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Modeling and Simulation of a 6 DOF Robot

Monica Enescu '*, Catalin Alexandru '

! Transilvania University of Brasov, Renewable Energy Systems and Recycling Center, No. 29, Eroilor
Boulevard, 500036, Brasov, Romania

Abstract. The purpose of this paper is to model and simulate a 6 DOF robotic system with revolute joints
in order to optimize the motion law which results in uniform coating deposited by spray pyrolysis. The
structure and the complexity of the robotized system are determined by the necessary movements in the spray
pyrolysis process. The nozzle (end-effector of the robot manipulator) has two translations, in longitudinal and
transversal direction relative to the surface deposition. The mechanical model of the robot mechanism was
developed by using the MBS (Multi Body Systems) environment ADAMS of MSC Software.
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1. Introduction

The major deficiency of the actual manufacturing processes of the solar cells is energy consuming, costly
production and their complexity. A new technological production process is desired. Latest the research and
manufacture of solar cells is focusing on using spray pyrolysis deposition (SPD). The principle of the SPD
technique is: when a precursors’ solution is atomized small droplets splash and vaporize on a substrate and
leave dray precipitate in which thermal decomposition occurs (figure 1).

A problem consists of to have two movements:
one translation on the longitudinal direction and one
on the transversal direction, to control all the
parameters during the deposition: the surface
temperature, the spraying sequences, droplets
dimensions, the angle and the direction from which
the spraying process is accomplished and the coating
process to be a highly efficiency process.

Application of robots in spray tasks results in low-
cost production, persistent quality and protects
humans from a hostile working environment.
Automated planning of applicator’s trajectory requires
a model of spray deposition onto the surface and
formulation of an appropriate criterion for the
spraying quality [1, 2, 3, 8].

Gas under pressure
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Fig. 1: The principle of the SPD technique.

The problem is the reproducibility of the process, that’s why a robotic system of SPD is imposed. The
relevance of this paper is represented by the importance for the field of thin films. It is mainly relevant
because using a robot manipulator is obtaining better results in the deposited films. On the other hand a
better uniformity upon the deposited film increases solar cell efficiency.

* Corresponding author. Tel.: + 040-748157008; fax: +040-268-410525.

E-mail address: monicaenescu@unitbv.ro.



Film thickness depends on the distance between spraying nozzle and substrate, substrate temperature and
spraying rate. A trajectory in the spraying process includes the spraying direction and the velocity with
which this is shifted.

To achieve a uniform accumulation of spray, it is recommended a constant speed motion of the nozzle
[6], keeping the nozzle axis orthogonal to the surface. The trajectory planning problem in robotic is defined:
find a motion law along a given geometric path, taking into account predefined requirements, so as to be able
to generate suitable reference inputs for the control of the robotic system [7]. Uniform deposition of the layer
depends on the process steps which follow the deposition. Step coverage is the capability of a process to
deposit equally thick films on steep slopes and on surfaces.

The research efforts were concentrated on the determination of the trajectory that provided the best
quality of spraying [8]. The need of a better design of the system like in robotics has led to the development
of methods for the dynamic analysis of multibody system. So, the inputs of the trajectory planning are: the
geometric path, the kinematic and dynamic constraints and the output is the trajectory of the joints or of the
end-effector, expressed as a time sequence of position and velocity values.

In the serial robotics, the inverse kinematic problem is a more difficult problem than the forward
kinematics due to the possibility of multiple solution or no solutions. The main contribution of this paper is
the control of the robot in order to optimize the motion law for increase the uniformity of thin film.

2. Kinematics simulation using ADAMS/View

Inverse kinematics problem (IKP) consists in determining the joint motion corresponding to a prescribed
end-effector motion [4, 5]. Determining the inverse kinematics solution for a robot manipulator can be a very
difficult task. The application is made for a 6 DOF system by using a virtual prototyping model that contains
specific software solutions in the engineering concept as follows: CATIA for developing the geometric
model of the robotized system and ADAMS/View for analyzing the system. The modelling activity involves
the creation of geometric models with attributes representing physical properties. The 3D CAD model for the
robotic system has been converted into a multibody model. For the multibody model, revolute joints are used
between parts. In figure 1 is shown the ADAMS model which was developed by using MBS (Multi Body
Systems).




The torque in the air gap drives rotor to the motor. The angular rate of the motor is transformed to lower
speed by means of the gearbox, which drives the joint of the next arm. Robotic bodies, joints and rotors are
modelled as a rigid MBS.

During the spraying the nozzle moves along a prescribed continuous planar trajectory. Position and
orientation of robot’s end-effector is defined by six-dimensional vector of external coordinates: X(?) = [x(t),
(1), z(1), o(t), 6(1), w(t)]". Three Cartesian coordinates x(z), y(?), z(t) are necessary to place the nozzle to
desired point of the space, while three rotations ¢(t), 6(t), y(t) are required to provide to the surface [1]. Thus,
a six degree of freedom (DOF) robot is sufficient for spraying a surface.

In order to determine the motion of the joint is need to impose the motion to the end-effector. The
imposed motion defines the relative motion between to bodies. The justification for robot used in simulation
is based on ability to control the parameters during the deposition process. It’s used ADAMS/View for
simulating a 6 DOF robot (IRB 2400L) which is moving along a defined path (figure 2).

In this case of the anthropomorphic spraying robot the number of joints is =6 and all coordinates are
rotation angles. The driving torques result from the applied robot actuators. DC motors are used to drive
robot joints. The drive requirements of the robotic system are determined from inverse kinematic analysis
within MSC ADAMS.

The inverse kinematic analysis is developed as a simulation
. . . . End_effectar
where the trajectory of the robot is prescribed. The inverse Trajectory
kinematic analysis is executed to record the joint motions l

corresponding to the prescribed nozzle trajectory. The inverse
kinematics analysis of the robot in ADAMS follows as shown in

Master model
figure 3. in ADAMS

The basic concept of this approach is that we make in
ADAMS a master and slave model. In the master model the

inverse kinematic analysis is executed to record the joint motions / K:;’;‘;;ﬁc
corresponding to the desired end-effector trajectory. In the slave “‘\\analyaﬁ_i;;__....-----"""
model the joint motion data is imported and imposed on the joints,

and payload is also attached to the end-effector. Then the inverse 1
calculation is performed to solve the required joint torques for Solved joint

motions

actuating the robotic system. This procedure can be applicable to
other parallel and serial robotic systems. With the kinematic setup
the end-effector can be positioned within the workspace of the
robotic system.

Fig. 3: The procedure of inverse
kinematics simulation.

In ADAMS/View to generate the desired trajectory it was used the General Point Motion [9].To specify
the motion was used step expressions for the longitudinal and transversal directions at the end-effector robot.
To observe the end-effector motion it was inserted measures for the both directions (longitudinal and
transversal). The basic concept of the approach is that we record the joint motions at the master model that
correspond to the desired end-effector motion, and then imposed these motion laws to a slave model.

It needs to export the time diagram of the joint variable. For the each joints the time and the Q-
components are inserted. The motion laws were saved in the slave model. The discrete function values are
interpolated by smooth curve using Create Spline. When the product reads the property saved file, it
populates the spline with data. This mechanism lets us to generate and to use splines with data stored within
database structure by simply selecting the property file that stores the data and defining the data block.

In figures 4 and 5 are presented the positions and velocities obtained from ADAMS/View simulation for
the desired trajectory. The positions and velocities are determinates from longitudinal and transversal
direction which are generated to coverage plane. The velocity and trajectory planning plays an important role
in achieving uniform coverage.
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Fig. 4: Position profiles on the longitudinal and transversal directions of the end-effector.
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Fig. 5: Velocity profiles on the longitudinal and transversal directions of the end-effector.

The motion laws are obtained for Joints 1, 2, 3, 4, 5 and 6, as presented in figure 6.
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Fig. 6: The motion laws for joints 1, 2, 3, 4, 5 and 6.

3. Conclusions

The novelty if this paper is developed a procedure by using ADAMS/View whereby is obtaining the
necessary motion laws to be applied in controlled joints at the robot to achieve prescribed and desired end-
effector trajectory in order to deposit. The deposition simulation is made in ADAMS/View for one trajectory.
For the plane trajectory is simulated in ADAMS/View the following characteristics: the positions and
velocities for the longitudinal and transversal directions, also the motion laws for each of the joints are
determined by using ADAMS/View.

The physical robot exists within the Renewable Energy Systems and Recycling Center and the motion
laws in joint obtained by simulating the virtual prototype will be implemented on the physical robot for
generating the desired trajectory. As for the future work, other trajectories will be described for non-planar
surfaces. Different trajectories will be research to obtain a better uniform deposition by diverse overlapping
spraying cone in order to achieve the desired deposited surface.

4. Acknowledgements

This paper is supported by the Sectoral Operational Programme Human Resources Development (SOP
HRD), financed from the European Social Fund and by the Romanian Government under the contract
number POSDRU/89/1.5/S/59323.

5. References
[1] J. Antonio. Optimal trajectory planning for spray coating. In: Proceedings of the IEEE International Conference
on Robotics and Automation. 1994, pp. 2570-2577.

[2] R. G. Calin, M. Comsit, M. Nanu, A. Duta. An automatic nanostructured ceramics used in renewable energy
sources. Science Jaargang 26. 2005, pp. 20-23.

[3] H. Chen, N. Xi, W. Sheng, Y. Chen. CAD-based automated robot trajectory planning. Industrial robots: an
International Journal 29. 2002, pp. 426-433.

[4] G. Cusimano. A procedure for a suitable selection o laws of motion and electric drive systems under inertial loads.
In: Mech Mach Theory. 2003, pp. 38:519-53.

[5] E.J. Haug. Computer — aided kinematic and dynamics of mechanical system. In: Allyn and Bacon. 1989, pp. 2-45.

[6] D. Perendis, L.J. Gauckler. Thin film deposition using spray pyrolysis. In: Journal of Electroceramics 14. 2005,
pp. 103-111.

[7] V. Potkonjak, G.S. Dordevic, D. Kostic, M. Rasic. Dynamics of anthropomorphic painting robot: Quality analysis
and cost reduction. In: Robotics and automous systems 32. 2000, pp. 17-38.

[8] W. Sheng, M. Sheng, Y. Chen. CAD-guided robot motion planning, Industrial Robot. In: An International Journal
28 (2). 2001, pp. 143-151.

[9] *** Getting started using Adams/View. MSC Software Publisher. 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Basemic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /FangSong_GB2312
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZSY--SURROGATE-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /Kingsoft-Phonetic
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


