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WHO IS THIS GUY ANYWAY?

ÅJohn Wagner, N8CD

ÅBeen a ham since 1978

ÅHave made lots of mistakes in this area

ÅHave read about and tried many things

ÅBeen zapped by some of those things

ÅCame close to burning my parents house 
down with improper grounding at age 14



DISCLAIMER

ÅWhat Iõm about to show you will improve 

your chances against lightning and surges

ÅIf you do some of these things and still get 

electrocuted, Iõm sorry

ÅIõm not a lawyer, so I probably shouldnõt even make 

these disclaimers



QUESTIONS?

ÅAsk as we go

Å(Within reason)



PURPOSE OF THIS 
PRESENTATION

ÅTypes and Reasons for Grounding and Bonding 

ÅFocus on Lightning and Static protection

ÅGo over goals and what youõre up against

ÅThis is to show you some practical, operational ways to 

ground and bond

ÅTalk about some common mistakes you can avoid



WEõRE NOT GOING DEEP INTO 
THE PHYSICS

ÅBeef OõBradyõscloses at 10PM

ÅIõm not that smart

Picture by F=q(E+v^B)

https://www.flickr.com/photos/mlrs193/

https://commons.wikimedia.org/wiki/User:F=q(E+v^B)


BEFORE WE DIVE INé



IMPORTANT BACKGROUND

By André Karwathaka Aka -ĤŋŉūĶūŏ, CC BY-SA 2.5, 

https://commons.wikimedia.org/w/index.php?curid=64198

ÅVoltage is a relativebetween things

ÅIf something is at 1,000,000 volts 
compared to something else at 
1,000,000 volts,  ǂvoltage = zero

ÅFor current to flow, need ǂvoltage

ÅHigh current through even small 
resistance makes high voltage



thailand_photos

ÅVoltage is a relativebetween things

ÅHas to be compared to some reference

https://www.flickr.com/photos/thailand_photos/


REMEMBER OHMõS LAW?

ÅE=IR  (current X resistance = voltage)

resistance in 
ƎǊƻǳƴŘ ǎȅǎǘŜƳ Ҡ

amps of 
lightning

volts across 
resistance

1 30,000 30,000
0.5 30,000 15,000

0.25 30,000 7,500
0.125 30,000 3,750

0.06125 30,000 1,837



SCHOOLõS OUT ðON TO THE SHOW

Photo by Linda LaBonteBritt

https://www.hanscom.af.mil/News/Photos/igphoto/2000138911/


BONDING

No, not the other kind either

https://www.pexels.com/@pixabay

No, not that kind



BONDING
ÅConnects everything 

together electrically

ÅNeeds to be a low 
impedancepath

ÅNot just low 
resistance, RF & 
Lightning arenõt just 
DC

ÅBonding helps with

ÅLightning protection

ÅRF

ÅSafety



GROUNDING

ÅLots of definitions

ÅWeõre going to use what the British call òEarthingó



3 TYPES OF GROUNDING

ÅSafety

ÅKeep stray house 120/ 240VAC power from killing you

ÅRF

ÅMay improve your signal

ÅMake things quieter

ÅKeep RF out of your shack 

ÅLightning/Static protection

ÅPrevent equipment damage

ÅSafety from lightning electrocution

ÅGive lightning a better place to go
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SAFETY GROUNDING

ÅIn many cases this is taken care of for you

ÅGrounded electrical panels

ÅGrounded AC outlets

ÅAdd your own ground if:

ÅMetal chassis with 2 wire AC plugs

ÅOlder or ungrounded outlets

ÅInspect for corrosion and loose clamps

ÅGFCI outlets can augment safety
Photo by:Ali K

https://en.wikipedia.org/wiki/User:Ali_K


SAFETY GROUNDING
ÅWire should be equal or heavier than the òhotó wire

ÅGoal is to trip breaker/fuse if short to chassis

ÅDonõt rely on the white neutral wire alone for safety 

ground

ÅWoven braid is usually ok for this

ÅAs long as itõs indoors or temporary, and 
in good shape

ÅI still donõt like woven braid

ÅAdd your own ground if your house 
doesnõt have it



RF GROUNDING

ÅBeneficial for unbalanced 

antennas especially

ÅVerticals, long wires

ÅCan help reduce RF óbitesó in 

the shack

ÅCan reduce noise and RF on 

audio lines

Å RF Grounds can be part of antenna counterpoises



RF GROUNDING

ÅConnecting chassis and shields to 

earth can reduce noise levels

ÅIdeally should be bonded to the 

rest of your ground system

ÅButésomething is better than nothing
photo by N8JDM



LIGHTNING GROUNDING

ÅOne of the goals is a little like 

protecting your house from rain

ÅDirect lightning to a 
safer place

ÅShortest, 
straightest, path 
with the best flow 
possible

ÅKeep it out of your 
radios



LIGHTNING: WHAT YOUõRE UP AGAINST

Å Initial and return strokes

Å Rise time of first stroke around 10АS
Å Components from D.C. to VHF

Å Strongest from 0.5 MHz to 20 MHz

Photo credit: https://www.flickr.com/people/100649650@N08/

ÅAverage lightning bolt:

Å100 million volts 

Å30,000 amps



LIGHTNING & RAIN ANALOGY 

ÅSticking with the 
òLightning is like Rainó 
analogy

ÅThis is lightning



LIGHTNING ISNõT JUST D.C.
ÅLightning is super-fast pulse(s)

ÅBehaves more like RF on wires

ÅImpedance matters, 

Ånot just resistance

ÅSkin effect (current travels on 
surface of wire)

ÅSharp bends and loops in wire 
have low D.C. resistance but 
high impedance

ÅWire can be resonant at 
lightning frequencies



SO WHAT DOES A PRO DO?
ÅThe building and tower are 

purpose built

ÅSurge protection on every 

wire in and out

ÅEverythingis bonded with 

heavy strap/wire

ÅGround screen and multiple 

well-connected rods



BUT WEõRE AMATEURS
ÅDo a Risk Assessment

ÅWhatõs your exposure?

ÅA dipole at 20õ in a valley or an 80õ tower on a hill?

ÅWhat can you afford and want to fix?

ÅWhat can you mitigate with other methods? (disconnecting)

ÅWhat risk will you accept?

ÅLow profile stations donõt get direct strikes often

ÅBut nearby strikes can still damage things

ÅIf you decide to do something

ÅYou can do it in steps



IDEALLY

ÅInside: Bond all your equipment together

ÅShortest, heaviest, straightest, lowest impedance material you 
can 

Åstrap, heavy wire

ÅOutside: Common entrance panel, outside or at the edge of 
the building

ÅALL feedlines have grounded shields and quality lightning 
arrestors

ÅConnected to a ground system, not just a rod

ÅAll other wires go through this panel too

ÅPhone, power, data



YOUR GOALS
ÅBond all your equipment together

ÅShort, heavy, straight strap or heavy wire

ÅHave a single ground point

ÅWhere everything ties together

Å Quality lightning arrestors, ideally 

outside of your shack

Å Surge protection on all wires going 

in and out of your shack



WHAT CAN A HAM DO?

INSIDE

ÅConnect your inside equipment together to 
a single ground point with heavy wire or 
strap

ÅDonõt run unnecessary wires into your shack

ÅPhone, Ethernet, CATV

ÅFewer wires = less to protect



WHAT CAN A HAM DO?

INSIDE



WHAT CAN A HAM DO?

INSIDE

Åconsider a whole 

house surge 

suppressor

ÅIf building a shack

ÅConsider a shack 

breaker panel



WHAT CAN A HAM DO?

OUTSIDE

ÅConnect your towers, masts, outside 
feedlines through a single ground system 
with heavy wire or strap

ÅLightning Arrestors

ÅOutside or barely inside

ÅWeatherproof cabinet if outside



WHAT CAN A HAM DO?

OUTSIDE



GOOD LIGHTNING GROUND ALSO

ÅHelps with other surges

ÅSnow, Rain, Wind static

ÅNearby lightning strikes



WOW THAT LOOKS EXPENSIVE

ÅBe creative

ÅHammer out old copper tubing into a ground bus

ÅCopper and aluminum flashing (watch dissimilar metals)

ÅScrap wire for grounds (solid or stranded will work)

ÅStrip out old heavy Romex for equipment bonding inside

ÅLeftover runs from commercial jobs

ÅDumpster dive (with permission) 



GOOD



BETTER



EVEN 
BETTER



THINGS TO AVOID
ÅAvoid braided strap

Åespecially outdoors

If you really need to use braid, never ever ever use old coax shields

ÅLittle woven wires 

ÅHigh impedance at RF & 

fast rise time pulses

ÅGround connections 

that corrode and decay



THINGS TO AVOID

https://www.flickr.com/photos/134947886@N02/

ÅAvoid separate grounds with 

only your equipment, feedlines 

or the Earth connecting them

ÅAvoid sharp bends in ground 

wires (increases impedance)

ÅCorroded or loose connections



OUTDOOR GROUND CONNECTIONS

ÅDonõt use regular solder on anything that will carry 
lightning current

Ålightning will melt it

ÅAcceptable:

ÅClamp with solid clamps and weatherproof

ÅInspect every year or two

ÅCrimp and weatherproof

ÅSilver Solder

ÅCad Weld (Exothermic welding)



SIDE TRIP TO òCADWELDINGó

ÅI discovered this while installing 

my new tower

ÅIt is the coolest thing ever

ÅWorth doing it just to see it in 

action



SIDE TRIP TO òCADWELDINGó

ÅTwo main vendors I found:

ÅErico

Åhttps://www.dxengineering.com/parts/ero-gr1-161l

ÅHarger(my choice)

Åhttp://www.kf 7p.com/KF7P/HargerUniShot.html

ÅAbout $10-15 a shot

Å+ $15 for putty

Å+ $15 for a lighter

https://www.dxengineering.com/parts/ero-gr1-161l
http://www.kf7p.com/KF7P/HargerUniShot.html


EXOTHERMIC WELDING

Clean & Prep ground rod & wire

Put crucible over ground rod
Make sure wire is through



EXOTHERMIC WELDING

Seal with putty

Keeps molten metal inside

Add disc



EXOTHERMIC WELDING

Add welding material Add starting powder



EXOTHERMIC WELDING

ÅBefore you ignite:

ÅYouõll be melting powered metal at 

over 2,500º F
Å Surface of the sun is about 10,000ºF

ÅBe prepared to move away



Video is hosted here on Youtube: 

https://youtu.be/v-yxteLUPLQ

https://youtu.be/v-yxteLUPLQ


EXOTHERMIC WELDING

Å Ignition above 1650º F

ÅSafe to handle

ÅProcess above 2500º F

ÅAfter the crucible cools 

(maybe 30 minutes), 

break it off with a hammer 

and dispose of it

ÅThe result is wires welded 

onto the ground rod


