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Q) Electrical Safety

METU

Electrical Safety

Definition B

Electrical safetys the protection
of personnel and equipment from
electrical hazards arising from;

A outages, line openings,
A faults,

A severe weather conditions,
A other operational accidents
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Q) Electrical Safety

Basic Definitions

junction points of a star connectg f_ / | ‘
system = |

Chassigs the point on the metal

cover of the electrical equipmen

Ground, Eartls the point on the

earth at which voltage always

remains zero eround
Phase

Neutral
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Q) Electrical Safety

METU

Grounding

InternalGroundingWVire
2.5 mn¥ coveredcopper
cable(Yellowcolor)

Groundings connecting the
metal cover of an electrical
equipment to ground by a
wire with zero or negligible
resistance, in order to make S T———

the voltage at the surface o Wire. 25 mftovered
the equipment zero, for ol ca0ie (vellow

safety purposes

PowerSocket

Direct (Solid) Grounding

IS grounding of an
equipment by a wire with Grounding
Zero resistance Plate

EE 209 Fundamental s of El ectrical and El ectronri cs



o Electrical Safety

METU

Grounded Neutral

Grounded neutr# the neutral V l, Phase

point connected directly to groun

|, Phasg v

Groundedeutral |. Phase

Neutral point of threephase system
should either be directly grounded as !LEDJ_

shown in the figure on the RHS or
connectedo the groundwireof the utility KA
(TEDAS) otherwisethe voltage on the

e
ground point may rise to phasevoltage @ @@ I fg
; =

level, which may result in harmful

consequencesntheconsumeside

v

Ny

V,=0 Neutral wire
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o Electrical Safety

METU

Ungrounded Neutral

Ungrounded neutred the neutral

Ia - Phaseg
point not connected to ground lp — Phasg
o Neutral point jat the source side e — Phase

(TEDASIs always solidly grounde
hence voltage at that point is alwEEEva AVl Y

Zero, !
: ) (V) (v
o Neutral pointjat theconsumer <> C> <>
side may not always be groundec
hence voltage at that point may b

: n n,
nonzero due to unbalance in the . () + 40 + O =4 (1

: — -— Voz>0
Ioadlng e Neutral wire  Impedance ofthe _
: neutral wire
----------------- »
Grounded neutral Ungrounded neutral
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Q) Electrical Safety

Grounding
Grounding the neutral poiris Phaseg :
BOTH sidesef the neutral wire | | Phase
best and preferable — i
|.—  Phasg
Voltage is zero everywhere oo
on a neutral wire grounded on

both sides il:l:‘_
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o Electrical Safety

METU

Grounding

Grounding the chassis of
electrical equipments, such a
washing machines is essentia

Overhead
live wires

DANGER ‘ ny Neutral wire

AS22Ival ASlamy Images
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o Electrical Safety

METU

Grounding
Connecting the chassis of Phase |

electrical equipments to the

neutral pointso-called b — Phasg
Nz er sticylQLEGAL |, —» Phase
(FORBIDDEN) due to safet
reasons that will be describ
In the following pages

+ i

High Voltage.

Keep Out!

Will shock, burn or cause death.

20 T i

' 1= 0 Neutral wire n I
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Electrical Safety

Grounded and Ungrounded Neutral Points

Voltage Rise on an Unground
Neutral Point

In case that the phases are
unbalanced, i.e. the phase load
Phaseg, Phasg Phasedraw
unequal currents, their sum wil
not cancel, hence a currenwill

result in the neutral wire
ungrounded on the |load side

(D) + (1) + (D) =

Then, the voltage of nodgwmll
rise to a level

Vo= Vgt @ X2, =

n
EE 209

Fundament al s o

|a —> Phasg

|, —> Phasg,

|, —» Phasg

Neutral wire

n, 15(8) + () +4(0) =4 (V) Z,
N,
P —
V=0 }‘:‘ Vie=Mut 0
S — Neth =
Grounded neutral l, “ 3 Ungrounded neutral
. \1
I
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Q) Electrical Safety
Why o0Zeroingo6 is Il Il ega

Metal cover of the washer is
connected to neutral point t
equi pment |

o m e L0010 =10 - wnzr
rounaea neutra -

— Neutral wire Zn Ungrounded neutral
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Q) Electrical Safety

METU

Electrical Hazards due to Insulation failure in the Equipment

Metal cover of the washer
connected to neutral point

Voltage on the ungrounded metal cover of
equipment may reach to dangerous levels

when the insulation of the equipment fails | the equipment

l, — Phase, v =220V

l, — Phasg,

|c E— Phase,

V, | v, | v

") @ ")
| voo  RSMUMORIC n,

e

Grounded ]

— Neutral wire Grounded =—t—
neutral - Zn e

neutral
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Q) Electrical Safety

METU

Eliminating Electrical Hazards due to Insulation failure in the Equipment

Metal cover of the washer
connected to neutral point

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

the equipment the equipment

l, — Phase, v =220V

l, — Phasg,

|c —_ Phase,

V, | v, | v

+ + C

L(t) + J(t) + J(t t _Eaev i °
+ + = :
V=0 A0) +4(0) + () = 1 (1) n, ‘

=0 :

ieV =
— v,
Groundled -1 Neutral wire Grounded —= = = =
neutra - Zn neutral Grounded Chassis
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o Electrical Safety

METU

Touch Voltage

l,—> Phase V, =220V

Definition lp —> Phasg
Phase

o
NTouch i%thelvoltagg e
the metal cover of an electricallNANARY

+ + C

al, b
equipment @@@ I
NTouch Voltagewill appear on |
the metal cover of the electrica L

equipment when;
Athe chassis is connected to SgH

n,
L) + 40 + 4 =4 ) A
— G— -_ Vn2
V,,=0

Neutral wire . ——
- Grounded neutral

the neutral point of the
equipment,
Athe chassis is ungrounded

the grounding wire is broke - v
ese two conditions must
due to any reason simultaneously satisfied
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Q) Electrical Safety

Touch Voltage

Definition l,—> Phasg  \, =220V

Touch Voltage may rise to fats
levels, such as few hundred

Ib —> Phasg

|, —, Phase

volts, when the chassis of thefi I RIRC |
equipment is ungrounded DRI I -

Touch Voltage at nodgwll | @ ........ -
2 .

= 4
V, =\[;+ & V n, (O +i0 + 40 =4O

" — B v,.=65v i
= W1 + |n X Z.l _lnlz O Neutral wire —_— —TY"-'

— ded | ;

=0 +nIX Z1 = LX Z‘I > (0 Grounded neutra Ungrounded neutral V=0

Touch Voltage

Vo=Vt @20V
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Q) Electrical Safety

Touch Voltage

Fatal Level of Touch Voltage la—> Phasg  \, =220V

) |, —> Phasg
Depending upon the values o |, Phase
Z,and | the resulting voltage
V,, may rise to a fatal level, Ya| W |, Ve ~
such as few hundred volts G - '
VO
Touch voltages above 65 Volt | @ -------- e
(AC) are regarded to be fatal n, ‘ e I
| 000 =10 [ .
1 — V,,=65V :
_l/nlz O Neutral wire —— i —TY""
= Grounded neutral o
Ungrounded neutral Vg=0 :
Touch Voltage
VOLTAGE Vo = Vot 20V
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Electrical Safety

Earth Leakage Current Relay (Single Phase)

Earth Leakage Current Re
IS a device checks whethe
the sum of phase and

neutral currents is zero, I.
?

LOTl, =20

If not, it triggers the circuit

breaker

Single Phase Earth Leakage Current Relay

v

a

V,| +
)

Neutral Z, } it :IaA
wire - | I‘
V.,=0 lf :
LOTLO=1D), 0  |——— > S M,
Grounded
Chassisvg:()
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Q) Electrical Safety

Earth Leakage Current Relay (Three -Phase)
y I p— Ph
ly | —s Phasg V. = 220V
Three phase Earth Leakac | —s Phase '
Current Relas a device % ‘ |
checks whether the sum o EVEIIVEIRYV] \ N
phase currents minus AP — g N\
neutral current is zero, i.e. & @ I i
(B ......... -
? ~
(D) + (D) + 7T 1, = 0 o L 8 -
If not, it triggers the circuit e ey = e WL i
breaker "= - = -
Grounded neutral Ungrounded Ground_ed
: " neutral Chassis Vg=0
> SEERn —
Three phase Earth Leakag | e —"i‘fﬁ\“\\ . 'al
Current Relay L TV T — '
—Hl e R _2a N, ;
L0 + ) + 40T L, O= | @), O AN
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Q) Electrical Safety
Earth Leakage Current Relay (Single Phase)

Earth Leakage Current Re
IS a device checks whethe
the sum of phase and
neutral currents Is zero, |I.

LT = 0

If not, it triggers the circuit

breaker

4 kutuplu 2 kutuplu
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Q) Electrical Safety

METU

Grounding Resistance

N l, — Phase v, =220V
Definition
|, — Phasg

Grounding resistandg, is the total
effective resistance between the

to zero or as low as possible In
order to reduce thBouch Voltage

: Groundlng V, = Touch VoItage
. rveannas . ReSlStance Grounded neutra = Rg x If
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Q) Electrical Safety
Touch Voltage
N l, —> Phase Vv, =220V

Touch Voltages the voltage appearin g
on the metal cover of an equipment

Phase
. Touch Voltage
must always be zero
Touch Voltagbecomes nonzero whe
a lineto-ground type fault occurs in @ .
equipment with metal cover shorted -
neutral wire ( Ca g

—_—

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

Broken P
neutral V; = Touch Voltage
Grounded neutral =Rg x If
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Q) Electrical Safety

Touch Voltage due to Broken Ground Wire

Fatal Level of Touch Voltage

Depending upon the values o
Z,and | the resulting voltage
V., may rise to a dangerous

n
level, such as few hundred vo

Touch voltages above 65 Volt

(AC) are fatal

|,—> Phasg

V, =220V

|,— Phasg

|.—> Phase

— _
an_ 0 Neutral Wire/

n, (D) + 40 +d() =4 (1)

v

Grounded
neutral

Broken ground wire

Touch Voltage

Vie=MVpt @0V
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Q) Electrical Safety

METU

Calculation of the Touch Voltage

Calculation of the Touch Voltage Phasg V=220V
Phasg
Touch Voltagean be expressed as ‘

Vi= xRy ~
where,V, is the Touch Voltage,
- is the fault current,

R, Is the grounding resistance

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

Grounding Resistanc

V= Touch Voltage
=Rgx If
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o Electrical Safety

METU

Ways of Reducing Touch Voltage in Household equipments

Ground the neutral wire 4~ Please note that grounding neutral wire now preve
the load terminals electrical hazards that may be arised due to imprcf
connection between grou

Vv, |4 | W
A1

1(t) +4(t) +4(1) =1 (1)
n,

Vn1= 0

Neutral wire

Grounded neutral Grounded neutral Vy=0
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Q) Electrical Safety
Ways of Eliminating Touch Voltage

Ways |,—> Phasg V,=220V

) |,—> Phasg
Do either or both of the
) |, — Phasg
followings;
Va Vb Vc
A Ground the chassis of the | _
electrical equipment solidl @@@ I ~
A Ground the neutral wire @ y
solidly at both ends g
Solid roundingGrounding by z Kk : e = =
using a wire with zero or n, IR v -0 .
negligible resistance Vo= 0 e B I L
= Grounded Grounded V.= 0
Grounded neutral neutral  Chassis Y9~ :

Touch Voltage, =0
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Q) Electrical Safety

Ways of Reducing the Touch Voltage

The Most Formal and Legitimate
of Reducing the Touch Voltage

The most formal and legitimate w
of reducing thé@ouch Voltages
n e ar &NOihnzge r )dhe metad

cover of the equipment

Please note that,\6
nonzero,
le.

=IxR>0

Groundlng

ReS'Stance Grounded neutral

EE 209 Fundamental s of El ectrical

and El ectromfbcs



Electrical Safety

Ways of Reducing the Touch Voltage

Ia—> as
Other Ways of Reducing the Touch Volgg i
p—> Phasg

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

Making effective grounding, i.e. by us
copper material with proper cress
section for the grounding plate and/o
rod, and burying them in a proper dej
choosing a proper (damp) location,

Increasing the cross section of the wi
when the number and power rating o
the equipment serviced by the comm

. . - . . : .. Touch Voltage
grounding wire Is increased In time Ec neutral

EE 209 Fundamental s of El ectrical and El ectromRY cs




Electrical Safety

Broken Neutral Wire 0 Roving Neutral

Sometimes neutral wire may be broken for | Neutral voltage IS now nonzerc
reason, resulting in a case, calieBRo v i n :

N e u tyielding a touch voltage on the met;

—_ Phasg
l, — Phasg
. — Phase
v % |
OO O
Z,
1 A V,>0 |i

V=0 Neutral wire

Grounded neutral Broken neutral wire Ungrounded (Roving) neutral V,=0

EE 209

Fundament al s of El ectrical and El ectrom8cs



Q) Electrical Safety

Overvoltages due to Roving Neutral

Sum of the phase voltages at a neutral pd ~ Touch (neutral) voltage is now
with broken neutral wire is never zero, sinf  NONZEIO

the phase voltages are unbalanced

The resulting voltage, ®ppearing on the
broken neutral wire passes to the metal c
of the electrical equipment connected to t
neutral

<

Ungrounded neutral V,=0

Broken neutral wirg

EE 209 Fundamental s of El ectrical and El ectrom9 cs



Q) Electrical Safety

Overvoltages due to Roving Neutral

with the neutral wire broken| are kept constant and balanced by the control
on the secondary side mechanisms in the MV system

Please note that , a reduction joalses overvoltage in
phasec and/or phask, which may cause significant harms
the customer equipment connected to these phases

T
g 3
S -
~ T
D 3
o o
0 o}
c 8
(1] (1]
= Q
] g
a 3
(4]

(1]
@ o
s <
Q Q
o 0
[V}
5 o
P £

~
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Q) Electrical Safety

Ways of Reducing Touch Voltage in this case

The Most Proper (Legitimate) Solutign Touch voltage is how zero

Solidly eartthe metal cover of the
equipment
|, —> Phasg \, =220V

|, — Phasg ‘

e —s

Phase

Y. o -
:
_ 1l &

S GEREIRY T Ungrounded  Grounded /. =(Q
neutral Equipment 9
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Q) Electrical Safety

Ways of Reducing Touch Voltage in this case

Acceptable (undesirable) Solution Touch voltage is now zero

In case, where this is not possible;

Solidly eartlthe neutral wire at the (0o QEEREEREIEE SRRV ?IY
terminals

Ib — Phasg

4

210 CIRENIEI R Grounded neutral V,=0
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o Electrical Safety

METU

Important Caution

In any case, NEVER connect the met

\ Touchvoltageis now phasevoltage,
cover of the equipment to the neutral

whichis extremelyharmful

Ol nt KI | eqal

This type of connection may cause th
hase voltage appear on the metal co

of the equipment, when the neutral wikg
IS broken, resulting in fatal
conseguences Phase

S/ CINEIIEIRYI{s] Ungrounded V.=0
neutral Y
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o Electrical Safety

METU

Why does Neutral Line break ?

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

g

l,— Phasg \, =220V

V1= 0 Neutral wire ‘

Grounded =I(o[ Iy Ungrounded
neutral WCUEIR(z neutral
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Q) Electrical Safety

Why does Neutral Line break ?

Neutral line may break due to severel | Possible contact point S
reasons, such as severe weather conditig : =
external interventions / collisions 5 =
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