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10 3D[12] 9.8281 15.5057 18.0752 21.6965 22.2022 26.9150
LEM4 9.8283 15.5064 18.0758 21.6969 22.2026 26.9153
LEM3 9.8285 15.5073 18.0785 21.6991 22.2133 26.9164
LEM2 9.8287 15.5145 18.0888 21.7020 22.2820 26.9505
LEM1 9.8307 15.5165 18.0957 21.7082 22.2837 26.9557
20 3D 7.6882 13.8455 15.9204 19.6563 20.6760 24.9485
LEM4 7.6884 13.8458 15.9206 19.6564 20.6763 24.9487
LEM3 7.6885 13.8460 15.9209 19.6567 20.6767 24.9488
LEM2 7.6889 13.8566 15.9369 19.6664 20.7574 24.9911
LEM1 7.6898 13.8583 15.9409 19.6704 20.7596 24.9952
SCSC
10 3D(FE) [12] 10.2816 16.1245 18.3029 22.1480 23.1797 27.1464
LEM4 10.2822 16.1251 18.3035 22.1485 23.1802 27.1467
LEM3 10.2828 16.1255 18.3037 22.1491 23.1822 27.1472
LEM2 10.2834 16.1264 18.3044 22.1496 23.1846 27.1498
LEM1 10.2980 16.1844 18.3298 22.1955 23.3970 27.2697
20 3D(FE) 8.5675 14.3524 16.3014 20.0117 21.2553 25.2762
LEM4 8.5677 14.3526 16.3017 20.0119 21.2554 25.2763
LEM3 8.5685 14.3531 16.3019 20.0120 21.2558 25.2768
LEM2 8.5691 14.3536 16.3023 20.0128 21.2563 25.2771
LEM1 8.5735 14.3645 16.3124 20.0225 21.2624 25.2816
CCcC
10 3D(FE)[12] ~ 11.2236  16.6777  18.9650  22.7096 235270  28.0728
LEM4 11.2240 16.6779 18.9654 22.7099 22.5273 28.0731
LEM3 11.2242 16.6782 18.9658 22.7104 22.5278 28.0736
LEM2 11.2251 16.6788 18.9663 22.7110 23.5285 28.0742
LEM1 11.2343 16.6832 18.9753 22.7221 23.5321 28.1123
20 3D(FE) 10.1635 15.2734 17.2645 20.7882 21.8260 26.0346
LEM4 10.1638 15.2737 17.2648 20.7885 21.8263 26.0348
LEM3 10.1644 15.2740 17.2651 20.7889 21.8266 26.0351
LEM2 10.1651 15.2746 17.2655 20.7894 21.8272 26.0358
LEM1 10.1715 15.2815 17.2715 20.7945 21.8344 26.0423
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! Not temperature dependent
2 With temperature dependent
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T(°C) f (Hz) NTD WTD Discrepancy%
50 f, 186.965  178.0387 -4.77432
f, 315.9693  299.6672 -5.15939
f 322.8417  306.439 -5.08073
f, 412.7263  391.6301 -5.11143
55 f, 186.3048  175.5331 -5.78176
f, 314.9949  295.3374 -6.24058
f, 321.8949  302.1247 -6.14182
f, 411.5449  386.1216 -6.17753
60 f, 185.6423  172.5727 -7.04021
f, 314.0175  290.1963 -7.58595
f, 320.9451  297.0008 -7.46056
f, 410.36 379.5761 -7.50168
65 f, 184.9774  168.9217 -8.67982
f, 313.0369  283.8314 -9.32973
f, 319.9925  290.6579 -9.16728
f, 409.1715  371.4708 -9.21391
70 f, 184.3101  164.3065  -10.853231
f, 312.0532  275.7761 -11.625293
f, 319.037  282.6364  -11.409523
f, 407.9795  361.2214  -11.460894
190 r
—e+— NTD
. — . \‘\-‘:ﬁr- WTD
180
Al
:IN,; T M .,
2 AL
g 170 h \A\
165 \\\ A
160 A A
15545 50 55 60 65 70 75 80
temperature(C)

Lo b Jgl (ormebs uilS 3 ol poss — VY S



VY0 )l o Jgl o)les cppaze Jlo Olp! Sl qwiige ooy & i AY

U sk il 8 Lo i0l38l L oogs ol ol a5 Sl j0 aS 09l o0 cdmlie (VF) S0 4y 4o L
Ly 03,55 s ojle SIS (S aSl 052 b Sl o Koo Sle 4 ailioe 205 6350
P glamio 5,5 )L Gl et sbul s 4 tnl b 0 (gl 53 oo a3
oIS alS 4 e a5 e ol ke 2lS sl 45 sy (b sleS 38,5 S

g o0 03l ormdo
he /h=0.1 Ll (s Sliss » (ssilo (rpe Gg lp ol reb 9 ez —V Jgoe
T(°C) f (Hz) NTD WTD Discrepancy%
f, 186.6352  176.8155 -5.26144
T, =50°C f, 315.4825  297.555 -5.68257
T, =55°C f, 322.3687  304.3343 -5.59434
f, 412.136 388.943 -5.62751
f, 186.3048  175.462 -5.81993
T, =50°C f, 314.9949  295.2092 -6.28128
T, =60°C f, 321.8949  301.996 -6.1818
f, 4115449  385.9565 -6.21764
f, 185.9739  173.9246 -6.47903
T, =50°C f, 3145066  292.5343 -6.98628
T, =65°C f, 3214204  299.329 -6.87305
f, 4109529  382.5486 -6.91181

h /=01 bl oz Zmsails (oxye G5 Sl Jsl b 52 ez —A g0

B.C. fn (HZ) NTD WTD Discrepancy%

SSSS f, 186.965  178.0387 -4.77432
f, 3159693  299.6672 -5.15939
f, 322.8417  306.439 -5.08073
f, 4127263  391.6301 -5.11143

Cscs f, 202.0363  192.4455 -4.74707
f, 3241021  307.6198 -5.08553
f, 350.0038  333.7738 -4.63709
f, 4345593  413.6531 -4.8109

ccce f, 216.3086  205.6162 -4.94312
f, 343.2938  326.6282 -4.85462
f, 356.2272  339.6536 -4.65254
f, 449.2735  428.234 -4.683




AO ey Aanly iy Bllasil s b oogaile 5, (oS 3 Jdow

hy /N =0.1 b ciltses gl lae s e 5 (oripe gl 39 sl Jsl om0 e —V 90

alb f.(Hz) NTD WTD Discrepancy%
0.5 f, 144.1303  137.4949 -4.82592
f, 186.9948  178.065 -5.01491
f, 247.9446  235.4584 -5.30293
f, 298.7884  283.5751 -5.36482
1 f, 186.965  178.0387 -4.77432
f, 315.9693  299.6672 -5.15939
f, 322.8417  306.439 -5.08073
f, 412.7263  391.6301 -5.11143
1.25 f, 215.7871  205.1807 -5.1693
f, 340.7155  323.3765 -5.36186
f, 389.1341  369.0016 -5.45594
f, 472.3417  448.3183 -5.35856
15 f, 247.3804  234.9339  -5.2978731
f, 361.9391 3434781  -5.374724
f, 466.0306  442.2003  -5.3890285
f 514.6301  489.9043  -5.0470674

~

Qo o plas 1) anl Jas S0 4 Cwlbs slinly jo Lo e oS Sbey sl bl (V) Jeus o
ey T Yhagy) slos 5 Ty ly g,y sbos ()l sl T e (Soke

e ) (gl oy (ol 2 Euly 59, 2l S5U e lld &S Cud atiin o)lgen
aslllas 5,50 CCCC 4 CSCS, SSSS (55,0 byl b zugails &9 (omilS 8 frwly Ceond ol jo jolate
adlyge Tlo S 5 Tesl (5550 Laalpd pspie 4 o5 4 C 5 S gy ilad 518

Josz jo Jol> bl oy o Kible a0 B 4 ol Sl a0 Ve 5l 5,9 glos a5 Cawl 0uls (5,8
Cos g AID Jlaie s waia sl el )b S cus 3 a5 (Vo) 9 (A) Jgloz 50 el 00l 03,51 (A)
alllas ools (g0 Lulpd b (amgaile B)9 (ol B Fnly 595 2 Br9 S5 Culns 4 Loy Culs

! Simply Supported
2 Clamped



WA 5ke eJsl o )leds paaze Jlo Al Slsle st syl i3 AS

layg; Cwlbes S a2 om0 (Zailo B3 Sln sl reb 58 ke — Ve oo

h /h f (Hz) NTD WTD Discrepancy%
0.04 f, 225.01  215.7938 -4.27084
f, 395.4022 375.722 -5.23797
fy 402.0811  381.4422 -5.41075
f, 516.261  489.0692 -5.55991
0.06 fy 210.6522  201.2004 -4.6977
f, 361.1821 3425171 -5.44936
fy 366.4035  347.1738 -5.53893
f, 468.7101  443.6542 -5.64762
0.08 f, 1076423  188.3839 4.91465
f, 335.1532  317.6889 -5.4973
fs 340.6585  322.8834 -5.50511
f, 435285  412.2911 55771
0.1 f, 186.965  178.0387 -4.77432
f, 315.9693  299.6672 -5.15939
f, 322.8417  306.439 -5.08073
f, 4127263  391.6301 -5.11143
0.12 fy 178.4808  169.9309 -5.0313981
f, 302.233  287.0228 -5.2993003
fy 311.3151  296.2001 -5.1029692
f

N

398.6662 379.3284 -5.0979046

G 25 A =0

L pdgllan] e 5 (u55eelS Y wiz sl 4y, b (mgaile Gy S (58 5T (rgly (al o
sl Y slaw a5 Sbul 5l casl sod pwyp oo @ atws oled g Syl Sl 85 s s
5 Slawlre YL poe> 4 e O Y les e 5l eolatwl il ol canl S asg, o ‘5..:)5.wl5
Al Algr Slawlxe (ol 8o 4 o Y ST gl 055 5l ool

aS) omb Sl o> o Y Cdo b el 4l ) mol> yguwV¥eo 3 SO g ol jo cplplo
OR85  0 b 0pS ooz 0 LY e laysi 9 055 AY ¥ ST pel S92ge Sl 95 pled
el ooy &l gl ol )]

$lp g 0gd oo Bl ¥ pled jo oo letsd (Siwgn (Olawlre Cds o YU gl Lo
ol oo oolainl aisly rals 6,8 JLGl gy 3l sbp Sdgd Ja8 5l 6.5 ol



AY ey Aanly iy Bllasil s b oogaile 5, (oS 3 Jdow

J= 1 o8 ol (550 Ll 5l peh) gy Ll plad gl 1) &S > SVolee lgn aSST 6l
I 4 ojle Gl )3 Lo iol38l b oS oo oo ylid uls all oo 0uls &Il eewVee 3 0l
Wl oo SR (6 pRei

&l Sl
oY 05 p Alie ol Bateugs (ugid axly oodll ST olEtils Jlo slenles 5 Slos; 4 a4 L
sl asle oRails cpl st 5l Glikl  ,Sis JlaS™ a5 ails o

&1y

[1] Singh, A.V., "Free Vibration Analysis of Deep Doubly Curved Sandwich Panels"”,
Computers and Structures, Vol. 73, pp. 385-394, (1999).

[2] Kant, T., and Swaminathan, K., "Analytical Solution for Free Vibrations for Laminated
Composite and Sandwich Plates Based on a Higher-order Refined Theory"”, Composite
Structures, Vol. 53, pp. 73-85, (2001).

[3] Rao, M.K., and Desai, Y.M., "Analytical Solutions for Vibrations of Laminated and
Sandwich Plates using Mixed Theory”, Composite Structures, Vol. 63. pp. 361-373,
(2004).

[4] Morozov, E.V., and Lopatin, A.V., "Fundamental Frequency of the CCCF Composite
Sandwich Plate", Composite Structures, Vol. 92, Vol. 11, pp. 2747-2757, (2010).

[5] Matsunaga, H., "Free Vibration and Stability of Angle-ply Laminated Composite and
Sandwich Plates under Thermal Loading"”, Composite Structures, Vol. 77, pp. 249-262,
(2007).

[6] Frostig, Y., and Thomsen, O.T., " On the Free Vibration of Sandwich Panels with a
Transversely Flexible and Temperature-dependent Core Material- Part I: Mathematical
Formulation™, Composites Science and Technology, Vol. 69, pp. 856-862, (2009).

[7] Frostig, Y., and Thomsen, O.T., "On the Free Vibration of Sandwich Panels with a
Transversely Flexible and Temperature-dependent Core Material-Part 1l: Numerical
Study", Composites Science and Technology, Vol. 69, pp. 863-869, (2009).

[8] Carrera, E., "A Class of Two-dimensional Theories for Anisotropic Multilayered Plates
Analysis", Atti Accad Sci Torino Mem Sci Fis, 19-20, pp.1-39, (1995).

[9] Zhang, S., Dulieu-Barton, J.M., Fruehmann, R.K., and Thomsen, O.T., "A Methodology
for Obtaining Material Properties of Polymeric Foam at Elevated Temperatures”,
Experimental Mechanics, Vol. 52, pp. 3-15, (2012).



WA [l (Jsl o)leds cppozee Jlo Ol Sl pwidige (oo & i AA

[10] Reddy, J.N., "An Introduction to the Finite Element Method", 2nd ed, McGraw-Hill,
New York, (1993).

[11] Carrera, E., and Brischetto, S., "A Survey with Numerical Assessment of Classical and
Refined Theories for the Analysis of Sandwich Plates”, Applied Mechanics Reviews,
Vol. 62, 010803, (17 pages), (2009).

[12] Kulkarni, S.D., and Kapuria, S., "Free Vibration Analysis of Composite and Sandwich
Plates using an Improved Discrete Kirchhoff Quadrilateral Element Based on Third
Order Zigzag Theory", Computation Mechanics, Vol. 42, Vol. 6, pp. 803-824, (2008).

eSSl golod Cow pod
B9 Jsb a

B3 P b

(bottom) ;b SKils el : b
K4y i sl sle:  Cf
heslyaes il ! D,

Ceolsns @‘94 C;;Jbi‘:.i‘: Eﬁ
ColBus C?’L’ : FT
ENIPE

YL’ 4.35) CAAW . ht

ol gy s Ny

ENEEREN
S bt ) G Gh sl KU

SlSe (gles 3l (b e Lo KGR

3 it oo S5l 36 s e s K
K4y i pple: KL

oK Y e e KIS

oK Y Sl il k

Sule sledis 3l b, Lingy

6’,‘)1? slpis b L5 Liner

oK oY o slog 5 LY

T gy 5 L



Ad

ey Aanly iy Bllasil s b oogaile 5, (oS 3 Jdow

obdl Jobo :

Slell ooz o ile:

K Y oz G plo

laasY olass -

59 4,3 $HLIY IS8 wlsi
ol Sl 5l slag,s o
B gy o

)..&.3“}] Slalo> NV

o sl oy

Lo :

0Py YL ,Slko sl

s oty 551

el sl Gl ys ey

X sbesly yo bl

B ety 551

Yy 6l3-‘-’|) 5 @l:ulp- :

Z sldly o oluls:

5 skl oy

Lo O -

oK wY ) bluwl col s -

K Y 5l bl cul s 5l (b gie :
e sleslaix

b Slazio (55,0 St S

SRS

Slaio 9,0 Slets

Wrho p dges (088 SledS

LK
I

e



WA [l (Jsl o)leds cppozee Jlo Oyl SlSe cmdige iyl & i q.

Abstract

In this study a frequency analysis of a sandwich plate with multilayered composite face-sheets
and flexible core under thermal conditions is investigated for different boundary conditions.
In this regard, thermal effects and temperature dependent properties of the core are
considered. In this study, for driving the equations of motion, a hybrid LW/ESL finite element
formulation, considering the thermal effects is proposed by which the number of unknowns is
independent on the number of layers. This new formulation is in the framework of Carrera’s
Unified Formulation (CUF). The CUF unify many theories in a unified form which can be
differed by the order of expansion and definition of the variables in the thickness direction. In
order to satisfy the interlaminar continuity of transverse stresses between the layers the
Reissner Mixed Variational Theorem (RMVT) is employed.

In this research for considering the thermal effects, the nonlinear strains are used. Results of
this formulation are compared with available results which show the high accuracy with low
computational cost of the proposed formulation. Results show that with increasing the
temperature, the frequency of structure decreases significantly, due to the degradation of the
properties of the core. In this study, some new results are presented for different thermal
conditions and also different boundary conditions.



