
 

2710 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716  

1709. Periodic solution to a nonlinear oscillator arising 
in micro electro mechanical system 

A. Nikkar1, H. Jodeiri2, Sh. Ahari Abesh Ahmad3, H. Tariverdian4 
1Young Researchers and Elite Club, Ahar Branch, Islamic Azad University, Ahar, Iran 
2Young Researchers and Elite Club, Tabriz Branch, Islamic Azad University, Tabriz, Iran 
3Faculty of Civil Engineering, University of Tabriz, Tabriz, Iran 
4Department of Civil Engineering, Sardroud Branch, Islamic Azad University, Sardroud, Iran 
2Corresponding author 
E-mail: 1ali.nikkar@yahoo.com, 2hjodeiri@yahoo.com, 3shaahari69@gmail.com, 
4hamoun_tariverdian@yahoo.com 
(Received 13 March 2015; received in revised form 15 May 2015; accepted 8 June 2015) 

Abstract. In this paper, a periodic solution of nonlinear oscillator arising in the micro-beam based 
microelectromechanical system (MEMS) has been analytically achieved. The Amplitude 
Frequency Formulation (AFF) and Max Min Approach (MMA) have been used. In the second 
method (which is called MMA), an approximate solution of the nonlinear equation can be easily 
deduced by finding Maximal and minimal solution thresholds of this nonlinear problem. What we 
understood is that both methods, works properly and scales down the deal of the work. Compare 
conclusions with the results from fourth order Runge-Kutta method and energy balance method 
(EBM) shows that obtained results are of high accuracy and convenient. 
Keywords: nonlinear oscillation, amplitude frequency formulation (AFF), max min approach 
(MMA), micro electro mechanical system. 

1. Introduction 

Study micro-electro-mechanical systems (MEMS) are batch-fabricated devices and structures 
at a microscale level [1] which can be defined as a system of small dimensions (less than one cubic 
centimeter) fulfilling a smart function. Since its inception, MEMS technologies are of tremendous 
importance in various engineering fields. Because of its small size, low power consumption and 
high reliability, we have seen many potential applications of MEMS devices which require few 
mechanical components and small voltage levels for actuation actuators and sensors in aerospace, 
optical and biomedical engineering [2-4]. MEMS devices are generally classified according to 
their actuation mechanisms. Actuation mechanisms for MEMS vary depending on the suitability 
to the application at hand. The most common actuation mechanisms are electrostatic, pneumatic, 
thermal, and piezoelectric [5]. With reported successes in applications ranging from signal 
filtering to chemical and mass sensing, electrostatically actuated resonant microbeam devices 
which form a broad class of MEMS devices due to their simplicity, as they require few mechanical 
components and small voltage levels for actuation [5] continue to be one of the most widely 
studied topics of the MEMS community.  

Almost every natural event can be modeled with nonlinear equations; this is due to nature of 
the phenomena in the world. Although it is easy to find the solutions of some problems by using 
of computers, it is still difficult to solve nonlinear equations either numerically or analytically. 
Also it is very difficult to obtain the exact answer for these equations. Nonlinearity in MEMS 
which may cause some difficulties in computations, is made by Electrostatic actuation, large 
deflections and damping. According to these difficulties, some analytic techniques are available 
for nonlinear problems, such as MEMS [5-15]. Amplitude Frequency Formulation and Max Min 
approach (MMA), suggested by J. H. He. [16, 17]. Both methods are simple and effective methods 
to solve nonlinear oscillatory equations. In this paper, AFF and MMA are used to study a nonlinear 
oscillator arising in the micro-beam based MEMS where the mid plane stretching effect and 
distributed electrostatic force are both considered. 
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2. Problem description 

Consider a clamped-clamped microbeam-based electromechanical resonator with uniform 
thickness ℎ, length ݈, width ܾ (ܾ ≥ 5ℎ), effective modulus ܧത = 1)/ܧ −  ,ܧ ଶ, Young’s modulus(ߥ
Poisson’s ratio ݒ and density ݍ, as shown in Fig. 1 together with coordinate ݖݕݔ݋, where ݃଴ is the 
initial gap and ܸ  the electrostatic load. The equation of motion that governs the transverse 
deflection is written as: 

ܫതܧ ߲ସݔ߲ݓସ + ܵߩ ߲ଶݐ߲ݓଶ − ቎ ഥܰ + 2݈ܵܧ න ൬߲ݔ߲ݓ ൰௟
଴

ଶ቏ ߲ଶݔ߲ݓଶ = ,ݔ)ݍ ,(ݐ (1)

where ܵ = ܾℎ and ഥܰ denotes the tensile or compressive axial load created by the mismatch of 
both thermal expansion coefficient and crystal lattice period between substrate and the thin film 
(microbeam). The second term on the right-hand side, ݔ)ݍ,  denotes the driving force per unit ,(ݐ
length, resulting from electrostatic excitation [18]. Using the classical beam theory and taking into 
account of the mid-plane stretching effect as well as the distributed electrostatic force, the 
following dimensionless equation of motion for the microbeam can be formulated via the Galerkin 
method [18]: ݑሷ (ܽଵݑସ + ܽଶݑଶ + ܽଷ) + ܽସݑ + ܽହݑଷ + ܽ଺ݑହ + ܽ଻ݑ଻ = 0, (2)

where: 

ܽଵ = න ߶଺݀ߞଵ
଴ , (3)ܽଶ = −2 න ߶ସ݀ߞଵ

଴ , (4)ܽଷ = න ߶ଶ݀ߞଵ
଴ , (5)ܽସ = න (߶′′′′߶ − ܰ߶′′߶ − ܸଶ߶)݀ߞଵ
଴ , (6)ܽହ = − න (2߶′′′′߶ଷ − 2ܰ߶′′߶ଷ + ߶′′߶ߙ න (߶′)ଶଵ

଴ ଵߞ݀(ߞ݀
଴ , (7)ܽ଺ = න (߶′′′′߶ହ − ܰ߶′′߶ହ + ଷ߶′′߶ߙ2 න (߶′)ଶଵ

଴ ଵߞ݀(ߞ݀
଴ , (8)ܽ଻ = − න ቀߙ߶ᇱᇱథఱ ׬ (థᇱ)మభబ ቁߞ݀ ଵߞ݀

଴ , (9)

and ߶ = ଶ(1ߦ16 − ଶ). (10)ߦ

Here, an overdot (∙) represents differentiation with respect to the time variable, while a prime 
(′) demonstrates the partial differentiation with respect to the coordinate variable ߦ. 

3. Basic idea of amplitude frequency formulation (AFF) 

To illustrate the basic idea of AFF method, the following nonlinear oscillator is considered: 
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ሷݑ + ሷݑ)ܰ , ሶݑ , ,ݑ (ݐ = (0)ݑ   ,0 = ,ܣ ሶݑ (0) = 0. (11)

For a generalized nonlinear oscillator in Eq. (11), we use two trial functions: ݑଵ = ଵ߱    ,ݐcos߱ଵܣ = 1, ଶݑ(12) = ଶ߱   ,ݐcos߱ଶܣ = ߱, (13)

where ߱ is assumed to be the frequency of the nonlinear oscillator, Eq. (11). The residuals are: ܴଵ(ݐ) = −cosݐ + ,(ݐcosܣ)݂ (14)ܴଶ(ݐ) = −߱ଶcos(߱ݐ) + ݂൫ܣcos(߱ݐ)൯. (15)

 
Fig. 1. Schematics of a fixed microbeam-based electromechanical resonator [18] 

We introduce ܴଵଵ and ܴଶଶ defined as: 

ܴଵଵ(ݐ) = 4ܶଵ න ܴଵ(ݐ) cos(ݐ) భ்ସ଴,ݐ݀ ଵܶ = ,ߨ2 (16)

ܴଶଶ(ݐ) = 4ܶଶ න ܴଶ(ݐ) cos(߱ݐ) మ்ସ଴ݐ݀ , ଶܶ = .ߨ2߱ (17)

Applying He’s frequency-amplitude formulation, we have: 

߱ଶ = ߱ଵଶܴଶଶ(ݐ) − ߱ଶଶܴଵଵ(ݐ)ܴଶଶ(ݐ) − ܴଵଵ(ݐ) , (18)

where ߱ଵ = 1 and ߱ଶ = ߱. 

4. Basic idea of max-min approach 

In this section, MMA is applied to discuss the problem. To illustrate the basic idea of MMA 
method, the following nonlinear oscillator is considered: ݑሷ + ሷݑ)ܰ , ሶݑ , ,ݑ (ݐ = (0)ݑ   ,0 = ,ܣ ሶݑ (0) = 0. (19)

In order to the fact that small parameters or linear terms are not the requirements of MMA, 
Eq. (18) can be approximately solved by using the MMA. Considering ܽ, ܾ, ܿ and ݀ as the real 
numbers: ܾܽ < ݔ < ݀ܿ. (20)

Then: 
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ܾܽ < ݉ܽ + ܾ݊݀݉ + ݊ܿ < ݀ܿ, (21)

where ݉ and ݊ are weighting factors and ݔ is a rough approximation of: 

ݔ = ݉ܽ + ܾ݊݀݉ + ݊ܿ. (22)

Eq. (19) can be rewritten in the following form: ݑሷ + ሷݑ)݂ݑ , ሶݑ , ,ݑ (ݐ = 0. (23)

And the frequency can be identified as follows: ܾܽ < ߸ଶ = ݉ܽ + ܾ݊݀݉ + ݊ܿ < ݀ܿ. (24)

Then: ݑሷ + ߸ଶݑ = ሷݑ + ሷݑ)ܰ , ሶݑ , ,ݑ (ݐ + ሷݑ)ߩ , ሶݑ , ,ݑ ,(ݐ ሷݑ)ߩ(25) , ሶݑ , ,ݑ (ݐ = 0, (26)

here ߸ can be obtained by substitution of ܣcos(߸ݐ) as initial assumption into Eq. (25). 

5. Implementation of AFF 

In this section, in order to assess the accuracy of He’s amplitude-frequency formulation for 
solving nonlinear governing equation of motion and to compare it with the other solutions, in this 
section we consider this method. According to He’s amplitude-frequency formulation, we choose 
two trial functions ݑଵ(ݐ) = (ݐ)ଶݑ and ݐcosܣ =  where ߱ is assumed to be the frequency ,ݐcos߱ܣ
of the nonlinear oscillator Eq. (2). Substituting the trial functions into Eq. (10) results in, 
respectively, the following residuals: ܴଵ(ݐ) = −(ܽଵܣସcos(ݐ)ସ + ܽଶܣଶcos(ݐ)ଶ + ܽଷ) × (ݐ)cosܣ + ܽସܣcos(ݐ) + ܽହܣଷcos(ݐ)ଷ      +ܽ଺ܣହcos(ݐ)ହ + ܽ଻ܣ଻cos(ݐ)଻, (27)ܴଶ(ݐ) = −(ܽଵܣସcos(߱ݐ)ସ + ܽଶܣଶcos(߱ݐ)ଶ + ܽଷ) × ଶ߱ଶ(ݐ߱)cosܣ + ܽସܣcos(߱ݐ)      +ܽହܣଷcos(߱ݐ)ଷ + ܽ଺ܣହcos(߱ݐ)ହ + ܽ଻ܣ଻cos(߱ݐ)଻. (28)

We introduce ܴଵଵ and ܴଶଶ defined as: 

ܴଵଵ(ݐ) = 4ܶଵ න ܴଵ(ݐ)cos(ݐ)݀ݐ = 1128 భ்ସ଴ܣ × (40ܽ଺ܣସ − 40ܽଵܣସ − 48ܽଶܣଶ + 48ܽହܣସ     +35ܽ଻ܣ଺ + 64ܽସ − 64ܽଷ), ଵܶ = ,ߨ2 (29)

ܴଶଶ(ݐ) = 4ܶଶ න ܴଶ(ݐ) cos(߱ݐ) ݐ݀ = 1128 మ்ସ଴ܣ × (48ܽହܣଶ + 40ܽ଺ܣସ + 35ܽ଻ܣ଺ + 64ܽସ      −64߱ଶܽଷ − ସ߱ଶܽଵܣ40 − ,(ଶ߱ଶܽଶܣ48 ଶܶ = (30) .ߨ2߱

Applying He’s frequency-amplitude formulation, we have: 
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߱ଶ = ߱ଵଶܴଶଶ(ݐ) − ߱ଶଶܴଵଵ(ݐ)ܴଶଶ(ݐ) − ܴଵଵ(ݐ) , (31)

where ߱ଵ = 1 and ߱ଶ = ߱. Finally, the amplitude-depended frequency can be approximated as: 

߱஺ிி = √24 ඥ64ܽସ + 48ܽହܣଶ + 40ܽ଺ܣସ + 35ܽ଻ܣ଺ඥ5ܽଵܣସ + 6ܽଶܣଶ + 8ܽଷ . (32)

Its approximate solution reads: 

(ݐ)ݑ = cosܣ ൭√24 ඥ64ܽସ + 48ܽହܣଶ + 40ܽ଺ܣସ + 35ܽ଻ܣ଺ඥ5ܽଵܣସ + 6ܽଶܣଶ + 8ܽଷ .൱ݐ (33)

6. Application of MMA 

In this section, the MMA is applied to solve nonlinear sector. Eq. (2) can be rewritten in the 
following form: 

ሷݑ + ቆܽଵܽଷ ሷݑଷݑ + ܽଶܽଷ ሷݑݑ + ܽସܽଷ + ܽହܽଷ ଶݑ + ܽ଺ܽଷ ସݑ + ܽ଻ܽଷ ଺ቇݑ ݑ = 0. (34)

In addition, boundary conditions are considered. Here, if (ݐ)ݑ =  be chosen as a trial (ݐ߸)cosܣ
function, then: ܽସܽଷ < ܽଵܽଷ ሷݑଷݑ + ܽଶܽଷ ሷݑݑ + ܽସܽଷ + ܽହܽଷ ଶݑ + ܽ଺ܽଷ ସݑ + ܽ଻ܽଷ  ଺ݑ
      < −ܽଵܣସ߸ଶ − ܽଶܣଶ߸ଶ + ܽସ + ܽହܣଶ + ܽ଺ܣସ + ܽ଻ܣ଺ܽଷ , (35)

where ܽସ  is the minimum and −aଵܣସ߸ଶ − ܽଶܣଶ߸ଶ + ܽସ + ܽହܣଶ + ܽ଺ܣସ + ܽ଻ܣ଺  is the 
maximum value of ௔భ௔య ሷݑଷݑ + ௔మ௔య ሷݑݑ + ௔ర௔య + ௔ఱ௔య ଶݑ + ௔ల௔య ସݑ + ௔ళ௔య  .଺ݑ

Here the frequency value can be identified as follows: 

߸ଶ = ݊(݉ + ݊) ⋅ −ܽଵܣସ߸ଶ − ܽଶܣଶ߸ଶ + ܽସ + ܽହܣଶ + ܽ଺ܣସ + ܽ଻ܣ଺ܽଷ + ݉(݉ + ݊) ⋅ ܽସܽଷ       = ݇(−ܽଵܣସ߸ଶ − ܽଶܣଶ߸ଶ + ܽହܣଶ + ܽ଺ܣସ + ܽ଻ܣ଺)ܽଷ + ܽସܽଷ, (36)

where ݉ and ݊ are weighting factors, and ݇ = ݊ (݉ + ݊)⁄ . So the frequency can be approximated 
as follows: 

߸ = ඨ݇(−ܽଵܣସ߸ଶ − ܽଶܣଶ߸ଶ + ܽହܣଶ + ܽ଺ܣସ + ܽ଻ܣ଺)ܽଷ + ܽସܽଷ. (37)

Then Eq. (24) can be rewritten as follows: 

ሷݑ + ߸ଶݑ = ሷݑ + ቆܽଵܽଷ ሷݑଷݑ + ܽଶܽଷ ሷݑݑ + ܽସܽଷ + ܽହܽଷ ଶݑ + ܽ଺ܽଷ ସݑ + ܽ଻ܽଷ ଺ቇݑ ݑ + ,ߩ (38)
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where: 

ߩ = ܽଷ ቆܽଵܽଷ ሷݑଷݑ + ܽଶܽଷ ሷݑݑ + ܽସܽଷ + ܽହܽଷ ଶݑ + ܽ଺ܽଷ ସݑ + ܽ଻ܽଷ ଺ቇݑ +     ݑ ቀ−݇ܽଵܣସ߸ଶ − ݇ܽଶܣଶ߸ଶ + ܽସ + ݇ܽହܣଶ + ݇ܽ଻ܣ଺ቁ (39) .ݑ

Combining (ݐ)ݑ =  :and using Fourier expansion series gives ,ߩ with (ݐ߸)cosܣ

(ݐ߸)ߩ = ෍ ଶ௡ାଵcosሾ(2݊ߜ + ሿஶݐ߸(1
௡ୀ଴ = ݐ߸ଵcosߜ + .+ݐ߸ଷcos3ߜ . . ≅ ,(ݐ߸)ଵcosߜ (40)

ଵߜ = ൭4ߨ න cos(߶)݀߶గଶ଴(߶)ߩ ൱ = ߨ8315 (−105݇ܽଵܣସ߸ଶ − 105݇ܽଶܣଶ߸ଶ + 210ܽସ       +105݇ܽହܣଶ + 105݇ܽ଺ܣସ + 105݇ܽ଻ܣ଺ − 72ܽଵܣସ߸ଶ − 84ܽଶܣଶ߸ଶ + 84ܽହܣଶ       +72ܽ଺ܣସ + 64ܽ଻ܣ଺). (41)

In order to avoid secular term, the following equation can be set: ߜଵ = 0. (42)

Then the following equation can be obtained: 

݇ = 2105 −36ܽଵܣସ߸ଶ − 42ܽଶܣଶ߸ + 105ܽସ + 42ܽହܣଶ + 36ܽ଺ܣସ + 32ܽ଻ܣ଺ܣଶ(−ܣଶܽଵ߸ଶ − ܽଶ߸ଶ + ܽହ + ଶܽ଺ܣ + (ସܽ଻ܣ . (43)

Substituting Eq. (42) into Eq. (36), yields: 

߸ெெ஺ = √33 ඨ84ܽହܣଶ + 64ܽ଻ܣ଺ + 72ܽ଺ܣସ + 105ܽସ24ܽଵܣସ + 35ܽଷ + 28ܽଶܣଶ . (44)

The answers of AFF method and max-min approach are plotted in Fig. 2. For comparison, 
results of energy balance [18] and numerical fourth-order Runge-Kutta method are plotted in these 
figures too. Herein the values of parameters are taken as ܰ ߙ ,15 = = 10. 

 
Fig. 2. The results of MMA, AFF, EBM and Runge-Kutta method for ܣ = 0.2 and 0.4, ܰ ߙ ,15 = = 10 

7. Conclusion 

In this paper, the main purpose was to illustrate the application of amplitude frequency 



1709. PERIODIC SOLUTION TO A NONLINEAR OSCILLATOR ARISING IN MICRO ELECTRO MECHANICAL SYSTEM.  
A. NIKKAR, H. JODEIRI, SH. AHARI ABESH AHMAD, H. TARIVERDIAN 

2716 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716  

formulation (AFF) and max-min approach (MMA) in solving nonlinear oscillator arising in the 
microbeam based MEMS. Also, the capabilities and facile applications of these methods have 
been demonstrated in comparison with the numerical solution and energy balance method. By 
intensifying the value of voltage and initial condition A, it has been considered that the 
disagreement between the answers obtained by AFF, MMA and Runge-Kutta is very insignificant 
which indicates that these methods provide highly precise answers for nonlinear equations. 

References 

[1] Lee S., Ramadoss R., Buck M., Bright V. M., Gupta K. C., Lee Y. C. Reliability testing of flexible 
printed circuit-based RF MEMS capacitive switches. Microelectronics Reliability, Vol. 44, Issue 2, 
2004, p. 245-250. 

[2] Rhoads J. F., Shaw S. W., Turner K. L. The nonlinear response of resonant microbeam systems with 
purely-parametric electrostatic actuation. Journal of Micromechanics and Microengineering, Vol. 16, 
Issue 5, 2006, p. 890-899. 

[3] Kuehne I., Frey A., Marinkovic D., Eckstein G., Seidel H. Power MEMS – a capacitive 
vibration-to-electrical energy converter with built-in voltage. Sensors and Actuators A: Physical, 
Vol. 142, 2008, p. 263-269. 

[4] Czarnecki P., Rottenberg X., et al. Effect of substrate charging on the reliability of capacitive RF 
MEMS switches. Sensors and Actuators A: Physical, Vol. 154, 2009, p. 261-268. 

[5] Tocchio A., Langfelder G., Longoni A., Lasalandra E. In-plane and out-of-plane MEMS motion 
sensors based on fringe capacitances. Procedia Engineering, Vol. 5, 2010, p. 1392-1395. 

[6] Taghipor R., Akhlaghi T., Nikkar A. Explicit solution of the large amplitude transverse vibrations 
of a flexible string under constant tension. Latin American Journal of Solids and Structures, Vol. 11, 
2014, p. 545-555. 

[7] Reza A., Sedighi H. M. Nonlinear vertical vibration of tension leg platforms with homotopy analysis 
method. Advances in Applied Mathematics and Mechanics, Vol. 7, 2015, p. 357-368. 

[8] Ghaffarzadeh H., Nikkar A. Explicit solution to the large deformation of a cantilever beam under 
point load at the free tip using the variational iteration method-II. Journal of Mechanical Science and 
Technology, Vol. 27, Issue 11, 2013, p. 3433-3438. 

[9] Nikkar A., Bagheri S., Saravi M. Dynamic model of large amplitude vibration of a uniform cantilever 
beam carrying an intermediate lumped mass and rotary inertia. Latin American Journal of Solids and 
Structures, Vol. 11, 2014, p. 320-329. 

[10] Sedighi H. M., Daneshmand F. Static and dynamic pull-in instability of multi-walled carbon 
nanotube probes by He’s iteration perturbation method. Journal of Mechanical Science and 
Technology, Vol. 28, Issue 9, 2013, p. 3459-3469. 

[11] Bagheri S., Nikkar A., Ghaffarzadeh H. Study of nonlinear vibration of Euler-Bernoulli beams by 
using analytical approximate techniques. Latin American Journal of Solids and Structures, Vol. 11, 
2014, p. 157-168. 

[12] Bagheri S., Nikkar A. Higher order explicit solutions for nonlinear dynamic model of column 
buckling using variational approach and variational iteration algorithm-II. Journal of Mechanical 
Science and Technology, Vol. 28, Issue 11, 2014, p. 4605-4611. 

[13] Khan Y., Taghipour R., Falahian M., Nikkar A. A new approach to modified regularized long wave 
equation. Neural Computing and Applications, Vol. 23, 2013, p. 1335-1341. 

[14] Sedighi H. M., Daneshmand F. Nonlinear transversely vibrating beams by the homotopy perturbation 
method with an auxiliary term. Journal of Applied and Computational Mechanics, Vol. 1, Issue 1, 
2014, p. 1-9. 

[15] Sedighi H. M., Daneshmand F., Abadyan M. Dynamic instability analysis of electrostatic 
functionally graded doubly-clamped nano-actuators. Composite Structures, Vol. 124, 2015, p. 55-64. 

[16] He J. H. Max-min approach to nonlinear oscillators. International Journal of Nonlinear Sciences and 
Numerical Simulation, Vol. 9, Issue 2, 2008, p. 207-210. 

[17] He J. H. An improved amplitude-frequency formulation for nonlinear oscillators. International Journal 
of Nonlinear Sciences and Numerical Simulation, Vol. 9, 2008, p. 211-212. 

[18] Fu Y., Zhang J., Wan L. Application of the energy balance method to a nonlinear oscillator arising 
in the microelectromechanical system (MEMS). Current Applied Physics, Vol. 11, 2011, p. 482-485. 



1709. PERIODIC SOLUTION TO A NONLINEAR OSCILLATOR ARISING IN MICRO ELECTRO MECHANICAL SYSTEM.  
A. NIKKAR, H. JODEIRI, SH. AHARI ABESH AHMAD, H. TARIVERDIAN 

 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716 2717 

 

Ali Nikkar received M.Sc. degree in Civil Engineering from University of Tabriz. Now 
he is Ph.D. student at Friedrich-Schiller-University Jena. He was selected as Iranian 
distinguished university student by the Ministry of Science, Research and Technology in 
2014. His research interests include earthquake engineering, application of analytical and 
numerical methods in engineering and applied science, nonlinear vibration of structural 
systems. 

 

Hadi Jodeiri received M.Sc. degree in Civil Engineering from University of Tabriz. Now 
He is Ph.D. student Islamic Azad University. His current research interests include 
nonlinear dynamic, analytical methods, numerical methods and vibrations. 

 

Shahin Ahari Abesh Ahmad received M.Sc. degree in Civil Engineering from University 
of Tabriz. Now he works at young researches club at University of Tabriz. His current 
research interests include nonlinear dynamic, analytical methods, numerical methods and 
vibrations. 

 

Hamed Tariverdian received Ph.D. degree in Civil Engineering from University of 
Tabriz. Now he is faculty member of Civil Engineering at Islamic Azad University of 
Sardroud. His current research interests include dynamic of structures and nonlinear 
vibrations. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


