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Abstract- The complete-order modelling of state-space
representations of synchronous and induction generators for
wind turbine applications is presented. Fully equivalent models
with different state variables, suitable for different control
schemes, are given. The state-space representations provide a
convenient, compact and elegant way to assess the induction and
synchronous generator-based wind turbines, with information
readily available for stability, controllability and observability
analyses. Simulation results of the featured representations are
assessed. As an example, the control of a doubly-fed induction
generator-based wind turbine is included.

Index Terms--induction generator, modelling, state-space,
synchronous generator, wind turbines
INTRODUCTION

Wind power has shown an increasing penetration into
electricity networks over the last decades. Along with other
renewable sources, the integration of wind farms to the power
grid comes in response to initiatives pushing towards a low-
carbon, green energy future. It has been recognised the need
of comprehensive studies to identify the interaction between
wind farms and the power system [1]. These require accurate
models of variable-speed wind turbines. Different dynamic
models have been derived and are fully documented in the
literature [1-4]. However, some of them feature significant
simplifications in order to match control system design
methods, i.e., vector control [5].

This paper presents the complete-order modelling of state-
space representations of synchronous and induction machines
for wind turbine applications. Reduced order models can be
directly obtained from the representations here presented.
Fully equivalent models with different state variables are
given, suitable thus for different control schemes. The state-
space representations provide a convenient, compact and
elegant way to assess the induction and synchronous
generator-based wind turbines, with information readily
available for stability, controllability and observability
analyses.

BASIC CONFIGURATIONS FOR WIND TURBINES

A. Fixed-speed wind turbines 1]

Fixed-speed wind turbines are fairly simple devices
consisting of an aerodynamic rotor driving a low-speed shaft,
a gearbox, a high-speed shaft and an induction generator. The
typical configuration of a fixed-speed induction generator
(FSIG) wind turbine using a squirrel-cage induction generator
is shown in Fig. 1(a). The slip (thus, rotor speed) varies with
the amount of power generated. However, the rotor speed
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variations are small (1-2%); therefore it is referred to as a
fixed-speed. As induction generators consume reactive
power, capacitor banks are connected at the terminals.

B. Variable-speed wind turbines [1]

As the size of wind turbines has become larger, the
technology has switched from fixed to variable speed. The
drivers behind these developments are mainly the ability to
comply with Grid Code connection requirements and the
reduction in mechanical loads achieved with variable-speed
operation.
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Fig. 1. Typical configuration wind turbines: () FSIG. Variable-
speed: (b) DFIG; (c¢) FRC-connected;

1. Doubly-fed induction generator (DFIG) wind turbine [1, 2, 4]

A typical configuration of a DFIG wind turbine is shown in
Fig. 1(b). It uses a wound-rotor induction generator with slip
rings to take current into or out of the rotor winding.
Variable-speed operation is obtained by injecting a
controllable voltage into the rotor at slip frequency. The rotor
winding is fed through back-to-back variable frequency,
voltage source converters. The power converter decouples the
network electrical frequency from the rotor mechanical
frequency, enabling variable-speed operation of the wind
turbine. The generator and converters are protected by
voltage limits and an over-current ‘crowbar’.



2. Fully rated converter (FRC) wind turbine [1, 3]

The typical configuration of a FRC wind turbine is shown
in Fig. 1(c¢). This type of turbine may or may not include a
gearbox. A wide range of electrical generator types can be
employed; e.g., induction or synchronous (wound-rotor or
permanent magnet). All power from the turbine goes through
the power converters; therefore, the dynamic operation of the
generator is isolated from the power grid. The electrical
frequency of the generator may vary as the wind speed
changes, while the grid frequency remains unchanged, thus
allowing variable-speed operation of the wind turbine.

INDUCTION GENERATOR REPRESENTATIONS

The models are developed based on the following
conditions and assumptions: (i) the stator current is negative
when flowing towards the machine; (if) the equations are
derived in the synchronous reference frame using dgq axis
representations; (iii) the g-axis is 90° ahead of the d-axis. The

The system, control, output, and feed-forward matrices,
together with associated constants, are given by (5) (see
bottom of the page).

Notice that 7, 3, and j; are expressed in terms of the slip s.
The model is completed by the rotor mechanics equation

d _ 1 (= =

—8,=——(T,-T,) ©)
where the electromagnetic torque can be expressed in terms of
the state variables as

I,=L, (ldrlqs b ld.v)

)

2. Fluxes model
In this model the state variables are the rotor and stator
fluxes. The state vector is defined as

- _ qr
X:[‘//ds Ve Vi Vo Va ‘//qd:| (8)

with the input and output vectors given by (3) and (4). The
system, control, output, and feed-forward matrices are,

dynamic equations are given in [1]. The state-space respectivc—::ly, .
representations are obtained by suitable algebraic _Ro, = RO, 0 Ro, 0
manipulations to derive differential equations in terms of the ngl s Zﬂgl l_‘”o'l
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The constants in the matrices are defined as before. The
model is completed by the rotor mechanics equation (6), with
the electromagnetic torque given as
= 1 _ _ _ _
L= (O sy + O o g — O 4y~ O i) (10)
ss 71
B. Single-cage induction generator
Three equivalent representations are arrived at, with the
differences arising from the selected state variables.

1. Currents model

The state variables are the rotor and stator currents. This
model is particularly useful when implementing the PVdyg
control for a DFIG or the vector control of the generator side
converter for FRC IG-based wind turbines. Notice that the
control signals in these strategies are the input voltages and
the outputs (i.e., the currents) are directly provided by the
state vector. In (1), the input and output vectors are given by
(3) and (4), with the state vector

— — - — T
x=[i L, i ] (11)
and system, feed-forward, control, and output matrices,
-RL, a®  -RL, -fo,
aooo | @@ AL pa RL| o,
L,L,0c|-RL, pBo, -RL, -a0,
-B@, -RL, ad, -RL,
-L, 0 L, 0
0 -L, 0 L 0010
B=—2 | _ mZ T, C= (12)
LLo|-L, 0 L, 0 000 1
where o, = Zs.szrr - Sl—’i > = l_’i - Sl—‘sszrr , Bo= Zm[_’m (1 - S) s

B, =L,L,(1-s). Notice that &, o, /3 and 3, are expressed in

m—rr

terms of the slip s. The model is completed with (6) and (7).

2. Fluxes model

This representation considers the rotor and stator fluxes as
state variables. The advantage of this model is that it can be
easily obtained from the voltage equations of the machine
following simple algebraic substitutions. The input and
output vectors are given by (3) and (4), with a state vector
and matrices being defined as

x=[7, V. W V] (13)
-5, o, RL,/(LL) o |
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where g, =%(1—%J and g, =%( —%]

s s r v

The model is completed by the rotor mechanics equation (6),
with the electromagnetic torque defined as

T =tu

LL

ml

(15

Vully ~Vally)

3. Rotor internal voltages and stator currents model

In this representation the state variables are the stator
currents and the rotor internal voltages. The conventional
technique in power systems of representing the induction
generator by a simple voltage behind a transient reactance
equivalent circuit is used in this model. For machine
representation in power system stability studies, order
reduction is straightforward from this realisation. The input
and output vectors are given by (3) and (4), with a state
vector and matrices given as

— —_ T
X:[lds i, € eq}

(16)
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oo 0 0 -L /L.
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0 LJL, Y(eL) o

where =R +()_( -X ') / (w,7,) . The model is completed by the

rotor mechanics equation (6), with the electromagnetic torque
i + i,

= (18)

.

Remark: Induction machines may have either a wound or a
squirrel-cage rotor. Squirrel-cage rotors have a winding
consisting of a series set of bars which are short-circuited at
each end of the rotor. Wound rotors have a distributed
winding with the ends brought out to enable external circuits
to be added for control purposes [1]. In terms of modelling,
both types can be represented by the single or the double cage
models previously discussed irrespectively of the kind of
rotor. However, for the squirrel-cage rotors, v,, =v, =0; thus,

u=[v, 7] (19)

SYNCHRONOUS GENERATOR REPRESENTATIONS

T =

The dynamic equations of a salient-pole synchronous
generator, given in [6], are considered. The non-reduced
order models here presented include stator and rotor
transients as well as rotor damper windings. Two damper
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windings in the g-axis and one in the d-axis are included in
the rotor. For an electrically excited rotor, the field current iy,
can be used to control the magnetizing flux of the generator;
if the rotor is permanent magnet an appropriate constant value
can be assigned for the field current iy Two equivalent
models are obtained, where the bar notation indicates per unit
quantities.

A. Currents model

The state variables are the rotor and stator currents. This
representation is useful when implementing the vector control
of the generator side converter for a FRC synchronous
generator-based wind turbines. Notice that the control and
output signals are the stator voltages and currents, respective-
ly. In (1), the state, input and output vectors are defined as

X:[de qu ?/.1 de lqul quz]r (20)
u=[v, v, v,] @1
v=[i 7] (22)

with matrices and associated constants given by (23) (see
bottom of the page). The model is completed with the rotor
mechanics equation,

d _ 1

B, :ﬁ~(Tm—7;) (24)

where the electromagnetic torque is given by

i = (Z.vqs - Zm) Lyl + Lzlm (lfd + lkd) - qu (qul + aqz )l_u‘ (25)

=(P/2)-o,

B. Fluxes model

In this model, the state variables are the rotor and stator
fluxes. In (1), the input and output vectors are given by (21)
and (22), with the state vector defined by

— — — — — — T
X= |:Wd.s' Ve VYV VY Vip ‘//qu:| (26)
The system, control, output, and feed-forward matrices are

given by (27) (see bottom of the page).
The model is completed with equation (24), where

and o,

1\ L, — _ L _ L,_ _ | L

= . wd — ad
T, =T qul//qul//d,\v T ViaVe T ViV |T

Is Ifd Tkd
(28)

Remark: Reduced-order representations neglecting stator
transients or featuring less damper windings in the rotor can
be obtained, in a straightforward fashion, from the models

presented in this section.
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RESULTS

A. Induction generator representations

In order to assess the induction generator models presented
in Section III, a test system comprising a FSIG connected to
an infinite bus through the impedances of the turbine
transformer and a single transmission line is considered. The
parameters of the induction machine can be found in the
Appendix. The simulation compares the three single-cage
representations together with the two double-cage models and
a simplified representation of the single-cage (which does not
consider the stator transients). At the point of connection of
the FSIG, a short circuit level of 16 MVA with a X/R ratio of
10 was used to represent the network connection. Fig. 2
shows the torque and slip of all FSIG models after a fault (at ¢
=1 s). The fault is released after 150 ms. A constant 7, =
0.81 p.u. is assumed. All single-cage models behave the same
and are labelled under the same tag (‘Single-cage’). Both
double-cage models (label ‘Double-cage’) reflect the same
behaviour as well.

—— Single-cage
—— Double-cage
L5 —— Reduced

Torque, T, [p.i]

(@)

=
o~ -l-nn—um-m-.mnmmmu
-

S—

(0)
Fig. 2. FSIG models performance after a fault: (a) torque; (b) slip.

B. Synchronous generator representations

A test system comprising a synchronous machine
connected to an infinite bus through the impedances of a
transformer and a single transmission line is considered in
order to assess the synchronous generator models presented in
Section IV. The parameters of the synchronous machine are
included in the Appendix. Fig. 3 shows the rotor speed and
the electromagnetic torque of the synchronous generator
models after a fault (at £ = 5 5). The fault is released after 30
ms. A constant 7,, = 0.85 p.u. is assumed. From the figure, it

can be seen that both the current and fluxes models reflect the
same behaviour (labelled under tag ‘Complete’). Lower order
models are also presented, featuring the same dynamic
performance (labelled under the tag ‘Reduced’). The
mathematical representations here presented may be directly
used for FRC wind turbines based on synchronous generators.

—— Complete
——Reduced |
—T.[pu]

5 ]‘0 15 20 2‘5 3;0 5 5 4b 4‘5 50
Time, t[s]

(b)
Fig. 3. Synchronous generator models after a fault:
(a) rotor speed; (b) torque (zoom in).

C. A case study: DFIG control

As an example, the control of a variable-speed wind turbine
is here presented. From the available options, the DFIG was
chosen. The current-mode control (PVdg) is used for the
electrical control of the DFIG [1, 7], where the rotor current
is split into two orthogonal components, d and g. The ¢
component of the current regulates the torque, while the d
component regulates the power factor or terminal voltage. PI
controllers and compensation terms are employed. The
overall DFIG control strategy is shown in Fig. 4.

Speed Control

AT TSI. T P " Ly rer, Vo vqj
o, »|Torque to curren PI
® conversion
L
Maximum power
extraction look-up i Compensation term
table a

Terminal Voltage and PF Control

’

i v v
|v | Primary | “*Fl PI dr dar
SIREF stage
v i, Compensation term

Fig. 4. DFIG control: PVdg control strategy.
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It is assumed that the power converters are ideal and that
the DC link voltage between them is constant (in order to
decouple them). Converter C, has been modelled as a voltage
source whereas C, as a current source (refer to Fig. 1). For the
simulations, both the double and single-cage models
previously presented are employed.

An optimal torque set point is achieved from the torque-
speed characteristic for a maximum power extraction [7]. The
DFIG is connected to an infinite bus through the impedances
of the turbine transformer and the transmission line. The
protective over-current crowbar circuit is not considered for
these simulations. The parameters of the induction machine
and controllers are included in the Appendix.

Fig. 5 shows the DFIG responses for a 20% decrease in the
mechanical torque input at # = 1 s. An initial mechanical
torque 7, = 0.81 p.u. is assumed. As it can be seen, in both
representations the terminal voltage remains at 1 p.u., with
both the torque and slip reaching new values. It can be seen
that both double and single-cage models respond adequately
to the control system design.

1.1 T T T T T T T T
— Single-cage
= 1.05 —— Double-cage ||
=
s 1
5
3 095
0.9 -
0 S5 10 15 20 25 30 35 40 45 S0
0.9
Single-cage
— 0.8 = Double-cage ||
E * Tl pa]
& 0.7
0.6 - g ;
0 5 10 15 20 25 30 35 40 45 50
-0.05
& -0.1 i
£-015 1
@ 0.2 —— Single-cage ||
4 Double-cage
025 ————— — —
0 5 10 15 20 25 30 35 40 45 50

Time, ¢ 5]
Fig. 5. DFIG performance: 20% decrease in mechanical torque 7,,.

15
1.5

i

=
h

| —— Single-cage
;M 1 = Double-cage
1

V:.’,mag [p.u.]

' I I h T T

1.5 2 25 3 35 4 45 5

=

r

]

—Single-eage
—— Double-cage |
—T,pu]

7, [pu.]
- N
?'.

[
= -0.2 ff TThmee— 1
=S I |
7022 \/ —_— |
A | — Single-cage |
| Double-cage |
-0.24 - - e e

0 05 1 15 2 25 3 35 4 45 5
T H

150 ms.

Fig 6. shows the DFIG responses for a fault applied at = 1
s with a duration of 150 ms. Due to the fault, the generator
electrical torque falls to zero with the machine speeding up
for both models. When the fault is cleared the system recovers
its pre-fault state.

CONCLUSIONS

In this paper, the complete-order mathematical modelling
of synchronous and induction generators for variable-speed
wind turbine applications has been presented. Due to their
compact and portable representations, the obtained state-
space models are suitable for the inclusion in power system
transient stability programs. Moreover, the modelling
approach allows fully equivalent representations independen-
tly of the chosen state variables. In particular, the so-called
currents models are amenable for vector control schemes,
where the control and output signals are voltages and
currents, respectively. Simulation results are obtained using
typical data and show that the developed models are in fact
equivalent.
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APPENDIX

A. Induction Generator Parameters [1, 2]

Vy =690 V, Sy = 2 MVA, @, = 2af;. fy= 50 Hz, H=3.5 5, X,yaus=0.05 p.uc.,
R, = 0.00488 p.u., X;;= 0.09241 p.u., R, = 0.00549 p.u., X;, = 0.09955 p.u.,
R;=0.2696 p.u., X;;= 0.0453 p.u., X,,=3.95279 p.u., X,,,= 0.02 p.u.

B. Synchronous Generator Parameters (8]

Vy, =124 kV, S, = 555 MVA, w, = 2#f;. f», = 50 Hz, H = 3.525 s,
Ry, = 0.003 p.u., Xi= 0.015 p.u, Ry = 0.0006 p.u., Xy = 0.165 p.u.,
Ria=0.0284 p.u., Xya=0.1713 p.u., Ry = 0.00619 p.us., Xy = 0.7252 p.u.,
Rig2=0.02368 p.u., Xygp= 0.125 p.u., Xg=1.66 p.u., X;,=1.61 p.u.

C. DFIG Control Parameters
Cut-in speed = 1000 rpm, speed limit = 1800 rpm, shutdown speed = 2000
rpm [2] KP,VC: Kp'_gc = 005, KI,VC = KI,SC = 10, KVC =1.

REFERENCES

[1] O. Anaya-Lara, N. Jenkins, J. B. Ekanayake, P. Cartwright, and M.
Hughes, Wind Energy Generation. Modelling and Control. UK: John
Wiley and Sons, 2009.

[2] J. B. Ekanayake, L. Holdsworth, W. XueGuang, and N. Jenkins,
"Dynamic modeling of doubly fed induction generator wind turbines,"
IEEFE Transactions on Power Systems, vol. 18, pp. 803-809, 2003.

[3] V. Akhmatov, A. H. Nielsen, J. K. Pedersen, and O. Nymann, "Variable-
speed wind turbines with multi-pole synchronous permanent magnet
generators. Part I: Modelling in dynamic simulation tools," Wind
Engineering, vol. 27, pp. 531-548, 2003.

[4] T. Ackermann, Wind Power in Power Systems. UK: John Wiley & Sons,
2005.

[5] P. Vas, Vector Control of AC Machines. USA: Oxford University Press,
1990.

[6] P. C. Krause, O. Wasynczuk, and S. D. Shudhoff, Analysis of Electric

Machinery and Drive Systems. USA: John Wiley Press, 2002.

R. Pena, J. C. Clare, and G. M. Asher, "Doubly fed induction generator

using back-to-back PWM converters and its application to variable speed

wind-energy  generation," [EE  Proceedings:  Electric ~ Power

Applications, vol. 143, pp. 231-241, 1996.

[8] P. Kundur, Power Systems Stability and Control. USA: McGraw-Hill,
1994.

[7

—

rr-s1adedoong




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


