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Bionic undulating fins, inspired by undulations of the median and/or paired fin (MPF) fish, have a bright prospective for un-
derwater missions with higher maneuverability, lower noisy, and higher efficiency. In the present study, a coupled computa-
tional fluid dynamics (CFD) model was proposed and implemented to facilitate numerical simulations on hydrodynamic ef-
fects of the bionic undulating robots. Hydrodynamic behaviors of underwater robots propelled by two bionic undulating fins
were computationally and experimentally studied within the three typical desired movement patterns, i.e., marching, yawing
and yawing-while-marching. Moreover, several specific phenomena in the bionic undulation mode were unveiled and dis-
cussed by comparison between the CFD and experimental results under the same kinematics parameter sets. The contributed
work on the dynamic behavior of the undulating robots is of importance for study on the propulsion mechanism and control

algorithms.
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1 Introduction

Biomimetic underwater robots have a bright prospect and
great potential in both military and civilian applications.
The undulating fin propulsion modes inspired by amiiform
and balistiform fish are of significance for bionic propulsion
research, particularly for the design and control of under-
water vehicles [1-12].

According to pioneering studies [13—16], the propulsion
mechanism of the bionic underwater robots propelled by
undulating fins is unsteady and coupled. In detail, the undu-
lation causes the flow field to change, and vice versa, the
concomitant hydrodynamics has effect on the locomotion of
bionic underwater robots. Obviously, the relationship be-
tween the motions of bionic underwater robots and the flow
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field is coupled and complicated. And therefore, it is diffi-
cult to unveil the coupling process completely by theoretical
hydrodynamics.

Generally, the dynamic system model plays an impor-
tant role in simulation as well as control of underwater
vehicles. However, pre-existing theoretical models can be
seldom introduced or applied to these bionic underwater
robots because of their complex hydrodynamics charac-
teristics [15, 16]. Under such circumstances, an integrated
method with computational and experimental approaches
is proposed to complement the deficiency of theoretical
method in this field. Concretely, a coupled computational
fluid dynamics (CFD) model is built to analyze the hy-
drodynamic effects of the undulating robots, and particu-
larly, the corresponding experiments are carried out to
verify whether the CFD numerical results are correct or
effective.
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2 Materials and methods

In this study, a coupled CFD model was proposed and es-
tablished with one 6DoF dynamics model of rigid body, one
kinematics model of undulating fins and one CFD solver, as
shown in Figure 1. The 6DoF dynamics model reveals how
the rigid-body underwater robot moves under the hydrody-
namic forces, the kinematics model describes the undulating
waveform sequences against the time, and finally, the CFD
solver is used to compute the hydrodynamic effects caused
by the locomotion of the robots. It is understood that the
proposed CFD model is coupled with the complex relation-
ships among its components.

2.1 The bionic underwater robot

As shown in Figure 2, the underwater robot is composed of
one main body, two undulating fins, two independent caudal
fins and other devices. The undulating fins, as the main
propeller, are symmetrically distributed on both sides of the
vehicle. These two fins can control swimming speed and
direction within some horizontal plane with various coop-
erative modes. Here, the dynamic behavior induced by the
undulating fins will be mainly considered.

2.2 The CFD solver

The CFD method is used as numerical approach for hydro-
dynamic effects during two-fin undulations. As a preproc-
essing step to construct numerical solution to the underwa-
ter robot motion problem, the computation domain discreti-
zation has to be accomplished.

The geometry modeling is performed by Solidworks, and
the parameters are the same as the physical prototype except
that the undulating fins are assumed with zero thickness.
The dynamic behavior of the underwater robot is coupled
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with the undulation of fins and the rigid-body motion of the
robot. Therefore, two demands for the mesh model should
be considered: 1) the domain is required to be broad enough
for the rigid-body space motion; 2) the boundary motion,
which results in the dynamic mesh of CFD, includes the two
fins” undulation and the rigid-body motion.

Considering the calculation precision and time cost, and
in view of the mesh quality better enough during the nu-
merical simulation, the mesh model follows the following
principles. 1) A different kind of fluid domain is corre-
sponding to each kind of rigid body motion. 2) The compu-
tation domain is divided into two regions, namely inner and
outer regions, and the former is meshed with a higher reso-
lution and the latter with a lower resolution.

The coupled CFD model presented in this paper is used
to research the dynamic behavior of the undulating robots,
furthermore, it can also be used for other kinds of underwa-
ter robots.

2.3 The kinematics model of fins

The kinematics model of undulating fins has been estab-
lished in refs. [17, 18] with the ruled surface as follows:
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where i=1, 2, L is the fin length, d is the uniform length of
each fin ray, 6,; is the maximal undulation angle, 7; is the
undulating period, 4; is the undulating wavelength, ¢, is the
initial phase and o; decides the direction of wave traveling.
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Figure 1 Architecture of the coupled CFD model.



2968 ZHOU Han, et al.

Figure 2 The underwater robot propelled by undulating fins.

o =1 means the wave travels from head to tail, and & =—1
means traveling in the opposite direction. In addition, i=1
means the left undulating fin, while i=2 means the right fin.

2.4 The dynamic model of rigid body

Based on the hydrodynamics of undulating fins [19, 20], the
period surge force, lateral force and yaw moment are surely
produced during undulations. In the case of one single un-
dulating fin, the period mean of the lateral force or yaw
moment is considered to be nearly zero, because of the mo-
tion symmetry when the wave number of the undulating fins
is an integer. Therefore, the motion of underwater vehicles
can be furthermore assumed to be in a horizontal plane. And
then, the 6DoF rigid-body dynamics model [21] can be
simplified into eqs. (2) and (3). Among them, eq. (2) repre-
sents the kinematics equations of the mass center and eq. (3)
describes the dynamical equations, respectively.

X, = Xcosy +zsiny,

V.= (2)
X, = zcosy —xsiny,

{ i 3)
Jy=M,

where (x,, V., Z.) are the coordinates in the inertial frame,
and (x, y, z) are the coordinates in the carrier frame, ¥ is
yaw angle, m is mass of the underwater robot, J, is yaw
moment of inertia, T is the thrust and M, is yaw moment.

3 CFD study and experimental comparison

Several typical movement patterns were designed for the
bionic underwater robots in terms of marching, yawing, and
yawing-while-marching on the basis of the aforementioned
assumptions on one single undulating fin’s hydrodynamics.

3.1 The motion patterns

Marching. If both of the two fins undulate with the
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same parameters, they will produce identical magnitudes of
forces or moments for ideal cases. Furthermore, the direc-
tions of forces from the two fins are identical while the di-
rections of moments are opposite apparently. As a result,
the net force is a sinusoidal surge force and the yaw mo-
ments can almost be counteracted.

In this marching pattern, the kinematics parameters are
given by

On1 =0n2; T\=Ts; A=A ¢1 = ¢2§ 0= d=1. “4)
Yawing. If the fins undulate with the same parameters
except that the wave traveling directions are opposite, then
the magnitudes of forces and moments are identical. Fur-
thermore, the directions of forces from two fins are opposite
while directions of moments are the same. Therefore, the
net forces can be thought to be counteracted.
In the yawing pattern, the kinematics parameters can be
expressed as follows:

On,1=0n2; T1=T»; A 1=A; ¢1 = ¢2; 01=1, 6,=—1, )
On =002 Ti=To; A1=22; ¢ =¢,; 61=—1,5=1.  (6)

Note that eq. (5) corresponds to the right-turn yawing,
and eq. (6) to the left-turn yawing.

Yawing-while-marching. There are several methods
to realize the yawing-while-marching motion, such as dif-
ferent undulating frequencies, different undulating ampli-
tudes and different wavelengths. This paper implemented
this pattern with different frequencies. The undulation with
a larger frequency results in a surge force with a larger
mean value [19, 20]. Therefore, surge forces of different
amplitudes will be generated by the two fins, and the yaw-
ing-while-marching motion will be induced by this dynamic
feature.

In the yawing-while-marching pattern, the kinematics
parameters are designed as follows:

On1=0n2; T1i<Ty; A1=A2; @ =¢,; 01= 0,=1, @)
On1=0n2; Ti>Th; A1=A2; ¢ =¢,; 51= 5o=1. (8)

Note that eq. (7) corresponds to a right-turn yawing-while-
marching, and eq. (8) to a left-turn yawing-while-marching.

Through the CFD simulation, the locomotion of bionic
robots and the hydrodynamics characteristics of flow field
were obtained for each given undulation pattern. Moreover,
the results from experiments and simulation with the same
kinematics parameters were also compared in the following
sections.

3.2 Marching

Numerical simulation of marching was done by using the
coupled CFD model. As for comparability, the kinematics
parameters in both computation and experiments were set as
the same; see Table 1.

In the CFD study, the kinematic and dynamical variables
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Table 1 Parameters for the desired three motion patterns
. Marching Yawing Yawing-while-marching
Parameters Units
Set-1 Set-2 Set-3 Set-4 Set-5

T, s 1 0.5 1 2 2/3

Ot ©) 15 15 15 15 15

Left fin & ©) 0 0 0 0 0
A m 0.6 0.6 0.6 0.6 0.6

) - 1 1 1 1 1

T, s 1 0.5 1 2 2

G2 ©) 15 15 15 15 15

Right fin b ©) 0 0 0 0 0
Ay m 0.6 0.6 0.6 0.6 0.6

& - 1 1 -1 -1 1

were all in accordance with the given undulation. After the
start period, the mean of surge force decreased with time,
and the convergent form was a quasi-sinusoid with a nearly
zero mean. Since the robot mass was barely changeable, the
acceleration had the similar tendency. The velocity
increased and developed towards a quasi-sinusoid with a
stationary periodic average value and slight amplitude. The
trends of surge force and velocity under Set-1 in Table 1 were
shown by the red dotted and blue solid lines in Figure 3.
Moreover, the mean of convergent velocity was nearly 0.5
m/s, and the acceleration lasted 18 s approximately. The
mean of convergent velocity was nearly 1.0 m/s under the
parameter Set-2 in Table 1.

The locomotion sequences with parameter Set-1 from both
computation and experiments were presented in Figure 3. The
CFD figures are colored by pressure magnitude. These se-
quences were sampled at the same given points and were
correspondingly arranged. The comparison between com-
putational and experimental results showed that the move-
ments under the coupled CFD model just coincided with
practice. Therefore, the proposed CFD model was validated
to be effective in the marching pattern. In the experiments,
an acceleration process was also found in marching swim-
ming motion of underwater robots. The maximum speed
was about 0.45 m/s and the acceleration occupied nearly
20.0 s under parameter Set-1 in Table 1. As for parameter
Set-2 in Table 1, the maximum speed was about 0.9 m/s and
the acceleration period lasted nearly 18.0 s. The characteris-
tics of accelerating and converging were confirmed in ac-
cordance with the CFD and experimental phenomena. So
was the trend of the stationary velocity going with undulat-
ing frequencies.

3.3 Yawing

The two parameter sets for computation and experiments on
the yawing motion were listed as Set-3 and Set-4 in Table 1.
It was observed that in the CFD simulation, the developing
process of yaw moment was analogous to the surge force in
the marching pattern. The trends of yaw moment and angu-
lar velocity under Set-3 were shown by the red dotted and
blue solid lines in Figure 4. After the start period, the abso-

lute average value of yaw moment tended to decline along
with the undulation time, and the yaw moment approached
to some nearly zero-mean quasi-sinusoid form. At the same
time, the angular velocity approached to some specific form
with a steady mean and a small amplitude. Therefore, in the
CFD simulation, as soon as the fin started undulating, the
robot started yawing motion, then the angular velocity
became larger and larger, and finally the underwater robot
kept yawing with some steady angular velocity. The change
regularities were analogous within the other parameters sets.
Moreover, the steady angular velocity was about 1.00 rad/s
under parameter Set-3 and 0.47 rad/s by using parameter
Set-4 in Table 1.

The locomotion sequences with the parameter sets of the
yawing motion from both computation and experiments
were correspondingly presented in Figure 4. The CFD fig-
ures are colored by pressure magnitude. The experimental
results coincided with the CFD calculation, indicating the
validity of the coupled CFD model. The convergent steady
angular velocity in the experiment was 0.79 rad/s under
parameter Set-3 and 0.27 rad/s under Set-4 in the table. Like
the marching pattern, some similar phenomena were also
found in the yawing pattern by comparing experimental
results with computational results. In detail, the characteris-
tics of angular velocity increasing and converging were
confirmed in accordance with the two approaches. So was
the trend of the convergent value of angular velocity vary-
ing with undulating frequencies.

3.4 Yawing-while-marching

The parameter sets for yawing-while-marching motion in
numerical simulation and experiments were listed in Set-5
of Table 1. In the CFD simulation, it was found that the
mean of surge force decreased with the time, and the surge
force approximated to zero-mean quasi-sinusoid form in the
end. The forward velocity increased to a stable value, while
the lateral velocity increased at first, then decreased, and fi-
nally tended to zero-mean. The yaw moment was negative
(namely clockwise), and the absolute mean value decreased
with the time. Moreover, the yaw moment also approximated
to some zero-mean quasi-sinusoid regularity in the end.
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Figure 4 Computational and experimental results for yawing pattern.

The developing process of yaw moment was similar to
the surge force, but the convergence rate was faster than
that of surge force. The absolute value of yaw angular ve-
locity increased to a relatively stable value of nearly 0.57
rad/s. In Figure 5, the robot’s motion trajectory in the hori-
zontal plane was shown by the red dotted line, and the trend
of yaw angle was described by the blue solid line. The dy-
namic motion also coincided between the computational
and experimental results within the yawing-while-marching
pattern, as shown in Figure 5. Moreover, the CFD figures
are colored up by pressure magnitude.

4 Conclusions

In this paper, the coupled CFD model was established for

the study on dynamic behavior of underwater robots pro-
pelled by two undulating fins. This computational model is
composed of 6DoF dynamics model of rigid body, the ki-
nemics model of undulating fins and the CFD solver. Sig-
nificantly, hydrodynamic behaviors have been jointly stud-
ied via both computational and experimental approaches
within the desired three undulation patterns, i.e., marching,
yawing, and yawing-while-marching.

Several phenomena were unveiled and discussed in this
paper. For instance, in the marching pattern, the mean of
surge force decreased with the time, and the convergent
form was a quasi-sinusoid whose mean was nearly zero.
This conclusion is different from the study on fin-base-fixed
cases [18]. In addition, the trend of convergent value of
angular velocity going with undulating frequencies is the
same [19, 20]. Moreover, the coupled CFD model has been
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Figure 5 Computational and experimental results for yawing-while-marching pattern.

validated by experiments.

The work has formed a meaningful basis of computa-
tional platform for future studies on the propulsion mecha-
nism and control algorithm of bionic underwater robots.
Eventually, this platform will also be useful for other kinds
of underwater robots that have complicated interactions
with fluid environment.

This work was supported by the National Natural Science Foundation of
China (Grant No. 60805037). The authors would like to thank XU HaiJun,
LIN LongXin and WANG Gang for their sincere help to this manuscript.

1 Bandyopadhyay P R. Biology-inspired science and technology for
autonomous underwater vehicles. IEEE J Ocean Eng, 2004, 29(3):
542-546

2 Bandyopadhay P R, Castano J M, Rice J Q, et al. Low speed maneu-
vering hydrodynamics of fish and small underwater vehicles. J Fluid
Eng, 1997, 119: 136-144

3 Bozhurttas M, Tangorra J, Lauder G, et al. Understanding the hydro-
dynamics of swimming: From fish fins to flexible propulsors for
autonomous underwater vehicles. Adv Sci Technol, 2008, 58: 192—
202

4 HuT]J, Shen L C, Low K H. Bionic asymmetry: From amiiform fish
to undulating robotic fins. Chin Sci Bull, 2009, 54(4): 562-568

5  Yoseph B C. Biomimetics—Using nature to inspire human innova-
tion. Bioinspir Biomimet, 2006, 1(1): 1-12

6  Sfakiotakis M, Lane D M, Davies B C. An experimental undulat-
ing-fin device using the parallel bellows actuator. In: IEEE Interna-
tioal Conference on Robotics and Automation, 2001, Seoul, Korea

7  Epstein M, Colgate J E, Maclver M A. A biologically inspired robotic
ribbon fin. In: IEEE/RSJ International Conference on Intelligent Ro-
bots and Systems, Workshop on Morphology, Control, and Passive
Dynamics, 2005, Edmonton, Canada

8 Low K H. Design, development and locomotion control of bio-fish
robot with undulating anal fins. Int J Robot Auto, 2007, 22(1): 88-99

9 HuT]IJ, Shen L C, Lin, L X, et al. Biological inspirations, kinematics

10

11

12

13

14

15

16

17

18

19

20

21

modeling, mechanism design and experiments on an undulating ro-
botic fin inspired by gymnarchus niloticus. Mech Mach Theory, 2009,
44(3): 633-645

Zhang Y H, He J H, Zhang S W, et al. Research on biomimetic fish
fin driven by NiTi shape memory alloy (in Chinese). Robot, 2007,
39(3): 207-213

Low K H. Modelling and parametric study of modular undulating fin
rays for fish robots. Mech Mach Theory, 2009, 44(3): 615-632

Toda Y, Ikedab H, Sogihara N. The motion of a fish-like underwater
vehicle with two undulating side fins. In: The Third International
Symposium on Aero Aqua Bio-mechanisms (ISABMEC 2006), 2006,
Ginowan, Japan

Bandyopadhyay P R. Maneuvering hydrodynamics of fish and small
underwater vehicles. Integrat Comp Biol, 2002, 42: 102-117
Triantafyllou M S, Hover F S, Techet A H, et al. Review of hydro-
dynamic scaling laws in aquatic locomotion and fishlike swimming.
Appl Mech Rev, 2005, 58: 226-236

Xie H B, Shen L C. Collaborative modeling of underwater vehicle
dynamic system (in Chinese). J Syst Simul, 2007, 19(9): 2130-2133
Xie H B, Zhang D B, Shen L C. Collaborative simulation based on
MATLAB/Simulink and FLUENT (in Chinese). J Syst Simul, 2007,
19(8): 1824-1827

Wang G M, Shen L C, Hu T J. Kinematic modeling and dynamic
analysis of the long-based undulation fin of gymnarchus niloticus. In:
The 9th International Conference on the Simulation of Adaptive Be-
havior, 2006, Roma, Italy

Hu T J. Undulation adaptability theory and control for the biomimetic
undulating fins (in Chinese). Dissertation of Doctoral Degree.
Changsha: National University of Defense Technology, 2008
Shirgaonkar A A, Curet O M, Patankar N A, et al. The hydrodynam-
ics of ribbon-fin propulsion during impulsive motion. J Experim Bio,
2008, 8: 3490-3503

Zhou H, Hu T J, Xie H B, et al. Computational hydrodynamics and
statistical modeling of biologically inspired undulating robotic fins: A
two-dimensional study. J Bio Eng, 2010, 7(1): 66-76

Xie H B. Design, modeling, and control of bionic underwater vehicle
propelled by multiple undulatory fins (in Chinese). Dissertation of
Doctoral Degree. Changsha: National University of Defense Tech-
nology, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


