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Abstract

The paper deals with the comparative analysis of
stability of the torque-free rotation of a rigid body and
a solid with internal dissipation. It is shown that the
dissipation-induced instability has a critical influence
on stability of the rotating body. Lyapunov’s
approach to stability is demonstrated to be very
sensitive to the mechanical model considered. This
weak side of Lyapunov’s approach can be overcome
by means of introducing the concept of the dissipative
rigid body. On some examples we demonstrate as to
how the dissipation in a rigid body is introduced and
the equations of motion are derived. These equations
allow one to study both stability and the evolutional
dynamics of weakly-damped mechanical systems.
The meta-accelerations (the third time derivatives of
displacements and rotation angles) are shown to be of
a crucial importance for the entire analysis.
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1 Introduction: statement of the problem

The majority of problems of analytical mechanics
and stability of motion deals with the mathematical
models of the conservative and non-conservative
problems. Such a division of the systems into two
classes is caused by the goal of the analysis and the
time interval of the dynamic process. For instance, in
the mechanical theory of vibration the duration of the
oscillational process is usually estimated at the
number of oscillation » of the fundamental frequency

within the limits 1< 7 <10”. Within these limits the
role of the dissipative factors is secondary and it can
be often neglected when constructing an appropriate
conservative model. Even if the damping is taken into
account then the damping is modeled by an external
(surface) friction which is proportional to the first,
second or zeroth power of the relative velocity.
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For the problems of stability of motion
10> <n<10°—-10° is typical. For such considerable
time intervals the very usage of the conservative
models becomes rather problematical since even
arbitrary small dissipative forces have a “secular”
influence on the system motion due to a permanent
reduction of the mechanical energy of the system.
This influence is especially clear observable in the
problems of celestial mechanics and astronautics. In
these problems there is no external friction and the
only dissipative factor is the internal damping
resulting in the evolutional effect upon the dynamic
behaviour of the celestial objects and stability of their
stationary motion. First of all such an “evolutional
dynamics” is typical for the rotational motion of the
celestial objects. Therefore consideration of the
internal damping becomes the governing factor in the
stability problems and requires developing the
adequate mathematical models. This is the main
objective of the present paper.

2 Stability of rotation of a torque-free dissipative
solid

It is well-known that rotation of a rigid body about
the axes of minimum and maximum moment of
inertia is. The engineering experience contradicts the
above theoretical results. The first American satellite
Explorer 1 launched in 1958 was designed as a minor
axis spinner. Nevertheless the minor axis spin became
unstable and the satellite went into a flat rotation after
a few hours. It is clear that in the case of no external
forces and no external dissipation, only internal
energy dissipation affects the theoretical results. A
qualitative explanation for this effect is as follows.
The angular momentum is conserved during the
whole rotation, i.e. for both minor and major axis
rotation we have

'=0_’0=0_°07. (2.1)
However the major axis rotation has a lower kinetic



energy than the minor axis rotation since
L2 L2
27,=0,,Q,°'=——<2T,=0,_,Q°=—.(2.2)
max min
Hence any dissipation brings the rotating body with
the same angular momentum into the rotation with the
minimum energy which is the major axis spin.
Nowadays this design regulation is referred to as the
major-axis-rule and the instability of Explorer 1 is
considered as a classical example of the internal-
dissipation-induced instability.
Let us consider a solid of volume ¥ and surface s .
We study stability of rotation about the third axis, that

is, the unperturbed motion is
®, =w, =0,w, =Q = const whereas the unperturbed
motion  is W =&,0,=8&,,0, =Q+¢&,. The

differential form of conservation of the angular
momentum is given by

Lz—jrxvpdV Irxde+Irxfds—0 2.3)

Here p denotes the mass den51ty, k and f are the

volume and surface forces, r and v are the position
vector and the velocity vector. However the kinetic
energy is not invariant under rotation. The dissipation
in the solid is governed by the law of change in the
kinetic energy

T':il'[v-vpdV =
di 2 (2.4)
—jv de+‘[ -£dS - J“r edV #0,
v
where T is the Cauchy (true) stress tensor and € is
the tensor of the strain rate.
Let us prove that the rotation about the axis of the
maximum moment of inertia (@, =6, ) is stable. An

max

appropriate Lyapunov function is as follows

2
V= %[TR +T,+U, T, (Q)] +20,T,~ =

2
=%[TR +T, 4+ U, ~T, ()] + (2.5)

+06, (6, —@1)512 +0, (6, —@2)522 .
Here the subscripts D and R refer to the deformable
and rigid body parts of the corresponding quantity, for
instance 7, denotes the kinetic energy of the rigid
body motion of the solid and U,

energy of the solid. This Lyapunov function is
positive definite as it immediately follows from eq.
(2.5). The time derivative

is the internal

V= [@gl +0,8, + 0., (&, +2Q)+ 6

+2(TD +U,) (7, +U,)
is negative semidefinite for any solid with dissipation.
The inequality (7,+U,)=-d<0 (d=0 is the
power of dissipated mechanical energy) holds by
virtue of the first and second laws of thermodynamics

for a load-free and thermally insulated solid with the
internal  dissipation. Then according to the

dissipativity principle for the systems with distributed
parameters, [Khalil, 2002; van der Schaft, 2000], this
rotation is stable.

In order to show that rotation about the axis of
minimum moment of inertia (®, =@ _, ) is unstable

we apply Chetaev‘s theorem of instability. Let us take
the following Lyapunov function

2
V= —%[TR +T,+U, T (Q)] + I -20,T, =

2
—%[TR +T,+U, ~T, ()] + Q2.7)

+6,(6,-0,)sl +06,(0,-6,)s’.

The time derivative is
2

. K
V=——|0e&*+0,c +c (&, +2Q)+
Q2|: 1¢1 2¢2 3(3 ) (2.8)

+2(TD+UD)](TD+UD)> 0.

The conditions of Chetaev‘s theorem are fulfilled for
small values of «, since total time derivative is

positive definite along every trajectory (i.e. ¥ >0 for
(T " +U, ) =-d <0) and the function itself assumes

positive values (i.e. V' >0) for some arbitrary small
values of the state variables. Thus the minor axis spin
is unstable and the solid under consideration tends to
the only stable invariant set which is the major axis
spin. It is well known from the astronomy that any
planet rotates about the axis of the maximum moment
of inertia. In particular, the Earth is a major axis
spinner because it is a geoid, i.e. a spheroid with the
oblateness [Lurie, 2002]
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This example demonstrates the strong and weak
sides of Lyapunov’s approach. The merit is that there
is no need to solve the system of nonlinear differential
equations in order to judge the system stability. The
shortcoming is also evident. The Lyapunov approach
to stability provides one with a very categorical
judgment: stable or unstable. This judgment is
extremely sensitive to the model chosen. Some
changes in the model may have no influence on the
judgment, however some other changes may affect
the stability judgment and lead to the opposite
conclusion. The example with the internal dissipation
has clearly demonstrated this drastic change.

Another way of judging the stability is obtaining the
solution for free rotation of the deformable body with
internal dissipation. The initial-value problem should
be solved in the framework of the geometrically
nonlinear continuum mechanics for arbitrary initial
conditions and the solution obtained should be
analysed from a perspective of stability of the rigid
body rotation. This is a challenging problem and the
very interpretation of the result presents a problem.
An alternative approach accounting for a much
simpler analysis is suggested in what follows.



3 Concept of the dissipative rigid body

Chronologically, the first model of the rigid body
was constructed by L. Euler in 1765. The model of
the deformable body was developed by O. Cauchy in
the middle of XIX century. Both models are
conservative. The first non-conservative models
(Kelvin-Voigt body, Prandtl body etc. referred to as
the rheological bodies) appeared only in XX century.
These models are schematically presented in Table 1.

Table 1. Models of rigid and deformable bodies

rigid body deformable
body (solid)
conservative Euler’s Cauchy’s model
model model
non-conservative rheological
model body

The empty cell of this table puts a thought about a
possible existence of such a model of the rigid body
which differs from Euler’s model only in presence of
internal dissipation. Natural and artificial space
objects can serve as real prototypes of this model. The
instability of Explorer 1 discussed above shows that
such objects do not exhibit the conservative torque-
free rotation about the center of mass.

A qualitative difference of the permanent rotation of
a rigid body from any other rotation (for example, a
precession) consists in that the permanent rotation
with a stationary field of the relative acceleration
causes a stationary field of internal forces. Any other
rotation results in a nonstationary field of internal
forces, this field yielding internal microdisplacements
and thus the internal dissipation of energy. Clearly,
for an adequate description of the process one can
make use of the viscoelastic model by introducing
internal degrees of freedom. This way is rather
broadly presented in the literature, see e.g.
[Chernousko, 1968], however it complicates the
mathematical model of the object. A possible
alternative is the concept of the dissipative rigid body
which implies using Euler’s dynamic equations with
the dissipative terms. A similar concept known as the
“dissipative material particle” (a particle with the
restitution coefficient) is widely used in mechanics.
The dissipative rigid body possesses a more
complicated structure and thus more complex
dynamic behaviour. For example it can be treated as a
massless rigid framework filled by a granular medium
whose particles execute microdisplacements relative
to the rigid framework. These microdisplacements can
result in microscopic changes in the inertial properties
of the body, e.g. the displacement of the center of
mass in the field of external gravitational forces. As
shown above this subtle effect can play the key role in
the problem of stability of the relative motion of the
celestial bodies. However this effect can also be
observed on example of the simple pendulum
provided that the corresponding function of internal
dissipation is constructed.

4 Construction of the function of internal
dissipation

The Rayleigh dissipative function
Sl
R—E‘Lq Bqds (4.1)

is widely used in analytical mechanics [Lurie, 2002]
and is the generating function for the viscous forces of
the external (surface) friction. Here ¢ denotes the

column of the generalised relative velocities, B is the
matrix of coefficients of viscous resistance and the
integration is carried out over the frictional surfaces .
From a mechanical perspective R expresses the
power of the dissipative forces of external friction.
Let us now proceed to construction of the
dissipative function for the force of internal
(volumetric) friction which would reflect the
dependence on the general character of the body
motion. To this end, we select an elementary volume
dV in the body. Let dS denote the power of the
dissipative force in this volume. If the dissipative
force N (or the corresponding stresses) is constant in
the local reference frame then the relative
microdisplacements of volume dV corresponding to
these stresses are also constant and thus no dissipation
of the mechanical energy takes place. This is the case
of the permanent rotation without external
gravitational forces with a constant axipetal
acceleration. If the relative acceleration in volume
dV is time-dependent, then force N, and, in turn,

displacement u, are also time-dependent. Expressing
the elementary power dS as a quadratic form of the
relative velocities W, and assuming that u, ~ N, we
arrive at the following result

ds = %N,TBN,dV . (4.2)

Here B is a positive definite (or positive
semidefinite) matrix of the dissipative coefficients.
Integration over the dissipative volume yields

Ll o
S=2 [ NBN,av (4.3)

where N denotes the column of the time-derivative

of the internal forces caused by the inertia forces of
the rotating body and the forces of external
gravitational field (if it exists).

As one can see from eq. (4.2) the internal
dissipation is absent in three cases: (i) permanent
rotation, (ii) translation with a constant acceleration
and (iii) spiral motion with a constant angular velocity
directed along the vector of uniformly accelerated
motion. Only the first regime is of the practical
importance since it is the limiting case of rotation for
majority of the celestial bodies.

To illustrate constructing and using the dissipative
function S we consider a number of simple problems
of classical mechanics of pendulum systems.



5 Evolutional dynamics of the spherical pendulum

The spherical pendulum exhibits rich dynamics. In
order to construct the evolutional mathematical model
we use the dissipative function (4.3) and present the
force of the thread tension N as a function of the
phase variables x, y,x, y . Restricting ourselves by the

quadratic approximation we can write

N, =?[(x2+y'2)—k2 (47 =1)],

N, :Tm[(xx—i-yy)—k2 (xx-i—yy)}, 5.D
S= %ﬂ]\?f - 2m7b[(xx+y'y)—k2 (xi+9)] .
The evolutional dynamic equations (without

conservative nonlinearities) take the form

k== Sy () (5 35) - (i 07)

y+k2y=—% = v (5= K7y )[ (& + 35) ~k* (k4 ) |,

2

v =4ﬁ'7—2. (5.2)

It is easy to prove that the angular momentum is
conserved. To this aim, we multiply the first and
second equations by x and y respectively. The

subtraction yields the following result

(= g)" = —v (sy— ) [ (i + 3) — &° (xic+ 37) |
(5.3)

which means (xy—yx) =0 or L =xy—yx=const.

Instead of the energy

dissipative relation

2E=[ ¥ +82 [ +[ 7 +k) [ =450, (54)
which determines the rate of the thread ,,heating*.
In order to construct the simpler evolutional

equations one should calculate function S on the
unperturbed motion. The result is

integral we obtain the

S :8’”Tbk4 [xi+ 5] (5.5)
and the equations of motion take the form
¥+k2x = —4vkix(xx+ ),
( ) (5.6)

V+kty= —4vk4y(x5c+yj/).
For constructing the solution let us introduce a
complex variable w = x+iy. This allows us to set the
solution of the later equations in the form

LgP = el (|A|2 _éj,iuaf I8 (|B|2 +£j.
dt k) dt k
Integration gives the following expressions
AP _L Dexp(-«Lt/k)
k Dexp(-xLt/k)-1"
| |2 _ L 1
k Dexp(—«Lt/k)-1"

with D being the integration constant. We see that
| 4| tends to zero whereas |B| tends to a finite value

(5.7)

as time passes. At |4l — 0 the ellipse is transformed
into a circle of radius a, the area being equal to the
area of osculating ellipse. The evolutional motion of
the apex of the spherical pendulum is portrayed in
Fig. 1. The process of evolution is seen to have
irreversible  character. A peculiar ,,nonlinear
superposition” of the processes of precession and
evolution occurs which results in that the osculating
ellipse precesses and slowly transforms into a circle.

t=0

I
1 0.8 06 0.4 0.2 0 02 0.4 06 08 1

Figure 1 Evolutional motion of the apex of the
spherical pendulum.

6 Evolutional equations of Euler’s motion of the
rigid body

Let us now proceed to the classical problem of the
rigid body dynamics which is a torque-free rotation.
The field of the acceleration w in the rotating rigid
body is known to be given by the matrix formula
[Lurie, 2002]

w=Gr, 6.1)
where r=[x,,z] is the position vector of a point

about the centre of mass and G is the quadratic
matrix of acceleration at this point

2 2 . .
-0, -, O0-0, O0,+0,
_ . 2 2 .
G=|oo +o, -0,-0 oo -0l..2)
. . 2 2
O0 -0, O,0,+0 —O —,

Indices 1,2,3 denote the principal axes of inertia. The
dissipative function is convenient to be written as a
quadratic form in W, which we refer to as the meta-
acceleration,

R Ll regp
S_EJVW BwpdV—Eer G GrpdV

= % B[ ' Drpav = (6.3)

1
=3 ﬂ(D”jV ¥’ pdV + Dy, [ ¥ pdV +D, .[szpdV).

Here B = SE,D=G’G (E is the unity matrix) and
D, = 4(a)2d)2 + 0,0, )2 Jr(cb3 + 0,0, + 0,0, )2 +
(6.4)
+(—c'z')2 + 0, 0, + 0,0, )2

and D,,,D,, are obtained from the latter equation by



a circular permutation of the indices. Taking time
derivative of G yields the following formula for the
dissipative functions

S=8+8,+S,, (6.5)

where

S, :@é[m i, (0,0, +0,0,)+ (6.6)
+40,0, (0,6, - 0,0, )+ 26, (0,0, +o,0; ) -
26, (0,6, + 0,0, )+ 3 + (0,0, + 0,0, )ZJ

and §,,S, are obtained from the latter equation by a

circular permutation of the indices. In order to derive
the dynamic equations for the dissipative Euler
motion we substitute S, eq. (6.5), in the system

0,0, +(0, -0,)w,0, =-0S / dw,,
0,0, +(6, -0, w0, =-0S/dw, (6.7)
0,0, +(0, -0, )w,w, =—0S / dw,

and obtain the first equation

O, +(0, -6, ) w,0, = —,H{wl (40,07 + 0,07 +0,07 )

+ay [ 0,0, (20,+20, -0, )+ m,0, (20, +20, -0, |
+(0,-0,)d,d, +(0,-0,)d,d, }, (6.8)

with the second and third equations being obtained
from it by a circular permutation of the indices.

The equations are seen to contain the meta-
accelerations, which are the second derivatives of the
angular velocities or the third derivatives of the angle
of rotation. They are normally absent in the equations
of dynamics and their appearance is connected with
that the internal degrees of freedom are not explicitly
introduced. The dissipative coefficient f is very

small and this fact gives rise to considerable
complications for numerical simulation of the
evolutional regimes. Nevertheless the correct study of
stability of the weakly-dissipative solids requires
account for the evolutional effects.

7 Conclusions

Stability and evolutional dynamics of rigid and
deformable bodies are studied. We suggested the
Lyapunov functions, which ensure stability of the
free-torque rotation of a rigid body about the axes of
the minimum and maximum moments of inertia. The
Lyapunov approach to description of stability of a
mechanical system is shown to be very sensitive to
the model chosen. If one assumes that the system
under consideration is deformable and dissipative,
then the minor axis spin is no longer stable. This
sensitivity represents a weak side of Lyapunov’s
approach and can be overcome by means of
introducing the concept of the dissipative rigid body.
By virtue of some examples we demonstrated as to
how the dissipation in a rigid body is introduced and
the equations of motion for these systems are derived.
These equations stress the role of meta-acceleration in
stability and the evolutional dynamics of the weakly-
damped mechanical systems.

Acknowledgement
The second author acknowledges a financial support
of Alexander von Humboldt Foundation, Germany.

References

Chernousko, F.L. (1968). Motion of a Rigid Body with
Cavities Filled by a Viscous Fluid (in Russian).
Moscow: Publishers of the Computational Center of
the USSR Academy of Sciences, 278 p.

Khalil, H.K. (2002). Nonlinear Systems, 3rd ed.
Upper Saddle River: Prentice Hall, 750 p.

Lurie, A.I. (2002). Analytical Mechanics. Berlin-
Heidelberg: Springer-Verlag, 864p.

van der Schaft, A.J. (2000). L,-Gain and Passivity

Techniques in Nonlinear Control, 2nd ed. London:

Springer-Verlag, 249 p.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


