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Grounding

Figure 1.1 — Grounding means “to make a connection to the Earth™ while bonding simply means
connecting equipment or connections together to minimize the voltage between them. This figure shows
a couple of examples you might find in a typical ham radio station. (These are just examples to show what
bonding and grounding are.)
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Figure 1.2 — Some of the radio station's many types of “ground” connections, not all of which are a direct
connection to the Earth.
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Figure 1.3 — The frequency ranges of
concern to amateurs for ac power, lightning,
and RF signal energy.
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http://www.osha.gov/OshDoc/data_Hurricane_Facts/grounding_port_generator.pdf
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http://www.arrl.org/grounding-and-bonding-for-the-amateur
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Figure 2.1 —The schematic symbols for an earth connection (A), a connection to a metallic
enclosure (B), and a circuit common (C). Coaxial connectors mounted on an enclosure are drawn as
shown in (D). All three of the symbols have different meanings as the typical block diagram shows.
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Figure 2.2 — A lightning
protection ground system
designed for a tower base.
Multiple ground rods are
connected to the base of the
tower and bonded together
in a ground ring (dashed
circle), creating a path for
charge from a lightning
strike to spread out in the
soil. Connections from

the tower to the bonding
conductor are typically
extended as buried radial
wires.
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Star Connection ARRL 1434

Figure 2.3 — A star ground connection used for
several pieces of equipment sharing a common
ac safety ground.
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Single point ground panel
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Figure 2.4 — A single-point ground panel (SPGP) showing lighting protection

for a power line duplex outlet (PLDO), an antenna or cable TV feed line, and a
telephone line. The telephone line (TELCO) could connect to a telephone or
equipment such as a DSL gateway, a phone patch, or a computer. Cables above
the dashed line are protected and below the dashed line are unprotected. See the
chapter on Lightning Protection for more information.
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Figure 2.5 —The 2014 revision of the National
Electrical Code.The handbook version
supplements the code with additional drawings
and schematics. Check your library for the latest
version.
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(A moToroLA STANDARDS AND GUIDELINES
T FOR COMMUNICATION SITES

Figure 2.6 — Motorola’s R56 Standards and
Guidelines for Communications Sites is a
comprehensive guide for building robust
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Figure 3.1 —The two ARFL1408
most dangerous paths
for shock current
through the body are
hand-te-hand and
hand-to-foot because
they go through the
heart. This can disrupt

the heart's electrical
rivythm. 5
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Figure 3.2 — Keep one hand in a pocket or behind
your back when testing energized equipment to
avoid creating a path for shock current.
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Table 3.A
Typical Body Resistance

Type of Contact

Wire touched by finger
Wire held by hand

Metal pliers held by hand
Contact with palm of hand

—7

1.5 inch metal pipe grasped by one hand
1.5 inch metal pipe grasped by two hands
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Dry

40,000 — 1,000,000 O

15,000 — 50,000 0 3000 - 50000
5000 - 10,000 02 1000 - 3000 0
23000 - 8000 0 1000 - 20000
1000 — 3000 O 500- 150002

500 — 1500 O 250—- 7TE00
200- 5000
100 - 30002

Hand immersed in conductive liquid
Foot immersed in conductive liquid

ad

Wet
4000 — 15,000 02




Table 3.B

Effects of Current at Different Levels

AC DC Effect

(mA at (mA)

60 Hz)

0.3 (Women) 0.6 Slight sensation felt at hand(s

0.4 (Men) i Slight sensation felt at hand{s

0.7 (Women) 3.5 Threshold of perception

1.1 (Men) 5.2 Threshold of percepfion

i1 {Wumenj 42  Painful, but voluntary muscle control maintained

9 (Men) 62  Painful, but voluntary muscle control maintained

10.5 (Women) 51 Painful, to let go of wires

16 (Men) 76  Painful, to let go of wires

15 (Women) 60  Severe pain difficulty breathing

23 (Men) 90  Severe pain difficulty breathing

25 (Women) Painful shock, muscular contral is lost

30 (Men) Painful shock, muscular control is lost

20-75 This shock is more serious. You'll receive a painful
jolt and muscle control will be lost resulting in the
inability to let go of something you may have
grabbed that is shocking you

75 —100 As the cumrent approaches 100 millamperes,
ventricular fibrillation of the heart occurs and
damage is done

100 (Women) 500  Possible heart fibrillation after 3 seconds

100 (Men) 500  Possible heart fibrillation after 3 seconds

100 — 200 Ventricular fibrillation occurs and death can ocour
if medical attention is not administered quickly

=200 Severe burns and severe muscle contractions
occur. Your heart can stop during a shock because
the chest muscles put pressure on the heart.
Internal organs can be damaged at this stage and
i\%‘uu survive, a painful recovery can be expected.

at may surprise you about this level of shock is
that through this clamping effect on the heart,
ventricular fibrillation is avoided and the chances
of a person’s survival is good if the victim is
removed from the electrical circuit

1000 — 4300 Ventricular fibrillation. (The riwthmic pumping action
of the heart ceases.) Muscular contraction and
nerve damage occur. Death is most likely.

6000 Sustained ventricular contraction followed by normal
heart rhythm. (Defibrillation). Temporary respiratory
paralysis and possibly burns.

10,000 Cardiac arrest, severe burns and probable death

Body Resistance Body Resistance
Reguired to Aequired to
Create Current  Create Cument
at 120 V ac at 50 Vdc
400,000 02 83,333 0
300,000 0 125,000 O
171,428 O3 14,285 0
109,090 (2 8615 Q2
20,000 02 1180 02
13,333 0 B0G6 O
11,428 03 08B0 O
7500 02 657 02
8000 02 833 Q
521702 56501
4800 0
4000 0
1600 02
1200 &3
1200 &2 100 O
1200 &2 100 0
600 0
600 0
2780
2002
0.012 Q2
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A Recommended Home
Wiring Reference

The Cormplete Guide to
Unless you're a professional electri- WI R I N G
cian, your'll have a lot of questions about .
how to deal with ac wiring, wherever you ! -
live. To help you with all the guestions, .
we recommend a recent title from the se-
ries of Black+Decker Complete Guides,
The Complete Guide fo Wiring, Updated
6th Edition, published by Cold Spring

Press. The book covers all aspects of
home ac wiring requirements, materials,

and techniques. It is current with 2014
— 2017 electrical codes, as well, and
available online for less than $20.

L @ Linz 1
! T
120V 240w
Uity
HV Line T # Meutral
120V
L T * #® Lina 2
— Ground connection
at the power pola r—

Figure 3.3 —Typical residential single-phase, three-wire ac power service.The
electric meter is not shown.
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Scrow
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30 Amp 240 Volt Receptacle
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:| 1043 cable

Mo ground used in this recaptacie
ARRL 1498 (E)

Meutral Hot \
{whita wira) (black wira)
| - Whita Wira
Earth Ground (larger blada)
{green or bara wire) Graen
Wire (B}
(A)
20 Amp 240 Volt appliance receptacle
White to other hot terminal and
tapad or painted to mark it hot.
= ‘ |
Hot Side Only 12/2 cabla II
Switch |
S I
Fusa Hot \Gl IF/ ||
(Brown) — |I
: |
Chassis-mount To Equipment Black to one
120-Vac Connector Circuitry hot terminal ——
In_iernal {wire sida) on recaptacie
View Meutral
r (Blus) Graan to outlet box
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o i
(o) |
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Figure 3.4 —Wiring of common US ac power receptacles: A,Band C —120V; D - 240V, 20 A; E - 240V, 30
A; F =240V, 50 A. See the Appendix for a more complete chart of plugs and outlets.
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... Liility transfomer ARRL1400

-
_,--""-F.-rr
3 e M G
Grounded sarvice conductor - - o
{neutral) L L
L L]
E— . -
Meutral bus — a .
& ™ Equipmeant
™ > grounding bus
ﬂ - bonded to matal
L, enclosura
_,--""-FH-FFF'
Main bonding | —_ -
ain bonding jumper
_,/ Grounding
Grounding alectrode _— alactrode
conductor
k2

Figure 3.5 — Grounding and bonding arrangement for a single-phase, 3-wire
service showing the main bonding jumper between the ground and neutral
busses. [Based on information In the National Electrical Code published by the
National Fire Protection Association.]
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el

(A)

4 AWG or larger bare copper
conductor or stesl reinforcing bar
or rod not less than 1/2-in diameter

Clamps suitable for direct burial or exothermic wald

AR

r————— Mot fess than 6 fi ————=

Grounding electrode conductor.__

Monmetallic protective sleeve

)i ﬁ? TH#/;

s

at keast 20 ft long.

\

Listed connecticn _.\ \j—‘

-
FoN Tada

|:-.:' ." "-1-
;/,f //,7 /} /ﬁﬂ.-:f" ;’/"’"/ /’/

J.,-r

e T

;;f,.-f /ﬁ/r ww ;’/:V'.,aﬂ‘_

* ‘\-— Foundation in direct contact with earth
2-in Finimiuim
20 ftor more
(B) ARRL1500

Figure 3.6 —The ground electrode for residential ac service Is usually a pair of
8-foot ground rods, 6 feet or more apart, connected together with a heavy bonding
wire shown in part A. A concrete-encased electrode or Ufer ground is shown In

B. Clamps rated for burial should be used or a welded connection can be made
for either type of electrode. [Based on information in the National Electrical Code
published by the National Fire Protection Assoclation.]
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Figure 3.7 — Simple ac voltage tester (left) and
plug-in ac circuit tester (right) for checking wiring.
Always be sure a circuit is de-energized by using
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Figure 3.8 — If an ac outlet is installed in a grounded metal box, the outlet ground
terminal should be connected to the box. If the outlet ground tabs are not used
to make the contact (see text) use a short jumper to a grounding screw or clip.
[Based on information in the National Electrical Code published by the National
Fire Protection Association.]

27 %o —et et —.—tTe e—e f
177t fetZ - =8t e fo MEME
e— .8 feo fo f.. ——7%t-8B —Z%te fg—fe

c]



%o —’T

Cet— =t s b-™Mite B

7 —<Zt<o% ..ttte 10"t — fodllo

S(o <o

fZe' f %o "ff —cof —' . 5% 4:

St "t %o—Zf" ‘——Zt—e ‘e St . <f.

tf—f .. —ce

,\_.. _(‘. ™ 7 o o 3 1111:..@%0(_

~8% ,vifet” —7<tta Z' . f-t -SH =81

1”(_:t _.a

0‘_:1:”“0é_
-F.. -1
St...e —

_aaa f,

%o‘<°%o -

[ J )‘—” .—f—(‘. .T‘:I:O,H:‘i.’ f>‘-.—

tref— >'—g ™" _+ F¢TMe ™

,> TMé(...é fIIf 1”74

fo o377 Tfo2 comg2ef

T —— e—e— | teed _Sift

°i——”fZ ™S f o, ek %oc %

:
Z =St Efed” 7 EfedRic
7 e focted £ —S%r oS

“ 8t ecaet 0 ™Mt <o —8F L f, ZE

f.Zf &]

Table 3.1
NM Cable Jacket Colors and Current Capacities

Jacket color conventions are voluntanly followed by
the manufacturer

White 14 gauge 15 amps
Yellow 12 gauge 20 amps
Orange 10 gauge 30 amps
Black & or 8 gauge 55 or 40 amps
Gray UF {underground feeder) cable
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Figure 3.9 —Ifa
separate building

is wired with only a
single circuit (A), a
connection to the
ground electrode of
the main building's
service Is sufficient.
Most stations will
require additional
circuits, however. If
more than one circuit
is used (B), a separate
ground connection
is required and it
must be bonded to
the main building
ground electrode

as well. [Based on
information in the
National Electrical
Code published

by the National

Fire Protection
Association.]
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Figure 3.10 — If multiple
ground rods are used ARFL 1485

for different services,
they must all be bonded
together.
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Figure 3.11 — Simplified diagram of a 120 V ac ground fault circuit interrupter
(GFCI). Stray or leakage currents to ground unbalance the currents through the
toroid which creates a signal detected by the amplifier. A relay then opens the hot
conductor, de-energizing the circuit.
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Solid copper strap (A) is the recommended material for grounding and bonding connection at RF.
Flat-weave tinned braid (B) can be used if protected from water and corrosive gases or liquids.
[Photos courtesy DX Engineering]
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Figure 4.1 — Average number of thunderstorm days each year throughout the U.5. The most frequent
occurrence is in the southeastern states, with Florida having the highest total (80 to 100+ days per year).
[Map courtesy of NOAA]
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Figured.2 — Estimated number of lightning strikes per year based on the number
of thunderstorm days in your area from Figure 4.1 and the height of your antenna
or tower. [Based on Information from Living with Lightning, Seminar Notes #ECP-
826B Version F, GE Mobile Radio Technical Training, © GE 1985]
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Figure 4.4 — Plan view of tower and equipment building showing recommended
ground radials and perimeter ground. The ground ring in Figure 2.2 is an alternate
method of grounding the tower. See Figure 4.13 and the associated text for a
discussion of perimeter grounds for bulldings. [Drawing frem The “Grounds " for
Lightning and EMP Protection, Roger R. Block, PolyPhaser Corporation, Minden,
Mevada]
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Figure 4.5 —The ——
bonding jumper : —
between an antenna

system ground
electrode and a
building's ground
system must be

at least #6 AWG.
[Courtesy Mike
Holt Enterprises of
Leesburg, Inc.]
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Figure 4.6 — A pair of coaxial lightning
protectors manufactured by PolyPhaser
— the 15-50UX and 1S-B50LU.
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Figure 4.7 — Typical g{as discharge tube components (A), the GDT schematic s%mhnl sB}, and a close-up
photograph showing the electrode shape (C). [Photo provided by Ulfbastel via Wikipedia Commons]
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Figure 4.8 — Typical installation of a lightning protector for coaxial cable feed
lire. The protector is mounted on an SPGP or other grounded structure. See text
regarding the use of protectors that include a series capacitor.
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Figure 4.9 — An in-line ac power
prutectnr suitable for lightning
protection.
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Figure 4.10 —This
multi-line protector
can contain up to
five PCBs. Each
PCB is configured
for a specific type
of protection. [Ron
Block, NR2B, phota]
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Figure 4.11 — A multi-line protector for
the typical 8-conductor rotator control
cable. This shunt-type device is capable
of protecting up to eight circuit lines with
an operating voltage of up to 82V dc.
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Figure 4.12 — Pipe spark gap constructed by
Tnm Rauch, WaJl (A) and a wire-and-clamp

ap constructed by the author (B). [Photo
tur 41 courtesy Tom Rauch, WeJI]
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