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Abstract: To address the challenge of balancing load-bearing and electromagnetic (EM) wave absorption prop-
erties in aircraft composite skin, the outstanding mechanical and electrical characteristics of carbon fiber ( CF)
prepregs were utilized to construct a carbon fiber dual-polarized absorbing laminated structure ( CFDALS). The
bidirectional CF arrays were introduced into the glass fiber ( GF') laminated structure, to endow the laminated
structure with dual-polarized EM wave absorption performances. Additionally, the excellent load-bearing capac-
ity of the CF reflector was used to enhance the mechanical properties. Simulation results indicate that, the
CFDALS achieves an average absorptivity over 90% within the 8~ 18 GHz frequency band at incident angles of 0°
~45°, and within the 5~ 18 GHz band at incident angles of 0° ~60° for TE and TM polarized EM waves, respec-
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tively. The 3-point bending simulation results show that, the CFDALS exhibits higher specific flexural strengths
and stiffnesses along 2 directions of the CF arrays while achieving dual-polarized EM wave absorption. Incorpo-
ration of bidirectionally arranged CF prepregs into GF prepregs enhances the dual-polarized EM wave absorp-
tion performance and the bidirectional flexural performance of the CFDALS simultaneously. The work provides
a novel solution for the EM wave absorbing and load-bearing integrated design for aircraft composite skin appli-
cations.

Key words: carbon fiber prepreg; laminated structure; dual-polarized; electromagnetic wave absorption; me-

chanical property
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Fig. 1 ~ Schematic diagram of CFDALS
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Table 1  Optimization results of size parameters (unit; mm)

parameter *, T, Xa, Xa, Y, Y, Ya, Ya,
optimization range 3.0~5.0 2.5~3.0 0.5~1.0 0.5~1.0 1.0~2.0 0.3~0.6 0.4~0.6 0.3~0.4
optimization result 3.16 2.90 0.56 0.84 1.22 0.46 0.42 0.32
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Fig. 2 Comparison of CFDALS and PSS in EM wave absorption properties (incident angle § = 30°)
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Table 2 Mechanical properties of materials
mechanical property carbon fiber prepreg glass fiber prepreg
density p / (kg/m*®) 1550 1 600
longitudinal elastic modulus £, /MPa 125 000 34 000
transverse elastic modulus £, /MPa 12 000 10 300
Poisson”’ s ratio it , 13, M3 0.28, 0.28, 0.44 0.278, 0.278, 0.38
shear modulus G, /MPa, G,; /MPa, G,; /MPa 4500, 4 500, 2 500 2700, 2 700, 1 500
fiber tensile strength X /MPa 2 100 1 300
fiber compressive strength X, /MPa 1 500 860
matrix tensile strength Y, /MPa 180 160
matrix compressive strength Y, /MPa 240 210
normal tensile strength Z; /MPa 180 160
normal compressive strength Z, /MPa 240 210
shear strength S|, /MPa, S5 /MPa, S,; /MPa 200, 200, 140 140, 140, 80
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Table 3 Mechanical properties of cohesive elements

density modulus strength critical fracture energy

p./(kg/m*) E,/GPa E /GPa  E,/GPa o,/MPa o /MPa  o;/MPa  G¢/(J/mm*) G¢/(J/mm?) G$/(J/mm?*)

1560 3 1.154 1.154 0.01 0.015 0.001 0.02 0.025 0.025
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Fig. 5 Comparison of 3-point bending performances
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Table 4 Comparison of experimental and simulated results of the MX structure

index test result simulated result simulation error
density py / (kg/m®) 1 451 1591 9.6%
flexural stiffness Kyy /(N/mm) 315.48 334.34 6.0%
specific flexural stiffness K yy /(N/(kg/m?)) 217.42 210.15 -3.3%
flexural strength S, /MPa 825.40 768.36 -6.9%
specific flexural strength S_yy /( MPa/ (kg/m?®)) 0.568 8 0.4829 -15.1%
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Table 5 Comparison of flexural property simulation results of CFDALS and PPS along x and y axes

flexural property improvement of CFDALS compared with PPS
index flexural propert flexural propert
MX SX MY SY property propery
in x axis in y axis
density p /(kg/m?) 1 591 1577 1 591 1 591 -0.2% 0
flexural stiffness K; /( N/mm) 339.31 311.19 271.70 279.92 -8.3% 3.0%
specific flexural stiffness
) 213.27 197.33 170.77 175.94 -7.5% 3.0%
K /(N/(kg/m*))
flexural strength S; /MPa 768.36 690.11 722.39 784.09 -10.2% 8.5%
specific flexural strength
0.482 9 0.437 6 0.454 0 0.492 8 -9.3% 8.5%

Sy /(MPa/(kg/m*))

3.4 e

BT TRAT AR 5 B AE AR U AL T o) A PR I 5 5K 5 XU o) 7R A RE BT 5K, A ORI XU 51 £ e
ST Y TSR S DR LT e 25 25 B LRGSR 2 T PERE , S Hh 1 — i I i) AL B B33 2 XU A ik 2T 4
W U S5 4 e A BROTTS L R 1% S5 A8 -S540 A SRR AL A v i W 0 257 il M E D i A Xt BE A5
PIEZLEWR .

1) B TE T P R R 1475 B 530 A MAC ) RO 1)l 2T A6 ¥4 37 45 4 7 )22 5 445 R UM A1 P 1 0 e 1
RE s [RIN 5I T AR BN RE L 5 ROBRET 4k SR 2 | SEIRESARTE o,y J7 ) b 25 R M RE A9 IR T

2) RERUBACEE 1 B XL i) B 2T LR S EA T RGH LA BT, SR A% 5 %) 8 ~ 18 GHz Jil B (0° ~ 45° A fA
JLFEIY TE B AL LG , DA S 5~ 18 GHz A5 .0° ~60° A £ i BBl 1) TV A fh HRL R gt 1) - 35 W IS0 3 1 ek
90% , 3% F W45 Ha B4 10 5 ) U A FEL R PR 5 1P B

3) A BRI E T T R AL S5 S0 A USSR TERR T 48 [ 5 P A HES O ) L ) = 25 PR BE.
D7 FLAE R, XU A ZE M A BURES A G« T 1) B4 O 25 ot D8 | L5 ot i B 20 Sl AR 1 7.5% 11 9.3%
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17y 75 160 B LS RS | LS i 2 B4R T 1 3.0% 81 8.5% , 3R WU AL A5 F Bk 2T 24 [4: 5] -1~ HE S 5 1) L
HAL 5 thrEae.
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