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2 o : ¥ ATME AW gl dold WAMA F2r1%e Agsm SHL LA 53, dold wAMAY g3 F
e, dold WAAAS AAs she gl BH) 55 AW Bl W oy wAWAe W J3e 139tk DDG-1000
ype AT e T 7P dlolt] wAREA )4 sk n7tel 10% obdel wWekd RCS WiEakol 2391 dBsm S71aHE AL %l
sheinh. ma, g AR TaEe] Azl 6% F7hee] Wb RS Biate] 127dBm Fadhe A€ Bl s ven gry
2% ww) sive] ANFFAE $AT A9 RCS BEako] 227dBm Fa A AL AT

Abstract : In this paper, Radar cross section (RCS) calculations of advanced naval vessels model with RCS reduction methods are simulated and
RCS results are discussed. Especially, this paper are mainly focusing on the facts influencing on RCS, the ways minimizing RCS and material
characteristics of RCS changing-rate. RCS analysis results are given for a DDG-1000 type advanced naval vessels, which show that as the elevation
angle increased 10 degree, the mean RCS value increased 23.91 dBsm. Also, as the superstructure angle increased 6 degree, the mean RCS value
reduced 1.27 dBsm. Finally, the radar absorbing material attachment at the front and back superstructure have been reduced 2.27 dBsm in terms of

mean RCS value.
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1. M B #H 71&S v
o]l WEAPH A(RCS; radar cross section)< o] ol A HF

Ao AASLE 1A% WA AuE s|iow Auslyg AR AT =AC wkAbs o] HEele A7]E WA o] o
on, Ho| g Fuld] 7AE FEL 7PaATE 2dx Y= YElA 7FO Z (Knott et al., 1993), $F4 <] ~€lx A5
7] % (stealth technology)S 34 ] A4 (survivablity) 8Foll AEALS Hrlste 8 AAIAA et} o] E g RCSw= =¥

[e]
— T
014 71 Fo @ 7% F shtolth 2da vjge e S B A(hape design) % RCS7F = @] T8 Rl

golt], AA Bx7], oot 8x7] o] gxzrge o U H3F5 A (radar absorbing material) =3E, g vRAEC
SEA Fxw AR S dold o dF fES Fole
AR ~dx 7| HLe B2 AxAAH 9 &, A
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g2 MAE Fo ws

Ry

BEFA o A3 sl
AR T}9] =3} (frequency), Y AHZ} = (incident angle), A
J]-i?ﬂ(polanzanon)ﬂr &4~ (absorbing layer)2] H#}7]
(electromagnetic property), 77 2 G2 Aol Q). o]
_/’: O]/\]_7]—C Jq_];|—27—1 ol __TLzsg/g—‘(z pS| 7;" _'4
o= AaAH, Fag A7 HFe F55Y AAVEA
-7 & (permittivity), A+ (permeability) 2 FAHZ F4
A3} &4 = A =74 Dallenbach layer, Salisbury screen
thoFsl e 2 JfekE 9l o (Knott et al., 1993), & o=
AL 4512 F(genetic algorism)E ©]-8-3to] Fol Yy {hﬂrg—r

Kodomy g v oo
]
I

el A% EFAIA A
2 K
o]

I

=

=
=
=

=z

o AL N o

rﬂ
o OIH £

Ass veEde b5y dagrAE AAs] e v
At HAHAA 7IHEC] A8 AT (Michielssen et al,

1993; Weile et al., 1995; Chambers and Tennant, 1996; Park et al.,

2004; Goudos, 2007; Kim et al., 2007).

HA AzE FAHELS RCS #AaE 9T 71EE AF
A-g3HA eoky] widel ARt ow ghgol A7]7F AR
upe} A o] RCS Hgk AR o H AxyEe FHES A
Al GAC AN RCS #AAE A8 B2 AMRS AE, v
stuw g3 A7)l viEsA g e RCS7F AA = A
ol th(Park, 2004). A AAEANA Tl RCS H7=
=g, Zleg ey o ATy olgs Ve J
FA A 7|l o E3FaL U THKwon et al., 2014).

AT E 53 7= RCSE AN 5 e =
213, RACSAN(Kwon et al., 2014) o]&3}o] & HZH
ol2l A% FPol RCS AA7| %S HE5tn 54L& 245
gtk 53, RCS gaol #g B F JE AsEEAl 4
P TR HHe) B A4 B4l g Resel W3l
QA 23T,

A I A R o B
2.0 B

2.1 glo| ErAFHA (RCS)

RCSE #oly oA Wabe dxtabrt EAo] wkalso] ¥
Eol A7 E WA 992 Yehd gholth RCSE U E
s EAR A7) AR NARRE T(sphere)©] T A
(projected area) 0.2 A 9] 5|1, T}t o] goleiel A %4l
8 ARl BE g o3 AbetEo] HEote: A

A3 52 AAvel Aol wEn wAR 5 AT (Knon
et al., 1993).
o(RCS) = lim4nR* s )
R—co ‘E|2

471, E= wleltx 4
A, B Aol A Abks]o] ol o R FEote
E 4, Re deltie %4
21(1)e] RCS A oS o] &-8hed, =3et 4 o] RCS &A1&
A ®4E Vst s dad gHE 2t o e
B4R oA 7t7he] RCSE SN F ol s
CHEa o] vEhd 5= gk

RCSE 3tH o]
taml Z f@l?”l\""f (2)
2.2 RACSAN

ool A zhs B9 TRl tE RCSE
213841 RACSAN(RAdar Cross Section ANalysis program)-2-
S THKwon et al,, 2014). ¥ Z2 132 7548 H(GO)S
o] &3te] v WHAL Al A2} a4 (effective area)s Al
abakal 2 g HAbEC A = E2 38 (PO)S ©]-8-38H4 RCS
= A g

RACSAN®| 42 qlole] i3 zte 5 7289 +
2 w9z 9 ozl g WAL
34 BE, RCS WIS A7HE 4 RE, A9E5A
WEALF A 5= 34

a8

°o]-&

2.3 RCS Ci &zt 49

RCS 3ol A3 d3Egke i 98 2= 79 Ul
A 3 7 Fk(mean value), & XF4k(median value), 3t Zk(maximum
value) 522 AoJe 4 9t}

O Hzk - &4 d Hezhe] Abesdre RCS #

O F3r%tk - ¢4

1. o
S uf S A2 RCS #
O Azt - & A WeZre] #Hd RCS #*
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A 7)ol whek A% Hobel Aol Qg 5 g, 4l
HEe] BEE SARA B A2 B %%Oﬂ—t—
WEGE Bitgow Aelsh Aol Bgstth @, RCS
=4 Aol dole Aegy 2L ol EA EW el s
neldE BAgem Belshe Aol e B o
v e gold Res A BHES AT F dBsmE
Abslol gk, Fkgre] A5 weIzel A ge Gl

gk A 9Rsa gonz Ay A Suda 2

24 OEY NMoEsH AA
2.4.1 882 (permittivity), £XH2 (permeability)

71 2} 3} (electromagnetic wave)= X712 EAdo] o2 w4
(medium) T WhAReE £33 A Atol HL/‘@E]EL olelg &
AL v A7, A71A S A& T4

ol o3t AAHE FH&ES EHo 67]%‘?% 3
A= A7(capacity)ys oVl 8kaL, FAHEE vl wE &
(magnetic flux)2] F335}7] 2 HEE 2 v 3K (Cheng, 1993).

€, =¢, —je,’ 3
pe = =, @)
A7, = FAE, p FAES eI okl HAd r2
7] T FdEdte] viE yehdid A3)e] A2 714
= 3 F Ade A7), ssEe @ lu=le 2

A7 AE=
2 277 EAE S

q
A5ge e g

pud

—El-ﬂl

(Collin, 1992).
12 nFo2 FAE = ted AggFA UFel
AACNA AR ke WAL T3 854S YEh i, R ok T;
2} 0] AACA Y] WAAGet FRAE, 6,5 4 T A
7182 o) (electric length), ¢;= WX FAEEFO R X ePsl=
Ak, b= 2F ol whabE o] leshs Hdataks o] gt

Fig. 19] F+ WA So2 YAtets AL ¢ 9F ¥R b &
o]-g3te] A WHA Fo JAT ¢ T b S TS 2ol
g om e 5 Utk

AR B
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A7NA, 0, =kl °1™ 1,
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Fig. 1. The reflection and transmission in the multi-layer wave

absorber.
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\/; total E R \/; element (8)

3. & &2 RCS aliH
32718 RACSAN
et gl

< o
A Bl

53 FxEe RCSE AT 5 9
(Kwon et al,, 2014y o] -&3fo]
RCS #&7]&S A&t 5EAE 43t
Fig. 201 YEl Zo] 180m, & 24.6m, E5 84m, TA|u]
2 14,064 tons®] DDG-1000 type S HS 4065709 Q4% =
g ske] RCS a4& el

Fig. 2. DDG-1000 type advanced naval vessels model.

A

= ubebA, Fig. 2
S $l3te] 4GHzo] Ay}
7t

o,
ﬁ
o
K
N
i)
A
w2
:oé
1

0=FH 360%=714 0.2
0ol A 102747 2%

o%
)
o &

=
N
N

FAS R QAL Aol
Aoz WMk 7] A RCS
Fig. 32 Fig. 20 Yeld g4

Lol A9 RCS 34 AHAE E
of whA RCS vt akol 23.91 dBsm 57k ah A& &< &

a17}o] 4% o] JH-E RCS Bt tol Al &
} 4 it} Table 12 Fig. 2 El

i

:oé
£

£ oy oo g
)
[}
H
LS
N
i
5
Ak
!
S

N

w
%0,
o
At
o
do
o k
ol

N
-

W
oL,
4 x lo o
it

I 0 A 10E7FA] 2% ZFA S Z Z7HA
gk RCS H ket o ddnte) ol
=
=

% al
= o 3 5L 2~
Fhe e 3 @ 5

,
2

2

270
(b)

270

©

- 596 -



Ae el deld w84

(d)

180 f----e--i--

®
Fig. 3. RCS analysis results of DDG-1000 type advanced naval vessels
model where the elevation angles are (a) 0 degree, (b) 2 degree,
(c) 4 degree, (d) 6 degree, (e) 8 degree, (f) 10 degree.

Table 1. Mean RCS analysis results of DDG-1000 type advanced

naval vessels model by elevation angles

Angle 0° 2° 47 6 8° 107

RCS(dBsm) 1346 1571 1950 2123 3406 37.37
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Fig. 4. RCS analysis results of DDG-1000 type advanced naval

vessels model where the superstructure angles are (a) 16

degree and (b) 22 degree.

Table 2. Mean RCS analysis results of DDG-1000 type advanced

naval vessels model by superstructure angles

Angle 16° 19° 22°
RCS(dBsm) 14.22 13.46 12.95
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Fig. 5. RCS contribution rate analysis results of DDG-1000 type

advanced naval vessels model.
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Fig. 6. DDG-1000 type advanced naval vessels model with the

radar absorbing materials at the front and back structure.

Fig. 59 A3 Z5H Fig. 604 He AAH, Fig. 29 oA
RTEE o Sl HutgrAE T2 4ol disko
RCS A Faatqleh. dagrAe] +a HEE"J% r
(e, =15), FAHE(p, =0.09—1.665) L F7(t=
23} tHMichielssen et al., 1993).

270

Fig. 7. RCS analysis results of DDG-1000 type advanced naval
vessels model after applying the radar absorbing

material at the front and back superstructure.
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