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1

ÖZET

-Bernoulli Teorisi’nden 

Anahtar Kelimeler: 

FINITE ELEMENT MODELING OF VIBRATION OF BUILT-IN 
COMPOSITE ROD ELEMENT WITH ORTHOTROPIC MATERIAL

ABSTRACT

Vibration analysis of composite structures is gaining practical importance in many 
engineering applications. Depending on the place of use and operating conditions, large 
amplitude vibrations are highly effective in laminated composite beams. In the application of 
the finite element method, which is the most widely used among the numerical analysis of 
structural systems, the relationship between displacement and forces that occur in degrees of 
freedom of each element is formed by element stiffness matrices. In this study, it is aimed to 
investigate the free vibration behavior of built-in rod element made of composite material with 
orthotropic material. Mathematical modeling of the bar element is obtained by finite element 
method. In addition, Euler-Bernoulli Theory, which is the classical beam theory, was utilized 
in the modeling stage.

Keywords: Finite Elements, Composite Material, Vibration

1.

mümkündür. Bunlar metaller, polimerler, seramikler ve kompozitlerdir. Kompozit malzemeler 
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ar (Gibson, 1994). Kompozit malzemelerle ilgili (Lurie K.A., 

dir. 

yatay yönde h

e

Timoshenko,1992).

33



M C B Ü Soma Meslek Yüksekokulu 

2.

2.1.            

Global ( , , )x y z ve Yerel 1 2 3( , , )x x x (László P. Kollár , George S. Springer, 2009)

- Hadi, 

emel ve basit 
modellerden birisi ise “Euler-Bernoulli Teorisi 
modelleme ise dir. Klasik laminasyon (kompozit) teorisine göre 

U(x, y, z) = u(x, y) zw, x                        (1)

V(x, y, z) = v(x, y) zw, y                         (2)

W(x, y, z) = w(x, y)                        (3)

( , , )x y z eksen 

- Klasik 
teorisi

U(x, z) = u(x) zw, x    (4)

W(x, z) = w(x)                                        (5)

2.2.
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Ortotropik 

2 3
1 2 3 4( )w x a a x a x a x                             (6)

1

1

2

2

w

w
(7)

1 2
1 2

dw dw
dx dx

                                                             (8)

A q (9)
2 3

1 11 1 1
2 3

1 21 1
2 3

2 32 2 2
3 3

2 41 1
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0 1 2 3
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w ax x x
ax x

w ax x x
ax x

                                                               (10)

1q A (11)
12 3

1 11 1 1
2 3

2 11 1
2 3

3 22 2 2
3 3

4 21 1

1
0 1 2 3
1
0 1 2 3

a wx x x
a x x
a wx x x
a x x

                                  (12)
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12 3
1 1 11 1 1

2 3
2 2 12 3 2 3 1 1

2 3
3 3 22 2 2

3 3
4 4 21 1

1
0 1 2 3

1 1
1
0 1 2 3

a a wx x x
a a x x

x x x x x x
a a wx x x
a a x x

(13)

1 2 3 4 e e
N N N N N                                                              (15)

Burada [N] 

1 2 3 4N N N N N                                                            (16) 
S.S. Bhavikatti, 2007)

2 2

2 2

v N B
x x

             (17)

2

1 2 3 42 ''( ) ''( ) ''( ) ''( )NB N N x N x N x N x
x              

(18)

(Yijun Liu , 2003)

2.3.

, problemin çözümünde kullan lan koordinatlar ve 1 2 3( , , )x x x

üstten nda (ters olarak), (x, y, z) koordinatlar 1 2,x x düzleminde 1 2 3, ,x x x ’ün saat 
ibresi

edilir.

2 2
1

2 2
2

3

4

5
2 2

6

cos sin 0 0 0 sin 2
sin cos 0 0 0 sin 2

0 0 1 0 0 0
0 0 0 cos sin 0
0 0 0 sin cos 0

sin cos sin cos 0 0 0 cos sin

xx

yy

zz

yz

xz

xy

(19)

p m
T

                         
(20)

T

2
1cosxx             (21)
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TQ T Q T         (22) 

ifadesi verilir. Burada [Q] , malzeme koordinatlar ndaki 6x6 boyutundaki 
malzeme direngenlik matrisidir. (Aysun B. , Ahmet S. , 2006 )

2.4. [D] Direngenlik Matrisinin Elde Edilmesi

ankastre 

11 12 13 14 15 161 1

21 22 23 24 25 262 2

31 32 33 34 35 363 3

41 42 43 44 45 4623 23

51 52 53 54 55 5613 13

61 62 63 64 65 6612 12

Q Q Q Q Q Q
Q Q Q Q Q Q
Q Q Q Q Q Q
Q Q Q Q Q Q
Q Q Q Q Q Q
Q Q Q Q Q Q

               (23)

Gerilme-

2 3 23 13 12 12 0 olur. 

matrisimiz,

1 11 1
Q (24)

elde edilir. ijQ olup, Young, 

11 1Q (25)
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Burada 11Q 1 (R. M. Jones, 1973).

( )

1
1

N k

ij k kij
k

A Q z z (26)

( ) 2 2
1

1

1
2

N k

ij k kij
k

B Q z z (27)

( ) 3 3
1

1

1
3

N k

ij k kij
k

D Q z z                                  (28)

Burada ijA ijD ijB -boyuna 

ijA

ve ijB ijD
Aysun B. , Ahmet S. , 2006 ).

2.5. Rijitlik Matrisinin Elde Edilmesi

2.5.1.

Dörtgen elemanlar için rijitlik matrisi elastik enerji ifadesinden hareketle elde edilebilir. 

1
2

U V (29)

formülüyle                  
1
2e

e
U t A (30)

-
2

2

2

2

2 2

2 2

x

y

xy

u
x
v

y
u v

x y

(31)

0y xy
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2

2x
u

x
(32)

2

2

u d
x

(33)

2

2. NN d B
x

                   (34)

{ =[D]{                                  (35)

D B q (36)

1

1

1
2

TT

e
U q t B D B x q                                  (37)

1
2

T

ee
U q k q (38)

olup eleman rijitlik matrisi olan [k]
e
,

1

1

T

e
k t B D B x                                  (39)

. Eleman rijitlik matrisi (4x4) ( Topcu, M. , S. , 1998)

2.6. Kütle Matrisinin Eldesi

1
2

T

v
u vT u                                  (40)

u , v, w  x
vektörüdür.
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u uvw (41)

u N q (42)
gibi

u N q (43)

1
2

T
e e

TN vT q N q (44)

Elde ederiz. Parantez içindeki ifade ise eleman kütle matrisini vermektedir.
T

e e
m N N V (45)

u ve v dir. 

1 2 3 4N N N N N                                                              (46)

T
e e e

m ht N N x                      (47)

Topcu, M. ,
S. , 1998)

3. SONUÇLAR

irengenlik 

ak 
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