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Abstract

This study investicates the free vibration characteristics and natural frequencies of a Kevlar
49 layered composite plate with symmetric multiple rounded-rectangular holes using finite element
modal analysis in ANSYS. The first five eigenfrequencies are considered together with the effects of
boundary condition, number of plies at constant ply thickness, laminate orientation, fillet ratio, plate
length-to-width ratio, cut-out length-to-width ratio, nominal perforation ratio, number of holes in
the x- and y-directions, and hole spacing. The finite element model was developed progressively
from simple to more complex geometries. Mesh convergence was assessed separately from model
validation before the parametric study. The results show that the fully clamped boundary condition
gives the highest natural frequencies. With the ply thickness held constant, increasing the number
of plies also increases the total laminate thickness and is associated with higher natural frequencies.
Cross-ply and angle-ply laminates give higher natural frequencies than the unidirectional cases
considered. Increasing the plate aspect ratio, cut-out aspect ratio, perforation ratio, and number of
holes generally decreases the natural frequency. The effect of fillet radius depends on the vibration
mode and hole configuration because geometric changes affect modal stiffness, modal mass, and
mode shape simultaneously. The results provide a benchmark for composite-plate design and for

future experimental or higher-fidelity numerical studies.

Keywords: Free Vibration, Layered Composite Plate, Finite Element Analysis, Natural Frequency,
Multiple Holes
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