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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-Jac Chun"", Kyung-Tak Kang*, Kyung-Won Lee,
Ie-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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HERE ARG

= EE ZAaA7E 7143 72E9] Radar Absorbing
Materia(RAM)& =231 it AA7|9hE RAM U F oA <]
=A £Ho A &4 Be 4 &4 53 guda 3
(Impedence matching)ol] 93t £4Z AFAPozH vhAplE
FeAFIE 71ed G477 FE olR1 Sl 3|3k RAMY|
%2 §37¢] BAE FUAE B ohiet A%-g At
= i, A&Heq {3 HLE ool ik EAMES
WA & Qlrh webd RAM A4 A9 EAHE sjEs)
AshM Hehga ARE o]8e P2 E AA 712 ANE
2 71%& oI5t Radar Absorbing Structure(RAS)o| oist &
T7F FEI Qlth RASY $ HYozH HA7|akE Fupe
of weid AMYHoR EI T HHA|Z|E  Frequency
Selective Surface(FSS: b= 422 EivhE E3tAo] 2&
A%l FolBe=F 2 o] S(Hybrid Radome)dy7F B3| 7l
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Arprlst B3 W AeBAe] ddo] g drst 2 Y
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Kim #} Lee[S}= 3polBIE FojuS 74 845 749
e B3 M=z Fd B dolE Azl 3HL
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AA 7 g a7kt
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2. Square Loop FSSs9] 23}

2.1 Square Loop FSS

FSS9 w98 Az Jerusalem Cross, Square Loop,
Hexagon Element, Ring%o] th[14] 11 oA AHd &
Hog st WAZITe YA wskel e e BN
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(a) Squam Loop (SL)

(b) Gridded Square loop (GSL)
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(c) Double Square Loop (DSL)

Fig. 1 Square Loop FSSs and design parameter.
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(a) (b) (©)
Fig. 2 Equivalent circuit model. ((a) SL, (b) GSL, (¢) DSL).

Fig. 2(b)oll EHH GSLY F7I3]|29] ojmngA= A (5)
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/4 = !
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2.4 A E3o|H

PSOE o3l K-band(23GHz)olA At BA4& b=
zhzke] FSstae] HetulEE FEstlon, PSO9 +Yst
© 4L Fig 37 Zoh w42 22 HAES e
e, ol HAAE g S8 Fub4 HYE 2GHzAA
30GHzZ 3tgley, a4 7132 0.1 GHzZ 319 18
7 7 AATeos S8 W9l 3 mm < p < 10 mm, 3
mm <d<7mm 0] <worg <2 mmZ 4dAsYc]

Conutant inertial Weight w=0.9-0.4

500 1006 500 2600
freration

Fig. 3 Convergence process of PSO.

3. fretasd)y

31 FEteAsA FSS =Y

feta o] AMgE Zh FSSe] wels 21 Unit celld Fig.
4o EAIE o] ik # AR ME FRkaAE Al gelah
o] FEAEE uEsly] ke Fig 49] FARES Unit
cell22 5}t 2+ Unit cell Copper foil®] AL Ushjm,
Unit celi®] 2= opefir] 13t 2Z3he 2|8 &Lat3ch
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(a) SL
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ST UL
SHE I
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Fig. 4 FSS patterns_and Unit cefls.

Copper foil9] ¥ 3.2 Epoxy resino] YA Q= AL
2 7p3stglen, Polyimide filme] F&3t &, EEURE &
HAE SEED offo] HEAA HF 2 FlojHIm
Folg-g 2y I9ch FSSE #IRE RAAY FAE
124mmZ i} of gro] FYsHP 2™, Copper foile] 7
& 20im, Polyimide film9| F7l&= 40m= 7}Y3t9ct.

3.2 Method and Boundary Condition

2 AFo)E Abaqus 6.9% olg3le fIas RUL
AAstgct stolHE e #o]Ee] 7 fa= C3DST Element
£ 233647 Hgstg o, FSSE e BEHAR fAAE=
839 E-glass/epoxy® FA8tth. #H&zte] WE F¥L &
Q1517 §i5ke] [04)s, [(0/45)]s, [£30Ds, [+45]s9} 2 T}
g HE7hE 7 BEEE fAAE Qs fstas
o] AFRE Copper foild} Polyimide filme] EAJS Table
18} Zron, E-glass/epoxy SEAES] E442 Table 29 4
gt

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 164(10-6/T) | 4.014(10-6/C) | 45(10-6/T)

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

Property Symbol Value
Longitudinal modulus E; 38.6 GPa
Transverse modulus Ey 8.27GPa
In-plane shear modulus GG 2.3GPa
Poisson's ratio vy 0.26
Longitudinal coefficient of
thermal expansion @ 6.3(10-6/C)
Transverse coefficient of
thermal expansion & 20(10-6/'C)
Transverse tensile strength Fs 65MPa
Out-of-plane shear strength Fi3 40MPa

& A7) AN skexde Fig 5ot gtk O3 2o
FSSollA z} ghele7hel A5AH8-S AwEr] 95t} Unit cell
& Mgtk Ae aEEll 4 & W) wieh Y 21e
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Fig. 5 Boundary and loading conditions.
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4.1 FSS ZEHAMHA 23

Square Loop FSSE¢] 75|20 PSOZ o|&3lo] K-band
(23 GHz)olM AHE/dE 7Ix)= FSSES AdAlsh] J-sd 2
FSSSo| seulelEe Fokglom, Tt Ak Table 33} Pk

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
» wi w2 81 82
7.79 0.75 0.36 1.46 0.22

4.2 Square Loop(SL) Case
SLe] & FSS, Polyimide ¥&, Epoxy 2|9 A& =7}

$9 ZAL} E-glass/epoxy B3AeL FSSO ZAAHAAN B
Z)e] DFI gk Table 49} Tt F FSSQ AHF-EL 349
A asE ZE SR HZzbd diste Gl sk
B2 g 2Yer, o FRY shko] IAF JHsAdel U
2 & 4 AT, T w2 S B (45 A B

o] g=8l8y¥ L Fig. 63 Zt} E3t E-glass/epoxyEE A2

DFIgHS [#30hs2= 9ol izt 046688 Uehion], &7t
Eao} o] &2 FUF WY $H(on, on)EE:= Fig 7
I gk sAo e Behe] At FSSE) Feof st
o] E-glass/epoxy E-3tA19] DFIZo] 1o Z=eslx] go} =7+
b HAT 7PeAe wout 493 B DFIRE 29o
24 stolHeE BeAje) o) Asht FZslEo] Hfd
7FsAdol dlidct

aa

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
[Oa)s 209 25.31 52.12 0.067
[(0/45),]s 210.2 24.22 50.2 0.2464
[£30]s 208.7 30.09 60.83 0.4668
[+45]>s 212.6 30.26 60.86 0.3313

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

4.3 Gridded Square Loop(GSL) Case

SLo| wyg" FeiEx n" =9l GSLold F FSSet
Polyimide ¥&, Epoxy %49 57} 58 2L} DFIE &%
Zik= Table 59F Zth F FSSQ| 7R3 Ak ot &
e 2ol 5 FSSollA] FRAR]] mo] M 7ol AUSS
o 4 qsled, 7SS WY FFE ERIF & e DRIt
2 18 gA oy &8 S Ho] JRFEY gl 3,
EARS] A=) F%S v # 0SS AT £ ¥t 5
FSSolM 71 52 25 S8 B2 [04s 33 399 388
&= Fig. 83} 2t} E-glass/ epoxy2 [#30]sEdolA X{vf DFIgt
0.5385% Hglom, WMol 2 (on, onyEEE Fig 99} 2tk
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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
[04s 284.9 28.24 55.82 0.1089
{{0/45%1s 2745 26.05 52.5 0.2695
[£30)ss 266.6 34.31 65.81 0.5385
[£45T]2s 265.5 34.23 65.36 0.3723

Fig. 9 Maximum residual str

333,013) in E-gi

poxy compesite.

4.4 Double Square Loop{DSL) case

SLetol E shube] SLE #HEAzl =Yl DSLY F FSS
¢} Polyimide W&, Epoxy 4219 §7} 3% Axel DFIE
Table 604l Ae}stgict #E Fato] F FSSi= Groja] 4o
¥ SLT GSLY #¥l€ 3= mdi Zo] ¥ FSSe| Zus
ok & %5 o] WSty FRAQ whdo] WA sieA
| 425 o & qslem, & FSsolx Hd 57} $8&
zHe 5 FSSO| $¥EEL Fig 103} zon, ojuo] B
2 [42 ZHZ=ch T3 E-glass/epoxy?] X DFIZE
HA], oA AHE SL, GSLF Zo] [+30hs™ 3 Bl
vebger, Wel (o, oun)EEE Fig 113} 7tk DFIY
Hof gk 05755 2.2 19& =93kx] ggey oi &
& BEYoBR, AFLHd ot 1B YL W HB2E
Aol FEE & 4 vk 2g WY 5 gk

o

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

it L

[aaiicizis e
it
=
F

BAgTILEALLL
¥

#
&

aF

Fig. 10 Von Mises stiess distdbution of Unit cell of Copper.

Fig. 11 Maximum residual stresses(0s3,013) in E-glass/epoxy composite.

FSS sigizt & Zof diste] F FSSe| ZAFSHM E-glass/
epoxy®] DFI& Aejstd Fig. 129 7o) % FSSe| E0hg
HANE BE HFA F FSSY Fmo] EHse @& B
of FHAQl mhio] WYY ThsAdol ARE ¢ F dew,
S7+¢8 grel SLEt} GSL¥ DSL9| #jel RYloji &£&
AFEE 2= HYL UEYon, B34 39 9
Hroihe dige] WHale] wE g3e Witk EFF E-glasy/
epoxyEEA2] DFIE FSS9) migle] W2 dF¥RT= HF
of whgl FEE o A gon, [£30]s FF ZHoM
E2 e 2o AW B dUE 29E SRS F
ZHrte dZ2ITEolg Ze AFAA FERY Tl
Erhe A8 8% 4+ Ak

Stacking Von Mises stress (MPa) DFI
sequence Copper Polyimide Epoxy Composite
[04]s 2864 28.24 55.82 0.1075
[(0/45))s 2839 26.71 537 0.3008
[£30]2s 2817 36.14 68.72 0.5755
[#45%s 2752 35.94 68.09 0.394
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Fg. 12 Conypatisons of DFI and residual stresses in FSS hybrid composites
with fixed resonant frequencies with different stacking sequences.
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Table 7 Parameters of GSL and DSL

(a) GSL
P W, d Wy
4.44 0.26 3.98 0.13
(b) DSL
P Wy w2 g1 a2
4.44 0.26 0.13 0.6 0.1

44 x5 Y3t ¥ GSLE DSL

SLE 71&22 sFol GSL3t DSLQ PitchE wA3E & =
FSsel #2559 gkt E-glass/epoxye| DFIE uHlulsle] Fig,
13¢] urepII). Fig 13 (ay= Ho8 AH FSSe 24
S8 e A, e yErc uﬁmgq gkg ko
DSLof A SLIt GSLMUE 2 2HF-g8o] WystaieS
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Fig. 13 Comparisons of DFI and residual stresses in FSS hybrid composites
with fixed pitches.
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