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Optimized design of electromagnetic structural lay-ups for
laminated structural composites

WEI Lai, WU Nan*, XING Suli, ZHAO Yiming, ZHANG Jianwei, YIN Changping
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: In order to enhance the electromagnetic wave absorption efficiency of composite materials with laminated structure
and to investigate the effect of electromagnetic structure on wave absorption performance, resin matrix composites containing
magnetic electromagnetic wave absorbents were prepared by molding process. The electromagnetic parameters of the composites
were analyzed using coaxial method, while the reflectance was tested by the bow-frame measurement method. The experimental
results proved that the simulation calculation of the wave absorption properties of composites using electromagnetic parameters
as inputs is feasible. Then the electromagnetic structures of composites are optimized for lay-up design. The design solution with
the best wave absorption performance is selected by simulation calculations, and the reflectance testing of the composites
demonstrated the effective optimization of the lay-up design. The results indicate that the composites with a single absorbent
content have poor absorption performance, but the effective absorption bandwidth can reach 9.65 GHz after the lay-up design. The
optimization of the electromagnetic structure of the composites can significantly improve its wave absorption performance.

Keywords: electromagnetic wave absorbing materials; composite materials; reflectivity; lay-up design
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Fig.1 The optical photo of laminated structural composites
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Fig.3 The schematic diagram of the bow-frame test method
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Fig.4 The comparison of wave absorption properties of
composites with different absorbent contents
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Tab.1 The simulation results of wave absorption properties of

composites with different absorbent contents

SEME RLmin/ dB EAB/GHz
40# 3.51 0
60# -7.05 0
80# -11.02 0.21
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Tab.2 The design scheme of electromagnetic structure lay-up

and the simulation result of absorbing performance

HE RLumn/  EAB/ | Hi)Z RLwin/  EAB/
T dB GHz T dB GHz
0-40- 072 638 | O040- a4s5 677
60-80 0-80
0-40- 1389 424 | 6040 3991 402
80-60 80-0
0-60- 685 597 | 6080~ 619 574
40-80 40-0
0-60- 1979 389 [ 6080 735 565
80-40 0-40
0-80- 5138 035 | 00 645 720
40-60 40-80
0-80- 5304 034 | 00 1980 344
60-40 80-40
400- 1997 670 | 800 347 014
60-80 60-40
400- 1604 38 | 800 p79  omn
80-60 40-60
40-60- 5587 576 | 8040 g9 \
0-80 0-60
40-60- 1565 334 | 8040 360 014
80-0 60-0
40-80- o461 576 | 8000 a4 oa3
0-60 0-40
40-80- 908 616 | 8060 2008 008
60-0 40-0
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Tab.3 The wave absorption properties of composites after

electromagnetic structural lay-up design

R % RLnin/ dB EAB/ GHz
0-40-60-80 -28.16 4.44
0-60-40-80 -20.29 5.24
40-0-60-80 -16.18 2.06
40-80-60-0 -21.64 9.65
60-40-0-80 -19.79 1.14
60-0-40-80 -14.93 1.48
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