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Free Vibration Analysis of Cantilevered Composite
and Hybrid Composite Rectangular Plates

Young-Shin Lee and Myoung-Hwan Choi
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Abstract

Composite Plate (£-3+a] 8.31),

Hybrid Composite

This work presents the experimental and FEM results for the free vibration of cantilevered,
symmetrically and antisymmetrically laminated composite rectangular plates. The natural fre-
quencies, mode shapes and contour plots of a number of CFRP, GFRP, CFRP-Aluminum,
GFRP-Aluminum and CFRP-GFRP hybrid composite plates are experimentally obtained. Deter-
mination of Young’s modulus and test procedures are described. The natural frequencies are

determined for a wide range of parameters: e.g., composite material constants, fiber angles and

stacking sequences. Natural frequency and nondimensional frequency parameter results are

compared with the finite element analysis and existing literatures. Agreement between experi-
mental and calculated frequecies is excellent. The effects of varing the parameters upon the free

vibration frequencies and mode shapes are discussed.

5z MY

a b DAY Aolet X

C |

Du, D= 5% ZAAA+
D11=E1t3/12(1—l/12 Va1)
Do=E»t3/12(1 — vz va1)

E\, E; BRI Al

f D AFAEF (Hz)

F i

G D AR A Al

I Doy 23 EulE

K L rA Y

L CER YA Aol

m, n L RE

*Ad, Fduda JALA R
Eddsta e S AL Z R

Wiz, Va1

0
w

Hold xsh Yty wstel 4

c A ek
CEEAEAAM Y B F
o

Dk 9l g

D3] Hmaty

cAlse) dUR
. Z} A &4 (radians/second)

LM B

Yol 2AANAE AL The 44 AH
Sahe Bgoz AR AL STHL YUtk o



1900 o}jed A .
A& dA N A 7HE AAE A5 durHa
e sgAEd, Afed ENEs T3
BlaA FEu el wi¢ $5317] W] T2
Eo] A&o] F&=2 Frpsta ek olell =}
B g 24 24249 AFEAN AE o
oo £8 St Ee

Ayg daz 3 g

F24 24 AHed 229 Adae F37¢A
fan blade So] o)A 5w Felat & 4 o
54 dEygate AFMA-L B ATAEe
oA 2AARE o] FoiA gieh ¥ Young®
Leissa®: Ritz]-< &3toz s A3 x9
A AN ododon, Gorman¥e ZFHH (su-

perposition method) & A}-&3te] L3k A&

Frdg AE ek SFAE A
4, Mohans Kingsbury® =8z Nairs} Dur
vasula®& o|utAl Ul EaEo sl HE T
3t 3, Crawley™= A&y FEMS 53l g4
AE7 $EAE PR EHS AU
IFASre negdAL FIch A2 ol
Narita®} Leissa®+ Ritz¥]-& o] &3le] tialoz
A2 Uy Adne ARAT A A4
wle E3te A3 £34 AAE dch a8
g 2gze) Azelwd, 437 12n
A 59 ook wiAEsE ARl AREE
ANE AR ol od Ug g A FSF A
gojch, = :
E4q Ass 353

2 AT %He BYAE 9By Aaznd
£4A4%, & TRAE49 REY4L 48T 5
& 2

3ted shepsled glch
a4 FEM sjAdE sgsich. 4¥s FEMQ]
ZA#}EL AFAFF(Hz) 2 738t T34 A5+
A2 Jepl et oeln o #d Azl

339 ==34s contour plotsg A& sfe] ZHE
Hzgte] BHASE Tk
2. & o
2.0 AH
A¥L E3led 73, CFRP(carbon fiber rein-

forced plastics : &t£ 4573 ZFelx®), GFRP
(glass fiber reinforced plastics : 845733 Z
#a) 222 aluminumz 2YAEe) E¢HS

(hybrid composite) FA7A#S] 2725 A F 0]

Hg

Y

oo
oo
oo
oo
oo Ez

Ex
(o
Ve

[+ o]
00
5. 25.4 x

Fig. 1 Geometry and coordinate system of a plate

Table 1 Dimensions of plate specimens

Designation Stacking sequence [Thickness (mm)
CFRP | GFRP
A [0 2.8 | 2.3
B [0°/90°0 2.9 | 2.6
C [+45°] 2.9 | 3.3
D [+45°/ ~45"%0 2.8 | 2.4
E Steel 2.0
F Aluminum 1.1
G [AL/(0°)0/AL] HYBRID 4.0
H [AL/(0ci) 0/AL) HYBRID 3.4
I [(02/(0ct) ] HYBRID 2.6
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Table 2 Material properties of plates

Dimension Density Young's modulus Shear modulus | Poisson’s ratio
Material
a, blem] olkg/m?] E,[GPa] E,[GPa] G,2[GPa] Viz
Steel 25.4 7800 210 210 80.0 0.30
Aluminum 25.4 2770 72.4 72.4 28.0 0.30
CFRP 25.4 1480 106.20 6.68 3.57 0.33
GFRP 25.4 1780 34.64 7.18 3.82 0.26
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Table 3 Non-dimensional frequency parameter (A= wa?/{pt/Dy) ) of isotropic cantilever square plate
(b/ a=1, t/a=0.0079)

Mode number
Material Referance
1st znd 3rd 4th 5th
Experiment 3.32* 8.71 20.72 28.40 30.56
Isotropic FEM 3.46 8.58 21.52 27.45 31.73
Gorman® 3.459 8.356 21.09 27.06 30.55

* Non-dimensional frequency parameter
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Fig. 3 Experimental mode shapes and contour plots for isotropic cantilever square plate (b/a=1,
t/a=0.0079)
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Table 4 Non-dimensional frequency parameter (1= wa®/(ot/D11) ) of GFRP composite cantilever square
plate (b/a=1)

Mode number
Material
1st znd 3rd 4th 5th
0] Exp. 3.30 4.90 14.02 20.83 22.54
00

FEM 3.51 5.68 13.53 22.39 25.66
Exp. 2.17. 4.54 13.68 15.17 17.24

[0°/90°10
FEM 2.20 4.40 14.31 16.23 17.66

GFRP

Exp. 1.92 5.39 11.26 15.33 19.64

[+45°]20
FEM 2.07 5.79 12.73 15.64 22.06
Exp. 2.11 6.32 12.78 16.86 21.27

[+45°/—45°],

FEM 2.24 6.89 13.38 19.48 23.46
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Fig. 4 Experimental mode shapes and contour plots for [+45°], GFRP cantilver square plate (b/a
=1, t/a=0.0131)
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Table 5 Non-dimensional frequency parameter (A=wa?y/(ot/Di)) of CFRP composite cantilever

square plate (b/a=1)

Mode number

Material
1st 2nd 3rd 4th Slh

Exp. 3.32 4.26 8.34 17.61 20.71
[0°]z0 FEM 3.49 4.31 3.15 16.97 21.79
Narita® 3.514 4.74 9.116 18.35 22.02
Exp. 2.49 3.49 14.68 15.46 16.53

[0°/90°].0
FEM 2.55 3.60 15.81 16.85 17.19

CFRP
Exp. 1.43 4.20 8.39 10.42 16.27
[+45°]%0 FEM 1.46 4.30 8.62 10.52 16.70
Narita® 1.482 4.211 9.422 10.54 17.32
Exp. 1.69 597 9.58 15.91 19.82
[+45°/—45]

FEM 1.77 6.35 9.97 16.62 20.48
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Experimental mode shapes and contour plots for [0°].s CFRP cantilever square plate (b/a
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Table 6 Non-dimensional frequency parameter (A= wa?y/{pt/Dy) ) of hybrid composite cantilever square
plate(b/a=1)

Material Mode number
1% 2nd 3 4t 5t

[AL/(02)0/AL] Exp. 3.42 7.93 20.29 27.05 28.79
HYBRID FEM 3.51 8.15 21.22 25.66 30.15
[AL/(0c?) 1o/AL] Exp. 3.20 7.69 19.09 26.01 27.79
HYBRID FEM 3.37 8.12 20.55 25.93 29.68
[(02) / (0c?) Juo Exp. 6.18 7.46 17.09 36.74 38.74
HYBRID FEM 6.21 8.36 17.39 37.52 39.14
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Fig. 7 Experimental mode shapes and contour plots for [AL/(0¢)1,/AL] hybrid cantilever square
plate (b/a=1, t/a=0.0158)
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