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W h a t  i s  l i g h t n i n g ?

L i g h t n i n g  i s  a n  a t m o s p h e r i c  d i s c h a r g e  o f  

e l e c t r i c i t y  a c c o m p a n i e d  b y  t h u n d e r ,  w h i c h  

t y p i c a l l y  o c c u r s  d u r i n g  t h u n d e r s t o r m s ,  a n d  

s o m e t i m e s  d u r i n g  v o l c a n i c  e r u p t i o n s  o r  d u s t  

s t o r m s
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H o w  i s  l i g h t n i n g  g e n e r a t e d ? ( C l o u d  t o  G r o u n d )

 

- 

+ 
graupel 

ice crystal 
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E l e m e n t s  o f  a  l i g h t n i n g  s t r i k e  ( C l o u d  t o  G r o u n d )

Leader phase Return Stroke
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Ty p e s  o f  L i g h t n i n g

Intra Cloud

Cloud to Ground 
(-ve)

Cloud to Cloud

Cloud to Ground 
(+ve)



A g e n d a

I n t r o d u c t i o n

W h a t  i s  L i g h t n i n g

H o w  d o e s  i t  i n t e r a c t  w i t h  A i r c r a f t



L i g h t n i n g  i n  H e a t h r o w,  U K



Tr i g g e r e d  L i g h t n i n g

(Cloud or ground)

• L e a d e r s  b e g i n  p r o p a g a t i n g  f r o m  t h e  a i r c r a f t

• P o t e n t i a l  c o n n e c t i o n s  w i t h  o t h e r  l e a d e r s  t h a t  

b e g i n  t o  f r o m  t h e  c l o u d s  t o  c o m p l e t e  c u r r e n t  

p a t h

• L i g h t n i n g  d i s c h a r g e  o c c u r s  ( R e t u r n  S t r o k e )

• A i r c r a f t  i n  c h a r g e d  e n v i r o n m e n t

• C o r o n a s  f o r m  o n  e x t r e m i t i e s  a n d  s h a r p  
f e a t u r e s  d u e  t o  f i e l d  e n h a n c e m e n t  



T r a n s i e n t s  a r e  i n d u c e d  i n t o  a i r c r a f t  w i r i n g  

b y  m a g n e t i c  f i e l d s

T r a n s i e n t  l e v e l s  a r e  a  f u n c t i o n  o f  w i r e  

r o u t i n g ,  n o t  l o c a t i o n  o f  a v i o n i c s  b o x e s

A  “ c l o s e d  A l  t u b e ”  w o u l d  p r o t e c t  a g a i n s t  

t r a n s i e n t s   

C o u p l i n g  t o  a i r c r a f t  w i r i n g
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W h a t  i s  L i g h t n i n g

H o w  d o e s  i t  i n t e r a c t  w i t h  A i r c r a f t

S t a n d a r d s  ( E U , U S ,  M i l i t a r y )



European Nations, EASA

R e l a t i o n s h i p  b e t w e e n  S t a n d a r d s  C o m m i t t e e s  a n d  
A u t h o r i t i e s

ED documents

Certification 

Specification CS

EUROCAE

WG14

WG31

AMCs



Environment
ED-84

Zoning
ED-91

Structures
ED113

Systems
ED 81

(Users manual
ED 158)

Fuels
AC20-53

Systems Test 
Methods
ED14 §22 

Externally Mounted 
Equipment Test 

Methods 
ED14 §23

Test Methods
ED105

S t r u c t u r e  o f  E U R O C A E  d o c u m e n t a t i o n  



E D 1 0 5  D i r e c t  E f f e c t s  E x a m p l e

Content removed due to security and confidentiality reasons



E D - 1 4  S e c t i o n  2 2 & 2 3  E x a m p l e s
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R e l a t i o n s h i p  b e t w e e n  S t a n d a r d s  C o m m i t t e e s  
a n d  A u t h o r i t i e s  – C o m p a r i s o n  b e t w e e n  E U  &  U S / FA A

Working Liaison Tech reports & ARPs

European Nations, EASA USA, FAA

DO 160

ED documents

Certification 

Specification CS

EUROCAE

WG14

WG31

AMCs
Federal Airworthiness 

Requirements (FAR)
ACs

SAE RTCA

AE2 

(formerly 

AE4L)



S t r u c t u r e  o f  S A E  d o c u m e n t a t i o n  

Environment
ARP5412

Zoning
ARP5414

Structures
ARP5577

Systems
AC20-136

(Users Manual 
ARP-5415)

Fuels
AC20-53

Systems Test 
Methods

DO160 §22

Ext Mounted e.g TM
DO160 §23

Test Methods
ARP5416

AC20-155 AC20-155

• A C 2 0 - 1 5 5  – 1  P a g e  F A A  A C  t h a t  r e c o m m e n d s  u s e  o f  
A R P  d o c u m e n t s  f o r  E n v i r o n m e n t  a n d  z o n i n g



M i l i t a r y

• U K  A i r c r a f t
• D e f  S t a n  5 9 - 11 3  

• I n c o r p o r a t e s  a  h i g h e r  A c t i o n  I n t e g r a l  ( 3 . 5 M J / Ω c . f .  2 M J / Ω )

• L a r g e r  c h a r g e  t r a n s f e r   ( 3 3 0 C  c . f .  2 0 0 C )

• D e f  S t a n  5 9 - 4 11  – j u s t  c o n c e r n s  E q u i p m e n t  Te s t s

• N ATO  O r d i n a n c e
• S TA N A G S  

• A l s o  i n c o r p o r a t e  t h e  h i g h e r  A c t i o n  I n t e g r a l

• U S  - M i l  S t a n d a r d s
• U S  m i l i t a r y  n o w  g e n e r a l l y  f o l l o w  s a m e  r e q u i r e m e n t s  a n d  

p r o c e d u r e s  a s  C i v i l



A g e n d a

I n t r o d u c t i o n

W h a t  i s  L i g h t n i n g

H o w  d o e s  i t  i n t e r a c t  w i t h  A i r c r a f t

S t a n d a r d s  ( E U , U S ,  M i l i t a r y,  C h a n g e s )



E v o l u t i o n  o f  s t a n d a r d s  – E n v i r o n m e n t

• T S S  ( T r a n s p o r t  

s u p e r s o n i q u e

s t a n d a r d s )  ~ 1 9 7 5  

2 0 0 k A ,  0 . 6 M J / Ω Ω

• S u p e r  P u m a  T R B  b y  

s i m i l a r i t y  t o  E c u r e u i l

T R B ,  t e s t e d  t o  T S S  

b u t  c h a n g e  f r o m  G R P  

t o  C F C

• E D 8 4  1 9 9 8           

2 0 0 k A ,  2 . 0 M J / Ω



D i f f e r e n t  Z o n e s ,  D i f f e r e n t  T h r e a t s

Zone 1

Zone 2

Zone 3

Zone 2A

100kA
D

B C*

50ms

Zone 1A

200kA
A

B

50ms

C*

Zone 1B

200kA
A

B C

1 sec

D

Zone 3

40kA
B

C*

A/5

50ms



C h a n g e  i n  z o n i n g  – E D - 9 1 B

Zone 1

Zone 2

Zone 3

Zone 2A

100kA
D

B C*

50ms

Zone 1A

200kA
A

B

50ms

C*

Zone 1B

200kA
A

B C

1 sec

D

Zone 3

40kA
B

C*

A/5

50ms



H e l i c o p t e r  Z o n e s  ( E D 9 1  B )

Zone 1a

Zone 1b

Zone 2a

Zone 3

Old (Composite Hover/Forward)

New zoning 
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H o w  d o e s  i t  i n t e r a c t  w i t h  A i r c r a f t

S t a n d a r d s  ( E U , U S ,  M i l i t a r y,  C h a n g e s )

C e r t i f i c a t i o n  ( F u e l s ,  S t r u c t u r e s ,  A v i o n i c s )



M a i n  C o n c e r n s

• S t r u c t u r e s
• F l i g h t  C o n t r o l  s u r f a c e s ,  F a n  C o w l s …

• F u e l  Ta n k  S t r u c t u r e  &  S y s t e m s
• P r e v e n t i o n  o f  F u e l  I g n i t i o n / E x p l o s i o n

• Av i o n i c s  &  E l e c t r i c a l  S y s t e m s
• N o  D a m a g e  t o  C r i t i c a l  A v i o n i c s

• N o  D i s r u p t i o n  o f  d a t a ,  o r  m i s l e a d i n g  d a t a



S t r u c t u r e s

• G e n e r a l  A p p r o a c h  g i v e n  i n  G u i d a n c e  M a t e r i a l  
( A R P 5 5 7 7  /  E D 11 3 )

• D e t e r m i n e  L i g h t n i n g  Z o n e s

• E s t a b l i s h  E x t e r n a l  E n v i r o n m e n t

• I d e n t i f y  p o s s i b l e  i g n i t i o n  s o u r c e s  o r  a r e a s  s u b j e c t  t o  d e t r i m e n t a l  
d a m a g e

• D e s i g n  P r o t e c t i o n  ( &  p a s s / f a i l  c r i t e r i a )  

• D e v i s e  a  c e r t i f i c a t i o n  p l a n  

• R e v i e w  w i t h  A i r w o r t h i n e s s  A u t h o r i t i e s  

• V e r i f y  C o m p l i a n c e  



S t r u c t u r e s  – E x a m p l e  Te s t s
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S t r u c t u r e s  – E x a m p l e  Te s t s
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F u e l s

• G e n e r a l  A p p r o a c h  g i v e n  i n  G u i d a n c e  M a t e r i a l
• D e t e r m i n e  L i g h t n i n g  Z o n e s

• E s t a b l i s h  E x t e r n a l  E n v i r o n m e n t

• I d e n t i f y  p o s s i b l e  i g n i t i o n  s o u r c e s  o r  a r e a s  s u b j e c t  t o  d e t r i m e n t a l  
d a m a g e

• D e s i g n  P r o t e c t i o n  ( &  p a s s / f a i l  c r i t e r i a )  

• D e v i s e  a  c e r t i f i c a t i o n  p l a n  

• R e v i e w  w i t h  A i r w o r t h i n e s s  A u t h o r i t i e s  

• V e r i f y  C o m p l i a n c e  



I d e n t i f y  p o s s i b l e  i g n i t i o n  s o u r c e s  - E x a m p l e



F u e l  s y s t e m s  – R e g u l a t i o n  H i s t o r y

• FA R  2 5 . 9 5 4  ( F u e l  S y s t e m  L i g h t n i n g  P r o t e c t i o n )
• T h e  f u e l  s y s t e m  m u s t  b e  d e s i g n e d  a n d  a r r a n g e d  t o  p r e v e n t  t h e  

i g n i t i o n  o f  f u e l  v a p o u r  w i t h i n  t h e  s y s t e m

• FA R  2 5 . 9 8 1  ( F u e l  t a n k  i g n i t i o n  p r e v e n t i o n )
• N e e d  t o  “ D e m o n s t r a t e  t h a t  a n  i g n i t i o n  s o u r c e  c o u l d  n o t  r e s u l t  f r o m  

e a c h  s i n g l e  f a i l u r e ,  f r o m  e a c h  s i n g l e  f a i l u r e  i n  c o m b i n a t i o n  w i t h  
e a c h  l a t e n t  f a i l u r e  c o n d i t i o n  n o t  s h o w n  t o  b e  e x t r e m e l y  r e m o t e ,  
a n d  f r o m  a l l  c o m b i n a t i o n s  o f  f a i l u r e s  n o t  s h o w n  t o  b e  e x t r e m e l y  
i m p r o b a b l e .  T h e  e f f e c t s  o f  m a n u f a c t u r i n g  v a r i a b i l i t y ,  a g i n g ,  w e a r ,  
c o r r o s i o n ,  a n d  l i k e l y  d a m a g e  m u s t  b e  c o n s i d e r e d . ”  

• I m p o s s i b l e  t o  s a t i s f y



N e w  R u l e

• 2 5 . 9 8 1  w a s  i n t e n d e d  f o r  o t h e r  a s p e c t s  s u c h  a s  a g i n g  o f  w i r e s  a n d  
s h o r t  c i r c u i t  f a u l t  c u r r e n t s  r a t h e r  t h a n  l i g h t n i n g ,  w h i c h  w h y  i t  i s  
c h a l l e n g i n g  t o  s a t i s f y  f o r  l i g h t n i n g .

• A n  u p d a t e d  v e r s i o n  o f  2 5 . 9 5 4  h a s  b e e n  r e l e a s e d  w h i c h  i s  l i g h t n i n g  
s p e c i f i c  a n d  w i l l  m e a n  t h a t  2 5 . 9 8 1  n o  l o n g e r  a p p l i e s  f o r  l i g h t n i n g

• T h e  s t a n d a r d s  c o m m i t t e e s  ( S A E  a n d  E U R O C A E )  a r e  w o r k i n g  o n  a  
g u i d a n c e  d o c u m e n t  ( A R P - 6 2 0 5 / D P - 0 0 1  [ G u i d a n c e  f o r  f u e l  t a n k  
c o m p l i a n c e ] )  f o r  t h e  n e w  r u l e



F u e l  s y s t e m s  – E x a m p l e  Te s t s

Conduction tests to simple coupons
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F u e l  s y s t e m s  – E x a m p l e  Te s t s

Attachment or Conduction tests to more complex samples



• G e n e r a l  A p p r o a c h  g i v e n  i n  G u i d a n c e  M a t e r i a l

• D e t e r m i n e  L i g h t n i n g  Z o n e s

• E s t a b l i s h  A i r f r a m e  C u r r e n t  P a t h s

• E s t a b l i s h  I n t e r n a l  E n v i r o n m e n t

• A c t u a l  T r a n s i e n t  L e v e l s  ( AT L ) / T r a n s i e n t  C o n t r o l  L e v e l s  ( T C L )  
f o r  s y s t e m  o n  a i r c r a f t

• E s t a b l i s h  E q u i p m e n t  H a r d n e s s  a g a i n s t  t r a n s i e n t s

• E q u i p m e n t  T r a n s i e n t  D e s i g n  L e v e l s  ( E T D L ) / E q u i p m e n t  
S u s c e p t i b i l i t y  D e s i g n  L e v e l s  ( E T S L )

• V e r i f y  C o m p l i a n c e  

• b y  s h o w i n g  t h a t  E T D L  > >  T C L

Av i o n i c / E l e c t r i c a l  S y s t e m s  – C o n t r o l  a n d  

D e s i g n  l e v e l s



Av i o n i c / E l e c t r i c a l  S y s t e m s  – C o n t r o l  a n d  

D e s i g n  l e v e l s



• C r i t i c a l i t y  o f  a  s y s t e m  i n f l u e n c e s  t h e  c e r t i f i c a t i o n  
r e q u i r e m e n t s .  T h e s e  f o l l o w  f r o m

• F u n c t i o n a l  H a z a r d  A s s e s s m e n t  ( F H A )

• S y s t e m  S a f e t y  A s s e s s m e n t  ( S S A )

• S e t  o f  s y s t e m  a s s u r a n c e  l e v e l s  A t o  E
• L e v e l  A  s y s t e m s  w h o s e  f a i l u r e  w o u l d  c a u s e  o r  c o n t r i b u t e  t o  a  

f a i l u r e  o f  f u n c t i o n  r e s u l t i n g  i n  a  c a t a s t r o p h i c f a i l u r e c o n d i t i o n .

• L e v e l  B  …  …  r e s u l t i n g  i n  a  h a z a r d o u s / s e v e r e - m a j o r f a i l u r e
c o n d i t i o n

• L e v e l  C  …  …  m a j o r .

• L e v e l  D  …  …  m i n o r .

Av i o n i c / E l e c t r i c a l  S y s t e m s



Av i o n i c / E l e c t r i c a l  S y s t e m s  – D e t e r m i n i n g  
C o n t r o l  a n d  D e s i g n  l e v e l s
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Av i o n i c / E l e c t r i c a l  S y s t e m s  – D e t e r m i n i n g  
C o n t r o l  a n d  D e s i g n  l e v e l s



Av i o n i c / E l e c t r i c a l  S y s t e m s  – Ve r i f i c a t i o n

o f  p r o t e c t i o n

• P i n  t e s t s  d e m o n s t r a t i o n  e q u i p m e n t  p r o t e c t i o n  a g a i n s t  
d a m a g e

• C a b l e  b u n d l e  t e s t s  d e m o n s t r a t i n g  s y s t e m s  h a r d n e s s  
a g a i n s t  d a m a g e ,  i n t e r r u p t ,  m i s l e a d i n g  i n f o r m a t i o n



Av i o n i c / E l e c t r i c a l  S y s t e m s  – Ve r i f i c a t i o n

o f  p r o t e c t i o n  E x a m p l e
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Av i o n i c / E l e c t r i c a l  S y s t e m s  – Ve r i f i c a t i o n

o f  p r o t e c t i o n  E x a m p l e
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P lease  make  you r  way  

back  t o  t he  ma in  
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“C los i ng  Commen ts ”  


