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Lightning strike protection performance of lightweight nano surface film/CFRP
ZHU Lin, WANG Haojun, SHENG Yongqing, TIAN Yongjie,ZHAO Hu
(AVIC Xi'an Aircraft Industry Group Company Ltd.,Xi'an 710089, China)

Abstract : Owing to their inherently low electrical conductivity, carbon fiber reinforced polymer composites are difficult to
rapidly and safely divert and dissipate massive lightning currents during lightning strike events, posing significant threats to flight
safety. Although the conventional lightning strike protection metal meshes can substantially enhance the surface conductivity of
composites and reduce lightning-induced damage, the extra weight of them cannot be ignored. To develop a lightweight and high-
performance lightning strike protection method for composites, a lightweight nano lightning strike protection surface film (NLSPF)
was selected. Targeting lightning strike zone 2A (representing the highest proportion of aircraft surface), considering the structural
characteristics of aircraft wing composite components, the lightning protection performance of NLSPF in the application scenario
was systematically evaluated by using domestically T800-grade carbon fiber reinforced epoxy composites and its curing process, and
compared with commercial copper mesh lightning strike protection film (Cu-LSPF). The results show that under zone 2A lightning
strike conditions, NLSPF protected composites exhibit only surface nano film partially ablated, with no delamination and fracture
damage observed in the internal carbon fiber reinforced composites. The damage area and depth of the composites are about
1 429 mm® and 0.23 mm respectively, representing an 91.8% reduction in damage area and an 87.4% reduction in damage depth
compared to unprotected composites. The compressive residual strength of the composites after lightning strike is 95.4% of that
before lightning strike, which is 76.0% higher than that of unprotected composites. By comparing the lightning protection efficacy of
NLSPF to commercial Cu-LSPF, NLSPF demonstrates comparable lightning protection performance in zone 2A, with surface
density only 54.8% of Cu-LSPF, achieving a weight reduction of approximately 99 g/m’. In engineering application, NLSPF can
replace Cu-LSPF and significantly reduce the weight of lightning strike protection layer.

Keywords : composite ; lightning strike protection ; nano surface film ; weight reduction ; compressive residual strength

EEWE: RAWILHEIT HMIZ1-11N22)

BIEMEE : UM, T, S TR, BT 07 [ A BERE S S R

WeRs BHA: 2025-07-20

S| Wb, EVEZE, K , 4 R Bk FE T IE/CERP 1Y 35 5 B PERE (], T ARSRHR I, 2025, 53(9): 172-178.
ZHU Lin, WANG Haojun, SHENG Yongqing, et al. Lightning strike protection performance of lightweight nano surface film/CFRP[J]. Engi-
neering Plastics Application,2025,53(9):172-178.



BUBK, 55 AR BTN K R 0T R/CFRP 1) 7 i B B M g 173

FERZS SRR, AR S5 A i R T /AT
IEEAYERBUTRE A AR AT SRR R AZ O B AR
Z—o LA R IR LS A AR CFRP) FEAEHAL
75 0 LR R 5 FE KB R | B s AR AL 2 S A4
FIERU SRR, 75 S AT LI LS
B RS AR L, LAk 787 528
K A350 AR, Jeit R CHLI A A Rk a ) T i
di b e gt 50%", R, S G &S ER e ImY
FaRF B L, CFRP A 1 R PR RE R Rl B T
FAEIT , MELUR 4 R 5 F IR AE 22 EE U PRBH 38 %
DA BN R E T Wy S e o LN T 19 I %
H, LA A7 — ke, R o D BRR FL g T
13K 200 KA, A ICTES B SN EL T, S0 LR
Wk B P BB | 1 N LSRR AN 202 , HET
BN VIR PR Y 10 LY 7 S

J T ffHe CFRP IR R e b5 &2 1
AR YL AS Tolk b )32 Al Y — 0 G 5 By
PR R TE L B ML AS F 2 T B I 4 B B i 1Y
SR, M2 4 i T Gl 240 40 ) AR et 3 ol
A MR T PR RE , AR A b o o 4t
P AL [ B R R R A SN AN ]
M, 5 RHUE R AR BRI, TF AR L
PERE AR L R A AR S T B SR e B N Ak
fre s SIS (A FE S T ]

R T RN A G AR T B PR AR, N Ah
HAGRTT T M B TR b b ik HoR A
FEALFE LT LR DRI LA T et 15 2) &
B AEHZ S R Y ) E A MR R T 2
Fay 0020 B A I T T A BB RN
b ok M BR B R NS SEAA 1Y CFRP 19 75 FL B 4 M fig L 78
2A X B HL 414 F , 2 mm CFRP 58 B 9 0.2
mm, B 75 0T34 5 AR R 87.4%. Zhu
SEUEAR A I DO BT IR AR UL T B TR DR 2T 4
TR R A, 752 A M RHZ IR T = 25 L
4% A 155 g/’ FHUZ R A AEHE 100 kKA (DU
)T AR B AR R, B A T A
SRSy WIFRAR T 94.85% 15 58.82%., Bai 2514
IFHE e 48 K 45 B55/4 % 2T 4 A 478 78 76 CFRP 2% [ 4t
AL R, B IR IR 25 R, 230 g/m? I E & B P
JERT LA AZ 100 KA (D TR E i o Das S 5%
TSR] JEE B 1) SR ORI T L R S 52 A bR B FL B
PEfE, 45 1T, 345 um (380 g/m) AV )ZE AT LIAE

40 kA 5 i FARARY CERP, iR E £ 0.2 mm,
Tl s it B 290 T T 83%.

SIS B 2 R (2B B
AT DA CEERR R - AR RS 1A e F e P 0 e i
Ja B A MORMA R E4 T BT 4 T S 8 UOIE , AR &
B 3 2) R L) i HL B AP AL e 5 AR G B T o e
TEAE2EHE IS AN S 3 3) ZHWFF A A 5050 25 1
ST 28 o B , 7 T AR P T I R b

YK By T R R R — 2R DU B 6 B AL
YRR R NS R R o YA P SR s 0 IR ¢ AP S
A 2P R GORIUR A A TR B FRL B AR, T
55 IR L 52 G At [ 1k i B, TR S it e A
%, B R . EEEH T — PRI 9K &
o R TR, 12 40 K 3% 17 5S04 6 Ry 2804
HgoE IR E G, 8T RGP IZ
YR T AR N 3 5 T RO I RE L 255 RHLAL
A MR S5 R RAE , >R FH 7= T800 Pk 2T
HEIR A TR LB T2, Hil 4% Tk R E
AR A, X A 2A 7 i IR W N BRI AT T
E T RAE X TR 7 T AR A R A B AT T
It S GE T AR R ST 7 X oA, 2 A
MRz A TR BB THR L T 2%

1 SLIES
1.1 E=&RM4

e v TR I A B SR 2T A ) A TR R
AC531/CCF800H, #f Jig L 5 AC531, ik 2F 4k I =
CCF800H , 1 g Jii 12t 73 4 h 35% , T &2 A A Rk
FRITAEA T

v 10 M o R I Ak PR SRR 4T 4 ) TR R
ACS531/CF8611, #f JIE i 5 ACS531, 21 4k L 9 i 5
CF8611 (H1 CCF800H fifk £F 4t Zsi 4 i i) , 14 JIg o 2
SR 40% , TR B A BT FR STAEA A

e et [ A 2R S8 52 5 PR B 7 o ] 19X K T 5
(Cu-LSPF): J-375LSP-CU73, B Jp VT.45 B2 b A1 il
AT 5

90 K 95 B 7 2 10 i (NLSPF) : MG2002E- 1T , b
A RIRBHE AT IR A F]

1.2 EZBMNEREEL

BB R RS AL BN R 58 - MZ-04, Ut BT
LRI R ARA PR F

8 75 4% 151X : OmniScan iX, H 4 OLYMPUS
NGB



174 AR

2025 4E, %5 53 4,45 9 1

H e SR HL . LD26, IRYI 2= 1 = A
1.3 HA&MAHRIe 4] &

2 A BHRRRIE4:( FH T800 2 bk 4T 4 34 48 Fili=
RSk AC531/CCF800H, AC531/CF8611), % JT
AT TZ 0 5 R S8 300 mmx300 mm,
TR b R AR A R 0 45 4 e R AT R
I, W2 1 ARG R R 3.24 mm. FERRET 4E iR
AR T 1 2= T A 977 o ] ) 2 T I Cu-LSPF
a3 YK b7 7 o 2 0 I NLSPF (MERES B2 2),
434 44 A CFRP-Cu-LSPF, CFRP-NLSPF ; TG 4
()52 &M Rl 45 CFRP. & AR SE s Je
Fie RS RL R Ak T 250 A P A [ Al AR
&L JE 77 0.65 MPa, &= F2fh EL %5, BL55 E A K T
0.08 MPa, [E kiR A 185 °C/3 h, AEFh 2 &4 BHRK
AR A8 31 kR R AR R & KA
BEIHATIN T,

&1 CFRPHIFHEET
Tab.1 Laminate design of CFRP

Ply No. Material Angle/(°)
Ply.1 AC531/CF8611 45
Ply.2 ACS531/CCF800H 0
Ply.3 AC531/CCF800H 0
Ply.4 AC531/CCF800H 45
Ply.5 AC531/CCF800H 90
Ply.6 AC531/CCF800H —45
Ply.7 AC531/CCF800H 0
Ply.8 AC531/CCF800H 45
Ply.9 AC531/CCF800H 90
Ply.10 AC531/CCF800H —45
Ply.11 ACS531/CCF800H 0
Ply.12 AC531/CCF800H 0
Ply.13 AC531/CCF800H —45
Ply.14 AC531/CCF800H 90
Ply.15 AC531/CCF800H 45
Ply.16 AC531/CCF800H 0
Ply.17 AC531/CCF800H —45
Ply.18 ACS531/CCF800H 90
Ply.19 AC531/CCF800H 45
Ply.20 AC531/CCF800H
Ply.21 AC531/CCF800H 0
Ply.22 ACS531/CF8611 45

&2 Cu-LSPF5NLSPFHIERESH
Tab.2 Property parameters of Cu-LSPF and NLSPF

Property Cu-LSPF NLSPF
Areal density/(g-m?) 219 120
Thickness/mm 0.157 0.16
. = LWD:0.003
Square resistance/({)-m ) 0.03
SWD:0.012

Notes: LWD is long intercept direction; SWD is short intercept
direction;(D : The thickness of Cu mesh in Cu-LSPF is 0.05 mm.
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Fig. 1  Artificial simulation lightning strike test device
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Fig. 2 Test device of compressive residual strength
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Fig. 3 Surface morphology of different CFRP samples after lightning
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Tab.3 Visual damage condition of different CFRP samples after lightning strike

Sample Visual damage condition Damage area
1 11 cmx10 cm
CFRP 2 CFRP substrate ablation damage at lightning entry point 10 cmx11 cm
3 11 ecmx11 cm
1 12 cmx12 cm
CERP- 2 Cu mesh ablation dam t lightning entry point 12 cmx14 cm
Cu-LSPF u mesh ablation damage at lig g entry po c c

3 8 cmx10 cm
1 12 cmx13 cm

CFRP- . . . . .
NLSPF 2 Protection film ablation damage at lightning entry point 10 cmx14 cm
3 12 cmx14 cm
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Fig. 4 Ultrasound scan image of different CFRP samples after lightning
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Fig. 6 Compressive residual strength of different composite samples

after lightning strike
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