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Abstract

Load changes affect the frequency of electrical networks. Frequency stabilization is very important due to the increasing
penetration of renewable energy sources in power systems. The main task of load frequency control is to keep the system
frequency according to the specified nominal value and to maintain the correct amount of exchange power between the control
areas. In this paper, load frequency control in two-area power system is studied and simulated. Each area has a steam generating
unit with a reheat steam turbine. The system equations are expressed in the state space and the system model is determined
based on the transfer function. The simulation results have been obtained using MATLAB software. The simulation results

show the effect of Richter's parameters on the transient dynamic behavior of the system.
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1. Introduction

Power systems are a complex system, which to
control them in steady state, different control loops
are needed [1-3]. All production units that have
speed governors, regardless of the position and loca-
tion of the load change, they contribute to the overall
change in production [4-6]. Frequency plays an
essential role in the power system which must be
well and properly controlled [7-9]. Sudden load
changes in any control area in the power system
cause the frequency and power of the transmission
line connected to other areas of the power system to
change. Therefore, primary and secondary freque-
ncy control loops are used in the power system
[10,11]. Due to the change of active and reactive
power and their almost independent from each other,
two automatic load-frequency control systems and
automatic voltage regulator are always needed to
control transient and permanent responses of the
system in power plants. The function of the
secondary frequency control, or load frequency

control (LFC), is to keep the frequency at the desired
level after the disturbance [12-15]. This system
corrects the area control error based on the initial
frequency and returns the frequency to the nominal
value [16-18]. Fig. 1 shows a typical frequency
tuning scenario under a contingency event, where
the rate of change of frequency is specified. The
system frequency starts to deviate to a minimum set
as a rare point [19]. LFC or automatic generation
control (AGC) is one of the main operations that is
performed every day according to the performance
in a modern power system [20,21]. Load frequency
control is necessary to create better control in order
to achieve a lower effect on the frequency and power
deviations of the connection line after load pertu-
rbation [22,23]. One of the important actions for
reliability and quality assurance in power system
operation is LFC. A number of subsystems that are
connected to each other through transmission lines
make up the power system. Each subsystem must
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meet requirements such as supplying the load of the
area and regulating the frequency.
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Fig. 2. Production unit structure with steam reheat turbine

Due to the expansion of the use of renewable
energies, various studies have been carried out in the
field of frequency load control [24-31].

The design of a LFC for power systems with
steam turbines is presented in [32], which aims to
reduce the oscillations of the output frequency
deviations as quickly as possible. The proposed con-
troller is based on Hoo polynomial robust control the-
ory and sufficiently guarantees the internal stability
and robust performance of the closed loop system.

A neural network controller is proposed for
power system load-frequency control in [33], which
the steam turbine reheating effect and governor dea-
d-band nonlinearity effect are considered.

In the control loop for frequency regulation, an
energy storage system is proposed in [34], to be used
when the grid is under unstable conditions or where
the average frequency between different connected

areas is different from zero. The studied system
consists of two connection lines that are connected
between two areas and each one consists of a synch-
ronous generator, renewable energy sources, energy
storage system and load.

An optimal predictive control model for the
design of LFC installed in the interconnected system
including different renewable energy sources is pro-
posed in [35], which method to identify the optimal
predictive control parameters to minimize integral
absolute time error frequencies and tie line power
deviations are used.

Matching total system output with total load
demand and system losses is a requirement for suc-
cessful operation of the interconnected power syste-
m [36,37]. In this paper, the aim is to simulate the
power system with a reheat steam turbine. The
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power system consists of two areas that are conne-
cted to each other through a tie line. The simulation
results show the transient behavior of the power
system in response to load demand changes in each
area. The closed loop system of load frequency
control tends to zero load frequency deviation chan-
ges. It also keeps the power transfer between the two
areas constant at the specified value.

2. Single-Area Power System Model

In this part, the model of the load frequency
control system in the single-zone power system is
determined based on the transfer function and in the
state space.

A) Steam production unit structure

The stored steam energy with high pressure
and temperature in the steam turbine is converted
into rotational energy, which will be converted into
electrical energy by the generator [38,39]. In a reheat
turbine, to improve efficiency, steam after leaving
the high pressure section returns to the boiler and
passes through a reheater before returning to the
medium pressure section [40,41]. The block diagr-
am of a production unit with the presence of a turbi-
ne equipped with a reheater is shown in fig. 2.

The uncontrolled system has two inputs, which
are: ui= APp and u= APc. AP. is the control set point
from the secondary frequency control mechanism
and APy is the total change in load/demand (electri-
cal power output).

The highest time constant in controlling the
steam flow and turbine power belongs to the reh-
eater. Therefore, the responses of turbines with reh-
eater are much slower than turbines without rehe-
ater. The steam turbine does not need a droop transi-
ent compensator.

B) Model based on transfer function

The display of single-area system based on
transfer functions is shown in fig. 3. The frequency
deviation changes in an uncontrolled area can be
expressed based on transfer functions as follows:
AF(S):HFCAPC(S)_HFDAPD(S) 1)
where the functions Hec(s) and Hep(s) are the ratio
of frequency deviation to input load changes and set
point changes, respectively.

The PID (proportional-integral-derivative)
controller is one of the most practical examples of
the closed loop control algorithm using the concept
of feedback and is used in many industrial processes.
This controller minimizes the error by adjusting the
process control input. This controller has been used
in different systems [42-45]. An integral controller
is used in the load frequency control system.

ISSN: 2251-9246
EISSN: 2345-6221

ety

33 refrremcy ol B }
Sampe (AP | = | v
i inyvoenes)
- rrgern
e sl ' [ 1 ’ Sevaatwm | 5F (v
aldemand o H 0
hmer (AP0 ! -~

Fig. 3. Representation of a single-area power system based on
transfer functions

Considering that the system load is constantly
changing, the output of the generating units should
change automatically. In the load frequency control
system, the APc(S) (load reference set-point) input is
determined by the system frequency deviation chan-
ges using the integrator controller:

AR (s) =L ar (s) @

Therefore, in the LFC system, the transfer
function of the frequency deviation changes to the
input load changes is as follows:
H_(s) = AF(s) _ —sHg(s)
AP, (s) s+K,BH(s)

©)

C) Model in state space

The equations of the LFC for the single-area
power system in the state space considering one
input (us) are [46]:

d 1 Kp Kp

EXl:_T_XlJrT_XZ_T_Ul (4)
P P P

d 1 K;

EXZ_—T—XZ-{-—X3 (5)
T T
K.F F

d 3:_GHX1_1X3(1_H)4

dt TsRs " T Tg 6

+ o Fu X
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d Kg 1 Ke

— X, =X, —— X, + =X, 0]

dt TsRs T T

d

gxsz—K,ﬂx1 8)

where x; shows the changes in the frequency deviati-
on of the area and u; shows the changes in the load.
Also, variable xs indicates the output of the integr-
ator controller.

The droop parameter of the primary frequency
is Rp, the time constant and gain of the governor are
Te and Kg, the time constant and gain of the turbine
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are Tt and Kr, the gain and time constant of the
power system and load are Kp and Tp.

3. Two-Area Power System Model in State Space

There are many different types of electric po-
wer generating plants, such as: hydroelectric power
plants, wind power plants, solar power plants, nuc-
lear power plants and steam power plants.

Usually, the power system of an area is conn-
ected to its neighbouring areas through connecting
lines. LFC is used in interconnected systems to red-
uce rotating storage and reduce frequency deviation
changes in an area [47-49]. The equations of the
LFC for the two-area power system are expressed as
follows by choosing 11 state variables in the state
space:

d 1 K K
Exl___l_ . TP1X2 Plxll_TF’lul (9)
P1 P1 P1 P1

dt T T,
d_ - @x _ix +(i_i)x
dt " *  T.R,, ' T 4
G1''P1 R1 R1 G1
K..F a
+ G1 H1X
TGl °
K K
d e xl—ix‘ﬁﬂx5 (12)
dt TGlRPl TGl G1
d
EXSZ_K|1ﬂ1X1+K|1X11 (13)
K K K
((ijt 6:—_I_ix6+_|_"2x7—_I_P2xll—_|_F’2u2 (14)
P2 P2 P2 P2
d 7:—ix7+KT2x8 (15)
dt TTZ TTZ
d K.,F 1
G2''P2 R2 (16)
F Ke,F
+(i_£)xg+ﬂxm
TRZ TGZ TGZ
OI—x9=—&xs—ix9+Ksz9 an
dt TGZRPZ TGZ TGZ
d
axlo :_KIZﬂZXG +K|2X11 (18)
d
EXMZZHTS(Xl—XG) 19)

where variables x; and xs show the frequency devia-
tion changes in area 1 and 2, respectively. Also, the
variable xi31 shows the transmission power of the
connecting line between the two areas. In these
equations, the load changes in two areas are spe-
cified by u1=APp; and u,=APp, respectively.
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4, Simulation Results

Unpredictable deviation of the load demand
from the nominal value changes the operating point
of the power system and therefore, deviations in the
nominal frequency and planned power exchanges
may be created in the system. The parameters of the
studied two-area power system with reheat steam
turbine are listed in Table 1.

Table.1.
Parameters of the studied power system
Parameters Area 1 Area 2
Kp 1 1
T 10 20
Te 0.2 03
Ks 1 1
Rp 0.05 0.04
Kr 1 1
Tr 03 05
Tr 7 10
Fy 03 05
B 05 05
Ki 04 0.4

Fig. 4 shows the frequency deviation changes
for each area when they are independent from each
other. As can be seen, after the load demand
changes, the frequency deviation decreases in the
steady state, which is higher in area 1 than area 2.

Also, as can be seen, the amount of overshoot
in area 2 is lower than in area 1.

Fig. 4. Frequency deviation changes in single-area without
controller (load changes in area 1)

Fig. 5 shows the frequency deviation changes for
each area when they are connected but still not
controlled. As can be seen, in this case, the frequ-
ency deviation will reach a steady state, but due to
the connection between the areas, the frequency
droop has decreased. This frequency droop differen-
ce in steady state is shown for area 1 in fig. 6.

The dynamic response of frequency deviation
changes in areas 1 and 2, for step changes in load
demand in area 1, are shown in fig. 7. Also, the
changes in power transmission between two-area is
shown in fig. 8. As can be seen, the power changes
tend to zero in the steady state.
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As can be seen, the overshoot of the response
for area 1 is higher than the overshoot in area 2.
Also, the changes in transmission power between
the two areas reach zero in the steady state. For
faster response, you can use PID controller.

In the same way, for step change of load demand
in area 2, frequency deviation changes and power
changes between two areas are shown in figs. 9 and
10, respectively.

In this case, the overshoot response of frequency
deviation changes for area 2 is higher than area 1.
This response is natural, because the area where the
load demand changes have occurred is more inclined
to respond to it. Therefore, in the relevant area, there
are both higher fluctuations and higher overshoot.

Fig. 5. Frequency deviation changes in two-area without
controller (load changes in area 1)

Fig. 6. Comparison of frequency deviation changes in two
connection modes

Fig. 7. Frequency deviation changes in area 1 (load changes in
areal)

Fig. 8. Changes in power transmission between two-area (load
changes in area 2)

Fig. 9. Frequency deviation changes in area 1 (load changes in
area 2)

Fig. 10. Changes in power transmission between two-area (load
changes in area 2)

5. Conclusion

Load frequency control is an important functi-
on in modern energy management systems. In this
paper, the frequency deviation changes in the power
system with reheat steam turbine were studied. Two
areas were considered for the target system. The first
order differential equations in the state space were
expressed for two systems. Then, the simulation
results were obtained using MATLAB software. The
simulation results were obtained for an independent
area, two interconnected areas without a controller
and for two interconnected areas with a controller,
and the transient behavior of the system was shown.
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