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Abstract: For the sake of predicting re ‘@ength of composite laminate with lightning strike t
cal coupling damage, stiffness matrix %(; ressive damage degradation model was constructed to cligy

upling damage based on continuum damage mecha QDM) method and

ite lightning strike thermal-mechanic?
,.

n three dimensional model of composite laminate s

NG

g¢diction was accomplished under

phenomenological analysis mé &

thermal-mechanical coupli mage was established based on progressive dama

ment simulation software. Combined with UMAT subroutine, residual stre

tensile load. The results show that excellent agreement between test d numerical results is observed. The
model constructed in this paper is capable to predict the tensile resi gth of composite laminate with lightning
strike thermal-mechanical coupling damage. %
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Table 1 Physwal properties of composites *"]
Tempera- Density/ Specific heat/ Thermal conductivity/(W(mm « ‘C) 1) Electrical conductivity/(Q « mm) !
ture/C (kg * mm~*) kg - ©™H Longitudinal Transverse Longitudinal Transverse In depth
25 1.52X10°6 1065 0. 008 000 0.000 670 35.97 0.001 145 3.876 X106
343 1.52X10°6 2 100 0.026 080 0.000 180 35. 97 0.001 145 3.876 X106
500 1. 10X 1076 2 100 0.001 736 0.000 100 35.97 2 2
510 1.10Xx 106 1 700 0.001 736 0. 000 100 35.97 2 2
1 000 1. 10X 106 1 900 0.001 736 0.000 100 35.97 2 2
3 316 1.10X10 6 2 509 0.001 736 0. 000 100 35.97 2 2
>3 316 1. 10X 1076 5 875 0.001 050 0.001 015 0. 20 0.2 1.0x10°%
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Table 2 Engineering material parameters of composites®’
Paramet E\/ E,/ Es/ G2/ Gis/ Gas/ X1/ Xc/
v v V2

Arameter - Gpa GPa GPa . . * GPa  GPa GPa GPa GPa
Value 137 8.2 8.2 0.3 0.3 0. 45 4. 36 4. 36 3 1708 1251
Parameter Yr/ Ye/ Zr/ Zc/ Siz/ Siz/ Sas/ GY/ GY/ GS/

MPa MPa MPa MPa MPa MPa MPa (Nemm™ ') (Nemm ') (Nemm )

Value 34 192 34 192 128 128 96 20 1 1
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Table 3 Comparison between lightning strike abaltion
@amage area test results'® and simulation results of

composites under different peak currents
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(c) Image of simulation
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Table 4 Composite laminate mechanical damage degree

due to impact under different peak currents

Peak Mechanical damage degree

current/kA Fiber Matrix Delamination
10 0 0 0

30 0 0 0

50 0 0 0

75 0 0.41 0

100 0 0. 60 0

150 0. 10 0.79 0. 05

200 0.67 0. 87 0.28
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Table 5 Simulation results of composite laminate tensile
residual strength and displacement under different 25
peak currents
0 1 1 1 1 1 1 1 1
Peak Residual Failure ?f?ﬁfﬁifﬁrﬁmge 0 05 10 15 20 25 30 35 40
current/kA strength/kN displacement/mm capa;ity/(%y & Displacement/mm
0 123.0 3.76 — &8 Bl L B A& B0 T =5 MRHZE R AR
10 117.0 3. 61 4.87 EDALIE ¥ A At 2
30 100.0 3.10 18.70 Fig. 8 Laminate tensile load-displacement curves under

o0 93.4 2.98 24. 06 ablation damage and coupling damage
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