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ABSTRACT 
In this paper, PV based fuzzy logic control for four switch three phase BLDC motor drive using single current sensor is proposed.   
Solar panel is a power source having non linear internal resistance. As the intensity of light falling on the PV panel varies, its 
voltage and internal resistance varies. The direction of zero crossing points of three phase function is given by position sensor less 
scheme based on the difference of motor terminals line voltages. In this method, back EMF zero crossing estimation is proposed 
and also single current controller for three phase is proposed. It leads to reduce the cost of the inverter. Fuzzy logic controller is 
used to stabilize the BLDC drive under dynamic response conditions and also reduce the ripples in closed loop. It is experimentally 
verified by using MATLAB, and digital oscilloscope. 
 
KEYWORDS: Fuzzy logic Control, Four switch three phase inverter, Position Sensor less Control, Zero Crossing point, Single      
current sensor  

 

INTRODUCTION 
 

Brushless DC motors are using in a many applications such as industrial automation and consumer 

appliances because of their high power density, compactness, efficiency, low maintenance and ease of control. 

Many studies have been carried out to reduce the cost of the BLDC motor and its control system without 

degradation in its performance. The cost reduction of variable-speed drives such as BLDC motor drives is done 

by two methods. One is the topological method and the other is the control method. From a topology point of 

view, switches and mechanical sensors are reduced for the inverter circuit. In the control approach, to produce 

the desired speed torque characteristics, algorithms are designed and implemented in conjunction with a reduced 

component inverter [3]. 

Conventional BLDC motor drives are generally implemented through a three-phase six switch inverter, 

three Hall Effect position sensors and two current sensors that generate signals for current commutation. 

However, these sensors have many drawbacks; they increase the motor cost and for reduction in system 

reliability it needs a special mechanical arrangements. Further, Hall sensors limits the operation of the motor 

hence they are temperature-sensitive[4]. Many researches on sensor less control techniques of BLDC motors 

have been carried out. These researches are divided into four types. 1) Detecting the zero crossing points of the 

motor terminal to neutral voltage with or without precise phase shift circuit .2) Back electromagnetic force 
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(EMF) integration method. 3) Sensing of the third harmonic of the back EMF. 4) Detecting the freewheeling 

diode conduction and related extended strategies. The back EMF zero crossing detection method is the most 

popular due to their simplicity among various techniques. At the same time, most of the sensor less methods for 

a six-switch inverter BLDC motor drive is not directly applicable to the four-switch inverter. It detects less than 

six points and other commutation instants must be interpolated via software is the main reason in the four switch 

topology. 

Based on the crossing points of the voltage of controllable phases the position information of the rotor can 

be found. Signals are made by detecting the zero crossing points of the stator terminal voltages in hall sensor, 

and there is no need to build a 30 degree phase shift, which is required in many sensor less algorithms. The 

above mentioned research works are all depends on two current sensors. In four-switch inverter, two common 

capacitors are used rather than using a pair of bridges, and phase c is uncontrolled since it is connected to the 

midpoint of the series capacitors. 

 

I=Iph-Io[exp(qVD/nKT)]-VD/Rsh                                                (1)     

 

Where; 

A BLDC motor needs quasi-square current waveforms, which are synchronized with the back emfs to 

produce constant output torque and have 120 degree conduction and 60 degree non conducting regions. Also, at 

every time only two phases are conducting and the other phase will remain inactive. The operation of BLDC 

motor is divided into six modes. Phase c has four modes, including modes 2, 3, 5, and 6. Only one switch should 

work in the four modes. Those modes are further divided into two sub operating modes. Phases a and b have 

current flowing through them in mode 1 and 4 and phase c current should be zero. Respective switch signals 

should be used in different working modes to eliminate current waveform distortion.  

 

A. Photovoltaic (Pv) System: 

A solar cell is the most fundamental component of a photovoltaic (PV) system. The PV array is constructed by  

 

 

 

 

 

 

 

 

 

Fig. 1: Output characteristics of PV array. 

 

many series or parallel connected solar cells to obtain required current, voltage and high power. Each Solar 

cell is similar to a diode with a p-n junction formed by semiconductor material. When the junction absorbs light, 

it can produce currents by the photovoltaic effect. The output power characteristic curves for the PV array at an 

insolation are shown in Fig: 1.1. It can be seen that a maximum power point exists on each output power 

characteristic curve. The Fig: shows the (I-V) and (P-V) characteristics of the PV array at different solar 

intensities. The equivalent circuit of a solar cell is the current source in parallel with a diode of a forward bias. 

The output terminals of the circuit are connected to the load. The current equation of the solar cell is given by

  

Iph = Photo current (A) 

ID = Diode current (A) 

ISH = Shunt current (A) 

VD = Voltage across diode (Volt) 

IO = Diode reverse saturation current (A) 

q = Electron charge = 1.6X10-19 (C) 

k =Boltzman constant = 1.38X10-23(J/K) 

T = Cell temperature (K) 

RS= series resistance (Ω) 

RSH = shunt resistance (Ω 
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Fig. 2: Equivalent circuit of PV Module 

 

The power output of a solar cell is given by  

 

PPV = E * I                                              (2) 

 

B .Implementation of Fuzzy Logic on BLDC Drive: 

To operate significant error and significant rate of change of error fuzzy Logic requires numerical 

parameters, Empirical tuning will determine the responsive performance and the exact values are not critical. 

For example, a temperature feedback sensor is used for temperature control system whose error is computed by 

subtracting the command signal with the date and error slope is obtained by time differentiated and that is called 

“error dot”. The units of error may be in degrees and F.2F is considered as small error and 5F as large error. The 

"error-dot" is represented as degrees/min with a small error-dot is 5F/min and a large is 15F/min. These values 

need not to be same and can be "tweaked" to optimize the performance when the system is operating. 

 
Table 1: Fuzzy logic rule table 

Rotor Position 

Angle (theta) 

 

Phase A 
 

Phase B 
 

Phase C 

-180 → -120 (mf1) 

 

-1 (mf1) 

 

0 (mf2) 

 
1 (mf3) 

-120 → -60 (mf2) 
0 (mf2) 
 

-1 (mf1) 
 

1 (mf3) 

60 → 0 (mf3) 

 

1 (mf3) 

 

-1 (mf1) 

 
0 (mf2) 

0 → 60 (mf4) 
 

1 (mf3) 
 

0 (mf2) 
 

-1 (mf1) 

60 → 120 (mf5) 
 

0 (mf2) 
 

1 (mf3) 
 

-1 (mf1) 

120 → 180 (mf6) 

 

-1 (mf1) 

 

1(mf3) 

 
0 (mf2) 

  

1.  Proposed work: 

 
Fig. 3: Proposed Circuit Diagram 

 

A. Description: 

Solar (PV) source is given as input of 12V. A boost converter is used to boost the input to 300V. Fuzzy 

controller is used to compare the speed values which are used to produce trigger pulse to inverter switch using 

pulse with modulation method. 

A BLDC has input of ac and the dc output. It was developed to obtain a reliable, high performance and low 

maintenance alternative to DC-motors. The basic principle of PMSM motor and BLDC motor are same, with 

the modification that the BLDC motor doesn’t need a sophisticated controller. The BLDC motor is said to be a 
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DC-motor since it is supplied with AC-voltage. Where and  represents the self and mutual inductance. The 

phase voltage equations are 

                (6)                                                                              

              (7)   

                 (8)           

 

2. Control system of Four-Switch Three-Phase BLDC Motor using Single Current Sensor: 

 
 

Fig. 4: Controller circuit 

 

The double loop structure is implemented in the controller. The inner current loop manages the rectangular 

current waveforms that reduces the maximum current, and determine the stability of the system. The static and 

dynamic performance of the system is implemented by using outer speed loop. The outer loop protects the inner 

loop without any disturbances and that can be eliminated if disturbances occur.  

 

3. Back EMF Zero Crossing Estimation Method: 

Based on the zero crossing point of the terminals phase voltage the position sensor less BLDC motor drive 

is proposed. The back EMF waveform from the zero crossing point is measured indirectly from the three 

terminal voltage of the motor. Hall sensor signals are made by means of estimating the back EMF’s. At the 

commutation instants the voltage spikes appeared at the simulated back EMF waveforms. These voltage spikes 

are due to the conduction of the free-wheeling diode at the phase commutation instants and that should be 

filtered out. Lest they cause unnecessary zero crossing points. Three low pass Butterworth filters of order 2 with 

cut off frequency about 500 rad/sec are chosen to eliminate this problem. 

 
 

Fig. 5: Zero crossing estimator 

 

4. Modes of Operation: 

A. Mode 1: 

 
 

Fig. 6: Equivalent circuit of mode 1 
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The Switch S1 and S4 conducts which gives the working phases as +a and –b and the current restraints are 

ia=I* and ib=-I*. The hall sensor value is 101.  

          

B. Mode 2: 

 
 

Fig. 7: Equivalent circuit of mode 2 

 

The Switch S1 conducts which gives the working phases as +a and –c and the current restraints is ia=I*. The 

hall sensor value is 100. 

 

C. Mode 3: 

 
 

Fig. 8: Equivalent circuit of Mode 3 

 

The Switch S3 conducts which gives the working phases as +b and –c and the current restraints is ib=-I*. 

The hall sensor value is 110 

 

D. Mode 4: 

 
Fig. 9: Equivalent circuit of Mode 4 

 

The Switch S2 and S3 conducts which gives the working phases as +b and –a and the current restraints are 

ib=I* and ia=-I*. The hall sensor value is 010 

 

E. Mode 5: 

 
 

Fig. 10: Equivalent circuit of Mode 5 
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The Switch S2 conducts which gives the working phases as +c and –a and the current restraints is ia=-I*. 

The hall sensor value is 011. 

 

F. Mode 6: 

The Switch S4 conducts which gives the working phases as +c and –b and the current restraints is  ib=-I*. 

The hall sensor value is 011 

 

 
Fig. 11: Equivalent circuit of Mode 6 

 

5. Simulation & Hardware Results: 

Simulation results are verified by MATLAB/simlink and hardware results are verified by oscilloscope. The 

proto type panel output voltage is 24V.   

 
Fig. 12: Proposed four switch BLDC Motor   

 

A. Hall Sensor Signal:  

 
Time(msec) 

(a) 

B. Phase Current: 

 Voltage(V) 
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Time(msec) 

(b) 

C. Back Emf: 

 
Time(msec) 

(c) 

D. Voltage Functions: 

 
Time(msec) 

(d) 

E. Rotor Speed& Electromagnetic Torque:  

 
Time(msec) 

(e) 

Fig. 13: Simulation results of (a) Hall sensor signals (b) Phase current (c) Back Emf (d) Voltage functions (e) 

Rotor speed and Electromagnetic torque. 

 I(a) 

 I(b) 

 I(c) 

  V(a) 

  V(b) 

  V(c) 

N(rpm) 

T(nm) 

  V(a) 

  V(b) 

  V(c) 
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Fig 13 represents the simulation results of the proposed BLDC motor model. In this modelling we obtain 

the phase voltage of Vphase =415 V. Speed of the BLDC motor is 1500 rpm.  

 

 
 

Fig. 14: Proposed Hardware image 

 

Fig 14 shows the hardware image of the PV based four switch BLDC motor. Fig 15 &16 also shows the 

phase voltages of BLDC motor which are displayed using the digital oscilloscope.  

 

 
Time(msec) 

Fig. 15: Phase A voltage of BLDC motor 

 

 
Time(msec) 

Fig. 16: Phase B voltage of BLDC motor 

 
Table 2: Components and Its Specifications 

S.No Components Specifications 

1 PIC 16F877A 

2 Buffer 74LS244A 

3 Gate Driver IRS2110 

4 Opto-Isolator TLP250 

5 Triac BT136 

6 Diode IN2007 

7 Mosfet IRF840 

8 Resistor 10 ohms , 22 ohms 

9 Capacitor 
2200 micro farad, 

10 micro farad 

10 Inductor 20 micro henry 

  V(a) 

  V(b) 
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Conclusion: 

 In this paper new PV based fuzzy logic control of BLDC drive was employed and the output has been 

simulated using MATLAB software. Its feasibility is checked with the simulated results of the conventional 

method. A hardware prototype also developed for proposed systems which are displayed using the digital 

oscilloscope. In this strategy the switches and current sensors are reduced and also improved the BLDC drive 

performance under dynamic response conditions with the help of fuzzy logic controller. By detecting the 

difference between the zero crossing points of the line voltage measured at the terminals of the motor, virtual 

hall sensor signals are used. There is no need to any phase shift which is prevalent in most of the sensor less 

algorithm in the proposed sensor less scheme.  
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