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Electrical Safety

Electrical Safety

Electrical safetyis the protection

of personnel and equipment from

electrical hazards arising from;

Åoutages, line openings,

Åfaults, 

Åsevere weather conditions,

Åother operational accidents

Definition 
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Basic Definitions

Neutralis the wire connecting the 
junction points of a star connected 
system 

Phase, Neutral, Ground and Earth

Chassisis the point on the metal 
cover of the electrical equipment

Phaseis the wire at which a phase 
voltage (220 Volt) exists

Ground, Earth is the point on the 
earth at which voltage always 
remains zero

Phase Neutral GroundGround

Phase

Neutral

Ground

http://www.photos.com/en/search/close-up?oid=2737495&a=&pt=&k_mode=any&k_exc=&cid=&date=&ct_search=&k_var=electric%20shock&bl=%2Fen%2Fsearch%2Findex%3Ff_h%3D1%26f_i%3D1%26f_o%3D1%26f_v%3D1%26f_b%3D1%26f_c%3D1%26k_var%3Delectric%20shock%26k_mode%3Dany%26big%3D1%26ppage%3D33%26srch%3DSearch%26first%3D481%26&ofirst=&srch=Y&hoid=5518f4ed0d58fc983003cac5bbe115f8
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Groundingis connecting the 
metal cover of an electrical 
equipment  to ground by a 
wire with zero or negligible 
resistance, in order to make 
the voltage at the surface of 
the equipment zero, for 
safety purposes

Grounding

Dept=80-100cm

Grounding 
Plate 

(Copper)
100 x 100 cm

Soil

External Grounding 
Wire. 25 mm2 covered 
copper cable (Yellow 
color)

PowerSocket

Definition

Direct (Solid) Grounding
is grounding of an 
equipment by a wire with 
zero resistance

InternalGroundingWire.
2.5 mm2 coveredcopper
cable(Yellowcolor)
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Phasea

Va

Phasec

Vc

Ia

Ic

Vb

Phaseb

+ + +

Ib

Vn1 = 0

n1

GroundPhase

Neutral wire

Neutral

Grounded Neutral

Groundedneutral

Neutral point of three-phase system
should either be directly grounded as
shown in the figure on the RHS or
connectedto thegroundwireof theutility
(TEDAS),otherwise the voltage on the
ground point may rise to phasevoltage
level, which may result in harmful
consequencesontheconsumerside.

Grounded neutralis the neutral  

point connected directly to ground

Definition
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Ungrounded Neutral

Definition 

Phasea

Va

Phasec

Vc

Ia

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Ungrounded neutral

Vn1 = 0
Vn2 >0

Neutral wire

n1
n2Zn

Impedance of the 

neutral wire

Ungrounded Neutral 

Ungrounded neutralis the neutral 

point not connected to ground

o Neutral point n1 at the source side 
(TEDAS)is always solidly grounded, 
hence voltage at that point is always 
zero,

o Neutral point n2 at theconsumer 
side may not always be grounded, 
hence voltage at that point may be 
nonzero due to unbalance in the 
loading
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Grounding

Definition 

Phasea

Va

Phasec

Vc

Ia

Ic

Vb

Phaseb

+ + +

Ib

Vn1 = 0

n1

Phase

Neutral wire

Vn2= 0

Grounding the neutral points on 
BOTH sidesof the neutral wire is 
best and preferable

Voltage is zero everywhere
on a neutral wire grounded on 
both sides

GroundNeutral

Vg= 0
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Grounding

Definition 

Grounding the chassis of 
electrical equipments, such as 
washing machines is essential

Phasea

Va

Phasec

Vc

Ia

Ic

Vb

Phaseb

+ + +

Ib

Vn1 = 0

n1

Phase

Neutral wire

Vn2= 0

GroundNeutral

Vg= 0
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Grounding

Definition 

Connecting the chassis of  
electrical equipments to the 
neutral pointso-called 
ñzeroingòis strictly ILLEGAL
(FORBIDDEN) due to safety 
reasons that will be described 
in the following pages

Phasea

Va

Phasec

VcVb

Phaseb

+ + +

Vn1 = 0

n1

Neutral wire Vn2= 0

Ia

Ic

Ib

Phase GroundNeutral
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In case that the phases are 
unbalanced, i.e. the phase loads; 
Phasea, Phaseb, Phasec draw 
unequal currents, their sum will 
not cancel,  hence a current In will 
result in the neutral wire 
ungrounded on the load side

Then, the voltage of node n2 will 
rise to a level 

Ia(t) + Ib(t) + Ic(t) = In

Vn2 = Vn1+ æ V  = In x Zn

Voltage Rise on an Ungrounded 

Neutral Point

Grounded and Ungrounded Neutral Points

Phasea

Va

Phasec

Vc

Ia

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Ungrounded neutral

Vn1 = 0 Vn2 = Vn1+ æ V >0

Neutral wire

Znn1 n2

Vg= 0

Ia
^

Ib
^

Ic
^

Ia + Ib
^ ^
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Why òZeroingó is Illegal ?

Voltage on the metal cover of household 
equipments may sometimes rise to dangerous 
levels due to ungrounded neutral wires 

Ungrounded neutral

Phase a

Va

Phase c

Vc

Ic

Vb

Phase b

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)
Vn1 = 0

Neutral wire
Zn

n1
n2

Ia

Vn2 = 65 V

Va = 220 V

Vg = 0

æV = 65 V

Metal cover of the washer is 
connected to neutral point the 
equipment : i.e. òZeroedó

Vg = 0
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Electrical Hazards due to Insulation failure in the Equipment

Voltage on the ungrounded metal cover of an 
equipment  may reach to dangerous levels 
when the insulation of the equipment  fails

Grounded 

neutral

Phase a

Va

Phase c

Vc

Ic

Vb

Phase b

+ + +

Grounded 

neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)
Vn1 = 0

Neutral wire
Zn

n1
n2

Ia Va = 220 V

Vg = 0

æV = 120 V

Metal cover of the washer is 
connected to neutral point 
the equipment 

Vg = 0

æV = 120 V

Va = 220 V
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Eliminating Electrical Hazards due to Insulation failure in the Equipment

Grounding the metal cover of an equipment 
eliminates hazards due to insulation failure of 
the equipment 

æV = 0 V

Metal cover of the washer is 
connected to neutral point 
the equipment 

æV = 0 V

Grounded Chassis

Va = 220 V

Grounded 

neutral

Phase a

Va

Phase c

Vc

Ic

Vb

Phase b

+ + +

Grounded 

neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)
Vn1 = 0

Neutral wire
Zn

n1
n2

Ia Va = 220 V

Vg = 0
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Touch Voltage

Definition

ñTouch Voltageòis the voltage on 
the metal cover of an electrical 
equipment

Touch Voltage

Vn2 = Vn1+ æ V >0

Ungrounded neutral

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Vn1 = 0 Neutral wire

Zn

n1

n2

Ia

Vn2 = 65 V

Va = 220 V

Vg = 0

æV = 65 V

ñTouch Voltageòwill appear on 
the metal cover of the electrical 
equipment when;

Åthe chassis is connected to 
the neutral point of the 
equipment,
Åthe chassis is ungrounded or 

the grounding wire is broken 
due to any reason These two conditions must 

simultaneously satisfied
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Touch Voltage

Definition

Touch Voltage at  node n2 will 
be; 

Vn2 = Vn1 + æ V 

= Vn1 + In x Zn

= 0 + In x Zn   = In x Zn >  0

Touch Voltage may rise to fatal  

levels, such as few hundred 

volts, when the chassis of the 

equipment  is ungrounded

Touch Voltage

Vn2 = Vn1+ æ V >0

Ungrounded neutral

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Vn1 = 0 Neutral wire

Zn

n1

n2

Ia

Vn2 = 65 V

Va = 220 V

Vg = 0

æV = 65 V
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Fatal Level of Touch Voltage

Depending upon the values of 

Zn and In, the resulting voltage 

Vn2 may rise to a fatal level, 

such as few hundred volts

Touch Voltage

Touch voltages above 65 Volts 

(AC) are regarded to be fatal

Touch Voltage

Vn2 = Vn1+ æ V >0

Ungrounded neutral

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Vn1 = 0 Neutral wire

Zn

n1

n2

Ia

Vn2 = 65 V

Va = 220 V

Vg = 0

æV = 65 V
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Earth Leakage Current Relay (Single Phase)

Description 

Ia(t) ïIn (t)= If (t) ̧ 0

Earth Leakage Current Relay 
is a device checks whether 
the sum of phase and 
neutral currents is zero, i.e.

Ia(t) ïIn =  0

If not, it triggers the circuit 
breaker

?

Single Phase Earth Leakage Current Relay 

Va +

Neutral 

wire

Zn

Ia

Vn2 = 0

Va = 220 V

Vg = 0

æV = 0

Grounded 

Chassis

If

If

Ia In

Ia In
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Earth Leakage Current Relay (Three -Phase)

Description 

Ia(t) + Ib(t) + Ic(t) ïIn (t)=  If (t) ̧ 0

Three phase Earth Leakage 
Current Relay is a device 
checks whether the sum of 
phase currents minus 
neutral current is zero, i.e.

Ia(t) + Ib(t) + Ic(t) ïIn =  0

If not, it triggers the circuit 
breaker

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Ib

Vn1 = 0

Neutral wire
Zn

n1

n2

Ia

Vn2 = 0

Va = 220 V

Vg = 0

æV = 0

Grounded 

Chassis

?

Three phase Earth Leakage 

Current Relay Ic

Ib

Ia

In

Ungrounded 

neutral
Grounded neutral
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Earth Leakage Current Relay (Single Phase)

Description 

Earth Leakage Current Relay 
is a device checks whether 
the sum of phase and 
neutral currents is zero, i.e.

Ia(t) ïIn =  0

If not, it triggers the circuit 
breaker

?

Single and Three-Phase Earth Leakage Current Relays 
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Grounding Resistance

Grounding resistance must be near 
to zero or as low as possible in 
order to reduce the Touch Voltage

Definition

Grounding resistance Rg is the total 
effective resistance between the 
metal cover of the equipment and 
ground

Grounded neutral

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

IfRg

Vg = 0

Vt = Touch Voltage 

= Rg x If

Grounding 
Resistance

Phase

Neutral

Ground

Broken neutral
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Touch Voltage

Basic Rule for Safety: Touch Voltage 
must always be zero

Definition 

Tolerable limit for human safety for AC 
Touch Voltage is 65 V (rms) 

Touch Voltageis the voltage appearing 
on the metal cover of an equipment 

Touch Voltagebecomes nonzero when 
a  line-to-ground type fault occurs in an 
equipment with metal cover shorted to 
neutral wire (Called òzeroingó)

Illegal !

Grounded neutral

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

If

Vg = 0

Vt = Touch Voltage 

= Rg x If

Broken 
neutral
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Fatal Level of Touch Voltage

Depending upon the values of 

Zn and In, the resulting voltage 

Vn2 may rise to a dangerous 

level, such as few hundred volts

Touch Voltage due to Broken Ground Wire

Touch voltages above 65 Volts 

(AC) are fatal

Touch Voltage

Vn2 = Vn1+ æ V >0

Broken ground wire

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded 

neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Vn1 = 0 Neutral wire

Zn

n1

n2

Ia

Vn2 

Va = 220 V

æV 
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Calculation of the Touch Voltage

Calculation of the Touch Voltage

Touch Voltagecan be expressed as

Vt = If x Rg

where,Vt is the Touch Voltage,

If is the fault current,

Rg is the grounding resistance

Grounded neutral

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

If

Rg

Grounding Resistance

Vt = Touch Voltage 

= Rg x If

Vg = 0

Tolerable limit for human safety for AC 
Touch Voltage is 65 V (rms) 
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Ways of Reducing Touch Voltage in Household equipments 

Ground the neutral wire at 
the load terminals

Please note that grounding neutral wire now prevents 
electrical hazards  that may be arised due to improper 
connection between ground and netral, i.e. zeroingó

Grounded neutral

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Vn1 = 0
Neutral wire

Zn

n1

n2

Ia

Vn2 = 0 V

Va = 220 V

Vg = 0

æV = 0 V
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Ways of Eliminating Touch Voltage

Ways 

Touch Voltage Vn2 = 0

Grounded 

neutral

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Ia(t) + Ib(t) + Ic(t) = In (t)

Vn1 = 0
Neutral wire

Zn

n1

n2

Ia

Vn2 = 0

Va = 220 V

Vg = 0

æV = 0

Å Ground the chassis of the 
electrical equipment solidly,

Å Ground the neutral wire 
solidly at both ends

Do either or both of the 
followings; 

Solid grounding: Grounding by 
using a wire with zero or 
negligible resistance

Grounded 

Chassis
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Ways of Reducing the Touch Voltage

The most formal and legitimate way 
of reducing the Touch Voltageis 
ñearthingó (NOT ñzeroingò) the metal 
cover of the equipment 

The Most Formal and Legitimate Way 

of Reducing the Touch Voltage 

Grounded neutral

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

If

Rg

Grounding 
Resistance Vt = Touch Voltage = 0

Vg = 0
Vg = 0

Please note that Vn is 
nonzero, 
i.e. 
Vn = If x Rf > 0



EE 209 Fundamentals of Electrical and Electronics Engineering, Prof. Dr. O. SEVAĶOĴLU, Page  27

METU

Electrical Safety

Ways of Reducing the Touch Voltage

(a) Reducing the resistance of the 
grounding wire, by increasing the cross 
section and/or reducing the length of the 
grounding wire,

(b) Making effective grounding, i.e. by using 
copper material with proper cross-
section for the grounding plate and/or 
rod, and burying them in a proper dept, 
choosing a proper (damp) location,

(c) Increasing the cross section of the wire, 
when the number and power rating of 
the equipment serviced by the common 
grounding wire is increased in time

Other Ways of Reducing the Touch Voltage

Grounded neutral

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

If

Rg

Grounding 
Resistance

Vt = Touch Voltage 

= Rg x If

Vg = 0
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Broken Neutral Wire ðRoving Neutral

Ungrounded (Roving) neutral

Neutral wire

Zn

Vn2 >0

Sometimes neutral wire may be broken for any 
reason, resulting in a case, called ñRoving 
Neutralòyielding a touch voltage on the metal 
cover of the ungrounded electrical equipment

Broken neutral wire

Phasea

Va

Phasec

Vc

Ic

Vb

Phaseb

+ + +

Grounded neutral

Ib

Vn1 = 0

n1

n2

Ia

Va = 220 V

Vg = 0

æV = Vn2

Neutral voltage is now nonzero
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Sum of the phase voltages at a neutral point 

with broken neutral wire is never zero, since 

the phase voltages are unbalanced

The resulting voltage Vn appearing on the 

broken neutral wire passes to the metal cover 

of the electrical equipment connected to this 

neutral  

Touch (neutral) voltage is now 
nonzero

Ungrounded neutralBroken neutral wire

Phasea

Phasec

Ic

PhasebIb

n

Ia Va = 220 V

Vg = 0

æV = Vn2

Va + Vb + Vc = Vn > 0

Va
^

Vb

^

Vc

^

Va + Vb
^ ^

Va + Vb + Vc
^ ^ ^

Vn

^

Overvoltages due to Roving Neutral
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Overvoltages due to Roving Neutral

Va + Vb

Vb

Vc

Va

b

a

c

n

Va - Vb
Vb

VcVb - Vc Vc - Va

Va

o

b

a

c

n

The line voltages Vca, Vab, Vbc on the primary side 
are kept constant and balanced by the control 
mechanisms in the MV system

Three-phase  Y - Y transformer 
with the neutral wire broken 
on the secondary side

Please note that , a reduction in Va causes overvoltage in    

phase-c and/or  phase-b, which may cause significant harms in 

the customer equipment connected to these phases
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Solidly earththe  metal cover of the 
equipment

Ways of Reducing Touch Voltage in this case

Touch voltage is now zero

Va
^

Vb
^

Vc
^

Va + Vb
^ ^

Va + Vb + Vc
^ ^ ^

Vn
^

Grounded 
Equipment

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

Vg = 0

æV = 0

Broken neutral wire

The Most Proper (Legitimate) Solution

Ungrounded 
neutral
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In case, where this is not possible;

Solidly earththe neutral wire at the load 
terminals

Ways of Reducing Touch Voltage in this case

Touch voltage is now zero

Grounded neutral

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

Vg = 0

æV = 0

Va + Vb + Vc = Vn2 = 0

Broken neutral wire

Acceptable (undesirable) Solution

Va
^

Vb
^

Vc
^

Va + Vb
^ ^

Va + Vb + Vc
^ ^ ^

Vn
^
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Important Caution

Phasea

Phasec

Ic

PhasebIb

n2

Ia Va = 220 V

Vg = 0

X

Broken neutral wire

In any case, NEVER connect the metal 
cover of the equipment to the neutral 
point (Ķllegal, called ñzeroingò) !!!

æV = Vn2

This type of connection may cause the 
phase voltage appear on the metal cover 
of the equipment, when the neutral wire 
is broken, resulting in fatal 
consequences

Touchvoltageis now phasevoltage,
whichis extremelyharmful

Ungrounded 
neutral
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Why does Neutral Line break ?

Ungrounded 

neutral

Phasea

PhasecIc

Phaseb

Grounded 

neutral

Ib

Vn1 = 0 Neutral wire

Zn

n1

n2

Ia

Vn2 >0

Va = 220 V

Va VcVb
+ + +

Broken 
neutral wire

Neutral line may break due to severel 
reasons, such as severe weather conditions, 
external interventions / collisions
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Neutral line may break due to severel 
reasons, such as severe weather conditions, 
external interventions / collisions

Why does Neutral Line break ?

Possible contact point


