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Abstract. Stresses in the coating of a straight beam penmfgyntransverse vibrations are
analyzed. The numerical procedure is based orettfenique of conjugate approximation with
smoothing. In the paper the smoothing procedureofte dimensional Lagrange quadratic
elements is proposed. This procedure has advantages the conventional smoothing
procedure. Comparisons of the results obtained $&inguboth smoothing procedures are
presented.
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Introduction

The numerical calculation and analysis of stregsgshoto-elastic coatings is important in
hybrid experimental — numerical procedures [1,T2hnsverse vibrations of a straight beam are
analyzed. It is assumed that the coating is thih lzas no effect to the vibrations of the beam.
The model for the analysis of beam bending desdribd3] is used. The numerical procedure
is based on the technique of conjugate approximddip5] with smoothing [6].

The calculation of the stress field in hybrid expemtal — numerical procedures was
analyzed in the papers [7, 8]. In this paper therowed smoothing procedure for one
dimensional Lagrange quadratic elements is proposddch has advantages over the
conventional smoothing procedure.

The conventional smoothing procedure for calcutataf stresses in the coating of a
vibrating beam was analyzed in [8, 9, 10]. Thisgrapan be considered as a continuation of
investigations presented in the above mentionednsap

Model of the beam and the proposed smoothing proceade

Furtherx, y andz denote the axes of the system of coordinates.b&aen bending element
has two nodal degrees of freedom: the displacemeint the direction of the axis and the
rotation @, about they axis. The displacementin the direction of thex axis is expressed as
u=z0,.

The mass matrix has the form:

ph 0
T
[M]= [IN] ® |[N]ex, 1)
0 p—
12
wherep is the density of the material of the bedmis the thickness of the beam and:
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N, O N 0 N 0
0 N, 0 N, 0 Ng

where N;, N,, N; are the shape functions of the one dimensionaldrag quadratic finite
element.
The stiffness matrix has the form:

0 167|255 1187 [y 8] o

whereE is the modulus of elasticity of the beamis the Poisson’s ratio of the beam and:

[B]=fo B o M2 o N3} 4)
dx dx dx

= dN dN dN

Bl=|— N, —2 N, —2 Nj|. 5

[ } {dx b ax Z dx 3} ®)

The nodal values of the stress in the coating aterchined from:
[K]{ac}={ﬁ}, (6)
where {.} is the vector of nodal values of the stress i ¢bating and:
[<]- [T [R]+[e] <[]} "
{If} = I[N]T ocdx, (8)

where/ is the smoothing parametet,is the stress in the coating and:

[N]=[N; N Ng], )
[B]=[Ni-N; Nz N3g-Np], (10)
C=L_E;2}2[Bl{s}, 1)

where N;, N, are the shape functions of the one dimensionatdrag linear finite element,

E. is the modulus of elasticity of the coating,is the Poisson’s ratio of the coating} {s the
vector of generalized displacements of the analgtgenmode.
For the conventional smoothing procedure:

[é]z dNy  dN,  dNg _ (12)
dx dx dx
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Results of calculation of stresses in the coatind a vibrating beam

At both ends of the beam both generalized displacésnare assumed equal to zero. It is
assumed that the modulus of elasticity of the bEan8 Pa, Poisson’s ratio of the beam 0.3,
thickness of the beatm= 0.1 m, density of the material of the beam 0.8 kg/ni, modulus of
elasticity of the coatin@. = 2 Pa, Poisson’s ratio of the coating- 0.3, length of the beam 64
m.

The stress field for the fifth eigenmode obtained using the procedure of conjugate
approximation and the stress field obtained by gqigime proposed procedure of conjugate
smoothing withi = 0.6 are presented in Fig. 1. The correspondesplts for the tenth
eigenmode are presented in Fig. 2.

Fig. 1. The fifth eigenmode: stress fieldFig. 2. The tenth eigenmode: stress field
obtained by using the procedure of conjugatebtained by using the procedure of conjugate
approximation and stress field obtained by usirapproximation and stress field obtained by using
the proposed procedure of conjugate smoothitige proposed procedure of conjugate smoothing
with1=0.6 with 1 = 0.6

The stress field for the fifth eigenmode obtained using the procedure of conjugate
approximation and the stress field obtained by qigime proposed procedure of conjugate
smoothing withl = 10000 are presented in Fig. 3. The correspondisglts for the tenth
eigenmode are presented in Fig. 4.

Fig. 3. The fifth eigenmode: stress fieldFig. 4. The tenth eigenmode: stress field
obtained by using the procedure of conjugatebtained by using the procedure of conjugate
approximation and stress field obtained by usirapproximation and stress field obtained by using
the proposed procedure of conjugate smoothitige proposed procedure of conjugate smoothing
with 2 = 10000 with A = 10000
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From the obtained results it is seen that for largkies of the smoothing parameter the
results approach piecewise linear approximation.

The stress field for the fifth eigenmode obtained using the procedure of conjugate
approximation and the stress field obtained by qushe conventional procedure of conjugate
smoothing withA = 0.6 are presented in Fig. 5. The correspondegylts for the tenth
eigenmode are presented in Fig. 6.

From the obtained results it is seen that for tireventional smoothing procedure the results
for the fifth eigenmode are acceptable, while fug tenth eigenmode they are over-smoothed
(too much flattened).

The stress field for the fifth eigenmode obtained using the procedure of conjugate
approximation and the stress field obtained by gisihe conventional procedure of conjugate
smoothing with4 = 10000 are presented in Fig. 7. The correspondisglts for the tenth
eigenmode are presented in Fig. 8.

From the obtained results it is seen that for largkies of the smoothing parameter the
results of the conventional smoothing procedure@ggh a constant value and thus are totally
unacceptable. From the presented results the pmeai$ the proposed procedure of conjugate
smoothing is evident.

Fig. 5. The fifth eigenmode: stress fieldFig. 6. The tenth eigenmode: stress field
obtained by using the procedure of conjugatbtained by using the procedure of conjugate
approximation and stress field obtained by usirgpproximation and stress field obtained by using
the conventional procedure of conjugatthe conventional procedure of conjugate
smoothing withh = 0.6 smoothing withh = 0.6

Im.
VIV

Fig. 7. The fifth eigenmode: stress fieldFig. 8. The tenth eigenmode: stress field
obtained by using the procedure of conjugatbtained by using the procedure of conjugate
approximation and stress field obtained by usirgpproximation and stress field obtained by using
the conventional procedure of conjugatthe conventional procedure of conjugate
smoothing withl = 10000 smoothing withl = 10000
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Conclusions

The improved smoothing procedure for the analysist@sses in the coating of a straight
beam performing transverse vibrations is presenidd developed numerical procedure is
based on the technique of conjugate approximatigh smoothing using one dimensional
Lagrange quadratic elements.

From the presented graphical results the precisfaime proposed procedure of conjugate
smoothing is evident. Comparisons of the resultaiobd by using both smoothing procedures
for various values of the smoothing parameter aesented. This procedure has no flattening
effect of the stress field, which may be observduenv applying conventional smoothing
procedures.
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