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ABSTRACT: The mathematical representation of the marine current power requires
knowledge of the mathematical models of the marine current speed and of the power
coefficients. A short review of the mathematical models of marine currents speed and
of the power coefficients is given in this paper. For any of the listed marine current
mathematical models simulation results of marine current velocity as a function of
time are presented. Also, the experimental results of the marine power coefficients,
found in literature, and its fitted mathematical curve are presented. Finaly, as the
most common model of the marine current speed, the Stockes models of the swell are
used for analyzing the impact of the turbine depth on the marine current avalilable
power. All the mentioned mathematical models are implemented, and simulation
results obtained, using the software package MATLAB.

1. INTRODUCTION

Nowdays it has become imperative to search for new ways to compensate the lack of
energy as the rate of using of the fossil fuels becomes unsustainable. This primarily refers
to the development of new renewable energy technologies such as the use of solar energy,
wind energy, ocean energy and similar [1]. Ocean energy conversion represents a huge
potential in term of renewable energy resource and receives more and more attention from
many developers around the world although it still remains immature compared to other
renewable technologies [2].

The main potential sources of ocean energy are waves, currents and ocean thermal
energy [2, 3]. Currently, the most interesting form of ocean energy is the energy of the ocean
currents [4-18]. The kinetic energy of the ocean current can be converted into electricity
using conventional turbine technology [4-8, 12, 17-18]. Namely, as marine current turbines
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are similar in many aspects to wind turbine technologies, their theoretical and experimental
studies as well as turbine technology can be essentially based on wind turbine experiences
[16].

It is well known that wind turbine tower height has a high impact on the wind turbine
available power [1]. However, in any of cited papers which analyze the marine current
power [2-14, 17-18] the impact of the turbine depth on the marine turbine available power is
not analyzed. For this reason, the main goal of this paper is an analysis of the impact of the
turbine depth on the mean and maximal available marine turbine power. This investigation
will be based on the usage of the Stockes models of the marine current speed. As
mathematical model of the marine current speed is very important for this analysis, the
mathematical model of the marine current speed will be reviewed in this paper. Also, as
marine power depends on marine current power coefficients its mathematical review will be
given.

The paper is organized as follows. A short review of the mathematical models of the
marine current speed is given in Section II. For any of the listed marine current mathematical
models, simulation results of marine current velocity as a function of time is presented.
Section III discusses the mathematical models of the marine current power coefficients. In
this section, the concrete experimental results of the marine power coefficient are fitted using
several mathematical equations of marine power coefficients. The certain characteristics of
the marine current power based on Stockes models of the marine current speed are given in
Section I'V. The conclusion is given in Section V.

2. SHORT REVIEW OF THE MARINE CURRENT SPEED
MATHEMATICAL MODELS

Detailed review and comparison of the marine current speed mathematical models is
given in [15-16]. Some of them are particularly analyzed in [9-13].
Generally, in literature one can find next mathematical models of the marine current
speed:
@ Model based on the JONSWAP spectrum [11], [18] — Zhou model
& Model based on the Pierson-Moskowitz spectrum [9, 10]
@ Benelghali model of the marine current speed [12]
& Amin model of the marine current speed [14]
& Stockes models of the marine current speed [12, 13]

2.1 Marine current speed mathematical models based on the
JONSWAP and Pierson-Moskowitz spectrum

Mathematical model of the marine current speed, based on the JONSWAP spectrum, can
be represented by the following formula:

cosh[Zﬂ = d]
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Fig. 1. Swell characteristics
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Fig. 2. JONSWAP (SJS) and Pierson-Moskowitz (SPMS) spectrum as well as the
simulation waveform of total marine current speed, represented by JONSWAP (SJS) and
Pierson-Moskowitz (SPMS) spectrum

where first term V4 represents the predicted tidal speed, which can be regarded as a
constant during a period less than an hour, while the second term represents the current
speed oscillation caused by the swell. The swell characteristics d, L, T}, y and x are given in
Fig. 1, while the angle @, which is given randomly, represents the initial phase angle of
each frequency component. The amplitude of each frequency components a; can be

calculated by
a; = \2S(f,)Af;. 2

where S(f;) represents the value of the JONSWAP spectrum, defined by:

Hg 1 41 1
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The parameter y, which controls the sharpness of the spectral peak, is called peak
enhancement factor, 7, is dominant period of the swell spectar and f represent any spectral
frequency.

Mathematical model of the marine current speed based on Pierson-Moskowitz spectrum
can be represented also by (1). However, the amplitude of each frequency components are
calculated by using Pierson-Moskowitz spectrum:

4
S (1) =15 s 520 p[—i[fﬂ J )

where f, is dominant frequency of the swell spectar.

Fig. 2 shows the simulation waveform of total marine current speed, represented by
JONSWAP (SJS) i Pierson-Moskowitz (SPMS) spectrum, for the following parameters:
Viae=2m/s, H=3m, T,=13.2s, =1, x=z=0, d=100m.

2.2 Benelghali model of the marine current speed

Zhou model and model based on the Pierson-Moskowitz spectrum assume that the
predicted tidal speed is constant. However, in Benelghali model this component of the
marine current speed is not constant, and can be presented by the following equation:

Viae =V + Acosayt + Bcos oyt (5)
where 4, B, V,, w; and @, are constants.
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Fig. 3. The simulation waveforms of total marine current speed, represented by JONSWAP
i Pierson-Moskowitz spectrum for Benelghali [12] and Zhou [11] model
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Fig. 3 shows the simulation waveforms of total marine current speed, presented by
JONSWAP (SJS) and Pierson-Moskowitz (SPMS) spectrum for Benelghali [12] i Zhou
[11] model, for A=0.3252m/s, B=0.2749m/s, ©;=0.4189s i ,=0.6283s7".

2.3 Amin model of the marine current speed

Amin model of the marine current speed is represented by certain Fourier expression
which is used to create random current velocity from several sinusoidal wave, which have
different amplitudes and frequencies. Namely, the mathematical expression of Amin model
is given by the following formula:

n
V(t)=Vy+ Y AV,sin(27f;-t) (6)

i=1
where V) is the initial steady current velocity, 4 is current amplitude, f; is fluctuating current
frequency, and ¢ is time [14, 16]
Fig. 4 represents the simulation waveforms of Amin total marine current speed. In this case
three sinusoidal wave are used. Its current amplitudes are 0.2 m, 0.1 m and 0.05 m, while its
current frequencies are 100 rad/sec, 30 rad/sec and 5 rad/sec, respectively.
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Fig. 4. The simulation waveforms of total marine current speed — Amin model

24 Stockes models of the marine current speed

Stockes models from the fluid theory [12, 13] can be used for marine current speed
representation. In [12], for mathematical representation of the marine current speed, the
first order Stockes model is used. It can be presented as follows:

H gk cosh[k(z + d)}
2w cosh(kd )

) sin (kx — o) (7)
Beside first order Stockes model of the marine current speed the second order Stockes
model is also given in [13],
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P —[ﬁjz gk 3cosh[2k(z+ d)]
2977072 ) o 4sinh® (kd)cosh (kd )
Also, in [12] the third order Stockes model can be found:
. _(EJZ gk? 33— 6c0sh (2kd )cosh[ 3k(z +d) |
) P 64cosh (kd )sinh® (kd )
The simulation waveforms of total marine current speed, represented by first, second and
third order Stockes model for ocean depth @=30m are presented in Fig. 5.
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Fig. 5. The simulation waveforms of total marine current speed, represented by first,
second and third order Stockes model for ocean depth d=30m

3. MATHEMATICAL MODELS OF THE MARINE CURRENT
ROTOR EFFICIENCY

For analysing marine current power mathematical model of the rotor efficiency is, also,
necessary. The rotor efficiency, or power coefficient, represent the percentage of
mechanical power that can be extracted from the fluid stream by the turbine [1]. This
coefficient, which depends on rotor blade geometry, can be represented as a nonlinear
function of the water speed, turbine speed and blade pitch angle [6].

In many papers mathematical models of the marine power coefficients are not presented
[4-5, 7-8, 12]. On the other hand, in [6, 17] the following equation for the marine power
coefficient, obtained by fitting experimental result, is presented:

Cp (5] = 0019527 (1.3172¢ 544159 _0,0867 cos (040194 -5.6931)),  (10)

where:
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R-
1= Dy (1 1)
Viwind
R is turbine radius, @y, is angular turbine speed and vyi,q is wind speed.
So, general form of eq.(10) is as follows:
CP?[G],generul = Aﬂ'z (Bec.lJrD —Ecos (F A G)) > (12)

where 4, B, C, D, E, F and G are constant. However, as marine current turbines are similar
in many aspects to wind turbine technologies, based on wind turbine power coefficients,
different mathematical models of the marine current power coefficients have been
presented in [16]:

_ 4
a
C = —l—C e }“+b1, 13
P [/1+b1 ‘j ()
_dz
a

Cp,=| —2——¢, |e "7 te A, 14
P2 (/1+b2 ZJ : (1

Cpy=ay-sin(by-A—c3)—ds-A+es, (15)

where ay, by, ¢, di, and ¢; are konstant, £~1,2,3 and i=1,2.
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Fig. 6. Experimental, Eq.(10), Eq.(13), Eq.(14) and Eq.(15) C, curves

Using, for example, the Least Square Method (LMS), the experimental results for power
coefficient, can be fitted by using Eq. (12-15). The C, vs. A characteristics for experimental
results taken from [6, 17], and for Eq.(10, 13-15) are shown on Fig. 6. The detailed review
of the marine current rotor efficiency mathematical models can be found in [16].
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4. MARINE CURRENT TURBINE POWER

The power harnessed by a marine current turbine can be calculated by the following
equation:

1
Pmeh :Epcpﬂszfvater’ (16)
where p is water density, R is turbine blade radius and vy, is water speed. Extractable
powers of the marine current turbine, with turbine blade radius R=8m, at different marine
current speeds are calculated based on (16) and illustrated by Fig. 7.
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Fig. 7. Power curves for different marine current speed

As it is noted in Introduction, in any of cited paper the impact of the turbine depth on
the available power is not considered. In [3] it is only noted that approximately 75 percent
of the energy can be found in the upper 50 percent of the flow depth.

The impact of the ocean depth on the marine current speed value is analysed in [16]. In
the above mentioned paper it is noted that Stockes model enable marine current speed
representation for any depth of the turbine. For this reason, by using eq. (16), as well as eq.
(7) or (8-9) the marine power can be expressed as:

H gk cosh[k(z+d)] .

P ==pC xR | 8 LV T G (e —ot) | 17
meh i 2 ®  cosh(kd) sin (fee - o) a7

3

The impact of swell height H on the marine current power is presented on Fig. 8. As it
can be seen, the higher oscilation of swell height causes higher value of the marine power
oscilation. Similary, the impact of the turbine position (z) on the marine current power is
presented in Fig. 9. If the turbine position is close to the water surface the oscilations of the
marine power are higher.



M. Calasan, V. Vujicié, C. Hao, G. Joksimovi¢: The characteristics of marine 55
current power based on stockes models of marine current speed

< 600 - h=2m S 600 . H=sm

g ‘ ‘ ‘ g o e = e ] e ]

= | | = | |

O 500 s =g - ) © 5000 - 4l - _ |

H | | S | |

o | Qo |

= 400 {IHH £ 400

[ o | [

3 300 M 3 300 u ‘

e LB A 2 I | N |

= | | = | | |

2 200 L L S 200 L L L

0 100 200 0 100 200 300 400

Time [s] Time [s]

S 800 . H=4m S 800 H=5m

2 ‘ ‘ 2 = ___,__-

o [e)

Q. Q. n

= £ 400

g g \)

3 3 200|

® © ‘

E | | g | \ \

g 0 | | g 0 | | |

0 100 200 0 100 200 300 400

Time [s] Time [s]

Fig. 8. Marine power — current value (solid line), mean value (dash-dot line) and maximal
value (dashed line) for different value of swell height H (d=50, L=200m, x=0m, z=-10m,
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Fig. 9. The impact of swell heigth on the marine current maximal and mean power for
different value of the turbine position — turbine depth (First order Stockes model)

The impact of swell heigth on the
marine current maximal and mean power
for different value of the turbine position
(turbine depth) is presented on Fig. 9. As
it can be seen, higher value of the swell
height cause higher oscilation of the
marine power (maximal value). Also,
these oscilations are much more
pronounced for turbines whose position
is near the water surface. For this reason,
the turbine should not be placed near to
water surface as power oscilation are
very expressed and value of marine
power is different at upper and lower
sides of the turbine propeller. The power
oscilation are smaller for higher values
of the turbine position (turbine depth).
All simulation have been done for
turbine which position under sea is
presented on Fig. 10, and using first
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Fig. 10. Turbine position under water

surface

order Stockes model of the marine current speed. The usage of the second order Stockes
model of the marine current speed shows the same conclusion as usage of the first order

Stockes model (Fig. 11.)



M. Calasan, V. Vujicié, C. Hao, G. Joksimovi¢: The characteristics of marine 57
current power based on stockes models of marine current speed

410

400

390

380

Mean power [kW]

370
1

800

700

600

500

Maximal power [kW]

400
1

Fig. 11. The impact of swell heigth on the marine current maximal and mean power for
different value of the turbine position — turbine depth (First order Stockes model — solid
line; Second order Stockes model — dashed line)

5. CONCLUSION

In this paper the impact of swell heigth on the marine current maximal and mean power,
for different value of the turbine depth, is presented. This study is performed using the first
and second order of Stockes model of the marine current speed. It is shown that higher
value of the swell oscilation, as well as if turbine position is near water surface, cause large
oscilations of the marine current power.

Also, in this paper is presented a short review of the mathematical models, as well as
power coefficients, of the marine current speed. The simulation results of the marine
current speed, represented by different mathematical models, are also presented. Similary,
mathematical expressions for marine power coefficients have been given.

In the future investigation, mathematical model of the marine generator system will be
analysed.

ACKNOWLEDGMENT

The results shown in this paper represent the product activity in the actual bilateral
project ,,Research on Novel Switched Reluctance Ocean Current Generator System‘,
between University of Montenegro, Faculty of Electrical Engineering (Head of the project
team — Phd Gojko Joksimovi¢, Full professor) and China University of Mining and



58

ETF Journal of Electrical Engineering, Vol. 21, No. 1, December 2015.

Technology, School of Information and Electrical Engineering (Head of the project team —
Phd Chen Hao, Full professor).

REFERENCES

[15]

[16]

[17]

[18]

M. R. Patel: ,,Wind and Solar Power Systems”, CRC press, New York, 1999.

H. Titah-Benbouzid and M. Benbouzid, “Ocean wave energy extraction: Up-to-date
technologies review and evaluation,” in 2014 International Power Electronics and Application
Conference and Exposition. IEEE, Nov. 2014, pp. 338-342.

P.L. Fraenkel: ,,Marine current turbines: pioneering the development of marine kinetic energy
converters®, Proc. ImechE., Vol. 221, Part A: J. Power and Energy, 2006.

Z. Zhou, et.al, “Power Limitation Control for a PMSG-Based Marine Current Turbine at High
Tidal Speed and Strong Sea State”, IEEE IEMDC, Chicago, United States, 2013, pp.1-7

S. Benelghali, et al. “Modeling and MPPT Sensorless Control of a DFIG-Based Marine Current
Turbine, JEEE ICEM'08, Vilamoura, Portugal., Sep 2008, pp. ID 1435

S. Djebarri, et.al, “A Systemic Design Methodology of PM Generators for Fixed-Pitch Marine
Current Turbines®, IEEE ICGE 2014, Sfax, Tunisia, March 2014, pp.32-37

F. Mekri, S. Ben Elghali and M. Benbouzid, “Fault-Tolerant Control Performance Comparison
of 3- and 5-Phase PMSG for Marine Current Turbine Applications”, IEEE Transactions on
Sustainable Energy, Vol. 4, No. 2, 2013, pp. 425-433

S. Benelghali, M. Benbouzid, and J.F. Charpentier, “DFIG versus PMSG for marine current
turbine applications”, Revue des Energies Renouvelables, Vol. 15, N°1, 2012, pp. 29-41
Recommended Practice DNV-RP-H103, “Modelling and analysis of marine operations”, april
2011, pp.11-14

M. Peri¢, “Advances in Simulation for Marine And Offshore Applications”, STAR European
Conference 2010, 2010.

Z. Zhou, et.al. “Power Smoothing Control in a Grid-Connected Marine Current Turbine System
for Compensating Swell Effect”, IEEE Transactions on Sustainable Energy, Vol. 4, No. 3,
2013, pp.816-826

S. Benelghali, M. Benbouzid, J.F. Charpentier “Modelling and control of a marine current
turbine-driven doubly fed induction generator” IET Renewable Power Generation, Vol. 4, No.
1,2010, pp.1-11

http://hmf.enseeiht.fr/travaux/CD000 1 /travaux/optsee/hym/7/rapport.htm

1. Amin, Q. Xiao, ,,Numerical simulation of steady and unsteady current velocity of a vertical
axis marine turbine” Developments in Maritime Transportation and Exploitation of Sea
Resources - Guedes Soares & Lopez Peiia (eds), Taylor & Francis Group, London, ISBN 978-1-
138-00124-4, 2014., pp. 871-877.

M. Calasan et. al., ,,Review of marine current mathematical models®, Information Tehnology,
Zabljak, Montenegro, february 2015, pp. 1-4.

M. Calasan, et. al, “Review of marine current speed and power coefficient - Mathematical
models”, 4th Mediterranean Conference on Embedded Computing — MECO 2015, Budva,
Montenegro, june 2015, pp. 427-431

S. Djebari, et.al. “Influence of fixed-pitch tidal turbine hydrodynamic characteristic on the
generator design”, Proceedings of the 11th European Wave and Tidal Energy Conference—
EWTEC 2015, 6-11th Sept 2015, Nantes, France, pp. 08A2-2-1 - 08A2-2-10

S. Olaya, et.al. “On the generator constraint design of a wave energy converter at a pre-sizing
stage”, Proceedings of the 11th European Wave and Tidal Energy Conference — EWTEC 2015,

6-11th Sept 2015, Nantes, France, pp. 10B3-3-1, 10B3-3-9




<<
  /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


