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An overview of brushless DC motor control methods (BLDCM)
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Abstract: Nowadays, electric motors are widely used in the domestic, commercial and industrial
sectors for the optimal consumption of electric energy, the design and construction of high-efficiency
motors, etc. Meanwhile, brushless DC motors or (BLDCM) have been used in many industrial and
non-industrial applications for reasons such as high efficiency, easy control method and high
reliability, power density and high torque, and their use is increasing day by day. A very big advantage
of brushless DC motors is high efficiency because these motors can be continuously controlled with
maximum rotational force (torque), in contrast to brush motors, which reach maximum torque only at
certain points of rotation. The second advantage of BLDCM controllability is that it can be controlled
using a feedback mechanism to deliver exactly the desired torque and rotation speed. Brushless DC
motors have high durability and produce low electrical noise due to the absence of brushes. In the use
of brushed motors, the brush and commutator are worn out due to continuous moving contact and also
create sparks, therefore BLDC motors are often preferred in cases where it is important to prevent
electrical noise. In this article, various control methods of BLDC brushless DC motors are discussed
and various aspects of these motors and simulation results are discussed.
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Figure (2a): Commutator DC motor with stationary armature and permanent magnet excitation [1]

—
) 2 s 2 T~ .
(" T wes " ~— S g
i AT A 4 Foh o g
Y Cusige H1 i 7
s = | N ‘ | —=l'g
s | £ 0 L 3

[V] ;86 4w BLDC ,gig0 :(w ¥) JSoi
Figure (2b): 3 phase BLDC motor [1]
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Figure (3a): Full wave inverter with 6 switch [2]
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Figure (3b): Full wave inverter with 4 switch [2]
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Figure (3c): Half wave inverter with variable DC link voltage [2]
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Figure (3d): Split-supply type of half wave inverter [2]
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Figure (3): Different types of inverter used in BLDC motor system [2]
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Figure (4): BLDC motor drive using control of the current of DC link method [1]
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Figure (5): Variation of phase currents in the current of DC link method [1]
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Figure (6): BLDC motor drive using direct control of the phase currents method [1]
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Figure (7): Variation of the currents in the direct control of the phase currents method [1]
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Figure (8): BLDC motor drive using DTC method [1]
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Figure (9): Variation of currents and torque of BLDC motor in DTC method [1]
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Table (1): Switching table in DTC for BLDC motor [1]
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Figure (10a): Block diagram of modified vector control method [2]
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Figure (10b): Variation of phase currents and torque [2]
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Figure (11): Representation of different reference frames [9]
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Figure (12): Equivalent circuit of BLDC in rotational reference frame, a: d-axis equivalent circuit, b: g-axis
equivalent circuit [9]
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Figure (13): Schematic diagram for determining the magnetic pole [9]
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Figure (14): Block diagram of BLDCM zero or low speed control using high frequency pulse voltage injection
method [9]
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Figure (17): The steps of the bee algorithm [3]

Table (¥): Parameters used in ABC algorithm [3]
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Table (¢): Comparison of step response characteristics of optimal PID controllers [3]
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Table () 4): Rotor speed due to instantaneous change of reference speed from 100 rpm to 200 rpm per second (without
applying load torque), a) un-zoomed, b) zoomed [3]
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2Brushless DC motor
3 Artificial Bee Colony algorithms
4 Proportional integral derivative
5 Particle swarm optimization
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® Genetic algorithm

7 Slotless

8 Single-ended primary-inductor converter

% Golden Eagle Optimization

10 Radial Basis Function Neural Network

1 Dynamic Surface Control

12 Asymmetric barrier lyapunov function

13 Self optimizing control

14 Electromotive Force

15 Machine learning

16 Extended Kalman filter

17 Direct torque control

18 Supervisory control data acquisition

19 Field Orientation Control

20 Barnacles Mating Optimizer with Adaptive Neuro Fuzzy based Controller
21 Radial basis function neural network

22 Maximum power point

23 Photovoltaic

24 Surrogate indirect adaptive controller tuning approach based on the response surface method
%5 Indirect adaptive controller tuning approach based on the general dynamic model
% Adaptive Neuro-Fuzzy Inference System

27 permanent magnet synchronous motor

28 Broyden-Fletcher-Goldfarb-Shanno
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