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- a) What do you mean by un-compensated symmetrical transmission line? Explain how

shunt capacitor compensation and serjes capacitor compensation on the un-
+ tompensated symmetrical transmission Jipe helps to improve the transient stability.

bl A 160 km long, 132 kV (line 1o line), 50 Hz transmission line has parameters as
follow:

Resistance of the line : N cgligible
Induetance of the line - 185 mH /km

The above line is used 1o transmit the power with sending end and receiving end
voltage constant at 132 1V with a phase angle of 30" between them. Caleulate:

(1) The total power transmitted over the line and mid point voltage.

{ii) A series compensator is to be used o achieve (he POWer transmitted increased by
25%, calculate the amount of capacitance to be connected in series,

&) Explain the Operating principle of Thyristor Control Reactor (TCR}) and derive the
expression for effective reactance as a funetion of firing angle,

b) In a fixed capacitor thyristor controlled reactor scheme, the value of fixed capacitor of
100pF and inductor is 100mi. Caleulate the net effective reactance of the scheme at a
firing angle of 45° and state whether the net reactance is capacitive or inductive,

a) Explain the operating prineiple of SSSC* with Decessary diggram. Derive the
expression of the additional active power flow in the line due to SSSC,

b} A symmetrical transmission line has sending and voliage (V) and receiving end
voltage (Vi) equal to 132 kV. The phase angle between Vg and Vi is 250 The line
reactance is 20 € per phase. S$SC is connected in the line with series injected voltage
of 0.2 pu which lags the line current by 95, Caleulate the active power flow through
the line without and with SSSc,

a) Explain the o perating principle of STATCOM with help of correspon ding figures and
phasor diagram,

b) The inverter branch of the SATCOM has Rg= 0.06 ohm and Xp= 0.12 okm. The
system load is 25 kW per phase at 230 V and pf is0.8 lag. Calculate the magnitude
and phase of the inverter outpul voltage required for the unity power factor operation,
Also calculate the source current without and with STATCOM.

a) For the network shown below, perform one iteration of Load Hlow analysis with Fast
Decoupled Load Flow method to calculate the magnitude and phase of voltage at bys
-2 and bus-3.
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1. &) Draw phasor diagram and derive the expression for midpoint voltage, current flow,
active power, and reactive power flow through the symmetrical transmission line.

b) 200 km long, 132 kV, 50 Hz, symmetrical transmission line has an inductance of
1mH /km per phase. The phase angle between sending end voltage and receiving end

voltage is 30°. Neglecting the resistance and shunt capacitance of the line, calculate:
(i) Active and reactive power through the line

(ii) Value of series capacitor required to increase the active power flow by 10%.

2. a) What is voltage stability? Explain effects of series and shunt compensation on voltage
stability with the help of P- V curve.

b) A Fixed Capacitor Thyristor Controlled Reactor (FCTCR) scheme has a fixed
capacitor of 100 pF and an inductor of 50 mH. If the scheme is operated at an firing

angle 8 = n/6, Calculate the net effective reactance of the scheme and state whether
the

net reactance is capacitive or inductive.

3. a) What is abc to dq0 transformation? Why d-q model is preferable for analysis of
synchronous machine with silent pole rotor?

b) Explain the operation of SSSC with necessary diagrams and phasor diagram. Perform

a mathematical analysis to calculate the additional active power flow in the line due to
SSSC.

4. a) For the 3-bus network shown below, perform one iteration of load flow analysis with
Fast Decoupled Load Flow method to caleulate the magnitude and phase of voltage at

bus -2 and bus-3.
P:=12 pu Ps iﬂ_ﬂ?p‘u
Q:= 0.7 pu P
Bus-2 Bus-3

b) The three ghase currents in the stator winding of a synchronous machine are given by:
fa =250 Cos(wt-$), iy =250 Cos(et- 120 -¢) and i, =250 Cos(wt- 240 -0)

Calculate the equivalent Id and Iq for ¢ = 30°.
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3. a) A symmetrical transmission line has sending and voltage (Vs) and receiving end
voltage (Vg) equal to 132 kV. The phase angle between Vg and Vg is 25°. The line
reactance is 25 ohms per phase. SSSC is connected in the line with series injected
voltage of 0.2 pu which lags the line current by 80", Calculate the active power flow

through the line without and with SSSC. [8]
b) The following figure shows the per phase equivalent circuit diagram STATCOM used
as a shunt compensator. [8]

The system load is 25 kW per phase at 230 V with 0.8 p. f lagging. The inverter branch
of STATCOM has coupling inductor of 0.05 1 resistance and 0.12 € reactance per phase.
The inverter output voltage is 240V< -3" with system main voltage as a reference phasor.
Calculate the

(1) Reactive power generated by the STATCOM

(ii) Active power loss in STATCOM branch

(iii) Source current is without and with STATCOM

ok
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a} A 100 Km long, 50 Hz symmetrical transmission line has parameters as follows:
Inductance of the line: 1.5mH/Km per phase. The phase angle between sending end
and receiving end voltage is 30:

(i) Neglecting the resistance and shunt capacitance of the line, calculate the active
and reactive power flow through the line.

(i1) Calculate the value of series capacitor to be connected in each phase of the line to
increase the active power in the line by 25%,

b) What is dq transformation? What is it necessary to analyze salient pole synchronous
machine?

Explain the operating principle of the Fixed Capacitor Thyristor Controlled Reactor with
circuit diagram and associated waveforms. If a fixed capacitor of 300 micro farad and an
inductor of 30mH is used in the scheme, calculate the net effective reactance of the
scheme at a firing angle 8 = 20° and state whether the net reactance is capacitive or
inductive.

For the 3-bus network shown below, perform two iteration of Load flow analysis with
Fast Decoupled Load Flow method,

4 P=03%pu & P;=06pu
Bus-2 i e i 3=E:;_F;"
T j025pa ;
jO.1 pu 015 pu
Bus-1 |
:_t: Vi=120

Explain the basic principle of operation of Unified Power Flow Controller (UPFC) with
basic circuit diagram and phasor diagram and describe how it can perform all three
actions of voltage regulation. Series compensation and phase angle control. Perform a
mathematical analysis to show that the extra active power and reactive power through the
transmission line due to UPFC are:

vaq . vaq
Pextra = X sin(é +p) and Qc.\ctra. = X cos(d + p)

. Explain the basic operation of STATCOM with the help of necessary circuit and phasar

diagram. The inverter of the STATCOM has Ry = 0.06 ohm and X; = 0.12 ohm. The
system load is Py, = 25 kW per phase at 230 V with pf'= 0.8 lag. Calculate the magnitude
and phase of the inverter output voltage (Vy < 6y) required for unity power factor
operation. Also calculate the magnitude and phase of the current through the inverter
branch. Take load voltage as reference phasor.

* %@

[3+3]

[6]

[16]

[16]

[16]

[16]



é

2079 Jestha

s N = =8 y
TRIBHLA AN LMIVERSITY . Exami.
INSTITUTE OF ENGINEERING Level BE Full Marks 80 |
Fxamination Control Division | Programme PEL Puss Marks | 32 |
2079 Jestha | Year / Pare | Vi Time: [3bs |

4t

Subfect; - Advanced Power System analysis ( Eieciive If)

Cundidates are required to give thelr anewsrs in their own words as far 28 practicahle,
Aunemme AN questions.

The flgwres in te margin indicete Full Marks,

Arstome suitable date i mecersary,

o

b}

5

b

Explain the basic concept of shunt compcnsation and series compensation in
symmetrical tranamission line. Bxplain how these compensations effect the transient
stability of the system.
What is voluge stubility of an inter-connecied power system? In which nepeei i
different fram transient stabality? Explain bow shunt and series eampensations help to
imprave the transicnt stability.

Explain the operating principle of GTO Contralled Series Capzcitor scheme and
derive the expression for efféctive serics capsicitive reactance as the function of Tura
OfF Angle,

A FCTCR scheme has fixed capselior of 80 plf and an inductor of 50 mifl, Calealate
the net effective reactance of the scheme ot o fifng angle of 15° and state whether (e
nat reactance i3 capacitive or inductive,

Expluin the operaling principle of Static Synchronods Series Compensator (S5507)
with basic circuil diagram and phaser diagram. Perform 8 mathematical analysis to
pet an expression for additional power Dow in the Hne dee o S885C.

Briefly exploin the why dgf model is necessary 1o analvee a saliznt pole Synchronoeus
machine more accurately.

+ For ihe 3-bes netwodk shown in figure below, perform Load Now analysis with Gauss-

Siedul method, Ferfonm up to two ilerations to eoleulste voltape magnimde and phase at

bus -7 and bus-3,
F] =] Fu
=12
E:ﬁﬁz Qi=102pu
Bus-2 Bus-3

I O <
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5. n) Explain the busic opemting principle of STATCOM with necessary cireuil dingran

emd phasor disgram for unily poveer faclor operation. %]
b) The Figure ghows the per phase hasie eireuit disgram of STATCOM used as rezctive
PONEr COMENsAtlar. [8]
V2200 200 Load
o * T * [| P o= 100KW

ko Q.= Bl k Var '
Ro=0.075 obm

 Xo= 0.12 ohm

Il 28

| omverisi 1) -
Caleulate:

i} Magnitude and phase of Invery voltage for unity power fctor operation.
i) Active power loss in STATCOM q =
i) Reactive power supplied from the source in the absence of STATOOM.

s
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Asxume swiiabie data i necessary. '

AR

1, Draw phasor diagtam and derive the equations for mid-peint voltage, current flow, active
| mrﬂwmmwmmﬁmw 181

' 5. A 930 kn long, 132 KV, 50 Hz, symmetsial tronsmission line bas an inductaace of

, l@hw@m%ﬁmmﬁﬂ%“ﬂwﬂmﬂmﬁnmw
voltage is 307, Negloiing e resistance mnd shunt eapacitanee of the lne, caleulate:

&) Mwmimiwpﬂwﬁmudiﬂ#lhe

b) Walue of series capacitive compensation mquired to increase the artive pawer flow by :
8]

12%.
| 3, Explein bow shunt mmwmﬁﬂﬁﬁhpmﬁ'ﬁtﬂﬂsﬁbﬂiﬂofwwwﬂ:m. ]
4. Hirw can we gencrate varying lagging end lending VARs vsing conventionzl thyristors
and GTO in shunt compensation technigue? g 18]

s, A symmetrical transmission line has o reactance of 1.1%5pu. The magnitude of sending end
valiage anil receiving end voltage e 1pu each. The poweer transmitted through the line is
0.55pu. A 585C is introduced i line with series injested voltages Vg = 0.2 pu & -a0°
with respect to line current. Caleniate the active power flow through the line. %1

' 6. The following figure @ Besic circuit diogram STATCOM wed a8 roadtive power
| compensaton.

1/2

1] @) <
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The imverter beanch of the STATCOM has Ro = (L05 and Xo = 0.1 ohim, The system losd

is PL =22 kW per phase ar 230 V with pf = 0.85 lag, Caleutate the magmitude and phase

of the inverter output voltage (V,.£8°) required for unity power factor epertion. Ales

caleulatz the magnitude and phase o (e current through the mverter branch. Take losd

vollnge as reference phasor. [B<8]
7. Vxplain the operation of Static Syachronous Series Compensator (S88C) with basic

ﬁmﬂmwphmdmgmﬂuiwﬁu expression for additional active puwer

flow through the line with 558C. What arc the advantapes of SS5C with comparison Lo

conventional series capacitor compensation? 1%
kfwmmhnnmﬂsmbelww..pﬂ:mmﬁmmdﬂwnmiﬁkﬁd:ﬁ# i
decoupled methed for loss less line and ealeulate voliage magnitude and phase al BUs-2
ond Bus-3. [16]
=DEpu’ =13

e s
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a—

The figure show the circuit diagram of an symmetrical uncompensated transmission line,
In such a line, lowest voltage point will be mid-point. Derive the expression for Mid-point
voltage, active power and reactive power flow through the line.
X 2.5
5 g ] Zr Im 12
|—--'E',-"- YL WO 1 S -t

If a shunt reactive power compensator is connected at the mid-point ‘m’ so as to make
magnitude of mid-point voltage cqual to magnitude of sending end voltage and receiving
end voltage, then where will be lowest voltage point? Derive the expression for
magnitude of voltage at new lowest voltage point

2. Explain the operating principle of the Fixed Capacitor Thyristor Controlled Reactor
(FCTCR) with necessary circuit diagram and waveforms. If the Capacitor used in the
scheme has a value of 100 uF and the inductor of the scheme has an inductance of

100 mH. Calculate the effective reactance of the scheme at g firing angle &:E;

(ie. 8= E) and state whether effective reactance is capacitive or inductive,

3. Explain the operation of Unified Power Flow Controller (UPFC) with basic cireujt
diagram and phasor diagram and describe how it can perform all the three actions of
voltage regulation, scries compensation and phase angle control. Perform a mathematical
analysis to derive the expression for additional active and reactive power flow in the line
due to UPFC.

4. For the 3-bus network shown below, perform ome iteration Load flow analysis with
Gausidel method to ealculate voltage magnitude and phase at bus -2 and bus — 3. Also
calculate total line losses.

P]_=] pu
Py=0.8 pu ~
1= 05 pu Oy= 0.7 pu

Bus-2 Bus-3

005+0 2pu

CO3+j01 pu 0,04 015 pu

[8+8]

[8+8]

[16]

[16]



. a) The following figure shows a basic circuit diagram STATCOM used as reactive power
compensator. Explain its operation in brief with the help of phasor diagram,

VL 11, Load
Source ——~sp e ﬂ
Ip :
Coupling Tr
Vil 280
AC-DC
Converter

The inverter branch of the STATCOM has Ry = 0.06 ohm and X; = 0,12 ohm.

The system load is Py = 25 kW per phase at 230 V with pf = 0.8 lag.

Caleulate the magnitude and phase of the inverter output voltage (Vy £8) required for

unity power factor operation. Also calculate the magnitude and phase of the current
through the inverter branch. Calculate the source current ‘I’ in the ahsence of
STATCOM and with STATCOM. [10]

b} Three phase currents in the stator winding of a synchronous machine are given by:
iz = I Cos(wt - ¢)
in = Iy Cos{wt-120°- ¢)
ic = I, Cos(et - 240° - §)
Taking the help of Park’s transformation, prove that the equivalent currents in D and Q
coils are constant DC currents, [6]

BEE
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Assume suitable data if necessary.

. a) A 120 km long, 132 kV (line to Line), 50 Hz transmission line has parameters as

follow:
Resistance of the line: Negligible
Inductance of the line: 1.2 mH/km
Capacitance of the line: Negligible

The line is used to transmit the power with sending end and receiving end voltage
constant at 132 kV with a phase angle of 45° between them.

(1) Calculate active and reactive power flow through the line.

(ii) Calculate the value of series capacitor per phase to be connected in the line so that
the active power flow increase by 20%. Also calculate the reactive power flow
through the line with this series capacitor.

b) Explain how the phase angle compensator can be used to increase or decrease the
active power flow through a transmission line.

Explain the operating principle of the FCTCR scheme with necessary diagram and
waveforms. If the capacitor used in scheme has a value of 100 pF and the inductor of the
scheme has an inductance of 100 mH. Calculate the effective series reactance of the
scheme for firing angle & = 45° and state whether effective reactance is capacitive or
inductive.

Explain the operation of Unified Power Flow Controller (UPFC) with basic circuit
diagram and phasor diagram and describe how it can perform all three actions of voltage
regulation, series compensation and phase angel control. Perform a mathematical analysis
to derive the expression for the extra active power and reactive power through the
transmission line due to UPC.

. For the 3-bus network shown in figure below, perform Load flow analysis with Fast

Decoupled Load Flow method. Perform up to two iterations to calculate voltage

magnitude and phase at bus-2 and bus-3.
P,=0.75 pu 2
Q= 0.5 pu = 0o

Bus-2

Bus-3

[5]

15]

(6]

[16]

[16]

[16]



5.

a) Explain the basic operating principle of STATCOM with basic circuit diagram and

)

phasor diagram.

The figure below shows a basic circuit diagram of STATCOM used as reactive power

compensator.

Calculate:

oy i}
V= 250V.20 : L
- > > Py= 150kW
L Q.= 100 kVar
Ry=0.075 ohm
Xg =1.12 ohm
Vol £8,= 270V.2-8°
AC-DC
Converter

E=

(1) Magnitude and Phase of Inverter branch current I
(ii) Reactive power generated by STATCOM
(i)Active power loss in STATCOM branch
(iv)Reactive power supplied from the source

L

[8]

[8]
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a) Describe the basic concept of shunt and series compensation of a transmission line.
Explain how these compensations improve the transient stability of the system.

b) A 250 km long, 132 kV (Linc to Line), 50 Hz transmission line has line inductance of
1.2 mH per km. The above line is transmitting the power with sending end and
receiving end voltage constant at 132 kV with a phase angle of 30° between them,
Calculate the value of series capacitor to be added in the line so that the active power
flow through the line increases by 20%.

Explain the operation of the Fixed Capacitor Thyristor Controlled Reactor (FCTCR)
scheme with necessary diagram and waveforms. Elaborate its advantage and disadvantage
with compare to discrete Thyrirstor Switched Capacitor scheme.

If the Capacitor used in the scheme has a value of 120pF and the inductor of the scheme
has an inductance of 125mH. Calculate the Effective series reactance of the scheme at a

firing angle a= 3—4{‘- (le. 6= ;} and state whether Effective reactance is capacitive or

inductive,

For the 3-bus network shown below, perform one iteration of Load flow analysis with
Fast Decoupled Load Flow method.

Py=0.8 pu
i Pa=17pu Gzﬂ{]Tpu
Qp = 07 pu I =B
Bus-2  cpecbou- NI, C— Bus-3
st MUMRPRE.. .,
H"'\%‘_w _.r-""’#
SO T, 30,15pu
%.%‘lq‘_ /
Bus-1

[8])

[8]

[8]

[8]

[16]



4. a)

b)

Explain the operation Stasic Synchronous Compensator (STATCOM) with basic
circuit diagram and phasor diagram,

The following figure shows # basic arrangement of STATCOM used as reactive
power compensator.

Vi Load
B o " * {]
Rq
Xa
[V | £8,
AC-DC

The inverter branch of the STATCOM has Rg=0.06 ohm and X, = 0.12 ohm

The system load is Py = 24 kW per phase at 230 V with pf= .85 lag

Caleulate the magnitude and phase of the inverter output voltage (Vo.£8,) required for
unity power factor operation. Also calculate the magnitude and phase of the current
through the inverter branch, Take load voltage as reference phasor,

5. Why d-q equivalent circuit is necessary lo analyze the salient pole synchronous machine?
The current drawn by a three phase load is given by the following equations:

By =

10 Cos{wt - ¢)

is = 10 Cos(wt-120°- ¢)
ic = 10 Cos(ot - 240° - )

Caleulate the magnitude of d-q com ponent of the three phase current.

LTS

[8]

(8]

[8+8]
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What do mean by un<ompensated symmetrical transmission line? Prove that the mid-
point voltage, active power and reactive power through such line are given by: [§+8]

4

2 v
V= ‘u'(‘.o&fl-, = v——‘iinﬁ and Q=—{1-Cosd)
2 X X

Where, V = magmtude of receiving end voltage per phase
& = Phase angle between sending end voltage and receiving end voltage
X = Reactance of the line per phase

If shunt, seres and phase angle compensators are installed on above un-compensated
symmetrical transmission line. Explain their effects on transient stability.

4) Explain the operation of GTO controlled series capacitor scheme. If the Capacitor
used in the GTO controlled Series Capacitor scheme has a value of 100 pF and the
inductor of the scheme has an inductance of 100 mH. Calculate the effective series
reactance of the scheme for turnoff angle y = 45°+%/2 and state whether effective
reactance is capacitive or inductive, [10]

b) The three phase siator current of synchronous generator are: [&]
i, = S0cos{cot—8), i, =50cos(cot- 120°-0)
and i_=50cos(col- 2407 - ). Calculate d —q components

a) Explain the operation of Static Synchroneus Series Compensator (S550) with basic
circuit diagram and phasor diagram. Denve e expression for additional active power
flow through the line with S§SC. What are the advantages of S§SC with compare to
conventional series capacitor compensation? (18]

b) Why d-q model is preferable to analysis synchromous machine with salient polerotor?
Explain briefly. 6]

a) Explain the operation of STATCOM with help of corresponding figures and phasor
diagram. (8]

b) The inverter branch of the STATCOM has Ry = 0.06 ohm and Xy = 0.12 ohm. The
system load is Py = 25 kW per phase al 230 V and pf = 0.8 log. Calculate the
magnitude and phase of the inverter output voltage required for the unity power factor
operation. Also caleulate the magnitude and phase of the current through the inverter
branch, 8}



5. For the given 3-bus sysitem s

hown below, perform one iteration of Load Flow analysis
with Fast Decoupled Load Flow methed. [16]

Vi =095pu

P;_] =12 pu ; e I

5 y Paa =048 pm

3%? ﬁni}pu L) Qua=28=
=1 b3 = ||

o

Bus-2 "[;_""T‘ I o "]‘“ Bus-3

-

(0.05+(0.23)p0 P =

r Nl .'- N -~
(I’J.'['I,_ijn!!_ 1 \\"1_ ..—'f’ [Iflﬂl'l'_lﬂ'.i:i] it

Bus-1 - i
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a) A 200 km long, 132KV, 50Hz, symmetrical transmission line has an inductance of |
mH/%m per phase. The phase angle between sending end voltage and receiving end
voltage is 30°. Neglecting the reststance and shunt capacitance of the lipe, calculate:

{i) Active and reactive power flow through the line
(i1} Value of series capacitive compensation required to increase the active power
flow by 15%

by Why d-g equivalent circuit is necessary 10 analyze the salient pole synchronous
machine? The current drawn by a three phase load is given by the foliowing
equations:

i, = 50 cos(wi-0)

i, = 50 cos(wt-1207-8)

i = 50 cos(wt-240°-8)

Calculate the magnitude of d-q component of the three phase current,

a) What is transient stability? Explain effects of shuni and series compensation on
transient stability.

b) Explain the operating principle of Thyristor Controlled Reactor (TCR) with a pure
snductive reactor with necessary waveforms. For a system of 33KV, if an inductor of
2H per phase is used in TCR scheme, caleulate effective reactance and reactive power
consumed hy TCR branch for delay angle 8 =457,

Explain the operation of Unified Power Flow Controller, (UPFC) with basic circuit
diagram and phasor diagram and describe how it can perform all the three actions of
voltage regulation, series compensation and phase angle control. Perform a mathematical
analysis to show Lhat the exira active power and reactive power through the transmission
line due to UPFC are:
F-cﬂm = and Qr.::'.rii i 'V.\I:p-q-l'.:j:ﬂl:r‘ r !l}
% i
a) Explain the operating principle of STATCOM with neat circuit diagram and phasor
diagram.
b) A 400V, 50Hz 3-phase voltage source is supplying a complex power of (25+20)
KVAR per phase, A STATCOM is connected in parallel with load for reactive power
compensation. The STATCom branch has coupling inductor having reactance of

2 ohm and resistance of 0.5 ghm per phase. Calculate magnitude and phase of inverter
output voltage for unity power factor operation.

[4+4]

[3+5]

[l

[10]

(16}

(8]

(8]



5. Caleulate the voltages and
decoupled load flow fo
given in per unit.

phase angles of bus2 and bus 3 after one iteration by using fast
r the system as shown in figure below. The line paramcters are

[16]

1.03 £0°ou
@ ! 0.15+,0.04
b

100 + /50 MVA

Wk ok
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1. a)

b)

What do you mean by symmetrical transmission line? Derive the formula for active
power flow and reactive power flow in such line.

A 200 miles long, 400 KV (Line to Line), 50 Hz transmission line has parameters as
follow:

Resistance of the line : Negligible
Inductance of the line : 1.2 mH/mile
Capacitance of the line : Negligible

The above line is used to transmit the power with sending end and receiving end
voltage constant at 400 KV with a phase angle of 30° between them. Calculate

[4]

(D) The total power transmitted over the line and mid-point voltage 10¢/:$3 , 21¢.3)

(i1) A mid point shunt voltage compensator is used to regulate the midpoint voltage
equal to [Vg|=|Vy|. Calculate the power transmitted through the line and Var
required to be supplied by the compensator. 1039.019 ,(3 -9~

(iii) A series compensator is used to transmit the power transmitted by above line with

shunt compensator. What is the value of capacitance to be connected in series?
What is Var handled by series capacitor? (.24 %0, 20:3 93 m vl R

2. Describe the basic concept of shunt compensation, series compensation and phase angle
control of a transmission line. Explain how these compensations improves the transient
stability of the power system.

A )

e

Explain the operation of United Power Flow controller (UPFC) in detail and hence
derive the expression for active power and reactive power for UPEC.,

If the capacitor used in Thyristor controlled series capacitor (TCSC) scheme has a

-~ value of 200 pF and inductor has value of 50 mH, calculate effective series reactance

4. a)

b)

of the scheme at o —E ;

Explain the operation of static*synchronous series compensator (SSSC) with neat
circuit diagram and phasor diagram.

In a fixed capacitor thyristor controlled reactor scheme, the value of fixed capacitor of
100uF and an inductor is 100 mH. Calculate the net effective reactance of the scheme

at a firing angle of 8 = 45° and state ~vhether the net reactance is capacitive or
inductive.

[12]

[16]

[8]

[8]

(8]

(8]



5. a) For the three bus network shown below, perform Load flow analysis with Gauss-
seidal method with two iterations at each bus to calculate voltage magnitude and

phase at bus-2 and bus-3. [10]
BUS-3 5 BUS-2
P;=12PU j0.3 P,=09PU
Q3 =0.6 PU ; Q,=0.6PU
0.1 0.2

BUS-1 P, =0.9 PU
Q=04 PU

b) Why d-q modeling is necessary to analyze the salient pole synchronous machine?
Explain. i%]

LE L
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Candidates are required to give their answers in their own words as far as practicable.

Antempt All guestions.

The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

A 150 miles long, 220 ¥V (Line to Line), 30 Hz transmission line has parameters as
ir::rilews 2

Resistance of the line's -+ ¥ Neglifible °
Inductance of the line : 1.82 mH /inile
Capacitance of the liné 1+ 0.01:4F / while (line to neutial ¥

The line is used to transmit a pawer nf 450MW with- seﬂﬁmg end and receivifit énid
voltage constant at 72{] k‘J Calculate the phase anglE be’ﬁw&Eﬂ aendmg aud voltage and
‘receiving end vﬂitage negiqg:nng the shuht capacitance.

57 1.' ¢L
i) A mid point SVC 13’u5e:d i regulalf: the mid pmnl voltage equal to | Vsl =] Vg |:
Calculate the Power transmitted théough ih ¢ Tine and Var required 0 be SHPP!.:IEEL b*r'
tthe SVC. S82.5¢7 fos. ‘-?nf

i A,e.,;.er*a’s. mmpen%ﬁmr is to be used' o ac‘*nmw: the: power transmitted equal to that 4
of in part in part (i) » Calculate the amount of capasitance to be connected in senes: -
What is the Var handled by the series capacitor? 2-S5xb"Y, £3.383 -~ {16}

For a three bus netwark shown below, perform the load flow analysis to compute the bus
voltages after 2™ iteration using Gauss-Siedal method. [16]

PL2=D-BPU T P|_3=1.2',UL|
QLE:D*.ﬁpu ' : s Q15=0.7pu

—‘-‘I;— B-uswii

L = )

\ _ __{0.05+j0.25) pu /
~ .

s e 4
(0.G2+j0.1) pu™~_ j//IE/,D3+jD.‘i5} pu
o A

-i——T—— Bus-1

V= 1<Q° :.f

-



fﬁ;f@}/'ﬁxplsin the operation of SSSC with basic circuit diagram and phasor diagram.
o -~ Perform a mathematical analysis to derive the egquations for Active and Reactive
Ao power flow in a transmission line with SSSC. {10]
b) Explain why d-g modeling is necessary to analyze a synchronous machine with salient
- pole rotor? i6]

Explain the operating principle of Thyristor Controlled Series Reactor (TCSC) scheme
=" with necessary circuit diagram and waveform. If the capacitor used in the scheme has a
vaiue of 100uF and the inductor of the scheme has an inductance of 100mH, calculate the

effective series reactance of the scheme at a firing angle & = 45° and state whether the
effective reactance is capacitive or inductive. [8+8]

I

The Following figure shows a basie circuit diagram STATCOM used as reactive power
compensator. Explain its operation in brief with the help of phasor diagram.

Vi b B Load
- - T iy I
!-_} L
Coopling Tr é
__:VD: -_':E'u
|
" AC-DC
Converter

1:——~—|

The inverter branch of the STATCOM has Ry = 0.06 ohm and Xg = 0.12 chm

The system load is P, = 24 kW per phase at 220 V with pf=0.8 lag

Calculate the magnitude and phase of the inverier output yoltage {Vo.26y ) required for
unity power factor operation. Also calculate the magnitude and phase of the current
through the inverter branch: Take load voliage as reference phasor. ; [16]

Lefe
Vi - !

ke
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2)

b)

A 350 km long un-symmetrical, 3-phase, 50 Hz transmission line has line inductance
of 1 mH/km and negligible resistance. If the receiving end voltage is to be maintained
at 220 kV and for the active power flow of 225 MW and power angle of 30°,
Calculate:

i) Sending end voltage magnitude 2437 4
1) The degree of series compensation required to increase the active power flow
through the line by 20%,. £ .66
What is the complexity in analyzing a three-phase salient pole synchronous machine
in abe system? How dq0 modeling simplifies the complexity? Explain briefly.

- Explain the operating principle of the GTO Controlled Series Capacitor with necessary

diagram and waveforms. Ii the Capacitor used in the scheme has a value of 100pF and the
inductor of the scheme has an inductance of 100 - mH. Calculate the Effective series

reactance of the scheme for tumnoff angle Y = g+30“ and state whether Effective

reactance is capacitive or inductive.

a)

b)

Explain the operating principle of STATCOM with circuit diagram and phasor
diagram. : :

A symmetrical transmission line has a reactance of 1.2 pu. The magnitude of sending
end voltage and receiving end voltage are 1 pu each. The power transmitted through
the line is 0.5 pu. A 888C is introduced in the line with series injected voltages Vg =
0.2 pu <-90° with respect to line current. Calculate the active power flow through the
line.

For the 3-bus network shown in figure below, perform Load flow analysis wih Fast
Decoupled Load Flow method. Perform up to two iterations to calculate voltage
magnitude and phase at bus -2 and bus-3.

Py=0.6 pu

Ps=08 pu Q:= 04 pu

Qs = 0.6 pu

Bus-3

[8]

[8)

[16]

[3]

18]

[16]

i
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. a)

b)

q;ebg,ﬂgﬁ
15¢ 286

.5

Lad

9./

a)

b)
a)

b)

b)

What is symmetrical transmission line? Draw phasor diagram and derive the
equations for mid-point voitage, current flow, active power flow, and reactive power
flow through symmetrical line.

A 120 km long symmetrical transmission line has following parameters:

V. =410 kV < 30°, V. =400 kV < 0°, inductance of line i is 3 3 mH/km/Phase. Calculate:

i) Astive and reactive power flow through line — bf_.f{"‘"d Lt

ii) degree of series capacitive compensaiion required (0 increase the active power
itaw by 10%

Describe the basic principle of shunt compensation. Explain how shunt compensation
cezrimyprove voltage profile and transient stability.

Derive the eguivalent d-q circuit model of salient pole 3-phase synchronous machine.

What are the advantages of Fixed Capacitor Thyristor Controlled Reactor (FCTCR)
over Thyristor, Switched Capacitor {TSC)? Explain the operating principle of FCTCR
scheme.

A fixed capacitor of 150 pF is used in GTO controlled series capacitor. Calculate the
net effective capacitance of the scheme at y = 120°.

How all three types of compensation can be achieved by using unified power flow
controller? Show that additional active power flow doe t©o UPFC is
(V.Vpg * Sin(&+p))/x.

The inverter branch of STATCOM has Ry = 0. ﬂﬁ € and }'{.3 =0.10 €. The system load
n:- 'P = "}ﬂ H“‘li_'ﬁ..|l at |"'! T rr_r]':nmnf'r np-r I'\1‘|GEF at 734NV Malernlate the rn':lrmﬂ'nf‘l'-l" and

phase: of inverter output mltagf: rcquu'od for unity pf operation.

. For the three bus network shown below, perform the load flow analysis with fast

decoupled method to calculate the magnitude and phase of voltage at bus-2 and bus-3.

T Py+iQ=1+09pu _ ,T P:+jQ3=0.8 + 0.8 pu

BUS-:‘.-i—l—r ) 015 T_I_TBUS-E

) &
~ o
T

8]
[3+5]

(8]

(8]

[8]

(8]

[8]

[16]
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QN1 (a) A 100 km long, 132 kV , 50 Hz, Symmetrical transmission line has parameters as

ON2

QN3

follow:
Inductance of the line : 1.5 mH /km per phase.
The phase angle between sending end voltage and receiving end voltage is 30°.

1) Neglecting the resistance and shunt capacitance of the line, calculate the active and

reactive power flow through the line. 189:96 , 499 564 [5+

5]

if) Calculate the value of series capacitor to be connected in each phase of the line to

increase the active power in the line by 25%. 3.3%1%)y - y Iy

b) What is abe to d-g-o transformation? Why it is necessary to analyze a salient pﬂ]ﬁ
S}rnchrnntjus machine? Explain briefly.

circuit diagram and Associated waveforms. If a fixed capacitor of 200 uF and

- [6)

Explain the operating principle of the Fixed capacitor Thyristor Controlled Reactor with

an

inductor of 20mH is used in the scheme, Calculate the net effective reactance of the
scheme at a firing angle of § = 20° and state whether the net reactance is capacitive or

inductive.

[16]

Explain the operation of Unified Power Flow Controller (UPFC) with basic circuit diagram

and phaser diagr:a.m and describe how it can perform all the three actions of w:-ltage
regulation, series compensation and phase angle control. Perform a mathematical anl ysis
to show that the extra active power and reactive power through the transmission line due to

UPFC are :

V.Vpq . 5 FERITINE, 04 .
'PWSH’I’{@"‘!‘]?} i *—ﬂnﬂ““"'ﬂcxtm — —};: —-CGSI:g-i— pj

18]



QN4 For the 3-bus network shown below, perform two iterations of Load flow analysis with

Fast Decoupled Load Flow method. : [16]
Vi3 =09pu

T2 =12 pu Pq3=ﬂ.8ppu

QLE: 0.7 Py d*'t'_'r':' 531?

V=7 8§, =7 ke

Bus-2 . Bus-3
(0.05+j0.25)pu /
(0.02+30.1) p~ < QU0 pu

Bus-1
V=10

QES (a) The following figure shows a basic circuit diagram STATCOM. used as reactive power
compensator. Explain its operation with the help of phasor diagram.

<3 . =

I o

Coupling Tr
Vol 28,

[ AC-DC ‘

1 v, L DI.-uad

Converier
!
hETR

M .
: I,-f""ﬁ] =
/Zﬂ:‘he inverter branch of the STATCOM has Ry = 0.06 ohm and X3 = 0.12 ohm

e system load is Pr. = 25 kW per phase at 230 V with pf=0.7 lag
inverter output voltage V.£0y = 250V £-12° per phase
Calculate: {8+8]
i) Reactive power generated by STATCOM

i

i} Line current *I" without and with STATCON

—

L
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QN1

QN2

QN3

(a) A 300 km long. 132 kV . 50 Hz. Symmetrical transmission line has parameters as
follow:

0]

Resistance of the line ; 0.001 ohm/km per phase

[nductance of the line : 1.2 mH /km per phase

Capacitance of the line : 0.01 pF / mile (line to neutral )

The phase angle between sending end voltage and receiving end vultage is 30"

b Neglecting the resistance and capacitance of the line. calculate the active and
reactive power flow through the line.

i) A mid point SVC is used to regulate the mid point voltuge equal tof Vs | =1V L

4 Calculate the Power transmitted through the line and Var required 1o be supplied by
the SV,

i) Considering the resistance of the line. caleulate the total power loss in the line,

Iv) Assuming the shunt capacitance is lumped at mid-point ol the line, caleulate the
sending end current when the receiving end is open without load.

b) Why d-q-o modeling is necessary to analyze salient pole svnchronous machine?
Explain bricfly, f6]
Explain the operating principle of the Thyristor Controlled Series Capacitor with necessary
diagram and waveforms. If the Capacitor used in the scheme has u value of 120uF and the
inductor of the scheme has an inductance of 120mH. Calculae the Effective series

reactance of the scheme at a firing angle & = 74 and state whelher effective reactance is
capacitive or inductive. [848 |

Explain the operation of Unified Power Flow Controller (LIPFC) with basic cireuit diagram
and phasor diagram and deseribe how it can  perform all the theee actions of voltage
regulation, series compensation and phase angle control. Perform a mathematical analysis
to show that the extra active power and reactive power th rough the transmission line due to
LUIPFC are :

V.VPQ o V.Vpy .
Pextra = ---i-r-}g Sin (& + p) and: W= - _i{_rﬂ] Costed + 1) [16]



QN4 For the 3-bus network shown below. perform Load How analysis with Fast Decoupied
Load Flow method. Perform up Lo two iwerations (v caleulute vollage magnitude and

phase at bus -2 and bus-3.

[16]
oAb

P:=1.2 pu . - “H.Tm':

Qx= 0.7 pu kel
Bus-2 Rus-3

i25pu
0.1 0,15
Bus-1

V= 120 _')

QN5 The following lgure shows a basic circuit diagram STATCOM used as reactive pover
compensator, Explain its operation with the help of phasor diagram.

! Vi b D Load
» - P i
III
Coupling Tr
—Jvu | -é'l.'}n
AC-DC
Conyarier

The inverter branch of the STATCOM has Ry, = 0.06 ohm and X, = 0.12 ohm

The system load is P = 25 kW per phase at 230 V with pf=0.8 lag

Calculate the magnitude and phase of the inverter output vol tage (Va8 ) required for
unity power factor operation. Also calculate the magnitude and phase of the current
through the inverter branch. Take load voltage as reference phasor. [8+8]

Mok e
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1 a) Describe the basic concept of shunt and series compensation of a transmission line.
Explain how these compensations improve the transient stability of the system. [10]

b) A 250 km long, 132 kV (Line to Line ) , 50 Hz transmission line has line indu-::!am:eludf
1.2 mH per km. The above line is transmitting the power with sending end and receiving
end voltage constant at 132 kV with a phase angie of 25° between them. Calculate the
value of series capacitor to be added in the line so that the active power flow through the
1 3 a
line increases by 20%. q .4 94 vio 4 [10]

2. Explain the operating principle of the Fixed Capacitor Thyristor Controlled Reactor
{(FCTCR) with necessary diagram and waveforms. If the Capacitor used in the scheme has
a value of 100pF and the inductor of the scheme has an inductance of 100mH. Calculate

i x
the Effective series reactance of the scheme at a fining angle & g and state whether
Effective reactance is capacitive or inductive. [20]
3. For the 3-bus network shown below; perform one iteration of Load flow analysis with Fast
Decoupled Load Flow method. : [20]

P3 =0.8 Fu
Q;= 0.7pu

Bus-3

P2= 1.2 pu
Q:= 0.7pu

Bus-2




4 a) Explain the operation Static Synchronous Compensamr (STATCOM) with basic circuit

diagram and phasor diagram. [(10]
b) The following fig shows a basic arrangement of STATCOM used as reactive power
compensator.
Vi [I Load
L o L
Iy
Rq
Xao
Vo] 280
AC-DC
Converter
L’" vd:

The inveérter branch of the STATCOM has Ro= 0.05 ohm and Xp = 0.12 c-hm
The system load is P = 24 kW per phase at 230 V with pf= 0.85 lag '

. Caleulate the magnitude and phase of the inverter output voltage (Vo£8, ) required for
unity power factor operation. Also calculale the magnitude and phase of the current

through the inverter branch. Take load voltage as reference phasor. [10]

S. Why d-q equivalent circuit is necessary to analyze the salient role synchronous machinz?
The current drawn by a three phase luad is given by the following equations:

i, = 100 Cos(ot-4)

is = 100 Cos(wt- 120° -¢)

i. = 100 Cos(wt- 240° -}

Calculate the magnitude of d-q component of the three phase current. : [10 +10]

EE g
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Prove that the mid-point voltage, active power and reactive power thréugh a symmetrical
‘transmission line are given by :

8 Vi sing  and 0= (1-Coss)

—y iR = —(1-Coso

2 X X

- m

V= Vv Los
Where,

V= magmmde of receiving end voltage per phase

& = Phase angle between sending end voltage and receiving end volizge
. X = Reactance of the line per phase

In the above transmission line, the receiving end vo Iage is equal to 132kV and the.

- receiving end voltage lags the sending end voltage by 30" and the line reactance is 100 ohms
oer phasa.

1) Calculat& the line current .

--ii} If a midpoint mmpEnSEIDT-lS connected which draw a 90° leading current of 100 amp per-

phase and receiving end current remains same as before, calculate the new sending end
current and mid point vc-ltagﬂ [10 +6]

2 a) Explain the operating principle of Thyristor Control Reactor (TCR) and derive The
expression for effective reactance as a function of firing angle. [8]

b) A 200 miles long, 50 Hz transmission line has norameters has following *ﬂ-**"e:*="s

Sad W B B

| Vs|= zzqwgz.nﬂ [V | = 220kV£0°, Inductance of the line - 3ﬁ{amH per phase.
iii) Calculate the active power flow through the line.

iv) Calculate the degree of series capacitive compensation required to increase the active
power flow through the line by 20%. 3]

3 (a) Explain the operating principle of GTO Controlled series capacitor with circuit diagram
and Associated waveforms. [8]

(b) If a fixed capacitor of 200 wF is used in the scheme, Calculate the net effective
capacitance of the scheme at a of y=120°, (8]



[

4. For the 3-bus network shown below, perform one iteration Load flow analysis with Fast
Decoupled method to calculate the magnitude and phase of voltage af bus -2 and bus-3. {16 ]

PI = 1.2 Pu 5 = ﬂ_gj 'pu
TQ: =-0.8 pu IQ} =06
Bus-2 —r—i—l— ! -

Bus-3

£

V= il

5 (a) What is the complexity in analyzing a three phase salient pole synchronous machine
- in abe system? How dq0 modeling simplifies the complexity? Ex plain in detail. [10]

(b) The three phase stator currents of 2 synchronous machine are given by: .
i, =200 Cos(wi-¢)
iy = 200 Cos{wi- 120" -¢)
i, =200 Cos(wt - 240° -4)
Calculate the magnitude of d-q compornent of the three-phase current. (6}

6 a) Explain the operating principle of STATCOM with circuit diagram and phasor diagram. (8]

b) A low voltage STATCOM scheme has following parameters: (8]
- Tha cuctem lnad ie PL =75 LW ner P'hm_:p at ANV writh 'r-.F.-_ nw |-::|E -
The coupling inductor between system main and STATCOM has resistance of 0.05 ohms
per phase and reaciance of 0.12 ohms per phase.
The inverter output voltage [Vo] £8; =250V £-1 0” with system main voltage as
reference phasor,
i) Calculate reactive power exchange between system main and STATCOM
ii) Active power loss in STATCOM branch.

ook W




