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Abstract: The dynamic behavior of a flexible arm fixed on a cart moving in one direction is studied in this paper. The 
arm is modeled by the Euler-Bernoulli beam theory including the effect of the beam’s translation. The exact 
eigensolutions which verify the described geometric boundaries conditions are used and the Assumed Mode Method is 
applied to derive the equations of motion of the system. A proof of the non-minimum phase nature of such flexible 
structure is then determined and a Lumped Constants model is suggested to represent the behavior of the system. A link 
between the parameters of the two models is then given. The equation of motion of the Lumped Constants model is 
expressed in a Causal Ordering Graph representation and numerical simulations of the open-loop response of the 
system are carried out to show the influence of the system’s parameters. This kind of model has been tested on an 
industrial robot. 
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1   Introduction 
The vibration behavior of a flexible beam clamped on a 
moving cart has long been an important subject of 
investigation as it finds many practical applications such 
as the modeling of the dynamics of a Cartesian robotic 
arm. The major problem when modeling this system is 
that a mathematical model which is described by a 
partial differential equation is difficult to solve. 
Therefore, such a flexible structure is often 
approximated as a multi-mass system, or a lumped-
parameter system [1], using for example the finite 
element method, which avoids these modeling 
difficulties as well as solving the governing partial 
differential equations.  Such an approach provides a 
reasonably accurate representation of modal frequencies. 
For these reasons, the multi-mass-spring model is 
generally preferred to study flexible structures [2] and 
for control purposes. However, when the mass-spring 
systems are chained together, the resulting system is 
always minimum phase no matter where the actuators or 
sensors are located. 
The dynamic motion of many controlled flexible 
structures can be characterized in terms of the poles and 
zeros of rational transfer functions. The poles of such 
transfer functions correspond to the modal frequencies of 
the system, but the zero values of the function are 
determined by the locations of actuators and sensors in 
the system [3]. A flexible beam always has non-
minimum phase zeros when the sensors and actuators are 
non-collocated, which is quite important for future 
control design. This means that although the multi-mass-

spring model can be used to model a flexible structure 
for a collocated case, it must be improved for 
representing a non-collocated case if the non-minimum 
phase behavior needs to be taken into account. 
In this paper, the motion’s equations for a flexible beam 
clamped on a moving cart are derived using the Euler-
Bernoulli theory and the exact eigensolutions which 
verify these equations are determined since this system 
can be considered as a basic component of a flexible 
structure. The Assumed Mode Method is applied on the 
solutions of motion’s equations. The non-minimum 
phase nature of such a flexible structure is discussed. A 
Lumped Constants Model for a non-minimum phase 
system is then derived in section 2.5. The Causal 
Ordering Graph representation [4] of this kind of model 
is determined in section 3. Numerical simulations are 
carried out in section 4 to show the influence of system 
parameters on the non-minimum phase behavior of the 
system. To test these models, experimental validations 
have been achieved on an industrial robot. 
 
 
2   Dynamics Equations 
 
2.1 Motion Equations for a flexible Arm 
Fig. 1 shows the flexible structure considered. The 
elastic beam is assumed to follow flexure movement and 
is clamped on a moving cart. As illustrated in Fig. 1, this 
system can be considered as a model for a Cartesian axis 
robot. Under the Euler-Bernoulli assumptions, the 
equations of motion are obtained from the Hamilton’s 
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principle [5]: 
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where M  is the mass of the cart, l  is the length of the 
elastic beam, ρ  is the mass per unit length of the elastic 
beam, EI  is the flexural rigidity of the beam, y  is the 
position of the cart and ( ),w z t  is the beam’s deflection. 
The boundary conditions are written below: 
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Fig. 1 – Flexible structure considered 

 
2.2   Modal Analysis and Exact Eigensolutions  
It is assumed that the position of cart ( )y t  can be 
written as: 

 ( ) ( ) ( )( ) ( ) ( ) , ,y t t q t with w z t z q tα β= + = Φ  (4) 

where ( )tα  is the motion of the center of mass of the 
whole system without disturbances: 

 ( ) ( ) .s sM t U t with M M lα ρ= = +  (5) 

β  must therefore satisfy: 
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Substitution of (4) and (5) into (2) yields: 

 ( )4 ( ) ( ) ( ) ( ) ( ).EI z q t z q t tρ ραΨ + Ψ = −  (7) 

In a first time, the external forces should vanish, i.e. 
( ) 0tα =  which allows to find the normal modes 

solutions. Thus, (7) can be decomposed into this two 
following equations: 

 2( ) ( ) 0,q t q tω+ =  (8) 

 ( )4 2( ) ( ) 0.EI z zω ρΨ − Ψ =  (9) 

Using the boundary conditions, the mode shape’s 
solution of (9) is: 
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To simplify, the mode shape can be rewritten as: 

 ( ) ( ) .z A z βΨ =  (11) 

To determine the frequency equation (the equation 
which yields the modal frequencies), we use (11) into (6) 
and we obtain: 

 ( )3
4 (0) .A

M k
ρβ β=  (12) 

Since 0β =  yields a trivial solution, the frequency 
equation is obtained as follow: 
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For simplicity reason, β  is given as: 

 ( ) ( )2 2cos cosh .kl klβ = +  (14) 

The expression of the mode shape is then given as: 

 ( ) ( ) ( ) ( )2 2cos cosh .z A z kl kl⎡ ⎤Ψ = +⎣ ⎦  (15) 

For a given iβ  associated with a modal pulsation iω  
and ik  solution of (13), the corresponding mode shape is 
defined as: 

 ( ) ( ) ( ) ( )2 2cos cosh .i i i iz A z k l k l⎡ ⎤Ψ = +⎣ ⎦  (16) 

X

Y
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The orthogonality condition of the mode shapes can be 
stated as follow [5]: 

 
0

( ) ( ) 0 .i j
l
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2.3   Assumed Mode Method 
It is assumed that the beam deflection and the position of 
the cart are given as: 
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Substituting (18) and (19) into (2), multiplying both 
sides of the resulting equation by ( )j zΦ  and 
integrating this over the whole flexible beam yields: 
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Substituting the orthogonality condition (17) into (20) 
leads to: 

 ( ) ( ) ( ) 1,..., ,i i i i im q t k q t t for iα μ+ = − = ∞  (21) 

with:  
0
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For simulation purposes, assumed-mode solutions which 
consist to consider a finite number of eigensolutions are 
required. If the first n terms of (18) and (19) are 
considered, the dynamic behaviour of the system can 
reduce into a set of n+1 second-order ordinary 
differential equations: 
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This set of equations can easily be implemented and 
simulated by Matlab/Simulink for an arbitrarily given 
forcing function ( )U t  (See section 4). 
 
2.4   Non-minimum phase structure 
It is well known that a moving flexible beam is a non-
minimum phase system [5, 6] but it was only proved for 
simple structures. In this section this feature is 
determined for a beam clamped on a moving cart. For 
the sake of simplicity, only the first deformation mode is 
considered so that n=1. First of all, the transfer function 
between the position of beam’s end ( )2y  and the input 

excitation ( )U  need to be determined. The position of 
beam’s end is given by: 

 ( ) ( ) ( ) ( )2 1 1 .y t t l q tα= +Ψ  (23) 

Substitution of (22) into (23) in the Laplace domain 
yields: 
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Then, the non-minimum phase nature of the system can 
be determined by the sign of the following criterion: 

 ( ) ( )1 1

1

1 ,
x

B x
m

μΨ
= −  (25) 

where .x kl=  
More precisely, when ( )B x  is negative, the system is 

non-minimum phase and when ( )B x  is positive the 
system is minimum phase. Fig. 2 shows the evolution of 
the criterion ( )B x  superimposed with the evolution of 
the frequency equation (13): 
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Fig. 2 – Evolution of B(x) (solid line) superimposed with 
the frequency equation (dashed line) 
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Although this is not the purpose of this paper, it can be 
shown that ( )B x  is always negative for the first root of 
the frequency equation (i.e. for n=1). The structure is 
actually non-minimum phase. 
 
2.5   Lumped Constants Model 
The use of the Euler-Bernoulli theory for the modeling 
of flexible structures provides very accurate results but 
its practical application to the real world is very difficult 
because of the interactions between numerous 
components of a true mechanical system. For control 
purposes, such a flexible structure is often approximated 
as a lumped-parameters system. In this section, a 
Lumped constants model which is able to represent the 
dynamic behavior of a flexible structure is proposed and 
improves existing models. For simplicity reasons, the 
suggested model only considers the first deformation 
mode which is a good approximation because a lot of 
flexible structures have a predominant deformation 
mode. It can be extended easily to multi-mode models 
by chaining a number of elementary models together. By 
analogy with the previous model, 1y  represents the 
position of the cart and 2y  is for the position of the 
arm’s end. 
The suggested model (See Fig. 3) is not a classical two 
mass-spring model: the mass 2m  is not concentrated but 
is considered as a rod of length L . Equations of motion 
are given by (27). 

 
Fig. 3 – Lumped Constant Model for a non-minimum 
phase system 
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Transfers functions of 1y  and 2y  with respect to U  are 
given by: 
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Equation (28) is a proof of the non-minimum phase 
nature of the arm’s end because the transfer function 
between 2y  and the input excitation U  always has an 
instable zero. 
The different parameters of this model can be linked 
with the parameters of (24) by estimating the two 
transfer functions (28) and (24). More precisely, 
parameters of the Lumped constants model are given as 
a function of the parameters of the flexible structure 
according to: 

 

( )( )
( )( )

( )( )
( )

( )( )
( )

1 1 1 1 2
2

1 1 1

1 1 1
1

1 1 1

1 1 1
2

1 1 1

2 3
,

9

3
,

3 3

4 6
.

3 3

s
T

s

s

k M l m
k L

m l

M l m
M

m l

M l m
M

m l

μ

μ

μ
μ

μ
μ

⎧ Ψ −
=⎪

− Ψ⎪
⎪

Ψ −⎪
=⎨ − Ψ⎪

⎪ − Ψ +⎪ =
⎪ − Ψ
⎩

 (29) 

 
 
3   COG Model synthesis of the structure 
 
3.1 Introduction 
The Causal Ordering Graph formalism was used to 
represent the introduced Lumped Constants model. It is 
build up with several graphical processors, which are 
attached to different objects located in the studied 
process. The evolution of these objects is characterized 
by a transformation relation between influencing 
quantities and influenced quantities. This relation is 
induced by the principle of causality governing the 
energetic relation of an object or group of objects. To 
sum up, the output of a processor only depends on 
present or past values of the inputs. Such a formulation 
expresses the causality in integral form and there are 
many significant electrical and mechanical examples 
which illustrate this concept. Since the flux in a self is an 
integral function of the voltage; by analogy the kinetic 
moment of a rigid mass is the integral function of the 
applied efforts. 
In general, the expression of the transformation relations 
by means of the state equations is the best warranty 
against physical misinterpretation. To simplify the 
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presentation, two complementary definitions of the 
integral causality are only retained: (a) If an object 
accumulates information, causality is internal: the output 
is necessarily a function of the energy state, the relation 
then oriented is known as causal. Time and the initial 
state are implicit inputs and are not represented. (b) If an 
object does not accumulate information, causality is 
external. The output is an instantaneous function of the 
input, the relation, which is not oriented, is then known 
as rigid. Fig. 4 gives the selected symbolism to 
differentiate the two kinds of processors. 

 
Fig. 4 – COG symbolisms: (a) causal relation, (b) rigid 
relation. 
 
3.2 COG representation of the suggested 

Lumped Constants Model  
Using the previous rules, the COG representation of the 
Lumped constants model represented in Fig. 3 is 
illustrated in Fig. 5. 

 
Fig. 5 – COG representation of the Lumped constants 
model previously proposed 
The different relations are given as follow: 
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4   Numerical Simulations 
In this section, Numerical Simulations are carried out to 
obtain the open-loop response of the system represented 
in Fig. 1 under arbitrary excitation and to show the 
influence of some parameters on the nature of the 

system. For each simulation, the input excitation U  is 
given by: 
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4.1 Very flexible structure 
In this part, the parameters of the simulated flexible 
structure are listed as follow: 
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The length of the rod is excessively high to allow a very 
flexible behavior and is made with aluminum 
( 9 20.74 10 /E N m= × ). 
Fig. 6 shows the evolution of the position of the arm’s 
end for these parameters.  
 

 
Fig. 6 – Evolution of the position of the arm’s end for a 
very flexible structure (in red full line) and for a less 
flexible structure (in blue dashed line) 
 

The non-minimum phase nature can be seen in this 
figure: the arm’s end begins by moving back before 
moving forward. It is a well known characteristic of a 
non-minimum phase system. 
 
4.2 Less flexible structure 
In this part, the length of the rod is reduce to one meter 
and ρ  is multiply by four to have the same overall mass 
than the previous structure. The new parameters are thus 
given by: 
 9 20.74 10 / ,E N m= ×  
 8 4300 10 ,I m−= ×  
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Fig. 6 shows the evolution of the position of the arm’s 
end for these new parameters. The structure is more rigid 
and the non-minimum phase behavior is insignificant. 
 
 
5   Experimental validation 
Fig. 7 shows an industrial robot devoted to injection 
molding machine. On this real flexible structure, the 
system is not very flexible so that the non-minimum 
phase nature of the system can be neglected. 
 

 
Fig. 7 – Overview of an industrial robot (stroke [mm]: 
X-1000 Y-400 Z-800, maximum speed: 120m/min, 
maximum acceleration: 4m.s-2). 
 

For this kind of not very flexible structure, a classical 
two mass-spring model for which the stiffness of the 
spring depends on the position of the load mass in the 
working space (See Fig. 8) allows to represent the first 
deformation modes [1]. The COG representation of this 
Lumped Constants model is represented in Fig. 8. 

 
 

 
Fig. 8 – Lumped Constant Model with its COG 
representation for an industrial robot 
 

The different relations of this COG are given as follow: 

 ( ) *
* 1
11 k

dyR M U t F
dt

→ = + , 2/1 2 12R y y y→ = − , 

 
*

*
* * 2

2 /1 23 . , 4 .k
k

dF dyR k y R M F
dt dt

→ = → = −  
 

Modal analysis can be carried experimentally using an 
impulse response obtained when exciting the end-
effector with an impact hammer [7]. The signal are 
recorded using a FFT analyser and data response can be 
analysed to obtain the modal parameters *

1M , *
2M  and 

*k . 
 
 
6   Conclusion 
In this paper, an Euler-Bernoulli beam fixed on a 
moving cart was considered and the equations of motion 
which describe the global motion as well as the 
vibrations motion derived. The exact and assumed-mode 
solutions were obtained and the non-minimum nature of 
such flexible was shown. A Lumped Constants model 
which is able to represent this nature was derived and a 
link between the two model’s parameters was given. The 
COG formalism was used to represent the suggested 
Lumped Constants model and simulations were carried 
out to show the influence of some parameters on the 
non-minimum phase nature of the flexible system. 
Finally, this kind of model was applied on an industrial 
robot. 
 
References: 
[1] L. Meirovich, Principles and Techniques of 

Vibrations, Prentice Hall, 1994. 
[2] G. Ellis, Control system design guide (2nd edition), 

Academic press, Boston, 2000 
[3] D. K. Miu, Physical interpretation of transfer 

function zeros for simple control systems with 
mechanical flexibilities, Trans. ASME, J. Dyn. Syst. 
Meas. Control, Vol. 113, 1991, pp. 419–424. 

[4] J. P. Hautier, P. J. Barre, The Causal Ordering Graph 
A tool for system modelling and control law 
synthesis, Journal of studies in informatics and 
control, Vol. 13, No. 4, 2004, pp. 265-283. 

[5] S. Park, W. K. Chung, Y. Youm, Natural frequencies 
and open-loop responses of an elastic beam fixed on 
a moving cart and carrying an intermediate lumped 
mass, Journal of Sound and Vibration, Vol. 230, 
2000, pp. 591-615. 

[6] Y. J. Lee, J. L. Speyer, Zero locus of a beam with 
varying Sensor and Actuator Locations, Journal of 
Guidance, Control and Dynamics, Vol. 16, No. 1, 
1993, pp. 21-25. 

[7] P.J. Barre, J.P. Hautier, J. Charley, The use of modal 
analysis to improve the axis control , Fourth 
International Congress on Sound and Vibration, St 
Petersburg, Russia, 1996, pp. 1531-1538. 

2005 WSEAS Int. Conf. on DYNAMICAL SYSTEMS and CONTROL, Venice, Italy, November 2-4, 2005 (pp345-350)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


