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FREE VIBRATION OF BEAM ELASTICALLY RESTRAINED
AGAINST TRANSLATION AND ROTATION AT ENDS

Mabil H.H.
Liniv, of Baghdad-College of E

= TRACT

Ximate solution of the vibration of an elastically restrained, uniform and non-uniform

= vith translational and rotational springs is obtained using Rayleigh-Ritz approach. The
seseencies are presented for wide range of restrained parameters and some of these have been
moared with those available in the published literature tllustrating the accuracy and versatility of

ach. It 1s believed that the results OrCEEnT In Lus papers will be of use in |_1q,_-:~.‘_-_u|‘: of beams.

e and piping under dynamics consideration
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ream, shafl, frequency parameter, elasticallv restrained. Ravle igh-Ritz

ERODUCTION
2 large number of technical studies dealing with vi brating beam taking into account several
==ang ellects such as axial forces, elastic constraints, variable cross-section rotary inertia of

50 and Reyes(1976) studied the problem of free vibration of a beam supported by a

S Spring at one end and having a translational spring at the other end. Sundaraiant ] 70y
= & sumple algebraic expression for un upper bound to the fundamental frequency of beams

netrical springs
= e aoreensen) 1YED) bhave studied the response of L'..lel-.'.l'|_‘- restramed cantilever
i

er beams and presented exact frequencies and mode shapes for the first four modes of
. 1
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numaer of restrammt parameters. In i attempt o esnmale the |=I"Iq.|illl'-.,l"'
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vibration fuel rods, Passig1970) derived an exax requency equation for a beam
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symmetrical springs at either end of the beam. Abbas{ 1984} has studies the problem of

=strant limoshenko beams and presents some results for degenerate case of Bernoulli-
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15 apphied for determining the

using Rayleigh-Ritz approach. A simple algorithmic procedure

requency parameter of the restraint beam.

AFPROXIMATE SOLUTIN
i n of a deflection In which

the classical application of the Rayleigh-Ritz method is based upon the selection of

unetion which isa speciiic function of the position
riowever, as was a first shown by Rayleigh one can use a polynomial function with undefined
parameters. Lhe strain .energy of the structural svstem under consideration Fig. (1).
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F1g.(1) The structural element under i westigation, showing the support system

where L is the Young's modulus I{x) is the variable moment of inertia, A(x) is the variable crc
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T Aree: L AT are s cawetticaend ol =3t mitiad ST O g . I o ;
i, and K are the coefficient « rotational and translational springs.  The bound

conditions for the beam can be writien ar =1
0,0
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the displacement deflection shape can now be approximate bv means of polvnomial
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== 7 fare delermined from the boundary conditions of equations (2) and (3). Substitution

- waalUll [9) Into equation {£) and diflercntiated with respect to the und xiined constant A’s would

d
! a characteristics equation of the form

L —mWEdl=n

nch K and M are the stiffiess and mass matrices of the structure, and iz the circular

EQUENCY,

SUMERICAL RESULTS AND DISSCUSSION

first case studied is that of uniform cantilever beam {clamped at x=0) with rotational spring

rled located at the free end of the beam. The first five |"-.‘:_i IENCY  parameters are show

|
Bable(1) and compared with the exact values from the work of Laufl], The table shows excellent

Eercement with exact results .
I E "\.ILl.'I'"_I Case ‘-!.I-:I:L"L; i.'h thai Ili.JL'IL'III {1141 on of the natural |'|',-|_i||;- 10y [raram efer '. VAR ;-_"_ ST
megic span, spring hinged beam.
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e (1) Comparison of frequency parameters fora uniform cantilever beam
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BmOers in parentheses are exact values

= where both ends elastically restrained against rotational and fully translationally restrained.

e s=sults of the frequency parameters for two comb natons ol rotationa =| Iness are considered

E=er with exact results computed by m[8&] as shown in Tahle (2). . Again close agreement

=xact resulis s achieved.
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234 and 5) show the relation he ween the frequency parameter 16 A L and the

B number under different values rot; thional spri ng constamt tor uniiorm single span heam
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Figs. (6,78 and 9) show the relation between the frequency parameter & ™ £7) anud

T |-\. "|-|-|.-r-. Vo v g T [ =g b 4 I ' -

mode number under different values off ralabonal spring constant lor three span beam, whic
5 TET1E '; 3 ¥ :-':. |- [ e I - 4 ™ ] 1 [ I .o ;
ymmeincally parabolas tapered in both width and deptn wiere the central dimensions one half

e T + - —— : ]

ienszon and has both end translationally and rotationally spring supported.

t can seen from the 5o i a2 1 e ho-th R g 5

(L can secn Irom the fgures presented in this paper that both the (ranslational and rotational spr

-unstanis have signilicant eflect on thee lower mode of vibration, This sludy alsa, shows that

generdl tne translational spring constant has relatively greater effect on the frequencies than

iflonal spring constant,
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NOMENCLATURE e

l{x)- variable moment of inertia (m™) 3
\(x)- variable cross-section area (m°) :
L- beam’s length (m)

E- Young's modulus of elasticity (N/m”) ; sl iy

- density of the beam (kg/m™)

ind k- are the coefficient of rotational and translational springs

i and M- are the stiffness and mass matrices of the structure

15 the circular frequency (rad's)




