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Abstract: Wide amplitude, DC motor's speed and their facile control cause its great application in
industries.Generally the DC motors gain speed by armature voltage control or field control. The
suggestion method in this paper is using sliding mode fuzzy control and“PSO” Algorithmfor DC
motors robust control.The result is showing by use of this method we can't see any oscillation in
responses and the time for reaching the normal speed is very short.
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INTRODUCTION

There are variety methods for DC motors control that are presented since now. The presented methods for
DC motors control are divided generally in three groups. Classic methods such as PID PI controllers (J.I.A.
Nuo, 2008; O. Tolga Altinoz, 2010).

Modern methods (adaptation-optimum,...) (Wu Wang, 2009; Viroch Sukontanakarn, 2009; Alexander
Bogdanov, 2004). Artificial methods such as neural networks and fuzzy (T. Sugie, 1998; Shin-ichi Horikawa,
1995). Theory are the presented methods for DC motors speed control.

The design method in linear control comprise based on main application the wide span ' of frequency, linear
controller has a weak application, because it can't compensate the nonlinear system effect completely.

1. Model of A Dc Motor:

The direct current motors are different kinds and several methods are presented for controlling of their
speed. in this essay DC motor was chosen for speed control and bycontrolling the supply voltage was controlled
it in nominal less speed.

The electric circuit of the armature and the free body diagram of the rotor are shown in fig. 1.
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Fig. 1: The structure of a DC motor.
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With the following physical parameters:

Ea: The input terminal voltage (source), (v);

Eb: The back emf, (v);

Ra: The armature resistance, (ohm);

Ia: The armature current (Amp);

La: The armature inductance, (H);

J: The moment inertial of the motor rotor and load,
(Kg.m2/s2);

T: The motor torque, (Nm)

w : The speed of the shaft and the load (angular
velocity),(Rad/s);

f: The shaft position, (Rad);

B: The damping ratio of the mechanical system, (Nms);
T k: The torque factor constant, (Nm/Amp);

B k: The motor constant (v-s/rad).

Block diagram of a DC motor is shown in fig. 2 (Zadeh, I.H., 2008).
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Fig. 2: The block diagram of a DC motor.

At first we control the DC motor by PID controller in fig.3
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Fig. 3:The block diagram of a PID controller dc motor.

The results are based on fig.4

The step response is proportionately a good response. Now with this controller we examine the step
response of DC motor with uncertainly.(fig 5)

You can see that the system's response to uncertain motor is not proper response.

111. Sliding Mode Controller:

Nonlinear system control that its model isn't clear carefully works with tow methods:

resistant control methods

comparative control methods

In control view, uncertainly in modeling is divided in two main kinds:

Non certainly in existent Para meters in model

Estimating the lower step for system and being UN modeled dynamics in e estimating model. Sliding
control is one of the designed modes for robust control that make access to system desired application
estimating system in model.

The major idea of this method is the controlling of nonlinear first grade system is easier than n grade system
control in spite of uncertainly.
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Fig. 5: Simulated results PID controller of DC motor with uncertainties.
But this function maybe cause the control law with more energy that is not practicable implement tat ion.

Sliding mode is really compromise between modeling and suitable operation with inaccurate design.
We consider the non linear system model in this rule:

X" = f(x) + b(x)u (6)
That F(x) is nonlinear function, its high boundary characterized as X function.
B(x) is a continuous function that its high and low boundaries characterized by X function.

The good of finding X is in this way that in g(x)F(x) function we can follow the desirable mode in spite of
uncertainly.

X=X-Xq=[XX,...,.X"] @)

In ideal state

X=0 (®)

Sliding surface equation defines as below:
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s=e +oe+a, [edt )
Because of the signals of control that gain with this designing method has limited energy, it is necessary to:
Xq4(0) = X(0) (10)

in other word:

S(X,)=0 (11)
1458 < plsi (12)
2 dt T T]

in designing, the control low on S(t) continuously is noticed because we should concentrate to carelessness in
model in sliding surface and reduced the chattering effect.

We can write the system's dynamics when in some situation they are in sliding state.
S'=0 (13)

The gained control signals for this system areas below:

U =k X outgy,y +S (14)
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Fig. 6: Simulink block diagram of FSMC.

Fuzzy controls are designed based on created sliding surface and sliding surface changes.
All of the fuzzy rules collection came in Table I (Zadeh, I.H., 2008).

Table I: Fuzzy rule base

as /s NB NS ZE PS PB
N B B M S B
A B M S M B
P B S M B B

IV. Particle swarm Optimization (PSO) Algorithm:

Since the introduction of the particle swarm optimizer by James Kennedy and Russ Eberhart in 1995 (J.
Lam, 2004), numerous variations of the basic algorithm have been developed in the literature. Each researcher
seems to have a favorite implementation - different population sizes, different neighborhood sizes, and so forth.
In this paper we examine a variety of these choices with the goal of defining a canonical particle swarm
optimizer, that is, an off-the shelf algorithm to be used as a good starting point for applying PSO.The original
PSO formulae defined each particle as a potential solution to a problem in D-dimensional space,with particle i
represented Xi=(xil,xi2,...,xiD). Each particle also maintains a memory of its previous best position,
Pi=(pil,pi2,...,piD), and a velocity along each dimension, represented as Vi=(vil,vi2,...,viD). At each iteration,
the P vector of the particle with the best fitness in the local neighborhood, designated g, and the P vector of the
current particle are combined to adjust the velocity along each dimension, and that velocity is then used to
compute a new position for the particle. The portion of the adjustment to the velocity influenced by the
individual’s previous best position (P) is considered the cognition component, and the portion influenced by the
best in the neighborhood is the social component.
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Fig. 8: Membership functions for (ds/dt) normalized inputs.
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Fig. 9: Membership functions for (Kfuzz) normalized outputs.

In Kennedy’s early versions of the algorithm, these formulae are:
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Vig = Vig +j1 X rand X (pijg — Xiq) +j2 X rand X (Pjgq — Xjq) (15)
Xid = Xia * Vi (16)

Constants j1 and j2 determine the relative influence of the social and cognition components, and are often
both set to the same value to give each component (the cognition and social learning rates ) equal weight.
Angeline, in (J.I.LA. Nuo, 2008), calls this the learning rate. A constant, Vmax, was used to arbitrarily limit the
velocities of the particles and improve the resolution of the search.

In (J. Lam, 2004) Eberhart and Shi show that PSO searches wide areas effectively, but tends to lack local
search precision.

Their solution in that paper was to introduce w, an inertia factor, that dynamically adjusted the velocity over
time, gradually focusing the PSO into a local search:

Vig = W X Vig +j1 X rand X (pjg — X;¢) +j2 X rand X (Pigq — Xiq) 17)

V. Simulation:

We want to determine control coefficients "sliding mode control" for a DC Motor by using of
"PSO"algorithm in this paper. we consider "PSO" three variable for al & a2. Every of three variable are
different at number of first population with first situation and speed."PSO" algorithm defined the situation of al
& a2 and applying to simulation models. Then was receipted two output of it first output is maximum of
overshot system and second output is error and is organized, Current_fitness function as following.

currentgess = o X overshoot + p x ESS (25)

For all of the population calculate current fitnessfunction, after formatting current fitness, we should
determine global _best_ Fitness according below.

glObal':"i"fstfitness = min (localbéStfitness) (26)

At duration by notice to fitness position of individual best must be determined. With "PSO" adjustment
parameters we can obtain optimal answers good. The process of updating in speed and situation is according
equation(6,7).The result of simulation for 50 population and number of process of flying for 50 times are good
results. That is shown at the end of the paper.

VI. Simulation:
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Fig. 1: Simulated results FSMC of DC motor.
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Fig. 11: Simulated results FSMC of DC motor with uncertainties.

VII. Conclusion:

In this paper, a robust control system with the fuzzysliding mode controller and the additional compensator
ispresented for a DC motor position control. According to thesimulation results, the FSMC controllers canprovide
the properties of insensitivity and robustness touncertainties and external disturbances, and response of theDC
motor for FSMC controllers againstuncertainties and external disturbance is the same Fuzzy sliding mode
controller gives a better response to system than the fuzzy and classical PID controllers.
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