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VIBRATION OF UNIDIRECTIONAL FIBER REINFORCED PLANAR FRAME STRUCTURES
*
GADELRAB RAAFAT
SUMMARY

In this research work, theoretical and experimental techniques
have been used to determine the natural frequencies and natural
modes of unidirectional fiber reinforced planar frame structures.
Finite element techniques have been applied to construct the mass
and stiffness matrices. Consentrated mass, mass moment of inertia
and consentrated spring have been considered. Experimental work
has been carried out to measure eigen frequencies and structure
loss factor of the planar frame composite structure. Finally a
comparison between theoretical and experimental results have been

presented.
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EQUATION OF MOTION

In the finite element method the principle of virtual displacement yields

the equation :

MU +KU=0 1)
The eigen value problem of composite structure has the form:

(K-sz).U=0 (2)

In general form eq.(2). is re-written as:
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KU=AMU 3)

where A = u2, and @ is the circular frequency. The proper choice
ofsolution method is most important in the analysis of large structures.
Jacobi’s method provides a convenient scheme to compute all eigenvalues

and eigenvectors.

STRUCTURE LOSS FACTOR

The structure loss factor can be calculated as follows:

*k E
noo=n, (1 -V ) 54— (4)
c

where: -
E

Tox is the material loss factor of Polyester matrix = -—?;
E
'm

Em is the elastic modulus of matrix = 3.958 Gpa
Ec is the effective elastic modulus of composite = 24.49 Gpa
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Fig. 1 Planar frame composite
structure

Hn-n

f;

I

|

i

i
Charge
Lemplid sar

zgf —

2638
|
m !
i
1
E eal Chanaal
: - Plouiar
202

Fig. 5 Block diagram of apparatus for
vibration tests of composite
structure with concentrated mass.
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Fig.3. Flow chart of the program
structure without concentrated mass
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Table 1. Experimental results of (fn) and (n)

of composite structure without concentrated mass

\"4
i FEM results | Exper.results{Theoretical Experimental
} loss factor loss factor
Mode | £ £ g 5
n o n n
- =3 =3 - o =3 Yo - No. Bz Bz
1 34 30 .00213 .0016
v\,"’—\ 2 110 101 ~00213 0546
} A 3 730 718 ~00213 025
i \vi UA‘ 3 393 358 700213 EIN
— 5 632 75 ~00213 012
- - i _rr 1aa cose 6 718 720 ~00213 ~0172
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Fig. 7 Inertance and Phase diagram for composite

structure with concentrated mass
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Fig. 8 Eigen endes of the casposite structure without

@acantreted mass
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Table 2. Experimental results of (fn) and (n)

of composite structure with concentrated mass

FEM results | Exper.results| Theoretical Experimental
loss factor loss factor
Ed *
Mode ‘n f" r’ n
No. Hz Hz
1 2 20 .00213 .001
2 65 60 .00213 .03
3 214 185 .00213 .028
4 224 217 .00213 .025
5 342 320 .00213 .0156
6 554 521 .00213 .010
where
n‘ is measured experimentally
o
n is calculated from equation (4)
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