




FOREWORD 

Lightning, a natural event, can be a cause of concern. Franklin in 1752, by his kite experiment 

showed lightning is of electric nature. The up and down drafts of wind in the atmosphere 

separate electric charges leaving negative charges at the bottom and positive charges at the top of 

the cloud. 

Lightning is the most frequent cause of over voltages on electrical Transmission and Distribution 

System. 

Lightning is a gigantic spark resulting from the development of millions of volts between clouds 

or between cloud and the earth. This is similar to the dielectric breakdown of a huge capacitor. 

The voltage between cloud and the earth before a lightning stroke may start at hundreds of 

million volts between the cloud and the earth. Millions of volts can be delivered to the building, 

tree, or transmission/distribution line struck. In case of overhead lines “induced voltages” caused 

by the collapse of the electrostatic field with a nearby stroke and may reach values as high as 500 

kV. 

The potential gradients that result when stroke current enter the earth on the surrounding surface  

increases the “step voltage” which is dangerous to human beings and cattle. 

There is a need to bring awareness among all concerned regarding lightning protection to protect 

electrical equipment and life. Proper grounding is most important for effective lightning 

protection. 

I am very happy that Mr.Kamalesh Sundar, MD, CIKIT ELECTRICALS & TECHNOLOGIES 

is bringing out a book titled “A QUICK GUIDE ON LIGHTNING PROTECTION”.  I have 

gone through the draft copy of the book which conforms to international standards. Mr. 

Kamalesh is a young, energetic, proactive person. 

My best wishes to Mr. Kamalesh and his CIKIT team for publishing this most useful book. 

 

M L Sheshadri 

Retd. Chief Engineer, 

Karnataka Power Transmission Corporation Limited,  
May 22, 2022 
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Figure 1. Types of lightning discharges
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Figure 2. Sources of damages
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Figure 3. Overall Lightning Protection System



 

8 

 

 

 

 

• 

• 

• 

• 

 

 

 

 



 

9 

 

 
Figure 4. Indirect effects of lightning strikes

- 

- 

- 

- 



 

10 

 

 

 

Figure 5. Four parts of IS/IEC 62305
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Table 1. Parameters for different levels of protection
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Table 2. Lightning protection zones

 
Figure 6. Lightning protection zones
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Table 3. Class of LPS
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Table 4. Factors dependent on Class of LPS 
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Table 5. Damages, Sources, Losses & Risks of lightning strikes 
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Table 6. Factors influencing risk components 
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Table 7. Summary of Risk Components
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Table 8. Number of dangerous events
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Figure 7. Collection Area
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Table 9. Collection area
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Figure 8. LPD Design
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Figure 9. Protection Angle Method 
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Figure 10. PAM Graph
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Table 10. PAM sample calculation 

 

Figure 11. PAM sample calculation 
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Figure 12. PAM air terminal placement

 

Figure 13. PAM wire air termination system 
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Table 11. Rolling sphere radius 
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Figure 14. Rolling Sphere Method 

 

Figure 15. RSM for taller structures
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Figure 16. RSM for different levels

 
Figure 17. Penetration distance

𝑝 ℎ𝑡−ℎ
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𝑝 𝑟 − 𝑟 − 𝑑

𝑑 ∗𝑝∗𝑟− 𝑝

𝑑 * ∗ℎ𝑡∗𝑟− ℎ𝑡

Table 12. RSM sample calculation 
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Table 13. Mesh Size 
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Figure 18. Mesh - Flat roof structure 

 

Figure 19. Mesh – Structure with protrusion
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Table 14. Distance between down conductors 
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Figure 20. Down conductor on cantilevered part

𝒅 𝟐 𝟓 𝒔
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Figure 21. Protection for protruding structures
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Figure 22. Natural components as LPS components
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Figure 23. Measurement of overall electrical resistance
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Figure 24. Isolated lightning protection system
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Figure 25. ESE air terminal
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𝑹𝒑(𝒉) = √((𝟐𝒓𝒉 − 𝒉𝟐 ) + ∆(𝟐𝒓 + ∆)

≤ ≤

𝑹𝒑(𝒉) = 𝒉 ∗ 𝑹𝒑(𝟓)/𝟓

∆ ∆ ∆ 106

Table 15. Radius of protection 
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Figure 26. Early streamer emission test waveform
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Figure 27. Test link in LPS
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Material , configuration and minium cross-sectional area of air-termination conductors, 
air-terminal rods, earth lead-in rods and down-conductorsa 

Material Configuration 
Cross-sectional area 

 mm2 
Recommended 

dimensions 

Copper , Tin 
plated copper 

Solid tape ≥ 50 2 mm thickness 
Solid round b ≥ 50 8 mm diameter 

Stranded b ≥ 50 
1.14 mm up to 1.7 mm 
strand diameter 

Solid roundc ≥ 176 15 mm diameter 

Aluminium 
Solid tape ≥ 70 3 mm thickness 
Solid round ≥ 50 8 mm diameter 
Stranded ≥ 50 1.63 mm strand diameter 

Aluminium Solid tape ≥ 50 8 mm diameter 
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alloy Solid round ≥ 50 2.5 mm thickness 

Stranded ≥ 50 8 mm diameter 

Solid roundc ≥ 176 1.7 mm strand diameter 
Copper coated 
aluminium 
alloy 

Solid round ≥ 50 15 mm diameter 

hot dipped 
 galvanized 
steel 

Solid tape ≥ 50 2.5 mm thickness 

Solid round ≥ 50 8 mm diameter 
Stranded ≥ 50 1.7 mm strand diameter 
Solid round ≥ 176 15 mm diameter 

Copper coated 
steel 

Solid round ≥ 50 8 mm diameter 
Solid tape ≥ 50 2.5 mm thickness 

Stainless steel 

Solid taped ≥ 50 2 mm thickness 
Solid roundd ≥ 50 8 mm diameter 
Stranded ≥ 70 1.7 mm strand diameter 
Solid roundc ≥ 176 15 mm diameter 

Note:  For the application of the conductors, 

a - Manufacturing tolerance:-3%. 
b  - Hot dipped or electroplated: minium thickness coating of 1 µm.there is no requirement to 
measure the tin plated copper because it is for aesthetic  reasons only . 
C - Chromium ≥ 16%: nickel ≥ 8 5:CARBON ≤0.08 % 
d- 50 mm2  (8 mm diameter) may be reduced to 25 mm 2 in certain applications where 
mechanical strength is not an essential requirement.Consideration should in this case,be given to 
reducing the spacing between the fasteners. 
e- Minimum 70  µm radial copper coating of 99.9% copper content 
f- The cross-sectional area of stranded conductors is determined by the resistance of the 
conductor according to IEC 60228 
G -If the earth lead-in rod is partially installed in soil it has to  fulfil  the requirements of Table 2 
and Table 3. 
h- Applicable for air-termination rods and earth lead-in rods.For air-termination rods where 
mechanical stress such as wind loading is not critical,a 9.5mm diameter,1-mm long rod may be 
used. 
i- If thermal and mechanical considerations are impotant then these values should be increase to 
75 mm2 
 

Table 16. Minimum requirements of LPS components 
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Material 

Maximum  
electrical 
resistivity 

 µΩm        

Tensile strength  
N/mm2 

Copper  0.018 200 to 450 

Aluminium 0.03 ≤ 150 

Copper coated aluminium  0.03 ≤ 150b 

Aluminium alloy 0.036 120 to 280 

Steel 0.25 290 to 510 

Steel (earth electrode) 0.25 350 to 770 

Copper coated steel 0.25 290 to 510 b 

Copper coated steel (earth 
rods) a 

0.25 350 to 770 b 

Stainless steel 0.8 350 to 770 

a-  Yield/tensile ratio 0.80 to 0.95 
b- Based on dimension / tests of only core material of coated conductors. 

Table 17. Electrical and Mechanical characteristics
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Figure 28. Coating thickness measurement - Rod

 

Figure 29. Coating thickness measurement - Flat

- 

- 

- 

● 

● 



 

59 

 

● 

● 

ρ

Ω



 

60 

 

 

 

 

 

 

 

- 

- 

- 



 

61 

 

Table 18. Distance between supporting fixtures 

 

Figure 30. Clamping of down conductor



 

62 

 

 

Figure 31. Air terminal for chimney

 

Figure 32. Installation of test joint
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Table 19. Maximum period between inspection of an LPS
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Figure 33. Equipotential bonding
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𝒌𝒊

𝒌𝒎
∗ 𝒌𝒄 ∗ 𝒍 (𝒎)

Table 20. Factor ki
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Table 21. Factor km
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Table 22. Factor kc

 

Figure 34. Simplified approach

𝒌𝒊

𝒌𝒎
∗ ( 𝒌𝒄𝟏 ∗ 𝒍𝟏 +   𝒌𝒄𝟐 ∗ 𝒍𝟐 + ⋯ +  𝒌𝒄𝒏 ∗ 𝒍𝒏)  (𝒎)

𝒌𝒄 =
𝒉 + 𝒄

𝟐𝒉 + 𝒄
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Figure 35. Detailed approach
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Figure 36. Current partitioning in mesh
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Figure 37. Surge
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Figure 38. Surge Protection Device
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Figure 39. Explosion in tank farm
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Figure 40. Storage tanks protection - Air terminals

 

 

 
Figure 41. Storage tanks protection - Lightning mast
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Table 23. Storage tanks protection - Overhead lines

 
Figure 42. Storage tank protection - Overhead lines
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Figure 43. Solar panels protection - Non isolated LPS
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Figure 44. Solar panels protection - Isolated LPS 
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Figure 45. Ground wires in transmission lines
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Figure 46. LPS for telecommunication tower
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Figure 47. LPS for heavy duty stack
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