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Effective Lossy Conducting Surface for Electromagnetic Simulation Analyses
of Mesh Reflector Antennas for Satellite Application
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Abstract

In this paper, we propose an effective lossy conducting surface (ELCS) for the efficient analysis of mesh reflector antennas for signal
intelligence (SIGINT) satellite applications. To convert the complex real mesh structure into a simple ELCS, a unit cell was designed
by modeling the mesh as a surface patch. Subsequently, the reflectivity was examined in an infinite periodic structure simulation
environment. The conductivity with the same reflectivity as that of the mesh was derived at each sample frequency by varying the
conductivity of the ELCS, and the reflectivity of the actual mesh was compared with that of the proposed ELCS. The results showed
good agreement with an average error of less than 0.4 %. The radiation patterns of a metallic parabolic reflector antenna was then
compared with those of a deployable reflector antenna with the ELCS, revealing bore-sight gains of 36.6 dBi and 34.2 dBi, respectively.

Key words: Mesh Reflector Antenna, Deployable Reflector Antenna, Mesh Equivalent Model, Non-linear Regression

.M B A, W, A, BB 2 TEE 914 At 71 B
4w gk 94 A5t 162 B3] AHAE 9
AT 5 Aol WS AeANT FEE T g Ay 7 A5 S0 QIS o FolAok sk

To] RS 200UE FHAZHF)S AL AL ol £ A7
T stn AAF# 7] 83 Department of Electronic and Electrical Engineering, Hongik University)
#33lA| 26 1|2 A B 52 A A (Hanwha Systems Company Ltd.)
- Manuscript received July 22, 2024 ; Revised August 22, 2024 ; Accepted February 28, 2025. (ID No. 20240722-069)
+ Corresponding Author: Hosung Choo (e-mail: hschoo@hongik.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 353
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 4, April. 2025.

%

=
'
rlo
_‘_o‘
oX,
Mo
ofo
=
ﬂ
&
=

o|N
)
b=}

N
i
B
rl:l
g
o H

2
il
r.lilolt
a
g
N
gl
iG]
o
o
> ox
of
ol
W)
-0,
¢

e gy £ A4
4o T

fu 2 2 N oo
© ® of

rlr
o
>~
>
= ofo

S
bt

I
(W
=
i ode [ Sk oo ox rfr [0 oX

O o
IH“ kU o
r
>~
s
!
r'O
I,
rlr
)
o T

lo
9,
it
At
oX.
tijo
N
N
X,
>
x0 dlo
D)
o
H,

*JPJ 9 9 AE
A g AL H, A7
F% WAL Q) 2 54 @

319
o
N
)

ﬂ]lO rO

Ll‘f
o ff =
ofl
N,
N
o
iy
lo
2 o o B oox rlo ox 1o rE o R ORHIOE ofr oY I R oogh 2 ox 2 8 o 2 mx h h

i H
O_u
OBL
Mo o

>
=

o)
!
l-ﬂ
oX,
=,
ﬁ‘

(i

Jus)
I,

>~
>
Ll
(0]

- fru
0% ok
ofo

O

>~
-

i o u=

bl 2L ofh
o
o

w o
X
9‘L
N
o
%
AC)

[

1)

>
>
oo
ot
&
O
10
N
N
lo

o3l

ox Ho

X,

o
N2

=

ﬁ,{

i

o
)
=2

ol
i
v
ru =
o
o
|o

ofl A oX

N
rir

o

=
X
© 3
N
& oft
3o
(R Jo
R
o ol
>
X,
(o3
§2
T O
>
oo
ot

r

£ o

O
O

g2 o
H
mﬂ:
I
ro rE ook oot oX

RD

N
oo
)

o

o

29

o o

o
>
el
)

o B W

(o3

i

ra
ol
ox

o

ng,

R

[

)
lo it

M2 off ofh B M Iy

o —

o 2
il
d
=)
9,
>~
=
ofp
)
e
tfu
—
>~
=
r
r'O
£,

N
==

o oy

)
N,
f
N
=
)
s
Y
oX
L
o ol}j
N
o —
2
ol
=
rN
=
o
2

>
N
o o
%
£
i)
rr
>~
>
N

=

ofo
My
[

e}

N
==

N
>
Y
H
o
N
-3
>
o =
oo
i
o S
Jo dlo =

do N Hr E ot 2 &
>-§o§‘=’.i£“_,ﬁ,o}.ﬂﬁ,r_>‘i
e 2 Pom
W ko ooy B e
i 0"0 oﬁ_/
/—T)En—'—ir?"d_‘r:ﬂdm
O_l“‘rﬂi EE :EL':OZ“L
‘;ELJE o
E—‘j{ o v
rkl‘OrN\.ji
lj—\vl—’Nm—lmlN::—l
) . TN >
:O%Z‘LX‘EO%
-} -
Elﬁow
2oy 2
ﬁgmlmf&%
gri% o e oI
_‘>L H'HN' Nl_o,EIZ‘L
érﬂml‘)ﬁﬁf;
mz%}ﬂ"miﬂ
.S ol
= — @ L o
E 2 ol oox 2§
oo & A o off X

g.lo 1z
o
flo yo Y

ol F FAHE 9 W 3ge 2
o ed 948 57 RuE Wy e 57 12
$7< ol 5ol MRS BAelE o] UE A7E

1-M3le) 2 13 59t} o83 WM ES 883 v uix}
= 3 A 4 AR A £42 7hs AR o Rt
A EE e Fog 220N J5e BHE o o
A QAFd BAZL FLs AT deb kel
719} F9 o] h A oko] HOmAM HA WA}
B i A5 BAE 4 9 e gg 7149
A7} MEA Bag Aol

2 =oAMe A JE FHSIGINT) 94 B8
AN 4] uAL Qrelve] A1 A A EE ol B4
& 3l WA FLF PAEE e FE EY BA #

H(ELCS, effective lossy conducting surface)s A Fetct.
B4 FE2E 2 vl v 3RS ‘T/L_ﬂ A
Ho] ELCSE W3ks}z] Ssf, & 1 Az
olo] HlHE Hrt dedt HHY tnphne&i 571
‘:’@3‘{5}@‘:} 7vekstd 57F 5’-541_9] FHRAS AAS
F7] Fx AN RS < 3}“‘:} ojuf o]
Z] W= 79191 OPI(openings per inch)7} 3174 = of
A ¢ FOHTHEE AR OE TAIEE 217 i
A A A9 28 FaeE AAste] Foped wb
A OO 2 ELCSY 4% FH =4
T ;\1’ o]-;ﬁ 57]. CE%] _1;!_1:]7 =

o
olN
mlo
i)‘
:ﬂ
_>‘:

Z
é
=2
ﬁ‘
1o
rlI.
>~
>
1
i
[
ol
ol

04 % OILHi g 2 %li]é}—t—

ELCSE 431 B33 FAS zh= v vhabgte] A
Egold B4S By a840)7 AZsA FhL
ASS Folssinh

A" 1elX = w4l wAbe) g4 ELCS =& 24
& HolEnh 19 l@@e 55 WA w4 A
HhARE QteluE 270
I g



4 Wb Qg AAA Algdeld e A FE &4 &4 2Y BF

TE2E 7 vl dapEe] A7) s HE AsiM e

Mesh AR Fe B eE 57F Bd 2 A sk o
Qe HA SR 12 729 55 9ol v+

Hot st Iy 54 stripline . ® 2AF ZH S

- o el 2 WEEE S AR AAet w3t
7] 2 AlEdeld M w42 WIS 8413

N \Metal

Y
lo
g
N
Rl
o
I
3
;Q‘

(@) B4 WA 4 WAk
(a) Metal reflector and mesh reflector

A EE 7HA7) W&o 9 7hA4 9] FugE A A slo]
s MRS Folkgith e o R B £R)9 A
TE M3 7IHA, 57t 2EH 3

Atlas mesh Equivalent strip model ELCS

(b) & Atlas <1 P44 57+ Ed 5 ELCS
(b) Geometry of the commercial Atlas mesh, the

=1
= TH 710 I A} d O AP =2 Kex|
equivalent model, and ELCS o, E2E2E 22 @ES lfiﬂ *o"ﬂ HoR wASHS
APE 2R FoFRT oflZt st FubgrelA
:]_%I . 2 gl.}\ r&o -3511\]-—: 2 E7) pd gl = = - o = =
18 1. A e AR ELCS ELCSE &-8-317] 918 Fah9F ELCSY A=k A&
Fig. 1. Geometry of the mesh reflector, mesh equivalent o o = a - F
model, and ELCS. HAY ARG S &8t 2818t olnf AMEH
39 B d4E TE2H AR REHFES FA 7t
RO 7 AR FA T3 A STHs o)y e 4 & Aest 7 3o A FrE AAson, ol & F9
AFHE & AETEA 2R s EARA O Al Al T2 $24L5 4 (D)ol deRioith
& e FA o= &l Aol 7] Wil A4 '
AL BiAlgo 2= Adlelx] gt) whaka] S A AL C(z) =0.059¢ 17 +0.002¢ 16" (x107 S/m) Q)
5= SIGINTE e vhabde 71E 54 Whbis I
W o] G2 ZATL 7S w2 uAleo 2 )55 AN SY-TF x= FIFE Avlsin Ge= GHz
o AREE AL Stk T1' ()l A & 5 Shol AAl A4 °|Z, (e AE=E ofndtt 99 2 T4 sl
HALe Bas JE0 F49 7427 9t} o e B ste & FITE st AerE =E6, 1 %

355



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 4, April. 2025.

B 1. WA} $UdF WARES 7S ELCS ARk
Table 1. Conductivity of ELCS with the same reflectivity

as the mesh.
Material Frf(q}llfzn)cy Reﬂ(e:;:)ivity Con((;lﬁi)vity
1 99.9 0.018 x 107
2 99.8 0.006 x 107
3 99.6 0.0022 x 107
4 99.5 0.0015 x 107
5 99.3 0.0011 x 107
6 99.1 0.0009 x 107
7 98.9 0.0007 x 107
8 98.7 0.0005 x 107
BLCS 9 98.4 0.0004 x 107
10 98.1 0.00035 x 107
11 97.8 0.0003 x 107
12 97.5 0.00026 x 107
13 97.1 0.0002 x 107
14 96.7 0.00016 x 107
15 96.3 0.0001 x 107
16 95.9 0.000094 x 107
17 95.4 0.00009 x 107
18 94.9 0.00008 x 107
Gold DC~18 > 99.98 4,10 x 107
Silver DC~18 > 99.98 6.30 x 107
Copper DC~18 > 99.98 596 x 107
e +  Samples
0.016 Regression fit]

Conductivity (S/m)

1 4 6 80 12 14 16 18
Frequency (GHz)

a8 2. 3FEA ] AE¥ ELCS A=k
Fig. 2. Conductivity of the ELCS by a regression model.
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