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SELF-TUNING DAMPING SYSTEM FOR CABLE VIBRATION

SUMMARY

The paper presents calculations of the system giving the maximal dissipation of energy by using the self-tuning
damper. The damper is applied to reduce vibrations of inclined cable. It is attached near the lower support of
cable. In order to calculate the optimal damping coefficient the self-tuning subsystem is introduced. The optimal
damping coefficient is calculated taking into account the criterion of maximal energy dissipated by the damper.
Results of calculations indicate that the concept of self-tuning damper can be applied to effective damping of
cable vibration under various external inputs.
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SAMODOSTRAJAJACY SIE UKEAD TEUMIENIA DRGAN LINY

W pracy przedstawiono obliczenia samodostrajajqcego sie tlumika realizujqcego maksymalne rozpraszanie energii
drgan ukosnie zamocowanej liny. Tlumik jest umieszczony w poblizu dolnego zamocowania liny. Samodostrajajqcy
sie uktad zostal wprowadzony, aby podczas ruchu ukladu zapewnié¢ optymalne ttumienie. Optymalny wspolczynnik
tlumienia obliczany jest na podstawie kryterium maksymalizacji rozpraszania energii przez tumik. Otrzymane wy-
niki pozwalajq stwierdzi¢, ze przedstawiona koncepcja jest dobrq propozycja efektywnego tlumienia drgan liny,

niezaleznie od przyczyn wywolujqcych jej ruch.

Stowa kluczowe: ruch liny, Humik samodostrajajqcy sie, optymalne tumienie

1. INTRODUCTION

Long span cables are commonly used in modern construc-
tions such as bridges, masts or towers, cableways and above
all in the overhead transmission lines. In adverse weather
conditions like wind, rain or snow large vibrations of cables
are observed (Pacheco and Fujino 1993, Poston 1998). Ca-
bles are susceptible to vibration because of their high flexi-
bility, relatively small mass, considerable length and very
low inherent damping (Maslanka e al. 2007). Dangerous,
high-amplitude cables vibrations lead to failures of the ca-
ble due to material fatigue.

Because of high tension which can be applied to cables
and their relatively small mass there are many engineering
application of cables. Taking into account bridges, Sutong
Bridge (Yangtze River, China 2008) has the longest span.
The maximum length of main span is equal to 1088 m. The
Tatara Bridge (Seto Inland Sea, Japan 1999), Pont de Nor-
mandie (Le Havre, France 1995) are the other bridges with
long spans. The long cables are also used in mast construc-
tions. Warsaw Radio Mast was the highest mast ever builds
— (646.4 m, Konstantynow, Poland 1974). It was destroyed
during renovation in 1991. The KVLY-TV television trans-
mitting mast (628.8 m, Blanchard, North Dakota, USA) and
KXJIB-TV television transmitting tower (628 m, Galesburg,
North Dakota, USA) are the other tall masts.

A lot of methods have been proposed to eliminate cable
vibrations. Some of research has been focused on applica-
tion of semi-active dampers (Krenk 2000, Weber 2005,
Wang et al. 2005).

Magnetoreolgical (MR) dampers are often used as semi-
active dampers. First installation of MR damper in cable
vibration control system was introduced in 2002 on the
Dongting Lake Bridge in China. The dampers used in this

system worked as passive dampers. Currently many re-
search groups work on application of MR dampers with ap-
propriate control systems. Results of investigations are
summarized by Weber (Weber et al. 2005).

In the study (Krenk 2000) an approximate formula to the
optimal damping of a viscous damper placed at a small dis-
tance from the support was derived. Using this formula, the
optimal damping for only one mode of cable vibrations can
be calculated. The optimal damping for the selected mode is
not optimal for the other modes. In practice, it is difficult to
tune viscous damper using this formula because dominant
vibration mode depends on various types of excitations
(Maslanka et al. 2007). In this study the self-tuning damp-
ing system for cable vibration is considered. In order to
determine the optimal damping coefficient the concept of
maximal damping energy was used.

2. CONCEPT OF SELF-TUNING DAMPING SYSTEM

In control engineering the feedback control with fixed con-
troller is in common use. The physical properties of the ob-
ject and the operating conditions are the base of a controller
selection. However, due to the possible changing of object
properties and existence of unknown disturbances, fixed
controller may not give satisfactory results. Therefore, an
adaptive subsystem is added to modify parameters of the
controller.

In the system of cable with attached damper, the optimal
damping coefficient depends on participation of modes.
This participation is not the same during the motion. Thus
the optimal damping coefficient should be changed. It is
apparent that in this case the adaptive control approach due
to its character can be used to control of damping system.
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Therefore the tuning subsystem is applied in damping sys-
tem. This subsystem consists of two basic blocks: extrapo-
lation block and optimization block (Fig. 1). Basing on state
model and optimization criteria new parameters for control-
ler are performed (Shaw 2000).

am OPTIMIZATION X
opt ACCORDING TO EXTRAPOLATION "
ASSUMED OF STATE
CRITERION

Fig. 1. Self-tuning subsystem

The block diagram of the system is shown in Figure 2.
The system consists of a damper, a cable and a tuning sub-
system. Cable and damper are time continuous subsystems
whereas tuning subsystem works in certain instants. In
these instances the tuning subsystem uses the extrapolated
state to perform a new optimal damping coefficient ocggt) (m
is a number of time instances). The cable block has two
inputs (the damper force F,; and the vector of disturbance
forces z) and two outputs (the state vector x,, and the veloc-
ity v, at the point where the damper is attached).

o
opt TUNING
SUBSYSTEM
z
k. \—> X
0 4 F, CABLE v,
— DAMPER

Fig. 2. Block diagram of the system

3. STATE EQUATION OF INCLINED CABLE

Cables used in engineering construction are usually atta-
ched to supports of different heights. Thus we consider an
inclined cable with inclination angle 6 (Fig. 3). The damper
is attached to the cable at distance &, from the lower sup-
port. The equilibrium line of the cable is exactly described
by catenary. When the tension of cable is large in relation to
the weight of the cable the equilibrium line can be approxi-
mately described by the parabola. Assuming the sag-to-
span ratio sufficiently small (Wang et al. 2005) the com-
ponent of displacement in w direction is significant, and
remainig components are negligible small.

If the damper is placed at the node of any mode this mode
cannot be control by the damper force. Therefore the position
of the damper &, determines the controllability of the system.

Fig. 3. Schematic diagram of inclined cable
with attached damper

The transverse displacement of the cable w(€, ¢) can be
approximated by the sum:

WD) = Y X ©)ae0) (1)

k=1

. (k
The functions X;(§) = sin (%E" where L stands for

distance between supports, satisfy the boundary conditions
but they do not describe the natural modes of inclined cable.
Using the function sequence {X(&)} it is convenient to de-
scribe the motion of the cable. In this approach variables g
stand for the generalized coordinates of motion.

Using Ritz Galerkin method of discretization, the equa-
tion of cable motion can be written in the following matrix
form:

Mg +Kq= -®&;)F,(t) )]

where q = [q1, g, - qn]T is the column vector containing
generalized coordinates, M and K are mass and stiffness
matrices derived e.g. in (Wang et al. 2005). They have the
following form:

L
[M]; = uX; (€)X ;(€)dE 3)
0

L L
[K]; = [ EIX](©) X [(©)dE+| Ty X[ (©)X ; (E)dE +
0 0
2 L L (4)
7\'STO
+L—31Xi(é>d& [ x:®)dg
0 0

T .
where @) =[X1Ey) X2(Ey) - X, (Ey)] is vector de-
pending on damper coordinate ;. The designation W is the

linear mass density and 7|, is the cable tension. Taking into
account the assumption of smal sag-to-span ratio the vari-
ability of tension along the cable can be neglected. Sag-
extensibility parameter Kf is defined as the ratio of the
elastic-to-catenary stiffness:

®)

2
A2= ngLlcos® | LEA
’ Ty ToL,
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where EA is extensional rigidity of the cable, and L, is the
effective length of the cable expressed as:

2
[, cos 0
(ugL cos ) .

6
= ©)

L= |1+

e

Finally the state equation of the cable can be written in
the form:

x() = Ax(t) + B, F, +B,z(t)
7
v (1) = Cx(1) @

where X = is the state vector and z is the vector of dis-

turbance forces. The matrices A, By, B,, C take the follow-
ing form:

P I [ A O
_l—M‘lK 0}’ l_lM_ICI)(?;d)} Z_lM_I] -

c=[o o¢)"|

The numerical calculations were carried out for the pa-
rameters of the cable borrowed from (Lou et al. 2000). The
distance between supports L = 142 m, the inclination angle
0 = 18°, the applied static force tension 7}, = 3711.8 kN, the
linear mass density |l = 61.26 kg/m, the modulus of elastic-
ity E = 1.80x10" N/m? and damper position &; = 6.7 m. In
calculations we assumed the number of modes n = 30.

The eigenvalue problem for inclined cable can be written
in the form:

AX =X ©)

where A is the eigenvalue and X is the eigenvector. The
imaginary parts of eigenvalues are equal to natural frequen-
cies. For the cable considered the first three natural frequen-
cies are 0.867 Hz, 1.722 Hz and 2.583 Hz. The first and the
second mode shapes are shown in Figure 4.

Since the tension of the cable is high the natural mode
shapes are almost the same as the mode shapes of the string.
Assuming viscous damping, it is easy to express the damper
force F,; on state vector x:

F; =oCx (10)

where o is damping coefficient of a viscous damper.
The state equation of the system with a viscous damper
(Fig. 5) can be written as:

(1) = Ax(t) + B, z(r) 11)
where:
i 0 I
- |:—M_1K —M_IP:I (12)

and P =a®(E,)®" &)
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Fig. 5. System with a viscous damper

The eigenvalue problem for inclined cable with a viscous
damper can be written in the form:

AX =1X (13)

Eigenvalues and eigenvectors depend on o. For

O < Olicq all eigenvalues are complex and they can be
written as:
Xk =0y +i- @y (14)

where 0 is damping coefficient and ®, is frequency. In-
dex k stands for the mode number. For o > ¢, ;;.,; OnE
mode is aperiodic and this means that for this mode ®=0.

Results of calculations are shown in Table 1 (for o =
= 5x10° Ns/m) and Table 2 (for o = 7x10° Ns/m).
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Table 1. Frequencies and modal damping coefficients for o = 5x10° Ns/m

Mode number Frequency Modal damping coefficient
[Hz] [-]
1 0.868 0.0019
2 1.722 0.0078
3 2.585 0.0168

Table 2. Frequencies and modal damping coefficients for o0 = 7x10° Ns/m

Mode number Frequency Modal damping coefficient
[Hz] [-]
1 0.868 0.0027
2 1.723 0.0108
3 2.587 0.0234

real part [-]

S
o
(&)

00 o]

coordinate [m]

imaginary part [-]

coordinate [m]

Fig. 6. Real part and imaginary part of the first mode
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Fig. 7. Real part and imaginary part of the second mode

The first and second complex modes for o = 7x10° Ns/m
are shown in Figures 6 and 7.

4. EXTRAPOLATION OF THE STATE IN THE RANGE
BETWEEN TUNING INSTANTS

Tuning subsystem determines the optimal damping coeffi-
cients 0(0'1;’t at tuning instants. In order to calculate 0(0'1;’t it
is necessary to extrapolate the state vector in the range

(¢,,t,.,) between tuning instants. We assume that the dif-
ference t,, .4 —t,, =t; is constant for all m.

Extrapolation of the state can be performed using modal
analysis of the system. In this analysis it is convenient to
transform the state eqation into canonical form:

(15)

where A=T AT is a diagonal matrix containing eigen-
values A;. The matrix T is the transformation matrix. Since

y = Ay
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the eigenvalues are distinct, columns of matrix T contain
the eigenvectors corresponding to the eigenvalues placed in
matrix A. The solution of state equation Eq. (15) is:

Al

y=ey, (16)

where y,, is the vector of initial values expressed in princi-

pal coordinates. Taking into account the transformation

equation y,, = T_lxm the state vector in the range between

tuning instants can be written in the form:
X = TeAtT_lxm

(17)

where X, is the state vector at time ¢ = ¢,,,.

5. ENERGY DISSIPATION

The energy of the cable vibrations is dissipated by the
damper. Using viscous damper the force acting on the cable
is proportional to the velocity v, of the point where the
damper is attached. The energy dissipated in the range of
time (,,,,,41) is equal to the work of damper force:

t

m+1

E, = [ (<F g4vq)dt

t

m

(18)

Using Eq. (10) and taking into account that v, = Cx, the
dissipative energy can be experssed in the form:

1. = O(th:rl (—XTWX)dt
t

m

(19)

where W = CTC.
In order to evaluate the integral in Eq. (19) we are look-
ing for Lyapunov function in the following quadratic form:

V(x)= XTQX (20)

where Q is unknown matrix. The first derivative of
Lyapunov function with respect to time along the state tra-
jectories can be expressed as:

dv

~= x'ATQ +QA)x (21)

Equating the derivative in Eq. (21) with integrand in Eq.
(19), the following equation for matrix Q can be written:

ATQ+QA+W=0 (22)

The above equation is known as Lyapunov equation. It
can be solved numerically using the appropriate procedure
of MATLAB. Finally taking into account Egs. (19), (21)
and (22) the absolute value of dissipative energy can be cal-
culated from the following equation:

T T
|EV| = o X QX =Xy 11 QX1 ] (23)

where: Xx,, is state vector at ¢ = ¢, (initial conditions) and
X,,.1 1S state vector at ¢ = t,,,, calculated from Eq. (17).
The optimization algorithm determines the maximum of
the absolute value of energy |Er| and optimal damping
coefficient o

max
opt*

6. NUMERICAL CALCULATIONS

In order to illustrate the result of optimization the various
initial state were assumed:

xD =101, 0, 0, ..., 0],
x? =10.1, 0,05, 0, 0, ..., 0],

x®) =10.1, 0.05, 0.02, 0, ..., 0].

In calculation the time interval ¢; = 87, where T, is
a period of undamped first mode vibration and the distur-
bances force z is equal to zero. The plots of absolute value
of dissipative energy for assumed initial conditions are
shown in Figure 8. The values of optimal damping coeffi-
cient and dissipative energy are listed in Table 3.
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damping coefficient [Ns/m] x 10°

Fig. 8. Absolute value of dissipative energy vs. damping
coefficient for various state vectors X,,

Table 3. Results of calculations for various state vectors X,

Initial state

Optimal damping
coefficient [Ns/m]

Absolute value
of dissipative energy [J]

M =10.1,0,0,..., 0] 1.1109 x 10° 6.0813 x 10°
x?) =01, 0.05, 0,0, ..., 0] 1.0099 x 10° 1.2489 x 10°
xP =10.1,0.05,0.02, 0, ..., 0] 1.0099 x 10° 1.4822 x 107
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Table 4. Results of calculation for various time intervals 7,

Time instances Optir.ne.ll damping .A‘t.>sol.ute value
coefficient [Ns/m] of dissipative energy [J]

£ = 6T, 1.0099 x 10° 1.2013 x 10’

D =41, 0.9098 x 10° 1.0904 x 10

=g 0.9086 x 10° 8.2507 x 10°

the cable at & = 71 m is shown in Figure 10. Result is of
criterion 1 (proposed by Krenk) is compared with criterion
2 (propose by authors). It is apparent that for cases with
more then one significant mode, criterion 3 gives better re-

To illustrate the influence of ¢; on the result of optimiza-
tion the various ¢, are considered: tg,l =6T L tg,z =4T L
3
t;’ =21, e
In calculations the initial state vector was assumed as

X,; =[0.1,0.05,0,0,...,0] and the disturbance vector z was  Sults then criterion 1.

equal to zero. The plots of absolute value of dissipative en-
ergy are shown in Figure 9. The values of optimal damping
coefficient and dissipative energy are listed in Table 4. 040
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—— Criterion 2
S . 0.05
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i Fig. 10. Displacement of the cable at £ = 71 m
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7. CONCLUSIONS

. 9. Absolute value of dissipative energy vs. damping

coefficient for various time intervals 7, The study presents the self-tuning damping system assuring

Fig
the maximal energy dissipated by the damper attached to
the cable.

It is easy to show that the single-mode design control
method may not give satisfactory damping ratios for arbi-
trary motion of the cable. The objective function gives opti-
mal damping coefficient for various mode ratios. On the
basis of simulations which has been conducted to prove the
effectiveness of the presented control scheme, it is possible

to say that it gives satisfactory results. In all considered con-

For the dominant first vibration mode (the state vector
X, =[0.1,0,0,...,0]) the optimal damping coefficient is
equal to 1.1109x10° Ns/m. This result can be compared to
the damping coefficient (o = 1.0098x10° Ns/m) calculated
by using approximated formula derived in (Krenk 2000).

The difference is negligible.

In the next calculations the simple simulation of the cable
motion is presented. At the beginning of the simulation of
the cable motion, extrapolation of state is done on the basis
of initial conditions associated with disturbance z at ¢ = 0
(for time ¢ > O influence of disturbances z is neglected).
Then the extremum of objective functions is calculated. The
simulation starts with optimal parameter o, correspon-
ding to the initial conditions. During the simulation at

appropriate instants, tuning block performs new optimal pa-

rameters.

trol cases, algorithm has proved its ability to give optimal

damping coefficient.

It seems that this self-tuning damping system for cable
vibrations can be applied to real system. The presented sys-
tem assumes the full information about the state and it might

be difficult to realize in practice.

References

Johnson E.A., Baker G.A., Spencer B.F., Fujino Y. 2000, Mitigating Stay
Cable Oscillation using Semiactive Damping. Smart Structures and

As result of the simulation for x; =[0.1, 0.5, 0.02, ..., 0]
Materials Smart Systems for Bridges, vol. 3988, 207-216.

(associated with disturbances z at ¢ = 0) the displacement of
149




Maciej ORMAN, Jacek SNAMINA

SELF-TUNING DAMPING SYSTEM FOR CABLE VIBRATION

Krenk S. 2000, Vibrations of a taut cable with an external damper. Journal
of Applied Mechanics, ASME, vol. 67, No. 4, 772-777.

Lou W.J., Ni Y.Q., Ko J.M. 2000, Dynamic properties of a stay cable
incorporated with magneto-rheological fluid dampers. Journal of
Sound and Vibration, Elsevier Science Ltd., Oxford, UK, vol. 2, 1341—
1348.

Maslanka M., Sapinski B., Snamina J. 2007, Experimental study of vibra-
tion control of a cable with an attached MR damper. Journal of Theore-
tical and Applied Mechanics, vol. 45, No. 4, 893-917.

Pacheco B.M., Fujino Y., Sulekh A. 1993, Estimation curve for modal
damping in stay cables with viscous damper. Journal of Structural En-
gineering, ASCE, vol. 119, No. 6, 1961-1979.

Poston R.W. 1998, Cable-stay conundrum. Civil Engineering-ASCE,
vol. 68, No. 8, 58-61.

Shaw J. 2000, Adaptive control for sound and vibration attenuation:
a comparative study. Journal of Sound and Vibration, vol. 235, No. 4,
671-684.

Snamina J. 2003, Mechaniczne zjawiska falowe w przewodach elektro-
energetycznych linii napowietrznych. Wydawnictwo Politechniki Kra-
kowskiej, Monografia — Mechanika 287.

Sun L., Krodkiewski J.M., Cen Y. 1998, Self-tuning adaptive control of
forced vibration in rotor system using an active journal bearing. Jour-
nal of Sound and Vibration, vol. 213, No. 1, 1-14.

Wang X.Y., Nib Y.Q., Kob J.M., Chenc Z.Q. 2005, Optimal design of
viscous dampers for multi-mode vibration control of bridge cables.
Engineering Structures, vol. 27, No. 5, 792-800.

Weber E., Distl H., Feltrin G., Motavalli M. 2005, Simplified approach of velo-
city feedback for MR dampers on real cable-stayed bridges. Proc. of the 6th
International Symposium on Cable Dynamics, Charleston, USA (on CD).

Weber F., Feltrin G., Motavalli M. 2005, Measured linear-quadratic-
Gaussian controlled damping. Smart Materials and Structures, vol. 14,
No. 6, 1172-1183.

Yamaguchi H., Fujino Y. 1998, Stayed Cable Dynamics and its Vibration
Control. [in:] Larsen and Esdahl (eds.), Bridge Aerodynamics, 235-253.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


