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Info.

• Instructor: Eng. Mohamed A/Hamied

• We want you to enjoy this training course so please ask 

plenty of questions!

• There will be regular breaks and refreshments

• Relevant technical information is provided to support the 

training and may be used during the final assessment.

• Please turn off mobile phones or set to ‘Silent!’
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Power Station

Main Intake/Large

Sub-Station

Sub-Station Sub-Station

Sub-station Transformer

Residential
Commercial: 

Towns, Offices

Sub-station

Industrial: 

Factory, Industries

Generation

Transmission

Distribution

Loads

Grid System (500kV, 320kV, 220KV,  

132kV, 66kV, 33 KV ,13.100 KV)

Step-up transformer (↑ voltage,↓current)

3 phase - 380 V / 480 V , single phase - 220 V / 110V /277 V

Reduce the voltage 
33kV,11kV ,4.160 KV

Power System Components



is the final stage in the delivery of 

electricity to end users. A distribution 

system's network carries electricity 

from the transmission system (Power 

cables )and delivers it to consumers. 

Typically, the network would include 

low voltage , medium-voltage and 

high voltage power lines, substations 

and pole-mounted transformers, 

low-voltage (less than 1 kV) 

distribution wiring and sometimes 

meters. 

The Supply Source 



Power System Component 

1. Power  Generation Source (Electrical Generator )

2. Step up transformer (in case of transfer power over along 

distance )

3. Overhead transmutation line or underground cables

4. Step down transformer (in case of transfer power over 

along distance)

5. Loads (important load as motor )

6. Circuit breaker  , Earthing ( protection )

7. UPS and battery ( Accessory ) 



Loads

Distribution

Transmission

Generation



(From IEEE Standard 141-1993)

Standard Nominal System Voltages and Voltage Ranges 

From IEC 60038 



Standard Nominal System Voltages and Voltage Ranges 

Medium / High Voltage Earthing relation 



Electrical Hazard



Hazards of Electricity 

Shock Most common and can cause electrocution or muscle 

contraction leading to secondary injury which includes falls

Fires Enough heat or sparks can ignite combustible materials

Explosions Electrical spark can ignite vapors in the air

Arc Flash can cause burns ranging from 14,000 degrees F. to 35,000 

degrees F

Arc Blast In a short circuit event copper can expand 67,000 times. The 

expansion causes a pressure wave. Air also expands adding to the 

pressure wave
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How Electricity Works

Current Moves from High Voltage To Low Voltage

Flow of Current

The same thing occurs in an Electrical Wire

Water Moves from 

High Pressure

To Low Pressure

Example: A Garden Hose



• Electricity travels in closed circuits, normally through a conductor

• Shock results when the body becomes part of the electrical circuit

• Current enters the body at one point and leaves at another

Note: Ground circuits provide a path for stray current 

to pass directly to the ground, and greatly reduce the 

amount of current passing through the body of a 

person in contact with a tool or machine that has an 

electrical short.  Properly installed, the grounding 

conductor provides protection from electric shock.

Electrical Shocks



BODILY  EFFECT DIRECT CURRENT 50 Hz AC

Slight sensation felt at hand(s)
Men =  1.0 mA Men =  0.4 mA

Women =  0.6 mA Women =  0.3 mA

Threshold of perception
Men =  5.2 mA Men =  1.1 mA

Women =  3.5 mA Women =  0.7 mA

Painful, but muscle control 

maintained

Men =  62 mA Men =  9 mA

Women =  41 mA Women =  6 mA

Painful, unable to let go of wires (un-

control of  muscle )

Men =  76 mA Men =  16 mA

Women =  51 mA Women =  10.5 mA

Severe pain, difficulty breathing
Men =  90 mA Men =  23 mA

Women =  60 mA Women =  15 mA

Possible heart fibrillation after 3 

seconds

Men =  500 mA Men =  100 mA

Women =  500 mA Women =  100 mA

IEC 60479-1: Effects of current on human beings and livestock.
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Cardiac 
arrest

Irreversible Cardiac 
Fibrillation

Breathing arrest

Muscular 
contraction

Tingling

The Average Values 



Electrical Burns

Falls







Electrical Shock

 Received when current passes 
through the body

 Severity of a shock depends on:

 Path of current through the 
body

 Amount of current flowing 
through the body

 Length of time the body is in 
the circuit

Describe identified hazards



(A) Touch Potential (B) Step Potential (C and D) Touch / Step Potential

Current passing through the heart and lungs is the most serious

Source

Source

Source Source
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Touch, Step, Transferred Voltages



Touch Voltage

Permissible Touch Voltage

Voltage at any point of contact

with uninsulated metal work Within

2.5 mtrs from ground surface and

Any point on ground surface

within horizontal distance of 1.25

mtrs from vertical projection of

point of contact with uninsulated

metal work
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Step Voltage

Difference in surface potential

experienced by a person bridging a

distance of 1 mtr with his feet apart,

without contacting any other earthed

object

Shall not exceed twice the value of

Touch voltage



Controlling Electrical Hazards

Employers must follow the OSHA Electrical Standards and 

increased there skills with a lot of training 

Electrical installation

Subpart K includes four proactive methods:

 Electrical Isolation

 Equipment Grounding

 Circuit Interruption

 Safe Work Practices



GROUNDING !!!!



Types of Grounding Systems According to 

IEC standard 

Practically Grounding system  



The international standards IEC60364, part 4, and Reference 10.

The five methods are abbreviated:-

1. IT  Unearthed or High impedance earthed neutral 

2. TT Grounding / Earthed neutral

3. TNC Combined Neutral earthing / grounding 

4. TNS Separate Neutral earthing /grounding 

5. TNCS Separate & combined  Neutral earthing / grounding 

T = Earth (from the French word Terre)

N = Neutral
S = Neutral and Ground are Separated 

C = Neutral and Ground are Common 

I = Neutral is Isolated 

Types of Earthing/ Grounding Systems According to IEC standard 





1- IT isolated Earthing/ Grounding or ( Unearthed )  or (High 
impedance earthed neutral)

In an IT earthing arrangement, there is either no earthing at the supply, 

or it is done via a high impedance connection. This type of earthing is 

not used for distribution networks but is frequently used in substations 

and for independent generator-supplied systems

Why value of 
impedance is very 

high ?



The exposed conductive parts of loads are interconnected, either 

altogether, or in groups.

Each interconnected group is connected to an earth electrode.

It is possible for one or several exposed conductive parts to be separately 

earthed.

WHY IT ?

Installing an overvoltage limiter between the neutral point of the MV/LV 

transformer and earth is compulsory.

If the neutral is not accessible, the overvoltage limiter is installed between 

one phase and earth. It protects the low voltage network against rises in 

voltage due to flashover between the transformer medium voltage and low 

voltage windings.



unearthed or high impedance earthed 

neutral (IT earthing system) in low 

voltage

high impedance  

represented in  
High voltage 

limiter 

IT Application  Power transformer 







Equivalent system for a network with unearthed or impedance-
earthed neutral



Permanent insulation monitors, history and principles
For AC network 

For a DC network
(supplied by batteries or by DC generator).
The technique of the voltmeter balance was the first to be used, and
indeed is still used today.



The Source neutral point is directly earthed (first letter T ).

The exposed conductive parts of the loads are interconnected, either 

altogether, or in groups, or individually, and are earthed (second 

letter T ). 

2- Grounding / Earthing neutral (TT Grounding / Earthing system)



WHY TT?

If Protection system is ensured by residual current devices. All the 

exposed conductive parts protected by the same protective device 

must be connected to the same earth electrode.



The Source neutral point is directly earthed (first letter T ).

The exposed conductive parts of the loads are connected to the 

neutral conductor (second letter N ).

The neutral and protective conductors form a single conductor called 

the PEN . This system is identified by a ( third letter C )and is called 

the TNC system

3- Combined Neutral Grounding / Earthing (TNC Grounding / 
Earthing system)



Motor junction box connected Combined Neutral earthing (TNC  
Grounding/ earthing system) Motor Delta Connection 



• It is advisable to regularly connect the Protective earthing conductor 

Netural PEN to earth

• This system must not to be used for cross-sectional areas below 10 

mm² for copper or 16 mm² for aluminium, as well as for mobile 

wiring systems. 



avoid common-impedance coupling when dealing with disturbance 
of MV origin.

The best way of creating two earth connections (see c ). More usually 
an electrical conductor across which an abnormal (fault) current 
flows generates a potential difference between its ends which may 
cause disturbance, and this is common-impedance coupling.



TNC Application 





The Source neutral point is directly earthed (first letter T ).

The exposed conductive parts of the loads are connected to the neutral 

conductor (second letter N ).

The neutral conductor and protective conductor are separate. The 

system is then identified by a the ( third letter S ) and is referred to as 

the TNS system

4- Separate Neutral Grounding/ Earthing (TNS  Grounding / 
earthing system)



This Grounding / earthing system is for cross-sectional areas below 

10 mm² for copper10 mm2  or 16 mm² for aluminium, as well as for 

mobile wiring systems . 



TNS Application 



Neutral earthing requires the creation of an equipotential 

bonding system to avoid the rise in potential of the exposed 

and up normal conductive parts during phase-earth faults. 

It is consequently necessary to connect the PEN conductor 

to numerous earth electrodes spread out over the 

installation.

5- Separate & combined  Neutral Earthing (TNC S Grounding 
Earthing system)

Why 
increas
ing in 
volt ?

both TNC and TNS earthing systems can be used in the same 

installation. We then refer to a TN - C - S earthing system. But the TNC 

earthing system (4 wires) must never be downstream of the TNS 

earthing system (5 wires) .





4 ea wire 

system

5 ea wire 

system



There are different types of neutral point connection to earth 

are We can make a distinction between:

1. The solidly (or directly) grounding / earthing neutral

2. The unearthed neutral, or high impedance-earthed neutral

3. Resistance grounding / earthing

4. Reactance grounding / earthing

Types of Grounding/ Earthing Systems According to Type 
of Connection 



An electrical connection is intentionally 

made between the neutral point and 

earth. The single-phase earth fault 

current in a solidly earthed system may 

exceed the three phase fault current. The 

magnitude of the current depends on the 

fault location and the fault resistance.

1- Solidly grounding / earthed neutral

The main advantage of solidly earthed systems

is low over voltages, which makes the earthing design 

common at high voltage levels (HV).



Solidly grounding/ earthed neutral Application 

Neutral  

Solidly 
Earthed 







There is no electrical connection 

between the neutral point and earth, 

except for measuring

and protective devices.

2- Unearthed neutral or (high impedance-grounding / earthed 

neutral ) or (Isolated neutral systems )

High impedance earthing

A high impedance is inserted between the neutral point and earth. 

such as surge arresters or voltage transformers. 

In a power system there are however always capacitive connections 

between the phases and earth. 



The strength of the capacitive connection depends on type and length 

of the power system circuit. 

When an earth fault occurs in the system, the capacitance to earth of 

the faulty phase is bypassed.

This faulty 

phase 

as if short 

between phase 

and ground 

and by passe 

other phases 



High impedance grounding / earthing neutral Application 

high impedance 

earthed

high impedance 

earthed



high impedance 

earthed



A resistor is inserted between the neutral point and earth

3- Resistance Grounding/ Earthing

To improve the earth fault 

detection in a power system a 

resistance can be connected 

between a transformer neutral 

point and the station earthing 

system. 

The purpose of the neutral point resistor is to increase the resistive part 

of the earth fault current and hence improve the earth fault detection.



The following figure shows an earth fault in a system with a resistance 

earthed neutral. 

Protection 

devices 

detected active 

power connect 

in natural 



Resistance grounding / earthing Application 

Connected with 

power system 

Connected with 

electrode 

Always this resistance of heat dissipation resistance type and can sense 

value of heat by using :

• Thermocouples 

• RTD 



A reactor is inserted between the neutral point and earth.

4- Reactance grounding / earthing 

To limit the reactive part of the 

earth fault current in a power 

system a neutral point

reactor can be connected 

between the transformer (or any 

another power source ) neutral 

and the station earthing system. 



The system is hardly ever exactly tuned, i.e. the reactive current 

does not exactly equal the capacitive earth fault current of the 

system. A system in which the inductive current is slightly larger 

than the capacitive earth fault current is over compensated. A 

system in which the induced earth fault current is slightly smaller 

than the capacitive earth fault current is under compensated.

the earth fault current phasors of a slightly over compensated system.



Reactance grounding / earthing Application 

Connected with 

power system 

Connected with 

electrode 





Methods of System Grounding

Characteristics Ungrounded Solid 
Ground

Low Resistance 
Ground

High Resistances 
Ground

Susceptible to Transient over 
voltages

WORST GOOD GOOD BEST

Under fault conditions (line-to-
ground) increase of voltage 
stress

POOR BEST GOOD POOR

Arc Fault Damage WORST POOR GOOD BEST

Reliability WORST GOOD BETTER BEST

Economics' (Maintenance costs) WORST POOR POOR BEST

Plant continues to operates 
under single line-to-ground fault

FAIR POOR POOR BEST

Ease of locating ground faults 
(time)

WORST GOOD BETTER BEST

System coordination NOT POSSIBLE GOOD BETTER BEST

Upgrade of ground system WORST GOOD BETTER BEST

Reduction in number of faults WORST BETTER GOOD BEST

Potential flashover to ground POOR WORST GOOD BEST



Grounding / Earthing Systems 

Component &  Accessories



Earthing system in an installation is normally comprised of these components: 

• Earth wells and accessories

• Earthing grid conductors (Grounding conductor / Bonding conductor )

• Marshaling earth buses (earthing distribution buses)

• Earthing wires and cables.

Earthing / Grounding Systems Component 



1. Earth ( grounding ) wells and accessories

Earth /Ground  wells for an specific building are actually the location, 
where the pure zero potential is provided and practically act as drain pits 
for any rush current which accidentally appears in the earthing system grid 
in the event of an earth fault.
Earth / Ground Well Components
• Earth /Ground rod
• Earth /Ground Electrode Conductor
• Earth /Ground clamp
• Earth /Ground rod coupling
• Earth /Ground rod tip
• Earth /Ground rod driving head
• Carbon bedding mixed with salt
• Earth /Ground plate 
• Concrete Earth /Ground pit
• Concrete slab cover

What will occur in case 

of touch earthing system 

In when Human body 

resistance : 

• more than grounding 

system 

• Less than grounding 

system 



Earth /Ground rod

Earth /Ground rod is the main passe of current to 

ground.

In cases where two or more earth rods are to be 

driven, the individual rods are coupled to each other 

by means of “earth rod coupling”. 

During the driving of rod into the ground, and to 

protect the earth rod against impact of hammering, a 

“driving head” is screwed onto the top of the rod.

For easy and convenient driving of the earth rod into 

the ground an earth rod tip with sharp point is 

screwed to the first rod.





Earth / Ground  Rod Dimensions

Depending on the Design specification of the earthing / grounding 

system and the corresponding earthing wells, various earth rods of 

different dimensions would be incorporated.

The range of Diameter for the earth rods vary from 13 mm to 25mm 

(13mm, 16mm, 20mm, 25mm)

Different lengths of earthing / ground rods are used in design and 

installation of earth wells:

D



The standard lengths are:

• 1200mm

• 2400 mm (2 × 1200 mm)

• 3600 mm (3 × 1200 mm)

• 4800 mm (4 × 1200 mm)

The Coupling material is essentially the same 

as the material for the earth rod with respect 

to the rigidity and the required conductivity.

1200mm



Two or more earth rods 
are to be driven

Protect the earth rod against 
impact of hammering

For easy and convenient driving of the 
earth rod into the ground 

Diameter  

(13mm, 16mm, 

20mm, 25mm)

lengths

• 1200mm

• 2400 mm 

• 3600 mm 

• 4800 mm



Earth / Ground  Rod Length Effect 



1.1 L1.1 L S

There must be proper spacing between ground electrodes and 

earth stakes to reduce or eliminate their spheres of influence



Earthing / Grounding plates are normally used instead of Earthing / 

Ground  rods. The earth plate is made of copper and shaped in the 

following forms:

Flat rectangular copper plate.

Perforated rectangular copper plate (a grate-like framework of copper 

plate) the standard dimension of the flat rectangular earth plate is 

normally 100 × 100 × 3 mm. 

The standard cross section area for the copper rod or copper strips used 

in construction of the perforated rectangular earth plate is normally 75 

sq-mm.

Earth / Ground Plate





Single Ground Rod Multiple Ground Electrodes

Ground MeshGround Plate

Types of Ground Systems



Earth / Ground  electrode resistance is the number of ohms of 

resistance measured between the ground rod and a distant point on 

the earth called remote earth.

Earthing / Grounding Electrode Material 

Diameter 

20mm, 25mm



NEC permits

• Copper

• Aluminium

• Copper-clad ( tinned copper )

AL and AL-CU may not be used in contact 

with masonry

Why : 

• Corrosive

• in direct contact with the earth ( as 

occur in OHTL or housing sources ).

Earthing / Grounding Electrode Conductor



Earthing / Grounding Electrode Conductor

Why 
earthing

conductor 
without 

insulation ?



Earthing / grounding Clamp

Earthing / Grounding grid conductors are 

connected to the earth rods, already driven 

into the ground, by means of earthing 

clamps.

Connection is essentially made by tightly 

clamping of the grid conductor to the rod 

using the bolt and nut assembly of the 

earthing clamp. 

Earthing clamps and associated bolts nuts, 

washers, etc. are made of either Aluminum 

or copper but preferred copper .







Earthing /grounding  clamp

Earthing / Grounding  

Electrode Conductor

Earthing / Grounding rod





Earthing / grounding rod coupling 

Earthing rod coupling are made of both steel 

and copper. 

A steel core, coated with pure copper to the 

appropriate thickness, provides the sufficient 

rigidity for the earthing rod to help driving it 

straightly into the ground without any harm 

and bending. 

The copper coating of the earth rod provides 

the sufficient conductivity for the earthing 

system.



Earthing / Ground rod tip 

The earth rod tip material is not 

necessarily the same as the earth rod 

itself, as only a rigid quality is essentially 

required for the tip other than 

conductivity. 

Therefore the earth rod tip is primarily 

made of steel with slight coating of the 

copper for conductivity purpose as well 

as protection against corrosion reasons.



The driving head material is not necessarily the 

same as the earth rod itself, as only a rigid and 

robust quality is essentially required for the driving 

head to withstand the impact of hammerings. 

Driving head is practically discarded when the 

earth rods are all driven and installed in the 

ground.

Earthing / Grounding rod driving head



Carbon bedding mixed with salt

Depending on the technical design specification of the earthing 

system and primarily for soil conductivity reasons of the area where 

the earth wells are to be installed, the earth rods are

embedded in carbon mixed with salt bedding. 

To install the carbon bedded earth wells, pre-excavation of

the ground, to sufficient size and dimension, would be carried out to 

provide room for the carbon bedding and the earthing components 

(rods, plates, etc.). To achieve the maximum

conductivity for the earth well, an appropriate amount of salt is 

added to the carbon and mixed before charging into the earth well.





Type of soil Resistivity



Concrete earth / ground pit

To provide access to the earth rod and its 

corresponding connection to the earthing grid 

at the top section of the rod, a small pit-like 

space is fabricated over the earth well, which 

is referred to as “earth pit” or “Ground Pit “ . 

Earth pit’s side walls are constructed of 

concrete material to

appropriately isolate the earth rod’s top 

connection from the surrounding soil and 

protect it for future reference test and 

maintenance practices. 

How can 
effect in total 

Earthing/ 
Grounding  

system 
resistance ?







Concrete slab cover

To protect the earth pits against ingression 

of foreign material, an appropriate 

concrete cover is provided to be placed 

atop the earth pit.

The slab-like concrete cover is equipped 

with a rigid handle for convenient 

removing and replacement practices.



Complete Earth rod Parts





All electrical earth wells in a specific residential, commercial 

and industrial installation should essentially be interconnected 

to plant earthing systems form the main earthing grid.

Different Types of Grid Conductors

Interconnecting conductor used for the grid are in the 

following forms:

1. Bare copper strip conductor

2. Single core bare stranded copper cable

3. Single core stranded copper cable with PVC sheath

4. Copper strip conductor with PVC covering

2. Earth grid conductors Grounding conductor / Bonding conductor 

According to 
type of 

earthing



Bare copper strip conductor Single core bare stranded copper 

cable

Single core stranded copper 

cable with PVC sheath

Copper strip conductor with PVC 

covering

450 /750 V

0.6/1 KV 





• Bare copper strip conductor

For direct buried grid in dry and non-corrosive grounds (soils)

• PVC-Covered copper strip conductor 

For direct buried grid in wet or corrosive ground.

• Single core stranded copper conductor 

For direct buried grid in dry, and noncorrosive grounds.

• Single core stranded copper conductor with PVC sheath

For direct buried grid in wet or corrosive grounds.

Applications



Depending on the design specification of the earthing system, the size 

of the grid conductors, would be different as followings:

• Bare or PVC-covered cables ( stranded )

The cross section area of the cable could be either 35mm2, or 70mm2, 

or 95mm2 depending on the design specification.

• Bare or PVC-covered copper strips

The cross section dimension of the strip is normally 25 × 3mm.

Earthing / Grounding  Grid Conductors Dimension



To provide easy access to the earthing 

grid, particularly to make proper and 

convenient connections of the 

equipment to the grid, several common 

connection points in the form of a flat 

bar of copper material are established 

and erected through out the grid and 

referred to as “earthing marshalling 

points” or “earthing marshalling bus”, or 

simply as “earth bus”.

3. Marshaling EARTH / Grounding BUS





Earthing /Grounding  Marshalling points

Flat bar of 

copper 

material 



• The main incoming earthing cable connected to the earth bus is 

branched off from the main earthing grid.

• The outgoing earthing cables, connected to the earth bus in one end, 

shall be connected to the corresponding equipment on the other 

end.

• All the connections of the main incoming and outgoing earth cables 

shall be made to the earth bus by means of appropriate cable lugs 

the compression type and zink coating, using bolts, nuts, flat 

washers and spring washers for well-tight connections.



main incoming earthing

earth bus

earth bus 



Connections between the marshalling earth buses 

and the equipment's are carried out by means of 

single wires or cables of appropriate size, which are 

referred to as “earthing wire”, or “earthing link”. 

The connection between the earthing buses and the 

earthing grid is also made by means of earthing 

cables.

Earthing wires and cables are used either bare or 

PVC-covered (preferably bare) and are normally 

single core of the different cross section area. 

4. Earthing / Grounding  Wires (Cables)



The common range of the cable size used is 16mm2, 25mm2, 

35mm2,50mm2 and 70mm2 or 4 AWG & 6 AWG stranded Copper 

conductor. 

Earthing wires (cables) of smaller and higher size could be used 

depend on the design specification and requirements.

Connections of earthing wires (cables) on both ends is made by 

appropriate compression-type cable lugs, fitted with bolts, nuts, flat 

washer and spring washers for tight connections.



The cross-section of the protection conductors (PE, PEN) destined to 

be connected to external conductors in Electrical panel must be 

determined using one of the following methods:

1. The cross-section of the protection conductor must not be less than 

the one specified in the table( neutral currents do not exceed 30% of 

the phase currents).

Earthing / Grounding Wires Sizing And Selection  

IEC 60479



2. The cross-section of the protection conductor (PE, PEN) can be 

calculated with the help of the following Short Circuit formula:

Sp is the area of the cross-section expressed in mm2.

I is the r.m.s. value of the fault current passes through the 

protection device.

T is the trip time of the breaking device, in seconds.

k is a factor whose value depends on the material of the protection 

conductor.



3. The cross-section of the protection conductor by Using Normal 

current 



Design / Calculation  of 

Grounding (Earthing) system 



• Earthing resistance for the lightning protection system shall not 

exceed 5 OHM.

• Earthing resistance for the power system earthing in power station 

and power plants shall not exceed 5 OHM.

• Earthing resistance for the electrical Distribution system  

(equipment earthing) shall not exceed 4 OHM.

• Earthing resistance for the electronic devices and 

instrumentations shall not exceed 1 OHM.

Earthing System Resistance Measurement

As Magnetic pickup 
in Generator

Power 
station 







Design of Earthing System by Rods 



Length L

Length L

Space S

Electrodes Configuration 



Empirical Calculation of Earthing / Grounding resistance for 
one electrode driven at the earth 

Equation used to calculate earthing resistance is



Example 1 : calculate the earthing resistance of an earthing electrode 

of length 3m and its diameter is 2 cm driven in an earth of 60 Ω.m 

resistivity.

Solution:

This is very large value. To reduce this resistance we can put another 

rode (electrode) at distance D in parallel with the first rode. Hence the 

total earthing resistance RII will be:



Example 2: For example 1 above calculate the erthing resistancse when 

two similar electrod are put in parallel.

Solution:

From example 1



For standard building, it is found that the best earthing system is to use 

thee rodes connected in triangular form as shown, in this case the 

earthing resistance will be reduce to RIII= RI/3.



For any number of rods in parallel, we can calculate the earhing 

resistance from the following equation and table

Where F is a multiplying factor that can be taken from the following



Earthing System Resistance

Under fault condition on an specific point in the overall earthing grid 

and earthing network, a high amount of rush current flows into the 

earthing system to find its way to the earth wells. 

The closer an earth well to the fault point, the greater amount of the 

fault current is absorbed and drained by that well, and the remaining 

fault current is absorbed by the other nearby earth wells.

Based on the specification and location of the fault point, the fault 

current value can be calculated and therefore predicted. 



• The value of voltage applied to the fault point.

• The pure ohmic resistance of the fault point with respect to the 

ground, which includes the ohmic resistance of each individual 

well, as well as the earthing grid conductors and earthing wires 

and earthing cables.

• The number of rotating machineries (motors and generators) and 

their rated power at the time of fault.

• The distance between the fault point and the rotating 

machineries.

Factors Influential With Respect To The Fault Current Value

What are the effect 
of motor during Short 

circuit 



To test soil resistivity connect the ground tester as indicated.

Soil Resistivity Testing

Soil resistivity testing is the process of
measuring a volume of soil to determine the
conductivity of the soil. The resulting soil
resistivity is expressed in ohm-meter or
ohm-centimeter. Soil resistivity testing is
the single most critical factor in electrical
grounding design.



Why do we need soil resistivity testing?

Soil resistivity influences the plan of an earthing system absolutely and 

is the major factor that decides the resistance to earth of a grounding 

system. Thus before designing and installing a new grounding system, 

the determined location should be tested to find out the 



Type of soil Resistivity



Seasonal variation of earth resistance



Calculate Soil Resistivity

The formula is as follows:

ρ = 2 π A R

(ρ = the average soil resistivity to depth A in ohm—cm)

π = 3.1416 

A = the distance between the electrodes in cm

R = the measured resistance value in ohms from the test instrument



Typical Devices Used For Earthing System Resistance Measuring

Digital Earth Resistance Tester 



Clamp-On Type Earth Resistance Tester 



Rod Earth Resistance Tester 



Phenomena Effect Ground Resistance 

• Soil Moisture

• Soil Mineral Content

• Temperature 



Lightning & Surge Arrestor 



What is lightning?

Lightning is Produced due to a charge & discharge of static electricity 

caused by the atmosphere (The conditions for lightning are normally 

hot and humid ). and usually occurs during rain storms and comes with 

thunder.

An electric discharge, or spark, that occurs in thunderstorms (usually) 

• 80% occurs within clouds 

• 20% occurs between cloud and ground  

Lightning is ubiquitous , with more than 6,000 ground strikes per 

minute from 40,000 thunderstorms per day worldwide



Types of lightning

• Ball lightning

• Fork lightning.

An electric discharge



Ball lightning

Ball lightning characteristics 

• Floating ball of electric charge 

• Do not have a usual speed the speed at 

which they float depends on the 

conditions they are in.

• They make crackling or hissing noises

and have been known to enter houses 

and disappear with a bang

• They are very rare.



Fork lightning characteristics 

• This is lightning that bolts straight to the 

ground in two prongs شوكة often. 

• It bolts down like this because it is a 

sudden release of electrical energy

rather than a collection of energy mixed 

with ball lightning is.

• Fork lightning is the most common type 

of lightning it has very many.

Fork Lightning 



Effects of lightning

Lightning has very many effects on the environment it can be very 

destructive here are some ways in which it can do damage.

It can hit tall objects 

like trees making 

them fall or setting 

them alight.

Lightning has 

melted the wing 

of this plane.

This hole was ripped 

in someone’s ceiling 

after their house was 

hit by lightning.



Over 1000 people get struck by lightning in 

America every year and only 100 of those 

people are likely to die.

The main cause of death if hit by lightning is 

cardiac arrest  توقف قلبى(when your circulatory 

system stops working). 

If you do survive your nervous system and your 

brain may suffer damage. People who have been 

hit by lightning often              have memory 

difficulties…………

Lightning has very many effects on the Human it can be very destructive

here are some ways in which it can do damage.



Facts about lightning

• Each second there are 50 to 100 Cloud-to-Ground Lightning Strikes to 

the Earth world-wide. 

• An average lightning strike is between 2-3 miles long and carry a 

voltage of 100,000,000 volts. (10,000 amps)

• The typical temperature of a lightning is hotter than the surface of 

the sun.

• Lightning strikes, like stars, are almost impossible to see during the 

day but at night it can be seen for 100 miles.



To protect the equipment , devices , tress and all  installation against 

the damages which could happen in the event of a

lightning strike, special equipment of different installation set-up are 

used. 

The prime element of these electrical safety equipment is the lightning 

arresters which are installed on the highest point of an installation 

which are most liable to be struck by the lightning.

Lightning arresters are actually part of the earthing system of an 

installation and are, therefore, appropriately connected to the earthing 

grid by means of separate purpose made earth wells.

Lightning Arrestor



Lightning / Surge Arrestor Idea Of Operation 

In case of lightning an up normal value of voltage can applied in devices 

, equipment , installation ….. , The main idea of lightning arrestor is to 

absorb this high value of voltage produced from lightning and passé it 

to earthing grid through earthing cables  



Applied voltage wave form in all home , factories , sites ,…. Devices in 
normal condition 

Applied voltage wave 

form in all home , 
factories , sites ,…. 

Devices in Lightening 
condition 



In normal condition this switch open and at 

case of up normal condition this switch is 

closed 



The Switch 

Is A metal oxide varistor (MOV) is a device 

commonly used in surge protectors. There 

are two characteristics of MOVs that make 

them desirable for surge protection. First, 

the resistance of an MOV decreases with 

an increase in voltage. In addition, MOVs 

are fast acting and can respond to a surge 

in just a few nanoseconds. This results in 

suppressing a surge before it has a chance 

to damage electronic equipment.



Typical Lightening  Arrestor  



CDRisk software



OPR Designer software



OPR Designer software



Home Lightning  arrestor  



Let’s look at example involving the installation of a lightning conductor. 

We will assume that the partly metal floors are linked to the lightning 

rod down comer where: 

The equipotentiality in the building may be jeopardized!

One solution is to use multiple lightning conductors and keep them 

away from all electrical circuits, but a better solution is to use a “bell-

shaped” Faraday cage





Typical Surge  Arrestor  





Transformer Surge  arrestor  



Transformer Lightning  arrestor  



Electrical Tower Lightning  Arrestor  



Person - Lightning Safety Position (LSP)

Crouch with feet as close

together as possible.

Have heels touch.

Place hands over ears.

REMEMBER DO
NOT LIE FLAT

ON THE GROUND




