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ABSTRACT

The design of radar absorbing structures(RAS) is a discrete optimization problem and is

usually processed by stochastic optimization methods. The calculation of radar cross
section(RCS) should be decreased to improve the efficiency of designing RAS. In this
paper, an efficient method using impedance matching is studied to design RAS for

minimizing RCS. Input impedance of the minimal RCS for the specified wave incident

conditions is obtained by interlocking physical optics(PO) and optimizations. Complex
permittivity and thickness of RAS are designed to satisfy the calculated input impedance
by a discrete optimization. The results reveal that the studied method attains the same

results as stochastic optimization which have to conduct numerous RCS analysis. The

efficiency of designing RAS can be enhanced by reducing the calculation of RCS.
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Adfol FerloMe AEE Fdol g a+
F7t2 2" X(stealth) 50l TAAIEHH, X274
A& o] e HHALH 2 (radar absorbing section,
RCS)9] #AE FAl =S F e ARFF
T-Z(radar absorbing structure, RAS)2] Z|-8o]
S7HE AL QiG] Rk o2 RASE ASEAA
(laminate composite)& 7S = Azt ™, QEA}
Al (reflection coefficient) =+ RCSE #Ag}s}
=5 AAEY3]. TAHAFE FEE R tie)
EEHe SR 7xE9 d4e 18 F
glol B olele] F4s A= RASO Aes
FFA717] fEM= RCSE AFHAHoZ FHAs)
SI=% A7 (optimization)E 3T HQ 7}
UTH4]. RCS= A 7|Ho 2 ALtHER Z243
I~ (objective function)Z A2 ¢ AldtEo]
A F7rE HAH s B Alte] agHEH
TEF RAS AA Aol ASERA Y FAES o4t
H 4> (discrete variable)Z FH 3t ¥, tho]
Aol Basgt FEEF A 3}7)H (stochastic
optimization)ol T2 AREH 7] Wl RCS 34
AlZbo]l & B Zuto] Fasitt dAetal H 23}
oAe 4 AIRE ool a7Ho] a8 AA
AsHETH5]. ol¥ @ RAS AAS] oj#ES &4
st7] el e FE2EY 4 oiHsE TR
8] aPetHAME RCS afAol| wE ALFS i
A e AANR e AT esit.

RAS| AoFFdeo dFE A= Fad

AAZ= Ak olH 3 o] F 3} (frequency),
AM % (incident angle), 3} (polarization) 9} T3
A HA}71E 4 (electromagnetic property), 77
(thickness) 2 F2A4ol Atk o] & Fi,
WA E, A3z 59 dAakEd R FEREe
AAE A% 2Ho=Z A, KA (dielectric)
RAS®] 749 A7 S(design variable)= A 59
BAf & (complex permittivity) ¥ FAZ S
AEt B =FdAe Agrrzde st
RCS #2315 919 RASE ARA o2 HA 37
A3l =347 ]H}(gradient based) A 3}7]H<l
T=x}2] o] 24 g HH (sequential quadratic program,
sQP)# FE&4 HHI W FAAGnYS
(genetic algorithm, GA)S &7 AM&3stHoH,
Ao ® sQPst RCS a4 ¥nEjEl &%
81 (physical optics, PO)2] dFoZ dld=d 9
RCSE o Z o= FHAislshe RASY HA4F3E
2 FAE 1 2 o] & (transmission
line theory)S o] &3l o]d wW& YHUIPAX

&3, AE

(input impedance)E A4t o2 GAE
olg&3l olFHAsE FHsReH, AtE dH
PR zol] FHES RASY E2fAE
SEEA] FAE AASAY. AT dAAE

= FaAFoA A 7HE U] fr(carbon
nano-fiber, CNF)7} /¥ faldf Ax2E3A
o HEafdE HolHE °l&3tlor, NACA-
0012 2 NACA-2412 o o] 2% (airfoil) F-3¢] &

° 3o 32

7] |hed dTne A8 @s

AABEATH6]. 3 ATEHS AFSH
AOH Eo]ay AAZANA GAS O]J‘lsﬁ RCSE
A HaE3 RASE HAEIoH, HAX <

AT H A9 AZHS Husty AT fEAS

BRI

vto g Az, Flg. 14—

2ol Ay} %9 (absorbing layer)Z}
SR A WALE 9F A7) = A (perfect
electric conductor, PEC)Z 2.2 A€t} o]
RASE &35 T43te X0l & A= F9
Froll me} T3 (single) 2 E‘r%(multi)‘ ; T
H, dRtHo® Aol 1hAgt RIAMAFE HA
stet= 5 AAdd. &7 219 %ﬁ(leading
edge)# o] FxEo] FHFL Bfolle A
Aleeok RCS ZHaFo] vl shA] eol WhAMA ¢
Aﬂﬁ}t“i BT xe] RCSE F/3]
FaA717] ol wEkA FHyo] obd A

RASE é—iﬁlﬂﬂ A M= WA Bohs §4
mEg 7o g A2EE RCSE HHAA ] &
AstyE A AT QU Aok

Incident wave

Total reflected wave

Er = z Ern Er3/
n=1 £, =¢ —je
bsorbine laver Perfect electric
Bbsor ulg aylell ; conductor
(GERP + Lossy filler) (CFRP, Metal plate)
Fig. 1. Schematic drawing of single layer RAS
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= Ea'—il::_;i( cole-cole plot)®] 3] A% (regr
function)E o] &3l AFFol] st o=
oz HAWNTE =
£A A7 Al (lossy filler) 9]
FH&e A4 sxdes 44 xy=
Bl =3 o] TH7].
22 22|ty
= 2]3%8H (physical optics, PO)= 1 3}ol] 23]
EA4 xdol| A= EHHF(surface current,
J)ol BF 2AAE o] gste] RCSE AlAEIT
o] 71& 1F3 TAhhigh frequency approxi-
mation) &2 Stratton-Chu W7 2lo] LAsHH,
AT EEe] A717F dAE deoldate] 3 (wave
length, Aol & ooz & 3¢ FasiA
AHEE S A8 PO= AAR Ate SAd
.trLJ,].xJo] 1:].}\ Agakyoi Maxwell 1—3
AF Aoz Atsle EWEW (method of mo-
ment, MOM), {+3+8 45 (finite element method,
FEM), ¢t " (finite volume method, FVM)
ol mlsl AArEe] o= Aol e, RCS
£ A% 2718A GAdA F2 Z8dTH9].
A7) sl POA = EAE Illuminated
7} Shadowed o g FEI & AL+
z AR S ol &3 yErdTH PECe]
EWEAF 9 2L A ()% 2

L

A=
b

T;op
ol
o

2nX H forthe illuminated portion
0 , forthe shadowed portion

~
Q
—_—
=

o714, ne FHWE AW E (normal vector), E%

YAFAL 71 (incident magnetic field)olth. &7}

AaEFFAA A lAF= SAHIS(DE A
&3t 2 ()2 ALts

J=(1-Inx H 2

HIAMA == AT ] o sk dhAbghe] vl E e}

)]
H
Y= #ez 2 YAHnormal incident)ol] o 3f A

S 4 @3 2ol BA BN EYTEs
(Z )9]- 339 524 9 ' 2~ (characteristic im-
1§

pedance, 7)< 377025 ©]-8

3 Al4kgTH10].

=4 3

RS o

ojuf, AdHYIHAE= HFAHAZo|BoE AT

T don, FHUPA e &5 K84 RAS
AN AL A @) ot
% 2t

Z, = \/e_tanh(j X Ve 4)

FAAF7E ALE Fol= RbAbE tg A4S

2 2+ 71 % (scattered electric field, £,)< A4

A

8w, RCS(0)= 4 (B)9h 2ol YAAZIB(E)%
ABANE(E) S M2 AGRE]. 71N, R
goltjdl M RE ExE7HA 9 Aol

23 duHAXMBS 0|28 RAS MHA

A7) A2~ 3 (impedance matching) i 7“7374]
AN REALO] o7t E4do] = ”Hz]"ﬂ °%k 9
ERIR RS =, %eo]-ﬂ] e oM, dwryo g
715l ARG BHE A Eﬂﬁﬂfﬂ% R
27t Z}%%ZJQ} S4dHEze dX| o
Ll BTE

PAMA 7 HA7F H e
ok JdoaaYFe HWEARE
AA de] AFS-E A,
A3 =2 RCS HA3E

o gH11]. ]

2 AsEA Y
B ko] ool = A 4
38 557 og7] i

1
RASS HFFAS FHE ANAE 28 4

Al

B =RAE RCS
Aoz AAS7 98t o
ov], ARAE) met FEF 47N o
e RCS7F #2881 QR ANDE(Z, in,)

A7 Q3
E

AN F, AH8E ol RASTE ANE Y
Asg A 2HEA JEIES §559 3
ARAST FAS ARG APHEe] FUS
A% AAse] FASE 4 (6 2ok AW
oA AARFE AR F4E BLFAL)
AF(e,) R FA(elY, BAFAS
o W5 )e TIEEY FANL oL
Aol WE Wz AAT b 4 (6))
HA5E A&uSsh ol MFTt B EAH)
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WES) GAE AFEH £ ofu), HARAE A
o Ay W FAY WAL hAAR 54 Minimize |I1e," &ty )

4 O Zininer® HIRD 2 AshApEL
o wek ARHE B2 FFI Zunne A

(79 HA3s 53l
RCSE HAsA7= ¢

=k
< 2 @)= g3y fé‘%@éEH =AM Z,
L 377no g Ak

. . . ’ r’
Minimize o(e.,¢" tp,)

A 7)lM e Fa
?}76 shA ekar, ol
A71e e ALsE7] fs) AAE
9 AFE(, ) AFE ) e 5
611:]— IIJr‘j/]rH Hﬁltﬂ/‘"ﬂ’ﬂ ol a7 A A H o
9}10% 43193} %L—’a]%“oib Gl A 4
dol Hold SQPE AH&-3. =dtr]R HA s}
71 e AA MG %74 (initial point)oll whe}
FHdoe] A @it AFERdAME 2714
o= 4 (8)9 HAZE ALEH= A" FA
el & xFapgol A o] WwALAIG(N)S] A271E ©]
BARow HisN e Bawrde de AHET
o AARTFe 2713 S Ajtelr] fg H A3

E—xﬂoﬂxﬂc AANFRE BafAse 459
(e, ) 6]—(8”)0] EgdAH oz AL HY, ol
, N\ )
1. Continuous variable optimization(Eq. 8) by GA
Obtain the initial design points for SQP )
4 . . L ™\
2. Continuous variable optimization(Eq. 7) by SQP
RCS
Obtain the input impedance ideally minimizing [
. - . analysis
\___RCS for the specified incident condition
¢ by PO
3. Mixed variable optimization(Eq.6) by GA
Obtain the RAS satisfying the input impedance
\_ ideally minimizing RCS ) L )

Fig. 2. Flow chart of studied method
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2) € min = & = € max

Ao 4438 913 GAZ SR LolA 49
@ el o] ATuEe 3uAe AHAA £
= 40 HH59 #AE Fg 29 2ok
2.4 % x|l A

2 =wdMe A7 HAes A% FAGA=
A7EH B RCS H&SE Tt 4o 337
27) RASE AT HERdS 2T 0% Fig.

37 o] NACA-0012, NACA-2412 o] 3
gl AAy drjoln, el Al$)(cord)= 1,000
mm, Z°|(span)= 3,000mmeo|t}. X AHsle] =7
g Al 2 A" RASY AeH7IE 98] PO
Z2a9s o]&ste] RIS RCSE ALbst

<

7Rl 4H2HE 8 A (triangular element) 2 T/ 3151
o, 849 A7+ 1~30mm= FH G/ &
el a4E Ho xEaA AT RCS Al
Al Ao gAalzd e g i deolde wirek
(mono-static) &. 2 7}A 3+ 11,
electric(TE) % transverse magnetic(TM)< ZH2}
gttt ATedlA= 1= Zh(elevation angle)ol]
T2 RCS SARS BHrstlen, axzbe Gy
o] siwolA 90°, ofAHAA -90° 02 5
o HAste] 523 A ATk YAt EZ}
2 gF7]e] RCS Aed FL3 IS nA=
-20° ~ 20°91 M2 RCSE #AAI717] S8 0°=

TSR] webA JAtgE SR E Y A9
9} Hasla, dolutskd 2 st}

RAS AAIE % A== FAZAAA
e gAY A F(CNF)7F S HMAZ 3

e ——

<NACA-0012>

Hul= transverse

<NACA-2412>

Fig. 3. RCS analysis wing models
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H FYAF Ax25ZAY ELFHE HolHE
o] &3ttHe]. =AHTIAY FHeFel wE EodA)
o] FEER= Fig 49 2ov, IARYS FI
st ARASFR)7E 099 o 23 IAFS
(e, =0.024(g,")*+0.073(e," ) —0.040) 2 A A3}
AA R 83T
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jﬁg

& RCSE ooz HasT]e ‘%‘JE':‘O a4
2(Zpmin(e) T AT F, o] HUT UHES
A7)H RASS| 47X+ Table 3, Table 49} 2}
drel 3 F 4 (7), 89 HHsE A%
FAE A FA4 AFEA S FAS L

Hal 2mmE s, oo WME 7, i)
NACA-0012 = @ol] thal 375.44-34.43)(TE), 356.42
+26.09(TM), NACA-2412 E. & o] A= 390.46-24.53
(TE), 349.26+9.74j(TM)2§ ALE A, DA AR
ATl o &= A= RCSE GAE l
23} o] ALH A 3] 9 Ez—hﬂ 2 ALL3 A

oL

AKX 01%0)8Fe] xolE BHAL ¢ _/l: ,J\l:}
GAE o] &3] RCSE AAFA o= HAF3 AL
= E—FLIE]—/\ AL 28 RCS OH Jo] Aoz
NG —%]Zﬂﬁ]r‘)ﬂ% Q@ A|7to] AmETh Hld o
FurHo| = AAFANA vAASFS doa s
o Aurwe the Frksht, RCS ALaA =9
o ARAAIHE AHEFOR GAS 0] 43

RCSO] Areo]l ZA 7ha®d.
gebq wAss QREaE o] e
Ay e Aztsloral Mo i Z7hE AT
ARste] 2RHE e 2A PAET. AT

953 RAS AAE 913 EXFuFE Xband el A7 o] RCS7F H243F RASE 2
ZAF34¢1 10GHzo|th. RAS AAE ﬁfﬂ A Uté_,] 4 2 Anlo] wel Aold BAoAL
oA EafAEe AR T 5T w Sz A4, oy JdEAHUAE TR

-

AN 1<’ <402 AFsHoH, FAE o4t
HWEE At=0.1mm, 2 < t(mm) < 32 7}133A
T} RAS AAA A& GAS #+5& A A
2+ WA+ (population)> 20, At (generation)
+ 1,000, 2L#lEE (crossover) 0.950]tH13].

o]-&3k o] 4t

ut

Zt G Edo| tis] RCSE GAE

o] SAYHNDEE77Q) AFHA Fer 2
TableSolA b2 e HAA(FLFHE,
FA)E ol&a 4 (5)= AE Aot} Table 1
~ Table 4°] YEld RCSE AAH Ao 2 HA33H
735t ?i?ﬂo*ﬂd% o] &% HAAFAE 7+ I
vaSo| {83 & mm7ho| wE RCSY W3}

#23 «1 B2 AS-S Z*jJr"‘A}éZﬂOH e = Albete] vl UP Z3}+= Fig. 5 ~ Fig 8% &
RCSE Moz HAx33le s HAE RASY  ©h A4A" RCSE APAo= Hirdz A9
A3 77} Table 1, Table 29Jr 2o g2 ®  (Min_RCS)¢F A7 (IM(Min_RCS))) 2] A 712
ATHHE ol &al Zt R Audrtzdel = Z4¢ AE Ho|BE AME 1xZe nE

Table 1. Design results of single layer RAS by minimizing RCS for NACA-0012 wing model

Polari— Complex . Input Number of Computation
zation permittivity Thickness impedance calculation time
TE 11.51-3.91j 2.30mm 382.06-48.19j 20,000 127,263sec
™ 12.83-4.86j 2.10mm 353.19+27.27] (RCS) (35hours)

Table 2. Design results of single layer RAS by minimizing RCS for NACA-2412 wing model

Polari— Complex . Input Number of Computation
zation permittivity Thickness impedance calculation time
TE 11.35-3.80j 2.30mm 398.50-38.05j 20,000 127,263sec
™ 13.02-5.01j 2.10mm 341.99+15.55j (RCS) (35hours)
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Table 3. Design results of single layer RAS by studied method for NACA-0012 wing model

Polari— Complex 3 Input Number of Computation
zation permittivity Thickness impedance calculation time
TE 1150-3.91] 2.30mm 380,62-48.92] 20,%%?&58’) M) 143sec
™ 12.83-4.87] 2.10mm 352.95+27.99)] 20’%%?&(%) IM) 161sec

Table 4. Design results of single layer RAS by studied method for NACA-2412 wing model

Polari— Complex . Input Number of Computation
zation permittivity Thickness impedance calculation time
Cnan . - 20,000(RC, IM)
TE 11.35-3.80j 2.30mm 398.50-38.05; 21(RCS) 143sec
_E (01 - 20,000(RC, IM)
™ 13.02-5.01j 2.10mm 341.99+15.56] 21(RCS) 143sec
RC : reflection coefficient, IM : Impedance
40 1 00 \ |
~PEC  —A-Min(RCS_TE) —=IM(Min(RCS_TE)) |! W { #PEC -A-Min(RCS_TE) —=IM@ALnRCS TE) |
30 | e e == === b Ty o R P

RCS(dBsm)

RCS(dBsm)

: : -40
90 -60 -30 0 30 90 -90 -60 -30 0 30 60 90
Elevation angle(degree) Elevation angle(degree)
Fig. 5. Comparison of design Fig. 7. Comparison of design
resultsINACA-0012, TE] resultsINACA-2412, TE]
40 ] 40 I
I ©~PEC --Min(RCS TM) —*IM(Min(RCS TM)) ].' 9 ~=PEC - Min(RCS_TM) —*IM(Min(RCS_TM)) lf:i
20 20
‘é‘ 10 ’g 10
0 s o0
Z 10 Z 10
220 =20
-30 30
40 L s ! J _40 : i
90 -60 -30 0 30 60 920 90 -60 -30 0 30 60 920
Elevation angle(degree) Elevation angle(degree)
Fig. 6. Comparison of design Fig. 8. Comparison of design
resultsINACA-0012, TM] resultsINACA-2412, TM]
RCS T3 AAA Yepdth wepx 2 i o RAS AAY BE&AS 7S 0T +
2 HAE RASE 9% AREFFAHEES UE . AArAy F PECE @/iRd e S Ay
Yy, AU RCSY ALFS Edo=ZH & F535HA ¥ SHAVIARAZR M AS
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