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\$G CURITY CENTRES SECURITY SYSTEMS

A COMPREHENSIVE GUIDEARTHING AN ELECTRIC FENCE

INTRODUCTION

An electric fence comprises of three componettite energizer, the electric fendime itself, and the earthing

system. By linking these three components togetlaecircuit is formedilong which electrons can flow. The final link
in this circuit, theswitch' as it were hat closesthe circuit, is the animal or human touching the fence. Electrons can
now flow from the positive terminal of the energizer, along the felige, through tle animal/human touching the
fence, then on back through the grounat earth return wireto the earthstakes andbackon up to the negative
terminal of the energizer.

Simple logic dictatethat if any one of these compon#is faulty, or is inadequatéhe whole system will be faulty.
Examples of such faults ateo small an energizer for the length of fence line todvected bad joints rusty wire
poor quality insulators or a bad earthing system

There are two basic circuits for an electric fenmee is used in moist conditions attte otherin drier conditions.
Thelatter circuit is necessary because dry ground is a poor conductor of elegtsimitycannot be relied upon to
return all the electrondackto the energizerin the case of a secity fence, a liveearth-live configuration is used
becauseif an intruder is wearing rubber soled sho#sese wouldalsoeffectively insulate him from the ground and
preventhisreceivingthe full potentialof the shock generated by the energizer.

Thediagrans belowillustrate the circuits forMoist and Dry groundonditionsand for aSecurity fence.

BASIC ELECTRIC FENCE WIRING CIRCUITS

Fence Line &

‘ Fence Line @

Energizer Energizer

Earth System * I b Moist Ground Earth:System ‘ *# Dry Ground
-
— good conductor — poor conductor
Fig 1. Moist soilg All-live-wire configuration Fig2. Dry Soik, Liveearth configuration

The cow closethe circuit between the live wire and  The cow closes the circuit between the live wire and
the moist ground thereby enabling the electrons to  the earth return wire thereby enabling the electrons t
flow back to the energizer, via the cow and the moist flow back to the energizer, via the cow and earth retu
ground. wire.
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Live/Earth Wire Configuration for Security Fencing

On a monitored electric security fence ' The importance of good earthing
not only will the intruder receive a goot cannot be overemphasized,
shock when he/she makes contact witt especially on higtech, monitored
a live and earth return wire but also the security fences.

resultant dropin voltage will trigger
an alarm.
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Fig 3.Rubber soles will insulate the intruder from the ground

Because of the problems poor earthing can cause, the South African government has actually legislated minimum
requirements for an electric fence eérsystem. It must be stressed that these armimumspecifications, and
many modern, high powered energizers require more earthing than is stipulated by law.

SOME CLAUSESTHE LAW AS IT RELATES TO ENERBRERING IN SOUTH AFRICA
(For more detaitefer to SANS10222:2016 Page 40)

The basic requirements as laid downtlive SAregulationsare & follows:

1. Allearth electrodegalso commonly referred to asakes stakesandrods) shall be a minimum length of2m
with a minimum diameter of 20mm
Note: The longer the electrodeand the deeper they can be inserted into the ground, the better the @agth
will be,)

2. Earthelectrodes shall be manufacturémm galvanized steel, copper clad steel, copper or stainless steel
Note: While copper is a better conductor than galvanized ste@h electric fencingthe combining of two
unlike metals(especially in moist conditions and with a current flowing through thesill result in electrolysis
and the rapid corrosion of the joistat the electrodedf copperstakes(For convenience this term will be used in
this booklet.) are usedgcopper wiremust also be useffom the energizer and fence to the earttakes The
copper jointat the fence must be well sealed. Stainless steethestakeshave a high resistance and are
generally usenlywhere a sodium bentonite eartiake has been installedSee belowSodium Bentonite
EarthingSystem)

3. 3earth electrodes shall be installedartiose proximity to the electric fence energizer

4. The earth electrodeshallbe linked together andhallbe inserted at a minimum distance of the length of the
earth electrodefrom each other(Seediagram ofVertical EartiStakeSpacingpage4.)

5. The earth electrodes must be inserted vertically thtogroundg if rocky, a minimum angle of 45s permissible.

6. ...he connecting leaslused to connedb any earthelectrodes shall be of a similar or larger diameter than the
el ectric fence’s wire conductors..

7. All the earth wires nan electric fencshallbe connected together when connected to earth electrodes.

8. On domestic security fencethe fence must have additional eartitakesinserted at 30m intervals and on game
and agricultural fencesat 100m intervals. (These additional easthkesexcludethe 3 at the energizel.

9. A distance of at least 2m shall be maintained between the energizer earth electrodes and any other earthing
systenX (i.e. power utilites, telecommunicatios, etc.)

10. A maximum resistance of 300 Ohms shall be maintained, as measuree barth resistance test meteat the
electric fence earth electrodéSeeHow to Test the Earth Systgrage3.)

As already stated, these are th@nimumrequirements and in the case of largemore powerfulenergizers
additionalearth electrodes will be required tihthe spec, set out iri0. above isachieved.
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The positioning of the eartitakes should ideally ha a moist area such as under the eaves of d.rAtso consider
placing them where they are unlikely to caysessille injurysuch as undethe fence line Thelayout of thestakes
can bein a straight line, a triarig or even astar shape wilbe effective.

TheSodium Bentonite Earting System

In very dry areas a mixture of 4kg of sodium bentonite and@kgoarse salt is proving very effective.

This system, introduced by the Australian Telecommunicationsi®pnt, involvesauguringa hole into which is
placal a stainlesssteelelectrode (Salt is very corrosivehence the use of stainless steel inghituation) and then
around this electrodés poured a slurry mixture of the salt and bentonite. Sodium bentonite éag which binds
well to the electrode and the salt leaches out into the growréating a wider aa to attract electrons. Wetting this
earthing systenperiodicallyis also beneficial

HOWTOTESTTHEEARTH SYSTEM
Just & there are two types of wiring configuratiofts electric fencingso thereare alsawo ways of testing the
earth system dependingrowhich wiring configuration has been used.

1. Testing & all-live-wire fence configuration

With an altlive-wiring configuration onereliessolely on the moist ground to conduct the electrdnsm the

energizer, via the fence and animal touching itthe earth stakes and thenbackto the energizerio complete the

circuit. The problem ishat on awell-insulated clean, electric fence line there is no flow of currantd the fence

simply acts aacapacitorst or i ng t he eimpalsegitilzhe circust is ddsesl bytmeangiod animal or
human touching it Thus, it is impossible to test the effectiveness of the earthing system and it is therefore necessary
to actuallycreate a short on the fendine toenable a flow otlectrons

__T;
Fig 4.Step land 2 / Ifig 5. Step2 and 3
Steps:

1. Create a dead short on the fenlire, near the energizetby leaningsomemetal standards up against thence.
This willenableelectrons to flow down the fence line. The better the short, the better the test will be.

2. Then insert a metatake(even a screw drivaran be usejlinto the groundan earth sakelengthawayfrom the
last earth stake in your earthing system

3. With the digital voltmeter, take a reading between the last garstakein the system and thetakeyou have just
inserted. For a really good earthis realing should be below 300 volts.

4. Ifthe voltage readings higher than 309, then add another earth stake to the grid and thepeat the
procedure untila voltage reading of less than 300 volts is achieved.

Modern, lowimpedance, higlpowered energizeswill require considerably more tha®earth sakesat the

energizer to earttthem properly. The reason for thistisat these energizersenerate so much power that the
recommendeds earth stakesare insufficient to gatheror trap, allthe electrons flowing bacthrough the moist soil

tothe energizerfiese el ectrons ar e, as it wer e, ‘wasted’ |, ar
greater this ‘wastage’ of power and the | ess effect
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2) Testing dive-earth-live configuration

Steps:

In the case of a livearth configurationproceed to the end of the fence line.

Insert an earth akeinto the ground(If possiblen moist ground)

Take a reading between the live wire and the earth varethe fence

Nexttake a reading between the live wire and the earthke just inserted.

If this reading is more than 3¥@here isa problem withthe earthing system.

There could be a broken wigg poor connections othe earth return wireor there maybe aneedfor additional

ogahrwnE

earth gake alongthe fenceline.

WHAT PROBLEMS CARNOREARTHING CAUSE

1. Firsty, theanimals/intruders one igtendingto control will not receive the full shock generated by the
energizemwhich carresult in ther losing respect for the fence.

2. Poor earthingcanalsocause interference with radjdl' Vand telecommunication systems.

3. lItcan lead to inductioninduction ighe phenomenon associated with high voltage wires whereby a small
current is transmittedthrough the airto adjacent neutral wiresr metals.
Induced voltage can sometimes tetected on:

u

i
i
i
i

Metal gates

Milking parlor railings

Showers

The wires between the strain insulators and the strainer pole
The conventional fence carrying offset or leaut wires.

WHY SHOULD EARTFABREBE SPACEIHE LENGTH OF THE EARTAKRAPART?

Ideally, ground potential should be zero. However, when an appliance is connected to earth at more than one point
a situation can arise whereby each point is not exactly zero volts. Any difference in potential (volts) between them i
termed aground loop

Therequirement for the mandatory 3 X2m earth electrodes at the energizer to bea ground resistance of less
than 3000hms, and to be spaced at leastn (or the length of the earthtakesused) apart from each other, will go
a long way in eliminating gund loops near an electric fence.

Space earth stakes Spacing
no closer than their length too close

“w/ Earth shells overlapping &
“’gt — this area is lost resulting!
tﬁ “ in a higher resistance. §
@% Correct spacing would ,‘
% have given a better result. !

Sy S ~7 d

o - P

| Fig 6. Vertical eértfstakesspacing
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WHYTHENEEODFOREARTH FAKEON A LIVEEARTHWIRE CONFIGUREDECTREENCE
Theoreticallyif one bridges the live and earth return wirelse circuit will be closedhe animal or humamill
receive ashock,and there is no need for eartftakes.This is true, but there are other considerations.

Firstly, if an animal or human touchesly alive wire no shock will be felt as the circuit is not closesthere is no
earth to ground More importanty, there san electric field around thigh voltagdive wiresof an electric fence
and, if the fence is noearthed toground this field can caussome of theproblems listed abovenamely TV, Radio
and telecommunication interference.

There isalsothe challengingoroblem of lightning strikes to be considered

EARTHING AN ELECTRIC FENCE TO PROEECIERGIZEROM LIGHTNINGAMAGE

We are dealing here with one of the most powerfokcesin nature—lightning,and ightning isdefinitely electric
fend n gumber one enemy. Just think about An electric fence comprises of numerous conductors (the wires)
linked to earth takesdriven into the groundand itmaybe, and usuallys, many kilometersong What, in effect,
has been created is\vaery good lightning conductor.

Alightning bot canstrike theelectricfencemanykilometersdown the fence line eithedirectly (adirect strike) or
indirectlyin that it may strike a tree or eventhe ground in close proximity tahe electricfence Acloseindirect
strike will resultin induced voltage on the fence line

Thishighinducedvoltage and resultant amperagevill take the path of least resistance to groynehich, in this
casewill be dong the fence wireandthrough the energizerThis willeffectively destroyor at the very least,
severely damagithe energizer.

=

Lightning

a
ra

Fig7. A direct lightning strike

60% of damage 2% of damage

from Eskom surges from direct strikes
Lightning

Energizer

38% of damage
from induced strikes

Fig8. Sources of damage to an energizer from lightning strikes
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Fig7. andFig8. illustratethe situations where no precautioragainst lightning strikelsave been taken. The lightning
striking the fence either directlgt (A) or indirectly (inducedat (B) will send a massive surge of energy down the
fence | i ne t othstdkesandenreuteguceessiully destmyang the energizer

This is not the only problemat lightning posesLightning can also strike P o w e r Eskbtr) substatiop, orsan (
overhead power lingresulting in a massive surge of current passing down the power slippinto the energizer
(C) In fact, someé0% of the lightning damage to energizersichtechnicians have to repaiiif the energizercan be
repaired at all is from the mains powesupply side (See abovg

So how can one pr oawilatyegdpment againeta kghtgnig gtrike? Thee mrdwegiste
frankly,with great difficulty. Aslreadymentioned oneis dealingherewith a very powerfuforce of nature and he
bestonecan do ido try to divert theenergy generatetio ground before it reach&the energizerandthen alsoto
protect the energizer from the mains supply side by using voltage regulators.

Combi Strain Insulator

Energizer il >
Mains Power Supply .I ]——J
(Plug)
. Swivel o el
Cut-out Sv.wtch 600mm .
s = o \ Atlas Tentioner
g = _
P Jumbo Strain
Unge‘rﬁate Spring Choke Insulator
able
P o Lightning
K Diverter N
Whhlaeadudy

Earth Stakes Earth Stakes

Fig9. Lightning diverter installation

Fig 9. llustrates howone endeavorgo attract the lightning to an alternativearth system andlivert it away from

t he ener gi zer 'Thisissdandy neans gnsestipga tightmng diverter Firstly, the direct line ém

the energizer to the fenckne is broken at point A by means of an insulator. A secondary system of earth electrodes
is then inserted at point B. The resistance on the fence line is increased at point C by the insertion of a coil.

This coi l a c taslighaning likes to traved ik sraightdiméslvill take the path of least resistance
through D the lightning diverter, to the secondary earth system. The energizer itself does not have the energy to
jump the spark gap within the diverteso the effciency of the fence is nat allcompromised. There are a number
of different lightning diverters to choose from as illustrated below
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LIVE FEED LIVE FEED LIVE FEED LIVE FEED
from from from from
N AN N N\ AN N N N,
P 7 A 7 7 e 7 o 7l
ENERGIZER FENCE ENERGIZER FENCE
LIVE RETURN LIVE RETURN LIVE RETURN LIVE RETURN
from from from from
2 £ Z i Z
< < —< < < < < <
ENERGIZER FENCE ENERGIZER FENCE
EARTH EARTH
Simple lightning diverter as used above Single lightning diverter as used above
Operations
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To Fence

Wide track for lightning strike

to travel down

Large surface area to concentrate
and encourage lightning to arc over
and go straight to ground rather

than change direction

Adjustable Spark Gap

(Robust Simple Design)

effect

To Energizer

Thinner track with zigzags
to create resistance and choke

V-shaped circuit board
to encourage lightning

to arc over and
to ground then
150° and travel

go straight
change direction by
the higher

resistance route to the energizer

JVA Single Lightning Diverter with spark gap adjustment

Dual Lightning Diverter

Fig10. Lightning diverters

LIVE FEED LIVE FEED
from Energizer to Fence
~=g=r e
LIVE RETURN LIVE RETURN
to Energizer from Fence
EARTH




CLEARLINHGHTNING PROTECTION SYSTEMS
Clearlineprotection kit protecting both ClearlineKit
the output and return circuits on 220 Volts

asecurity electric fence. Mains Energizer e
~ Clearline L.D.V
¥36BLACK EDITION —

-

UOLTABE e ™
CTION UNIT

Non Monitored Agric Fence

220V Under/Over Voltage
Protection Plug

In the event of an over or under
mains power supply to the
energizer, this product completely

n protects the energizer by
N, temporarily disconnecting the
= = energizer form the mains supply.

v 1.2mf1.2m

Fig 10. Clearlindightning protection systems

From allof the above one caappreciate themportance of effectiveearthingon an electric fence systerbe it for
animal control or securitfencing

SOMEDBOQ¢{ hC 9[ 9/ ¢wL/ C9b/ 9 9!'wcecl LbD

0 Don't connect more than ¢tkese energizer to the same
0 Don't wuse unli ke metals when connectéakesng t he earth
0 Don't connect the energi zer ecatonsbarthingsystamy power ut |
0O Don't allow any part of the earth system to touch
0O Don't connect your earthing system to water mains
0 Don't install the earth stakes where they can be
U Don’ t us e dessaharels2mtolgat ar e

0 Don’'t posi t takestoo glosaito eadh athefThe length of the earthtakesapart.)

U Do not stint on the number of earthtakesinstalled. (Test the earth system.)

For further information orvariousaspects of electric fencing consult our webpagew.jvafence.co.za
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