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Introduction

Mostly used mechatronic devices are electrical energy
converters into mechanical energy. Because of this reason
it is very important to research them. One of the research
types are mathematical mechatronic drive models.

Most common mathematical models are mechatronic
device parameters, such as rotor mass, inductance,
electromagnetic force and etc. Electromagnetic force could
be described using the order function [1], because drive’'s
magnetic circuit mostly is not linear or only the first degree
in the order function is used [2]. Drive's winding
inductance depends on the coordinate of the moving part,
because of that it could be described using linear,
sinusoidal or hyperbolical functions. These parameters
could also be calculated using finite elements method
(FEM).

This article explores the use of finite elements method
experimenting with mechatronic device — oscillating
electrical motor.

The Object of the Research

It was investigated the mechatronic device —
oscillating electrical motor that is used in the drive of the
saw. The picture of the drive isdisplayed in the Fig. 1. The
drive has stator 1, to which using springs 2 is attached the
moving part 3 with core and inside the stator’'s fixed
magnetic core 4 with windings. The static part can move
vertically, according to the image.

The way it works: the electrical pulse is going
through the motor windings 4 (Fig. 1), is created
magnetical source, because of which magnetic core inside
the moving part 3 is affected by the electromagnetic force
— the moving part starts moving towards stator’s magnetic
core (according to the picture | — up); if the force is
discontinued in the winding of stator, motor moving part
magnetic core’s electromagnetic force doesn't work
anymore, because of that the moving part affected by
springs is moving to the opposite direction. So the
pulsating current going through motor’ s winding makes the
motor’' s moving part to move.
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Fig. 1. Oscillating electrical motor: 1 — stator, 2 — spring, 3 — the
moving part, 4 — magnetic core with the winding

This research explores the simplest oscillating
electrical motor’s case — one stator magnetic core, which
winding is fed using the negative electrical force, and the
pulsing force is created into electrical circuit turning on the
semiconductor diode.

The M ethod of the Research

Mechatronic drive is explored using numerical
model’s method. For calculations is used “GNU Octave"
software [5]. In the mathematical model  semiconductor
diode is considered ideal and only the electrical losses in
the drive of the motor are taken into the account.

The equivalent electrical scheme of the drive is
shown in the Fig. 2: U — the negative electrical source, U,
— diode which is explained using non linear source of the
energy, R — motor's winding resistance, Ry, — that
explores the change of motor’s inductance L — dynamic
motor’ s winding inductance.

Fig. 2. Equivalent electrical motor’s scheme



The system of drive's differential equations:
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here u — the source of the negative energy, u,= ‘P(l) -
volt-amps diagram of diode, F,, - the electromagnetic

force that affects motor's moving part, m — motors
moving parts mass, h — motor’'s moving parts coordinate,
in the central position h=0, v— the speed of motor's
moving part, R_, - drive's mechanical resistance, ¢ —
the resilience of motor’s spring.
In the equation’s system (1) electromagnetic force
can be expressed using this equation [3]:
Fem = E| 2 % .

2 dh

Motor’s winding inductance can be described using
linear dependency:

L(h)= L, +kh,

2

3)

here:
L, — inductance when motor’s moving part is in a

central position,
k — the coefficient of the proportion.
Inductance derivative according to the coordinate:

dL _
dh
These parameters (2), (3) aso can be calculated
using finite elements method. For this purpose we used the
~FEMM" software [4].

Motor’'s magnetic circuit model is used for finite
elements method and is shown in the Fig. 3. Magnetic
circuit is symmetrical, so to diminish the time used for
calculations, only half of symmetrical circuit is simulated.
Because motor's static part is 90 degrees to stator’s
magnetic core and ,FEMM" software only works with 2-
dimmensiona models, so stator and static part core are
drawn next to each other, and for the “movement” of
magnetic source we use periodic boundary condition. On
the left side of the model (Fig. 3) is motor stator's
magnetic core with windings and on the right — motor’s
moving part. As an interesting fact the length of the
moving part’'s magnetic core is 38 mm, half square — 10
mm, and the gap between stator and moving part's
magnetic core— 0.5 mm.

As necessary, the calculated electromagnetic force
that affects motor's moving part depends on model’s
partitioning level (Fig. 3, right side), with a few present
moving part’s coordinates, shown in the Fig. 4. The force
becomes stabile when the net’s height is 0.2 mm or less.
For the further calculations models net’'s height is 0.125
mm.
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Fig. 4. Calculated force dependence on model’ s partitioning level

There are two possible methods of drives models
using the finite elements method. The first method is
solving drive's differential equations (1) we could use
~FEMM" software for calculations of force that affects
motor’s moving part and motor winding inductance. As it
is known finite elements method is famous for the long
calculations, which duration is growing when the model
partitioning mesh size is lowered. Because of that the first
method is not very “attractive”, when for example we have
to model the same drive to various energy sources, or when
we want to watch the behavior of the drive while changing
the voltage and form of the source. So we can in the
beginning calculate using ,FEMM* software the surfaces

F,,= f(i,h) andL= f(i,h), after that, solving drive's
differential equations (1), parametersF, , L and dc
dh

approximately calculate from the results of the surfaces.
The later method is used in this research.
The calculated dependency F,,

= f(i,h) of the
driveisshowninthe Fig. 5and L= f (i,h)

inthe Fig. 6.
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Fig. 5. The electromagnetic force that affects motor's moving
part, dependence on moving part’s position and motor’s winding
current
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The Result of the Research

The research of drive was concluded using three
methods. performing a physical experiment, performing a
mathematical model, electromagnetic force, winding's
inductance solutions by calculating (2), (3), (4) dependence
and performing mathematical model when the values are
approximate from previoudy calculated dependency
surfaces. The voltage of the energy source that was feeding
the drive was changed and monitoring of motor moving
part’s oscillating amplitude and force in the circuit.

Motor moving part's oscillating amplitudes
comparison graph, using previously mentioned experiment
methods shown in Fig. 7, and motor's winding current
comparison graph is shown in Fig. 8.
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Fig. 8. The graph of force comparison

Comparing oscillating amplitudes it was noticed that
mathematical models, using finite elements method, result
is graph which is similar to graph received during physical
experiment.

Comparing forces that are in motor’s winding it was
noticed that the graph behavior result received from
physical experiment is different from mathematical model.
We believe that this happened because during the
construction of the model we didn’'t pay close attention to
the damages that happen because of eddy currents forces
inside the motor’s magnetic core, or another reason could
be that the residual induction was not accounted in,
because the force inside the motor’s winding is always one
sign (negative or positive.)
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PaccmarpuBaloTcst IUPOKO HCIIONIB3yeMble MEXaTPOHHEIE TIPHBO/IBI — IpeoOpa3oBaTen IEKTPUIECKOH IHEPTUH B MEXaHUUECKYIO.
OnuH U3 METOJOB HCCIIEAOBAaHMS — MaTeMaTHYECKHe MOJIEIH IpuBoa. B 3T0if pabore mccnemyercss BO3MOXKHOCTh IPUMEHHTh METOJ]
KOHEYHBIX JJIEMEHTOB IIPU HCCIICIOBAaHUM MEXaTPOHHOTrO ycTpoiictBa. IIpmBox ObLI HMCClIeNOBaH TpeMs CIOCOOAMM: OCYIIECTBILSST
(U3MYEeCKUH IKCHEPHMEHT, OCYIIECTBISAS MaTeMaTHIeCKOe MOJCIHPOBaHUE, IPOU3BOAS PACUeTHl AIIEKTPOMArHUTHON CHIIHI,
HHAYKTHBHOCTH OOMOTKH, & TaKXe MPOM3BOAHON HHIYKTHBHOCTH 1o ypaBHeHusM (2), (3), (4) u mpousBoas MareMaTHYecKoe
MOJICJIMPOBaHNE, KOr/a MapameTpsl alnlpOKCUMHUPYIOTCS M3 HMOBEPXHOCTEH paHee PacCUMTAHHBIX 3aBUCUMOCTEl. MeEHss BeIMYMHY
HANpsDKEHUS NUTaHUS NPUBOJA U3MEPsUIach aMIUIMTY/A MOABM)KHOW YacTH JBMraTels M TOK B Lienu. Pe3ynbraThl MaTeMaTHYECKOTO
MOJICTIMPOBAHNUS HCIOJb3Ys METOJ KOHEYHBIX JJIEMEHTOB Oosiee Onu3KM K (U3MYECKOH MOAENM HEXEeIM MaTeMaTHYecKoMy
MOJICJIMPOBAHHIO, KOTZA 3JIEKTPOMAarHUTHAS CWJIA PACCUMTBIBACTCS MCIOJB3Yys IEpBbIH wieH mnopsaakoBoi ¢yHkuuu. ITostomy
MaTeMaTHIeCKOe MOJEINPOBAHHUE HCIIONIB3YsI METOJ KOHEUHBIX DJIEMEHTOB IIPHEMIIEMO, LeJIecO00pa3HO M JAJIbIIE er0 HCHONb30BaTh.
Wn. 8, 6ubn. 5 (Ha aHTIMICKOM SI3BIKE, pedepaThl Ha aHTIIMHCKOM, PYCCKOM U JINTOBCKOM fI3.).

V. Jankiinas, E. Guseinoviené, L. Urmoniené. Svytuojamoom judesio mechatroninés pavaros fizinio ir matematinio modeliy
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Plagiai naudojamos mechatroninés pavaros — elektrinés energijos keitikliai | mechanine energija. Todél jas tirti yra aktualu. Vienas
i§ tyrimo bady — matematiniai mechatroninés pavaros modeliai. Siame darbe tiriama galimybé baigtiniy elementy metoda taikyti
mechatroninei pavarai tirti. Pavaratirtatrimis badais: atliekant fizinj eksperimenta; atliekant matematini modeliavima, elektromagneting
jéga, apvijos induktyvuma ir induktyvumo isvesting skaic¢iuojant pagal (2), (3), (4) priklausomybes, ir atliekant matematini
modeliavima, kai pastaryju parametry vertés aproksimuojamos i§ anksciau apskaiciuoty priklausomybiy pavirsiy. Buvo kei¢iama pavara
maitinancios jtampos verté ir matuojama variklio judziosios dalies Svytavimy amplitudé bei srové grandingje. Matematinio
modeliavimo, naudojant baigtiniy elementy metoda, rezultatai artimesni fiziniam modeliui nei matematinio modeliavimo rezultatai,
gauti kai elektromagnetiné jéga apskaiciuojama imant pirmaji laipsniu eilutés nari. Todél matematinis modeliavimas, naudojant
baigtiniy elementy metoda, yra priimtinas. Ir toliau tikdingatirti baigtiniu elementy metodo taikyma matematiniam modeliavimui. 1l. 8,
bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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