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! Closed-form

2 Differential transform method (DTM)

3 Paper-based

* General restrained Euler-Bernoulli beam
5 Weighted-residual methods

8 Petrov-Galerkin method (P-GM)

7 Galerkin method (GM)

8 Collocation method (CM)

? Frequency parameter
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! Rotating beams
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! Frequency response function (FRF)
2 Multi-step differential transform method (MsDTM)
3 Finite difference method (FDM)
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! Convergence curve



485 ablios dids yod 4 Gl cnl 5l glats b logjg slaesiledly g, el Gi80
— By iy b, S e sao |y Toailogdl ali Jlsyje JR 0t S5 gl (o SareS sl
28 Sal oz slreailedl (b, 5l ol3 9590wz 6l (e maxd g oS JE s JE
lapl JolS meogi ar o slapion po a5 Wi oo Dbl ol cyyai covi iy @l bag]

LSy pnles

sl iagn 5 039 O Xaagh slp Clix Slegdgs 51 (So (Joip = gl 25 K3 s

s Jelos 4 D] Gl5ea 5 63590l (Jlie plsie 4 el o plosl Gl o jpme b 5 ylomn
by 3 esliwl b 550 (ggm 5o JU 28 g g S 50 (Sligs 8 5 lake JFASS L (5 sie
28 31 ) o a Sen 5 39l R chaghy 3 il Tl e S
S oslinal b (Jgiy = ool 53 Jolow & 13m0 5 31y cimmon [Y]azslsy Tolets” 2y o
S 35 0 ST AT lgie ay Ses 5 Jl 851 b TIYT sl b psne S 3,
= gl 5 el 4 [F] a5 5 (I S0 (g 50 (28 (5ypiiie 1) 5 g WS wolinal 15
SBaSS 052y (2,8 b ailes g0 oy Jolod aiisloyy (S oBaSS Lalyl b (558000 (i y
S Aslee L] s 5 srasile [0] ciply @jso o1y lang 55 58 Bl o e
g 9 00l &Ll (IS oSS lylyl L ) (gy5iie BlaoSy (Joip = gl by 5,8
o 5l Woges Aol PSS layl s sl selais _,..5).' 29 ez slp !y 5 de doles

L gSubgond 1 5 Joip = gl o5 sl s B dnlie & Llagh o okt 5 P

IV] wsls y olgsds (lSe 55 15 55, 2 p7 D979 wizmed § Jfabe - Jabe 254 Lo

! Residual function
2 Separation of variables method
3 Elastic foundation

4 Timoshenko beam
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? Integro-differential equations
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! Aftertreatment technique

% Sine aftertreatment technique

3 Cosine aftertreatment technique
* Lotka-Volterra system

5 Chen system

¢ Lorenz system

7 Adaptive multi-step differential transform method
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! Nonlinear stiffness
% Nonlinear isolator
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Nonlinear electrical circuit
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Abstract

The main purpose of this thesis is to increase the accuracy of the numerical finite
element method and some of its elements for investigating the free vibration analysis of
non-uniform rotating and non-rotating Euler-Bernoulli beams, and verifying the results
by means of differential transform method as a semi-analytical technique. To this end,
Petrov-Galerkin, Galerkin and Collocation methods, as the three well-known
approaches of weighted-residual method, are firstly utilized for carrying out the free
vibration analysis of non-rotating tapered general restrained beams. Then the results
obtained by considering the mentioned methods are compared by the closed-form
solution and differential transform method. The free vibration analysis of rotating
tapered beams is subsequently investigated. It should be mentioned that, the governing
differential equation of non-rotating Euler-Bernoulli beams is a particular form (when
rotational speed is assumed zero) of the differential equation of rotating Euler-Bernoulli
beams. Moreover, in order to enhance the accuracy of the finite element method shape
functions, the governing differential equation of the rotating beams is used as an
additional constraint. The results achieved by considering the new shape functions are
also verified utilizing the conventional finite element method and differential transform
method. Afterwards, the free vibration analysis of non-uniform rotating Euler-Bernoulli
beams with exponentially varying cross-section is carried out by using differential
transform and finite element methods. Finally, trigonometric functions are employed in
order to derive more accurate finite element method shape functions. It is obviously
shown that the results obtained by using the new trigonometric shape functions are

significantly efficient and accurate.

Keywords:

Euler-Bernoulli beam, Free vibration analysis, Natural frequency, Frequency parameter,
Finite element method (FEM), Shape functions, Weighted residual method, Differential

transform method (DTM), Rotating Euler-Bernoulli beam.
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