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Abstract: We studied the problem of bifurcation and chaos in a 4-side fixed rectangular thin plate in electromagnetic and me-
chanical fields. Based on the basic nonlinear electro-magneto-elastic motion equations for a rectangular thin plate and the ex-
pressions of electromagnetic forces, the vibration equations are derived for the mechanical loading in a steady transverse magnetic
field. Using the Melnikov function method, the criteria are obtained for chaos motion to exist as demonstrated by the Smale
horseshoe mapping. The vibration equations are solved numerically by a fourth-order Runge-Kutta method. Its bifurcation dia-
gram, Lyapunov exponent diagram, displacement wave diagram, phase diagram and Poincare section diagram are obtained.
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INTRODUCTION

The rectangular thin plates are widely used in
engineering structures, such as machinery, shipbuild-
ing, aeronautic-astronautic, watercraft-hydropower,
and civil engineering. Usually, these thin plates work
under the conditions of mechanical fields, electro-

magnetic fields and thermal-elastic fields (Bai, 1996a).

Therefore, a full understanding of their dynamics is
crucial to developing high-tech constructions and
mechanisms, and a well study on the vibration of thin
plates coupled with various fields is very important.
Many scholars have done numerous studies of
the thermal-elastic coupling theory (Nowacki, 1975;
Chang and Wang, 1986; Trajkorski et al., 1999). The
exact solution for the simply supported multilayered
and functionally graded magneto-electro-elastic
plates was made by Pan (2001), Pan and Heyliger
(2002), Pan and Han (2005), and Wang et al.(2003).
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In recent years, chaos theory has been a newly
developed research subject (Chen, 1993; Huang,
2000). Although chaotic vibrations exhibited by
plates have been less analyzed, recently they have
been studied more intensively. Many scholars have
researched intense chaotic motion in all kinds of
components subjected to mechanical forces, and have
made great progress. Zhang et al.(2001) used the
Galerkin method to derive averaged equations from
the von Karman equation, and analyzed both local
and global bifurcations of a parametrically and ex-
ternally excited simply supported rectangular thin
plate. Awrejcewicz et al.(2003) analyzed bifurcation
and routes to chaos exhibited by thin plate strips.
Jump-like switching phenomena, series of bifurca-
tions, a route to chaos and various types of strange
chaotic attractors have been reported and discussed.
Awrejcewicz et al.(2004) reported the mechanism of
transition to chaos of deterministic systems with an
infinite number of degrees of freedom using the ex-
amples of paths for parametric vibrations of flexible
rectangular plates. Regular and chaotic vibrations and
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bifurcations of flexible plate strips with non-
symmetric boundary conditions were investigated
through the Bubnov-Galerkin and finite difference
method by Awrejcewicz et al.(2006). Some new
examples of the paths from regular to chaotic dy-
namics within chaotic dynamics were illustrated and
discussed by them. The phase transitions from chaos
to hyper chaos, and a novel phenomenon of a shift
from hyper chaos to hyperhyper chaos were reported
also. To the authors’ understanding, the study of bi-
furcation and chaos coupled with mechanical fields
and magneto-electro fields was rarely reported.

In our investigation of the nonlinear dynamics of
rectangular thin plates, we obtained a decoupled
modal form of equation of motion by the Galerkin’s
method for certain geometries and boundary condi-
tions. By this approach, we establish the modal
Duffing equation for a rectangular thin plate subject
to steady electromagnetic and mechanical loading in
the 4-side clamped boundary condition. In this paper,
the problem of bifurcation and chaos of a 4-side fixed
rectangular thin plate in electro-magnetic and me-
chanical fields is studied. Based on basic nonlinear
electro-magneto-elastic motion equations for rec-
tangular thin plates and expressions of electromag-
netic forces, the vibration equations of the rectangular
thin plate under the action of a mechanical field and a
steady transverse magnetic field are derived. By using
the Melnikov function method, the chaos condition
and limitation of the system under the condition of
Smale horseshoe map are given. Using the
fourth-order Runge-Kutta method the vibration
equations will be solved numerically. For some ex-
amples, the bifurcation diagram, the Lyapunov ex-
ponent diagram, the displacement wave diagram, the
phase diagram and the Poincare section diagram of
the system will be obtained. The influences of the
electromagnetic field and mechanical loads on the
system vibration will be analyzed. We illustrate thin
plate behaviors by numerical results in electro-
magnetic and mechanical vibrations.

EQUATIONS OF MOTION

Consider a rectangular thin plate in a steady
electromagnetic field B(B,, B, B.) and loaded by a

uniformly distributed mechanical force P(P, P,, P) .

In the right-angle Cartesian coordinate system (OXYZ),
OXY is the neutral plane, Z is its normal. By ignoring
influences such as thermal effects, polarization and
magnetization, and assuming that the electromagnetic
field intensities on and under the surface of the thin
plate are equal, the vibration equations of this elec-
tromagnetic-mechanical coupled thin plate can be
written as follows (Xu, 1988; Bai, 1996b):
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where N, N,, Ny, are the elements of the internal
force vector in the neutral layer of the thin plate; M,
M,, M, are the elements of the internal moment
vector in the neutral layer of the thin plate; w(x, y) is
the displacement in z direction of the neutral plate; P,
P», P; are the mechanical forces in z direction; 4 is the
thickness of the thin plate; p is the specific mass; O,
and @, are the internal forces of the flexible plate.

In Eq.(1), of1, pfs, pfs and m,, m, are Lorenz
forces and moments (Bai, 1996b), and they are writ-
ten as follows:
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where e,, e,, e. are the elements of electrical field
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intensity; £ is the modulus of elasticity; 7 is the time;
o is the electrical conductivity; B; is the electromag-
netic field intensity in z direction.

The stretch equations and geometry equations
are (Xu, 1988)

N, =D, (¢ +ve,), N, =D, (s, +ve),
N, =D,Q2(1-v)/2, M, =D,,(x, +Vk,),

M, =DM(K2 +VK1): M, =DM(1_V)T; 3)
ou 1(owY ov 1 5w2
g =—+—|—|,6,=—+=| —|,
ox 2\ ox oy 2\ oy
o*w *w
e T T
2
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where Dy is the extensional rigidity of the plate, Dy, is
the flexural rigidity of the plate, v is the Poisson’s
ratio.

By substituting Eqs.(2)~(4) into Eq.(1), ignoring
inertial effects and considering its nonlinear geometry,
the simplified vibration equations of the thin plate can
be written as follows:
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The schematic diagram for a 4-side clamped
rectangular thin plate loaded in the transverse steady

electromagnetic field B(0,0, B.) and transverse uni-

formly distributed mechanical force P(0,0,P) is

shown in Fig.1.

Fig.1 Model of thin rectangular plate

The boundary conditions are

w(0,y) =w(a,y) =0,

awl o _ow o,
ax |(0,y) ox|(ay)
w(x,0) =w(x,b) =0,
o = o =0. (6)
y |(x,0) 0y |(x,b)
Assuming that the solution of Eq.(5) is
W (x,y,1) = p()w(x, y), (7)

where w(x,y) is the first order dominant mode of vi-
bration given by

ooz o427

3
The mechanical loads are assumed two kinds:

(i) P, = pcos(ar), (9a)

(i) B=p {1 —cos (2—nxﬂ {1 —cos [2—nyﬂ cos(wt),
a b

(9b)

where p is the amplitude of the mechanical load.

Substituting Eqs.(8) and Eq.(9a) or Eq.(9b) into
Eq.(5), we obtain Eq.(10a) and Eq.(10b); Integrating
Eq.(10) by the Galerkin’s method, we have Eq.(11a)
and Eq.(11b) as follows:
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Then Eq.(11) can be rewritten as

b+ up+ag+ ¢ — F cos(wt) = 0. (12)
Assuming
\/7415 T= \Ft
Lo u . B,
600 \/;’ 7 a’ f \/5 s

replacing 7 with ¢, and using the non-dimensional
method, Eq.(12) can be finally rewritten as

FHyX+x+x = f cos(w,t). (13)
MELNIKOV FUNCTION
Suppose X =Y, f=¢fi and y=¢y,, then the

equivalent form of Eq.(13) can be written as

{X:Y,
. (14)
Y ==X - X" +&(=0,Y + f, cos(a,t)).

When &=0, i.e., 0=0, y=0, Eq.(14) is an unper-
turbed Hamiltonian system as

X =Y,
: (15)
Y=-X-X°;

X=v=0,
Y=-X-X'=0.

From Eq.(16) we get the solutions for three fixed
points (1,0), (=1,0), and (0,0). Then we can obtain
two hetero-clinic orbital parameter equations

X,(¢) =*tanh (%t},
Y(t) = -FTsech2 [\/1, tj,

According to the Melnikov theory, if M;(t,)=0,
we have

(16)

i=1,2.  (17)

- 2 . (8)

0, u10)
' 3nw, csch( \/oncos(a)oto)

Since M(ty)#0, cos(anty)#xl, i.e., |cos(amnty)|<1,
chaos motion of Eq.(1) under Smale horseshoe map-
ping may take place when

o2

o,
' 3nw, csch(na)0

&)

NUMERICAL RESULTS AND ANALYSIS

We take a thin aluminum plate as an example
with the following parameters: 4=0.5x10" m,
£=2700 kg/m3, E=70 GPa, 1=0.33, 0=3.6x10’
(Q'm)", a=n/8 m, b=n/4 m, wy=1.

Then the non-dimensional parameters are calcu-
lated for the above values. The second order ordinary
differential equation (ODE) Eq.(13) is transformed to
the first order ODE, which are then solved by the
fourth-order Runge-Kutta method. In the following
numerical calculations, the sampling period is 300 rad
and the integral tolerance error is 10, In the simula-
tion, we begin to interpret the results of integral time
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response after repeating 800 times, which assures that
the dynamic response of the system has achieved a
steady state. These results include displacement, ve-
locity, mechanical load, time, and so on, which will be
used to plot the bifurcation diagram, phase diagram,
wave diagram of displacement, Poincare section dia-
gram and the Lyapunov exponent diagram.

1. Ps=pcos(at)

When ay=1 and B.=1 T, we can obtain the global
bifurcation diagram and the homologous Lyapunov
exponent diagram of the thin plate system by modu-
lating the value of p from 250 to 270 N/m?, as shown
in Figs.2 and 3. From these figures, it can be found
that the system changes alternately between a state of
periodic motion and chaos when the value of p is
escalating. Figs.4~6 show the Poincare section dia-
gram, the phase diagram and the wave diagram of
displacement of the system with different values of p.
For example, the system is in a chaotic motion state
when p=252 N/m’, but it is in a periodic state when
p=256 N/m’, and it is in a chaotic motion state again
when the value of p increases to 266 N/m’. This is a
representative characteristic of the chaotic motion for
the nonlinear system.

Displacement (mm)

Fig.2 Bifurcation diagram (a=1, B,=1T)
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Fig.3 Lyapunov exponent diagram (a=1, B,=1 T)
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Fig.4 Poincare map (a), phase diagram (b) and wave
diagram (c) of displacement (p=252 N/m?)
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Fig.5 Poincare map (a), phase diagram (b) and
wave diagram (c) of displacement (p=256 N/m?)
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Fig.6 Poincare map (a), phase diagram (b) and wave
diagram (c) of displacement (p=266 N/m?)

We can obtain the global bifurcation diagram
and homologous Lyapunov exponent diagram of the
thin plate system by modulating the value of B, from
0 to 2 T, as shown in Figs.7 and 8, taking a»=1 and
p=258 N/m’. The figures show that the electromag-
netic intensity B. has an obvious influence on the
motion state of the system. Reducing B, (less than 1
T), the system is in a chaotic motion state. Figs.9 and
10 denote the Poincare section diagram, the phase
diagram and the wave diagram of displacement of the
system with different values of B.. So the value of B,
must be not too small if we want to eliminate the
influence of B, on chaotic motion for this system.

When p=258 N/m* and B,=1.0 T, we can obtain
the global bifurcation diagram of the thin plate system

by modulating the value of @y from 0.7 to 1.5 (Fig.11).

It shows that the value of @y has a global influence on
the motion state of the system. The system changes
alternately between periodic motion and chaotic mo-
tion as the value of ay increases. Figs.12~14 show the
Poincare section diagram, phase diagram and wave
diagram of displacement for this system with differ-
ent values of .
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B.(T)
Fig.7 Bifurcation diagram (=1, p=258 N/m?)
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Fig.8 Lyapunov exponent diagram (=1, p=258 N/m?)
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Fig.9 Poincare map (a), phase diagram (b) and wave
diagram (c) of displacement (B,=0.5 T)
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Fig.10 Poincare map (a), phase diagram (b) and wave
diagram (c) of displacement (B8,=1.2 T)

Displacement (mm)

-2l t
0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 1.4 15
a
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The only difference between Eqgs.(11a) and (11b)
is the coefficient of p. The global bifurcation and the
homologous Lyapunov exponent of the thin plate
system are investigated. Firstly we get Figs.15 and 16
by modulating the value of p from 175 to 210 N/m™.
Secondly we draw Figs.17 and 18 by modulating the
value of @y from 0.4 to 1.6. Finally Figs.19 and 20 are
obtained by modulating the value of B, from

0.1833
0.1833 |

Velocity (mm/s)

0.1833 }

41931 41931 41931  4.1931

-10

Velocity (mm/s)

Displacement (mm)

Fig.12 Poincare map (a), phase diagram (b) and wave

0.1833 |
0.1833 |
0.1833 |

Displacement (mm)

@

:|/ W\

—5F

|.
AN 2/

5-4-3-2-10 12 3 4 5

Displacement (mm)

W

1980 1990 2000 2010

Time (s)
()

diagram (c) of displacement (a=0.85)

15

Velocity (mm/s)

0 1 2 3 4 5 6

Velocity (mm/s)

(a)

6 4 2 0 2 4 6

(b)

Displacement (mm)

Fig.13 Poincare map (a), phase diagram (b) and

2100 2300 2500 2700 2900

Time (s)
()

wave diagram (c) of displacement (a=1.0)

69



70

—0.0696

—0.0696 |

Velocity (mm/s)

—0.0696

Displacement (mm)

Fig.15 Bifurcation diagram (a=1.0, B.=1.0 T)

Displacement (mm)

Fig.17 Bifurcation diagram (p=100 N/m’?, B=1.0T)

Displacement (mm)

Fig.19 Bifurcation diagram (wy=1.0, p=100 N/m?)

—0.0696 |
—0.0696 |

—0.0696 |

Zhu et al. / J Zhejiang Univ Sci A 2009 10(1):62-71

2.0216 2.0216 2.0216 2.0216 2.0216
Displacement (mm)

(@

Velocity (mm/s)

-3

-1 1 3
Displacement (mm)

(b)

Displacement (mm)

(=)

2910 2920 2930 2940 2950 2960

Time (s)

(©

Fig.14 Poincare map (a), phase diagram (b) and wave diagram (c) of displacement (&)=1.3)

S = N W A LN

b oL

p (N/m)

175 180 185 190 195 200 205 210

_8 L 1 1 1 I 1 1
04 06 08 1.0 1.2 14 1.6 1.8 2.0

2]

0.8
B.(T)

0.20

0.15F

Lyapunov exponent

—-0.05

175

180 185 190 195 200 205 210

p (N/m’)

Fig.16 Lyapunov exponent diagram (ay=1.0, B.=1.0 T)

0.14

0.12
0.10
0.08

0.04
0.02
0

Lyapunov exponent

i

0.06 \

|
| ;_i‘ H -

1

i
|

Ly A
M
|

=

.02 : :
04 06 08 1.0 12 1.4 1.6 1.8 2.0

[

Fig.18 Lyapunov exponent diagram (p=100 N/m?, B=1.0T)

0.12

0.08
0.06
0.04
0.02

Lyapunov exponent

0.10 [
u

—0.02
0

0.4

0.8 1.2 1.6

B.(T)

2.0

Fig.20 Lyapunov exponent diagram (ay=1.0, p=100 N/m?)



Zhu et al. / J Zhejiang Univ Sci A 2009 10(1):62-71 7

0 to 2 T. It can be found that the system always
changes alternately between periodic motion and
chaotic motion in the three cases.

CONCLUSION

The vibration equations for the rectangular thin
plate in electromagnetic and mechanical fields are
obviously non-linear. When the amplitude p and
frequency @y of mechanical load are changed, the
system’s motion characteristics are comparatively
complicated with two different kinds of incentive
loads ps3, and the system would change alternately
between periodic motion and chaotic motion. The
electromagnetic intensity B, has an obvious influence
on the motion state of the system. Since the system is
in chaotic motion as B, is reduced (less than 1 T), the
value of B, must not be too small if it needs to
eliminate the influence of B, on chaotic motion in this
system. Thus, we can control the oscillation charac-
teristics of the thin plate system and make the system
to turn chaotic motion or to avoid chaos by modu-
lating the mechanical loading, exciting the force
frequency and electromagnetic parameters. It pro-
vides some values for the engineering design and
safety.

References

Awrejcewicz, J., Krysko, V.A., Narkaitis, GG, 2003. Bifurca-
tions of a thin plate-strip excited transversally and axially.
Nonlinear Dynamics, 32(2):187-209. [doi:10.1023/A:
1024458814785]

Awrejcewicz, J., Krysko, V.A., Krysko, A.V., 2004. Complex
parametric vibrations of flexible rectangular plates. Me-
chanicals, 39(3):221-244.

Awrejcewicz, J., Krysko, V.A., Narkaitis, G.G., 2006. Nonlin-
ear vibration and characteristics of flexible plate-strips
with non-symmetric boundary conditions. Communica-
tions in Nonlinear Science and Numerical Simulation,

11(1):95-124. [doi:10.1016/j.cnscn.2003.11.002]

Bai, X.Z., 1996a. Magnetoelasticity, thermal-magneto-
elasticity and their applications. Advances in Mechani-
cals, 26(3):389-406 (in Chinese).

Bai, X.Z., 1996b. Basic Elastic-magnetic Theory of Plate and
Shell. Machinery Industry Publishing House, Beijing (in
Chinese).

Chang, W.P., Wang, S.M., 1986. Thermo-mechanicalally cou-
pled nonlinear vibration of plates. International Journal
of Non-Linear Mechanics, 21(5):375-389. [doi:10.1016/
0020-7462(86)90021-1]

Chen, Y.S., 1993. Bifurcation and Chaos Theory of Nonlinear
Oscillation System. Higher Education Publishing House,
Beijing (in Chinese).

Huang, R.S., 2000. Chaos and Application. Wuhan University
Publishing Company, Wuhan (in Chinese).

Nowacki, W., 1975. Dynamic Problems of Thermo-elasticity.
Sijthoff and Noordhoff International Publishers, Leyden,
p.123-262.

Pan, E., 2001. Exact solution for simply supported and multi-
layered magneto-electro-clastic plate. ASME Journal of
Applied Mechanicals, 68:608-618.

Pan, E., Heyliger, P.R., 2002. Free vibrations of simply sup-
ported and multilayered magneto-electro-elastic plates.
Journal of Sound and Vibration, 252(3):429-442. [doi:10.
1006/jsvi.2001.3693]

Pan, E., Han, F., 2005. Exact solution for functionally graded
and layered magneto-electro-clastic plates. International
Journal of Engineering Science, 43(3-4):321-339.
[doi:10.1016/j.ijlengsci.2004.09.006]

Trajkorski, D., Cukic, R., 1999. A coupled problem of ther-
mo-elastic vibrations of a circular plate with exact
boundary conditions. Mechanics Research Communica-
tions,  26(2):217-224.  [doi:10.1016/S0093-6413(99)
00016-6]

Wang, J.G,, Chen, L.F., Fang, S.S., 2003. State vector approach
to analysis of multilayered magneto-electro-elastic plates.
International ~ Journal of Solids and Structures,
40(7):1669-1680. [doi:10.1016/S0020-7683(03)00027-1]

Xu, Z.L., 1988. Elasticity. Higher Education Publishing House,
Beijing (in Chinese).

Zhang, W., Liu, Z.M, Yu, P., 2001. Global dynamics of a pa-
rametrically and externally excited thin plate. Nonlinear
Dynamics, 24(3):245-268. [doi:10.1023/A:10083817188
39]




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

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


