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ABSTRACT

The article deals with the optimization algorithi®I8A - Self Organizing Migrating Al-
gorithm. The problem is described on the vibrapomwer generator. The vibration genera-
tor is mechatronic system based on the vibratonycgrle. Optimization is implemented
on the real generator and the purpose of this dagaition algorithm is to find the new op-
timal parameters such as the geometric dimensidrttenelectrical parameters. These pa-
rameters separate problem to several parts. MATISABulink is used to solve dynamic
behaviour of generator. Input parameters into SOMéceleration is 0,2g [ and fre-
quency is 17 [Hz]. The SOMA consists of severatsfies and in this paper the strategy
All to One was used

1. INTRODUCTION

In present time optimizing algorithms are very waglplied on the chosen problems in all
fields of engineering. Most of these activities dsterministic methods where they often
converge to one of the local minima or fail to goproblem.

This work deals with the complex optimal desigrhad vibration - generator with required
power 20mW. A generated power depends on ambibrdtions and of construction elec-
trical and mechanical part. This energy sourcebmnse for feeding the wireless sensors
situated on the moving machines or remote apptinatvhich need own sources [6], [7]
and [8]. The optimization method SOMA — Self Orgamjg Migration is used to design
new parameters. This algorithm is a new optimizatexhnique in engineering [3], [4] and
its topology class SOMA belongs to stochastic allgors for global optimization.

2. GENERAL INFORMATION

Entire design process of the vibration power gdoer@ig. 1 a) from the input values to
the resulting device is very complicated. Thereftine proposed optimization methods are
based on the Atrtificial Intelligence. Those areyveifective. Thisproject is focused on the
optimization method SOMA — AllIToOne. The Optimizatialgorithm SOMA works with
the individual optimization parameters of the mexba and of the electromagnetic part.
By these parameters the mechatronic system is etihthe SOMA.
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Fig. 1: Vibration power generator [7], b) Modelggnerator, c) Magnetic circuit [8]
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The model of electromagnetic vibration power getogreonsists of:

= Resonance Mechanisnis tuned up to the frequency 17Hz of excited wibrawith
acceleration 0,2g and it provides a relative mov@émagnetic circuit.

= Magnetic Circuit provides a magnetic flux through the coil and NBIffleagnet was
used.

= Coll is placed inside the moving magnetic circuit and ifixed to the frame of the
generator. Material of coils is Cu.

= Electrical Load. For the optimization load with 350Dwas used.

3. MODEL OF VIBRATION MICROGENERATOR
Mechatronic system is described by the followinghanical and electrical equations
x(t) + 20b_x(t)+ Q*x(t) =, " sin(at) (1)

The equation of mechanical part (1) describes thplatement of oscillation of a mass
around the fixed coiby, is overall dumpling consist from mechanical dangpamd electric
damping ratio. The quality factor of the oscillgtinystem with operating frequentyis
described by the mechanical damping rddig. The system is excited by the accelera-

tionY, _a/.

The electrical equation follows in the Faraday\s End the second Kirchhoff's law. If the
electrical load is connected a current will flowdagh the coil and the generator load. The
electrical system induces the electro-magnetic dagntio b,e (Fig. 1. b) where the cur-
rent flow through the coil provides feedback to mhechanical system in equation (1).

Magnetic flux in air gap is solved using Hopkinsotaw. The operating point of perma-
nent magnet is determined by the geometric featitke magnetic circuit and the feature
of the using magnets, (Fig. 1 c).
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The dynamic system of the vibration power generet@olved by the programme Simu-
link, [8].



4. SELF ORGANIZING MIGRATING ALGORITHM

The SOMA optimization algorithm is based on thergetric principle. The method was
established in 1999, developed by author Ivan Kaliat the University of Tomas Bata,
Zlin. The SOMA is one of the evolutionary algorithmarks with a population of individu-
als where the environment (space) co-operativens¢migration).

On the base of a theoretical description of SOMJAaj®d free source codes on website, an
optimization tool for the vibration power generatonstruction was created. A graphic in-
terface of the SOMA optimization tool was built @endhesis [8]. The optimization tool is
performed by the following three problems.

= Optimization of generator with known connected loasistance.

This optimization is basically for first run of thaptimization process. The programmer
doesn’t know what the volume of the generator iw/loat voltage will be generated.

» The generator optimization of nominal volume.
» The generator optimization to minimal volume andximeal power — will be de-
scribed in this paper (results, etc.).

Different cost functions are developed for eachinogiation problem for the successful
searching of a global extreme. The presented sesattespond with the third optimization
problems - generator with the minimal volume ane thaximal output power. The cost
function minimize overall of the generator volumé&hsmaximal output power and re-
quired output voltage (4 volts and higher). All céectors have approximately equivalent
effect in the cost function. A calculated valuetloé cost function depends on a choice of
individual function coefficients.

5. THE RESULTS AND THE EVALUATION OF PROCESS OPTIMIZAT ION

The whole process of the calculating was startgdraétimes over for making the evalua-
tion of the speed of convergence and the correstaE®ptimizing result. Each run was
carried out with other initial conditions. Tableshows the relative power change with a
five-run of the optimization process. These valagshe error performance are not very
different from each other. The largest and the kiwalues differ by a maximum of 2.48%

Pei V, \%
SIMULATION
029 W | ™M | ™

20,1 8,39 | 33,34
Check values %] | U, [%] | V[%]

1 2,4876 | 1,125] 3,3563
2 1,4925 | 0,888( 1,7966
4 0,4975 | 0,32181,1698
5 0,4975 | 0,25030,2999

Max. error 2,4876| 1,125013,3563
TABLE I. Relative errors optimization process

During testing, there was found that in all thrg@imaizations the rate of convergence to
the correct outcome affects the evaluation functibieight coefficients influence substan-
tially the convergence of solution. Equation ng.gdows the given way of the preparation
of objective function.
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In an equation (4) was the edit button named EDd&duas the weighting function of the
argument objective function. Using these buttomsviieight of argument was adjusted, ex-
actly by the element, which will dominate during #ppraisal of optimization round.

The generator parameters for operating conditidresjyency 17 Hz, level of vibration
0.2 g, pm0.025 and load resistance 3850were optimized. The graphic output with sev-
eral representative parameters from this optinopagtudy is shown in Fig. 2.

Coil turns Output power %107 Displacement x
2600 0.022 T T T T T T T
2400 002 - ah-Pr-r-fh gt
2200 LU R e R LT
= =
= o
2000 L [ R B e TR
1800 L e T ERY ERFTERS SRR
1600 : : : : : 0.012 : : : : ; 1.2 : : ; : :
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
migration migration migration
Induced voltage Qutput voltage x10° Min. volume of generator
T

10 e s T

W [md)

75 : : : : : 65 : : : : : 25 : : : : :
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
migration migration migration
Dumping ratio Resistance of coil
T

0.045 ! ! T ! !

o
=1
B

0.035

Bpe, Bpmech [-]
Rc [Ohm]

o
o
@

} i i 100 : | | : :
5 10 15 20 25 30 0 5 10 15 20 25 30
migration migration

Fig. 2: Graphical outputs from optimization
There is a comparison of the original generatohwijptimized (new) generator in Table 2.
The optimization process was successful and thegenerator design has smaller volume
at the same output power.

0.025—
0

) Parameters

Values Unit — .
Original generator | Optimized generator

Volume cm 80 34
Coil turns 2000 1790
Resistance of coil Q 1600 350
Operating frequency Hz 17 17
Output Power 0,2 G mw| 20 20,1

TABLE 2: Performance data of generator



CONCLUSION

The optimization problem of vibration power generdrom input values is too difficult.
The SOMA appears to be suitable optimization ta@ol duch complex mechatronic sys-
tems. This study shows that optimized generatoichvis placed in environment with
mentioned conditions, can harvest output power 20M inside overall volume 38 ccm.
The advantage of simulation modeling of vibratimwpr generator is exciting by the real
vibration data and monitoring of assumed outputagd and power during excited time.
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