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ABSTRACT 

The derivation and solution of the two and three dimensional dynamic equations for a small pipeline inspection 
gauge (Pig) through a liquid pipeline is the main aim of this work. These equations can be used for synthesis of speed 
controller of a pig by using a bypass port in Pig. Momentum and energy equations are employed to study the 
influence of flow field on the Pig’s trajectory. The pig is assumed to be a small rigid body with a bypass hole in its 
body. The variation of the diameter of the bypass port, which is controlled by a valve, is considered in this 
formulation.  The path of the pig or geometry of the pipeline is assumed to be 2D and 3D curve. 2D and 3D 
simulations of the pig motion are performed individually and a case has been solved and discussed for each of them. 
The simulation results show that the derived equations are valid and effective for online estimating of the position, 
velocity and forces acting on the pig at any time of its motion. 
 
Keywords: Pig, Dynamic equations, Liquid pipeline, Momentum and energy equations. 

NOMENCLATURE 

D pipeline  diameter 
g           acceleration of gravity 

)(xf   function of the centerline of the pig in 2D 
sgn(x)   function of sign 

NF μμ =   dry friction force  

VSESC KKK ,,  coefficients of pressure losses 

pig
L     length of the pig 

m           mass of the pig 
N           normal force acting on the pig 
 p    the fluid force acting on the pig in the  

pipeline direction  

tailP      pressure in  the tail  of the pig  

noseP    pressure in  the nose  of the pig 

 R          radius of curvature of the pig’s path 
 s           position variable along the pig’s path 

pigV      velocity of the pig 

α         constant value  
Γ  λ       a time dependent parameter 
  θ       angle of the tangent to the centerline of the 

pipeline 
ρ          density of fluid  
κ           curvature  
 

1. INTRODUCTION 
Pipelines are the safest method to transport fluids such 
as oil and gas products. After several years of the 
operation, the walls of pipelines suffer deterioration 
and pipeline conditions get worse. Passing the fluid 
through pipelines causes some types of corrosions on it. 
These corrosions can damage the pipeline and reduce 
its life, hydraulic efficiency, surface softness and so on. 
All types of pipeline defects increase costs of fluid 
transportation. For this reason, preventing the 
pipelines from these defects is always important for oil 
and gas industries. These damages of pipelines can be 
monitored only by pigs because there is no access for 

observing the internal surface of the pipeline. Pigs are 
devices which are inserted into a pipeline and travels 
throughout it for inspection. A number of instruments 
such as MFL(magnetic flux leakage) sensors are 
carried by a smart pig to detect surface damages of the 
pipeline and their positions. The more knowledge about 
the dynamic behavior of the pigs, the more decrease in 
cost and time of the maintenance. Therefore, pipelines 
must be pigged regularly. Different kinds of pipe-wall 
defects that can be detected during pigging were 
explained by Hopkins (1992). Pigs must be run at 
constant speeds since the measuring process requires 
enough time for detecting damages. So, the study of 
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dynamic behavior of a pig is also necessary for its 
speed control. 

The pig is usually driven by injected fluid flow behind 
its tail and expelled fluid flow in front of its nose. Thus, 
the dynamic behavior of the pig depends on the 
difference pressure across its body and height 
variations of its center of gravity. Determination of 
kinematics parameters of a pig and acting forces on it 
can be obtained by solving the governing equations of 
fluid flow together with the pig dynamic equations. 
Results of research on the motion of the pig in pipeline 
are scarcely found in the literatures. Most of results are 
commercially based on field experience. It seems that 
the first research in modeling of the pig motion has 
been introduced by McDonal et. al. (1946). The 
computation errors were generated in this work due to 
the used assumption and numerical approach. This 
modeling was modified and improved by removing 
some limitations by Barua (1982). The first pigging 
model was based on full two-phase transient flow 
formulation proposed by Kohda et. al. (1988). This 
model is composed of correlations for pressure drop 
across the pig, slug holdup, pigging efficiency, pig 
velocity model and a gas and liquid mass flow 
boundary condition applied to the slug front. Some 
other complementary researches for pigging simulation 
in two-phase flow straight pipelines were also reported 
by (Minami and Shoham 1991; Taitel et. al. 1989; 
Scoggins and M. W. 1977; Xiao-Xuan and Gong 2005). 
Transient pig motion through gas and liquid pipelines 
was presented by Nieckele et. al. (2001). Modeling and 
simulation for pig flow control in natural gas pipeline 
was studied by Nguyen et. al. (2001). One type of pig 
using bypass flow in natural gas pipeline was 
considered by some investigators such as Nguyen et. al. 
(2001). They proposed a simple nonlinear controller 
for controlling the pig velocity when it flows in natural 
gas straight pipeline.  
In all the mentioned studies, researchers assumed that 
the pig moves in a straight line in the plane. Simulation 
of small pig in space pipeline was studied firstly by 
Saeidbakhsh et. al.(2009). This study was based on 
some simplifying assumptions such as: the pig is small, 
the pig/wall friction coefficient is constant and the 
driving force is time-dependent. In this research, the 
influence of the flow field is modeled only by time-
dependent driving force acting on the pig. This 
assumption was made only for simplicity. In fact, 
solving coupled equations of pig motion and flow field 
can be a logic extension for further works. 

The motivation for the present study is the obvious lack 
of information concerning to 2D and 3D dynamic 
analysis of a pig motion in the liquid pipelines. This 
extension is based on some simplifying assumptions: 
the pig is small, the pig/wall friction coefficient is 
constant and fluid is incompressible. The differential 
equations of the pig in the pipeline are derived by 
Newton's second law for pig and momentum and energy 
equations for fluid. The coupled equations are reduced 
to one equation with respect to parameter of curve 
technically. Finally, Rung-Kutta method is used for 
solving the derived equation. The 2D and 3D test cases 
are chosen to illustrate the application of this new 
formulation for these cases.      

2. GOVERNING EQUATIONS OF THE PIG 
MOTION 

2.1 Case 1: Two-Dimensional Path  
Figure 1 shows a typical small pig moving inside a two 
dimensional pipeline and its free body diagram. In this 
figure, the mass of the pig, dry friction and normal 
force are denoted by m , NF μμ = , N  respectively. 

Also, the upstream acting forces on the pig due to fluid 
motion are shown by 1F  and 2F , respectively, see 
Fig. 1.The dynamic equations of the pig derived from 
Newton’s second law along the tangential and normal 
directions are as follows; 

nmamgN =− θcos                                                 (1)  

tmaFxmgFF =−−− μθ )sgn(sin21 &                  (2)   

Where θ  is the angle of the tangent to the centerline 
curve of the pipeline with respect to x -axis at any 
point; i.e. if )(xf  is assumed to be the function of the 
centerline of the pig, thus we can write 

)(tan 1 xf ′= −θ , 
2)(1

1cos
xf ′+

=θ                (3) 

If s  is measured along the pig’s path and the radius of 
curvature of the path is denoted by R , then the normal 
and tangential accelerations of the pig are as follows 
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Fig. 1. Schematic view of a pig inside a planer pipeline 
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Fig. 2. The control volume No. 1. 

 

 
Fig. 3. The control volume No. 2. 

 
To derive the term 21 FF −  in the left side of equation 
(2), one can combine the momentum and energy 
equations for fluid. To determine this term, the 
following assumptions are employed in this work. 

1. The fluid inside the pipeline is 
incompressible. 

2. The flow field is fully developed.  
3. The coefficient of the friction between pig and 

pipeline is constant. 
4. The coefficient of friction losses along the 

path is constant. 
 
To determine the term 21 FF − , two control volumes 
are employed as shown in Figs. 2 and 3; one behind the 
pig and the other in front of it. Also it is assumed that 
the lengths of control volumes are the same and equals 
to pigL2 , where pigL  is the length of the pig.   

The Eq. 7 shows the momentum equation for an inertial 
control volume. 

∫
∫

∂
∂

+

=+=

CV

CSBS

dVV
t

AdVVFFF

ρ

ρ

r

rrrrrr
.

                                      (7) 

In this equation, surface forces, body forces and 

velocity are denoted by Bs FF
rr

, and V respectively. 
The different terms of the above equation in the 

tangential direction (t-direction) for two control 
volumes are as follows: 
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where )(xP  is the pressure of the fluid  on the pig, 

1F ′ and 2F ′  are reactions of the pig on the control 

volumes ( 221 ,1 FFFF ′−=′−= ), tailP  and noseP  are 
pressures of the fluid in behind and in front of the pig, 

hA  is the area cross section of the valve.  
 
Pressure differences along the pipeline can be derived 
from the energy equation between two arbitrary 
positions as follows 
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where α  is an approximately constant value in the 
order of one in the turbulent flow, Z is  the height of 
the selected position and V is the velocity of the fluid 

and 
2

2V
D
xfhlf = . Simplification of (11) gives 
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Substituting (8)-(10) and (12) in (7) for each control 
volumes, it leads to 
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In general, the pressure difference between the tail and 
the nose of the bypass hole in the pig ( nosetail PP − ) is 
established from three parts; i.e. pressure losses from a 
sudden contraction at the tail ( SCK ), valve inside the 
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hole ( VK ) and a sudden expansion at the nose 

( SEK ).   

Fig. 4. Shematic view of a pig inside a 3D  pipeline. 
 
The following relations are suggested for the pressure 
difference and the losses coefficients in the fluid 
mechanics books and papers e.g. Nguyen et al. (2001). 
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The normal force N  is obtained if one substitutes Eqs. 
(3) and (5) in Eq. (1) 
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The final equation of the pig can be derived by 
substituting all the terms in Eq. (2) as follows 
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The equation is a second order ordinary differential 
equation that can be solved numerically. 

2.2 Case 2: Three-Dimensional Path 
Figure 4 shows the free body diagram of a typical small 
pig inside a three-dimensional pipeline. The weight of 

the pig, dry friction force, normal force of the pipe wall 
and driving force are W, f, N, P, respectively. These 
forces, as shown in the Fig. 4, are three dimensional 
vectors in general. The position vector of the C.G. of 
the pig is denoted with )(λr  where λ  is a time 
dependent parameter. We can write it with respect to its 
components, i.e.  

 kjir )()()()( λλλλ zyx ++=                   (17) 

It is assumed that the gravitational force acts in the y-
direction, then the weighting force of the pig is 
represented as jW mg−= . A frame of mutually 
orthogonal unit vectors is defined that it always travels 
along with a body moving in space (Thomas 1996). 
There are three vectors in the frame. One of them is the 
unit tangent vector τ. Another one is n vector that gives 
the direction of dτ/ds. The third is nτb ×= . These 
vectors and their derivatives are called as Serret-Frenet 
formulas (Sokolnikoff 1964), when available, give 
useful information about moving vehicles and paths 
they trace. The magnitude of the derivative dτ/ds tells 
us how much a pig’s path turns to the left or right as it 
moves along; it is called the curvature of the path. The 
number dsd /b  tells us how much a pig’s path rotates 
or twists as the pig moves along; it is called the torsion 
of the pig’s path. 
 
Although there are experimental data that indicate that 
the dynamic contact force (friction) might be a function 
of the pig velocity, however as Hopkins (1992), it is 
considered that it is independent of the pig velocity. 
This force acts in the direction of the pipe axis and in 
the opposite of the pig’s motion. The direction of the 
normal force N is unknown; however it does not have 
any component in the tangential direction of the pig’s 
path.  The driving force P acts in the direction of the 
pipe axis. This force depends on the pressure difference 
between the nose and the tail of the pig and other 
variables in a complex problem.  
The dynamic equations of the pig derived from the 
Newton’s Second Law along n, τ and b directions are 
as follow; 

2

2
)sgn()(

dt
sdmmgfVp =+− τλ                         (18) 

RmVmgN n /2
1 =+                                            (19) 

02 =+ bmgN                                                         (20) 
where, 
 bn 21 NNN += , bnτW bn mgmgmg ++= τ  

and s is measured along the pig’s path. If we use the 
chain rule and differentiate from Eq. (17) for obtaining 

the n, τ and b at all points and denote )(/
•

=dtd and 

)(/ ′=λdd , then the following relation will be 
obtained; 

222 zyx
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Based on the first Serret-Frenet formula, we have, 
nτ/ κ=dsd  where κ is the curvature and   will be 

determined from; 
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Also the normal unit vector  n  can be obtained from 
Eqs. (22), i.e. 
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The second normal unit vector is derived from the outer 
cross product of τ  and n , i.e. 
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Since the projection of the vector 1V  on 2V  is equal to 

221 /. VVV  then tn gg ,  and bg  can be obtained as: 
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Now, one needs to calculate the remaining unknown 
terms in Eqs. (18) to (20) i.e., 
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If one substitutes Eqs. (25) and (26) and the magnitude 
of Eq.(29) in Eqs. (19) and (20), the components of 
normal forces are determined as:  
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Finally, substituting Eqs. (32) and (29) in Eq. (18) 
results in: 
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The term )(λp  can be obtained from momentum and 
energy equations in pipeline direction as follows 
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Substituting Eq. (34) in Eq. (33) and rearranging it 
with respect to λ  results in the final differential 
equation as 
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The above equation is a nonlinear differential equation 
with respect to λ , which can be solved by a numerical 
technique such as Runge-Kutta based on initial 
conditions. When parameter λ  is determined in each 
time instant t, then the position and the velocity of the 
pig can be calculated.  
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3. NUMERICAL STUDIES 
In order to show the validity of the developed 
equations, three case studies were designed and solved 
by the proposed numerical technique. 

3.1 Case 1 
For the first case study, let us assume a 2D pipeline 
with the curve equation as )sin(5.0)( xxxy += . 
Figure 5 shows the pipeline curve. The numerical 
values for the mass of the pig, length of the pig, pipe 
diameter  and the bypass diameter are assumed to be 
50 kg , 0.3 m , 0.25 m  and 0.12 m , respectively.  

 
Fig. 5. The pipeline curve in 2D for case study 1. 

 

 
Fig. 6. Velocity of the pig for case study 1. 

 
Fig. 7. Normal force exerted on the pig for case study 

1. 
 

The fluid is water with density of 1000 3/ mkg  and 
velocity of 5 sm / . The inlet pressure of the pipeline is 
8 bars. The dynamic and static coefficients of friction 
are assumed to be 0.2 and 0.3, respectively. The pig 
position at initial time is at the point 0)0()0( == yx .  
The aim of this example is to test thevalidation of the 
formulations for the simpler case, i.e. two-dimensional 
path. The geometric curvilinear periodic nature of this 

pipeline can help this examination. Figure 6 shows the 
velocity of the pig with respect to time. This figure 
shows the periodic variations of the pig’s velocity.  
Figure 7 also shows the periodic nature of the normal 
force acting on the pig.   

3.2 Case 2 
The geometry of the selected pipeline for the second 
case is shown in Fig. 8. It is similar to a well known 
space curve such as helix with the following parametric 
equations 

λλλλλλ 6)(,cos6)(,sin6)( === zyx  

The fluid is water with 3/1000 mkg=ρ and its 

velocity in the pipeline is sm /20 .The mass of the pig 

is kg50  and static and dynamic friction coefficients 
are 0.3 and 0.2, respectively. The pig moves from origin 
at t=0 and its motion is recorded up to 15 seconds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. A helix-type  pipeline. 
 
This example shows the validation of the above 
formulation for three dimensional path, where its 
geometric is curvilinear periodic nature. Figures 9a to 
9f show the position and velocities of the pig in the x, y 
and z-directions with respect to time. The positions of 
the pig in the x and y-directions have a periodic nature. 
The velocities in these directions have the same sorts of 
trends. However, the velocity of the pig starts from zero 
and decreases down to a certain level and then remains 
constant. It takes about 5 seconds. This is true because 
of the special geometry of the pipeline. Since there is no 
difference between any two points of the path and also 
the area of hole is constant, the pig’s velocity reaches a 
constant value. These results validate the modeling and 
formulation of the present research. Also, these results 
are very similar to the case 1 of  Saeidbakhsh et. 
al.(2009) qualitatively. Comparison between these 
results shows that the fluid decreases the motion of the 
pig in the pipeline because in this research, effects of 
the fluid are included in equations.    

3.3 Case 3 
The geometry of the selected pipeline for the third test 
case is shown in Fig. 10. The parametric equations of 
this path are  

Z 

Y

X 
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a) Position of the pig in x direction b) Velocity of the pig in x direction 

c) Position of the pig in y direction d) Velocity of the pig in y direction 

e) Position of the pig in z direction f) Velocity of the pig in z direction 

g) Velocity of the pig in tangential direction h) Distance from inlet of  the pipe 
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Fig. 9. Simulation results of helix-type  pipeline. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10. Selected  geometry of pipeline for the case 3. 

λλλλλ cossin 222 === zyx  

The fluid is water with 3/1000 mkg=ρ and its 

velocity in the pipeline is sm /5 .The mass of the pig is 

kg50  and static and dynamic friction coefficients are 
0.3 and 0.2, respectively. The pig does not move from 
origin at t=0 and its motion is recorded up to 15 
seconds.  
 
The results are shown in Fig. 11. The geometry of the 
pipeline for this test case is arbitrary. The Runge-kutta 
method with a sampling time of 0.01s was used for this 
case study. All figures show that the pig stops after 12 
seconds, where the equilibrium conditions establish for 
pig in the pipeline at this moment. In this case, the 
direction of friction force and also its type (static or 
dynamic) varies in some times of motion. Also, the 
gravity force of the pig and the fluid driving force 
frequently vary. Then, as Fig. 11g shows, the pig 
velocity reaches to zero in some times and accelerates 
again. This example shows the ability of the formulation 
for pigging estimation. The best pig can be select for a 
special pipeline based on the formulation in this 
research. Also, sticking of a pig in a special pipeline 
can be estimated by this formulation.     

4. CONCLUSION 
A numerical method for dynamic analysis of a pig in the 
space curves was presented in this work. The 
differential equations of the pig in the pipeline were 
derived by Newton’s second law for pig, momentum and 
energy equations for fluid in the pipelines (Serret-
Frenet formula for dynamic analysis of pigs in space 
curves). This method is limited by the incompressible 
fluid flow in the pipeline. 

 
Three numerical case studies were selected to validate 
the proposed procedure of this paper. Results from the 
first case which is a 2D example, are in agreement with 
the physical nature of the problem. 
The second case study is also a pipeline whose special 
geometry (helix type) helps someone to check the 
validation of the proposed procedure. The results from 

this case also are in agreement with the physical nature 
of the problem.  
 
The third case, which is a space pipeline whose 
geometry is arbitrary, also validated the proposed 
procedure for this case. 
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a) Position of the pig in x direction. b) Velocity of the pig in x direction. 

 

 
c) Position of the pig in y direction. d) Velocity of the pig in y direction. 

 

e) Position of the pig in z direction. f) Velocity of the pig in z direction. 
 

g) Velocity of the pig in tangential direction. h) Distance from inlet of the pipe. 
 

Fig. 11. Simulation results of  the pipeline of the test case 3. 
 



<<
  /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 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

  /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


