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Earthing system

From Wikipedia, the free encvclopedia

In an electrical installation or an electricity supply system an earthing system or grounding system connects specific
parts of that installation with the Earth's conductive surface for safety and functional purposes. The point of reference 1s
the Earth's conductive surface, or on ships, the surface of the sea. The choice of earthing system can affect the safety
and electromagnetic compatibility of the installation. Regulations for earthing systems vary considerably among
countries and among different parts of electrical systems, though many follow the recommendations of the International
Electrotechnical Commission which are described below.

This article only concemns grounding for electrical power. Examples of other earthing systems are listed below with
links to articles:

m To protect a structure from lightning strike, directing the lightning through the earthing system and into the
ground rod rather than passing through the structure.

m As part of a single=wire earth return power and signal lines, such as were used for low wattage power delivery and
for telegraph lines.

® |n radio, as a ground plane for large monopole antenna.

® As ancillary voltage balance for other kinds of radio antennas, such as dipoles.

m As the feed-point of a ground dipole antenna for VLF and ELF radio.

Contents

m | Objectives of electrical earthing
m .1 Protective earthing
= |.2 Functional earthing
® 2 Low=voltage systems
m 21 [EC terminology
m 2.1.1 Types of TN networks
s 2.1.2 TT network
s 2.1.3 IT network
2.2 Comparison
2.3 Other terminologies
2.4 Resistance-carthed neutral {India}["]
2.5 Earth leakage protection
2.6 Earth connectivity check
2.7 Properties
s 271 Cost
s 2.7.2 Safety
s 2.7.3 Electromagnetic compatibility
s 2% Regulations
= 29 Application examples
= 3 High-voltage systems
= 3.1 Solid-carthed neutral
= 3.2 Resistance-carthed neutral
s 3121 Low-resistance ecarthing
s 3.2.2 High-resistance earthing
® 3.3 Unearthed neutral
4 Seealso
m 5 References

Objectives of electrical earthing

Protective earthing
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In the UK "Earthing" is the connection of the exposed-conductive parts of the installation by means of protective
conductors to the "main earthing terminal”, which is connected to an electrode in contact with the earth’s surface.[] A

pratective conductar (PE)!! (known as an egquipment grounding conductor in the US National Electrical Code) avoids
electric shock hazard by keeping the exposed-conductive surface of connected devices close to earth potential in fault
conditions. In the event of a fault, a current i1s allowed to flow to earth by the earthing system. If this 15 excessive the
overcurrent protection of a fuse or circuit breaker will operate, thereby protecting the circuit and removing any fault-
induced voltages from the exposed-conductive surfaces. This disconnection is a fundamental tenet of modern wiring
practice and 1s referred to as the "Automatic Disconnection of Supply” (ADS). Maximum allowable earth fault loop
impedance values and the charactenstics of overcurrent protection devices are strictly specified in electncal safety
regulations to ensure this happens promptly and that whilst overcurrent 1s flowing hazardous voltages do not occur on

the conductive surfaces.?! Protection is therefore by limiting the elevation of voltage and its duration.

The alternative 1s defense in depth — such as reinforced or double insulation — where multiple independent failures must
occur to expose a dangerous condition.

Functional earthing

A functional earth connection serves a purpose other than electrical safety.and may carry current as part of normal

Dpcraticm.[] I The most important example of a functional earth is the neutral in an electrical supply system when it is a
current-carrying conductor connected to the earth electrode at the source of electrical power. Other examples of devices
that use functional earth connections include surge suppressors and electromagnetic interference filters.

Low-voltage systems

In low=-voltage distribution networks, which distribute the electric power to the widest class of end users, the main
concern for design of earthing systems 1s safety of consumers who use the electric appliances and their protection
against electnie shocks. The earthing system, in combination with protective devices such as fuses and residual current
devices, must ultimately ensure that a person must not come into touch with a metallic object whose potential relative to
the person’s potential exceeds a "safe” threshold, typically set at about 50 V.

On electricity networks with a system voltage of 240 V to 1.1 kV, which are mostly used in industrial / mining
equipment / machines rather than publicly accessible networks, the earthing system design is as equally important from
safety point of view as for domestic users.

In most developed countries, 220V, 230 V, or 240 V sockets with earthed contacts were introduced either just before or
soon after World War I1, though with considerable national varnation in popularity. In the United States and Canada,
120 V power outlets installed before the mid-1960s generally did not include a ground (earth) pin. In the developing
world, local wiring practice may not provide a connection to an earthing pin of an outlet.

In the absence of a supply earth, devices needing an earth connection often used the supply neutral. Some used
dedicated ground rods. Many 110V apphances have polarized plugs to maintain a distinction between "line” and
"neutral”, but using the supply neutral for equipment earthing can be highly problematical. "line” and "neutral” might be
accidentally reversed in the outlet or plug, or the neutral-to-ecarth connection might fail or be improperly installed. Even
normal load currents in the neutral might generate hazardous voltage drops. For these reasons, most countries have now
mandated dedicated protective earth connections that are now almost universal.

If the fault path between accidentally energized objects and the supply connection has low impedance, the fault current
will be so large that the circuit overcurrent protection device (fuse or circuit breaker) will open to clear the ground fault.
Where the earthing system does not provide a low-impedance metallic conductor between equipment enclosures and
supply return (such as in a TT separately earthed system), fault currents are smaller, and will not necessarily operate the
overcurrent protection device. In such case a residual cwrrent detector 15 installed to detect the current leaking to ground
and interrupt the circuit.

IEC terminology

Intermational standard IEC 60364 distinguishes three families of earthing arrangements, using the two-letter codes TN,
TT, and IT.
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The first letter indicates the connection between earth and the power-supply equipment (generator or transformer):

"T" — Direct connection of a point with earth (Latin: terra)
"I" — No point 1s connected with earth (isolation), except perhaps via a high impedance.

The second letter indicates the connection between earth or network and the electnical device being supplied:

"T" — Earth connection is by a local direct connection to earth (Latin: terra), usually via a ground rod.
"N" — Earth connection 1s supplied by the electricity supply Network, either as a separate protective earth (PE)
conductor or combined with the neutral conductor.

Types of TN networks

In a TN earthing system, one of the points in the generator or transformer is connected with earth, usually the star point
in a three-phase system. The body of the electrical device i1s connected with earth via this earth connection at the
transformer. This arrangement is a current standard for residential and industnal electric systems particularly in

Eurcrp{:.[jl

The conductor that connects the exposed metallic parts of the consumer's electrical installation is called protective earth
(PE; see also: Ground). The conductor that connects to the star point in a three-phase system, or that carnies the retum
current in a single-phase system, 15 called newtral (N). Three variants of TN systems are distinguished:

TN-8
PE and N are separate conductors that are connected together only near the power source.

TN-C
A combined PEN conductor fulfils the functions of both a PE and an N conductor. (on 230/400v systems
normally only used for distribution networks)

TN-C-8
Part of the system uses a combined PEN conductor, which 1s at some point split up into separate PE and N lines.
The combined PEN conductor typically oceurs between the substation and the entry point into the building, and
carth and neutral are separated in the service head. In the UK, this system 1s also known as protective multiple
earthing (PME), because of the practice of connecting the combined neutral-and-earth conductor to real earth at
many locations, to reduce the risk of electric shock in the event of a broken PEN conductor. Similar systems in
Australia and New Zealand are designated as multiple earthed newtral (MEN) and, in North America, as multi-

grounded neutral (MGN).

Generator or Generator or Generator or

tram=former tram=former tran=former
S L1 e L1 e L1
- + L2 - + L2 -—— + L2
YT L3 LYY L3 LYY L3
- VI M - VI FEM - I VI S M
, PE PE

Earth | Consumer | Earth | Consumer | Earth | Consumer |

TN-58: separate protective earth (PE) | TN-C: combined PE and N conductor | TN-C-5 earthing system: combined

and neutral (N} conductors from all the way from the transformer to the | PEN conductor from transformer to
transformer to consuming device, consuming device. building distribution point, but

which are not connected together at separate PE and N conductors in fixed
any point after the building indoor wiring and flexible power
distribution point. cords.

It is possible to have both TN-5 and THN-C-S supplies taken from the same transformer. For example, the sheaths on
some underground cables corrode and stop providing good earth connections, and so homes where high resistance "bad
earths" are found may be converted to TN-C-5. This 1s only possible on a network when the neutral 15 suitably robust
against failure, and conversion is not always possible. The PEN must be suitable reinforced against failure, as an open
circuit PEN can impress full phase voltage on any exposed metal connected to the system earth downstream of the
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break. The alternative 15 to provide a local earth and convert to TT. The main attraction of a TN network 1s the low
impedance earth path allows easy automatic disconnection (ADS) on a high eurrent circuit in the case of a line-to-PE
short circuit as the same breaker or fuse will operate for either L-N or L-PE faults, and an RCD is not needed to detect
earth faults.

TT network

In a TT (Terra-Terra) earthing system, the protective earth connection for the consumer is provided by a local earth
electrode, (sometimes referred to as the Terra-Firma connection) and there 1s another independently installed at the
generator. There 1s no 'earth wire' between the two. The fault loop impedance 1s higher, and unless the electrode
impedance 15 very low indeed, a TT installation should always have an RCD (GFCI) as its first 1solator.

The big advantage of the TT earthing system is the reduced conducted interference from other users' connected
equipment. TT has always been preferable for special applications like telecommunication sites that benefit from the
interference-free earthing. Also, TT networks do not pose any serious risks in the case of a broken neutral. In addition,
in locations where power is distnbuted overhead, earth conductors are not at risk of becoming live should any overhead
distribution conductor be fractured by, say, a fallen tree or branch.

In pre-RCD era, the TT earthing system was unattractive for general use because of the difficulty of arranging reliable
automatic disconnection { ADS) in the case of a line-to-PE short circuit (in comparison with TN systems, where the
same breaker or fuse will operate for either L-N or L-PE faults). But as residual current devices mitigate this
disadvantage, the TT earthing system has become much more attractive providing that all AC power circuits are RCD-
protected. In some countries (such as the UK) 1s recommended for situations where an low impedance equipotential
zome 15 impractical to mamntain by bonding, where there 15 significant outdoor wiring, such as supplies to mobile homes
and some agricultural settings, or where a high fault current could pose other dangers, such as at fuel depots or mannas.

The TT earthing system i1s used throughout Japan, with RCD units in most industrial settings. This can impose added
requirements on varable frequency drives and switched-mode power supplies which often have substantial filters
passing high frequency noise to the ground conductor.

Generator or

transformer
L 7Y W L2
LYY L3
M
Earth | Consumer : Earth
IT network

In an IT network, the electrical distribution system has no connection to earth at all, or it has only a high impedance
connection.

Comparison
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TT IT TN-S TN-C TN-C-§

Earth fault loop . .
impedance High Highest Low Low Low
RCD preferred? Yes MN/A Optional No Optional
Moed carth electrode at | yes Yes No No Optional
PE conductor cost Low Low Highest Least High
Risk of broken neutral |No No High Highest High
Safety Safe Less Safe Safest Least Safe |Safe
Electromagnetic Least Least Low High Low
interference
Safety risk High loop impedance (step | Double fault, Broken Broken Broken

Alety Kty voltages) avervoltage neutral neutral neutral
Advantages Safe and reliable Ccmur{mt}r of Safest Cost Safety and

operation, cost cost

Other terminologies

While the national wiring regulations for buildings of many countries follow the IEC 60364 terminology, in North
America (United States and Canada), the term "equipment grounding conductor” refers to equipment grounds and
ground wires on branch circuits, and "grounding electrode conductor” is used for conductors bonding an earth ground
rivd {or similar) to a service panel. "Grounded conductor” 1s the system "neutral”. Australian and New Zealand standards
use a modified PME earthing system called Multiple Earthed Neutral (MEN). The neutral is grounded|earthed) at each
consumer service point thereby effectively bringing the neutral potential difference to zero along the whole length of LV
lines. In the UK and some Commonwealth countries, the term "PNE", meaning Phase-MNeutral-Earth is used to indicate
that three (or more for non-single-phase connections) conductors are used, i.c., PN=5.

Resistance-earthed neutral {In{lia}[“]

Similar to HT system, resistance earth system 15 also introduced for mining in India as per Central Electricity Authority
Regulations for LT system (1100 V = LT = 230 V). In place of solid earthing of star neutral point a suitable neutral
grounding resistance (MGR) is added in between, restricting the earth leakage current up to 750 mA. Due to the fault
current restriction it is more safe for gassy mines.

As earth leakage is restricted, leakage protection has highest limit for input of 750 mA only. In solid earthed system
leakage current can go up to short cireuit current, here it 1s restricted to maximum 750 mA. This restricted operating
current reduce overall operating efficiency of leakage relay protection. Importance of efficient and most reliable
protection has increased for safety, against electric shock in mines.

In this system there are possibilities that the resistance connected get open. To avoid this additional protection to
monitor the resistance 1s deploved, which disconnect power in case of the fault°)
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Transformer Un-Ground Connection
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51 2 Umanaaesnednseie
miN‘ﬁ 1.1 41Uy Un-ground
Vin 0 50 100 150 200 250 volts
Vour 0 50.9 101.4 151.2 200.1 249.8 volts
A 0 262.5 521.7 771 1021.5 1249.5 volts
v, 0 219.75 451.5 664.5 882 1102.5 volts
minﬁ 1.2 11U Solid ground
Vin 0 50 100 150 200 250 volts
Vour 0 51.1 100.8 151.0 200.0 247.5 volts
A 0 0 0 0 0 0 volts
v, 0 51.2 101.0 151.2 200.7 247.6 volts
19 N‘ﬁ 1.3 11U Neutral Grounding Resistance (NGR)
Vin 0 50 100 150 200 250 volts
Vour 0 50.9 101.4 151.0 201.2 2475 | volts
A 0 0 0 0 0 0 volts
v, 0 50.6 101.6 150.0 200.0 247.3 volts
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51 3 Umanaaesnednseie
minﬁ 2.1 111U Un-ground
Vi 0 50 100 150 200 250 | volts
Vour 0 26.9 53.1 79.2 105.6 1322 | volts
A 0 2656 4816 7760 10016 12064 volts
v, 0 2432 4800 7136 9312 11280 volts
miNﬁ 2.2 11U Solid ground
Vi 0 50 100 150 200 250 | volts
Vour 0 27.0 53.5 80.0 106.6 1329 | volts
v, 0 0 0 0 0 0| volts
v, 0 27.0 53.5 80.1 106.5 133.0 volts
minﬁ 2.3 111 Neutral Grounding Resistance (NGR)
Vin 0 50 100 150 200 250 volts
Vour 0 26.9 53.3 80.3 106.9 132 | volts
A 0 0 0 0 0 0 volts
v, 0 27.0 533 80.3 106.8 132 volts
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A15199 3.1 LUV Un-ground

Vin 0 25 50 75 100 volts
Vour 0 25.5 50.6 75 100.3 volts
A 0 118.4 224 356.8 472 volts
v, 0 48 96 142.4 190.4 volts
m:mﬁ 3.2 11U Solid ground
Vin 0 25 50 75 100 volts
Vour 0 25.7 50.6 75.5 100.4 volts
A 0 0 0 0 0 volts
v, 0 25.7 50.6 75.5 100.4 volts
miNﬁ 3.3 11UV Neutral Grounding Resistance (NGR)
Vin 0 25 50 75 100 volts
Vour 0 25.7 50.5 75.3 100.1 volts
A 0 0 0 0 0 volts
v, 0 25.7 50.5 75.2 100 volts
agiwamsnaaes
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M3 12
WUANTELA (Wanwils)
ABNNsLAUANE (e 1)
AUNAFNE & e
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n ! A 3 q 2

1 - g . - 11 10

BT 2 . - . 14 13

2.5 - - « : 18 17

4 : - ; . 24 23

6 ] - . : 31 29

10 - - - - 43 41

16 - - B ‘-— - ERE 56 53

25 - - - . 77 73

35 - - - - 95 90
50 169 110' 143 101 119 113
70 217 141 183 130 148 140
95 271 176 230 163 187 178
120 316 205 267 190 214 203
150 364 237 308 218 251 238
185 424 276 360 254 287 273
240 509 331 432 305 344 327
300 592 T 444 504 414 400 393

400 696 522 593 487 - -

500 818 : 613 699 572 = -
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14. Evaluation of ground resistance

14.1 Usual requirements

A good grounding system provides a low resistance to remote earth in order to minimize the GPR. For most
transmission and other large substations, the ground resistance is usually about 1 €2 or less. In smaller distri-
bution substations, the usually acceptable range is from 1 € to 5 Q, depending on the local conditions.



