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Abstract: The miniaturization of sensors represents a promising approach for various systems health
management. Dynamic pressure measurements have a very good potential to provide GTE diagnostics,
maintenance management, and optimized performance, based on pressure variation measurements. In this paper,
we will investigate vibrational behavior of piezoelectric microdiaphragm based pressure sensor with application
for GTEs condition monitoring. The general formulation based on transverse vibration of circular plates will be
introduced and the response of diaphragm under forced excitation will be discussed. The obtained results show
that the application of pressure sensor for condition monitoring of GTEs could have major benefits and improve

their performance. Copyright © 2013 IFSA.

Keywords: MEMS, Pressure sensor, Piezoelectric, GTEs, Condition monitoring, Transverse vibration, Circular

microdiaphragm.

1. Introduction

The miniaturization of sensors represents a
promising approach for various systems health
management. The main advantages of miniaturized
systems include low mass and low power
consumption. MEMS based sensor systems will
play a significant role in the development of

miniature, on-line, in-situ, low cost, health
monitoring platforms.
In literature, many condition monitoring

applications have been proposed for pressure
sensors [1-7]. One application area with major impact
is condition monitoring of Gas Turbine Engines
(GTEs) [1]. The application of MEMS pressure
sensors makes it possible obtaining engine
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performance characteristics with high sensitivity and
fast response time. Moreover, these devices

replace macro-sensors which provide offline
condition monitoring.
For these purposes, dynamic behavior

characterization of microdiaphragm based pressure
sensors could help to optimize the health
management system and provide better performance
for GTEs. Many researches have been done to
characterize ~ dynamic  behavior of circular
microdiaphragms. Yu et al. have been introduced a
mathematical modeling of microdiaphragms under
initial tension [13]. Olfatnia et al. theoretically
modeled the dynamic behavior of circular
microdiaphragms and the influences of pressure
loading on the behavior of the diaphragm in different
vibration modes [8-10].
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In this paper, first we acquire the mathematical
formulation of dynamic behavior of circular
microdiaphragm including damped condition. Then, a
model will be introduced to be applicable to GTEs
condition monitoring.

2. Theory
2.1. General Formulation

The sensor is modeled as a clamped circular
diaphragm with initial tension and rigidity, as shown
in Fig. 1, with radius a, thickness %, Young’s
modulus £, and Poisson’s ratio v. The non-linear
partial differential equation of that diaphragm with a
transverse loading per unit area, is governed as
equation [14]
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where p is the density, w is the transverse

displacement and
D=Er[12(1-v*), )

is the flexural rigidity, V> is the laplacian, and T is
the initial tension of the diaphragm per unit length.
The boundary conditions are as follow:

6w(r, 0,t)

w(a,ﬁ,t) =0, 5
r

=0.

r=a

In the absence of forcing in equation (1), we will
search for a modal solution of form

w(r,0,0)=W(r,0)e“"", (4)
where W is the unknown function, « is the term
characterizing damped condition, and @ is natural

frequency. Substituting (4) into equation (1), we
obtain

[(az —0" + Ziaa))ph + 2,u(a + la))]W
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Equation (5) can be expressed as
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Fig. 1. [llustration of the clamped diaphragm [8].

It can be shown that

a=—+ ©)

ph
Expanding the transverse displacement amplitude as
W(r.0)=R(r)®(0), (10)
results in equation (11),

©(0) = 4,, sinmb+ 4,, cosmb
R(r):Blme (7l)nr)+BZW1Ym(7lmr) . (11)
+B}m1m (7/2mr)+ B4me (7/2mr)

The solution of equation (11) must be continuous,
and therefore m must be an integer. The functions

J,, Y, , I, , and K re the Bessel functions of the

first and second kind, and the modified Bessel
functions of the first and second kind, respectively.
The coefficients 4 and B in equation (11) are
constants which are determined by the boundary
conditions. Both ¥ and K, are singular at »=0.
Therefore, for a plate with a finite displacement at the
plate center, the coefficients B,, and B,, are

equal to zero. Applying function R(r) into the

boundary condition, equation (3) results in the
following equation

{Jm (na) Im(%“)}[?m} 0. (12)

Jr;z (}/la) 11:1 (}/Za) 3m

The prime indicates a derivative with respect to r

For non-trivial solutions of B, and B,,, the
characteristic equation should be equal to zero:
J"’l y}ﬂa Jm j/ma
(1.)7, (1.0) .

_Im (j/Zma)‘]r’n (j/lma) = 0 .

By determining the roots of equation (13), and
replacing them into the rearranged form of equation
(7), the natural frequencies are obtained as follows:
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where the superscript d shows the damped natural
frequency. Under un-damped condition the natural
frequency is as follows [9]:

; 1
wmn :\/E(Dyl“mn +T712mn) * (15)

If we assume that,
- = é’mn wf’:m > (16)

we can rewrite equation (14) as follows

w:rlm = w:m Vl_é/rfm > (17)

Finally, the mode shape is obtained as follows:

w(r,0)=R(r)0(0)
RV =1, (o)== )

0(0) = 4, sinmb + A,, cos mb

Im (7/2,”,,") > (18)

A non-dimensional tension parameter k is defined

as [11]
/T
k=a B, (19)

This non-dimensional parameter determines the
behavior of the diaphragm. If the internal tension is
so high that it dominates the flexural rigidity, the
diaphragm behaves as tension dominated membrane.
On the other hand, if internal tensions are so low that
flexural rigidity is dominated, the diaphragm behaves
as flexural rigidity dominated plate.

Fig. 2 shows the natural frequency versus k. As
it is obvious from the figure, if k£ is less than 1 the
flexural rigidity is dominated, if k is greater than
20 tension is dominated, and the range between this
two values is called transition region, and in this
region diaphragm behaves between plate and
membrane.

The effect of parameter & is not limited to
determination of natural frequency. We can conclude
from equation (7):

722nm = }/lzmn + k : (20)

This means that £ effects mode shapes through
characteristic equation. Fig. 3 shows first vibrational
mode of diaphragm respect to different values of & .
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Fig 2. Variations of the first three resonant frequencies
with respect to the tension parameter & .
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Fig 3. Variation of first mode shape with respect
to parameter & .

2.2. Forced Response

To consider the forced response of a damped

diaphragm to harmonic excitations loading is
assumed to be the form
f(r.0.t)=p(r.0)e”, 21

where the pressure amplitude p(r,H) is assumed to

is the

excitation frequency. The aim is to find the steady
state response of the diaphragm when it is excited
close to the diaphragms first natural frequency. To
that end, to that end, a single-mode approximation is
assumed as

be uniform and denoted by p, and @

W(r,@,t) =W, (r,6’)771 (t) , (22)

where 7, is the modal amplitude and W, is the first
mode shape of the linear system. The approximation
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for the steady state forced response of the diaphragm
can be obtained as
w(r, 0,t) ~ U(r,é’)ei("”_%)

. . 23
_ AOIV%I (rje)e:(wt—%) ( )

It can be shown that vibration amplitude,
U(r,0), at the center of the diaphragm is as

follow [13]:

U(0,0) =

27 pa |:1 _ Jo (7101“):|

phT 10(72010)
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3. Validation

I (ma)} .24

For validation of our general formulation of
damped vibration of diaphragm, we used the
experimental results obtained by Olfatnia et al. [9].
Fig. 4 shows the configuration of diaphragm used by
Olfatnia et al. for experimental purposes. This figure
shows that multi-morph diaphragm consist
of 5 layers.

PZT (0.7 um

Pt/TiO; (0.2 pm)
Si(2pum)

Si0; (0.5 pym)

PUTi {0.2 pm;

T R B

D=0.6,08,1,1.2mmL__ |

SRR NIRRT

Fig. 4. Cross-section schematic of diaphragm [9].

In micro/nano scale there are many phenomena
effect damping of structure that are negligible in
macro scale. Some of these phenomena have some
other effects that have major impact on vibrational
behavior of the structure. For example, squeeze film
has effects on both damping and mechanical stiffness
of the structure. However, the total effect of damping
in structure is estimated by a quantity called quality-
factor, the effect of quality-factor is obvious from
vibration basic equation below [12],

X(t)+%)'c(t)+a)jx(t):%. (25)

The quality-factor in air is measured to be 137. So
the value of ¢ in this configuration will be 0.004.

Fig. 5 shows the comparison between experimental
and theoretical values of first for natural frequencies.
We can readily see that formulation of vibrational
behavior in damped condition is more accurate than
un-damped condition.
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Fig 5. First four Natural Frequencies: Comparison
between experimental and theoretical results.

4. Application

4.1. Gas Turbine Engines (GTEs)

Gas turbine engine (GTE) propulsion systems are
used in many areas of human activity, and they have
an excellent record in both reliability and safety. In
this regard, a reliable condition monitoring system is
especially important for aircraft GTEs, because a
fault in the GTE can lead to disastrous results.
However, real-time condition monitoring of such
complex nonlinear dynamic systems is a very
complicated problem. During normal operation, the
GTEs experience significant changes in pressure,
temperature, Mach number, and power output. These
intrinsic variations will alter the GTE dynamics in a
nonlinear manner. Hence, careful attention must be
paid during GTE operation to ensure that the
mechanical, aerodynamic, thermal, and flow
limitations of the GTEs are maintained [1].

4.2. Dynamic Pressure Measurement

In-situ dynamic pressure measurements have a
very good potential to provide GTE diagnostics,
maintenance management, and optimized
performance, based on pressure variation
measurements. The versatility of pressure-based
measurements will provide a foundation for active-
control methodologies through the evaluation and
interpretation of changes to the dynamic pressure
flow within the GTE environment.

Application of traditional bulky and off-line
pressure sensors does not provide very useful
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condition monitoring of GTEs. So a new approach
introduced by Rinaldi et al. is to use MEMS based
dynamic pressure sensor for condition monitoring of
GTEs. In the work done by Rinaldi et al., application
of MEMS based dynamic pressure sensor on
J-85 engine have been studied (shown in Fig. 6 and

7) [1].

Fig 7. J-85 engine cutaway [1].

Dynamic pressure, by definition, consists of a
variation in pressure over a given time interval. This
is especially true for rotating machinery such as fans,
where the dynamic pressure flow is generated by the
rotation of the fan blades. In this regard, for the work
presented here in, the time dependence of the
pressure flow is taken from the point of view of the
individual GTE fan blades passing beneath a
reference point (sensor location) as shown in Fig. 8.
With this implementation some parameters could be
monitored: (1) the speed of the rotary fans, (2) the
health of single blades, and (3)radial and axial
alignment of fans.

MEMS Dynamic
Pressure Sensor 1

Fig. 8. Schematic front-view of the location
of the MEMS dynamic pressure sensor with respect
to the fan blades of a GTE [1].
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4.3. MEMS Pressure Sensor Specifications

Due to their low-pressure sensitivity, MEMS
silicon microphones are proposed as the main
components of the sensor for monitoring the dynamic
pressure variations generated by the GTE fan and
compressor stages. The sensor consists of two
Knowles Acoustics SiSonic microphones. Two
microphones were used for redundancy in the
measurements. This is an added advantage in using
small scale components as they allow for redundancy
even within a small surface area and provide added
system reliability. Presented in Fig. 9 is an image of
the main component of the MEMS microphone. The
active area of the silicon diaphragm has a diameter of
500 pm and a thickness of 1 pm [1].

Fig 9. MEMS SiSonic microphone diaphragm [1].

With the specifications above we can use
equation (14) to determine natural frequencies of
pressure sensor. With the assumption of no internal
tension and discarding damping effects, the first
and second natural frequency will be 15.6 and
32.5 kHz, respectively.

4.4. Gas Turbine Engine Tests

As we said, J-85 engine have been used for this
illustration. The J-85 engine has 8 compressor stages
on a single shaft. Given in Table 1 is the number of
blades for the stages, and the theoretical nominal
RPM and stage-frequency at engine idle and 80 % of
maximum power. In this regard, the stage-frequency
is defined as the frequency detected by the sensor for
that particular stage at a given engine
operating condition.

As it is obvious from Table 1, the working
frequency is up to about 32 kHz. So this range of
operation includes only two of first natural
frequencies. These operating conditions help the
sensor to reach its maximum signal output. Fig. 10
shows frequency response of pressure sensor for two,
first natural frequencies [1].
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Table 1. An overview of the compressor stages [1].

Compressor Number | Nominal Nominal

Stage of RPM @ Frequency

Blades 80% (Hz) @ 80%
B 30 13400 6923
2nd 60 13400 13400
31 87 13400 19430
4% 106 13400 23673
50 131 13400 29257
6™ 132 13400 29480
70 140 13400 31267
g 120 13400 26800

Amplitude (mm)
\
]
T——
| =

5 |
10 10 10

Frequency (Hz)

Fig. 10. Estimated frequency response of pressure sensor
in J-85 engine operation range.

5. Discussion

As we saw in section 2, the theoretical model to
predict  Vibrational  behavior of  circular
microdiaphragms is investigated. This formulation
includes damped conditions. The damping effects are
mainly different in micro- and macro-scale. Energy
dissipation mechanisms do not equally contribute to
the total energy loss of the system. Size and ambient
pressure are the two main parameters, which clarify
the contribution of these terms. Size reduction from
macro to micro scale increases surface-to-volume
ratio, and hence signifies the effect of surface forces,
and dominates them over the body forces. Therefore,
bulk losses are negligible in micro-scale regions
compared to medium damping terms. The main
energy dissipation mechanisms are identified as (a)
medium loss, which is the loss into the surrounding
(fluid) medium due to acoustic radiation or viscous
drag, (b) clamping or support loss, which is the
dissipation of energy through the support, and (c)
bulk loss, which is composed of a variety of physical
mechanisms, such as internal friction, thermoelastic
dissipation (TED), phonon—phonon scattering,
motion of lattice defects, and piezoelectric damping
in piezoelectric materials. Effect of these phenomena
in damping is different so to determine the damping
coefficient all conditions should be checked and their
effects should be considered.

The effect of internal tension should not be
neglected. The value of internal tension determines
the  actual  behavior of  microdiaphragm.
Microfabrication methods often involve high
temperature thin film deposition processes, and the
mismatch between thermal expansion coefficients of
different layers could cause internal tension.

The wvalidation of formulation shows that
introduction of damping in modeling decreased
difference between theoretical and experimental
results. The remained error could be for difference in
properties of materials, instrument errors and
skipping some phenomena that have effect on
damping like squeeze film effect.

As we saw in section 4, the application of
microdiaphragm based pressure sensor in dynamic
pressure condition monitoring of GTEs has major
impact on health management and performance
improvement of these systems. As discussed before,
with this implementation some parameters could be
monitored: (1) the speed of the rotary fans, (2) the
health of single blades, and (3) radial and axial
alignment of fans. Two of first natural frequencies of
proposed sensor are in the operational range of
testing GTE. This could help for better performance
of condition monitoring, because of high amplitude
signal output and noise cancelation. The high
sensitivity associated with acoustic dynamic pressure
measurements allowed for the extraction of pressure
signals J-85 engine.

6. Conclusions

In this paper, we investigated vibrational behavior
of piezoelectric microdiaphragm based pressure
sensor with application for GTEs condition
monitoring. The general formulation based on
transverse vibration of circular plates introduced and
the response of diaphragm under forced excitation
has discussed. The validation of theoretical models
with experimental results shows that introduction of
damping effect in theoretical modeling improves the
vibrational behavior prediction. Application of
MEMS pressure sensors for condition monitoring of
GTEs offers special features. In-situ dynamic
pressure measurements have a very good potential to
provide GTE diagnostics, maintenance management,
and optimized performance, based on pressure
variation measurements.

References

[1]. G. Rinaldi, I  Stiharu, M. Packirisamy,
V. Nerguizian, R. J. Landry, J. P. Raskin, Dynamic
pressure as a measure of gas turbine engine (GTE)
performance, Measurement Science and Technology,
Vol. 21, No. 4, 2010, 045201.

[2]. K.T. Kim, J. G. Lee, B. D. Quay, D. A. Santavicca,
Spatially distributed flame transfer functions for
predicting combustion dynamics in lean premixed gas
turbine combustors, Combustion and Flame,
Vol. 157, No. 9, 2010, pp. 1718-1730.

53



[3].

[5]-

[6].

(9]

Sensors & Transducers, Vol. 156, Issue 9, September 2013, pp. 48-54

V. Muralidharan, V. Sugumaran, Feature extraction
using wavelets and classification through decision
tree algorithm for fault diagnosis of mono-block

centrifugal pump, Measurement, Vol.46, 2013,
pp- 353-359.
L. Barelli, G. Bidini, F. Bonucci, Diagnosis

methodology for the turbocharger groups installed on
a IMW internal combustion engine, Applied Energy,
Vol. 86, No. 12, 2009, pp. 2721-2730.

J. M. Luyjan, V. Bermudez, C. Guardiola, A. Abbad,
A methodology for combustion detection in diesel
engines through in-cylinder pressure derivative
signal, Mechanical Systems and Signal Processing,
Vol. 24, No. 7, 2010, pp. 2261-2275.

S. Fricke, A. Friedberger, H. Seidel, U. Schmid, A
robust pressure sensor for harsh environmental
applications, Sensors and Actuators A: Physical,
Vol. 184, 2012, pp. 16-21.

L. Barelli, G. Bidini, C. Buratti , R. Mariani,
Diagnosis of internal combustion engine through
vibration and acoustic pressure non-intrusive
measurements, Applied Thermal  Engineering,
Vol. 29, No. 8, 2009, pp. 1707-1713.

M. Olfatnia, T. Xu, J. M. Miao, L. S. Ong,
X.M.Jing, L. Norford, Piezoelectric circular
microdiaphragm based pressure sensors, Sensors and
Actuators  A: Physical, Vol. 163, No.1, 2010,
pp- 32-36.

M. Olfatnia, T. Xu, L. S. Ong, J. M. Miao,
Z.H. Wang, Investigation of residual stress and its

[10].

[11].

[12].

[13].

[14].

[15].

effects on the vibrational characteristics of
piezoelectric-based multilayered microdiaphragms,
Journal of Micromechanics and Microengineering,
Vol. 20, No. 1, 2010, 015007.

M. Olfatnia, V. R. Singh, T. Xu, J. M. Miao,
L.S.Ong, Analysis of the vibration modes of
piezoelectric circular microdiaphragms, Journal of
Micromechanics and Microengineering, Vol. 20,
No. 8, 2010, 085013.

M. Sheplak, J. Dugundji, Large deflections of
clamped circular plates under initial tension and
transitions to membrane behavior, Journal of Applied
Mechanics, Vol. 65, No. 1, 1998, pp. 107-115.

M. Olfatnia, Z. Shen, J. M. Miao, L. S. Ong, T. Xu,
M. Ebrahimi, Medium damping influences on the
resonant frequency and quality factor of piezoelectric
circular microdiaphragm sensors, Journal of
Micromechanics and Microengineering, Vol. 21,
No. 4, 2011, 045002.

M. Yu, B. Balachandran, Sensor diaphragm under
initial  tension: linear analysis, Experimental
Mechanics, Vol. 45, No. 2, 2005, pp. 123-129.

S. P. Timoshenko, S. Woinowsky-Kringer, Theory of
plates and shells, New York: McGraw-Hill, 1959.

M. Yu, X. Long, B. Balachandran, Sensor diaphragm
under initial tension: nonlinear responses and design
implications, Journal of Sound and Vibration,
Vol. 312, No. 1, 2008, pp. 39-54.

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

54

$-
t
El
2&
%
mart Sensors
S and MEMS

NATO Scnce 549

hd

Kluwer Academic Publishers

Smart Sensors

and MEMS

Edited by

Sergey Y. Yurish and
Maria Teresa S.R. Gomes

The book provides an unique collection of contributions on latest
achievements in sensors area and technologies that have made

by eleven internationally recognized leading experts ...and gives

an excellent opportunity to provide a systematic, in-depth treatment
of the new and rapidly developing field of smart sensors and MEMS.

The volume is an excellent guide for practicing engineers,
researchers and students interested in this crucial aspect of actual
smart sensor design.

Order online: www.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensors_and_MEMS.htm



http://www.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensors_and_MEMS.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensors_and_MEMS.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


