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An Experimental Study on the Free Vibration of
Composite Plates with Various Shapes

Young-Shin Lee* and Myoung-Hwan Choi**

ABSTRACT

This paper describes the results of experiments to analyze the free vibration of the laminated composite
and hybrid composite plates with various shapes and boundary conditions. The materials of specimens
were the carbon fiber reinforced plastic (CFRP), the glass fiber reinforced plastic (GFRP), the GFRP-
Aluminum hybrid composite and the CFRP-GFRP hybrid composite. The natural frequencies and nodal
patterns of plates with various shapes were experimentally obtained by impact exciting test using an
impact hammer and an accelerometer. The experimental results were presented with normalized
frequency parameters. The effects of composite material properties, fiber orientation angles, various
geometrical shapes and boundary conditions on the vibration characteristics of composite plates were
evaluated. To compare and verify these experimental results, the finite element analysis was carried out,
and was well agreed with experimental results.

x %
O B4 2 AAZREE 2 A SRR 2 EES 2R 89 A% 9 49A A7
ol st} nFBTE Ao AHES B A= @A F3SHCFRP), #2457 8HGFRP) E3412, €5

<)
&

A} JHEREAE o] 88 FAVIUE Bl @ 3

T % =) T AR BR8] B4, A54%, T

ety g4 AAxA ol BPAE R AEEA WX Fgol sl Hrieiich AEATe] vlw/ A

o

LA E s ololl digh @77} &g o]FofA 3 3tk 53] vt

I YL 2 v 2A9 WY me, 2% WA

AR EAEe 034 2 uidxe] g 7 A 323 2 A2E §9 22 F2EE 2AES
AR Az st AdPAA Ee) o] gHm glo 7] A3 AHSHE glow, o]E FRE E¥A 8}

* R, e ZIAAA T
** i, Z1AA A T, AR



48

o g4l

HA92 B AR e

A= ok wakA ojig o7 B, F A}Z’("’?‘S,
PYARY, 4099} BFAE Bl gt A5 3
= 38 & 538 35E B 7B TR °]
g £49] dFo 44, &4 9}01*1 g 9.3}

ol 71518 g4 AEEA 68 Feled 9
& g dgstey 9ol Fod 4%s dith
Rayleigh-Ritz®], Galerkingi, &34, #8393 22
theket Wgo] Ao webA AMHEE £ 3lew, o
& mdo] g s8F PEe B¢ doe H4E5E ¢
sle] Algo] #3Es)x 3tk Leissa[l,2]s kst
P AAZAE Ze B Ao o d 49
& AAEIE o, AlZhge] gl o8 AHARA
w2 AFAF dated drstach Gorman[3}e 5
¥ (superposition)& ©|&3td ALY Fof W F
39 §E 4T, Naritag[4]e i B27 A}
Zhel AR B S st RitzglE 2438k, o
FREre Byl $£AHIE 4ot Gustafson
(5] HEd o] ot tiekst Fwi(aspect
ratios)¢} FE ZH(sweepback angles)& Zte 9y
o] Apztsts} Alche)E(trapezoidal) ko) nRAES
2 wohalel e AlAlslg ok Kim® Dickinson[6]&
oA 3 Bt ofgl &4 Amold el o
3 232 AAsIH 1, Liew[7]E Rayleigh-Ritz 3§
olg3te] AltelE AZE: HEAS e %7471%‘01]
sted A7slck. Hosokawas[8]e o =

fo

2
=3

He AR gho] A}z (skew angle)z} A-5us ‘IZ%O]
A4AE EQ v 4 8845 (Green
function)& o] &% x4 W& Bl dysigo.

dele] Y-S 2 Bl AFAF] BY AT
Barik 591 999 #4¢ mdsly] Ysta] S

W (isoparametric) ﬁ,‘.a AMR-8H9) 31, BambillE
[10]2 AMEE, AFElE, 420 348 2w Aaepd
A el AEEAL 95t Rayleigh-Ritzg s 718

AETE o] 9T QAR A3 wAds
E 2IE= AAEE 34 o] 45y % LeeFs
[11-14]2 Agd] o3l gokst 47 AAxDE
e B fo Adds 2 238 ERHE
Abzbgtel] g AE H vy HAE Fsigion,
Iyengar——[lS]w Galerkm‘:H S Al A 2F
AR AH§AE msm

a1 27] ‘ﬂ‘"ﬂ"ﬂ «l T FREY A5dATE BE
ARt o3t T“EQ%——‘% ol ZAFEo] H¥d

o5l vluE ARE ©x gl E3) A& B8

.__4-'-‘
==

#el Bgele Az Agelv 48739 74
ol ARE] 7] WEolet Adct wy &
TolAE OFd 7ty 44e e 45 58
2 A Ed SAE %o AF54Y 2h%

o’ﬁ

=
©
3L

2
fo ¥ W R ofn

1

H

=

<]
Xl

e O 77 T

)
2 2ogade g3t w2EEg ded 483 J%’a
Agslch A RE AR A, AlokeE, 4
o] dtgt g4 dol dg AL S5HR e n/3E
FE FUFELNE o]8% AFAEeR Ay, A
Pee RA9stE AEF s AAEigoh =
g A9 dro] vias sk J8Rees T2
9l ANSYS[16]& o]&% siMg Faalgn, 0|5 4

222 22

i} FPMANE Bdle] o] 7)EleE E4, AAR
2, B3] 45450 Be A5EYe sl o
3lo] mEdtHTh

2. 254

2.1 sz 9 Ajm

B dgola meidt ookt §AE Ze wel sl
& ik Fig. 13 2t o7)4] 4R4%2i(fiber
orientation angle)-2 0, ZAAZH(skew angle)" o, &
Fu}(aspect ratio)x a/b, &@ul{chord ratio)=
cr{c/b)2 FEstAct g VEEE g4E e
2 t5F Zo] AAM d@vlo] o} Fels it
%, Fig. 1944 A}z %*}2}01 {13, cot bel HQl
Aqénzt 190 Afolm, AZEe Azl gla, c7t
01 ZASoln, Altte] e (" 154 BAZE e
7 f-oltt.

AR}k Rectangular plate) ((=0%ab=1,cr=1

Abz2bEHTriangular plate) ((=0%ab=1,cr=0

Atct2| 2 ik(Trapezoidal plate) : (= 15°, a/b=1, cr = 0.25, 0.5,
0.75,1.0

AtthelZ o] diste] o@u= 0.25(1.0¢ 94l
disle] naslga, gd] 1.0 HaPapasg gl &
=

AEE 9gtd AT AEAEe G2 F4E
(Carbon Fiber Reinforced Plastic: CFRP)YE-&A1 &,

214 %723 Glass Fiber Reinforced Plastic:
GFRP) B g, €80 5/GFRP/EF0] 5(Al
/GFRP/AD 822 348 o, CFRP/GFRP &8
A2 BIAE Holth AJHE T300 gaidf Zejx
d1(prepreg), E-glass #214-F ZE|Zda, 450
¥ A8E A3l 2EFH el ¥ (autoclave)ol|A] A



BI12% B9 1999.2 ok gAe e

= S 99 A% g 494 947 49

=9t Fig. 2= B35 o] 73 Alo]Z(cure
cycle)& VeI 3, 7 kg/cm2e] 3 12509 2%
oA 907t 715l A=A AFE EFAE A
o] A&} Tl Uit FA3 A Table 19 Vel
U1t

AR Heo] AAE met 2% (clamped: C)= %
A Af(free: F)Ql gejo] disted] nesigct A
el x=0, as} y=0, bolj4} CCCC, CFCC, CFCF 1
2]z CFFF ZAAz70] neHAx, 974 AAzd
€ B283te V35, d&8H CFCCe C(x=0)-
F(x=a)-C(y=0)-C(y=b) AN F&z1& Ye
Witk o7 EA 2 Azbe] x=0, y=00l4 1=z
WA AAE A4 4HY CCFY ZAzZe zn8d
Ao, AlteE B2 x=00AT A E 2Fgo 7
Aze]l nEEYct. ng AARAY FEL 4 70
kgo] 8% 13 B2 o83l 1, AHe IE @
o dlgle 6.5mm AAe] BE 14718 Argsle 123

Table 1. Stacking sequence and thickness of test specimens

a

Fig. 1. The geometric configuration and fiber orientation angle
of various laminated composite plates

. . Thickness ( mm )
Material ~ Stacking sequence Triangular pa—
[0°]0 3.00 2.80
CFRP [45° 2 2.40 2.80
[0°)0 2.80 230
GFRP (457 2.40 310
. Trapezoidal
HyBrp  AL(Oe)w/Al 370
(0C 0% 2.60
. Aluminum 1.10
Isotropic Steel 2.00
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Fig. 2. Cure cycle for the composite specimens
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Table 2. Material properties of the isotropic and laminated com-
posite plates

Material Steel  Aluminum CFRP  GFRP
ablem]  20.00 20.00 20.00  20.00

plkgm’] 7800 2770 1480 1780
E,[GPa] 21000  72.40 10620 34.64
E,[GPa] 210.00  72.40 686  7.18
G, [GPa]  80.00 28.00 357 382
12 0.30 0.30 033 026
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Table 3. Natural frequencies and non-dimensional frequency parameters () of the isotropic cantilever rectangular plate(a=b=25.4 cm,

h=2.0 mm)

Mod Experiment ANSYS Ref.[2] ‘Ref.[3] DIff. (%)
ode Hz A Hz A A A ift. (%)
1" 25.75 3.32 26.80 3.46 3.4917 3.459 4.05
2 67.50 8.71 66.43 8.58 8.5246 8.356 -1.52
3 160.50 20.72 166.74 21.52 21.429 21.09 372
4" 220.00 28.40 212.64 27.45 27.331 27.06 -3.46
50 236.75 30.56 24579 31.73 31.111 30.55 3.68

* (ANSYS-EXP.
( ) X 100(%)
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Table 4. Natural frequencies and non-dimensional frequency parameters (&} of the rectangular [0} GFRP composite plates with various boundary conditions

Stacking Boundary

Mode sequence number

sequence  Conditions I 2 3" 4" 5"
Exp. 26.84 41.32 59.64 68.16 94.58
cece (315.0)* (485.0) (700.0) (800.0) (1110.0)
ANSYS 26.26 40.98 66.01 66.57 §1.03
(308.2) (480.9) (774.7) (781.3) (951.0)
Exp. 12.57 26.63 33.02 45.80 62.63
CFCC (147.5) (312.5) (387.5) (537.5) (735.0)
ANSYS 11.71 27.72 29.86 45.11 58.00
[0} (137.5) (325.4) (350.5) (529.4) (680.6)
Exp. 4.90 14.38 21.94 31.53 35.49
CECF (57.5) (168.7) (257.5) (370.0) (416.5)
ANSYS 4.70 12.62 22.90 29.82 31.31
(55.2) (148.2) (269.7) (349.9) (367.5)
Exp. 3.20 5.54 15.34 20.13 23.75
CEFF (37.5) (65.0) (180.0) (236.3) (278.7)
ANSYS 3.50 5.69 13.56 22.15 2491
(41.1) (66.8) (159.2) (259.9) (292.3)

* : Natural frequency (Hz)



52 ik

REE SR

12%3x0 2 %2 BHth

o Az w2 e BANeE ZAHEH

e Ywdoz B
o] A EF 2o] F37 4 (bending stiffness: Dy)

[17-18], ti&) B=H cross-ply2] A% Die=D;=00}
3, angle-ply?l 7% Dis=Days#00]7] W&o F872
Ao} & [45°1 A& AEF7E EA vEhd Holth

Table 5. Natural frequencies and non-dimensional frequency parameters(d) of the rectangular [45°x GFRP composite plates with

various boundary conditions

Stacking Boundary Mode sequence number
sequence _ Conditions I 2 3 4" 5"
Exp. 31.53 56.24 64.76 75.83 103.52
ccec (370.0)* (660.0) (760.0) (890.0) (1215.0)
ANSYS 32.66 59.92 73.34 92.08 118.60
(383.3) (703.3) (860.8) (1080.7) (1391.9)
Exp. 17.89 35.36 47.08 60.28 71.78
CFCC (210.0) (415.0) (552.5) (707.5) (842.5)
[45°T20 ANSYS 20.45 35.67 54.75 63.10 80.09
(240.1) (418.6) (642.5) (740.6) (940.0)
Exp. 6.60 18.96 25.99 39.83 50.70
CECF (717.5) (222.5) (305.0) (467.5) (595.0)
ANSYS 7.01 19.41 27.56 39.36 54.12
(82.3) (227.8) (323.5) (462.0) (635.2)
Exp. 277 7.67 16.62 22.37 27.59
CEFE ' (32.5) (90.0) (195.0) (262.5) (323.8)
. ANSYS 2.79 7.82 17.15 21.03 29.67
32.7) 91.7) (201.3) (246.9) {348.2)

* : Natural frequency (Hz)
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Fig. 4. Effects of boundary conditions for the rectangular [0%
GFRP composite plates
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Fig. 5. Comparison of frequency parameters of the rectangular
[0%z0 and [45%0 GFRP composite plates with the CCCC
boundary condition
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Table 6. Natural frequencies and non-dimensional frequency parameters(d) of the triangular {00 and [45%)e composite plates with

the CCF boundary condition
. Boundary Mode sequence number
Material Conditions 1 o 30 4" 5t
Exp. 12.29 24.76 38.08 45.59 57.88
(ho (360.0)* (725.0) (1115.0) (1335.0) (1695.0)
ANSYS 12.39 27.30 43.71 51.33 67.96
CERP 362.7) (799.5) (1280.0) (1503.0) (1990.0)
Exp. 14.09 28.17 42.69 58.91 67.45
(450 (330.0) (660.0) (1000.0) (1380.0) (1580.0)
ANSYS 13.65 33.43 47.81 58.17 69.71
3197 (783.1) (1120.1) (1362.7) (1633.0)
Exp. 17.85 37.44 51.79 68.94 79.44
[0°)0 (255.0) (535.0) (740.0) (985.0) (1135.0)
ANSYS 17.78 40.48 59.71 71.75 100.15
GFRP (254.0) (578.3) (853.1) (1025.2) (1431.0)
Exp. 18.78 39.19 57.57 71.04 87.37
{45°T20 (230.0) (480.0)  (705.0)(870.0)  (1070.0)
ANSYS 19.00 45.03 61.61 78.99 94.80
(232.7) (551.5) (754.5) (967.5) (1161.0)

* : Natural frequency (Hz)
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Fig. 6. Comparison of frequency parameters of the triangular
[0%20 and [457,0 CFRP composite plates with the CCF
boundary condition
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Table 7. Natural frequencies and non-dimensional frequency parameters(4) of the cantilever trapezoidal [Al/(0°c.)1/Al] hybrid compos-

ite plates with various chord ratios(cr)

Mode sequence number

Material  Chord ratio(c,)

]sl 2m! 3nl 4\h Seh
Exp 4.35 17.15 25.34 40.70 63.74
0.25 (85.0)* (335.0) (495.0) (795.0) (1245.0)
ANSYS 4.63 18.52 26.94 44.84 67.96
(90.4) (361.7) (526.2) (875.9) (1327.5)
Exp 3.99 13.82 22.78 35.07 61.95
0.50 (78.0) (270.0) (445.0) (685.0) (1210.0)
[Al- ANSYS . 4.16 14.73 24.10 38.60 64.01
GFRP (81.3) (287.8) (470.8) (754.0) (1250.3)
-Al] Exp 3.84 11.39 22.78 33.00 49.40
Hybrid 0.75 . (75.0) (222.5) (445.0) (645.0) (965.0)
ANSYS 3.92 11.51 23.57 33.68 49.57
(76.6) (224.8) (460.4) (657.9) (968.3)
Exp’ 3.58 8.83 21.89 28.03 35.07
1.00 (70.0) (172.5) (427.5) (547.5) (685.0)
ANSY 3.76 9.25 23.30 28.32 36.58
(73.5) (180.7) (455.2) (553.2) (714.6)

"+ Natural frequency (Hz)
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laminated composite plates with the chord ratio(cr)
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