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Heat resistant FBG sensors were developed by femtosecond laser processing to apply them to high-
temperature- operated piping system of nuclear power plants. The FBG sensor was installed on the
surface of a steel blade and a vibration test was conducted to detect the resonant vibration frequency
of the vibrating blade. The FBG sensor had the heatproof performance at 600 °C. A frequency stabi-
lized sensing system using a tunable laser was tested for structural health monitoring in daily opera-
tion of nuclear power plants. The FBG sensor was installed on the surface of a steel blade for vibra-
tion induced strain measurements. Welding, brazing, soldering and noble metal powder adhesive

were discussed for molding the FBG sensors.
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1. Introduction

Developments of the new sensing system under harsh
environmental conditions are now emerging from laser
processing. It requires the advanced sensors that can run at
high fidelity, and simultaneously needs the technique that
can install them with practical ease.

Since the Noto peninsula earthquake along Sea of Japan
in 2007, we have been developing the technologies related
to heat resistant strain sensors by laser processing tech-
niques [1, 2]. In order to measure both temperature and
strain, fiber Bragg grating (FBG) sensors were chosen. The
application is aiming at the structural health monitoring for
high temperature piping system of nuclear power plants
(NPPs). The situation requires extraordinary durability
such as radiation resistance and noise isolation caused by
nuclear reaction or electro-magnetic pulse. In ITER pro-
jects, huge precious vacuum components were designed [3].
Here fast neutron damage will be more serious than NPPs
[4]. To date, the FBG sensors made by femtosecond laser
processing are the best candidate for such harsh conditions.
The validities of FBG sensors were reviewed elsewhere [5],
in which the FBG sensors would be ideally suited for ad-
vanced energy production systems as harsh environment
sensing.

However, the present FBG-sensor-based reflection
spectrum detection system in JAEA is now facing two
principal problems: firstly, the rate at which the system can
be scanned by combination of a broadband light source and
a grating spectrometer is relatively low. When the system is
detecting seismic vibrations of facilities due to ground mo-
tions, low repetitive scanning rate is not problematic be-

221

cause the typical frequency is less than 10 Hz. However, if
we pay attentions to fluid dynamics of coolant flow in pip-
ing systems, much faster response on the system is required.
Secondly, the FBG sensors need careful handling due to the
fragility. The combination with fabric reinforcement and
heatproof adhesive can provide one solution to protect frag-
ile optical fiber in the sensor installation on the surface of
piping material [6]. To get over the fragility, we are now
developing the metal molding technique which can hold
and fixe the FBG sensors. Some techniques using laser
cladding or brazing are under development, depending on
the operational temperature of facilities.

In his paper, from the view point of smart laser pro-
cessing, a FBG-sensor-based reflection spectrum detection
system was proposed. Some metal molding techniques us-
ing laser cladding were described. In each case of pressur-
ized water reactors or fast neutron reactors, available tech-
niques are described in the following chapters.

2. FBG-sensor-based reflection
system

Figure 1 shows a block diagram of the FBG-sensor
based reflection spectrum detection system which has po-
tentially faster response. Here the laser system is a frequen-
cy stabilized continuous-wave tunable laser. Continuous,
mode-hop-free wavelength sweeps was performed over its
full 130nm tuning range with 100 nm/s sweep speed. The
wavelength accuracy was suppressed to < 5 pm. An In-
GaAs photo-detector with 10 MHz was used to detect the
reflection spectrum from the FBG sensor.

spectrum detection



JLMN-Journal of Laser Micro/Nanoengineering Vol. 9, No. 3, 2014

TN

Vibrating 7~
Blade D
Tunable Laser | Circulator
Including Connector
Wavelength
Monitor Optical

Fiber
°
Photo

Detector

Oscilloscope

Fig. 1 Block diagram of FBG-sensor-based reflection spec-
trum detection system

The tunable laser including wavelength monitor func-
tion and an optical fiber processed with a FBG sensor were
connected by an optical fiber circulator. We tried some

ways how to mount a FBG sensor on a vibrating steel blade.

At the first time, a FBG sensor was fixed on a 0.3 mm
thickness steel plate with heatproof epoxy glue. Preheating
for epoxy glue was done at 230 °C for 8 hours. Then it
could work at the maximum temperature of 400 °C. A steel
blade with 47 cm length, 7 cm width and 4 mm thickness
was prepared to be set perpendicularly to a 25A flange by
arc welding. Then the steel plate with a FBG sensor and the
vibrating steel blade were soldered up. The position of the
FBG sensor was Scm away from the flange. The reflection
laser light coming back from the FBG sensor was moni-
tored by a digital oscilloscope. The FBG sensor was heat-
ed by heat conduction behind the vibrating blade.

3. Fabrication of the FBG sensors

The FBG sensors were fabricated by femtosecond laser
processing. The details were described elsewhere [2,6]. The
outline was shown in the following procedure. A CPA laser
with a fiber femtosecond oscillator generated 100 fs laser
pulses. The pulse energy was precisely controlled for the
processing by an object lens into a fiber core, being limited
to 10 pJ at 100 Hz repetition. At the output of the amplifier,
an air-gap polarizer and 1/2 1 wave plate were put in to
attenuate the laser pulse energy in order to reduce the out-
put laser energy of 1 pJ or less. The laser pulses were fo-
cused into the center of the fiber core which was mounted
on a translation stage.

Figure 2 shows a picture of the fiber core image of the
FBG structure by a phase contrast microscope. Femtosec-
ond laser pulses were delivered into a microscope and fo-
cused on the fiber core with dot spot of 1-2 pm diameter.
Observing the laser processing through the microscope, we
confirmed that laser focused dots lined up perfectly along
the center of the fiber core. The dot diameter in a fiber core
was always smaller than Gaussian laser intensity distribu-
tion due to the nonlinear effect. Super-white continuum
flash was observed on a CRT monitor of the microscope.
Rotating the fiber at 90 degree after laser processing, we
find these dots formed series of extended longitudinal cyl-
inder. It seemed to be a comb laid inside a fiber core and
worked as a reflection grating. Laser light for reflection
detection travels along the fiber core from right side to left
side.
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Fig. 2 Picture of FBG structure made in the fiber core

Figure 3(a) (b) shows the comparison of reflection
spectra of two FBG sensors having dot-number dependent
different peak widths. These spectra were processed by
point by point writing technique using femtosecond laser
pulses. We understand that the peak width is inversely pro-
portional to the dot number, comparing the result of 100
dots and that of 250 dots. However, some satellite peaks
surrounding the center peak at 1553 nm were enhanced
with increasing the dot number. Generally speaking, an
isolated sharp peak on the FBG spectra is preferred in order
to achieve high stability of peak wavelength tracking. On
the other hand, when the detection system activating a fre-
quency stabilized wavelength, a broaden line width seems
more adaptable.
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Fig. 3 Comparison of reflection spectra of FBG sensors hav-
ing different dot numbers. (a) dot number 100, (b) dot num-
ber 250

Using point by point writing technique, it is easy to fab-
ricate custom demand FBG sensors. In JAEA, we could use
the apodizing mask or the filtering window which can con-
trol laser pulse energy in order to clean up the spectrum.
This is one way to reach the goal. It is well known in data
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analyzing technique that the discrete-time Fourier trans-
form of the rectangular window shows distortion in spec-
trum domain [7]. The laser induced dot sequence must be
limited to a finite length to generate Bragg interference. It
causes build-up the satellite peaks. Instead of the rectangu-
lar window function, the Hanning/Hamming window could
reduce the intensity of those peaks. However, this method
cannot be completely free from mechanical error driven by
the stage motion. Thus the interference processing tech-
nique is inherently and potentially superior to the point by
point technique. As a femtosecond laser can generate in-
tense pulse energy for FBG sensor processing, mass pro-
duction of FBG sensor is also feasible.

The maximum reflectivity occurs at the Bragg wave-
length A which is given by the equation; Ag= 2 n.g A / m.
Where n.y is the effective refractive index of the mode
propagating in the fiber, A is the FBG pitch period and m is
the FBG harmonic order. This relation shows that the re-
flected wavelength Ag is affected by any variation in the
physical or mechanical properties of the Bragg grating re-
gion. Practically to say, in this study, temperature change
and strain induction are representative properties for sec-
ondary cooling loop. In primary containment vessels or
primary cooling loops, radiation induced effects could be
added to them. This is expressed in the following equation,
where the first term gives the effect of temperature and the
second describes the effect of strain [8].

Akg = A(a+E)AT + Ag(l-pa)Ae

Where a and £ and pa are respectively the thermal ex-
pansion and thermo-optic coefficients and photoelastic co-
efficient of the silica fiber, and AT is the temperature
change and Ag is the strain change. For a typical grating
written in a silica fiber and with Az = 1550 nm, sensitivities
to temperature and strain are approximately 10 pm/°C and
1.2 pm/pe respectively.

4. Installation of the FBG sensors

How to install the FBG sensors on the surface of steel
surface is a troublesome issue. To make the best use of the
heat resistant characteristic, we demonstrated two ways to
embed the FBG sensor by metal mold. One way was sol-
dering or brazing. In the case of soldering, a filler metal
was a kind of alloy based on lead or tin to be heated to the
melting point around 200 °C. To get higher temperature
durability, silver based blazing could be applied to embed
the FBG sensor, which heats the FBG sensor ranging from
600 ~ 800 °C. Prior to brazing, the brazing surface needs
abrasive or mechanical cleaning. In the case of atmosphere
environment, it also requires brazing flux/paste in prepara-
tion. To heat the surface in the vicinity of the optical fiber,
we used a homemade handy laser torch. The heat source
was a CW laser with 300 W. The drawback of brazing is
erosion of the optical fiber caused by brazing flux/paste.

The other way was welding/cladding to use a filler wire
of Cr contained iron, heating the FBG sensor up to iron
melting point. A groove was processed to the surface of a
SUS metal plate with a rotating grindstone. We used a Qua-
si-CW laser to make a cladding with a filler wire along the
groove. The optical fiber set under molding metal before-
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hand was heated by the laser pulses with 10 joule energy
and 10 ms duration, partially to be soaked in a metal mold
pool. A series of weld pool formed a sealing clad on the
groove. The FBG sensor was buried at 2 mm depth over the
length of 1 cm. On the reflection spectra, the wavelength
shift of 6 nm was detected during heating process. The
FBG sensor was able to use detection of abrupt temperature
change of a steel plate caused by thermal shock with pulsed
laser heating.
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Fig. 4 Time dependence of reflection peak wavelength of FBG
sensors observed for laser heating of 10 second duration

Figure 4 shows the peak wavelength shift of FBG sen-
sor due to laser heating during 10 seconds. At the laser
power of 320 W, over 6 nm wavelength shift of a reflection
peak from 1551 nm was detected during heating process.
The FBG sensor was tolerated even 17 times periodic heat-
ing. No degradation was observed. This reflection peak
shift was equivalent to 600 °C and more when it was con-
verted to temperature. The FBG sensor embedded in a SUS
plate showed a good reproducibility. It was proved that
frequent vibration of the steel blade shown in Fig. 1 was
successfully detected as a result of the proper installation of
the FBG sensor.

A vibration test was conducted to evaluate the response
of the FBG sensor metal mold using frequency resonant
vibration of a steel blade. Figure 5 shows an example of
periodic reflection intensity modulation caused by a FBG
sensor. Here, the vibration of a steel blade was clearly de-
tected. The resonant frequency was 18 Hz of the vibrating
steel blade by FFT analyzing. This frequency is high
enough in comparison with seismic motion of the nuclear
facilities.
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Fig. 5 Periodic reflection signal intensity change of the FBG
sensor caused by the vibration of a steel blade
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5. Discussions

One of the most important parameters how to deploy
the FBG sensors to engineering plants or nuclear facilities
is the operational temperature. Outlet coolant temperature
decides the whole efficiency of power plants. The highest
category is a high temperature gas reactor. Helium gas
temperature of a high temperature gas reactor reaches over
900 °C [9]. This value exceeds the melting point of brazing
metals. Welding iron based clad metals is only way to hold
the molding stable. The next harsh category is a sodium
cooled reactor. Liquid sodium temperature in the primary
cooling loop reaches 550 °C, which may cause creep fa-
tigue in structural materials such as SUS316 [10]. This val-
ue surely exceeds the limit temperature of heat proof epoxy
adhesive and the melting point of soft soldering alloys.
Noble metal power based adhesive or ceramics powder
based adhesive could work. Brazing or hard soldering us-
ing copper or silver based metal rod/powder is also availa-
ble at this temperature. The moderate category is including
major power plants such as boiling water reactors, pressur-
ized water reactors and so on. The operational temperature
lies in the range of 250 ~ 350 °C.

An optical fiber has a primary coating in general. The
primary coating protects the clad fiber against mechanical
damage and acts as a barrier to lateral forces. It also serves
as a barrier to moisture. Without the coating, a clad fiber is
easy to be broken due to its poor handling and durability.
The surface properties of the coating must be carefully con-
trolled, to allow good adhesion under laser cladding tem-
perature in a metal mold. Poly-imide is representative resin
for clad coating, which can be commercially available,
while at the same time allowing for good wettability
providing a condition for impregnation with molten metal
liquid in a few seconds during cooling period of laser clad-
ding. In the condition of 200 °C or less, the optical fiber
diameter was kept constant and no color changed on the
fiber surface was found. Over 250 °C, slight degradation
began and the surface color changed from copper torn red
to deep tuning brown. Heating the optical fiber ranging
from 500 to 550 °C, we found that the primary coating was
gradually sublimed after carbonization.

To the practical point of view for the installation of
FBG sensors on nuclear facilities, metal adhesive might be
the best candidate. Commonly, metal powder based adhe-
sive consists of water, binders, and fine particles of either
silver or gold. After being preheated at 200 °C, it can be
used up to 900 °C. In the case of a steel plate, it was useful
to electroplate copper on the surface in advance of applying
the metal adhesive. In nuclear facilities, workers will be
forced to do delicate works with difficulty to attach FBG
sensors, wearing a radiation protection suit and gloves.
When they install the FBG sensors on the surface of cool-
ant pipelines, there will be large difference with heat capac-
ity between the metal mold and the surface. To get strong
adhesion, they would have to heat the surface of pipelines
rather than the metal mold. So they must heat the FBG
mold due to heat conduction, maintaining the surface of
lines slightly hotter than the FBG mold. A specially de-
signed compact heater or a handy laser torch may be useful
for spot heating. Gradual heat conduction would enhance to
evaporate liquid binder. It would finally make fine metal
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powder sintered tightly. Then the metal mold can hold the
FBG sensors in its inside.

Two significant events are causing the waning of nucle-
ar power in Japan now. The first significant event was the
nuclear accident that occurred at the Fukushima Daiichi
NPP in 2011. And the second significant event would be
the fact that restarting power plants have degrading struc-
tural materials unable to be replaced. They can be said as
sudden death and slow death. Seismic monitoring on the
pipeline by the heat resistant FBG sensors can contribute to
the severe present situation in Japan.

6. Conclusion

The heat resistant FBG sensors were fabricated by
femtosecond laser processing. To use the sensors as strain
gauges for nuclear power plants, installation techniques by
metal molding were developed. Laser cladding with a filler
wire was successfully embedded the FBG sensor on a SUS
plate. The frequency of a vibrating steel blade was moni-
tored by the FBG sensor. Brazing or metal powder adhesive
was also applicable to install them on the surface of pipe-
lines.

Acknowledgments

The authors appreciated Prof. T. Kobayashi of Fukui
Univ. for his valuable comments to process the FBG sensor.
The authors also wish to acknowledge about heating tests
with a large scale pipeline which is under planning in col-
laboration with KUMAGAI-GUMI, Co. Itd.

References

[1] Y. Shimada, T. Masuzumi, A. Nishimura, M. Todi and

K. Tsukimori, 2008 Annual Meeting of the Atomic

Energy Society of Japan, March 26-28, Osaka, (2008)

J25. (in Japanese)

Y. Shimada, A. Nishimura, et al., Journal of Laser Mi-

cro/Nanoengineering, 5, (2010) 99.

K. Toki, et al., Fusion Engineering Design, 87, (2012)

828.

A. F. Fernandez, et al., IEEE Trans. Nucl. Sci., 48(5),

(2001) 1708.

S. J. Mihailov, Sensors, 12(2), (2012) 1898.

Y. Shimada, and A. Nishimura, Journal of Laser Mi-

cro/Nanoengineering, 8, (2013) 110.

M. Hino: “SPEKUTORU KAISEKI (Spectrum Analy-

sis) ” (Publisher, Asakura, 1977) Chapter 10. (Books)

[8] Page 1900 of ref. [5].

[9] D. Tochio and S. Nakagawa, J. Nucl. Sci. Technol.,
48(11), (2011) 1361.

[10]T. Asayama, S. Takaya, Y. Nagae, M. Ando and K.
Tsukimori, Procedia Engineering 55 (2013) 3009.

(Received: April 13, 2014, Accepted: August 15, 2014)




<<

  /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



