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Free Vibration of Cantilevered Composite Rectangular
Plates with Point Supports

Y.S. Lee, M.H. Choi, S.Y. Song, and C.H. Ryu
ABSTRACT

The free vibration analysis of cantilever CFRP and GFRP composite rectangular
plates with point supports at the free edge and interior position is performed. The
natural frequencies and mode shapes of plates are experimentally determined by
impact testing using an impact hammer. To compare and verify these experimental
results, the finite element analysis is also carried out and the non-dimensional
frequency parameters are compared with FE analysis results. The effects of the
number and location of the point support on the frequencies are examined. In the
experimental results, it is found that a significant increase in frequencies occurs
when the point supports are added on certain parts of plates.
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Table 1. Stacking sequence and thickness of test
specimens
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Fig. 1. The geometric configuration and fiber
orientation angle of the composite cantilever
plate with various point supports
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Fig. 2. Schematic diagram of the point support
equipments
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Fig. 3. Finite element model of the cantilever
plate with three point support at free edge(x=a)
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Table 2. Material properties of laminated
composite plates
Material CFRP GFRP
a, b (cm) 20.00 20.00
o (kg/m’) 1480 1780
E: (GPa) 106.20 34.64
E: (GPa) 6.86 7.18
Gz (GPa) 357 3.82
V12 0.33 0.26
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Table 3. Non-dimensional frequency parameter
(A) of the rectangular [0°]z0 and [45°]x GFRP
composite plate with various point supports at
free edge(x=a)

Stacking N(;'_ (f Mode sequence number
Sequence sff,,;’;rt Ist 2nd 3rd 4th 5th
FEM| 351 570 13.69 2258 25.14
WOl ep | 330 554 15.23 2088 24.39
| |FEM| 570 843 10.14 25.02 27.24
. Exp.| 607 895 19.70 24.60 28.01
[0°) , |FEM]| 698 1493 10.12 27.25 2934
Exp.| 7.46 1523 18.75 2822 29,61
5 |FEM(1427 1494 24.10 27.31 36.20
Exp. [13.95 1597 2577 31.31 37.06
FEM| 2.07 581 12.83 1575 22.25
WO e 193 535 1158 1550 19.23
| [FEM| 579 7.36 16.06 2049 27.14
5 Exp.| 579 690 1492 1841 2487
FEM| 7.16 12.70 1395 2383 33.06
% Exp.| 6.83 1188 1321 23.75 30.29
, |FEM| 017 1331 2288 28.07 3445
Exp.| 861 1292 2257 27.02 31.47
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Fig. 4. Experimental non-dimensional frequency Fig. 6. Experimental non-dimensional frequency
parameter( 1) of CFRP [0°l» plate with various parameter(A) of GFRP [0°]x plate with various
point supports at free edge(x=a) point supports at free edge(x=a)
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Fig. 5. Experimental non-dimensional frequency Fig. 7. The effects of point support positions
parameter( A1) of CFRP [0°]n plate with various and fiber orientation angles of CFRP composite
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Fig. 8. Experimental nodal patterns of the [0°120 CFRP plate with one point support
(a) without point support (b) free edge support (¢) middle position support
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