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Thermal Residual Stresses in the Frequency Selective Surface Embedded Composite
Structures and Design of Frequency Selective Surface

Ka-Yeon Kim’, Heoung-Jae Chun™, Kyung-Tak Kang’, Kyung-Won Lee",
Ic-Pyo Hong™", and Myoung-Keon Lee™

ABSTRACT

In this paper, Particle Swarm Optimization(PSO) is applied to the design of the Frequency Selective
Surface(FSS) and residual stresses of hybrid radome is predicted. An equivalent circuit model with Square
Loops arrays was derived and then PSO was applied for acquiring the optimized geometrical parameters with
proper resonant frequency. Residual stresses occur in the FSS embedded composite structures after cocuring and
have a great influence on the strength of the FSS embedded composite structures. They also effect transmission
quality because of delamination. Therefore, the thermal residual stresses of FSS embedded composite structures
were analyzed using finite element analysis with considering the effects of FSS pattern, and composite stacking
sequence.
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= s AaAzlE 7lent EREo] Radar Absorbing
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H  oilofx= Square Loop FSS(Square Loop, Gridded
Square Loop, Double Square Loop)Eo S7[sl2 =ES
Particle Swarm Optimization(PSO)1lg]<o] Z-835}o] K-band
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2. Square Loop FSSse] A3}

2.1 Square Loop FSS
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Fig. 1 Square Loop FSSs and design parameter.
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Fig. 2 Equivalent circuit model. ((a@) SL, (b) GSL, (c) DSL).
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PSOE olfsto] K-band(23GH2olA et S54& 2=
ztzte| Fss7ze] mtetuleE F&
= H4E Fig. 31 Ptk ge A2 Jit” HAES UE
W, o= A3 & ERiTh Fug W9le 2GHzolA
30GHz=Z 3}9ow, Ful 7H4LS 0.1 GHzz &gtk 1y
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Fig. 3 Convergence process of PSO.
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31 R84 FSS 2E
[k o] AREE ZF FSSO] sfElm 1 Unit cell2 Fig.
4o FAE] Utk 2 AFolM= FEeas| Ao delas
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Fig. 4 FSS pattems and Unit cells.

Copper foil®] ®l XS Epoxy resino] iH-?JZ% = 7o
2 7145t e, Polyimide filmo| Hgst &, B =
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3.2 Method and Boundary Condition

2 dolA= Abaqus 6.92 o]&dte] fitas mUES
AT slolB el dlo|=o] 7} 4= C3D8T Element
£ 2336471 HgsileH, FSSE WA= EdAE fAA=
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Q18t7] f1stod [0als, [(0/45)z]s, [+30]zs, [+45]s9} 22 T}}
# A37te M HEAR SAAE AdsAT. e
3fjA4lof AR Copper foilZ} Polyimide filme] £A4]-& Table
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Table 1 Material properties of Copper, Polyimide and Epoxy

Property Copper Polyimide Epoxy
Elastic modulus 110GPa 2.5GPa 4.3GPa
Poisson’s ratio 0.343 0.35 0.35

Coefficient of

thermal expansion 16.4(10-6/C)

4.014(10-6/C) | 45(10-6/C)

Table 2 Material properties of E-glass/epoxy composite material

Property Symbol Value
Longitudinal modulus E; 38.6 GPa
Transverse modulus E; 8.27GPa

In-plane shear modulus G12=C13 2.3GPa
Poisson's ratio V1o 0.26
Longitudinal coefficient of o
thermal expansion & 6.3(10-6/'C)
Transverse coefficient of o
thermal expansion @ 20(10-6/C)
Transverse tensile strength Fat 65MPa
Out-of-plane shear strength Fis 40MPa

B oole] AMgE SERAL Fig 59 Utk Iy ol
FSSellAl 2t w9lasgie] 4582 Aunr] $fste] Unit cell
o Ak We mefslel 74 & Wl wet oy 2Ae
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Fig. 5 Boundary and loading conditions.
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4.1 FSS =X MA Zo}

Square Loop FSSE9| 571820 PSOE ©l§slod K-band
(23 GHz)ol A AFEAS A= FSSES AASle] 22ake 2t
FSSE9] detulelEs Folglon], 21 A= Table 32t At

Table 3 Parameters of each Square Loop

(a SL
p W d
4.44 0.26 3.84
(b) GSL
p Wy d W2
6.40 0.57 4.49 0.56
(c) DSL
p Wy W, g1 92
7.79 0.75 0.36 1.46 0.22

4.2 Square Loop(SL) Case

SLO] = FSS, Polyimide @&, Epoxy 4:x]9] #& S7}

8 A7} E-glasslepoxy HAeL FSSO| FAHoA HjH

He] DFI gt Table 49 Zth F FSSO| 1HF-882 dfj4e]

A e wE B AFzel diste] A= 7k
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O ghe mglon], o)t A mEo] WAY HsAel 9l
99 oF 4 Qlolw, M L 4he el [xa5hs AEe A4S
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DFIZ2 [£30]sX oA Z|thgh 046682 uetilow, Z3t
2ot o] w2 FHE Wel $(ok, o)X= Fig 7
3 ek el mejE Rglel 433} Fssel Feo) e
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Table 4 Residual stresses of Epoxy, Polyimide, Copper of SL (MPa)
and DFI of E-glass/epoxy composite

Stacking Von Mises stress (MPa) DFI
sequence Copper Polyimide Epoxy Composite
[04]s 209 25.31 52.12 0.067
[(0/45).]s 210.2 24.22 50.2 0.2464
[£30]2s 208.7 30.09 60.83 0.4668
[+45]2s 212.6 30.26 60.86 0.3313

L
P

Fig. 6 Von Mises stress distribution of Unit cell of SL Copper.

Vs

Fig. 7 Maximum residual stresses(033,013) in E-glass/epoxy composite.

4.3 Gridded Square Loop(GSL) Case
SLo| wigE Fei=x e =Pl GSLolA 5 FSSek
Polyimide 85, Epoxy 4419 57t 38 Z1e} DFIE &%t
A= Table 591 Atk 5 FSSY| MR8l = ghEth &2
W 2ol B FSSoA FH2Ql miko] e 7heAe] lgS
o 4 dglen, SR WY FFE ERIE 4~ Sle DFIgL
2 1& 9A gtent w2 gk Hol R3] aapt Am,
EAEY Ao dFE v 4 382 2T 4 ik
FSSollA 7Hd & A5 §2& 2l [04s 252
L Fig. 81+ 2t} E-glass/ epoxy-2 [+30]s2Eo]lx
05385 Hglow, He| 32 (om, ow)EE= Fig. 9
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Table 5 Residual stresses of Copper, Polyimide, Epoxy of GSL (MPa)
and DFI of E-glass/epoxy composite

Stacking Von Mises stress (MPa) DFI
sequence Copper Polyimide Epoxy Composite
[0:]s 284.9 28.24 55.82 0.1089
[(0/45)2]s 2745 26.05 525 0.2695
[+30]2s 266.6 34.31 65.81 0.5385
[#45]2s 265.5 34.23 65.36 0.3723

it

Fig. 9 Maximum residual stresses(0ss,013) in E-glass/epoxy composite.

4.4 Double Square Loop(DSL) case

SLeto] E shte] SL& HEAIXl 2l DSLY 5 FSS
9} Polyimide 3-&, Epoxy A9 571 &2 Z1¢} DFIE
Table 604 Aejstolct. %5 B3l F FSS= rollA] 4w
& SL¥} GSLY| #ieS 2=

=y} o] E FSSe| ZAmR
o 2 B4R So] wAystel FHA kol WAT Th5A
of Aee o & ow, B FsSolx Ao 57 See
2e § FSSY| SUEEL Fig. 103} o, olule] H3A

2= [0as2 A=tk E=3F E-glass/epoxy?] |t DFIZE
AA|, kol A AmE SL, GSLI Zo| [+30]s4 5 HEof A
vehgtow, He] §-¥(os, ow)}itiE Fig. 117 Zth DFIQ|
Ft gk 05755 o= 1ot mushx) gkout tha 2
< HAouR, FRZHY o3t F2ed U= 9 =5
Aol dFE & o+ Atk AS

Table 6 Residual stresses of Copper, Polyimide, Epoxy of DSL (MPa)
and DFI of E-glass/epoxy composite

Stacking Von Mises stress (MPa) DFI
sequence Copper Polyimide Epoxy Composite
[04]s 286.4 28.24 55.82 0.1075
[(0/45),]s 283.9 26.71 53.7 0.3008
[+30]2s 281.7 36.14 68.72 0.5755
[+45]2s 275.2 35.94 68.09 0.394

Fig. 10 Von Mises stress distribution of Unit cell of Copper.

Fig. 11 Maximum residual stresses(ass,013) in E-glass/epoxy composite.
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o wha} ¥ T =LA won, [+30]s HE mulo|A 7
=0 71S Ho] UursF e gurskyl T3ty E3kARo]
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Residual stress
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FHg. 12 Comparisons of DFI and residual stresses in FSS hybrid composites
with fixed resonant frequencies with different stacking sequences.
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FEFL vlaLsty] fIsto], 7|24l FSS =EQl SL9 Pitch 84845 o]gsto] HAHZpE X9 FSSEY -8t
A5E 7|2oR ko] GSLI DSLE FYsHAl A5t e SZHEY WA 7HsAdol diste] gelstgiow, theat 2
o, GSL1} DSLO| w3} $9] 2|4 Table 73} Ztt. AES 49

Table 7 Parameters of GSL and DSL 1) Square Loop FSSEo| PSOYE|&S 28302 4
(@ GSL I w27 FSSE AAT 4 o thgFet 45 FSS
P Wi d W2 g AT & des ¢ —’F USTE ©] A:M}E PSOE
4.44 0.26 3.98 0.13 ==

theFst F79 FSSol A8d 4 glew <y, HolE

® DSt 53} 2 ekt 17| ol 48 4 3k
p Wi W2 9 92 | TLET 03 @1l P Zols W px
4.44 0.26 0.13 06 01 2) AFgFart FUs ndyt P}tCh7} = EE.J E‘j_»E—,—
Frobe H5Y o3 4

Composite®] DFl= ajgle
P& o A WSS Bl
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4.4 xl* o3t ¥ GsLz DSL S S g1e mele sho

Al
o 7]—?—2& o]-o:] GSL—T'—} DSL9] PitChE %731?{} 3) FSS= mE Eﬁuo;]j’q 31%_4]—9\1?%_1]—4_ EHE]._Q] ngo]:_‘%
FS“ QA Gt E-lasieporya] DFIS vkl Fig o 2 weron), DSLIA & Rl WA
139 WEiAle. Fig 18 @)= Fe= 74d FSSel 1R ou), FRAQl shéo] WA 5 98 AU
o9 WS A2, A5 Wset AU GRS WIASN g pRigre)] 18 WA gob FuwlUAde WA Yt
DSLoJA] SL¥} GSL¥T} o z=ogo] wHAIEISS 3 o, IR-3H At A WAL, webA Hybrid
A o Uk EZE Composite®] DFI= i) JafFrct Radome A4 ZH2o o] ogﬁoo Han7]7] 9lske] A
£ Aol o3t 9 o 2 wgron], [#30ks 43 2 Wa FSSUElT BalgE A=s Agstolo} aitt
oM 71 =2 S Elth
. Copper _—‘;—_ 7]
S5 @square 2 ATE Iyl dfddA AUshs “ZugA ks
g [[Ia mg ez A 71y AT e ARe SgEsion, ol
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& = [Horas)215 [=30125 [=a5]25
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