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VOLTAGE CONTROL | \

As all the equipment in power system are designed to operate satisfactorily,
when voltage level on system is rated or within + 5% of range.

Even if sending end voltage is fixed. The receiving end voltage keep on
changing as per load & its pf.

Voltage variation will be more if,
(i) Loadislarge |

(ii) pfislow.

——



Voltage variation at any node depend upon reactive power
generated & reactive power consumed at that node.

» Ifreactive power generated > Reactive Power consumption.
= Voltage will go up.

» If reactive power generated < reactive power consumption.

— Voltage will go down Saviag Aswo  (vel4
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V, is not affected much due to P, as its component is normal to V.
So if we neglect this component

QX

PV, . Vq = Scnoh'na end vo ane.
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Source & Sink of Reactive Power t:@ — @
Equipment Source Sink Neilt\]l:)irssizﬁrce
Alternator Y Y d
(Over excited) (Under excited) (Normally Excited)
Transformer X v
Inductor (TL) ’ v
Reactor
Capacitor (TL) v X
Resistor X X v
Induction Motor X v X
Synchronous Motor Y . Y : Y :
(Over excited) (Under excited) (Normally excited)
[Induction generator X v X
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(i) Internal control — by changing the field excitation of alternator, V, can

» Voltage control can be control by

be change, which change the V.,

\_éxz \g— Q\B; Q# f va

» Excitation below certain limit — stability problem

» Excitation above certain limit — over heating of rotor.
- L



7D N
(i1) External control — In this method , the sending end voltage is unchan@
But by varying reactive power , receiving end voltage is controlled. For that we
connect some external equipment which is called compensator.

» If this equipment are connected in parallel], it is called shunt compensator.
» If this equipment are connected in series, it is called series compensator.



Without Compensator:

Vs _)(QL) (IL ) \Y

U,

P, +jQL=(P;+jQy)

» Itisused across any inductive load to supply reactive power required by load
» Itis connected directly to bus bar or tertiary winding of transformer.



Shunt Capacitor:

V., -5(Q-Q) @tld y

LI LI
QCT — Py + j_Q_L =(P1+jQ)

» Itisused across any inductive load to supply reactive power required by load
» Itis connected directly to bus bar or tertiary winding of transformer.



» Without shunt capacitor

\/Y :'Vg - QLX (1)
Vg

» With shunt capacitor

y oy @0 e)
VS
VY‘ o A g‘l + QSZ(_
V< AV
AN NN
VY'- Vy ¥t QcX
Vs
V.>V.




» So, increment of voltage

VBLV“ = QC.X
V<
AV = Q'c X
Ve
So, for increment of AV voltage, the shunt capacitor rating.
0. - AV V _ AV V.,
X X
Shunt capacitor is used to increase the vol aie.
g eV i e i

¢ [Italsoimprove the pf
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» Voltage drop = |V | - |V,]
= TRCQS(P-[-_ XSMCP
5 R
here, IR cos ¢ =0
then, Voltage drop =1Xsin ¢ « T Sing
Voltage drop | = X(I sin ¢)!
> So, voltage drop is reduced, so receiving end voltage is increased.
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» The capacitor Rating for power factor Improvement:

Qc

Y
A

Q- Qc

9

[nitially power drawn by load = P, +jQ,

The power draw by capacitor = 0 - jQ,.

Net power: P, +j (Q; - Q)
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[nitially pf angle, {an Cp.fl.: Q4

Fa
pf angle after shunt compensator,




Rating of shunt capacitor to improve pf angle from ¢, to ¢,.

Q= Ei [ tan d’ﬁ_—fq“ ¢, ]

3 M% = Fi [_{q(' C}_/L- tan ¢2.-]
e

qwc \/2—: Pii{qncﬁi—{qf\fﬁnj

Ph Pn

P[tan¢,; —tan¢, |

Cpns 2

ph =

P = total active power
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A load is supplied by a 230 V, 50 Hz source. The active power P and @
the reactive power Q consumed by the load are such that 1 kW <P <2
kW and 1 kVAR < Q < 2 kVAR. A capacitor connected across the load
for power factor correction generates 1 kVAR reactive power. The
worst-case power factor after power factor correction is.

0.447 lag P+ (8-2)
0.7071ag Py | = Cos $. = Min X
0.894 lag b = May™ T

- W op?-
1 {ang = Max” %JX)—







NAT (&)
The complex power consumed by a constant voltage load is given by

(P, +jQ;), where 1kW < P; < 1.5 kW and 0.5 kVAR < Q; < 1kVAR. A
compensating shunt capacitor is chosen such that |Q] <
0.25 KVAR, where Q is the net reactive power consumed by the
capacitor load combination. The reactive power (in KkVAR) supplied by

the capacitor is [GATE-2014-EE (Set-3) 2M]

Q| < 025

|Q\< vy

—025< Q< 025 (Tu‘(cu) ] r
<
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) A 3 Phase 11 kV, 50 Hz 200 kW load has pf of 0.8 lag. A delta@
connected 3 Phase capacitor is used to improve pf to unity. The 7

capacitance per phase of capacitor in uF is

— 20 kw
K o % Ph-
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Q. |A 3 Phase 11 kV, 50 Hz'200 kW load has pf of 0.8 lag. A star connected @
3 Phase capacitor is used to improve pf to unity. The capacitance per

4

phase of capacitor in pF is \/33;
. —4
Vo T ~€>VPA.

SoXlo
- D 0 S -
- )'\,
2 \
Q\ ) \J\)(.'_Sl)ﬁkll)?> vy /\ x

\E




1S4 2 Minutes Summar
‘,? Yy {& =8¢

—— Q: El:'tq” QSA— Lan &2—_} (’,._

> Vslage Codwl mcthod \

7 Shund CaquiJ(d~



Thank you




Electrical Engineering
Power System

{“\Q Lecture No.-2
Voltage Control

By- Ajay Gupta Sir




<1 1. What is voltage control

)T 2. Source and sink of reactive power

T3. Shunt Capacitor

f previous—

4. Shunt Reactor




1L Shunt reactor

/2. Ferranti effect remover




GCAJAYGUPTASIRPW




O

A 3 Phase 11 kV, 50 Hz 200 kW load has pf of 0.8 lag. A star connected

— S

3 Phase capacitor is used to improve pf to unity. The capacitance per

phase of capacitor in pF is

@

( ot Te) P= 2 Sokw
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_TL_-\-I-( Showld be 19 Fhatoc a.b \V4

CI;+::3) + 1L, = Z;(
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1342 Sin36%F = 1c
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Q At an industrial sub-station with a 4 MW load, a capacitor of 2 MVAR @
: —if the W

is installed to maintain the load power factor at 0.97 lag. If the

I\M

capacitor bank is out of service, the load power factor will be

Qx\ﬂf: \{X\?f\i’(q‘\ ¢i- {an \‘{-o‘-f]

05 = J(qmbi_ 025
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A balanced delta connected load of (8 + j6) () per phase is connected /D)
to a 400 V, 50 Hz, 3-phase supply lines. If the input power factor is to A

be improved to 0.9 by connecting a bank of star connected capacitors
the required kKVAR of the bank is

i &‘S?h
Lon ™ isper | Yoo L (®+¢)
et )4 A 0/+3%t MooV

Ty, = N0L3ERT X, ' \

tor phooc P = I‘,: (%) CD'
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_‘—b'td = 38Y5L
¢_1= Cos 26%F = 0%

cg = (os' (09) = 258y

Q= P [tandy—tea )]

ST

Q= 3Ryov| tag 3487 - £4q9534]

Q - l02.03?’3 VAR
|02 \kvA R



A 400 V, 50 Hz, three phase balanced source supplies power t a star

W

connected load whose rating is 12v/3 KVA, 0.8 pf (lag). The rating (in

KVA) of the @connected (capacitive) reactive power bank
necessary to bring the pf to unity is

@

(a) 28.78

b) 21.60 P= VI Cosp

c) 16.60 .
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A 3-phase 11-kV generator feeds power to a constant power unity @
power factor load of 100 MW through a 3-phase transmission line. A
The line-to-line voltage at the terminals of the machine is maintained
constant at 11 kKV. The per unit positive sequence impedance of the
line based on 100 MVA and 11 kV is j0.2. The line to line voltage at the
load terminals is measured to be less than 11 kV. The total reactive
power to be injected at the terminals of the load to increase the line-
to-line voltage at the load terminals to 11 kV is

141 kv & \L?(.iikv
P=|®oMW | R i
T__
[\
= | JE s MW
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At an industrial sub-station with a 6 MW load, a capacitor of 25MVAR
is installed to maintain the load power factor at 0.90 lagging. If the

capacitor goes out of service, the load power factor becomes
a) 8

(b)  1.§0 "th Capacitor Cos¢,= 090
o 0By lag With apac) 2°

d) @.90Vag @, = 258y
Without @pacitol’ Coq g , =
Q=P tang, -tand,]
25 =6 \tfqn@i-{quf-%“J
04l = | tand, — 0U)
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Shunt Reactor

@

It is connected across capacitive load or lightly loaded line to reduce the

VS | VI"
4Q, +Qc) )

voltage.

(C =+
| !

P1+)Q QP +jQ

V. - Vj‘ Q.’LX ..(1)

Without reactor

With reactor




VS
Vi-Ve = QX
Ve

VI" = VI'
» Soreactor will reduce the voltage
The decrement of voltage.

Y :8‘:5 Q= Reactive pawer Consuencd ‘3& Compeysator
Vs ( ch&av)



» So, rating of shunt reactor for decrement of AV voltage

AVV
X

v %=

Q. - Reactive power consumed by shunt reactor (compensator)

T
» For capacitive nature of load, it also improve the pf. : -
¢ J‘C‘"*J"'Zl) T,+T
9= >
%, <9y v
| ]
Cosg 7 Cos <bl Ic



Note : But practically leading load does not exist, so it is not used for @
7

pf improvement. P, l@i To.
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In real, reactor is used to limit the Ferranti effect of line rather

@

than pf control. So, it is treated as a voltage control.

Ferranti Effect Control:
Without shunt reactor..
Vs = AVr + Blr Lo v,
atnoloadI.=0,V. =V,
V.=AV

Vs
VrO - 7

A<d
Vyo 7 Vs



» With shunt reactor

Ve=Tp¥L = Tg= VR —" | ®
_ J*L
\/5: A\/R‘l’ &]LK J’IK
VS"' AVR+ Bﬁ_ JXL
)KL
— A+ B
Vs=Vr | |

4w wank VG:\/P:

—

» Toremove Ferranti effect,
A+ i =1
JX|
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Q A shunt reactor of 100 MVAR is operated at 98% of its rated voltage @\
and at 90% of its rated frequency. The reactive power absorbed by the A

reactor 1s 5

@ 93 MVAR ot T %
104.02 MVAR
O Qs _ \/:LLX %2
O 96.04 MVAR R
Q= (038v)" ‘



h 2 Minutes Summary

— Shurt Reactor
— Queshon
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The ABCD parameters of a 3-phase overhead transmission line
are A = D =(0.9)20, B =200)/90°Q and C = 0.95 x 10-3 £90° S.
At no-load condition a shunt inductive reactor is connected at

the receiving end of the line to limit the receiving-end voltage
to be equal to the sending-end voltage. The ohmic value of the

reactor is
Q 010 = |B\ — 9280 _ 950 )
O o000 |- | Al 1-09 g e




7D N
MCQ ®
The inductance and capacitance of a 400 kV,3 — ¢, 50 Hz lossless
transmission line are 1.6 mH/km/phase and 10 nF/km/phase
respectively. The sending end voltage is maintained at 400 kV. To
maintain a voltage of 400 kV at the receiving end, when the line is

delivering 300 MW load, the shunt compensation required is
fenliesalieadent [GATE-2016-EE (Set-2) 1M]

capacitive = = I Lo A2
A S e °—- ypa
. . |0X 1D
elnductlve .
. ¢
eresistive > - - = YGL KD
< “\5'0

QZGI‘O
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Actiad deading (3o Mw) < SIL (5o M) i

So diae is ﬁﬂ”'&' Loades!  So fervach cfbed osreur
(A)“C}\ majcﬁ V-(? VS-
D0 WC hqvc 1o YcAuCe \/( :) 5}\\“\)\— RGQC*O‘(



A load draws 100 kvar at 0.7 p.f. lagging from a 3-phase, 11 kV supply.
[t is desired to raise the p.f. to 0.95 lagging using shunt capacitors.
Calculate the rating of the capacitor required.( kvA R)

‘FGY ‘DG-D‘ 4 anq b = g__ ¢ = (os" o F
P ¢:\{S-S-—f

{anyssz = (B0
P

P=93%03 kW (|vod pewcy)

%= Gos'v35 = 1343

(%)



Q= Pltand, —tand ]
Q-= 9&-03[ Lan Y557 —-taq 18197

Q= €778 kvAR
~ (%



MCQ (&)

Shunt reactors are sometimes used in high voltage transmission
systems to [GATE-2014-EE (Set-2) 1M]

e limit the short circuit current through the line.

e compensate for the series reactance of the line under heavily loaded
condition.

e limit over voltages at the load side under lightly loaded condition.

Q compensate for the voltage drop in the line under heavily.loaded condition.

A




Series Compensator:

Series capacitor:




Series Compensator -

Series Capacitor -

\Y% Vg

S 1 -
~ ~ |
9
P +jQ P+jQ

j X= Reactance of transmission line  -jX = reactance of capacitor.

=<

» If we connect series capacitor, it reduce the inductive reactance of T.L., so
voltage drop is reduced.



Iikhoud Sevies Copaciter
V|- Vea| =|TIRCos g, + | TIX Sing,

M R<< X

N l-Vegl = Trsiop,

With series capacitor

el = IO Singe, )

Subtracting equation (2) from equation (1)

Vo= \Vpg | = TX, Sing, (Vea ” Vo)




So,change in voltage
AV = TXSing, = TX.= AN

Sia @+
» So, series capacitor is also called voltage booster.
¥ Yo tage Bogster:

l / {

» So, rating of series capacitor to change the voltage AV

Q. = 312X,
= 31(X.

AV
Re=- g

. XC
» Degree of series compensator = i 100%
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Comparison between series and shunt capacitor:

» If voltage to increase by AV, so rating of shunt capacitor required

|74
Qsh == '

For same amount of voltage boost up, the rating of series capacitor

|
Qs.. @ per phase.

sin ¢

per phase.

QS"\ _ sz .Si’f = Vs Siag
Qse X M__\: L X




\VA
T %R
X
= X
Pu
=g




47
So, for same voltage boost up, the rating of shunt capacitor is more than

rating of series capacitor.

But at high current, series capacitor may be damaged. So, it should be
protected, which will increase cost of protection system.

For shunt capacitor,

T,
Voltage drop = IX sin ¢, L= wmt|km | 5 W
X oclength i >
AV =1 (length) . sin ¢ 7, e ‘ .:(It*Ic)
2| ‘-.
AV , * \ :
= [ sin ¢ \ b cannanannnenes .

length

Since Isin¢ reduce, when apply shunt capacitor.



x( chBh\)



> So, b f sh j [ sing is red I f line is al @
o(,i y use of shunt capacitor, I sin¢ is reduce, so slope of line is a SO QY
reduce.

1 DV
\-}Nith shunt capacitor
v without shunt capacitor
Sending —X Receiving

eM E'\A



» Incase of series capacitor
\Y

> -1X¢ V.
|| o
Q XV ||Vz X
2 2 |
X .
— V=V -1 P Sin ¢y \/ =

— \/c;2 = \/i_ 1 -X() gi'\&Y

AV

V,= V, ¥ TX Snd,

V= V2—1 <§ ) Sin dy




“e
...................................

With Senes Capacitor
L/e With S huedk Copacitor

< withowd Compensedar

scno\iﬂa CnO‘.

- Jtna’m ()9

@

“~oumll



@
27 Sov Change N Voltage is movc uniform  with Shuek \\W
~f

Cafaci‘:o( ‘U\qq Scylcs Ca.Fqci{c(-
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(3) Series capacitor also improve steady state stability limit

Before capacitor = [ Vs |1 Ve |
X
\VARAY
After capacitor = Vs Ve
(X’Xc)

(4) It increase magnitude of fault current.

Ve £8

.

Before series capacitor.




V, £8

| |
Q XY

Fault current after series capacitor

1 =22

e
(x-Xc) l

» To protect the capacitor from this high current sphere gap (spark gap) is
used.



S

3 ] ] R >— fauwd cuaent

O | j——

:9 NW"\OJ QY YVC'C"

In case of fault 11
l
X1
l

So voltage across sphere gap is also
increase



[f this voltage > break down voltage of air.
l
The air will be ionized.
i
So, current will start flowing through sphere gap.

it

So, capacitor will not be damaged.




Sub synchronous Resonance 7P\
v ()

The mechanical part of alternator has 2" order mechanical system, which

has its own natural frequency of oscillation.
!

When we apply series capacitor, LC series circuit will be formed. This also
has its own natural frequency of oscillation.

W _ e J‘\__
l 0s¢ J—Ec A=WL e

When both frequency match, the resonance will occur. So energy is

exchange between two system. This exchange of energy results in torsional

stress on the turbine generator shaft that can lead to severe damage. In

extreme cases, the shaft can actually fracture. Which may damage the

mechanical part of alternator.



< —Jdwe wt
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Shunt Capacitor

Series Capacitor

Voltage boost up is evenly —

There is a sudden change of

distributed v L. voltage. \ nsi

[t also improve P.F. Z. [t hardly change the P.F.

[f does not change stability of 3 [t improves the stability of
system v/ " | system. v

For same voltage boost up rating A For same voltage boost up

of shunt capacitor is high v/ " rrating of series capacitor is low.
[t does not change fault current 5. It Ingreases the maguimde of

fault current.

T K ;\(_\\




Synchronous Condenser(capacitor)/Synchronous Coil(Inductor) :

@

» Itis a dynamic voltage control device
» Itis a synchronous motor without any mechanical load.
Over excited = Capacitor

Under-excited = Inductor




Synchronous Condenser/Synchronous Coil : ]

I
P‘HO\ d X<
Snnd =o I[ 1
Sin§=0 | | e,




|X | BN
Q= el Vel EY
1X | o2
s |XS'




Cape L

A [E| > V%] = overexcites!

S0 4’ IS O\clivwif\d ¥cachve Pmcv ()
3 adt Nkxa Cach\{cx.




Ca.oc _ 1T

)T'E*I( [ Vi)

=
J.rm
dXs

So Ak todke ycachve P Swre v
A4 adt Nk inductor




7D N
#Q.fssertion (A): It is not necessarily desirable to compensate by a seriesk@
: ; ~amf
capacitance for all the line reactance.
}(eason (R): Power can be transformed only if reactance is present. [ESE-2011]

u ﬂl A and R are individually true and R is the correct explanation of A

E Both A and R are individually true but R is not the correct explanation of A

E A is true but R is false | <J 1o 'jjl:,
E A is false but R is true rrern—I | .
—4dJdo

\_—~——

Q




(")
#Q. A shunt capacitor used for reactive power compensation is operated at 98% OL\_/

its rated frequency and 95% of its rated voltage. The reactive power supplied by o
this capacitor (as compared to its rated capacity) is |[ESE-2015]
, 2 > 2
BN 7.9% lower Q=V__ Vwc=V (N &)
XC.
|B \/11/.5% lower
2
. 2
E 11.5% higher Q f vV Qz"( (0-3Sv) (g—gg (3‘)

BPY 7.9% higher Q< 0%y V7



7D N
#Q. Which one of the following statements is correct regarding shunt/seriesk@
capacitor? |[ESE-2024] )

Shunt capacitor improves the power factor whereas series capacitor improves
the stability of transmission line.

Series capacitor improves the power factor whereas shunt capacitor improves
the stability of transmission line.

Shunt capacitor improves both the power factor and the stability of
transmission line.

Series capacitor improves both the power factor and the stability of
transmission line.



7D N
#Q. What is the percentage increase of busbar voltage required to compensate foL@
the reactance drop when the feeder having a reactance of 5% carriers a full load -

ino? ]
current at a p.f. 0.8 lagging’ Cod=08—> Sind= ot |[ESE-2023]

\Vs|-\Ve | = IRCos D+ [xSiqg
— \X«Simp
() (005) (09
- 003
-3/




b ‘2 Minutes Summary
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1. Series capacitor

2. Sub synchronous resonance

Recap
Of previous

=* class

1 3. Synchronous condensor

:\())
O




V1 1. Modification of SIL

2. Question
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1. Over excited [T - chT - ET= V2 nfV, T

N——m—————
E, > v{_

[t gives the reactive power (It is a synchronous condenser)

(ii) Under excited I; | = ¢! = E; |

Er V@ Ve

[t takes reactive power (It is synchronous coil)




( PatPen) (00D

N Sy Cendenser
The synchronous condenser is same as synchronous motor except

(i) It does not have shaft extensions

N N et

(ii) The field core are large.
N



£y Fsm
= P, K

©,= Pt angle without condenser ¢,= pf angle with condenser

» Some lossesigﬁc*cir ;%&‘i@%ﬁi%%ﬁ‘ﬁ?ﬁi%ﬁlﬁ&ti@ ;;g/@ll

amount of active power from supply. i

PSM

VP +2
Poyr +Qsy

P.F. of synchronous condenser =



Without synchronous condenser reactive power by load Q, = P, tan ¢, @
\ V4

With synchronous condenser reaction power Q, = P, tan ¢,

QidQSH: ( F_’_L-" Psrq){qn ¢2_
Py tang, = Qqu= (Rt P Dtang,
QSM = E ‘(:qn ¢_1.— (Ti"r Fs") 'ﬁqfl ¢2_

ch q \bss less «Sdr\ Condcn say ?&E o

QSM= FJ Y_Jccm qS-,L—"tqn ¢A

Reactive power supplied by synchronous condenser for improvement of
P.f. from cos ¢, to cos ¢,.



» Synchronous condenser is mainly PF correction device rater than

@

voltage control device.

» Small hydel Power plant can be run as a synchronous condenser during
rainy season.

» Synchronous coil (underexcited) can be used as a Ferranti effect control
device.



3 (%)
Shunt Capacitor i Synchronous condenser &_/

The control of voltage (Reactive The control of voltage % N
_ 1. ; ] A\
Power) is in steps (Reactive power is smooth)

[t does not consume any active [t consume some active power
power to feed the loss

The cost is less 3. The cost is high

[t does not change fault current [t increase the fault current




[t does not effect the stability of
system

[t may fall out of steps.

[t does not require starting
medium

[t is to be started like syn
machine.




@

Overexcited synchronous motor:

» Inindustry, we use synchronous motor in addition to .M., it will
‘\N\_—-—\/

-
= \t'-kI l\/+ | -
(ii) Give the reactive power f - Sy F o

(iii) Itimprove the P.F. /

(i) Give the mechanical O/P power "

§:#b




EstmS .

QSM:E[Vt—EfCOSSJ, Peys = v y

%6 f&
- Iy

P +PSM)+ |

( 1 j(Ql_QSM) = P, +jQ,

0 S 64

(DVC( ex¢lte

L.M‘







Q1 =P tang, Py

Q1 —Qsy = (P, + Pgyy ) tan g,

Qs =01 — (P, +§H)tan(|)2

Q1= Qsm



Tap changing Transformer:

@

» It control the voltage by changing number of turns. it do not control the
reactive power

» If may be two type
(i) Offload tap changer

(ii) On load tap changer

»  Generally, tap changing is done by using single phase — Motor.

»  Generally, tap changer is placed at HV side.
S A dai
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Nominal transformation ratio =

] \ (P +jQ
L
n, V, t, é vV, 2
| D
n,:1 ‘
1x33
4433 3¢ 3¢
J4 33
Vx 1,



@

> 11/33 kV - Normal ratio ( New inel Rede)
Suppose, we want to take 36 kV output by use of tap change 11/36

36
Nominal transformation ratio = 5 =1.09

at sending end = t varied

receiving end = t_



(%)

NVyts= N, V, tr + TRCos &+ LXSind, — (1)

?:— Y‘).VZ_(Y T Cos ¢

- _ P
1 Cos9 '”ZV;.{"




A

N,V e

Y), V.
) z'(:r‘)" RT _,_. Q ¥«
v\z\/z‘ﬁ{ Y\z\/z‘(‘r

ch\cfwd {S{Y:J‘ =)
tv = 1[4

V\A_VJ{S:'V\ \V/

o RPts, Q

ts My, T V\:{S
2 &

NV, 4e

g Vg ts =

L= MV, R 4
___EJ@.\, QX 4




@

n,VaVa V.

_

— with Aoosl powcr (Pri6) and vi2v, e Caq fnd o}
t< and Ly



Booster Transformer

Transfer Voltage

Normal tap changing
transformer

Buck/Boost the voltage.

» But booster transformer do only second function.






@

[t can be used at any intermediate position
e e e e e e e e e
The rating of booster transformer is proportional to current & injected

voltage, so it rating is approx. 10% of main transformer.

Booster transformer is mainly used in dlstrlbut}gn feeder, where cost of
e e e e e e

tap changing transformer is high.



Q0 Cl‘ 02
| -I— (Q ( a"aq +q |
: _,nolqc x |
-~ E X — dw L - E . L —
X , ................
' . . .............................
.........................
\( ............................
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Modification of SIL with compensator —

> Without any compensator T L.
Z,=| o
d N I
C
I, = V—z T
Z

S

X, = line reactance
B, = line susceptance



with shunt capacitor:

Total capacitance
CT: CL-l-CC

Br= BB
Now surge impedance BL |

' |
ch-— B(L XL.

~ BL‘\' B( B 4 B,_(H—&‘&.)

A

ZS= XL\BL o) Z' ~Zs - ‘ZS
J %8 e, S IWBIBL ik,




Bc C
Where = B—C = C—C = degree of shunt compensator
L L

bz =—2s
“s \/1+k5h

7. <Z,

VZ
AR

AN

SIL T=

— So we can say that by shunt capacitor SIL of T.L. is Ig(creisg(d.
e Fe e e e e et e e e e e e fe e g e T

e

{



With shunt reactor:

1B, = BB,
B= B -Bc
BC
The susceptance of a inductor is negative =
Z“:\";EB :\\gL(\ o e S T
L ¢ W - Be|B {1-Be



So we can say by shunt reactor SIL of line is reduce.
—_———— —




@

With series capacitor:-

-[5’04 Scion Yeq Crance —J

XT: JXL’ |Xe= (](XL_-X(> HJHRXRL ‘
| -

z;:&g;xc P U758 T f(i-%e
B. -

Xc
BL N - N
R BL ‘

ZS: Zjl\-Kgq

X, .
k., =—=degree of series compensator
X
L



Z,=Z.J1-k,

7. <Z

2
SIL T= V—.
ZS

S0, we can say, series capacitor increase the SIL




With series reactor:v
K™ dR T X = (XI_"'XC)

Z= [ XtXe | X (H%elxy)

17 B, . e

. |
Z= | XL |1+ Xe

\ BL\ 7\L

! —
ZS; Zs&"\"(x S‘L’-y:;‘

Z, %

So by series reactor SIL of line is decrease



Copaciter:
Q. The combined eftect of series and shunt compensation on
transmission lines in terms of degree of series compensation (K.,),
degree of shunt compensation (K ), and surge impedance of

uncompensated line (Z,) is given by which one of the following equation?

@

(A) ZO :ZO\/l_Kse&/]‘_Ksh CSC(\U) CQfQC({aY - ZS \(,-ks
(B) \/1 KseK/1 Ksh]/Z S huwt Cachi%wz Zs

Tiveqy
(C)/ z,J(1-K,)/(1+K,,)
[Roth Zs‘\'dk“

) Z;):Zd\/(l_Ksh)/(l_Kse) AT




Q' 5.0£0 &y V,Z0

125 —
O = A
s

Compensator

Consider the given system to get the ququal to supply voltage in magnitude,
the compensator required is ?

@ A shunt capacitor of 1 VAR rating G \Aélunt capacitor of 25 VAR rating
9 A shunt reactor of 1 VAR rating Q A shunt reactor of 25 VAR rating



P lv_%l>|(v1f15i,\8 O, = [Vellvy) Cos s IVel™
X X
12(5)(S2 Sind Qy :CS)”) Cos 9o — (_X)_Z
NdS (23 X5
Sing=1

S=1[= Qu=-1



®1:"1
)
®QT
&C+ (DY = ®¢_
chi: O'Y v
Q=03

M s a\vina ¥cachw P WY Q(ofqd,wy



2.520

i0.15

—

10 +j5

2.520

e
L [10+jQgy)

P+j15

The reactive power supplied by generator G, is

27.75 VAR
39.82 VAR
32.12 VAR

13.82 VAR

@




7D\
#Q. If the loading of the line is less than the surge impedance loading, then whicl&@
one of the following statements is correct? |[ESE-2024] R

Fovsad e V locreonst <

E )Q:Ce absorbed reactive power is greater than the generated reactive power and
receiving-end voltage is greater than sending-end voltage.

E The"absorbed reactive power is less than the generated reactive power and
' eceiving-end voltage is greater than sending-end voltage. <V¥ Vs )

E The absorbed reactive power is greater than the generated reactive power and
receiving-end voltage is less than sending-end voltage.

E The absorbed reactive power is less than the generated reactive power and
receiving-end voltage is less than sending-end voltage.



7D \
#Q. Which one of the following is not a method of voltage control in power systemsk@
|[ESE-2022] n

. Booster transformer /"~
B} Tap-changing transformer v/~

Indy o
E Series eapaeitor ¥

P) Shuntinductor v




Qs '2 Minutes Summary

—> E{fed on SIL J:d usif\a Compeq satay-
— Beostee X-mer

—3 {QF Chqqaina XY

— ()\,(YC)\Ci{o\ san Mstoy
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PRACTICE SHEET-1

EE

POWER SYSTEMS
Voltage Control

A string insulator has 5 units. The voltage across the
bottom most unit is 25% of the total voltage. The
string efficiency is :
(A) 25%
(C) 80 %

(B) 50%
(D) 75%

A 3-phase transmission line is supported by a 3-unit
suspension insulator string. The voltage across the
unit nearest to the line is 20 kV and that across the
adjacent unit is 15 kV. The ratio of mutual to ground
capacitance is :
(A)0.12

(C)0.16

(B) 0.14
(D) 0.18

A string of four insulators has a self-capacitance equal
to 5 times pin to earth capacitance. The string
efficiency is :
(A)62.12 %
() 7212 %

(B) 64.86 %
(D) 84.86 %

Two insulator discs of identical capacitance value C

makes up a string for a 22 kV, 50 Hz, single phase

overhead line insulation system. If the pin to earth

capacitance is also C, then the string efficiency is
%.

The corona loss on a particular system at 50Hz is
1kW/km per phase. The corona loss at 60Hz would be
kW.

A 400-kV transmission line has following constant

Q7

Qs

Q9

A =0.80D 5° B = 180D 70°

Determine power at unity power factor that can be
received, if voltage profile at each end is to be
maintained at 400 kV.
(A) 117.7 MW

(C) 103.66 MW

(B) 311 MW
(D) 212.6 MW

A 200-kV transmission line having A = 0.8£0° = D,
B = 100£90°, C = 0.2 x 10~° Uy/ph is working under

no load condition. The shunt reactor requires to
compensate Ferranti effect at receiving end is.
(A) 150 Q

(B) 500 Q

(C) 300 Q

(D) 250 Q

A 400 km long transmission line has series impedance
of (0.5 + j1) Q/km and shunt admittance of
(0.01 + j5) p mho/km. The magnitude of characteristic

impedance of transmission line will be

Corona is accompanied by:
(A) Violet visible discharge
(B) Hissing sound

(C) Radio interference

(D) All of these

Q10 Corona in DC supply is

(A) Zero
(C) Greater than AC

(B) Less than AC
(D) Cannot be calculated

GATE



75~75
1~1.16

Q6
Q7
Qs
Q9
Q10
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A string insulator has 5 units. The voltage across the bottom most @
unit is 25% of the total voltage. The string efficiency is

1= Toted Voltage acvoss stying.

No o und % Vsltage ok lorttom must Ut

)’L-:. \G_D_r_ _Ej___-..b% :-'{Zh‘/
AR5 S
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A 3-phase transmission line is supported by a 3-unit suspension
insulator string. The voltage across the unit nearest to the line is 20

kV and that across the adjacent unit is 15 kV. The ratio of mutual to

ground capacitance is
\/l =V ——]Iv']‘ — k<

\/J = V({ite) v] e | IF
_\/(\+3\<+\<9 \ '“ ]lj%\cv

A=y (143t
15 = v(it\)

FV




1 .
27 | I+3ktk

q ¥ I+

Y+Vle = 2491+ 3”




(%)

A string of four insulators has a self-capacitance equal to 5 times pin

to earth capacitance. The str}ng efficiency is

62.12 % =B 7%
\/13\/ =V
64.86 %
6/ Vy=(te)vy =2V
0
7212 % v3=(l+%\<+‘é’>v - leYy
84.86 %

\/\1_-__ (\*(\c-{-gk-‘—‘{'\é)v -~ QU8B VYV

0= VR IPAVE RS IE VRN A%
W T X\

= 0¢Ngd =€y g(Y



()

Two insulator discs of identical capacitance value C makes up a
string for a 22 kV, 50 Hz, single phase overhead line insulation
system. If the pin to earth capacitance is also C, then the string

efficiency is %. c




@

The corona loss on a particular system at 50Hz is 1kW/km per
phase. The corona loss at 60Hz would be KW/ jcen | ph

P« (k+25)
%) (k\+23)

=1

fer (§242%)

L Bex2s
Fcz. GQ-\—QE

Fcz" %i =13 \c"xlF*’ll Phon e



(%)

A 400-KkV transmission line has following constant
A=0.80£5°B=180 £70°
Determine power at unity power factor that can be received, if

voltage profile at each end is to be maintained at 400 kV
;& Vg=Vy = YRV

117.7 MW .
Q=0 = VY| Sin (g-g) alliil S (B¢
311 MW B 8|
1300 MW %;T:{S‘“ (Te-5) = LI X0, ()
212.6 MW el

S_\‘r\(-,b"g) - 07‘25
=40y =) €= 35.



= \/5 | <
f= Hv)(os(]t%-ﬂ—/'qllvd

Cos [ B-o
(B ) 3 S
P (Yooxl¥ =
( < (‘05<70,23o;.2) — O“&ox(\&@X\@)
\gu (o= GE
\ g0
I
= Q{@m”) Lo‘ém— 0337
[ g0
~ Y65 % ¢

= (5 MW



(%)

A 200-kV transmission line having A = 0.840°=D, B=100490° C =
0.2 x 10-® U /ph is working under no load condition. The shunt

reactor requires to compensate Ferranti effect at receiving end is.

150 0 ¥, = 18
- 1)
500
= |&O R\ _
3000 ot =, =Too

AR




7D N
A 400 km long transmission line has series impedance of (0.5 + j1) @
(1/km and shunt admittance of (0.01 + j5) umho/km. The magnitude

of characteristic impedance of transmission line will be ()

—

ZC :i__yz_‘_ = \S(Q‘_\-;-{-Ji)
CLIEFRPRILY

= %7 Z‘EZ_BQ'

3




Corona is accompanied by:

Q Violet visible discharge

9 Hissing sound
G Radio interference

Q ﬂ of these



fee (£425)

G Greater than AC

Q Cannot be calculated






