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Vincent Crevenat 11/06/10

Direct Lightning protection

Basis and ESE principle 
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Basis
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In 1750
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In 1750
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Upper atmosphere lightning



© ABB France
Journée Commerciale Décembre 2008 | Page 6

Types of lightning discharges from cumulonimbus

Cloud-to-ground (25-33%) Cloud-to-air   

Intracloud    

Cloud-to-

cloud

Cloud discharges (67-75 %)         

Types of Lightning Discharges



© ABB France
Journée Commerciale Décembre 2008 | Page 7

+ +
+

+

+ +

+
+ +

+

++
++

+

++ ++
+

+

+

+

+

+ +

++ +

+
+

+
++

+ + + + + + +

upward negative leader

+ +
+

+

+ +

+
+ +

+

++
++

+

++ ++
+

+

+

+

+

+ +

++ +

+
+

+
++

+ + + + + + +

+
+
+

+
+

+

+
+

+

+

downward positive leader

+ +
+

+

+ +

+
+ +

+

++
++

+

++ ++
+

+

+

+

+

+ +

++ +

+
+

+
++

+ + + + + + +

downward negative leader

+ +
+

+

+ +

+
+ +

+

++
++

+

++ ++
+

+

+

+

+

+ +

++ +

+
+

+
++

+ + + + + + +

++
+

+ +
+

upward positive leader

Four different cloud-to-ground flashes, according to Karl 

Berger (1978)



© ABB France
Journée Commerciale Décembre 2008 | Page 8

Downward flash

Alex Hermant
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Upward lightning

Alex  Hermant
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- Creation of cumulonimbus in 

stormy conditions.

- Water particles at the bottom 

of the clouds and ice particles 

in the upper part of the cloud.

- Internal violent winds 

separates electric charges 

Lightning Phenomenon

Basics

diameter :                                ~ 10 km

height to top (anvil) :     ~ 10 to 15 km

height to basis :                  ~ 1 to 2 km

mass of water :                        ~ 108 kg 

electric charge :                       ~ 100 C 

electric potential (CG) :       ~ 100 MV 

duration :                                ~ 1 hour 
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Lightning Phenomenon

Basics

-Positive charges in the 

top of the cloud when 

negative are located at the 

bottom. (similar to a 

capacitor)

- Under the influence of 

the negative charges of 

the bottom the cloud, the 

electric field at ground 

can be very high.

- It also rise rapidly to 

reach 10 to 20kV/m which 

announce an imminent 

lightning strike.
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Electric field at ground level

E=-10kV/m E=-15kV/m

E=-50kV/m

E=-50kV/m

5 000 Volts
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Electric field
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Electric field
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Electric field distribution on a complex structure during 

a thunderstorm.
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Lightning activity
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ÅOld method : counting by listening and seeing lightning; Each 

region get a KERAUNIQUE level 

Nk

New method: 

ÅVisible detection by NASA satellite

ÅGround detection by SAFIR

ÅGround detection by METEORAGE

From which lightning density per year and Km² is deduced

Ng Ng = Nk / 10

Lightning Phenomenon

Methods of detections
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Lightning Phenomenon

Methods of detections



© ABB France
Journée Commerciale Décembre 2008 | Page 19

Lightning Phenomenon

Methods of detections
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Lightning Phenomenon

Methods of detections
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Lightning Phenomenon

Methods of detections
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Strike size and frequency

Lightning number and 

current values graph

More than 50%

are less than 40KA

LPL I II III  IV

0,99 0,98 0,97 0,97

200 kA 150 kA 100 kA 100 kA

0,99 0,97 0,91 0,84

3 kA 5 kA 10 kA 16 kA

Total efficiency 0,98 0,95 0,92 0,81

Are greater than the minimum values 

Are smaller than the maximum 

Probability that lightning current parameters ( IEC 62305-1)

100/75/50 C

10/5,6/2,5 MJ/Ý
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Negative Lightning
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Streak picture of multiple restrikes

After the first return stroke

several restrike may be seen

up to 12 in this photograph.

Our extreme observation

exhibited up to 34 restrikes !

FLASH MULTIPLICITY

Negative lightning > 90%
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Negative lightning > 90%
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0                100            500 0              100 0              100
ms

30 to 40 ms

30 to 40 ms

First lightning stroke Subsequent lightning stroke

Negative lightning > 90%
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Positive Lightning
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Positive lightning < 10%

Alex  Hermant
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0      0,1            100                         500
ms

Negative lightning > 90%
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Electric field

E = -15kV/m

to

- 400kV/m

Positive

Negative

Upward 

streamer

Downward 

streamer

Meeting Point

50 to 100m

Lightning attachment
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Electric field

E = -15kV/m

to

- 400kV/m

Positive

Negative

Upward 

streamer

Downward 

streamer

Meeting Point

50 to 100m

Lightning attachment
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Alex  Hermant

Lightning attachment
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Alex  Hermant

Lightning attachment
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Alex Hermant
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Grounding
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Leader competition

Effect of changing ground resistances
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Lightning Phenomenon

Grounding importance
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17 meters

Lightning Phenomenon

Grounding importance
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ÅTriggered lightning 

ÅObservations in situ

ÅModelling of lightning 

interception

Åstudies Laboratory
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Triggered lightning
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Triggered lightning
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Triggered lightning
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LAB

NATURE
10 A

20 A

40 ms

32 ms

Time in ms

100 A full scale

4003002001000

LEADER CURRENTS AT THE THREE EXPERIMENTAL SCALES

TRIGGERED LIGHTNING

ONERA

RENARDIERES

GUMLEY

DôALESSANDRO
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Observations in situ
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Pic du Midi Observatory (France)
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INDONESIA
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Experimental site
Langmuir labs, Socorro
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Comparison between sharp and blunt rods
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Lightning rods struck by

lightning at Soccorro
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Lightning rods struck by

lightning at Soccorro
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Modelling of lightning 

interception
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S=pH2(2D/H-1)

O X

M

H

Ds

Protected area

üThe protected area:

)1H/D2(HS s
2 -p=

Ds=10.I0.65

1)H/D2(HOX s -=

üThe striking distance:

üThe protection lateral 

distance:

The Electrogeometric Model (EGM)
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rs

rs

rs

The areas touched by the 

sphere are deemed to 

require protection 

Protected volume

Trajectory of the center 

of the Rolling Sphere

The Rolling Sphere concept
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The genericmodels

üCHOWDHURI model

üGRZYBOWSKI model

With junction criterion

RIZK model

DELLERA-GARBAGNATI model

ERIKSSONmodel(CVM)

BERGER -AIT-AMAR model

Without junction criterion

üLALANDE model

üHEIDLER model

üMAZUR-RUHNKE model

Models with upward 

leader inception criterion

Models without upward 

leader inception criterion

Static models Leader Progression 

Models
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ground 

Rod 

Downward leader 

Upward leader 

ground

Rod

Downward leader

Upward leader
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Lightning rod protection of a flat ground surface

Junction

Upward leader

Downward leader

Lightning rodProtection lateral distance
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An illustration of the behaviour of  two competing rods. I= 50 kA, Rv=1.

Rod 1 h=40 m

Rod 2 h=30 m

Rod 1 h=40 m

Rod 2 h=30 m

Rod 1 h=40 m

Rod 2 h=30 m

Rod 1 h=40 m

Rod 2 h=30 m

Rod 1 h=40 m

Rod 2 h=30 m
Rod 1 h=40 m

Rod 2 h=30 m

Junction Junction Junction

Junction Junction Junction

Rod 1 Rod 2 Rod 1 Rod 1

Rod 1 Rod 1 Rod 1 Rod 2Rod 2Rod 2

Rod 2 Rod 2

Results
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Downward leader

Lightning rod

Half sphere at fixed distance from 

the leader tip where the electric 

field is calculated

A 3D visualisation of the used meshes
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A 3D illustration of the failure of the protection. Junction 

with the structure. I=10 kA, Rv=2, W=40 m, H=100 m

Downward leader

Junction

Franklin rod 

h=11 m

Upward 

leaders

A 3D illustration of a protected structure. 

Junction with the Franklin rod. 

I=10 kA, Rv=2 W=40 m, H=100 m.

Downward leader

Junction

Franklin rod 

h=20 m

Upward 

leaders

H H
W W

Results
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A 3D illustration of a protected structure stricken by an  oblique 

downward leader. I=50 kA, Rv=1, lightning rod height h=11 m, 

structure height H=100 m and  width W=40 m.

Upward leaders

Downward oblique

leader

Junction

Lightning rod

Results


