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E E 5 7 0 2 - P o w e r S y s t e m Opera t i on a n d Con t ro l 
(Regulat ion 2 0 1 9 ) 

Max.Marks: 100 

C O 1 Ana lyze the day-to-day operation of electric power sys tem. 
C O 2 . Ana lyze the control act ions that are implemented to meet the minute-to-minute variation of 

sys tem real power demand. 
C O 3 Ana lyze the compensators for reactive power control. 
C O 4 Prepare day ahead and real time economic generation schedul ing. 
C O 5 Understand the necess i ty of computer control of power sys tems . 

B L - B l o o m ' s T a x o n o m y L e v e l s 
( L I - Remember ing, L 2 ' - Understanding, L3 - Applying, L4 - Analysing, L 5 - Evaluat ing, L6 - Creating) 

P A R T - A ( 1 0 x 2 = 20 M a r k s ) 
(Answer all Quest ions) 

Q. No Q u e s t i o n s Marks C O B L 

1 What are the requirements of a good power s y s t e m ? 2 1 1 
2 What are the significant benefits of power industry deregulation? 2 1 1 

• 3 . Consider the speed governing sys tem of 50 Hz, 100 MW 
generator, having 4 % speed regulation. Find the inc rease in 
turbine power, if the frequency drops by 0.12 Hz with the speed 
changer setting unchanged. 

2 2 2 

4 A 3-phase, 4-pole synchronous generator is synchronized to the 
grid and operates at 1480 rpm. Determine the grid f requency. 

2 2 2 

5 Stat ic error in A V R d e c r e a s e s with increased loop gain. Just i fy 
this. 

2 3 . 2 

6 Draw the VI character ist ics of S V C . 2 3 1 
7 What is Priority List method? 2 4 1 
8 Distinguish between Economic Dispatch and Unit Commitment 

problems. 
2 4 2 

9 List the var ious functions of an energy control center. 5 1 
10 Draw the btock diagram of P M U . 2 5 2 

P A R T - B (5 x 13 = 65 Ma rks ) 
(Restr ict to a maximum of 2 subdiv is ions) 

Q. No Q u e s t i o n s Marks C O B L 

11 (a) (i) T h e annual load duration curve of a certain power station can 

be considered a s a straight line from 20 MW to 4 MW. T o meet 

this load, three turbine-generator units, two rated at 10 MW each 

and one rated at 5 • MW are installed. Determine installed 

capacity, units generated per annum, load factor, plant capaci ty 

factor and plant use factor. (8) 

13 1 4 



(ii). An electric supply company having a maximum load of 60 

MW generates 25 x 10^ un i t s , per annum and the supply 

consumers have an aggregate demand of 75 MW. T h e annual 

expenses including capital charges are : 

For fuel = R s 95 lakhs 

F ixed charges concerning generation = R s 30 lakhs 

F ixed charges concerning T&D = R s 35 lakhs 

Assuming 9 0 % of the fuel cost is essent ia l to running charges 

and the loss in t ransmiss ion and distribution a s 1 5 % of kWh 

generated, deduce a two part tariff to find the actual cost of 

supply to the consumers . (5) 

O R 
11 (b) T h e annual peak demand of an electr ic utility for four consecut ive 

yea rs is given below: 

X ( Y e a r ) 1 2 3 4 5 
y (Maximum demand in G W ) 4 6 9 14 19 

Forecas t the peak demand for the 7-th yea r by parabolic curve 
fitting. 

13 

1 2 ( a ) T h e data pertaining to an uncontrolled single a rea power sys tem 

are a s fol lows: 

= 2500MW 

= 1500MW 

- 5 0 H z 

= 4 S e c . 

= 4 % 

A s s u m e that the load f requency characterist ic of the sys tem is 

linear. For a dec rease of 20 MW load, determine 

i) S teady state f requency deviation and frequency. (5) 

ii) Change in generation (in MW) and increase in original load 

(in MW) under steady state conditions. (4) 

iii) Find the Trans fe r Function of the power sys tem. (4) 

13 

Total rated capacity 

Nominal operating load 

Nominal f requency 

Inertia constant 

Governor drop 

O R 
12(b) (i) . For a two a rea sys tem, develop the expression for change in 

tie-line power flow in terms of change in frequency of both the 

a reas and represent it in the form of a block diagram. (6) 

(ii) . Draw the block diagram representation of uncontrolled two 

a rea sys tem and develop the express ion for static f requency 

deviation and static tie line power deviation subjected to sudden 

load changes . (7 ) 

13 2 3 

1 3 ( a ) With necessa ry d iagrams, briefly describe brushless A C 
excitation sys tem and develop the transfer function block diagram 
of the A V R loop. 

13 3 3 

O R 
1 3 ( b ) (i). Expla in the working of S T A T C O M . (7) 13 3 3 



(ii).A 132 kV line is fed through 11 / 132 kV transformer from a 
constant 11 kV supply. A t the load end of the line, the voltage is 
reduced by another transformer of-nominal ratio 132 / 11 kV. T h e 
total impedance of the line and transformers at 132 kV is (20+J53) 
0 . Both the transformers are equipped with tap changing facil it ies 
which are so arranged that the product of the two off-nominal 
set t ings. is unity. If the load on the sys tem is 40 MW at 0.9 p.f. 
lagging, calculate the settings of the tap changers required to 
maintain the voltages at the both ends at 11 kV. (6) 

1 4 ( a ) A power plant has two units with the following cost 
character ist ics: 

C i = 0.6 + 200 Pi 4. 2000 R s / hour 

C 2 = 1.2 P2^ + 150P2 + 2600 R s / h o u r 
where Pi and Pz are the generating powers in MW. T h e daily load 
cycle is a s follows: 

6:00 AM to 6:00 PM : 150 MW 
6:00 PM to 6:00 AM : 50 MW 

T h e cost of taking either unit off the line and returning to serv ice 
after 12 hours is R s 5000. Consider ing 24 hour period from 6:00 
AM one morning to 6:00 AM the next morning, would it be 
economical to keep both units in serv ice for this 24 hour period or 
remove one unit from serv ice for 12 hour-period from 6:00 PM 
one evening to 6:00 AM the next morning? 

13 
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O R 

1 4 ( b ) (i) . D i scuss about the constrains on Unit Commitment problem ; (7) 

(ii) A hydroplant and a s team plant are to supply a constant load 
of 100 M W f o r 1 week (168 h). T h e unit character ist ics are 

Hydroplant: 
q = 300 + 16 P h acre-ft/h 
0 < P h < 1 2 0 M W 

S t e a m plant: 
• F(Ps) = 0 . 0 2 P \ 11.3 P 3 + 5 5 . 1 $ / h ' . 

1 2 . 5 < P s < 6 0 M W 

(1) . If Hydroplant energy limited to 12,000 MWh, determine the 
optimal running time of s team plant. (3) 
(2) . If the maximum drawdown volume of water from the 
hydroplants' reservoir in 1 w e e k is 250,000 acre-ft, how long 
should the s team unit run? ( 3 ) 

13 4 • 4 

1 5 ( a ) (i) . Draw the layout of a typical S C A D A sys tem and expla ins its 
main functions. ( 5 ) 
(ii) .Draw the state transition diagram and explain the var ious 
operating state of a power sys tem and the assoc ia ted control 

• act ions. (8) 

13 •5 3 

O R 

1 5 ( b ) Given the network shown in Figure, the network is to be modeled 
with a D C power flow with line reac tances a s follows ( a s s u m e 

13 5 3 



1 0 0 - M V A b a s e ) : • 
Busl Bus 2 Bus 3 

^ 
m21 m23 m32 

63 = 0 

X12 = 0.1 pu & X23 = 0.2 pu 

T h e meters are all of the s a m e type with a standard deviation of 
. a = 0.01 pu for each . T h e measured va lues are 
M3 = 105 MW; M32 = 102 MW; M23 = - 1 1 5 MW 
M2 = 49 MW; M21 = 158 MW 
i) . Find the phase angles that result in a best fit to the measured 
va lues . (10) 
ii) . Find the value of the residual function J . (3) 

P A R T - C ( 1 X 15 = 15 Ma rks ) 
(Q.No.16 is compulsory) 

Q. No Q u e s t i o n s Marks C O B L 

16. (i) T h e following two synchronous generators are operating in 
parallel; 

Genera tor 1 60 MW • 5 % speed regulation 

Genera to r 2 50 MW 4 % speed regulation 

(1) . Determine the load taken by each generator, for a total load 
of 80 MW when the speed changers are set to give rated 
speed at 5 0 % rated output. (6) 

(2) .The speed changer of generator 1 is so adjusted that 80 MW 
load is equal ly shared. Find the output of generator 1 for 
rated speed and its f requency at no load. (4) 

(ii). Incremental cost of three units in a.plant are: 
1C1 = 0 . 8 P 1 + 1 6 0 R s / M W h ; 
1C2 = 0 . 9 P 2 + 1 2 0 R s / M W h ; 
103 = 1.25 P 3 + 110 R s / M W h . 
where P I , P 2 and P 3 are power output in MW. 
T h e optimum schedule for the total load of 242.5 MW is: 

P I = 6 2 : 5 MW; P 2 = 100 MW; P 3 = 80 MW. 
Using Participating Factors , determine the optimum schedul ing 
when the load inc reases to 270 MW. (5) 

10 


