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Abstract

The movement of the double-sided linear switched reluctance motor (LSRM) has high overshoots and oscillations
because the magnetic circuit of the LSRM has nonlinear characteristics. The traditional PID controller is insufficient in
LSRM due to the nonlinear magnetic circuit of the LSRM. Therefore, the closed-loop PID controller based on a particle
swarm algorithm (PSO) is designed and implemented using Matlab/Simulink to achieve the best characteristics of the
LSRM.
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1. Introduction
2. The modeling of the LSRM

The linear switched reluctance motor (LSRM)
provides one-dimensional movement without using a The structure of LSRM composes of two stators and a
rotary transformation mechanism. Compared to the translator (mover) as shown in figure 1. In this work, the
traditional linear motor that uses a belt with the rotary  double-sided LSRM composes of four stages of the SRM.
motor to establish the one-dimensional movement. The
LSRM motor has advantages such as a simple structure,
low cost, and direct drive without mechanical Stator
transformation [1-4]. The LSRM is based on switched
reluctance motors (SRMs), which have high reliability,
ease of making, great precision, and easy installation [5].
The LSRM is used electromagnetic force to achieve linear
motion. On the contrary, the linear movement of the
LSRM has overshoots and oscillations and it needs an
accurate control method to remove the oscillations [6].

In [2], established a model of the LSRM model, and
designed a PD controller for position control of LSRM.
The experimental results show the effective controller and
model of LSRM. But the oscillation of linear movement is
not eliminated. In [8], the LSRM structure is optimized to

Coils

Translator

enhance thrust force. The width of the translator core is Fig.1 The structure of the LSRM.
increased to reduce the resistance of the magnetic circuit.
The results showed that the new LSRM design improves The mathematical model of the LSRM for one stage

the thrust compared to the old LSRM design. Also, a that is given in [6, 9] is implemented using
suitable controller was used for precise positioning. The ~ Matlab/Simulink as shown in figure 2. The other phases of
results show the position error of the LSRM with a the LSRM is implemented in the same way.
controller is less than 0.25 mm. In [6], introduced
modeling of the LSRM that consists of three phases of the
SRM. The proposed model of LSRM has studied the end-
effect of the LSRM. The results of the simulation were
proving the validity of the modeling. In [7], used fuzzy
logic to control the speed of an LSRM that consists of four
phases SRM. The results show that the LSRM speed can
track the desired speed precisely.
The error in position response is not completely
removed in previous research. The current work uses a
PID based on a particle swarm algorithm (PSO) to remove
the position error of LSRM through step movement.
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Fig.2 The modeling of the LSRM for one stage.

3. The LSRM controller

The LSRM is a non-linear system. Thus, the linear
control method does not give accurate results by using the
trial and error method [9]. In this work, the PSO is utilized
to estimate the parameters of the PID controller online to
realize an accurate position response of the LSRM. The
proposed control system with the LSRM is shown in
figure 3. Where, X4 is the desire position in (mm), X, is
the actual (motor) position in (mm), and e is the position
error.
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Fig.3 The LSRM with Controller.

3.1 Current controller

In this controller, the motor current is limited between
two levels of currents that are equal to Ig=Al, where, Id is
the desired current and Al is the ripple width current. The
position error is estimated by comparing the desired
position with the motor position. This error is supplied to
the PID controller, which is used to produce the desired
current. The actual current of LSRM compares with the
desired current to produce switching voltage. This voltage
supply to the Matlab function that used to compare the
motor position (Xm), the demagnetization position (Xq),
on position (Xon), and off position (Xoff) to supply an
appropriate voltage to the LSRM as shown in figure 4.
Where Xon is the position that voltage supply to LSRM,
Xoff is the position that voltage remove of motor and Xq
is the position when flux becomes zero is the voltage [9].

B
movement of LSRN

Phase Voltage
(D

Converter

Fig. 4. The LSRM with the controller.

3.2 PID based on PSO

Particle swarm optimization is an optimization
algorithm which has been used in many applications. This
approach focused on the movement of particles throughout
the search space. All particles indicate their current
location as well as the velocity of a particle in a PSO flies
in a limited space with an adjustable speed that is
dynamically updated on the basis of its own flying
knowledge besides the flight experience of all other
elements. Particles take full advantage of their peers just
like particles attempts to improve by imitating the
properties of their peers succeed. In addition, every
element is able to remember the best position ever reached
throughout the search space by itself [10-12]. The PSO is
used to adjust the parameters (Kp, Ki, and Kd). The
mathematical equation that is used to implement the PSO
can be driven as follow [13 -15]:

Vit+1 = W= Vit + Cl * rand(. )[Pbestit - Pcurrentit] + CZ *
rand (. )[gbestf - gcurrentti] ey
W =Wy — Wmax—Wmin) *t 2)

Tmax
Where,
Vi1 . New speed of element i.
V: Old speed of element i.
C,: Cognitive weighting factor is acceleration coefficients.
C,: Social weighting factors is acceleration coefficients.
rand(.): stochastic components of the algorithm.
Pbesti‘: is the particles best position.

Pcurremi‘: is the particles current position.
gbesé: is the group best position.
gcurrentti:is the group current position.

Npop: is the size of the population.

W: represented the weight of inertia which is set by the
equation.

Whax: Maximum inertia weight.

Mmin : Minimum inertia weight

Tmax: Maximum number of iterations.

t : the current iteration.

The position of each particle updates as below:
Xit+1 — Xit + Vit+1

Where,

X1 New position value.

X!: Old position value.

®)
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The principle operation of PSO can be explained using the

flowchart that is shown in figure 5. Table 1 The LSRM Parameters.
Parameter L.
Description Value
S
— \ Applied voltage 24V
Imitialize of swarm: i Phase current 8A
R Resistance 30
X Displacement 16mm
Evaluate of Particle Fitness 1 Tooth pitch 64mm
l Minimum
Calculation of the optimal individual historical position Lo inductance 23mH
,], L Maximum 15mH
Caleulation of the optimum historical position of the ! inductance m
SWArm Fc 5N
N Load force
Updating of particle velocity and position by velocity P
and position to update equation Fo Friction force 0.2N
ML Mover load 6 Kg
D Damping coefficient 65 Nm/ s
Satislying the
ending condition?
0.025 T T
—— PID Controller
—— PSO base PID Controller
0.02 —— Without Controller
Fig.5 Flow chart of the PSO training. £o015
[=
[
g 16 mm
3 0.01
=
4. Simulation results P50 base PID PID
0.005 | Parameters Controller Controller
The modeling of the LSRM with a control system for Se:':;;:'::;e ';3;17:;?' g:::g:z
one stage of the SRM is verified and implemented by 0 re—— . ErTTy
using Matlab/Simulink 2020. The motor parameters are 0 vz vuva vuo  uo 1 12 14
listed in Table 1. The results of the LSRM for one phase ) Time(Sec.)
are approved, and all the results of the other phases of the Fig.6 The movement of the LSRM at ML=5 Kg.
LSRM are identical. Each phase of the LSRM can be
moved 16 mm when is energized which equals ¥ tooth 16t
pitch. Figure 6 shows the step movement of the LSRM is
smooth without oscillation when using the PSO base PID r
controller. Figure7 shows The LSRM force that needs to 12t
drive the LSRM to the desired position. Figure 8 shows
the current response of the LSRM for one stage. 30,10 I
Moreover, one can note that the controller is used to limit g gl
the output current to control the motive force to remove w
the oscillation during the movement. Figure 9 and 10 show il
that the ability of the proposed controller to drive the 4
motor to desire position (0.016 mm) at different load
conditions. 2

0 0005 001 0015 002 0025 003 0035
Movement(m)
Fig.7 The force of the LSRM with PSO based on PID
controller at ML=5 Kg.
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Fig.8 The phase current of the LSRM at ML=5 Kg.
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Fig.9 The movement of the LSRM at ML=6 Kg.
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Fig.10 The movement of the LSRM at ML=10 Kg.

Conclusion

The modeling of the double-sided LSRM and the
PID controller based on the PSO has been verified
and designed using Matlab/Simulink software. Both
controllers can drive the motor to the desired position.
The results prove that the position response of the
LSRM based on the PSO-PID controller is more
accurate and has less position error than the PID
controller. The LSRM show with PSO has a short rise
time, no overshoot, smooth movement, and no
oscillation. The results demonstrate that the suggested
controller is effective for removing the oscillations
during the movement of the LSRM and withstand the
change in the load.
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