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Research on Electromagnetic Performances of Novel Absorption/

Transmission Integrated Sandwich Rasorber with Metasurfaces
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(1. School of Aeronautics and Astronautics, University of Electronic Science and Technology of China, Chengdu 611731,
Chinaj; 2. National Key Laboratory of Aerospace Flight Technology, Beijing 100074, China)

Abstract: The multifunctional absorption/transmission structure exhibits significant potential for enhancing
stealth capabilities and optimizing design quality in next-generation aircraft. This aligns with the prevailing
trends in the functional and integrated development of future combat platforms. In this study, a novel
metasurface-based sandwich rasorber is proposed. The design thoroughly considers the electromagnetic
resonance mechanisms of the metasurfaces and the influence of the core layer thickness. Specifically, the
lumped equivalent circuit of the metasurface resonant unit and the transmission line model of the structural
layer are analyzed, and an equivalent circuit model of the complete sandwich rasorber is formulated. Utilizing
this equivalent circuit model, a collaborative optimization method is developed to enhance the electromagnetic
performances of the absorption/transmission sandwich rasorber. Calculations and simulation results
demonstrate that the optimized sandwich rasorber achieves a low reflection band (]S, |<<—10dB) from
3.8 GHz to 16.6 GHz, while maintaining a transmission band with an insertion loss as low as 0.26 dB at
10 GHz. These results validate the effectiveness of the proposed collaborative design method for the

absorption/transmission sandwich rasorbers. Additionally, a systematic investigation is conducted to study
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the electromagnetic resonance mechanism and assess the influence of core layer thickness and dielectric

constants on the electromagnetic performances of the sandwich rasorber. These findings offer important

guidance for the optimal design and practical engineering of novel metasurface-based multifunctional

composite structures.

Key words: integration of structure and function; metasurface; equivalent circuit model; collaborative

optimization; wideband
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Fig.1 Absorption/transmission sandwich rasorber with

metasurfaces
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Fig.2 Flowchart of the design method for the absorption/

transmission sandwich rasorber with metasurfaces
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sandwich rasorber with metasurfaces
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Table 1 Optimization results of metasurface equivalent

circuit parameters and core layer thickness
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Table 3 Performance comparison of absorption/trans-

mission sandwich rasorbers with metasurfaces

srpa skt TR e an o
W/ %

AURE/ PMIMTR/1.13 104 1.2 13

Bk

@ OF PTFE/2.5 98 1.3 18
LR PMTifLik /1.3 125 0.3  AX

R/ 25 /1 124 0.1 11

B — k1L e e

2 2=5/1 120 0.6 27
e 2R/ 116 0.1 28




158 BRI MR Rz R (A R B 22 D

i 58 %

AH L, AR S5 H8) A 5 A0 W g M B8 7 T AR R R B i I
EOH . R A SO 0 B RO A BT
FE 52 BLAR S i W /375 U W E PR R 1 — D IR R T A
S A RO .

Sy ik — 2 J R W/ 375 45 R R R R Ak R
PE LB 6 TEISBESE 1 3% 25 1 X5 AN [ A5 Ak Ha 6 % 1 £
W N R . B 6(a) (b)) 4351 45 H TE A TM L
WAL BT S50 S S E R N . A ST A I
T 3070, PRl AR Ak A 2T Y 35 I8 O R Al B8 i
ANT 16, W AR R AT T A RN T 0.8 06, R T
B W /375 I 4546 7T 0 2L 52 R G R B T 2 AR
A Z WAL IR B 5 5 R oK .

- |‘S‘Zl|_0° - |S11|—0°
TA0T - |5, 15° == |S,|_15°
- |SZI|_30° - |‘S'11|_300
2 4 6 8 10 12 14 16 18

$i# / GHz
(a) TE polarization mode

= ]8y 0" = [S,0°
—50F T [Sy|_157 =0 |Sy)_15°
== |8,]_30° == |S,|_30°

-60 :
2 4 6 § 10 12 14 16 18
5% / GHz
(b) TM polarization mode

F6 W/ — M 2RI 2 A R S S
Fig.6 S-parameters of absorption/transmission sandwich

rasorber with metasurfaces under oblique incidence

3.2 W/AERBRE RS EHEEIERVIES N
M T AT BROC 38T, 45 31 1 e B Al A R T
0 PR PN TTI R e 7  l  E N €1
Pt , B an 4.8 GHz 3R, BT JZ A BEL I B 3 380
S 5k L S ML UL, R B B DU B L AR ik, £ 22
F B AL B AT B T L mE AR FE AL o [
FSS H 14 i1 3 e 0 73 A 349 20 R B IR L 42
VLI FSS (BB H /D, 5 B AL Jm 1 S S Ak
I o AN 5 BEATZE ALEZ SRR L BT AT
RO ARV B AL o £ 45 FL G B RE AL Y 5 A £ DT
FC ML, X Z5 S B T 3 AW ROR o TR

ELERT

FHITE

O W50 oM W20 000
ML / (A - m") BIREIREE / (V - m)
(a) 4.8 GHz

Ol W50 O W20 000
THLIR /(A - m") FRRERRE / (V- m")
(b) 10 GHz

Pl 7 S T R 3 AN THD R 3 0 A
Fig.7 Electric field and surface current distributions of

metasurfaces

i, BN 10 GHz 3R T, BT IR I 4R 2 B i 330
Sif P 3 MR O , 3 W R i A A R B BT R 0T T
Jog5 R, RAE BT IE BCAL Y , R BELATR S 8L T
S L G ol O L AL AL 28 P BELE R A L RE R AR . F'SS
Hh [l R A H R P 3 AR R PRAEBH DT DL S . 25
A RARURE B BT UT BC ALY L 1% 45 4 A 8 1 (47 5 1
P 1
3.3 BEEEMIREE X5 R R R B0
P 8 S 1 W /35 i 2 TG e 25 A B R TR
Xt FCH REPERE A R M RLAE o BEAE SR EESE N, W
1] RS Ml A%, 2 10 12 45 g MR 38 P8 RE AN (S HORSE T Lt
JZ R BB E A b A2 B R R AR G 1k B A
2 VT FE AL A B R A P o e A J5E R A A X 3 i At

- |S,|_3.8 mm—= |[S,|_3.8 mm
40 —- |S,| 4.8 mm—*- |S,|_4.8 mm
== |S,|_5.8 mm == |S,|_5.8 mm

2 4 6 8§ 10 12 14 16 18
M / GHz

K8 AIELLJZEIE R S Z 80
Fig.8 Comparison of S-parameters with different core layer

thicknesses



%13

5 30 AF T R/ ) — A 3R T e RS 4 A L P B 159

AR HAR A ARG B S W AR /I, 2 W] 45 4 35 0l 1R e
IR T 2 WY I PR TR DL

W/ 375 0 2 THT U 25 A 05 J= A v e FE
i 1 8 B 52 W KL AR A 18] 9 i ais o B G AH X 9 HL R
BBt 3G, O P 1) R A% L R AR Ah,
H TR X A R R A A 1S R R TR A E B T A
IR AT AR AR A, MR IS A A D AL

0
Y
,10 -
V /
8 20} v
7 p
8 30
= Sl =[S
40 —- |5, 1.3 -S| 1.3
- |s2,|l_1.6 1816

2 4 6 8 10 12 14 16 18
$Ri% | GHz

PO AR JZEFH XA oL H EU S S HCT 1L
Fig.9 Comparison of S-parameters with different relative

dielectric constants of core layers

LAy M4 s 1S (A IS B2 55 4 v R0 W /
e — R 2 T I JER 45 R L i 7 14 R R A T
TESE T SR AR T AR 2 2 B0 R A s TR &R
Ry A A

4 &5 it

S SRR 3 T T R /3 U — R b R % T e RS 4
PR AT, FE TAE S ST

(1) 25 300 F B A A 0 4 0t A BT AR 485 6, g
TR /375 U — Ak R THT ST 45 A 1 P R AR Ak
Bt 3w TR B 5 A0E

(2) Z 450 53 A7 2 B, W / 375 I — 1A Ak e 3% T e s
S50 B A L S50 /38 T H R A% R b T SR
3.8~16.6 GHz B A% S 5 ¢ 7 (|Sy|<<—10 dB) ,
FHAE 10 GHz M 5 5 A 0.26 dB A AR 15135 % g

() FERWEST T HLRE I A A O AR R R H
A B R A 5 A F R A2 R R L R S R I B 1Y
SR . 240 AT 3R T HL Y S E U o) A R AR
N1 R T A R/ 37 0 PR R RS IR AL

AR SCTAE W] Ry oK oK 2 Dy fig— R Ak e Pk e AL 3k
RE BRI R ik M EE S %,

S E WK

[1] RAFIEIPOUR H, SETOODEH A, KIN-TAK
LAU A. Mechanical and electromagnetic behavior of
fabricated hybrid composite sandwich radome with a

new optimized frequency-selective surface[J]. Com-

[2]

[3]

[4]

[6]

[8]

[10]

posite Structures, 2021, 273: 114256.

ZHANG Z, LEIT H S, YANG H Y, et al. Radar-
stealth and load-bearing corrugated sandwich struc-
tures with superior environmental adaptability[J].
Composites Science and Technology, 2022, 227:
109594.

CHENG L H, SIY, JIZ]J, etal. A novel linear gra-
dient carbon fiber array integrated square honeycomb
structure with electromagnetic wave absorption and en-
hanced mechanical performances[J]. Composite Struc-
tures, 2023, 305: 116510.

HUANG Y X, WU D, ZHANG K, et al. Topologi~
cal designs of mechanical-electromagnetic integrated
laminate metastructure for broadband microwave ab-
sorption based on bi-directional evolutionary optimiza-
tion[J]. Composites Science and Technology, 2021,
213: 108898.

LINY Y, YANG X Z, HUANG Y X, et al. Impact-
resistant multilayered metastructure for broadband mi-
crowave absorption designed by evolutionary optimiza-
tion[ J]. Composite Structures, 2021, 272: 114235.
YANG XZ, LINY Y, HUANG Y X, et al. Mechan-
ical reinforced lightweight multifunctional metastruc-
ture with ultrabroadband microwave absorption[J].
IEEE Antennas and Wireless Propagation Letters,
2021, 20(6): 1023-1027.

AEF, IR, B — . — R A R TR E
A8 e R W % 2% [ C 1/ /2024 4F 4 [ fl bl 22 K Dk 45 1L
Jeat i TR IR B B TR R K = A
WEFEBE GBI ), 2024, 2: 743-745.

WU Rui, YANG Xuesong, YANG Zhiyi. A frequen-
cy selective rasorber with high angular stability[ C]//
Proceedings of the 2024 National Microwave and Milli-
meter Wave Conference on Chinese Institute of Elec-
tronics. Beijing: School of Physics, University of
Electronic Science and Technology of China and Yang-
tze River Delta Research Institute, University of Elec-
tronic Science and Technology of China (Huzhou) ,
2024, 2: 743-745.

ZHU S C, WANG Y L, WANG Z X, et al. On the
equivalent-circuit-based design of double-lossy-layer
wide transmissive rasorbers with ultrawide reflection
suppression band[J]. IEEE Transactions on Antennas
and Propagation, 2024, 72(6): 4999-5010.

FUY, DING F, JINJ, et al. Conformal frequency se-
lective rasorber in S, C, X-band with low backward-
scattering[ J]. 2024, 32(10):
16879-16890.

LIY, ZHONG Y X, WANG M R, et al. A miniatur-

Optics  Express,

ized and highly stable frequency-selective rasorber in-

corporating an embedded transmission window[J]. Mi-



160

BRI MR Rz R (A R B 22 D

i 58 %

[11]

[12]

[14]

[15]

[17]

[18]

cromachines, 2024, 15(8): 980.

WU K, XUW Y, YANG Y W, et al. A dualpolar-
ized C-X-ku-band frequency-selective rasorber with
wide high-transmission passband[J]. IEEE Transac-
tions on Electromagnetic Compatibility, 2024, 66
(4): 1295-1299.

LIEJ, WEI Z, WANG Q, et al. A conformal fre-
quency selective rasorber with intelligent band-transfer
abilities via jointly learning network[J]. IEEE Trans-
actions on Electromagnetic Compatibility, 2023, 65
(3): 738-748.

LEETIG, OH WS, KIM Y J, etal. Design and fabri-
cation of absorptive/transmissive radome based on
lumped elements composed of hybrid composite mate-
rials[J]. IEEE Access, 2020, 8: 129576-129585.
YANG J H, ZHENG H B, PANG Y Q, et al. De-
sign, modelling, and manufacturing of sandwich ra-
dome structure with out-of-band absorption and in-
band transmission performances|J]. Composite Struc-
tures, 2024, 339: 118138.

MAO Z W, XU K, QIAN X M, et al. A global-local
design method for wideband absorption/transmission
sandwich rasorber with frequency-selective surfaces
[J]. Composite Structures, 2023, 322: 117401.

TR U S I N T VR /3 8 A VL A R
WFFEID]. MR B 5B, 2023,

ZHANG Rong. Electromagnetic-mechanical character-
ization of corrugated beam sandwich matesurface struc-
tures[ D ]. Chengdu: University of Electronic Science
and Technology of China, 2023.

TGS BT R P T U R T/ U A5 R T S
AR REPEREDI T LD ] R B TR R, 2024,
MAO Yiting. Design and equivalent electromagnetic
performance study of novel lattice sandwich metasur-
face absorbing/transmitting structure[ D ]. Chengdu:
University of Electronic Science and Technology of
China, 2024.

MUSTAFA O, ORAK S, ERKEN F. Design of
broadband absorptive optimum frequency selective ra-
sorber without loaded circuit elements[J]. AEU—In-
ternational Journal of Electronics and Communica-

tions, 2020, 127: 153407.

[19]

[20]

[21]

[22]

[23]

[24]

[28]

W 2 R T 98 ST AT Y R B A RLIRE S A R AL B
HEA T EMIELD ] U . R R, 2021,
YAO Zhixin. Research on mechanism and design of
ultra-wideband wide-angle circuit analog absorbers
[D]. Chengdu: University of Electronic Science and
Technology of China, 2021.

WANG Z F, FU J H, ZENG Q S, et al. Wideband
transmissive frequency-selective absorber[J]. IEEE
Antennas and Wireless Propagation Letters, 2019, 18
(7): 1443-1447.

Ak, Ul BB R AR (M. 2 6. Jb st
[ B Tollz At , 2018 124-293.

ZHAN Maosheng, WANG Kai. Polyimide foam ma-
terials{M]. 2nd ed. Beijing: National Defense Indus-
try Press, 2018: 124-293.

WANG C X, CHENMJ, LETH S, et al. Frequency-
selective-surface based sandwich structure for both ef-
fective loadbearing and customizable microwave absorp-
tion[J]. Composite Structures, 2020, 235: 111792.
HONG J S. Microstrip filters for RF/microwave appli-
cations[M . [S.1.]: Wiley, 2011.

GUO M, SANG D, YUAN F, et al. Broadband ab-
sorptive frequency-selective rasorber based on multi-
layer resistive sheets using multilayer resonator[J].
IEEE Transactions on Antennas and Propagation,
2022, 70(3): 2009-2022.

COLLIER R. Transmission lines[M].
UK: Cambridge University Press, 2013.
LUUKKONEN O, SIMOVSKI C, GRANET G, et

Cambridge,

al. Simple and accurate analytical model of planar grids
and high-impedance surfaces comprising metal strips
or patches[J]. IEEE Transactions on Antennas and
Propagation, 2008, 56(6): 1624-1632.

SUN Z S, CHEN Q, GUO M, et al. Frequency se-
lective rasorber and reflector with two-sided absorption
bands[J]. IEEE Access, 2018, 7: 6025-6031.

YU QM, LIU S B, MONORCHIO A, et al. Minia-
turized wide-angle rasorber with a wide interabsorption
high transparent bandpass based on multiple 2.5-D res-
onators[ J]. IEEE Antennas and Wireless Propagation
Letters, 2022, 21(2) : 416-420.

(% % AR )



