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MODULE 2: Automatic Generation Control (AGC)

Structure

2.1 Automatic Generation Control (AGC): Introductions
2.2 Basic Generator Control Loops

2.3 Commonly used Terms in AGC

2.4 Functions of AGC

2.5 Speed Governors.

Automatic Generation Control (continued):

2.6 Mathematical Model of Automatic Load Frequency Control
2.7 AGC Controller

2.8 Proportional Integral Controller.

Objectives

1. To explain basic generator control loops, functions of Automatic generation control,
speed governors and mathematical models of Automatic Load Frequency Control

2.1 AGC: Introduction

In an electric power system, automatic generation control (AGC) is a system for :
Adjusting the power output of multiple generators at different power plants, in response to
changes in the load.

Since a power grid requires that generation and load closely balance moment by moment,
frequent adjustments to the output of generators are necessary

As our development has increased, there has been a higher demand of electrical power
loads both on industrial and domestic scale.

As the number increases, it is also imperative to manage load properly since a failure to do
so results in frequency fluctuation and voltage drops.

An effective regulatory strategy is available in the form of:

« Automatic Voltage Regulator Systems (AVR) and

» Automatic Load Frequency Control (ALFC)
The main function of ALFC system is to assess and rectify the power and frequency
while that of AVR system is to regulate voltage and reactive power.

What is AGC ?
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MULTIPLE

) GENERATORS
ADJUSTING POWER ) Different Power Plants

OUTPUT
B Response to Changes in
Load

S=P+JQ
P-> Depends on Frequency; Depends on Speed---->Speed Governor
Permissible Limit is +/- 0.5%
Q-> Depends on Excitation-=> Excitation Control
Permissible Limit is +/- 5%
Even though P~f and Q~V control loops are working simultaneously both frequency
and voltage control loops do not interfere with each other?
Answer:
Different Time Constant
T (Gen-Field) < T( Speed Governor)
Transients in Excitation control vanishes faster and do not interfere with dynamics of
frequency control

In Power System, the Active and Reactive power are never Steady. It is time varying
quantity.
1. When reactive power increase, the voltage starts dropping and when the demand
of active power increases, the frequency of supply decreases.
2. To compensate frequency the steam input to turbo generator (or water input to
hydro generator) must be continuously regulated.

2.2 Basic Generator Control loops

An effective regulatory strategy is available in the form of:

1. Automatic Voltage Regulator Systems (AVR)

2. Automatic Load Frequency Control(ALFC)
The main function of ALFC system is_to assess and rectify the power and_frequency
while that of AVR system is_to regulate voltage and reactive power.
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HYDRO
fref
P+Q
Hydro Hydro f Frequency
Valve Valve Sensor
Controller
Comparator
Vv
Turbine Generator
omparator
Excitation v
ref
Control

Block diagram representation of load frequency and excitation control

2.3 Commonly used Terms in AGC

« Control Area:
A control area is a part of the system to which common generation is applied.
* Tieline:
The transmission lines connecting two or more areas are called tie lines.
Active power flows from one area to another via the tie lines.
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/Tie-iines

Arca-# Arca-i

Net interchange:

Between control areas, there is a mutually prearranged net power on the area tie lines,
called the scheduled net interchange.

The algebraic sum of powers on the area tie lines of a control area is called the net
interchange.
If the net interchange is positive, there is generation out of the area.

Frequency:

There are different frequencies commonly used.

System frequency: It is the actual frequency of the system AC voltage.

Standard frequency: It is the frequency intended to be used as reference.

Rated frequency: It is the frequency for which the generating equipment is designed.

Scheduled frequency: It is the frequency which the system attempts to maintain.

* Frequency bias:

It is the offset in the scheduled net power interchange of a control area. It is varied
proportional to the frequency deviation and is in a direction so as to bring the system
frequency to the scheduled frequency.

« Time deviation:

It is the ratio of the accumulated (or integrated) difference between the system
frequency and rated frequency, to the rated frequency.

* Load-frequency characteristic:

For a control area, it is the change in total area load resulting from a change in system
frequency.

+ Station control error:

It is the station generation minus the assigned station generation.
* Unit control errors:

It is the unit generation minus the assigned unit generation.

2.4 Functions of AGC

» The frequency of the various bus voltages are maintained at the scheduled frequency.
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» The tie-line power flows are maintained at the scheduled levels.

» The total power is shared by all generators economically (economic dispatch). The
first two functions are realized using the ALFC whereas third using AVR

* Yield a generation acceptably matching the changing load at scheduled
frequency

» Should accumulate lower fuel cost

« Maintain sufficient level of reserved control range

* Provide higher security margins

» Provide meaningful alarms at control centres for deviations

Load Regulation between Units in Parallel

. WL ----- —->No load Speed
. WEeL---> Full Load Speed
. Wo---->Nominal Speed

., —
%R:(%]xwo
0

Frequency T
(pu)

— Power output (pu)

AF
N
M=%
AF

) = L
AR =%
AR _R,
AP, "R

The change in output of the generators is thus in the inverse ratio of the speed regulation.
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2.5 Speed Governors

Z 4————— Control valve
o
[Close

Raise Open —— To turbine
o
ot e R
A= c [
]
Pilot | LR
valve — . SR “ :
l / [~ Main piston
High  ——pocee [ ¥ ’
pressure ol A || P 4

The system consists of the following components:

I.  Fly ball speed governor

Il.  Hydraulic amplifier
I1l.  Linkage mechanism
IV.  Speed changer

I.  Fly ball speed governor:

This is the heart of the system which_senses the change in speed frequency. As the speed
increases the fly balls move outwards and the point B on linkage mechanism moves
downwards. The reverse happens when the speed decreases
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’.__-:_,'_‘_‘..f:—_
A’:'(?_:

I1.Hydraulic amplifier:
It comprises a pilot valve and main piston arrangement. Low power level pilot valve

movement is converted into high power level piston valve movement. This is necessary in
order to open or close the steam valve against high pressure steam.

1
Pilot \ PO &
valve — o = R -
I ] 4 e Main piston
High- — T"""0 - o
” 7 - s
pressure oil ~ 7"~ A A Z
A R PR P

I11.Linkage mechanism:
ABC is a rigid link pivoted at B and CDE is another rigid link pivoted at D. This link

mechanism provides a movement to the control valve in proportion to change in speed. It
also provides a feedback from the steam valve movement

R
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IV. Speed changer:
It provides a steady state power output setting for the turbine. Its downward movement opens
the upper pilot valve so that more steam is admitted to the turbine under steady conditions.

The e reverse happens for upward movement of speed changer

Speed changer

e O = c &

MODES OF SPEED GOVERNOR
* ELECTRONIC HYDRAULIC GOVERNING SYSTEM

Steam
" r Hydraulic
Sensing | | EM amphfication v‘\‘ Control
Speed element [ ; converter an: speed vglvo
and = — changer b
T
MW T — ‘o " -
r (’f “'\
» Sensing * Hydraulic b\ G
* Processing amplification | =
n
* Primary * Servomotor .2
amplification ~
Nt /-\..\\ Speed
4 k:— =/ controlier
N
—'Jl Control | Valve
. > logic | opening
Pt 7\ Load
T :/' controller
Pa

¢ ISOCHRONOUS GOVERNORS
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100%
Speed or
frequency
1 Constant speed from
NL to FL

I

50% 100% — Load

Speed Maintained Constant from No-Load to Full Load
Normally used in Isolated systems
When one generator is required to meet demand

DROOP MODE
Speed Droop is a decrease in speed or frequency proportional to the load

Speed or ; “NL
frequency | @,
(puor %) wg

- -y -

.---4-1.--4»----

>
i)

>

‘

I

-

I
o‘h

-

— Qutput (pu or %)

Speed Droop Curve with Change in Governor Set Point
R=Af/AP

Nominal speed at output =1.0 pu

Frequency T f
(pu) &
<— Nominal speed

Nominal g at output = 0.5 pu
speed at NL
05 1.0
— Qutput (pu)
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NUMERICAL

Example 6.1

Solution

Two prime mover generator sets are paralleled. Both have 3% droop. The frequency
is 50 Hz on full load. Plot the speed droop characteristics and comment on the load
sharing if one generator A has a rating of 500 MW and another B 300 M\Y.

The speed droop is 3%. Therefore, the frequency at no load is 3% more than ac full load which is 51.5 Hz
The characreristic is shown in Fig. 6.8,

51.5 Hz

Frequency T
(Hz}

50 Hz

Characteristics of units
Aand B

100%
—= % of load

Figure 6.8 Generators with identical droop characteristics: Example 6.1.

Here 1009 load is the rotal capacity of the two units, that is, 500 + 300 = 800 MW, For any other load, the
load is shared in proportion to their capacity and the frequency is determined by the droop characteristic of

Example 6.3

Two identical machines 1 and 2 have droop characteristics with 5% and 2% speed
regulation, respectively. They share an inidial load of 100 MW equally, operating at

nominal frequency. If now there is an increase of 35 MW in the load, how would the additional load be
shared? State any assumptions made.

Solution

Since we have just two units we can solve the problem graphically. The speed droop characteristics of the
two machines are drawn, assuming that with the initial load the system frequency is 100% (nominal fre-
quency of 50Hz). We draw the graph as shown in Fig. 6.10. Here, we have ken 100% outpur= 100 MW,
At 50 Hz, each is supplying SOMW. Now if the load is increased by 35 MW, the new load is 135 MW,

System frequency (%)

102.5 - : :

102 Unit 1 R1 = 5%
1015 F -Unit 2 A2 = 2% |

101 fect— 1
100.5 | = e .

100 o :
e | - 10 MW - —
98.5 - 25MW = 1

28 -
97_5 4 A 5

0 10 20 30 40 50 60 70 80 9 100
Unit generation (% or MW)
Figure 6.10 Example 6.3,
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I'he frequency decreases. We can draw horizontal lines, by trial and error locate the frequency ar which the
total load supplied by both is 135 MW. As seen in the figure, at f= 99.5% (49.75 Hz) we get P, = 60MW
and P, =75 MW so that P, + P, = 135 MW. The increase in power ourpur of machine 1 is 10 MW (60-50)

and that of machine 2, 25 MW (75-50). We can solve it using Eq. (6.5).

AP R,

AP, R

AP, =35-AP
AP

)
=2 = AL = 10MW; AP, =25 MW
35-A8 5 : -
So the output of machine 1 is increased by 10 MW and that of machine 2 is increased by 25MW. When
the load is increased by 25 MW, the units stow down, the governors increase the outpur until the units seck
a new common operating frequency.

3.Two machines operate in parallel to supply a load of 400MW. The capacities of the
machines are 200MW and 500MW. Each has a droop characteristic of 4%. Their
governors are adjusted so that the frequency is 100% on full load. Calculate the load
supplied by each unit and the frequency at this load. This is a 50Hz system

Solution:

200MW
4% Droop

500MW
4% Droop

100% on full load-—-—=>50Hz

400MW
LOAD

Solution:
Step 1: Plot the droop characteristics in p.u since machine have different ratings
Step 2: Let us take the base power be 100MW
Step 3:Full load output of Unit 1= Actual/ Base = 200/100= 2pu
Full load output of Unit 2= Actual/Base =500/100 =5pu
50Hz =1pu frequency
Step 4: Since droop characteristic has 4% droop, the no load speed is 4% greater than
full load speed.
When load is thrown off frequency raises by 4% from 100--->104% or 1.04pu
Step 5: For Unit 1 frequency drops from 1.04pu at no load to 1pu (2pu)
For Unit 2 frequency drops from 1.04pu at no load to 1pu (5pu)
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1.045

1.04 1
1.035 |
1.03 + .. Change in frequency
1.025 |

1.02 }

1.015 |
g e =¥ ]

Frequency (pu)

1.005 | Unit 1 >

0 05 1 156 2 25 3 35 4 45
Output (pu)

Step 6: Load is 400MW=4pu
Step 7: Let Load supplied by Unit 1 be X pu
Unit 2 be 4-x pu
Frequency deviation> Af

Step 8: Af/x= 0.04/2 --------- (1)
Af/4-x = 0.04/5 ---------- 2)

Step 9: Dividing equations

4-x Ix =5/2

Solving

x=8/7 =1.142 pu
Step 10: From (1) Af=0.02x x =0.02 x 1.142
=0.0228 pu
Step 11: New frequency f1=1.04- Af
=1.04-0.0228
=1.017PU
=1.017 x 50 =50.85Hz
Step 12: Power supplied by unit 1= 114.28MW
Power supplied by unit 2= 285.71IMW
Frequency of system =50.85Hz

Example 6.7 Consider an isolated generator of S00MVA, M = 8pu MW/pu freg/s on the
machine base. The unit is supplying a load of 400 MVA. The load changes by 1.5%

for a 1% change in frequency. Draw the block diagram for the equivalent generator-load system. For an

increase of 10 MVA in the load, determine the steady-state frequency deviation and the response.
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Solution
We can choose a convenient base. Note that M is on the generator base and D is on the load base. Let us
choose a common base of 1,000 MVA,

500

=8 x 2, o . AV
M=8x 1000 4(on a 1000 MVA basc)

4o “00 . > ] o
D=15x 1000 = 0.6(on a 1000 MVA basc)

The block diagram is shown in Fig. 2.23,

/Jip -
" 1
Q/ - Aw(s)

AP (8) 454086
(a)
AP (8)
AP(8) - 087
‘—'(l) o - - - Amfs)
b 66678+ 1
(b)

Figure 6.23 Example 6.7,

Figure 2.23(b) is the equivalent block diagram as a standard first-order transter funcrion. The gain is 1,667
and the time constant is 6,667,

Now the load increases by 10 MVA = i&% = 0,01 pu with the mechanical power remaining the same.
Therclore,

Aws) = -(A/’.v“’)(-T.}JW)
=-001(__1_)
P A+ 0.6
~ _(mu’ 0.25
s

i+0.15

2 0.01667 _ 0.01667
i+ 0.15 f

Taking inverse Laplace transform, we get

Aw(t) =0,01667¢""" -0.01667
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Example 6.8 A system consists of four identical 100 MVA generators feeding a total load of

250 MW. The inertia constant / = 5 for each machine on its own base. The load
varies by 1.2% for a 1% change in frequency. If there is a drop of 10 MW of load, determine the speed
deviation and plot it.

Solution

Let us choose the base as 100 M VA.

H of four units=5x 4 =20

Load after drop = 250 — 10 = 240 MW.
28— = i =

AP, = 10MW 100 0.1pu

D for load of 240 MW on base 100 MVA is D =1.2 X % -2.88
The block diagram is shown in Fig. 6.26.
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1

- — A(I)(S)
-AP((S) | 40s+2.88

Figure 6.26 Block diagram of example 6.8

AR (s)= ~0.1 (since load drops)

k)
) _ _{(_0. 1
D)= ( 3 )(405+2.88)
=(0.1)( 0.025 )
s N\s+0.072

Aw(t)=0.03472(1 — %)

0.035 , ; :

0.03}
2
= 0.025¢
=
2 0.02} :
x>
8 0.015
8
g 001}
&

0.005}

0 A A i A A
0 5 10 15 20 25 30

Time (s)

The steady-state speed deviation = 0.03472 pu. This is also the steady-state frequency deviation. The steady-
state frequency = 1.03472 pu = 51.736 Hz.
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FELDICHREM A single area consists of two generators as follows:

G,: 200 MW, R = 4% (on machine base)
G ,: 400 MW, R = 5% (on machine base).

They are connected in parallel and share a load of 600 MW in proportion to their rating, at 50 Hz.
200 MW of load is tripped. What is the generation to meet the new load if D = 02 What is the frequency

at new load? Repeat for D= 1.5 pu.

Solution
(Refer example 6.5 where it is solved graphically)
Choose a base of 200MW. D=0

R, =0.04 pu (on 200MW base)
200

R,=0.05x %00- 0.025 pu (on 200 MW base)
AP, =-200 MW (decrease)
=-=1pu
—AP _(
Aw, = L= = 0.01538 pu
Taed I ]
TR 004 0.025

Frequency at new load = 1.01538 pu
=50.769 Hz

_=Af _ —0.01538 _
AP = % =000 - 0.3845 pu

-0.3845x% 200
~76.9 MW
200-76.9=123. 1MW

A -
AP, = Rf = %%125538=—0.6152pu

=
]

= -123.04 MW
P, = 400 —123.04 = 276.96 MW
P+ P, = P, =400 MW
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Now D= 15

"Alf = '
~RL¢- Ry, s S e

Aw = =0,01504 pu

+
R 0,04 0.025

Frequency at new load = 1,01504 pu
= 50,752 Hz

AP = L(:’(‘)—}‘-’ﬂ % 200 = ~75.2 MW
P =200~ 752 =124 MW
AP, = =001304 500 = ~120,32 MW

0.025
P, = 279,68 MW
DA@ = increase in load due to frequency change = 1.5 % 0.01504
= 0,02256 pu
= (,02256 x 200
=4.512MW
D+ P o= 4045 MW
=0 +DAw

The sum of the two generations should meet the load plus any increase in load because of frequency
dependency.

FELCIRYE A control area has following data:

Total generation capacity = 2,000 MW
Normal load = 1,500 MW
H=48s D=12%; [=50Hz R=25Hzpu MW

Determine the primary ALFC parameters,

For an increase of 0.02 pu in the load find the frequency drop without governor control.
Repeat (2) with governor control.

Repeart (2) with governor control but frequency dependence of loads neglecred.

Solution

(a) D= 1.2% means the load increases by 1,2% for a 19 increase in frequency.
1.2% load = 18 MW (1500 x 0,012)
1% Frequency = 0.5 Hz

=18 _ 14 - W
D 0.8 I6MW/Hz 3000 0.018pu MW/Hz

T(S) = 51

; 1 55.55
2Hs+ D 96540018 533,33 +1

Power system gain = 55.55 Hz/pu MW
Power system time constant = 533,33 pu

_533.33

50 = 10,667
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(b) Without governor control

. —AR
Af = =5
AP, =0.02pu

Af = 6(:)(1); = —1.11Hz [note that unit of D is pu MW/Hz]

(c) With governor control

-A .02

Af = —L = —=—0.0478Hz
D+t 0018+
(d) With D=0,
. -AR  _
af =—1+="00- 005H,
R 2.5

A word of caution about units: Note that here we are using D and R in units of pu MW/Hz and Hz/pu MW.
Therefore, the frequency deviations are obrained directly in Hz whereas the powers are in pu MW. Also note
the way the power system gain and time constant are found out and the units used. Can we use D in % to
solve here? We work as follows:

D = 1.2% (for load of 1,500 MW).

N 1500
On a base of 2,000 MVA, D=1.2 x 3000

=0.9%
and mathematical models of Automatic Load Frequency Control

2.6 .Automatic Generation Control

* With Primary Speed Control we have a steady state speed(frequency) deviation for a
change in the System Load.

* The amount of frequency deviation depends on Governor Droop Characteristics and
frequency sensitivity of the load.

* All the generating units will change their generation in response to load change
irrespective of the location.

2.6.1 Mathematical Model of Automatic Load Frequency Control

Before starting, it will be useful for us to define our terms.

w = rotational speed (rad/sec)
a = rotational acceleration

&4 = phase angle of a rotating machine
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GENERATOR MODEL

Mechanical and Electrical torques in a generating unit

Mechanical
energy

T... = net accelerating torque in a machine

T...cn = mechanical torque exerted on the machine by the turbine
T.,.. = electrical torque exerted on the machine by the generator
P,., = net accelerating power

P, .., = mechanical power input
P,,.. = electrical power output

I = moment of inertia for the machine

M = angular momentum of the machine

In = T,
M = wl
P

e =0T, = w(lx) = Mx

nel

Due to various electrical or mechanical disturbances, the machine will be subjected to differences in
mechanical and electrical torque, causing it to accelerate or decelerate.

deviations of speed, Aw, deviations in phase angle, AJ,

»
Ad = l (wy + ar) dr -~ fu)o dr
Machine absolute Phase angle of
phase angle reference axis

= wot + at? — wyt

= dar?

d
Aw = ot = — (A
w = ot dt(é)
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| d’
Tow=lx=1 _ (Aw) =13 (49)

The relationship between net accelerating power and the electrical and mechanical powers is:

Pnel = Pmecll - P:elec

which is written as the sum of the steady-state value and the deviation term

Pnet neto + A‘pn

Pneto = Pn'u:chu - Pl:-lcco
&Pncl = AI:,rnan:l:l - ‘A‘Pelee

P et T (Hnlﬁuhu - Lt\.tlj) + (A}.:nﬂch A&Iebj

Tﬂ = rT;ms-:hq - ?:-hi:u) + ':-‘ayl'ﬂuuh &Itlﬂ_;l

Pnel = Pnclu. + Ja"pnel = ((-00 + &w)(TneIu + ATI‘.\GI)

{Pmcchu - Relet:u} + {A‘Pm:ch - APelec) = (m{} + &m)[{rmcchg - Telecn)
+ {‘ﬂTmech T Aralec)]

Assume that the steady-state quantities

Pﬂeca

P mechy

Tmcchu = Telecu

ﬂPmcch - &'Pelcc = wﬂ{ﬂrmech - a‘:'r:‘.h:::}

(T - T:Iccu ] + {'ﬁ' mech — ﬁTeIe:] f {.&CL)]

mechn
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AP ..., — AP, = wyl Ed; (Am)

d
M {E (Aew) since Theeno = Teteco

BPrgcn e Aw

il
+ Ms

ﬂpclm

LOAD MODEL

The relationship between the change in load due to the change in frequency is given by:

APyep =D Aw or D ==h&ew

D is % Change in Load / % Change in frequency
For example, if load changed by 1.5% for a 1% change in frequency,

then D would equal 1.5.

+ 1

&Pm'ch - f—-\ — - ;,i; Low
HPy
L -
-+
E}.Pm“h ~ Q i Hs1+D tt——
{
AP,

Block diagram of rotating mass and load as seen by prime-mover output.
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N
Moquiv

DGQuw

Multi-turbine-generator system equivalent.
PRIME MOVER MODEL
The prime mover driving a generator unit may be a steam turbine or a hydroturbine.

The models for the prime mover must take account of the steam supply and boiler control system
characteristics in the case of a steam turbine, or the penstock characteristics for a hydro turbine.

Ty = “charging time” time constant

AP, .« = per unit change in valve position from nominal

The combined prime-mover-generator-load model for a single generating unit

1

D e _ e ——————
apvlhl'l 1 +5Tey '&Pmu:h

Prime-mover model.

AP 1 ﬂpm-u:h 1
valyg T TT_;T'E; + My + D A w

AR,

k|

Prime-mover—generator-load model,

GOVERNOR MODEL

1. Suppose a generating unit is operated with fixed mechanical power output from the turbine.
The result of any load change would be a speed change sufficient to cause the frequency-
sensitive load to exactly compensate for the load change . This condition would allow
system frequency to drift far outside acceptable limits.

2. This is overcome by adding a governing mechanism that senses the machine speed, and
adjusts the input valve to change the mechanical power output to compensate for load
changes and to restore frequency to nominal value.

3. The earliest such mechanism used rotating “flyballs”
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4. Modern governors use electronic means to sense speed changes and often use a combination
of electronic, mechanical, and hydraulic means to effect the required valve position changes

5. The simplest governor, called the isochronous governor, adjusts the input valve to a point
that brings frequency back to nominal value.

Speed
Rotating measurement
shaft device
S “‘\
Steam — Steam — Prime mover J
—ed  y3IVE _
W
A +
AP f ] KG < -1 = - wref
valve
[+ = open valve
| - = close valve

Isochronous governor.

The action of the gain and integrator will be to open the hydro valve, causing the turbine to increase
its mechanical output, thereby increasing the electrical Output

If two generators with drooping governor characteristics are connected to a power system, there
will always be a unigue frequency, at which they will share a load change between them.

w

+ -
W et Aw 1 1
- R 1+5Tg

- lf'-\\"‘t:.-wnlv.m

Load reference

Block diagram of governor with droop.
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Frequency

0.5 1.0 Per unit output

FIG. 9.12 Speed-droop characteristic.

Frequency Frequency

|
T
|
|
|
=]
P, 2

Unit 1 output Unit 2 output R = A pu

Allocation of unit outputs with governor droop.

1/R =
Rotating mass &
Governor Prime mover load
+1- 1 AP i ; + .
- o
Load 1457 1+3Tcy A Ms + D Aw

reference

set point APy

4F mech
Block diagram of governor, prime mover, and rotating mass.

2.7 AGC Controller

* With Primary Speed Control we have a steady state speed(frequency) deviation for a
change in the System Load.

*  The amount of frequency deviation depends on Governor Droop Characteristics and
frequency sensitivity of the load.

* All the generating units will change their generation in response to load change
irrespective of the location.
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» Restoration of the system frequency to the scheduled value requires change of load
reference set point.

» This is obtained using Supplementary Control.

« AGC- Controls prime mover power to match the system load

AGC Roles:
» Stable Closed Loop Operation
»  Keep frequency deviation to minimum
* Limit the integral of the frequency error
» Divide the load economically

AGC  Maintain frequency at the scheduled value

2..8 Proportional Integral Controller

Add in the feedback path to change the load reference based on frequency deviation. Steady state
error of PIC is zero.

Complete ALFC Model

AP (8)

1 ‘ AP LS)

1+8Ty \P,(s) ‘ 2Hs+ D

|
1 \ v A
ll {3) .
|

1+8Tg ’

Governer Turbine Gen + Load

1 Aw(S)
2Hs+D "

=) 1
(1+STG) (1 +STTR)
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-AP(s) o~ 1 Aaw(s)
\%/ 2Hs+D
1
ﬁ+R
S (1+8Tg) (1+sTR)
(b)
—AP,(s) s(1+5Tg) (1+5TR) Aw(s)
'@ s, [
S(2Hs +D) (1+sTg) (1+sT+g) +(K;+ ﬁ)
()

we can see that lim _ (sA@(s))= 0.

* The signal generated by integral control must be of opposite sign to Aw(s) (Af(s)).
* For a decrease in Af(s) > APref(s) must be positive.

« Hence integrator sign is shown with a negative sign

» Steady state frequency deviation is Zero

» The frequency error is called Area Control Error (ACE)

The integral controller can also be represented in terms of the system constants as follows:

Af(s) .cl(ln(l +ol )1+ sTm )

—AR(s) s(1+srp\><1+s7:;><1+sT.».<>+f<ps(K1+%)

The command signal is given by AP, = —K,IACE dz, where K, is the integral gain constant which
controls the rate of integration. The steady-state deviation is driven to zero, irrespective of the choice of

the integral gain and R. We thus now have two parameters, K, and R, to control the dynamic response
of the system. The integrator output is zero only when the speed deviation is zero. Under this condition,
AP = 0.
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FELICHRWA  Given a control area with three generating units with following rating:

Rating (MVA) % R (on machine base)

200 0.01
500 0.025

750 0.04

The units are loaded as follows:

P, =100 MW, P, =400 MW, P, = 600 MW.
If the load increases by 200 MW/, what are the new generations if D = 0? Repeat for D= 1.0pu on a
base of 1,000 MVA.

Solution

Af:Ll 1
R"R R

Choose a common base of 1,000 MVA and convert all the regulations to the common base.

R =0.01x1000 _ ¢ o5y

200
P L
R, =0.025 X 5> =0.05pu
_ 1000 _
R, =0.04x 220 =0.0533 pu

_ 200 _gq-
AP= L0 =0.2MW

With D = 0:

Af = — “10-2 — =-3.403x10"pu
0.05 ' 0.05  0.0533

£ =50-(3.403x107)50 = 49.8298 Hz

_—Af _3.403x107 _
AP = R = 0.05 =0.06806 pu

= (68.06 MW
£, =100+ 68.06 =168.06 MW

_—Af _3.403x107 _ B
AP, = —F-= 25055 = 0.06806 pu = 68.06 MW

P, = 400 + 68.06 = 468.06 MW
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-Af  3403%x107°
, _ —Af _ 3.40
AF; = R, 0.0533

= 63.846 MW
P, =600+ 63.846 = 663.846 MW
R.=R+P+P=1300MW = B,

=0.0638pu

With D = 1.0:

__=02 __
Af = 5876+1 =-3.3466 X10" pu
£ =50~(3.3466 x107)50 = 49.832 Hz
AP = % =0.066932 pu
= 66.932 MW

P =166.932 MW
AP,=AP, P,=466932MW

s 3.3466%10™
Afy= 0.0533

= 62.79MW
P, = 662.79MW
P.= P+ P, + P, =1296.654

=0.06279pu

P.=P+ P+ P,=1296.654
£, =1300 MW

DA® = 3.3466 MW
.=PF —DAw

Outcomes

At the end of the module, students will be able to:

CO-2: Develop and analyze mathematical models of Automatic Load Frequency
Control [L4]
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