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�k l�fgh
(Ya[ZV_Wb[_`Z\^�℄X 430074)N J� 2�}Z2V1DG��r9�6k�|(�;q�Cq�i2E	SC4��\s9;mK�'9"s<"|2k�jg��zm �Ysp0�wCX}Z<ME�4I�us�;���Z�ZoqZ	U#��KÆ}Z2}
q<M�\xCXI
C�;K^SC�\xC�wCqk�|(�;	=0Z	U#<�pZ� �$0
S�+�`�6 �q}Z<Mb2	"��G,V��Ci2E��HH –8dB %n ((8∼18)GHz), &�}� 10.8MPa,�*}� 75.2 N/cm, Ni �q4N.0	� � ��k�jg�Z	U#���H�&�}�S:�!��TB332 <�|6'�A

1 KFI��-�=Nk4;=rN!�C1r�<�&�tbeeD-k4Frk0I�Æ>1K~FYe�<k4(U;=�ID-k4�drN!�3��d�7!�rD-�7/;#uk4(U;=rk4 / QG!F^ [1]. R��t
 [2] ~A^QB>wfK$(U�LJ+)n"%1(+)k4;=r ε P µ, #u�6N4�~[4k0r�$���E�<k4F��Ut:ip4
�%b�t�Æv*I1r#W:��#u1E;=~[�8mV	rovi%�`
:k4;=~���%���~�t�℄+r�O [3].�#u5Lrk4�&
�!6/H{ [4]: (1) ��(r~[4��!d�y
�k4;=�6"��� (2) ;=�d~~[4=Nk0��,\��7l�})�<r�Ek4F�LJl�kiErkiq1�%#y��(r~[4�!d�y
�k4;=�"=Nk0���-X [5], fl~Jx�Ek4;=d8R	"7ÆoÆC��Jx�~Hd8R	
(We) Cu��[Hd8R	 (Wm) C-�,\�xE>1~[=Nk0q�^yE>1z�~[=Nr;=�TEYP4E�!TnL�d5Lr�Ek4;=�#a>1[�V$>	~;=x�U�[!:�7l�})�<r�Ek4F�0�yIV4�Wark4�d>3��d
�:���8�1-
 2005–12–07, 8�D��1-
2006–02–21��A(
 F�?�`{z\UP��
 R� (1972– ), `�5)���
 E-mail:hyf1203@163.com
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2.1 3���fl~Jx�E�<k4F()RÆR 1 >(�j~[4XX���y8I��m7
R 1"�-(Y [6]
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Q 1 �Ci2E�;'(Q
Fig. 1 Structure of three-layer absorber

&^ Zin � Zin2 � Zin1 ".Y_k4F-T (nTE-T) �^yE-T�xE-T�
�rXX2�l��Zo �Z1 �Z2 �Z3 ".Yh5#y�xE�^yE�TECWl�� µr � εr � d".Yx�[lI�x�	~I7�V	� ω �
c �/;~[4�nIPT#^C8�
2.2 �%E01E;=nL>V	Æ- 1 >(�[�V$ (MMP) Y##�-�G��OY HG6y3, >1K�vtA=�-d�[[p�^Q��^t
(TiO2) >P�dAr\ (cf) _,H�=M�e�DY��^�r|� (HNBR) (h;�#��7!�ri�~	�g,^��db��)f3_W�~�_	�- (!b 175◦C) tC|�} 1 �#T�L�


Table 1 Materials composition and layer-thickness

The surface layer The medium layer The last layer

Materials components TiO2 HNBR MMP cf HNBR MMP HNBR

Weight proportion/wt% 15 85 40 10 50 75 25

Thickness/mm 0.2 0.4 0.4

2.3 7IRz~1Ex/;=��5i%�I94i�R"94�idU�EX�[�I X 4�P
Ku 4�4lB/�p�B8~[�8�~1E;=�- 1 V	[Lr��E�X�
r�C^i
�C^�C^H{ÆI_	 165◦C oC^ 15min X�I 150◦C C^ 240min, �TX�LE.Y 180mm×180mm×1 mm rr��p�B8��I�~C^r��LE.Y
25.4mm×304.8mm×1mmr���p�B8�+~	�~C^r�1LkM�ÆR 2 >(r
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2.4 C+�7�S GJB2038-94>1V4$8SL"h�B�1E(U;=I X4�P Ku4�r(	~I7P([lI��S GJB2038-

94 B/k4;=r~[4��I��S
ASTMD1876-72(T- �+#�) B8C^r��+~	�� GB/T528-92+eB8'�~	�'�8	Y 500mm/min, '�~	t:9&Y [7]:

Q 2 &�}�A.�o'(Q
Fig. 2 Geometry of testing samples for tensile

strength

p =
F

b × d&^ F Y/�I^8)�"'
!roe'3� b × d Y/�"'
8^r�Tj�
3 5G���Ek4F1Ek4;=~[�8B8�HÆR 3∼5 >(�1E;=r	~I7P[lI�7;nI�-�o�r�*�_TE�^yEnxE�	~I7P[lIrY"℄Jw�MuT~[�8})�<�
Q 3 SC&S9;}Z?7<mHqAl
Fig. 3 Dependence of electromagnetic para-

meters on frequency for the surface layer

Q 4 \xC&S9;}Z?7<mHqAl
Fig. 4 Dependence of electromagnetic para-

meters on frequency for the medium layer~1E;=~[�8B8�Hmx/V	h�9& (1)∼(4), F1t:i'Pt:�pn (8∼18)GHz nI�Wa�Ek4Fr~[4��I (ÆR 6).>1&$8SL"h$YfU<Lrk4;=��IB/mO (:��), B/H{Æ~[4XX�����Gw�"B�p 2m. Bp�Ek4F~[4��IÆR 6 >(�} 2 H,x"/
L 4/

Table 2 Peeling strength and tensile strength of samples

Number 1 2 3 Average value

Peeling strength/N·cm−1 72.5 75.8 77.2 75.2

Tensile strength/MPa 10.7 11.5 10.1 10.8
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Q 5 wC&S9;}Z?7<mHqAl
Fig. 5 Dependence of electromagnetic para-

meters on frequency for the last layer

Q 6 7H��l6<mHAl
Fig. 6 Dependence of power reflection coeffi-

cient on frequency

4 
=M9&>1&��^tYA=<LrkiE (TE), #u:>h5#y4l�xki�%��(r~[4e8"
�k4;=�"=N�N!�TE;=�7_[��'tC|�{n8!�Ztrq1�xE5[�V$nL��7�er[lIP[=N�+~[=NE�3�fl~Jx�Ek4;=d8R	"7�C��Jx�~Hd8R	Cx�[Hd8R	C-�,�xE�L�~[4~>r=N�^yE5[�V$>Ar\nL�z�[=N>~=N�<L_TEnxErJ��<�Ar\qY	~;=�a!�L�4�Vg>��~[4�V�G��V,/~E��L�er=N [8].�Ek4F8I��m7B8�H-X�I (8∼18)GHz nI�Wa���II –8dB &o�,Kt:>#B�HaI!�rlF�ÆR 6 >(�a�(h;�1E;=6dep��rV	$[�&m1E;=#ui%aIl+rB?��+~	B/-X��Ek4FEyNU)��'�~	B/-X��Ek4F�7d>v�'�u_rkvd3�
5 �&

1. 5kiE (TE) �J�E (^yE) �~[=NE (xE) nLr�Ek4F�I
(8∼18)GHz nI�Wa���II –8dB &o�TR	 3.21kg/m2, V	 1mm, �75Lrk4�d�

2. kiErkiq1�%��(r~[4�!d�y
�k4;=�"=N�xEY~[=NE�keyN�f~[4d8�^yE�L_TEnxErJ��<�z�~=N>[=N�
3. �Ek4F�+~	 75.2N/cm, EyNU5L�'�~	bn 10.8MPa, �735r
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Preparation and Microwave Absorbing Properties of Multi-layered

Radar(Microwave) Absorbing Materials Composites

HE Yan-Fei, GONG Rong-Zhou, LI Xiang-Cheng, WANG Xian, HE Hua-Hui

(Department of Electronic Science and Technology, Huazhong University of Science and Technology, Wuhan

430074, China)

Abstract: Based on the electromagnetic wave propagation laws, a three-layered sheet radar (mi-

crowave) absorbing system with the impedance-graded structure was designed. The surface layer,

composed of TiO2, easily realizes matching to the free space and protection from destroying. The

last layer, made up of magnetic micropowder (MMP) ballmilled from Fe, Co, etc, has significant

absorbing effects. The medium layer, comprised of MMP and carbon fibers, forms the impedance-

graded structure from the surface to the last layer. The results of experimental measurement show

that reflectivity for the three-layer absorber is below –8dB in the frequency range of (8–18)GHz.

Tensile strength is 10.8MPa, and peeling strength is 75.2N/cm, satisfying the use of engineering.

Key words impedance matching; MMP; reflectivity; tensile strength


