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Design of carbon fiber prepreg electromagnetic wave absorbing and load-bearing

integrated laminated structure for aircraft skin

JI Zhengjiang , DONG Jiachen , LIANG Liang , CHENG Linhao , YAN Leilei' , ZHENG Xitao
(Institute of Aeronautical Composite Structures, School of Aeronautics, Northwestern Polytechnical University,
Xi'an 710072, China)

Abstract: In response to the difficulty in balancing load-bearing and electromagnetic (EM) wave absorbing per-
formance in the design of existing aircraft composite skin, the unique mechanical and electrical characteristics of
carbon fiber prepreg were utilized to enhance the mechanical and electrical properties of glass fiber laminated
structure (GFLS). Gradient carbon fiber arrays were designed with excellent absorbing performance based on the
impedance gradient principle, endowing the structure with EM wave absorbing performance; Carbon fiber rein-
forced polymer (CFRP) back sheet with excellent load-bearing performance was utilized to achieve enhanced
design of mechanical properties. By enhancement design of both magnetic and mechanical properties of GFLS, the
EM wave absorbing and load-bearing integrated laminated structure (ILS) was finally constructed. EM simulation
and experiment show that the ILS realizes a broadband (5-18 GHz), multiangle (0°-70°), and efficient (average

absorptivity >94%) absorption effects for EM wave under thin thickness (<5 mm). Through study of absorption
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mechanisms, it is discovered that the resonant frequency of a structure is inversely proportional to the width of

carbon fibers. The layer-by-layer gradual change of the width of the carbon fibers in the ILS is designed to produce

multiple adjacent strong absorption frequency points in a wide range of frequency band, which achieves a broad-

band and strong EM wave absorption. The mechanical experiment results show that the specific bending strength

and specific stiffness of the ILS have increased by 86.8% and 76.3% respectively, compared to the GFLS of the same

size. Through the introduction of carbon fiber prepreg in glass fiber prepreg layup and structural design in this

paper, the EM wave absorbing and load-bearing performance of the GFLS have significantly been enhanced, provid-

ing a novel solution for the EM wave absorbing and load-bearing integrated design of aircraft composite skin.

Keywords: carbon fiber prepreg; laminated structure; integrated design; impedance gradient principle; broad-

band electromagnetic wave absorption

5% [ AR FE CHLIR LB AMIE (1 — Fh kK 7 45
O e AR A T A0 5 18] i ]S B AR
K BEA FIRFARM KR, CHLIY R S 1 6 & i AL
HE R AR I BN ER, M5 REN T
WL B TR s SR, W P ME REAL 25 R B3
mi % CALIY AE AR RE TP BB B S G b 52 B
T 32 B B AT 4R 25 A5 A TR 2T 4 J 25 454
H B R RR A1 20 T W e kg,
filk 2T 4k )2 55 5 K 0 FL 0 5 S A R e Y, B £F
Y 2 G SR R AR B N B AT I v fg . B
B BRI AG R B W DS P RE B SR 5 T R ECRT I g M
e —RIETE 58 B A T BRI R a0 A% 2 ok i o A
PEREY, (HIRZFAAES VR | (4 h g 45 ]
53— IR AE5E B PR W I e s O W e K
S5 45 R S 30 0 O BT — 2 B R B RE, H
X G — AR, ME L 7R — SE g 0 75
AR RTRAL. AHMER L, HZE— RS
B A A0 R R i OC B IR) AL, 2 SR AR T AN A 4
A B g P i 10 38 SR BT H R g, DA B e v
W i R TR A T RN S K B PE BE Y ) — M A i
T, IR T REWE R CHLEE F R M AME TR .

BRS¢ B2 WA R B R M RE BT R, AT
SR T BEPUH AR BT I, by i 2 B
2 h L3 S B TR T i B A v R e Y,
Sun 45U F H 22 2 4 & 45 A0 R T T — i g 4
3 1A G e S R B 1 RS ke i A
A ZR BB SR, P52 R %45 4 mm 5%
T-10dB HY WP FEIAF T 60 GHz, SR, %45
) 4 i B 5 B AR S Ml AR A, JOF R B S B
PR B AR BRCR o G, A2 #0501 T %
FR B 2 J2 W45 1), s BeA T BT T k21
O ol IS 1 SR ML Y B HESOR S5 4L, 7E 4 mm JE
TS T 2~40 GHz 55 T 90% W 3 14 7 5 91 e £
PERE, [ R 158 J32 3k 5] 24 MPa, {HJZ, X 46

22 J22 W U 5 ) BE 4 K FE 0y P SR A A 1Y B R KK
=R 7N (VAN N8 3 B Sy R T
JE T 5 AR O AR A v O, D M
AR NE BE W U7 T AR TE — E R A R, G,
R A I R T 1) 5 KB U T 5 vk RUORE R 2R D S 3 THT
] CHLSE B 125 S5 b W i AR 3 — Ik Ak ik it

T 2T 2 55 A JHC e 1 A ) =4 M B8 0 A R P B
—E R LR T 22 2 0 2 R N 5 R I e
T A0 7 2 P R ME LA LAY ) 0 ST AF R A R4 27
3 T B8 A% 126 £ ¥ i A (Resin Transfer Moul-
ding, RTM) 1.2, MR 4E 8 5] AR S H K2
Bk, — 7 T A AR £ 4E 230 P R 2
AE ISP R R A DT FC P, Sl — i R
AR EAEREY s 55— T 8 O i 4T 4 2 o A A
T2 1 LR 2 BT B R, S B A g g e
4. Huang %5 "5 5 RTM T 25 A FH 280 w4 1 i
B A Yy ik A 2 R WP AR, A 342~
19.73 GHz # Bt PN Wi 32 55 T 90%,  H Wik 2 )&
{0 3.5 mm, JFf H AL BN iY 2F 4 3 5 2 4 4k
e BB Sr2aPERE, G54 A Fr i sfork A R R B T
30.7GPa, LI T HHE T 4 )8 M ML 5 2 )2 )
U 235 P T %) I i M BE R R B M R . HUR T LA
HYE, LT RTM T2 i & 1 ik £F 2 2 5 A if
5 E N 1900 MPa A= A7 0, i EE T W R T2 &
V14 B 2T 4t J22 B M HC 7 A 3 J3E 1T 3K %) 2 200 MPa™”,
MHZ THRET 16% A4, XEhTHRETZ
il 5 19 &2 A AR EE M AT R B S R A R, A
I Ty 2 e fe A — 4T . A, RTM T 2541 4%
B 2 5 WA RL I A 5 40 R 52 B ) )2 1 BEL B 347 4% 14
IR Z R E AR, Hl& T 22, HHpN
JEBE TR AT T Y 2 A0S R R T A g A e,
ME LTS 53 A i £ A r R R ) 2R R RE R R .
R, N TR E S MEZ A SR EERE, I
PETH e £F 2t 12 55 LA T8 LR RN ) 2E R R R T2



ZLIETT A I ROBLSE B B0 B 4T 2 TR R R 3R — AL 2 A S ot

<4793 -

], SR A TREAR T 20 &2 AR R k5 .

B BT RO R T LM & MRS MEER
ghEA Ao T, B R A T WAk £ 4
TEJZ A 45 0 B A JRy DA S BT A B R 3kt
BEZ 0 T R PERE R T, &R 2% & W 5T R ik
SR 5 4 R SR R R AR P, R R D
GERY, 0 R VA 4 A PO A R gt e e e SR 5 K 11 L T
B 5 | Bl £ 2 i b ORE DU 4 B R 51, B s 2
}4 1~2 GHz 5 Bt 0 W 1 BE ,  H 3 e A 52 B0 96 i
W BB . S TR, A A S IR 5 R
FEmEaE ™, ke B R I 3 42 4R 1 90 4
E e A BE N L 0 F R D R S M RE . A0 Ding
SOV 4 R HE A 0 4 R AR BT T 2 2 WA,
WF 5% & B0 S IR AR 505 9 R B R &R, X
Tl ISR A I B8 B 0 37 A8 /NI 25 4 1h T RB 6% 7 4R
R 22 A AHE i I PR A5, BRRE AR S LMo, B
A LERIAE 5 mm JEE R SE M T 7.8~14.7 GHz i B .
A5 £ 00~60°9 [l 4 90% LA b (e i % . 1T Lk
RO SR AU A JRy 0 ik £F 48 2% 91 51 A\ B B £ 4k &2
HMRZ AR, PR 0 RS i
R AR, A B8 S 00 B 38 2F 4 12 4 45 ) v
12 P AR B ST T .

fE AR AL L, ARSI TR R T,
5L TE LR RN g 2 M BE 7 T LA Al AR O S i ke 41
e Sk A B 38 AT A 2 A 5 R 1 FRLRE RN ) 2 M
o WA B R ZT HE BB | ik £T 24 DB A B 3 £
Y 2 A R TP AT IR 24, AR E T — R
RN 9% /R — IR 2 A 450 . — i, A HBUR
BT T R A S50 5y 8 B ol T2 B 2 A 3
T JE Tl 21 24 B 5 1 S5 1 oL G D I S R R, S
AR . KA EAREWN; B —JrmE, A
i 2T 2 i M B IO o o P P S S Ak RE i — bR
TEEs A e )2 A A5 R RE . SILFIAY, %
— IR G R B 5mm, AR CHLE
B M RESE B B 4% 0 B B 2R AR — IR A R TR R T —
FRA 1A D 56 o

1 XWMBRFE
1.1 E##E

FEA SIS, Jr R R 0 S v TR O Dk
A MR A BR 2 7 A 77 ) G15000/9A16/33%
I B85 21 4k i 32 R Il USN12500/9A16/33% Tk 21 4 i
R, PR R B, R T S TR
2P TR B M BE A S )

1.2 XHEH&E

Kl 1(a) 28 T — IR AL 2 A 25 4 R i) R Skl
Bk, W= B, RSk
T TR B T T 0 Bl £F 2 5% TR R R B 3 A A iR
BE, I EC— 70 B B 2T 4 IR R 3R 0 Sk 4T 4
ZRGE—8mAL; B, R R E IR A
Xt RN LA, R4 BB TR 2 Al I TR R
SRR AR T AR A, P38 R il B I 4 2 J2 RN il
Y )Z; B, B A SRR
- R 22 DR AR R BT B R T, TR MRS
HTHR G TE 120°C 4k 1.5 h, H& RS T — 1K1k
J2 5 5 A 11 P O 0 A A R = S i 3
P o T B I AT A )2 G 5 0 — A it a0 A 4 A
/RN B AR P AR R,
B . I e &3 2RI RE

(2)

S

Mold pressing Curing

0

/

Prepreg lamination

(b)

Part 4
1 — L2 G485 (ILS) ke (a) IR (b) XA 7R B

Fig.1 Integrated laminated structure (ILS) specimens:

(a) Preparation process; (b) Schematic diagram of part division
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Table1 Listof layers

ILS GFLS

GF:[90/0/90] )
Part 1 GF:[(0/90),,/0] GF:[90/0/90]

0° CF inserted
Part 2 GF:[(0/90)1,/0

art into the holes of 0° GF [(0/90)14/0]

Part 3 GF:[90/0/90] GF:[90/0/90]
Part 4 CF:[0/90/90/0] GF:[0/90/90/0]
Summary 39 layers 39 layers

Notes: ILS—Integrated laminated structure; GFLS—Glass fiber
laminated structure; GF—Glass fiber; CF—Carbon fiber.

g GFLS

(a) ILSW R
G/ fix : L

B2 BEfE: (a) SR (b) mREAK

Fig.2 Specimens: (a) Mechanical experiments; (b) EM experiments
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Cross section B

Cross section A
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(b) Cross section A
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Cross section B

I
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P:

GFRP CF arrays CFRP back sheet

6—Incident angle; [, —Length of the shortest CF strip; h;—Width of the shortest CF strip; d,—Length gradient of the CF strips; d;,—Width gradient of the
CF strips; s—Thickness of the CF strips; w—Spacing of the CF strips; n—Number of CF strips; t,—Thickness of the CFRP back sheet; t,—Thickness of the
GERP structure; p,—Periodic length of the unit along x direction; p,—Periodic length of the unit along y direction; GFRP—Glass fiber reinforced polymer;
CF—Carbon fiber; CFRP—Carbon fiber reinforced polymer

K3 —WLEZaaRER: () MlgE; (b) RP2%

Fig.3 Schematic diagram of ILS: (a) Periodic structure; (b) Size parameters
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Fig.4 Absorptivity analyses with different size parameters of CF arrays
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Table 3 Flexural properties of each experimental specimen

Sample number Density/ Stiffness/ Specific stiffness/ Flexural Specific flexural
(g-cm™) (N-mm™) (N-(g-cm™)™) strength/MPa strength/(MPa-(g-cm™)™)
CB-1 1.404 313.51 22.33 345.77 246.28
CB-2 1.544 321.65 20.83 399.10 258.48
CB-3 1.404 315.48 22.47 360.76 256.95
B-1 1.684 194.33 11.54 218.43 129.71
B-2 1.544 199.84 12.94 211.57 137.03
B-3 1.544 196.78 12.75 217.85 141.09

x4 WERTHERETHERENE

Table 4 Average and comparation of flexural properties of the two structures

Density/  Stiffness/  Specific stiffness/  Flexural Specific flexural

(gem™)  (Nomm™)  (N-(g-cm™)™) strength/MPa  strength/(MPa-(g-cm™)™)
ILS 1.451 316.88 21.88 368.54 253.90
GFLS 1.591 196.98 12.41 215.95 135.94
Improvement of ILS compared with GFLS/% -8.8 60.9 76.3 70.7 86.8
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