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Abstract— In this paper, power system voltage improvement
using wind turbine is presented. Two controllers are used: a PI
controller and Artificial Neural Networks (ANN) controller are
investigated. The power flow exchanged between the wind
turbine and the power system has been controlled in order to
improve the bus voltage based on reactive power injection (or
absorption) produced by variable speed wind turbine. The wind
turbine is based on a doubly fed induction generator (DFIG)
controlled by field-oriented control. Indirect control is used to
control of the reactive power flow exchanged between the DFIG
and the power system. The proposed controllers are tested on
power system for large voltage disturbances.

Keywords— Artificial Neural Networks controller, double fed
induction generator (DFIG), Field-oriented control(FOC), PI
controller , power system voltage improvement.

L INTRODUCTION

Over the last years, there has been a strong penetration of
renewal energy resources into the power system. Wind power
is one of the fastest growing sustainable energy resources
over the past decade. Wind energy generation has played
and will continue to play a very important role in this area for
the coming years. Wind is a sustainable energy source since it
is renewable, widely distributed, and plentiful. In addition, it
contributes to reducing the greenhouse gas emissions since it
can be used as an alternative to fossil-fuel-based power
generation. Wind turbines can be grid connected or
independently operated from isolated locations. The two
critical factors in finding the most suitable locations for wind
turbines are wind speed and the quality of wind.

Wind energy has been used for hundreds of years for
milling grains, pumping water, and sailing the seas. The use of
windmills to generate electricity can be traced back to the late
nineteenth century with the development of a DC windmill
generator.

The evolution of wind power conversion technology has
led to the development of different types of wind turbine
configurations that make use of a variety of electric
generators. The variable speed DFIG wind energy system
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is one of the main wind energy conversion systems
configurations in today's wind power industry.

Doubly fed induction Generators (DFIG) based wind
turbines have undoubtedly arisen as one of the leading
technologies for wind turbine manufacturers, demonstrating
that it is a cost effective, efficient, and reliable solution. A
DFIG in a wind turbine has the ability to generate maximum
power with varying rotational speed, to control active and
reactive by integration of electronic power converters such as
the back-to-back converter, low rotor power rating resulting in
low cost converter components, etc. Owing to the decoupled
active and reactive control possibilities [1,2], the main area
of application for the DFIG is in variable-speed generating
systems such as wind power and hydro power [1-4].

Although the multitude of strategies and means of
protection, power systems are confronted by numerous
constraints such as the increase in demand, disturbances,
planning, interconnection and network complexity. It is
imperative to provide detailed informations for each option.
An important study that should be included in the design of
electrical networks is controlling and improving the voltage
stability, the main causes for of voltage
instability are:

occurrence

e Voltage sources are too far from load centers;

e Loss of a heavily loaded line (or generator)

e High Reactive Power Consumption at Heavy Loads;

e Poor coordination between multiple FACTS. [5-8].

Voltage is one of the most important parameters for the

control of electric power systems. Many techniques have been
used to control and improve the power system voltage such as:

e The On-Load tap changer (OLTC) transformers;

e Automatic voltage control;

e Synchronous condenser;

e  Shunt compensation;

e Voltage control by FACTS devices;

e Distributed generation;



e Excitation control;
¢ Induction regulators.

Voltage control and reactive-power management are two
aspects of a single activity that both supports reliability and
facilitates commercial transactions across transmission
networks. Reactive power affects power system operation in
numerous ways:

e Loads consume reactive power, so this must be provided
by some source.

e The delivery system (transmission lines and transformers)
consumes reactive power, so this must be provided by
some source (even if the loads do not consume reactive
power). Note however that all transmission lines do
provide some reactive power from their shunt line charging
which offsets their consumption of reactive power in their
series line losses.

e The flow of reactive power from the supplies to the sinks
causes additional heating of the lines and voltage drops in
the network.

e The generation of reactive power can limit the generation
of active power.

So, one primary dilemma with reactive power is that a
sufficient quantity of it is needed to provide the loads and
losses in the network, but having too much reactive power
flowing around in the network causes excess heating and
undesirable voltage drops. The normal answer to this dilemma
is to provide reactive power sources exactly at the location
where the reactive power is consumed

In order to improve the quality of energy and to reduce the
economic and social costs of a Blackout, there have been a
large number of approaches that propose new restoration
techniques as alternatives to these commonly used restoration
procedures [9-11]. The required computing time and the
capability to find restoration plans under unexpected fault
conditions are critical issues in power system restoration
estimation. In this paper, an alternative of using artificial
neural networks (ANNs) in power system voltage restoration
is investigated.

This paper is organized as follows: The first part studies
wind park model and the dynamics of the DFIG model
establishing the Field-oriented control strategy (FOC) with PI
current and power controllers [3-4]. The second part shows the
modeling of power system and reactive wind controller.
Improvement of power systems voltage using PI controller
and Artificial Neural Networks (ANN) controllers are
presented in third part with discussion and analysis are shown
in the fourth part, which the equivalence modeling of a wind
park involves combining all turbines with the same
mechanical natural frequency into a single equivalent turbine.

II. AN OVERVIEW OF ANN APPLICATION

A neural network is an information processing system. It
consists of a number of simple highly interconnected
processors (units) known as neurons similar to biological cells
of the brain. These neurons are interconnected by a large
number of weighted links, over which signals can pass. Each
neuron receives many signals over its incoming connections,
and produces a single outgoing response. Such networks have
exceptional pattern recognition and learning capabilities [16-
18]. Recent applications of ANN have shown that they have
considerable potential in overcoming the difficult tasks of data
processing and interpretation. Four major steps are necessary
in ANN application [12-14]:

e Data generation.

e Selection of inputs.

e Selection of ANN architecture.

e  Training the ANN and testing [12-14].

III.  WIND GENERATOR MODEL
The electrical power produced by wind turbine generators
has been growing continuously. A wind turbine installation
consists of a turbine tower, which carries the nacelle, and the
turbine rotor, consisting of rotor blades and hub. The
mathematical relation for the mechanical power extraction
from the wind can be expressed as follows:

1
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Where:
P, is the extracted power from the wind;

p : is the air density (kg /m’).
S : is the turbine swept area (m”) .

V,ina - 18 the wind speed (m/s ).

[ : is the blade pitch angle (deg).
C,: is the performance coefficient of the turbine, Cp is often

given as a function of the tip speed ratio A.
The expression of the power coefficient Cp is given by the
following equation (Cp for turbine 3 MW [ 15]:
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A is the ratio of blade tip speed to wind speed defined by:
RQ (3)
Vwind
Q: the wind turbine rotational speed (rad /sec);
R: the wind turbine radius.

Figure 1 presents the evolution of the power coefficient for
different pitch angles £ (2.,4,6,8,10,12), which the pitch angle

control operates only when the value for wind speed is greater
than the nominal wind speed.
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Fig 1: Power coefficient based on the ratio of speed
The aggregated wind farm model is based on the idea of

adding the power of the individual wind turbine. The total

mechanical power is:
ng
Pm = z })1 =
i=1

Where ng is the number of wind turbine in the wind farm.
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IV. DOUBLE FED INDUCTION GENERATOR MODEL

The Doubly-Fed Induction Generators utilize a wound rotor
induction generator. The concept is based on two back-to-back
voltage source converters connecting the grid and the rotor
windings. The stator windings are connected directly to the
grid [1-4]. A typical configuration of a DFIG is shown
schematically in Fig. 2.
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Fig. 2. The Wind Turbine and the DFIG System

The general model of the DFIG obtained using Park
transformation is given by the following equations:

. d
Ve = _R.Vlsd + Eqﬁsd - w.x¢sq
. d %)
vy, = _Rsl.vq + quw +w. ¢,
_ . d
Via = Rr'lrd + E¢rd - wr'¢r'q
. d
R
Stator and rotor fluxes:
Psd =—Lsisd +Mirq
Psq=—Lsisqg+Mirg ©6)
Prd =Lyird —Misq
¢rq :Lrirq -M isq
The electromagnetic torque is done as:
M . .
Cem =T(lrd Psq—irgPsd ) (7
s

The active and reactive power equations at the stator and
windings are written as:

{P = Vsdisd ~Vsqisq

. . (8)
Os==Vsqisd tVsdisq

With:

Vsd sVsq-Vrd Vrq Stator and rotor voltage components.
isd sisqird »irg Stator and rotor current components.
bsd Psq-9rd Prq stator and rotor flux components.
s, stator and rotor pulsation.

R ,R, are stator and rotor resistances.

Lg,L, are stator and rotor inductances.

M is mutual inductance.
The state model can then be written as:

d _
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V. FIELD ORIENTED CONTROL OF DFIG

The control of the DFIG can establish an independent control
of the active and reactive powers by the rotor voltages
generated by an inverter [1-4]. The DFIG model can be
described by the following state equations in the synchronous
reference frame whose axis d is aligned with the stator flux
vector.

{de =@ (14)

Psq =0

By neglecting resistances of the stator phases the stator voltage
will be expressed by:

{VsdzO (15)

Vsg=Vs=WsPs
Po=—Lgigg+Mi

s h.vsd ' rd (16)
0=—Lgigq+Miyq

The arrangement of the equations gives the expressions of the
voltages according to the rotor currents:

. M,
Isd :flrd _%q
S s (17)

isg=1-irg
LS

We lead to an uncoupled power control; where, the transversal
component of the rotor current controls the active power. The
reactive power is imposed by the direct component igg.
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To properly control the machine, we will set the relationship
between the rotor currents and voltages applied to the machine.
Substituting in equation (17) currents by their value in
equations (6) we obtain:
m? M M
Prd :[Lr _L]ird +f¢s =0 Lyirg +f¢
S S ) ( 1 9)
2

M
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LS ]}’q rrq
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And replacing the flux in the relation (5) we obtain:

. di .
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Where :

2.
o=1-M "~ isleakage factor .
LyLy

In steady state operation the voltage expressions are:

Ved =Ryiyd +erd @1
Vrg =R, irq tepgteg
With:
epd =0 Ly0ypiyg
(22)
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-M
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The inverter connected to the rotor of the DFIG must
provide the necessary complement frequency in order to
maintain constant the stator frequency despite the variation of
the mechanical speed.
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Fig. 3 Simplified Model of the DFIG

The model of the field oriented control of DFIG is shown
by the figure 4:
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Fig. 4. Model of the field oriented control of DFIG

The independent control of active and reactive powers is
shown in Figure.5 and 6, the both axes are controlled



separately. This result is very interesting for wind energy
applications to power system voltage improvement.

Figures 5 and 6 show the performance of the active and
reactive power control.
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Fig. 5. Reactive power of DFIG using F.O.C
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Fig. 6. Active power of DFIG using F.O.C

VI. MODELING OF POWER SYSTEM

A single machine power system is used to demonstrate
the fundamental concepts and principles of voltage control
using wind turbine when its subjected to large disturbances:
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Fig. 7. A Single machine power system with wind generator

The wind power controller used for this purpose is given in
figure.8, where ky;,q and Ty,,q are the gain and time constant

of the wind power controller respectively, in which the output
power controller (Qeonmonier) Will be used as specific or
reference power to be produced by the DFIG.
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Fig. 8. Reactive wind power controller.
Where:
V., , V. are the reference and the measured voltage bus

respectively.

The proposed power modulation Qy,q has been incorporated
in the power system in which any deficit or excess of voltage
is compensated by the DFIG.

_PR+(©Q-0,,)X
AV, = T (23)

A. DFIG controlling using Neural Networks

The idea of this control consists a replacing the PI
controller by artificial neural networks controller.
Figures 9 and 10 show the Neural Network controller used for
reactive power control of DFIG , it consists of two hidden
layers having a pureline and sigmoid activation function. The

output layer consists of one output neuron having linear
activation function. For training of the artificial neural
networks, we have used backpropagation training algorithm,
The input signals chosen are the measured and reference
voltage and the reactive power as output .These variables are
determined from field oriented control.

[Tt F:‘)

ANN Reactive Power

Fig. 10. ANN used for predicting reactive power
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The efficiency of the proposed controller have been tested on
a single machine test system connected to a wind farms as

RESULTS ANALYSIS

shown in Fig.7, a sudden variation of voltage of generator is
applied at t=[3s-4s] (V= 1.1 V,) and at t=[5s-6s] (V= 0.9
V.er) . Results are given in the following figures:

Reactive Power -

Fig. 11. Reactive power of wind turbine injected after
disturbances
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Fig. 12. Voltage control using reactive wind controller

VIIL

This paper investigates the use of reactive power produced
by wind turbine to improve the power quality. A PI and neural
networks controllers have been successfully applied to
improve power system voltage stability, which a new control
strategy of reactive wind power has been successfully applied.
The modeling of various components of power systems is
discussed, which the wind turbine is based on a doubly-fed
induction generator (DFIG), a field-oriented control is used to
control of the power flow exchanged between the DFIG and
the power system. The rapid controllability of injected reactive
provided by wind turbines are used to control and improve of
the power system voltage. Simulations performed on single
machine test system indicate that the both proposed controllers
ANN and PI controller can improve voltage stability. Results
indicate that the reactive wind power control can significantly
improve the system performance. Reactive power is a
quantity that has become fundamental to the understanding
and analysis of AC electric power systems.

CONCLUSION

[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

V. Akhmatov, “Variable-speed wind turbines with doubly-fed
induction generators. Part IV: Uninterrupted operation features at grid
faults with converter control coordination”, Wind Energy, vol. 27, 519—
529(2003).

S. Muller, M. Deicke, , R. W. De Doncker, “ Doubly fed induction
generator systems for wind turbines, IEEE Ind. Appl. Mag, vol. §(3),
26-33(2002) .

Y. Lei, A. Mullane, G. Lightbody, R. Yacamini, “Modeling of the Wind
Turbine with a Doubly Fed Induction Generator for Grid Integration
Studies”, IEEE Trans. Energy Conversion, vol. 21(1), 257 — 264(2006)
W . Leonard , “Field oriented control of a variable speed alternator
connected to the constant frequency line, Proceedings of the IEEE
Conference on control of power system, 149-153(1979).

Taylor C, “ Reactive power compensation and voltage stability:
removing transmission limitations, Seminar Book, February 1997.

P. Kundur.: Power System Stability and Control: McGraw-Hill, New
York (1994)

N.G. Hingorani, L. Gyugyi, “ Understanding FACTS-Concepts and
Technology of Flexible AC Transmission Systems, New York, IEEE
Press(2000)

S.Messalti,S. Belkhiat, S. Saadate, D. Flieller, “ Improvement of Power
System Transient Stability Using TCBR and TCSC, A Comparative
study . International Review of Electrical Engineering, 5(6), 2727-2736,
(2010)

F. F. Wu and A. Monticelli, “Analytical tools for power system
restoration—conceptual design,” IEEE Trans. Power Syst., vol. 3, pp.
10-16, Feb. 1988.

T. Nagata, H. Sasaki, and R. Yokoyama, “Power system restoration by
joint usage of expert system and mathematical programming approach,”
IEEE Trans. Power Syst., vol. 10, pp. 1473—-1479, Aug. 1995.

Wu J.S., Liu C.C,, Liou K.L. and Chu R.F, “A Petri Net Algorithm for
Scheduling of Generic Restoration Actions”, IEEE Transactions on
Power Systems, Volume 12, Number 1, pp.69-76, February 1997

S. Messalti, S. Saadate, A. Gherbi, D. Flieller, " Neural Networks for
Assessment Power System Transient Stability", International Review on
Modelling and Simulations, vol. 3. n. 3, 2010, pp. 381-387.

Loi Lei Lai,” Intelligent System Application in Power Engineering
Evolutionary Programming and Neural Network”, Ed. John Wiley &
sons Canada, 1999.

S. Krishna, K.R. Padiyar, “Transient Stability Assessment Using
Artificial Neural Networks", IEEE Transactions on Power Systems, pp.
627-632, 2000.

A. Gaillard, “ Systéme éolien basé sur une MADA contribution a I’étude
de la qualité de I’énergie électrique et de la continuité de service", Ph.D.
dissertation Henri Poincaré University, Nancy-1(2010).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


