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Fractional-Order Virtual Synchronous Generator

Yun Yu
Sanjay K. Chaudhary

Abstract—In this letter, a novel control scheme is proposed by
combining the fractional-order control and the virtual synchronous
generator, whereby more degrees of freedom are involved in the
controller design. A well-damped power control without oscilla-
tions is achieved. At the same time, a significant improvement in
the inertial effect is attained. Both theoretical and experimental
results have validated the feasibility.

Index Terms—Fractional-order control (FOC), virtual syn-
chronous generator (VSG), voltage-source inverter (VSI).

I. INTRODUCTION

HE virtual synchronous generator (VSG) has been exten-
T sively used in various energy conversion applications. Its
embedded inertia emulation plays an important role in limiting
the rate of change of frequency (RoCoF) and maintaining the
frequency stability of power-electronic-based systems. On the
other hand, it often exhibits insufficient damping effects, which
in turn may lead to poorly damped power oscillations [1].
Massive investigations have been conducted on its damping
effect improvement. For example, the active-damping solutions
using phase-locked loops (PLLs) were studied in [2] and [3].
Despite their effectiveness, the potential instability caused by
the PLL could be problematic in the practical implementation.
To avoid the PLL-related instability, the damping effect cor-
rection methods that adopt the power control law modification
were investigated in [4], [5], [6], [7], and [8]. Specifically, the
active-damping solutions that link the excitation and the angular
frequency generation were proposed in [4] and [5]. Additional
damping effects were realized in [6] by adding extra feedback
of the angular frequency or its derivative term. The virtual
impedance concept was adopted in [7] for damping purposes
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as well. Moreover, on the basis of the state feedback control, the
active-damping strategy with a full state feedback was studied
in [8]. Through an appropriate design of the feedback filters
proposed in these works, the damping effect can be improved to
some extent; however, the inertial response could be degraded
at the same time [9], [10]. This inevitably affects the frequency
dynamics under power perturbations, especially the RoCoF.

To avoid the inertial effect degradation, control schemes si-
multaneously considering the damping and the inertial effect
were developed in [11], [12], and [13]. Specifically, Meng et al.
gave a solution using the active power derivative in [11]. Solving
the same problem, Rathnayake et al. developed a generalized
VSG control scheme to avoid using the active power derivative
filter in [12]. Unfortunately, using these control schemes, the im-
provements made in the inertial effect may not be enough to limit
the RoCoF significantly. This shortcoming is here rectified by
the fractional-order VSG (FOVSG). With the extended degrees
of freedom introduced by the fractional-order control (FOC), a
further improvement of the inertial response is achieved, along
with well-damped power control.

II. SYSTEM DESCRIPTION

A test system of an FOVSG connected to the grid is shown in
Fig. 1, where the boldface letters denote the vectors. The vectors
in the dq frame are written without the superscript s, e.g., the
inverter output voltage reference v}, and those in the a5 frame
have the superscript s, e.g., v5". Regarding the inner cascaded
current—voltage regulation, the standard vector control is often
applied [11], [12]. Additionally, a fractional-order regulator
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and a proportional gain are applied for the active power and
reactive power control. Here, the dc-link voltage is assumed to
be constant, and its stored energy is taken to be infinite.

III. THEORETICAL RESULTS
A. FOVSG Basis

In VSG, the inverter is regulated as a voltage source, whose
phase angle 6,,, and voltage amplitude V' are governed by the
emulation of synchronous generators (SGs). Disregarding the
switching ripple and control latency, the capacitor voltage is
expressed in the stationary a3 frame as v} = Vel where

V=D,(Q ~Q) +V, (1)

where V;, denotes the nominal voltage amplitude and D, is a

proportional gain. The active power control law, which is the

key of the inertial response emulation, is written as follows:
B db,,

P P_Mdt o wm (2)
where wg and w,, are the fundamental and VSG angular fre-
quencies, respectively; D,, represents the damping constant; and
M denotes the wp-scaled synthetic inertia, which is written as
follows:

dw,,
+ Dp (wm - WO) )

M = 2H Shase /wo 3)

where H denotes the inertia constant (with dimension time), and
Shase 18 the inverter rated apparent power.

According to (2), there are two degrees of freedom, namely
M and D,. This inevitably restricts the flexibility needed to
realize satisfactory active power control and inertial response at
the same time. The compromise between these two objectives
motivates the application of the FOC. Applying the FOC, the
active power control law is reconstructed as follows:

dV'H‘Wf d'wa
D
a0

b
— =wo +wy

dt
(4)
where wy is the frequency generated by the fractional operator;
Dy and D5 are the two feedback gains; and v and A are two non-
integer numbers. In FOC, the operator order is not necessarily
an integer, they can be rational, irrational, or complex numbers,
whereas the derivative and integral actions still exist [14].

P —P=M + Dowy,

B. FOVSG Design and Analysis

In accordance with the articles presented in [11] and [15],
the grid-side impedance is assumed to be inductive (i.e., X, =
woLg> R,), and the grid voltage vy behind the impedance is
stiff (i.e., vy = V,edwot),

For analyzing the FOVSG, namely the closed-loop system
from P* to P, the output active power is first formulated as P =
1.5V V,siné/ X, where 6 = [ (w,, —wy)dt represents the phase
angle between VSG and grid voltages. Approximately, sin § ~
8. Assuming V'V, ~V,? and writing variables as perturbations
about the equilibrium point as x =xq + Az, AJ yields

_ Awp, _ X,
T s 15V2

n

Ad

)
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where s = d/dt. Substituting (5) into (4), the loop gain is

1 1.5V;2

G(s) = .
) = T T D7 1 D5 sX,

(6)

Now, the stability and the dynamic response of the closed-
loop system AP/AP*=G(s)/[1 4+ G(s)] can be evaluated. In
order to evaluate the inertial effect, the transfer function from
the angular frequency deviation Aw,, to the load change AP is
derived as follows [11], [12]:

Aw,, 1
Fls) = S MsoiDs 1D

With (6) and (7), the FOVSG can be designed to fulfill the
power control and inertial response requirements.

1) The First Step: For the FOVSG design and the real-time
implementation, the fractional-order derivative should be first
synthesized by a recursive distribution of s-domain zeros and
poles [14]. For this, the oustaloup recursive approximation is
often applied to generate the oustaloup filter as follows [16]:

®)

where o is the order of the derivative; N is the order of the
oustaloup filter; and the filter coefficients K, w), and wy, are
given as follows:

Wy, = Wiy 9)

where w, = \/wp/wi; w; and wy, denote the boundaries of
the frequency range of interest, i.e., (w;, wy ). Considering the
accuracy and complexity, in this letter, /V is set to 5, and w; and
wy, are 0.1 rad/s and 1000 rad/s, respectively [14].

2) The Second Step: Considering the design simplicity, the
control stability, and the preservation of the static droop charac-
teristic, the following conditions should be noted.

i) To ensure there is an integer integration in (6): v + A = 1,
where v € (0,1) and A € (0,1).

ii) FOVSG should have the same static droop. From (8), we
have limg_,g s°#0. Thus, 7, A, D1, and Dy determine
lim,_,0 F'(s), simultaneously, and it should be -D, L

3) The Third Step: Following the conditions, the number of
parameters to be selected will reduce by half, and they can be
subsequently tuned via evaluating (6) and (7). For this, three
criteria are defined as follows.

a) For a stable FOVSQG, all the feedback should be negative,

ie., Dy > 0and Dy > 0.

b) Phase margin ¢ and crossover frequency w.4, which
are derived from (6), serve as the main measures of the
feedback control, whose thresholds are set to 30° and
18 rad/s [17].

¢) The cutoff frequency w. of F'(s) in (7) shows the extent
of the inertial effect. To have a strong inertial effect, w,
should be as small as possible [11], [12].

The VSG data is in Table I. The inertia constant H is set to
2.5 s for a moderate synthetic inertia (in general, 0-5 s), and the
damping constant D,, is set to 20 p.u. for a 5% frequency droop.
Following the conditions i) and ii), varying - within (0, 1), and

0 / =~
K= Wy, W = Wiy N s
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TABLE I
VSG DATA
Symbol | Value | Symbol Value Symbol | Value
Shase | 2.2 kVA Va \V2/3:220V | wo 314 rad/s
Xy |0.083 pu| H 2.5s D, 20 p.u.

Note: Base value of D, is wo / Shase-

0
) 01001

(a)

w, (rad/ s?

Fig. 2.  Main measures of FOVSG. (a) Phase margin ¢ps. (b) Crossover
frequency wegq. (c) Cutoff frequency we.

100
80 }
2. 60 }
a0t
20

Weg > 18 rad/s

Stable (D1 >0 & Dy >()>
0 0.25 0.5
Y

0.75 1

Fig. 3. Feasible parameter range.

varying D within (0, 100) p.u., ¢ar, weg, and w, are obtained,
as shown in Fig. 2. Clearly, ¢, varies oppositely as w4, which
is to be expected as increasing the phase margin often leads to
an enhancement of the robustness and a slow dynamic response.
Notably, the cutoff frequency w, decreases on the entire y-D;
plane, which indicates a better inertial effect.

For the selection of v and D, the feasible parameter range
is first derived from the criteria a) and b), as shown in Fig. 3.
Then, since criterion c) is already met on the entire v-D; plane,
~ and D; are selected within the gray region. For example, 7 is
set to 0.43, and D; is set to 52 p.u. Subsequently, A and D5 are
calculated according to conditions i) and i), and their values are
0.57 and 12.8 p.u.

Substituting 7, A, D1, and D> into (6) and (7), comparative
analyses in the grid-tied and islanded cases are applied, and the
corresponding results are shown in Figs. 4 and 5, respectively.
In accordance with the articles presented in [11], [12], and
[13], the pole—zero map and the step response of AP/AP*=
G(s)/[1 + G(s)] are used for assessing the active power control
in the grid-tied case, and the frequency response and the step
response of Aw,, /AP =F(s) are used to assess the frequency
dynamic in the islanded case.
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Fig. 4. Analytical results of AP/AP* = G(s)/[1 + G(s)]. (a) Pole—zero
map. (b) Step response under a set point step change AP* = 0.6 kW.
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Fig.5. Analytical results of Aw,,, /AP = F(s). (a) Frequency response. (b)

Step response under a load step change AP=0.42 kW.

As depicted in Fig. 4(a), in the case of using VSG, i.e., (2),
the damping ratio ¢ of the complex poles is around 0.07, and
the oscillation frequency w,, is 27.5 rad/s. In the case of using
FOVSG,i.e., (4), extra poles and zeros are introduced, and ¢ and
wy, of the dominant complex poles are 0.42 and 17.8 rad/s, re-
spectively. As shown in Fig. 4(b), the step response comparisons
under a set point change AP*=0.6 kW validate the damping
effect improvement made by the FOVSG as well.

For the inertial effect evaluation, the transient time of the
frequency trajectory is defined as the time it takes to reach 95%
of the steady-state frequency, and the RoCoF is [11]

RoCoF = AWm—3cycle/Tchc]e (10)

where Aw,,—3cycle Tepresents the angular frequency deviation
after three fundamental periods T3eycle-

Then, Aw,, /AP is used to evaluate the frequency dynamic
under a load change AP=0.42 kW. As shown in Fig. 5(a), the
FOVSGs cutoff frequency w, reduces from 3.97 to 0.07 rad/s.
Correspondingly, in Fig. 5(b), the RoCoF is limited from —10.69
to —4.34rad/s?, and the transient time of the frequency trajectory
is extended from 0.75 to 61.9 s.

C. Compatibility With the SG

To validate the compatibility with the conventional SG, the
power—frequency dynamic of a two-area system model, as
shown in Fig. 6(a), is investigated. Based on this model, the
simplified block diagram in per-unit form is derived in accor-
dance with the articles presented in [18] and [19], and it is
presented in Fig. 6(b). AP} and AP; are the FOVSG and SG
power set point variations. Aw,,, and Awg denote their angular
frequency perturbations. In addition, A Pr; and A Pp, represent
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Fig.6. Two-areasystem. (a) Equivalent electrical diagram. (b) Block diagram.
TABLE II
TWO-AREA SYSTEM DATA
Areas Variable Symbol | Value
Rated power Shase | 2.2 kVA
Inertia constant H 2.5s
Area I Eon—integer number ¥ 0.43
FOVSG on-integer nur.nber A 0.57
Feedback gain D1 52 p.u.
Feedback gain Do 12.8 p.u.
Line inductance X1 0.041 p.u.
Rated power SsG 1 MVA
Inertia constant Hg 5s
Damping coefficient D¢ 1 pu.
Arca 11 Droop constant ) Ra 0.05 p.u.
SG Speed governor coefficient Ta 0.1s
Turbine HP coefficient Fgp 0.3
Time constant of reheater TrH 7s
Time constant of main inlet volumes | T g 0.2s
Line inductance X2 0.041 p.u.

the load powers fed by two areas, and they can be approximately
formulated as [19]

X1

X
2 APL, APLzzm

APr = ———
L1 X, 1 X,

AP, (11)

where X7 =Xvsg+X1m1+Xr1 and Xo=Xsg+Xpo+Xo.
APy, is the total load power perturbation.

Moreover, in Fig. 6(b), H is the SG inertia constant, and D¢
is the load damping coefficient. R and T¢ denote the droop
factor and time constant of the speed governor, respectively.
Fygp, Tri,and Tc g denote the reheat turbine coefficients [18].
Additionally, the synchronization torque coefficient T is set
to 1.5V,2wq/[Shase(X1+X2)]. Subsequently, the closed-loop
system Aw,, /APy, is used to verify the frequency dynamic
under a load change. Using the data presented in Table II, the
frequency response of Aw,,/AP;, and the system frequency
trajectory under a 0.1 p.u. load change are depicted in Fig. 7(a)
and (b), respectively.

It is clear that the cutoff frequency of Aw,,/AP;, reduces
remarkably from 3.86 to 0.5 rad/s when the proposed FOVSG
is applied to replace the VSG. Correspondingly, the RoCoF and
the frequency nadir are significantly limited, which validates the
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Fig. 7. Analytical results of Aw,, /APy (a) Frequency response. (b) Step

response under a load change of 0.1 p.u.
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Grid Simulator
=i ]
Rioaar "
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5 &
Fig. 8. Experimental setup.
TABLE III
EXPERIMENTAL SETUP DATA
Variable Symbol Value
Rated power Shase 2.2 kVA
Nominal voltage Vi \/2/3-220V
Filter resistance Ry 0.1Q
Filter inductance Ly 1.8 mH
Filter capacitance Cy 9 uF
Grid resistance Ry 0.5 Q
Grid inductance Ly 5.5 mH
Fundamental frequency wo 314 rad/s
Switching frequency fsw 10 kHz
Resistive loads Rioadi 2 115 Q

compatibility with the SG and the inertial effect improvement
introduced by the FOVSG.

IV. EXPERIMENTAL VALIDATIONS

The experimental validation is conducted using a laboratory
implementation in [11], [12], and [13], as shown in Fig. 8. VSG
and FOVSG control parameters are given in Table I and Table II,
respectively. The setup data are given in Table III. The control
is realized via the DSPACE DS1006 processor. With respect
to the digital realization, the Tustin discretization method is
applied in this letter for both VSG and FOVSG [14]. Using
(2), (4), (8), and (9), the discretization can be automatically
realized in MATLAB, and the resulting regulators are 2nd and
11th order (N x 2 + 1), respectively. The computational burden
in both cases is negligible for digital processors.

The results in the grid-tied case with set point step changes
of 0.6 kW and the islanded case with load changes of 0.42 kW
are recorded by an oscilloscope and shown in Figs. 9-11. Then,
we have the following observations.

1) In the grid-tied case, as shown in Fig. 9, under a set point

step change, obvious power oscillations can be observed
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Fig. 9.
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2)

in the VSG, whereas the FOVSG can effectively mitigate
the oscillations without degrading the tracking accuracy.
In the islanded case, the inverter first supplies a resistive
load Rjoaq1- When a load variation is suddenly applied,
i.e., switching on Rjo.q2, frequency drops quickly when
the conventional VSG is applied, as shown in Fig. 10(a).
In comparison, with the same inertia constant and static
droop, the FOVSG extends the transient time of the
frequency trajectory from 0.84 to 58.7 s, as depicted

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 38, NO. 6, JUNE 2023

Fig. 1

3)

In

Tek

Prevu (7

\ 60.0kHz? Noise Filter
—{igasighsige '
J

(5)
T
B
=
H
&

Jlea.oms Jbus_rs.00v <10Hef14:56:14

2007
200my

2004

Tek pret N =
T {igasligbyige} T 4 T
| ANV YV

B0.0kHz 7 Noise Filter
T T

60 ms - ! i sant

g_z.ﬂ.m.g. RN,

i i i i
200my J[zn.nms Jluxrs00v <10H150715 )
(®)

1. Initial RoCoF. (a) VSG. (b) FOVSG.

in Fig. 10(b), which indicates a significant inertial re-
sponse improvement. A zoom of the frequency transient
is shown in Fig. 11. From (10), the RoCoFs are —9.87 and
—4.03 rad/s?, and the improvement over the conventional
VSG is (9.87—4.03)/9.87x 100% = 59.2%.

The oscillation frequency (26.17 rad/s), the transient time
of the frequency trajectory (0.84 and 58.7 s), and the Ro-
CoF (—9.87 and —4.03 rad/s?) are close to the analytical
results, as shown in Figs. 4 and 5, which validates the
theoretical analyses applied in this letter.

V. CONCLUSION

this letter, the FOC is used to improve the conventional

VSG, and a novel FOVSG scheme is presented. The stability
and improved performance of FOVSG are proven theoretically,
and they are demonstrated through experimental verification in

the 1

aboratory. Compared with the VSG, the FOVSG provides

enhanced damping of the power oscillations in the grid-tied

case.

Furthermore, in the islanded case, the FOVSG provides a

better inertial effect for slowing down the frequency dynamics.
Specifically, the initial RoCoF has been improved by 59.2% over
the VSG. Itis noteworthy that the FOVSG is developed using the
assumption that the dc link is ideal; however, the energy storage

of th

e dc link has its own limitation. Then, the energy storage re-

quirement of the FOVSG needs to be further investigated, where
the dc-link dynamic and its regulation should be considered.
Moreover, applying the FOVSG scheme, the synchronization

and

the overcurrent prevention under fault conditions can be

included in the further research.

(1]

REFERENCES

J. Liu, Y. Miura, and T. Ise, “Comparison of dynamic characteristics
between virtual synchronous generator and droop control in inverter-based
distributed generators,” IEEE Trans. Power Electron., vol. 31, no. 5,
pp. 3600-3611, May 2016.



IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 38, NO. 6, JUNE 2023

[2]

[3]

[4]

[6]

[7]

[10]

T. Shintai, Y. Miura, and T. Ise, “Oscillation damping of a distributed
generator using a virtual synchronous generator,” IEEE Trans. Power Del.,
vol. 29, no. 2, pp. 668-676, Apr. 2014.

L. Huang, H. Xin, and Z. Wang, “Damping low-frequency oscilla-
tions through VSC-HVDC stations operated as virtual synchronous ma-
chines,” IEEE Trans. Power Electron., vol. 34, no. 6, pp. 5803-5818,
Jun. 2019.

S. Dong and Y. C. Chen, “Adjusting synchronverter dynamic response
speed via damping correction loop,” IEEE Trans. Energy Convers., vol. 32,
no. 2, pp. 608-619, Jun. 2017.

P. Sun, J. Yao, Y. Zhao, X. Fang, and J. Cao, “Stability assessment
and damping optimization control of multiple grid-connected virtual
synchronous generators,” [EEE Trans. Energy Convers., vol. 36, no. 4,
pp. 3555-3567, Dec. 2021.

Z. Shuai, W. Huang, Z. J. Shen, A. Luo, and Z. Tian, “Active power oscil-
lation and suppression techniques between two parallel synchronverters
during load fluctuations,” IEEE Trans. Power Electron., vol. 35, no. 4,
pp. 4127-4142, Apr. 2020.

Y. Yang et al., “A new virtual inductance control method for frequency
stabilization of grid-forming virtual synchronous generators,” IEEE Trans.
Ind. Electron., vol. 70, no. 1, pp. 441451, Jan. 2023.

J. Liu, Y. Miura, and T. Ise, “Fixed-parameter damping methods of virtual
synchronous generator control using state feedback,” IEEE Access, vol. 7,
pp- 99177-99190, 2019.

J. Liu, Y. Miura, and T. Ise, “A comparative study on damping methods
of virtual synchronous generator control,” in Proc. 21st Eur. Conf. Power
Electron. Appl., 2019, pp. 1-10.

Y. Yu et al., “A comparison of fixed-parameter active-power-oscillation
damping solutions for virtual synchronous generators,” in Proc. 47th Annu.
Conf. IEEE Ind. Electron. Soc., 2021, pp. 1-6.

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

6879

X. Meng, J. Liu, and Z. Liu, “A generalized droop control for grid-
supporting inverter based on comparison between traditional droop control
and virtual synchronous generator control,” IEEE Trans. Power Electron.,
vol. 34, no. 6, pp. 54165438, Jun. 2019.

D. B. Rathnayake, R. Razzaghi, and B. Bahrani, “Generalized virtual
synchronous generator control design for renewable power systems,” I[EEE
Trans. Sustain. Energy, vol. 13, no. 2, pp. 1021-1036, Apr. 2022.

Y. Yu et al., “A reference-feedforward-based damping method for virtual
synchronous generator control,” IEEE Trans. Power Electron., vol. 37,
no. 7, pp. 7566-7571, Jul. 2022.

C. A. Monje, Y. Chen, B. M. Vinagre, D. Xue, and V. Feliu-Batlle,
Fractional-Order Systems and Controls, 1st ed. London, U.K.: Springer,
2010.

L. Harnefors, F. M. M. Rahman, M. Hinkkanen, and M. Routimo,
“Reference-feedforward power-synchronization control,” [EEE Trans.
Power Electron., vol. 35, no. 9, pp. 8878-8881, Sep. 2020.

A. Oustaloup, F. Levron, B. Mathieu, and F. M. Nanot, “Frequency-band
complex noninteger differentiator: Characterization and synthesis,” IEEE
Trans. Circuits Syst. I, Fundam. Theory Appl., vol. 47, no. 1, pp. 25-39,
Jan. 2000.

G. F. Franklin, J. D. Powell, and A. Emami-Naeini, Feedback Control of
Dynamic Systems, 4th ed. Upper Saddle River, NJ, USA: Prentice hall,
2002.

J.Fang, H. Li, Y. Tang, and F. Blaabjerg, “Distributed power system virtual
inertia implemented by grid-connected power converters,” IEEE Trans.
Power Electron., vol. 33, no. 10, pp. 8488-8499, Oct. 2018.

A. Gonzilez-Cajigas, J. Roldan-Pérez, and E. J. Bueno, “Design and
analysis of parallel-connected grid-forming virtual synchronous machines
for island and grid-connected applications,” IEEE Trans. Power Electron.,
vol. 37, no. 5, pp. 5107-5121, May 2022.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


