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INFLUENCE OF THE INITIAL WINDING DISPLACEMENT ON THE INDICATORS OF 
THE ELECTROMECHANICAL INDUCTION ACCELERATOR OF CYLINDRICAL 
CONFIGURATION 
 
Purpose. The purpose of the article is to determine the influence of the initial displacement of the windings on the indicators of an 
electromechanical induction accelerator of a cylindrical configuration with pulsed excitation from a capacitive energy storage and 
with short-term excitation from an alternating voltage source. Methodology. To take into account the interrelated electrical, 
magnetic, mechanical and thermal processes, as well as a number of nonlinear dependencies, we use the lumped parameters of the 
windings, and the solutions of the equations describing these processes are presented in a recurrent form. The mathematical model 
of the accelerator takes into account the variable magnetic coupling between the windings during the excitation of the inductor 
winding. When calculating the parameters and characteristics of the accelerator, a cyclic algorithm is used. Results. At a frequency 
of an alternating voltage source of 50 Hz, the current amplitude in the armature winding is less than in the inductor winding. With an 
increase in the source frequency to 250 Hz, the phase shift between the winding currents decreases. The current in the inductor 
winding decreases, and in the armature winding it increases. The accelerating components of the force increase, and the braking 
ones decrease. With an increase in the source frequency to 500 Hz, the current density in the armature winding exceeds that in the 
inductor winding. In this case, the phase shift between the windings is further reduced. Originality. When a cylindrical accelerator is 
excited, the largest amplitude of the current density in the inductor winding occurs at the maximum initial displacement of the 
windings, but the amplitude of the current density in the armature winding is the smallest. The largest value of the current density in 
the armature winding occurs in the absence of an initial displacement. When excited from a capacitive energy storage, the 
electrodynamic force between the windings has an initial accelerating and subsequent braking components. As a result, the speed of 
the armature initially increases to a maximum value, but decreases towards the end of the electromagnetic process. When a 
cylindrical accelerator is excited from an alternating voltage source, a phase shift occurs between the currents in the windings, 
which leads to the appearance of alternating accelerating and decelerating components of electrodynamic forces. The accelerating 
components of the force prevail over the braking components, which ensures the movement of the armature. Practical value. At a 
frequency of an alternating voltage source of 50 Hz, the highest speed at the output of the accelerator vzf=0.5 m/s is realized at an 
initial displacement of the windings z0=6.2 mm, at a frequency of 250 Hz, the highest speed vzf=2.4 m/s is realized at z0=3.1 mm, and 
at a frequency of 500 Hz the highest speed vzf=2.29 m/s is realized at z0=2.3 mm. References 19, figures 9. 
Key words: electromechanical induction accelerator, cylindrical configuration, initial winding displacement, capacitive energy 
storage, alternating voltage source, armature speed. 
 
В електромеханічному індукційному прискорювачі циліндричної конфігурації найбільша амплітуда струму в обмотці 
індуктора виникає при максимальному початковому зсуві, але амплітуда струму в обмотці якоря при цьому найменша. 
Найбільша величина струму в обмотці якоря виникає при відсутності початкового зсуву. При збудженні від ємнісного 
накопичувача енергії електродинамічна сила між обмотками має початкову прискорювальну і подальшу гальмівну 
складові. Внаслідок цього швидкість якоря спочатку зростає до максимально величини, але потім зменшується до 
моменту закінчення електромагнітного процесу. При збудженні прискорювача від джерела змінної напруги (ДЗН) між 
струмами в обмотках виникає фазовий зсув, що призводить до почергової зміни прискорювальних і гальмівних складових 
електродинамічної сили. Прискорювальні складові сили переважають над гальмівними складовими, що забезпечує 
переміщення якоря. При частоті ДЗН 50 Гц амплітуда струму в обмотці якоря менше, ніж в обмотці індуктора. Зі 
збільшенням частоти ДЗН фазовий зсув між струмами обмоток зменшується, струм в обмотці індуктора 
зменшується, а в обмотці якоря збільшується. Прискорювальні складові сили збільшуються, а гальмівні – зменшуються. 
При підвищенні частоти ДЗН до 500 Гц щільність струму в обмотці якоря перевищує аналогічну величину в обмотці 
індуктора. Бібл. 19, рис. 9. 
Ключові слова: електромеханічний індукційний прискорювач, циліндрична конфігурація, початковий зсув обмоток, 
ємнісний накопичувач енергії, джерело змінної напруги, швидкість якоря. 
 
В электромеханическом индукционном ускорителе цилиндрической конфигурации наибольшая амплитуда тока в обмотке 
индуктора возникает при максимальном начальном смещении, но амплитуда тока в обмотке якоря при этом наименьшая. 
Наибольшая величина тока в обмотке якоря возникает при отсутствии начального смещения. При возбуждении от 
емкостного накопителя энергии электродинамическая сила между обмотками имеет начальную ускоряющую и 
последующую тормозящую составляющие. Вследствие этого скорость якоря вначале возрастает до максимально 
величины, но затем уменьшается к моменту окончания электромагнитного процесса. При возбуждении ускорителя от 
источника переменного напряжения (ИПН) между токами в обмотках возникает фазовый сдвиг, приводящий к 
возникновению чередующихся ускоряющих и тормозящих составляющих электродинамической силы. Ускоряющие 
составляющие силы преобладают над тормозящими составляющими, что обеспечивает перемещение якоря. При частоте 
ИПН 50 Гц амплитуда тока в обмотке якоря меньше, чем в обмотке индуктора. С увеличением частоты ИПН фазовый 
сдвиг между токами обмоток уменьшается, ток в обмотке индуктора уменьшается, а в обмотке якоря увеличивается. 
Ускоряющие составляющие силы увеличиваются, а тормозящие уменьшаются. При повышении частоты ИПН до 500 Гц 
плотность тока в обмотке якоря превышает аналогичную величину в обмотке индуктора. Библ. 19, рис. 9.  
Ключевые слова: электромеханический индукционный ускоритель, цилиндрическая конфигурация, начальное 
смещение обмоток, емкостной накопитель энергии, источник переменного напряжения, скорость якоря. 
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Introduction. Electromechanical induction 
accelerators (EIAs) provide acceleration of the actuator to 
a high speed in a short active section [1-5]. In these 
coaxial accelerators, the stationary inductor winding, 
excited either from a capacitive energy storage (CES) or 
from an alternating voltage source (AVS), induces a 
current in the armature winding. The interaction of the 
armature winding current with the magnetic field of the 
inductor winding leads to the emergence of an 
electrodynamic force. Under the action of the axial 
electrodynamic force, the armature winding together with 
the actuator move linearly relative to the inductor 
winding, accelerating to high speed. All electromagnetic 
and electromechanical processes in the EIA proceed for a 
short time with indicators that significantly exceed the 
corresponding indicators of linear electric motors with a 
long operating mode. 

EIAs are used in many areas of science and 
technology. Such accelerators are used in test installations 
for shock loads, in high-speed electrical devices and 
valve-switching equipment, in launchers, etc. [6-11] for 
example, work [12] describes a setup for testing 
electronic equipment in a collision with a moving object. 
Launchers are also used for many classes of unmanned 
aerial vehicles [4, 13]. Systems of active protection of 
armored devices from enemy objects on the approach are 
being developed on the basis of EIAs [14]. 

Features and problems of EIAs. EIAs with axial 
symmetry of the windings can have a disk or cylindrical 
configuration. In a disk accelerator, the windings of the 
inductor and the armature are made in the form of 
relatively thin disks with similar radial dimensions. In the 
initial position, the disk windings are set at the minimum 
axial distance from each other, at which the magnetic 
coupling is maximum. But as the armature winding 
accelerates, the magnetic coupling between the windings 
decreases sharply [15]. 

In a cylindrical accelerator, the windings are made in 
the form of hollow cylinders, the axial dimensions of 
which significantly exceed the radial thickness of the 
windings. In such an accelerator, the armature winding 
can move axially inside or outside the inductor winding. 
This makes such a design preferable, since with a larger 
displacement of the armature winding, and hence a longer 
interaction time, an effective magnetic coupling between 
the windings is ensured. Figure 1 shows a diagram of an 
EIA of a cylindrical configuration with a fixed outer 
winding of the inductor 1 and an accelerated inner 
winding of the armature 2. As the armature winding 
axially displaces inside the inductor winding, the 
magnetic coupling, characterized by the mutual 
inductance M12 between the windings, remains at a 
greater distance when the armature winding moves in 
comparison with the disk accelerator. This makes the 
design of the cylindrical accelerator more promising in 
comparison with the disk configuration. 

The armature can be made in the form of a multi-
turn short-circuited winding or in the form of a massive 
electrically conductive element. The massive armature is 
structurally simpler and has increased reliability. 
However, the induced current in the massive armature is 

distributed nonuniformly over the volume, which 
negatively affects the electromechanical parameters of the 
EIA. In a tightly wound multi-turn short-circuited 
armature, impregnated and monolithic with epoxy resin, 
despite a more complex design and reduced reliability, a 
uniform distribution of the induced current over the 
volume is ensured [6]. This makes it more promising, 
especially for the cylindrical EIA. 

 

 
Fig. 1. Dependence of the mutual inductance between the 

windings M12 and its gradient dM12/dz of the EIA on the initial 
displacement of the windings z0: 

1 – inductor winding; 2 – armature winding 
 

However, in the EIA of the cylindrical 
configuration, the problem arises of choosing the initial 
displacement z0 of the armature winding relative to the 
inductor winding. This is due to the fact that in the 
absence of the indicated displacement, when the central 
planes of the windings coincide, the magnetic coupling 
between the windings will be greatest. Accordingly, the 
induced current in the armature winding will be the 
highest. However, the axial electrodynamic force 
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where i1, i2 are the currents in the inductor and armature 
windings, respectively, driving the armature winding will 
be absent. This is due to the fact that the force fz is 
proportional to the gradient of the mutual inductance in 
the axial direction dM12/dz. As the initial displacement z0 
of the armature winding 2 increases relative to the 
inductor winding 1, the value of the mutual inductance 
M12 between the windings decreases, while the gradient of 
the mutual inductance dM12/dz has a maximum at a 
certain value of z0 (Fig. 1). 

Since the currents in the accelerator windings flow 
for a short time, the question arises about the choice of the 
initial displacement z0 of the armature winding 2 relative 
to the inductor 1 winding, at which the EIA of the 
cylindrical configuration provides the highest speed of the 
armature winding together with the actuator at the output 
of the accelerator vzf. 

The goal of the paper is to determine the influence 
of the initial displacement of the windings on the 
indicators of an electromechanical induction accelerator 
of a cylindrical configuration with pulsed excitation from 
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a capacitive energy storage and with short-term excitation 
from an alternating voltage source. 

EIA mathematical model. Consider an 
electromechanical induction accelerator, in which the 
windings are tightly wound with round copper wire and 
made monolithic by impregnation with epoxy resin, 
followed by its hardening. To take into account the 
interrelated electrical, magnetic, mechanical and thermal 
processes, as well as a number of nonlinear dependencies, 
for example, of resistance on temperature, we use the 
lumped parameters of the windings, and the solutions 
of the equations describing these processes will be 
presented in a recurrent form [16]. The mathematical 
model of the EIA takes into account the changing 
magnetic coupling between the windings during the 
excitation of the inductor winding.  

When calculating the parameters and characteristics 
of the accelerator, a cyclic algorithm is used. For this, the 
workflow is divided into a number of numerically small 
time intervals t = tk+1 – tk within which all quantities are 
considered unchanged. On the k-th cycle, using the 
parameters calculated at the time tk as initial values, the 
parameters are calculated at the time tk+1. To determine 
the currents over the time interval Δt, we use linear 
equations with unchanged parameter values. We choose a 
small value of the calculated step Δt so that it does not 
have a significant effect on the results of computer 
calculations, while ensuring the required accuracy.  

The change in the spatial position of the armature 
winding is taken into account by the change in flux 
linkage Ψ between the windings [16]:  
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where n = 1, 2 are the indices of the inductor and 
armature windings, respectively; vz is the speed of 
movement of the armature winding along the z-axis. 

Initial conditions of the mathematical model: 
in(0) = 0 – current of the n-th winding; 
hz(0) = z0 – armature winding displacement;  
Tn(0) = T0 – temperature of the n-th winding;  
uc(0) = U0 – CES voltage; 
u(0) = Um sinu – AVS voltage;  
vz(0) = 0 – armature winding speed along the z-axis, 
where Um – voltage amplitude; 
ψu=0 – initial phase of AVS voltage. 

The mathematical model of the electromagnetic 
processes of the EIA at excitation from the CES is 
presented in [17], and at excitation from the AVS – in 
[18]. The mechanical processes of the accelerator take 
into account the masses of the armature winding and the 
actuator, the instantaneous position of the armature 
winding, the electrodynamic force between the windings 
and the aerodynamic resistance of the air environment 
[15]. The thermal processes of the accelerator take into 
account the specific heat, thermal conductivity, material 
density, specific resistance and current density jn of the 
windings. Boundary conditions of the third kind are used 
on the cooling surfaces of the windings, and boundary 
conditions of the second kind are used on the axis of 
symmetry [19].  

The amplitudes of the current densities in the 
windings of the inductor j1m and of the armature j2m, 
the amplitude of the electrodynamic force between the 
windings fzm, the highest value of the armature speed vzm, 
the speed of the armature at the output of the accelerator 
vzf, when the electromagnetic processes decay, and 
the temperature rise of the inductor winding θ1 and the 
armature winding θ2 are used as the main indicators of 
the EIA. 

EIA parameters. Consider an electromechanical 
accelerator with the following parameters: the inductor 
winding has an outer diameter D1ex = 39 mm, an inner 
diameter D1in = 27 mm, an axial height H1 = 45 mm, and the 
number of turns N1 = 120; the armature winding has an outer 
diameter D2ex = 26 mm, an inner diameter D2in = 20 mm, 
an axial height H2 = 30 mm, and the number of turns 
N2 = 40. The windings are wound with a round copper 
wire with a diameter of d0 = 1.3 mm.  

The CES has an energy of W0 = 625 J and is 
implemented in two versions. Option I of the CES – 
charging voltage U0 = 500 V and capacitance С0 = 5000 μF 
and option II of the CES – U0 = 707 V, С0 = 2500 μF, 
which provide different duration of electrical processes. 

The alternating voltage source has a voltage 
amplitude Um = 100 V at frequencies of 50, 250 and 
500 Hz and is connected to the inductor winding for a 
short time (t = 45 ms). 

Let us consider the influence of the initial 
displacement z0 of the armature winding relative to the 
inductor winding on the characteristics of the EIA of a 
cylindrical configuration. Note that for an accelerator with 
the specified geometrical parameters, the greatest value of 
the gradient of mutual inductance dM12/dz occurs at 
z0m≈10 mm (Fig. 1). 

EIA indicators when excited from a capacitive 
energy storage. Let us consider the characteristics of the 
accelerator in the absence of an initial displacement 
(z0 = 0), at a maximum displacement (z0 = 20 mm) and at 
an intermediate displacement, in which the highest 
armature speeds at the output of the accelerator vzf are 
provided. 

The currents in the EIA windings have a vibration-
damping character (Fig. 2,a). 

When using the CES option I, the largest amplitude 
of the current density in the inductor winding j1m= 
= 1.12 kA/mm2 occurs at the maximum initial 
displacement, but the amplitude of the current density in 
the armature winding is the smallest – j2m=0.2 kA/mm2. 
The largest value of the current density – j2m=1.4 kA/mm2 
occurs in the absence of an initial displacement. Note that 
for any initial displacement z0, the currents in the 
windings practically decay after 10 ms. 

The electrodynamic force fz between the windings 
has an initial accelerating (positive) and subsequent 
braking (negative) components (Fig. 2,b). The 
accelerating component of the force arises at opposite 
polarities of the currents in the windings, and the braking 
one – at the same polarities of the currents. With an 
intermediate initial displacement z0 = 8 mm, the 
amplitude of the accelerating component of the force is 
fzm = 1.64 kN. Due to this pattern of changes in the 
electrodynamic   force,  the  speed  of  the  armature  first  
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a 

 
b 

Fig. 2. Electrical (a) and mechanical (b) characteristics of the 
EIA at С0=5000 μF, U0=500 V 

 
increases to a maximum value vzm = 5.94 m/s, and then 
decreases by 2.23 times by the end of the electromagnetic 
process. The displacement of the armature winding hz 
nonlinearly increases with time in the active section of 
acceleration, in which the electrodynamic interaction 
between the windings occurs. Obviously, the value of 
displacement hz is significantly higher at the initial 
displacement of the windings z0 = 8 mm than at z0 = 20 mm. 
At z0 = 0 mm, the mechanical indicators of the EIA of the 
cylindrical configuration are equal to zero. At z0 = 8 mm, 
the temperature rise of the inductor winding is θ1 = 6.3 K, 
and the temperature rise of the armature winding –  
θ2 = 2.4 K. 

When using the CES option II, the amplitudes of the 
current densities in the windings of the EIA increase 
(Fig. 3,a). The largest amplitude of the current density in 
the inductor winding occurs at the maximum initial 
displacement z0 = 20 mm and is j1m=1.28 kA/mm2. 
The amplitude of the current density in the armature 
winding is minimal and amounts to j2m=0.26 A/mm2. 
In the absence of displacement (z0 = 0 mm), the current 
density in the armature winding is maximum and is 
j2m= 1.9 kA/mm2. 

 
a 

 
b 

Fig. 3. Electrical (a) and mechanical (b) characteristics 
of the EIA at С0=2500 μF, U0=707 V 

 
The electrodynamic force fz between the windings 

also has an initial accelerating and subsequent braking 
components (Fig. 3,b). With an intermediate initial 
displacement of the windings (z0 = 6 mm), the amplitude 
of the accelerating component of the force increases to 
2.9 kN. The armature winding speed initially increases to 
a maximum value of vzm = 7.91 m/s, and then decreases 
by 1.54 times by the end of the electromagnetic process. 
At z0 = 6 mm the temperature rise of the inductor winding 
is θ1 = 5.9 K, and the temperature rise of the armature 
winding – θ2 = 5.0 K. 

Thus, in spite of the shorter force action, the use of a 
CES with a reduced capacity С0 and an increased voltage 
U0 provides higher speed indicators of an EIA of a 
cylindrical configuration. However, this is realized with 
different initial displacement of the windings z0. 

Figure 4 allows to estimate the influence of the 
initial displacement of the armature winding z0 on the 
indicators of the accelerator, excited from the CES. 
Regardless of the option of the CES, the main 
dependencies of the EIA are as follows. When using the 
CES option I and increasing z0 from 0 to 20 mm, the 
amplitude of the current density in the inductor winding 
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increases insignificantly (by 11.2 %), and in the armature 
winding decreases significantly (6.98 times). As a result, 
the temperature rise of the inductor winding increases by 
19.1 %, and the temperature rise of the armature winding 
decreases by 32.1 times. However, the amplitude of the 
electrodynamic force fzm and the speed at the output of the 
accelerator vzf have pronounced maxima depending on the 
initial displacement of the windings z0. The greatest 
amplitude of the force fzm = 1.72 kN occurs at z0≈6 mm, 
and the highest speed vzf = 2.66 m/s – at z0≈8 mm. 

 

  
a 

 
b 

Fig. 4. Dependence of EIA indicators on the initial displacement 
of the windings when excited from the CES 

 
When the EIA is excited from the CES option II, the 

amplitudes of the current densities in the windings 
increase, as do the rises of their temperatures. However, 
the highest speed vzf = 5.11 m/s takes place at z0≈6.5 mm. 

EIA indicators when excited from an alternating 
voltage source. Let us consider the excitation of an EIA 
of a cylindrical configuration when excited from an 
alternating voltage source. If the AVS has a frequency 
ν=50 Hz, then a significant phase shift occurs between the 
currents in the windings at an initial displacement 
z0 = 6 mm, leading to the appearance of alternating 
accelerating and braking components of electrodynamic 
forces (Fig. 5). 

 
Fig. 5. Electromechanical indicators of the EIA at excitation 

from the AVS with frequency of 50 Hz at z0=6 mm 
 

Since the accelerating components of the force 
prevail over the braking components, the armature 
winding moves relative to the inductor winding by a 
distance hz at a speed vzf = 0.51 m/s. At such a frequency 
of the AVS, the current amplitude in the armature 
winding is about 4 times less than in the inductor 
winding. Moreover, the current density in the armature 
winding decreases as it moves relative to the inductor 
winding. 

Since the phase shift between the winding currents 
decreases with an increase in the AVS frequency, the 
braking component of the electrodynamic force also 
decreases accordingly. Figure 6 shows the 
electromechanical indicators of the accelerator at 
excitation from the AVS with a frequency of 250 Hz at 
z0 = 8 mm. With this excitation, in comparison with 
excitation with a frequency of 50 Hz, the current in the 
inductor winding decreases, and in the armature winding 
it increases. In the initial period of excitation, the current 
densities in the windings are comparable. However, due 
to a decrease in the magnetic coupling between the 
windings, the current density in the inductor winding 
reaches a steady-state value, and in the armature 
winding it almost completely decays by the end of the 
excitation period. 

But due to the greater displacement of the armature 
winding relative to the inductor winding, for the same 
time the magnetic coupling decreases faster, which leads 
to a stronger damping of the electrodynamic force. 
This force decays after almost 30 ms. Its accelerating 
components increase, while the braking ones decrease, 
which leads to a higher speed at the output of 
the accelerator vzf =1.9 m/s than at an AVS frequency 
of 50 Hz. 

At the maximum initial displacement between the 
windings (z0 = 20 mm), the following changes occur in 
the electromechanical processes (Fig. 7). With a 
practically unchanged current density in the inductor 
winding j1, the current density in the armature winding j2 
at the initial stage significantly decreases due to the 
weakened magnetic coupling. However, over time, the 
current  in  the  armature  winding and the electrodynamic  
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a 

 
b 

Fig. 6. Electromechanical indicators of the EIA at excitation 
from the AVS with frequency of 250 Hz at z0=8 mm 

 
force decay at a lower rate. This is due to the fact that due 
to the reduced speed vz, the armature moves a smaller 
distance relative to the inductor winding. 

With an increase in the AVS frequency to 500 Hz, 
the ratio between the amplitudes of the currents in the 
windings at the initial stage changes (Fig. 8). The value 
of the current density in the armature winding exceeds 
the same value in the inductor winding. In this case, 
the phase shift between the windings is further 
reduced. As a result, the braking components of the 
electrodynamic force decrease, which leads to an 
increase in the armature speed at the output of the 
accelerator to vzf = 2.2 m/s, despite a decrease in the 
accelerating components of the force. 

Figure 9 makes it possible to estimate the influence 
of the initial displacement of the armature winding on the 
indicators of the EIA of a cylindrical configuration when 
excited from the AVS. 

With an increase in the initial displacement of the 
armature winding z0 from 0 to 20 mm, the maximum 
speed at the output of the accelerator strongly depends on 
the AVS frequency. 

 

 
a 

 
b 

Fig. 7. Electromechanical indicators of the EIA at excitation 
from the AVS with frequency of 250 Hz at z0=20 mm 

 
a 

 
b 

Fig. 8. Electromechanical indicators of the EIA at excitation 
from the AVS with frequency of 500 Hz at z0=4 mm 
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Fig. 9. Dependence of EIA indicators on the initial 

displacement of the windings when excited from the AVS 
 

At a frequency of 50 Hz, the highest speed at the 
accelerator output vzf = 0.5 m/s is realized at z0 = 6.2 mm, 
at a frequency of 250 Hz – vzf = 2.4 m/s at z0 = 3.1 mm, 
and at a frequency of 500 Hz – vzf = 2.29 m/s at z0 = 2.3 mm. 
With an increase in the AVS frequency, the temperature 
rise of the inductor winding θ1 decreases, and the 
temperature rise of the armature winding θ2 increases. 

At a frequency of 50 Hz, the value of θ1 is 
practically independent on the initial displacement of the 
windings. However, at higher frequencies, with an 
increase in the initial displacement, the value θ1 slightly 
decreases. The temperature rise of the armature winding 
θ2 decreases to a greater extent from the value of z0 in 
comparison with the temperature rise of the inductor 
winding. 

Thus, when the EIA is excited from the CES, the 
initial displacement of the windings should be 
approximately z0≈0.6z0m, where z0m is the distance at 
which the largest dM12/dz value between the windings is 
ensured. When the EIA is excited from the AVS, the 
initial displacement z0 must be selected depending on its 
frequency: at a frequency of 50 Hz – z0≈0.6z0m, and at 
frequencies of 250 Hz and 500 Hz – z0≈0.2z0m. 

Conclusions. 
When a cylindrical EIA is excited, the largest 

amplitude of the current density in the inductor winding 
occurs at the maximum initial displacement, but the 
amplitude of the current density in the armature winding 
is the smallest. The greatest value of the current density in 
the armature winding occurs in the absence of an initial 
displacement. 

When excited from the CES, the electrodynamic 
force between the windings has an initial accelerating and 
subsequent braking components. As a result, the speed of 
the armature initially increases to a maximum value, but 
decreases towards the end of the electromagnetic process. 

When a cylindrical EIA is excited from the AVS, a 
phase shift occurs between the currents in the windings, 
which leads to the appearance of alternating accelerating 
and breaking components of electrodynamic forces. The 
accelerating components of the force prevail over the 
braking components which ensures the displacement of 
the armature. 

At an AVS frequency of 50 Hz, the current 
amplitude in the armature winding is less than in the 
inductor winding. With an increase in the AVS frequency 
to 250 Hz, the phase shift between the winding currents 
decreases. The current in the inductor winding decreases, 
and in the armature winding it increases. The accelerating 
components of the force increase, and the braking ones 
decrease. With an increase in the AVS frequency to 
500 Hz, the value of the current density in the armature 
winding exceeds the same value in the inductor winding. 
In this case, the phase shift between the windings is 
further reduced. 

At an AVS frequency of 50 Hz, the highest speed 
vzf = 0.5 m/s is realized at the initial displacement of the 
windings z0 = 6.2 mm, at a frequency of 250 Hz the 
highest speed vzf = 2.4 m/s is realized at z0 = 3.1 mm, and 
at a frequency of 500 Hz, the highest speed vzf = 2.29 m/s 
is realized at z0 = 2.3 mm. 
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