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Lightning and groundingLightning and grounding

 Part 1
• Lightning - the what, when, where and how 
• Lightning effects on a human 

 Part 2
• The challenge - protect your radio equipment





Disclaimer

• Have experience with lightning, lightning damage, 
lightning repair and lightning pervention

• Cannot guarantee the accuracy or completeness of 
any information 

• Suggested lightning protection procedures may 
reduce total damage







































The Challenge – protect your radio 
equipmentequipment

• What must be protected?• What must be protected?
• Which protective components reduce damage?
• What methods reduce damage?

60 h t di d di f (RF) di• 60 hertz grounding and radio frequency (RF) grounding
• ? Better grounding?  copper wire or copper strap
• What is complete system groundingp y g g
• Myths
• Problems
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Wh t t b t t d?What must be protected?





Cl L kCloser Look





Protect all the equipmentProtect all the equipment 





Which protective componentsWhich protective components 
reduce damage?











))



What methods reduce 
damage?



Protector typesProtector types



Protector types - AC main powerProtector types AC main power 

 Four-layer semiconductory

“Follower” or negative resistance

Used on telephone or control linesUsed on telephone or control lines

 Silicon Controlled Rectifier

Very fast when used with SAD or MOV



Protector types - AC main powerProtector types - AC main power 



AC line protectorAC line protector 



Battery and charger protectiony g p







? better grounding ?? better grounding ?

copper wire or copper strap?





Grounding conductors
Inductance equations for copper conductors 

 Round copper wire L = 2ℓ { ln(4ℓ/d) 1} x 10-7 μH Round copper wire    L =  2ℓ { ln(4ℓ/d) – 1} x 10 7 μH

 Rectangular copper strapping   L = 2ℓ { ln[2ℓ/( b +c )] + ½}x 
710-7 μH

 Round copper tubing    L  =  2ℓ { ln(2ℓ/r) – ¾} x 10-7 μH pp g { ( ) } μ

L (μH)  
ℓ (length in meters)ℓ (length in meters)
d (diameter in meters)
b & c (width and thickness resp. in meters)

( di i t )r (radius in meters) 



Calculated inductances L  (μH)

Conductor Inductance Cross-sect. Area
• # 10 copper wire: 1 27 μH/m 0 0104 inch2• # 10 copper wire: 1.27 μH/m               0.0104 inch2

• # 6 copper wire:    1.18 μH/m 0.021   inch2

• 1/2" copper water pipe: 0.91 μH/m 0.307   inch2

• 2" x 0.011" copper strap: 0.84 μH/m 0.022 inch22  x 0.011  copper strap:        0.84 μH/m 0.022   inch
• 3/4" inch copper water pipe:   0.70 μH/m 0.600   inch2

Surface area matters at RF frequenciesSurface area matters at RF frequencies

• Conductor Circumference    Width
• # 10 copper wire: 0 32 inches 8 12 mm• # 10 copper wire: 0.32 inches            8.12  mm
• # 6 copper wire: 0.51 inches 13.00  mm
• 1/2 " copper water pipe: 1.96 inches 49.80  mm 
• 2 " x 0.011 inch copper strap: 4.00 inches 101.60 mm2  x 0.011 inch copper strap:           4.00  inches   101.60  mm
• 3/4 " copper water pipe: 2.36 inches 59.90 mm



Surge currents on conductors
• Ohm’s law for inductances
• V   =   I XL    =     I 2π f L    =     I 2 π (1/T) L

• Suppose you have a 10 meter (32') copper 
conductor:

• What is the voltage difference between the ends with 
a surge current of 200 amps with a rise time of 2 μs.

• #6 Copper wire: ΔV = 754 volts• #6 Copper wire:  ΔV = 754 volts
• 2" Copper strap: ΔV = 528 volts 

• Ohm’s Law for Resistance

2 6• ΔV = IR = 2.6 volts, much smaller than the induced 
voltage...essentially negligible



Single point grounding



What must be bonded?What must be bonded?



Everything must be bonded 
t thtogether

Separate grounds are unsafe and illegal!Separate grounds are unsafe and illegal!



Why an earth connection?Why an earth connection?













Whole house surge protector





Lightning suppressorsLightning suppressors

Ron Block KB2UYT in Ron Block KB2UYT in QSTQST



Coaxial In-Line ArrestorCoaxial In Line Arrestor

Polyphaser datasheet





* Common ground point * Fuse or circuit breaker 
* Safety interlock on high voltage supplies

* Everyone in your house should know how to shut off the power









Lightning strike ground saturation  
before strike @ t = -before strike @ t = -



Lightning strike ground saturation 
immediately after incident @ t = +immediately after incident @ t = +



Lightning strike ground saturation 
immediately after incident @ t = 2+immediately after incident @ t = 2+



Lightning strike ground saturation 
i di t l ft i id t @ t 3immediately after incident @ t = 3+



Lightning strike ground saturation 
immediately after incident @ t = 4+immediately after incident @ t = 4+



Lightning strike ground saturation 
immediatel after incident @ t 5+immediately after incident @ t = 5+



Tower grounding





Strike voltage at
Top of tower 80 KV

Height =80 feet

Coax feed at 8 feetCoax feed at 8 feet
Shield voltage 10KV

Coax feed below ground 
Shield voltage 0.0 KV





E t l b ildi d iExternal building ground ring

 #2 AWG for other than Florida lightning 
 #1/0 AWG for Florida lightning

B ildi d i b d d t th i i Building ground rings bonded together minimum 
#1/0  AWG (Florida)

 Ends of the conductor exothermic weld or listed 
irreversible high-compression connector



Feed Lines and Groundingg
• Coax lines -- in underground conduit rather than going 

overhead.
• In-line surge protectors on coax and shunt protectors 

on rotator cable at the base of the tower.
• Ground rods at each tower leg and additional rodsGround rods at each tower leg and additional rods 

spaced at twice their length and all tied together
• Perimeter ground and the AC service ground at 

entrance panel (service ground)entrance panel (service ground).  
• Single Point Ground at entry point to shack tied to 

perimeter ground.
• Feed lines: Ground coax shields at base of tower





























Ground system measuring



Ground stakesGround stakes













> 16 ft.16 ft.

> 16 ft16 ft

60°60°

60°

Horizontal Array Pattern
~ 10 ohms

60°60°

60°

Horizontal Array Pattern
~ 10 ohms

> 16 ft.16 ft.
> 16 ft.

Star Grounding Pattern
~ 5 ohms

> 16 ft.

Horizontal Array Pattern
~ 5 ohms

Star Grounding Pattern
~ 5 ohms

Horizontal Array Pattern
~ 5 ohms

 5 ohms

16 ft.

Single Ground Rod
~ 25 ohm per NEC

~ 5 ohms
16 ft.

Single Ground Rod
~25ohmper NEC

Perimeter Grounding Pattern

 25 ohm per NEC 25 ohm per NEC

Perimeter Grounding Pattern

Perimeter Grounding Pattern



Examples from HARGER Lightning Protection
Grounding Equipment Catalog





Examples from HARGER Lightning Protection
Grounding Equipment Catalog





E ternal gro ndingExternal grounding



Reduce metal corrosion in soil 
t petype

Gravelly soils --least aggressive

Sandy soils

Silty soils – loamy

Clays

Peat and other organic soils

Made up soils containing cinders – most aggressive





























Strike voltage at
Top of tower 80 KV

Height =80 feet

Coax feed at 8 feetCoax feed at 8 feet
Shield voltage 10KV

Coax feed below ground 
Shield voltage 0.0 KV









Lightning Protection
• Whole house surge protectors at the entrance 

panel.
• Surge protectors at appliance locations (RadioSurge protectors at appliance locations (Radio 

Room)
• Single point ground connected to service ground at 

entrance panel routed outside of the residenceentrance panel routed outside of the residence.
• Surge protectors on all antenna lead-ins.
• Towers grounded and connected to the single point 

ground.
• Coax shields grounded to tower legs as low as 

possible.possible.



MythsMyths



Myth: If it’s not raining or there 
aren’t clouds overhead, you’re 

safe from lightningsafe from lightning.



Myth: If thunderstorms threatenMyth: If thunderstorms threaten 
while you are outside playing a 

game it is okay to finish it beforegame, it is okay to finish it before 
seeking shelter.



Myth: If outside in a thunderstormMyth: If outside in a thunderstorm, 
you should seek shelter under a 

t t t dtree to stay dry.



Myth: 'Heat Lightning' is a 
strange phenomenon caused by 

hot weather.



Myth: Lightning never strikes theMyth: Lightning never strikes the 
same place twice.



Myth: The automobile’s rubber 
tires you from lightning bytires you from lightning by 

insulating you from the ground.









Myth: Average homeowners 
lightning insurance claim is overlightning insurance claim is over 

$10,000.



Myth: All modern buildings are 
“grounded” and don’t need 
lightning protection, right?g g p , g



M th T V t d t llitMyth: T.V. antennas and satellite 
dishes protect structures from 

lightning.



Myth: Surge arresters and 
suppressors will protect my 

home against lightning.g g g



Myth: Lightning protection is wayMyth: Lightning protection is way 
too expensive for the average 

homeownerhomeowner



Myth: Lightning rods attract 
lightninglightning



M th H li ht i t ikMyth: Human lightning strikes are 
more than 50% fatal.



Myth: A lightning victim is y g g
electrified. If you touch them, 

you’ll be electrocutedyou ll be electrocuted.



Myth: There is no method to stop yt e e s o et od to stop
lightning damage.



Myth: Structures with metal, or 
metal on the body (jewelry cellmetal on the body (jewelry, cell 
phones, mp3 players, watches, 

t ) tt t li ht ietc.), attract lightning.



Myth: To stop lightning strike in y p g g
your home, put the antenna coax 

connector plug in a glass cupconnector plug in a glass cup.



Myth: To stop lightning strike in y p g g
your home, put the antenna coax 

connector plug in a glass cupconnector plug in a glass cup.



Myth: If you are in a house, you are 
100% safe from lightning.



Myth: The automobile’s rubber 
tires you from lightning bytires you from lightning by 

insulating you from the ground.



Myth: Lightning never strikes theMyth: Lightning never strikes the 
same place twice.



Myth: 'Heat Lightning' is a 
strange phenomenon caused by 

hot weather.



Myth: If outside in a thunderstormMyth: If outside in a thunderstorm, 
you should seek shelter under a 

t t t dtree to stay dry.



Myth: If thunderstorms threatenMyth: If thunderstorms threaten 
while you are outside playing a 

game it is okay to finish it beforegame, it is okay to finish it before 
seeking shelter.



Myth: If it’s not raining or there 
aren’t clouds overhead, you’re 

safe from lightningsafe from lightning.



What is not lightning protection?What is not lightning protection?
 Early steamer Emission – EME

Radioactive
Pulse Voltage
Sparking – Controlled Leader Trigger (CLT)

 Lightning Elimination
Dissipation Array System (DAS)
Charge Transfer System (CTS)Charge Transfer System (CTS)

 Not allowed by
DoD
IEC
IEEEIEEE
NFPA
UL





Possible Problems



Antenna Coax 
& Li h i& Lighting 
Cables

GroundGround 
Wire

































When turning off the radio:   
Please follow thePlease follow the 

“rules of disagagement”
• Physical unplug all cables from the single point ground

G d ll t B t t id th t ti

• Physical unplug all cables from the single point ground 
to ham equipment

• Ground everything which enter the shack

• Ground all antennas – Best outside the station 
building

• Ground everything which enter the shack

• Unplug AC power at wall outlets

If one forgets and you have not followed the “rules of 
di t ” b t ik i ht i t ddisagagement ”, a near-by strike might migrate and 
bypass your lightning protection system



Disclaimer

Not an expert in grounding and/or in lightning 
protectionprotection

Have some personal experience with lightning, 
lightning damage and lightning protectiong g g g g

Never worked professionally in any capacity in 
lightning or protection from lightning

Suggested lightning protection procedures may 
reduce total damage 



MOTHER NATURE
Sh b ki dShe can be kind…





Or NotOr Not



and unpredictable!…and unpredictable!




