Neutral Grounding

Introduction

' n power system, *grounding or earthing
means connecting frame of electrica]
equlpment (non -current carrymg part) or

. the system |
26.2 Equipment Grounding some electrlcal part of the y em e.g. neutral

point in a star-connected system, one conductor
of the secondary of a transformer etc.) to earth

26.1 Grounding or Earthing

26.3 System Grounding

i N I Svst i.e. soil. This connection to earth may be through
26.4  Ungrounded Neutral System a conductor or some other circuit element (e.g. a
26.5 Neutral Grounding resistor, a circuit breaker efc.) depending upon

the situation. Regardless of the method of
connection to earth, grounding or earthing offers
26.7 Methods of Neutral Grounding two principal advantages. First, it provides
protection to the power system. For example, if
26.8 Solid Grounding the neutral point of a star-connected system 18
' _ rounded th
269 Resistance Grounding grounded through a circuit breaker and phase to
earth fault occurs on any one line, a large fault
current will flow through the circuit breaker. The

26.6  Advantages of Neutral Grounding

26.10 Reactance Grounding

26.11 Arc Suppression Coil Grounding

. In electrical and electronic circuits, all the points .
(or Resonant Grounding)

which are electrically the same (called common‘

. oints) are connected to the metal chassis. :
26.12 Voltage Transf .

: & stormer Earthing method of grounding is called chassis gmund or
26.13 Grounding Transformer circuit ground. Circuit ground may or may not .

connected to earth (i.e. soil). For example, in mos
cars, the negative terminal of the battery-and o

side of all electrical circuits are connected to 1
metal chassis.
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the harmful

sreaker will open to isolate the f: _ ,
; l late the faulty line. This protects the power system from
domestic appliances, hand-held

dd-.t:;,_i%‘;l::(-){z‘f(“'lflly. carthing of clectrical equipment (¢.8-

'ﬁ{iﬁ"’fﬁils. lhc‘:cu\:.i)]lmllzu.:cj-l!‘.c, safety of (h'f' persons handling the .cquipmcul. l-'x')r cx;unp.lc.

Af the equipment. An : ( ViEck Chnibal Q1. the live conductor With l.hc mc.t;llhc pRIPALE
e Y person in contact with the metallic par! of this equipment will be

d to a dangerous clectrical shock which can be fatal. In this chaptet we shall discuss the

ce of grounding or carthing in the line of power system with special emphasis O neutral

Grounding or Earthing

process ¢f IC()””_C)C’/” 1g the metallic frame (i.e. non-current carrving Pt
vy loctric . ' E ¢

it OF so;l"e elecli ;‘” l’""f of the system (e.g. neutral point in a star-connecte
ror of the secondary of a transformer ete.) to carth (i.e. soil) is called prounding or ¢

wt) of clectrical equip-
ol systen, One con-
wrthing.

It is strange but truc that grounding of electrical systems i« less understood aspect of power
m. Nevertheless, il is a very important subject. I[f grounding is done syslcmulicully in the linc of
ower system, we can effectively pre (0 the equipment of the power
d at the same time continuity of supply ¢ wding or carthing miy be
nt grounding (i) System grounding.

| syste
 thep
gystem an
| Jassified as - (i) Equipme

| Equipment grounding deals with carthing the non-current-carrying
,‘ equipment. On the other hand, system grounding means carthing some
be.g. earthing of neutral point of star-connected system in generating stations

[ 26.2 Equipment Grounding

| The process of connecting non-current-carrying metal parts (i.e. me
- cal equipment 1o carth (i.e. soil) in such a way that in case of insu

| effectively remains at earth potential s called equipment grounding.
h with electrical equipment of all kinds, ranging from domestic appli-

Justrial motors. We shall lustrate the need of effective equipment
hase circuit composed of a 230 V source connected to a motor
solidly grounded at the service entrance. In the interest

cussion into three heads viz. (i) Ungrounded enclosure

ground wire connected to enclosure.

ase of ungrounded metal enclosure. If a
1t is functioning correctly.
and enclosure

vent accidents and damage
an be maintained. Grout

metal parts of the electrical
part of the clectrical system
and sub-stations.

tallic enclosure) of the electri-
lation failure, the enclosure

o

| Weare frequently in touc

| ances and hand-held tools to in
| arounding by considering & single-p
| Mas shown in Fig. 26.1. Note that neutral is
Feasy understanding, we shall divide the dis
enclosure connected (0 peutral wire (i)

(@ Ungrounded enclosure. Fig. 26.1 shows the ¢
n touches the metal enclosure, nothing will happen if the equipmer
u the winding insulation becomes faulty, the resistance R, between the motor
ops to a low value (a few hundred ohms of less). A person having a body resistance K;, would

lete the current path as shown in Fig. 26. l.

.....................

ine — 1L

metal
enclosure

neutral

Fig. 26.1

ailure of winding occurs), the leakage

the case when insulation |
high. As a result, the person would get

is small (as is usually
hrough the person’s body could be dangerously
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severe *electric shock which may be fatal. Therefore, this system is unsafe. fow‘

(if) Enclosure connected to neutral wire. It may appear that the above problem can be solveq ? 5
by connecting the enclosure to the grounded neutral wire as shown in Fig. 26.2. Now the IEakage J
current /; flows from the motor, through the enclosure and straight back to the neutral wire (See Fig, ﬂl’
26.2). Therefore, the enclosure remains at earth potential. Consequently, the operator would oy (0’”

. ) f
€Xperience any electric shock. \;’?S

S line — I
o

ch
!
gt

230V
neutral -a—

i[lm_ \_

Fig. 26.2

The trouble with this method is that the neutral wire may become open either accidentally or
due to a faulty installation. For example, if the switch is inadvertently in series with the neutral
rather than the live wire (See Fig. 26.3), the motor can still be turned on and off. However, if some-
one touched the enclosure while the motor is off, he would receive a severe electric shock (See
Fig. 26.3). It is because when the motor is off, the potential of the enclosure rises to that of the live
conductor.

line —> Fi;
e
(s

P
230V s I Hb
neutral T
———-O/O &

h

i \&

< < <—
Fig. 26.3

(f7if) Ground wire connected to enclosure. To get rid of this problem, we install a third wire,
called ground wire, between the enclosure and the system ground as shown in Fig. 26.4. The ground
wire may be bare or insulated. If it is insulated, it is coloured green.

i1
: S T !
line | Re \\

230V S : A

neutral T L b

.l ground [ +— L
s conductor = =
Fig. 26.4

Electric shock. Itis generally believed that currents below 5 mA are not dangerous. Between 10 mA and
20 mA, the current is dangerous because the victim loses muscular control. The resistance of the human
body. taken between two hands or between one hand and a leg ranges from 500 Q to 50 k€. If the resis-

tance of human body is assumed to be 20 kQ, then momentary contact with a 230 V line can be potentially
fatal.
230V

= = 115 mA

L™ 20ka
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Electrical outlets

s hu\’c ‘l 0e (N o 0 N
- and wi wee contacts — one for live wire T T _
gro re. ¢, one for neutral wire and one for

26.3 System Grounding

The process of connecting some .
connected system, one c::r!;(i::)"'(.010“”.“'('1 part of the power system (¢.8. neutral point of a star-
system grounding. ctor of the secondary of a transformer etc.) 10 earth (i.e. soil )Ii.v (';lHl‘(l
The system grounding has
em. By adoptin ;pr();g;‘;%l:\ed‘h 'flﬁsu‘mcd considerable importance in the fast expanding power sys-
protection; reliability and quilch of system grounding, we can achieve many advantages incllu‘li):ll !
sspects of Q?l‘fr_(zl,gm“ndi; ‘, Rl thf: power system network. But before discussing ('h- vari E
srounding. 18, it is desirable to give two examples to appreciate lh‘(; ncbc(l :I' s)irlsll(:.l:l:
(i) Fig. 26.5 (i) shows , -
the Tins and)neuon\-z; ;l;ill)[rllti;y-wind?ng of a distribution transformer connected between
appear that a person could tOm:llm)&':.lll the secondary conductors arc ungrounded, it would
nojeroud feturn, However. i 1 ut 1er secondary conductor without harm bécause there is
between primary and sec on df::“x "s not true. Referring to Fig. 26.5, there is capacitance €
capacitance coupling can prod‘uy\‘}nq, capacitance C, between secondary and ground. 'l‘hil‘
Depending upon the relative C'L a }ngh vult‘ugc between the secondary lines and the gr()un(i
the primary voltage. If a per':z)‘:]g‘[mllflcs n‘I_CI and C,, it may be as high as 20% to 40% oi'
capacitive current /- flowin i " 0‘:“"037 either one of the secondary wires, the resulting
g through the body could be dangerous even in case of smu::l

transformers [See Fi i
g. 26.5(if)). For ex: e
fatal electric shock. (if)). For example, if I, is only 20 mA, the person may get a

11 kV
- 11 kV s
neutral L b
neutral (2
Fuse ié
[ ;
6 4
----- ¢ 23 2 %
[ —? 8
_—-T_—— .-:%_:._ Cz ‘ { }
|- 5(100V 5 g(
T TTTTT 77T 7 I - \/ .
(i) ground IR PR AL AL L LLLL P
(i) ground T
¥ M

Fig. 26.5

T
R Dl S R L

conductors is gr At .

ry ive currentslgl():nded' the capacitive coupling almost reduces to
c As aresult, the person will experience no electri

e of system grounding. ¢

If one of the seconda
zero and so is the capaci
shock. This explains the importanc
[0 to a more Serious situation. Fig. 26.6 (i) shows theprimary winding of
nnected between the line and neutral of a L1 KV line Thg‘ (‘)t :
unded. Suppose that the high voltage line (1 kV in.thi:;c.c-
shown in Fig. 26.6 (). This could be caused by an ilkltc;?'e;
or tree falling across the 11 kV and 230 V lin::

Under these circumstances, a Very high voltage 18 imposed between the secondary conduc-

tors and ground. This would immediately puncture the 230 V insulation, causing a massive
flashover. This flashover could occur anywhere On the secondary network, possm

T Tom—
e

CRBASENCY, .

-

(ii) Letus now tu
distribution transformer €O
ondary conductors are ungro
touches the 230 V conductor as
fault in the transformer or by a branch
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590 Principles of Power System

a home or factory. Therefore, ungrounded secondary in this case is a potential fire hazgyy
and may produce grave accidents under abnormal conditions.

kv
neutral L
—¢ neutra ]
T
Fuse |
|
fault 1 I Fuse
|
I
|
230V i
|
|
|
|
2 |
3 e
|
|
|
TTT77T77 7777777 77777777 TTTTT 77T TG L LT LI 7777
(1) (ii) 4
: Fig. 26.6

If one of the secondary lines is grounded as shown in Fig. 26.6(ii), the accidental contact be-
tween a 11 kV conductor and a 230 V conductor produces a dead short. The short-circuit curren
(i.e. fault current) follows the dotted path shown in Fig. 26.6 (ii). This large current will blow the
fuse on the 11 kV side, thus disconnecting the transformer and secondary distribution system from
the 11 kV line. This explains the importance of system grounding in the line of the power sy /stem

264 Ungrounded Neutral System

In an ungrounded neutral system, the neutral is not connected to the ground .e. the neutral is isolated
from the ground. Therefore, this system is also called isolated neutral system or free neutral system,
Fig. 26.7 shows ungrounded neutral system. The line conductors have capacitances between one
another and to ground. The former are delta-connected while the latter are star-connected. The
delta-connected capacitances have little effect on the grounding characteristics of the system (.e.
these capacitances do not effect the earth circuit) and, therefore, can be neglected. The circuit then

reduces to the one shown in Fig. 26.8(i).

FRen R &
f j
vy A
N — TV ; I </ = |
U B SN
SR

Cpilm == Cs
cy

Fig. 267

Circuit behaviour under normal conditions. Let us discuss the behaviour of ungrount
neutral system under normal conditions (i.e. under steady state and balanced conditions). The line

assumed to be perfectly transposed so that each conductor has the same capacitance t0 grour
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o I ‘ . : 4 :: ; 4 : ) =~ ¥ 1 Y ¢

-ﬂ“u.h e, (;“ ¢y (..,, = (" (say). Since the phase voltages
gapnitude (of course, displaced 120" from one another)
Lave the same value fe.

V}(/\’,h'vyN and Vp,, have the same
» the capacitive currents 1, I, and I, will

! Vph
R=ly=ly = 22 i fiiag
W .... in magnitude
o / - aca . -
where Vi = Phase voltage (i.e. line-to-neutral voltage)
X¢ = Capacitive reactance of the line to ground.
L S £ Vyn
N ¢TI @Y
/-) AVAA._-E.‘.._- ————e e QB :; /‘IB
f |
s l‘ ' i/
o il e
’I CY \‘ / \‘\.\\ \
i b \
— __1'5 PUNB. | VRN o p \\ V
4 & IR \\EN

(i Fig. 26.8 -

The capacitive currents /g, Iy and /, lead their respective phase volt_agés Vin. Vyn and Vgy by
90° as shown in the phasor diagram in Fig. 26.8(ii). The three capacitive currents are equal in
magnitude and are displaced 120° from each other. Therefore, their phasor sum is zero. As a result,
no current flows to ground and the potential of neutral is the same as the ground potential. There-
fore, ungrounded neutral system poses no problems under normal conditions. However, as we shall

see. currents and voltages are greatly influenced during fault conditions.

Circuit behaviour under single line to ground-fault. Let us discuss the behaviour of un-
srounded neutral system when single line to ground fault occurs. Suppose line to ground fault oc-
curs in line B at some point 2 The *circuit then becomes as shown in Fig. 26.9(i). The capacitive

currents I and 7, flow through the lines R and ¥ respectively. The voltages driving I and Iy are Vir
yy dre the line voltages [See Fig. 26.9 (ii)]. The paths of I

and Vyy respectively. Note that Ve and V g o )
and [y are essentially capacitive. Therefore, I, leads Vg by 90° and Iy leads Vg, by 00° as shown in

Fig. 26.9 (ii). The capacitive fault current I-in line B is the phasor sum of /; and /,.
Ic =lg+ly - Phasor sum

\/?:Vph

Now, Ik = %, T X

_ \Evph

and y= %. X

\/—3'Vph
lR'— IY = -XC

Fault current in line B,

al 2 4 C T T g
B. p(-.zcm,.l] of phase B becomes equal (© x;1L ground Ff’_;)!u«m;l_ ﬂ“;
) in line B, e PY ., - anee N0 capacitive current flows through
- { this line (2.€ capacitance Cy)- Hene ay
-~ . e “3 ) s €.
Jhort circuts the capacitance 0

Due to hne-to-gro
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T h,vo
(% )
N ———— — R Vyn iz 5’
N $— T —— Y o
F (e !
B -Ullg'
IRU_ I ol
= = ) R
Cr —_J Cv ‘ t
lc ! '-\Uu'
VRN 2
1 v . Clc') r')’
l A BR (7. -~
RT il- IY -T_ fl:
(i (i
Fig. 26.9
= /3 x Perphase capacitive current under normal conditiong
Capacitive fault current in line B is
I = Phasor sum of I and [y
JSv, 3V, 9
S VYph _ Y7 ph
C il = Ex ;
I\C‘ <4 C —
3 Vph Vph
Io = =3RS
X¢ X¢
= 3 x Per phase capacitive current under normal conditions
Therefore, when single line to ground fault occurs on an ungrounded neutral system, the follow-
ing effects are produced in the system:
(i) The potential of the faulty phase becomes equal to ground potential. However, the voltages o
of the two remaining healthy phases rise from their normal phase voltages to full line value. th
This may result in insulation breakdown. ol
(i) The capacitive current in the two healthy phases increase to \/3 times the normal value. E
1§
(iif) The capacitive fault current (/;) becomes 3 times the normal per phase capacitive current. n
(iv) This system cannot provide adequate protection against earth faults. It is because the ca- t
pacitive fault current is small in magnitude and cannot operate protective devices. t
. . - . . . ‘
(v) The capacitive fault current /- flows into earth, Experience shows that I in excess of '
4A is sufficient to maintain an arc in the ionized path of the fault. If this current is once |
maintained, it may exist even after the earth fault is cleared: This phenomenon of *per-
’Q)Q/‘ sistent arc is called arcing ground. Due to arcing ground, the system capacity is charged
9 and discharged in a cyclic order. This sets up high-frequency oscillations on the whole
system and the phase voltage of healthy conductors may rise to 5 to 6 times its normal
value. The overvoltages in healthy conductors may damage the insulation in the line.
L l?efcwing to Fig. 26.9(ii), the magnitudes of / and /, are equal and the angle between them is 60°. There-
fore, the resultant capacitive fault current /- is given by:
le = 2Igc0s 60°12 = 2l cos 30° =2 Iy x 3/2=13 I;.
* When the arc is formed, the voltage across it becomes zero and the arc is extinguished. As a result, the
pol'cmml f“ the fuu'hy c‘:onducxor is restored and the formation of second arc takes place. This phenomenol
of intermittent arcing is called arcing ground. i
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|e/'i

ue to above disadv

s Boltage 3-phase Systirrlrtlages’ ungrounded neutral system is not used these days. The modern
b s employ grounded neutral owing to a number of advantages.

pet o

w7
ocess of connecti
e P roc Ing n . )
I:Wgh some circuit ele;rfzntem-ral pote of 3-phase system to earth (i.e. soil) either directly or
/ (e.g. resistance, reactance etc.) is called neutral grounding.

\
N Neutral grounding provi
e A : . ‘
aults the current path is Eo:n“l(llgﬁ‘pmteqmn—@..Pefsonal.ﬂnd equipment. It is because during earth
| s completed through the carthéd neutral and the protective devices (e.g. a fuse

te to isolat 2 alicnlt
fc.) OPerE = o ¢ the faulf * T
fig 26.10. faulty conductor from the rest of the system. This point is illustrated in

Fuse / F
]
r. - 4 R
'—.-'r-'
N :
L 'y
I
= Fuse : ‘
? e e : Y
= I
|
A Fuse | *
. jfpee— !
! L : B
|

Fig. 26.10

Fig. 26.10 §h0ws a 3—pha'se, star-connected system with neutral earthed (i.e. neutral point is
connected to soil). Suppose a si_rlgl_e,_ljn_'q to ground fault occurs in line R at point F. This wii)l cau ’
the current to flow through ground path as shown in -Fi‘g.WZB-jf).ml\FIgtgt_l{a‘t mc':ur-rer;t flo‘ws from 15;3
phase to earth, then to neutral point N and back to R-phase. Since the impedance of the current '1t}-1
is low, a large current flows through this path. This,1argq_current_,will_blow‘. tﬂéﬁ;ﬁzbﬁﬁsépz:ﬂd
isolgt’_é’tﬁg»fgpﬁl_t_y}iﬂrle R. This will protect the system from the harmful effécts (eédar_ﬁage to eu1 =
ment, electric shock to personnel etc.) of the fault. One important feature of grounded neutral ig thI:n

 the potential difference between the live conductor and ground will not exceed the phase voltage of
the system g’.ﬁe.*i,td_)yill remain nearly constant. voltage o]

2.6 Advantages of Neutral Grounding W

The following are the advantages of neutral grounding :
(i) Voltages of the healthy phases do not exceed line to ground voltages i.e. they remain nearly

constant.
e to arcing grounds are eliminated.

(ii) The high yoltages du
be used to prov1de protection against earth faults. In case earth

(iii) The protective relays can : ' :
fault occurs on any line, the protective relay will operate to isolate the faulty line.
arth.

(iv) The overypltagcs.d}l@jglightlllﬂg_am discharged to €

(») ia;rovides great_g:gggﬁfgty»to p)e;sp_qnql and equlpmgnt.”

d service reliabili_ty.

(vi) It provides improve
| ures are reduced.

(vii) ‘Operating and rn-ai'hténanc'e“qg(pendit_
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grounded neutral has the following advantage, .

Note : It is interesting to mention here that ungrou . :
healthy phases will continue to supply load fo

(i) In case of earth fault on one line, the two

short period. B
(i) Interference with communication lines 1s red

currents.
The advantages of ungrounded neutral syste

advantages of the grounded neutral system. Therefo
neutral points.

26.7 Meéthods of Neutral Grounding

The methods commonly used for grounding the neutral point of a 3—pha§e system are :
(i) Solid or effective grounding (ii) Resistance grounding

(iif) Reactance grounding (iv) Peterson-coil grounding

The choice of the method of grounding depends upon many factors including the size of the
system, system voltage and the scheme of protection to be used.

26.8 Solid Grounding -

When the neutral point of a 3-phase system (e.g. 3-
phase generator, 3-phase transformer efc. ) is directly
tconnected to earth (i.e. soil) through a wire of neg- N

ligible resistance and reactance, it is called solid I v’
grounding or effective grounding.

Fig. 26.11 shows the solid grounding of the neu- RLIILLIA
tral point. Since the neutral point is directly connected - —=l
to earth through a wire, the neutral point is held at L
earth potential under all conditions; Therefore, un-
der fault conditions, the voltage of any conductor to
earth will not exceed the normal phase voltage of the system.

Advantages. The solid grounding of neutral point has the following advantages :
(i) The neutral is effectively held at earth potential.

uced because of the absence of zero sequence

m are of negligible importance as compared tg (e
re, modern 3-phase systems operate with groundeg

T

Fig. 26.11

IR

eI 111D . =
N | Iy |

?_—_——f-—%mm .'. ° Y
| ; — IF [

| Ly e 5
+ — In 2 J’_

1 | T

| TIF o : —Cr — Cy

| | IR J IY

J |

' !

I 'Fl ! i i ly

: I lm I+ ly

I -~ ]

_;_I; =
Fig. 26.12

£ Thic i1c 7 RE L e ) N X ;
.ﬂu.s‘ 1s a metallic Lonnfn.xmn made from the neutral of the system to one or more earth electrodes
ing of plates, rods or pipes buried in the ground.
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- i) \}"}.mn earth fault occurs on any phase, the resultant capacitive current . is in phase oppo-
sition to the fault current /... The two currents completely cancel each other. Therefore, no
arcing ground or over-voltage conditions can occur. Consider a line to ground fault in line
B as shown in Fig. 26.12. The capacitive currents flowing in the healthy phases R and ¥ are
Iz and Iy respectively. The resultant capacitive current I is the phasor sum of 7z and /y. In
udt_lumn to these capacitive currents, the power source also supplies the fault current /.

: This f m}lt current will go from fault point to earth, then to neutral point N and back to the .
gi‘l:‘{itlpf)ln‘t through th; faulty phase. The path of / is capacitive and that of /5 is *inductive. |

- WO currents are in phase opposition and completely cancel each other. Therefore, no
arcing ground phenomenon or over-voltage conditions can occur. :

(117} \.\'her} there is an earth fault on any phase of the system, the phase to earth voltage of the
faulty phase becomes zero. However, the phase to earth voltages of the remaining two 3
healthy phases remain at normal phase voltage because the potential of the neutral is fixed
at earth potential. This permits to insulate the equipment for phase voltage. Therefore,
there is a saving in the cost of equipment.

(iv) It becomes easier to protect the system from earth faults which frequently occur on the
system. When there is an earth fault on any phase of the system, a large fault current flows
between the fault point and the grounded neutral. This permits the easy operation of earth-

] fault relay.

Disadvantages. The following are the disadvantages of solid grounding :

(i) Since most of the faults on an overhead system are phase to earth faults, the system has to 4
bear a large number of severe shocks. This causes the system to become unstable.

(ii) The solid grounding results in heavy earth fault currents. Since the fault has to be cleared
by the circuit breakers, the heavy earth fault currents may cause the burning of circuit ;

breaker contacts.
.. . / . . . . .
(iii) The increased earth fault current results in greater interference in the neighbouring com-

e ————

munication lines. 3
Applications. Solid grounding is usually employed where the circuit impedance is sufficiently ‘
high so as to keep the earth fault current within safe limits. This system of grounding is used for

voltages upto 33 kV with total power capacity not exceeding 5000 kVA. -
269 Resistance Grounding :- ]
In order to limit the magnitude of earth fault current, it is a common practice to connect the neutral !
i
]

. point of a 3-phase system 10 carth through a resistor. This is called resistance grounding.
, When the neutral point of a 3-phase system (e.g. 3-phase generator, 3-phase transformer etc.) i
" is connected to earth (i.e. soil) through a resistor; it is called resistance grounding, ;
e grounding of neutral point through a **resistor R. ‘Fhe value of R should
very high.' If the value of earthing resistance R is very low, the earth fault
the system becomes similar to the solid grounding system. On the other
h, the system conditions become similar to ungrounded

Fig. 26.13 shows th
neither be very low nor
current will be large and ' .
hand. if the earthing resistance R 1s very hig
{ current /5 is given by

vah 7

= 4+ 5t 4

Jags behind the phase to neutral voltage of the faulted

= By symmetrical components. the faul

Since Z, + Z, + Zy is predominantly inductive, /¢

ase by nearly 90°. o to o ot .

A fh s b{\w a mélallic resistor or liquid resistor. Metallic resistors .do not chanz(;je : ith time and ;t))x;actlca.lly

e S aintenance. However, 2 metallic resistor is slightly mdulcuv.e. ﬂ: ttls foses a problem with
require no mi 4 10 lightning. Liquid resistors are free from this disadvantage.

overhead lines expose
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neutral system. The value of R is so chosen
such that the _garﬂﬁﬁﬂlt current is_limited to
saik':;\_'a\lp_cﬂlgu_t*sti_l] sufficient_to_permit.the
operation of earth fault protection system. In
practice, that value of R is selected that lim-
its the earth fault current to 2 times the nor-
mal full load current of the earthed generator
or transformer.
~ Advantages. The following are the ad-
vantages of resistance earthing:
- (i) By adjusting the value of R, the arc-
{ ing grounds can be minimised. Sup-
pose earth fault occurs i

flow in the healthy phases R and Y respectivel

voltage of t

and the reactance of the system upto t

into two components viz.

y

\/
r__rmmm_\ .

T .11 p BN

Fig. 26.13

in phase B as shown in Fig. 26.14. The capacitive currents /p and I
y. The _fault current /- lags behind the phase

he faulted phase by a certain angle depending upon.the earthing resistance R
he point of fault. The fault current I can be resolveq

IR
— TR < o R
N B [
G IIIIIA < > o Y
— I [
R Ly La > B
i TIF — Iy T CrR— — Cyvy
< Pobmew
f Ig ! lo=ln+ly
| ] —
| |
| : :
: IF : |
‘ USRI (R —— W
IR+ ly
—_—
Fig. 26.14

(a) 15, in phase with the faulty phase voltage.

(b) I, lagging behind the faulty phase voltage by 90°.

The lagging component I, is in phase opposition to the total capacitive current /. If the value

of earthing resistance R is so adjusted that /p, = I, the arcing ground is completely eliminated and

the operation of the system becomes that of solidly grounded system. However, if R is so adjusted
that I, < I, the operation of the system becomes that of ungrounded neutral system.

(i) The earth fault current is small due to the presence of earthing resistance. Therefore, inter-

ference with communication circuits is reduced.

(iif) It improves the stability of the system.

Disadvantages. The following are the disadvantages of resistance grounding : 3
(i) Since the system neutral is displaced during earth faults, the equipment has to be insulated

for higher voltages.

(i) This system is costlier than the solidly grounded system.
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v (i) A large amount of energy is produced in the earthing resistance during carth faults. Some-
times it becomes difficult to dissipate this energy to atmosphere.
Applications. It is used on a system operating at voltages between 2.2 kV and 33 kV with
ower source capacity more than 5000 kVA.

210 Reactance_Grounding

ST 1111 [ —
(n this system, a reactance is inserted
]
|petween the neutral and ground as shown N e
+ Fig. 26.15. The pu f i S—IELELA (
.n Fig. purpose of reactance is
o limit the earth fault current. By changing
e earthing reactance, the earth fault current L s —— B

imilar to that of solid grounding. This
nethod is not used these days because of
the following disadvantages :

) & e e .

(i) In this system, the fault current
required to operate the protec-
tive device is higher than that of resistance grounding for the same fault conditions.

(ii) High transient voltages appear under fault conditions.

126.11 *Arc_Suppression Coil Grounding (or Resonant_Grounding) : -

We have seen that capacitive currents, are responsible for producing arcing grounds. These capaci-
tive currents flow because capacitance exists between each hne_and_t;arth If inductance L of appro-
priate value 1s connected in parallel with the capacitance of the system, the fault current I flowing
through L will be in phase opposition to the capacitive current /¢ of the system. If L is so adjusted
that I, = I, then resultant current in_the fault will be zero. This condition is known as resonant
grounding.

When the value of L of arc suppression coil is such that the fault current I exactly balances the
capacitive current I, it is called resonant grounding,

Circuit details. An arc suppression coil (also called Peterson coil) is an iron-cored coil con-
rected between the neutral and earth as shown in Fig. 26.16(i). The reactor is provided with tap-
pings to change the inductance of the coil. By adjusting the tappings on the coil, the coil can be

wuned with the capacitance of the system i.e. resonant grounding can be achieved.

_ Reactance
:an to changed to obtain the conditions

Fig. 26.15

[
s

— Y
.
R by
, :{ZCY
Arc \ k
suppression
coil
le
S (1) @)
Fig. 26.16

+ Also called Peterson coil grounding.
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Operation. Fig. 26.16(i) shows the 3-phase system cm;‘)loying Peterson coil grounding,
pose line to ground fault occurs in the line B at point F°. The fault current 7, and capacitive cilm,

. o bl . , iy

I and Iy will flow as shown in Fig. 26.16(i). Note that /- flows through the Peterson coil (o, o \

( te

suppression coil) to neutral and back through the fault. The total capacitive current /- is (he phasc
) : . - T i . dS0r
sum of 7, and Iy as shown in phasor diagram in Fig. 26.16(i1). [he voltage of the faulty hase s

applied across the arc suppression coil, Therefore, fault current Iy lags the faulty phase Voltage by
90°. The current I is in phase opposition to capacitive current I¢-[See Fig. 26.16(ii)]. By ;ldju.\lin)' /
the tappings on the Peterson coil, the resultant current in the fault can be reduced. If induclﬁnce of
the coil is so adjusted that 7, = I -, then resultant current in the fault will be zero. :

‘alue of L for resonant grounding. For resonant grounding. the system behaves gy

. . an up.
grounded neutral system. Therefore, full line voltage appears across capacitors Cpand C,,
\/-ivph
Ig=1Iy = ¥
c
J3v 3V
_ _ ~ p/l _ /)h
Ie= V3 Iy = J3 x e
Xc Xc
Here, X is the line to ground capacitive reactance. .
v/)h 4
« Fault current, I = e
L
Here, X; is the inductive reactance of the arc suppression coil.
For resonant grounding, I; = /¢
. vph 3vph -
A or — = —
a XL XC
i X
C -
i or X, = & 4
L L 3
| | .
i or oL = - ni
1 30C e
%(. L = s (l)
l 307C
i Exp. (i) gives the value of inductance L of the arc suppression coil for resonant grounding.
r* Advantages. The Peterson coil grounding has the following advantages: k- ¥
§ (i) The Peterson coil is completely effective in preventing any damage by an arcing ground. =3

(if) The Peterson coil has the advantages of ungrounded neutral system.

|
Disadvantages. The Peterson coil grounding has the following disadvantages : »’
(i) Due to varying operational conditions, the capacitance of the network changes from timeto 5
time. Therefore, inductance L of Peterson coil requires readjustment. i

(i) The lines should be transposed.

26.12 Voltage Transformer Earthing

In this method of neutral earthing, the primary of a single-phase voltage transformer is connCC‘?d

between the neutral and the earth as shown in Fig. 26.17. A low resistor in series with' a relay!
connected across the secondary of the voltage transformer, The voltage transformer provl
reactance in the neutral earthing circuit and operates virtually as an ungrounded neutral system:
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,\m . ‘ au .
Lylt on any phase produces noe nernes e . .
— 1l faul y phase produces a voltage across the relay. This causes the operation of the protec-

i HRT L)
‘\/ILL-
¢ l]L

Ip-

s Generator

re Y 1111 ] [ ASS—
or

5 — N T Y
'ﬁ\" | P~ —— B

Voltage <

S L
Transformer 3 || & [ 1 Relay

Fig. 26.17
Advantages. The following are the advantages of voltage transformer carthing :
(i) The transient overvoltages on the system due to switching and arcing grounds are reduced.
- Itis because voltage transformer provides high reactance to the carth path.
i) This typc‘)l' carthing has all the udvunl;lgés of ungrounded neutral system.
' (iii) Arcing grounds are eliminated.
Disadvantages. The following are the disadvantages of voltage transformer carthing
(i) When carth fault occurs on any phase, the line voltage appears across line to ecarth capaci-
tances. The system insulation will be overstressed.
(ii) The earthed neutral acts as a reflection point for the travelling waves through the machine
winding. This may result in high voltage build up.
Applications. The usc of this system of neutral carthing is normally confined to generator
equipments which are directly connected to step-up power transformers.
Example 26.1. Calculate the reactance of Peterson coil suitable for a 33 kV. 3-phase trans-

mission line having a capacitance 10 earth of each conductor as 4.5 uF. Assume supply frequency to

be 50 Hz.

Solution. Supply frequency, f=50Hz .
~ Line to earth capacitance, C=45uF=45X 10°F
’; For Peterson coil grounding, reactance X, of the Peterson coil should be equal to X /3 where
«}(C s line to carth capacitive reactance.

Xc | I
Reactance of Peterson coil, X, = 3 3wC 3xenfxC
]
¢ = 2358Q

= 3% 2nx50%x4-5%10

200 km transmission line has a capacitance to earth

v 3-phase, 50 HZ, \
26.2. A230kV, 3-phase o and kVA rating of the Peterson coil used for

Example : :
o Calculate the inductance

of 0-02 WF/km per phase.

carthing the above system.
Solution. Supply frequency, f = 50 Hz

e to earth, C = 200 x

Peterson coil 18

-6

i 02=4x10"F
Capacitance of each lin 0-0

Required inductance of
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1

L=—~

30°C
1
_ _ — = 085H
3><(2nx50)2x4><10’
Current through Peterson coil is
Vor  230x10°/4/3
= =500 A

lr =%, " 2nx50x085
Voltage across Peterson coil is

v, _ 230x1000

BB

230x1000
Vl)h X IF= T

. Example 26.3. A 50 Hz overhead line has line to earth capacitance of 1.2 UF. It is desired 1o ¢
use *earth fault neutralizer. Determine the reactance 1o neutralize the capacitance of (i) 100% of
the length of the line (ii) 90% of the length of the line and (iii) 80% of the length of the line.

Vph = V

1
% 500 X —— kVA = 663¢
0 66397 kVA

Rating of Peterson coil

Solution.
(i) Inductive reactance of the coil to neutralize capacitance of 100% of the length of the line is

I
gy ieta — = 884190
30C  3x2mx50x1-2x10

{ (if) Inductive reactance of the coil to neutralize capacitance of 90% of the length of the line is

1 1
= = 982-43Q

- 3wx0-9C 3><21t><50><0-9><1-2><10'6

(iii) Inductive reactance of the coil to neutralize capacitance of 80% of the length of the line is

i
| x4
|
I

1 1
X, =—— = — = 1105-24Q
L™ 3wx0-8C 227X 50% 0-8% 1-2x10 7 .

Example 26.4. A 132 kV, 3-phase, 50 Hz transmission line 200 km long consists of thre¢
conductors of effective diameter 20 mm arranged in a vertical plane with 4 m spacing and regularly
transposed. Find the inductance and kVA rating of the arc suppression coil in the system.

Solution. Radius of conductor, r = 20/2 = 10 mm = 0-01 m

Conductor spacing, d =4m
. Capacitance between phase and neutral or earth

y -12 , .;
21 Fim =27c><8 885210 _ 9285 x 1072 Fim
log, — log, ——— ;i
S %001

| = 9285x 1072 x 10’ F/km = 9285 x 10 Fkm
. Capacitance C between phase and earth for 200 km line is

* Note that Peterson coil is also known as earth fault neutralizer.
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{
~ : 9 r
! o C = 200%9285x 107 = 18:57x 107 F
rhe required inductance L of the arc suppression coil i
I I
—7 = |-§2H

L = -
302 C 3x(2nx50)2><18-57x1(r7

v, 3
ph_ 132210 I3 _ o
X, 2mx50x1-82

B Current through the coil, [, =

atine " QPP 132
Rating of the coil =V, x 1. = -\75—— % 132 = 10060 kVA

b i S bt

TUTORIAL PROBLEMS |
ts of three conductors of effective !
and regularly transposed. Find the |
[1-97H; 0.389 MVA] |

- |
alculate the reactance of an |

I /\ 132 kV, 3-phase, 50 Hz transmission line 192 km long consis
flmmclcr 20 mm, arranged in a vertical plane with 4 m sb:wing
inductance and MVA rating of the arc suppression coil in the system.

A 33 kV, 50 Hz network has a capacitance to neutral of 10 pF per phase. C

2
arc suppression coil suitable for the system to avoid adverse effect of arching ground. [1061€2] |
;, 3.6A transmission line has a capacitance of 0-1 p¥ per phase. Determine the inductance of Peterson coil |
\ to nculru}w.c the effect of capacitance of (i) complete length of the line. (i) 97% of the linc, (iii) 90% |
‘ length of the line. The supply frequency is 50 Hz. [(i) 33-80H (i) 34-84H (iii) 37-55H] |

26.13 Grounding Transformer

We sometimes have to create a neutral pointona3
o change it into 3-phase, 4-wire system. This can
s a core type transformer having three limbs built in the same fashiomas hat o
former. Each Timb of the TansTormer has two identical windings wound differentially (i.e. directions
of current in the two windings on cach limb are opposite 10 each other) as shown in Fig, 26.18.
Under normal operating conditions, the total flux in each limb is n

ransformer draws very small magnetising

-phase, 3-wire system (c.g. delta connection etc.)
B et

be done by means of a erounding transformer. It

¢ power trans-

egligibly small. Therefore, the

P R
73
K]

—
2113

single
phase
load

Fig. 26.19

If we connect a
qual currents in

Fig. 26.18
‘ + 0o transformer :
g the us€ of gr‘m“ﬂf_’-—l——tﬁgﬁd cu'r;gn,LLdiYi@,h; into three e
umtral
—— ——

rto creulc.neut[al point N.

Fig. 26.19 show
g dnedt: al point stays fixed

i petween 0N line an a
| Smgle‘Phase o cause the currents are equal, the neutral P

| cach winding. Be
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eoular 4-wire system. In practice, the Si"glemhag
= ’ Se

voltages remain balanced as they wouldbeonar 7
ses and neutral so.that unbalyy,.

- e
\

loads are distributed as evenly as possibIe betveen
e e st . 47 O~ e — e _,,/
load current / is relatively small.

The impedance of grounding transformer is quite low. Therefore, when l'l"j_f_l‘lﬁﬁ.f_‘m 0c-
itude of fault current is limited by INserting o

curs, the Tault current will be quite high. The magn limited by nsertin

resistance (not shown in the figure) in the neutral circuit. Under normal conditions, onl-v._”_oﬂ_lﬂssg;.‘

will be continuously occurring in the grounding transformer. However. in case of fault, the high f,
g e ghiy

current will also produce copper losses in the [1'an§ﬁ),t111cn_5ince the duration of the fault current iy
generally betwéen 30-60 scconds, the copper losses will occur only for a short interval.
r——-’/,——— s - -

Grounded Transformer

SELF - TEST

1. Fill in the blanks by inserting appropriate words/figures :
(i) When single line to earth fault occurs on an ungrounded neutral system, the voltages of the
healthy phases (other than the faulty phase) rise from their normal phase voltages (0 «........... .
(ii) When single line to earth fault occurs on an ungrounded neutral system, the capacitive current in
the two healthy phases rises to .......cc.cceeee. times the normal value.
(iii) When single line to earth fault occurs on an ungrounded neutral system, the capacitive fau\f
current becomes ........ccceueeee. times the normal per phase capacitive current. )y

(iv) Tn Peterson coil grounding, inductance L of the coil is related to line to earth capacitance Cas/

(v) When single line to earth fault occurs in solid grounding system, the phase to earth voltage of the
remaining two healthy phases remain at ................... :

2. Pick up the correct words/figures from brackets and fill in the blanks.

(/) The ungrounded neutral system cannot provide adequate protection against earth faults because

the capacitive fault current is ................... (small, very large)

(ii) In Peterson coil grounding, when inductive fault current becomes equal to capacitive currenl’Of

the system, then .................. (X =3X5 X, = 3X0

(iii) In voltage transformer grounding ................... of single phase transformer is connected betwee!
neutral and earth. (secondary, primary’

v . . )

(iv) In equipment grounding, the enclosure is connected t0 ......ccooeueunis wire.  (ground, neatrol)
(v) The ground wire is coloured ........c..cooun... : (black, 8" vet)
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