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Abstract

The performance of multifunctional antenna structure contained inside of
the aircraft structure is analyzed under the influence of vibration caused by
airflow and a thermal environment. The model is a multi-layer sandwich
structure composed of carbon/epoxy, glass/epoxy and a dielectric polymer
which is assumed to be an antenna. The First-order Shear Deformation
Theory (FSDT) is used with a modified shear correction factor. In order to
account for a geometrical nonlinearity, the governing equations are based on
the von-Karman displacement-strain relationship with the principle of
virtual work. Additionally, using the first-order piston theory, the effect of
aerodynamic pressure is represented in the equation. The Newton-Rhapson
iteration and the Newmark method is used to solve the nonlinear equation
and the time analysis, respectively. Also, neutral surface and shear
correction factor concepts are studied for unsymmetric models. The thermal
environment is generally considered with one-dimensional heat conduction
equations. To check the validity of the results, it is compared to the
numerical data of vibration and buckling from previous studies. Post-
buckling and flutter analysis is performed with simply-supported and

clamped boundary conditions.

Keywords: Multifunctional antenna structure, Buckling, Vibration, Flutter,

Heat conduction.
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1. Introduction

A multifunctional antenna structure is designed to provide two different
functions in the field of military aircraft [1]. One such structure is the
Conformable Load-bearing Antenna Structure (CLAS) with antennas in
load-bearing aircraft skins. The concept of CLAS is to replace separate
aircraft structure and antennas. The benefits of the CLAS structure are
reducing drag and enhancing structural efficiency [2]. Furthermore,
reducing the outside antennas will decrease the radar cross-section (RCS) of
an aircraft, thus increasing its stealth function. Such advantageous
characteristics have served to provide momentum to this field of research.
However, there are some limitations such as design complexity and antenna
performance. For example, the structure of flight vehicles are deformed
from thermal and aerodynamic loads. The deformation caused by the static
and dynamic behaviors may influence the antenna performance and may
even lead to structural failure. In this paper, mechanical behaviors, such as
vibration, post-buckling, and flutter are presented with consideration of
antenna performance.

Many researchers designed CLAS to improve its benefits. Varadan and
Varadan [3] studied the concept to use the lower skin of the radome as a
substrate on which the radiator can be made using standard
photolithography. The Structures Division of the US Air Force's Wright
Laboratory is sponsoring the demonstration of CLAS.[4]. In this study, a
multifunctional antenna component panel that could withstand loads of 4000
pounds per inch is researched. Callus [2] described the state-of-the-art in

CLAS technology through a review of the open-source literature. It focuses



on CLAS study for demonstrators of Very High Frequency (VHF) and X-
band communication applications have been successfully designed,
analyzed, manufactured and tested. Additionally, You et al. [5] designed a
load-bearing outer composite surface that enhanced antenna performance.
The results of this study is that antenna efficiency can be improved with
structurally effective materials of high electrical loss. On the same note,
antenna performance of CLAS have been studied. Bishop [6] researched
size reduced ultrawideband (UWB) antenna arrays of CLAS. Additionally,
vibration control of CLAS is analyzed to reduce the effects from aero-
dynamical loads which cause vibration and deformation of the structure and
degrade the antenna performance[7,8]. Loecker et al. [9] studied the way to
overcome vibrations of an antenna array using active vibration control by
integrating sensors and actuators into the antenna structure.

In order to understand the mechanical behaviors of these structures as
antennas and load bearers, the characteristics of the basic model, which is a
composite sandwich structure, needs to be analyzed. Pradeep and Ganesan
[10] studied the vibration behavior and thermal buckling of multi-layer
rectangular sandwich plates considering the temperature-dependent
characteristics of the complex shear modulus for a viscoelastic core.
Matsunaga [11] analyzed a higher-order shear deformation model for
stability behavior and dynamic response of angle-ply laminates composite
and sandwich plates under thermal loading. Then, the critical state was
obtained by increasing temperature until the natural frequency was reduced
to zero. Roh et al. [12] studied these analyses of composite conical shells
based on the layerwise theory and von-Karman displacement strain
relationships. Also, the structural stability of the shells subjected to the

thermal load was also observed. Park et al. [13] investigated that the



composite plate embedded with shape memory alloy fibers were subjected
to aerodynamic and thermal loading in the supersonic region.

In recent years, the mechanical behaviors of CLAS were analyzed. Gibson
[14] reported a review of recent research on the mechanics of
multifunctional composite materials and structures. Many applications of
the structures as well as a basic theory and materials are investigated in this
article. Jeon et al. [15] investigated buckling characteristics of smart skin
structures designed in a composite sandwich structure and a multi-layer
micro strip antenna. Lee and Kim [16] analyzed thermal stability
characteristics and limit cycle oscillation of smart skin structures for the
different sizes and shapes of dielectric portion within an enclosure layer.
However, little research exists for the mechanical behavior of the model in a
thermal environment, and is related to uniform temperature condition. In
this paper, the heat conduction concept is considered. It is predicted that the
stability boundary of the model will change and other characteristics of
vibration will be analyzed.

To start learning about the relationship between antenna performance and
mechanical behavior, the present work is studied with vibration, post-
buckling and flutter analyses of the structure model based on the composite
sandwich structure made by a honeycomb core, carbon/epoxy, glass epoxy
in a thermal environment. Also, antenna platform of dielectric layer is
assumed to consist of phenol [17]. This model is based on the First-order
Shear Deformation Theory (FSDT) and von-Karman relations for large
deformation. Additionally, the neutral surface and the shear correction factor
is modified for unsymmetric characteristics. To obtain the validity of the
present work, the results are compared with previous data. Also, the first-

order piston theory is adopted for modeling aerodynamic loads. The



numerical result shows the effect of the heat conduction concept on the

suppression of the thermal deflection and panel flutter.



2. Modeling and Formulations

Fig. 1 shows the model of a multifunctional antenna structure which
consisted of five layers with four materials including glass/epoxy,
carbon/epoxy, dielectric layer and honeycomb core. Using the increment
method of temperature, one-dimensional heat equation and thermal
boundary condition is applied for simply-supported plates. Additionally,
based on the first-order shear deformation plate theory, the governing

equations of the model are taken from the principle of virtual work.
2.1 Heat Conduction

To consider incremental displacement, the temperature rise dT from the
reference temperature T, is followed by small temperature increment AT
[18]. T, and d, mean the temperature and displacement of initial state.

Based on this temperature rise, the strain-stress relationships are derived.
Additionally, the steady-state heat conduction equation are taken as thermal
boundary condition. Temperature is dependent on the equation only one-

dimensional change which is z direction.
d dT
— k(z)— |=0 1
A LCrs @

where k(z) is the coefficient of the model and dependent on z. In here, the

thermal conductivity in the vertical direction is not related to fiber

angle[19,20]. And then, the temperature of each layer is decided from this



coefficient and equation. Also, the boundary conditions are expressed as

following:

T =T, =T,

ref !

Te=T )

dT.
Ti|z:zi :Ti+1|z:zi ! i E

— Nixl
z=1i dZ

(i=2,3,4,5) ?3)

z=1i

where the subscript b and u are the meaning of bottom and top face,
respectively. At each inter face, the heat conductivity and temperature

should be equal as boundary conditions.
2.2 Constitutive Equation

A present model is based on the first-order shear deformation theory, the

displace and strain field are presented as

u, (%, y,2) =u,(x, ) +(z2-2,)4.(x,y) (¢=12) )
wW(x,y,z) =W (X, y)

where v, and w’ are the mid-plane displacement in the
X(x¢=1),y(e=2) and 1z directions, respectively. The rotation of the

transverse normal inthe xz and yz planes are ¢,. Additionally, z  is the

n

distance between neutral surface and middle surface as following[21] :



+hi2 — 1< = ) )
Ih/ Qxx(Z)ZdZ Ez(Qxx)k (Zk _Zk—l)
Z == th_ — kn=1
Ihlzl Qxx(z) z(éxx)k(zk _Zk_l)

(5)

where Q_ is the value of transferring to x-direction from E, / (1-v,,V,,) . In

post-buckling analysis, neutral surface influence more than expected due to
the nonlinear term.

Additionally, the von-Karman strain-displacement relations are [22]
1 _1,2) (2 6
fup =5 (U +HUpa + WM, ) (@ =12)(2) (6)
where ¢, is the in-plane strains. Substituting Eqg. (4) into Eg. (5),

£ =80+ (2-2,) K,y ©)

where eoaﬂ and «,, are in-plane strain vector at the neutral surface and

the curvature strain vectors, respectively. Additionally, the transverse shear

strain vector is derived as

Yoz =10, + W, } (8)

Therefore, the stress-strain relation is expressed as



o =[C](e-cAT) (9)

To analyze the laminated plate, the force and shear resultant vectors are N,

and M,.

{'\l\/llz}{g EHi}{I\I\/IIT} . Q=[sly (10)

(ABD)=Y"_ j Q) W2y, 27)dz (i, j=1,2,6) (11)

[S1= 20k, (@) (1,j=4.5) (12)

where k is shear correction factor. The thermal force. N, and M,

are
(N, MAT):ZLZk [(jij]kak(l, 2, )ATdz (i,j=12,3) (13)
PR
In addition, e are definedas a=[a, @, a, T

a, =a, oS’ 0+a,sin® 6

HY 2
a, =oysin® 0 +a, cos’ 6 (14)
a,,

=2(a,—a,)sindcos O



where o, a, are the thermal expansion coefficients, respectively, and @

is the ply angle.

2.3 Governing Equation

Using the principle of virtual work, the governing equation is derived.

oW = é\Nint _éVVext =0 (15)
where the external virtual work oW, and internal virtual work oW, are
presented as following

Wy, = [ 86N, +0" M, +57"Q dA
: 1 1 :
=5d [K—KAT+EKN1+§KNZ]d—5d P (16)

.
where d :{¢X,¢y,u,v,w} and o= {o,,0,,7,} are displacement and

stress vectors, also, K, K,;, KN,, KN, and P, represent the linear

elastic stiffness, thermal geometric stiffness, the first-order nonlinear
stiffness, the second-order nonlinear stiffness matrices and thermal load

vector, respectively. Especially, K,, is derived as

] ow ow ow\( ow
oW :—15{;‘ NAT dA :_vUN/\Tx ol — +NAT o — +NAT Sl || = |9A
AT A " ox y 8y Xy ax ay



-5d"K,,d (17)

The external virtual work are presented as

Wi = [ [-1o(U00 + o0+ 0e) 1,05, + 00, + 504, +6,0%) =1, (608, + 6,64, )+ p,owliA

ext

=6d"Md +5d" f (18)

where (IO,Il,lz)zjhéfzp(l,z,zz)dz and M is the mass matrix.

A aerodynamic pressure caused by a supersonic air flow is taken into
account in the external force. It is assumed by the first-order piston theory

for the range of J2< M_ <5 [23]. The aerodynamic force are expressed

as

( D, ow g, D, awj (19)
=_| 4—-m “%, Ya Zm 77

where V_, M_ and p, are the air flow speed, mach number and air

density, respectively.

In addition, non-dimensional aerodynamic pressure is defined as

2,3
4:_%& (20)

10 .



while the non-dimensional aerodynamic damping parameter is given as

g _pV.(MZ-2) (1)
: ﬁspmha)o
where,
= Dm
° A\ pghat (22)
Is the convenient reference frequency.
L= M? -1 (23)

is the aerodynamic pressure parameter, respectively.

On the other hand, with using following approximation
2 2
M, —2 | M (24)
M. -1 M?2-1) M,

Which is valid for M_ >>1, Eq. (21) can be approximated as [24]

ga — L,’L (25)

11



where 4 is the air-mass ratio defined as u=p,alp,h [25].

Then the last term of Eq. (18) can be written by using the first-order piston
theory as

5de IIA paé\NdA

:—j{/lea—W+ 9a_ Dm oW o 4a

ad ox 0wy a* ot
g .
=-56d" (1A d +aj‘ Ad) (26)

where A, and A, are the aerodynamic influence matrix and

aerodynamic damping matrix, respectively.

The external virtual work in Eq. (15) can be represented as

ext

SW._ ——5d" (Md + A, d +S)—Z Ad) 27)

Substituting Egs. (16) and (27) into Eg. (15), the equation of motion are
obtained as

Md.+& Add+(K—KAT +%KN1+%KN2+/1Af)d:PAT (28)

2

2.4 Solutions of Equation

12



2.4.1 Linear equation

To analyze linear vibration with thermal environment, the Eqg. (28) is

assumed to be
Md + (K -K,;)d =P, (29)
In here, natural frequency is obtained using eigen value problem as
Md +K,d=0 (30)

where K, =K-K,;.

To investigate the thermal buckling, the Eq.(29) is changed as
(K-Ky)d=0 (31)
2.4.2 Post-buckling analysis

In order to analyze post-buckling behavior, nonlinear equation is assumed as

a sum of the static(d,) and dynamic(d,) part as d =d, +d,. Subscript s

and t denote the static and dynamic terms, respectively. In here, the static

nonlinear equation is derived as

1 1
(K—KAT+EKN1+§KN2+;LAf)dS=PAT (32)

13 .



Using the Newton-Raphson iterative method [26], the nonlinear behaviors

of the model are obtained with function ¥(Ad,) as
1 1
W(Ad) =(K =Ky + 5 KNy + 2 KN + 2 AYAd P, (33)

To iterate the equation, the tangent stiffness K,_, and load vector are

derived as

K, :[d(W(Ads»

180 } (K=K, +KN, +KN, + 1 A,),  (34)

1 1
\P(Ads)| = (K - KAT +E Kle +§ KN 2s + ﬂ' Af )iAdsi - PAT (35)
The i+1 displacement vector can be calculated as
Kta\niAdsi+l = _T(Ads)i (36)
d5i+1 = dsi +Ad5i+1 (37)

And then, the post-buckling behaviors are iterated until the incremental

displacement are converged.

2.4.3 Limit cycle oscillation

14 .



The time dependent part d, is used to form the dynamic nonlinear equation

as

1 1

Md, +92 Ad, +(K-K, + KN, + KN, + 1A, +KN EKN1t +§KN2t)dt =P, (38)

2st
Wy

Eq.(38) is the equation of motion for vibration or flutter behaviors and is
simplified like eigen-value problem as [27]

[K,+ 1A —kM @ =0 (39)

where 2 and k is non-dimensional aerodynamic pressure and eigenvalue,
respectively. @ is generalized displacements vectors and assumed to be a

harmonic motion as
D =Pe” (40)

where @, is a time independent vector, and motion parameter o= w, +io,
is a complex number. The aerodynamic matrix A, is non-symmetric, and
then the imaginary parts (o, ) is expected for 21 >0. For 2=0, the
eigenvalues are real and positive because K, and M, are symmetric and

positive definite. As A is increased from zero, the eigenvalues become

complex conjugate pairs when A is 4, . Based on this method, the

stability of the panel about flutter is calculated.

15 .



3. Numerical Results and Discussion

Vibration and buckling analysis of multifunctional antenna structure is
performed and compared between the cases with heat conduction or without.
The structure is composed by five layers, which are glass/epoxy(1mm),
carbon/epoxy(1.2mm), a dielectric layer and honeycomb core(12.5mm),
following Fig. 1. Also, the sequences of glass/epoxy and carbon/epoxy are
[6/-6]sand [0/6/90]s. The material properties are shown in Table. 1. The

reference temperature is expressed as T, =300(K) in this study. A 6x6

finite element mesh of 9-node in one element are used, and the phenol area
is assumed to be a square having four elements in the plate. Additionally, the
sets of boundary conditions are used
(@) Simply supported boundary conditions(S):
v=w=¢5y =0 at x=0,a
u=w=¢ =0 at y=0,b
(b) Clamped boundary conditions(C):
Uu=v=w=¢,=¢ =0 at x=0,a and y=0,b

3.1 Thermoelastic linear analysis

In Fig. 2, the difference between heat conduction and uniform temperature
case is compared. The temperature distribution of heat conduction is based
on Eq.(1). On the other hand, uniform temperature is applied to the whole
thickness direction with equal temperature. The reason to consider heat

conduction is that the model is assumed to be under the supersonic

16 ]



environment.
3.1.1 Vibration behavior

At first, a natural frequency of the model are investigated in thermal
environment as solving the eigenvalue problem of EQ.(30). In here, a
multifunctional structure is composed of composite layer. And then, code
verification is performed with composite structure. Table. 2 shows a
comparison of the fundamental natural frequencies of laminated composite

plate with various thickness ratios for [0/90] layers. The non-dimensional

parameter of the frequency Q=wa?/(h,/E,) presents sufficient accurate

results as compared with previous data in Ref. [28,29]. In Fig. 3, the change
of natural frequencies is presented with aspect ratio as temperature increases
at the aspect ratio 60 and 40. The nondimension 1st natural frequencies are

down to zero because the K,, of Eq.(29) is increased. And thus, the

temperature at zero natural frequency means critical temperature of the

model.
3.1.2 Buckling behavior

Another way to obtain the critical temperature is to solve the eigenvalue
problem with Eq.(31). These results correspond with the data obtained from
zero natural frequency. In order to verify the code of thermal buckling,
critical temperatures of the sandwich composite structures are compared
with previous results. The model's total thickness h consists of the two

equal face sheets thickness h, and core thickness h,. The aspect a/b

17



and thickness ratio a/h is1and 20, respectively. And the layer sequence
is [0°/90°/.../0°/90°T°[core] [90°/0°/.../90° /O°'T° with respect to the

x -axis. The properties of structure as the face sheets and core are assumed
to be constant irrespective of temperature changing. The result shows good
agreement as in Table. 3 [30].

Table. 4 shows the critical temperature difference along aspect ratio with
uniform and heat conduction conditions. The results of uniform case are
lower than another case. The reason is that, in uniform case, all of layers is
influenced as equal temperature, even though it is the lowest layer. And thus,
following analyses are considered as heat conduction environment unless

otherwise noted.
3.2 Aerothemoelastic nonlinear analysis

3.2.1 Stability boundary

Fig. 4 shows the stability region of the square isotropic plate with the

nondimensional temperature (dT /dT,) and dynamic pressure (). The

condition of region A is statically and dynamically stable. Region B is the
buckled region where the panel is only statically unstable. Otherwise,
Region C is flutter region that is dynamically unstable. Limit cycle
oscillation is presented in this region. Generally, the results in this study
have a good agreement with Ref. [31].

In Fig. 5, the stability region of the present model is shown with uniform
and heat conduction cases. A region of heat conduction is decreased

comparing with uniform case. In the other word, the flutter behavior of heat

18 ]



conduction case is presented early on the same temperature.
3.2.2 Postbuckling behavior

The linear analysis of vibration and buckling are studied in the previous step,
and the natural frequencies and critical temperatures are obtained in thermal
conditions. From now on, post-buckling analyses are investigated from the
Eq. (23). To obtain the verification of this study, the thermal post-buckling
deflection of laminated composite plate is compared with the previous result
of Averill and Reddy [32]. The layer thickness is 0.125mm, and thickness
ratio is 150, and the sequence of the laminar is [45/-45/0/90]s. Fig. 6 shows
the center displacement of the plate as temperature rise. It has an good
agreement with Ref. [32]. Two cases are applied to this study. One of the
cases is uniform temperature rise, which means that the temperature is equal
along the all layer. Another is that the temperature derived from heat
conduction equation is applied to the model.

Fig. 7 (a) and (b) show deflection of the model as temperature rise by
comparison of uniform case and heat conduction case. In Fig. 7 (a), the
deflection at center of plate is increased as the non-dimensional temperature
is increased for all cases. One of the different things between uniform and
heat conduction cases is the time to start buckling. In uniform case, buckling
is started more quickly than heat conduction case. The reason is that all of
the layers are influenced from equal temperature. On the contrary, the
bottom layer is relatively not effected by thermal condition. Fig. 7 (b) shows
the deflection with temperature difference, not dimensional temperature.
This figure also indicates that, in uniform case, the deflection is increased

faster and the critical temperature is lower than another case. The tendency

19 ]



influences the vibration behavior. In Fig. 8, even though the non-
dimensional temperature is not enough to critical temperature, the
fundamental natural frequency of uniform case is increased. On the other
hand, the frequency of another case starts to increase at the critical
temperature. As a result, the point between pre- and post-buckling is clearly
able to make a division with heat conduction.

Fig. 9 (a) and (b) shows the deflection according to fiber angle. Because
the model consists of various composite plates, the mechanical behavior is
changed by fiber angle such as 90, 60 and 45. At first, the deflections of
non-dimensional temperature case are similar with each other. However, the
critical temperature at fiber angle 90 is lowest, and the case of fiber angle 30
is started buckling at the end in Fig. 9 (b). The vibration analysis of three
case are performed in Fig. 9. At fiber angle 45, the deflection is a little big
larger than other cases for pre- and post-buckling period.

One of the important things is the boundary conditions. All of the case in
this paper is applied to simply supported conditions. However, in here, the
differences between simply supported and clamped case are investigated in
Fig. 10 (a) and (b). The deflection of the clamped case is almost clear to
start at critical point. On the other hand, the deflection of simply supported
case is already started to increase while the temperature approaches the
critical temperature. Fig. 10 (b) also shows the same result that the natural
frequency goes down to the zero value. When buckling starts, the one is

increased again in simply-supported case.
3.2.3 Limit cycle oscillation

In this section, time analysis is performed with Newmark iteration method.

20 ]



And thus, it is vital to set initial conditions. At first, the boundary condition
is selected as simply supported and phenol area is 2x2 of 6x6 meshes
except a special case. Additionally, ply angle of each layer is defined as 45'.
The Aspect ratio and thickness ratio is a/b=1 and a/h=100 ,
respectively. Based on the first-order piston theory, the deformation of the
model is presented through x-direction. The air-mass ratio x/M_ is
selected as 0.1. Finally, time step is 0.1ms.

In Fig. 11, the conditions for temperature difference (dT ) and dynamic

pressure (1) are selected 4.38(K) and 1400, respectively. It means that

this stability point is in C area in Fig. 6. The reason for selecting high
dynamic pressure is that the limit cycle oscillation is presented early. The
difference between uniform and heat conduction temperature conditions is
shown in Fig. 11. In uniform temperature case, it reaches faster limit cycle
than heat conduction case. The following results are applied as heat
conduction condition. Fig. 12 (a) and (b) show the flutter behavior in the
same temperature. Dynamic pressure (1) is 1400, and other conditions are
equal except temperature difference. At first, the behavior in Fig. 12 (a) is
performed at the critical temperature, that is, the nondimensional

temperature (AT /AT, ) is 1. The temperature in Fig. 12 (b) is 10 times

smaller than another case. As shown in those figures, the flutter behavior is
started sooner than lower temperature conditions. Fig. 13 shows that the
cycle is larger and faster than lower dynamic pressure. That is why the
aerodynamic characteristics increase with the dynamic pressure. In Fig. 14,
Flutter behaviors are shown with different dynamic pressures. The starting
point of limit cycle oscillation is presented faster and bigger. Fig. 15 (a) and

(b) shows how important the dynamic damping ratio which is assumed to be
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0.1 without this case. Without the dynamic damping ratio, the limit cycle

oscillation occurs with different frequencies not a dominant frequency.
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4. Conclusions

The multifunctional antenna structure has many advantages such as
reduction of drag, radar cross-section and weight. However, the structures is
influenced by the aerodynamic and thermal loads, which may cause
vibration and deformations of the model. Also, this aerothermoelastic
characteristics will affect the degradation of the antenna performance. And
then, numerous researches for the model have been performed in the field of
the antenna performance.

In this work, the mechanical behaviors of the multifunctional antenna
structure was investigated with heat conduction concepts. It contains linear
analyses as well as nonlinear behavior in aerothermoelastic environment. To
research large deformation, von-Karman strain-displacement relations was
applied based on the first-order shear deformation plate theory. Also, the
first-order piston theory was adopted for considering aerodynamic loads.
The present model consists of different layers such as carbon/epoxy,
glass/epoxy, a honeycomb core and a dielectric layer.

In the linear conditions, natural frequencies and critical temperatures are
compared with uniform and distributed temperature boundary conditions.
The natural frequencies in heat conduction are reduced to zero later than in
uniform temperature condition. This results means that the buckling point of
heat conduction case is presented later than another case. Thermal stability
boundaries are also influenced by the concept. As considering the concept,
the flutter area is broader. And thus, at the same temperature, the flutter
behavior is started earlier than conventional case. Additionally, many

parameter studied are focused on the influences of ply angle of face sheet,
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aspect ratio and temperature difference.

In the future work, the antenna structure is required to consider the radiation
patterns and performances of the model as well as the structure
characteristics. And thus, the combination between two fields is vital. After
this course, a vibration control is needed to improve antenna performance

using a piezoeletric sensor and actuator.
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Table 1. Material properties of the smart skin[17,19,20]

G/E CIE Phenol Honeycomb
E; 24Gpa 67Gpa 7.2Gpa 0.09Mpa
E 28Gpa 57Gpa 0.08Mpa
V12 0.105 0.103 0.3 0.3
G1o 4.54Gpa 5.9Gpa 0.1Mpa
Gi3 1.0Gpa 1.0Gpa 19.7Mpa
Gos 1.0Gpa 1.0Gpa 11.5Mpa
oy 9.7°%°C 2.1°5°C 1.5%°C
o 17.7°%°C 2.1%°C 1.5%/°C
p 2200kg/m®  1450kg/m®  9000kg/m®  96.1kg/m®
k 0.686W/mK 1.5 W/mK 170 W/mK
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Table. 2 Natural frequency of the composite plates with thickness ratio for

[0°/907], .
Cases a/h
Results 10 20 50 100
Present 15.057 17.580 18.600 18.764
Ref.[28] 15.150 17.626 18.599 18.805
Ref.[29] 15.153 17.628 18.600 18.804
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Table. 3  Critical temperatures of the sandwich plates with h, /h

h, /h
Cases
0.05 0.1 0.15
Present 0.09522 0.08692 0.07976
Ref.[30] 0.09498 0.08667 0.07954
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Table. 4 Critical temperature vs aspect ratio with different heat environment

Cases a/h

Results 40 60 80 100
Uniform 130 60.13 34.24 22.04
Heat

Conduction 260 119 68.30 43.96
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Fig. 1 Simplified model of a multifunctional antenna structure
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