of the microgrid will be broken. According
to Fig. 7(b), the reactive power can be well controlled near
the reference value because the DFIG operates at the reactive
power constant mode of which the reference value is 0 var, but
when the fault appear, the reactive power of machine will fluctuate. The voltage of node 846 has the greatest change for the
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Fig. 8.

Node voltage for PLOE.

Fig. 9.

Rotor current of DFIG for CLOE.
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Fig. 10. Active and reactive power of DFIG for CLOE. (a) Reactive power of
DFIG. (b) Active power of DFIG.

system in the fault state, and the per unit value of voltage rose
by 8.3%, as shown in Fig. 8. After the accident, the grid side of
DFIG reconnects to the grid, then the active and reactive power
fluctuates violently.
Therefore, the PLOE of the DFIG can result in the instant
pulse to the microgrid, to avoid the power accident in the microgrid, some monitoring measure should be adopted.
B. Result for CLOE
When the three-phase winding short circuit of the DFIG happens because of the fault of the rotor-side converter or slip ring,
the rotor may lose the excitation and the CLOE may rise up [20].
Here, the analysis on the state of the generator of CLOE is
presented.
The simulation result for the rotor current of the DFIG is
shown in Fig. 9, its amplitude will not reduce to zero suddenly,
because there exists the equivalent inductance. During the fault,
the current lost nearly five waveforms. After the winding short,
the rotor will form a loop; at this time, the DFIG changes into an
induction wind generator. Therefore, the generator will absorb
inductive reactive power from the grid to maintain air gap magnetic field. As shown in Fig. 10(a), 19.2 Mvar reactive power
is need to meet the running demand. Fig. 10(b) indicates that
after reestablishing the magnetic field, the DFIG continues to
output active power. This makes it possible for the fault recovery
and the operation reliability of generators will be improved. It
is obvious that the amplitude of the active power substantially
reduced when it operates in the asynchronous state, the output
active power is only about 20% of rated value.
Because the generator absorbs reactive power from the grid,
the grid voltage will change. The investigated result of the node
voltage change of the grid is shown in Fig. 11. It can be seen that
the average difference between the normal node voltage of 846

Fig. 11.

Node voltage of 846 for CLOE.

and the faulty voltage can reach 9.4% of the normal value when
the penetration rate of DFIG is low, which can influence the stability of the microgrid. Therefore, the corresponding measures
should be taken to eliminate the impulse on the microgrid.
C. Result for ISC Fault
The ISC fault usually occurs in the DFIG in the case of long
time running and high environmental temperature. When the
short circuit of the rotor winding happens, the terminal voltage
of the generator will change with the reduction of the effective
turns ratio (shown in Table I), and the change amplitude depends
on the count of the short-circuit winding. The following is the
simulation result when different turn of short-circuit winding
exists in the rotor winding.
The change of the active power and node voltage are shown in
Fig. 12, zero point is in the normal state, the rotor effective turn
decreases with the increase of the short-circuit rotor windings,
the active power and average node voltage will decrease. When
10% of the rotor winding is short circuit, the difference of the
active power can reach 35%, while the difference of the voltage
only reaches 3%.
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TABLE I
RELATIONSHIP BETWEEN TERMINAL VOLTAGE AND THE ROTOR TURNS

Fig. 12.
turns.

Relationship between active power and node voltage and the rotor

D. Analysis on the Fault Detection of the WGs Fault
According to the simulation results, the fluctuation of the
system voltage, the active and reactive power of DFIG will
emerge when the accident happens, what is worse, damage
maybe caused to other devices in the microgrid; therefore, it
is necessary to detect such fault in advance. Therefore, in this
part, suggestion for the detection of the fault of a DFIG is presented, and Fig. 13 shows the schematic diagram.
In Fig. 13, a voltage sensor is used to measure the dc voltage
of the converter, which can be used to check the fault of PLOE. A
reactive power meter is used to measure the reactive power on the
terminal of the DFIG, and another voltage sensor is installed to
measure the terminal voltage of the DFIG, according to the measured reactive power and the terminal voltage, the fault of CLOE
can be determined. To make an accurate detection on the fault, a
self-organizing map (SOM) neural network can be used. In order
to improve the classification accuracy of the SOM, simulated
data and real failure data will be used to train the network. All the
information of the input vector, which includes the fault characteristics, the rules of failures and the weigh coefficient, will be
memorized, hence through the training of the network, the fault
feature extraction also will be realized. In addition, with the
input detection signals, the fault classification can be achieved.
The aforementioned is the suggestion for the fault detection of a DFIG, for the practical application of the fault de-

Fig. 13.

Fault detection diagram.

tection system shown in Fig. 13, some filed tests should be
performed.
V. CONCLUSION
In this paper, a vector control method for DFIG was presented, and the faults of loss of excitation were simulated when
the DFIG was connected to the test system, then some qualitative analyses have been discussed. According to the simulation
results, it can be concluded as follows.
1) The active power may temporarily increase when the
DFIG in the PLOE fault and the node voltage of the system increases at the same time. After the fault, the active
and reactive power fluctuates violently when the converter
reconnects to the grid, which could result in the impulse
on the microgrid.
2) For the CLOE fault, the machine is running into an asynchronous state, the active power will reduce and absorb
reactive power, the voltage may decline. If the penetration
rate of DFIG is low, the reactive power compensation is
commanded to stabilize the voltage; if the penetration rate
is high, WGs are advised to disconnect from the grid.
3) For the short circuit of the rotor winding, with the increase
of the turn of the short-circuit rotor winding, the difference
between the normal active power and average node voltage
increases, and when 10% of the rotor winding is short
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circuited, the difference of the active power is larger than
the voltage’s. Therefore, such type of the fault mainly has
an effect on active power balance of the system.
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