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Abstract — This paper deals with the controlling of a permanent magnet brushless DC motor which can be done using a sensor
control and a sensor less control technique. The characteristics of a brushless DC motor involve high efficiency and reliability as
compared to the other motors of the same rating. The duty cycle of the motor is calculated using a PWM technique for both the
methods used in controlling of a PMBLDC motor. A PID controller is also used for the speed control of the motor for sensor control
and sensor less control method.
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. INTRODUCTION

A Permanent Magnet Brushless DC motor uses electronic commutators which are replaced in place of brushes that are used in other
motors. The principle of a PMBLDC motor is similar to that of a conventional DC motor but has better characteristics and
performance as compared to the other motors. For a BLDC motor the graph between current-torque and voltage-rpm is a straight line
which shows a linear relationship. A BLDC motor has wide industrial applications since industries require medium and high speed
motors. Using a PMBLDC is more advantageous as it reduces mechanical losses, has high efficiency, noiseless operation and
improved speed-torque characteristics. A PMBLDC motor can be controlled using a sensor control or sensor less control technique
depending upon the type used. A PID controller is used for speed control which can be closed loop or open loop control method,
which also amplifies the speed of the PMBLDC motor. A PWM technique is used to vary the duty cycle which hence controls the
speed of the motor. For a sensor control technique knowledge of exact position of rotor is required whereas sensor less control is used
to overcome the disadvantages of a sensor control technique.

1. MATHEMATICAL MODELLING FOR A PMBLDC MOTOR

Typically, mathematical model of a PMBLDC motor is similar to that of a conventional DC motor that are having same rating. The
review of the modeling of a PMBLDC maotor is done using some equations involved in the process
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Fig. 1: Brushless DC motor schematic diagram
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The phase voltage equations for a PMBLDC motor can be as follows:

dl,
Va = Rala + L(E) + Ea

Vb = Rblb + L(—) + Eb

dl,
dt

dli,
Ve =Rl + L(E) +E.

Where, V,,V,, V. are the phase voltages
I, Iy, lcare the phase currents
E., Ey, Ecare the back EMPF’s

The back EMF’s can be expressed as:
E, = KewnF(6e)

21
E, = KcwyF(6e — ?)
21
E, = K.w,F(0e + 3

Where, o, is the angular speed
0. is electrical angle of the rotor

F(0,) is the back EMF reference function of rotor position

1. CONTROL STRATEGY OF ABLDC MOTOR

A BLDC motor is referred to a bipolar drive where “bipolar” means that a winding is energized alternatively by both north and south
poles. A bipolar drive strategy includes both sensor control technique and sensor less control technique for the smooth functioning of
the motor. In a sensor based technique hall sensors and position sensors are used whereas in a sensor less control technique position

encoders and back emf’s are used.

_Ir*n--——’

s*_lés’_lbsyb BELDC MOTOR
.
be b Pn
C -+ Ec [
. ’qf‘}s‘*—i[l} R

Fig. 2: APMBLDC motor connected to inverter drive system

815 www.ijergs.org




International Journal of Engineering Research and General Science Volume 3, Issue 1, January-February, 2015
ISSN 2091-2730

For a three phase PMBLDC motor application, a typical inverter drive operation is used which is divided into six modes according to
the current conduction states and current sequence. The switches in an inverter drive system are operated for the phase currents of
120° when the back emf is constant and the commutation sequence is changed for the angle of every 60° electrical.
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Fig. 3: Trapezoidal Back EMF waveform for a BLDC motor

A PWM control technique is used to adjust the duty cycle whose frequency is about 10 times to that of the maximum frequency of the
circuit. The average output voltage is controlled through duty cycle of PWM control technique whose relationship is given by:

Vavg =D Vinput

A PID controller is used for the speed control of a PMBLDC motor which incorporates two types of speed control techniques such as
open loop speed control and closed loop speed control. A feedback path is given to the circuit which measures the actual speed and
compared with the reference speed, the error speed signal generated is given as input to the PID controller and the output of the PID
controller is subjected to the current limiter. The output of the PID controller is a DC square wave that is compared with a continuous
triangular wave. The values of K, K;, and K are calculated using a Ziegler Nicholas method.
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Fig. 4: Speed Control diagram through PID Controller
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The figure shown above represents the simulink model for a PID control loop which is formed by the combination of Proportional-
integral-derivative control.

v. SIMULATION CIRCUIT AND RESULT ANALYSIS

A Matlab Simulation model of a PMBLDC motor for both sensor control method and sensor less control method is shown in the
figure where a reference speed for both the control techniques has been set at 1650 rpm where a load torque disturbance is applied for
a time period of 0.05 seconds. From the figure the two control techniques are compared with the simulink model and their waveforms.

The model shown below is of a PMBLDC motor with sensor control technique where reference speed is set at 1650 rpm. A PWM
generator is used which adjusts the duty cycle and controls the speed of the motor. A decoder is used for the conversion of hall sensor
signal to the equivalent EMF signal that is given to the PWM generator. A demultiplexer is used so that the pulses obtained are
divided equally and given to the gate signals.
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Fig. 5: Simulink model of a PMBLDC motor using sensor control
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Back EMF Waveform Electromagnetic Torque for sensor control

The model and the result analysis shown below is of a PMBLDC motor of a sensor less control technique where a motor torque has
been divided into two parts that is stator back EMF and the motor output. The output from the stator back EMF is given to the PWM
generator. Using demultiplexer the pulses obtained are equally divided and given to the gate pulse of the IGBT.
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Fig. 6: Simulink model of a PMBLDC motor using sensor less control
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Back EMF Waveform Phase Current Waveform
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V. CONCLUSION

This paper deals with the modeling and performance of a PMBLDC motor and comparison between the sensor control method and the
sensor less control method using a PID control for speed analysis and current limiter and a PWM control for variation of duty cycle.
From the calculation of the values and graphical analysis of voltages and currents it is found that a BLDC motor with sensor less
control technique is more advantageous as compared to a BLDC motor with sensor control technique. In this paper controlling of a
PMBLDC motor with different techniques is proposed, analyzed, and extended by overcoming the drawbacks of a BLDC motor over
a conventional DC motor of same rating.

REFRENCES

[1] Pillay, P., and R. Krishnan. “Modeling of permanent magnet motor drives.” IEEE Transactions on Industrial Electronics35.4
(1988): 537 - 541.

[2] Pillay, P., and R. Krishnan. “Application characteristics of permanent magnet synchronous and brushless DC motors for servo
drives.” IEEE Transactions on Industrial Applications27.5 (Sep/Oct. 1991): 986 - 996.

[3] Ogasawara, S., and H. Akagi. “An approach to position sensorless drive for brushless DC motors.” IEEE Transactions on
Industrial Applications27 (Sept. /Oct. 1991): 928-933.

[4] Lu, C. W. “Torque controller for brushless DC motors.” IEEE Transactions on Industrial Electronics46.2 (Apr. 1999): 471 - 473.

[5] Kusko, A., and S. M. Peeran. “Definition of the Brushless DC Motor.” Industry Applications Society Annual Meetingl.1 (1988):
20 - 22.

[6] Johnson, J.P., M. Ehsani, and Y. Guzelgunler. “Review of sensorless methods for brushless dc.” Proceedings of IEEE 1AS 1999
Conferencel (1999): 143 - 150.

[7] Tizuka, Kenichi., H. Uzuhashi, M. Kano, T. Endo, and K. Mohri. “Microcomputer control for sensorless brushless motor.” IEEE
Transactions on Industrial ApplicationslA-21.4 (May/June 1985): 595 - 601.

[8] Hong, W., W. Lee and B. K. Lee. “Dynamic simulation of brushless DC motor drives considering phase commutation for
automotive applications.” Electric Machines and Drives Conference (2007): 1377- 1383.

819 www.ijergs.org




International Journal of Engineering Research and General Science Volume 3, Issue 1, January-February, 2015
ISSN 2091-2730

[9] Hiyama, T., W. Zhang, and S. Wakasugi. “Eigenvalue based wide area dynamic stability control of electric power systems.” |IEEE
conference on Intelligent Systems Applications to power Systems (Nov 2007): 1-6.

[10] Harnefors, L., and M. Hinkkanen. “Complete stability of reduced-order and full order observers for sensorless IM drives.” IEEE
Transactions on Industrial Electronics 55.3(March 2008): 1319 - 1329.

[11] Chung, H. S., A. Ionovici, J. Zhang. “Describing functions of power electronic circuits using progressive analysis of circuit
waveforms.” |IEEE Transactions on Circuits and Systems I: Fundamental Theory and Applications 41.7 (July 2000): 1026-1037.

[12] Chen, J., and P. C. Tang. “A sliding mode current control scheme for PWM brushless DC motor drives.” IEEE Transactions on
Power Electronics14.3 (1999): 541-551.

[13] F. Rodriguez and A. Emadi , “A novel digital control technique for brushless DC motor drives, ” IEEE Trans. Ind. Electron., vol.
54, no. 5, pp. 2365-2373, Oct. 2007.

[14] A.Sathyan, N. Milivojevic, Y.-J. Lee, M. Krishnamurthy, and A.Emadi “An FPGA-based novel digital PWM control scheme for
BLDC motor drives,” IEEE Trans. Ind. Electron., vol. 56, no. 8, pp. 3040—Aug. 2009.

[15] A.Sathyan, N. Milivojevic, Y.-J. Lee, M. Krishnamurthy, and A.Emadi “An FPGA-based novel digital PWM control scheme for
BLDC motor drives,” IEEE Trans. Ind. Electron., vol. 56, no. 8, pp. 3040— Aug. 2009

820 www.ijergs.org




