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Fig. 2 Clamps for fixing CFRP specimens

1.2 LRERRSH

A3 g B s F R (L T=20.50, 100 kA [
8/20 T A Ay 58 il v U AE AT S 0 L S 0 B A 1Y
i LR IR A& 3 R . Bl el R 0 £ 1Y T
(SR S AR o 9 I R I N ) X (W)
100 kAR, 4 2% 78 32024 10 & i 4 6 LT 8 58 & 4T
KL 2 S B W L U0 R R U A T O R R
. B4 Sy b H TR AE R 100 kA B SR RALA B



+ 252 -

2 s H 5 B

Amplitude/kA

-0.5 0 0.5 1.0 1.5

s
(=3
(=

Time/(10-*s)
813 SEHe e '™ AR A why B L DR
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apparatus
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Fig. 4 Photograph on surface of CFRP extracted from video

recording at impact current peak of 100 kA
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Fig.5 External damages of CFRP specimens after

current impact
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Fig. 6 Ultrasonic C-scan results of CFRP specimens

after current impact
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Table 1 Thermal conductivity and electrical conductivity of

materials at 25 C

Thermal conductivity/  Electrical conductivity/

Direction

(Wem ! «K1) (Qem !
Longitudinal 11.8 29 300
Transverse 0. 609 0.778
Thickness 0.609 0. 000 794
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Fig. 8 Finite element model of CFRP for electrical-thermal

coupled analysis
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Fig. 9 Temperature change curves along thickness direction of

CFRP after current impact with different peak intensities
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CFRP after current impact with peak intensity of 50 kA

P AN W] W {E 0% o o5 W AR /S CERP B JE
B N TR BE S 11 R, B TSR h R 2
P45 2 R oh ol 1 R T AR A A A B R
JZ 45405 W) 2 vh AR T B SR IR AT X L 40 BT B
AALFEFZ M 8018 Bl . R B 8 B R O 1 FH &5
Jei o WA BE A AL T A AR R L T R PR R I
T, FL2F 2k Wy 22 45 2 (i 1518 B8 1) 1% 5 32 BEL o A 1 0o 461
Giva BB H e e/ . T AL 2 A5, JF X e sk
B 50 A L 1T i ZAE PN 1 S L A e 208 T
P B4 493 3 R

EREE T S S AR S O AR B
CFRP P #5454 1 AL A9 % be . in &2 i s . vl LA &

Temperature/ C

(a) I=20 kA

Temperature/ C
3 000

= 00

=
3o

(b) =50 kA

(¢) 5100 kA

BT R WEAE B b i W AR S CFRP R i
AR IR L
Fig. 11 Internal temperature fields of CFRP after current

impact with different peak intensities
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Table 2 Comparison of CFRP internal damage areas obtained by experiment and electrical-thermal coupled simulation

Damage area/cm?
Peak intensity/kA

Ratio

Experiment Simulation

Difference/cm? ) ) .
(simulation/experiment) / %

20 9 4 5 14

50 27 12 15 44

100 67.5 30 37.5 44
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Fig. 12 Definition of excitation current waveform

(double exponential waveform)
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Fig. 14 Temperature change curves along thickness direction

of CFRP after current impact with different types
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current impact with different types
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Fig. 16 Temperature change curves along thickness direction

of CFRP after current impact with same action integral
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Fig. 17 Internal temperature fields of CFRP after current
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Table 3 Effects of action integral of excitation currents on

CFRP internal damage area

Action integral/ Damage area/

Type Peak value/kA

(A% = s) cm?
10 1.41X10° 2.21
20 5.66X10° 2. 66
8/20 30 1.27X10* 8. 64
40 2.26X10* 10. 08
50 3.54X10* 20. 28
10 2.53X10* 15. 40
10/350 20 1.01X10° 21.60
30 2.28X10° 22.14
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Fig. 18 Variation relationship of CFRP internal damage area

with action integral of excitation currents
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Experiment and electrical-thermal coupled simulation for lightning current
damage of carbon fiber reinforced plastic
FU Shangchen', ZHOU Yinghui', SHI Lihua*', SI Qing', WANG Dong*, XU Jifeng’
(1. National Key Laboratory on Electromagnetic Environmental Effects and Electro-Optical Engineering,
Chinese People’s Liberation Army University of Science and Technology, Nanjing 210007, China;
2. Beijing Aeronautical Science & Technology Research Institute of Commercial Aircraft Corporation of
China. Beijing 102211, China)

Abstract: In order to study the damage law of carbon fiber reinforcement plastic (CFRP) caused by lightning cur-

rent, direct effect experiment of lightning current and electrical-thermal coupled effect simulation for CFRP were
carried out. At first, direct effect experiment of lightning current was implemented with the impulse current experi-
ment apparatus. External damages subjected to currents with different peak-values were compared together, and in-
ternal damages were observed with C-scan. Experiment results show that damage range increases obviously with the
increasing peak value of current, and the range of internal damage is much larger than that of the external damage.
Then, electrical-thermal coupled finite element analysis of specimen was carried out, and the superimposed tempera-
ture field was approximately chosen to represent the range of internal damage. The comparison with the experiment
results shows the effectiveness of this method. The results of thermal-electrical coupled analysis under impact cur-
rents with different types and action integrals show that the range of damage is greatly influenced by action integral.

Keywords: composites; lightning current; electrical-thermal coupled; damage; C-scan



