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Introduction

When designing electric drives using linear
electromagnetic motors (LEM), it is necessary to have
mathematical model of the motor which allows calculating
static and dynamic operating modes of the drive.

Experimental research of the linear electromagnetic
motor is a complicated task requiring use of special
experimental equipment [1]. In order to calculate static
characteristics for the linear electromagnetic motor with
heterogeneous armature it is necessary to determine
conductivity and its derivative with respect to the position,
and then to calculate dependence of the electromagnetic
force on the position [2].

Table 1. Parameters of the motor's physical model

Item | Parameter name | Symbol | Value | Unit
1. Pole height a, 15 mm
2. Pole width b, 14.5 mm
3. Tooth height a, 15 mm
4. Tooth width b, 15 mm
5. Tooth thickness 2A 16 mm
6. Tooth pitch by 15 mm
7. Air gap ) 1.1 mm
8. Number of Sk 3 vnt.

induction coils
9. Number of coils w 2200 -
10. Wire diameter d 0.04 mm
11. Coil resistance R 32.7 Q

Physical model of the motor was experimentally
analyzed in order to elaborate an idealized dynamic
mathematical model of the defined linear electromagnetic
motor [3]. Dependence of the interlinked magnetic flux
‘P(x) and inductance L(x) on the position of the
secondary element, at different supply voltages, was
experimentally analyzed, a well as dependence of the
interlinked magnetic flux on the current i, with fixed
position of the secondary element (SE) (x = const ), and
dependence of the traction force F(x) on the position of

the secondary element, at different supply voltages. In
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order to carry out experimental researches a physical
model of the linear electromagnetic motor was used with
the parameters specified in Table 1, which were used to
obtain approximation of the inductance change curve and
to develop the mathematical model [4].

The goal of this article is to define experimentally
dependence of the linear electromagnetic motor parameters
on the secondary element position.

Dependence of the interlinked magnetic flux on the
position, at different supply voltages

Static state of the electromagnetic motor is obtained
by switching on the excitation current and mechanically
securing the secondary element with respect to the stator
poles. A coil of 0.15 mm diameter copper wire with ten
windings is wound on one magnetic circuit pole of the
stator to measure interlinked magnetic flux by
milliwebermeter.  Experimental family of static
characteristics reflecting dependence of the interlinked
magnetic flux ¥ on the position x of the secondary
element, at different supply voltages (currents), is shown in
Fig. 1.
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Fig. 1. Dependence of the interlinked magnetic flux on the
position of the secondary element



It can be seen from the curves of Fig. 1 that the
function lI"(x) has periodic character at different voltages.

Dependence of the interlinked magnetic flux on the
current

Dependence of the interlinked magnetic flux on the
current, with fixed position of the secondary element and
24 V supply voltage was experimentally explored. The
same coil and milliwebermeter was used for the
measurements. Obtained results are shown in Fig. 2.
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Fig. 2. Dependence of the interlinked magnetic flux on the
current

It can be seen from the curves of Fig. 2 that almost
linear dependence of the interlinked magnetic flux on the
current is recorded in the range of operating currents (up to
0.4 A). It is possible to assume on the basis of the
experimental data obtained that in the range of operating
currents the inductance of the excitation coil depends only
on the position of the secondary element and only slightly
depends on the current, therefore the following dependence
is valid:

¥ = I(x)i. (1)
Dependence of the inductance on the position, at
different supply voltages
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Fig. 3. Dependence of the inductance on the position, at 100 V
and 150 V supply voltages
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Expression of useful motor traction force along the
coordinate x can be obtained using the electromechanical
energy conversion theory [5-8]. According to this theory,
it is necessary to know the function of changing of the
motor inductance with respect to the coordinate x. After
experimental tests with a physical model of the linear
motor, the main parameters of which are specified in Table
1, the change of the motor excitation coil inductance
shown in Fig. 3 was determined.

Experimental curve can be approximated by this
formula with the accuracy sufficient for engineering
calculations:

L(x)=L0+Lm-cosz—”x,—b$xsb; 2)
T
L+
=222, )
2
L1 —
Ly =512 @

here Ly, L, - amplitude of fixed and variable

component of the excitation coil inductance; L;, L, -
values of the excitation coil inductances when the coil pole
is located in the middle of the tooth and the middle of the
tooth pitch; 7=2.b — pole pitch of the toothed secondary
element; b — the width between the similar tooth and

spans of the secondary element.
Graph of the inductance change is shown in Fig. 4.
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Fig. 4. Graph of the inductance change, at 100 V DC supply
voltage

Dependence of the traction force on the position

Dependence of the motor traction on fixed position of
the secondary element can also be regarded as static
characteristics [9-11]. The force generated by one
excitation coil is measured in this case, securing the
position of the secondary element each 1 mm. The results
obtained are shown in Fig. 5.

It can be seen from Fig. 5 that the motor traction
force is decreasing markedly approaching to the pole edge
since magnetic link between the pole of the electric magnet
and the secondary element is lost. If supply voltage of the



linear electromagnetic motor is changed, the motor traction 5. It can be seen from the relationship between

force is also changing; therefore it is possible to develop a interlinked magnetic flux and the graph of the
desired law of the summary motor traction force change secondary element position that the density of
meeting specific requirements of the technological process, magnetic flux decreases at the ends of the magnetic
choosing certain values of the supply voltages of separate circuit poles. This means that with approaching of the
motor windings due to this reason. secondary element to the middle of the magnetic
circuit poles, decreasing portion of interlinked
R o T T T — magnetic flux is locked in the air.
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M. Molis, E. Matkevitius, L. Radzevi¢ius. The Experimental Research of the Linear Motor // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2008. — No. 7(87). — P. 57-60.

The results of experimental researches of the linear electromagnetic motor in the form of graphs are presented. Dependence of the
interlinked magnetic flux and inductance on the position of the secondary element, at different supply voltages of the motor, was
obtained. Also, dependence of the interlinked magnetic flux on the current, with fixed position of the secondary element, and
dependence of the traction force on the position of the secondary element, at different supply voltages, were obtained. On the basis of
experimental diagrams the laws of changes of the relationships were established. The relationship between the change of the motor
excitation coil inductance and the shift along the coordinate x, which can be approximated by analytical expression with the accuracy
sufficient for engineering calculations, was established. The formula of the inductance change was obtained, with the presumption that
magnetic system of the motor is not saturated and no magnetic link exists between the coils. After a number of experiments the
conclusions were made defining dependences of the electromagnetic parameters of the linear electromagnetic motor on the position of
the secondary element. When designing electric drives using linear electromagnetic motors (LEM), it is necessary to have mathematical
model of the motor which allows calculating static and dynamic operating modes of the drive. Mathematical model takes into account
static load of the motor and load components, which are dependent on the shift along the coordinate x and speed, and therefore can be
used to examine the drives with the linear motors. Il 5, bibl. 11 (in English; the summaries in English, Russian and Lithuanian).
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M. Moauc, 3. MatksiBuuioc, JI. PagssBuuroc. IkcnepuMeHTaIbHOE HCC/IeJ0BaHUe JIHHEHHOTO ABUraTe s // DJeKTPOHHKA H
anexkTporexHuka. — Kaynac: Texnosiorus, 2008. — Ne 7(87). — C. 57—60.

TpencraBneHbl 3KCNEPUMEHTABHBIE PE3YIbTaThl UCCICAOBAHMS JIHHEHHOTO NEKTPOMArHUTHOIO JABHIraTeNs B rpadueckoM BHIE.
OKCNEPUMEHTANBHO HCCIIEN0BaHbl 3aBUCUMOCTH MarHWUTHOTO MOTOKA, MHAYKTMBHOCTH OT MOJIOXEHHS BTOPHUYHOrO JJIEMEHTa, NpH
Pa3MYHBIX HANpsHKEHHUAX NMUTaHMSA, a TAK)KE 3aBUCHMMOCTb MAarHUTHOTO TOTOKA OT CHJbl TOKa, NMPU (PMKCHPOBAHHOM IOJNOXKEHHH
BTOPHYHOT'O 3JIEMEHTa M 3aBUCHMOCTH CHJIbI TATH OT MOJIOXXEHHS BTOPMYHOIO JJIEMEHTA, NP PA3UYHBIX HANpPSOHKCHUSX MHUTAHHS.
Crnenys M3 OKCNEPUMEHTAIBHBIX TI'pa(UKOB, YCTAHOBIEHBI 3aKOHbI W3MEHEHHs 3aBUCHUMOCTEH. YCTaHOBIEH 3aKOH HM3MEHEHHS
UHIYKTMBHOCTH KaTYLIKH BO30YXKICHHsS IBHraTeis B 3aBUCHMOCTH OT IEPEMEILEHUS BIOJb KOOPAMHATHI X, KOTOPBIA ¢ MpHEMIIEMO
JUISl MHDKEHEDHOM NPAaKTHKUM TOYHOCTBIO, aNNPOKCHMHUPYETCS aHAIMTHYECKMM BblpaxkeHHeM. DopMyna HU3MEHEHHS WHIYKTUBHOCTH
T0JIy4€eHa NIPY NOMYLIEHHH, YTO MarHUTHAs CHCTEMa HEHACBILEHa M MEXIY OTACIBHBIMHU KaTyIIKaMH IBUraTeNls HET MAarHUTHOM CBSA3M.
BhINONHUB psill 3KCTIEPUMEHTOB, TMOJTYYEHBI BBIBOABI, XapPaKTEPU3YIOIIHE 3aBUCHMOCTh JJNEKTPOMArHUTHBIX MapaMeTpPOB JHHEHHOro
3NIEKTPOMarHUTHOTO JBHraTeNsi OT IOJOXKEHHS BTOPUYHOrO 3JieMeHTa. IIpOeKTHpYs 3JEeKTPONPHBOJbBI, B KOTOPBIX HCIOJB3YIOTCS
JIMHEHHBIE 3IEKTPOMArHUTHBIE JBUraTejld HEOOXOAMMO MMETb MATeMaTHYECKyl0 MOJIENb, KOTOpas MPENOCTaBiseT BO3MOXHOCTD
MOACYETA CTATHYECKUX U AMHAMHMYECKHUX PEXHMMOB paboThl NpHBoAa. MaTemaTHueckasi MOAENb YYUTHIBAET CTATHYECKYIO Harpysky, a
TaKKe COCTaBISAIOLIME HArpy3KH ABHUTaTess, 3aBUCAILHME OT MEPEMEILEHHS BIOJIb KOOPAWHATHL X U CKOPOCTH, MO3TOMY MOJEIL MOXET
OBbITH UCNIOJIB30BaHA I UCCIEAOBAHUS NIPUBOLOB C JIMHEHHBIMY aBurarensmu. Uin. 5, 6u6n. 11 (Ha anrnuiickom si3sike; pedeparsl Ha
AHTJIHICKOM, PyCCKOM M JIMTOBCKOM 53.).

M. Molis, E. Matkevitius, L. Radzevi¢ius. Eksperimentinis tiesinio variklio tyrimas // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2008. — Nr. 7(87). — P. 57-60.

Grafiky pavidalu pateikiami tiesiaeigio elektromagnetinio variklio eksperimentiniy tyrimy rezultatai. Eksperimentiskai istirta
magnetinio srauto ir induktyvumo priklausomybé nuo antrinio elemento padéties, esant skirtingoms maitinimo jtampoms, taip pat
magnetinio srauto priklausomybé nuo srovés, esant fiksuotai antrinio elemento padégiai, bei traukos jégos priklausomybé nuo antrinio
elemento padéties, esant skirtingoms maitinimo jtampoms. Pagal eksperimentinius grafikus nustatyti priklausomybiy kitimo désniai.
Nustatytas variklio Zadinimo rités induktyvumo kitimo priklausomai nuo poslinkio i8ilgai x koordinatés désnis, kuris inZinerinei
praktikai pakankamu tikslumu aproksimuojamas analitine iSrai$ka. Induktyvumo kitimo formulé gauta darant prielaida, kad variklio
magnetiné sistema nejsotinta ir tarp ri¢iy néra magnetinio ry$io. Atlikus keleta eksperimenty, gautos i§vados, apibudinandios tiesiaeigio
elektromagnetinio variklio elektromagnetiniy parametry priklausomybes nuo antrinio elemento padéties. Projektuojant elektros pavaras,
kuriose naudojami tiesiaeigiai elektromagnetiniai varikliai, butina turéti variklio matematinj modelj, kuris leisty apskaiéiuoti statinius ir
dinaminius pavaros darbo reZimus. Matematinis modelis jvertina variklio stating apkrova bei apkrovos dedamasias, priklausan¢ias nuo
poslinkio i3ilgai x koordinatés ir greicio, todel gali bati naudojamas pavaroms su tiesiaeigiais varikliais tirti. I.5, bibl. 11 (angly kalba;
santraukos angly, rusy ir lietuviy k.).
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