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Abstract

This paper describes the analysis of lightning strike zoning, the indirect lightning data simulation and the

protection design for lightning indirect effects of equipment by lightning strike for unmanned aircraft consisting of

composite wings. Through the analysis of lightning strike zoning according to the external shape of unmanned

aerial vehicles, the structure areas that should be protected during lightning strike is derived, and the protection

requirements of lightning indirect effects for flight critical equipments and equipment that must be operated upon

lightning strike was derived. Lightning protection levels according to the location of mounting equipment and

surrounding structure materials for each equipment was derived, and the protection design of the unmanned aerial

vehicle with composite structures was also proposed from direct effect of lightning. Later, the lightning protection

technology will be verified by the ground test of lightning direct and indirect effects.

Key Words : Lightning Protection System( 2 X % A]2~Hl) Lightning Indirect Effect(= 7+ <d3F) Copper Mesh(%
),

4:1), Unmanned Aerial Vehicle(F-218371), Bonding(7dA])

1. M 2 Az ol FolA glo Y= AAA nPA BT E ¢
gk AAE Hol A ot Fe7] BATEEC] &4

Fg7le s G gH= dE717r AL 3 HAY gEo] HAT BTN S5
He ARRE ARE o, 877 S ALEE & 7|2 WshdA 9o o3 duwa &4
A7lele @87 FERES F&o] ofd gif-E vt o] WASIQIaL, 2FAVE s et
gl E4fo] WAEo] T1o] wE BEiEe] g

* Corresponding author, E-mail: hewoo@add.re.kr A ST B3] g7t AR e 549
Copyright (©) The Korea Institute of Military Science and Technology 253l A9o= obdS el geo] YE B3

302 / AL e 71488 A A6 A3E2023E 6Y)



L3 H%ler, 8719 85 HE 94 AE o S gavlel mAle 92 A4 9 I (Direct
Hlete] 7] i 5okl el thu] g vkt Effect) 2}
oA A8 3 Fdsta ubel Fig 12 At e AHITFS
ol &g7]7F HlaA A= dahdie
3?_1]._ A

dERya gle, 3371

o2 AL
)
)
i)
o
&
5
&
g
™
g
2
Moo
-
Mo
il

=0}
R
)
rr
i
i)
=
i)
a
o
o

»

%)

o o

AN o

ha)

rir

rﬂt

o

o

it

o
&
o T
Su
~
[of
I -lﬁ Lm
[e}
)
R
[T
S _&ij =
e
i)
offl of
o%

=

of &g71e] ARl 9

v EgAe 7y

o] A& o
d Bkl HA], S

Aol & Ao &F7ol thaA

Fig. 1. Lightning strike on aircraft!”? oh
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o Heje} 2},

COMPONENT A (Initial Stroke)

Peak Amplitude =200 kA +10% COMPONENT D (Restrike)
Action Integral =2 x10° AZ§ +20% Peak Amplitude = 100kA £ 10%
Action Integral =0.25x 109 A25 +20%
COMPONENT B (Intermediate Current)
o Maximum Charge Transfer = 10 Coulombs
;’ Average Amplitude =2 kA +10 %
9}
@
IQ COMPONENT C (Continuing Current)
= Charge Transfer = 200 Coulombs + 20%
9 Amplitude =200- 800 A
£ ‘
z .
5] .
2 :
/A B C
<500us 55x|0'35 025s<T<ls <500us |
TIME (NOT TO SCALE)
Fig. 3. Single stroke waveform set!'¥
One component A followed by 23 component D/2’s
- 200kA distributed over a period of up to two seconds
@
é 10 ms <At <200 ms
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Fig. 4. Multiple stroke waveform set[14]
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Fig. 5. Multiple burst waveform set!'"!
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Table 1. lightning current parameter
i(2) :Ig(efmf_efﬂt)
Current o ¢ is time in seconds(s)
Description
Component 7
o 51 51
(Amperes) a(s1) | B (s1)
A Severe | 919810 | 11354 | 647.265
stroke
p | Mmtermediate] 45, 700 2,000
current
Continuing
C 400for 0.5 | N/A N/A
current
D Restrike | 109405 | 22,708 | 1,294,530
D2 Multiple | o\ 203 | 22708 | 1294530
stroke
H Multiple | 10570 | 187,101 | 19,105,100
burst

Table 2. Voltage and current wave in lightning zone

Zone Voltage Wave Ampere Wave
1A A, B, D A, B, C*
1B A, B, D A, B, C, D
1C A Ah, B, C* D
2A A D, B, C*
7B A D, B, C
3 - A, B, C D

3(arc) A A3, B, C*




B o) FAGT/0) GHuE AAsh 949 A

HleYAlo] E}AE = Zoneol YEE Wave WOz
FE AR E %= 9392 Apperture Coupling,
Aol 587 Z Resistive Couplingol] 2]3] &A= 4= 3]
Tl Table 2914 Ahe= HA] 150 kA, A3 472 us,
HEA 2 49 us9] 918, A3E A 3389 158S 7HRHE
=] 40 kA) 223l C*= C 383 2o Dwell time
°] 50 ms ©]3akQl Aol HEsta vd AL 4
&iﬂ E}%h‘z} %’4%0304011 2] Qe 75‘T, =Nl

SR
44 ug 445

2]
T A Sl w48 At 2tk

Level 1 : n

| %
7] el =%d u A&
Level 2 : 1] # <5 Ao]E°] Partially Protected
2 48

Level 3 : 1] 2 <
A7) 8
Level 4, 5 : 0] 2 A& #Ao]&0] severe FA7] 3k
A wE2d o A&

it oz %XHMH ghAlE = gule] B9 Level
Q3

2.2 Folax7| Y| I A si4

FAggF7e] GE 9ZF P9 Zone 1, 2, 302

FojX) oL, Z+Zbe] ZonedlE= A, B 18]il CE &
Hrh

Zone 1 H*x 1’Lﬂ(lnitial Lightning) 2 # % &7
=] A(Return Stroke)2] F-Zr(Lightning Attachment) <&
o] =2 H]gA] wHolH, Zone 1A Leading Edge<}
T HAx BAYA FRTFsAdol w2 d9ow
5719 gl o HEujgd FEo] W dY
(First Return Stroke Zone with a low flash hang on)S
oJm|3al Zone 1B HE HAHZA FA7bsAol %
& gdyog FgFr7} AyPsieite Trailing Edgett
Z =7(Large promontory)$} & §1x]ol] F-2tEo]
F vjgd FEo] %2 JA(First Return Stroke Zone
with long flash hang on) 1|3l Zone 1CE %ol w}
2 933 33 Aol dgI7le] zledo] e uhe-
AR Hx HAHZA T2 TbsAe] de o=

92 wjdd FEo] ¥ Y (First Return Stroke of
Reduced Amplitude with low flash hang on)S WERHATEH

F4 3] 949 vEy HEe] %e I (Swept
Stroke Zone with a low flash hang on)S Zone 2A,
& 59 ¥4 widy &E°] %& 9 H(Swept Stroke
Zone with long flash hang on)% Zone 2B%o]m,
Zone 2AT §& HF WA =&y e J9god Hg
Aol X3 WO R Zone 1A FHF JF2 HHE 23

e, wagAlel §A9 B el fahel By
o8l FWoR 05 mel ofPE Testel MU
t}. 18]3l Zone 2B+ HF 9 X]z HZAdde op)

A g R4 e

:rL

]ﬁgxﬂ g o] Zone 39 Eshert. upebA
Zone 1, 27} obd BE 992 Zone 3= AA S
9o Hx 974 A A WHoRE o
717l ok wjgAlel M7 BE AN He
Rolling sphere WH, F4& Ed Al W Fo] 9l
v 7173 =3 ALE WHol Rolling sphere H.Uh
483k W olA|Th, Rolling sphere W2 Hx Y

5174 A5 AR eld e wRA

Lo

01—‘

ol
g 4 lom, B Ao A Rolling sphere WS
Agstalon, Hx ngA] AAlelA vEA] FH S
7ML GE AR HEE wEA AT 5 e FA

o] Stk

1

®=25m

Lightning

Fig. 6. Lightning strike analysis of UAV
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Table 3. Lightning position

Lightning Position Detail description

Vehicle Forward Includes inner 0.5 m

Forward Camera -

Datalink Antenna -

Includes inner 0.3 m from
EO/IR chassis

Electro Optic/
Intra Red Camera

Satellite Radome Forward
Wing Tip Forward
Propeller Not lightning phenomena

caused by propeller rotation

Zone 1A%} Zone 1C9] Azl(d,, d,)E WA A
Fi%, HUEY &5, YF leader®] ko we) )
=3 2ol Axbdr

o UE] IAXHOZ FE 2| Zone 1A HY

g = hx TAS _ 1500 X 77.17
! v, 1.5 x 10°
=0.77m

d, = Zone 1A Extension

h = Altitude, 1,500 m(5,000 ft)

TAS = Airspeed(150 TAS), 150(TAS) x 1852(NM)
+ 3600(sec) = 77.17(m/sec)

V, = Flash Lader Speed (1.5x10°(m/sec))
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« U gAA P o2 FEC Zone 1C HY

g = hxTAS _ 3000 x77.17
2 v, 1.5x10°
=1.54m

d, = Zone 1C Extension

h = Altitude, 3,000 m(10,000 ft)

TAS = Airspeed(150 TAS), 150(TAS) x 1852(NM)
+ 3600(sec) = 77.17(m/sec)

V, = Flash Lader Speed (1.5x10°(m/sec))
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Fig. 7. Lightning zone of UAV
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Table 4. Cable bundle test requirements

[15]

Table 5. Test and limit levels for cable bundle

FAgg 7)ol YR RE A9 AGY 4

stroke test!'®!

multiple

Waveform
Level 2/1 2/1 3/3 4/1 4/5A
Wi/l Vir/le Vir/le Vir/le Vi/ly
First stroke | S0/50 | 50/50 | 10020 | 25/50 | 20/60
1
Subsequent | »shs | 5ps5 | sort0 | 12525 | 1030
stroke
First stroke | 125/125 | 125/125 | 250/50 | 62.5/125 | 50/160
2| Subsequent | 62.5 | 625 125 | 3125 | 25
stroke /62.5 | /625 125 /62.5 /30
First stroke | 300/300 | 300/300 | 600/120 | 150/300 | 120/400
3
Subsequent | 5/150 | 150150 | 300/60 | 75/150 | 60/200
stroke
First stroke | 750/750 | 750/750 | 1500/300| 375/750 | 300/800
4 Subsequent 375 375 750 187.5 150
stroke 5375 | 1375 | 150 | 375 | /400
First suoke | 1600 | 1600 | 3200 | 800 640
s ISLSUOKE 1 /1600 | /1600 | /640 | /1600 | /2000
Subsequent 800 800 1600 400 320
stroke /800 | /800 | /320 | /800 | /1000

Table 6. Equipment subject to indirect lightning strike

Test Test Test
Waveform Set Tyoe Levels |Waveform
P (Level 3) No.
C Single
(unshielded, S fke 600V 2,3
aperture coupling)
D
(unshielded, Single
aperture and Stroke 300V 23,4
resistance coupling)
£ Single
(shielded aperture | ¢, nge 600V 1,3
coupling)
F
(shlelded,. aperture Single 1000A 3,5A
and resistance Stroke
coupling)
G Singlle 600V 2,3
(unshielded, Troke
aperture and Multinl
resistance coupling) | gy, |600VH300V| 2,3
H Stngﬁe 300V 2,3,4
(unshielded, Toxe
aperture and Multipl
resistance coupling) Sltlrolll:ee 1S0V+75V | 2,3,4
Single
J Stroke 600V 1,3
(shielded, aperture :
coupling) Multiple | 6551300y | 1,3
Stroke ’
K Singlle 1000A 3,5A
(shielded, aperture Troke
and resistance :
coupling) l\g‘tlrlgge 400A+200A | 3, 5A
Multiple
L Burst 360V 3
M Multile | 500y 6
urst
2AYFY) £8F 97 97 A BEHoE I
Hofo} & MgAFPNE wEse] Fud g G
g 93 9 @8-S Table 5, 65 <A AA3ATE o]
S 7|50 % Table 73} o] FRI-7] Haldu]ol

of UAV

i Cable Bundle

LRUs Ove_rall _Pin
Shied Injection | ss/MS MB
X D3 L3

FLCC B3
(0] K4 14
X D3 L3

EGI B3
o K4 L4
X K3 L3

IPCMU B3
(0] K4 L4
X D3 L3

SGEN B3
O K4 L4
X D3 L3

SGCU B3
(0] K4 14
X D3 L3

AJE B3
o K4 L4
X D3 L3

ADTC B3
o K4 L4
X K3 L3

ASDA B3
O K4 L4

% SS: Single Stroke, MS: Multiple Stroke, MB: Multiple BurstE 2|7}
X B, D, K, L& Table 49] Waveform Set <]w|3h
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Fig. 10. Interconnection of composite wing and
fuserage design''”’
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