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Introduction

Constant improvement of technological processes
enables the perfection of the devices which actualize linear
motions that appear so often. One of the possible ways of
producing linear movements is linear electromagnetic
motor (LEM). This type of motor possesses simple
structure and signifies itself by many positive
characteristics.

LEM is comprised of the original part in which there
is situated C type magnetic core, with an air gap [1]. On
the magnetic core there has been wounded the excitation
core powered from the constant voltage resource. The
secondary part (SE — secondary element) is comprised of
ferromagnetic saw-edged rail, the teeth of which get on the
magnetic air gap between the poles of constant magnetic
field. The thread of the teeth and magnetic core poles is not
the same. LEM operation is based on the principle of
induction. By connecting voltage in sequence to the
electromagnetic coils the system of electromagnets (in case
when the saw-edge rail is attached) or saw-edge rail (in
case when the system of electromagnets is attached) starts
moving similarly the same as the stepping motor with
reactive rotor [2-4].

The features of the motors of such kind are described
in [1], and the analysis of the static characteristics is made
in [5].
High technical and economical indexes of LEM
prove that this type of motor is a promising one but for
their successful implementation it is necessary to carry out
comprehensive theoretical and experimental investigations
[6-8].

The main reason of this article is to provide the
idealized generalized dynamic mathematical model of the
linear motor, which could be used in the research of the
operation possibilities of it.

The operation voltage of the motor
The best way to operate the motor is to use unipolar

rectangular impulse direct (constant) voltage of power
supply, which could change the amplitude and the width of
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the impulses. The change of the amplitude is evaluated by
the voltage factor (coefficient):

V= (1

Um

where U, Um - the direct (constant) voltage of the
excitation of a induction coil a motor and this voltage
maximum evaluation. The voltage factor (coefficient) can
change from 0 till 1.

The duration of the voltage impulse is characterized
by the casual power supply voltage impulse duration factor
(coefficient):
limp

B limp fimp ) 2

where fi,, T, fimp — the operation voltage impulse

duration period and frequency. The casual power supply
voltage impulse duration can change from 0 till 1.

The power supply voltage impulse of a motor is
created by an impulse power converter, the output voltage
(the motor power supply voltage) moment evaluation
expression of which is:

u(t) =y Uy -signk ; 3)
l,if(iﬂk —t]>0,
imp
signk = 4)
0,if L+tk—t <0;
Simp
where #; =(n-1)-T = "~ _ the moment of time when
imp
the n’s communication has happened. At the time of the
first communication 1 =0. The time of the

communication is equal to nil and the characteristics of the
transformer (the active resistance and induction) are taken
into consideration in the characteristics of the motor.



The maximum whole number of communications
could be made according to this expression:

L
max = % )

)

where L — the length of the rectilinear way of the motor;
7 =2-b— the polar step of the secondary teethed element;
b — the width between the similar tooth and spans of the
secondary element.

The traction force of the motor

The expression of the useful traction force of the
motor along x coordinate can be got using the theory of the
change of the electromagnetic energy which is presented in
several scientific resources [9-12]. According to this theory
to get the extraction of the is necessary to know the law of
the change of the induction of the x coordinate. After the
fulfillment of experiments, with the physical model of a
linear motor the characteristics of which are given in the
table 1, was denoted the change of induction of the
induction coil of the motor.

Table 1 . The characteristics of the physical model of the linear
motor

No. Title of the Symbol Value Math
parameters units
1. | Hignt of pole a, 15 mm
2. Width of pole b, 14,5 mm
3. | Hignt of teeth a, 15 mm
4. Width of teeth b, 15 mm
5. Thickness of teeth 2A 16 mm
6. | Span between b, 15 mm
tooth
7. | Air gap length d 1,1 mm
8. Number of Sk 3 -
induction coils
9. Number of coils W 2200 —
10. | Thickness of the d 0,04 mm
wire
11. | Active resistance R 32,7 Q

Just enough accurate for the engineering calculations
the experimental curve could be approximated by this
formula:

l(x)_—lo+l/m~cos—x, -b<x<b ; (6)
T
Ll L2
Ll L2
m ~ 5 ®)

where L, Ly - the direct (constant) and changeable

impulse of excitation induction coil induction;
Ly, Ly — the evaluation of the induction of coil, when the

teeth and span poles are just at the middle position between
the tooth.

The induction change graphic is presented in Fig. 1.
According to the theory of electromagnetic change, having
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in mind that the magnetic system is not fully saturated it is
possible to get the expression of the traction force of a
linear motor with one induction coil:

T .2
fx:__' m 1
T

. 27
-sin—ux, -b<x<bh.
T

€))

Supplying with power all three coils at the same time
it is necessary to evaluate the disposition of the coils on the
secondary element.
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Fig. 1. Dependence of inductivity for 100 V direct (constant)
power supply voltage
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Fig. 2. The linear motor traction force diagram
In this case the traction force of each coils:
. V4 2 . |2z T
fox=—— Ly -i"-sin| —| x—— ||, -b<x<b; (10)
T T 3
2 . 2r
Jox =——"Ly i"-sin—x, -b<x<b; (11)
T
% 2 . |27 T
Jix=——Ly 1" -sin| — x+§ ,=b<x<b; (12)
T T



where f_,, fox, f+x — the traction force of the coil hold

in the — x coordinate direction, of the coil hold in the
middle, and of the coil hold in the + X coordinate direction.

Supplying with the same voltage power all the coils
at the same time the summarized traction force
theoretically will be equal to nil, but practically due to
different technological and technical reasons the force will
not be equal to nil.

By choosing the particular power supply voltage to
each coil is possible to form the required law of the change
of a motor traction force just for a concrete technological
process requirements. The solution of this problem could
be the aim of the further research work.

The traction force diagram is presented in Fig. 2.

The disposition of the excitation induction coil poles
according to the secondary element is presented in Fig. 3.

il

Fig. 3. The disposition of the excitation induction coil poles
according to the secondary element along x axis: 1 — the
excitation induction coil pole; 2 — the secondary element.
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The idealized dynamic mathematical model of the
motor

While creating the dynamic mathematic model of the
motor it is considered that the stimulating induction coils
do not have any magnetic connections within each other.
And as well the magnetic system of the motor is not fully
saturated that is why the induction of the coils depends on
the x coordinate. The dynamic mathematical model of the
linear motor is expressed by the equality:

ul-(l‘)=Rl"il'+Ll‘(x)’i; (13)
dt
Li(x) = Lo; + Lyy; ~cosz—”(x+l§j; (14)
T
Sxi :—E'Lml’ 112 -sinz—”[x+lzj; (15)
T T 3
N dzx dx
Fr=2 fxi :m_2+kv_+kx'x+fs? (16)
i=1 dt dt

where N = 3 — the number of the induction coils of the
motor; /=-1,0,+1 — the factor (coefficient) of the pole

directed along the negative x coordinate till 0 position is
equal to —1, the middle pole is equal to 0 and the pole
directed along the positive x coordinate is equal to +1;
F, — the summarized traction force of the motor along the

u; (t), R; i , Lj (x), fy; — the power supply
of an i-stimulating induction coil, active resistance,

x coordinate;
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current, induction and the traction force; u;(¢) voltage
characteristics are presented in (1-5); m, ky,, ky, f5, x

— the mass of the moving parts of the motor, the force of
resistance dependant on the speed and way proportion
coefficent, static resistance force and the way coordinates.

The formulas of the mathematical model (13-16)
could be used in the x coordinate change:

-b<x<b

where b — the width of tooth and spans of the secondary
toothed ferromagnetic element.

According to created mathematical model the impulse
operating method is realized by changing the width
amplitude and frequency of the operating impulse.

Conclusions

1. After the examination of the law of the change of the
induction of the linear motor the mathematical expression
of the law was obtained.

2. By applying the theory of the change of the
electromagnetic energy, the analyzed expression of the
traction force of the idealized motor was created.

3. By the choice of the particular power supply voltage
of the motor coils it is possible to form the required
summary traction force of the motor that could be applied
to the concrete technological process requirements.

4. Idealized dynamic mathematical model of the linear
motor which realizes the impulse operation by changing
the width, amplitude and frequency of the voltage impulse
was created.

5. The obtained mathematical model could be used in
the examination of the operation possibilities of the linear
motors working as an electrical transmission system.
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E. Matkevicius, L. Radzevi¢ius. Mathematical Model of the Linear Motor // Electronics and Electrical Engineering. — Kaunas:
Technologija, 2007. — No. 5(77). — P. 11-14.

The creation of the idealized mathematic model of the linear motor is presented. It denoted the law of the change of the motor coil
induction dependant on the motion along the x coordinate, which has a rather accurate approximated analytic engineering expression.
The formula of the change of the induction is obtained having in mind that the motor magnetic system is not saturated and there are no
any magnetic connections between the coils. There was obtained the analytic expression of each coil traction force that is summarized
into the general traction force of the motor. These expressions could be used to form the law of the change of the summary traction force
and are the main reason for the further research work. Applying the theory of the change of the electromagnetic energy the idealized
dynamic mathematic model of the linear motor which realizes the impulse operation was created. For the impulse operation of the motor
stimulating coils unipolar rectangular voltage impulse is used. For the operation impulses could be changed in width, amplitude and
frequency. The characteristics of the impulse converter (active resistance, induction) are evaluated while changing the active resistance
and induction of the coils. The mathematic model evaluates the static loading of the motor dependant on the x coordinate that is why it
could be used for the research work of the transmission with the linear motors. I11.3, bibl. 12 (in English; summaries in English, Russian
and Lithuanian).

3. Martksasuuioc, JI. Pagzasuuioc. MaTemaTndeckass MoJe/b JIMHEHHOT0 JABUraTesi // JIeKTPOHUKA U JJEKTPOTEXHHKA. —
Kaynac: Texunosorus, 2007. — Ne 5(77). — C. 11-14.

[pencraBiieHo cocTaBlieHHe MACATM3MPOBAHHON MaTeMaTHYECKOH MOJENHN JIMHEHHOTro JBUrarteis. Y CTaHOBJIEH 3aKOH M3MEHEHHMS
WHIYKTHBHOCTH KaTYIIKW BO30Y>KACHHMS JBUraTellsl B 3aBUCHMOCTH OT HEpPEeMELICHHs BIOJIb X KOOPIHMHATHI, KOTOPHI ¢ IpHEeMIeMOi
JUISL MHXKEHEPHOH NPaKTHKU TOYHOCTBIO, allPOKCUMHUPYETCS aHAIMTHYECKUM BbIpakeHHeM. DopMmysia M3MEHEHMS MHIYKTHBHOCTH
HOJIy4€eHa MPY JOIYIIEHHH, YTO MArHUTHAS CHCTEMa HEHACBIILCHA U MEX/y OTACIbHBIMHU KaTyLIKaMH JBUTATEIIsl HET MArHUTHOW CBSI3H.
ITosy4eHbl AQHATMTHYECKUE BBIPAKCHHUS OTACNHBHBIX COCTABIMIONIMX CHII, TPEACTABISIOMMX OOIIYI CHIIy TATM ABUrateis. OTH
BBIPOKEHHSI MOTYT OBITh HCIIONB30BaHbI Ul (OPMHPOBAHMS 3aKOHA M3MEHEHHMsI OOIIEH CHIIBI TATU M SBISIOTCS OJHOIM W3 3ajgay
JanpHeiero ucciaenoBanus. [IpHMEHsS TEOPHIO NMPEoOpa30BaHUs ICKTPOMEXAHUUECKOIl SHEPTHH, COCTABJICHA HIICATM3HPOBaHHASL
JUHAMUYECKash MaTeMaTH4ecKas MOJENb JIMHEHHOro IBHTATENs, pealH3yIollas MMITyJIECHOE yIpaBlieHHe. Bo BpeMsl MMITyJIBCHOTO
YIIpaBJIeHHs], HAIPSDKEHHUS B BUJIE OJHOIOJISIPHBIX IIPSIMOYTONBHBIX MMITYJIECOB ITOJAIOTCS B KaTYIIKH BO30YXKICHHS ABUTATEII. MoXeT
W3MEHSTHCS LIMPUHA UMITYJIbCOB, YacTOTa UX CJIEIOBAaHMS W aMIUITUTYJa MOCTOSIHHOTO HaIpsDKEHMs! MUTaHus. [lapamerps! (akTHBHOE
CONPOTHBJIEHHE, WHIYKTHBHOCTH) TAaKOro IpeoOpa3oBaTelisi MOIIHOCTH YYUTBHIBAIOTCS IIyTEM M3MEHEHHS Ha COOTBETCTBYIOLIYIO
BEJIMYMHY AKTUBHOTO CONPOTUBICHHMSA M MHIYKTHBHOCTH KaTyLIKM BO30OY)XAEHMs IBUrareisis. MareMaTuueckas MOJIEIb Y4YHUTHIBAeT
CTAaTUYECKYIO HArpy3Ky, a TAKXKe COCTABIIAIOIINE HArPY3KH ABUIATENs, 3aBUCAILIME OT NEPEMEICHHS BJIOJIb X KOOPAUHATHI U CKOPOCTH,
MOSTOMY MOZETh MOXET OBITh HCIIOJb30BaHA Ui HMCCIEAOBAHWS NPHBOAOB C JIMHEWHBIMH ABHratensmu. Wm. 3, Oubn. 12 (Ha
AHTJIMIICKOM s13bIKE; pedhepaThl Ha aHTIIMHCKOM, PyCCKOM M JIATOBCKOM $13.).

E. Matkeviius, L. Radzevicius. Tiesiaeigio variklio matematinis modelis / Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2007. — Nr. 5(77). — P. 11-14.

Pateikiamas tiesiaeigio variklio idealizuoto matematinio modelio sudarymas. Nustatytas variklio rités induktyvumo kitimo
priklausomai nuo poslinkio iSilgai x koordinatés désnis, kuris inZinerinei praktikai pakankamu tikslumu aproksimuojamas analizine
iSraiska. Induktyvumo kitimo formulé gauta, padarius prielaida, kad variklio magnetiné sistema nejsotinta ir tarp ri¢iy néra magnetinio
rysio. Gautos atskiry variklio ri¢iy jégy dedamyjy, sudaranciy visuming variklio traukos jéga, analizinés iSraiskos. Sios israikos gali
blti panaudotos formuojant visuminés traukos jégos kitimo désni ir yra vienas i§ tolesnio tyrimo uzdaviniy. Pritaikant
elektromechaninés energijos keitimo teorija, sudarytas idealizuotas dinaminis tiesiaeigio variklio matematinis modelis, realizuojantis
impulsini valdyma. Impulsinio valdymo metu | variklio Zadinimo rites jjungiama vienpoliy stac¢iakampiy impulsy pavidalo jtampa. Gali
biti kei¢iamas nuolatinés maitinimo jtampos impulso plotis, impulsy daZnis ir amplitudé. Sio impulsinio galios keitiklio parametrai
(aktyvioji varza, induktyvumas) ivertinami atitinkamai kei¢iant variklio rités aktyviaja varza bei induktyvuma. Matematinis modelis
ivertina variklio stating apkrova bei apkrovos dedamasias, priklausanéias nuo poslinkio iSilgai x koordinatés ir greicio, todél gali buti
naudojamas pavaroms su tiesiaeigiais varikliais tirti. I1.3, bibl. 12 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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