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ABSTRACT

The airworthiness certification of lightning indirect effects becomes an important issue in
personal air vehicles (PAVs), which are being actively developed around the world. PAVs are
very vulnerable to lightning strikes, because of miniaturization, use of the electric engines,
composite materials, and application of unmanned navigation systems. In this study, we first
examined various steps of certifications for lightning indirect effects shown in AC 20 136B
issued by the Federal Aviation Administration (FAA). We then applied certification guidelines
for equipment transient design level listed in RTCA DO 160G Section 22 to PAVs and
investigated lightning transient environments inside the PAVs. We also analyzed the aircraft
level tests specified in SAE ARP 5416A by using electromagnetic computational analysis
software EMA3D. Finally, we analyzed the actual transient level for PAVs and derived the data
necessary for conformity certification.
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Fig. 1. Category of PAV

Fig. 2. Analysis prototype of PAV (Nord-500)
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Table 1. Category of six designated characters

Table 2. Pin injection test and cable bundle test
requirements

Waveform Test
Set Test Type | Test Levels Wa,:llgfsorm
A Pin Table 22-2 | 3/3, 4/1
B Pin Table 22-2 | 3/3, 5A/5A
C SS Table 22-3 2,3
D SS Table 22-3 2,3, 4
E SS Table 22-3 1, 3
F SS Table 22-3 3, 5A
G SS Table 22-3 2,3
MS Table 22-4 2,3
" SS Table 22-3 2,3, 4
MS Table 22-4 2,3, 4
SS Table 22-3 1, 3
! MS Table 22-4 1, 3
K SS Table 22-3 3, A
MS Table 22-4 3, 5A
L MB Table 22-5 3
M MB Table 22-5 6
=5 FAsT ATk tEAgEd Age 20719 9
& 50~1000us ool =AY A A 30~300ms AO]Z 3
H OB 7= Aol

WF 1 WF 4
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50% b —————— 50%

WE 2
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5B T1 = 50 microseconds +20%
T2 = 500 microseconds +20%
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T2 = 6.4 microsecon: ds +20%

|
|
1
|
|
|
L
|
|
|
|
|
|

Pin Test Waveform Set
Pin Test Level
Cable Bundle SS and MS Test WF Set
Cable Bundle SS and MS Test Level
Cable Bundle MB Test WF Set

2% to 6% %
/ argest Peak /
/ N\ T1=0.

WIrrO @ | W

Cable Bundle MB Test Level

Fig. 5. Test waveforms for lightning indirect test
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Fig. 6. Analysis model of PAV based on Nord-500
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Fig. 7. Geometry of PAV with cable harness

Table 3. Length of PAV cable harness

Cable 1 | Cable 2 | Cable 3 | Cable 4

Length

100 3433.4
(mm)

628.3 100
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Table 4. Generator setting for pin injection and
cable bundle single stroke tests

Pin Injection Test
Waveforms
Level 3/3 41 5A/5A
VOC/'SC VOC/'SC VOC/'SC
1 100/4 | 50/10 | 50/50
2 250/10 | 125/25 | 125/125
3 600/24 | 300/60 | 300/300
4 1500 750 750
/60 /150 /750
5 3200 1600 1600
/128 /320 /1600
Cable Bundle Test
Waveforms
Level 2/1 2/1 3/3 4/1 4/5A
Vi/le Vil Vil Vil Vi/le
1 50/100 | 50/100 | 100/20 | 50/100 | 50/150
2 125/250 | 125/250 | 250/50 | 125/250 | 125/400
3 300/600 | 300/600 | 600/120 | 300/600 /13880
4 750 750 1500 750 750
/1500 | /1500 /300 | /1500 | /2000
5 1600 1600 3200 1600 1600
/3200 | /3200 /640 | /3200 | /5000

Fig. 11. Two cases of lightning attachment and
detachment point in analysis model
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Table 5. Maximum lightning transient responses 250
on probes
Case1 Tail /|
Maximum . . . 200 Case? Tail /
induced Current Cockpit | Engine | Gear Tail ase2 Tai
Case 1 1830 A | 303 A 335 A 212 A < 150 /
Case 2 108A | 132A | 492A | 188A ‘g Case2 Engine
= C i
Z1 A3} Table 5& #i13td Case 1, Case 29 3 100
O $EAE I7]2 s 4 9t} Case 12 U
7} Noseol| F2Eo] skidZ2 WEIH= Z %ot 50
Case 19] Cockpit, Engine, Gear, Tailo|A Hd %
AR 271780 F=d7F DA A 1830A/95us, 0
303A/1.61ms, 335A/8 3ms, 212A/19.08ms°.2 =4 20 15 10 5 0
Holoh =% o = A7 2719 Ayt a2 & AWG No.
E W37l 4 9ol A 173ps, 1.9ms, 9.3ms, Fig. 13. Induced current result and allowable
20.0lmse. 2 ZZHUY. Case 2= HFH7} Wind- current by AWG number
shield SIF-EANA SkidZ2 WE%HE= 4-olth Case
29] 34 Utk 53] G F2 At 77k Cockpitoll Al o

A3} 108A/831ps, 132A/62ps, 492A/1.05ms,
188A/4.7ms7t SAH At EF Case 29 W7 &
1.15ms, 817us, 1.3ms, 5.06msS. 2 =ZEHJTh o=
Hgro 2 g %7] 332 Component A T3]
PAV U 7 9] AolEo nxes AA = &+
91 ATLS 398 & o

6) A= o7 &l

A a4 A9 Fa) AU AA A FEH
A Anje An A AA FFL vlwste] F

g vhzlo] HEH e AY UAF 8 21E F

|4 A= Fig. 129 Zo] PAV Nose F&o F
sl Case 19 A5 97 PAVE #F3H 714
Ul A gde & FEFS mHE AE AT +

Maximum Induced Current

1830A H Casel
H Case 2
492A
212A
108A 1324 188A
m Hm - N
Cockpit Engine Gear Tail
Fig. 12. Maximum induced current on cable
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