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Broadband Multi-Layered Radome for High-Power Applications
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Abstract

In this paper, we developed a broadband multi-layered radome applicable for high-power applications. In this regard, we presented
the wave propagation characteristics of the broadband multi-layered radome with the ABCD matrix and obtained the optimal thickness
and the material constant for each layer by an optimization algorithm called “particle swarm optimization,” implemented by a
commercial numerical modeling tool. Further, we redesigned it in view of mechanical properties to reflect environmental conditions such
as wind, snow, and ice. The power transmission property was reanalyzed based on the recalculated data of each layer’s thickness to
consider the limitations of the fabrication of a large structure. Under the condition of a peak electric field strength that is 10 dB above
the critical electric field strength in air breakdown, we analyzed the air breakdown by radio frequency(RF) in the designed radome
using the commercial full-wave electromagnetic tool. The radome was manufactured and tested by continuous wave(CW) RF small signal
and large signal in an anechoic chamber. The test results showed good agreement with those attained by simulation.

Key words: Broadband, High-Power, Breakdown, Multi-Layered, Radome

.M & Mg Hastete S AAlsks Ao] T3 71E 8]

e AA S A Fo] dd FdF dolEe FLM

golE2 79 SO RHE Wi FAFS s HE3AAT, ol e TS 7k &
Boshs qdwnt opde, Wi 7AF] A28 54 7193 259 FSS(Frequency Selective Surface) 5 2

LIGH 2 9(5*) (LIG Nexl Co., Ltd.)
*AM et A7) 7 A5 FH(Department of Electrical and Electronic Engineering, Yonsei University)

- Manuscript received August, 14, 2017 ; Revised October, 30, 2017 ; Accepted December, 23, 2017. (ID No. 20170814-079)
+ Corresponding Author: Young-Joong Yoon (e-mail: yjyoon@yonsei.ac.kr)

50

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



L3 HolE gFFIE 80| 7oA o 7le] &
L9 E2 Jd o] dAS 7 A A 2EP
7ro] E ol M J the (2~18 GHz)7HA| thokslAl &%
" Ay A2 gs Aol 2389 S Hst
of Fujo RFD AAI7F YA o)ty £3], [ A|2H
o EH A FIIAAQ dolthEe] X tlgPlef @
o] FxH 7] WEel o] th el Aol HA Al
g 5 Feo] Foath 1EY YAleES A A~
glo] 2o gl S 9sle] oAt o
= By $e9Z3 3 15 SEZ7)9 $A ¢
Hu 58 Wi +AAFF dolsed 2 AA F3HE of
718t &, 1EY A& 7/we R s A28 RF
7] ZAste glo] Ad A A% 7hesiA she @
ol e A5 FHE T8 AA 84 Fof U 7HIt
T, 71E AFENTHE S = olo] i FAIAEE
REg 8oz oo figh Ao 8Ae] tiFHTh

B =ZdME 98 FIAAQ deolgge] 2 22
5o 9= 18 GHz ©l3te] +& F3t W] (E~J U )

ol A A5 H 80 % o)A 7HAH, H 53
dBm ©]}e] 4 %Wf & & 7St ﬂtH =

o5 At Aol F A

olr
Shd
1%
=2 o
=
rot,
>
i1e

=)
L

L
2

&

R
=
s
fr
>,
i
=
o
oo
)
)
4
O%
PL
38
)
o
i)
o
o & fr N Jm
B G -V = =t
=2 o

Pﬂ
Flo
mlo —‘U
=
. >
-
at)
I
o
>~
18 > &

I. 2lols 24

Aoke 2o 128 L8870 48 s O
72 Ao1ES A7) Astel WA AR Fofsh 2
29 AL 54 AR FHET EAVAES oz
sl W74 B AAHoR A4 AL M 4 AS
ol 84 T2 9 1 THLAEY TS AR5
o HHY A L AAA AL BEE Aol E

245 0% P2 5% 722 48990, doES T
Hobe FHLAEY 7 3 FAE 0 FRH4E 3
A5 DTN FE F434el DAY o F Aol 7
Hokel 223 Tolel FAZ P, FE3 Yatol
B FEANS FAsHg,

s TR EClES 7 S YEE Fdst] At 5
A AR 7 9ln 3 o] SoldrE PBT FUtst
A 57 W2 b e E At 548 47 A
& odth A (D2 ZhdsAl mdE oS 7 ™ol
H, ol 2o dhse ol -ste] WA po FaA TS
T & dn A QayE TS 7R WS (RE, A

@Qbe o Fx9 FHAF (DE UER Aol

6] ]
By Ay Ags| | By (D)

re 2 _ An
G (By2=0) Ay (2a)
Cyig 1
T= _ =
G Pt Ay, (2b)

71, = Al A WA S AAHECE
YAFSl= Fresnel 33 (forward wave)S YER L, B
AHrE el A WA SoE AR, A WA F9] 7
Mol A WAEE Fresnel HFAFH(reverse wave)S 2| m| g
o Gt NHA SO A3 JoE FiEHe
Fresnel forward waveS WERN 2, By A3t Ao 2
E7%= B Fresnel reverse waveS w3ttt

Ay 712 %9 2 T2 3} Y ES2E ABCD
e Xk 1Y 2 XE FH Y EYJARA &

% Zli— 7%]-’?‘% ougth &, Ay FAEe A
TE YR L, Ape FIH/RAL HIE U
BRI H, Azl% /‘}/-rdjr HIE YERH L, dpe FAHE9
HAMA| 9] B 9] gy,

2] (1) vEC.2 PSO (Particle Swarm Optimization) &
| FNE A 8sle O T2 Holy FAE A4
a3tk PSOE SEEA HA s 7HolH, Jeks o F&



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 1, Jan. 2018.

t t [eeeen th
& & |ee oo &
tans || tanS, |« e o o s tand ,
B
By Chi2
B3 > Cn+l
. : Cn
o ©
Free Free
Space Space

Q8 1. B P& QAN ks R
Fig. 1. Reflection and transmission in a multi-layered me-
dium.
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Table 1. Design parameters of the radome.

Item Skin Core Skin Core Skin
Optimized
thickness (mm) 0.59 3.68 0.48 4.46 0.57
Fabricated
thickness (mm) 0.6 35 04 35 0.6
e, 4.51 1.14 4.51 1.14 451
tan 0 0.0017 | 0.0055 | 0.0017 | 0.0055 | 0.0017
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Table 2. Composites of the radome.

Composites
Upper part HGI120/RS3232
(Radome) ECA 4.8-72
Lower part HG1581/RS3232
(Support structure)
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Table 3. Wind speed and snow or ice load of the radome.

Design factor

Instantaneous speed : 52 m/s
Sustained speed : 39 m/s
20 kg/m’

Wind speed

Snow or ice load

E 4 dolE T4 3% 5
Table 4. Cases for the structural analysis of the radome.

Anilﬁze:ase Duelc(::()in of Type of load
Case 1 Front Wind speed (39 m/s)
Case 2 Front Wind speed (52 m/s)
Case 3 Side Wind speed (39 m/s)
Case 4 Side Wind speed (52 m/s)
Case 5 Normal Snow or ice load (20 kg/m?)
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5. #ols 74
Table 5. Results of the structural analysis of the radome.

Maxi-

Equi- | Allow-
U alent able | Safety
Case| Material |displace- Result
ment stress stress | factor
MPa MPa
(mm) (MPa) | (MPa)

HGI120 0.129 1.720 331 192 | OK

1 | ECA 4872 | 0.129 | 0.008 5 625 | OK

HG1581 0.018 1.370 390 283 | OK

HG120 0.229 | 3.060 331 108 | OK

2 | ECA 4872 | 0229 | 0.014 5 340 | OK

HG1581 0.033 | 2440 390 159 | OK

HGI120 0.178 | 3.190 331 103 | OK

3 | ECA 4872 | 0.178 | 0.017 5 290 | OK

HG1581 0.040 | 6.740 390 57 | OK

HG120 0.230 | 3.020 331 109 | OK

4 | ECA 48-72 | 0230 | 0.014 5 338 | OK

HG1581 0.032 | 6.030 390 64 | OK

HG120 0.028 | 0210 331 1576 | OK

5 | ECA 48-72 | 0.028 | 0.001 5 5000 | OK

HG1581 0.001 0.284 390 | 1373 | OK
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Fig. 4. RF breakdown in air on the condition of the stan-
dard ambient temperature and pressure.
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Fig. 11. Variations of VSWR of the test transmit antenna

and power transmission loss with the high-power
signal compared with that of the low-power signal.
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