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Abstract This work presents the theoretical and experi-
mental studies conducted in Aerospace Engineering De-
partment of Middle East Technical University on smart
structures with particular attention given to the structural mod-
elling characteristics and active suppression of in-vacuo
vibrations. The smart structures considered in these analyses
are finite and flat aluminium cantilever beam-like (called as
smart beam) and plate-like (called as smart fin) structures
with surface bonded lead–zirconate–titanate patches. Finite
element models of smart beam and smart fin are obtained.
Then the experimental studies regarding open loop behav-
iour of the structures are performed by using strain gauges
and laser displacement sensor to determine the system
models. Further studies are carried out to obtain H∞ and m-
synthesis controllers which are intended to be used in the
suppression of free and forced vibrations of the smart
structures. It is observed that satisfactory attenuation levels
are achieved and robust performance of the systems in the
presence of uncertainties is ensured. In that respect a
comparative study involving H∞ and sliding mode controls
is also conducted. Recently, the studies involving aerody-
namic loading are also gathering pace.
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1 Introduction

The developments in piezoelectric materials have motivated
many researchers to work in the field of smart structures. A
smart structure can be defined as the structure that can
sense external disturbance and respond to that with active
control in real time to maintain the mission requirements.
Smart structures consist of highly distributed active devices
which are primarily sensors and actuators either embedded
or attached to an existing passive structure with integrated
processor networks. Depending on the characteristics of the
smart structures involved and the expected operating
conditions, the selection of sensors and actuators vary
considerably. The typical smart structure sensors used in
discrete or distributed locations to measure the performance
of the system comprise fibre optics, piezoelectric ceramics
and piezoelectric polymers. The actuators used in the smart
materials technologies include applications of piezoelectric
ceramics, piezoelectric polymers, electrostrictive, magneto-
strictive materials and piezofibres. Their reliability, nearly
linear response with applied voltage, showing excellent
response to the applied electric field over very large range
of frequencies and their low cost make piezoelectric mate-
rials [lead–zirconate–titanate (PZT)] the most widely pre-
ferred one as collocated sensor and actuator pair. Therefore
our work mainly considers the application of PZT patches to
smart beam-like and smart plate-like structures for the
purpose of active vibration control. Structural models and
controller models so far developed and implemented were
for in-vacuo vibrations where the effects of aerodynamics
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were neglected. Current studies are intended to use the smart
structures in the active control of aeroelastic problems which
are frequently encountered in aeronautical applications.

2 Modelling of smart structures

The theoretical studies regarding modelling and the design of
smart structures [1] are performed by using the finite element
method which is shown to be a very effective tool for the
analysis of piezoelectric materials as the method offers fully
coupled thermo-mechanical-electrical analysis of structures.
Our studies, for in-vacuo vibrations, use the commercial
software ANSYS® (v.5.6) [2] as a finite element tool and
focus on parametric design capabilities regarding the effects
of the piezoelectric patches on the response of the smart
structures, influences of the actuator size, placement and the
maximum admissible piezoelectric actuation value to secure
the integrity of the piezoelectric patches.

2.1 Smart beam

The beam-like structure considered in the studies is com-
posed of an aluminum strip (507×51×2 mm) modelled in
cantilevered configuration with eight surface bonded
piezoelectric patches (25×20×0.5 mm, BM500 type [3]).
These identically polarised piezoelectric patches are sym-
metrically bonded on top and bottom surfaces of the pas-
sive portion of the structure in order to provide bimorph
configuration. This beam-like structure is generally referred
as smart beam. After extensive studies and verifications with
the experimental results [4], the prismatic elements (SOL-
ID5) are used for the modelling of active portion (i.e. PZTs)
and linear prismatic elements (SOLID45) are used to model
the passive portions. Finite element method is shown to be
especially advantageous in handling the multiple design
parameters of piezoelectric patches. By enabling the param-
etric design features of the finite element modeling and
analysis technique, the influences of the piezoelectric patch
placement and size on the responses of the smart beam are
obtained. It is observed that as the patches move closer to
clamped-end and increase in the size, the response of the
smart beam increases. The finite element method also allows
determination of the maximum admissible actuation value,
hence effectively gives the actuator limits. It is also observed
that the presence of the patches shifts the natural frequencies
of the passive structure to higher frequencies [5]. From fi-
nite element model of the smart beam, strain values are
obtained by performing modal analysis in order to determine
the most suitable location for the strain gauge sensor pair.
This corresponds to the location where the strain values at-
tain their highest value for the first two modes of vibrations.

2.2 Smart fin

Based on the finite element modelling technique presented
for the beam-like structure, the finite element model of the
smart fin is obtained and analyses are performed. The smart
fin is a cantilevered plate with symmetrically placed
piezoelectric patches and modelled according to the plate
theory. Since its shape looks like the typical vertical tail of
an aircraft, it is called smart fin. The finite element model
developed in the study is shown in Fig. 1.

The same element types mentioned in the modelling of
the smart beam are also used to model both active and
passive portions of the smart fin. By using the modal
analysis results, which are obtained from the finite element
model, 24×(25×25×0.5 mm) BM500 type patches are
placed on the fin at the determined locations. The patches
are bonded symmetrically on top and bottom surfaces of the
fin and an additional pair of symmetrically placed piezo-
electric BM500 patches is also used as sensors (Fig. 1).
Then the effects of the patch location on the first and
second natural frequencies of the smart fin are investigated.
As the patches are moved away from the root both the
flexural stiffness and the natural frequencies decrease by
keeping the first frequency of the smart fin almost
unaffected. Conversely, as the patches get close to the
trailing edge the torsional stiffness significantly increases
giving rise to an increased second frequency. Based on
these analyses the best locations of the actuators are found.
The finite element method also allows determination of the
suitable locations of the sensors for vibration sensing.
These locations can be determined from mode shapes of the
smart fin by using the modal strain distribution at its first
two modes. Three locations where the strain components
reach their maximum values are determined and these
locations are then used for attachment of the strain gauge
sensors to sense the vibrations of the smart fin. The
influences of the piezoelectric actuation voltage variation
on the responses at the three strain gauge sensor locations
are also calculated for both bending and twisting piezo-
electric actuations [6].

3 Active vibration control of smart structures

The active vibration control of smart aerospace structures
that inherently have flexibility becomes more important
when the designers attempt to push with the state of the art,
faster and lighter structures for aerospace applications [7].
Generally, two steps are necessary for the control of flexible
smart structures. First a precise mathematical model, which
is capable of handling the electromechanical coupling
effects, must be developed. Second, a robust controller that
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successfully incorporates the possible modelling uncertain-
ties must be designed.

3.1 Control of smart beam

The developed finite element model of the smart beam is
reduced to a state-space form suitable for a controller

design. The system model of the smart beam [5, 8, 9] is
obtained from sine-wave testing, known as a frequency
analysis, and provides the detailed information about a
linear system in the frequency range of interest. The
frequency response functions from the piezoelectric actua-
tor to strain gage and laser displacement sensors are
obtained and then the least square curve fitting method is

Fig. 2 Open loop and closed
loop time responses of the
smart beam for (a) strain
measurement (b) displacement
measurement

Fig. 1 Finite element model of
the smart fin (a) top view
(b) side view
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applied to find the approximate representation of the
transfer functions. By using this reduced model, an active
vibration controller which effectively suppresses the vibra-
tions of the smart beam due to its first two flexural modes is
designed. The vibration suppression is achieved by the
application of H∞ controllers [5, 9, 10]. In H∞ control de-
sign framework the objective is to minimize the weighted
H∞ norm of the transfer function matrix from input
disturbances to the output error signals. This technique
allows a systematic way of introducing the model uncer-
tainties into the design process and ensures robust stability
and performance [11, 12]. As a joint work, a comparative
study involving H∞ and sliding mode controls (SMC) is
also conducted [13]. SMC is a particular type of variable
structure control which changes the control directions to
drive the system to a specific manifold in the state space
and keep the system within a neighborhood of this
manifold. The main feature of SMC is its insensitivity to
some class of uncertainties [14]. In order to obtain the
mathematical description of the structure, two different
approaches are considered. In the first approach, the system
model of the smart beam is derived by considering the
piezoelectric actuator voltage as an input and strain gauge
result as an output of the system. For this application, the
H∞ control was performed by using a four-channel
programmable controller, SensorTech SS10, which is
specifically designed for smart structure applications. In
the second approach, the system model of the smart beam is
obtained by considering the piezoelectric actuator voltage
as input and the beam tip flexural displacement as output
measured by using laser displacement sensor. The H∞

controller of this approach is designed and implemented by
using a LabVIEW v5.0 based program.

3.1.1 Free vibration suppression

Free vibration analyses are performed by applying 5 cm
initial tip displacement and zero initial tip velocity in order
to analyze open-loop and closed-loop time responses of the
smart beam. These time responses are given in Fig. 2(a, b)
for strain and displacement measurements, respectively. It is
observed that while the smart beam continues to vibrate
even after 20 s in the open loop case, significant vibration
suppressions are achieved in less than 1.3 s for the closed
loop case based on both strain [15, 16] and displacement
measurements [15].

Fig. 3 Open loop and closed loop frequency responses of the smart beam for (a) strain measurement (b) displacement measurement

Fig. 4 The smart fin used in the study
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3.1.2 Forced vibration suppression

For the forced vibration analysis, a sinusoidal chirp signal
(10 V peak-to-peak amplitude and 0.1–60 Hz frequency
range) is applied through a Ling Dynamic Systems LDS
V106 shaker located near the cantilever end next to the
piezoelectric materials. Before performing experimental
analyses, closed loop forced vibration responses are also
simulated in MATLAB (v6.5). The open-loop and closed-
loop frequency responses of the smart beam are shown in
Fig. 3(a, b). Figure 3 reveals that a significant reduction in
the response levels of the first two modes is achieved for
both strain and displacement measurements [15].

3.2 Control of smart fin

The work performed in the area of control of plate-like
structures starts with active vibration control of a smart rect-
angular aluminium plate [17]. Further studies concentrate on

active vibration control of a smart fin (Fig. 4). The two
approaches previously mentioned to drive the system model
of the smart beam are also used in order to obtain the math-
ematical description of the fin. An experimentally identified
model is utilized in the design of H∞ controller which
suppresses in-vacuo vibrations of the smart fin due to its
first two flexural modes [6]. Experimental setups for control-
ler implementation of the fin based on strain and displace-
ment measurements are displayed in Fig. 5(a, b) respectively.

A m-synthesis (structured singular value) controller is
also designed in order to suppress the vibrations of the
smart fin [18, 19]. In general, a system is built from
components which themselves are uncertain with norm
bounded perturbations. This results in a structure of the
uncertainty representation. In H∞ design framework this
structure is ignored and the controller may be conservative
depending on the type of the uncertainties. The m-synthesis
technique takes this structure into account and leads to less
conservative results [20, 21].

Fig. 5 Experimental setup for controller implementation of the smart fin for (a) strain measurement (b) displacement measurement

Fig. 6 Open loop and closed
loop time responses of the
smart fin for (a) strain
measurement (b) displacement
measurement
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3.2.1 Free vibration suppression

For the free vibration analysis, an initial tip displacement of
approximately 3 cm and zero tip velocity is applied to the
smart fin and the open loop and closed loop characteristics
of the system are recorded. These time responses are given
in Fig. 6(a, b) for strain and displacement measurements
respectively. As it can be seen from the figures, the
vibration suppression is achieved for the smart fin within
one second in closed loop case [16].

3.2.2 Forced vibration suppression

Forced vibration analyses are performed by exciting the
smart fin by Ling Dynamic System shaker placed near its

clamped edge via sinusoidal chirp signal of frequency 0.1–
90 Hz generated by SensorTech SS10. This frequency
range covers the first flexural, first torsional and second
flexural modes of vibration. Figure 7 shows open loop and
closed loop frequency responses of the smart fin [18]. It can
be observed from Fig. 7 that for the first flexural mode the
controller performs satisfactorily. On the other hand, for
the second mode which is predominantly torsional and for
the second flexural mode the high attenuation levels are not
achieved. With the available structural configuration, the
torsional mode could not be suppressed. Therefore the
structural model is improved by insulating the layer
between PZTs [22] and the aluminium fin and by allowing
PZT patches move independently from each other in order
to achieve better suppression in torsional mode. Further-

Fig. 7 Open loop and closed loop frequency responses of the smart fin for (a) strain measurement (b) displacement measurement

Fig. 8 Open loop and closed loop frequency responses of the smart fin with insulating layer for (a) strain measurement (b) displacement
measurement
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more the performance criteria in designing the controller
were changed to that of the suppression of the first torsional
resonance level and the controller was designed according-
ly. The designed controller performed effectively on the
torsional response (Fig. 8) [23]. But since the controller was
aimed to suppress only the torsional characterictics, it was
not very effective on suppressing the first mode around
14 Hz which is predominantly flexural.

4 Studies focusing on spatial control

Further studies tend to suppress the vibration over the entire
beam by means of spatial control approach. This approach
requires a system model providing spatial information of the
structure. Hence, in order to perform spatial system identifi-
cation of the smart beam, the beam is modeled by assumed-
modes method which leads to a model consisting of large
number of modes. Then this model is truncated to a lower
order model covering only the bandwidth of interest. Since
truncation may perturb system zeros and cause inaccuracies,
the model is corrected by adding a correction term including
the effects of out of range modes [24, 25]. Then analytical
and experimental system models are compared and modal
damping ratios are tuned till the magnitude of the analytical
and experimental frequency responses at resonance frequen-
cies match. The resonance frequencies and modal damping
ratios are then determined for various points over the beam
where the average values of resonance frequencies and
modal damping ratios are accepted as correct ones and the
standard deviations are considered as uncertainty on them
[26]. These data are used in the designing and implemen-
tation of a spatial H∞ controller for the active vibration
control of the smart beam [27].

5 Conclusions

In this paper, the theoretical and experimental studies
conducted in Aerospace Engineering Department of Middle
East Technical University on smart structures with particular
attention given to the structural modelling characteristics
and active vibration suppression aspects are presented. The
initial studies composed of obtaining the analytical and
numerical models of aluminium beam-like and plate-like
structures. Then, by obtaining sets of data used to verify
and improve the theoretically developed control models for
smart beams and plates, and control techniques were
developed for the active vibration control of smart
structures and their experimental verifications were
achieved. Having theoretical and experimental knowledge
and a fully equipped laboratory for active vibration sup-
pression applications, current research, complimenting the
previously obtained results, is focusing on a more chal-

lenging subject of aeroservoelastic analysis and design of
aerospace engineering structures.

Acknowledgments This work was initially supported by Turkish
State Planning Organization (DPT) through the project ‘METU.
AFP.03.13.DPT98K.122630, Establishment of a Research and Devel-
opment Center for Aeronautical Engineering, (1998–2002)’. Then,
NATO/Research and Technology Organisation (RTO)/Applied Vehicle
Technology Panel supported through the projects ‘T-121, Application
of Smart Materials in the Vibration Control of Aeronautical Structures
(April 2000– March 2002)’ and ‘T-129, Development of Control
Strategies for the Vibration Control of Smart Aeronautical Structures,
April 2002– March 2004’. In these two projects, the theoretical studies
were conducted in Aerospace Engineering Department of Middle East
Technical University. The project partners Sensor Technology Limited
of Canada and Institute for Aerospace research of Canada provided
some experimental facilities and acted as consultants. Currently
NATO/RTO/Applied Vehicle Technology Panel extends its support
through the project ‘T-133, Development and Verification of Various
Strategies for the Active Vibration Control of Smart Aerospace
Structures Subjected to Aerodynamic Loading (April 2006– March
2008)’ The authors gratefully acknowledge all those support given.

References

1. T. Calıskan, Ph.D. Thesis (Middle East Technical University,
Ankara, 2002)

2. ANSYS Inc.,Users Manual—Version 5.6 (ANSYS®, Canonsburg,
1999)

3. Sensor Technologies Limited. Product Data Sheets (Sensor
Technologies Limited, Ontario, 2002)

4. T. Calıskan, Y. Yaman, V. Nalbantoglu, UMTS2001, 10th Machine
Theories Symposium (Selcuk University, Konya, 2001) (in Turkish)

5. Y. Yaman, T. Calıskan, V. Nalbantoglu, E. Prasad, D. Waechter,
B. Yan,Canada−US CanSmart Workshop on Smart Materials and
Structures (Canada Proceedings, Montreal, 2001), pp. 137–147

6. Y. Yaman, T. Calıskan, V. Nalbantoglu, F.D. Ulker, E. Prasad,
D. Waechter, B. Yan, ESDA2002, 6th Biennial Conference on
Engineering Systems Design and Analysis, Paper APM-018
(Istanbul, July 8–11, 2002)

7. Y. Yaman, T. Caliskan, V. Nalbantoglu, F.D. Ulker, E. Prasad,
SAVTEK2002, 24–25 October 2002 (METU, Ankara, 2001) (in
Turkish)

8. T. Calıskan, V. Nalbantoglu, Y. Yaman, UMTS2001, 10th Machine
Theories Symposium (Selcuk University, Konya, 2001) (in
Turkish)

9. T. Calıskan, V. Nalbantoglu, F.D. Ulker, Y. Yaman, E. Prasad,Model
Correction of Smart Beam obtained by Finite Element Method,
Kayseri IV. Aeronautics Symposium (Kayseri, 2002) (in Turkish)

10. F.D. Ulker, M.S. Thesis (Middle East Technical University,
Ankara, 2003)

11. S. Skogestad, I. Postlethwaite, Multivariable Feedback Control
(Wiley, New York, 1997)

12. K. Zhou, J.C. Doyle, Essentials of Robust Control (Prentice Hall,
Englewood Cliffs, 1998)

13. M. Itik, M.U. Salamcı, F.D. Ulker, Y. Yaman, 44th IEEE
Conference on Decision and Control and the European Control
Conference 2005 (Seville, 2005)

14. V. Utkin, J. Guldner, J. Shi, Sliding Mode Control in Electrome-
chanical Systems (Taylor & Francis, New York, 1999)

15. Y. Yaman, F.D. Ulker, V. Nalbantoglu, T. Calıskan, E. Prasad,
D. Waechter, B. Yan, AED2003, 3rd International Conference on
Advanced Engineering Design, Paper A5.3 (Prague, 2003)

J Electroceram (2008) 20:167–174 173



16. F.D. Ulker, V. Nalbantoglu, T. Calıskan, Y. Yaman, E. Prasad,
UMTS2003, 11th Machine Theories Symposium (Gazi University,
Ankara, 2003) (in Turkish)

17. Y. Yaman, T. Caliskan, V. Nalbantoglu, E. Prasad, D. Waechter,
ICAS2002, International Council of the Aeronautical Sciences,
Paper 424 (Toronto, 2002)

18. Y. Yaman, F.D. Ulker, V. Nalbantoglu, T. Caliskan, E. Prasad, D.
Waechter, B. Yan, 6th CanSmart Meeting, International Workshop
on Smart Materials and Structures (Montreal, 2003)

19. F.D. Ulker, O.F. Kircali, Y. Yaman, V. Nalbantoglu, T. Caliskan,
E. Prasad, Kayseri V. Aeronautics Symposium (Kayseri, 2004) (in
Turkish)

20. G.J. Balas, J. Doyle, K. Glover, A. Packard, R. Smith, μ-analysis
and Synthesis Toolbox (Musyn Inc. and Mathworks Inc.,
Minneapolis, 1993)

21. J.C. Doyle. IEE Proceedings, Part D. 133(2), 45–56 (1982)

22. F.D. Ulker, Y. Yaman, V. Nalbantoglu, HITEK2004 (Istanbul,
2004) (in Turkish)

23. F.D. Ulker, Y. Yaman, V. Nalbantoglu, O.F. Kircali, UMTS2005,
12th Machine Theories Symposium (Erciyes University, Kayseri,
2005) (in Turkish)

24. O.F. Kircali, Y. Yaman, V. Nalbantoglu, M. Sahin, F.M. Karadal,
Kayseri VI. Aeronautics Symposium (Nevsehir, 2006) (in Turkish)

25. O.F. Kircali, M.S. Thesis (Middle East Technical University,
Ankara, 2006)

26. O.F. Kircali, Y. Yaman, V. Nalbantoglu, M. Sahin, F.M. Karadal,
F.D. Ulker, Kayseri VI. Aeronautics Symposium (Nevsehir, 2006)
(in Turkish)

27. O.F. Kircali, Y. Yaman, V. Nalbantoglu, M. Sahin, F.M. Karadal,
F.D. Ulker, IWPMA 2006, 3rd International Workshop on
Piezoelectric Materials and Applications in Actuators (Anadolu
University, Eskisehir, 2006)

174 J Electroceram (2008) 20:167–174


	Smart structures and their applications on active vibration control: Studies in the Department of Aerospace Engineering, METU
	Abstract
	Introduction
	Modelling of smart structures
	Smart beam
	Smart fin

	Active vibration control of smart structures
	Control of smart beam
	Free vibration suppression
	Forced vibration suppression

	Control of smart fin
	Free vibration suppression
	Forced vibration suppression


	Studies focusing on spatial control
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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 true
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


