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Analysis of current loading mode for lightning strike ablation damage

simulation of CFRP laminates
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Abstract: It is of great significance to improve the simulation accuracy by improving the loading method to reduce
the error between the numerical simulation and the test results. The ablation damage characteristics of composite
laminates under different forms of lightning current are explored in this paper, the arc radius expansion formula is
improved, and a numerical model of arc expansion radius suitable for lightning strike process is established. A finite
element model of carbon—fiber reinforced plastics (CFRP) laminate is established based on ABAQUS, and the ab-
lation damage under different current loading modes is analyzed. The results show that the established finite ele-
ment model can simulate the lightning strike ablation damage of CFRP laminates. Compared with other loading
modes, the damage area, damage depth and damage volume caused by extended moving loading are in good agree-
ment with the test results. The effects of current expanding and movement should be taken into account while simu-
lating lightning strike ablation damage of composite materials.
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Fig.2  Arc radius expansion trend under different peak currents
2 ARTIRE
2.1 MHSH

i BT FH 8 F ABAQUS #57 B S M RHZE S
MK | S 1 BT DC3DSE #E 47 55 i 452 1k 431
153 BT, HE ST A FR oA A S 80 SRR 5 2 40
PREE— 20, B E A M EHZ A i R IM600/
133, fK#t ASTM D7137M-07 S8 45 4E' >, R AR
RSP SR 150 mm X 100 mm, & 2 77 2 R [45/0/
—45/90 1., 2 EE 0. 125 mm, 3£ 16 2, IM600/
133 ¥ BE A S A R M ik 1 s, Hodp 3R R 4kt

IM600/133 1 J3 #H ¢ Ak RE b 2 550

Table 1 Material parameters of IM600/133 temperature-dependent thermal properties'*"’

B/ C Hh/ W) MR/ W-(mm-K) ] B3R /(Qomm) !

)32 . P

[3-(kg=C) '] [kg-(mm™) '] g4 gy g i) LR LRYEDT IR Bt il JEE EE Jy 1)
25 1065 1.52x107° 0. 008 000 0. 000 670 0. 000 670 35.97 0.001 145 1.79%10°°
500 2100 1.52X10°° 0. 004 390 0.000 342 0.000 342 35.97 0.001 145 1.79x10°°
800 2100 1.10x10°° 0.002 608 0. 000 180 0. 000 180 35.97 0.001 145 1.79%10°°
1000 2171 1.10x107° 0.001 736 0. 000 100 0. 000 100 35.97 0.001 145 1.79%10°°
3316 2500 1.11x10°° 0.001 736 0. 000 100 0. 000 100 35.97 0.001 145 1.79%107°
3334 5875 1.11x1077 0.001 736 0. 000 100 0. 000 100 35.97 2 1x10°

3 335% 5875 1.11x10°7 0. 000 500 0. 000 500 0. 000 500 0. 20 0.2 1x10°

7 000* 5875 1.11x107 0.001 015 0.001 015 0.001 015 1.50 1.5 1x10°
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