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Abstract: This paper proposes an adaptive rotor current controller for doubly-fed induction generator (DFIG), which consists of
a proportional (P) controller and two harmonic resonant (R) controllers implemented in the rotor rotating reference frame. The two
resonant controllers are tuned at slip frequencies gy and wy;,,-, respectively. As a result, the positive- and negative-sequence
components of the rotor current are fully regulated by the PR controller without involving the positive- and negative-sequence
decomposition, which in effect improves the fault ride-through (FRT) capability of the DFIG-based wind power generation system
during the period of large transient grid voltage unbalance. Correctness of the theoretical analysis and feasibility of the proposed
unbalanced control scheme are validated by simulation on a 1.5-MW DFIG wind power generation system.
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INTRODUCTION

Wind turbines based on doubly-fed induction
generators (DFIGs) with converters rated at around
25%~30% of the generator rating are becoming in-
creasingly popular. Compared with the wind turbines
using fixed speed induction generators or fully-fed
synchronous generators with full-sized converters,
the DFIG-based wind turbines offer not only the ad-
vantages of variable speed operation and four-quad-
rant active and reactive power capabilities, but also
lower converter cost and power losses. However, both
transmission and distribution networks could usually
have small steady state and large transient voltage
unbalance. If voltage unbalance is not considered by
the DFIG control system, the stator current could
become highly unbalanced even with a small unbal-
anced stator voltage. The unbalanced currents create
unequal heating on the stator windings, and pulsations
in the electromagnetic torque and stator output active
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and reactive powers (Hu et al., 2007; Xu and Wang,
2007).

System control and operation of the wind-turbine
driven DFIG under unbalanced grid voltage condi-
tions were studied (Chomat et al., 2002; Brekken and
Mohan, 2003; Brekken ef al., 2005; Jang et al., 2006;
Hu et al., 2007; Xu and Wang, 2007; Wang and Xu,
2007). In (Brekken and Mohan, 2003; Brekken et al.,
2005), the control of DFIG for the compensation of
torque pulsations was investigated. The required rotor
compensating voltage was generated either directly
according to the torque pulsations (Brekken et al.,
2005) or from the calculated compensating currents
(Brekken and Mohan, 2003), both of which fluctuated
at twice the grid frequency. As a result, the current
controller must be carefully tuned to provide the re-
quired system response. In (Chomat et al., 2002; Jang
et al.,2006), an extended vector control of doubly fed
machine under unbalanced network conditions was
proposed, which was implemented in the positive and
negative synchronous reference frames, and provided
an improved control for the stator currents and the
active and reactive powers. In (Hu et al., 2007; Xu
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and Wang, 2007; Wang and Xu, 2007), the authors
investigated the impact of unbalanced stator voltage
on the pulsations of stator and rotor currents, elec-
tromagnetic torque and stator active and reactive
powers in detail. Similar to (Chomat et al., 2002; Jang
et al., 2006), a dual rotor current controller based on
the decomposing of positive- and negative-sequence
components was employed, via stator flux orientation
(SFO) (Xu and Wang, 2007) and stator voltage ori-
entation (SVO) (Hu et al., 2007; Wang and Xu, 2007),
respectively, to control the rotor positive- and nega-
tive-sequence currents. Since the decomposing proc-
ess involves considerable time delay, which brings
errors in the amplitude and phase of the decomposed
variables, the systems cannot be fully decoupled
during transient conditions. Consequently, the system
performance and stability are all degraded naturally.
Furthermore, even when the grid voltage is perfectly
balanced, the control system still has to perform the
decomposing of the positive- and negative-sequence
rotor currents with low-pass or notch filter, which
unnecessarily deteriorates the transient performance
of the whole control system.

Based on the DFIG model presented by Hu et
al.(2007), this paper proposes an adaptive rotor cur-
rent controller for wind-turbine driven DFIG, which
consists of a proportional (P) controller and two
harmonic resonant (R) controllers implemented in the
rotor rotating reference frame. The two resonant
controllers are tuned at the slip frequencies of wyip+
and wyip-, respectively. As a result, the positive- and
negative-sequence components of the rotor current
are fully regulated without involving the positive- and
negative-sequence decomposition. Correctness of the
theoretical analysis and feasibility of the proposed
unbalanced control scheme are validated by simula-
tion on a 1.5-MW DFIG wind power generation sys-
tem during the period of large transient grid voltage
unbalance.

DFIG MODEL IN ROTOR ROTATING FRAME

A detailed study of the DFIG system behavior
under unbalanced stator voltage condition has been
presented in (Hu et al., 2007). Thus, a description for
deducing electromagnetic torque and instantaneous
stator output active and reactive powers under un-
balanced grid voltage conditions is not included here.

Fig.1 shows the generalized equivalent circuit of
a DFIG represented in the rotor reference frame ro-
tating at the angular speed of @;,. During stator voltage
unbalance, the stator and rotor voltage, current and
flux contain both positive- and negative-sequence
components. According to Fig.1, the stator and rotor
voltage and flux are given, respectively, by

r T dW:a : r
Vi, =RI+ dzﬁ +iowl,,  (la)
r r dW:aﬁ
[/raﬁ = RrIraﬂ + dt > (1b)
'//;aﬁ = LsIsraﬂ + Lml:a,b‘ 4 (23)
'//:aﬁ = LrIrraﬂ + LmIsraﬁ' ’ (2b)

where, R, and R, are stator resistance and rotor resis-
tance, respectively; L&=L+Ly and L=L,+L, are the
total self-inductance of stator and rotor windings,
respectively; Lo, Lo and L, are stator and rotor
leakage inductances and mutual inductance, respec-
tively; @, is rotor angular speed; superscript r repre-
sents the rotor rotating reference frame.

r
Isa/i

Fig.1 DFIG equivalent circuit in the rotor reference
frame rotating at @,

According to Eqgs.(2a) and (2b), the rotor flux
can be expressed using stator flux and rotor current as

'//:aﬂ =olL Ir + Lm'//sraﬂ /Ls ° (3)

t raf

where o=1-Ly*/(L.L,) is the leakage factor.
From Eq.(1a), there is

dy/sraﬂ r r . r
T:I/saﬂ _Rslsaﬂ _Jwrl/]saﬁ' (4)

Substituting Eq.(3) and Eq.(4) into Eq.(1b) yields

T

I/r; = RrIrra + ULr — +
7 7 (5)
(I/sl;zﬂ - RsIsraﬂ - jwrvlsraﬂ )Lm /Ls :
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Under unbalanced conditions, a convenient way
to model a DFIG is to use positive reference frame,
rotating at the speed of @, and a negative reference
frame, rotating at the speed of —w, (Hu et al., 2007).
The spatial relationships of various reference frames
are shown in Fig.2.

ﬂr“

;_..______.; =
~y

Fig.2 Relationships between the o, a5, and the d'q"
and d ¢ reference frames

According to Fig.2, the transformation between
the B, o f3, and the d'q" and d ¢ reference frames
are given by

+ —jot - _ jot
F, =F,e'™, F,=F ™, (6a)

+ - 2oyt - _ + J2ot
F,=F,e”™, F, =F,e"", (6b)

E #} S (O] - _ gt A%t
F, =Fe ™", F, =F ;™" (6¢)

where superscripts +, — represent the positive- and
negative-rotating reference frames, respectively;
Wslip+— Ws— Wy, Wslip———"C0s— Wr.

Thus according to Eq.(6) and Fig.2, the stator
and rotor current, voltage and flux can be expressed in
terms of positive- and negative-sequence components
in the positive and negative reference frames, re-
spectively, as

Vi =Vig AV, =V e +V,, ™,

Israﬂ - I:aﬂ+ + Isra’ﬂ* = I:dq+ejwmp+t + I;dq— ! )

y’sra,b’ = y’sraﬁ+ +!//sraﬂ— = 'Il:dq+ejws“p+, + l/ls_dq_ejws“l”t’ (7)
I/rraﬂ = Vr;,m + Vr;ﬂ, = Vr;q+ej{USlip+[ + Vr;q,ejws"pj ’

Irraﬂ - I:a/” + Ifraﬁ* = I;quej!Uslan + Ir:z'q—ej%‘pj >

'/’rra,g = l//rraﬁ+ + W:aﬂ— — y/r:l“ejwsnwt " !//r-dq_ejwshp,r’

where subscripts +, — represent the positive- and
negative-sequence components, respectively.

SYSTEM CONTROL DESIGN

In this section, firstly, with maintaining the con-
stant electromagnetic torque (Xu and Wang, 2007)
selected as the control target for DFIG under unbal-
anced grid voltage condition, a novel rotor current
controller implemented in the rotor rotating reference
frame is proposed and designed without involving the
decomposition of positive- and negative-sequence
rotor currents. Then, an enhanced unbalanced control
scheme for a DFIG-based wind power generation
system is provided.

As shown in Fig.2, since the d'-axis is aligned

with the positive-sequence stator voltage vector V.
in the SVO, which means V. =0, thus with main-

taining the constant electromagnetic torque selected
as the control aim for rotor-side converter, the rotor
current references can be obtained as

I, =LV By /(L,D,), (8a)
L), ==LV, (O, +D,L YNL,D,), (8b)
I;;— =kddIr+d*+ +kqd1:;+’ (8C)
Ir_;- = kqu:;+ - kddI:;+’ (8d)

where
Di=WW3.) + (V) +(V,.),
D, =(V0.) ~ (V) + V)L,
k,=V_ IV, , k, =V |V,

dd = sd— sd+? qd sq— sd+*

Once the rotor current references are obtained

for the selected control target, I, , I/ ., I, and

rd+> Trg+?

I;, are required to follow them precisely. Good

control performance depends on the accurate de-
coupling of the d-g components and the removal of
the impact from the network voltage disturbances.
The typical control design at the grid voltage unbal-
ance conditions employs two current controllers im-
plemented in the positive and negative synchronous
reference frames, respectively (Chomat et al., 2002;
Jang et al., 2006; Hu et al., 2007; Wang and Xu, 2007;
Xu and Wang, 2007). However, the positive- and
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negative-sequence components of the rotor currents
have to be decomposed from the measured originals.
Since the decomposing process involves considerable
time delay and leads to some errors in amplitude and
phase, the systems cannot be fully decoupled during
the transient conditions. As a result, the system per-
formance and the system stability are all degraded.
Furthermore, even when the network is perfectly
balanced, the control system still has to perform the
decomposition of the current and voltage, and then
execute positive and negative sequence currents con-
trol. This unnecessarily deteriorates the dynamic
performance of the overall system.

In order to overcome the aforementioned prob-
lems, a new control design is developed. The pro-
posed control system consists of a proportional (P)
controller and two harmonic resonant (R) controllers
tuned in the frequencies of @yip+ and @yip-, respec-
tively, which is implemented in the rotor rotating o,/
reference frame without a band-trap filter for rotor
current decomposition. Hence, the proposed current
controller can directly regulate the negative-sequence
components as precisely and quickly as the posi-
tive-sequence without sacrificing the current regula-
tor bandwidth caused by band-trap filters.

As shown in Eq.(7), it is obvious that under un-
balanced grid voltage conditions, the voltage, current
and flux in the &,/ reference frame all contain the AC
quantities of both positive- and negative-sequence
components with the frequencies of @yip+ and @yip-,
respectively. Hence two resonant controllers tuned in
the frequencies of wyi,+ and wyi,-, respectively, are
needed to provide capability of operating with both the

positive- and negative-sequence rotor currents
+ - .sl -t :
I,.e"" and I, e™, and to provide zero

steady-state error for them. A PR rotor current con-
troller in the o f; reference frame, suitable for directly
regulating the positive- and negative-sequence rotor
current components, is shown in Fig.3.

Based on Eq.(5), the DFIG system during net-
work voltage unbalance can be represented in the o5
reference frame as

d 1 1
4 rap = I s~ = RrIrraﬂ
. " ©)
O_L—mL(I/sraﬂ - Rslsraﬂ - ja)r‘/’sraﬂ )’

T
1 I raff

soL +R,

v

raff

Fig.3 Current control diagram based on the Propor-
tional plus Resonant (PR) controller

where V

produced by the PR controller, and designed as

is referred to as the rotor control voltage,

I/1'raﬁ _GLrUrraﬂ +Eraﬂ’ (10)
where
T d r* r
Uraﬂ d raﬂ PR (S)(Iraﬂ Irap)’
K. K.
Cr(9)=Kpp + 2ir >+ i >
K +2a)s+( Sller) K +2a)s+( Sllp_)
)]
and
raﬂ ( saf Rslsraﬂ ja)rlll;zﬂ )Lm /Ls

is defined as the equivalent rotor back electromag-
netic force acting as a disturbance to the PR controller.
Kip and Kig are the proportional and resonant pa-
rameters, respectively. Kip plays the same role as for a
PI regulator, which basically determines the system
dynamics in terms of bandwidth, phase and gain
margin. While the resonant controller with Kig pro-
vides adequate gain for the components with the AC
frequencies of @yip+ and wyip-, Tespectively, as shown
in Fig.4, in which @y;,+=20m and @y;,-=2207 for the
simulated DFIG system due to @=1.2 p.u. in this
work. As a result, the PR controller is only relatively
sensitive to the change of @yip+ and @yiip-, Which can
be precisely gained via Phase-Lock Loop (PLL) and
DFIG speed encoder. Besides, in order to reduce the
sensitivity towards slight frequency variations in a
typical wind-farm connected grid, a component with
cutoff frequency of @, can be inserted into the reso-
nant part to widen its frequency bandwidth
(Teodorescu et al., 2006), as shown in Fig.4.

Based on the control strategy presented above,
an unbalanced control scheme for the wind-turbine
driven DFIG system under unbalanced grid voltage
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Fig.4 Bode plots of resonant controllers for regulating

harmonics at the frequencies of @y;p+=201 and @y;,-=
220w, with Kig=1, ®=0.1 rad/s and 1.0 rad/s

conditions was constructed, as shown in Fig.5. As can
be seen from the figure, a PLL circuit is used to detect
the grid voltage frequency and to follow its phase,
which provides dependency for implementing the
positive and negative synchronous transformation of
the stator and rotor voltages and currents.

The measured three-phase rotor currents are di-
rectly transformed into the o/ reference frame. The
obtained AC signals are composed of the positive-

I+ ej(‘)slxp+t and

and negative-sequence components I, .

- jogiyt
I 4g-C

, without being decomposed separately

into the positive- and negative-sequence ones. How-
I, I, I,

ever, the four current references I;,,, I, I, ,

I q*_, calculated corresponding to the selected control

target, are all DC signals separated in the positive and
negative synchronous frames. Therefore, in order to
make the calculated current references match with the
measured ones in the same reference frame, the ref-
erence currents should be transformed in the same
manner as the measured ones. The associated trans-
formation was marked as “Reference frame trans-
formation” block in Fig.5.

SIMULATION INVESTIGATION

Simulations of the proposed control strategies
for a DFIG-based wind power generation system
were conducted by using Matlab/Simulink. The DFIG
is rated at 1.5 MW and its parameters are listed in
Table 1. Fig.6 shows the schematic diagram of the
tested system. A single-phase load at the primary side
of the coupling transformer is used to generate the
voltage unbalance. The nominal DC-link voltage was
1200 V and the switching frequencies for both con-
verters were 3 kHz. Since the large inertia of wind
turbines results in a pretty slow change in rotor rota-
tion, the DFIG speed was assumed to be fixed at
1.2 p.u. during simulations.

Tests on the system control and operation during
relatively large transient network unbalance were
carried out to demonstrate the validity of the proposed
rotor current PR controller. The results are shown in
Fig.7 for the transient stator voltage unbalance of

Reference frame DCI l{nk
transformation Dgips | Dsip- 11
. o s ! .
P —» 1, + Moy - Vs S, .
o G (5) [ EQ-(10)|_> SVPWM_S 7| Rotor-side
N - [ S | converter
Control =0, saff yr . C
target > _ rap _>1\aﬂ oIt [ Viap
+ T- r Isra/j
. v, I, |q Lo
'//M/(H ej 0-0) + ap raff ﬂ b
Vo + a-b-c
| ci-6-6)
e’ e o Encoder
.
Y.y | Stator flux le——% - . o
- observer 1., + O+ —— r
Vi Wslip— 4—&2:,75 PLL
S v., I., Veabe
v: p-  |Notch filter ap
sdg+ 7 sdg- 2 I,
s a-b-¢ sabc

3¢ supply

Fig.5 The diagram of the proposed unbalanced control strategy for DFIG under generalized unbalanced

grid voltage conditions
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Table 1 Parameters of the simulated DFIG 575 V/1.5 MW 2.0 MVA/A%
Parameter Value sS1sviRskv . .
Rated power 1.5 MW @----1 ; :'-@ :
Stator voltage ‘ 575V Ly 5 E 47 MVAS Y
Stator/rotor turns ratio 0.38 0.125 mH L= 50Hz
Stator resistance Ry 0.00706 p.u. 10000 uF T Single-phase
Rotor resistance R, 0.005 p.u. Filter fault
Stator leakage .inductance Lo gigé p.u. Roorside  Gridsside 5 i o 30y
Il\illotor 11e.al§ag6 mduztance Ly 2 ; p-u. converter  COMVEHer  (ua civive reactive power: 150 KW
utual inductance L, Ipu
Lumped inertia const. 5.04 s Fig.6 Schematic diagram of the tested system
07 [ e WM I N\W H\mmuwuu | uw {nwnmmim bl : H l\l‘\l’u'l'luhll i n["wmwrl il “"\"‘“’“\"\'W'\“"”“ (e
!Dtl‘\ y“l il i | vNI‘ 9|1 {#]{[[' 0 “H “‘ “‘l‘\\ “H‘M“M‘ ‘H‘“ ““'
() 0 "Ll"“"M“m“J”‘I“\'ll""AL\\h'“1“'”1“%"\“'”“"HN'WM\”lw"IWI““””‘NMW”I"‘|“'1m“”“" ”NM‘|"“hl|,”\|‘ﬂ1-]‘1“" “‘1' mw!‘.EH'UW“|‘U‘4”||N||H\’M1|‘|MHJL|M|u‘”'\“\'ﬂ““l‘\‘[,‘”h‘”
-0.75 ) H H A -1 i i H i
1 1
o o[RS
3
“
(5)
6
(@)
®)
(&)
10)
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
Time (s) Time (s)
(a) (b)

Fig.7 Simulated results under transient 10% unbalance stator voltage during 0.4~0.8 s. (a) With dual-PI rotor
current controller; (b) With PR rotor current controller

(1) Three-phase stator currents (p.u.); (2) Three-phase rotor currents (p.u.); (3) Converter DC-link voltage (V); (4) Stator
output active power (p.u.); (5) Stator output reactive power (p.u.); (6) DFIG electromagnetic torque (p.u.); (7) Rotor
positive-sequence d-axis current (p.u.); (8) Rotor positive-sequence g-axis current (p.u.); (9) Rotor negative-sequence
d-axis current (p.u.); (10) Rotor negative-sequence g-axis current (p.u.)
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10% appearing at the instant of 0.4 s and removed at
0.8 s. For this case, the grid-side converter was con-
trolled to maintain DC-link voltage flat (Hu and He,
2007) and, the rotor-side converter was designed to
flatten electromagnetic torque so as to reduce the
mechanical press on the wind turbines. The stator
active and reactive power references were kept 0.55
p.u. and O p.u., respectively. Fig.7a shows the simu-
lated results using the dual-PI rotor current controllers
based on the decomposition of the positive- and
negative-sequence rotor currents (Hu et al., 2007).
Since the decomposing process, which is absolutely
necessary for the dual PI regulator, involves consid-
erable time delay and leads to some errors in the am-
plitude and phase with respect to the composed sig-
nals, the rotor current could not be regulated fleetly
and precisely during transients, especially for the
negative-sequence components, as shown in Fig.7a
(9)(10). As a result, the whole control performance
was deteriorated during transient conditions, as
shown in Fig.7a (1)~(6).

For comparison, using the proposed PR rotor
current controller, Fig.7b shows the simulated results
with the same operation condition as in Fig.7a. From
the results it can be clearly seen that the nega-
tive-sequence rotor currents are immediately regu-
lated precisely in case of the voltage unbalance oc-
curring, as shown in Fig.7a (9)(10). When the un-
balance was cleared at 0.8 s, the proposed PR design
also provided pretty good current regulating and the
system went back to the normal operation mode
smoothly, as shown in Fig.7b (1)~(6).

CONCLUSION

An adaptive rotor current controller for wind-
turbine driven DFIG was proposed. The controller
consists of a proportional regulator and two harmonic
resonant controllers implemented in the rotor rotating
reference frame. The two resonant controllers were
tuned at slip frequencies @i+ and @y, respectively.
As a result, the positive- and negative-sequence

components of the rotor current are fully regulated by
the proposed PR controller without involving the
positive- and negative-sequence decomposition,
which in effect improves the fault ride-through capa-
bility of the DFIG-based wind power generation
system during the period of relatively large transient
grid voltage unbalance.

References

Brekken, T., Mohan, N., 2003. A Novel Doubly-Fed Induction
Wind Generator Control Scheme for Reactive Power
Control and Torque Pulsation Compensation Under Un-
balanced Grid Voltage Conditions. IEEE 34th Annual
Power Electronics Specialist Conf., p.760-764.

Brekken, T., Mohan, N., Undeland, T., 2005. Control of a
Doubly-Fed Induction Wind Generator Under Unbal-
anced Grid Voltage Conditions. Proc. European Conf. on
Power Electronics and Applications.

Chomat, M., Bendl, J., Schreier, L., 2002. Extended Vector
Control of Doubly Fed Machine Under Unbalanced
Power Network Conditions. Proc. IEEE Int. Conf. on
Power Electronics, Machines and Drives, p.329-334.
[doi:10.1049/cp:20020138]

Hu, J.B., He, Y.K., 2007. Multi-frequency proportional-
resonant (MFPR) current controller for PWM VSC under
unbalanced supply conditions. J. Zhejiang Univ. Sci. 4,
8(10):1527-1531. [doi:10.1631/jzus.2007.A1527]

Hu, J.B., He, YK., Nian, H., 2007. Enhanced control of
DFIG-used back-to-back PWM VSC under unbalanced
grid voltage conditions. J. Zhejiang Univ. Sci. A,
8(8):1330-1339. [doi:10.1631/jzus.2007.A1330]

Jang, J., Kim, Y., Lee, D., 2006. Active and Reactive Power
Control of DFIG for Wind Energy Conversion Under
Unbalanced Grid Voltage. Power Electronics and Motion
Control Conf., CES/IEEE 5th Int. (IPEMC’06), p.1-5.
[doi:10.1109/IPEMC.2006.297323]

Teodorescu, R., Blaabjerg, F., Liserre, M., Loh, P.C., 2006.
Proportional-resonant controllers and filters for grid-
connected voltage-source converters. IEE Proc. Electric
Power Appl., 153(5):750-762. [doi:10.1049/ip-epa:2006
0008]

Wang, Y., Xu, L., 2007. Control of DFIG-based Wind Gen-
eration Systems Under Unbalanced Network Supply.
IEEE Int. Electric Machines & Drives Conf., p.430-435.
[d0i:10.1109/IEMDC.2007.382706]

Xu, L., Wang, Y., 2007. Dynamic modeling and control of
DFIG based wind turbines under unbalanced network
conditions. /EEE Trans. on Power Syst., 22(1):314-323.
[doi:10.1109/TPWRS.2006.889113]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


