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ABSTRACT

Permanent magnet brushless DC (BLDC) motor drives are increasingly used
in a variety of applications starting with the most critical ones in aerospace to
high quality toys. As on today, almost all two-wheeler and three-wheeler electric
vehicles are driven by these motors. Apart from its wide acceptance in industry
and also for agricultural pumps, energy efficient domestic appliances such as refrig-
erators, air conditioners, washing machines and ceiling fans are being increasingly

driven by these BLDC motors.

These motors are equipped with hall sensors for the rotor position feedback
which is essential in switching currents to the appropriate stator windings in syn-
chronism with the obtained rotor position. Typically, in a three-phase BLDC
motor, apart from the three main power cables, five extra wires are needed for
the rotor position sensors, two for supplying power to these sensor units and the
remaining three for the position signals. These sensor units will occupy some space
anyway and are also sensitive to temperature variations. Use of hall sensors re-
duces the reliability and at the same time increases the cost. Coupled to this with
the problems associated with the assembly and accuracy, it’s always advantageous

to have a position sensor free system for driving this BLDC motor.

The back EMF based sensorless control is widely used in BLDC motors nowa-
days owing to its easy implementation and cost effectiveness. In this method, the

zero crossing point (ZCP) of the back EMF is estimated by detecting the ZCPs of



either the phase or the line voltages given to the motor. Among these two voltage
detection based methods, the line voltage ZCP based sensorless control method
uses simple circuits compared to the phase voltage ZCP based method. Moreover,
the line voltage ZCPs can be obtained directly from motor terminals. The investi-
gations carried out in this work on the line voltage ZCP method had brought out
more information on the errors associated with this method and remedial solu-
tions are successfully implemented. The available current in sensorless control can
be advantageously used to improve the line voltage ZCP based sensorless control
method. By using current in addition to terminal voltages, a novel line back EMF
based sensorless control technique is proposed in this work which improved the
performance of the drive. This has been done without using any costly processors
and hence is very economical which is one of the prime concerns addressed in
this work so as to make these sensorless schemes viable for low cost and medium
performance applications like majority of the domestic appliances and automotive
components. Hardware implementation of this proposed scheme is done and the
test results are in agreement with designed and simulated ones. Further studies are
carried out to improve these techniques and some improvements are also suggested

to eliminate the delay caused by the filter used for voltage sensing.

In a three phase BLDC motor, six power devices are usually used in an inverter
configuration. So as to decrease the cost of the drive, reduced parts converters
are being used with induction and permanent magnet synchronous motors. These
are also used in BLDC motors, but with a penalty of having an additional current

sensor. The use of four switches three phase inverter (FSTPI) with BLDC motor



necessitates extra high side current sensing. Addition of extra sensor nullifies
the benefit of having reduced number of switches. In this work, by appropriate
logic, the requirement of this additional current sensor is eliminated thus bringing
back the cost advantage of the reduced number of switches and that too on the

sensorless control mode.

To eliminate high side current sensing, a current reconstruction method is
proposed with a simple low side resistive current sensing which reduces the cost
of the drive. By using the reconstructed current, two direct current control tech-
niques are proposed. The first one is the constant ON/OFF control, where the
current is sensed during lower switch conduction period by fixing the upper switch
conduction time. The second method is the fixed frequency sensing control. Here,
a current sensing state is inserted at fixed intervals in to the operation of motor.
The same logic is extended to PWM control and proposed a modified symmetric
PWM for inserting the sensing states in to the operation. The hardware imple-
mentation of the single resistive current sensing with modified symmetric PWM is
carried out and the test results are again in agreement with the designed and sim-

ulated ones which definitely is a step ahead in having economic sensorless control

of BLDC motors.
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