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Abstract 
 
This paper uses He’s Homotopy Perturbation Method (HPM) to analyze the nonlinear free vibrational behavior of clamped-clamped 

and clamped-free microbeams considering the effects of rotary inertia and shear deformation. Galerkin’s projection method is used to 
reduce the governing nonlinear partial differential equation. to a nonlinear ordinary differential equation. HPM is used to find analytic 
expressions for nonlinear natural frequencies of the pre-stretched microbeam. A parametric study investigated the effects of design pa-
rameters such as applied axial loads and slenderness ratio. The effect of rotary inertia and shear deformation on the nonlinear natural 
frequency was investigated. For verification, a numerical approach was implemented to solve the nonlinear equation. of vibration. A 
comparison between analytical and numerical results shows that HPM can predict system nonlinear vibrational behavior significantly 
more accurately than previously used methods in the literature. 
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1. Introduction 

Beams are the most important building blocks of most en-
gineering structures. They are applied in various structures, 
from micro/nano dimensions such as micro/nano resonators, 
resonant sensors, and capacitive switches, to macro dimen-
sions such as airplane wings, flexible satellites, and long-span 
bridges. 

In these structures, large vibration amplitudes of beam- or 
plate-like structures often occur [1], inducing a dynamic be-
havior different from that predicted by linear structural dy-
namics theories. The sources of nonlinearities may be geomet-
ric, inertial, or material. The geometric nonlinearity may be 
caused by nonlinear stretching or large curvatures. Nonlinear 
inertial effects are caused by the presence of concentrated or 
distributed masses. Material nonlinearity occurs when the 
stresses are nonlinear functions of strains [2]. 

In the Euler-Bernoulli beam theory, the assumption that 
cross sections normal to the neutral axis continue to remain so 
after deformation and do not undergo any strain in their planes 
[3] is utilized to present a simple theory for the statical, dy-
namical, and vibrational behavior of beams. 

Pirbodaghi et al. [4] used the homotopy analysis method 
(HAM) to investigate the nonlinear vibrational behavior of 
Euler-Bernoulli beams subjected to axial loads and provided 
analytical expressions for geometrically nonlinear vibrations 
of beams. Pillai and Rao [5] examined the problem of large 
amplitude free vibrations of simply supported uniform beams 
and found the frequency response of the system through 
methods such as the elliptic function method, the harmonic 
balance method, and the method in which simple harmonic 
oscillations is assumed. 

Effects of rotary inertia and shear deformation are not neg-
ligible for thick beams or even thin beams vibrating at high 
frequencies such as micro/nano scale resonators, which vi-
brate at extremely high frequencies [6]. Micro/Nano mechani-
cal resonators tend to behave nonlinearly at very small ampli-
tudes [7, 8]. Therefore, micro/nano electromechanical resona-
tors vibrate nonlinearly, which includes the effect of rotary 
inertia and shear deformation. 

Effects of shear deformation and rotary inertia in the vibra-
tion of beams have been considered by only a few researchers. 
Zhong and Liao [9] studied higher-order nonlinear vibrations 
of Timoshenko beams with immovable ends. They considered 
the nonlinear effects of axial deformation, bending curvatures, 
and transverse shear strains and solved nonlinear differential 
equations using a spline-based differential quadrature method. 
Chen [10] developed a differential quadrature element method 
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on the out-of-plane vibration analysis of curved nonprismatic 
beam structures considering the effect of shear deformation. 
Liao and Zhong [11] analyzed the nonlinear flexural vibration 
of tapered beams considering the effect of nonlinear transverse 
deformation, nonlinear curvature, and nonlinear axial defor-
mation. Foda [12] used the multiple scales method to analyze 
the nonlinear vibrations of a beam with pinned ends consider-
ing the effects of shear deformation and rotary inertia. Ramez-
ani et al. [13] used the same method for the same problem 
with doubly clamped boundary conditions. They concluded 
that when the theory of beams is used to study micro/nano 
electromechanical structures, shear deformation and rotary 
inertia effects should be considered for an accurate dynamic 
analysis. 

Finding an exact solution to the nonlinear vibration of Ti-
moshenko beams is difficult. Consequently, approximate ana-
lytical approach or numerical techniques can be used for this 
purpose. Besides the advantages of numerical methods, due to 
convenience for parametric studies and accounting for the 
physics of the problem, an analytical solution appears more 
appealing than the numerical one. Analytical solutions give a 
reference frame to verify and validate the numerical ap-
proaches [4]. 

This paper uses He’s Homotopy Perturbation Method 
(HPM) to analyze nonlinear free vibration of microbeams. He 
[14] presented a new perturbation technique that does not 
depend on the assumption of small parameters. He used the 
well-known Duffing equation as an example and found that 
even using a first-order approximation, the maximal relative 
error of the period of vibration is less than 7% even when 
parameter ε  approaches infinity. He [15] proposed this new 
perturbation method, which does not require a small parame-
ter in an equation. His new method takes full advantage of 
traditional perturbation methods and homotopy techniques. 
Belendez et al. [16] solved the nonlinear differential equation, 
which governs the nonlinear oscillations of a simple pendulum, 
and showed that even only one iteration leads to a relative 
error of less than 2% for the approximated period of vibration 
even for amplitudes as high as 130°. Belendez et al. [17] 
found improved approximate solutions to conservative truly 
nonlinear oscillators using He’s HPM. They found that for the 
second-order approximation, the relative error in the analytical 
approximate frequency is approximately 0.03% for any pa-
rameter values involved. 

In HPM literature, this method overcomes the limitations of 
classical perturbation methods and accurately predicts the 
behavior of the nonlinear systems. Thus, this method was used 
in conjunction with the modified Lindstedt-Poincare method 
to solve the problem of nonlinear free vibrations of mi-
crobeams considering the effects of shear deformation and 
rotary inertia. 
 

2. Problem formulation 

Utilizing the Hamilton’s principle, Ramezani et al. [13] 

showed that when the effects of rotary inertia and shear de-
formation are not negligible, the nonlinear free vibrations of 
microbeams considering midplane stretching is governed by 
the following nonlinear partial differential equation. 
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In this equation, E  is the Young’s modulus of elasticity of 

the beam material, I  is the second moment of area of the 
cross section with respect to the bending axis, ŵ  is the beam 
deflection, m  is the longitudinal density, t̂  is the time, A  
is the cross-sectional area of the beam, G  is the shear 
modulus, and k  is the shear correction factor that depends 
only on the geometric properties of the cross section of the 
beam. The parameters r  and N  are defined as follows: 
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where 0N  is the pretension of the beam and L  is the length 
of the beam. Assuming the beam is vibrating at its n ’th natu-
ral frequency, and introducing the non-dimensionalized vari-
ables t , x , w , which are defined in Eqs. (4)-(7), Eq. (1) is 
non-dimensionalized as Eq. (8): 
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For clamped-clamped and clamped-free boundary condi-

tions, nβ  is the n th positive root of Eqs. (9) and (10), re-
spectively [2]. 

 
cosh cos 1 0n nβ β − =   (9) 
cosh cos 1 0n nβ β + =   (10) 
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Considering the first mode of vibration, which is usually the 
dominant vibrational mode, the solution of Eq. (8) can be 
assumed as: 

 
( ) ( ) ( ),w x t x q tφ=   (11) 

 
where ( )xφ  is the first linear undamped vibrational mode of 
the beam. For clamped-clamped and clamped-free boundary 
conditions, the normalized form of ( )xφ  can be stated as Eqs. 
(12) and (13), respectively, 
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where ( )nQ x  and Q ( )n x  are defined in Eqs. (14) and (15), 
respectively. 
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Fig. 1 represents the first linear mode shape of clamped-

clamped and clamped-free beams. 

Note that ( )xφ  satisfies the geometric and forcing bound-
ary conditions of the beam, which can be expressed as Eqs. 
(16) to (19) and (20) to (23) for doubly clamped and clamped-
free beams, respectively. 
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The initial conditions are assumed as: 
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Using Galerkin’s procedure, by substituting ( )xφ  into Eq. 

(8) and integrating the residual by weight ( )xφ  over the 
problem domain, the nonlinear ordinary differential Eq. (26) 
for the first vibrational mode can be derived, 
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In Eqs. (27) to (30), iF ’s, 1 3i≤ ≤  are defined as follows. 
 

( )
1 2

1 0
F x dxφ= ∫   (31) 

 
(a)  

 
(b) 

 
Fig. 1. First linear mode shape of (a) clamped-clamped beam; (b) 
clamped-free beam. 
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( )
1 2

2 0
F x dxφ′= ∫   (32) 
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Homotopy perturbation is applied to solve Eq. (26). The ini-

tial conditions (24) and (25) can be converted to the following 
initial condition for ( )q t . 
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The homotopy form is constructed as follows: 
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Eq. (38) can be simplified as Eq. (39). 
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From Eq. (39), linear frequencies of the Timoshenko beam are 
calculated as Eqs. (40) and (41). 
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The existence of two natural frequencies in the Timoshenko 

beam is because the kinetic energy is composed of transla-
tional and rotary parts. The strain potential energy is com-
posed of bending and shear parts. Adding rotary kinetic and 
shear strain energies to the kinetic and potential energies that 
appear in Euler-Bernoulli beams would lead to two frequen-
cies, namely 10ω  and 20ω . The 10ω  and 20ω  are known as 
bending natural frequency and rotary natural frequency, re-
spectively. Eqs. (40) and (41) can be solved for 1α  and 3α , 
respectively. The results are as follows. 
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Using the modified Lindstedt-Poincare method [18, 19], 
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10ω , and 2
20ω  are perturbed using homotopy parameter 
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Eqs. (45) and (46) are substituted into Eqs. (42) and (43) to 
find the first-order perturbation expansion of coefficients 1α  
and 3α , 
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Substituting Eqs. (44), (47), and (48) into Eq. (39) and set-
ting the coefficients of each power of P  to zero lead to the 
following sets of equations: 
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Initial conditions (34) to (37) are translated as initial condi-
tions (55) to (58) for Eq. (53) and initial conditions (59) to 
(62) for Eq. (54). 
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Solving Eq. (53) yields Eq. (63) for 0q ,  
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Substituting 0q  from Eq. (63) to Eq. (54) can conclude Eq. 

(66). 
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Eliminating secular terms in Eq. (66) yields Eqs. (67) and 
(68). 
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Letting 1P =  in Eqs. (47) and (48) and noting that 

2 2
1 1 2C ω ω= +  and 2 2

3 1 2C ω ω= , 2C  and 4C  are determined 
as follows. 
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By substituting Eqs. (69) and (70) into Eqs. (67) and (68), 

respectively, two coupled fourth-order polynomial algebraic 
equations in terms of 1ω  and 2ω  are obtained. 
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Eqs. (71) and (72) can be simplified as Eqs. (73) and (74), 

respectively. 
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where 
 

maxWa
L

= .  (75) 

 
Eqs. (73) and (74) are solved to find the nonlinear natural 
frequencies 1ω  and 2ω . 
 

3. Vibrational behavior of microbeam 

A silicon microbeam with properties given in Table 1 is 
considered. 

In Fig. 2, the presented time domain response of the system 
was compared with previously published and numerical re-
sults. This Fig. shows that HPM gives better approximation in 
such strongly nonlinear systems. 

Fig. 3 shows the convergence of the method used. In this 
figure, the zeroth and first-order time domain responses of the 
system are plotted and compared with numerical results. 
There is no appreciable difference between zeroth and first-
order results and between first-order and numerical results. 
Since numerical results resemble the exact solution, Fig. (3) 
implies that including any more terms in the perturbation ex-
pansion of the parameters would not change the results appre-
ciably, which is a sign of convergence of the presented proce-

Table 1. Microbeam properties [13]. 
 
Property 

name E  G  ρ  A  k

Property 
value 169Gpa  66Gpa  32330kg m  215 6 mμ× 5 6

 

 
Fig. 2. Time domain response of a clamped-clamped microbeam. 

 
Fig. 3. Comparison of zeroth and first-order response of the system 
obtained by the presented method with numerical results. 
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dure. 
The ratio of the nonlinear natural frequency of vibration 1ω  

to the linear natural frequency 0ω  of the Euler-Bernoulli 
beam theory is plotted in Figs. 4, 5, and 6 against maxW h  for 
different slenderness ratios, where h  is the thickness of the 
beam. These figures compare the results of HPM, of Ramez-
ani et al. [13] and numerical results for clamped-clamped mi-

crobeams, respectively. In Fig. 6, the expression suggested by 
Ramezani et al. [13] was used to generate corresponding re-
sults. HPM better predicts nonlinear frequency than the multi-
ple time scales perturbation method used by Ramezani et al. 
[13]. 

Fig. 7 shows the variation of nonlinear non-dimensionalized 
natural frequency with maxW h  for the case of clamped-free 

 
 
Fig. 4. Nonlinear non-dimensionalized frequency of vibration of
clamped-clamped microbeam versus maxW h  for 20L r = . 
 

 
Fig. 5. Nonlinear non-dimensionalized frequency of vibration of
clamped-clamped microbeam versus maxW h  for 50L r = . 

 

 
 
Fig. 6. Nonlinear non-dimensionalized frequency of vibration of 
clamped-clamped microbeam versus maxW h  for 100L r = . 

 
 
Fig. 7. Variation of nonlinear non-dimensionalized natural frequency 
with maxW h  for the case of clamped-free microbeams at different 
values of L r . 
 

 
Fig. 8. Effect of the parameter ( )0 .N E A  on the nonlinear frequency 
of vibration of clamped-clamped microbeam for 20L r = . 
 

 
Fig. 9. Effect of the parameter ( )0 .N E A  on the nonlinear frequency 
of vibration of clamped-clamped microbeam for 50L r = . 
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microbeams at different values of L r . Just like the clamped-
clamped case, the value of nonlinear natural frequency in-
creases with increasing initial deflection of the beam. 

Figs. 8, 9 and 10 show the effect of the parameter 
( )0 .N E A  on the nonlinear natural frequency of vibration for 

clamped-clamped microbeams. It may be concluded that ap-
plying pre-tensile loads will increase the nonlinear natural 

frequency of the system. 
Figs. 11, 12 and 13 were predicted to investigate the effect 

of the slenderness ratio to the nonlinear natural frequency of 
the doubly clamped microbeam. For small values of maxW h  
with increasing the slenderness ratio, the nonlinear natural 
frequency would increase regardless of the value of the pre-
tensile axial load applied to the beam. For large values of 

maxW h , the system may behave otherwise, depending on the 
value of ( )0 .N E A . 

 
Fig. 10. Effect of the parameter ( )0 .N E A  on the nonlinear fre-
quency of vibration of clamped-clamped microbeam for 100L r = . 
 

 
 
Fig. 11. Effect of the slenderness ratio on the nonlinear natural fre-
quency of clamped-clamped microbeam when ( )0 . 0N E A = . 
 

 
 
Fig. 12. Effect of the slenderness ratio on the nonlinear natural fre-
quency of clamped-clamped microbeam when ( )0 . 0.001N E A = . 

 
 
Fig. 13. Effect of the slenderness ratio on the nonlinear natural fre-
quency of clamped-clamped microbeam when ( )0 . 0.005N E A = . 
 

(a) 
 

(b) 
 
Fig. 14. Variation of non-dimensionalized natural frequency of vibra-
tion with slenderness ratio: (a) clamped-clamped and (b) clamped-free
boundary conditions. 
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To investigate the effects of rotary inertia and shear defor-
mation on the nonlinear natural frequency, the ratio of the 
nonlinear natural frequency of vibration 1ω  to the linear natu-
ral frequency 0ω  of Euler-Bernoulli beam theory was plotted 
against L r  and kG E  in Figs. 14 and 15, respectively. 
These figures reveal that with increasing values of L r  and 
kG E , the nonlinear frequency would converge increasingly 
and asymptotically to a definite value. 
 

4. Conclusion 

In this study, the combined methods of homotopy perturba-
tion and modified Lindstedt-Poincare were used to study the 
nonlinear free vibrational behavior of microbeams considering 
the effects of shear deformation and rotary inertia. The results 
of HPM are significantly more accurate than previously re-
ported analytical results. A parametric study was applied to 
characterize the behavior of the beam due to changes in ap-
plied pre-tensile loads and changes in the slenderness ratio. 
Applying tensile loads would increase the nonlinear natural 
frequency, while increasing the value of the slenderness ratio 
may increase or decrease the nonlinear natural frequency de-
pending on the value of the initial deflection of the beam and 
the applied axial load. Effects of rotary inertia and shear de-

formation were investigated, and by increasing the effect of 
rotary inertia and shear deformation, the nonlinear natural 
frequency would increasingly converge to a definite value. 
This study also opens up a new feature for solving strongly 
nonlinear fourth-order initial value problems. 
 

References 

[1] R. Benamar, Nonlinear dynamic behavior of fully clamped 
beams and rectangular isotropic and laminated plates, PhD 
Thesis, University of Southampton (1990). 

[2] A. H. Nayfeh and D. T. Mook, Nonlinear Oscillations, 
Wiley, New York (1979). 

[3] I. H. Shames and C. L. Dym, Energy and Finite Element Meth-
ods in Structural Mechanics, McGraw-Hill, New York (1985). 

[4] T. Pirbodaghi, M. T. Ahmadian and M. Fesanghary, On the 
homotopy analysis method for non-linear vibration of beams, 
Mechanics Research Communications, 35 (2) (2009) 143-148. 

[5] S.R.R. Pillai and B.N. Rao, On nonlinear free vibrations of 
simply supported uniform beams, Journal of Sound and Vi-
bration, 159 (3) (1992) 527-531. 

[6] X. M. H. Huang, C. A. Zorman, M. Mehregany and M. L. 
Roukes, Nanodevice Motion at Microwave Frequencies, Na-
ture (London) 421 (2003) 496-496. 

[7] H. G. Craighead, Nanoelectromechanical systems, Science, 
290 (2000) 1532-1535. 

[8] D. V. Scheible, A. Erbe and R. H. Blick, Evidence of a 
Nanomechanical Resonator Being Driven into Chaotic Re-
sponse via the Ruelle-Takens Route, Appl. Phys. Lett., 81 
(2002) 1884-1886. 

[9] H. Zhong and M. Liao, Higher-order nonlinear vibration 
analysis of Timoshenko beams by the spline-based differen-
tial quadrature method, Journal of shock and vibration, 14 
(6) (2007) 407-416. 

[10]   C. Chen, DQEM analysis of out-of-plane vibration of non-
prismatic curved beam structures considering the effect of 
shear deformation, Advances in Engineering Software, 39 
(2008) 466-472. 

[11]   M. Liao and H. Zhong, Nonlinear vibration analysis of 
tapered Timoshenko beams, Chaos, Solitons and Fractals, 
36 (2008) 1267-1272. 

[12]   M. A. Foda, Influence of shear deformation and rotary 
inertia on nonlinear free vibration of a beam with pinned 
ends, Computers and Structures, 71 (1999) 663-670. 

[13]   A. Ramezani, A. Alasty and J. Akbari, Effects of Rotary 
Inertia and Shear Deformation on Nonlinear Free Vibration 
of Microbeams, Journal of Vibration and Acoustics, 128 (5) 
(2006) 611-615. 

[14]   H. E. and J. H., A New Perturbation Technique Which is 
also Valid for Large Parameters, Journal of Sound and vi-
bration, 229 (5) (2000) 1257-1263. 

[15]   J. H. He, Homotopy perturbation method: a new nonlinear 
analytical technique, Applied Mathematics and Computation, 
135 (2003) 73-79. 

[16]   A. Belendez, A. Hernandez, T. Belendez, C. Neipp and A. 

 
(a) 

 

(b) 
 
Fig. 15. Variation of non-dimensionalized natural frequency of vibra-
tion with kG E : (a) clamped-clamped and (b) clamped-free boundary 
conditions. 



 H. Moeenfard et al. / Journal of Mechanical Science and Technology 25 (3) (2011) 557~565 565 
 

  

Marquez, Application of the homotopy perturbation method 
to the nonlinear Pendulum, Eur. J. Phys., 28 (2007) 93-104. 

[17]   A. Belendez, T. Belendez, A. Marquez and C. Neipp, Ap-
plication of He’s homotopy perturbation method to conser-
vative truly nonlinear oscillators, Chaos, Solitons & Fractals, 
37 (3) (2008) 770-780. 

[18]   J. H. He, Modified Lindstedt-Poincare methods for some 
strongly non-linear oscillations, Part I: expansion of a con-
stant, International Journal of Non-Linear Mechanics, 37 
(2002) 309-314. 

[19]   J. H. He, Modified Lindstedt-Poincare methods for some 
strongly non-linear oscillations, Part II: a new transformation, In-
ternational Journal of Non-Linear Mechanics, 37 (2002) 315-320. 
 

 
Hamid Moeenfard receives the M.Sc 
degree in mechanical engineering from 
Sharif university of technology, Tehran, 
Iran, 2008. He is currently working 
toward PhD degree in mechanical engi-
neering at Sharif university of technol-
ogy. His main interests are nonlinear 
vibration, N/MEMS and MOEMS, 

perturbation theory, Kantorovich method and fuzzy logic and 
control. His researches are mainly about modeling and analy-
sis of static and dynamic pull-in in electrostatically actuated 
microbeams/plates using analytical models. His current re-
search is the mechanical modeling of nonlinear vibration and 
static and dynamic pull-in of electrostatically actuated tosional 
micromirrors considering squeeze film damping and nonlinear 
electrical and mechanical nonlinearities. 
 

Mahdi Mojahedi is currently PhD 
candidate in School of Mechanical 
Engineering at the Sharif University of 
Technology, Tehran, Iran. He has done 
his master of science in static instabil-
ity and nonlinear vibrations of electro-
statically actuated microbeams from 
the Sharif University of Technology, 
Tehran, Iran in 2009. His M.Sc. Work 

has been published in the refereed journals and conference 
proceedings. His research interests are static, dynamic and 
nonlinear vibration of micro/nano electromechanical sys-
tems. 
 
 

Mohammad Taghi Ahmadian re-
ceived his B.S. & M.S. degree in phys-
ics 1972 from Shiraz University, Shiraz, 
Iran and completed the requirements for 
B.S. & M.S. degree in mechanical Engi-
neering in 1980 from university of Kan-
sas in Lawrence. He received his PhD in 
Physics and PhD in Mechanical Engi-

neering in 1981 and 1986 respectively from the same Univer-
sity. His research interests are Micro and Nano mechanics as 
well as bioengineering. He is currently a professor in the 
school of mechanical engineering and director of bioengineer-
ing research center at Sharif University of technology, Tehran, 
Iran. 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


