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Abstract

Sandwich plate is consisted of equal two isotropic, thin, stiff and strong sheets of dense
material separated symmetrically by an isotropic thick layer which may be much less stiff
and strong.

This study analyzed the dependency of the natural frequencies and mode shapes of sand-
wich plates on material properties, thicknesses of faces and cores, and various boundary
conditions using Rayleigh —Ritz method.

E-glass Woven Roving and another two kinds of materials were selected as a face, P.V.C.
and another kinds of materials were selected as a core.

Natural frequencies and mode shapes obtained by Rayleigh-Ritz method were compared
with F.E M. solutions using ADINA program,
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Fig. 1 Dimension of Sandwich panel
Table 1 Mechanical properties of faces
Modulus of | Density Poisson’s
Materials Elasticity
(kg /em?) | (g/cm®) ratio
E-glass
Woven 183,600 2.60 0.1300
roving
Graphite
® | Graphi 703,070 1.54 0.1000
Woven
© |Graphite
Unidirec- 1,406,140 1.54 0.1000
tional

Table 2 Mechanical properties of cores

Modulus of| Density | Poisson’s |Modulus of

Materials Elasticity ratio Shear

(kg /em®) | (g /cm’) (kg /em®)

®| PVC 208.800 0.06567 0.1000 94.910

® | Phemlic 70300 | 0.05606 0.1000 31.960
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Table 3 Natural frequencies obtained from Table 4 Natural frequencies obtained from
Rayleigh-Ritz Method(t,=15cm) Rayleigh-Ritz Method(t;=15cm)
|2 4] A9 FA(t) cm oz A A9 F24(t) cm
< 0.150] 0.165] 0.180] 0.195] 0.210 X3 0.150 | 0.165] 0.180] 0.195] 0.210
Al=!4 frequency (Hz) A=A frequency (Hz)
D 3.61 3.59 3.56 3.53 3.50 D 4.80 4.73 4.66 4.59 4.52
11 @) 2.47 2.43 2.39 2.35 2.31 1 @) 3.02 2.96 2.91 2.85 2.80
©) 3.36 3.34 3.31 3.28 3.25 ©) 4.41 4.34 4.28 4.22 4.16
EL® 3.17 3.12 3.06 3.01 2.96 EL® 3.9 3.90 3.81 3.73 3.66
@, 6.50 6.41 6.32 6.23 6.14 @ 8.09 7.94 7.79 7.66 7.52
31 @ 4.16 4.07 3.9 3.92 3.85 31 @) 4.95 4.84 4.75 4.65 4.57
@ 5.98 5.90 5.82 5.74 5.66 ©) 7.39 7.26 7.13 7.01 6.89
W@ 5.46 5.4 5.22 5.11 5.01 W@ 6.58 6.42 6.27 6.13 6.00
@ 11.57 11.36 11.16 10.96 10.78 @ 13.77 13.52 13.28 13.05 12.84
13 @ 7.15 6.99 6.85 6.71 6.58 13 @ 8.43 8.26 8.10 7.96 7.83
@} 10.58 10.40 10.22 10.05 9.89 @ 1257 12.35 12.14 11.95 11.77
R @) 9.48 9.25 9.03 8.83 8.63 R @ 11.20 10.93 10.69 10.46 10.25
. @] 12.83 12.95 12.36 12.14 11.93 @]  15.21 14.92 14.65 14.39 14.15
33 @) 7.90 7.73 7.56 7.41 7.27 33 @ 9.28 9.09 8.92 8.76 8.61
@ 11.73 11.52 11.32 11.13 10.94 @] 13.88 13.63 13.39 13.17 12.96
@ 10.49 10.23 9.98 9.75 9.54 @ 12.35 12.05 11.77 11.52 11.28
© 4.57 4.52 4.47 4.42 4.38 (D 5.54 5.47 5.40 534 5.27
11@ 2.90 2.86 2.82 2.78 2.74 ll® 3.43 3.38 3.33 3.28 3.24
€ 4.17 4,13 4.09 4.05 4.00 ©) 5.03 4,97 4.92 4.86 4.80
G @ 3.90 3.4 3.77 3.71 3.65 G @ 4.65 4.56 4.48 4.41 434
D) 7.63 7.53 7.43 7.34 7.24 & 9.04 8.92 8.80 8.69 8.58
31 @ 4.74 4.66 4.59 4.52 4.46 31 @ 5.56 5.48 5.40 5.33 5.26
& 6.94 6.85 6.77 6.69 6.61 € 8.20 8.10 8.00 7.90 7.81
@D 6.42 6.29 6.18 6.07 5.95 @ 7.54 7.40 7.27 7.15 7.04
@ 13.07 12.88 12.70 12.52 12.36 |  15.40 15.21 15.04 14.88 14.73
13(2) 8.04 7.91 7.78 7.66 7.54 13® 9.54 9.44 9.35 9.28 9.92
@ 11.86 11.70 11.54 11.40 11.25 ®| 13.97 13.82 13.68 13.55 13.43
W1 @] 10.91 10.70 10.49 10.30 10.12 Wi @  12.89 12.68 12.50 12.34 12.20
| 144 14.23 14.02 13.83 13.65 D 16.96 16.75 16.55 16.37 16.20
33 @ 8.87 8.72 8.58 8.45 8.32 33 @ 10.49 10.38 10.28 10.20 10.13
@ 13.10 12.92 12.75 12.58 12.42 @ 15.38 15.21 15.05 14.90 14.77
@ 12.04 11.81 11.58 11.37 11.17 @ 14.18 13.96 13.75 13.57 13.41
) 4.70 4.64 4.58 4.53 4.47 oy 5.59 5.52 5.45 5.38 5.31
1 @ 2.93 2.89 2.84 2.80 2.76 1 @ 3.45 3.40 3.35 3.30 3.26
&) 4.28 4.23 4.18 4.13 4.08 ©) 5.07 5.01 4,95 4.89 4.84
G @) 3.95 3.89 3.82 3.75 3.69 G @ 4.67 4.59 4.51 4.43 4.36
D@ 7.72 7.61 7.51 7.41 7.31 @ 9.07 8.95 8.83 8.73 8.62
31 @ 4.76 4.68 4.61 4.54 4.47 . 31 @ 5.59 5.51 5.44 5.38 5.33
) 7.01 6.92 6.83 6.74 6.66 ©) 8.23 8.13 8.03 7.H4 7.85
@ 6.46 6.33 6.21 6.10 5.99 @ 7.57 7.44 7.31 7.20 7.10
@]  13.13 12.93 12.75 12.57 12.40 @ 15.51 15.34 15.20 15.07 14.96
13 @ 8.05 7.92 7.79 7.62 7.65 13 @ 9.69 9.63 9.60 9.58 9.59
@ 11.90 11.74 11.58 11.43 11.28 3|  14.08 13.95 13.84 13.74 13.66
U @] 10.94 10.72 10.51 10.32 10.14 U @  13.03 12.87 12.73 12.62 12.54
@ 14.49 14.27 14.07 13.87 13.68 @©| 17.07 16.88 16.71 16.57 16.45
33@ 8.88 8.73 8.59 8.46 8.33 33® 10.66 10.60 10.55 10.54 10.54
3@ 13.14 12.95 12.78 12.61 12.45 3 15.49 15.35 15.22 15.11 15.02
@  12.07 11.83 11.60 11.38 11.18 @ 14.34 14.15 14.00 13.87 13.78
E.W.R : E-glass Woven Roving E.W.R : E-glass Woven Roving
G.W : Graphite Woven G.W : Graphite Woven
G.U : Graphite Unidlrectional G.U : Graphite Unidirectional
®:P.V.C. @®:P.V.C.
® : Phenolic @ : Phenolic
@ : Polyurethane @ : Polyurethane
@ : Polystyrene [S-S] @ : Polystyrene [F-F]
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Table 5 Naturai frequencies obtained from
Rayieigh-Ritz Method(t: = 15cm)

Ay A 9] A4 () cm
% 0157 0.165] 0.180] 0195] 0.210
A=) frequency (Hz)
D 4.59 4.52 4.46 4.39 4.33
n@__2% 2.86 2.80 2.75 2.70
@ 4.22 4.16 4.10 4.04 3.95
EL_@® 384 3.75 3.67 3.59 3.52
D] 7.12 7.01 6.89 6.78 6.67
@ 4.4 4.35 4.26 4.18 4.10
@] _ 6.53 6.42 6.32 6.22 6.13
w_® 588 5.74 5.61 5.49 5.37
| 1362 13.35] 13.09 12.84 | 12.6]
13@[__8.30 8.11 7.93 7.77 7.62
@ 1243 1219 11.97 1L.75] 11.55
RL_I®[ 11.05] 10.76] 10,50 10.25| 10.03
@ 14.70] 14.41] 1413 13.87| 13.62
3@ 8.96 8.76 8.57 8.40 8.24
@ 13.41[ 13.16| 1292 12.69| 12.48
@ 11.93] 1162 11.34 11.08| 10.38
@] 535 5.28 5.21 5.14 5.08
1@ __3.32 3.26 3.21 3.16 3.12
3| 4.86 4.80 4.74 4.68 4.63
el 1@ 449 4.41 4.32 4.25 4.18
@ 813 8.02 792 7.82 7.72
3@ 5.02 4.94 4.87 4.80 4.73
@ 7.38 7.29 7.20 7.03 7.11
@ 681 6.68 6.56 6.44 6.34
D] 1514 14.91] 14.70 14.49] 14.30
13@ 9.27 9.12 8.97 8.83 8.70
@ 1372 13.53] 13.35 13.17] 13.01
wi_@ 12.60] 12.35[ 1211 11.87| 1168
| 1635 16.11| 15.88 15.67 15.46
33@_10.03 9.87 9.72 9.57 9.44
@ 14.82| 14.62] 14.43 14.25 | 14.07
@] 13.62] 1335] 13.10 12.87 ] 12.65
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