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Abstract—In recent years, wind energy has proven to be the
most competitive and environmental friendliest renewable energy
(RE) source for generating electricity. Wind farms are more
likely to be located far from the load centres, and hence the
generated power has to be transmitted over long distances. A
high voltage direct current (HVDC) transmission system
increases the transmission capacity, improves the system
stability, and possesses lower transmission losses. Therefore, it is
the preferred means for power delivery over long distances
compared to the high voltage alternating current transmission
system. In this paper, a 690V, 2MW wind turbine is modelled to
be integrated into a 33kV AC grid via a 3-level Neutral-Point-
Clamped Voltage Source Converter-based HVDC transmission
system. Three control schemes were implemented: a pitch-angle
controller, a controller applied to the generator-side converter,
and a controller applied to the grid-side converter. The proposed
wind energy conversion system and control schemes were
implemented in MATLAB/SIMULINK and simulations were
carried out to analyse the performance of the system.

Keywords—Wind Energy, Voltage Source Converters, High
Voltage Direct Current, Vector Control, PMSG

1. INTRODUCTION

Wind energy has recently been considered as a fast growing
RE source mainly due to the growth in the size of
commercially available wind turbine designs[1]. A number of
studies have been carried out focusing on integrating wind
turbines/farms into the grid via 2-level Voltage Source
Converter (VSC) topologies. These VSC topologies have
proven to be reliable, robust, and their configuration is simple
and easy to implement. However, they have drawbacks such as
high switching losses, and they synthesize voltages with poor
waveform quality, thus they require a large number of filtering
elements[2]. Conversely, multi-level VSCs are associated with
lower switching losses, higher overall efficiency, and they
synthesize voltages with better waveform quality thus cutting
down on the size and on the number of filtering elements.
Considering the intermittency of wind, wind energy conversion
systems (WECS) needs to be interfaced with the grid via power
electronic converters to synchronize the two systems [2], [3].

The direct and vector-oriented control (VOC) are the well-
developed control techniques used to control the active and
reactive power in WECS and they are discussed further in the
literature[4].
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Freire et. al [5] carried out a comparative study on the
direct and vector control strategies. It was concluded that,
although the direct control technique has a fast dynamic
response and it is easy to implement, vector control technique
has a better performance due to lower current distortions, and
higher overall efficiency. The VOC is made up of a dual-loop
control structure: a slow outer control loop and a fast inner
current control loop. The outer control loops are made up of
controllers that provide the reference values of the inner current
controllers. The VOC technique is implemented in this study.

II. DETAILED SYSTEM MATHEMATICAL MODELLING

A. Operating Principle of a Wind Turbine System
The amount of power extracted by a wind turbine from the
wind resource is related to the wind speed by (1) [1], [2]

1
B, == pAC, (2. B, (M

Where: p is the air density above sea level, 4 is the area
swept by the rotor blades [m’], v,, is the wind speed upstream
of the rotor [m/s] and C, is the aerodynamic power coefficient
dependent on the blade-pitch-angle f [degrees] and tip speed
ratio 4.

B.  Drive-Train Model
A drive train is responsible for transmitting torque from the
low-speed shaft to the high-speed shaft [2], [6], [7]. The swing
equation representing a single-mass drive train is defined by (2)
[6]
da),. Tm _T; _a)rBeq
dt J o
Where: 7, is the aerodynamic torque, 7, is the
electromagnetic torque [N.m], B,, is the equivalent damping

coefficient [N.m/s] and J,, is the equivalent rotational inertia of
the generator [kg.m?].

@)

C. Mathematical Modelling of a Permanent Magnet
Synchronous Generator (PMSG)
The detailed mathematical modelling and equations

describing a PMSG have been discussed in more details in
Kundur[8].
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Equation (3) represents the PMSG’s stator voltages in dq-
synchronous reference frame [6]

d.
Vsd = Rs‘ixd +Lsd Cll;d -0 L l
3)

diY .
V,=Ri, +L, dtq +o,(Lyi, +v,)

Where; Vy; and V, are the d- and q-component of the stator
voltage [V], respectively; is; and iy, are the d- and q-component
of the stator current [A], respectively; Ly;and L, are the d- and
g-component of the stator’s self-inductances [H], respectively;
R, is the stator winding resistance [Q]; yis the permanent
magnetic flux [Wb], and w, is the electrical rotating speed
[rad/s] of the generator.

D. 3-Level NPC VSC Mathematical Modeling

Fig.1 shows a schematic diagram of one arm of a 3-level
NPC multilevel converter topology.
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Fig. 1. 3-Level NPC VSC Topology[9]

A 3-level NPC converter has four switches per phase/leg and it
generates three voltage levels, namely: V4./2, 0 and -V 4./2.

The minimum DC voltage level required to avoid converter
saturation when using PWM is given by (4) [9], [10]

V=220, @)

Where V7, is the line-to-line voltage.

Therefore, using the wind turbine’s rated line-to-line
voltage of 690V, the DC-link voltage is equal to 1126.77V.

The converter’s output terminal voltage is related to the
steady-state modulation index m and DC-link voltage V. by

(3)19]
L 5
V=35 *Voc ®)

Saturation effects are avoided when the converter operates
within the linear modulation index range. This is ensured by
limiting the PWM modulation index to 1, that is 0<m<1[2], [9].
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In this study, the modulation index is chosen to be 0.9 as
this value is employed in most commercial applications[10].
Therefore, the converter output terminal voltage is equal to
620.62V.

III. SYSTEM CONTROLLER'S MODELING

A. Pitch-Angle Control
1) Controller Objective

The aim of the pitch-angle controller is to protect the wind
turbine (WT) from over-speeding during high wind speeds[11].
This is ensured by increasing the pitch-angle to turn the wind
turbine blades away from the striking wind. As a result, the
aerodynamic power coefficient C, is reduced thereby shedding
off the aerodynamic power extracted from the wind source at
that instant.

2) Derivation of the Transfer Functions

Fig. 2 (a), (b), and (c) presents the block diagram of the
pitch-angle controller, the pitch-actuator model, and the
complete block diagram of the pitch-angle -controller,
respectively.
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Fig. 2. (a) Pitch Angle Control Loop; (b) Pitch Actuator block diagram; (c)
Complete block diagram of the pitch angle controller

The pitch-actuator system’s closed-loop transfer function
is given by (6)

! (6)

rﬁs+l

Gactuutar,(r] (S) =

Where 7 is the time constant of the actuator system [2],
[12].

The system transfer function block in Fig. 2(a) represents
the aerodynamic and mechanical system of the wind turbine
system. Its transfer function is derived using the swing
equation given by (2).

Taking the Laplace transform of (2) gives (7) representing
the system transfer function.

T —-T
a)r(']eqs—f_Beq):Tm_T:z:A (7)
J, s+B
eq eq
From Fig. 2(c), the pitch-angle controller’s closed-loop
transfer function is represented by (8)
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Gpitch (S)(Tm B Te) (8)
(Tﬁs + 1)(‘](aqs + Beq ) + Gpizch (Tm - Te)

Gpitch_cl (S) =

B. Modelling of the Generator-side Converter Controller

1) Controller Objective

The controller applied to the generator-side converter is
responsible for stabilizing the DC-link voltage and for keeping

the stator voltage constant at its rated value which ensures that
there is no risk of over-voltages.

2) Derivation of the Transfer Functions

a) Inner Current Control Loop

Fig.3 (a) and (b) shows the initial and final inner current
control loops for the generator-side converter controller,
respectively.

Ladg Uﬂ- R’c" System 1=c~
Controller [ Converter [—® TIransfer [
Function
(a)
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Ts+1 sL_+R. T

(b)

Fig. 3. Inner current control loop for the generator-side converter, (a) Initial
control block; (b) Complete block diagram

A converter is usually considered as an ideal transformer
with a time delay caused by the switching of the converter
switches. The delay time is equal to the half of the switching
time. The transfer function of the converter block is therefore
given by (9) [13];

! ©)
Ts+1

a

Y(s)=

, is the time delay in seconds.

Where]—; — Tm‘itc}1 —
2 2]‘5'w'itch

The system’s behavior is governed by the equations that
represent the PMSG’s stator voltages in dg-synchronous
reference frame given by (3). The d- and g-components of the
stator voltage have a speed or frequency induced term L,
and a speed or frequency and a flux induced term w;, (Lygisq
+yy), respectively, which ensures cross-coupling between the
two axes. To obtain a good control performance, it is required
to decouple the d- and g- axis [10]. Removing the cross-
coupling terms gives (10) which represents the system’s
transfer function in Fig. 3(a).

di

sd

Vsd = Rsisd + Lsd dt

(10)

. di\'q
Vvq = Rsl.sq + qu d
' t
Taking the Laplace transformation of (10) gives (11)
relating the output stator current to the stator voltage.
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L (5) _ Iy (5) — 1 (11)
de (S) Vsq (S) SLxdq + Rx

From Fig. 3(b), the closed-loop transfer function of the
inner current control loop is represented by (12)

GC,i(S) (12)
(sTa+1)(sL,, +R)+ G (s)

sdq

G, (s)=

b) Outer Controller Loops
e DC-Link Voltage Control Loop

Fig. 4 (a) and (b) shows the initial and final block diagram
of the DC-link voltage control loop, respectively. The outer
controller block generates the d-component of the reference
stator current that is fed into the inner current control loop.
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Fig. 4. DC-link voltage controller loop, (a) Initial control block; (b) Final
control block

Considering the DC-link capacitor node, the DC-side
dynamics are described by (13) [14].

dv,

I, =C—*% 13
= (13)
Io=1,-1,

Where, I¢, I,. and I;, are the capacitor, DC-link and load
current, respectively.

The power on the DC side is given by (14)
Pdc = Vdcldc (14)

Using the d-q axis theory, the instantaneous real and
reactive power of the PMSG are described by (15) [10].

3
P, ==V, i,+V,i
gen 2( sd"sd sq sq) (15)

3 . .
Qgen = E(Vsqlsd - Vsdlsq)

Considering that the DC-link voltage controller ensures that
the power on the AC-side is equal to the power on the DC-side.
The system transfer function is derived as follow:

Pgen :Ric

3

Vi, =V,1,
2 sd”sd de™ dc

Therefore (13) becomes (16)
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e 3V,

= iy —1 (16)
d t 2 Vdc sd L

The only input of interest into the system transfer function

block is i, and I, acts as a disturbance. Therefore, the

simplified equation representing the system’s transfer function

is given by (17)
C dl/dc — E Vvd l
2V, ., "

de_ref

)

Taking the Laplace transform of (17) gives (18) that relates
the d-component of the stator current to the DC-link voltage.

Vdc _ g Vvd % 1 (1 8)

i.\‘d (S) - 2 I/dcir(f CS

From Fig. 4(b), the DC-link voltage controller’s closed-
loop transfer function is represented by (19)

Wi Gy ()G, ()

Gv,d (S) =

2Vdr7refcs[(STa + DLy + R) + G (9)]+3V,Gr . ()G, (5)

19)
e Stator Voltage Control Loop

Fig. 5(a) and (b) shows the initial and final block diagrams
of the stator voltage control loop. The outer controller block
generates the q-component of the reference stator current that is
fed into the inner current control loop.
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Fig. 5. Stator voltage control loop, (a) Initial control block; (b) Final control
block

The system transfer function is governed by the voltage
drop across the stator reactance which is described by (20) [10]

R +X
AV =, -7, = e T 20)

K

Where, V is the stator voltage, V,,, is the converter voltage,
R is the stator winding resistance and Xj is the synchronous
reactance which is equal to w, (Ly+tLs). Assuming that
X>>R; for the stator reactance, the voltage drop depends only
on the reactive power flow. Therefore, from Fig. 5(b), the
stator voltage controller’s closed-loop transfer function is given
by (21)

(B3X,+V,)xGe, ()G, ,(5)
2(sTa + l)(sLW +R)+G,(5)]-0GX, +V,,)x GCM ()G, (5)

2]

Gv” o (S) =
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C. Modelling of the Grid-side Converter Controller
1) Controller Objective

The objective of the controller applied to the grid-side
converter is to ensure that optimal power is extracted from the
wind resource during low wind speeds. This is ensured by
controlling the generator’s rotor speed. The controller is also
used to control the reactive power fed into the grid to ensure
unity power factor.

2) Derivation of the controllers’ Transfer Functions

a) Inner Current Control Loop

The derivation of the transfer function of the grid-side
converter’s inner current control loop follows the same
procedure used to derive the transfer function of the generator-
side converter's inner current control loop.

Furthermore, their transfer functions are similar with only a
few modifications. Therefore, the inner current controller’s
closed-loop transfer function is given by (22)

Gei(9) (22)
(sTa+1)(sL, + R) + G, (s)

Gc,c/ (s)=

b) Outer Control Loops
o Active Power Control Loop/MPPT Control Loop

Over the past years, various maximum power point tracking
(MPPT) techniques have been developed and they are
discussed in the literature[4]. In this study, the Optimal
Relationship-Based (ORB) control is employed to achieve
MPPT because of its fast response, enhanced power smoothing
capability and simplicity[1]. The power is controlled indirectly
by continuously changing the rotor speed w, with respect to the
change in the wind speed v,,. The equation relating the optimal
power to the optimal rotor speed is given by (23)[1], [15]:

By =5 pAC, () 23)

opt

The output power P, from the MPPT stage serves as an
input into the outer active power control loop. The outer
controller block generates the d-component of the reference
current that is fed into the inner current control loop. Fig. 6(a)
and (b) shows the initial and final active power control loops.

Pur ly_res i System Transfer P
(a)
; 3
bi_mt iy - P
P, & 2«
S _.ti. i ol

(b)
Fig. 6. Active power control loop, (a) Initial control loop; (b) Final control
loop
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Using the d-q axis theory, and VOC technique, the
instantaneous real and reactive power transferred from the
converter into the grid are described by (24)

3
P>y i
o el 24)
3
Q = _5 nglq

Therefore, the system transfer function in Fig. 6(a) is given
by (25)
P 3
L2y, (25)
i, 2
From Fig. 6(b), the active power controller’s closed-loop
transfer function is represented by (26)

3ngGC,p (S)Gc,cl (s) (26)
3ng Gc,p ()G (s)+2

GP,C/ (S) =

e Reactive Power Control Loop

Fig.7 (a) and (b) shows the initial and final reactive power
control loops, respectively.  The outer controller block
generates the g-component of the reference current that is fed
into the inner current control loop.

a, ot ; i Systern Transfer Q
—_—
(@
iq G — E ¥ Q
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—»?_ Gy _..GI)_.

(®)
Fig. 7. Reactive Power Control Loop, (a) Initial control loop, (b) Final
control loop

The system transfer function is derived from (24).
Therefore, it is given by (27)

o_ 3, @7)

. d
i 2

From Fig. 7(b), the reactive power controller’s closed-loop
transfer function is represented by (28)

3ngGC,ch,c1 (28)
3ViGe yGe o +2

GQ,C[ (S) =

IV. RESULTS AND DISCUSSIONS

The wind speed was made to vary to analyse its impact on
the performance of the system. Fig. 8 shows the variation in
wind speed from the WT’s cut-in wind speed (4m/s) to the
WT’s rated wind speed (13m/s) at 0.8s and it keeps increasing
thereby exceeding the rated wind speed.
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Fig. 8. Wind Speed

Fig. 9 (a) and (b) shows the changes in the pitch-angle and the
power coefficient Cp relative to the change in wind speed,
respectively.
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Fig. 9. (a) Pitch angle; (b) Power Coefficient

From Fig. 9 (a), it is observed that the pitch-angle controller
remains inactive when the wind speed is lower than the WT’s
rated wind speed (13m/s) and only gets activated when the
wind speed exceeds 13m/s. Fig. 9 (b) shows that the power
coefficient C, increases and remains constant at the rated value.
However, as the wind speed exceeds 13m/s, the power
coefficient C, starts decreasing. This is possible because of the
pitch-angle control technique.
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Fig. 10 shows the generated aerodynamic power
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Fig. 10. Aerodynamic Power

It is observed that when the wind speed is below the WT’s
rated wind speed (13m/s), the power generated from the WT
tracks the optimal power curve to ensure MPPT. At 13m/s, the
aerodynamic power is approximately equal to 2MW which is
the WT’s rated power. However, as the wind speed exceeds
13m/s, the power overshoots and then begins dropping and
remains within the rated value. This is made possible by the
pitch-angle control technique.

Fig.11 (a) and (b) illustrates the stator voltage and stator
current waveforms, and the grid voltage and grid current
waveforms, respectively.
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Fig. 11. (a) The stator’s three-phase voltage and current waveforms; (b) Grid’s
three-phase voltage and current waveforms
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Fig. 11(a) indicates that the stator voltage and current
increase as the wind speed increases. Conversely, the grid
voltage and current remains constant.

Fig.12 represents the DC-link voltage waveform. It is
observed that the DC link voltage remains fixed at 1126V as
expected.

DC-link voltage £

1200

2

DC woltage (V)

1] 0.2 0.4 0.6 0.8 1 1.2 14 1.8
Time

Fig. 12. DC-Link Voltage

V. CONCLUSION

The proposed wind energy conversion system and control
schemes were successfully implemented in
MATLAB/SIMULINK. Based on the simulations, the
controller applied to the grid-side converter ensured MPPT
when the wind speed was lower than the WT's rated wind
speed (13m/s). Moreover, it was observed that the power
coefficient C, remained constant at its rated value and only
started dropping when the wind speed exceeded 13m/s. This
was possible because of the pitch-angle control technique, and
hence, the amount of power extracted from the wind resource
by the wind turbine decreased to protect the WT from sudden
wind gusts.
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APPENDICES

TABLE 1. WIND TURBINE PARAMETERS

Parameters Values
Rated Power (MW) 2
Cut-In wind speed (m/s) 4
Rated wind speed (m/s) 13
Cut-out wind speed (m/s) 25
Number of rotor blades 3
Rotor area (m2) 4587
Rotor diameter (m) 76.42
Rated speed (rpm) 19
Air density (kg/m2) 1.225
Maximum Cp 0.4
Maximum A 6.92

TABLE IL. PERMANENT MAGNET SG PARAMETERS

Parameters Value
Generator type PMSG
Rated real power, P (MW) 2
Rated apparent power, S (MVA) 2.24
Rated L-L voltage, V.. (V), rms 690
Rated phase voltage, Vpi (V), rms 398.37
Rated power factor, pf 0.89
Rated rotor speed, ®rued(rpm) 22.5
Pole pairs, n, 26
Permanent magnet flux linkage, y; (Wb) | 4.971
Stator winding resistance, Ry (mQ) 0.821
Stator d-axis inductance, Ly (mH) 1.573
Stator g-axis inductance, Ly (mH) 1.573

ICRERA 2016

20-23 Nov 2016, Birmingham, UK

819




<<
  /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


