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Abstract

Brushless dc (BLDC) motors are electronic controlled and have the rotor position for
commutating the stator winding current. This paper presents the BLDC motor sensor less speed
control system with fuzzy logic implementation. The sensor less method based on the back EMF
sensing and the rotor position detection with a high starting torque is suggested. This Paper
presents the efficient power generation of Photovoltaic System and deal with the sensor less
control of BLDC motor. The controller design of a solar module has established for maximum
power. It consists of a solar panel and boost converter for maximum power generations. This
boost converter can be operating step up mode with less passive component counts and non-
inverted output voltage polarity. The sensor less control of BLDC motor based on fuzzy control
and a potential start-up method with a high starting torque are indicated. The rotor position is
adjusted at standstill for high starting torque. The stator current can be changed by modulating
the pulse width of switching devices during alignment. The controller performance of solar
module and corresponding simulation results are verified by using MATLAB/Simulink
environment.

Keywords: Brushless DC (BLDC) Motor, Boost Converter (BC), Photovoltaic (PV) Source,
Fuzzy Controller.

Introduction:

Brushless dc (BLDC) motor is used in medium and low power application because high
efficiency, high flux density, low maintenance, high ruggedness, low EMI problems and speed
control. In BLDC motor the stator have winding and rotor having the permanent magnet, no
brushes and commutator in the BLDC motor, so it doesn’t have the sparking issues as compared
to the DC motor so in BLDC motor has low EMI problem [1-2]. The BLDC motor used in the
industrial application, home appliance, robot manipulator where speed and torque will be
required. To sense the position of rotor by using the hall sensor method. This motor has
trapezoidal EMF and used in variable speed drive and has high efficiency. The conventional
speed control method has some difficulties but in proposed fuzzy controller is used to get a high
efficiency and better dynamic performance [3-5].
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The special converters are present but we use the basic boost converter for analyzing the speed
control of sensorless brushless dc motor. The boost converter used to boost the voltage from the
solar PV array. In boost converter pulse generator is fed to the gate signal of the converter. This
paper presented a simplified buck-boost converter having cascading of simplified and controlled
active switching arrangement is perfect suitable to extract power from varying solar system. The
proposed active power generation of photovoltaic is used to provide a continuous and control of
power across DC-Link of inverter fed Brushless DC Motor [6-10].

Photovoltaic fed Four-switch DC-DC converter is interfaced with inverter scheme for providing
continuous and controlled voltage to inverter DC link. Classical approach of four switch buck-
boost converter and current fed solar converter scheme is suitable a choice for photovoltaic fed
motor drives system and also to overcome the drawbacks of converter system is in literatures.
But those are still having some limitation in low current generation, low voltage generation,
photovoltaic shading problem and multi-stage power conversion system [11]-[15].

The first section gives the introduction about the paper. The second section of the paper is about
the proposed Sensorless control of BLDC drive. Design of speed controller with fuzzy technique
is discussed in the third section. The fourth section deal with the simulation results through
MATLAB environment. The final section presents the conclusion and future work.

2. Proposed Sensorless Control of BLDC motor

The PV power is generated to run the BLDC motor. A single diode equivalent circuit basis
photovoltaic model is sophisticated in this paper because it is having simple structure, reliable in
operation and easily adjusting parameters when this interfacing with power converters over
classical multi diodes structures. In this paper, advances in power generation is includes such as
good module of PV, choice of suitable power converter medium with respect to efficiency and
derivation of adequate algorithm for maximum power extraction is shown in Fig.1.

PV j> Boost :> VSI :>
Converter

r 1T

Pulse Fuzzy { Iadp Ic
Generator Controller

Fig 1: Proposed Block Diagram of BLDC motor For PV application
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A photovoltaic system playing role an electricity generation in distributed generation. PV system
consists of number of solar cells these are connected in series for generating electrical power
with high potential. PV directly converts the electricity from sunlight without any rotational
parts. The photovoltaic array process used to refers the photons of light exciting electrons into
higher range of energy and permitting as charge carriers for an electric current. The solar cell is
defined as unbiased mode of operation in which current by the device completely represent due
to the physical energy and every solar cell devices are used in some type of photodiode. Solar
cells are building blocks of photovoltaic module, otherwise known as solar panels. The basic
equivalent circuit diagram of solar array is shown in figure 2.
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Fig 2: Equivalent circuit diagram of PV cell
i = 1 = ferp (22| &

Where in above equation (1) current and Voltage of photovoltaic array is denoted by Ip, and Vpy,
respectively, short circuit current of photovoltaic array and saturation current are denoted by I,
and I, Respectively. Coulomb constant (q) (1.602 x 1071%) and Boltzmann constant (k)
(1.38 x 10723] /K) are applied for derivation of photovoltaic current (Ipy).

The construction of brushless DC Motor has coil and permanent magnet for stator and rotor
respectively. Stator develops a flux to rotate the rotor by magnetic flux attraction. Hall Effect
sensor is used to detect rotor position. Armature is not build with coil but is made of a permanent
magnet. Incremental encoder logic is uses for replacing of Hall Effect sensor to find the rotor
position. The proposed system is called sensor-less control scheme implemented using phase
current sensing system. The speed signal is compared for torque control using Fuzzy logic
scheme, resulting in accurate torque and speed performance of brushless DC Motor.
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3. Design of speed controller using the fuzzy rule

The proposed method is based on the fuzzy logic sensorless BLDC motor. In boost converter the
gate signal is applied by using the pulse generator. The voltage source inverter the gate pulse is
applied by the fuzzy rule. The Fuzzy logic control circuit is consists of fuzzification,
defuzzification and decision making stage [28] which is shown in Fig.6. The proposed fuzzy
logic controller applied in speed control and indirectly controls a torque using d-q reference
current generation.
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Fig 3: Membership functions of 1/O fuzzy sets

4. Simulation Results and Discussion

The proposed circuit and topology is implemented using MATLAB/Simulink and that is shown
in Fig.4 using parameters shown in Table I. A maximum extraction of single diode photovoltaic
system is implemented on 50V/160W capacity shown in Fig.5 with high efficiency and boost

converter (BC) with high step up ratio and capability of present converter performance is shown
in Fig.6 across DC-Link.
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Fig 4: simulation implementation of proposed photovoltaic fed BC and sensorless control of

brushless DC Motor
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Table I Simulation parameters

Name Range

Impedance source inductors (L) 0.001mH

Impedance source capacitors(Cy) 1000uF

Switching frequency (f) 4500Hz

Photovoltaic voltage (PV}) 50V

DC-Link Voltage (V) 58V

Motor parameters

Stator resistance () 6.5
Stator inductance (mH) 6.5
Rotor moment of inertia(mH) 0.8
J(kg.m?)
Number of poles (Np) 4
Load Torque constant (k) 1.2124
Rotor speed (w,) 1180
S | | = | =
= ; i ' |
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S . i . |
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Fig 5: (a) PV voltage, (b) PV current
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Fig 6: DC Link voltage

The present Brushless DC Motor performances was achieved by present sensor-less topology in
stator voltage, stator current as well as speed which is shown in Fig.7 and 8 respectively. The
speed and torque characteristics of brushless dc motor are shown in Fig.9 and 10 respectively.
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Fig 7: Stator voltage of BLDC motor
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Fig 8: Stator current of BLDC motor
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Fig 9: Speed characteristics of BLDC motor
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Fig 10: Torque Characteristics of BLDC motor
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5. Conclusion

The proposed paper is explained about the speed control of brushless dc motor using the fuzzy
logic controller. The proposed circuit has continuous flow of current to the sensorless brushless
dc motor. The design and use of solar panel for extracting the maximum power and the power is
fed into the BLDC motor. Proposed Boost Converter is used to obtain a high step up lossless
power conversion by continuous tracking capability of pulse generator and also provides a
continuous power to inverter DC-Link. Proposed sensor-less vector control is having simplified
approach and torque, speed control is achieved using fuzzy logic controller. Performance of
drive is maintained in desired limits by phase current of angle control, field control of speed and
flux control circuitry. The performance of solar power generation using boost converter fed
sensor-less controller for Brushless DC Motor is implemented using MATLAB/Simulink and
performance are verified by simulation results.
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