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Design and Performance Analysis of a Frequency-Tunable Active
Radar Absorber Based on a Fluted Core

Kwon-woo Park*, Woo-Ju Lee*, Young-Woo Nam*****7, Byeong-Su Kwak*"

ABSTRACT: This paper presents the design of a frequency-tunable radar absorber based on a fluted core that can
actively adjust the absorption frequency within a wide bandwidth (4-18 GHz). The proposed active radar absorber
structure consists of a resistive sheet and a glass fiber-based sandwich composite, with a Cu-plate inserted into the
internal space of the fluted core to serve as the frequency-tuning device. The frequency-tuning methods applied
include gap tunable, angle tunable, and multi-array configuration, and the absorption performance was compared and
analyzed. The results showed that the gap and angle tunable methods achieved more than 90% absorption
performance in the C-Ku band (4-18 GHz). In contrast, the multi-array method had a relatively narrow frequency
tuning range and could not achieve more than 90% absorption performance within the target frequency band.
Additionally, combining the gap and angle tunable methods demonstrated improved electromagnetic wave absorption
performance compared to using a single method.
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Fig. 1. A schematic of the proposed active radar-absorbing
structure
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Fig. 2. Design of the active RAS unit-cell model
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Table 1. Simulation parameters for the active RAS

Parameter Simulation value

Inner length x height 25.0 X 25.0 mm
Web thickness 1.0 mm
Skin thickness 1.0 mm
Corner radius 3.0 mm
Resistive sheet 377 Q/o

(b)

Fig. 3. Simulation unit-cell model: (a) GAP tunable method (b)
Angle tunable method (c) Multi-array method

Table 2. Type of frequency tunable method

Method Range
GAP tunable 1-10 mm
Angle tunable (‘A’, V) 0°-50°
Multi-array (‘A V) 1-5 cu-plates
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Fig. 4. Simulation results of gap tunable method

Table 3. Return loss of gap tunable method

Maximum |Resonance peak| -10 dB bandwidth
return loss frequency (90% absorption)
(dB) (GHz) (GHz)
GAP1 -37.46 X 14.22-18.0
GAP2 -36.48 13.07 10.13-16.4
GAP 3 -38.33 10.5 8.00-13.42
GAP 4 -41.34 8.9 6.66-11.49
GAP 5 -42.36 7.76 5.73-10.1
GAP 6 -43.17 6.91 5.04-9.07
GAP7 -44.72 6.24 4.51-8.27
GAP 8 -48.11 5.7 4.08-7.63
GAP 9 -49.77 5.25 4.00-7.06
GAP 10 -45.8 4.86 4.00-6.58
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Fig. 5. Free-space measurement setup to measure electromag-
netic wave absorption performance
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Fig. 7. Simulation results of angle tunable method: (a) 'V’ shape

(b) ‘N’ shape

Table 4. Return loss of 'V’ shape angle tunable method

Maximum |Resonance peak| -10 dB bandwidth
‘V’ shape return loss frequency | (90% absorption)
(dB) (GHz) (GHz)

0° -38.33 10.5 8.00-13.42
10° -43.07 9.07 6.75-11.71
20° -41.4 8.08 5.95-10.59
30° -41.07 8.9 5.41-7.39
40° -39.44 6.86 5.01-8.99
50° -42.28 6.43 4.67-8.42
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Table 5. Return loss of ‘A" angle tunable method

Maximum | Resonance peak [-10 dB bandwidth
‘A’ shape return loss frequency (90% absorption)
(dB) (GHz) (GHz)
0° -48.11 5.7 4.10-7.62
10° -44.31 6.29 4.58-8.27
20° -34.87 7.17 5.34-9.14
30° -22.59 8.4 6.72-10.10
40° -11.65 9.33 8.64-10.02
50° -7.85 10.3 X
0
=20
=
w
g
= -30 ~s— Angle_-10
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—e— Angle 10
—e— Angle 20
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Fig. 8. Optimal simulation results of angle adjustment method

zw 10° 7/}1] g en= tﬂg}o}oﬂﬁ 71—5 ZA "rA]o] Az}
7|9} 4= A% Axt= Fig. 8o]) Vel Th. 4.45-18 GHzoll A
A7 90% 0|4 FFH= A& A0, ol
=3 25 o)) S A Q) g E SE51E Ato|th Cu-
plate®] Zt= 24 HFAlo] H3k Fubgs T oA S5k A
A7)0k B A A Folsldt.

3.3 C}= HiY WAlo) WE MAP|O &5 Ms

Cu-plate®] vjgo] w2 HAA}7|a T }\-] JL9 25}
Qlall, Vo ‘N BFS i ARESho] 1oflA] 57)71R] 9] 1
AolA S4e AasAT. V' FAS] H$-, A3 Fig. 9
7} Table 59 LR} Qlom Zte= 30°= FUstA A5t
%At} Cu-plate®] vid 7H4=7}F S7Fd5 34 b7} oL
Fut g o2 o)FdlE FAgS HAIL, E3] 17014 270
7F =S o Fub o]F FHol 7P A WAL o]
= Cu-plate®] v] 7|57} 271 2 F718HH A Fof Agho
Aol A7 HolEl Cu-plate?] FoF5 HAo| 343 A
A7) W Eo =z HdEch E3t, Cu-plate v 757t Z7}

(@)

E‘.

=

2

£

=

™

=

2

(-1
= ——V.3 30
pad ——V-4_30

—V -5 30
60
4 [ 8 10 12 14 16 18

Frequency (GHz)

Fig. 9. Multi-array method with ‘V'-shaped Cu-plate: (a) models
(b) return loss results

Table 6. Simulation results of multi-array method with ‘V'-
shaped Cu-plate

Maximum | Resonance peak |[-10 dB bandwidth
‘V’ shape | return loss frequency (90% absorption)
(dB) (GHz) (GHz)
1.0° -38.33 10.5 8.00-13.42
1_30° -41.07 7.39 5.41-9.71

2_30° -43.78 8.67 6.46-11.26
3_30° -41.83 9.2 6.90-11.87
4_30° -40.92 9.49 7.14-12.22
5_30° -39.87 9.66 7.30-12.43
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Table 7. Simulation results of multi-array method with 'A'-shaped

Cu-plate
Maximum | Resonance peak (-10 dB bandwidth
‘A’ shape return frequency (90% absorption)
loss(dB) (GHz) (GHz)
1._0° -48.11 5.7 4.10-7.62
1_30° -22.59 8.4 6.72-10.10
2_30° -41.4 7.07 5.18-9.17
3_30° -43.07 6.56 4.78-8.64
4_30° -43.89 6.34 4.59-8.37
5_30° -44.58 6.19 4.48-8.21
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