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Influence of contact electrical properties between composites and fasteners on lightning

damage characteristics of assembled structure

JIANG Zhenhui, SUN Jinru, GUO Yonggiang , LI Shu, YAO Xueling’
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Lightning strike protection is crucial for flight safety. Wings are more frequently struck by lightning, but
there is a lack of research on the damage of materials during the conduction of lightning current inside. In this
paper, the damage characteristics of three kinds of carbon fiber reinforced composite assemblies with fasteners
wrapped with adiabatic film, conductive film and no treatment under lightning impulse conduction was investi-
gated by experimental and simulation methods. The thermal-electrical coupling model was established by using
Abaqus finite element simulation software, and the temperature, electric field and current distributions were
obtained under the condition of lightning current lateral injection. Simulation and experimental results show that
there is a small air gap between the fastener and the hole wall, which is easy to breakdown when the lightning
current flows through, generating high temperatures and sparks, and causing damage to the assembly. Both gap
treatments reduce the damage to the assembly during the lightning current conduction process, but the film will be
degraded to varying degrees; if the fastener is wound with conductive film, the delamination decreases, the current
flows through the fasteners in the direction of the layup, and the high temperature zone is formed at the intersec-

tion of the fibers and the fasteners. The delamination is exacerbated by the wrapping of the insulating film, where

lig=1=1- ]

2024-09-30; fEE HEH: 2024-12-10; RAHH: 2024-12-22 ; MEEEHEZRFIE: 2025-01-09 13:46:35

4B & i3k . https://doi.org/10.13801/j.cnki.fhclxb.20250108.005

HETH:

BIEEE:
5l AR

K AR ST AFITH (52007146); WA H R34 (LTGY23E070001)

Youth Program of the National Natural Science Foundation of China (52007146); Natural Science Foundation of Zhejiang Province
(LTGY23E070001)

WeaF 3%, P, B, WA S, BF9E 0 ) 2 A MR AN R BB 4R E-mail: xlyao@xjtu.edu.cn

FEIRNE, PN, SRACR, 55, A MRL S B el o P R X B O A B AR R R I (7). B A AR, 2025, 42(11): 6238-6251.
JIANG Zhenhui, SUN Jinru, GUO Yonggiang, et al. Influence of contact electrical properties between composites and fasteners on lightning
damage characteristics of assembled structure[J]. Acta Materiae Compositae Sinica, 2025, 42(11): 6238-6251(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20250108.005
mailto:xlyao@xjtu.edu.cn

LN

SRR R T e ] f L R 2 T 5 R o 0 A A ) T - 6239 -

the current bypasses the fastener and collects at the fiber tangent to its edge, creating a high-temperature zone.

This experimental and simulation study can bring new ideas for lightning protection of composite materials with

fasteners.

Keywords: carbon fiber reinforced composites; fasteners; lightning damage; finite element simulation; contact

resistance; electrical properties; electrical contact; damage characteristics
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(a) Experimental platform

(b)

Current/(10* A)

-2 0 2 4 6 8
Time/(107 s)

(ii) i)
(c) CFRP specimen and processed fasteners
CFRP—Carbon fiber reinforced polymer
F1 HERIHIKRL (). ST (b) FikE (c)
Fig.1 Lighting test system (a), experimental waveform (b) and

specimens (c)

F1 FELWSE (8/20 ps i)
Table 1 Experimental parameters of lightning impulse
waveform (8/20 ps waveform)

. . 3 Peak Charge Action
Specimen size/mm . )
current/kA  voltage/kV _integral/(A*s)
100x100x2.4 16 5 10 882.93
100x100x2.4 27 8 30 388.22
100x100x2.4 40 12 71 863.58
100x100x2.4 50 15 114 302.78
100x100x2.4 67 20 204 565.96
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(D—Voltage divider; @—Copper electrode; (3—Current

injection terminal; @—Ground terminal; (5—Voltage probe;
(©—Infrared light source

(a) Schematic diagram of the actual assembly

L TC4
Wave A I.n_]eCllOn fastener Ground
terminal Insulating Insulating nut terminal
sheet

Insulating
block, same as left

Copper
electrodes

Nut, same
as right

(b) Schematic diagram of the fixture
TC4—90%Ti+6%Al+4%V
2 JeHEPRAHE (a) SRR (b)
Fig.2 Schematic diagram of the actual assembly (a) and

structure of the fixture (b)
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Table 2 Thermal parameters of graphite flakes>

TC g ky/ o ky/ k;/ o Cp/
(Wm'K") (Wm'K?!) (Wm'K") (Jkg'K?)
25 0 40 500 500 710
200 0 35 450 450 650
200 1 35 450 450 650
400 1 10 200 200 550
400 2 10 200 200 550
600 2 5 100 100 500
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Table 5 Electrical parameters of polyimide'™”

E/(V.m™) Vsdo o/(Sm™)
1 0 1x107*°

1 000 000 0 1x107
18 000 000 1 100

1 1 100

Notes: T represents temperature; vy, represents solution-
dependent variable; 0, 1 and 2 indicate that graphite sheet is
intact, pyrolysis and ablation respectively; k,, k, and k; indicate
the thermal conductivity of the graphite sheet perpendicular to
the surface and along the surface in the x-direction and y-
direction, and its thermal conductivity along the surface is much
better than that in the thickness direction, respectively; (6N
represents specific heat.

*3 AZFHBFSE

Table 3 Electrical parameters of graphite sheet®” "

T/C Ved1 o/(Sm™)

25 0 200
200 0 250
200 1 250
400 1 200
400 2 200
600 2 100

Note: o represents electrical conductivity.

F4 BELLRE (PI) =S HHES R
Table 4 Thermal parameters of polyimide (PI) and air'®

Material k/(W-m™K™) Cp/(J-kg K™
PI 0.35 109
Air 0.025 6 1 005

Note: k is thermal conductivity of polyimide.

N T AR, R WS, s SR
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i SRS R, o URRLE, 11U
Falr o, A A DK 2 S O Tl JFAE R

Notes: E represents electric field strength; vy, is a state variable;
0 and 1 indicate that material is intact and breakdown
respectively.
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Table 6 Electrical parameters of the air layer!*'!

E/(V.m™) Veds o/(Sm™)
1 0 1x10™
3000 000 1 10

1 1 10
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(al) Blank

(b1) Graphite

(c1) PI

(a2) Blank (b2) Graphite (c2) PI
4 FHiliJF CFRP FIIRA

Fig.4 Surface morphologies of CFRP after lightning strike
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Fig.5 Temperature distributions of specimens with graphite
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sheets ((al)-(a3)), polyimide films ((b1)-(b3)) and control specimens
((c1)-(c3)) under different amplitudes of lightning

current conduction, respectively
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