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Optimization model for designing multilayer absorbing material
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Abstract: A theoretical model of multi-layer absorbing material is established for optimal design of mul-
tilayer structure of the absorbing material according to the working mechanism of the absorbing materi-
al. The results indicate that the maximum absorption reflectance and bandwidth are closely related
with thickness of absorbing material both for single and multi-layer absorbing material. The maximum
absorption reflectance increases and offsets to low frequency with the thickness increases. The band-
width of Reflection Loss (RL)< — 10dB decreases in that case. Absorbing frequency range of absorb-
ing material in double layer is larger than that in single layer. Absorbing frequency range of absorbing
material increase more in three layer of absorbing material, and the biggest loss reflected absorption
peaks appeared two in C band and Ku band compared with one in single and double layer. This is be-
cause single absorbing materials have different frequency band of electric loss and magnetic loss. Fre-
quency band of electric loss and magnetic loss of three layers absorbing material stack and interact with
each other when single layer absorbing material compound together. Each layer of absorbing material
excellent performance can be effective and reasonable stack when multilayer microwave absorbing ma-
terials compound together through the optimized design. Therefore, absorbing bandwidth increases in
this case. The model results have very good alignment with experimental determination results.
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Fig.1 Diagram of n- deck microwave absorbing material
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Tab.1 Theoretical performance values of absorbing material

ILY;: 4 LT BRR 4 R
mm % /GHz HK /dB (RL< - 10 dB)/GHz
6 17.4 ~16.880 2 —
7 14.6 -23.4579 1.601 3
8 12.6 -28.5939 1.309 0
9 13.0 -30.727 4 1.2517
10 9.6 -21.4370 1.013 4

# 1 FrRpyE AR E 47500 6.7.8.9.10 mm
A, IR IR L IR A 0 | B KR SRR I e T L
B 2 45t 1 AN [ J5E R B e ) VR i P B (L A
G5 NEhATLLE A TR A3 K, R4t
P SR AR el RS , [R1E BT 2R /T - 10 dB
BTSRFEAS /N B 3 44 T AN R B 3 R B IR
KB (REA R I B R SER MRS R EE R
FER AL, SRR TR A0 K B Y B K I ST 401 2K i K 7 34
R B K RS R A3 B B 2 B B 1 3 K e ST A .
U, LR R S AT B AT WA
2 5 3 G5 R0 b o] DAL B, B4 R BE B4
MR J5E A B R S 48 R 38 K, {88 o R B 46 4 i
SRR, H# RL< — 10dB MRS %E . X T4
BRI R, TR R SRR+ YA






B3

Bk 4% FRRBEFORHR AR TR R 99

PR BL T BB, TR O BE R R . B
WEMBEAA RSB MERSBEENR, 6
I ER A AR BRI A GRS R B T 5 | R A B
FRERE A A7) 15 BE B SRR, R AT e, 3 0 33 3
o8 L ORE , SO B e S P S AR L B B AR LR
), T BT R B R L B RS R B S R
HEMERZ AR ER FERF LRGSR
RE LRHEIRTEUSHEIEN.

4 i

DEEKHASERSLRME SR8, H
WS B JEE BE X 26 F2 A MR BB A B B K TR R R
ST RAFIE LR EE .

2) B R AR B U G E 8 K, LA
R W B EAFTT 161 D 6 5 XU/ TR 28 b 0 Sy W 6 400 48
00 FE BB IR AR Y 5 5 = 2 W ) IR T AR
FEt—B K, HEE C BB Ku B BUA KR
BRI LB R BTG, SRR P& $
JEIR A B0 1 BB 1E LIRS B .

3) WA R SR, R TE R B RLR
TETAL B9 B I AT S ST S5 A S B, AR
15 2 W ) B S350 -5 38 S 15 6 2B 9 %k 25 2 MR B 6
AR Ak BE ™ A — R A R A

4) Z RRP AR B R R SRR R R B
BB ERMAA RN E SR, BmTES
PR A R O30 98 AR Wi e 0 B , TR T R B KL
A FR AR A

SRR RS KN B i £ )2 SR Bb #t
R, 0T LU TR R 2 2 R Bk R v F
B, BT EEMRHE R SME SR S,
BATHE XS B T2 BB AN 39 53 4345 FL 2 IR B 3
WAt — P BT RARE .

S % STk (References) :

(1] X%, Bk%E, ENE, % BATRREDEMBRILES
49l & (1] MPRIBT T4, 2000,14(4) :363 - 366.
WANG Jun, CHEN Ge, WANG Yingde, et al. Prepara-
tion of shaped silicon carbide fibers with radar-absorbing
function[ ]]. Chinese journal of matenal research, 2000, 14
(4):363 ~366. (in Chinese)

(2] SR, 3K, N REL. KEEME SRR KRS
TR ()] ARIT & S5 R, 2010, 25(6):53 -
57.

MA Kefeng, ZHANG Guangcheng, LIU Liangwei. Re-
search progress of Technology for Sandwich Structural Ab-
sorbing Stealthy Composite Materials[ ] . Development and

Application of Materials, 2010, 25(6):53 — 57. (in Chi-
nese)

[3] Zhu H, Zhang L, Zhang L, et al. Electromagnetic absorp-
tion properties of Sn-filled multi-walled carbon nanotubes
synthesized by pyrolyzing[ ] ]. Materials Letters, 2010, 64
(3):227-230.

[4] Alba J, Ramis J, Arenas J P. An inverse method to obtain
porosity, fibre diameter and density of fibrous sound ab-
sorbing materials[ ] ]. Archives of Acoustics, 2011,36(3):
561 —574.

(5] 8%, 8, FXE.3m BEREMHNXLEE
BAI[]]. A5 ZRBER 2004, 23(3):221 224,
MIAO Chen, LOU Guowei, LI Xingguo. Antenna temper-
ature model of 3mm coating stealth material[ } ]. Journal of
Infrared and Millimeter Wave, 2004, 23(3):221 — 224.
(in Chinese)

[6] Peng Z H, Cao M S. Strong fluctuation theory for effective
electromagnetic parameters of fiber f{abric radar absorbing
materials[ J]. Materials and Design, 2004, 25(5):379 -
384.

[7] Stonier R A. Stealth aircraft & technology from world
warll to the Gulf, Part I [J]. SAMPE Journal, 1991,
27(4): 9-17.

[8] Stonier R A. Stealth aircraft & technology from world
warll to the Gulf, Part 1 [J]. SAMPE Journal, 1991,
27(5):9-18.

[9] ERF, %W %E . RSB 5B KRR BFR
(], RBAFR: BRBIAR, 2005,29(1) : 40 - 43,
WANG Cuiping, L.LOU Minglian. Research on the double-
layer structure magnetic mediums EM wave absorption ma-
terials[ ] ]. Joumal of Anhui University: Natural Science
Edition, 2005, 29(1):40 — 43. (in Chinese)

[10} Meshram M R, Agrawal N K, Sinha B. Characterization
of M-type barium hexagonal ferrite based wide band mi-
crowave absorber[ J]. ] Magn Mater, 2004, 271:207 —
214.

(117 BRX¢, ZH4R , RARAE . B 5 B 2R 2 B B RO
S]] YRS TR, 2008,18(2):24 - 27.
CHEN Xing, LI Xiangyin, XU Linhua. The structure of
multi-layered microwave absorbing materials designed by
genetic algorithms[ ] ]. Physics and Engineering, 2008,18
(2):24-27. (in Chinese)

[12] Kim K Y, KimW S, Hong S Y. A study on the behavior
of laminated electro-magnetic wave absorber [ ]]. 1EEE
Transactions on Magnetics, 1993, 29(3): 2134 —2138.

[13] R H, g, BRE. R EME RS AR W
FORHRBE S A LA BRI J]. FHMABIZ, 1989
(3% 1).85-91.

LI Chenzu, CHEN Jianhua, Zhao Fengzhang. Design op-



¥ % i F39%

timization for electromagnetic parameters of single layer
and multilayer structure absorbing materials aerospace ma-
terials & technology, 1989(S1):85 - 91. (in Chinese)

(14] EM7T, Wi, HEAR % . DUBEHRHBRE

M BN BIRITL)). B R KFEFHR: BRB¥R,
1989,25(2) :261 - 266.
WANG Xiangyuan, LU Huaixian, HU Guoyou, et al.
The computer aided design of double layered structure for
microwave absorotion[ ]]. Journal of Nanjing University:
Natural science edition, 1989, 25(2):261 — 266. (in Chi-
nese)

(15] HEE FER L RS HREM R E 50

BBR ], FAMEILIZ, 1992(3):29- 34.
XIAQ Gaozhi, HUA Baojia, YANG Jiansheng. Study on
the electric design of thin walled structure microwave ab-
sorbing material[J]. Aerospace Materials & Technology,
1992(3):29 — 34. (in Chinese)

[16] AEW, RO, KLY, BUEHBEREOR Z 0T EHL

RBRBOHI]. FAMELZ,1993(6):37 - 40.
ZHAN Guodong, WU Xiaoguang, Zhang Yizeng. Com-
puter-aided design for double-layered microwave absorbing
coatings| J ]. Aerospace Materials & Technology, 1993
(6):37 — 40. (in Chinese)

(17] R#%, K. 2RI EIHEBIRIT].
WEF P2 B ¥R, 2000, 15(1):88-92.

WU Songan, YU Yan. The computer-aided design of the
double-layer microwave absorption materials[ J ]. ] Xiang-
tan Min Inst, 2000, 15(1):88 — 92. (in Chinese)

(18] &8 Rk . BM. HRAREPWEEBERY

PR BT []]. MR Tolk K2E2 4%, 1997, 29
(5):54-57.
JIN Chongjun, QIN Ruhu, QIN Bai. Thin coated cam-
ouflage: energy propagation property of electromagnetic
wave and optimum design[]]. Journal of Harbin Institute
of Technology, 1997, 29(5) :54 - 57. (in Chinese)

[19] B%E , evrid, SARE. 2747 EARR AR B %4
RESH)]. B TRERF¥R, 1998(3):57 - 60.

YANG Huajun, RAO Kejin, ZHAO Bolin. Equivalent
EM parameters of fiber cloth sheet absorbing material[ ] ] .
Journal of UEST of China, 1998(3):57 — 60. (in Chi-
nese)

[20] A, FXE, =8, %. ZEREMEITEIHEE

RACEIH]]. M /RE L R4, 2000, 21(2):51
—54.
YUAN Jie, WANG Rongguo, LI Yinghui, et al. Com-
puter-aided optimization design for multilayer absorber
[J].Journal of Harbin Engineering University, 2000, 21
(2):51 - 54. (in Chinese)

(21] HR. ZERBEMETE R RMABREID]. BR

R Tl k22,2003,
XIAQO Gang. Investigation to computation design and op-
timization for multilayered radar absorbing coatings[ D].
Harbin: Harbin Institute of Technology, 2003. (in Chi-
nese)

[22] 5kBR, % T, ZERRRTEERSRBEBRIT RN

R FAMETIZ, 2001(6):63 - 66.
ZHANG Yao, ZHANG Xueming. Application of multi ob-
jective optimization approach in the design of radar ab-
sorbent coating{ ]]. Aerospace Materials & Technology,
2001(6):63 - 66. (in Chinese)

[23] Kraus J D. Helical beam antennas for wide-band applica-
tions[J]. Proceedings of the IRE, 1948, 36(10):1236 ~
1242.

(241 Michielssen Y, Sager ] M, Ranjithan S, et al. Design of
lightweight, broad-band microwave absorbers using ge-
netic algorithms[J]. IEEE transactions on microwave
theory and techniques, 1993, 41:1024 —1031.

(25] BFH#. BAKEE AR RS RS TR R

HEREAIBFR (D). M TR kKA, 2006.
LIAO Yutao. Study the electromagnetic parameters and
electro-magnetic wave absorption property of carbon nano-
tube composites[ D]. Guangzhou: Guangdong University
of Technology, 2006. (in Chinese)



