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ABSTRACT: The linear increase in the growth of the population demands a requisite for energy resources. Knowing 
the loathsome truth that non-renewable sources will ultimately exhaust, the significance of renewable sources cannot be 
undervalued. Considering various factors, many work areas are reliant upon fossil fuels for the generation of electricity. 
The use of fossil fuels will increase the qualityof power production but will drain one day, and industries must change 
to renewablesources. BLDC motors are widely used in industrial automation, electric vehicles, and renewable energy 
systems due to their high efficiency, reliability, and precise control characteristics. However, achieving stable speed 
control requires an efficient power regulation technique. The ZETA converter is employed in this study to provide a 
regulated and ripplefree DC voltage to the motor driver circuit, ensuring smooth operation and improved performance. 
The ZETA converter, a fourth-order DC-DC converter, is chosen for its ability to operate in both step-up and step-
down modes while maintaining a stable, non-inverted output voltage. The speed of the BLDC motor is controlled by 
adjusting the duty cycle of a Pulse Width Modulation (PWM) signal, which regulates the voltage supplied to the motor 
driver. MOSFET switches is used for electronic commutation, enhancing efficiency and minimizing switching losses.  
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I. INTRODUCTION 

 

The consistently expanding interest in energy worldwide is draining non-renewable fossil fuels quickly, and the 
utilization of    inexhaustible,    non-fossil    fuel    sources    is    becoming prominent.  The  quick  advancement  and  
enormous  expansion to  the  renewable  power  sector  are  predominantly  liberated by hydro,  solar,  and  wind  
power.  In  any  case,  in  most  countries, among  every  one  of  the  renewable  energy  sources,  wind ranches  
contribute  the  most  power  due  to  being  effectively accessible  and  having  a  low  conservation  cost.  Solar  
energy can  be  a  significant  part  of  India's  strategy,  not  only  to  add new  limits  but  to  expand  energy  security,  
address  natural calamities,  and  lead  the  enormous  market for  sustainable power. Besides, India is honored with a 
respectable prolongeddaylighthours  across  the nationthat  changes  roughly  from 2000  hours  to  3000  hours  per  
year.  Forterrains,  solar  water pumping  is  an  appealing  decision  for  energy  reaping[1].Photovoltaic   technology   
is   the predominantencouraging method   for   electricitygenerationat   lower   power.   The consistent  decrease 
incost/peak  watt  over  late  years  and  the effortlessness bywhich  the  installed  power  can  be  expanded by 
computing panel  boards.  Solar  energy  is accumulatedand made  available  when  sunlight  is  feasible,  depending  on  
the demand.  There  are  benefits  in  avoiding  using  vast  banks  of lead  acid  batteries,  which  are  massive  
andextravagantand have  one-fifth  of  the  lifetime  of  a  photovoltaic  panel. 
 
 Brushless DC (BLDC) motors have gained widespread adoption in various applications, including industrial 
automation, electric vehicles, and renewable energy systems, due to their high efficiency, reliability, and superior speed 
control capabilities. Unlike conventional DC motors, BLDC motors operate using electronic commutation instead of 
mechanical brushes, resulting in lower maintenance, reduced energy losses, and improved performance. However, 
achieving efficient and stable speed control of a BLDC motor requires an effective power conversion technique to 
regulate the voltage supplied to the motor driver.The ZETA converter is employed to regulate the voltage supplied to 
the BLDC motor driver circuit.  
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Fig 1: Circuit diagram of modified zeta converter 
 
The ZETA converter is a fourth-order DC-DC converter capable of both stepping up and stepping down the input 
voltage while maintaining a non-inverted and stable output. This characteristic makes it particularly suitable for 
applications where precise voltage control is required to ensure smooth motor operation. The speed of the BLDC motor 
is controlled by varying the duty cycle of a Pulse Width Modulation (PWM) signal, which in turn adjusts the output 
voltage of the ZETA converter. MOSFET switches is used to drive the BLDC motor by providing electronic 
commutation, reducing switching losses, and improving overall system efficiency. The primary objective of this project 
is implement a BLDC motor speed control system using a ZETA converter, ensuring optimal performance under 
varying load conditions. 
 

II. LITERATURE SURVEY 

 

 Sriballabh Acharya, Vikas Sharma, “Speed Control of Brushless DC Motor using Zeta Converter” International 
Conference on Smart Electronics and Communication (ICOSEC), IEEE 2020. Motors consist of dynamic mechanism 
that drive almost all the nearby systems in motion. Numerous motor classification are dependent on their construction 
and the type of electrical input power given to the motor. The proposed research objective is to decrease the size and 
cost of a Brushless DC motor drive along with the better power quality given to the motor and also to enhance its 
reliability. The zeta converter is used for sensor-less motor speed control. A zeta converter has employed a fourth-order 
DC-DC converter that is constructed with two inductors and two capacitors and proficient of functioning in two modes 
which are both step-up or step-down mode. To deliver feedback position to the pulse generators the Hall-sensors are 
used.  
 
A MATLAB/Simulink environment setup is used to run the designed motor drive system to accomplish the extensive 
control and improvement in the high PF at the supply. G.J. Su and W.Mckeever, “Low-Cost Sensorless control of 
Brushless DC motor with Improved Speed Range,” IEEE Trans. Power Electron.,vol.19 no. 2,pp.296-302,2004.This 
paper presents a low-cost position sensorless control scheme for brushless DC motors. Rotor position information is 
extracted by indirectly sensing the back EMF from only one of the three motor-terminal voltages for a three-phase 
motor. Depending on the terminal voltage sensing locations, either a low-pass filter or a band-pass filter is used for 
position information retrieval. This leads to significant reduction in components count of the sensing circuit. Cost 
saving is further increased by coupling the sensing circuit with a single- chip microprocessor or digital signal processor 
for speed control. In addition, a look-up table correction for the nonideal phase-delay introduced by the filter is 
suggested to ensure accurate position detection even at low speed. This extends the operating speed range and improves 
motor efficiency. 
 
The Maximum Power Point Tracker streamlinesvolume of power acquired from the photovoltaic array used to charge 
the devices  which  consume  electrical  power.  MPPT  works  the Photovoltaic modules that license them to create all 

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                      Volume 14, Issue 7, July 2025        

                              |DOI: 10.15680/IJIRSET.2025.1407126| 

IJIRSET©2025                                      |     An ISO 9001:2008 Certified Journal   |                                        18022 

the power they   can   do.   MPPT   is   undoubtedly   non   robotic   global positioning  system  that  "genuinely  
moves"  the  modules  to make  them  point  more  straightforwardly  at  the  sun.  MPPT  is an entirely electronic 
system that differs the operating point of the  modules  so  the  modules  can  distribute  maximum  power. Traditional 
MPPT methods are hill climbing, perturbation and observation,   and   incremental   conductance   methods,   while 
intelligent  control  algorithms  are  fuzzy-logic,  artificial  neural networks,  flower  pollination  algorithms,  and  
particle  swarm optimization.   The   Perturb   and   Observe   (P&O)Maximum Power Point Tracking (MPPT) 
algorithm in solar Photovoltaic(PV)   is   famously   attributable   to   its   effortlessness.   Major setbacks in the P&O 
algorithm are operating point divergence and the trade-off between fast convergence and balanced state oscillations 
decelerating the usage [7] 
 
Incremental  Conductance  Algorithm(ICA)improves  the steady-state  error,  sudden  acknowledgment  to  variable  
solar radiation, concurrence velocity. This process is used because it combines speed and accuracy. This is achieved by 
deriving the relationship  P×V  concerning  voltage  or  current. Maximum Power Point (MPP)[8]can becomputed 
using the dp/dv and -i/v  relationship.  This  produces  an  accurate  and  is  fast  in tracking   MPP   reducing   
oscillation   in   various   changing atmospheric conditions. 
 

III. METHODS OF HARDWARE DESCRIPTION 

 

To overcome the limitations of the existing BLDC motor speed control methods, this project proposes a ZETA 
converter-based speed control system that provides efficient, stable, and precise motor operation. The ZETA converter 
is used as an advanced DC-DC converter to regulate the input voltage supplied to the BLDC motor driver, ensuring a 
ripple-free and stable power supply even under varying load conditions. Unlike conventional converters, the ZETA 
converter can both step up and step down the input voltage, making it highly adaptable for applications where input 
voltage fluctuations occur. In the proposed system, a MOSFET is employed for the electronic commutation of the 
BLDC motor, reducing switching losses and improving overall efficiency.  
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Fig2: Hardware Module: 
 

The motor speed is controlled by adjusting the Pulse Width Modulation (PWM) duty cycle, allowing for precise speed 
regulation. Additionally, a closed-loop feedback mechanism using a speed sensor (Hall sensors or an encoder) is 
implemented to monitor the actual motor speed and adjust the PWM signal accordingly, ensuring smooth operation and 
better dynamic response. By integrating the ZETA converter, the proposed system offers several advantages, including 
enhanced voltage stability, reduced torque ripple, improved power quality, and higher energy efficiency. This makes it 
a superior alternative to conventional BLDC motor control methods and suitable for applications such as electric 
vehicles, industrial automation, and renewable energy systems, where reliable and efficient motor control is crucial. 
 
A solar panel output power depends upon solar irradiation, geographical   location,   and   temperature.   In   general   
output voltage  of  solar  is  consistently  low  due  to  the  variation  of environmental    parameters.    Due    to    this    
fact,    the    load requirement  cannot  be  satisfied  using a  panel  without  an auxiliary   circuit.   Therefore, Power   
Electronic   Interfacing(PEI)is necessary to convert unregulated power into regulated power.  That  means  power  
conditioning  will  be  done  using power  electronic  interlinking  devices  like  dc-dc  converters, inverters,  AC  
voltage  controllers.   
 

 
 

Fig 3: Zeta converter output voltage and current: 
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Fig 4:BLDC Motor Speed: 

 

In  this  context,  a  BLDC motor  chained  with  a  centrifugal  pump  is  selected  as  a  load that  is operated with dc 
power. In this regard, an efficient dc-dc converter is necessary for the recommended solar pumping system.  So a  
modified  zeta  converter  is  selected  as  a  power electronic  interfacing  unit  that  can  operate  efficiently  without 
compromising  voltage  gain  and  isolation.  In  the  proposed system,  the  modified  Zeta  converter  works  in  
continuous conduction  mode.  The  proposed work  application  is  in  rural villages for agricultural irrigation purposes. 
An IC Agenerates PWM  pulses  to  operate  the  dc-dc  converter  at  its  maximum power  point.  A  BLDC  motor,  
known  as  an  electronically commutating  motor,  receives  power  from  a  modified  zeta converter,  and  the  motor  
operates  at  its  constant  speed.  The BLDC  motor  speed  depends  on  the  voltage  available  across the modified 
zeta boost converter, which will depend upon the operation of the MPPT control. BLDC motor is coupled with a 
centrifugal pump, which is a non-positive displacement pump. The  entire  system  can  be  installed  in  a  rural  area  
where  the traditional grid is not admissible. 
 

IV. RESULTS AND DISCUSSION 

 

The results of the project on BLDC motor speed control using a ZETA converter and PIC16F877A demonstrated 
effective speed regulation and power management. The BLDC motor's speed was successfully controlled through 
PWM signals generated by the PIC16F877A, with the ZETA converter efficiently regulating the voltage from the 12V 
battery. By varying the PWM duty cycle, the motor's speed could be precisely adjusted — higher duty cycles increased 
speed while lower ones reduced it. The ZETA converter provided a stable and regulated voltage, minimizing voltage 
ripples and ensuring consistent motor operation. The use of a single battery to power both the ZETA converter and the 
microcontroller simplified the design while maintaining efficiency. Feedback from the Hall sensors enabled accurate 
commutation, reducing the risk of stalling or reverse rotation. However, some challenges were encountered, such as 
maintaining stability at low PWM duty cycles and minimizing power losses in the 7805 voltage regulator. Future 
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improvements could include implementing a more advanced control strategy like PID control for better speed stability 
and replacing the linear regulator with a more efficient DC-DC converter. Overall, the project successfully achieved its 
objective of controlling the speed of a BLDC motor with reliable voltage regulation and minimal harmonic distortion. 
 

V. CONCLUSION 

 

The implementation of a ZETA converter-based speed control system for Brushless DC (BLDC) motor has 
demonstrated significant improvements in voltage regulation, power efficiency, and motor performance compared to 
conventional methods. By integrating a ZETA converter, the system effectively provides a stable and ripple-free power 
supply, ensuring smooth and precise speed control even under varying load conditions. The use of a MOSFET for 
electronic commutation minimizes switching losses and enhances the overall efficiency of the motor drive system. 
Additionally, the control unit regulates motor speed through Pulse Width Modulation (PWM) techniques, while the 
LCD display provides real-time monitoring of system parameters, improving user interaction and diagnostic 
capabilities. The proposed system offers better dynamic response, reduced torque ripple, and improved power quality, 
making it a reliable and efficient solution for applications such as electric vehicles, industrial automation, and 
renewable energy systems. 
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