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Abstract— In this project, a cost-effective position sensor less 

control for six-switch three-phase BLDC motor drive using a 

single current sensor is proposed. The six-switch three phase 

inverter used in six commutation modes based on current 

control and sensor less control scheme using back EMF 

method is developed. The four-space-vector scheme was used 

in the six commutation modes based on current control. The 

topology of sensor less six-switch three phase inverter is 

introduced to reduce the mechanical commutation and sensor 

failure.  Sensor less BLDC motors are also simpler and 

potentially more reliable than units that use Hall-effect 

sensors, especially if the application is in humid and dirty 

environment. The motors that rely on measurement of back 

EMF to determine relative positions of stator and rotor so that 

the correct coil energizing sequence can be implemented. The 

feasibility of the proposed sensor less control of six-switch 

three phase inverter fed brushless DC motor drive is designed 

and simulated. The results of simulation using MATLAB 

Simulink is analyzed and presented. Hardware 

implementation is also done along with PCB design using 

Proteus Design Suite. 
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I. INTRODUCTION 

BLDC motors have emerged as the recent choice of 

researchers and scientists. Brushless DC motors are 

becoming more common in a variety of motor applications 

such as fans, pumps, appliances, robotic automation, and 

automatic drives. The reason for their increased popularity is 

better speed versus torque characteristics, high efficiency, 

long operating life, and noiseless operation. But it is not 

desirable to use position sensors for applications where 

reliability is of at most importance because a sensor failure 

may cause instability in the control system. Thus, it is very 

much necessary to eliminate its disadvantages. 

II. SENSORED SPEED CONTROL 

Some of the most frequently used devices in position and 

speed applications are Hall Effect sensors. These kinds of 

devices are based on Hall Effect theory, which states that if 

an electric current carrying conductor is kept in a magnetic 

field, the magnetic field exerts a transverse force on the 

moving charge carriers that tends to push them to one side of 

the conductor. A build-up of charge at the sides of the 

conductors will balance this magnetic influence producing a 

measurable voltage between the two sides of the conductor. 

Unlike a brushed DC motor, the commutation of a BLDC 

motor is controlled electronically. To rotate the BLDC, motor 

the stator windings should be energized in a sequence. It is 

important to know the rotor position in order to understand 

which winding will be energized following the energizing 

sequence. Rotor position is sensed using Hall Effect sensors 

embedded into the stator. The hall sensor is normally 

mounted on a printed circuit board and fixed to the enclosure 

cap on the non-driving end. 

III. SENSORLESS SPEED CONTROL 

 
Position sensors can be completely eliminated, thus reducing 

further cost and size of the motor assembly, in those 

applications in which only variable speed control is required 

and system dynamics is not particularly demanding. In the 

excitation of a three phase BLDC motor, except for the phase 

commutation periods, only two of the three phase windings 

are conducting at a time and the non-conducting phase carries 

the back EMF.  There are many categories of Sensor less 

control strategies: however, the most popular category is 

based on back electromotive forces. Sensing the back EMF 

of unused phase is the most cost-efficient method to obtain 

the commutation sequence in star wound motors. Since back 

EMF is zero at stand still and proportional to speed, the 

measured terminal voltage that has large signal to noise ratio 

cannot detect zero crossing at low speeds. That is the reason 

why in all back EMF based sensor less methods the low speed 

performance is limited, and a closed loop starting strategy is 

required. 

IV. BLOCK DIAGRAM 

 
Fig. 1: Block diagram of Power Supply 

The ac voltage, typically 220V rms, is connected to a 

transformer, which steps that ac voltage down to the level of 

the desired dc output. This Step-down transformer’s 

secondary will be connected to the rectifier. When four 

diodes are connected, the circuit is called as bridge rectifier. 

A regulator circuit removes the ripples and also remains the 

same dc value even if the input dc voltage varies. The input 

to the circuit is applied to the diagonally opposite corners of 
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the network, and the output is taken from the remaining two 

corners. This voltage regulation is usually obtained using one 

of the popular voltage regulator IC units. 

V. MICRO CONTROLLER 

Microcontroller is a general-purpose device, which integrates 

a number of the components of a microprocessor system on 

to single chip. It has inbuilt CPU, memory and peripherals to 

make it as a mini computer. A microcontroller combines on 

to the same microchip: 

 The CPU Core 

 Memory (both ROM and RAM) 

 Some parallel digital i/o    

 The PCB Design layout is done in Proteus design 

suite. Proteus PCB design software seamlessly combines 

Schematic Capture and PCB layout to provide a powerful, 

integrated and easy to use suite of tools for professional PCB 

Design 

VI. DRV10866 

DRV10866 is a 3-phase, sensor less motor driver with 

integrated power MOSFETs with drive current  

 
Fig. 2: Functional block diagram of Drive 

 capability up to 680- mA peak. DRV10866 is 

specifically designed for low noise, low external component 

count fan motor drive applications. DRV10866 has built-in 

over current protection with no external current sense resistor 

needed. The synchronous rectification mode of operation 

achieves increased efficiency for motor driver applications. A 

150° sensor less BEMF control scheme is implemented for a 

3-phase motor. The Functional block diagram of Drive is 

shown below in figure 2 

VII. PRINTED CIRCUIT BOARD DESIGN 

Here we have used PIC 16F877A to provide PWM pulses to 

the drive. Technology that is used in pic16F877A is flash 

technology, so that data is retained even when the power is 

switched off. Easy Programming and Erasing are other 

features of PIC 16F877A 

VIII. SIMULATION IN PROTEUS DESIGN SUITE 

The PCB Design layout as visible in Proteus design suite is 

given below in figure 3. 

 
Fig. 3: Schematic Diagram of Driver Circuit 

 The variation of the input Duty Cycle which is 

verified in Proteus design suite shall be viewed below in 

figure 4.  

 
Fig. 4: Duty cycle variation 

IX. SPEED CONTROL OF SIX SWITCH SENSOR 

The Hardware model of Speed control of sensor less BLDC 

motor is shown below in figure 5. 

 
Fig. 5: Hardware model of Speed control of sensor less 

BLDC motor 
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X. ADVANTAGES 

Some of the Advantages of Sensor less BLDC Motor are, 

1) Sensing part is totally eliminated 

1) Back EMF is calculated using Zero Crossing Point. 

2) Cost Efficient System 

1) Since no Hall sensor is needed for current 

commutation thus speed control becomes cost 

effective. 

3) Highly efficient in all environmental conditions 

1) Hall sensors are temperature sensitive. 

2) They limit the operation of the motor 

3) No Excessive Mechanical arrangements are needed 

to mount the hall sensor. 

4) Noiseless operation is performed comparatively. 

5) Reliability of the system is improved. 

XI. APPLICATIONS 

Some of the Applications of Sensor less BLDC Motor are, 

1) Electric Vehicle 

2) Heating and Ventilation System 

3) Industrial Engineering Applications 

4) Actuators for Motion Control Systems 

5) Positioning and Actuator System 

6) Bio medical Applications 

7) Feed Drives for CNC machines 

XII. CONCLUSION 

Cost effective position sensor less control for six-switch 

three-phase BLDC motor drive is proposed and simulation 

results are carried out. The simulation of the brushless DC 

motor drive is done using the software 

MATLAB/SIMULINK. Back EMF, phase voltage, phase 

current, rotor speed waveforms are analyzed. Unlike the 

conventional current control strategy, the sensor less single 

current control strategy is used to develop the performance of 

speed control. Pulse width modulation scheme can eradicate 

the offset voltage in the back electromotive force signal 

caused by the voltage drop of the insulated bipolar. There are 

no hall sensors, therefore, the system becomes robust, 

optimized design, higher efficiency and better speed. 

Hardware Prototype of Sensor less BLDC motor using back 

EMF detection was implemented and tested.  
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