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Abstract— In this paper, an impedance based frequency domain
model of a doubly fed induction generator is developed. The
machine is simplified so that it can be viewed as it’s thévenin
impedance. The resulting model is used for stability simulations.
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I. INTRODUCTION
With climate change and the move to renewable energy, the
way energy is created changes as well. New ways to generate
electricity often need new ways to optimize the use of
generators. Doubly fed induction generators (DFIG) play out
their advantages in modern wind turbines. Those generators are
relatively new in the electrical grid and therefore they can have
different impacts than traditional induction machines. To keep
control over the power generation, DFIGs effects on the grid
should be calculated different from other generators and so new
models are needed to integrate the generator in stability
considerations.
II. DEVELOPMENT OF FREQUENCY
DOMAIN IMPEDANCE MODELL
A. Impedance model basics
An impedance model is used to build a doubly fed induction
generator model in frequency domain. This method is often used
to determine stability of electrical systems [1] [2].

Figure 1 Thévenin impedance circuit model

Figure 2 shows the components of a typical DFIG where its
rotor is connected to a voltage source converter. Only electrical
elements will be included in the Impedance calculation. The
RSC and GSC controller parameter will have an influence on the
equivalent impedance and therefore cannot be neglected.
The stator winding of the induction generator is connected to
the three-phase grid voltage and frequency 𝜔𝑠 . The resulting
magnetomotive force (MMF) of the windings is (1-3) [4]:
Θa (δ, t) = Nia (t) cos δ
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The goal is to find the Thévenin equivalent impedance of the
whole machine. The System then can be displayed in a simple
circuit with a voltage source and an impedance like seen in
Figure 1 [3].
Not all influences will be taken care of in this model. The
DFIG consists of an induction generator that has its rotor
connected to a voltage source converter. This converter is
connected to the grid via a separate transformer. The wind rotor
is connected to the generator with a gearbox. The masses
included have a two-mass swing system which consists mainly
out of the wind rotor and the generator rotor masses. Those
masses and swing frequencies are ignored when calculating the
Thévenin impedance [4].

Figure 2 Doubly fed induction machine components
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Figure 4 Space vector circuit model

Figure 3 MMF and Flux waveforms

With N being the windings count, δ the air gap angle and
sinusoidal currents (4-6). Figure 3 shows the waveforms. The
phase windings are marked with a, b and c.

With those relationships, the Space Vector circuit model can
be found as shown in Figure 4. An additional voltage is used to
represent the rotor voltage into the stator reference frame.

ia (t) = I cos ωs t

The Stator voltage taken from the circuit model is (11):
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Adding the phase MMFs together can be simplified if all
three phases are sinusoidal with a phase difference of 120° leads
to (7):
ib (t) = I cos(ωs t −

Θges (δ, t) =

3
NI cos(δ − ωs t)
2
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To combine the circuits, the rotor voltage (notated with “r”)
has to be taken into the stator rotation speed reference frame. Per
definition, it is referenced to the rotor frequency. (10) shows the
Rotor Voltage matched to the base rotating speed:
⃗⃗ r
dψ
⃗⃗ r
− jωm ψ
dt

dIs
dIs
dIr
+ Lm
+ Lm
dt
dt
dt

C. Frequency domain model
With the space vector model as a base, the frequency domain
model can be build. Laplace transformation is used to create
(12), a function of the frequency variable s:
⃗ s (s) = R s Is + sIs (Lls + Lm ) + sLm Ir (s)
V
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Where 𝐻 is the PI Controller and jK d describes the rotor
current dynamics.
The approach used in [8] simplifies the controls to only one
control loop. The whole DFIG rotor side converter (RSC) would
have and inner and an outer control loop.
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The entire system in space vector and frequency domain is
displayed in (16). The unknown rotor voltage, (15), is taken from
chapter 6 in [7]:
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The differential equation for Ir is shown in (13) and in
frequency domain it can be represented as in (14) [7].

B. Circuit Model development
To develop a one circuit model, the currents and voltages are
transformed into space vector [5]. The resulting MMF, and
Voltage for the stator and rotor circuit becomes (8-9) [6]:

⃗ r = R r Ir +
V

⃗Vs = R s Is + Lls

Rr + Lm (s − jωr ) − jωr Llr
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))) sLm
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Figure 5 Frequency domain single phase circuit without GSC

The next step is, to eliminate the need of the rotor current to
calculate the impedance of the system. In [9] a DFIG developed,
that has its rotor side calculated via the slip.
In [1] it’s shown that a single-phase circuit can be used.
Therefore, a current dependent voltage source with a
corresponding impedance is used for the newly developed single
phase circuit model. The voltage source (17) and the RSC
impedance is (18) [7].
Ir∗ H(s − jωs ) = ⃗Vrsc (s)

(17)

Zrsc = H(s − jωs ) − jK d

(18)

Figure 6 Bode Plot of DFIG without GSC; with control (blue) and without
control (orange)

Figure 5 shows the circuit model in frequency domain. The
rotor side relates to the slip frequency and therefore, (20) is the
Impedance of the DFIG without the grid side converter (GSC).
III. SIMULATION RESULTS
To see the frequency response, a bode plot of the impedance
is made. To test the RSC, the control values for the PI controller
are set to zero to see the difference in the behavior. The bode
plot (Figure 6) of the impedance shows a peak at rotor frequency
and, if the control values for the rotor side controller are not zero,
a peak at stator frequency.

ZDGASM (s) =

ZASMRSC (s)(sLt + Zgsc )
ZASMRSC (s) + sLt + Zgsc

(19)

The GSC is implemented the same way the RSC. It’s
connected via a transformer that is represented with an
inductance. The circuit model is seen in Figure 7. The GSC
connected in parallel, so the impedance of the whole system is
(19).
Standard Control values are set for the machine, so a spike
at rotor rotating speed and at stator frequency is expected. Also,
different rotating speeds are simulated. As expected, a positive
slip results in a spike lower than stator frequency and a negative
slip shows a spike above start frequency. Figure 8 shows two
examples, one for 90% rotating speed of the rotor and one for
110%. Comparing the bode plots of the DFIG with and without
GSC shows, that the large impedance of the GSC filters out the
visible effects of the induction machine and control. The control
values of the GSC are changed in Figure 9 to see the effects.

sLm (sLls + (R s + (K P +
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Figure 7 Frequency domain single phase circuit with GSC

Figure 8 Bode plot of 90% rotor rotating speed on the left and 110% rotor
rotating speed on the right; without GSC (blue) and with GSC (orange)

Figure 9 Different control values tested; on the left high values, in the
middle weak control and on the right all values set to zero; without GSC (blue)
and with GSC (orange)
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While high control values distort the whole plot, also with
weak control or without any control at all, the impedance has a
strong impact on the results. So, depending on what the model
should be used for, it could be advantageous to ignore the GSC
in the model. The simplified DFIG model is complete. The next
step is to connect it to an electrical network to see if it can be
used in combination with electrical lines, cables or other
equipment that shall be tested. Each network has a resonant
frequency, this resonant frequency could match frequencies of
the DFIG. The grid model here is a simple RCL circuit (21), that
represents a power line and connected in row with the machine.

Znet (s) = R + sLnet +

1
sC

IV. CONCLUSION
The impedance based modeling of a doubly fed induction
generator generates a simplified model. Basic behaviors can be
observed but compared with a time-based simulation, some
influential parts of the machine are left out. The two-mass swing
system could interfere with other swing frequencies and the
converters are treated as perfect voltage sources, which they are
not in a real machine. Also, while the bode plots can be used for
a quality analysis, they are not good for a quantity analysis
because the spikes shown are not useful to determine the size of
the effect.

(21)

The GSC is ignored in following bode plots and greyed out
in Figure 10. It’s shown with the Plots in Figure 11, that the grid
does not affect the peaks of the DFIG. The grid impedance has
a peak at its own resonant frequency. Again, positive and
negative slip is tested.
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