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DYNAMIC STABILITY ENHANCEMENT OF A PLANNED
WIND FARM WITH A STATIC VAR COMPENSATOR

John Ch. Dermentzoglou — Demetrios. P. Papadopoulos
∗

In the present paper the use of a static var compensator for the purpose of improving the dynamic characteristics of a
planned wind farm is investigated. First, an eigenvalue analysis is performed by taking into account various pairs of gain and
time constants of the voltage regulator of the static var compensator in order to choose the most suitable ones according to

the location of the eigenavalues of the system under investigation. Then a further improvement of the dynamic characteristics
of the wind farm is attempted by designing a fixed-gain PID controller with a two stage lead-lag compensator that uses,
as feedback signal, the speed of one of the nine induction generators (IGs) of the involved wind farm and utilizes it as an

additional signal to the voltage regulator of the static var compensator. The validation of the effectiveness of the proposed
PID controller is assessed through digital simulations by using the EMTP-ATP program when applying a 3-phase fault. The
controller is also applied to other known operating conditions of the system through digital simulations to amply verify its
suitability.

K e y w o r d s: dynamic stability, induction generators (IG’s), wind farm, submarine cable, static var compensators,
EMTP-ATP program

1 INTRODUCTION

As known, the Static Var Compensators are used in
power systems for the purpose of regulating the system’s
voltage, to improve transmission capacity, enhance tran-
sient stability, and damp power system oscillations [1–7].
In order to increase the dynamic stability of a power sys-
tem it is a common practice to obtain a linearized model
of it and then facilitate the design of suitable controllers
or stabilizers [2, 3, 7]. In [2] a fixed-gain PID static var
controller is designed, for a single synchronous machine
connected to a large power system operating on nomi-
nal conditions. The effectiveness of the above mentioned
controller is compared with a self-tuning PID static var
controller that was also designed for the same system.
The relevant results have shown that the self-tuning PID
static var controller displays better damping characteris-
tics in comparison with the associated ones of the fixed-
gain PID static var controller. In [3] a new concept for
the design of a robust fixed-parameter FACTS-based sta-
bilizer is introduced. The mechanism to select the robust
operating condition is to predict the effectiveness of the
FACTS-based stabilizer before it is designed. Among all
known operating conditions of the power system, if the
FACTS-based stabilizer is anticipated to be least effec-
tive at an operating condition, this operating condition
is chosen to be the robust operating condition since once
the FACTS-based stabilizer is set at the robust operating
condition with satisfactory effectiveness, then the predic-
tion on the effectiveness of the stabilizer to the variations
of system operating conditions guarantees that the sta-
bilizer will be effective in suppressing system oscillations
relating to a wider range of operating conditions. It is to

be noted that this concept has been implemented both in
single-machine and multi-machine power systems.

In the present work the static var compensator (SVC)
technique [1] will be applied to a demanding practical
Greek power system. The needed size of the static var
compensator for this application will be assessed first
and, then, a fixed gain PID controller will be designed
and incorporated to the system for achieving a further
improvement of its transient characteristics. The effec-
tiveness of the resulting fixed gain PID controller will be
assessed through appropriate digital simulations of the
overall system by using the EMTP-ATP program.

2 SYSTEM DESCRIPTION

The power system investigated in this paper is based
on the recent interconnection of the continental national
electric grid with the electric grid of Samothraki Island
through an appropriate submarine cable (see Fig. 1). The
Public Power Corporation of Greece (PPC) is in the pro-
cess of replacing the existing old wind farm (4 × 55 kW)
of this Island with a new one having 9 identical wind-
turbines with IGs having a total capacity of 7.2 MVA [8].
The mean annual wind speed expected on the site of the
wind farm varies from 8.13 m/s to 8.4 m/s according to
the hub-height of the wind turbines [8, 9]. The existing
submarine cable provides two independent parallel cir-
cuits with 12.11 MVA capacity and 46 km long per cir-
cuit. The first circuit is used for normal interconnection
operation and the other one for reserve use.

The main purpose of this study is to investigate the
installation of a proper static var compensator on the grid
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Fig. 1. Power system of Eastern Macedonia-Thrace Region of
Greece under investigation.

Fig. 2. Simplified single-line diagram of the proposed Wind Farm
and the location of the static var compensator.

of the Island (see Fig. 2) in order to enhance its dynamic
characteristics and especially to assist the IGs of the wind
farm to maintain their stability under large disturbances
(eg 3-phase faults). With respect to the power system
model of Fig. 2 and Fig. 3 a 3-phase fault is applied
to key system buses in order to determine the critical
fault clearing time tcrit , at which an IG of the wind farm
looses its stability. A critical fault clearing time between
20 < tcrit < 40 ms for the 3-phase fault applied close to
the bus of the IG’s of the wind farm, and 40 < tcrit <
80 ms for the 3-phase fault applied to the load buses
at the continental and the island grids was determined,
depending on the load conditions of the system.

The criterion for selecting the appropriate size of the
static var compensator which should be connected to the
20 kV bus (see Fig. 2) in order to improve the stability
of the IGs requires a tcrit value of 100 ms for faults ap-
plied to the load buses at the continental grid, and for
faults applied close to the IGs bus. These values were

obtained by performing several dynamic simulations, us-
ing the complete system model, concerning various sizes
of static var compensators. The determined in this way
SVC size is between −8 Mvars to +8 Mvars. A further
dynamic improvement of the stability of the IGs is pursuit
by designing a suitable fixed-gain PID controller based on
the linearization of the system. The system linearization
is performed at an operating condition at which the IGs
display the maximum speed deviation when the system is
subjected to a 3-phase fault. The 3-phase faults, in this
study, are applied to the complete non-linear model of
the system under investigation.

The simulations of the conducted investigations were
carried out by using the EMTP-ATP software package.

3 GENERAL SYSTEM

REPRESENTATION AND PERTINENT

MATHEMATICAL CONSIDERATIONS

A. Mathematical overview

The simplified single-line diagram representation of
the power system under consideration is shown in block
form in Fig. 3.

The IGs are described by a 4th -order nonlinear math-
ematical model with respect to a synchronously rotating
frame for the electrical part, and a 2nd -order mathemat-
ical model for the mechanical part as in [10]:

Vqs = RsIqs +
d

dt
Ψqs + ω0Ψds , (1)

Vds = RsIds +
d

dt
Ψds − ω0Ψqs , (2)

Vqr = RrIqr +
d

dt
Ψqr + (ω0 − ωr)Ψds , (3)

Vdr = RrIdr +
d

dt
Ψdr − (ω0 − ωr)Ψqs , (4)

Ψds = (Lls + Lm)Ids + LmIdr , (5)

Ψqs = (Lls + Lm)Iqs + LmIqr , (6)

Ψdr = (Llr + Lm)Idr + LmIds , (7)

Ψqr = (Llr + Lm)Iqr + LmIqs , (8)

Te = 1.5P (ΨdsIqs − ΨqsIds) , (9)

1

P

d

dt
ωr =

1

2H
(Te − Tm) , (10)

d

dt
Θr = ωr . (11)

The static var compensator scheme, which was adopted
for the study, is shown in Fig. 4, and its capacitor bank is
taken as 3rd –5th , and 7th -order harmonics series tuned
filters in order to prevent harmonic currents being in-
jected to the system. The thyristor controlled reactors are
connected in delta. The static var compensator is mod-
eled as in [11].
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Fig. 3. Simplified diagram description of the complete power system under investigation (* indicates the 3-phase fault location).

Fig. 4. Static var compensator scheme used in the simulation. Fig. 5. Voltage regulator of the static var compensator.

The voltage regulator of the static var compensator is
depicted in Fig. 5 and it also includes an additional signal
∆Vsvc , which is the feedback of the deviation of the speed
of one of the induction generators, through the fixed-gain
PID controller. The transmission lines are modeled as in
[10]. Due to space limitations, only, the linearized part of
the induction generators and the static var compensator
are given in Appendix A. The numerical values of the
parameters of the system are presented in Appendix B.

B. Design of a fixed-gain PID static VAR con-

troller

The linearized model of the power system takes the
form:

pX(t) = AX(t) + BU(t) + ΓZ(t) , (12)

Y (t) = CX(t) , (13)

where X(t) (84×1) is the state vector, U(t) (1×1) is the
input signal, Z(t) (9 × 1) is the disturbance vector, and
Y (t) (1× 84) is the output signal. The dimensions of A ,
B and Γ are (84×84), (84×1) and (1×9), respectively.
In this study, the main input signal is the additional signal

∆Vsvc , of the voltage regulator. The disturbance vector
is the variation of the input torque applied to the induc-
tion machines, and the variation of the reference voltage
∆Vref of the voltage regulator of the static var compen-
sator. The output signal is the rotor speed variation of one
of the induction machines. Following the procedure de-
scribed in [2] by using eigenvalue-assignment techniques,
the transfer function of the feedback signal has as many
parameters as the number of the eigenvalues desired to be
shifted. For example, if the four worst eigenvalues of the
system are be shifted, then the transfer function of the
feedback signal, if the PID controller includes a washout
filter, will have the form

H(λ) =
λtw

1 + λtw

(

Kp +
Ki

λ
+ Kdλ

)

. (14)

In the present study seven (7) eigenvalues (see Appendix
C) are chosen to be shifted and the transfer function of
the feedback signal includes a two stage lead-lag compen-
sator, therefore the form of the H(λ) becomes

H(λ) =
λtw1 + 1.0

1 + λtw2

λtw3 + 1.0

1 + λtw4

(

Kp +
Ki

λ
+ Kdλ

)

.
(15)
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Fig. 6. ∆ω variation of wind-turbine G1 with static var compen-

sator for a 3-phase fault applied to continental grid (see Fig. 3),
with minimum load conditions on the Island, where:

without PID controller (with Kr = 20.0 and tr = 0.50
- - - - with PID controller (Kr = 20.0 , tr = 0.50 , Kp = −500 ,

Ki = −1375 , Kd = 0.68 , tw1 = −0.128 , tw2 = 0.007880 ,
tw3 = 0.0829 and tw4 = 9.983).

Fig. 7. ∆ω variation of wind-turbine G1 with static var compen-

sator for a 3-phase fault applied to Samothraki island close to the
induction generator bus (see Fig. 3), with minimum load con-

ditions on the Island, where:
without PID controller (with Kr = 20.0 and tr = 0.50).

- - - - with PID controller (Kr = 20.0 , tr = 0.50 , Kp = −500 ,
Ki = −1375 , Kd = 0.68 , tw1 = −0.128 , tw2 = 0.007880 ,

tw3 = 0.0829 and tw4 = 9.983).

The H(λ) is also expressed as:

H(λ) =
1

C(λI − A)−1B
. (16)

Therefore, in order to determine the parameters of the
controller one has to combine equations (14), (15), or (16)
for the number of the eigenvalues need to be shifted to
more desired locations.

4 COMPUTER SIMULATION

AND RELATED RESULTS

In order to assess the degree of effectiveness of the
proposed controller a digital simulation of the power sys-
tem under study was performed using the EMTP-ATP
package. In the simulation all the nonlinearities, such as
thyristor-valves operation etc were included. Three cases
were concerned in this study for the operating conditions
on the island of Samothraki for the purpose of assessing
the effectiveness of the proposed PID controller: a) maxi-
mum power penetration from the proposed wind-farm, ie

about 684 kW contribution from each wind-turbine (with
minimum local electric load being 750 kW, 562.5 kvar);
b) maximum power penetration from the proposed wind-
farm, ie about 684 kW contribution from each wind-
turbine (with medium local electric load being 1580 kW,
1185 kvar); and c) maximum power penetration from the
proposed wind-farm, ie about 684 kW contribution from
each wind-turbine (with maximum local electric load be-
ing 2580 kW, 1935 kvar). Case a was considered in the
present study as being the operating point for perform-
ing the linearization, because the induction generators of
the wind farm experience the largest speed deviation in
comparison with the other two loading conditions, when
a 3-phase fault is applied closed to the bus they are con-
nected. The linearization takes into account various pairs
of gain and time constants for the voltage regulator [1] of

the static var compensator, ie:

Gain (Kr ) Time constant (tr )

20.0 0.50
20.0 0.15
50.0 0.15
100.0 0.20
100.0 2.0

The linearization shows that only the first two pairs of
gain and time constant of the above give a stable sys-
tem (eigenvalues at acceptable locations). Additionally,
the other pairs of gain and time constants for the volt-
age regulator introduce perturbations in the steady state
operation as the relevant digital simulations have shown.
The eigenvalues for the above first two pairs are given in
Appendix C.

A further improvement of the dynamic characteristics
of the system is pursuit by trying to shift some of the
eigenvalues to more desire locations. Usually, one has to
choose the worst of them. This was tried out, but it didn’t
give overall satisfactory results. Then another attempt
was made by trying to shift, as was done in [2], those
eigenvalues associated with the Static Var Compensator
mode and the electromechanical mode of one of the in-
duction generators (ie G1 of Fig. 2), which exhibits some
difference in the location of stator or rotor-mode eigen-
values (see Appendix C). Another aspect in such kind
of studies, which seriously affects the associated results,
is the solving of a set of nonlinear algebraic equations.
In the present study for this purpose two methods were
used, namely, the “Levenberg-Marquardt” and “Quasi-
Newton” [12, 13].

Based on the above considerations the associated
eigenvalues for the system with Kr=20.0, tr=0.50 de-
picted from Appendix C are the following:

0.0098838 ± 314.16i
2.5351 × 10−13 For the SVC mode
− 2.0
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Fig. 8. ∆ω variation of wind-turbine G1 with static var compen-
sator for a 3-phase fault applied to continental grid (see Fig. 3),
with minimum load conditions on the Island, where:

without PID controller (with Kr = 20.0 and tr = 0.15)

- - - - with PID controller (Kr = 20.0 , tr = 0.15 , Kp = +535,
Ki = +1168, Kd = 0.98 , tw1 = 0.0237 , tw2 = 0.003930 ,

tw3 = −2.784 and tw4 = 5.32).

Fig. 10. ∆ω variation of wind-turbine G1 with static var compen-
sator for a 3-phase fault applied to continental grid (see Fig. 3),
with medium load conditions on the Island, where:

without PID controller (with Kr = 20.0 and tr = 0.15).

- - - - with PID controller (Kr = 20.0 , tr = 0.15 , Kp = +535,
Ki = +1168, Kd = 0.98 , tw1 = 0.0237 , tw2 = 0.003930 ,

tw3 = −2.784 and tw4 = 5.32).

Fig. 9. ∆ω variation of wind-turbine G1 with static var compen-

sator for a 3-phase fault applied to Samothraki island close to the
induction generator bus (see Fig. 3), with minimum load con-

ditions on the Island, where:
without PID controller (with Kr = 20.0 and tr = 0.15).

- - - - with PID controller (Kr = 20.0 , tr = 0.15 , Kp = +535,
Ki = +1168, Kd = 0.98 , tw1 = 0.0237 , tw2 = 0.003930 ,

tw3 = −2.784 and tw4 = 5.32).

Fig. 11. ∆ω variation of wind-turbine G1 with static var compen-

sator for a 3-phase fault applied to Samothraki island close to the
induction generator bus (see Fig. 3), with medium load condi-

tions on the Island, where:
without PID controller (with Kr = 20.0 and tr = 0.15).

- - - - with PID controller (Kr = 20.0 , tr = 0.15 , Kp = +535,
Ki = +1168, Kd = 0.98 , tw1 = 0.0237 , tw2 = 0.003930 ,

tw3 = −2.784 and tw4 = 5.32).

− 11.3958 ± 312.45i For the Induction Generator #1

− 0.00077778 For the Network

An effort was made to shift the above seven eigenvalues
of the system to the following new locations:

− 6.0 ± 314.16i
− 2.5351 × 10−16 For the SVC mode
− 5.0

− 13.317 ± 312.45i For the Induction Generator #1

− 0.077778 For the Network

The associated results obtained were:

− 1.9136 ± 312.45i
− 4.0679 × 10−12 For the SVC mode
− 2.48

− 12.375 ± 312.45i For the Induction Generator #1

− 0.00077778 For the Network

Similarly the associated eigenvalues for the system with
Kr = 20.0, tr = 0.15 depicted from Appendix C are the

following:

− 0.001296 ± 314.14i
2.5351 × 10−13 For the SVC mode
− 6.0

− 11.975 ± 312.45i For the Induction Generator #1

− 0.00077778 For the Network

Here the effort was made to shift the above seven eigen-
values of the system to the following new locations:

− 8.0 ± 314.14i
− 2.5351 × 10−16 For the SVC mode
− 10.0

− 13.317 ± 312.45i For the Induction Generator #1

− 0.077778 For the Network

The associated results obtained were:

− 2.9479 ± 313.67i
− 6.8152 × 10−12 For the SVC mode
− 6.8202



126 J. C. Dermentzoglou — D. P. Papadopoulos: DYNAMIC STABILITY ENHANCEMENT OF A PLANNED WIND FARM WITH . . .

Fig. 12. ∆ω variation of wind-turbine G1 with static var compen-
sator for a 3-phase fault applied to continental grid (see Fig. 3),
with maximum load conditions on the Island, where:

without PID controller (with Kr = 20.0 and tr = 0.15).

- - - - with PID controller (Kr = 20.0 , tr = 0.15 , Kp = +535,
Ki = +1168, Kd = 0.98 , tw1 = 0.0237 , tw2 = 0.003930 ,

tw3 = −2.784 and tw4 = 5.32).

Fig. 13. ∆ω variation of wind-turbine G1 with static var compen-
sator for a 3-phase fault applied to Samothraki island close to the

induction generator bus (see Fig. 3), with maximum load con-

ditions on the Island, where:
without PID controller (with Kr = 20.0 and tr = 0.15).

- - - - with PID controller (Kr = 20.0 , tr = 0.15 , Kp = +535,

Ki = +1168, Kd = 0.98 , tw1 = 0.0237 , tw2 = 0.003930 ,
tw3 = −2.784 and tw4 = 5.32).

− 12.975 ± 312.45i For the Induction Generator #1

− 0.00077778 For the Network

The resulted gain and time constants for the PID con-
trollers and the two stage lead-lag compensator are given
for the above two cases in Appendix C.

As seen they did not follow closely the desired loca-
tions, but in the second case the eigenvalues were shifted
to locations with better damping ratio. The application of
the above two designed controllers was integrated in the
non-linear system digital simulation for the two 3-phase
faults applied (ie one on the continental electric grid and
the other on Samothraki Island electric grid). The results
obtained in the second case were much better than the as-
sociated ones of the first case (see Figs. 6 and 7 vs Figs. 8
and 9). The same fixed gain PID controller with two stage
lead-lag compensator was also applied for other loading
conditions, subject to a 3-phase fault imposed to the con-
tinental and island grid, and the results obtained showed
significant improvement in the dynamic characteristics of
the induction generators (see Figs. 10–13).

5 CONCLUSIONS

The obtained results of the conducted investigations
along with the associated simulations demonstrated
clearly that the proposed (designed) PID controller(s)
enhanced significantly the effectiveness of the integrated
SVC in the examined power system. More specifically the
PID controller with fixed gains and the two stage lead- lag
compensator did improve the oscillatory behavior of the
speed variation of the induction generators of the wind
farm, when a 3-phase fault was imposed on the continen-
tal and the Island parts of the electric grid. Better results
are anticipated by resorting to more complex linearized
system models for the SVC and also by integrating self-
tuning or adaptive controller design techniques.

Appendix A

The linearized state equations of an induction genera-
tor (IG) are

pXG = AGXG + BGUG (17)

where: X⊤

G = [∆Iqs ∆Ids ∆Iqr ∆Idr ∆ω ]

AG =











−Rs −Xss 0 −Xm

Xss −Rs Xm 0
0 −soXm −Rr −soXrr

soXm 0 soXrr −Rr
−Xmidro Xmiqro Xmidso −Xmiqso

0
0

−XmIdso − XrrIdro
−XmIqso − XrrIqro

0











BG =











Lss 0 Lm 0 0
0 Lss 0 Lm 0

Lm 0 Lrr 0 0
0 Lm 0 Lrr 0
0 0 0 0 −2H











U⊤

G = [∆Vqs ∆Vds ∆Vqr ∆Vdr ∆TL ]

The linearized equations of a static var compensator
(SVC) are:

pXsvc = AsvcXsvc + BsvcUsvc (18)

where: X⊤

svc = [∆Isvcd ∆Isvcq ∆LB ]

Asvc =







0 −wo −wo Isvcqo
Lbo

wo 0 wo Isvcdo
Lbo

0 0 −
1

Tr







Bsvc =







−
Kr

TrBo2

V svcdo
V svco

0 0

0 −
Kr

TrBo2

V svcqo
V svco

0

0 0 Kr
TrBo2







USV C⊤ = [∆Vsvcd ∆Vsvcq ∆svc ]

and Bo = BLo + BC

LBo = XT −
1

Bo

o denotes the steady state operation.
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Appendix B Parameters of investigated power

system

Induction generator (IG) data for the proposed wind
farm (on 690 V, 835 kVA base)

Xss 0.00087 pu
Xrr 0.143 pu
Xm 4.760 pu
Rs 0.0059 pu
Rr 0.190 pu
H 0.442 sec

Each IG has 200 kvar capacitor bank reactive compensa-
tion.

Electric grid data(for Continental & Island grid)

R1 0.192 Ω/km

X1 1.072 mH/km

C1 8.0 nF/km
R3 0.190 Ω/km

X3 1.072 mH/km

C3 8.0 nF/km

Submarine cable data

Type: three pole/double circuit cable, 3×95mm2 cop-
per, 12/20 (24) kV, 2 × 12.11 MVA, XLPE insulation.

Permissible maximum continuous current:

Operation in the sea (25 ◦C): 350 A

Nominal system voltage: 20 kV
Maximum system voltage: 24 kV
Frequency: 50 Hz
Short circuit power: 250 MVA
Maximum short circuit power to earth: 1000 A/1s
Impulse withstand voltage: 125 kV

R2 0.248 Ω/km
X2 0.39788 mH/km

C2 227 nF/km

Appendix C Eigenvalues of investigated power

system

Eigenvalues of the power system under minimum Island

load conditions with SVC but without PID controller (Kr =
20.0, tr = 0.50)

−22.625 + 1.0647 × 106
i −13.317 + 312.45i

−22.625 − 1.0647 × 106
i −13.317 − 312.45i

−31.459 + 3.8628 × 105
i −2

−31.459 − 3.8628 × 105
i −0.00077778

−31.466 + 3.8411 × 105
i 2.5351 × 10−13

−31.466 − 3.8411 × 105
i −13.317 + 312.45i

−31.445 + 3.8619 × 105
i −13.317 − 312.45i

−31.445 − 3.8619 × 105
i −13.317 + 312.45i

−13.317 − 312.45i

−13.317 + 312.45i

−373.26 + 5354.1i −13.317 − 312.45i

−373.26 − 5354.1i −13.317 + 312.45i

−55.638 + 4481.4i −13.317 − 312.45i

−55.638 − 4481.4i −13.317 + 312.45i

−210.79 + 4263.5i −13.317 − 312.45i

−210.79 − 4263.5i −21.041 + 50.674i

−163.39 + 4226.9i −21.041 − 50.674i

−163.39 − 4226.9i −41.167

−182.18 + 1605.4i −20.829 + 50.633i

−182.18 − 1605.4i −20.829 − 50.633i

−105.86 + 1436.1i −20.829 + 50.633i

−105.86 − 1436.1i −20.829 − 50.633i

−105.82 + 1436i −20.829 + 50.633i

−105.82 − 1436i −20.829 − 50.633i

−132.24 + 1266.4i −20.829 + 50.633i

−132.24 − 1266.4i −20.829 − 50.633i

−520.66 −20.829 + 50.633i

−520.58 −20.829 − 50.633i

−494.5 −20.829 + 50.633i

0.0098838 + 314.16i −20.829 − 50.633i

0.0098838 − 314.16i −20.829 + 50.633i

−11.3958 + 312.45i −20.829 − 50.633i

−11.3958 − 312.45i −20.829 + 50.633i

−427.26 −20.829 − 50.633i

−427.24 −41.223

−427.34 −41.223

−320.4 −41.223 + 2.0386 × 10−12
i

−320.11 −41.223 − 2.0386 × 10−12
i

−13.317 + 312.45i −41.223

−13.317 − 312.45i −41.223

−13.317 + 312.45i −41.223

−13.317 − 312.45i −41.223

Eigenvalues of the power system under minimum Island

load conditions with SVC with PID controller and two stage
lead-lag compensator (Kr = 20.0, tr = 0.50, Kp = −500,
Ki = −1375, Kd = 0.68, tw1 = −0.128, tw2 = 0.007880,

tw3 = 0.0829, tw4 = 9.983)

−22.625 + 1.0647 × 106
i −13.317 − 312.45i

−22.625 − 1.0647 × 106
i −2.48

−31.459 + 3.8628 × 105
i −0.099067

−31.459 − 3.8628 × 105
i −0.00077778

−31.466 + 3.8411 × 105
i −1.5187 × 10−5

−31.466 − 3.8411 × 105
i −4.0679 × 10−12

−31.445 + 3.8619 × 105
i −13.317 + 312.45i

−31.445 − 3.8619 × 105
i −13.317 − 312.45i

−6.485 + 5641.3i −13.317 + 312.45i

−6.485 − 5641.3i −13.317 − 312.45i

−373.26 + 5354.1i −13.317 + 312.45i

−373.26 − 5354.1i −13.317 − 312.45i

−55.632 + 4481.4i −13.317 + 312.45i

−55.632 − 4481.4i −13.317 − 312.45i

−210.79 + 4263.5i −13.317 + 312.45i

−210.79 − 4263.5i −13.317 − 312.45i

−163.38 + 4226.9i −21.158 + 51.117i

−163.38 − 4226.9i −21.158 − 51.117i

−182.18 + 1605.4i −41.16

−182.18 − 1605.4i −20.829 + 50.633i

−105.86 + 1436.1i −20.829 − 50.633i

−105.86 − 1436.1i −20.829 + 50.633i

−105.82 + 1436i −20.829 − 50.633i

−105.82 − 1436i −20.829 + 50.633i

−132.24 + 1266.4i −20.829 − 50.633i
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−132.24 − 1266.4i −20.829 + 50.633i

−520.66 −20.829 − 50.633i

−520.58 −20.829 + 50.633i

−494.5 −20.829 − 50.633i

−1.9136 + 312.45i −20.829 + 50.633i

−1.9136 − 312.45i −20.829 − 50.633i

−12.375 + 312.45i −20.829 + 50.633i

−12.375 − 312.45i −20.829 − 50.633i

−427.26 −20.829 + 50.633i

−427.24 −20.829 − 50.633i

−427.34 −41.223

−320.4 −41.223

−320.11 −41.223

−125 −41.223 + 2.936 × 10−13
i

−13.317 + 312.45i −41.223 − 2.936 × 10−13
i

−13.317 − 312.45i −41.223 + 3.6404 × 10−14
i

−13.317 + 312.45i −41.223 − 3.6404 × 10−14
i

−13.317 − 312.45i −41.223

−13.317 + 312.45i

Eigenvalues of the power system under minimum Island

load conditions with SVC but without PID controller (Kr =
20.0, tr = 0.15)

−22.625 + 1.0647 × 106
i −13.317 − 312.45i

−22.625 − 1.0647 × 106
i −13.317 + 312.45i

−31.459 + 3.8628 × 105
i −13.317 − 312.45i

−31.459 − 3.8628 × 105
i −0.00077778

−31.466 + 3.8411 × 105
i 2.2215 × 10−13

−31.466 − 3.8411 × 105
i −13.317 + 312.45i

−31.445 + 3.8619 × 105
i −13.317 − 312.45i

−31.445 − 3.8619e × 105
i −13.317 + 312.45i

−6.4842 + 5641.3i −13.317 − 312.45i

−6.4842 − 5641.3i −13.317 + 312.45i

−373.26 + 5354.1i −13.317 − 312.45i

−373.26 − 5354.1i −13.317 + 312.45i

−55.628 + 4481.4i −13.317 − 312.45i

−55.628 − 4481.4i −13.317 + 312.45i

−210.79 + 4263.5i −13.317 − 312.45i

−210.79 − 4263.5i −21.041 + 50.674i

−163.38 + 4226.9i −21.041 − 50.674i

−163.38 − 4226.9i −41.167

−182.18 + 1605.4i −20.829 + 50.633i

−182.18 − 1605.4i −20.829 − 50.633i

−105.86 + 1436.1i −20.829 + 50.633i

−105.86 − 1436.1i −20.829 − 50.633i

−105.82 + 1436i −20.829 + 50.633i

−105.82 − 1436i −20.829 − 50.633i

−132.24 + 1266.4i −20.829 + 50.633i

−132.24 − 1266.4i −20.829 − 50.633i

−520.66 −20.829 + 50.633i

−520.58 −20.829 − 50.633i

−494.5 −20.829 + 50.633i

−0.0011296 + 314.14i −20.829 − 50.633i

−0.0011296 − 314.14i −20.829 + 50.633i

−11.975 + 312.45i −20.829 − 50.633i

−11.975 − 312.45i −20.829 + 50.633i

−427.26 −20.829 − 50.633i

−427.24 −41.223

−427.34 −41.223 + 3.8024 × 10−12
i

−320.4 −41.223 − 3.8024 × 10−12
i

−320.11 −41.223

−6.0 −41.223

−13.317 + 312.45i −41.223 + 7.1827 × 10−14
i

−13.317 − 312.45i −41.223 − 7.1827 × 10−14
i

−13.317 + 312.45i −41.223

Eigenvalues of the power system under minimum Island

load conditions with SVC with PID controller and two stage
lead-lag compensator (Kr = 20.0, tr = 0.15, Kp = +535,
Ki = +1168, Kd = 0.98, tw1 = 0.0237, tw2 = 0.003930,

tw3 = −2.784, tw4 = 5.32)

−22.625 + 1.0647 × 106
i −6.8202

−22.625 − 1.0647 × 106
i −2.5293

−31.459 + 3.8628 × 105
i −0.1712

−31.459 − 3.8628 × 105
i −0.00077778

−31.466 + 3.8411 × 105
i −2.3946 × 10−5

−31.466 − 3.8411 × 105
i −6.8152 × 10−12

−31.445 + 3.8619 × 105
i −13.317 + 312.45i

−31.445 − 3.8619 × 105
i −13.317 − 312.45i

−6.4842 + 5641.3i −13.317 + 312.45i

−6.4842 − 5641.3i −13.317 − 312.45i

−373.26 + 5354.1i −13.317 + 312.45i

−373.26 − 5354.1i −13.317 − 312.45i

−55.624 + 4481.4i −13.317 + 312.45i

−55.624 − 4481.4i −13.317 − 312.45i

−210.79 + 4263.5i −13.317 + 312.45i

−210.79 − 4263.5i −13.317 − 312.45i

−163.38 + 4226.9i −20.32 + 50.479i

−163.38 − 4226.9i −20.32 − 50.479i

−182.18 + 1605.4i −41.167

−182.18 − 1605.4i −20.829 + 50.633i

−105.86 + 1436.1i −20.829 − 50.633i

−105.86 − 1436.1i −20.829 + 50.633i

−105.82 + 1436i −20.829 − 50.633i

−105.82 − 1436i −20.829 + 50.633i

−132.24 + 1266.4i −20.829 − 50.633i

−132.24 − 1266.4i −20.829 + 50.633i

−520.66 −20.829 − 50.633i

−520.58 −20.829 + 50.633i

−494.5 −20.829 − 50.633i

−2.9479 + 313.67i −20.829 + 50.633i

−2.9479 − 313.67i −20.829 − 50.633i

−12.975 + 312.45i −20.829 + 50.633i

−12.975 − 312.45 −20.829 − 50.633i

−427.26 −20.829 + 50.633i

−427.24 −20.829 − 50.633i

−427.34 −41.223

−320.4 −41.223 + 6.3608 × 10−12
i

−320.11 −41.223 − 6.3608 × 10−12
i

−13.317 + 312.45i −41.223

−13.317 − 312.45i −41.223

−13.317 + 312.45i −41.223 + 4.278 × 10−14
i

−13.317 − 312.45i −41.223 − 4.278 × 10−14
i

−13.317 + 312.45i −41.223

−13.317 − 312.45i

Nomenclature

∆Vref reference voltage variation of static var compensator
(secondary voltage of T2)

∆Vsvc additional input signal of the voltage regulator of the
static var compensator (with respect to G1)
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Kr static var compensator gain

Tr static var compensator time constant

BL inductive susceptance of the static var compensator

BC capacitive susceptance of the static var compensator

Bo total susceptance of the static var compensator in
steady state

Isvc static var compensator current

XT transformer (T2) reactance of the static var compen-
sator

Xss induction generator stator reactance

Xrr induction generator rotor reactance

Xm induction generator magnetizing reactance

Rs induction generator stator resistance

Rr induction generator rotor resistance

Lls induction generator stator leakage inductance

Llr induction generator rotor leakage inductance

Ψs induction generator stator flux

Ψr induction generator rotor flux

Vs induction generator stator voltage

Vr induction generator rotor voltage

Is induction generator stator current

Ir induction generator rotor current

p number of pole pairs of the induction generator

H induction generator inertia constant in sec.

So nominal slip of induction generator

ωo nominal synchronous speed of IG in rad/sec.

ωr induction generator electrical rotor speed in rad/sec.

Θr induction generator electrical rotor angular position

Te electromagnetic torque of induction generator

Tm mechanical torque applied to the shaft of Wind-turbine

R1 overhead transmission line resistance/km (continental
grid)

X1 overhead transmission line reactance/km (continental
grid)

C1 overhead transmission line capacitance/km (continen-
tal grid)

R2 submarine cable resistance/km

X2 submarine cable reactance/km

C2 submarine cable capacitance/km

R3 overhead transmission line resistance/km (Island grid)

X3 overhead transmission line reactance/km (Island grid)

C3 overhead transmission line capacitance/km (Island
grid)
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