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Free Vibration Analysis of Cantilevered Composite and Hybrid Conposite Triangular Plates
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Table 4. Natural

frequency parameter

of

frequency and
(A)

non—dimensional
CFRP
cantilever triangular plate (a=b=25.4 cm)

composite

Mode Number 1e¢ 2nd 3rd qth 5th
Table 1. Dimensions of plate specimens
Exp. | 80.00 192.50 410,00 465.00 680.00
(1.49) (3.59) (7.64) (8.66) (12.67)
thickness(mm) [0°]z0 FEM 79.14 201.94 377.10 455,83 709.84
Desig. | Stacking sequence (1.47) (3.76) (7.03) (8.49) (13.22)
CFRP FRP
G Exp. | 67.50 197.50 352,50 357.50 757.50
(0.87) (2,54) (4.54) (7.18) (9.76)
A [0°]20 2.8 ?'5 [0°/90°110 | FEM 69.33 225.40 355.14 619,20 827.36
B [0°/90°]10 2.8 2.6 (0.89) (2.90) (4.57) (7.97) (10.66)
C [+45°] 20 2.4 2.4 CFRP
D {+45°/-45°],0 2.7 2.4 Exp. | 33.75 132.50 227.50 318.75 448.75
(0.66) (2.60) (4.48) (6.27) (8.83)
E | alusinus 2.9 iz | | o o els s s
F [AL/(0°¢)10/AL] 4.0 : : : - :
G [AL/(0°cL)10/AL] 3.4 Exp. | 52.50 212.00 305.00 492.50 680.00
H [(0°c)/(0°6L) 10 2.8 0.92) (3.71) (5.33) (8.81) (11.89)
[450/-45°) 0| FEM 54,08 227.65 322.21 508.41 740.23
(0.94) (3.98) (5.63) (8.89) (12,94}
Table 2. Material properties of plates
a,b o Ey Ez G2 vi2
Mat. [cm} }(kg/m3]1{{GPal {{GPa] |[GPa]
Table 5. Natural frequency and non—dimensional
AL 25.4 | 2770 72.4 | 72.4 | 28.0 ]0.30
frequency parameter (1) of GFRP composite
CFRP | 25.4 | 1480 {106.2 | 6.86 3.5710.33 cantilever triangular plate (a=b=25.4 cm)
GFRP | 25.4 | 1780 34.64] 7.18 3.8210.26
Mode Number jLA 2nd 3rd 4th 3th
. . Exp. | 41.25 123.75 215.00 310.00 451.25
Table 3. Natural frequency and non—dimensional (1.18) (3.55) (6.17) (8.89) (12,94
. : . 10°120 FEM 43,08 132.13 208.75 315.54 477,23
frequency parameter (L) of isotropic cantilever (L.24) (3.79) (5.78) (19.08) (13 691
triangular plate (a=b=25.4 cm, t=2.9 mm) B, | 36.25 117.50 188.75 311.25 477.5
(0.90) (2.92) (4.69) (7.7%) (10.62)
Mode Number [0°/90°1 10 | FEM 38.09 133.82 195.83 346,42 463,59
Material Referance (0.95) (3.32) (4.86) (8.61) (11.52)
1.( an 3rd 4(!1 sth GFRP
Exp. | 26.25 102.50 163.75 252.50 352.75
Experiment | 67.50 250.00 357.50 592.50 842.50 (0.83) (3.25) (5.19) (8.00) (11.18)
(0.97)* (3.59) (5.14)  (8.52) (12.11) [+45°120 FEM 29.71 128.05 159.58 296.87 384,18
FEM 68.33 260,27 366.80 638.10 871.87 (0.94) (4.06) (5.06) (9.41) (12.17)
Isotropic (0.98) (3.74)  (5.27)  (9.17) (12.53)
Gustafson{2}| (0.92) (3.64) (5.09) (8.70) Exp. | 30.00 112.50 162.50 277.50 366.25
Mirza{3] | (0.98) (3.67) (5.30) (8.90) (0.95) (3.57) (5.15) (8.80) (11.61)
Kinl7] (0.98) (3.73) (5.20) (8.94) (12.18) [450/-45°} 0| FEM 31.28 127.79 175.57 294.06 411.25
Lee(8) (0.94) (3.66) (4.81) (8.56) (11.60) (0.99) (4.05) (5.56) (9.32) (13.03)
* Nondimensional frequency parameter
Table 6. Natural frequency and non—dimensional
50 frequency parameter (i) of hybrid composite
18 s cantilever triangular plate (a=b=25.4 om)
- ¢
300
Mode Number 1t 2nd 3rd 4¢n 5th
Exp. 95,00 350.00 475.00 B855.00
20 T [AL/C/AL] (0.88) (3.24) (4.40) (7.92)
FEM 105.41 390.39 545.96 944.63
g (0.98) (3.61) (5.058) (8,74)
400
70 Exp. 82.50 300.00 420,00 727.50 890,00
[ AL/GL/AL] (0.93) (3.39) (4.75) (8.22) (11.19
FEM 83.96 317.56 439.39 759.56 1040.00
(0.95) (3.59) (4.97) (8.59) (11.76)
y A P
400 Exp. 57.50 162.50 310.00 420,00 590,00
(GL/Clio (1.33) (3.79) (7.18) (9.79) (13.68)
FEM 59.35 162,93 283,14 377,38 588.44
Fig.2 A Jjig form used for experiment, dimension{mm) (1.57) (3.7D (8.56) (8.74) ¢13.40)
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- impact hammer
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AR, I PCE 086803
LT T T XD
| _ Accelerometer
Specimen PCB 303403
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Conditioning Amp Power Unit
ONO-SOKKi PS-0028 Model 4B80D06
Response | Signal Impact Signal
FFT Analyzer
ONQ-SOKK| CF-920
Color Plotter
OND-SOKKI CX-337 4th mode 5th mode

Fig. 4 Nodal patterns for isotropic cantilever
Fig.3 Block diagram for modal analysis equipment triangular plate (b/a=1, t/a=0.0114)

) {\%

2nd mode 3rd mode 4th mode 5th mode

Fig.5 Nodal patterns for CFRP cantilever triangular plate (b/a=1)

AN

Fig.6 Nodal patterns for GFRP cantilever triangular plate (b/a=1)

NADN

(b)

Fig.? Nodal patterns for hybrid composite cantilever triangular plate (b/a=1)
(a) [AL/(0°cL)10/AL] hybrid  (b) [(0°¢)/(0°gL) 110 hybrid
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