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ABSTRACT

In this paper a PID controller for the Chaos Rikitasystem is introduced. The mathematical modethef
Rikitake system consists of three nonlinear diffiéied equations, which are found to be the saméasmathematical
model of the well known Lorenz system. The studgvgdd that the system is experiencing a chaotic\behat certain
value of the control parameter. The experiencedtihascillations may simulate the reversal of Hagth's magnetic field.
The Proportional - Integral - Derivative (PID) coiter is one of the most popular controllers usedthdustry because of
their remarkable effectiveness, simplicity of impkentation and broad applicability. In this papes behavior of chaotic
Rikitake system is investigated, after that a Ptdtoller is implemented to achieve the stabilifyspstem. Simulation

results illustrate the effectiveness and validityhe proposed approach.
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INTRODUCTION

Many theories have been advanced to explain ttgnodf the earth's main dipole field, the Rikitaggstem

introduced for describing the irregular polarity itehing of the Earth’s magnetic field. But intersahmong such
geomagnetic polarity reversals are highly irreguldrus while their average is abo%f‘losyears, there are intervals as

7
long as3%10 years without polarity change. From introduce Riké system, till now many control approaches has

been presented. At the bellow we will review thisrks together:

Pecorra and Carroll [1], Ott.E, et.al.[2], Carloggullar-lbafiez, et.al. [3], Mohammad Ali Khan [4]
Synchronization for chaotic system has been ingat&d. In the last years, some methods to achigwehsonization have
been proposed from the control theory perspectivod sis the famous observer-based approach [5]af@]the so-called
adaptive synchronization method [7]. Two researithctions have been already conformed in synchiogizhaos: (i)
analysis and (ii) synthesis. Analysis problem cdeg®: (a) the classification of synchronization mdmeena [8], (b) the
construction of a general framework for unifyingaokic synchronization [9], and (c) the comprehemsif the
synchronization properties, for instance, robustri#8] or geometry [11]. Liu Xiao-Jun, et.al. [1&alyzed the dynamics
of Rikitake two-disk dynamo to explain the revessaf the Earth’s magnetic field. They concludedt ttree chaotic
behavior of the system can be used to simulateethersals of the geomagnetic field. The Rikitakaatit attractor was
studied by several authors. T. McMillen [13] and Mamad Javidi et.al.[14] has studied the shapedsnédmics of the
Rikitake attractor. J. Llibre .et.al [15] used #eincare compactification to study the dynamicshef Rikitake system at
infinity. Chien- Chih Chen et.al [16] have studig@ stochastic resonance in the periodically forRédtake dynamo. In

the past decade, many researchers start workingmtnolling the chaotic behaviors. Harb and Harb] [iave designed a
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nonlinear controller to control the chaotic behavio the phase-locked loop by means of nonlineartrob Ahmad
Harb[18] have designed a controller to control timstable chaotic oscillations by means of backpstepmethod. U.E.
Vincent, R. Guo [19], Park et.al[20] and Jeonglt14 They have presented a controller by use @fptige method and

controlled chaotic Rikitake system.

In this paper we want to control chaotic Rikitakestem by use of Takagi—Sugeno (T-S) fuzzy mode] [
attracted a great deal of attention. The main mepaf the T-S fuzzy model is to represent or apprate a complex
nonlinear system. The T-S fuzzy model approach pritivide a powerful method for analysis of nonlinegstems [23,
24). After that we will optimize the fuzzy designedntroller by use of GA(Genetic Algorithm) techn&j25, 26, 27], and

monitor operation of final controller on chaos Ralkie system.
Description Mathematical of Rikitake System

The Rikitake system consists of two conductingtiotadisks see Figure 1. These disks are connéctedwo
coils. The current in each coil feeds the magrfetld of the other. The self inductance (L) andstsice R) are the same
in each circuit. An external constant mechanicedque (G) for each circuit is applied on the axisdtate with an angular

velocity [28].

The original differential equations derived by Ralkie are:

dl
le_tl+ Rl =wMl,

dl
L2+ Rl =N,

d
cld—‘;’lzel—n\/nll2

dw.
Czd_,[2= 2~ NI,

1)

where L, R are the self-inductance and resistafidbeocoil, the electric currents, &, C, G are the electric
currents, the angular velocity , momentum of ireréind the driving force; M, N are the mutual indince between the

coils and the disks.
Now we consider a further simplification by
le L2, R]_: Rz, M :N, C]_: Cz, GJ_: G2

and set:

|. = EX |, = Ey = &Z
R VRO A VR A ISy @
GM CL .. C
=, —(z—-a), t=,]—-1t, = R
“=\com Vem ' "N iem )

Where, constant parameter a, u>0.
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The system mathematical model can be written d@visl

X = 7UX F XX
X, = -UX, + (Xs - a)xl
X, =1= XX, @
where (X, y, z)E R3 are the state variables and a > 0, u > 0 ammeders. Note that system (4) is a quadratic
system in R The choice of the parameters a > 0 and u > @asfla physical meaning in the Rikitake model. $tady
physical meaning can see [30]. Here we supposekax&?, we know according to ref. [28] this systemsiome values is

unstable and we choose this system in chaotic mode.

Note that x and y are corresponding to the elecuiitents, while z is corresponding to the anguidocity. For

more details read ref. [29, 30]. At the bellow Figgd we see the shape of Rikitake and in Figured2Fagure 3 behavior
of system that it is chaotic behavior.

e =il

Figure 2: Behavior of Rikitake System without Contoller
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Figure 3: Behavior of Rikitake System in 3D Plot

RESULTS AND DISCUSSIONS

In this section of paper we want to explain therapph of control by use of applying PID controlter chaotic

Rikitake system and will monitor behavior of systand effect of PID controller.

The PID controllers have been at the heart of cbeingineering practice over the last decades. Hneywidely
used in industrial applications as no other cotgrsimatch the simplicity, clear functionality, dippbility and ease of use.
The PID controllers was introduced in 1910 andrthee and popularity had grown particularly aftex Ziegler—Nichols
empirical tuning rules in 1942 (Ziegler and Nichdl842). This control approach is an online and/enomethod however

it requires experiences and very aggressive tuiointhe process [31].

A PID controller calculates an error value as tifeeitnce between a measured process variable atesieed
setpoint. The controller attempts to minimize th@eby adjusting the process through use of a pudaied variable. The

form of the PID algorithm is:
t d
u(t) =k ,et) +k; [&(D)d7 +ky— &)
0 dt (5)
Kp: Proportional gain
Kj:_Integral gain
Kg: Derivative gain
e: Error

Before apply PID controller we should adjust théuga of P,l and D we suppose these values: P=33Q0|
D=30, after that will apply PID controller on chaoRikitake system. At the bellow Figure 4 we gbat the PID

controller controlled very fast with a little ovehooting at the Figure 5 behavior of controlledifdike system in 3D plot
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has been drawn and in Figure 6 approach of applRiiycontroller on Rikitake system has been shoMaie that this

system is intrinsically chaos [32] but when we &xpPID controller on it this system be controlled.

A

Arrphnik

T (xec)

Figure 4: Behavior of System after Control

Sk e 5y 33

Figure 5: Behavior of Controlled Rikitake System in3D Plot
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Figure 6: Block Diagram of PID Controller
CONCLUSIONS
In this paper the Rikitake chaotic system has hegastigated and its behavior has been studied. stingdy

showed that the system has intrinsic chaotic beiaticertain value. PID controller was suggestedontrol the system;

the designed controller was so effective to elin@rtae unstable chaotic oscillations of the Rilétako-disk system.
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