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Indian Institute of Technology Patna
Department of Electrical Engineering
EE381 - Power Systems
Autumn - 2023 ‘ .
End Semester Exam — Lo futren
December 3, 2023

There are 5 questions. They carry equal marks.

(5x10=150)

1. The figure below shows the single line diagram of a simple three bus power system with
generators at buses 1 and 3. Line impedances are in p.u on a 100 MVA base. Assuming a
flat voltage start, determine the voltage at the end of the first iteration using Gauss-Seidal
method. Choose Base MVA as 100. Neglect Q limits for Bus 3. Take a = 1.6.

Slack Bu , 3 53 = 200 MW
=g 0.01 +50.03 V3] = 1.04
0.02 +70.04 0.0125 + 50.025
‘—AZ’ "'j 0 wlotj2e —tery
Y =
By e—lot)le pL-JuS2 __‘4&&0)\ , 250 MVAr
—to 4] 2o —theI32 5y _jels
= -]
°_ o V‘QO: (40 £°

pssove 0= taje 2 d1F

' — & = —2'5
@ l;) a P& !)"’9 : PL-': 4/'
lvs

i Lf)_..jﬂh._ ~eeVy —T25 VQOJ

¢ _) o . .OLTF
Ve & Ve (V°)* B o B eg’;__,‘?g“fi____——»——')ao
Yo .04 2 *dtee o stle L—+°°
V. £ = o.ciq—4-‘3 .._JO | /_—_-———“
2
v P b i o 'S
no @ © 0 F . (YuVy o Vg * Y23 3 )
Raq - .
Y B S. ¥ S Paz 2
o po wle
r Il SJ®1 g Vi s e
Va = %L., Cvi) X 3 S e
¢ f-o3t& — Jo-etsF Gae (¥af ¥ v 'Y
Vg = 4 K ]
O aw® V)

s o t - .oze___\jo,oftp—
Va' e - (ol Vage = [2299€° - ——



2. Consider a two bus system.

SO, er |@ )P,

Load

The incremental fuel cost characteristics of plant 1 and plant 2 are given by

dF,
—L1 = 0.05P, + 20 Rs/MWH
dP,

dF, :

—2 = 0.025P, + 15 Rs/MWHr

dP,

If 100 MW of power is transmitted from plant 2 to the load, a transmission loss of 10 MW

will be incurred.

(a) Find the generation schedule and the load demand if the cost of received power is

24 Rs/MWhr.

(b) Find the generation schedule for the same load demand when losses are not coordi-

nated but included in the power balance equation.

(c) Also, find the savings obtained in the schedule of step 1 from the schedule of step 2.
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3. A single line to ground fault occurs on phase a at point F in the system shown below.

e,

Both machines are rated 1200 kVA, 600 V with reactances of X "i’ =X, =X, =10% and
X, = 5%. Each three phase transformer is rated 1200 kVA, 600 V - A /3300 V - Y with
leakage reactance of 5 %. The reactance of the transmission lines are X; = X, = 20% and
X, = 40% on a base of 1200 kVA and 3300 V. The reactances of the neutral grounding
reactors are 5 % on the base of machines. Assume the prefault current to be zero. Find

(a) the fault current at point F in Amperes.

(b) the fault current in phase a of the generator in Amperes.
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4. The positive, negative and zero sequence reactances of a 25 MVA, 13.2 kV alternator
are 0.3 p.u, 0.2 p.u and 0.1 p.u, respectively. The generator is star connected and neutral
is solidly grounded. When it is unloaded, find the fault current in Ampere and line-line
voltages in kV when a fault of

(a) Line-line occurs

(b) Double line to ground occurs
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5. A 50 Hz synchronous generator having inertia constant H = 5 sec and a direct axis re-
actance X, = 0.2 p.u. is connected to an infinite bus through a transformer and a double
circuit line. The network is purely reactive. The synchronous generator is delivering real
power P =1 p.u. at 0.8 pf lagging to the infinite bus.

02 X =502

X, =02

X =,0.2

A three phase fault occurs at one of the lines near the sending end of the line. The fault is
cleared by opening the faulted line. Determine the critical clearing angle and the critical
fault clearing time. p Xy
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