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(b) Back view of partial spraying aluminum specimen
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Fig. 1 Sizes and protection modes of T700/BA9916

composite test specimens
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Table 1 Parameters of protections for T700/BA9916

composite test specimens

Protection mode Parameter

Reference Skin panel thickness of composite stiffened plate/ mm

specimen 3

Full-scale spraying Thickness of aluminum layer/mm

aluminum specimen 0.1 0.2

Partial spraying Thickness of aluminum layer/mm

aluminum specimen 0.1 0.2

Copper grid Grid thickness/mm Grid spacing/mm

specimen 0.2 1
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Table 2 Parameters of four kinds of lightning current waveforms

Current Peak current Average amplitude Time duration Action integral Total charge
component I,/kA I./kA t/s E/(105A% « s) transfer Q/C
A 200420 (340440) X106 1. 8040. 36
B 2.040.4 (5.040.5) X103 10£1
C 0.20%£0.01 1 200440
D 100+10 (190450) X106 0.25+0.05
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Fig. 3 Schematic of setup for lightning strike tests

2 EEaMMEREEEHRGSW
2.1 FHB|HGER
Kl 4 R KRB T700/BA996 & 4 1k
K0 1 A0 B . B AR A5 IR R 1 96 2% 1 A
rim F UL A S A 190 o 0 7 DR 7 TR
FRANARSAANR . B 5 Sy B oL it B 25 1% S 2 18]
& 5 Ca) Sy il L 38 38 Ao LR 1Y A2 fﬁ(ﬂm
A, AR Al B R AL T R P T BT 7 A T 1) S

iy B . A 0 H 38 T P S B T R
TERRN #E S B (AE R 7= A )0 046 1 T8 18 25
HF,

FRAE SCHER 2, 27 ] bl v 38 T8 1Y 2 A ) i 0
Lago %5 45 56 15 M1 5 "KL i) A1 1R 1 B9 3 53 45
HKGERIE otk 5 2 A MR AR ] 04 R 38
JE 5 () AR B . BRIE M 5 A MR ]
(14 1] B 4 o 25 B ik Al S T R R SR B A TR AT R
E Y E S 1 R o8 4 H R Y AR
TRiE A

TE T HL 30 8 5 52 G MR B E W 2 G R
M 2 T SR 0 N AR SR Y A 0 T HL far 2 A DR
] 77 A FUOR AR H A Q1 iU & B3R T Y SR K
RALBR B (AT e TH A2 KW 28 55 MR ER 11 45 5 1 R
BT B R 1R i X (TAAD .

XFF A IE AR A 1) S SRR R 2 A R
MR o £F 4k Ty 1] 4 LS 46500 K T ) RS BE 7 [ Y R
TR, TER G ARk TR LB E B9 ) 4G B B, i T
T B XS FRPE TR S A AR B 2 T R T S ) 8 R
X R 43 A %N R A o LR R P i BB 45 B Vi B e iz
IR T 1] JEE B O [ B £F Ak D7 ) A%, S L GE
P 7 R A T A R T R R R R R Y AR A
L H Y S0 SRR 7530 8 ) 1R B X A R
FELF YTy ] 1 BT AR (B Rl AR ARl R 4 R
A THAE BRI BT 2L . VT £ 4 5 1) 38 B ) AR A X

P O 2 R AR AU £ RIS 2 6 b R A T
F, P 400 0 5 0 W A SRy A i e R R Ak R A
MBI S 5rE . kR A MR RZL
45 B B B L 5 X (ACA) (ILE 5(e)) s

RIZEETT 10 LA L, B R L
N YA R I DA o P R e (AU
FRBA 5 30 o DX R A R S A SR L T . AN DT R
FRUEA) SRR, iy 35 5 RS o 9 T T 30 388 3 FS A (] ) S
©J1 F, AWr¥ghn . [k, 555 ARk & Y 2 T B



PURSTH R I N7 WS B 2 T v L (P i

o 287 -

(a) Reference specimen

(b) 0.1 mm partial spraying
aluminum specimen

(¢) 0.2 mm partial spraying
aluminum specimen

(d) 0.1 mm full-scale spra-
ying aluminum specimen

(e) 0.2 mm full-scale spraying
aluminum specimen

() Copper grid specimen
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Fig. 4 Photographs of lightning strike damages for T700/BA9916 composite specimens with different protection forms
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(a) Force analysis of lightning channel in strong electromagnetic environment
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Fig.5 Schematic of lightning attachment and conduction
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Fig. 6 Lightning strike damage modes of reference

composite specimen
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(a) Thickness of aluminum layer 0.1 mm
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Fig. 7 Lightning strike damage modes of T700/BA9916 composite specimen with partial spraying aluminum
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composite specimen with copper grid
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Damage zoning characteristics of composite laminates with different protections

subjected to lightning strike

LIU Zhigiang, YUE Zhufeng® . WANG Fusheng, JI Yaoyao

(Advanced Materials Testing Center, School of Mechanics, Civil Engineering and Architecture,

Northwestern Polytechnical University, Xi’an 710129, China)

Abstract; Lightning strike tests of composite laminates with different protections were conducted based on the
combining strikes of four standard waveforms A+B-+C+D. The interaction procedure between the lightning chan-
nel and composite laminate surface was analyzed, and the surface damage area of composite was divided into initial
attachment area, attached conduction area, attached expansion area, reattachment area and swept damage area with
respect to the physical characteristics of lightning channel. And the damage characteristics were analyzed for four
types of laminates:; unprotected reference specimen, partial and full-scale spraying aluminum specimens, and copper
grid specimen. The results show that the surface damage of composite is induced by the interactions of thermo-elec-
trical physical properties of lightning channel, surface thermo-electrical properties of composites, and charge distri-
bution in strong electromagnetic field. The characteristics of symmetry and zoning of damage area on surface of com-
posites are affected by spraying shape, thickness and homogeneity of aluminum layer. The rough surface of compos-
ite laminates induced by copper grid protection leads to the complexity of surface damage zoning. The accumulation
characteristic and homogeneity of distribution for the induced charge on surface of composite laminates are the direct
reasons for distributions of reattachment area and swept damage area. The primary damage forms of composites sub-
jected to the lightning strike include fiber sublimation, rupture and fuzzing, the matrix charring melting and abla-
tion, the delamination and detaching of materials, and the melting, vaporization and breakdown of protective materi-
als. The analysis results can be applied to the qualitative design for lightning protection of composites.

Keywords: lightning strike test; composite protection; physical characteristics of lightning channel; lightning

strike damage zoning; multi-field coupling
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