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ABSTRACT

Power generation is done mainly by the non-renewable energy sources. Due to this, environmental
problem becomes the hindrance to every country. More over with the usage of the non-renewable sources,
there is a problem as these sources get extinct with the continuous usage. So, power grids are to be
collaborated with both renewable and non-renewable sources to avoid these problems. This penetration of
the power grid with renewable sources is not so easy. The problems like reduced inertia of the power system,
the stability of the frequency stability, and the weak grid characteristics of the output system may limit the
delivery capacity of renewable energy base. The motor-generator pair (MGP) system can deal with these
problems efficiently, by using proposed frequency control methodology i.e., phase difference method. The
feasibility of the frequency feedback control method is to be analyzed by the MATLAB simulation.

KEYWORDS: Power plants, hydro-electric power systems, convectional PI controller, fuzzy logic PI controller

sources used above as random fluctuations which
make the power system to become unstable. The
load of the power system is also not constant all the
time. High penetration of power systems solve the
problem of source load fluctuations, otherwise
system cannot run stably. So, technologies for the
generation of power with renewable sources are
improving to carry all the power generation only
with renewable energy sources [2-3] without any

I. INTRODUCTION

The production, generation and distribution
of power have been increasing day by day due to
the increase in demand for the electricity. Mostly,
the generation of the electrical power is done with
fossil fuels i.e., mainly with coal. The major
problem that occurs due to the usage of coal is
environmental issue. This develops a new era in the
generation of electricity i.e., the combination of

renewable sources with the non-renewable sources
[1]. The production of power through hydro power
plants exists already, but the combination of the
grid with photo voltaic cells, wind mills etc.., has
been developing. Many research methods have
been put forth for such an implementation.

The usage of wind, solar and other renewable
sources with the grid is not such an easy task. The

load fluctuations.

At the source, wind power and photovoltaic
power generation change over time, but the
superposition of different regions of wind power
and photovoltaic power generation throughout the
day is basically stable. When all the days are
combined, PV and Wind farm compensate each
other [4]. At the load side, the load of one region is
not stable, but the total power around the world is
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basically stable [5-6]. The load is not constant all
throughout the day. During morning and evening
times the demand is more when compared to noon
hours. In the similar way, the demand is not same
in residential areas when compared to industrial
areas. The power that is to be generated should
satisfy all the load demands in every area. So, the
power generation estimated is constant.

It can be seen that the random fluctuation of
generation of renewable energy can be suppressed
by connecting the global power grid together. To
achieve this goal, the global energy Internet, or the
global power grid, is a necessary architecture. The
global energy Interconnection (GEI) can connect
large-scale energy bases across the continents,
especially the “Arctic-Equator” wind light power
generation, which can provide enough power [7].
GEI has received a lot of support, especially the
support of politicians [8].

Although GEI can suppress the fluctuation of
renewable power, but, there are still other
technical problems need to be
high-penetration power grid:

1) In the power-electronized power system, a large
number of synchronous motors are replaced by
power electronic equipment, the inertia of the
system is greatly reduced and the frequency
stability of the power system is challenged.

2) All kinds of faults in the power grid can affect the
renewable energy farm, and the current solution is
not perfect.

3) The weak support terminal grid will limit the
power export that the renewable energy farm at
remote-barren land with thousands of kilometers
long transmission lines.

Many solutions have been proposed to resolve the
challenges mentioned above, especially the stable
operation of wind farms. The existing means of
improvement are mostly starting from the control
of the wind turbine, such as improving the
converter integration characteristics, the various
angles of the blade and so on. However, the
complexity of the wind turbines control system will
increase significantly if the faults were responded
by wind turbines control system itself, and its
implementation capacity is also limited; if virtual
synchronous machine (VSG) was used to increase
inertia, the energy storage is necessary to support
the power that VSG need, which will increase the
wind farm investment costs. In the event of grid
faults, VSG has a limited effect on protecting wind
turbines [9-16]. Now, the winds turbines are asked
to optimize the power generation, support
frequency stability, low voltage ride-through and

resolved in

suppress sub-synchronous oscillation and so on.
These requests are not only too strict, and may not
be able to achieve in the same time.

The Paper stated here can regulate the
frequency stability problems by using phase
difference method. Rotor angle stability can also be
used for the frequency stability problem by using
Motor Generator Pair system. It is possible to
control the power transmission by collecting the
grid frequency as the output voltage frequency
reference of the frequency converter and then
directly changing the phase difference as stated in
the mathematical modeling. The controller used to
regulate the process is done by convectional PI
controller. But, the convectional PI controller has
disadvantages due to its oscillatory behavior in
transient period. To reduce the settling time, fuzzy
logic controller is inaugurated into system and
results are compared for both convectional PI
controller and fuzzy logic controller.

II. MATHEMATICAL MODELLING

ANALYSIS FOR HYDRO ELECTRIC POWER
PLANT:

The velocity of the water in the penstock and
turbine mechanical power is given by

U=K.GVH (1)

Pn=K,HU (2)

Ku and Kp are constants of proportionality.

Tw called as water time constant or water starting
time and its value varies between 1-4 s. Twis 1 s
for low head, 2.2 s for medium head and 4 s for
high head.

Pm _ 1-Tw

G 1+05TwS

Here linear turbine model is considered. Surge
effects and other disturbances in hydro power
plant has been neglected.

1R

- Contraller Governer Turbing Gengrator p—

=l
Fig.1 Block diagram of hydroelectric power
plant
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ANALYSIS OF THE MOTOR GENERATOR PAIR

The MGP system consists of two
synchronous machines. For each individual
machine, the basic model is identical except for
specification of the generator and the motor.
Therefore, the generator model is used to analyze
the MGP system model.

SYNCHRONOUS
MOTOR

SYNCHRONOUS ‘
— CENERATOR POWER GRID

RENEWABLE

ENERGY

Fig.2 Block Diagram of Motor Generator Pair

U,, Uy, U, Ur: stator voltage(3 phases), field voltage
iq, iy, 0. stator current (3 phases), field winding
current

ika, lkq: d-axis and g-axis damper winding current
Irp: field current

Yo, Wy, ¥, Py : stator winding flux(3 phases), field
winding flux

0: rotor position

From the basic voltage equations and flux linkage
equations, we get

Ua TS 0 0 0 0 O —lg llUa.
(Ubw /0 0 00 0 /_lb\ (‘r"b\l
Uc_lOOT:;OOO”_ch_l_ilpc
U |l 1o o o0 n 0 0| i dc| ¥r
Up 000 0 r, O ip v,
Uy 000 0 0 r/ \i ¥,

When the mutual inductance is considered, then
LA
()
¥
¥y
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laa Mgy Mge  Maf  Map  Mag
(mba Ly my, Mpr Mpp me\‘
_ Meq Mep lcc |
Meq My, My by My My
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Moa Mgp Mg

Mor Mop oo
By parks transformation method, we obtain

U, u,
UO Uc

Where,
211 21T
cosf  cos(6 — T) cos(6 + ?)

211 211

C=|-sind -—sin(d— ?) —sin(6 + ?)
1 1 1
2 2 2

Now, the voltage and flux equations of dq axis is

given by
Ua 0 0 0 0 0\ /la ?,
Uq /0 0 00 0\/—%\ /"Ub\
| U, | _ |0 0 0 o0 0]t a| %
U |~ | [ e | T ae| ¥
| Ura | 000 1 00 fd dt| ¥ra
\UDd/ \0 0 0 0 rn O ipg ¥pa
Uga 000 0 0 7/ \ig Yoa
—wlI/q
/w‘l’d\
4 0
0
0
0

Here, U,=Up; =Uyq =0

As the generator and motor are two forms of
synchronous machine, the equivalent motor can be
obtained by changing the current reference
direction
When the motor and generator pair is running
steadily, then
Tem = —Teg
When the torque acting on the rotor is unbalanced
then, the unbalanced torque
ITa T AT
The rotor speed changes the unbalanced torque
equation. The equation of rotor motion

w

]d_r;l =T,-T,

When we use inertia time constant
2H o dwy, T _T
wi B oAt T ™ e

The motor power angle can be expressed as

6 = Wyt — wot + 4

By solving the above equations, we get

déy dég

W = W B (l)OA(lJm

Thus, the motor and generator pair mechanical
modellingis given as following block diagram.

1 o
Ton 2(Hy +He)s + (Kpg + Kpyy)

v

et

Fig.3 Mechanical Model of Motor Generator Pair
System
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III. SIMULATION MODEL
SPECIFICATIONS FOR HYDRO THERMAL POWER
PLANT
Table -.1 Specifications of Hydro Thermal power
plant

Fig. 6 Simulink Block For Hydro Thermal Power

Plant with Convectional PI Controller

Names Abbreviations Values

Frequency bias Bi (pu MW/Hz) 1

factor in area-Regulation Ri (Hz/pu MW) 2.4

constantin area

T12 coefficient of | 0.0707
synchronization

al2 power coefficient by | 1
synchronization

F system frequency | 50
(Hz)

Tw inertia time constant | 2
of Water (s)

Tm starting time | 8
constant (s)

D damping coefficient 1

P is the power flow in tie line

Pg is the total area power generation;

Pl (f) is the total area load, which is a function of
frequency;

H is the total inertia of the system,

f is the nominal frequency of the system

H i(%) is the accelerating or decelerating power of
each area

The values of the PI controller were obtained by the
trial and error method and the values are given by
K, =17

K; = 0.25

o ] >
85
Transfer Fcn2 Scope

N

Gain2

Fig.4 Simulink block for hydro thermal power plant
without convectional PI controller:

Fig.5 Results For Hydro T}llme";rnal Power Plant
Without Convectional PI Controller
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time(sec)

| 1 1

Fig.7 Results For Hydro Thermal Power Plant with
Convectional PI Controller

Fig.8 Simulink Block For Hydro Thermal Power
Plant with Fuzzy Logic PI Controller

time(sec)

Fig.9 Results For Hydro Thermal Power Plant with
Fuzzy Logic PI Controller

The simulations results suggest that fuzzy logic
controller yields better results when compared to
conventional PI controller when all the above




figures 5, 7 and 9 are analysed. Convectional PI
controller is one equation whereas Fuzzy controller
is based on the rules. Fuzzy controllers are easy to
implement, but they are relatively hard to tune i.e.,
what kind of membership functions are to be
taken, how to set-up their parameters etc.., Fuzzy
Logic Controllers, when well designed, can behave
like a nonlinear controller or even like a set of
linear PID controllers that operate differently
according to the inputs. Fuzzy
controllers are useful in any control system with a
strong non-linear plant, where small change of the
manipulated value changes parameters of the
plant or even its dynamics.

The most important thing is usage of renewable
source (water) for the production of electricity.
Because of this, usage of fossil fuels is reduced to
some extent. Finally, due to all the mentioned
parameters above, the fuzzy logic PI controller can
be used as an advanced controller for providing
load frequency in such single area and two area
hydro electrical power plants.

stimuli or

COMPARISON RESULTS:

Hydro Hydro with PI | Fuzzy with PI
without controller controller
PI
controller

Over 2 2.5 1

shoot

Values

(%)

Settling 40 sec 4.1 sec 3sec

time

(seconds)

Convectional PI offers high settling time when
compared to fuzzy logic controller due to
oscillatorybehaviour in transient period. The
oscillatory behaviour is reduced in fuzzy logic
controller as shown in above table and so settling
time reduces.

IV. CONCLUSION

The present paper is the comparison of the
convectional PI controller with Fuzzy logic PI
controller. The variation of the load in one area and
multi area is also verified by the simulation results.
The parameter values are not changed in both
convectional PI and Fuzzy logic controllers.The
simulations results suggest that fuzzy logic
controller yields better results when compared to
conventional PI controller. Convectional PI
controller is one equation whereas Fuzzy controller
is based on the rules. Fuzzy controllers are easy to
implement, but they are relatively hard to tune i.e.,
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what kind of membership functions are to be
taken, how to set-up their parameters etc.., Fuzzy
Logic Controllers, when well designed, can behave
like a nonlinear controller or even like a set of
linear PID controllers that operate differently
according to the inputs. Fuzzy
controllers are useful in any control system with a
strong non-linear plant, where small change of the
manipulated value changes parameters of the
plant or even its dynamics

stimuli or
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