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A Method of Plotting Component A Scaled Waveform for Aircraft Lightning Test
Jae-Hyeon Jo!, Yun-Gon Kim?, Dong-Hyeon Kim®, Hak-Jin Lee* and Rho-Shin Myong’

School of Mechanical and Aerospace Engineering, Gyeongsang National University

ABSTRACT

Lightning can deliver large amounts of energy to the aircraft in a short period of time,
resulting in catastrophic consequence. In particular, lightning strikes accompanied by high
temperature heat and current can damage aircraft surface and internal electronic equipment,
seriously affecting flight safety. Lightning experiments to analyze this effect use a Component A
waveform with a maximum current of 200 kA as specified in SAE ARP 5412B. However, the
actual lightning occurs mostly below 35kA and lightning indirect tests are conducted by reducing
waveforms to prevent damage to internal electronic equipment. In this study, we examine
previous methods to plot the Component A reduced waveform and identify their limitations. We
then propose a new method to plot the reduced waveform based on adjusting the correction
factor of the aircraft lightning Component A waveform. Finally, the electromagnetic analysis
software EMA3D was used to compare the internal induced current size reduction ratio of the
internal cable harness of the EC-155B helicopter.
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Route of direct and indirect lightning
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Fig. 2. Idealized lightning current components
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Table 2. Result of plotting component A waveform

Peak Current Action Integral

Amplitude | Relative |Magnitude | Relative

(kA) Error (%) | (A%) | Error (%)

ARP5412B | 200.00 - 2,052,000 -
Plooster 200.00 0.000 | 2,085,200 1.62
Parmantier | 199.96 0.020 | 2403700 | 17.13
Present 200.15 0.075 | 2,050,200 0.08
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Fig. 7. Component A waveform plotted by different
plotting methods
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Fig. 8. Two component A waveforms plotted by
each method (a: Huang et al., b: Wang
et al.)

Table 3. Result of plot two component a waveforms

. Peak |Relative| Action |Relative
Plotting
Method Current | Error | Integral | Error
(A) (%) (A%) (%)
Origin 473.00 - 21.16 -
Plooster | 473.00 | 0.000 15.26 | 27.88
Huang
Parmantier| 472.99 | 0.002 | 27.50 | 29.96
Present | 47254 | 0.090 | 21.07 0.42
Origin 100000 - 139960 -
Plooster | 100000 | 0.000 | 113330 | 19.02
Wang
Parmantier| 99900 | 0.100 | 189550 | 35.43
Present | 100090 | 0.090 | 143480 | 2.51
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Table 4. Performance of plotting waveforms for
different values of A

Iteration Number (n/na=1/0.7)
1/A 0.9 0.8 0.7 0.6 0.5
ARP5412 | 0.06 0.53 1.00 1.46 1.93
Huang - 0.05 1.00 2.06 3.138
Wang - - 1.00 0.80 2.63
Relative Error (Q/Qa-1/0.7)

1/A 0.9 0.8 0.7 0.6 0.5
ARP5412 | 1.00 1.00 1.00 1.00 1.00
Huang - 1.10 1.00 1.00 1.00
Wang - - 1.00 1.07 1.07
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Table 5. Performance of plotting waveforms for
different values of dA

Iteration Number (n/no)

(X?Q_S) 1.0 0.5 0.1 0.05 | 0.01
ARP5412 - 1.00 | 498 | 997 | 49.85
Wang 0.51 1.00 | 496 | 990 | 49.48
Huang 0.50 1.00 | 496 | 992 | 49.57

Relative Error (&/Q0)

(x?éﬂ) 1.0 0.5 0.1 0.05 | 0.01
ARP5412 - 100 | 099 | 098 | 0.98
Wang 1.02 | 1.00 | 1.00 | 099 | 0.99
Huang 1.00 1.00 | 097 | 097 | 097
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‘ Lightning Attachment Point‘

Fig. 9. Computational analysis model of EC-155B
rotorcraft

‘ Lightning Detachment Point‘
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Table 6. Computational analysis results of
EC-155B rotorcraft

(1/n) x Component A
Max Current Current Scale Ratio
1/n | Current | Ratio | /Waveform Scale Ratio
(A) (A/A0) ((AJA0)/1/n)
11 210.87 1 1
1/2 114.91 0.545 1.089
1/4 58.20 0.276 1.104
1/8 24.97 0.118 0.947
1/16 10.43 0.049 0.791
1/32 424 0.020 0.643
1/64 2.01 0.009 0.610
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