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Abstract: The workshop is intended to build up a Regenerative stopping mechanism and speed control for
BLDC Motor. Brushless direct current engines. BLDC are getting to be well known in numerous applications
including electrical vehicles in view of their capacity to take care of the demand of high power thickness, high
productivity, wide speed range, and vigor, minimal effort and less upkeep. The speed control and braking
strategies are proposed dependent on heartbeat width regulation strategy. Regenerative framework [RS] can
enhance vitality use proficiency and acquisitions of signs like speed of turn are generally utilized in electric
vehicles. Regenerative process and estimation of rotational speed in electric vehicles are uncommonly utilized.
In all cases for acknowledgment of exact and ongoing control of engine drives. Securing of rotational speed
esteems will help for a sound power over connected breaking power. This concurrent strategy for estimating
rotational speed data in regenerative electric vehicle. This displayed work likewise made a noteworthy donation
in recognizing the perfect and genuine places of the Hall Effect sensor. Arduino microcontroller is utilized for
programming the circuits of Hall Effect sensor flag molding which helps in the pivot of regenerative vehicle
framework. Likewise this course gives least complex framework to regenerative braking utilizing BLDC engine
to enhance the mileage of lightweight electric vehicles (EVs). This work can be upgraded by building up the
proficient charging plan for battery, with the goal that it will tend to expand the battery life.
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I.  Introduction

Now days, number of fuels like oil and diesel vehicles have been increasing day by day. If the ratio
of fuel vehicle increasing likes this, then after 20 years fuel demand will emerge as an issue. In order to
overcome the deficit of fuel we need to go for some more solutions. The product which we are going to design
should be used by renewable energy (or) from some other power supply. The best solution we have found is
regenerative E-Vehicle to reduce the usage of fuels. The speed of the E-Vehicle is no low, so when comparing
with the normal vehicles the accident ration will be reducing, if we use E-Vehicle. There are more
possibilities for firing because of fuel in normal vehicles while the atmosphere temperature rises. But, In E-
Vehicle we can avoid such things. This alternative fuel is not only energyefficient but they also help us in
other ways. An E-Vehicle directly to gain such as saving money (or) tangible benefits. E-Vehicle helps to
protect the atmosphere by controlling noise and air pollution. The plug in E-Vehicle can be recharged
from any external source of electricity. From so many wall sockets the electricity stored in the rechargeable
battery packs drives or contributes in driving vehicles. Till May 2016 they count of E-Vehicle rises over 1.5
million plug in cars.

Brushless Direct Current motors are one of the motors rapidly gaining popularity. They are used
in industrial applications such as appliances, automotive, aerospace, consumer, medical equipment, automation
and instrumentation. As the name implies, these motors do not use mechanical commutator and brushes for
commutation, instead they are electronically commutated. They have many advantages over brushed DC motor
and induction motors. A few of these are: better speed versus torque characteristics, high dynamic
response, high efficiency, long operating life, noiseless operation and higher speed range. In addition, the
ratio of torque delivered to the size of the motor is higher, making it useful in applications where space and
weight are critical factors. One of the prime reasons for above advantages is the use of permanent magnet on
the rotor due to which both, radial flux and axial flux BLDC motors have earned a pronounced position in
existing as well as new applications. Because of high efficiency, it draws less electrical power and imposes less
stress on the power electronic controller. In electric vehicles, shaft of the machine is directly coupled to the
wheel and gives high compactness to the machine. Howeverit requires high torque capability to overcome
stiction and to run at very low speeds.

International Conference on Innovation & Research in Engineering, Science & Technology 27 | Page
(ICIREST-19)



Review on Design of Regenerative Braking System and Speed Control of BLDC Motor for Electric

[1] Regenerative system [RS] can improve energy usage efficiency and acquisitions of signals like
speed of rotation are widely used in electric vehicles. Regenerative process and measurement of rotational speed
in electric vehicles are specially used .In all cases for realization of accurate and real-time control of motor
drives. Acquisition of rotational speed values will help for a healthy control over applied breaking force. This
simultaneous method of measuring rotational speed information in regenerative electric vehicle. This presented
work also made a remarkable benefaction in distinguishing the ideal and actual positions of the Hall Effect
sensor. Arduino microcontroller is used for programming the circuits of Hall Effect sensor signal conditioning
which helps in the rotation of regenerative vehicle system.

The proposed work uses very low initial cost, which is meant to be very economical. Energy
conservation plays a major role in these days and the proposed system achieved a breakthrough in conserving
energy by eliminating the tradeoff between the energy consumption and efficiency of the smart vehicle. Arduino
Uno and Intel Galileo gen 2 micro controller used in this paper replaced the conventional microcontroller which
results inreduction of time and thus giving enhanced time management. Future work of the vehicle includes the
development of efficient charging scheme for battery, so that it will tend to increase the battery life. Also, the
smart vehicle can also be extended to the concept of Safety Transportation System with the addition of radar
sensors for navigation. The proposed work can also extended to the concept of Internet of Things for
significance improvement in performance.

[2]In this paper a novel regenerative braking mechanism based on Brushless DC (BLDC) motor is
proposed. Based on proposed method braking can be achieved by applying different Stator voltage from a multi
cell battery system without using additional DC-DC boost converter with complex switching technique or ultra-
capacitor. To evaluate the performance of the proposed braking system an experimental setup has been
used.Simulated results prove that the proposed regenerative braking technique is feasible and efficient. Also this
research provides simplest system for regenerative braking using BLDC motor to improve the mileage of
lightweight electric vehicles (EVS).This paper has proposed BLDC motor based simple but effective method of
regenerative for BEV’s. After simulation of experimental data authors find that proposed method can enhance
mileage around 28.842%.finally this paper proves that regenerative braking based on Stator voltage control is
more effective and efficient then Ultra-capacitor and boost converter based braking system. Further research
will focus on battery lifetime or health condition for proposed regenerative braking system.

[3]Axial flux brushless direct current motors (AFBLDC) are becoming popular in many applications
including electrical vehicles because of their ability to meet the demand of high power density, high efficiency,
wide speed range, robustness, low cost and less maintenance. In this paper, AFBLDC motordrive with single
sided configuration having 24 stator poles and 32 permanent magnets on the rotor is proposed. It is driven by six
pulse inverter that is fed from a single phase AC supply through controlled AC to DC converter. The speed
control and braking methods are also proposed based on pulse width modulation technique. The overall scheme
is simulated in MATLAB environment and tested under different operating conditions. A prototype of proposed
AFBLDC motor drive is designed and fabricated. The control methods are implemented using DSC
dsPIC33EP256MC202 digital signal controller. Tests are performed on this prototype to validate its
performance at different speeds with and without braking mode. It is observed that the proposed scheme works
effectively and can be used as wheel direct driven motor for electrical vehicle.

This paper has proposed a simple but effective method of speed control and braking technique for
AFBLDC motor. Prototype of a single sided, 24/32 poles, AFBLDC motor has been designed and fabricated.
The simulation results of the proposed scheme prove its effectiveness at different operating conditions. By using
PWM technique for speed control power loss in the switching devices is low. Speed reversal of motor during
plugging is overcome using proposed braking technique. After performing the simulation study, a power
electronic drive along with microcontroller based control circuit is designed and fabricated. The experimental
results validate the effectiveness of proposed scheme.

[4] This paper proposes a sensorless speed control technique for Brushless DC Motor (BLDC) drives
by estimating speed from the hall sensor signals. Conventionally, the speed is measured using precision speed
encoders. Since these encoders cost almost half of the entire drive system, there arises the need for a low cost
speed estimation technique. This is proposed by measuring the frequency of the in-built-hall sensor signals.
Here, a closed loop speed control of BLDC motor is proposed using a current controlled pulse width modulation
(PWM) technigue. Since BLDC motor is an electronically commutated machine, the commutation period is
determined by a switching table that shows the hall signals’ status. The entire system was simulated in
MATLAB/Simulink and the performance of the system was analyzed for different speed and torque references.

This paper proposes a low cost speed estimation technique for BLDC motor drive. This method was
found to be working for the entire range of speeds below the rated speed. The performance of the system was
comparable with that of the conventional speed encoder based control technique. Actual speed was found to
maintain the reference speed for different values of load torques. This was verified successfully by using
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MATLAB/Simulink. Since the proposed speed estimation technique does not require the motor parameters like
resistance, inductance etc., the system is suitable for robust applications, especially in industries.

[5] DC motors are simple choice for drive systems having very easy speed control techniques. DC
motors are used where DC supply is available. Commutation in the conventional DC motors is carried out by
commutator which is rotating part placed on the rotor and brushes. Due to these mechanical parts, conventional
DC motor consist high amount of losses. Brushless DC (BLDC) Motors are very extensively used motors these
days because of its advantages over conventional DC motors. Commutation is carried out with the help of solid-
state switches in BLDC motor instead of mechanical commutator as in conventional DC motor. This improves
the performance of the motor. BLDC motor shows good speed control characteristics especially in low power
applications like hard-disk drives, laser printers and many more. BLDC with current control scheme was
discussed in this paper. BLDC drive with fixed speed and variable speeds are developed using Matlab/Simulink
and results were shown for both fixed and variable speed applications. Basic operation of BLDC motor was
explained with open loop and closed loop speed control. Matlab results were shown for BLDC motor with open
loop speed control, BLDC motor for fixed speed closed loop control and BLDC motor with variable speed
closed loop control.DC motors have very good speed-torque characteristics. DC motors are very much
accommodated in many of the industrial drives. Commutation in conventional DC motors was carried out by
mechanical parts like brushes and commutator. Presence of brushes for commutation can lead to sparks, losses,
reduced efficiency. DC Motors were realized without brushes and mechanical commutator for the commutation
purpose called brushless DC (BLDC) motors. BLDC motors eliminate all the disadvantages in conventional DC
motors due to the absence of brushes and can give better performance characteristics with smooth speed torque
characteristics. BLDC motors use electroniccommutator for the purpose of commutation. A converter with
solid-state switches was employed to convert DC to ACEMF inside the machine. The operation along with the
diagrams of BLDC was discussed. The operation of BLDC with open loop control without current control was
explained. Closed loop operation of BLDC motor with current control was also explained. Closed loop BLDC
motor with current control running at fixed speed and variable speed was simulated and their corresponding
characteristics for speed, torque, back EMF and stator currents were discussed. Results obtained were simulated
using Matlab/Simulink. Results validate the use of BLDC motor with closed loop operation running with fixed
and variable speeds.

[6]TheElectric vehicles are upcoming interest in the market. The traditional braking topologies
are nowadays used. These braking techniques have lot of wastage of energy during the braking in form
of heat. Thus regenerative braking is the prime method to be focus as it is energy saving method. It increases
efficiency of electric vehicle by saving of waste energy. Inregenerative braking mode of electric vehicle
the kinetic energy of wheels is converted into electricity and stored in batteries or capacitors. This
method is improved by using flywheel, DC-DC converter, ultracapacitor as well as super capacitor. In this
paper principle and various types of controllers have been studied to improve energy saving of electric vehicles.

Regenerative braking is one of the important systems in electric vehicle because it has the ability to
save the waste energy up to 8-5%. The regenerative braking system has been improved by the advanced
power electronic component such as ultracapacitor, DC-DC converter (Buck-Boost) and flywheel. The
ultracapacitor that helps in improving the transient state of the car during starting, provide a smoother
charging characteristic for the battery and boost up the overall performance of the electric vehicle system. The
Buck-Boost converter helps maintaining the power management in the regenerative braking system such as
boosting the acceleration. Finally, the flywheel is used to enhance the power recovery process through the
wheel of the car. In conclusion, the regenerative braking is a tremendous concept that has been developed by
Engineers. In the near future, regenerative braking techniques can be further developed by using different
methods either by fuzzy controller or PID controller.

[7] In this paper, speed control of Brushless DC (BLDC) motor drive under Direct Torque
Control scheme with modified integrator for flux estimation is investigated, The initial transient in flux
linkage in first switching is reduced by the modified integrator, Here the drive is operated in the
constant torque region under the DTC scheme. The speed control operation is achieved using Pl
controller and sensing the speed. The electrical rotor speed and the back EMF in dq- reference frame is
used for the torque estimation. The inverter DC-link voltage and two line currents are measured for
control. In DTC, two, two level hysteresis controllers are used for torque and flux control. The validity
of the introduced scheme is verified through extensive simulation under MATLAB/Simnlink
environment. Simulation results indicate good speed regulation of BLDC motor.Speed control of BLDC
motor drive, operated under DTC scheme, is discussed in this paper. In this scheme, torque is estimated
in the rotating dqg- reference frame. From the simulation results, it has been shown that this scheme can
used for high performance applications. Also better dynamic performance can be achieved with
variations in the load. The drive system is sensitive to resistance changes and hence parameter
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adaptation can be adopted for further improvements in the performance. Three phase conduction space vector
pulse width modulation technique can also be combined with this scheme to reduce the current and
torque ripples while keeping the robustness in the torque control. The scheme mentioned in this paper
further extended to sensorless speed control by designing back EMF observer and instead of PI
controller more advanced controllers such as Fuzzy controller or optimal controller can be adopted.

[8] This paper presents a brushless DC (BLDC) motor drive with single-ended primary inductance
converter (SEPIC) for different applications with speed control requirement. Conventionally, the PWM control
based switching of inverter feeding the motor were used. This conventional scheme incorporates the continuous
switching losses in inverter and also low power factor at source side. Here, in this paper DC link voltage
controlling strategy is used to control the speed if BLDC motor. The VSI which feeds the BLDC motor is
supplied with controlled DC link voltage at its input and electronic commutation pulses at its gate terminals.
Electronic commutation gives the constant unidirectional rotor torque and losses free switching of inverter.
Also, the sensor requirements for this scheme are reduced and needs just only a voltage sensor. This scheme can
also be applied to the BLDC motor based electric vehicle which are powered by renewable energy sources. The
proposed control scheme of BLDC motor is implemented with designed converter in software platform. This
work shows the efficient work of the proposed drive as compared with conventional schemes at different
aspects.The paper shows the effective working of BLDC motor drive with SEPIC converter over the
conventional control scheme of BLDC motor. The DC link voltage of VSI which is feeding the motor is
controlled to control the speed of motor. The VSI used only to commutate motor electronically with fixed width
pulses. The PWM switching is applied only for MOSFET switch of converter; hence the switching losses are
minimized. The dynamic response of drive is improved and the flexible speed control is achieved. Also the
overall cost of control is reduces by using only one voltage sensor as compared with conventional scheme. In
future the proposed drive can also be used with the renewable energy sources for applications like solar pumps,
solar powered car, and other solar-wind powered applications.

[9] A brief review of research in theRegenerative braking system is presented. The regenerative
braking system isan energy retrieval mechanism which stops a moving vehicle or objects by converting its
kinetic energy into electrical energy and stores it in batteries or capacitors. When conventional brakes are
applied, kinetic energy is wasted into heat energy due to friction between the brakes and wheels. This heat is
carried away in the environment and the energy is effectively wasted. The total amount of energy lost in this
way depends on how often, how hard and for how long the brakes are applied. The aim of this project was to
store the energy which is wasted during braking, and monitor it over a display. An Electric Motor is a device
which is used to convert this Kinetic Energy into electrical energy.It increases the efficiency of the electric
vehicle by saving the energy. The energy lost during the braking is conserved by the regenerative braking
system. These systems can work at the high-temperature ranges and are highly efficient when compared to the
conventional brakes. Regenerative brakes are more effective at higher momentum. The more frequently a
vehicle stops, the more it can benefit from this braking system. Large and heavy vehicles that movies at high
speeds builds up lots of kinetic energy, so they conserve energy more efficiently. It has broad scope for
furtheradvancements and the energy conservation. Enhances the growth of the economy.

[10] This paper demonstrates the Field Programmable Gate Arrays (FPGAs) of design methodologies
with a focus on motor drive applications. Motor is the heart of many industrial automation and motion/drive
control applications, but major problem arise in controlling the speed of the motor. Brushless DC (BLDC) motor
is new and reliable motor because it has high efficiency, high torque to power ratio, lower maintenance due to
brushless architecture and compact size, etc. This work presents FPGAs implementation for PWM based speed
control of inverter-fed BLDC motor. The proposed methodology is first simulated for open loop and closed loop
speed control. These simulation results are further verified through lab scale experimental set up. It has been
observed that FPGAs based closed loop method improves the transient and steady state response in speed
control of BLDC motor. This work demonstrates the use of an efficient and lower cost controller based on
FPGAs programming to control the speed of BLDC motor. The advantages of digital hardware are very high
speed and easily adjusted to comply with software. The use of FPGAs in digital control can be easily adapted to
analog control. The simulation results verified through lab scale experiments. The effectiveness of PWM
technique for speed control of BLDC motor and its practical applications it has been demonstrated. Using
FPGAs platform drives are easily controlled, least time consuming, real time control action, parallel processing
and transient response is fast compared to microcontroller based approach.

[11] This paper refers to an effective model using MATLAB Simulink for Regenerative Braking of a
BLDC motor for an Electric Vehicle. In this method the inverter which is used to drive the motor, alone is used.
The back EMF of the motor during regeneration will be less than the battery voltage even if the brake is
applied while the vehicle is running at its highest speed. So the regenerated energy has to be boosted. This
can be attained by controlling the switching of the lower switches of the inverter with the help of PWM
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switching. This boosted energy can be accumulated to the battery or supercapacitor or both. Here
battery-supercapacitor energy storage is used. Thus by using electric braking a smooth braking is made
possible also the driving range can be increased, since batteries are getting charged with the regenerated
energy. The simulation is done by using MATLAB/Simulink.A simulation for the prototype of Regenerative
Braking System of an EV with supercapacitor- battery energy storage has been done in MATLAB Simulink.
Regenerative Braking helps to earn some extra driving miles by exploiting the generator operation of
motor and boost operation of motor driver inverter. To attain smooth braking Fuzzy logic controller is
used for braking force distribution and PI controller is for controlling the braking current. The sequels
are verified with the help of simulation results.

[12] Electric propulsion for vehicles is gaining importance day by day making it right choice for future
transportation including rail, road and airways. The major drawback of Electric vehicle is the energy efficiency,
which need to be improved in par with gasoline engine to make them economically viable solution for
transportation. In the similar lines, this paper proposes a novel configuration of Regenerative Braking System
(RBS) to improve the energy efficiency of Electric vehicle with a Dual-stator Dual-rotor BLDC motor.
Complete mathematical modeling and simulation of electric vehicle is carried out with the proposed
configuration and all the performance indices of the vehicle are derived. The results are very encouraging
showing an increment of range by 75% for same battery pack compared to conventional configuration.A novel
Regenerative Braking System (RBS) with Dual stator-Dual Rotor (DS-DR) BLDC motor is proposed to
improve the energy efficiency of an Electric vehicle (EV).The Configuration of RBS and construction of DS-
DR BLDC is presented in detail. The complete mathematical model of Inwheel Electric vehicle is developed
including all sub systems with proposed RBS with DS-DR BLDC. Simulation is carried out to arrive at
important performance indices like DOD of battery and range of vehicle. The results show that there is an
increment of 75% in the range of the vehicle with proposed configuration compared to conventional. Hence, the
proposed configuration of RBS can be employed in EVs to improve the energy efficiency there by increasing
their mileage.

[13] This paper presents the performance analysis of conventional and digital pulse width modulation
(PWM) control scheme for speed control of electronically commuted trapezoidal Brushless dc (BLDC) motor.
Both these methods follow the PWM speed control strategy, only difference is in the controller part. One drive
system consist of conventional PI controller and the other have digital controller. This paper includes discussion
on the implementation of both the techniques and their performances are compared. Co-simulation of closed
loop control systems are modeled by using Xilinx Integrated Software Environment (ISE) simulator and
MATLAB/Simulink. Experimental test setup is carried out using fieldprogrammable gate arrays (FPGA).
Simulation results and effectiveness of the methods are proved and validated by experimental results. The
results of the two techniques are compared and conclusions are made. Conventional PWM and digital PWM
control scheme has been discussed and their performance analysis is done with the help of simulation and
experimental results. Simulation results are compared and validate with experimental results. Less speed ripple
and better current wave form can produce more average torque and result in good performance in conventional
control method. Simple control algorithm and instantaneous speed response are the highlight of digital PWM
control strategy. Wide range of speed control is challenging for digital PWM control technique. Due to the
simplistic nature of digital PWM control, it has the potential to be implement in a low cost Application Specific
Integrated Circuit (ASIC). Digital PWM control is well suited for applications where torque/speed ripple is not
of significant importance.

[14] The focus of this paper is to develop effective control strategies to improve driving dynamics and
slope of the road based on the mechanical dynamic study. The proposed control strategy stabilizes the wheels
forces through control of brushless DC motor drive (BLDC). For stabilizing the 3 wheeler and structural
advantages that BLDC motors are connected directly to the tires. The proposed system is studied analytically
and a laboratory prototype is built to verify the effectiveness of the proposed control system. Few typical
simulation and experimental results are presented.This paper developed a unique mathematical model of
mechanical dynamics of a 3-wheeler. Analysis and simulation results are presented. A prototype is developed to
test the controller performance of BLDC drive. The applied torque balances the EV and stabilizes the vehicle
during normal and emergency driving maneuvers. Different drive cycles are simulated and experimental results
are presented. However we haven’t analyzed the system in different condition. The further analytical analysis of
the system in different condition will be our future work.

[15] In this paper, the comparative performance analysis of Field oriented control (FOC) of Permanent
magnet brushless DC (PMBLDC) motor using sinusoidal pulse width modulation (SPWM) and space vector
pulse width modulation (SVPWM) techniques is presented. The primary focus of using field oriented control for
motor is to control the motor parameters in d-q axes along with sinusoidal and space vector modulated pulses
for voltage source inverter driving the BLDC motor. This vector control method improves the system
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performance along with high efficiency and low torque ripple thus making it suitable for finding applications in
high performance variable frequency drives. The sensor less approach for rotor position sense provides an
advantage of cost reduction with ease of implementation using digital signal controllers (DSCs) and
microprocessors. The analysis of the system is realized using MATLAB/SIMULINK program. The simulation
results show that the SVPWM based system has superior performance compared to SPWM system.The indirect
field oriented control of permanent magnet brushless DC motor using sinusoidal and space vector pulse width
modulation techniques has done using MATLAB/SIMULINK. The comparative performances between both
PWM techniques are presented here. From the simulation outcomes, it can be seen that SVPWM technique
employed model shows improved system performance, draws less current for motor operation, smooth speed
response and reduction of torque ripple.

Il.  ProposedWork
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Fig 1 Architecture of Proposed System

Working:

This Block diagram of motor speed control and regenerative braking operation as shown in fig 1.The
battery source feed to the six step inverter/converter circuit. The three phase AC output of the inverter is used to
drive the motor. With the help of Hall sensors the rotor position is detected and the signal that is generated from
Hall sensor is given to the controller which energizes appropriate winding of the motor and it starts
running.Back E.M.F of BLDC is proportional to motor armature or rotor Speed. The speed can be varied by
varying the pulse width of signal (Duty cycle). During running condition motor feed voltage from battery cell
where terminal voltage is less than back E.M.F. That means motor will work as a generator (Regenerative
mode) i.e. generated energy supplied to the Battery.

PWM is an effective method for adjusting the amount of power delivered to the load. PWM technique
allows smooth speed variation without reducing the starting torque and eliminates harmonics. In PWM method,
operating power to the motors is turned on and off to modulate the current to the motor. The ratio of on to off
time is called as duty cycle. The duty cycle determines the speed of the motor. The desired speed can be
obtained by changing the duty cycle. The Pulse Width Modulation (PWM) in microcontroller is used to control
duty cycle of DC motor drive.

PWM is an entirely different approach to controlling the speed of a DC motor. Power is supplied to the
motor in square wave of constant voltage but varying pulse-width or duty cycle. Duty cycle refers to the
percentage of one cycle during which duty cycle of a continuous train of pulses. Since the frequency is held
constant while the on-off time is varied, the duty cycle of PWM is determined by the pulse width. Thus the
power increases duty cycle in PWM.

Arduino UNO (Microcontroller): The Arduino UNO is an open-source microcontroller board based on
the Microchip ATmega328P microcontroller and developed by Arduino.cc. The board is equipped with sets of
digital and analog input/output (1/0) pins that interfaced to various expansion boards (shields) and other
circuits. The board features 14 Digital pins and 6 Analog pins. It is programmable with the Arduino
IDE(Integrated Development Environment). It can be powered by a USB cable or by an external 9 volt battery,
though it accepts voltages between 7 and 20 volts. It is also similar to the Arduino Nano and Leonardo.
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I1l.  Conclusion

This paper has proposed a simple but effective method of speed control and braking technique for EV.
The proposed work very low initial cost, which is meant to be very economical Energy conservation, plays a
major role in these days and the proposed system achieved a breakthrough in conserving energy by eliminating
the tradeoff between the energy consumption and efficiency of the smart vehicle. Arduino Uno used in this
paper which results in reduction of time and thus giving enhanced time management. The PWM switching is
applied only for MOSFET switch of converter hence the switching losses are minimized. The dynamic response
of drive is improved and the flexible speed control is achieved. Speed reversal of motor during plugging is
overcome using proposed braking technique. In future the proposed drive can also be used with the renewable
energy sources for applications like solar pumps, solar powered car, and other solar-wind powered applications.
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