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Evaluation Method of Aircraft Lightning Current Conduction Path
Based on Numerical Simulation

ZHEN Guoshuai, ZANG Jiazuo, QI Xuefeng
(Aeronautic Science Key Laboratory Electromagnetic Environment Effects, Shenyang Aircraft Design &
Research Institute, Shenyang 110000, China)

Abstract: The lightning protection design and verification of aircraft are necessary measures to ensure the safety
of pilots and aircraft, especially with the poor lightning protection ability of composite materials. The conductiv-
ity of the composite is weaker than that of the metal, which needs to provide additional pathways for the light-
ning current conduction. Based on the electromagnetic modeling of aircraft internal structure rarely mentioned in
domestic related research, a set of electromagnetic modeling and precision control method for aircraft internal
structure is proposed, and the internal metal structure from left wing to right wing of F22 aircraft is constructed
as lightning current conduction path. The indirect effect of aircraft lightning is simulated based on general elec-
tromagnetic simulation software. The simulation results of electromagnetic field and cable coupling in aircraft
interior under three conditions of composite skin, metal mesh skin, and metal mesh skin with internal metal
structure are compared. The results show that the reasonable lightning current conduction path design can re-
duce the current intensity induced by the cable inside the aircraft by half, and play a good lightning protection
effect. The proposed evaluation method is suitable for the lightning current conduction path design of fixed wing
aircraft, can be taken as the indexes distribution reference frame of aircraft airborne equipment lightning indirect
effect test, and is convenient for locating the weak links of aircraft lightning indirect effect protection.
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Fig. 1 Lightning current conduction path from

left wing to right wing of aircraft
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Fig. 2 Simulation scene of indirect lightning

effect of aircraft
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Fig. 3 Probe distribution of electromagnetic field
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Table 1  Description of simulation scene types
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Fig. 5 Distribution of magnetic field probes in three

different positions of wing

5000
4500
~ 4000
£ 3500
2 3000
@ 2500
= 2000
X 1500
= 1000
500

0 20 40 60 80 100 120 140 160 180 200
I} 8] /s

() 3t 1

5500

5000
4500}
"2 4000
* 3500
< 3000
E§ 2500
Z 2000}
S 1500

1000 |

500 |

0 20 40 60 80 100 120 140 160 180 200
Y

(b) it 234 D

—_

53

(=}
1

—— HEE3

—_
(=3
(=}

0
(=}

BAABRIENA + m")
& 3

53
(=}

1 1 1 1 1 1 1 1 1 J

0 20 40 60 80 100 120 140 160 180 200
) 8] /s

(o) it 2(IR4F 2.3)

K6 HLIEJT S = A A B AL 09 1 3758 S5

Fig. 6 Magnetic field strength at three different

positions on trailing edge of wing
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Fig. 7 Lightning current redistribution

mechanism in scenario 1
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Fig. 8 Lightning current redistribution

mechanism in scenario 3

3.2 WU M ER S M Xt L35 58 FE 4 A0 B9 2 0

LA AR i 32 3 A R 11 B AR P P an Bl 9 e s L I
HR 2L 00 R 2 T 7 BRIV DA 30 B4 A P 4R T 38 2 T
X 2 My st 3 i LR N RN B4 /G
oA

Ca) T 3 BT 490

T~
—
J
L]
1z
4

(b 7 1hT 26 R AR 40 P

P9 4R T 2 B AT L 12T B O 4L 1

Fig. 9 Section selection front view and top view
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The internal magnetic field intensity of the

selected section in scenario 2
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The internal magnetic field intensity of the

selected section in scenario 3
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Fig. 14  Short circuit current detected by cable in scenario 3
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Fig. 15 Open circuit voltage detected by cable in scenario 3
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Table 2 Maximum values of cable short circuit

current in three scenarios
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