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The utilization of renewable energy sources has been rising from the last few years due to their
enormous advantages. This paper presents the design of bladeless wind turbine utilizing the
principles of the wind. It involves design of model predictive controller based maximum power
point tracking system which tracks the voltage, current and power of the bladeless wind
turbine. This paper also involves the design of water pumping system with the utilization of
single phase induction motor and so the design of single phase inverter has been proposed. It
presents the battery management system which continuously monitors the charging and
discharging states of the battery based up on the power requirement. The entire system was
designed and the results have been analyzed using MATLAB Simulink.

1. INTRODUCTION

The day to day changes in the environment lead to look for
an alternative to design a system which overcomes the global
warming effect and provides a healthy life. So natural energy
sources provide a better solution for the above mentioned
problem. Among the several non-conventional energy sources
like solar, wind, tidal, biomass, hydro energy, wind has been
chosen due to its nature of [1-5] unlimited availability. But
from several years there has been wind turbine which has been
in usage for generating electricity using wind energy. Even it
involves certain disadvantages such as necessity of higher
wind speeds, higher installation costs. Due to these
disadvantages, there has been lagging of wind energy usage in
the area of residential applications. So, to get rid of these
drawbacks, a novel wind turbine has been proposed which
works on the principle of oscillatory motion instead of rotatory
motion with the help of vertical cylindrical structure. To
convert the oscillatory motion, transducer has been chosen due
to its accuracy, reliability and efficiency.

As the wind speeds varies all the times, a controller has to
be used to control the power produced due to the varying wind
conditions. Maximum power point tracking [6-10] has been
chosen as a controller for monitoring the system voltage,
current and power. Among several power point trackers,
perturb and observe tracking has been chosen which tracks the
system voltage, current and power with several perturbations.
During the lower wind speeds and no wind speeds conditions,
there has to be a device which provides the continuous power
supply reducing interruptions. Lead acid battery has been
chosen as an energy storage device due to its advantages like
simple in maintenance, longer life time, longer charge and
discharge cycles. The single-phase induction motor has been
chosen for water pumping applications [11, 12] due to its
advantages like simple and rugged in construction.
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The paper is organized as follows; the first section of the
paper is dealing with the block diagram explanation of
proposed vortex wind turbine. The second section deals with
the MPPT with MPC controller and the third part discusses
with the battery management system, fourth section presents
the software realization of proposed system, results and
discussion of the proposed system and the last part deals with
the conclusion.

2. BLOCK DIAGRAM EXPLANATION AND
MATHEMATICAL MODELING OF THE PROPOSED
WIND TURBINE

The block diagram of the proposed wind turbine is shown
in below Figure 1. It consists of tapered cylindrical mast
producing oscillations with the flow of wind, transducer for
converting the oscillatory motions of the cylinder into
electricity, rectifier for the conversion of AC power into DC
power. Also, the system consists of high gain converter
producing higher DC output voltage than the input voltage
with lesser duty cycle. As the wind is not constant, the output
power may change due to varying weather conditions, so
maximum power point tracking has been designed which
obtains voltage and current of the rectifier as inputs. Based up
on the voltage and current values, MPPT tracker provides duty
cycle for the converter to obtain the higher output voltage. The
DC output of the high gain converter is fed to the single phase
three level inverter which converts DC output into single phase
AC output. This single-phase AC output has been fed to the
single-phase induction motor for pumping the water which can
be used for residential water pumping. Also, battery
management controller has been used which obtains generated
power and load power as inputs. Up on the comparison of the
powers, battery will be charged or discharged.
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Figure 1. Block diagram of the proposed water pumping system

When wind passes over the mast, vortex vibrations are
generated around the mast of mass M, placed on the spring of
stiffness S and then it oscillates with a force of F which results
the displacement of the mast. The displacement performed by
the cylindrical mast can be expressed as

1)

where, S is the spring stiffness, F is the force applied on the
cylindrical structure; M is the mass of the structure.

With this displacement as an input, the output will be
generated across the output terminals of the transducer which
can be expressed as

Vo _ Ns
Vin Np

)

M
where, Ny is number of turns of the secondary winding, Np is
the number of turns of the primary winding, C, is the
magnetic conductance.

The generated output at the output terminals of the

transducer will be fed to the single-phase diode bridge rectifier
whose DC output voltage can be given as

®3)

This DC output will be fed to the high gain-based converter
whose output can be expressed as

_ 34D
~ 2-2p

Ve Vb (4)
where, V- is the converter output voltage, D is the duty cycle
of the converter.

This DC output from the high gain-based converter is fed to

the single-phase inverter whose output voltage can be given as

®)
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where, V; is the input of the single-phase inverter which is
equal to the output of the converter.
This output will be fed to the single-phase induction motor
whose torque expression can be given as
P
T=- (6)
where, T is the electromagnetic torque of the induction motor.
Where w is the speed of the motor, P is the power generated
by the motor.

3. MODEL PREDICTIVE CONTROLLER BASED
MAXIMUM POWER POINT TRACKING

The output of the proposed bladeless wind turbine is not
constant due to varying weather conditions, so to obtain
maximum power all the times, maximum power point tracking
has been designed which tracks maximum power all the times
for varying weather conditions. To improve the response of the
system and also to increase the efficiency of the system, model
predictive controller based MPPT controller has been designed.
The block diagram of proposed MPPT system is shown in
below Figure 2.
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Figure 2. Block diagram of the proposed MPC based MPPT
controller

Model Predictive Controller:
MPC controller predicts the variation in the dependent



variables of the arrangement which was occurred by the
variation in the independent variables of the arrangement. In
general, the independent variables that can be attuned by the
controller are set points of the rigid PID controllers or the final
control part. Independent variables that cannot be attuned by
the controller are identified as disturbances and the dependent
variables used in the arrangement are identified as control
objectives or constraints. MPC controller utilizes the current
system variables, present dynamic situation of the
arrangement, MPC representation, targets and limits of the
arrangement parameter to compute the future variation in the
dependent variables.
The flow chart steps of the proposed MPC based MPPT
controller is given as below:
e The voltage and current will be obtained from the wind
turbine and power will be calculated
e Then change in power, change in voltage will be
calculated for perturbations finding out the maximum
voltage.

e This maximum voltage will be compared with the
actual voltage of the turbine and the change will be fed
to the MPC controller.

e  This MPC controller calculates future changes based up
on the present changes and then processed error will be
fed for PWM generation.

4. BATTERY MANAGEMENT SYSTEM

The flowchart for the battery management system is shown
in below Figure 3.

v" Read the generated power from the proposed wind
turbine and load power.

v Compare the generated power and load power.

v' If generated power is more than the load power, battery
will be charged and the load will be fed by the proposed
turbine.

v’ Ifload power is more than the generated power, battery
will be discharged to the load.

Read PG,PL
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Figure 3. Flow chart of the battery management system

5. SOFTWARE REALIZATION OF THE PROPOSED
WIND TURBINE

The proposed water pumping system has been simulated
using MATLAB Simulink and the following are the results
obtained.

The Figure 4 shows the displacement produced by the
cylindrical structure with the passage of wind.

With the displacement of the structure, the core of the
transducer starts moving and produces elicit whose AC
voltage is shown in Figure 5.

The AC voltage of the transducer will be fed to the diode
bridge rectifier which will be converted into DC voltage. This
DC voltage will be fed to the high gain converter whose
voltage, current and power are shown in Figures 6-8 for
various wind speeds as U=0.5m/s, U=1m/s, U=1.5m/s,
U=2m/s where the voltage has been increasing from zero value
at t=0.2s and reaches the steady state value of 375V at t=0.7s,
current has been increasing from zero value at t=0.2 s and

reaches the steady state value of 7.4A at t=0.7s and also power
has been increasing from zero value at t=0.2s and also reaches
the steady state value of 2775W at t=0.7s.
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Figure 4. Displacement of the structure
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The above waveforms show that even at wind speed of
U=0.5m/s, the oscillatory wind turbine is able to produce
certain amount of power which can be utilized for lower rating
applications.
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The DC voltage of the converter will be fed to the single-
phase inverter which is shown in below Figure 9 whose value
is around 300V.

The AC output of the inverter will be fed to the single phase
induction motor whose Load Power, Speed, Torque and
Currents will be Shown in below Figures 10-12.
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Figure 9. Voltage of the single-phase inverter
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Figure 10. Power of the load

The Figure 10 shows the power of load which is around
1000w from t=0s to t=0.6s, decreases to 200w at t=0.5s to
t=0.7s, again increases to 1200W at t=2.6s. but the generated
power is around zero from t=0s to t=0.2s, incrases from t=0.2s
and attains the steady state value of 2775W at t=0.7s. so the
power of the load is greater than the generated power from
t=0s to t=0.7s, so the battery will be in discharging state from
t=0s to t=0.7s, charging state from t=0.7s to t=3s.

The Figure 11 shows the response of the charging switch
which opens and closes based up on the generated power and
load power.

The Figure 12 shows the response of the discharging switch
which opens and closes based up on the generated power and
load power.

The Figure 13 shows the SOC, Voltage and current of the
Battery which shows the charging and discharging state of
battery with the decrease in the SOC, voltage and current.

The Figure 14 shows the parameters of the induction motor
like speed of the induction motor, torque and current through
the windings with the flow of input from the inverter where
the speed is around 160rad/s, torque is 10N-m.



1.8

=
o

=
B

=
M)

e
©

e
o

charging state of battery
-

0.5 1 1.5 2
Time(s)

Figure 11. Pulse of the charging switch
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Figure 14. Speed, torque and currents of single-phase induction motor

The Table 1 gives the specifications of the proposed water
pumping system which includes the wind speed, rated voltage,
rated speed of the system that have been consisdred for
designing the system.

Table 1. Specifications of the proposed water pumping

system

S. No Parameter Value
1 Rated Wind speed 2m/s
2 Rated displacement 0.22m
3 Output voltage of the transducer 50V
4, Battery SOC 100
5 Battery capacity 10Ah
6 Battery voltage 300V
7 Rated speed of the induction motor  1500rpm

6. CONCLUSIONS

The design of oscillatory water pumping system has been
presented in this paper. The design of model predictive
controller based maximum power point tracking system which
tracks the voltage, current and power of the bladeless wind
turbine has been presented. The design of water pumping
system with the use of single-phase induction motor and so the
design of single-phase inverter has been proposed. The battery
management system which continuously monitors the
charging and discharging states of the battery based up on the
power requirement has been designed. The entire system was

designed and the results are verified using MATLAB Simulink.
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