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Design and Performance of CNT-PMI Foam-Based Loss-Gradient Foam
Multilayer Structure for RCS Reduction

Seongjun Kim*, Yeonhwa Jeong*, Dongheon Kim*, Jaewook Kim*, Sang Eui Lee*"

ABSTRACT: In this study, a CNT-PMI foam-based Loss-gradient foam multilayer structure (LGF-MS) with different
permittivities was designed by controlling the CNT content. The electromagnetic (EM) wave absorption performance
of the proposed structure was analyzed. The LGF-MS was designed to gradually vary the permittivity, minimizing
impedance mismatch and maximizing EM wave penetration into the structure. Return loss (RL) simulation confirmed
that the LGF-MS achieved broadband EM wave absorption performance comparable to the alternating CNC-FRP and
foam multilayer structure (ACF-MS). Furthermore, RCS simulation results for the wing box leading edge (LE) region
showed RCS reductions of 92% and 95% relative to the PEC reference under HH and VV polarization conditions,
respectively, which were higher than those of the ACF-MS (86% and 94%, respectively). Power loss distribution
simulation confirmed EM wave penetration with gradual dissipation at low frequencies, and concentrated energy
absorption in the frontal region at high frequencies. The proposed CNT-PMI foam-based LGF-MS demonstrates its
feasibility as a viable RAS design approach for aircraft structural components requiring broadband RCS reduction.
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Jul~ leading edge (LE) & &0l 2831 Hjo] WEA} T A (Radar Cross Section, RCS) 34 23} LGF t}& +2+= H
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35490 ZHATT RCS AT AAlE 2] T 714 Ao R
gt @4 7]9k 437 (body shaping)[1,2)= 2] 9]
g2 HAste] dold Yapo el F Ak HEE A
asial ool AR 7w A A=el $4 9 A7)
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Fig. 1. Schematic of the CNT-PMI foam-based LGF-MS
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A2l o7 22U EH (acrylonitrile, Aldrich Chemistry Co.,
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ZF oH] e s ol FEEA AAAE EE
o F4Isked 70C 22N 15402 £ £ FUS AU
czAAYAoR £ 7B T2 GAstGw,
220 2 210°Co|| A 2087 7]-@‘ Slo] YA O & A
CNT &8s CNT-PMI &2 A|&+s}ict.

H Lo A ALESt conformally networked CNT-coated
glass fabric (CNC-GF)+= H|3 F£%9] ACF tf& 739 A
EAFTOE AR ESG o ﬂOﬂ Atoll A Bt =
Wil U 382 Sofl AlRbeklch41-43]. M= AF
o2 222 1 Lo MWCNTs 1 g7} 2449l 45 &
AW AL Z Y| 0] E(Sodium Dodecyl Benzene Sulfonate,
Aldrich Chemistry Co., USA) 10 g& 3718t &, 221} EAF
7] 5 o]-&-5ko] 307 EAFSEo] Al 28kl FHIEH -2
] 5-(GE, glass fiber, DCT Co., Busan, Republic of Korea)
488 7] AR 38 Golo] WAT F A FLL(SH-
VDO-70NG, SH Scientific, South Korea)oj|A] 120°C, 3057t
Azsigich HEA 78 9 A% B 1 Aol2R Aol
sh3lom & 10 Alo] 22 WHESko] CNC-GFsE #2531
t}. CNC-GFs 74l B3l 2= o ZA] 4=%](YD-128, kukdo
chemical Co., South Korea)?} 73}A|(KH-819, kukdo
chemical Co., South Korea)S Z&FH] 100:352 23151 & 3l
o] 374 F8l Aot en, g 204 120°C
of A 2417t F 2t A 3HE 43y sto] A Abskint. #Ho] X A
Eot gt o 7474 fe i el SekaY 2
X 1(GFRP prepreg, HG181, Hankuk carbon, South
Korea)2} tAd- 738} Z2kAE 328|271 (CFRP prepreg,
WSN3KRK, Toray Advanced Materials, Japan)E& AR5}
T}, H]T 71201 ACF T} 120] #ldsA] 20 2 ARS8 PM]
2£9] 71HF (Rohacell 71HE, Evonik Industries, Germany)Z
AFE31ATh 71HF 22 CNTZF A7FE|A] 9FS 422 PMI £

G7g0] Wi £40] A2 glo], ACF T} oA
CNC-GF B £41% Atolo] 57+ AT e Aol S 3
Kol AE 23104 ofake shk. 7IHF 2] HA7)
A4S A ATl N ZHE ZHE AEsicH2l.

CNC-GF B34 &, GFRP, CNT-PMI Z2] Az}7] BEAL

A 557t 2 NS ol gsto] Frheksh ek 24
o) WA A BAL Fig. 20] Helstlch AGB 2H A
292 e UL UEYR 247 AH &9 9 fﬂolEﬂ
;‘ﬂa]il AFE 2 AR 44]. S5 917 AE ] A7)

= 220 mm x 220 mmo|t}. &4 Ful Hel= A (1)0 A
9} ol ke 52 T4 TG foner 7122 £50% ©] W]
o] xto = HAASIAT. o714 fiz URE T3 (Hz), [
=2 thele] F41 Fukaolnl, dfs F4 Sl o]

sk WS ofujict.
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Fig. 2. Permittivity of GFRP, CNC-GF, and CNT-PMI foams with
different CNT contents

2.2 3 =A

= Aol A= ACF th3 -9} LGF v 29 A}
714 &4 EAL H71e7] 93 CST Studio suite 2021
(Dassault Systems, France) & ©]-8-3F A x}7] Al g o] HS
Saysiolct. 14 S-S RLZH RCSZ AL RL 34
< ke g9 719 F-solvers *}*‘L’fﬂ@l S i A
A Fake Y= S T fous 7122 £50% W
oz HAEGTh |4 ZACZ unit cell AA =43}
tetrahedral meshE Z-8-3}%t}. YAl A} 7| 3k= waveguide
portS 4] £9Jat500] QIAZES 0° 27AA FAS
33}4i ). RCS 842 A7 94 7)4te] T-solverE o83}
of saaleon] Zuls el RL 34T FUskA A4
3t A A S 2 open space A A1} hexahedral
meshs 2§51tk A= plane waveZ 47513l o
Transverse Electric(TE) 2 Transverse Magnetic(TM) ¥ 3}
2708 717} 2 g5}o] RCSS A4 s}3ch. TE Bk 7]
Aol QAo 213 295 ojus}o], TM Wk 7]
Ho] QlApElo] 4 2gk 292 oujgith. ol A7) old]

A127F TE 9 TM A& §Alol 233tk S 28t
o] CNC-GF/CNT-PMI &£ 7|4} AHu} S L%90] Hulof u}
2 RCS A A58 H7157] SIatolc). B elo| Al TE
g TM 2 =of k2 RCS A= ZFz}F 4~ Hu}(Horizontal-
Horizontal, HH)Q} 4=2] Hu}(Vertical-Vertical, VV)& &
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Fig. 3. Schematics of (a) the flat structure and (b) the curved
structure from the reference [12]. RCS results comparison
between the literature and simulation for (c) the flat
structure and (d) the curved structure. (e) Schematics of
the RAS applied to the wingbox LE region in the refer-
ence [48]. (f) RCS results comparison between the litera-
ture and simulation for the wingbox LE region with the
applied RAS

0
—o—W.H Choi, wingbox [47]
—o— Simulation

RCS (dBsm)

w 00g

A
S

|

a

10
Y
©

-10 0 10 20
dfc (%)

Sko] A AISFATH45].

2.3 RCS sl HZ
Fig. 3.2 3 Aol =33t RCS a4 9] A= FS A5
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LGF th% 720 %S Lpehyigleh. ACF T3 Fat
A3 Ao AAE CNC-GF/PMI & th 20] 417
W A3 S uheo w2 TSk TH42L S A AT
oA 244 o2& 7|uko. R CNC-GF 53tAjel PMI &
o] E7lol) THE 99% T4 THOIE (BW,,) & H7H5}e] 5 %
7S 44T, PMIE0] 2% S0 T Aok 4 % RCS
A7 %S BAslc 2 AolA HliL tfAkom AL
3} ACF t}& 2= 71HF PMI & 1923} CNC-GF 2314
1859 Woj& 454 Prolth LGF thE 2k vl )
CNT-PMI & %02 T4 §a80] e Moso| 4 &
o M3.0 208 AZEr).

Fig. 4(b)}= 5 729] 115k §4-8-2 Ueryolet. ACF o
2 72l £A5T AGAE o] iy TxE YR o
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S
[e]
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J2 fmste] T2 YR §H W AE 02 B
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#2=A] 71HF Z31} AE4 CNC-GF 2alxj7} mrz 2=
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Fig. 4. (@) Schematics of the ACF-MS and LGF-MS. (b) Absorp-
tion performance of the ACF-MS and LGF-MS. (c) E-field
and H-field distribution of the ACF-MS and LGF-MS at
df.=—-27% and +22% conditions
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Fig. 4(c)= df. = —27% L +22% ZANA F F20] A7
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AR AeEE vehd B, A7 Ao A= Adeljt
F= UEHHIeE ACE tF5 29 A9 AA| G-zl A
At A7) £ 5 UER it o= 71HF &3 CNC-
GF 534 Ato] o] HHEZIQl AW WHALRZ QI8 A7}t -2
AA ol A Z2E3}aL, th=2] CNC-GF 452 35}
HA 557 e s A Erh vhE LGF o5 2=
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Moo e o

£ AE £ o3 A% A0 247 o)
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REY S| AMA F4 HAUZS A A0 B
St

chg L A RL A2 44 QAF W %] A7) Aol
448w BlolA YA O R HEotet Jubi}
H7ksk Avtolck. whehy ZEW 3k A48 oo
1Al Akgho] MPASHE ek LE 94F9] RCS A
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Fig 5= ACF t}% 729} LGF 0} 727k 489 9ot
2 LE 99| 7 akolt). RL sfAof A8 x99 54
514 ACF 0} 2= 71HF & 1923} CNC-GF 18%0] i1
&2 2% Lx0]1 LGF o2 L2 M54 M3.0 &
© 72 A33t Fxolth £ 2+ LE 999 100 mm 9]
of A&Eom g d o] FiES ¢ =4 (perfect
electric conductor, PEC)E E4& AA35}9 ).

Fig. 62 ACF t}5 -8} LGF th5 27} 2185 <4t
2~ LE <ol tjgt RCS 34 Aztolct. Fig. 6(a)= 0° YA
z2710]A4 HH % VV #Hutof] tfgt RCS 34 A= Lreh
itk T FZ H5 PEC tJu] RCS7} #48}o] RCS A7 A
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Fig. 6. (a) RCS simulation results of the ACF-MS and LGF-MS
under HH and VV polarization conditions. (b) RCS reduc-
tion performance of the ACF-MS and LGF-MS under HH
and VV polarization conditions

Lol gpArE-S shelslelnt. Fig 6(b)= PEC tiH] & 129
RCS 752 Ueplileh. ACF thg = HH ¥l VV =
Aol A ZFz} 86%, 94%2] A7HES ol Wh LGF o}
2= 247} 92%, 95%E UERGlth & & B VV Ao}
oA HH HubRh =& RCS AZHE-S LFERNGIT) uts
LE= 39 gAfolung AA| JAarzto] 0o o ehie S+
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= Algt FolA= Aaprt FAF Ak, £ 9149
upet AL At o] &Aoo ' Wotgte. o of whet
HHe} VV #Hufof| A A3kt S -3 Alo] o] 9|
2 A% 2ol A& o=A FAE A7 A= A
AL QAo F7ketel whek HH Huko) 4= 45 A5kt
VV HupH ot 34 Yehus eFo] BAEQIrH14]. & ¢
SOl ]2} AL HH fafol 4 eio] AL o
Aol w2 43 At W wAtel 25 S Aleto] A
Hoz 273w, VV BEael it §4 Aol AEe
2 7 fA)5j0] B S8 RCS AR Uehll o= B

ghH, FU3t At 2704 ACFe} LGF o5 -& Afo|
of RCS #I7HE Aol & 2] 2 47 A 540 7]
QI3 702 WEHEL ACF T}3 T2E ONC-GF 23|
o} 7IHF o] o2 M3 elo] ti4ee] Yues Heis A
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s2gafo] ak Feol 7|ofet 4= k. et} fuks LB
o e B ProAE HH 91| mhet Qakztol e}
A, Awol A WA b Aol 28 ket ke
SIAUE eIy, ofol uje} F4517] 947 T U vl
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YHH LGF 1 2+ f-4d&0] Ax4 o8 Hletn =
7F A I A e 2 Zof FARE AW WAL
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