CMR
INSTITUTE OF USN
TECHNOLOGY

Internal Assesment Test - ||
Sub: | Power System Operation and Control Code: 10EE82
Date: 10/5/2017 Duration: 90 mins Max Marks: |50 Sem: Branch: EEE

Answer any FIVE Full Questions
OBE
Marks -5 | gpT

1 Explain with aneat block diagram the digital computer configuration of SCADA [10] cCO1 L2
systems.

2(a) Two synchronous generators and initially supplyingacommon load at 1 pufreq(60 [5] CO2 L3
Hz).The rating of unit 1 is 337 MW and has 0.03 pu droop built into its governor.
Unit 2 israted at 420 MW and has a 0.05 pu droop. Find each units share of a0.10
pu(75.7 MW or 10 % of total load generation )increase in the load demand. Also
find the new line frequency.

2(b) Explainthe parallel operation of generators with droop characteristic graph. [5] CO1 L2
3 Derive the expression for the tie line power and frequency deviation for two area  [10] CO1 L2
system.
4 Obtain the transfer function model and explain the ALFC loop of asingleareaof an  [10] CO2 L2
isolated power system.
CO2 L2
5 Explain and model the AVR loop of a single area of an isolated power system. [10]
CO3 L3
6(a) Determine the primary ALFC loop parameters for a control area having the [5]
following data. Total rated area capacity,Pr=2000MW
Normal Operating ,Pd=1000MW
Inertia constant=5s
Regulation R= 2.4 Hz/puMW(all area generators)Assume load frequency
dependency is linear ie) load increase one percent for one percent frequency
increase.
6(b) Find the static frequency drop for 2 GW system in previous example following a [5] cCO3 L3

one percent load increase.
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¢ tie-line flows and frequency droop described for interconnected power

areas are composite characteristics based on parallel operation of generators.
That areas must have speed or frequency droop as opposed to isochronous
(constant-speed) operation is obvious, for if each area could maintain its speed
= 2nf despite synchronizing torques, then a load common to both areas, by
superposition, would have the terminal voltage X

!Vload= V, sin o f + stm;ﬂ (1.13)

where subscripts 1 and 2 refer to the areas and ¢ is time in seconds. Combining
the terms of equation 1.13 results in line frequencies that are the sum and dif-

R

ference of f, and f,, which is objectionable. Although it is possible to use a ref-

o _‘
R
|

‘erence frequency for both areas, in principle both areas as well as generating
units must be capable of independent operation should communications links
(A generator speed versus load characteristic is a function of the type of
overnor used on the prime mover (type 0 for a speed-droop system, type 1 for
1 isochronous system, etc.) as well as the capacity of the generator. Consider
) extreme case where generator 1, of limited capacity, is paralleled to an infi-
bus of constant frequency, as shown in Figure 1.17. (An infinite bus can
orb or supply unlimited power at constant voltage and constant frequency.)
In this figure, the generator-droop characteristic is such that it is loaded to 50%

. i1
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22 Central Operation and Control of Power Systems Chap. 1

Constant system

/ frequency (infinite bus)

Increasing
unit load

(per

Speed or frequency

::> Generator
Motor <: operation

operation

L |
0.5 1.0

Load, P (per unit)
Figure 1.18 Adjusting prime-mover torque to load a generator.

'1!'

of its capacity when paralleled to the bus. The regulation of the unit with an
implicit algebraic sign is defined as
: Af(Hz)/60(Hz)

: e Af(p.u.) _
unit speed regulation = R E@_u‘) - AP(MW)/P,,.(MW)

where P, is the megawatt rating of the generator and p-u. represents “per

unit.” The regulation is assumed to be constant for the range of interest here.

(1.14)

creased, which results in a shift of the speed-droop curve as shown in Figure
1.18.

- By means of adjusting the prime-mover torque the power output of the
generator is set to the desired level, including motor operation, The shifts in
generator output are performed by means of momentary shaft speed changes
with respect to the infinite bus at constant frequency. Thus Figure 1.18 is
equivalent to changing the shaft reference angle 6, of the synchronous machine
shown in Figure 1.19. For a simplified, cylindrical rotor machine the real
power flow is given by~

VI VZ

P=—i,—5j.l'l (31 "32) (115)
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Sec. 1.8 Parallel Operation of Generators 23

A, A, = operating points

Load

Speed or frequency (per unit)

Generator load (per unit)

Figure 1.20 Parallel operation of identical units with different speed settings.

where X is the synchronous reactance and the voltages are expressed as pha-
sors. The phasors and reactances are discussed in Chapter 2.
Steady-state output power changes for the generator of Figures 1.18 and
_1.19 are due to prime-mover steady-state changes, and no description is given
here of the transients necessary to reach this operating point. The transients
will be a function of the generator inductances and resistances, the voltage reg-
ulators, and the prime-mover dynamic characteristics.

Generally, two generating units that are paralleled both have different
governor-speed-droop characteristics, or the characteristics may vary with
load. When parallel, the power exchange between machines forces them to syn-
chronize at a common frequency as the coupling impedance between machines
(e.g., impedance of the transmission lines) is small compared to the load equiv-
alent impedances. Consider the case of two parallel units of equal capacity
which have equal regulation and are initially operating at 1.0 base speed, as
shown in Figure 1.20.

When the paralleled system is operated at base speed, unit 1 at point 4,
satisfies 25% of the total load, and unit 2 at point A, supplies 75%. If the total
load is increased to 150%, the frequency decreases to f). Since the droop curves
are linear, unit 1 will increase its load to 50% of rating and unit 2 will reach
100% of rating. Further increases in system load will cause unit 2 to be over-
loaded.

The case when two units of different capacity and regulation characteris-
tics are operated in parallel is shown schematically in Figure 1.21. For these
two different units in parallel, their regulation characteristics are

_ Afipu) _ Af/60 .
e AP (pu.) AP/Pige p-u- (1.16a)
&= za, (1.16b)

e e .
API/ .‘Zratc .
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