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INFLUENCE OF GEOMETRICAL PARAMETERS OF THE INDUCTOR AND
ARMATURE ON THE INDICATORS OF A LINEAR PULSE ELECTROMECHANICAL
CONVERTER OF AN ELECTRODYNAMIC TYPE

Purpose. The aim of the paper is to study the influence of geometrical parameters, namely, the number of layers and the cross section
of the copper tire of the inductor and the armature coils on the power and speed indicators of a linear pulse electromechanical
converter (LPEC) of an electrodynamic type. Methodology. On the basis of the developed chain mathematical model, recurrent
relations are obtained for the calculation of interconnected electromagnetic, mechanical and thermal processes of LPEC of an
electrodynamic type. The effect of the thickness of a square copper tire and the number of its layers in the inductor and armature
coils on the characteristics and characteristics of electrodynamic LPEC is investigated. It is these parameters that determine the
number of turns and the axial height of the coils with limited radial dimensions. Results. The influence of the geometrical parameters
of the inductor and the armature coils with limited radial dimensions on the electrical and mechanical characteristics of LPEC of an
electrodynamic type is established. It has been established that with an increase in the thickness of a rectangular cross-section of
copper tire from 1 to 2.5 mm, an increase in the amplitude and pulse of electrodynamic forces (EF) occurs. However, the maximum
speed of the armature is the highest at LPEC wound with a 1.5 mm thick tire. The highest efficiency value is demonstrated by LPEC,
in which the inductor and armature coils are wound with a 2 mm thick tire. With an increase in the number of layers of the inductor
coil tire, the amplitude of the EF decreases significantly, and the magnitude of the EF pulse decreases slightly. As a result, the
maximum armature speed, efficiency and temperature rise of the coils are reduced. Originality. It is established that the largest
amplitude of the EF is realized in LPEC with the minimum number of layers of tires of the inductor and armature coils. The largest
value of the pulse EF occurs when the maximum number of layers of the inductor and the armature. In this case, the largest values
of the amplitude and pulse of the EF occur under the condition that the number of tire layers of the inductor and the armature coils
are the same. Practical value. It has been established that the greatest efficiency 21.82 % is realized in LPEC, in which the number of
tire layers is 2 mm thick with inductor and armature coils are 4. A catapult model for launching an unmanned aerial vehicle was
made and tested on the basis of LPEC of an electrodynamic type. References 12, figures 6.

Key words: linear pulse electromechanical converter of electrodynamic type, chain mathematical model, recurrent relations,
geometrical parameters of inductor and armature coils, electrodynamic forces, efficiency.

Po3pobnena nanyrozoea mamemamuyna Mooeny JAIHIIHO20 IMRYILCHOZO eneKmpomexaniunozo nepemeoprosaya (JIIEII)
enekmpoounamiunozo muny. Ompumano peKypeHmui cnigeiOHOWEHHA ONA PO3PAXYHKY 63AEMONO08 A3ZAHUX e/1eKMPOMAZHIMHUX,
Mexaniunux i mennosux npouecie. Bcmanoeneno, w0 npu 306inbuieHHi mMOGUWIUHU KEAOPAMHOI MIOHOT WIUHU KOMYUIOK
inoykmopa i axkopa 6i0 1,0 0o 2,5 mm 306inbuiyromeca amniaimyoa i eéenununa imnyasvcy enekmpoounamiunux zycunsv (E/3).
Maxcumansna weuoxicmsy akopa nauoinewa y JIIEII, komywku indykmopa i AKopsa AK020 HaMoOmaui wiunorw mogwunoio 1,5
mm. Haiioinvwe 3nauenns KK/ y JIIEII, komywiku sako2o namomani wiunoro mosuwiunoito 2,0 mm. Ilpu 36invumenni xinbkocmi
wiapie wiunu Komywku inoykmopa amniaimyoa EJI3 3nusicyemoca icmomno, a éenuvuna imnyascy E/[3 — nesnauno. Buacnioox
UbO20 ZHUNCYIOMBCA MAKCUMATbHA wieuoKicmy axkopa, KK/[ i nepesuwienna memnepamypu komyuiok. Haiidinowa amnaimyoa
EJ/I3 peanizyemvca ¢ JIIEII npu minimanshiii KinteKocmi wiapie wiun KOmywioxk iHOykmopa i AKopa, a Haudinvuia eeaudyuna
imnynocy E/I3 eunuxae npu maxcumanvnin ix kinokocmi. Ilpu uvomy naitéinewii 3nauenns amnaimyou i imnynvcy E/I3
GUHUKAIOMb 3a YMOGU, KONU YUCI0 wapie wunu Komywok oonaxogi. Hanoinvwuii KK/J[ (21,82 %) peanizyemoca ¢ JIIEIL, y
AKO20 KOmywiKu in0yKmopa i AKopsa namomani 6 uwomupu wiapu xeaopamnoi wiunu moewunoio 2,0 mm. Ha o6a3i JIIEI]
eNeKmpoOUHAMIYHO20 Muny Oyna 6u2omosieHa i eUnPoOOysana mooeib Kamanyibmu 0 3anycKy 0e3niiommnozo aimanbhozo
anapamy. bi6n. 12, puc. 6.

Kniouogi cnosa: niniliHMil iMIyJIbCHMIl e/leKTPOMeXaHIYHMIl IepeTBOPIOBAaY eJEKTPOJAMHAMIYHOIO THIY, JIAHIIOIOBA
MATeMaTH4YHA MoOJe/lb, PEKYPEeHTHi CHiBBiIHOILIECHHS, TreOMETPM4YHi @apaMeTpH KOTYHIOK IHIyKTOopa i sKops,
ejiekTpoauHamMivHi 3ycuiias, KK/,

Pa3zpabomana yennas mamemamuueckan mooeib TUHEHHOZ0 UMNYIbCHO20 IIeKmpomexanuyeckozo npeoopasosamens (JIUIII)
anekmpoounamuueckoco  muna. Ilonyuenst  pekyppenmusle  COOMHOWIEHUsA  ONA  pacuema  63AUMOCBAIAHHBIX
INEKMPOMACHUMHBIX, MEXAHUYECKUX U MENI06bIX NPOUeccos. Ycmanosneno, Ymo npu yeeaudueHuu moaujuHsl Keaopammnoii
MeOHOU WUHbL KamyuieKk uHoykmopa u saxkopsa om 1,0 0o 2,5 mm ysenuuusaiomcsa amnaumyoa u 6eJUYUHA UMHYIbCA
anexkmpoounamuyeckux ycunui (31Y). Makcumanwvnaa ckopocms axkopa naudonvwan y JIHII1, kamywku uHOyKmopa u aKops
Komopozo namomanwvl wiunoi monwgunout 1,5 mm. Haubonvwee 3nauenue KIIJ] y JIUIII, kamywiku Komopozo Hamomawul
wiunoi monwunoii 2,0 mm. Ilpu ysenuuenuu Konuvecmea cioeé WuHsl Kamywku unoykmopa amnaumyoa /1Y ymenvuiaemes
cyugecmeenno, a eenuyuna umnyavca /Y — nesnauumensno. Bcnedcmeue smozo cnuscaromca makcumanvHasa cKopocmo
akopa, KIIl u npesvimenusn memnepamypvt kamywiex. Haubonvwan amnaumyoa 3/Y peanusyemca e JIUIIl npu
MUHUMANBHOM KOAUUECMEe C10e6 WUH KAmyuieK UHOYKMopa u AKopsa, a haudonvwan eenuuuna umnynvca /Y eo3nuxaem
npu makcumanvHom ux Koauuwecmee. Ilpu smom naubonvuwiue 3navenua amnaumyovt u umnyavca /1Y eo3nuxaiom npu
ycnosuu, Koz0a KoJIU4ecmeo cioee wiuhvl Kamyuiek oounaxoevl. Hauoonvwuii KIIJ] (21,82 %) peanuzyemca ¢ JIUIII, y
KOMOpo20 KamywKu uHOYKmMopa u AKOpA HAMOMAHbL 8 Yemolpe c10a Keaopamnoi wunsl moawunoii 2,0 mm. Ha é6aze JIHII1
INEKMPOOUHAMUYECKO20 MURA Obl1a U320MOGNCHA U UCHBIMAHA MO0elb Kamanyibmul 074 3ANYcKa OecnuiomHozo
Jnlemamensnozo annapama. butin. 12, puc. 6.

Kniouesvle cnosa: IMHEeHbIH UMITYJIbCHBIH J1eKTPOMeXaHHYeCKHIl Tpeodpa3oBaTeb JIEKTPOAHHAMUYECKOT0 THIIA, LeMHAs
MaTeMaTH4YecKass MO/Jej]b, PeKYppPeHTHbIe COOTHOLIEHHUs, FeOMeTpHYeCKHEe MapaMeTphbl KATylleK HHAYKTOpa H SIKOps,
3JieKTpoAuHaMudeckue ycuausi, KIT/L
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Introduction. Linear pulse electromechanical
converters (LPEC) allow to provide a high speed of the
actuator (A) in the short active area and/or to create
powerful force pulses at its slight displacement [1-3].
Such converters are used in many branches of science and
technology as electromechanical accelerators and shock-
power devices [4, 5]. One of the most promising is LPEC
of electrodynamic type [6, 7]. In this converter, which has
a coaxial configuration, the fixed inductor and accelerated
armature are made in the form of monolithic disk coils,
which are impregnated with epoxy resin. Serially
connected the inductor and the armature are tightly wound
with the same copper tire. The current from a pulsed
power source containing a capacitive energy storage
(CES) is excited in them [4, 8]. The armature is connected
to the inductor and to the power source using movable
(flexible or sliding) current leads. The inductor and the
armature are connected in opposite directions by the
magnetic field, as a result of which electrodynamic forces
(EFs) of repulsion act between it. These EFs cause axial
displacement of the armature relative to the fixed inductor
(Fig. L,a).

Fig. 1. Constructive (@) and electric (b) circuits of LPEC of
electrodynamic type: 1 — inductor; 2 — armature;
3 — actuator; 4 — return spring; 5 — power supply;
a, b — flexible current leads

In the process of LPEC operation, a change in the
magnetic coupling between the armature and the inductor
occurs. In addition, their resistances increase due to
heating with high-density pulsed current. These features
of the operating process must be taken into account in the
mathematical model of LPEC of electrodynamic type [9].
When operating in a dynamic mode with a rapid change
of electromagnetic, mechanical and thermal parameters,
the efficiency of LPEC is not high enough, which is due,
in particular, to the lack of justification for choosing the
geometric parameters of active elements — inductor and
armature coils.

The goal of the paper is the study of the influence
of geometrical parameters, namely, the number of layers
and the cross section of the copper tire of the inductor and
the armature coils on the power and speed indicators of
LPEC of electrodynamic type.

Mathematical model. Consider a mathematical
model of LPEC of electrodynamic type, which uses the
concentrated parameters of the inductor and the armature.
We will assume that the fixed inductor and the
accelerated armature are made in the form of coaxially
mounted circular multi-turn disk coils that are tightly
wound with the same square-section copper tire.

To take into account the interconnected electrical,
magnetic, mechanical and thermal processes, as well as a

number of nonlinear dependencies, the solutions of the
equations describing the indicated processes will be
presented in recurrent form [10].

When a starting pulse is applied to the thyristor VS,
the inductor and the armature are excited by an aperiodic
polar pulse from the CES C, shunted by a reverse diode
VD (Fig. 1,b). We believe that in a pulsed power supply
the resistance of the diode VD and thyristor V'S in the
forward direction is negligible, and in the opposite
direction their conductivity is just as small.

Electrical processes in LPEC of an electrodynamic
type on the time interval {0, ¢}, where ¢, is the time at
which the CES voltage is u¢ = 0, can be described by the
equation:

d t
(R + Ro(T)]+ L~ [ =0, uc(© =U. (1)
0

where n = 1, 2 are the inductor and armature indexes,
respectively; R,, 7T,, L, are the active resistance,
temperature and inductance of the n-th element; M, is the
mutual inductance between the inductor and the armature,
moving along the z axis with speed v,;

d!// di . dM12
—— =L -2M + Ly |—=2 t)—=. 2
& L, 12(2) Z]dt iv, () & 2

Substituting equation (2) into (1) we obtain:

dm . di
(RI(TI)+R2<T2>—2vZ<t) 12 j~z+[L1 ~2Myp(2)+ L]+
dz dr
3)
1 t
+—[idt=o0.
<o
The solution of equation (3) can be represented as:

i = Ay exp(ogt) + 4, exp(ast) , 4)

where A,, A, are the arbitrary constants,

=1

— !

0,5
) \
ayn = _0,52 + {025(2) —HL] are the roots of the

characteristic equation; E=L-2M5(z)+Ly;
dmM
O = Ri(T)+ Ry (T) = 2v, (N =+

To represent the solution in a recurrent form, we
define the values of arbitrary constants at the time #.

If o>z,
transformations we get:
uc(ty) +0-i(ty) + ay |5 -i(ty)

Zexplay ot oy —a12)

Substituting expressions (5) into equation (4), we
obtain the expression for the current:

uc(ty)+0-i(ty)

then after a series of

4 =

6))

(1) = 2oy —a [exp(erAt) —explayar)] +
i(ty) - ©
+ —k[a2 exp(alAt)— a exp(azAt)],
@ —a

where At=t; 1} .
Voltage on the CES:
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uc(tp)+0-ity)

uc(ten) = tr—an [oe; explenAr) - explagar)]+
- (7
+ EM a22 exp(oz]At)—ozl2 exp(azAt)]
ay

If @<2yzEC™! , then the roots of the characteristic
equation can be represented as:
ap=—0tjw=aw exp(j(;r + 9)), (8)

5
where 5:0,505_1; H:arctg( z072c™! —1)0 ;

@ =(5C)"; o = (5*1C*1 -0,250%= 2 )0’5 :

Substituting the values of the roots (8) into equations
(6), (7) and taking into account that
2j sin(a)lAt) = exp(j a)lAt)— exp(— jwlAt) ,
we get:
i(tp41) = - " exp(- 5Ar){: MNue ) +O-ity) Jsin(e 4t )+ ©)
+ wyi(ty,) sin(a)lAt - 0)}
Voltage on the CES:

uc(th41) = —@ooq  expl= A Wuc (4) + 6 -i(t)]x (10)
x sin(e At — «9)+ i(ty)wo= sin(a)lAt - 29)}.

If ®=2V5C™ , then &= o and current is:
i(tg.41) = exp(- 388 - 5 uc () + ©- i) ] (1)
Voltage on the CES:
uc () =uc (4) =it 55 + @ity oAr +1)x
x exp(— oAt)+i(1 (55 - O).
Current in LPEC in the time interval {¢, o } varies
according to the law:

i(tps1) = i(tk)exp(— @5“Az). (13)
Mechanical processes in LIEP can be described by
the equation:

(12)

dMm dv

iz(t)E:(ma+m2)d—tZ+KPAz(t)+KTvz(t)+ i
+0,12577, B, D32 (1),

where m,, m, are the mass of the armature and A,
respectively; Kp is the value of elasticity of the return
spring; Az(f) is the value of the displacement of the
armature with A; Ky is the coefficient of dynamic friction;
7. 1s the density of the medium of displacement; f, is the
aerodynamic resistance coefficient; D,, is the outer
diameter of the A.

The effectiveness of the axial force action on the

armature will be estimated by the value of the impulse of
EF [11]:
15)
where F(z, t) is the instantaneous value of axial EF acting
on the armature.

Based on equation (14), the value of the

displacement of the armature with A can be represented
as a recurrent relation:

S(tgs1) = s(t) + v, (L)AL + IAC [(my +my),  (16)
where v, (t, 1) =v,(¢)+ SAt/(ma + mz) is the speed of
the armature with A along the z axis;

P = j F(z,0)dt,

9=i%m)%@)—KpAzak)—KTvz(rk)—

~0,12577, iy D2 ().

Thermal processes. In the absence of displacement
of the armature, which occurs either before the start of the
forward stroke, or after the return stroke, there is a
thermal contact between the inductor and armature coils
through the insulation gasket. The temperatures of the
n-th active elements of the LPEC of electrodynamic type
can be described by the recurrent relation [12]:

_1. 1
Tyt = Tyt &+ (1~ ), R, (D2, D2 '+
+0,2572Ty Do, H yatry, + T, (tk)/la(T)da_l]{O,ZSEaTnDean +(17)

q
+ 4,0, |,

A (T
L[O,mm% +L>] :
Co(T)ry d,H,

Aa(T) is the thermal conductivity of the insulation gasket;
d, is the gasket thickness; D.,, D;, are the outer and inner
diameters of the active elements, respectively; ar, is the
heat transfer coefficient of the n-th active element; C, is
the heat capacity of the n-th active element.

Temperatures of the n-th active elements when the
armature is moved and there is no thermal contact
between the armature and the inductor can be described
by the recurrence relation:

Tyt =T ) + (1= 2)To + 47 21, (6 Ry (T, ez} ¢

“1y-1{n2 2 |1
><Den[_[n (Den_DinT :‘3

where & = exp{—

(18)

where y = exp{f 0,25A1De, 0t 7, o (T, }

The initial conditions of the mathematical model of
LPEC are as follows:

T,(0) = T, — the temperature of the n-th active element;
i,(0) = 0 — the current of the n-th active element;

s(0) = sy —the initial axial distance between the coils of
the armature and the inductor;

u(0)=U, — the CES voltage;

v,(0) = 0 — the armature speed along the z axis.

The efficiency of the LPEC of electrodynamic type
will be estimated by the relation:
my +m, )vzz + KPs2

cu?

Main parameters of LPEC of electrodynamic
type. Consider LPEC, whose movable armature and fixed
inductor are made in the form of flat coaxially mounted
disk coils. At the armature, one end side faces the
inductor, and the second one interacts with A. The
inductor (n=1) and the armature (n=2) are tightly wound
with K, layers of a square-section copper tire with
thickness a. The outer diameter of the n-th element is
D.,=100 mm, the inner diameter is D;,=10 mm. The CES
has the following parameters: capacitance C = 3 mF,
voltage Uy = 0,4 kV. The initial distance between the
inductor and the armature is s,=1 mm. The coefficient of
elasticity of the return spring Kp=25 kN/m. Mass of A is
m,=0,25 kg.

We investigate the influence of the thickness a of a
copper square tire and the number K, of its layers in the

n =1oo( %. (19)
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inductor and armature coils on the characteristics and
indicators of the LPEC of electrodynamic type. These
parameters determine the number of turns

De,, — D;
N, = Ent| 05—2—" |K
" ( a+2o ] pr

and the axial height
H, =(a+20)K,,

of the n-th coils with limited radial dimensions, where
Ent(f) is the largest integer not exceeding f; J is the
insulation thickness of the copper tire.

Investigation of operation processes in LPEC.
Consider the electrical and mechanical characteristics of
the LPEC of electrodynamic type, in which both the
inductor and armature coils are tightly wound in four
layers K,,=4 with a square tire of different thickness
(Fig. 2). As the thickness of the copper tire a increases
from 1 to 2,5 mm, the number of turns of each coil N,
decreases from 160 to 68, and the axial height H,
increases from 4,4 to 10,4 mm. In this case, the amplitude
of the current i, increases significantly — from 0,30 to
1,56 kA, and the amplitude of the current density j,
decreases slightly from 304,3 to 250,4 A/mm”.

Ug,V; LA

500

400

300

5 10 15 ¢,ms 2,0
a
F(E), 1, 5, mm
@, T
14 —- 1,0
— 15 f
12 ) ~=- 20 i
- 29 f
10 /s‘f“w;\ .

0 0,5 1,0
b

Fig. 2. Electrical (@) and mechanical (b) characteristics of
LPEC, the coils of which are wound with a copper tire of
different thickness a

15 £f,ms 2,0

An increase in the thickness of the copper tire a
changes the regularities of the flow of electrical
processes: the CES voltage uc decreases to zero value

faster, and the current takes the form of a clear pulse with
a significant increase in the leading front and falling of
the falling front. With an increase in the thickness of the
copper tire a from 1 to 2,5 mm, the power indicators of
LPEC increase. The amplitude of the EF F,, increases
from 3,78 to 12,65 kN, and the impulse of the EF P,
increases from 4,52 to 9,16 N-s. However, speed
indicators depending on the thickness of the tire do not
have an unequivocal pattern.

The maximum speed of the armature V7, is the greatest
at LPEC, whose coils are wound with a tire of thickness
a =15 mm, and is 11,24 m/s. If the tire has a smaller or
greater thickness, then the speed decreases: at a = 1 mm —
Va=28,16 m/s, and at a = 2,5 mm — V;, = 9,44 m/s.

An ambiguous dependence on tire thickness is also
demonstrated by the efficiency of the LPEC of
electrodynamic type. The highest efficiency value
n =21,8 % has LPEC, in which the inductor and armature
coils are wound with a tire of thickness of ¢ = 2 mm. If
the coils are wound with thinner or thicker tires, the
efficiency decreases: at a = 1,5 mm 5 =20 %, at @ = 2.5 mm
n = 18,8 %. Note that if the coils are wound with an even
thinner tire a = 1 mm, then the efficiency takes an even
lower value 7 = 8,5 %.

With increasing thickness of copper tire a from 1 to
2,5 mm, the temperature rise of the inductor and armature
coils 8, decreases from 0,6 to 0,23 °C..

On the basis of the analysis performed, it can be
concluded that the most effective is the LPEC of
electrodynamic type, in which the inductor and armature
coils are wound with a copper tire with a thickness of
a = 2 mm. The number of turns of each coil is N, = 84,
and their axial height is H, = 8,4 mm.

Investigate the effect of the number of layers of the
tire of the inductor coil Kj,; on the indicators of the LPEC
of electrodynamic type. Obviously, as K, increases, the
number of turns N, and the axial height H; of the inductor
coil increase. We will consider LPEC, in which the
inductor and armature coils are wound with a copper tire
with thickness of ¢ = 2 mm. The armature coil is wound
in two layers, contains the number of turns N, = 22 and
has the axial height H, = 4,2 mm. Consider the electrical
and mechanical characteristics of LPEC, in which the
inductor coil is wound with several layers K, (Fig. 3).

With an increase in the number of tire layers of the
inductor coil K}, three times (from 2 to 6), the amplitude
of the current i,, decreases almost in the same proportion
(from 2,57 to 0,86 kA), and the current pulse itself
becomes more stretched due to an increase in the front
and rear fronts. When the parameter K, is increased, the
voltage of the CES uc decreases to zero value more
slowly.

With an increase in the number of tire layers of the
inductor coil K,; 3 times the amplitude of the EF F,
decreases 4.1 times (from 18,72 to 4,57 kN), while the
impulse of the EF P; decreases slightly (from 6,79 to 5,69
N-s). As a result, the maximum speed of the armature with
A Vi (from 12,54 to 10,53 m/s), efficiency # (from 18,08
to 13,57%) and temperature rise of the coils 8, (from 0,73
to 0,3 °C) are reduced. These patterns of change in the
maximum speeds V;, depending on the number of layers
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of the tire of the inductor coil K,; manifest themselves in
a change in the nature of the displacement of the armature
with A s (see Fig. 3,b).

Up W, 1A

ol A\

o PRI

A RN
B

200
/ if
100 \
8]
0 0,5 1,0

/
pd
E

0 0,5 1,0
b
Fig. 3. Electrical (@) and mechanical (b) characteristics of
LPEC, the coils of which are wound with tire thickness
a =2 mm with a different number of layers of the inductor coil
tire K

1,5 f,ms 2,0

Influence of the number of layers of the tire of
inductor and armature coils on the indicators of
LPEC. Consider the effect of the mutual ratio of the
number of layers of the tire of inductor Kj,; and armature
K coils of thickness @ = 2 mm on operation indicators of
LPEC of electrodynamic type. We assume that the
maximum number of layers of the tire coils K,; = K, = 6.

With an increase in the number of tire layers of the
inductor coil K, and/or of the armature coil K, the
amplitude of the current i, decreases, but in different
degrees. So, if the number of tire layers of both coils is
minimal Kj,; = Kj,, = 1, then i, = 5,8 kA. If the number of
tire layers of one of the coils is minimal and of the second
one is maximum, then the following pattern is observed:
at K, = 1, K» = 6 the current amplitude decreases to
im = 0,865 kA, and at K, = 6, K, =1 the current
amplitude decreases to i, = 0,846 kA. If the number of
tire layers of both coils is maximum Kj,; = K, = 6, then
the current amplitude decreases to the greatest extent (to
the value i, = 0.7 kA).

Similar dependencies on the number of tire layers of
the inductor K,,; and armature K,,; coils are observed at the
coil temperature rises. The maximum temperature rise
(612 = 1,5 °C) occurs at the minimum number of layers of
the coil tire K,; = Ky, = 1 and minimum (6,,=0,21 °C) at
the maximum number of layers of the tire K,; = K, = 6.
At K,; = 1 and K}, = 6 the temperature rises ¢, = 0,33 °C,
and at K, = 6 u K, = 1 the temperature rises 6, , = 0,31 °C.

The ratio of the number of layers of tire of coils
significantly affects the power indicators of the LPEC of
electrodynamic type (Fig. 4).
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b
Fig. 4. Distributions of the maximum value (a) and impulse (b)
of the EF depending on the ratio of the number of tire layers of
the inductor and armature coils of the LIEP

The amplitude of the EF F,, is the greatest at the
minimum number of layers of tires of inductor and
armature coils. At K,;=K,,=1, the value of K,;=K,,=1 kN.
With an increase in the number of layers of the tire of one
of the coils, this value is significantly reduced. So, at K,=1
and K,,=6 the amplitude of the EF is F,,=2,75, and at K, =6
and K,=1 the amplitude of the EF is F,, =2,34 kN. If the
number of tire turns of the inductor and armature coils is
maximum K, =K,,=6, then the amplitude of the EF
increases to F,=7,6 kN. We can note the following
pattern: the largest values of the amplitude of the EF F,,
are observed under the condition that the numbers of tire
layers of the inductor and armature coils are the same.
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Impulse of EF P has a different pattern on the ratio
of the number of tire layers of the inductor and armature
coils. The largest value of the impulse of EF occurs at the
maximum number of layers of the tire of coils. At
K,1=K,,=6 the value of P;=10,06 N-s. If the number of
layers of the inductor and the armature tire is minimal,
then the value of the impulse of EF is reduced by more
than two times. At K,;=K,=1 the value of P=4,49 N's.
The highest impulse values of the EF P are realized when
the number of tire layers of the inductor and armature

coils is equal. If the number of tire layers of one of the
coils is maximal, and in the second one is minimal, then
the EF impulse decreases. At K, =1 and K,=6 the
impulse of EF P=4,06 N-s, and at K,=6 and K=1
P[:3,3 N-s.

Let us consider the regularity of the distribution of
the efficiency of LPEC of electrodynamic type as a
function of the ratio of the number of tire layers of the
inductor and the armature coils for its various thickness
a (Fig. 5).
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Fig. 5. The LPEC efficiency distributions depending on the ratios of the number of tire layers of the inductor and armature coils at
the tire thickness a: 1,5 mm (a); 2 mm (b); 2,5 mm (c)

The highest values of efficiency are realized at a
certain ratio of K, and K. If the tire thickness a is equal
to 1,5 mm or 2 mm, then the highest efficiency value is
realized at K,=K,,=4 and takes the values # = 20,01 % and
n = 21,82 %, respectively. If the tire thickness is @ = 2,5 mm,
then the greatest efficiency value (7 = 18,91 %) is realized
at K,=4 and K,=3.

On the basis of the research carried out, it can be
concluded that there is an optimal thickness of the copper
tire a = 2 mm and the corresponding number of turns in
each layer of the inductor and armature coils. From the
point of view of power indicators, the number of layers of
the tire of coils should be the maximum of the considered
range (K, =K;=6). From the point of view of the
efficiency of acceleration of A, coils should have fewer
layers (K,1=K,;=4).

Taking into account the relationships obtained, on
the basis of an LPEC of electrodynamic type a model of a
catapult for launching an unmanned aerial vehicle (UAV)
was made (Fig. 6).

In this model, both inductor and armature coils are
wound with a copper tire and are compounded with epoxy
resin in a rectangular insulating frame. The inductor coil
is attached to the starting stop wall, and the armature coil
is made with the possibility of axial movement along the
central guide.

The electrical leads of the inductor and armature
coils are located between the two dielectric guide plates
and are connected by flexible wires to each other and to
the power source. The armature coil is braked by means
of an elastic damper attached to the brake stop wall. To
the coil of the armature accelerating protrusion is attached
that pushes the UAV.

1 2 3 4 5 6

-1

Fig. 6. Model of a catapult for launching an UAV: 1 — guide
plates for moving an UAV; 2 — UAV;
3 — guide plates for moving the current leads of the armature
coil; 4 — brake stop wall; 5 — brake elastic damper;
6 — accelerating protrusion; 7 — armature coil; 8 — inductor coil;
9 — starting stop wall; 10 — current lead coils

The carried out tests of the model with the
parameters set above confirmed the validity of the
theoretical studies carried out on the LPEC of
electrodynamic type.

Conclusions.

1. On the basis of the developed chain mathematical
model, recurrent relations are obtained for the calculation
of interconnected electromagnetic, mechanical and
thermal processes in LPEC of electrodynamic type.

2. It is established that with an increase in the thickness
of the square copper tire of the inductor and armature
coils from 1 to 2,5 mm, the amplitude and impulse of the
EF increase. However, the maximum speed of the
armature is the highest at LPEC, the coils of which are
wound with a tire 1,5 mm thick. The highest efficiency
value is demonstrated by LPEC, in which the coils are
wound with a tire 2 mm thick.
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3. With an increase in the number of layers of the
inductor coil tire, the amplitude of the EF decreases
significantly, while the value of the EF impulse decreases
slightly. This reduces the maximum speed of the
armature, efficiency and temperature rise of the inductor
and armature coils.

4. The greatest amplitude of the EF is implemented in
LPEC at the minimum number of tire layers of the
inductor and armature coils. The largest value of the
impulse of the EF occurs at the maximum number of
layers of the tire of coils. In this case, the largest values of
the amplitude and impulse of the EF occur under the
condition that the number of tire layers of both coils is the
same.

5. The highest efficiency (21,82%) is realized in LPEC,
in which the inductor and armature coils have four layers
of square tire 2 mm thick.

6. A catapult model for launching an unmanned aerial
vehicle was made and tested on the basis of the LPEC of
electrodynamic type.
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