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Abstract

The residual stresses occur in the Frequency Selective Surface(FSS) embedded hybrid composite structures after co—curing due to
mismatch among the coefficient of thermal expansions and stiffness values between the FSS and composite materials. The spring
backs occur due to these residual stresses. Therefore, in this paper, the spring-backs caused by residual stresses in FSS embedded
composite structures were studied with considering effect of symmetric and unsymmetric stacking sequence of composite laminates.
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Fig. 1 Unit cell of cross dipole FSS showing design
parameters

Table 1 Values of design parameter for cross dipole FSS
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Fig. 2 3D model of cross dipole FSS embedded hybrid
composite

Table 2 Mechanical properties of copper FSS, polyimide
film and epoxy

Property Copper FSS Poh{imide Epoxy
film
Elastic modulus 110GPa 2.5GPa 4.3GPa
Poisson’s ratio 0.343 0.35 0.35
Coefficient of 16.4 4.014 45
thermal expansion | (10°%/C) (10°%/C) (10%/1)

Table 3 Mechanical and electromagnetic properties of
E-glass/epoxy composite

Property E-glass/epoxy
Mechanical properties
Longitudinal modulus 38.6GPa
Transverse modulus 8.27GPa
In-plane shear modulus 2.3GPa
Poisson’s ratio 0.26

Longitudinal coefficient of thermal expansion| 6.3(10°/C)

Parameters X y w d g

Initial value(mm) | 9.06 | 9.06 3 7.55 0.5
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Transverse coefficient of thermal expansion | 20(10°%/C)
Transverse tensile strength 65MPa
Out-of-plane shear strength 40MPa
Electromagnetic properties

Dielectric Constant 4.35
Loss tangent 0.0032
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Fig. 3 Cure cycle used to co-cure E-glass/epoxy
composite and FSS
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Table 4 Maximum Residual stresses in epoxy, polyimide,
copper of cross dipole(MPa) with symmetry stacking
seguence structures

. Maximum Von Mises stress(MPa)
Stacking sequence —
Copper Polyimide Epoxy
[0]s-F'SS-[0]s 138.9 48.77 13.28
[0/901,-FSS-{0/9014 134.1 40.96 12.888
[+45],-FSS-[+45]4 135.6 47.21 12.78
[0/+45/90]-FSS-
[0/+45/90], 134.3 44.67 13.01

3, Mises

(Avg: 75%0)
+1.400e+08
+1.346e+08

Fig. 4 Maximum Von Mises stress distribution of unit
cell of cross dipole copper with symmetry stacking
sequence structure([0lg-FSS-{0ls)
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Table 5 Maximum Residual stresses of epoxy, polyimide,
copper of cross dipole(MPa) with asymmetry stacking
seguence structures

Agelst 2y
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Table 6 Maximum Residual stresses(MPa) and D.F.I.
of E-glass/epoxy composite with symmetry stacking
seguence structures

Maximum Von Mises stress(MPa)

Stacking sequence —
Copper | Polyimide Epoxy

) Maximum stress(MPa)
Stacking sequence D.F.1.
o1 T T2

[0ls-FSS-[0/+45/90]2 139.1 43.47 13.55

[0/901,-FSS-0/+45/901; 135.7 42.85 12.93

Top | 4.06 | 1.36 | 2.15
Ok PSSOk e T 3,00 | 1.49 | 1.o7 | 2936

[+45],-FSS-0/+45/901; 138.5 45.29 12.83

8, Mises

(Avg: 750%0)
+1.400e+08
+1.346e+08
+1.292e+08

Fig. 5 Maximum Von Mises stress distribution of unit
cell of dipole copper with asymmetry stacking
sequence structure([0ls-FSS-{0/£45/901,)
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Fig. 6 Maximum In-plane residual stress distributions
(o, 0w and o,,) of composite layer at the interface in
cross dipole FSS embedded hybrid composite with
symmetry stacking sequence structure
([0/+45/901,-FSS-[0/+45/901,)

[0/£45/90LM e o,dIM =2 Fe depdth 2t ek
S8 diste] gk Uehd [+45L-FSS-10/+45/90], A
& Bdo] $EREEE Fig. 8 eI
E-glass/epoxy &89 D.F.I. 3 18 dA ol =
e 7h RSl S ERlska, [#45l-FSS-0/+45
/90, 2ol Aol D.F.I. g 0.149% B« o] g
EAE 27 A5 [45], A5 2] G vt T2




5,813
(Avg: 75%)

Fig. 7 Maximum out-of-plane residual stress istributions

(¢, and o,,) of composite layer at the interface in cross

dipole FSS embedded hybrid composite with symmetry
stacking sequence structure([£45],-FSS-{+45]4)

Table 7 Maximum Residual stresses(MPa) and D.F.l. of
e-glass/epoxy composite with assymmetry stacking
sequence structures

Maximum stress

Stacking sequence (MPa) D.F.IL.
o1 T T12
T 4651269 |3.12
[0-FSS-0/+45/90], |—2 0.146

Bottom | 5.76 | 6.22 | 5.29
Top | 2.26|2.32|1.80
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Fig. 8 Maximum In-plane residual stress distributions
(o4, 0» and o,) of composite layer at the interface in
cross dipole FSS embedded hybrid composites with
asymmetry stacking sequence structure
([45],-FSSS-0/+45/901,)
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Fig. 9 Maximum out-of-plane residual stress
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composite with asymmetry stacking sequence structure
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Table 8 Normalized spring back of cross dipole FSS
embedded hybrid structures with symmetry stacking
seguence structures

Stacking sequence Normalized spring-back(x-10"%)
[0]s-FSS-0ls 5.752
[0/901,-FSS-{0/90]4 6.106
[+45],-FSS-[+45], 6.283
[0/+45/901-FSS-10/%45/901; 6.116

SRMMTEIEE =2 H26H M62(2013.12) 479



Fig. 10 Maximum deformation in the z-axes FSS
embedded hybrid structures with symmetric laminate
structure ((+45],-FSS-[+45],)

Table 9 Normalized spring back dipole FSS embedded
hybrid structures in the z-axes with asymmetry
stacking sequence structures

Stacking sequence Normalized spring—back(x-loﬂ)
[0ls-FSS-0/+45/90]; 6.114
[0/9014-FSS-[0/+45/9012 6.134
[+45],-FSS-{0/+45/90]; 6.345

'312€-06
-4.792e-06
-5.271-06
-5.750€-06

288

Fig. 11 Maximum deformation in the z-axes FSS
embedded hybrid structures with asymmetric laminate
structure ((45],-FSS-{0/+45/901,)
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Fig. 12 Comparisons of residual stresses, D.F.l. and
normalized spring-back in FSS hybrid composites with
different stacking sequences
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