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WHO IS THIS GUY ANYWAY?

John Wagner, N8CD
Been a ham since 1978
Have made lots of mistakes in this area

Have read about and tried many things = s
Been zapped by some of those things

Came close to burning my parents hou
down with improper grounding at age 12




DISCLAIMER

What | om about to ¢ (
your chances against lightning and surgeg ‘
If you do some of these things and still g

el ectrocuted, | Om sorry

| Om not a | awyer, so | ©pr

these disclaimers



QUESTIONS?

Ask as we go
(Within reason)




PURPOSE OF THIS
PRESENTATION

Types and Reasons for Grounding and Bonding
Focus on Lightning and Static protection
Go over goals and what ydie up against

This Is to show you some practical, operational ways ta
ground and bond

Talk about some common mistakes you can avoid



WEORE NOT GOI NG
THE PHYSICS
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https://commons.wikimedia.org/wiki/User:F=q(E+v^B)
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IMPORTANT BACKGROUND

Voltage is arelative between things

If something iIs at1,000,000 volts
compared to something else at
1,000,000 volts, # voltage = zero

i VOLTGRAFT®

For current to flow, needF voltage

High current through even small
resistance makes high voltage
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Voltage Is arelative between things
Has to be compared to some reference
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https://www.flickr.com/photos/thailand_photos/

REMEMBER OHMOG S

E=IR (current X resistance = voltage)

resistance i amps o volts acros

3 N2 dzy R lightning  resistanc
1 30,00( 30,00(

0.5 30,00( 15,00(

0.2F 30,00( 7,50C(

0.12°F 30,00( 3,75(

0.0612¢ 30,00( 1,837
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https://www.hanscom.af.mil/News/Photos/igphoto/2000138911/

BONDING

- No, not that kind

No, not the other kind either

R



BONDING

<= /Connects everything
s together electrically

Needs to be a low
impedance path

Not just low
Toyour resistance, RF &

gound L1 ghtni ng
system DC

Bonding helps with
Lightning protection
RF
Safety




GROUNDING

Lots of definitions
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STYPES OF GROUNDING

ol Safety
O Keep stray housel20/ 24OVAC power from k|II|ng you
+—) : v
cs Z ’__ ; e Y r-«-—"é‘,f':f;s ~1.~ R e _,
o RF | |
= May improve your signal
3 e Make things quieter |
> St Keep RF out of your shack —FSEE~ e
© Lightning/Static protection &&=
L Prevent equipment damage
8 Safety from lightning electrocution
Give lightning a better place to go



SAFETY GROUNDING

Aln many cases this is taken care of for you

AGrounded electrical panels
AGrounded AC outlets

AAdd your own ground if:
AMetal chassis with 2 wire AC plugs
AOlder or ungrounded outlets

Alnspect for corrosion and loose clamg
AGFCI outlets can augment safety

Photo by:Ali K



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

SAFETY GROUNDING

Wi re should be equal Or
Goal Is to trip breaker/fuse if short to chassis

Donot r aevhitg newral wite lalene for safety
ground IF"—‘

Woven braid is usually ok for this

As long as i indoors or temporary, and;
In good shape

| still dond like woven braid

Add your own ground if your house
doesnd have it




RF GROUNDING

/Beneficial for unbalanced
antennas especially

/Verticals, long wires

/Can helop redus
the shack |

audio lines

A RF Grounds can be part of antenna counterpoises



RF GROUNDING

Connecting chassis and shields to
earth can reduce noise levels

e

ldeally should be bonded to the
rest of your ground system

AButésomething is better t



LIGHTNING GROUNDING

One of the goals Is a little like
protecting your house from rain

Counter Poise Ground Ring Around

Direct lightning to a = s==msiei
safer place

Shortest,
straightest, path
with the best flow
possible

Keep it out of your
radios

.,
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> time of first stroke around &5
omponents from D.C. to VHF

A Strongest from 0.5 MHz to 20 MHz

 hittps: AngMillickr.conpeople/100649650 @NO8/



LIGHTNING & RAIN ANALOGY

~Sticking with the
oLightning is like Rain
analogy

This is lightning




LIGHTNING ISNo" JUST D.C.

Lightning Is supeffast pulse(s)
Behaves more like RF on wires
Impedance matters,

not just resistance

Skin effect (current travels on
surface of wire)

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

Wire can be resonant at
lightning frequencies




SO WHAT DOES A PRO DO?

AThe building and tower are
purpose bullt

®
@

ASurge protection orevery |y
wire in and out A

AEverythingis bonded with
heavy strap/wire

AGround screen and multiple
wellconnected rods



BUT WEORE AMAT

Do a Risk Assessment
What 0s your exposure?
A dipole at 200 1 n a vall ey
What can you afford and want to fix?
What can you mitigate with other methods? (disconnecting)
What risk will you accept?
Low profil e stations donot ¢
But nearby strikes can still damage things
If you decide to do something
You can do it in steps




IDEALLY

Inside: Bond all your equipment together

Shortest, heaviest, straightest, lowest impedanaaaterial you
can

strap, heavy wire

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

ALL feedlines have grounded shields and quality lightning
arrestors

Connected to a groungystem not just a rod
All other wires go through this panel too
Phone, power, data




YOUR GOALS

Bond all your equipment together =

Short, heavy, straight strap or heavy/wi | »
Have a single ground point N '
Where everything ties together B 7

A Quality lightning arrestors, ideally
= o outside of your shack

“ae. A Surge protection orall wires going
In and out of your shack




WHAT CAN A HAM DQO?

INSIDE

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

Donot rynNn unnecessartr
Phone, Ethernet, CATV
Fewer wires = less to protect



WHAT CAN A HAM DO?
INSIDE
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WHAT CAN A HAM DQO?

consider a whole
house surge
suppressor

If building a shack

Consider a shack
breaker panel




WHAT CAN A HAM DQO?

OUTSIDE

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

Lightning Arrestors S ==
Outside or barely inside
Weatherproof cabinet If outside
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GOOD LIGHTNING GROUND ALSO

Helps with other surges
Snow, Rain, Wind static
Nearby lightning strikes




WOW THAT LOOKS EXPENSIVE

Be creative
Hammer out old copper tubing into a ground bus
Copper and aluminum flashing (watch dissimilar metals)
Scrap wire for grounds (solid or stranded will work)
Strip out old heavy Romex for equipment bonding inside
Leftover runs from commercial jobs
Dumpster dive (with permission)




GOOD

| Ground bus bonds
all equipment

Disconnect this when notin _—]
use, ideally outside or at the
entrance of building

Make sure
existing AC
panel ground
connections
are good



BETTER

~ Ground bus
bonds all

Lightning arrestor equipment

and/or grounding
coax switch
Metal entry panel / \

) )ﬁ l

4_"

outside or barely
inside

T ™~

1 Make sure existing

AC panel ground

connections are
good

Heavy, short,
straight wire or
strap bonding
ground rods




EVEN

BETTER

Lightning

Lightning
arrestor on
each coax

arrestor or

coax shield Metal entry panel

S ground

/

outside or barely
inside
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\ Cadweld or

outdoor
clamps

Bare copper wire or

strap bonded to rods

—__ Ground bus
bonds all
equipment

\
Heavy, short,
straight wire or
strap bonding
ground rods

Telephone
panel




THINGS TO AVOID

AAvoid braided strap
A especially outdoors

/Little woven wires

/AHigh impedance at RF &
fast rise time pulses

/Ground connections
that corrode and decay

If youreally need to use braid, never ever ever use old coax shields



THINGS TO AVOID

Avoid separate grounds with |
only your equipment, feedlines A 4
or the Earth connecting them =

Avoid sharp bends in ground
wires (Increases impedance)

Corroded or loose connection

|
https:/ivww.flickr. coniphotos/13494 7886 @N02/




OUTDOOR GROUND CONNECTIONS

Donot use regul ar sol der or
lightning current

lightning will melt it

Acceptable:
Clamp with solid clamps and weatherproof
Inspect every year or two
Crimp and weatherproof
Silver Solder
Cad Weld (Exothermic welding)



S| DE T RCAPWHLOINGO

| discovered this while installing
my new tower

It IS the coolest thing ever

Worth doing It just to see It In
action




SIDE TRIP T@CADWELDINGO

Two main vendors | found:
Erico
https://www.dxengineering.com/parts/erogrl-161|
Harger(my choice)
http://www.kf 7p.com/KFE/P/HargerUniShot.html

About $10-15 a shot
+ $15 for putty
+ $15 for a lighter



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

EXOTHERMIC WELDING




EXOTHERMIC WELDING

Add disc

<




EXOTHERMIC WELDING

Add starting powder




EXOTHERMIC WELDING

A Before you ignite:
AYoudl |l be melting powered me

over 2,500° F / TR
A Surface of the sun is about 10,000°F oo » |
A Be prepared to move away 8 & /N

o \‘



Video Is hosted here oMoutube
https://youtu.be/wxteLUPLQ



https://youtu.be/v-yxteLUPLQ

EXOTHERMIC WELDING

A Ignition above 1650° F
A Safe to handle
A Process above 2500° F

A After the crucible cools
(maybe 30 minutes),
break it off with a hammer
and dispose of it

A The result is wires welded
onto the ground rod



