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Abstract:  The Photovoltaic generation is rapidly popular by the use of solar radiations as it is renewable and 

pollution free source. This generation system is connected to the load by DC-DC converter and inverter system. 

In this power generation system, MPPT controller are used to extract the maximum power from PV panels. 

There are many methods of MPPT technique is available, but in this paper we have used incremental 

conductance method. BLDC motor which is also known as permanent magnet motors is being get used as a 

load, driven by commutated DC voltage. BLDC motor gaining popularity due to absence of brushes in motor 

and also increasingly used in every sector of market. Every system requires a protection system. So, for this we 

have used Arduino Microcontroller, which protects the BLDC motor from various fault conditions like 

overvoltage, overcurrent etc. 
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I. Introduction 
 There are two major classifications of PV solar power systems - stand alone and grid connected. Lack 

of electricity is one of the main hurdles in the development of rural India. India’s grid system is considerably 

under developed, with major sections of its populace still surviving off grid. Hence, in the Indian scenario stand-

alone solar systems are gaining an increasing interest and they are becoming a very competitive solution, 

particularly because solar energy are available in plenty throughout the year. Moreover, environmental issues 

such as population and global warming effects are driving researchers towards the development of renewable 

energy sources like solar energy. 

 The development of electric vehicle is now growing rapidly. A BLDC motor drive is a potential option 

for an electric vehicle since it has a high reliability, simple design, and ability to work at high rotation per 

minute (RPM). Brushless dc motor is a type of permanent magnet synchronous motor, which has permanent 

magnets on its rotor with trapezoidal back EMF. With the help of power devices BLDC motors energizes its 

stator phase windings. The phase current of BLDC motor is synchronized with the back EMF to produce 

constant torque at a constant speed. In BLDC, mechanical commutator of the brush dc motor is replaced by 

electronic switches. The brushless BLDC motor is better substitute of the DC motor and an induction motor for 

PV fed water pumping application, e-rickshaw etc. This motor is compact, rugged and efficient in comparison to 

an AC motor [8]. Moreover, a BLDC motor has many advantages like reliability, least maintenance 

requirement, a wide range of speed, easy-to-drive and simple control [9- 

 12]. In this project we have used sensor less BLDC motor, in which not used any sensors to detect its 

rotor position 

 Its commutation is based on Back Electromotive Force (BEMF). All reported solutions to PV-BLDC 

motor driven water pumping and other applications like e-rickshaw as of now, are associated with the position 

sensor based BLDC motor drive. The main objectives of this paper is to detect and analyze electrical faults in 

BLDC Motor by using Microcontroller and to match the specification of Motor with input supply due to which 

BLDC Motor run efficiently. 

 In this system, we have used Arduino microcontroller for fault detection and protection purpose. 

Arduino UNO is 8-bit microcontroller with 14 digital pin, 6 analog pin and 6 PWM pin. Its use 16MHz clock 

for processing. It is mainly use because it’s very user friendly. In this, we will detect the fault and protect over 

like overvoltage, overcurrent etc. 

 The arrangement consist of the solar panel, battery, boost converter, three phase inverter, BLDC Motor 

and Arduino Microcontroller. In Three Phase Inverter IGBT switch is used, for triggering the switch pulses are 

produced. These pulses are produced using Arduino microcontroller. 
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The system under study is first designed by selecting a BLDC motor and a PV array such that it successfully 

operates under all the possible variations in weather conditions, and then demonstrated through its steady state, 

starting and dynamic functionalities, using MATLAB based simulation and an experimental system. 

 

II. System Structure 

 
Fig. (1) Block diagram of Solar PV based BLDC Motor using Arduino microcontroller. 

 

 The configuration of proposed system solar PV fed BLDC motor using Arduino microcontroller as 

illustrated in fig. (1). It possesses a PV array, a DC-DC boost converter, a three phase VSI and the BLDC motor 

with Arduino microcontroller. The MPPT of PV array is realized by means of a boost converter. An incremental 

conductance (INC) based technique, which needs a feed-back of PV array voltage and current, is used to 

accomplish the MPPT. The solar panel will absorb the radiation from sun and convert into electricity. This 

electrical energy stored in battery and the voltage of the battery will be increased by boost converter. This 

increased voltage given to inverter as an input and it will convert the DC Voltage into AC Voltage and fed to the 

BLDC Motor. By using Arduino microcontroller, occurrence of electrical fault in motor will get detected 

through control circuit. When fault will occur, the relay contact will open automatically. 

 

Solar panel: 

 A photovoltaic (PV) module is a packaged, connect  assembly of  typically 6x10 photovoltaic solar 

cell. Photovoltaic modules constitute the photovoltaic array of a photovoltaic system that generates and 

supplies solar electricity in commercial and residential applications. Each module is rated by its DC output 

power under standard test  
conditions (STC). 

 

Battery: 

 The battery will used to store the energy obtained from solar panel and use it in cloudy days and night 

time, because output obtained from solar panel is not constant, if input will vary then the output also vary. There 

are many different batteries available on the market, but for solar systems battery cycle life is critical. A 

battery’s life cycle is the number of times it can be charged and discharged. In solar systems a battery able to 

survive 10 or so cycles only is unsuitable. 

 

Boost converter: 

 Energy stored in battery is not enough to run the motor. So it is required to boost the voltage of the 

battery with the help of boost converter which increases the input voltage being fed to the inverter and hence 

required electrical input is given to the motor. Hence it maximizes the power generated by Solar PV module. 
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Three Phase Inverter: 

 An inverter converts the DC electricity from sources such as solar panel, batteries or fuel cells to AC 

electricity .A basic three phase inverter consists of three single phase inverters switches each connected to one 

of the three load terminals. Any semiconductor switch like IGBT, MOSFET or BJT can be used. An inverter can 

produce a square wave, modified sine wave, pulsed sine wave, pulse width modulated wave (PWM) or sine 

wave depending on circuit design. 

 

Arduino Microcontroller: 

 In this system, the micro-controller plays a vital role. Micro-controllers were originally used as 

components in complicated process-control systems, because of their small size and low price. Here, 

microcontroller is used to generate different firing pulses applied to inverter as well as to detect fault in motor. If 

fault occurs, it will display on LCD and relay will trip the circuit. 

 

III. System Design 
 An appropriate design and specifications of BLDC motor and solar PV array play a significant role in 

the operation of this project. A 6-pole, 3000 rpm, 3.45 kW BLDC motor is chosen to drive the applications like 

e-rickshaw. The detailed specifications of BLDC motor are shown in Table I. The PV array, DC link capacitor 

and BLDC motor are selected such that functioning of the system is not deteriorated even by sudden 

disturbances in the atmospheric conditions. 

 

 TABLE I   

 BLDC Motor specification   
    

 Power, Pm 3.45 kW 

    

 Speed, N 3000 rpm 

    

 No. of poles, P 6  
    

 Resistance, Rs 0.92 Ω 

    

 Inductance, Ls 2.8 mH 

    

 Motor torque constant, Kt 0.74 Nm/A 
    

 Motor voltage constant, Ke 78 V/krpm 

    

 Moment of inertia, J 20.8 kg.cm2 

    

 TABLE II   

 Solar PV Array Design   

   

Specifications of PV Module   
   

Open circuit voltage, Vo 19.8 V  

   

Short circuit current, Io 4.8 A  

   

MPP voltage, Vm 15.44 V  
   

MPP current, Im 4.3 A  

   

Design of PV Array   

   

Power at MPP, Pmpp 4 kW  
   

MPP voltage, Vmpp 310 V  

   

MPP current, Impp 12.9 A  

   

Numbers of series connected modules, Ns 20  
   

Numbers of parallel connected modules, Np 3  
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Short circuit current, Isc 14.4 A  

   

Open circuit voltage, Voc 396 V  

    

 

Estimation of Parameters of Solar Photovoltaic Array: 

 A PV array with a maximum power capacity 4 kW at standard atmospheric condition (1000 W/m
2
; 

25°C) is designed as per the ratings of a selected BLDC motor. The operating power capacity of selected PV 

array is sufficient to run the motor, and also to compensate the power losses associated with the VSI and motor. 

A PV module with 36 cells connected in series is considered to make a PV array of the relevant size. Since a 

solar cell has an open circuit voltage in the range of 0.5 V-0.6 V at standard atmospheric condition [27], it is 

assumed that a module generates 36 0.55 

= 19.8 V as its open circuit voltage. The voltage of a module at MPP is around 71%-78% of the open circuit 

voltage [28]. Therefore, it is estimated as, 19.8 0.78 = 15.44 V. 

 

IV. Control Approach 
 The proposed system has its control parts; control of solar PV array operating point through an MPPT 

technique, BLDC motor electronic commutation, switching pulse generation for VSI , controlling the speed of 

BLDC motor and Arduino microcontroller . 

 

A. Maximum Power Point Tracking 

 An INC-MPPT approach [17, 19-20, 28] is adopted to track the optimum operating point of solar PV 

array. The flow diagram of this algorithm is shown in Fig. 2. V pv and 

ipv are the present samples whereas vpv0 and ipv0 are the previous samples of PV voltage and current, 

respectively. 

The dvpv and dipv denote the incremental PV voltage and current corresponding to the two consecutive 

sampling instants. The INC-MPPT technique states that the power slope of the PV array characteristics is null at 

MPP (dppv/dvpv 

 

= 0), negative at right of MPP and positive at left of MPP [17]. It utilizes the following equation, 

 

 =  = Ipv + Vpv  = Ipv+ Vpv   … (1) 

 

 = -  …………………………………………… (2) 

 

 = 0 …………………… at the MPP ………………. (3) 

 

 > 0 ………………….... at the left side of MPP …..(4) 

 

 < 0 …………………….  at the right side of MPP…. (5) 

 

The algorithm continuously tracks the PV output and adjusts the duty cycle (D) of the converter by increasing or 

decreasing the perturbation (∆D) based on eq.1, eq.2 and eq.3. 
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Fig. (2) Flowchart of InC MPPT Algorithm 

 

B. Speed Control of Brushless DC Motor 

 The speed is governed by an available maximum power from the solar PV array. Any variation in the 

atmospheric conditions, which causes a variation in the power output from PV array and hence in the speed of 

BLDC motor. Duty ratio for the VSI, regulates input voltage to the motor. Ultimately, the motor input voltage 

regulates the operating speed. As the duty ratio is varied by the MPPT algorithm, following the atmospheric 

condition, the speed of the motor is adjusted accordingly. 

 

C. Protection using Arduino microcontroller 

 Generally, when a DC motor is associated with any microcontroller based system, it is often connected 

using a Motor Driver IC. A Motor Driver IC provides the necessary current for the motor to run. It can also 

control the direction of the rotation. It is a Microcontroller Based prototyping board. The microcontroller used 

on the Arduino Uno board is ATmega328p. Arduino is responsible for controlling the speed and direction of the 

motor with the help of other components. 

 

 
Fig. (3) Arduino microcontroller 
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V. Simulink Model 

 
Fig. (4) Simulink model of BLDC motor 

 

 

Simulation model description: 

 

 With  the  help  of  the  designed  circuit  parameters,  the MATLAB simulation is done and results are 

presented here. Speeds  are  set  at  3000  rpm.  The  speed  regulations  are obtained at set speed and the 

simulation results are shown in fig.8. The wave form of the back emf are shown in fig. it can be seen the phasor 

voltages are  displaced by 120 deg. The stator current waveforms are shown in fig. They are quasi sinusoidal in 

shape and displaced by 120 deg. 

 

 

VI. Simulation Results 

 
Fig. (5) Solar voltage graph 
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The above fig. (5) Shows the solar voltage waveform in which we have seen the 170 voltage as output of the 

solar PV panel. This is fed to the boost converter to increase the voltage as per specification of motor. 

 

 
 

Fig. (6) Boosted voltage graph 

 

 Fig. (6) Shows the waveform of solar boosted voltage which is boost by the boost converter. As we 

have seen the boosted voltage is 500V.This voltage is sufficient to drive motor. This boosted voltage is fed to 

the inverter to convert it into AC. 

 

 
Fig. (7)Inverter output graph 

 

Above graph shows the waveform of inverter output Boosted voltage is as input of inverter and it converts into 

500 V AC as shown in fig. (7) 
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Fig. (8) Motor speed graph 

 

Motor speed graph is shown in fig. (8). as we have set 3000 rpm speed which is achieved which shown in above 

figure. Motor takes input supply from the inverter output and by this input motor will start to run speed of 

3000rpm. 

 

 
Fig. (9) Current of motor graph 

 

Current waveform of motor is shown in fig. (9) .This is shown in the shape of quasi sinusoidal which current has 

45A as a output current of motor and displaced by 120 deg. 
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Fig. (10) Torque graph 

 

  
Fig. (11) Back emf voltage graph 

 

Torque of motor and back emf voltage of motor as shown in fig. (10) and fig. (11). It can be seen the phasor 

voltages are displaced by 120 deg.which shows back emf voltage is 60 V. 
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TABLE III 

Output results of simulation 
Solar voltage 170 V 

  

Boosted voltage 500 V 

  

Inverter output 500 V 
  

Motor speed 3000 rpm 

  

Current of Motor 45 A 

  

Torque of Motor 7 N-m 
  

Back emf voltage 50 V 

  

 

VII. Conclusion 
 A low-cost position sensorless brushless DC motor drive has been proposed and demonstrated through 

the software implementation. If, low cost is primary concern, then sensorless technique is best choice. This drive 

eliminated the motor phase current sensors and speed is simply adjusted by the available maximum power from 

the PV array. No closed loop has been used to control the speed. These additional features have made the 

sensorless BLDC motor further simple, compact and cost effective. 

 

VIII. Future Scope 
In future, this model can be integrated with small wind turbine apart from solar panels and thus making overall 

system a hybrid model so that more number of applications can be used by designing this model. 

 

References 
[1]. C. Jain and B. Singh, “An Adjustable DC Link Voltage Based Control of Multifunctional Grid Interfaced Solar PV System,” IEEE 

J. Emerg. Sel. Topics Power Electron. Early Access. 

[2]. A. A. A. Radwan and Y. A. R. I. Mohamed, “Power Synchronization 
[3]. Control    for    Grid-Connected    Current-Source    Inverter-Based 

[4]. Photovoltaic Systems,” IEEE Trans. Energy Convers. vol. 31, no. 3, pp. 1023-1036, Sept. 2016. 

[5]. P. Vithayasrichareon, G. Mills and I. F. MacGill, “Impact of Electric 
[6]. Vehicles and Solar PV on Future Generation Portfolio Investment,” IEEE Trans. Sustain. Energy, vol. 6, no. 3, pp. 899-908, July 

2015. 

[7]. S. Jain, A.K. Thopukara, R. Karampuri and V.T. Somasekhar, “A 
[8]. Single-Stage Photovoltaic System for a Dual-Inverter-Fed Open-End Winding Induction Motor Drive for Pumping Applications,” 

IEEE Trans. Power Electron., vol. 30, no. 9, pp. 4809 - 4818, Sept. 2015. 

[9]. S.S. Chandel, M. Nagaraju Naik and Rahul Chandel, “Review of solar photovoltaic water pumping system technology for irrigation 
and community drinking water supplies,” Renewable Sustain. Energy Rev., vol. 49, pp. 1084-1099, Sept. 2015. 

[10]. Vimal Chand Sontake and Vilas R. Kalamkar, “Solar photovoltaic water pumping system - A comprehensive review,” Renewable 

Sustain. Energy Rev., vol. 59, pp. 1038-1067, June 2016. 
[11]. Y. Zhou, D. Zhang, X. Chen and Q. Lin, “Sensorless Direct Torque Control for Saliency Permanent Magnet Brushless DC Motors,” 

IEEE Trans. Energy Convers., vol. 31, no. 2, pp. 446-454, June 2016. 

[12]. V. Bist and B. Singh, “A Brushless DC Motor Drive With Power Factor Correction Using Isolated Zeta Converter,” IEEE Trans. 
Ind. Informat., vol.10, no.4, pp.2064-2072, Nov.2014 

[13]. S. Wang and A. C. Lee, “A 12-Step Sensorless Drive for Brushless DC Motors Based on Back-EMF Differences,” IEEE Trans. 

Energy 
[14]. R. Kumar and B. Singh, “Solar PV powered BLDC motor drive for water pumping using Cuk converter,” IET Electric Power Appl., 

vol. 11, no. 2, pp. 222-232, Feb. 2017 

[15]. S. A. K. H. Mozaffari Niapour, S. Danyali, M.B.B. Sharifian and 
[16]. M.R. Feyzi, “Brushless DC Motor Drives Supplied by PV Power System Based on Z-Source Inverter and FL-IC MPPT Controller,” 

Energy Convers. And Manage., vol.52, no. 8–9, pp.3043-3059, Aug. 2011. 

[17]. H. A. Sher, A. F. Murtaza, A. Noman, K. E. Addoweesh, K. Al- 
[18]. Haddad and M. Chiaberge, “A New Sensorless Hybrid MPPT Algorithm Based on Fractional Short-Circuit Current Measurement 

and P&O MPPT,” IEEE Trans. Sustain. Energy, vol. 6, no. 4, pp. 1426-1434, Oct. 2015. 

[19]. Hegazy Rezk and Ali M. Eltamaly, “A comprehensive comparison of different MPPT techniques for photovoltaic systems,” Solar 
Energy, vol. 112, pp. 1-11, Feb. 2015. 

[20]. Deepak  Verma,  Savita  Nema,  A.M. Shandilya  and  Soubhagya  K. 

[21]. Dash, “Maximum power point tracking (MPPT) techniques: Recapitulation in solar photovoltaic systems,” Renewable Sustain. 
Energy Rev., vol. 54, pp. 1018-1034, February 2016. 



Solar PV based BLDC Motor Protection using Arduino Microcontroller 

International Conference on Innovation & Research in Engineering, Science & Technology                   74 | Page 

(ICIREST-19)  

[22]. J. Ahmed and Z. Salam, “A Modified P&O Maximum Power Point 

[23]. Tracking  Method  with  Reduced  Steady  State  Oscillation  and 

[24]. Improved Tracking Efficiency,” IEEE Trans. Sustain. Energy, vol. 7, no. 4, pp. 1506-1515, Oct. 2016. 
[25]. D. Sera, L. Mathe, T. Kerekes, S.V. Spataru and R. Teodorescu, “On the Perturb-and-Observe and Incremental Conductance MPPT 

[26]. Methods for PV Systems,” IEEE J. Photovolt., vol.3, no.3, pp.1070-1078, July 2013. 

[27]. A. Costabeber, M. Carraro and M. Zigliotto, “Convergence Analysis and Tuning of a Sliding-Mode Ripple-Correlation 
[28]. MPPT,” IEEE Trans. Energy Convers., vol. 30, no. 2, pp. 696-706, June 2015 

[29]. C. S. Moo and G. B. Wu, “Maximum Power Point Tracking With 

[30]. Ripple Current Orientation for Photovoltaic Applications,” IEEE J. Emerg. Sel. Topics Power Electron. vol. 2, no. 4, pp. 842-848, 
Dec. 2014. 

[31]. Shi Aiping, Gao Shun mark, Shi Jian, Shi Yun Yang and Ye Lihua, “Highly-efficient fully-automatic photovoltaic water pump 

system,” Patent CN 203548244 U, 16 Apr. 2014. 
[32]. Packiam Periasamy, N.K. Jain and I.P. Singh, “A review on development of photovoltaic water pumping system,” Renewable 

Sustain. Energy Rev., vol. 43, pp. 918-925, March 2015. 

[33]. S.  Jain,  R.  Karampuri  and  V.T.  Somasekhar,  “An  Integrated 
[34]. Control Algorithm for a Single-Stage PV Pumping System Using an Open-End Winding Induction Motor,” IEEE Trans. Ind. 

Electron., vol.63, no.2, pp.956-965, Feb. 2016. 

[35]. T.S. Franklin, J.J.F. Cerqueira and E.S. de Santana, “Fuzzy and PI controllers in pumping water system using photovoltaic electric 
generation,” IEEE Latin America Trans., vol.12, no.6, pp.1049-1054, Sept. 2014. 

[36]. A. K. Verma, B. Singh, D. T. Shahani, A. Chandra and K. Al- 

[37]. Haddad, “Combined operation of a VSC based grid interfaced solar photovoltaic power generation system with night time 
application,” 

[38]. IEEE PES General Meeting Conf. & Expo., National Harbor, MD, 2014, pp. 1-5. 

[39]. T. Esram and P. L. Chapman, “Comparison of photovoltaic array maximum power point tracking techniques,” IEEE Trans. Energy 
Convers., vol. 22, no. 2, pp. 439–449, Jun. 2007. 

[40]. G. Buja, M. Bertoluzzo and R. K. Keshri, “Torque Ripple-Free Operation of PM BLDC Drives With Petal-Wave Current Supply,” 

IEEE Trans. Ind. Electron., vol. 62, no. 7, pp. 4034-4043, July 2015. 
[41]. J. Shi and T. C. Li, “New Method to Eliminate Commutation Torque Ripple of Brushless DC Motor With Minimum 

[42]. Commutation Time,” IEEE Trans. Ind. Electron., vol. 60, no. 6, pp. 2139-2146, June 2013. 

[43]. V.  Viswanathan  and  J.  Seenithangom,  “Commutation  Torque 
[44]. Ripple Reduction in BLDC Motor Using Modified SEPIC converter and Threelevel NPC inverter,” IEEE Trans. Power Electron., 

Early Access. 

[45]. X. Li, C. Xia, Y. Cao, W. Chen and T. Shi, “Commutation Torque 
[46]. Ripple Reduction Strategy of Z-Source Inverter Fed Brushless DC 

[47]. Motor,” IEEE Trans. Power Electron., vol. 31, no. 11, pp. 7677-7690, Nov. 2016. 

[48]. Vimal Chand Sontake and Vilas R. Kalamkar, “Solar photovoltaic water pumping system - A comprehensive review,” Renewable 
Sustain. Energy Rev., vol. 59, pp. 1038-1067, June 2016. 

[49]. A. K. Mishra and B. Singh, “A single stage solar PV array based water pumping system using SRM drive,” IEEE Ind. Appl. Soc. 
Annu. Meeting, Portland, OR, 2016, pp. 1-8. 


