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Abstract A vibration model for the stator of traveling wave
type ultrasonic motors has been presented using Kirchhoff
plate theory. In this model, the vibration equation influ-
enced by electric field is established based on the geometric
equations, the constitutive equations and the balanced
equations for the structure. This electric field distribution
is assumed based on Maxwell equation. Shearing deforma-
tion, rotary inertia and damping of the piezoelectric ceramic
are been taken into account. Firstly, the dynamics of the
stator is discussed. The mode of the stator is derived and
validated by comparing the resonant frequencies and modal
shapes with those by finite element analysis. Then, the
effect of the piezoelectric ceramic damping is also
discussed. Finally, The friction layer is simplified as the
axial spring. Using modal shapes as the weight function,
the analytic solution under the forced vibration for the
stator is computed by Galerkin method. The theoretical
model and its analytic solution in this paper contribute to
simplifying the model for the parametric study and
understanding the vibration between the stator and the
rotor.

Keywords Ultrasonic motor - Analytical solution -
Kirchhoff plate - Non-linear vibration
1 Introduction

Ultrasonic motors use inverse piezoelectric effect to achieve
the purpose of transform of electric energy and mechanical
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energy. Compared with the traditional electromagnetic
motors, ultrasonic motors have many useful features such
as high holding torque, high torque at low speed, quiet
operation, simple structure, compactness in size and no
electromagnetic interferences. They can be used in the
fields of astronautics, medicine, the robot, and so on.
There are two methods of dynamical modeling of
traveling wave type ultrasonic motors, the equivalent circuit
modeling and the analytical modeling of structural dynam-
ics. The analytical modeling includes finite element
modeling and analytical modeling based on the plane
theory. Equivalent circuit modeling can intuitionally reflect
the running mechanism of ultrasonic motors. However, it
can not depict the quantity of energy transport for ultrasonic
motors. Finite element method can be used to establish the
dynamic model of ultrasonic motors and it can effectively
depict the quantity of energy transport. However, it can’t
get the analytic relationship between the elements of
structures. Analytical modeling based on the plate theory
can get the analytic solution of dynamic model and analytic
expression for the elements of structures. So it can be used
in the qualitative analysis of the dynamics of motors.
Analytical modeling based on the plane theory has been
the subject of extensive research all over world. Takano
et al. [1], Hagedorn and Wallaschek [2], Yang and Que [3],
Friend and Stutts [4] used the annular plate theory to
research the dynamics of traveling wave type ultrasonic
motors. In their studies, shearing deformation, rotary inertia
was neglected and piezoelectric-coupled effect and the
laminated nature of the stator have not been modeled
completely. Hagood and McFarland [5] used the laminated
annular thin plate with clamped boundary condition at the
inner edge and free boundary condition at the outer edge to
establish the dynamic model of stator. They assumed that
the distribution of electric potential is uniform in the
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thickness direction, which violate static electricity Maxwell
Equation. In above modeling, just Friend and Stutts studied
the effect of the structural damping.

In the present work, a model of the vibration for the
stator of traveling wave type ultrasonic motors have been
presented using Kirchhoff plate theory. In this model, the
vibration equation influenced by electric field is established
based on geometric equations, constitutive equations and
balanced equations for structures. The electric field contents
Maxwell equation. Shearing deformation, rotary inertia and
damping of the piezoelectric ceramic are been taken into
account. The concept of the mode of coupling vibration is
put forward and the formula used to calculate its frequency
of natural vibration is presented. The effect of friction layer
is discussed and the friction layer is simplified as the axial
spring. Galerkin method is used to calculate the analytical
solution of the vibration of stators.

2 Structural mechanical model of stator
2.1 Physical model

A stator consists of one host layer and one piezoelectric
layer. The host layer is a metallic plate. There are teeth on
the host layer. Taking no account of teeth, the stator is
considered as a laminated annular plate of constant
thickness showed in Fig. 1.

It supposed that the thickness of the host layer is A+
h1,, the thickness of the piezoelectric layer is /4, the inner
radius of annular plate is r, the outer radius is r,. As an
elastic structure, there is a neutral layer in the host layer,
which carves up the host to two sections. Their thicknesses
are i, and /4, respectively. The displacements of particles
on the neutral layer are only in the transverse direction. The
inner boundary of annular plate is clamped edge, and
the outer boundary is free edge. By Kirchhoff plate theory,

Fig. 1 Simple view of a stator

Host layer  z A

the displacements in radial, tangential and transverse
direction in stator can be expressed as

_ Ou,
T

__ou (1)
=% 5
u, = w(r,0,t)

In which w(7;,0,7) is the displacement of the particles in
transverse direction on neutral layer.

2.2 Geometrical equations

The kinematical fields in the host plate and piezoelectric
layer are given by

I Ou,
" or?
ou, u,
Ea__z<r8r+r2892) (2)

_ u. Ou,
0= A o000~ 200
2.3 Constitutive relations in the host plate

A stator consists of host and piezoelectric ceramic. There is
electric field in piezoelectric ceramic. Vibration for the host
will be created by electric field. Hence it contents the
constitutive relations and they are expressed as

E
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In which superscript S represents the variable in the host,
E and p are Young’s modulus and Poisson ratio of the
material.

From Eq. 3, we can get

s_ i &u, N % n O*u,
9T w? \ or? Foor TH r200°
s zFE Bzuz 8142 621/’2
== g 4
%0 1 —p? (,u or? * r0or + 206> )
oS zE Ou, B Ou;
O L4+ \rorod 1200

2.4 Balanced equations

According as Kirchhoff plate theory, the strain in transverse
direction is ignored, but the shear force must be thought
over. Otherwise, without taking account of the damping of
the host, it assumed that the damping of the piezoelectric
layer is proportion to the vibration velocity, and rate
coefficient of the damping is 7;. The balanced equations
in the host are expressed as

Jdo, n l 019 0,—0p OTs B ou, 0

or r 00 r 0z n o

1 80'9 8’7}9 27‘,,9 8’7’29 8u9

- 7Y —— = 5
0 o T T T 0 )
OT)- l OT¢: n Tr L Odo. L &*u. B

o " r a0 oz Par T

From Eq. 5, we can get

OM, | 1 OMy | M,—M, e ow g
G L, 2 ds = O
—h
%%4' ag{,g 2 — nlf—h—hlzaa#dz =0+ hl;fgépe — Py
90, | 199% | O h Pu g
Gttt GEdz=0
(6)

In which when the position (7,0,z) is in the host, n=0; when
the position (r,6,z) is in the piezoelectric layer, p=p;, n=n;.

Considering the effect of the friction layer, the friction
layer is simplified as the axial spring. Its coefficient of
elasticity is K.. The domain of friction layer is annular field
(r35r<r;).In this domain, the stator stands the axial
pressure P.(r,f) and circumferential shear force Py(r,?).
They can be expressed as

P(rt) = {Kz(wo 5) x: g 2 g (7)
Py(r, 1) = sign (g — v) foP-(r, 1) (8)

In which ¢ is the distance between the free interfaces of
the stator and the rotor. When the free interfaces of the rotor

on the upward side of the stator’s, § is a positive value. On
the opposition, it is a negative value. fp is the coefficient of
friction between the stator and the rotor.

3 Vibration and electricity coupling equation
3.1 Piezoelectric equations

Because of the piezoelectric ceramic is polarized in z-direction,
it is considered that electric displacements and electric
field intensities are non-zero in z direction only. It yields
D=(0 0 D.)" and E=(0 0 E.)". The second
kind of piezoelectric equations can be simplified as
D, = EzEz + e316, + e31€9
O’rE = —e31E, + Cﬁ&?r + C‘IE2€§
oy = —e3E- + Che, + Chyeg

E E E
Ty = 0.5(C1y = C3) e

©)

In which CE, CE, CL, are the reduce modules of
elasticity, =, e3; are the reduce dielectric coefficients, £,
D. are the electric field intensities and the electric
displacement in z direction.

= 0%u. Ou 0%u.
D, = Z.E, — 2(631 a7 T e31 .5 el W)

E _ E 0%u. E Ou E 0%u.
oy = —e3k; _Z(C11W+ Chavor + Clayagee

E E 0%u, E Ou. E 0%u, (10)
of = —esE, — z(c12 P 4 CE 2% 4 CE, rw)

E _ _ E _ (E\ (0. _ Ou
Trg = Z(Cn C12)(r8r69 r209)

Otherwise, the electric field intensities E and the electric

displacement D must contents Maxwell equation and it has
rotE =0

. (11)
divD =0

3.2 Electric field intensities of the piezoelectric layer

The electric field intensities are defined as the gradient of
the electromotive force V and it is expressed as

E = —gradV (r,0,z,t) (12)
which contents Eq. 9. Because the electric displacement is
non-zero in z direction only, the Maxwell equation can be
expressed as

oD,
=0 13
5 (13)
Substituting Eq. 10 into Eq. 13, it gives
dE'z 707 X
% — a(r,0,1) (14)

In which ag(r,0,t) = 2- Aw(r, 0, 7).
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Integrating Eq. 14 about variable z, it yields
EZ(I”, 0,z l) = E()(V, 0, l) + OéE(F, 0, l)(Z + hip + 05h2)
(15)

By Eqgs. 12 and 15, it yields the equation of the

electromotive force V as
— E()(Z + /’llz) +C

(16)

In which C is an independent constant with variable z.

i 1
V=— JEzdz = —EOZE(ZJrhlZ)(ZJrhlZ + hy)

3.3 Piezoelectric polarization

The electromotive force at the two piezoelectric poles is
correlative with its polarization. Figure 2 expresses as the
manner of the piezoelectric polarization of the $60
traveling wave type ultrasonic motor [6].

Figure 2 shows that there are two phases potential V (%),
Vy(f) on piezoelectric ceramic. The symbolic function of
the electromotive force on free surface of piezoelectric
ceramic is defined as

1 0 € positive.phase.A

w0)=1< 0 6 € phase.A (17)
-1 0 € positive.phase.A
1 0 € positive.phase.B

wp(0) =< 0 0 € phase.B (18)
-1 0 € positive.phase.B

The potential function on the piezoelectric ceramic is
expressed as

v(0,1) = T (0)V (1) (19)
In which &(0) = (24(0) 25(0))"s V(1) = (Va(t)
V(1)
Positive
(-] Negative
] Unpolarization

Fig. 2 The manner of the piezoelectric polarization

@ Springer

Boundary condition is

1. Adhesive surface

V(r7 03 _h127 [) =0 (20)
2. Non-adhesive surface
V(r,0,—(hiy + hy), 1) = " V(1) (21)

Substituting Eq. 16 into Egs. 20 and 21, it obtains

1
Ey = h—sstV(t), C=0 (22)
2
Substituting the equation into Eq. 16, it has
V= fO.ngzw(r, 0, t)(Z + hlz)(z + hip + hz)
h
BRIy 200 (23)
2

4 Vibration equations of the stator
4.1 Modal analysis of the stator

It is supposed that M,, My, M, are the bending and twisting
moments, O,, Qy are the transverse shearing forces. They
are defined as

(]\/[,,,Mg,M ): hl}lnz hz(O',,Jg,O',g)ZdZ

h (24)
(Q} ) Q@ = J‘ 1;”2 —Iy Tr27 T@z)d
From Egs. 24 and 6, it obtains
M, = =[(daw - 24, (2 + 2) + 4,V (1)
My = — [(dAw — 24, 2y +A2V(z)}
" 25
Mr 0 = 2Al (Vgrﬁv@ rde) ( )
Q = _d(?arAW—’_gDi()t
Q(') =7 [( WAW + r39A2V( )} + gr%é)gt
— e2
In which d = 5 o2z CF TR, 2l

hya hz (Z + h1p + 0. Shz)dz,

A = 0.5 (hu

2
T 1+p 7h12 dZ + O S(C

h
sz) J 7h1§7h222dz’

Ay = —e31(hi2 + 0.5h) D" ¢ =1, ((hn +hy)’ — h?z)o
The vibration equation is expressed as

0%u,

—h
dz+ .[—lz—lzlpz atz & (26)
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Substituting Eq. 25 into the equation mentioned above, it
has

2
dA W — cAw + Asw +p<W,W) = 2892A2V() (27)
In whichp(w, W) =~ 1hy 20 Ay = (hiy +hio)py
+hap,.

Equation 27 expresses the vibration equation affected by
electric field for the stator, where —r~2(0%/06%) A,V (¢) is
the force of the electric field, —nAw shows the effect of the
damping of piezoelectric ceramic, dA*w shows the mutual
effect on stator vibration and electric field. p(w, w) shows
the non-linear coupling effect between the stator and
friction layer on the rotor.

The corresponding boundary conditions are

(7179t) %:O (28)
r<r2797t) Qr<r27 ) =

Considering the free vibration system of stators, let A,V
(=0 and p(w7 w) = 0. Then the corresponding vibration
equation is expressed as

Suppose the solution of Eq. 29 is expressed as

W (r) sin (p8)el~

In which £ is damping ratio, w is vibration frequency, p
is wave number.
Substituting Eq. 30 into Eq. 29, it obtains

Eaotio)t

w(r,0,t) = (30)

dA*W — A3 (& + 1) W =0

SAW +26wAsW =0 G1)
In which A = grzz + @ —[;*j-
Define A* = % according to Eq. 31, it obtains
(AW —22) (AW +2%) =0 (32)

According to Eq. 32, it obtains the generic solution of
Eq. 29

w=[c1J, ()\r) + 2L, (Ar) + e3 Y, (Ar) + c4K, (Ar)]
sin (pf)el <+

(33)

In which J and Y are first and secondary kinds of Bessel
functions respectively, / and K are first and secondary kinds
of modified Bessel functions respectively.

dA*w — cAw + A3w =0 (29) Substituting Eq. 33 into Eq. 28, it obtains
Ac=0 (34)
In which
ajp(kr) lr=r a[po\r”r:m 0)]17(7"’)|r=r1 OKP(X") lr=r

B I AT TR WACYS RS & ACYS TR A0S [

0, (Jp(}"’) lr=r, 0O, (Ip(k”)) |r=r, Qr(Yp (}"’)) lr=r, 0, (Kp(k”)) -~

M, (JPO"”) lr=r, M, (Ip(Xr)) lr=r, M,(Y;,(?»r) lr=r, M, (Kp(Xr) lr=r,

o p? 4.2 Analytic solution of vibration of the stator

c=( & a a)iM [dA =241 (5= 75)]

0, =—-dlA+c(—E(+iw
operator.

If the Eq. 34 has a nonzero solution, the determinant of
the corresponding coefficient matrix must be zero. Define
the determinant of the coefficient matrix of Eq. 34 to be
zero and it obtains

a—ar, which are differential

det(2) =0 (35)

From Egs. 35 and 31, the natural frequency w and
damping coefficient £ of stators can be obtained. Then from
Eq. 34, modal shapes can be obtained, which the calculated
mode can reflect effect of electric field.

The corresponding modal shapes to the mode are
{W(r)cos (p6), W sin (p6)}, because the motor operates un-
der the Bog mode. Under the mode, the solution of Eq. 27 is

w = W(r)(acos (p0 — wt) + bsin (p — wt)) (36)

It satisfies the boundary condition 28.The Garlerkin method
is used to solve Eq. 27. Substitute Eq. 36 into Eq. 27 and
consider the form of weak solution of Eq. 27. We obtain
Ly f[j (dA2W — Aw+ Azw -+ p (w,w) ) W cos (0 — wi)rdrdddr

o o7 =2 AV (0)W cos (pf — wi)rdrdfd
Ly f,’z (dA2 — 2w+ Azw -+ p (w,w) ) W sin (p0 — wi)rdrd6ds

=L =2 AV ()W sin (p0 — wt)rdrddds

(37)
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Table 1 Physical parameters of the stator.

Attribute Host Piezoelectric ceramic
Ch =85.7x10°

Young’s modulus (N/m?) E=113x10° C, =247 x 10°
CE, =857 x 10°
5.=5.84x107°
e31=—20

Poisson ratio 1=0.28 1=0.22

Density (kg/m®) p=8760 p=7600

In which T is periodic.

Equation 37 is a algebraic equation including parameter
a and b. Though solving a and b, solution of weighted
residual of Eq. 27 can be obtained. Because of p (w, W) , the
equation above is not a linear algebraic equation. It is
difficult to solve it directly. In this paper, the model is equal
to an optimization problem.

Presetting the parameters a* and b*, then w=
W(r)(a* cos (p8 — wt) 4+ b*sin (p6 — wt)) is a function
about r,0,t. To the settled r,¢, in one periodic 27 of parameter
0, the interval (0,27) can be comparted into three parts, /, I»
and L, in which w—6>0 and uyp — v > 0 in I;; w—6>0 and
ug —v < 0in bL; w—6<0 in L.

Substitute these into Eq. 37, we can get

Ta- (27r§w2A3 J ”Wzdx+s>b: J fzwém(p) +A(p))dr

ry r

(27r§w2A3 J 'W2dx+5>a —Th= J

r

W () )
(38)

In which S =3 (|| — |b) [ fo K:pW?dr; T = 5 (||~
|12|)flf32f9th”i’7 W2dr

f (p,) = —0.5631(h12 + O.Shz)
Vp <O.S(Sin (pb) + sin (pby)) + é (—1Y sin (p@))
f2(p) = 0.5e31(h1 + 0.5h)

Vp (0.5(005 (p1) + cos (pby)) + g (—1Y cos (p@-))

DISFLACEMENT

Fig. 3 The mode By of the stator calculated by finite element method
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Fig. 4 The mode By of the stator calculated by analytical method

In which §; =%+ (G —1)§,/=1,2,...,9.

5 Numerical simulation
5.1 Modal analysis

In order to validate the algorithm of this paper, an annular
stator without teeth is discussed (Table 1). The external
diameter of the stator is 56 mm. The inner diameter is
44 mm. The thickness of the elastic structure is 1.5 mm.
The thickness of the piezoelectric ceramic is 0.5 mm. The
frequency and mode of vibration in the condition with no
damping are calculated by finite element method (Fig. 3)
and the method given by this paper (Fig. 4) respectively.

Table 2 shows the frequency of vibration of stator, as the
numbers of wave are 7, 8, 9 respectively.

Output efficiency of motors is low. One of the reasons is
the heat generated from the piezoelectric ceramic. The heat
of the piezoelectric ceramic is caused by high damping.
Hence, considering the effect of damping is an essential to
establish effective model of carrying energy. In this paper, a
vibration equation considering the effect of damping is
established. It is also used to discuss the damping’s effect
on vibration frequency.

In fact, firstly damping coefficient ¢ of the material is
certain. The damping ratio ¢ and frequency w can be

Table 2 Vibration frequency kHz.

Wave number p  Finite element This Error
method method (%)
p=17 12.894 12.225 -5.19
p=8 14.194 13.604 —4.16
p=9 15.747 15.716 —-0.20
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Damping ratio
Fig. 5 The relation between frequency of vibration and damping

confirmed by equation det(2) = 0 and AW = —2EwA; W .
The damping ratio £ and frequency w confirmed by the
method mentioned above are content to the equation
det(2A) = 0. Whereas, equation det(2() =0 only contains
variable ¢ and w. The relation between the frequency w and
damping ratio can be discussed by it. As the above stator
structure, Eq. 35 is used to ascertain the relation between the
frequency of vibration and damping ratio. Figure 5 shows the
relation between the frequency of vibration and damping
ratio about By, Bog and Bgg respectively.

Figure 5 expresses that when the damping ratio increases,
the frequency of vibration will decrease.

5.2 The stator vibration

If a* and b* are presetted, a and b can be obtained by
Eq. 38. Therefore, iterative method is used to solve Eq. 27
in the form of Eq. 36. Firstly, preset a; and b, then,

1. Let a*=ai, b*:bi;
2. Use Eq. 38 to obtain a and b; let a;1=a, by1=b.

Repeat the process above, sequence {a;b;} can be
obtained. If this sequence is convergent, the solution of
Eq. 27 is {a,b} = lim{a;, b;};

Table 3 Part of iterative value of {a;b;} unit pm.

, 10°®

S,-/m

A Y

Fig. 6 Amplitude of {a;b;}

If the sequence is not convergent, let {a,b} =

min \/(ai —ai1)’ + (b — b))’

a=a;,b=b;

Note the amplitude of {a;,b;} as s; = \/a? + b?.

Table 3 shows the result of first ten steps of the iteration.
It shows that, parameter {a;b;} changes in a fixed
dimension and they can not expressed by a definite
tendency. Figure 6 shows the tendency of {a;,b;} changes
by i. It shows that, {a;b;} is a periodic change as a whole.
There are large skips in it.

6 Conclusion

An Electromechanical Coupling analyze model for the
stator’s vibration is established by Kirchhoff plate theory.
The effect of shear deformation and rotary inertia is taken
into account. The paper supposes that the main reason of
the heat generated from the piezoelectric ceramic is its
damping. The effect of the damping is considered in the
model. The formulas of computing frequency of natural
vibration and modal shape are given in the paper.

i 1 2 3 4 5 6 7 8 9 10

a; —-0.0769 —0.0070 0.01974 —0.0102 —0.0538 —0.0073 0.01714 —0.0114 —0.0243 —0.0091
b; 0.0231 0.0020 —0.0056 0.0029 0.0160 0.0021 —0.0049 0.0033 0.0071 0.0026
Sy 0.0803 0.0072 0.0205 0.0106 0.0562 0.0076 0.0178 0.0119 0.0253 0.00940
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Numerical simulation shows that the computed results
basically accords to the results calculated by Finite
Element method. It expresses the model proposed in this
paper is correct, and it can be used to analyze the
dynamics of ultrasonic motors. Numerical simulation also
expresses that as the damping ratio increases, the vibration
frequency will decrease.

The research also shows that, using the given method
can obtain the solution of Eq. 27 in the form of Eq. 36 and
estimate the value of the solution. The corresponding
parameter {a;b;,} is not convergent, but it changes
periodically. It shows that, because of non-linear contact
action, the vibration on the contact layer of motor is not a
regular traveling wave. Its amplitude changes with time.
This kind of fluctuation skips sometimes. The research
shows that the amplitude of the vibration of the model’s
contact layer is about 10™® m and the result is consistent
with the result of the experiment. It validates that the
model, the model can be used to analyze energy transform
of ultrasonic motors.

@ Springer

Acknowledgments This project was funded by the National Natural
Science Foundation of China (No. 50235010).

References

1. T.A. Takano, H. Hirata, Y. Tomikawa, Analysis of non-axisym-
metric vibration mode piezoelectric annular plate and its application
to an ultrasonic motor [J]. IEEE Trans. Ultrason. Ferroelectr. Freq.
Control 37, 558-565 (1990)

2. P. Hagedorn, J. Wallaschek, Traveling wave ultrasonic motors-part
II: working principle and mathematical modeling of the stator [J]. J.
Sound Vib. 155, 31-46 (1992)

3. M. Yang, P. Que, Performances estimation of a rotary traveling
wave ultrasonic motor based two-dimension analytical model [J].
Ultrasonics 39, 115-120 (2001)

4. J.R. Friend, D.S. Stutts, The dynamics of an annular piezoelectric
motor stator[J]. J. Sound Vib. 204, 421-437 (1997)

5. N.W. Hagood, A.J. McFarland, Modeling of a piezoelectric rotary
ultrasonic motor [J]. IEEE Trans. Ultrason. Ferroelectr. Freq.
Control 42, 210-224 (1995)

6. X.D. Zhao, Study on the dynamic modeling and simulation of the
traveling wave type ultrasonic motor [D]. (Nanjing University of
Aeronautics and Astronautics, Nanjin, 2000) 10.(in Chinese)



	Analytical solution on the non-linear vibration of a traveling wave ultrasonic motor
	Abstract
	Introduction
	Structural mechanical model of stator
	Physical model
	Geometrical equations
	Constitutive relations in the host plate
	Balanced equations

	Vibration and electricity coupling equation
	Piezoelectric equations
	Electric field intensities of the piezoelectric layer
	Piezoelectric polarization

	Vibration equations of the stator
	Modal analysis of the stator
	Analytic solution of vibration of the stator

	Numerical simulation
	Modal analysis
	The stator vibration

	Conclusion
	References




<<
  /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


