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Abstract—The fast growing application of sustainable energy
sources imposes major structural changes on the current electric
power systems. One of these structural changes is to make use of
large variable speed wind turbines within the conventional electrical
power networks. The installation of these wind turbines has, indeed,
indispensable impacts on the dynamic behavior of the existing electric
power systems. Thus, it is important to gain a rather generalized
overview on how these wind turbines, which mostly use Doubly Fed
Induction Generators (DFIGs), affect the system stability. This paper
performs an analytical analysis for the indication of small disturbance
rotor angle stability in the power systems equipped with variable
speed wind turbines using DFIGs. Also, in order to consider the
stochastic characteristic of the sustainable energy sources, the paper
applies an iterative-stochastic method to analyze the small disturbance
angle stability. The suggested iterative-stochastic methodology is
numerically verified, within this paper, by getting applied to an
electric power test system.

Keywords—Sustainable energy sources, Variable speed wind tur-
bines, Stochastic behavior, Small disturbance angle stability.

I. INTRODUCTION

THE stability of future power networks in order to avoid
the possible imposed incidents must be technically sup-

plied and practically guaranteed. Thus, because of the upcom-
ing structural changes, the concept of system stability requires
a fair and complete review to find newer and more efficient
methods of indication.

Being large scale and complex are features of modern power
systems. Also, because of deregulation, the configuration of
interconnected networks is routinely in a state of change.
Therefore, an indicator of stability, which covers the vast
spectrum of states, is of interest. Such an indicator should
be able to reconcile the stochastic behavior of the renewable
energy sources and the deterministic approach of stability
analysis. This paper intends to perform an analytical analysis
for the indication of small disturbance rotor angle stability
in the future power systems. It is expected to present a new
method of performing a decent coupling between the imposed
stochastic effect of wind power and the deterministic small
signal stability analysis in the future electrical power networks.
To achieve its goal, the paper submits a brief explanation on
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the small disturbance angle stability and presents a required
background on the conventional mathematical tools which are
necessary to investigate this type of system stability. Also,
characteristics of the future power systems, i.e., the stochastic
behavior of renewable energy sources and the dynamic aspects
of large variable speed wind turbines are briefly elaborated.
Subsequently, the given mathematical descriptions are sup-
ported by demonstrating the behavior of a multi-machine
power system, in which large variable speed wind turbines
play a major role.

Since many of the wind turbines used in the transmission
systems are variable speed turbines which use DFIGs, it is
important to consider the effects of these machines on the
electric power networks, form the angle stability point of view.
Thus, another aspect of this paper is to present a mathematical
model for analyzing the behavior of wind turbines with DFIGs
in the future power systems respecting the small disturbance
angle stability. The presented model is expected to enable
us to observe the impacts of large and variable speed wind
turbines equipped with DFIGs on the small signal stability of
the interconnected electric power networks.

Eventually, the paper brings up a possible methodology to
analyze the small disturbance angle stability in the prospective
power systems by applying an iterative-stochastic approach.
By this approach, the uncertain nature of sustainable energy
sources is stochastically modeled and subsequently, for each
sample of this model an iterative linear analysis is performed.
This approach analyzes all possible combinations of loads and
sustainable electricity generations. Applying such a method is
expected to reveal the most vulnerable operating points of the
system.

This paper is organized as follows: Section II describes the
small disturbance angle stability analysis in the systems with
DFIGs. In section III, the iterative-stochastic method to ana-
lyze the small signal stability is discussed. A numerical study
and conclusions are presented in section IV and section V,
respectively.

II. SMALL DISTURBANCE ANGLE STABILITY IN THE

SYSTEMS WITH DFIGS

Small disturbance angle stability is the ability of an electric
power system to maintain synchronism when it is subjected
to small disturbances [1]. This section summarizes the con-
ventional analysis method of small disturbance angle stability
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in electric power systems based on the Structure Preserving
Model (SPM). Also, the modified equations for analyzing the
small signal stability in the power networks, equipped with the
locally distributed variable speed wind turbines, are derived
within this section.

A. Conventional Systems Dynamics Based on SPM

Fig. 1 shows a power system with n + N nodes. The first
n are internal machine nodes and the remaining N are load
buses. E

′
k = E′

k
� δk (k = 1 . . . n) is the internal machine

voltage phasor behind the transient reactance x′
dk including

the transformer reactance, if present. E′
k is the magnitude of

the internal machine voltage and δk is the internal machine
angle of the k-th machine. V k = Vk � θk (k = n+1, . . . n+N)
is the load bus voltage phasor with magnitude Vk and phase
angle θk.
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Fig. 1. A multi-machine power system

In order to be able to write such a multi-machine power
system dynamics, it is assumed that the mechanical power
input is constant and the stator resistance is neglected. The
one-axis model is used for the conventional synchronous gen-
erators, i.e., the voltage behind the direct transient reactance is
no longer constant. It is also assumed that loads are modeled
in a static way. A static load is described by:

PL = PL0(
V

V0
)mp (1)

QL = QL0(
V

V0
)mq (2)

Where PL0 and QL0 are the active and reactive powers at the
nominal voltage V0, respectively. mp and mq are the voltage
exponents of the active power and the reactive power. For
mp = mq = 2 (which is the case in this paper), the active
and reactive components of the static load have the constant
impedance characteristic.

Before being able to formulize the system dynamics, it
should also be noted that the transmission lines are given
by an admittance matrix of order (N by N ) formed without
considering the loads and the d-axis transient reactances x′

d.
The kl-th element of the admittance matrix is defined by
Y kl=Gkl + jBkl, where Gkl represents solely the resistances
of the respective transmission lines.

Now, the required differential equations to describe the
mechanical motion of the k-th synchronous machine (k =

1 . . . n) are given by:
δ̇k = ωk (3)

ω̇k =
1

Mk
[Pmk − E′

qkVn+k

x′
d

sin(δk − θn+k)] (4)

Ė′
qk =

1
T ′

dok

[Efdk − xdk

x′
dk

E′
qk

+
xdk − x′

dk

x′
d

Vn+k cos(δk − θn+k)] (5)

Where ωk is the rotor speed deviation of the k-th machine
with respect to the synchronous speed. xdk, xqk are the d-axis
and the q-axis synchronous reactances of the k-th machine.
E′

qk is the q-axis voltage behind transient reactance of the k-th
machine. T ′

dok is the d-axis transient open circuit time constant
of the k-th machine. Efdk is the exciter voltage of the k-th
machine. Efdk in this paper is constant (fixed excitation - no
Automatic Voltage Regulator, i.e., no AVR) and is given by
equaling Ė′

qk to zero in the steady state (all time derivatives
are equal to zero during the steady state).

As it is known from equations (3)-(5), the described differ-
ential equations highly depend on the values of V (magnitude
of the voltage) and θ (phase) at the buses of the system.
Considering the fact that V and θ are also variables, there
is a demand to define other equations to be solved for V
and θ. These equations can simply be the non-linear algebraic
power balance equations at each node. In other words, one can
say that the generated active power at each node is equal to
the consumed active power by the load at that node plus the
transmitted active power to the connected nodes. This fact is
expressed mathematically by:

Pk + PLk = 0 (6)

where Pk is the active net production at bus k and PLk is the
consumed active power by the connected load to bus k.

The same interpretation is valid for reactive power:

Qk + QLk = 0 (7)

It should be noted that Pk,PLk,Qk and QLk are the func-
tions of V and θ at the systems’ buses.

B. Dynamics of the Systems Equipped with DFIGs

For the systems comprising DFIGs, the dynamic param-
eters of this kind of generators should be considered. This
subsection formulizes a one-axis model (a dynamic model
with three state variables) for a DFIG. Also, the equations
describing the conventional systems dynamics (systems with
only synchronous generators) are developed for the systems
with both synchronous generators and DFIGs, within this
subsection.

The one-axis model (third order model) of DFIGs have
been derived in [7], [11], [12]. Assuming that the depicted
multi-machine power system in Fig. 1 comprises only DFIGs
instead of conventional synchronous generators, and having
the derived one-axis model for a DFIG in mind, It is feasible
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to write the required differential equations to describe the
mechanical motion of the k-th DFIG (k = 1 . . . n) as:

δ̇k =
1

E′
kT0k

[−T0k(ωs − ωk)E′
k

− xk − x′
k

x′
k

Vn+k sin(δk − θn+k)

+ T0kωsVr cos(δk − θn+k)] (8)

ω̇k =
1

Mk
[Pmk(

ωs

ωk
) − E′

kVn+k

x′
k

sin(δk − θn+k)] (9)

Ė′
k =

1
T ′

ok

[−ωs

ωk
E′

k +
xk − x′

k

x′
k

Vn+k cos(δk − θk)

+ T0kωsVr sin(δk − θrn+k
)] (10)

In synchronous generators E′ only includes the quadrature
component of the electromotive force and generally is referred
to E′

q . Since, in DFIGs it is not the same as that for syn-
chronous generators, it is referred to E′. T0 is the transient
open circuit time constant. ωs is the synchronous speed. ω
is the rotor speed. x = xs is the stator reactance. x′ is the
transient reactance comes after the voltage E′. V r is the rotor
voltage with the magnitude Vr and the phase θr.

Now, for a composite system, when it is dealt with the
synchronous generators the differential equations (3)-(5) are
used to describe the mechanical motion of the generators.
While, dealing with the mechanical motion of DFIGs, requires
equations (8)-(10). It should be noted that the described
algebraic equations (6) and (7) remain intact.

Assume that nsyn synchronous generators are available in
the system and the number of DFIGs is nDFIG. Also, nbus
is the number of buses in the system. Let us introduce

X = [δ1syn . . . δnsyn δ1DFIG . . .

δnDFIG ω1syn . . . ωnsyn ω1DFIG . . .

ωnDFIG E′
q1syn . . .

E′
qnsyn E′

1DFIG . . . E′
nDFIG]T (11)

and

Y = [θ1 . . . θnbus V1 . . . Vnbus]T (12)

Thus, considering the differential equations (3)-(5) and (8)-
(10) together with the algebraic equations (6)-(7), dynamics
of a composite multi-machine power system can be given by:

Ẋ = f(X,Y ), 0 = g(X,Y ) (13)

C. Linearization Around Equilibrium Points

The equilibrium of the system given by relation (13) takes
place when all time derivatives of the states are zero:

Ẋ = f(X0, Y0) = 0 (14)

Considering minor deviations from the equilibrium points
(ΔX, ΔY ), together with the application of the first term of
Taylor’s expansion [3], the Jacobian matrices A,B,C and D
are given such that:

ΔẊ = AΔX + BΔY (15)

and
0 = CΔX + DΔY (16)

If D has an inverse, it is possible to find ΔY from (16) and
replace it into (15). Consequently, the state matrix Astate is
given by:

ΔẊ = (A − BD−1C)ΔX = AstateΔX (17)

D. Eigenvalues of the State Matrix

According to the Lyapunov’s first method, the small signal
stability of a nonlinear dynamic system is given by the roots of
the characteristic equation of the system of first approximation
[4]. If this method is applied to the system depicted in Fig. 1,
then the eigenvalues of the state matrix (Astate) can indicate
the small signal stability in the following forms:

• The original system is asymptotically stable when the
eigenvalues have negative real parts [5].

• The original system is unstable if one eigenvalue has a
positive real part [5].

III. ITERATIVE-STOCHASTIC METHOD

Power systems operate under the limitations derived from
the non-storability of electrical energy [6]. The electrical
energy produced and consumed throughout the system should
be equal permanently. From another viewpoint, production
and consumption are not certain quantities. The uncertainty
of electricity production increases when the application of
renewable energy sources grows. Thus, the stability of power
systems is influenced by the stochastic nature of sustainable
sources of energy. This section discusses the theory of an
iterative-stochastic algorithm to analyze the small disturbance
angle stability. Also, a qualitative discussion on this method
is presented within this section.

A. Theory and Modeling

The iterative-stochastic method, models the uncertainty of
renewable energy sources and the load behavior. Subsequently,
for each sample of the load-generation set, a linear analysis,
based on the stated SPM, is performed and the relevant
eigenvalues are examined.

In this paper, a normal distribution [17] is used for
modeling the loads. The consumed active power PL is sampled
based on a normal distribution with the mean value μ and
the standard deviation σ, i.e., PL ∼ N(μ, σ). Considering
the power factor of the load (cos ΦL), the consumed reactive
power is given by:

QL = PL tan ΦL (18)

In order to sample the stochastic power generation, this
paper follows the pattern of variable speed wind turbines
equipped with DFIGs. The mechanical power given to a DFIG
through a variable speed wind turbine can be expressed by [7]:

Pm =
1
2
Cpρu3A (19)

With
Cp =

1
2
(1 +

u0

u
)[1 − (

u0

u
)2] (20)
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Where Pm denotes the mechanical power, Cp the power
coefficient, u0 the downstream wind velocity at the exit of
rotor blades (provided that the upstream wind velocity, u, is
between the minimal and the maximal values), ρ the air density
and A the swept area of the rotor disc.

For modeling the wind speed, a Weibull distribution [18]
is applied. The obtained wind speed samples are inserted into
equation (19) to have the samples of the mechanical power.

The dependency of samples on each other in the sampling
process influences the iterative-stochastic method. Although
the loads follow the normal distribution independently, they
still can be correlated due to different reasons such as being in
different geographic regions or taking the various load types. A
similar reasoning is valid for mechanical power sampling. For
a discussion on models of stochastic dependence, one can refer
to [6] (Chapter 5). For the sake of simplicity, in this paper,
loads are independently sampled, but to be more realistic, the
mechanical power samples given to DFIGs, at different nodes,
are correlated using the Gaussian copula [8].

It should be recalled that the mechanical dynamic (rotor
speed derivation) of a DFIG is described by [5]:

ω̇ =
1
M

[Pm(
ωs

ω
) − Pe] (21)

The steady state electrical speed is usually given in terms
of slip (s) defined by:

s =
ωs − ω

ωs
(22)

Setting the equation (21) to zero, and using the definition
of slip, the samples of mechanical power given to a DFIG can
be converted to the samples of electrical active power given
to the system:

Pe =
ωs

ω
Pm =

1
1 − s

Pm (23)

Considering the power factor (cos ΦG), the samples of
electrical reactive power are given by:

Qe = Pe tan ΦG =
1

1 − s
Pm tan(φG) (24)

B. Qualitative Discussion

The iterative-stochastic algorithm for each couple of (X :
load, Y : generation), performs a linear analysis. If this
method is applied to the power system depicted in Fig. 1, then
for each couple, 3n eigenvalues should be evaluated. Since any
eigenvalue with positive real part has to be avoided, it is possi-
ble to deal with max{Re{3n eigenvalues}}. Considering the
fact that at least one eigenvalue will be zero, it is expected that
for a stable system, the iterative-stochastic algorithm produces
a set of zeros [10].

An important aspect of this method is that the power flow
calculation has to be done for each couple of samples. To
perform this power flow calculation, one node acts as a slack
node. Due to the stochastic generation, direction of power flow
may change and as a consequence, PQ nodes may participate
in the net production. This affects the conventional PV nodes
and/or the slack node. In other words, it is possible that the

reactive power consumption, i.e., negative generation, occurs
for a synchronous generator (in underexcited mode) [15].
Also, obtaining a negative active power for the slack node
may be the case (synchronous motor).It, however, should be
noted that a normal DFIG, unlike a synchronous generator,
does not have the capability of experiencing the underexcited
and overexcited modes. Although this ability can be given to
a DFIG by applying power electronic concepts, this paper, for
the sake of simplicity does not include them. In other words,
the nodes connected to DFIGs are considered PQ nodes (while
for synchronous generators, they can be PV nodes) with
positive P and Q, i.e., P,Q > ε. This is a constraint imposed
on the system behavior due to the installation of DFIGs.

Sensitivity to the system parameters is another distinctive
feature of the iterative-stochastic method. Elements of the
Jacobian matrices A,B,C and D in equation (17) show
the parameters which can affect the eigenvalues of the state
matrix (Astate). The interesting characterisitc of the suggested
iterative-stochastic algorithm, based on the stated sensitivity,
is to stabilize an unstable system by adjusting the sensitive
parameters defined by the elements of Astate. For instance,
assume that in order to compensate for lack of power some-
where in the system the local renewable sources of energy
are applied. Although the lack of power might be solved by
this application, the global small disturbance angle stability
might be lost if the parameters of the renewable electricity
producers (DFIGs, for example) are not selected properly.
The iterative-stochastic method makes it possible to derive the
appropriate dynamic parameters for the required DFIGs such
that the global small disturbance angle stability of the system
is preserved.

IV. NUMERICAL STUDY

In this section, a nine-bus test system is used for demon-
strating the iterative-stochastic algorithm. The simulations are
performed by using MATLAB and all quantities are in per
unit, unless otherwise stated. The conventional system data
can be taken from [2] (pp. 38, 39).To highlight the impacts
of DFIGs’ dynamic parameters, three subsections are defined.
The first subsection analyzes the small disturbance angle
stability when the renewable energy sources are modeled by
a few black boxes. In other words, the dynamic parameters
of variable speed wind turbines are intentionally neglected.
The second subsection shows how the aforesaid dynamic
parameters can jeopardize the global angle stability if they
are not selected properly.And the third subsection explains
the trend of system stabilizing by selecting the appropriate
parameters, for designing a power network with a few variable
speed wind turbines, installed locally.

A. Iterative-Stochastic Method - Without DFIGs’ Parameters

In order to be able to perform the iterative-stochastic
method, the original test system is modified by the installation
of three local wind turbines at buses 4, 5 and 6 respectively
(see Fig. 2).

In order to investigate the effects of wind turbines (as the
black box power injectors) and the time-continuous behavior
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Fig. 2. A 9-bus system with 3 local wind turbines

of the loads some aspects of system data are adjusted in the
following way.

• Demanded active power at bus 4: PL4 ∼ N(μ = 1.2, σ =
0.3). Load power factor at bus 4: cos ΦL4 = 0.9.

• Demanded active power at bus 5: PL5 ∼ N(1.27, 0.25).
Load power factor at bus 5: cos ΦL5 = 0.9.

• Demanded active power at bus 6: PL6 ∼ N(1.25, 0.27).
Load power factor at bus 6: cos ΦL6 = 0.9. It is worth
noticing that normally distributed loads may also include
negative samples. To have a more accurate analysis, all
possible negative samples are converted to zero.

• The stochastic generated active power at buses 4, 5 and 6
is modeled based on the equations (23) and (24). Power
factor of generation is set to cos ΦG = 0.9. Wind speed
follows the Weibull distribution with scaling parameter
A = 13 and shape parameter K = 2 [9]. Wind
speed samples, for different buses, are correlated by the

correlation matrix ρ =

⎛
⎝

1 0.8 0.6
0.8 1 0.7
0.6 0.7 1

⎞
⎠. Also, wind

speed at nominal power: uN = 15m
s , nominal power:

PN = 0.35, cut in wind speed: uci = 5m
s and cut out

wind speed: uco = 22m
s .
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Fig. 3. Instability indicators - Without DFIGs

Fig. 3 shows the distribution of small disturbance angle sta-
bility indicators for the above explained test system. According
to this figure, the system is at a rather high level of stability

for the 500 analyzed samples. It means, without considering
the DFIGs’ dynamic parameters the system seems to be stable
for various operating points.
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Fig. 4. Instability indicators - Without DFIGs - Sensitivity to PN

It becomes now possible to check the sensitivity of the
system angle stability to some controllable parameters. Fig.
4 shows how the system stability is influenced by the nominal
power parameter (PN ) of the wind turbines when this is
increased from 0.35 to 0.9. Based on Fig. 4, it can be
concluded that the small disturbance angle stability of the
system is jeopardized by increasing the parameter PN for all
wind turbines.

This section discussed the variation of eigenvalues, as insta-
bility indicators, for a specific test system without considering
the parameters of DFIGs. Also, the procedure of sensitivity
analysis was shown for one system parameter. The next
subsection includes the dynamic parameters of the applied
DFIGs.
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Doubly fed induction gen. 
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G3

Bus 3 Bus 9

Bus 4 

Bus 7

Fig. 5. A system with 3 variable speed wind turbines using DFIG

B. Iterative-Stochastic Method - With DFIGs’ Parameters

In this subsection the dynamic parameters of the applied
DFIGs are included, i.e., it is dealt with the system depicted in
Fig. 5. In order to investigate the impacts of the stated dynamic
parameters the following data are added to the modified system
data.

• For all DFIGs the parameter x (explained in equations
(8)-(10)) is set to 1 (per unit).
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• For all DFIGs the parameter x′ in equations (8)-(10) is
set to 0.1.

• For all DFIGs the parameter T0 in equations (8)-(10) is
set to 0.4.

• For all DFIGs the inertia constant (H) is set to 4.
• For all DFIGs the parameter s in equations (22)-(24) is

set to -0.03.
• all parameters relevant to the synchronous generators,

load samples and wind speed samples, as compared to
the previous subsection, remain intact.
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Fig. 6. Instability indicators - With DFIGs

Comparing Fig. 6 to Fig. 3, reveals the impact of DFIGs’
dynamic parameters on the global small disturbance rotor
angle stability, for the described test system. It, however,
is again possible to perform a sensitivity analysis for the
described system including DFIGs’ parameters. Fig. 7 shows
how the system stability is influenced by the nominal power
(PN ) of the wind turbines when this is increased from 0.35 to
0.9 for the system including the parameters of DFIGs.
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Fig. 7. Instability indicators - With DFIGs - Sensitivity to PN

C. System Stabilizing

Assume that for the depicted system in Fig. 5 the required
locally injected power from each renewable source is 0.35 (per
uint).If this power is supplied by the stated variable speed
wind turbines using DFIG, most of the maximum real parts
of the eigenvalues take positive values (Fig. 6). This implies
that the global small disturbance angle stability is significantly
influenced in a negative manner. This subsection intends to
prove that by applying the iterative-stochastic method, it is
possible to improve small signal stability of the system.

As it was discussed within the previous subsections, the
iterative-stochastic method enables one to perform a sensitivity
analysis and to derive the impact of system parameters on the

global small signal stability. In other words, it is possible to
define how increasing/decreasing the system parameters can
improve/exacerbate the system stability. Here, the impacts of
a few parameters are listed for brevity and their impacts on
the stability indicators, i.e., on Fig. 6 are checked.

By running the sensitivity analysis described in the previous
subsections, it is shown that increasing power factor of the
loads (cos ΦL), power factor of generation (cos ΦG), Inertia
constant of the conventional synchronous generators (Hsyn),
transient reactance of DFIGs (x′

DFIG) and the transient open
circuit time constant of DFIGs (T0DFIG) have positive impact
on the global small disturbance angle stability. On the contrary,
decreasing the resistive effects of the lines (Rlines), reactive
effects of the lines (Xlines), capacitive effects of the lines
(Yshunt−lines) and the transient reactance of the conventional
synchronous generators (x′

dsyn) impose positive impacts on
the aforesaid type of stability.

Therefore, by selecting the following new parameters, it is
tried to stabilize the system of Fig. 5. when the required local
power injections at buses 4, 5 and 6 are equal to 0.35 per unit.

• cos ΦL = 0.97.
• cos ΦG = 0.97.
• Hsyn,new = 5Hsyn.
• x′

DFIG,new = 5x′
DFIG.

• T0DFIG,new = 5T0DFIG.
• Rlines,new = 0.6Rlines.
• Xlines,new = 0.3Xlines.
• Yshunt−lines,new = 0.3Yshunt−lines.
• x′

dsyn,new = 0.3x′
dsyn.
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Fig. 8. Instability indicators - Stabilization by selecting the right parameters

Comparing Fig. 8 to Fig. 6 demonstrates how the maximum
real parts of the eigenvalues get attenuated by selecting the
appropriate parameters for both the conventional synchronous
generators and the newly installed variable speed wind turbines
using DFIGs.

A more highlighted comparison is given by Fig. 9.

V. CONCLUSION

It has been shown that although increased supply of re-
newable energy sources can solve the lack of power, it
might impose a negative effect on the small disturbance angle
stability of electric power systems.

By introducing an iterative-stochastic algorithm, the uncer-
tain nature of sustainable energy sources was considered in
the small signal stability analysis. This method reconciled
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Fig. 9. Instability indicators - Stabilization by selecting the right parameters

the stochastic behavior of renewable energy sources and the
deterministic method of stability study.

Also, the trend of change in the indicators of small distur-
bance angle stability, i.e., the eigenvalues, was investigated and
the impacts of DFIGs’ dynamic parameters on the eigenvalues
were analyzed. Eventually, the sensitivity of small disturbance
angle stability to some system parameters was investigated
for an electric power test system equipped with a number of
renewable energy sources.

REFERENCES

[1] P. Kundur, J. Paserba, V. Ajjarapu, G. Andersson, A. Bose, C. Canizares,
N. Hatziargyriou, D. Hill, A. Stankovic, C. Taylor, Th. van Cutsem, V.
Vittal, “Definition and Classification of Power System Stability”, IEEE
Trans. on Power Systems, Vol. 16, No. 2, May 2004.

[2] P. M. Anderson, A. A. Fouad, Power System Control and Stability: The
Iowa State University Press, 1977.

[3] http://en.wikipedia.org/wiki/Taylor series[online].
[4] A. M. Lyapunov, Stability of Motion: Academic Press, Inc., 1967.
[5] P. Kundur, Power System Stability and Control: McGraw-Hill, 1994.
[6] G. Papaefthymiou, “Integration of Stochastic Generation in Power Sys-

tems”, Ph.D. dissertation, Delft University of Technology, ISBN 978-90-
8570-186-6, 2007.

[7] J. G. Slootweg, “Wind Power: Modelling and Impact on Power System
Dynamics”, Ph.D. dissertation, Delft University of Technology, ISBN 90-
9017239-4, 2003.

[8] D. J. Erdman, A. Sinko, “Using Copulas to Model Dependency Structures
in Econometrics”, SAS Global Forum, Paper 321, 2008.

[9] http://www.windpower.org/en/tour/wres/weibull [online].
[10] P. A. Cook, Nonlinear Dynamical Systems, Second ed: Prentice Hall,

Inc., 2004.
[11] K. Elkington, V. Knazkins, M. Ghandhari, “On the Stability of Power

Systems Containing Doubly Fed Induction Generator Based Generation”,
Journal of Electric Power Systems Research, Vol. 78, pp. 1477–1484 ,
September 2004.

[12] A. Feijoo, J. Cidras, C. Carillo, “A Third Order Model for the Doubly
Fed Induction Machine”, Journal of Electric Power Systems Research,
Vol. 56, pp. 121–127 , March 2000.

[13] M. Ghandhari, “Control Lyapunov Functions: A control strategy for
damping of power oscillations in large power systems”, Ph.D. dissertation,
The Royal Institute of Technology, TRITA-EES-0004, ISSN 1100-1607,
2000.

[14] P. Schavemaker, L. van der Sluis, Electrical Power System Essentials:
John Wiley and Sons, Ltd., 2008

[15] J. J. Grainger, W. D. Stevenson, Power System Analysis: McGraw-Hill,
1994.

[16] N. Jenkins. et al., “Embeded Generation”, IEE Trans. on Power and
Energy, No. 31, 2000.

[17] http://en.wikipedia.org/wiki/Normal distribution [online].
[18] http://mathworld.wolfram.com/WeibullDistribution.html[online].

Nima Farkhondeh Jahromi holds a M.Sc. degree
in electric power engineering from The Royal In-
stitute of Technology (KTH), Stockholm, Sweden.
He is currently working towards a Ph.D. at The
Delft University of Technology (TU-Delft), Delft,
The Netherlands.

Jens Boemer Jens Boemer received his Dipl.-Ing.
in Electrical Engineering from Technical University
of Dortmund, Germany in 2005. He specialised on
power systems and renewable energies. In 2006-
2007 he advised as an independent consultant the
German Environment Ministry on policies for im-
proved grid integration of wind turbines and other
renewable energy resources. Since September 2007
he works as a Consultant in the Power Systems
and Markets Group at the Ecofys office in Berlin.
Parallel to his employment at Ecofys, Mr Boemer is

a Ph.D.-candidate with the Department of Electrical Power Engineering, Delft
University of Technology, The Netherlands.

George Papaefthymiou obtained his Dipl-Eng. de-
gree in Electrical and Computer Engineering from
the University of Patras, Greece in 1999 and the
Ph.D. degree from the Delft University of Technol-
ogy in 2007. He is currently with both Ecofys, Berlin
and the Electrical Power Systems Laboratory of The
Delft University of Technology.

Lou van der Sluis obtained his M.Sc. in electrical
engineering from The Delft University of Technol-
ogy in 1974. He joined the KEMA High Power
Laboratory in 1977. In 1990 he became a part-time
professor and since 1992 he has been employed as a
full-time professor at The Delft University of Tech-
nology in the Electrical Power Systems Laboratory.

7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


