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Finite element analysis of vibration frequency and damping of
cylindrical shell partially covered viscoelastic damping layer
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Abstract: On the basis of introducing the complex modulus model of viscoelastic materi-
als and considering the elastic boundary of the cylindrical shell, the finite element program
was developed to solve the nonlinear calculation problem of vibration frequency and damping
for the composite cylindrical shell in view of the frequency dependence. A composite shell el-
ement with 4 nodes and 24 degrees of freedom was created to simulate the mechanical behav-
ior of the cylindrical shell with partially covered viscoelastic damping layer, and the stiffness
and mass matrices of the element were derived. A circumference variable stiffness elastic

constraint model with 6 spring groups was proposed to simulate the elastic boundaries at the
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bottom of the cylindrical shell. The dynamic finite element equations of the composite cylin-

drical shell were determined, and the iterative calculation process of solving its vibration fre-

quency and damping by eigenvector increment method was described. A case study for the

cylindrical shell with ZN-1 free damping layer was performed and the results showed that the

maximum error between the calculation results of the proposed algorithm and the experiment

values was 3. 69%. In addition, the frequency dependence of the viscoelastic material had an

effect on the natural frequency of the composite structure of less than 0.01% , but the maxi-

mum effect on the modal loss factor was 109. 47 %.

Key words:

viscoelastic damping layer; cylindrical shell; frequency dependence;

finite element analysis; vibration frequency and damping
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Table 1 First 5 natural frequencies of composite

cylindrical shells under full constraint
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Table 2 Spring stiffness values with different degrees of freedom for circumferentially variable stiffness distributions
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Table 4 First 5 natural frequencies obtained by experiment and theoretical calculation
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Table 7 Introduction parameters of viscoelastic material
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Table 6 The first 5 modal loss factors

28 TRRA L BRAA il
B AL/ MPa 3.56 7.03 5. 44
BAEHT 9 0. 652 1.052 0. 837
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Table 8 Natural frequency of composite cylindrical shell

1879 Tebeory /1077
1 0.3708
2 0.0550
3 3.0125
4 0.0400
5 1.1537

Gk Feomsid/ S roconsia/ Hz
Hz T RRE EBR{H el
1 536. 31 536. 31 536. 31 536. 31
2 732.64 732.64 732. 64 732. 64
3 935.43 935.42 935. 43 935. 43
4 1143. 85 1143. 85 1143. 85 1143. 85
5 1413.73 1413.72 1413.73 1413.73
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Table 9 Modal loss factors of composite cylindrical shell

T o 0
1077 TR R AE ¥ifA
1 0.3708 0.2438 0.7767 0.4782
2 0.0550 0.0308 0.0980 0.0603
3 3.0125 1.5553 4.9553 3.0510
4 0.0400 0.0201 0.0640 0.0394
5 1.1537 0.5854 1.8651 1. 1484
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