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Ham Radio References

e ARRL Handbook, ARRL Antenna Book

 NEC Handbook - at your library

e Lightning Protection for the Amateur Station (Ron Block,
NR2B - Jun/Jul/Aug 2002 QST) - ARRL website

e Power, Grounding, Bonding, and Audio for Amateur
Radio and RFI, Ferrites, and Common Mode Chokes For
Hams - available at k9yc.com/publish.htm

o W8JI website (w8ji.com/ground_systems.htm) and for
mobile stations KOBG website (kObg.com)
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Background References

'Grounding and Bonding
for the Radio Amateur

Covers AC wiring,
lightning protection, and ;

RF management T RS o,
Reviewed by a number of |} W
experts, including the
ARRL Lab

Numerous examples for
you to use

é Grounding.
and Bond ng
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What IS “Ground” Anyway

» “Ground” has different meanings

* Noun - an “earth connection” (ac, lightning) or
a local reference potential (circuits, RF)

* \erb - an action “to connect to the reference
potential”

» Adjective - a type of connection, such as a
“ground conductor” or “ground system”

* It can mean all of these things at the same
time
* “I’m grounding the chassis to ground with a
ground wire.”

Grounding and Bonding for Home and Mobile HF Stations - 2021



What IS “Ground” Anyway
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What IS “Bonding” Anyway

* A connection intended to keep two
points at the same voltage
e Everything goes up and down TOGETHER

* Prevents shock hazards from voltage
differences

* Prevents destructive voltage differences
caused by lightning surges

e Limit current between devices caused by
voltage differences from RF pickup
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What IS “Bonding” Anyway
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AC Safety Grounding
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AC Safety Grounding

Utility transformer

Grounded service conductor — | -
(neutral)

AC service
common point

[
Neutral bus ——1—*‘

[

[

Main bonding jumper —

Grounding electrode”

conductor
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AC Safety Grounding
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Lightning Protection 15

e You can’t steer lightning, but...you can
help lightning make *““good decisions”

* Heavy, direct paths to the Earth to dissipate
charge In the ground

 Inductance I1s more important than resistance
e Paths should be outside your residence

e Don’t make It easy for lightning to go through
your station on its way to the Earth
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Lightning Protection

Bond ALL earth
connections
together —

Perimeter
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Lightning Protection

e Don’t create low-
Impedance paths
through your
station
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AC service entry
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Lightning Protection

e Ground paths
should go around
your station

SPGP with
protectors
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Segment of the perimeter ground
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Lightning Protection 19

 Rods and radials

e Bond feed lines to
th e towe r eve ry Extended buried radial wires
50 fe et .. _ : 30 feet or more long

Tower \\ Ground ring

o Spark gaps for
Insulated base AN
towe rS '\.\__\ I‘I.w"‘l‘ll To Station

Ground

~—————Ground rods

Grounding and Bonding for Home and Mobile HF Stations - 2021



Lightning Protection

Metal panel (SPGP)

 Single-
point
Ground
Panel UNPROTECTED
(SPGP)  [ects

phoneline

Data or phone
service box

Connection required

by service provider Rotatoror

(see text) .
control line
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Feed, rotator,
control, data,
phone lines

Arrestors

protector
(PLDO)

AC branch
circuit

Feed lines

To ac service entry ground Perimeter or lightning ground system

and other ground electrodes
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Lightning Protection
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Lightning Protection

CATV

120V, 1 A

* Ron Block NR2B’s 2002
QST articles

Coax, UHF
2M, 50 W

 Protected Zones e

 Every line crossing the e
boundary must be
protected by a common or
bonded ground connection

e Bond equipment within
the station

120V, 1A

240V, 12A
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RF Management

SPGP &
protectors

« EVERYTHING!
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RF Management

e Everything In the station IS an antenna

e Forget about an “RF ground”
» Concentrate instead on bonding
» Keep connections electrically short
« Keep everything at the SAME voltage

 Amplifiers = high RF field strength
e Requires extra attention to bonding

e Create common reference plane and/or bus
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RF Management

e Bonding inside the shack
» Eliminates “hot spots”, reduces “buzz” and hum
» Reduces RFI from common-mode current
» Reduces sensitivity to physical configuration

RF Bonding Bus
(1/2" Copper Pipe)

Ground

/ Clamps\
h—

Wire to
Equipment

Computer Enclosure

Transceiver == 1 Antenna
Switch

ARRL1512
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RF Management

e Short or coiled cables

* Use a bonding bus and
reference plane

e Minimize loop area

.

e Use shielded cables Keep Cables

. Together
e Short straps or wires
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Fusing, Ampacity, Voltage Drop

e Fuses in BOTH leads - ALWAYS

e Adequate rating of power connection
* Power sockets in the vehicle not sufficient

e Power wiring must be adequately sized
e Max R = Max V drop / Max |
e 0.5V/25A=0.02Q
o 20 feet of #10 AWG wire

* Mobile radios need at least 11 V and usually more
e Don’t forget connector resistance!
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Power Return Connection

Vehicle DC-DC Booster Ham Gear DC-DC Booster

Vehicle Fuse Panel

Chassis Ground Point

Starter Motor
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Power Return Connection

Vehicle DC-DC Booster Ham Gear DC-DC Booster

Vehicle Fuse Panel

Radio fuses

Battery Sensor

Chassis Ground Point
Starter Motor
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Power Return Connection

Vehicle DC-DC Booster Ham Gear DC-DC Booster

Vehicle Fuse Panel

Radio fuses

Battery Sensor

Chassis Ground Point
Starter Motor
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Power Return Connection 39

Vehicle DC-DC Booster Ham Gear DC-DC Booster

Vehicle Fuse Panel

Radio fuses

Battery Sensor

Wire boosters
using home-
run wiring just
like radios

Do NOT use
the vehicle
booster for
ham gear!

Chassis Ground Point
Starter Motor
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Bonding in Mobile Stations

e Body components not always well-bonded or
even metallic!

e Don’t use sub-system ground points
e Intermittent dc voltage drops
e Can upset sub-system operation

e Bonding to body creates new return and RF
paths

* Protect connections with anti-corrosion
compound
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Mounting Equipment
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Mounting Antennas

e Bond to body AT the antenna
* Through-panel NMO probably the best
 Lip mounts need additional body bond
e Beware of paint!

e Mag-mounts don’t work well at HF

o Insufficient body coupling
e Coax shield is part of the antenna - causes RFI
* Need extra body bond wire (also part of antenna)

e Decouple at the antenna and at radio
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The Mobile Station










Additional Resources

» Professional Associations and Companies
» National Fire Protection Association (www.nfpa.org)

 International Association of Electrical Inspectors
(www.iaei.org)

* Mike Holt Enterprises (www.mikeholt.com) — training and
continuing education for electricians, many tutorials

» Polyphaser (www.polyphaser.com/resources/white-papers) —
various papers and tutorials on lightning protection for
communications facilities, including ham stations
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Additional Resources

e Standards

e Standards and Guidelines for Communication Sites (Motorola
R56) - available online

 FAA Document on Practices and Procedures for Lightning
Protection, Grounding, Bonding, and Shielding Implementation
— www.faa.gov/documentLibrary/media/Order/6950.19A.pdf

e |[EEE Std 1100 - 2006, IEEE Recommended Practices for
Powering and Grounding Electronic Equipment —
www.ieee.org (available from most libraries)

» MIL-HDBK-419A - Grounding, Bonding, and Shielding for
Electronic Equipments and Facilities (Vol 1 and 2) —
www.uscg.mil/petaluma/TPF/ET/_SMS/Mil-
STDs/MILHDBK419.pdf
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Additional Resources

 Books and Online Material

e Block, R. R., The “Grounds” for Lightning and EMP
Protection, Second Edition, PolyPhaser Corporation, 1993.

e Rand, K. A., Lightning Protection and Grounding Solutions
for Communications Sites, PolyPhaser Corporation, 2000.

 ARRL Technical Information Service sections
» Electrical Safety — www.arrl.org/electrical-safety

e Grounding (various types and topics) —
www.arrl.org/grounding

« Lightning Protection - www.arrl.org/lightning-
protection
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