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Abstract

The authors have tried to construct a
structural health monitoring (SHM) system to
identify damage in composite grid structure
called Advanced Grid Structure (AGS). Two
types of guided waves, compressional and
flexural waves were propagated along ribs of
AGS to detect various damage types. Those
waves were measured with fiber Bragg grating
(FBG) sensors network embedded in AGS. With
this SHM system, the authors had reported some
possibilities of detecting two types of damages.
In this paper, we applied this system to all
possible damage types. The results were
summarized to clarify which damage types
could be detected with this system. Especially,
the authors applied two types of damage
diagnosis methods with compressional and
flexural waves, respectively. Those possibilities
were classified by the two methods. Some
possibilities were verified experimentally or
computationally.

1 Introduction

Carbon fiber reinforced plastic (CFRP) has
been considered as a major material for aerospace
structures because it has high specific strength and
modulus in fiber direction. Application of CFRP to
those structures dramatically reduces the weight of
those structures and the cost for fabrication, which
are indispensable in aerospace field. However, the
specific strength and modulus of CFRP in fiber
transverse direction is comparatively low. Therefore,
CFRP is generally used as laminates or woven type
composites, which results in occurrence of various

complicated damage features. As a result, safety
factors have been kept high compared to metallic
materials and the weight saving do not have fully
been achieved.

Fig. 1. Advanced grid structure (AGS) made of CFRP.

In recent years, a new type of CFRP structure
has been accepted as a possible solution to the
problems associated with lamination. It is a grid
structure made of CFRP unidirectional composites,
named as an advanced grid structure (AGS). Figure
1 shows an example of AGS. AGS is defined as
trussed structures whose ribs are made of Carbon
fiber reinforced plastic (CFRP). It has several
advantages compared with other conventional
structures[1]. The authors had reported one possible
method of SHM of AGS by monitoring of static
strain distribution with embedded FBG sensors
network in AGS [2]. Moreover, another possible
SHM system by monitoring of two types of guided
waves, compressional and flexural waves, had been
proposed in our last work [4]. There are two main
advantages to the previous SHM system. The first
one is that the guided wave system does not require
inspection loading. Therefore, this system is simple
for testing. The second one is that the system does
not require baseline data. Therefore, several errors
related to  measurement under  different
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environmental conditions are negligible. Moreover,
those waves can be measured with an innovative
measurement system based on the same strain
measurement system which we have already been
constructed [2], which are summarized in Section 2.
This measurement system was composed of fibre
Bragg grating (FBG) sensors [3]. FBG sensor is a
kind of optical strain sensors that consists of a
periodic refractive index change formed in the core
of an optical fibre. When a broadband light
propagates into an FBG sensor, only narrow
component at Bragg wavelength A, is reflected
which corresponds to grating period A and effective
refractive index # as,
A, =2nA @))

FBG sensors have often been applied for health
monitoring of CFRP[5]. The FBG sensors were
multiplexed into few optical fibres and embedded
the sensors into all ribs of AGS (one rib has one
FBGQ). Since all ribs of AGS are composed of CFRP
unidirectional laminates, all optical fibres can be
easily embedded parallel to carbon fibres. Therefore,
the embedment does not deteriorate mechanical
properties of CFRP and realizes permanent strain
distribution measurement.

With the system, two types of damage
diagnosis methods were proposed in this research
and were experimentally and analytically verified.

2 Concept of Damage Detection

2.1 System Outlines

Broadband Light
_
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T

Fig. 2. Schematic of strain measurement system with
multiplexed FBG sensors embedded in Advanced Grid
Structure (AGS).

Figure 2 represents a schematic of the SHM
system. Some multiplexed FBG sensors are
embedded along the corresponding ribs in AGS.
Each FBG is embedded in the center of a rib parallel
to carbon fiber. A broadband light propagates all
optical fiber through an optical switch. When the
light reaches every FBG sensor, a narrow band light
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determined from its average specific refractive index
n; and grating period A; according to Eq. 1 is
reflected from the FBG. Therefore, every FBG
reflects a narrow band light with different
wavelength A;. Those narrow band lights are
introduced into FBG monitor through the optical
switch again and their current wavelengths are
measured.

When the AGS deforms, the embedded FBG
sensors are strained and the wavelengths of their
reflecting lights change according to Eq. 2 as,

AL, n’
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Since every FBG has different n; and A;, we
can measure strains at all ribs simultaneously.
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Fig. 3. Elastic wave measurement system with
embedded FBG sensors.

Based on this basic concept of strain
measurement system with multiplexed FBG sensors
embedded in AGS, a following -elastic wave
measurement system was proposed. Figure 3
represents the schematic of this system[6]. The
measuring processes of elastic waves are as follows,
1. Generate waveform with PC and send it to

Function Generator.

2. Generate corresponding voltage signal with the
function generator and amplify it by electrical
amplifier. The attached piezoelectric transducer
accelerates AGS and generates elastic waves.
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3. The elastic waves are measured with the
embedded FBG sensors as the historical data of
rib longitudinal strains.

4. All FBGs reflect several narrow band lights.
They are amplified by the optical amplifier.

5. With an arrayed waveguide grating (AWGQG)
filter[7][8], the change of wavelength of
reflected light is transfered to optical intensity
signal. A photo detector changes the intensity
signal to a voltage signal.

6. An oscilloscope measures this voltage signal,
whose waveform directly corresponds to the
waveform of the elastic wave signal measured
with embedded FBG sensors.

However, since strains caused by elastic waves
are small, all signals are buried into electrical
noises from several equipments. Therefore, in this
measurement, generation and measurement of
elastic waves are repeated and averaged in order to
remove electrical noises. Moreover, for the purpose
of atmosphere stabilization, thermo regulator
controls temperature of AWG filter.

2.2 Methods of Damage Detection

We had proposed following two damage
diagnosis systems with compressional and flexural
waves based on their characteristics [4]. These
proposals are based on the following assumption
that the mechanical characteristics of all ribs are
the same. This means that there is no difference
between all ribs in AGS after its fabrication.

Figures 4 and 5 illusrate concepts of damage
diagnosis strategies with compressional and
flexural waves, respectively.

YAVAV AV

= "'\_," R = C.
o .

v e LA
41 6l 1
k] "t"r t\‘ J"Ir

Cs

Fh tn F
;N

- W C—— i .
R, 0
) il \;\_ Cﬁrj'f -“\\ i \-\
.\.\ y F \"-.\ F \__\ .
r.‘_i r},f oY I:'C] 0
TN A U L NN
A £ , =Cy,

;: FoR . ),r"J ,-'I Y : ’: ‘
y C'l$ i C]S}{ﬂ]i CE"{%]E %cl'.!
o:Piezoelectric Transducer (C,)

Fig. 4. Schematic of damage diagnosis method by
compressional wave.

BRAGG GRATING SENSORS

/\/\/\/\/\

;Fw/\ f\:fF

o:Piezoelectric Transducer (F;)

Fig. 5. Schematic of damage diagnosis method by
flexural wave.

Compressional wave is used for long span and
directional damage diagnosis. We diagnose every
path (i) with one corresponding piezoelectric
transducer (C;) attached at the edge of the path i as
shown in Fig.4. In every path i, there are some
FBG sensors (c;) embedded at equal intervals.
When all C; generate the same compressional
waves, all ¢; which located in an equal distance (j)
should measure the same waveforms, especially for
the first arrival waves.

For example, in Fig.4, if C,, C, and Cg4 generate
the same compressional waves, the waveforms of
first arrival waves measured by ¢, ¢,; and ¢4, Or
€2, €4 and c4 should be the same. However, if
there is a damage between c,; and ¢;,, although the
waveforms of first arrival waves measured by c;;,
cy; and cg4;, the waveform of first arrival wave
measured by c;, should be different from those
measured by c,; and cg,. From this result, we could
conclude that damage appeared on line i and the
damage location was between cy; and c;,. This is
the basic concept of our proposed damage
diagnosis method with compressional waves.

Subsequently, flexural wave is used for two
dimensional damage diagnosis. Therefore, we
attach piezoelectric transducers (F;) arranged at
intervals of three ribs as shown in Fig.5. Six FBG
sensors embedded around F; are named as fj
(j=1---,6 ). When an F; generates a flexural

wave, six waveforms measured at f; (j=1,--+,6)

should be the same with each other, especially for
their first arrival waves.

For example, in Fig. 5, if F; generates a flexural
wave, the waveforms of first arrival waves
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measured by f5; (j=1,---,6) should be the same.

However, if there is a damage between F; and f3;,
the waveform of first arrival wave measured by f3,
must be different from those measured by other
FBG sensors f5 (j =2,-++,6). From this result, we

could conclude that damage appeared between F;
and f3;. This is the basic concept of our proposed
damage diagnosis method with flexural waves.

In following sections 3 and 4, we construct
specific damage diagnosis methods for both
compressional and flexural waves to detect several
specific damage types. The validities of those
methods are verified experimentally and
analytically.

3 Damage Diagnoses with Compressional Wave

3.1 Rib Crack Detection

In this section, we attempt to detect a specific
damage type, fiber break induced rib crack as shown
in Fig. 6, by monitoring of compressional waves.
Figure 7 represents a test configuration. An AGS
was used as the specimen, whose size is represented
in Table 1. This specimen has attached FBG sensors
as illustrated in Fig. 7. We chose two different paths
in the specimen. In both paths, there were a
piezoelectric transducer whose resonance frequency
was 80kHz and FBG sensors. The transducer was
attached on the surface of the end of this specimen
as shown in Figure 7. In addition, four multiplexed
FBG sensors from 1 to 4 were attached on lower
surfaces of four ribs in each path. Directions of those
sensors were parallel to rib longitudinal directions.

Rib crack Indentation test configuration

Fig. 6. Three point bending test configurations for
generating a fiber break on top surface.
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Table 1. Sizes of AGS specimen.

526.8 0.2 mm
550.9 +0.16,-0.14 | mm
105.0 =#0.1 mm

182.1 +1.39,-1.01 | mm
932 +1.41,-1.09 | mm
1.8 +0.33,-0.27 | mm
97 +0.34,-1.04 | mm
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Piezoelectric Transducer Rib Crack

:The path which has rib crack

z |:| :The path which has no damage

Specimen was hung from ceiling
Attachment of

—
.

in order to prevent it from noises. i .
piezoelectric transducer

Fig. 7. Schematic of damage detection test with
compressional waves generated at attached piezo-electric
transducer. Each lower surface of ribs had one attached
FBG sensor, which were multiplexed into one optical
fiber.

In the experiment, one of the two paths was
chosen and the rib crack was generated in the path
under three point bending load as shown in Fig. 6.
The location of this crack is shown in Fig. 7. Then,
compressional waves were measured at four FBGs
in both paths and compared with each other for the
maximum amplitudes of their first arrival waves
7).

Figure 8 shows the result of this experiment. In
this figure, two graphs represent measured waves at
2 and 3. In those graphs, dotted lines and continuous
lines represent received waves and their envelopes,
respectively. The envelopes were calculated with
Hilbert transform. As shown in this figure, although
V,s measured at 2 (forward from the damage) were

the same, Vp s measured at 3 were different. The Vp

in the path which has damage was smaller than that
in the other path. This is because there is a
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discontinuous surface in the path caused by the rib
crack. Since surfaces of the crack intercepts

transmission of compressional wave energy, Vp

became smaller than others. Therefore, if the Vp
measured in a path is smaller and statistically

unusual from others, we can determine that there is a
rib cracking in the path.

Piezoelectric Transducer Rib Crack
[
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Fig. 8. Change of the maximum amplitudes of first arrival
compressional waves induced by fiber break as illustrated.
The amplitudes measured at 3 reduced according to the
occurrence of fiber break.

3.2 Analytical Verification

The previous experimental result was
analytically verified with finite element analysis
(FEA). In this research, a dynamic explicit method
was used for the calculation with a commercial
software, ABAQUS (ABAQUS Inc.). Figure 9
represents the calculation model. In the model, ribs
and cross sections were modeled with 3D brick
elements with 8 nodes. The thickness, width and
longitudinal directions of ribs were divided into 6, 2
and 20 elements, respectively. Except, since the
cross sections were mechanically and structurally
complex, they were divided more precisely than
other parts as shown in Fig.9. And near the cross
sections, in order to adjust the precisenesses between
rib and cross section, those arcas were modeled with
triangular pole elements. The material properties
were summarized in Table 2. Rib cracking was
modeled with double nodes as shown in Fig. 10 to
represent generation of a discontinuous surface.

In the beginning of the calculation, dynamic
pressure was applied at the end of the paths with the
maximum pressure P=2.7%¥10* (Pa). The frequency
of this compressional wave was 81 kHz. The
received waveforms were evaluated as the history of
rib axial strain E;; defined at locations where FBG
sensors were assumed to be embedded. After the

BRAGG GRATING SENSORS

calculation, envelopes of the received waveforms
were calculated and Vs were compared.

Fig. 9. FEA modeling.

Table 2. Mechanical properties of CFRP used for the

calculation.

E11 149 GPa
Ezz 7.65 GPa
G12 3.25 GPa
G23 2.57 GPa
Vi2 0.281

Va3 0.49

p 1500 kg/m’

Rib Crack modeling with double nodes

Fig. 10. Modeling of fiber break induced rib cracking in
FEA.

Fig. 11 represents the calculated results. In this
figure, all graphs from 1 to 4 were the received
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waveforms calculated at four different locations. As
shown in these graphs, although ¥/, s measured at 2

were the same, those measured at 3 were different.
The Vp measured in the damaged path was smaller

than that in the no damage path. This tendency was
the same as experimental result. Therefore, the fact
that the discontinuous surface in the path caused by
the rib cracking intercepts the transmission of

compressional wave energy was analytically verified.
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Fig. 11. Result of the calculation for discussing the effect
of fiber break induced rib cracking toward compressional
wave propagation in AGS.

4 Damage Diagnoses with Flexural Wave

In this section, we subsequently attempt to
detect another specific damage type, debonding
between ribs and skin as shown in Fig. 12, by
monitoring of flexural waves.

Couplant was wiped off.

Grid side Skin side

Fig. 12. Method for introducing non-adhesion area
between lattice and skin by removing couplant.

Figure 13 represents a test configuration.
Specimen is the same as used in Section 3. A
piezoelectric transducer whose resonance frequency
was 40kHz and FBG sensors was attached on top
and bottom surfaces of the specimen as shown in
Figure 13. In addition, six multiplexed FBG sensors
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from 1 to 6 were attached on lower surfaces of six
ribs around the transducer. Directions of those
sensors were parallel to rib longitudinal directions.

Attachment of
piezoelectric fransducer

Specimen was hung from ceiling

in order to prevent it from noises.

Fig. 13. Schematic of damage detection test with flexural
waves generated at attached piezo-electric transducer.
Each lower surfaces of ribs had one attached FBG sensor,
which were multiplexed into one optical fiber.

In the experiment, one of the six ribs, 2, was
chosen and the debonding (Fig. 12) was artificially
introduced in the rib. Then, a flexural wave was
measured at around six FBG sensors and compared
with each other for the maximum amplitudes of their

first arrival waves (V).

Figure 14 shows the result of this experiment.
In this figure, six graphs represent measured flexural
waves at 1 to 6. In those graphs, dotted lines and
continuous lines represent received waves and their
envelopes, respectively. The envelopes were
calculated with Hilbert transform. As shown in this

figure, Vp measured at 2 were larger than the others.
The reason of this result is as follows. Generally, if
ribs and skin is bonded, wave energy in ribs of AGS

diffuses to skin as the wave propagates. Since ribs
and skin is debonded, it suppresses diffusion of

flexural wave energy. Hence, Vp of the debonded
rib became larger than those of the other ribs.
Therefore, if the VP measured in a path is larger and

statistically unusual from those of the other paths,
we can determine that there is a debonding along the
path.
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Fig. Change of the maximum amplitudes of first arrival flexural waves induced by non-adhesion between lattice and
skin. The amplitudes measured at 2 increased according to non-adhesion.

5 Conclusion

In this research, we proposed a new structural
health monitoring system for AGS using guided
waves in ribs with the embedded FBG sensor
network. Two types of guided waves, compressional
and flexural waves, were taken into account for
damage diagnosis. We proposed two concepts of
damage diagnosis systems with compressional and
flexural waves under one assumption that the
mechanical characteristics of all ribs are almost
identical. Therefore, if damage appears in a path, the
measured wave in the path should be statistically
different from those in other paths. Then, the two
concepts were used for realizing two different
specific damage diagnosis methods which deal with
two specific damage types, rib crack and debonding
between ribs and skin.

1. Propagation of compressional waves was
intercepted by the generation of crack surfaces.

Therefore, if the maximum amplitude of first

arrival wave V/, measured in the path is smaller

and statistically unusual from others, we can
determine that there is a rib cracking in the path.
2. Diffusion of flexural wave energy is suppressed
by the occurrence of debonding. Therefore, if

the V, of arib is larger and statistically unusual

from those of the other ribs, we can determine

that the rib must be debonded.

In comparison with our previously proposed
damage diagnosis methods for AGS with static
strain measurement [2], these methods do not
require baseline data and test loading. The two
damage diagnosis methods, with static strain or with
elastic waves, can be used selectively for different
damage types or under different environmental
conditions.



References

(1]

(3]

(6]

Meyer R., Harwood O. and Orlando J. “Isogrid
design handbook”. NASA Center for AeroSpace
Information (CASI), NASA-CR-124075; MDC-
G4295A, 1973.

Amano M., Okabe Y., Takeda N. and Ozaki T.
“Structural health monitoring of advanced grid
structure with embedded-fiber Bragg grating sensors”.
Structural Health Monitoring, (in press), 2007.
Othonos A. and Kyriacos K. “Fiber Bragg gratings -
fundamentals and applications in

telecommunications and sensing”. Arech House,
Boston, London, 1999.

Amano M., Arai T. and Takeda N. “Guided wave
diagnosis in composite grid structure with embedded
FBG sensors”. Proceedings of Smart materials and
structures — an SPIE event, San Diego, CA, 2007.

Measures R. “Smart composite structures with
embedded sensors”. Composites Engineering, Vol. 2,
No.5-7, pp 597-618, 1992.

Ogisu T., Shimanuki M., Kiyoshima S., Okabe Y.,
and Takeda N. “Development of damage monitoring
system for aircraft structure using a PZT
actuator/FBG sensor hybrid system”. Proceedings of
SPIE Smart Structures and Materials, Vol. 5388,,
pp-425-436, 2004.

Uetsuka H. “AWG technologies for dense WDM
applications”. [EEE JOURNAL OF SELECTED
TOPICS IN QUANTUM ELECTRONICS, Vol.10,
No.2, pp.393-402, 2004.

Smit M. and Dam C. “Phasar-based WDM-devices:
Principles, design and applications,” [EEE
JOURNAL OF SELECTED TOPICS IN QUANTUM
ELECTRONICS, Vol.2, No.2, pp.236-250, 1996.

Masataro AMANO, T. ARAI and N. TAKEDA




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


