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Abstract.The paper aims to define the speed control of Brushless DC Motor (BLDC)
drive using an Adaptive Neuro Fuzzy Interface System (ANFIS) controller. ANFIS
controller-based switching scheme reduces the power quality issues present in the
system by minimizing the Total Harmonic Distortion (THD). Incremental conductance
algorithm-based control technique for the Maximum Power Point Tracking (MPPT) in
variable solar irradiation conditions for photovoltaic (PV) system is proposed. INC
algorithm are used to operate the photovoltaic panels at maximum power, by generating
PWM pulse to control the flyback converters in differential power processing mode.
BLDC motor drive is electronically commutated by means of switching logical pulses
from the rotor position sensor using PI controllers. The simulation shows the
significance and robustness of BLDC drive and the results offered illustrates the
intended control is effective, with fast responseandminimum settling times.

Keywords. Photovoltaic, Incremental Conductance, flyback converter, adaptive neuro-
fuzzy control, BLDC.

1. Introduction

The power density and higher efficiency of Permanent magnet (PM) motors finds
applications in industrial automation and consumer electric appliances. ThePMmotor
drives are classified into PMACmotorswith sinusoidal back EMF and brushless dc
(BLDC) motors with trapezoidal back EMF. The PMAC motor are excited by 3-¢
sinusoidal current, whereas thePMBLDC motor are driven by currents oftrapezoidal
waveform. BLDC motor are sparkless with fewer loss, more efficiency, noise free,
faster response and sparkless due to the absence of brushes. The BLDC control is
intended to get faster response for the speed variations imposed on the motor, makes
the system dynamically stable with less steady state error.

The controllers of Artificial Intelligence techniques like Fuzzy controller,
ANFIS and few expert systems are being widely used inthe various application.
ANFIS based controller is proposed in the research work for the speed control of
BLDC motor. ANFIS is a rule-based system, highly stable, acts faster with less steady
state error and improves the system response superior to that of fuzzy logic controller.
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Mathematical model of BLDC model design controlled by ANFIS controller is
compared with the performance with fuzzy controller in [1], torque ripple is
minimized using the torque controller for BLDC motor using unideal back emf [2],
torque ripple minimization using dq reference frame and indirect stator flux control
using d-axis [4] and speed control using hall effect sensor fixed in stator of BLDC [3].
PFC correction using Cuk converter fed BLDC drive using current/voltage follower
approach for [5], using Bridgeless-Luo Converter Fed BLDC Drive[11], PFC and
speed control using BL-CSC Converter Fed BLDC Motor Drive[10], Performance of
BLDC motor fed by solar energy and control by electronic commutation [6], solar PV
with grid interactive BLDC drive for water pumping system with bidirectional power
transfer and without current sensor is studied [7]. Solar PV with differential power
processing converters techniques using least power point tracking algorithms [8] and
the DPP converter with current Sensorless topology for PV panels under partial
shading condition in [12]. Sensorless control of high-speed BLDC drive with speed
control system with the commutation errors compensation [9] is studied. From the
above studies it is suggested that an DPP converter with PV Source for speed control
of high-speed BLDC motor.

2. Photovoltaic System

From the global mix of energy sources, the renewables include, geothermal,
hydrothermal, biomass, wind and photovoltaics. Of the available sources, Clean
Source for the energy generation is photovoltaic energy and the deployment costs not
competent with the initial installed costs of fossil fuels for electrical energy
generation. The parameters of Trina Solar TSM-220PA05.30 module is tabulated in
Table 1. The PV characteristics of one solar panel, for different solar irradiance level
ranging from 0.1KW/sq.m to 1kW/Sq.M is shown in figure 1. The IV and PV
characteristics of a solar array with 14 series module, one parallel string is shown in
figure 2. The net current through the PV cell is given by the difference of the
photovoltaic current ILand the normal diode current Ioand it is given by
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The RS represents the resistance present in each PV cell given by the relation (2).

R.=— 1r.'lf S
' dlyge Hv )
The open circuit voltage of the PV module is given by the equation (3).
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The Fill Factor of the solar cell may be greater than or equal to 0.7, derived by the
equation (4)
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3. Control Approach

The proposed control system has four significant parts; solar PV control through
MPPT strategy, Differential processing of power of each PV panel, control of
permanent magnet BLDC motor through electronic commutationand the speed control
of BLDC motor by ANFIS Controller.

3.1 .Maximum Power Point Tracking (Incremental Conductance Algorithm)

The maximum power point variation on the solar panel depends on the angle with the
sunlight impinges over the solar panel (angle of incidence), irradiation and the cell
temperature. This work aims to explore and extract the maximum power from the
solar PV modules by means of maximum power point tracking system using
Incremental Conductance (INC) algorithm. The duty cycle of flyback converter on
differential power processing mode is controlled by INC algorithm to ensure
maximum power point at its maximum efficiency. INC algorithm was proposed to get
control of the downside of P&O algorithmandto progress the energy extract from the
solar panel by reducing the tracking time for a wide range of irradiation change. INC
calculation is recognized in the way that slope of characteristic is zero at the MPP. If
dPpv/dVpv is negative then MPPT is lies on the right side of recent position and if the
dPpv/dVpv is positive the MPPT is on left side. In INC algorithm, the duty cycle
control (D) is implemented to realize the maximum power point, the control variable
perturbs with constant pulse width and rate bestowing to the power slope until the
operating point reaches MPP.

3.2. Differential Power Processing (DPP) on Flyback Converter

In the differential power processing (DPP) strategy, the converters are classified into
four categories, of the available converters, substring-to-bus equalization architecture
are used here. Bidirectional fly back converter-based DPP converters, transfer power
between the bus and each substring, and the architectures require multiple DPP
converters in proportion to the number of substrings, likely increasing the system
complexity and cost. Here 2 DPP converters is used in this research work, Module
integrated converters (MIC) with a centralized inverter, keeps track of high MPPT
efficiency even in partial shading conditions.

In this architecture, individual converter achieves maximum power point
(MPP)separatelybased on the distributed maximum power point tracking (DMPPT)
control concept. In distributed power sourceswhich experience frequent partial
shading, DMPPT transfer more efficiency, where each solar panel is controlled by a
separate controller.
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3.3.ANFIS Controller and commutation of BLDC motor.

Adaptive network based fuzzy inference system (ANFIS) is a neuro-fuzzy technique,
in which the combination is made between the neural network and the fuzzy inference
system, has been used as the primary tool in this research work. In this ANFIS
controller take in sense the adaptability of the neural network and the uncertainty and
imprecision of the fuzzy logic. This hybrid model will initially use the fuzzy model
with its variables and the rules forms the input and models the output data. The neural
network then fine tunes the fuzzy rules to produce the ANFIS Model. Fuzzy inference
is to model the structure of the system, virtually designed by the user’s discernment of
a variable in the inference system. The change in variable parameter are augmented
with a gradient vector, are used as reference to FIS with the pre-determined
parameters to measure the input/output data. BLDC motor is an PMAC motor, whose
mechanical characteristics impersonates the dc motor characteristics. Instead of
commutating using commutator/ brushes as in dc motor, electronic commutation is
used here in PMBLDC motors, the stator windings are turned ON and OFF with the
help of power semiconductor switches from the symmetrical dc current drawn from
Voltage Source Inverter for 120° and positioned at the centre of back-EMF. In the
stator, Hall sensors positioned at 1800 produce Hall signals (HI, H2, H3) at an
interval of 60° in congruence with the rotor position and the switching states of VSI as
shown in table L.

Table 1. Switching States for electronic commutation of BLDC motor

e’ Hall signals Switching States
H1 H2 H3 S1 S2 S3 S4 S5 S6
NA 0 0 0 0 0 0 0 0 0
0-60 0 0 1 1 0 0 0 0 1
60- 0 1 0 0 1 1 0 0 0
120
120- 0 1 1 0 0 1 0 0 1
180
180- 1 0 0 0 0 0 1 1 0
240
240- 1 0 1 1 0 0 1 0 0
300
300- 1 1 0 0 1 0 0 1 0
360
NA 1 1 1 0 0 0 0 0 0

4. Simulated Performance

Now a days, an alternate for the DC motor is a brushless DC (BLDC) motor and the
proposed test system is shown in the figure 1. The electric and magnetic loadings of
the motor are made highto gain maximum power density for BLDC motor, where high
electric loading requires a high coercivity and imposes a long magnet length in the
direction of magnetization and limited by demagnetizing effect and thermal
factors.Highmagnetic loading/airgap flux density requires the largest possible magnet
volume, proportional to remanent flux densityandproportionate to its pole face area.
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Due to the small phase number (typically three) in thebldc motor, the electronic
commutation is very stiff related to that of a mechanical commutator, which has at

least 12 segments and sometimes a few hundred.
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Figure 1. Block Diagram of ANFIS controlled BLDC drive.
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The measured speed is compared with reference speed and the error speed is
reduced by ANFIS controller closer to reference, by current control using rotor
position sensing. The power from the PV panels using differential power processing
technique is controlled by electronic commutation and ANFIS controller, and the
torque ripple is minimized. The parameters of a 3 phase, star connected BLDC motor
is given in table II and the MATLAB/ SIMULINK diagram of the closed loop

controlled flyback converter in differential power processing mode fed from string
dc/ac converter to a PMBLDC drive System fed from PV Source is presented in figure
2.Three phase voltage and current wave form of BLDC motor is shown in the figure 3

and the back emf waveform for the three phases are presented.

8

Figure 2. Simulink Diagram of the Closed Loop Controlled Flyback Converter fed PMBLDC drive
System fed from PV Source.
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Table 2. Parameters of BLDC motor

Parameter Value
Motor type Ametek 119003-01
Rated current 6.8 A
Rated Speed 4228 rpm
Number of Phase(connection) 3 (star)
Stator resistance (R) 0.348 Q
Stator inductance (L) 0.314 mH
Voltage constant (Ke) 0.0419 V/rad/s
Torque constant (Kt) 4.19 Nem/A
Number of Pole (P) 8
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Figure 3. Phase Voltage and current of PMBLDC drive System fed from PV Source.
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Figure 4. Stator voltage and current of PMBLDC motor.
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Figure 5. Speed of the PMBLDC motor.
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Figure 6. Voltage and current waveform of the PV Source.
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Figure 7. Voltage and current waveform of the PV Source.

Stator voltage and current waveform for one phase(phase-A) of BLDC motor is
presented in the figure 4 and the speed waveform for the same is presented in figure 5.

The motor reaches the steady state at 0.05 seconds. The voltage (Vpy) and current
(Irv) waveform of the PV module 1 is shown in figure 6. The voltage and current
waveform of the differential power processing of flyback converters is shown in
figure 7. The frequency spectrum of a PMBLDC motor fed from PV source in DPP
mode is shown in Figure 8. With constant load, the THD is 20.28 % when the motor is
operated at 50 Hz frequency.

Fundamental (50Hz) = 0.03746 , THD=20.28%
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Figure 8. THD of fed PMBLDC drive System fed from PV Source/DPP flyback converter.

5. Conclusion

The paper outlines the speed control of BLDC motor drive using ANFIS controller,
with improved power quality and the THD of the system is found as 20.28%. INC
algorithm was used to track the MPPin variable solar irradiation circumstances. DC
voltage to the inverters are generated using DPP from the flyback converters. The
results reveal that the speed control of BLDC motor is through with ANFIS controller
has robustness for high performance applications. From simulation results, it is proved
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that the controller gives a more operative, shows fast response for a given input. These
analyses are useful in the design of control strategies to improve the motor
performance.
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