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FEATURES OF EXCITATION OF A LINEAR ELECTROMECHANICAL CONVERTER
OF INDUCTION TYPE FROM AN AC SOURCE

Purpose. The purpose of the article is to establish the basic laws of operation of induction-type linear electromechanical converter
(LEMC) during operation in high-speed and shock-power modes and excitation from an AC source of increased frequency.
Methodology. With the help of a mathematical model, the regularities of the course of processes in a LEMC, excited from an AC
source, were established when working with shock-power and high-speed modes. The solutions of the equations of the mathematical
model, which describe interrelated electrical, magnetic, mechanical and thermal processes, are presented in a recurrent form.
Results. It was found that when the LEMC operates in the shock-power mode, the maximum value of the current in the inductor
winding occurs in the first half-period, and in the inhibited armature winding in the second half-period. The electrodynamic force
changes at twice the frequency, taking on both positive and negative values. Since the positive values exceed the negative ones, the
magnitude of the impulse of the electrodynamic force increases with each period of the force. Depending on the initial voltage phase,
the relative change in the magnitude of the force impulse is 1.5 %. It was found that when the LEMC operates in high-speed mode,
the current in the inductor winding in the first half-period has the greatest value, but after several periods it takes on a steady state.
The temperature rise of the inductor winding increases with the time of connection to the AC source, and the temperature rise of the
armature winding has the nature of saturation. The electrodynamic force has an oscillatory character with strong damping and a
significant predominance of the positive component. Depending on the initial phase of the voltage, the relative change in the
maximum speed of the armature winding is 2.5 %. Originality. For the first time, a mathematical model of the LEMC, excited from
an AC source, was developed, the solutions of the equations of which describe the interrelated electrical, magnetic, mechanical and
thermal processes. For the first time, the regularities of the course of processes in LEMC were established when working with shock-
power and high-speed modes. Practical value. The characteristics of LEMC are obtained, which determine the efficiency of work in
shock-power and high-speed modes. It is shown that the initial voltage phase has no significant effect on the power, high-speed
thermal performance of the converter excited from an alternating current source. References 16, figures 5.

Key words: linear electromechanical induction-type converter, mathematical model, high-speed and shock-power operation
mode, alternating current source, maximum speed, electrodynamic force impulse.

Pospobnena nanyrocoea mamemamuuna molensb JNiHILIHO20 eEKMPOMEXAHIYHO20 Nepemeopiosaua IHOYKYiliHo20 muny npu
30y0dcenti 8i0 Odxcepena 3MIHHO20 CMPYMY, 8 AKIU pilleHHA Di6HAHb, WO ONUCYIOMb 63AEMONO08 A3AHI eNeKMPUYHI, MASHIMHI,
MexaHiuHi ma mennosi npoyecu, AKi npeocmasieni 6 peKypeHmHomy euenadi. Bcmanoaneno, wo npu pobomi nepemsopiosaua 6
YOApHO-CUTIOBOMY DEICUMI eNIeKMPOOUHAMIYHA CUNA 3MIHIOEMbCA 3 NOOBIIHOI0 YACHOMOIO, NPUUMAlOYU AK NO3UMUGHI, MAK i
HeeamueHi 3nauenns. Ilo3umueni 3navenHs cuiu nepesuWyIOMs He2amu6Hi i 6eNUdUHA IMRYILCY eNeKmpoOUHAMIYHOT Cumu 3
KOJICHUM nepiodom nioguwyemucs. B 3anexchocmi 6i0 nouamxogoi gpasu Hanpyau 6i0HOCHA 3MIHA 8EIUYUHU IMIYIbCY CUTU CKIAOAE
1,5 %. Ilpu pobomi nepemaoprosaia 6 wUOKICHOMY PedACUMi MAKCUMATLHUL CIpYM 8 06 Momyi inOyKmopa 6 nepuiuii nignepioo mae
Haubinbule 3HAYeHHs, ale 4epe3 OeKilbKa nepiodie npuiimae nocmiline 3Hauenus. B sanescnocmi 6i0 nouamxoeoi ¢asu manpyeu
8IOHOCHA 3MIHA MAKCUMANLHOT WEUOKOCmi 0dMomKu akops ckradace 2,5 %. bibmn. 16, puc. 5.

Knrouogi cnosa: NiHiiHUA eneKTpoMexaHiYHMii MepeTBOPIOBaY iHAYKHIHOro THIYy, MaTeMAaTHYHA MOJe]b, IBUIKICHHI i
YAapHO-CHJIOBUI peskuM po0oTH, AKepeio 3MIHHOT0 CTPYMY, MAaKCHMAaJIbHA IBHAKICTh, iMIYJIbC eJIeKTPOAHMHAMIYHOI CHJIN.

Paspabomana yennas mamemamuyeckas MoOenb JUHEUHO20 dNEKMPOMEXAHUYECKO20 npeobpazoeameis UHOYKYUOHHO20 Mund npu
6030YHCOCHUU OM  UCMOYHUKA NEPEMEHHO20 MOKd, 6 KOMOPOU peuleHus YPAGHEHUl, ONucklearuue 63aumMoCesa3anHble
INeKmpu1ecKue, MACHUNHblE, MEXAHUYECKUE U MeNlo8ble NPOYeCcsl, NPEOCMABLeHbl 8 PEKYPPEHMHOM ude. YCmaHo6e1eHo, Ymo npu
pabome npeobpazosamens 8 YOAPHO-CULOBOM DedNCUMe INEKMPOOUHAMUYECKAS CUNA USMEHAemcs ¢ YOBOEHHOU Yacmomol,
NPUHUMAA  KAK  NONOJICUMENbHble, MAK U Ompuyamenvhvle 3HayeHus. Ilonodcumenvuvle 3HAYEHUS CUbL  NPEBbLIUAION
ompuyamenbHvie U eIUYUHA UMNYALCA DNEKMPOOUHAMUYECKOU CUTBL € KANCOBIM NEPUOOOM yseruyusaemcs. B zasucumocmu om
HavanbHOU asvbl HANPAdNCEHUS OMHOCUMENbHOe UBMEHeHUue GeluyUuHvl umnyibca cunvl cocmagisem 1,5 %. Ilpu pabome
npeobpazoeamens 6 CKOPOCMHOM PedlcuMe MAKCUMATbHBIL MOK 6 00MOMmKe UHOYKIOPA 8 Nepsbiil NOIYNepuod umeem Hauboavulee
3HAYeHUe, HO Yepe3 HeCKONbKO Nepuodo8 npuHumdaem NnOCMOsHHOe 3HaAueHue. B 3asucumocmu om HayanbHoOU (aszvl HANPAXCEHUs.
omHocumenvHoe usmeHeHue MaKCUMAaIbHol CKOpocmu 06mMomku skops cocmasnaem 2,5 %. bubn. 16, puc. 5.

Knrwouegvie crnosa: JTMHENHHBIH 3JIEeKTPOMeXaHUYeCKHii Npeodpa3oBaTeb MHAYKIHOHHOTO THIA, MATEMATHYECKAsl MOJelb,
CKOPOCTHOH M Y/IapHO-CHJIOBOH pe:KMM PpadoThl, MCTOYHMK IIEPEMEHHOI0 TOKA, MAaKCHMAJIbHAsl CKOPOCTb, HMITYJIbC
3JIEKTPOAUHAMHYECKOI CHJIBI.

Introduction. Linear electromechanical converters
(LEMCs) of induction type are used to accelerate the
actuation element to high speed in a short active section
and to create powerful force pulses on the object of
influence with a slight movement of the specified element
[1-4].  Such converters operate in high-speed
(accelerating) and shock-power modes. They are used as
actuating elements of electromechanical accelerators and
shock-power devices [5-7].

In LEMC of induction type, a movable armature,
made in the form of a single- or multi-turn short-circuited
winding, inductively interacts with the stationary winding
of the inductor. In a converter of coaxial configuration,
the windings are made in the form of discs. The armature
winding is installed and moves axially relative to the
inductor winding. When the inductor winding is excited
from the power source, the current flowing in it through
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the magnetic field induces a current in the armature
winding. The resulting electrodynamic forces between the
windings are transmitted to the actuation by means of the
movable armature winding.

The most common excitation of LEMC is from a
high-voltage capacitive energy storage [2, 8]. However,
this requires special high-voltage equipment and
appropriate winding design. In addition, such excitation
occurs over a relatively short period of time, which can
limit a number of performance and technical applications
of the converter.

At one time, other sources of excitation of LEMC of
the induction type were considered, for example,
inductive and of alternating current of increased
frequency [9]. In [10], an AC source was investigated for
an electromechanical accelerator of a cylindrical
configuration, in which the armature winding moves
coaxially inside the inductor winding. The following
options were considered:

1) excitation from a source of increased frequency;

2)excitation from a source, the frequency of which
increases as the armature winding accelerates;

3)winding of the inductor winding with an increasing
step, which is excited from a source of constant
frequency.

Option No. 2 requires a special generator. Option
No. 3 is appropriate only for an accelerator, in which the
armature winding moves inside the inductor winding.
Option No. 1 was developed in [11], where an
electromechanical accelerator was described, in which the
armature winding was accelerated inside a row of axially
installed sections of the inductor winding. The sections of
the inductor winding, as the armature winding moved,
were sequentially connected to the sections of the AC
source, in each of which the frequency of the alternating
current was constant, but increased in relation to the
frequency of the previous section. Note that such an
excitation system is complex and requires a complex
switching system.

All studies of excitation sources concerned LEMC
operating in high-speed mode, in which the time of
effective interaction of the accelerated armature winding
with the inductor winding is insignificant. But when
operating in the shock-power mode, the indicated
interaction time can be significant, being limited by other
factors, for example, thermal one.

The goal of the paper is the establishment of the
basic laws of operation of induction-type LEMC when
operating in high-speed and shock-power modes and
excitation from an AC source of increased frequency.

LEMC mathematical model. Consider a
mathematical model of an induction-type LEMC in a
high-speed mode, in which the magnetic coupling
between the windings changes during the excitation of the
inductor winding. In this model, we use the lumped
parameters of the fixed inductor winding and the
accelerated armature winding [12]. To take into account
the interrelated electrical, magnetic, mechanical and
thermal processes, as well as a number of nonlinear
dependences, for example, resistance on temperature, the
solution of equations describing these processes will be
presented in a recurrent form [9, 13].

To calculate the indicators and time characteristics
of LEMC, we use a cyclic algorithm. For this, the
workflow is divided into a number of numerically small
time intervals At = t;.; — t;, within which all quantities are
considered unchanged. On the k-th cycle, using the
parameters calculated at the time ¢ as initial values, the
parameters are calculated at the time #;;.

To determine the currents over the time interval Az,
we use linear equations with unchanged parameter values.
We choose a small value of the calculated step Af so that
it does not have a significant effect on the calculation
results on a computer, while ensuring the required
accuracy.

Initial conditions of the mathematical model are:
T,(0) = Ty is the temperature of the n-th winding; 7,(0) = 0
is the current of the n-th winding; /4.0) = h, is the
distance between the windings; u(0) = U,siny, is the
voltage of the AC source; v,(0) = 0 is the speed of the
armature winding along the z axis.

Since the inductor and the armature are made in the
form of multi-turn tightly wound windings, it is advisable
for them to use the concepts of inductances and mutual
inductance. The change in the spatial position of the
armature winding is taken into account by the change in
flux linkage ¥ between the windings [14]:

Do )%, -1, 2L (1)
dt dt dz
where n = 1, 2 are the indices of the inductor and
armature windings, respectively; M(z) is the mutual
inductance between the windings; v, is the speed of
movement of the armature winding along the z axis; i, is
the current of the n-th winding.

In this case, the electrical processes in the LEMC

windings can be described by the system of equations:

dM
2 =u(), )
dz
dz
where u(t) = U,sin(wtt+y,) is the power supply voltage;
R, L, T, are the active resistance, inductance,
temperature and current of the n-th winding, respectively.
Let’s introduce the notation:
Ry =R (T); Ry = Ry(T7);
M =M(z) =My (2);v, =v. ();u=u(r).
We will find solutions for currents in the form:

. di di .
Ri(T)i + Ly 7;+M12(Z)7t2+12"z(t)

. di di, .
Ry (Ty)iy +L2d—t2+M21(Z)7tl+l1Vz(f) =0,(3)

u _
Ry

_ i
iy = ﬂRl + Ay exp(ayt) + Ay exp(ast),  (4)
1

. I
i = —ﬁR—1+ Ay exp(ayt) + Ay, exp(ast) , (5)
1
where ), = —O.Sg;(_l * {0.25.;2;(_2 - lRle - ﬂ2 J;(_l}

are the roots of the characteristic equation for the free
component described by the differential equation

d%i
2t

dil 2.
—+\RRy — =0, 6
2y (1 =P }1 (6)

am 2
ﬁ=vzg§ c=LiRy+LyR -2M ; Z=L1L2(1—KM);
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Ky=M (L1L2)70'5 is the magnetic coupling coefficient
between windings; 41,45, 4,1,4y, are the arbitrary

constants determined at time #; for the free component of
currents equal to

_%m [iz ()R —ut)R ’L"l(tk)]_E :
Ay = (am _al)exp(altk) @
_%m |i2 () +i(t) AR |_Q

(@, —a; Jexplayty)
where [=1,2; m=3 -1,

3 {”(tk)+il(tk)[ﬁM_R1]+
Lll-K3; Ly

MR
+i (fk)(L—zz—ﬂ};
1 . M M
Q= M{ZZ(tk)[ﬂL_l_sz_u(tk)L_l—'_

+i1(tk)($—ﬂj}
|

In the final form, the currents in the LEMC windings
are described by the expressions:
i) M

Ay

®)

0 (ts1) = ulty) = Ryiy (8 ) = ia (4 )v (85 ) %
Rl dZ
Xﬂj o exp(azAt)—az exp(alAt) N u(ty) N
dz Ry(ey —a) Ry )

4 explaght)-explanr) {u(rk )L, + {vz oM™ g1, } .
Lle((Zz —al)(l—Kj%,,) dz

xiy (1 )+ {RzM —v. () Ly %}2 (T )};

Rz dz |:12 (tk) " Rz dz
22 exp(alAt)— a) exp(azAt) + exp(azAt)— exp(alAt) 9
o) —0 Lle(az —al)(l—K/%,l)

(10)

x {il(tk )|:R1M v, (1)L %} —u(t )M +ip (1)

x [Vz ()M a_ th}}’
dz

where u(ty) = U,sin(@t+y,); At =ty — I
The value of the displacement of the armature
winding together with the actuation element relative to the
stationary inductor winding can be represented as a
recurrent relation [15]:
2

he (i) = he ) + v (A + 8- A% [(mg +my ), (1)
where v, (t;41) = v, (1) +9-At/(m, +my) is the speed of
the armature winding together with the actuation element;

2 .2
G=f,(z,t)—Kqpv,(t;;)— 01257y, B,DHrv: (t;);
[ (z,0) =iy (t)in (2 )—a;M (2) is the instantaneous value of
Z

the axial electrodynamic force between the windings; m,,
m, is the mass of the armature winding and the actuation
element, respectively; 4, is the value of displacement of

the armature winding; K7 is the coefficient of dynamic
friction; y, is the density of the medium of moving; g, is
the coefficient of aerodynamic resistance; D,, is the outer
diameter of the actuation element.

When the LEMC operates in the shock-power mode,
there is a thermal contact between the windings through
an insulating pad. In this case, the temperature of the n-th
winding can be described by the recurrence relation [16]:

1. 1
T, (ty) =T, (zk)§+(1—:)[ﬂ 2R, (T, (D2, —D,%,T -
+0,257Ty D, H ary + Ty (1) A (T)d ;! [x

(12)

1
40,2577, DopH, +2,(T)d;' |

L(O’ZSDQ‘!&TH + MJ ;
c, (L)1 d,H,

a

AT, d, are the thermal conductivity and the thickness of
the pad, respectively; D,,, D;, are the outer and inner
diameters of the n-th winding, respectively; az,, ¢, are the
heat transfer coefficient and heat capacity of the n-th
winding, respectively.

When the LEMC operates in high-speed mode, the
temperature of the n-th winding can be described by the
recurrent relation:

Ty (ts) =Tyt + (1= 2|y + 47222 (1) x

1 n-l-1{n2 _ 2 !
><Rn(Tn)OCTnDenI_In (Den _DinT :|a

where & = exp{—

(13)

where y = exp{f 0,25AtD,,0 1, c,fl (T, )7/;1 }

When implementing equations (9) — (13) on a
computer, a cyclic algorithm is used, in which at each
numerically small calculation step, the values of the
currents i, temperatures 7,, resistances R,(7,) of the
windings, the thermal conductivity of the pad A,(7), the
values of axial electrodynamic force f(z, t), speed v, and
displacement /4, of the armature winding, mutual
inductance M(z) between the windings are sequentially
calculated.

The main parameters of the LEMC. Consider a
LEMC of the induction type, in which the inductor
winding (z = 1) and the armature winding (n = 2) are made
in the form of disk coils. The windings are tightly wound
with 0.9 mm copper wire. The number of turns of the
inductor winding N, = 450 and the armature winding
N, = 180. The outer diameter of the windings is D,,, = 100 mm,
their inner diameter is D;, = 10 mm. The axial height of
the inductor winding is H; = 10 mm, of the armature
winding is H, = 4 mm. The windings are made in the
form of massive disks by impregnation and subsequent
hardening of epoxy resin. The windings are installed
coaxially so that the initial distance between them is
ho = 0.5 mm. The power supply is characterized by
frequency of 100 Hz and an amplitude of U,, =300 V.

Consider the duration of the connection time of the
inductor winding to the source ¢ = 50 ms. Let us estimate
the efficiency of the LEMC when operating in a high-
speed mode (mass of the actuation element m, = 0.25 kg)
by the value of the maximum speed V,, and when
operating in the shock-power mode by the value of the

impulse of the electrodynamic force P, :j S (z,t)dt
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(we assume that there is no displacement of the armature
winding) with minimal rise of the winding temperatures
9,, =T, n— T 0-

Consider the electrical and thermal characteristics of
the LEMC when the inductor winding is connected to an
AC source and there is no armature winding, assuming

Y= 0 (Flg 1)

u, Vs ji, Amm’ 6, °C

2000,

;ar’
A\

10 20 30 40 t,ms 50

Fig. 1. Electrical and thermal characteristics of LEMC
in the absence of the armature winding
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The maximum current density in the inductor
winding j; in the first half-period is 24 % higher than
during subsequent steady-state oscillations. After each
half-period of oscillations, an increase in the temperature
rise 6, is observed. By the end of the considered time
interval ¢ = 50 ms, the temperature rise of the inductor
winding is 6,=0.86 °C.

Excitation of LEMC in shock-power mode. Let us
consider the excitation of LEMC in the shock-power
mode with the armature winding inhibited. Due to the
induction effect of the inductor winding on the armature
winding, current with density j, flows in the latter
(Fig. 2,a).

The induced current in the armature winding has a
phase shift with respect to the current in the inductor
winding. Compared to operation in the absence of the
armature winding, the maximum current density in the
inductor winding j; increases by 6.7 %. In the first half-
period, the current density in the armature winding takes
the smallest negative value, but already in the second
half-period, the largest positive value j, = 121.3 A/mm’
appears. The rise of the temperature of the inductor
winding 6, by the end of the considered time interval
increases by 18.5 % compared to the operation of the
LEMC in the absence of the armature winding. The
temperature rise of the armature winding is practically the
same as that of the inductor winding and is 6, = 1.03 °C.

Due to the phase shift between the winding currents,
the electrodynamic force changes with a doubled
frequency practically according to a sinusoidal law, taking
both positive (repulsive) and negative (attractive) values
(Fig. 2,b).
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Fig. 2. Electrical, thermal (a) and power (b) characteristics
of LEMC when excited in shock-force mode
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Positive force values (currents in the windings have
opposite directions) are several times higher than negative
values (currents have the same directions). The maximum
value of the force of the first positive oscillation is
f. = 0.542 kN, slightly increasing in subsequent half
periods. The value of the first negative oscillation is
maximum and is 0.182 kN, subsequently decreasing by
67 %. Since positive oscillations of the force prevail in
magnitude over negative ones, the value of the impulse of
the electrodynamic force P, increases with each period of
the force f;, reaching the value P, = 10.98 N's by the end
of the considered time interval. At positive values of the
force £, the value of the impulse of the force P, increases,
and at negative values of the force, the value of P, has
characteristic decreases.

The initial phase of the voltage at the moment of
connecting the LEMC to the AC source can be in the
range ,<(0; 180°). The influence of the initial phase of
the voltage on the values of the temperature rises of the
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windings and the impulse of the electrodynamic force for
the considered time interval = 50 ms is shown in Fig. 3.

6,°C; P, N-s
1.12
o] L
‘\\-—-.._,_,_.—-""—’
1.08
0,
O,

./Mf
1.04 }<J

=

1.00

0.96+—
0 30 60 90 120 ¥, degrees 180

Fig. 3. Dependence of thermal and power indicators of LEMC in
shock-power mode on the initial voltage phase of the AC source

To assess the influence of the initial phase of the
source voltage, we use the relative change in the value of
the indicator «:

A =2 Kmax ~ Kmin ,
Kmax + Kmin
where Kpax, Kmin are the maximum and minimum values of
the indicator «, respectively.

The minimum value of the value of the impulse of
the force P, for the considered converter occurs
approximately at y,=50°, and the maximum value — after
90°. The relative change in the value of the force impulse
is insignificant and amounts to AP, = 1.5 %.

The temperature rise of the windings has an
extremum at the center of the considered interval y,. The
temperature rise of the inductor winding at w,=90° is
minimal, and of the armature winding is maximal. The
relative changes in thermal indicators are A#;=6.6 % and
AG,=2.8 %.

Excitation of LEMC in high-speed mode. The
high-speed mode of LEMC is characterized by the fact
that, under the action of an electrodynamic force, the
armature winding, together with the actuation element,
moves relative to the inductor winding, causing a
weakening of the magnetic coupling between the
windings (Fig. 4). In this mode of LEMC operation, the
current in the inductor winding has the following features
(Fig. 4,a). In the first half-period, the maximum current
density in the inductor winding has the highest value
Jji = 1252 A/mm’, but after several periods it reaches a
steady-state value j; = 99 A/mm’ (as when operating with
the missing armature winding). The induced current in the
armature winding has an oscillatory-damping character
with the highest maximum value in the second positive
half-cycle.

The indicated character of the flow of currents leads
to a significant change in the temperature rise in relation

to the shock-force mode of operation of the LEMC. The
rise of the temperature of the inductor winding by the end
of the considered time interval is 6,=0.88 °C and
increases from the moment of connection to the AC
source. The rise of the temperature of the armature
winding has the nature of saturation, reaching a
significantly lower value 6,=0.16 °C during the
considered time.

J» A/mm?; 4, °C

2000,
/\fi /

100 Jy

150
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a
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2.5
M
57z Yz
2.0 £ oo f
/ \ / 0.05k,
1.5 ?f%\
1.0 I’/ \
B /fg\/
0 / e
0.5 .
1.0
0 5 10 15 20 t, ms 25

b

Fig. 4. Electrical, thermal (a) and mechanical (b) characteristics
of LEMC when excited in high-speed mode

The mechanical characteristics of LEMC of
induction type in high-speed operation mode have the
following features (Fig. 4,b). The electrodynamic force f;
takes on an oscillatory character with fast decay and a
significant predominance of the positive component. The
largest value of the force £, = 0.4 kN is less than when the
LEMC operates in the shock-power mode. But the value
of the force impulse is even more significantly less,
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having P, = 1.25 N-s by the end of the considered time
interval.

The nature of the change in the speed of the
armature winding is influenced by both positive
(accelerating) and negative (braking) components of the
electrodynamic force. By the end of the considered
excitation interval, the speed reaches its maximum value
Vin=2.36 m/s.

The influence of the initial voltage phase on the
LEMC indicators is shown in Fig. 5. Compared with the
shock-power mode of operation of the LEMC in the range
w,€(0; 180°), there is no symmetry of the temperature
rise of the windings. The relative changes in thermal
indicators are Af, = 8 %, A6, = 1.9 %. The maximum
armature winding speed takes place at approximately
w, = 90°. It slightly depends on the initial phase of the
voltage (the relative change is AV,, = 2.5 %).

6,°C;, V,, m/s
l.Oi/ - '—J’\«L\(K_(
0.4%,,
0.9
——'—‘—\ el /
\5____;/
0.8
0.7
46,
= _‘_‘_‘_‘—‘—
0.6
0.5

0 30 60 90 120 % degrees 180

Fig. 5. Dependence of thermal and mechanical parameters

of LEMC in high-speed mode on the initial voltage phase
of the AC source

Based on the research carried out, the following
conclusion can be drawn. Excitation of LEMC of
induction type from an AC source makes it possible to
implement new technical applications. For example, when
the LEMC operates in the shock-power mode, it is
possible to multiply the time of the force action on the
actuating element in comparison with the excitation from
the capacitive energy storage. Such a long-term force
effect is necessary in presses with a large range of impact
energies, in drives of cold rolling mills, in vibrating
mixers, metering devices, pumps, in test complexes for
checking critical equipment for power loads, in magnetic-
pulse devices for pressing ceramic powders, in devices for
electrodynamic treatment of welded joints, etc. [9].

Conclusions.

1. A chain mathematical model of the LEMC with
excitation from an AC source has been developed, in
which the solutions of equations describing interrelated
electrical, magnetic, mechanical and thermal processes
are presented in a recurrent form.

2.1t is found that when the LEMC operates in the
shock-power mode, the maximum value of the current in

the inductor winding occurs in the first half-period, and in
the inhibited armature winding in the second half-period.
The electrodynamic force changes at twice the frequency,
taking on both positive and negative values. Since the
positive values exceed the negative ones, the value of the
impulse of the electrodynamic force increases with each
period of the force. Depending on the initial voltage
phase, the relative change in the value of the force
impulse is 1.5 %.

3.1t is established that when the LEMC operates in
high-speed mode, the current in the inductor winding in
the first half-period has the greatest value, but after
several periods it takes on a steady state. The temperature
rise of the inductor winding increases with the time of
connection to the AC source, and the temperature rise of
the armature winding has the nature of saturation. The
electrodynamic force has an oscillatory character with
strong damping and a significant predominance of the
positive component. Depending on the initial phase of the
voltage, the relative change in the maximum speed of the
armature winding is 2.5 %.
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