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ABSTRACT

The safety of aircraft can be threatened by environmental factors, such as icing,
turbulence, and lightning strike. Due to its adverse effects on aircraft structure and
electronic components of aircraft, lightning strike is one of the biggest hazards on aircraft
safety. Lightning strike can inject high voltage electric current to the aircraft, which may
generate strong magnetic field and extreme hot spots, leading to severe damage of structure
or other equipment in aircraft. In this work, mechanism of lightning strike and associated
direct and indirect effects of lightning on aircraft were studied. First, on the basis of aircraft
lightning regulations provided by Aerospace Recommended Practice (ARP), we considered
different lightning waveform and zones of an aircraft. A coupled thermal-electrical
computational model of ABAQUS was then used for simulating flow of heat and electric
current caused by a lightning strike. A study on fuel tank, with and without lightning
protection system, was also conducted using the computational model. Finally, electric
current flow on two full scale airframes was analyzed using the EMA3D code.
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Fig. 7. Delamination area of a CFRP specimen: (a) ultrasonic C-scan result [6],
(b) ABAQUS computational result[13]
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Table 4. Material property of CFRP [13] Copper MeshE 37| 253 CFRP A&8® 3¢ 7
- 9F 2EAAHAAM Ho 2EE 320 K2 2%
Properties mégﬁm) o] WAH Zolmi AT BARUTG 714
—— EA4o] v BIAA LPSE HE3HA &2 4
ronglunal $ we AvldEgow d b4 AUl B3
—— Aol A BEAER] 9y d= AP} A q
Electrical Conductivity Transverse Eoﬂ j N E]o] e g A} = & L OLPS
Q" mm™ 778 x 1074 E L3 A BEAHANA AUPdez =2 A
Thickness 71REAE 71X Copper Mesh® %= A{F7T o]
2794 x 107 Fste LPSE wel A{7E E4kdh ol IF
Longitudinal S 2 CFRPO| 93] F2A3 ZHA 5440l
:1.18 x 1072
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W mm™ K $6.09 x 10 ’
Thickness
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Density (kg mm™) 152 x 10°®
Joule Heat fraction 1 i
Solidus Temperature (K) 3273 ! ¥ e "
quL“dUS Temperature (K) 3373 ——CFRP (at attach point) = - CFRP with copper mesh (at attach point)
Specific Heat (J kg™ K™) 1065 B o

Top surface

(Surface radiation)

Lightning Strike Point

Inner walls

Bottom surface
(Exit point on center
of bottom surface)

Fig. 8. Fuel tank model (cut-off view to
show inside the fuel tank)
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Fig. 9. Time history of temperature :
(a) attach point, (b) exit point
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Fig. 10. Temperature with thickness:
(a) attach point, (b) exit point
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