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Abstract: The revolution of electric vehicles is characterized by rapid development. This type of vehicle has

witnessed its greatest growth; the reason for interest in electric vehicles is not only in reducing dependence

on o1l but also in preserving the environment. The Brushless DC (BLDC) plays a decisive role in electric
vehicles and has gradually replaced the DC motor m many applications as it has no brush and commutator

erosion and has many advantages including high efficiency, reliability and smaller size, less weight, need-less
maintenance, long operating life and absence of ionized sparks due to the commutator. In this study, the
Optimization algorithm for Particle Swarm (PSO) was used to find the optimal parameters of the PID. The main
goal of this study 1s to get a stable, reliable and controlled system, the results of the simulation show a
significant increase in the performance of the BLDC motor compared to the existing methods. To be a more

effective way to control the position, torque, speed.
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INTRODUCTION

The BLDC engine is simple in structure and more
economical than other engines. BLDCs are widely
used in many industrial applications and wvehicles.
Due to high efficiency, long life, lugh dynamic
performance and high speed compared to torque
characteristics, the proposed method 1s used to provide
better system performance with mimimal errors. The main
task 1s to use the techmcal optimization of the particle
swarm to adjust the parameters of a Proportional Integral
Derivative controller (PTD) to improve its performance
(Zheng and Wang, 2016, Da Cunha Reis et al, 2015
Ou and Lin, 2006).

The PSO request to the controller provides the ability
to tune to a procedure continuously as well as the request
of the optimization algorithm to the PID controller allows
1t to provide an optimal result by searching for the best
set of solutions for the PID parameters (Nasri et af., 2007,
Vi1 and Arumugam, 2017).

Due to its advantages which make it useful where
space and weight are critical factors. In addition, the
necessary position information can be obtamned through
the hall sensors, to offer a higher torque, distribution of
the winding the torque of a DC brushless motor depends
on the reverse electrical potential of a certain location.
The BLDC motor generally has a trapezoidal shape of

the rear EMF signal and the stator consists of a
normal rectangular stator feed, provided it has a
stable torque (Kamalapathi et of., 2017, Tbrahim et al.,
2014; Chen and Kuo, 2017, Kin et af, 2007,
Rajkumar et al., 2017).

A permanent magnet DC motor uses a mechamcal
commutator and an electric brush for commutation
whereas the BLDC motor uses hall effect sensors. In
the stator of the BLDC motor, the coils and rotors
are the permanent magnet. The stator generates a
magnetic field to rotate the rotor. The hall effect sensor
determines the position of the rotor as a reversing signal
(Das et al., 2017, Gowthaman et al., 2017, Kumar ef al.,
2017).

Therefore, the BLDC motor uses a permanent
magnet mstead of a coil in the armature and does
not require a brush. In this study, a 3-phase and
half-bridge pulse width modulator controls the speed
of the Equation 1-5 of the
characteristics can be expressed as Kavitha et al
(2017) and Singh et al. (2018):

motor. motor’s
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Fig. 1: Block diagram of BLDC motor
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Where:
Vo () The applied voltage
w(t)t = The motor speed
L. = The inductance of the stator
1(t) = The circuit current
R = The stator resistance
V. (00t = The inverse electromotive force
T = The Torque engine
D = The viscous coefficient
) = The moment of inertia
K, = The constant of engine torque and K, is the

constant electromotive force

In this study, the BLDC motor 1s driven by the PWM
and controlled by the voltage of the source inverter. The
motor stator voltage is adjusted to control the speed of
the BLDC motor. Figure 1 shows a block diagram of a
BLDC motor.

MATERIALS AND METHODS

Conventional PI controller: In order to meet the
specification of performance requirements (Traditional
control design), the performance of the control system 1s
usually measured by taking the step function as a control
point variable and then measuring the response process
variable. The response is usually measured by measuring
the properties of a particular waveform. And then
measuring the time the system needs to go from 10-90%
of its value m a stable or final state.

A survellance system should be developed that
works satisfactorily m the worst case. The ability of a
control system to overcome the effects of interference can
be measured by the control system rejecting interference.
Once the performance requirements have been
determined, the system should be studied and the
appropriate control system selected.
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Performancd _T
criterion

Fig. 2: Optimal design of the PTID control

PID controllers are well known because they are easy
to wse. Tt is also characterized by being the simplest
method of control and widely used in the industry. A
control system malfunctions and becomes unstable when
incorrect adjustment and control values are used. PIDs
show weale control characteristics with a long delay for
modern applications it have non-linear effects. Therefore,
the parameters of the controller should be adjusted
appropriately for the proper functioning of the control
(Robinson and Rahmat-Samii, 2004).

PSO algorithm: The algorithm of PSO has been used to
obtain the control umt optimal. These particles are
randomly  initialized and pass  through  the
multidimensional space. During the flight, these particles
updated its velocity and position based on its own
experience (Fig. 2).

The upgrade procedure moves the particle swarm
towards a region with a good fitness function and each
particle clusters around the pomnt with the best fitness
function. In the PSO, each particle contains 3
conditiens, K, K and K,. The PSO is mainly simulating
models of birds in a 3-dimensional space. Each agent
position is represented by the XYZ axis and the VX, VY
and VZ velocity (which represent a speed towards
the x-z-axis).The location of the agent is changed by the
speed and location of the information. Each agent is
known (pbest) and its position is XYZ. This information
15 an analogy of each agent’s personal experience. In
addition, each agent knows best (gbest) among the
pbests. This information is the analogy of the knowledge
about how the other agents perform.

Algorithm; PSO algorithm:

1:  Create a “population” of agents (particles) that is evenly distributed in
X

2:  Evaluate each particle position according to the objective function

3. Ifthe position of the particles is better than before it is updated

4:  Based on the best mode of the previous particle (the best particle is
determined)

5:  The speed of the particle is updated: Eq. 6

6:  Transfer the particles to their new locations: Eq. 8

7. Gotostep 2 until the stop criteria are met

2656



J. Eng. Applied Sci., 14 (8): 2653-2660, 2019

Here, the absolute error of integration is the used for
fitness and should be
performance. This can be done by modifymg the
concept of speed. You can adjust the speed of each factor
by the following Eq. 6:

minimized to improve

Vi = wvE+C rand, x (pdest, 55 )+ ©)
C,rand, x (gdest;-s°)

Where:

pbest = The particle best position of agent i

ghbest = The global particle best position of the group

G = The Correction factor

W = The weighting function

v = The velocity of agent i at iteration k

rand = Rrandom number between (0 and 1) and

The current position of agent 1 at iteration k

The function of the following weighting is usually used in
Eq 7:
WoaWass e ™
tter, .
Where:
W, = [Lhe initial weight
Wo.. — Lhe final weight itermax 1s the maximum iteration
number and iter 1s the current iteration number

Using the Eq. 8, a certain speed can be calculated
gradually approaching the pbest and ghest.

gkl = gE ! (®)

Implementation of PSO-PID for BLDC motor: Position
evaluation is performed through a fitness function that
returns the optimal solution.

Number of particles: The number of particles 1s assigned
to 100, the purpose 1s to make a large number of mdividual
elements to better investigate and converge on the
optimal PID gain. Robinson and Rahmat-Samii (2004)
Carlisle and Dozier (2001) studies show that more particles
give an improved study for optimal values compared to
the number of particles 20 or 30. A trade-off between a
higher numbers is that higher values take more time to
compute than 20 or 30 particles.

PID search space: To find optimal values for the
proportional integral and derivative elements. The PID
values result from auto-tuning ressulting in PID values.
The search space in which the particles worked was set to

50, 10 and 450 to provide an effective window to perform
a search that would be similar to the PID values found
configuration method. The search space also set the
boundaries by which the fitness function should be
evaluated.

Fitness function: pbest same as gbest random value
initially assigned in the search space. For each iteration,
the pbest and gbest values are compare with the current
position. If the current position has a better value than the
current pbest/gbest value, the fitness function returns the
value used to calculate the new velocity and the new
value replaces the old pbest/gbest value.

Number of trials: The number of tests was established in
50 iterations for each particle. This number has been set
to give each particle the ability to successfully find the
optimal PID values through multiple trials.

Inertia weight (0.9-0.01): Robinson and Rahmat-Samii
(2004) Carlisle and Dozier (2001) was suggested that the
internal weight were originally set to 0.9 to provide a
global search that 1s less affected by pbest and ghest. As
the number of iterations increases to 50, the internal
weight decreases to 0.01, leading to the concentrated area
which put more emphasis on the activities of pbest and
ghest.

Values C, and C,: The social factors of C, and C,
determine the degree of influence of pbest/gbest on the
particle velocity. C, 1s set to 2 and C, 1s set to 2, so, more
emphasis will be placed on ghest.

Velocity: In order to calculate the speed, we need to
evaluate the fitness function of pbest and gbest. In the
equation the rand (+) element provides the effect of natural
behavior sensation natural (Eq. 6):

Movement: The particle movement is accomplished by
adding a new velocity to the current position (Eq. 8)
(Robinson and Rahmat-Samii 2004; Carlisle and Dozier
2001).

RESULTS AND DISCUSSION

This study illustrates the optimizaton of a
conventional PID that uses particle swarm for a controlled
closed circuit motor. Figure 3 shows the Simulink Model
for optimal control for the BLDC motor. In addition, the
components of the motor model are shown in Fig. 4.
Where you can monitor the performance of the controller
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Fig. 3: Simulink Model of PID-PSO controller; Partical swarm ptimization for PID tuning of BLDC motor
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Fig. 4: Components of the BLDC motor model

Table 1: Parameters of the motor

Parameters Symbols Values
Power P, 4e3W
Voltage U, 280V
Current I, 17.5A
Angular velocity Wy 1980 rad/sec
Armatures resistance

R, 1.69Q
Armature inductance L, 6.6e-3H
Rotor inertia I 0.02x2 kg.m?
Torque T, 19.3 N.m
Table 2: Parameter for PSO
Parameters Symbol Values
Number of particles n 120
Cognitive factor C, 2.05
Exploration factor Cy 2.05

PSO at different operating conditions. The motor settles
at a set speed quickly with less overshoot than the
conventional controller is shown below. In addition,
Fig. 8 shows the velocity versus time graph for the
conventional and inspired optimization method (PSO).
The motor 13 calculated using the specific values as
shown in Table 1 (Lee et al., 2018).

In this study, a time domam criterion 1s used for
evaluating the PID controller. The performance criterion
F inludes the overshoot Mp, rise time t,, settling time t,
and steady-state error E,; It 1s determined as Eq. 9:

F= (l-exp('n R )X(Mp +E, )Jrexp('D T (t,4,) 9)

Calculations are performed using the specified PSO
parameters as shown in Table 2; Fig. 5 and & (Lee et al.,
2018; Kumar and Chaursiya, 2017; Ridwan ef af., 2017).
Figure 7 shows the convergence graph m the PSO
method. Conventional PID controllers have poor
performance due to the wrong selection of PID parameters
using manual settings. The response of a controller is
made between the simulation time and the speed of the
motor. The controller swarm optimisation reduces the
settling time of the PID controller by 50% and eliminates
the overshoot and undershoot values.

The results of the PSO simulation provide the best
performance over the conventional device of the PID
control for the speed of the motor BLDC at different
set-pomnt values. The optimal PID controller 1s shown in
Fig. 8 and Table 3.
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11 — S=stepinfo (T1):

12 — tr=S.RiseTime;

13 — ts=5.5ettlingTime;
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5= Ess=1/(1l+dcgain(T1)):

16 — F= (l-exp (-0.5))* (Mp+Ess) +exp
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cle swarm optimization
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ta error Ess
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Fig. 5: Objective function for particle swarm optimization
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Fig. 7: Fitness function convergence graph PSO controller
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Fig. 8: Speed versus time plot for PID tuned with PSO

Table 3: Summary of simulation parameters

Variable Values
Elapsed time 12 min
Swarm diversity 0.49424

CONCLUSION

This study proposes a new and improved way to
determine parameters for traditional PID control unit by
using the optimal PSO method. This may be the best way
to improve the performance results of the system and
show that the proposed controller can update the PID
parameters effectively.
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