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1. INTRODUCTION

In modern power system network there are numbegearferating utilities and inter connected
together through tie-lines. In order to achieveegnated operation of a power system, an electrérgsn
system must be maintained at a desired operatirg &haracterized by nominal frequency, voltagdfifgro
and load flow configuration. In any power systetrisidesirable to achieve better frequency congtéman
is obtained by speed governing system alone. lingmrconnected power system, it is also desirable t
maintain the tie line flow at a given level irrespee of the load change in any area. To accomhs) it
becomes necessary to manipulate the operation of st@am valves or hydro gates in accordance with a
suitable control strategy, which in turn contrdie treal power output of the generators. The comtfahe
real power output of electric generators in this/watermed as Automatic Generation Control (AGQ)e
main aims behind the design of AGC are:
e The steady state frequency error following a $bey perturbation should be zero.
e The steady state change in the tie flow followénstep load change in an area must be zero
e An automatic generation controller providing avélmonotonic type of generation responses should be

preferred in order to reduce wear and tear of thepenent.

The problem of AGC can be subdivided into fast mmyncontrol and slow secondary control
modes. The fast primary control (governing mechapiniode tries to minimize the frequency deviatiand
has a time constant of the order of seconds.

But, primary control cannot guarantee the zerodstestate error. The slow secondary control
channel (supplementary control), with time constawit the order of minutes, regulates the generation
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satisfy certain loading requirements and contrddtedine loading agreements. The overall perfonoe of
the AGC in any power system depends on the progagd of both primary and secondary control loops.

2. DYNAMIC MODELING OF INTERCONNECTED HYDRO-THERMAL SY STEM
Modern power system normally consists of a numhsubsystems interconnected through tie lines.

For each subsystem the requirements usually inchitthing system generation to system load and

regulating system frequency. This is basically knoas load-frequency control problem or automatic

generation control (AGC) problem.

However the characteristics of the hydro turbirfeedifrom steam turbines in many respects:

*  The transfer function of the hydro-turbine repreésennon-minimum phase system.

« In a hydro turbine relatively large inertia of watased as the source of energy, causes a corlsliglera
greater time lag in the response of the changethdnprime mover torque to a change in the gate
position. Moreover, there is an initial tendency flee torque to change in a direction oppositehtt t
finally produced.

< In hydro turbine the response contains oscillatiogponents caused by the compressibility of themat
(and expansion of piping) or by surge tanks.

* The hydro governor is provided with a relativelygla temporary droop and long washout time. Modern
hydro units are normally equipped with electric gmors in which the electronics apparatus is used t
perform low power functions associated with speedsig and droop compensation. The electronic
apparatus provides greater flexibility and improypedformance in both dead band dead times.

e The typical value of permissible rate of generafimnhydro plant is relatively much higher (a tygic
value of generation rate constraints (GRC) bein@?2 per minute for raising generation and 360% per
minute for lowering generation), as compared td fbareheat type thermal units having GRC of the
order of 3% per minute.

2.1 Dynamic Model of Interconnected Hydro-Thremal Systen in Conventional Mode of AGC

The AGC system investigated consists of two gemayadreas of equal size, area 1 comprising a
reheat thermal system and area 2 comprising a hygstem. Hydro system is considered with electric
governor. GRC of the order of 3% per min for therar@a and 270% per minute for rising and 360% per
minute for lowering generation in hydro area hasrbeonsidered. Fig.2.1 shows the AGC model withlsin
stage reheat turbine in thermal 16 areas and ilggivernor in hydro area. The system model is icemsd
for continuous-discrete mode operation. GenerallyEA(Area Control Error) signal is not available in
continuous form. Generally it is available in saetplform; therefore zero order hold is used before
controller. Nomenclature for various symbols isegisbelow. The optimum values of derivative, projoosl
and integral gains for the electric governor hagerbtaken from the work of Nanda et al. [8].

2.2. System Model
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Figure 1. System model for 2 area system

Nomenclature:
F =(Nominal System Frequency)= 60 Hz
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i =Subscript referred to area i (1, 2)

* =Superscript denotes optimum value

Pri= (Area rated Power)= 2000MW

Hi= (Inertia constant)= 5sec

Delta PDi= Incremental load change in area i

Delta Ptie= Incremental tie power

Di = delta PDi/ delta fi= 8.33x 10-3 Pu MW/ Hz

T12= Synchronizing coefficient= 0.086 Pu MW/radians
Ri= Governor speed regulation parameter= 2.4 HxMAU
Tg= Steam governor time constant, second= 0.08 sec
Kr= Steam turbine reheat constant=0.5

Tr= Steam turbine reheat time constant= 10sec

Tt= Steam turbine time constant= 0.3 sec

Bi= Frequency bias constant= 0.424

Tpi= 2Hi/fDi= 20 sec

Kpi= 1/Di= 120Hz/Pu MW

Kli= Integral gain

KPi= Proportional gain

KDi= Derivative gain

Kd,Kp,Ki= Electric governor derivative, proportidnand integral gains, respectively
Bi= (Di + 1/Ri);area frequency response characiegst0.424
Tw= Water starting time= 1 sec

ACEi= Area control error of area i

Al12= -Prl/Pr2=-1

J= Cost index

3. PROBLEM STATEMENT

For the system mentioned in Fig.1, the aim is nal fihe best control strategy such that following
objectives are met:
1. The steady state frequency error following a steyl Iperturbation should be zero.
2. The steady state change in the tie flow followirggep load change in an area must be zero.
3. An automatic generation controller providing a slownotonic type of generation responses should be

preferred in order to reduce wear and tear of tjugpenent.

When control structure is a major known our objeztis to adjust the control parameter so as to
achieve the best dynamic performance.
e This is only achieved by proper optimization of toller parameter.

Objective function used for controldesign is that which is used in ISE criterion dhis is as
follows:

J=['f (e??, eZ, eZ... erf) dt
Whereel, e2, e3 ... eare different errors.
In this case =I' (A f1° + A £2° + APtie?)

System response with conventional controller:

Here for two area hydrothermal AGC model, we hawedu ISE criteria to optimize the
supplementary controllers. In the AGC model firgt mave chosen our control structure as integral Daka
Ptie (1,2), delta f1 and delta f2 are considerresre, 1% step load perturbation is consider ihegithermal
or hydro area. In the beginning consider second aseuncontrolled one and vary the integral coletrglain
for the first area and observe the performancexirdby simulating the model. Plot performance indfsx
Gain and select that value of gain for which perfance index is minimum. This is the suboptimal gadd
controller gain for first area. Similarly follow ¢hsame procedure for second area keeping first area
uncontrolled and find the suboptimal gain for setanea. The value obtained for both areas are sintaip
values on individual basis. However there is a tingphetween optimal gains for two areas, whickoibe
fined tuned.

In the second iteration the controller gains oftfiarea is varied considering suboptimal gain for
second area. Take plot for performance index Va gad find any change in first area gain for minimu
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performance index. Follow the same procedure foorsg area and carryout little iteration so as tobgsst
values for optimum controller gain for both arelmsssame manner we have tuned the parameters d#lthe
controllers. Tuning of the PID controller has béed but when we plot the cost function for vagowalues
of derivative gain with different values of progortal and integral gain, it has been found that &asction

is minimum for derivative gain equal to zero. THere Pl and PID controller will give the same respe.
Therefore hereafter we are going to consider artigral and PI controller for dynamic response stud

4. RESULTS AND ANALYSIS
4.1 Simulation model hydro thermal system with Pl ontroller

Figure 2. Model of Hydrothermal system
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\ _ ; \
B 4 T
1000] % S B

iE

Figure 3. plot of jv/s kil Figure 4. Plot of j v/s ki2

In figure 3, the graph between cost index ( ) artdgral controller (kil) then choose the value of

kil for optimum value of cost index (j) . in thiage we can choose the value for kil=-0.94
In figure4, the graph between cost index (j ) amedral controller (ki2) then choose the value of

ki2 for optimum value of cost index (j) . in thiase we can choose the value for ki2=-0.28
4.2.5 Optimum value of Integral Controller for different Sampling Time:

We will use the optimum value of integral controligins for the thermal area one and hydro area
two are found to be Kil=-0.041 and Ki2=-0.012.
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Figure 5. Variation in frequency for 1% step Figure 6. Variation of_frequency for 1% step
load change in thermal area load change in hydro area
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In figure 5, the value find out of pi controller kp-0.061 and kil=-0.43 and kp2=-0.11, ki2=-0.15,
this graph shows the effect of pi controller orgfrency change in thermal area

In figure 6, the value find out of pi controller kp-0.061 and kil=-0.43 and kp2=-0.11, ki2=-0.15,
this plot shows variation in frequency for hydrear
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Figure8. Variation of frequency for 1% step
load change in hydro area

Figure 7. Variation in tie flow when 1% step
load change in area 2

In figure 7, the value find out of pi controller kp-0.061 and ki1l=-0.43 and kp2=-0.11, ki2=-0.15,
this plot shows variation in power (ptie) for hydieea

In figure 8, the value find out of integral contesl kil=-0.041 and , ki2=-0.012, this plot shovesiation in
frequency for hydro area .

e
°
R

frequency vis time plot for thermal area

e
9
S

=)

0.02

integral controller

frequency change (Hz)

. . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100
time (sec)

Figure 9. Variation of frequency for 1% step Figure 10. Variation in tie flow when 1% step
load change in thermal load change in area 1

In figure 9, the value find out of integral contesl kil=-0.041 and , ki2=-0.012, this plot shows
variation in frequency for thermal area.

Comparison of pi and integral controller for Thermal/Hydro area:
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Figure 11. Variation in frequency in thermal

Figure 12. Variation in frequency in
area for different controller

hydro area for different controll

5. CONCLUSION

« Dynamic responses with PI controller are betten tte Integral controller regarding peak deviatoad
settling time.
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« Response of integral controller is smooth whilepogse of Pl controller is somewhat jerky (which is
undesirable considering governor point of view).

e Dynamic response of controllers optimized throudassical computational technique and genetic
algorithm yields more or less response.
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