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Free Vibration Analysis of Multi-Delaminated Beams
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Abstract

In the present study, free vibration analysis of multi-delaminated beams is performed. In order to investigate the
effects of multi~delaminations on the dynamic characteristics of multi-delaminated beams, the general kinematic
continuity conditions are derived from the assumption of constant curvature at the multi-delamination tip. Frequency
equations of multi~delaminated beams are obtained by dividing the global multi-delaminated beam into beam
segments and by imposing recurrence relation from the continuity conditions on each sub-beam. The comparisons
between the results of numerical analysis obtained by finite element analysis and those of present analysis give
good agreement with each other. It is shown that the effects of multi-delaminations on free vibration characteristics
of laminated beams could be used to detect their sizes, types and locations from the results.

Keywords : multi-delaminations, laminated bearns, natural frequencies, recurrence relation, frequency equations,
finite element analysis, dynamic characteristics
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Fig. 1 Geometry and sign convention of multi-delaminated beam
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Table 1 Material properties and configurations of
laminated beams

Material Glass-Epoxy
En 40.7 GPa
E22 9.75 GPa
Property GCae 4.65 GPa
Vie 0.30
0 1990 ke/m®
Stacking sequence | Cross-ply (0/90)58
Length 1000 mm
Width 25 mm
Geometry Height 2.5 mm
One pl
thickrf’e : s 0.125 mm

Table 2 Natural frequencies of laminate beams
without delaminations for each boundary
condition(Hz)

Mode
1st 2nd 3rd 4th
CF 1.519 9.519 | 26.655 | 52.232
CC | 9.666 | 26.644 | 52.233 | 86.344
FF | 9.666 | 26.644 | 52.233 | 86.344

SS 4,234 17.056 38.375 | 68.222
*C : Crossply
* CF : Clamped-Free, CC: Clamped-Clamped,

FF : Free-Free, SS: Simply Supported

Layup| b.c.

61 S 52

ih

1 5 =561+52

Lo
Fig. 2 Normalized parameters for multiple delaminations
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-Side view for the delaminated beam-
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Fig. 5 Configurations of muiti-delaminated beams
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Fig. 6 Normalized fundamental natural frequency
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Fig. 7 Normalized fundamental natural frequency
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