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Design and Application of Multilayer Graded Impedance in
Structural Radar Absorbing Materials

ZHAO Hongjie GONG Yuanxun XING Mengda OU Qiuren LIN Haiyan
(Research Institute of Aerospace Special Materials and Processing Technology, Beijing 100074 )

Abstract The design theory of absorbing structure with multilayer graded impedance is summarized and its ap-
plication in design of absorbing laminate and foam is introduced in this paper. Both calculation and experiment show
that design of multilayer graded impedance can extend absorbing bandwidth of the laminate and foam to low frequency
and enhance absorbing efficiency of the foam. Reflectivity of the 4 mm thick laminate with three layers of graded im-
pedance is less than =10 dB between 5 GHz and 18 GHz. Reflectivity of the 22 mm thick foam with six layers of gra-
ded impedance is less than —10 dB between 2 GHz and 18 GHz, is less than —20dB between 6 GHz and 18 GHz, and
is less than —30 dB between 8 GHz and 12 GHz. Design of multilayer graded impedance is an effective method for en-

hancing the absorbing properties of structural radar absorbing materials.

Key words Structural radar absorbing materials, Multilayer graded impedance, Absorbing laminate, Absorbing
foam
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Fig.1  Schematic of multilayer graded impedance

A SR R BELATC ) BT T 42 45 g o 5 5 2 A R 3
MR TS, WREBR NI N E SRR,
WP 1 () d8A DA 22 T2 W 2 A, A 2R 10 T2 S s 1
LR, WP 1 (b) A 22 2 Wik

E RN 3 NER R E - AN E9 i34
BRI, 75 B H 28 [8]-5 44 48 20 5 L e i S A
HRFRA

Z —
R =20lg| 2~ o (1)
Z, +m,
. Z, ,*+n,th(iK,d,n,)
X, z, =g, F , Z, = mth
b " Z,_,th(iK,d,n,) +n, ! !
(i](od]nl),z]’ ...... A 5}5‘1@9%1’ ...... ,kgiﬁ)\[gﬂ

Vi, n = Jemy oot n, = Jeu, FHRE 1,
...... K RITRTR, my = e/, A A ARAE B

L S )2
(b)  BHyTIE] W%
Yo, mo=vm/e e M = /e ST

------ k EAGERAL, K, = 2mf/equ, N H H123 EHEL,
d, e A YR, kRIERE g e M
HHMZEME e Flp, ey, RN b
------ ke JERHEXE & Flw f R,

(1) AT D0, 22 J2 W b Ak ) 18 3 D ) st e
AR R T ALY Z, 5 A i 2s BAAIE R
Bt n, (377 Q) FAZE AR BHACVC AL, 7] BEEOR S & )2
55 k-1 ZRmAA ALY Z,_, 55 k JERARIE
BELE m, RS, R EOREE 1 )25 U w3 i Ak
(% ABRYT Z,(0 Q) 5% 1 )29 », REH
2, BHBTHAR AR R R B/ N AR 2 2 (R AfE B
PRI ZEAL | TR /)N 35 S T %o v 1 00 140 I 5
2 ZEBRHEREER
2.1 WR&MIET

TR T2

http ; // www. yhelgy. com 2015 4F 4 8



Xt T2 J2 BLYTHT A R R, B 1 (b) g i
JERBFEATMAREESZ SRR ,8 7 4.7 ZE47 1g8<
0. 02 ; W HSUZ oA 15 HELAB R R HSCRI 1 R 204 Je 5, 2 1Rt
M 7 e R R B R AU KO A B LCDEF 3R
M S5 X6 A [ W WA 5 5 £ B2 90 I R vl e 2 3t
3 7, MREE R AN 2 FroR

o T PR A)Z+ = 2B BZ (A1)

——E—=>—F
40 +
30 |
@
20 F
10 F
0

10 12 14 16 18
f/GHz

2 4 6 8

C SRR DU RIE R (A2) Pifh 2 RS
W E AR, BEBE SR 4 mm, Hop ALY HCR B AR
TR A W30 JE M R AT B A8 B0, A0 25 T HA IS
AR BT A SR 5 A2 SR FH = B RS04 7
FELETIAS BT, A2 T HAT = R BT 28 Wi
JZo IR (1) s F AT T RO RIS, i
LAACR S IR 1 FR

20 —+—C—D

——E—=>—F
15 "’.—’.’\

El2 Wy e 1 e”

Fig.2 Complex permittivity of absorbing adhesive film

x1 ZEBEHHFERKERAR

Tab.1 Components of absorbing laminates with multilayer graded impedance

W 2 25 R
Al* 1.2mm T+0.2mm B+1.2mm T+0.2mm F+1.2mm T KM B.F
A2# 0.8mm T+0.2mm A+0.8mm T+0.2mm D+0.8mm T+0.4mm F+0.8mm T KHADF

2.2 iXEEHE

I A >R H SW100a (=55 B 55 A5, B >R H F il
(1) 3068 H ik [ £k PR SR i, 2 HACR) Ay HEL 5 AP S R i
F o I B 5 SW100a/3068 B 3 A5 Tl ik
IR 5 3068 BRI & SR T 2004 A ~
F 7SRRI e HE e 33 0 A T IR e A R U0 G R B R
A% 180 mmx180 mm, SR J5 ¥ B 1 Wi &5t k17
B2 Ba B AR R B R T2 78 130°C T [E 4k
120 min AU FRAG I I JE SO I AR

0
+A1#
—e— AD#
U | . SR S ——
=
=
=
|5
= -20
5]
(a1
_30 1 1 1 1 1 1
4 6 8 0 12 14 16 18
f/GHz
(a) 84

4 mm,
2.3 WRiKEsEmK

K GIB2038—2011A # %2 1) 5 JE 2 6 W % )2
M Y s S 28t A T Ik, I B R 2 ~ 18 GHaz,
2.4 H#ER5IHR

3 Sk ATFFHT A2" R 25 44 IR % J2 M 1) S SR
A 4 R A DR T PR R MACTR) % O OB s R 1) v
W2 VAL 51 J B 55 6 1) T T A8

Reflevtivity/dB

_ 1 1 1 1 1 1 1
0746 8 10 12 14 16 18
f/GHz
(b) AEEZR

I3 AR A" IR S A B A il 2
Fig.3 Reflectivities of absorbing laminates of A1*and A2*

AILLE T AU SR A2 45 H 1 -10 dB W e

FRAELTZ http: // www. yhelgy. com

2015 4% 554

Wi or A 8 ~18 GHz Ml 5 ~ 18 GHz, iy B, 75 &



JEEEAAS TG OL T R AT BT 2 AL BT T By i 42
T, W) B RGN RE 8% b 2 S8 MR I IR T il
AR A RO B AT e, 285 FHLBT T A8 1
THIY A2 SR WL PE R T, O 2838 3 S8 FH iy B A2
3 SEMERHETWRIEEK
3.1 &gt

X T 22 2 BT A2 B IR, T 1 (b)) v s i
ERNREFRIR(PU) e J 1.1 2247 ,126<0. 01 ; UKL

JZ R Z2 PR B R, & nlEl 2 f

KT JRWMCZ +10 JZ 8 3= " FEA L5 73 53
BT T B AN B2 Rl 22 J2= B0 W R, R
FEXISN 22 mm oA B1F HUR P b BAR 1) I8 304 e
R AT BHLYTHT AR BT, A4 T B A R BT
ARSI s B2 R AT 2 B 7 B 4 0 6 il I i i s
FYBRPTHT AL BT A T HAT 6 A RN BT AL
Wiz FFRAE (1) s AT T RAERITR S5k,
REALRIZER N 2 iR,

FR2 ZEEHTET R KA
Tab.2 Components of absorbing foams with multilayer graded impedancee
W35 JZE AR Zhy FTE
B1* 2mm PU+0.2mm B+2mm PU+0.2mm B+2mm PU+0.2mm B+2mm PU+0.2mm B+2mm PU+0.2mm F+ EHIB.F
2mm PU+0.2mm F+2mm PU+0.2mm F+2mm PU+0.2mm F+2mm PU+0.4mm F+2mm PU X
2mm PU+0.2mm A+2mm PU+0.2mm B+2mm PU+0.2mm C+2mm PU+0.2mm D+2mm PU+0.2mm E+ ’
B2* SR A~F

2mm PU+0.2mm F+2mm PU+0.2mm F+2mm PU+0.2mm F+2mm PU+0.4mm F+2mm PU

3.2 BRI

RE B IR K PULLO B 5 SR (BRI, 6 B
110 kg/m’ R RFH F il A4 3068 H i [ 1L P12

B, WSCR A P FE I R, Sl ) A T, R4S

JELRE R 2 mm P SRR M AR, 38 K R AGR 5 3068
FERRIR A IR T 204 A ~ F 7S Pl i, e
SR 2T U TR AR RN W 38 J2 5 55 K B 180 mmx 180 mm,
SRIGHEIRER 2 EATHN )2 , oo B LRt R H L5 48
T 2AE 130°C F 4k 120 min B8, R4 W2 % 10 7R
¥, AR LR N 22 mm,
3.3 WREEREMR

K GIB2038—2011A L E 11 5 T 32 X6 W )%
TRAARE B9 S 28 A T3t I Bk 2 ~ 18 GHaz,

reflevtivity/dB

1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18

f/GHz
(a) &4

3.4 #ER51H8

4 S B AT B2 b 25 44 W 0 TR 1 R R T
AR5 4k PR R I VR AR TR MAC ) 5 R 0 G B 1) =
W WA e 5 ) 7 1) A, AP ] LR Y B
F1 B2 H-10 dB W IOHIHF 43 5 5 ~ 18 GHz Fil 2 ~
18 GHz; [AlH AT LA Y, B2* (9 W Wie ok i f 3% i T
B1",B2"7E 6 ~ 18 GHz JiBL i % <-20 dB, HH7E 8
~12 GHz JRB [ B R iA5)-30 dB LR, Ak ii i,
TEE AL REOT BT A T my b2
T R AL A A T R BB A . 2 T W I8 U 1 W Y
Vi, (A ROW AT AT R, SREAS W B e
PR WSO B B2 IR AC iR B vy, T LA G A L
A A PR

reflevtivity/dB
b
S

. 1 1 1 1 1 1 1
6% T0 12 14 16 18
f/GHz
(b) ikg4s

P4 B B2" M 36 TR S 3 £k
Fig.4 Reflectivities of absorbing foams of B1* and B2*

o0 YRl TR P L 3 a1 IR N v Y e
B BETTHEA L A4 SR RO B BE A 5
AR PR RE . 1R DR D W= RO 1 I RE A8

AT

ol NS W2 2 T P9 BELATE 92, AT i/ N 59 T S 59, ok
PR A A 2 Ml A2 SRR PR, PR B R A 41
PRI FE A BE B4 ( FHE 34 1T)

http ; // www. yhelgy. com 2015 4F 4 8



	201504

