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INSTITUTE OF USN | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘
TECHNOLOGY
Internal Assesment Test - |
Sub: | Power System operation & Control Code: SEESI/”EE
Date: | 08/05/2022 Duration: 90 mins | Max Marks: |50 Sem: |7 Branch: EEE
Answer Any FIVE FULL Questions
OBE
Marks "5 TraT
1 Derive the expression for frequency deviation & tie line flow in power system [10] CO2 L3
2 Two generators rated 200 MW and 400 MW are operating in parallel. The droop [10] CO2 | L4
characteristics of their governors are 4% and 5 % respectively from no load to
full load. The speed set points are such that the generators operate at 50 Hz when
sharing the full load of 600 MW in proportion to their ratings, (i) If the load
reduces to 400 MW, how is it shared? At what frequency will system operate?
(ii) If now the speed changers are reset so that the load of 400 MW is shared at
50 Hz in proportion to their rating. What are the no load frequencies now?
3 Draw the diagram of steam turbine governing system and explain the functions [10] |CO2| L3
of its various components
4 With a neat diagram ,explain the general configuration and major components of [10] | CO1| L2
SCADA
S (a)What are the functions of AGC? [5+5] | CO2| L2
(b)Two areas A and B interconnected by tie line. The generating capacity of area
A is 25,000 MW and its regulating characteristics is 2.5 % of capacity per 0.1 CO2 L3
Hz. Area B has a generating capacity 5000 MW and its regulating characteristics
is 1.5 % of capacity per 0.1 Hz. Find each areas share of 800 MW disturbance
(load increase) occurring in area B and resulting tie line flow.
Explain the operating states of power system, with a neat diagram showing the [10] | CO1 L2
transition between the states
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Solution - . ‘

(i) The droop characteristics are drawn as in Example 6.4, Since 600 MW is shared in proportion to their rating,
unit 1 supplics 200MW and unit 2 supplies 400 MW, which is their capaciry respectively. Therefore, both
the units operate at 100% fulldoad when supplying 500 MW, We take 100MW 1o be the base powr, The
characteristcs are drawn as shown in Fig, 6.12. Unit 1 has a frequency change from 1.04pu to 1.0pu from
no-load to fullload (2pu) and unit 2 has  fequency change from 1.05 pu to 1.0 pu from no-load to full-load
(4pu). Thus at f=1 pu, total load is 2 +4 = 6 pu, The load now changes to 400 MW, Let x pu be the output
of unit 1. Total load is 400MW =4 pu. Therefore, the output of unit 2 is 4= x pu. From the figure,

BC_CC, _ 004-4Af :
B0 00, 00 =3 W

Ac _CC, 005-4f 4,

A000, 7 7005 "4 &
Fon é{fr-q.sx . (i)
A i S

From (if) Tosf 0.25% (iv)
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65 Speed Govermors

or 0.0125x = 0,04 - 0.02¢
x=1.23077 pu
=123.077 MW
4-x=27692 pu=276923MW
Af =(0.25x)0.05 = 0.01538 pu
Frequency f; =1+4f =1.01538pu
=50.769Hz

: '
e e T e

Froquancy (pu)
8
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Output {pu) o .

Figure 6.12 Example 6.5, case ().
) Now '*“gomnorsminpmdmg:dmchdmd\qshaseMWinpmpodonmdl&mtSOEh

~ Output of unit 1= 400x%= 133.33MW

=1.3333pu
Qutput of unit 2= 266.67 MW
= 2.6667 pu

The characteristics are 25 shown in Fig. 6-13.
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Figure 6.13 Example 6.5, case (i)

Hm.thnﬁeqnumyhlwnthelud=4pu%nowplouhedmopclnmxisdawithmdopuof416
_a\d%uﬁqmln.ﬁg.&llﬁomdu;nph.duinmm
‘ £, 1.02666 pu = 51.35 Hz and £, = 1.0333 pu = 51.665 Hz
1=008 A
Slope of unjf 1 =37 = 1335
Af =0.026_66w'(noload frequency of unit 1)
£, =140.02666=1.02666pu =51.33Hz

- = 0.05
Sopeof unk 2 =4 = 2.

Af: =0.03233 pu (no load frequency of unit 2)
£, =140.0333=1.0333pu = 51.665 Hz
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Figure 9-7 Simplified functional diagram of the primary ALFC loop.
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*
5 Speed Governoss
steam Turbine Governing System
Consider the governing system for 2 steam turbine as shown in Fig. 6.2.

- ]”

Figure 6.2 Sicam turbine governing scheme.

In the operating range, the steam flow thiough the control valve is proportional to the valve openieg. When
the valve opening changes, the steam flow to the turbine changes, changing the mechanical powsr owput
of the turbine and hence the electrical pmoﬁbegmmmc.mmcohp«ddungedqnndsm the
inertia of the entire rotor system. When the wrbine-generator unit is being started, the governiag sysiem
controks the speed by regulating the steam flow. Afier the unit has been synchronized to the grid, the gov-
emor increases the outpur 1o load the unit. Referring o the figure, we can see that the valve output can be
changed by changing the reference input or by a change in the speed (reflected in the change in frequency)
with the reference speed remaining the same. This is the peimary regulation or simply governor cor: trol, The
secondary regulation changes the reference semting by using the load-frequency control.

§ E,Canventional Governor

'
|
.

. The conventional governor is shown in Fg. 6.3,

The nisjor companenss are discussed below.

Hy ball speed governor: This is 2 mechanical device, which is speed sensitive and directly adjusts the valve
opening via the linkage mechanism. It senses the change in speed o power cutput and approprissely init-
ares valve opening or closing. . 3 .
Linkage mechamism: This transforms the fly ball movement to the nubine valve, through 2 hydraulic
amplifier and provides a feedback from the rurbine valve movement. .
Hydrautic amplifiers: It is a hydraulic sezvomotor interposed besween the governor and the vahve to build
mechanical forces strong encugh to operate the steam valves or waser gates. )

Speed chamger: 11 is used 1o provide 2 steady-state power output serting for the wrbines.

Figure 6.3 Conventional governo.
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Chapeer 12 Supervisory Conzrol and Data Acquisicion

A64 e

st incorpocate all features of SCADA and also includes acher compua.

B ol o e T mingency amlyss, . I includes cxiensive capabiliies o

ions,
i DMS: e d':g,*m manitor and control distribution feeder Joads,
5 DMS f&m:ﬂm topology m::::;{:dn;:wm:ugm that allow identification of problems ang
today i
o 3 g :

5. mﬂ::dwmmbmcmwmpnkwmd&mﬁﬂ&:mw,mmm

agement, [t can be a scand-alone program o integrated into EMS or D

6. AMR: Automatic meeer reading is incorporased inco LM systems,

12.1.2 Telemetry

“Telemetry refers t the cechnique used in itting and receiving i ; .ordznmam:dium
’l'ypiuldmfinaw«rmmthcm:nuo valtage, power flows, circuit breaker status, etc. The
information is transmireed over a mediam, sach as cable, telephane, intetnet or radio. The information can
come fram multiple Jocations,

12.1.3 Data Acquisition g

Te refees 1o the method used to access and conerol the informatian or data from the equipment that is being
controlled or monitored. The data are then forwarded via the telemetry system. The information can be
cither in an analog or in 2 digital form, It is the dses obtained from sensors, meters, actuators, control equip-
ment like relays, valves, etc,

With the above definitions, vet cn now define SCADA. 15 « collecsion of equipment that witl provide an
operater at mﬁ;ﬁ/m” with m‘:: informttion to desermine the status of a particular piece of eguipment
O 5 cutue pocer syssem, and cawre actions eo take rding that equipment ility withous
Joig pialy prscn o e besionof e place regarding thas equipment or facilizy wi

/12.2_ Components of SCADA System

;,i?: (ficdd) .,;n d’;ﬁ"m&hﬂnn&mﬁg 12.1%, Basiaally, SCADA systems collect mfomurion.ﬁum the
Sienr s uclbians d:‘ wu?"ll' d:: # 10 a central computer facility and display the information to the
the grographically dispersed tin: entite system from che cencral control center. In 2 SCADA systern,
programmable Jogic comnmlis (by o -/ Ner & femore termingl unic (RTU), which is = computes, o &

unicari e o o ek eoncrols local sctuatars and monitor the sensors. The com-

what are the I X Hrx is programmed o ell the hat nitor,
ineeligent ek:f;:;z?ﬂméh:," e s, ool et Further, e ::2; mlu)m cousst of
Iigene conerol, A commenication system ang ST Se00rs, 3t times combining a sensor, low level intel-
dizectly with the MTU. Other companenrs ,,,' “ﬁh ’;"’ memory in one device. The IEDs can communicite
machine interface (MMI)that allows the o man-machine interface(HMI), also called the man-

; OPSTRIOL 10 manitgy the stare of process u.ndel control, madify

5a

-12,2.2 Remote Station

Figure 12.1  Gereral SCADA configuration.

control sextings if necessary, and permits the operator to override any automatic control previously set,
should an emergency arise. The HMI is also responsible for displays, repors, historical information, statas
information, etc.  ~

The major components of 2 SCADA system are thus chissified 2

1.” Field instrumentation,

2, Remote stations,

3. Communication netwark,

4. Central monitoring station and

5. Software,

12.2.1 Field Instrumentation

This refers to all the sensors and acruators that are interfaced directly to the eguipment. They gmmf:dg
analog and digital signals that are monitored by the remote station. The generated signals are conditicned
10 be compatible with the RTU/PLC at the remote station. The analog outputs of sensors bave uxndudr
industry values like 0-5 V, 0-10'V; 0-20 mA, ete. Digital outpurs of sensors are wsed to define d.sc:uus-o
the equipment like On-OFF, Full-Empty, Open-Closed, ete-

diend which is being monitored and aon-

Bed § i e dhe phot inulatios remote site. The remote station may
wralled is interfaced to the remote station to allow manipulation 2 2 for comiaunication and Beible pror
be an RTU or a PLC, The RTU is a computer with good s ity Modern PLCs gl

grammability. The PLC is used mostly in indp:s‘.!iu It has very e
have ulu\si'z;,' communication features and cadio units for use with

SCADAsywum,quiallﬂU unit
is shown in Fig, 12.2. el :
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6.4 Functions of AGC

In 2 power system the loads and losses are senuitive to frequency. If a generating unit is wipped or the losd on
the system is increased, the power mismach is initially compensated by exiracting the kinetic energy fram
#ystem inertial storage causing a decline in system frequency. As the frequency decreascs, the power taken by
the loads also decreases. Equilibrium in larges systems is generally obtained when the reduétion in frequency
sensitive load balances the output of the tripped generator or the load increase at the new frequency. If equi-
Rbrium is reached i is in less than 2 s.

If the mismarch is large, then the governar action has 1o increase the generation of the units such thas

quilibrium is resched, when the reduction ia the power taken by the Joads plus the increase in geners tion
1g of a unit or connecticn of

Miakes up for the mismatch. Such equilibrium is reached in 10-15 s after trippis
additional load. The main requirement of the AGC is to ensure the following:

;' The frequency of the various bus voltages are mainzined ar the scheduled frequency.
3' The tie-line power flows are maintained ar the scheduled levels. e
+ The “"ﬂl' power is shared by all generators economically (cconamic dispasch).

The first 1o functions are realized using the ALFC, whereas the third has been

extensively dealt with-in

liil«r; ';: 3. Apart from this, modern AGC strategies” include many more functions. Some of e ":'
re, 2k
. i
— "
: 188 Chapeet &: Autoenatic Generation Control ¢ !
I-Ytddagmmﬂonmmd#mrdﬁngduwdmimdmmdwdummadw Stec
scheduled , aver the seleced time frams. 103
2 Scbcdulem::mmmmfndmumumeulmdxmfmnc,wl?sch.mdsdamgnh.. Cons
ing undesirable generation ranges in different units and avoiding, sustained operation in these ranges.
3. Maintain 3 sufficient bevel of reserved control range and sufficient Jevel of contral rate.
4. Operate the system with higher secwrity marging
5. Provide timely nooc:;ndmom for changing of outpurs of units which are manually controlled.
6. Provide meaningful alarms such as display in coatrol center for deviation from desired generation, uni
not responding 10 AGC control signal, anticipated future generasioa, cic.
The design of AGC sysrem depends on the way the unics respond to AGC signals. The response characier-
istics of units vary widely and depend on many factors such as:
1. Type of generating wnit: fossil-fired, nuclcar hydso, combined cyde, erc.
2. Type of foel used: coal. oil, uranium, gas, e1c.
3. Type of plant control. o
4. Type of plant: once-through boiler, drum-type boiler, pressurized-water nuckear reactor, pumped storage (';c o
" hydro, e
5. Operating point of units. of tbe
P O e
_bmddnmmtmmd«imdmmAGCmnudﬂhhddtwim in Chaprer 7, emnor
The speed governors play 2 viral role in the primary control of the frequency. This is discussed in detail in chang
the nexx sectiofn. with ¢
second
-~ - e A e e
5B X
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