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Research on the failure mechanism of radome with carbon fiber inclusion
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Abstract: Radome is an important telecommunication and structural component of radar system. If carbon fibers
filaments are mixed into the radome accidentally during manufacturing process, it may cause local ablation failure of the
radome. Now the heating mechanism of carbon fibers in electromagnetic fields and their impact on the radome are not
clear. Therefore, the article intends to explore and study it through finite element analysis (FEA) method. Firstly, the
finite element model construction technology of composite plates containing carbon fiber filaments were researched.
Secondly, the heating mechanism of composite plates, which had different specifications of carbon fiber filaments,
under electromagnetic fields was analyzed. Finally, the corresponding ralationship between the heat generation of
carbon fiber filaments and failure modes of composite plate, such as discoloration and ablation, were researched
through experiments. The relevant research results have a guiding role in the structural design, production process and
fault analysis of radome.
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Fig. 1 Finite element model of the comparison plate
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Fig. 2 Finite element model of a laminate containing carbon

fiber filament
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Fig. 3 Relationship between fiber absorption power P, and

the edge length of the sampling plate
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Table 1 Energy absorption of carbon fiber filaments with

different specifications

HEd/ KEL/ RERREREEK W e 3y %
=2 _
mm mm Ca/107" Pa/mW
1 0. 10 10 1.1~1.6 8.3~12
2 0. 06 10 1.8~3.0 13.5~22
3 0. 10 5 0.056~0.08 0.43~0.6
4 0. 06 5 0.08~0. 14 0.6~1.05
5 0.10 3 —0.026~—0.023 -
6 0. 06 3 —0.027~—0.020 6 -
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Fig.5 Distribution of electric field on the emitting surface (d =0. 2)
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Fig. 6 The energy absorption coefficient C, varies with fiber

diameter d

EAR d=0.1 mm, MB35 7Bk £T 4 22 19 BE B IR KL
C. BELT A1 IR B depth W92 ML 2R P 7 iR, Wl L
C. BEET4E M RIR A — 2 178 Al BE AR B2 X R 2 34 (27
AEFEARIE I C, fe ok FR IR Z W /) L (HEE AR <<

10%.,
0.000 20
——
—— R4
.0.000 15F — T,
.
E]
Né .’_’/_.___——ox._\'
£0.000 10+
=
I
e
0.000 05}

0 0.1 0.2 0.3 0.4 0.5 0.6
IR E depth/mm
7 et MR A C, BE LT 4 3R i 7 1k
Fig. 7 The energy absorption coefficient C, varies with the

depth of fiber burial
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Table 2 Heat transfer simulation conditions
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Fig. 8 Temperature distribution diagram of steady-state

analysis under condition 1
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Fig. 9 Temperature change of the center point of the carbon

fiber filament under condition 1
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Fig. 10 Temperature distribution diagram of steady-state

analysis under condition 2
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Fig. 12 Temperature distribution diagram of steady-state analysis

under condition 3
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Fig. 13 Temperature change of the center point of the

carbon fiber filament under condition 3
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Table 3 The highest steady-state temperature of carbon

fiber filament under four working conditions

WAIR/ WIS

RA JIRCE %1 W L/ C
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YK JF (=5 mm
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T4 H% d=0.06 mm
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Fig. 14 Temperature-triggered test results of QWB100/701 composites
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