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ABSTRACT The problem of increasing energy saving in industry leads to the need to develop new technical devices. The paper
presents and analyzes the circuit of the resonance amplifier of active electric power, evaluates the characteristics of electromagnetic
processes for the fundamental substantiation of the operation of real devices based on this circuit. Mathematical analysis of
electromagnetic processes taking place was carried out using strict methods of the theory of electric circuits. The advantages of this
scheme in comparison with similar previous proposals are shown. The device includes four active-reactive circuits that are
inductively connected. The first of them is an input circuit with a harmonic signal source that needs to be amplified. The second
circuit generates enhanced reactive power in the "voltage resonance” mode. The third circuit with an additional voltage source
provides reactive power output from the second circuit in the "resonance of currents" mode without adverse effects on amplification
processes. The fourth circuit, inductively connected to the third circuit, contains an output load - a resistor that simulates
the allocation of active power. On the basis of the analysis and numerical evaluation of the characteristics of the processes taking
place in the proposed scheme of the resonance amplifier of active electric power, its basic efficiency is shown. The calculations of
the experimental model made it possible to formulate recommendations for the selection of circuit elements of a working resonant
amplifier with a high efficiency for low-impedance output loads. The considered real parameters of the device make it possible to
minimize the dissipation of the energy of converted electrical signals and to increase the amplification factor of the electric power of
harmonic currents and voltage by choosing the element base. The obtained results can be considered as practical recommendations
for the creation of real devices for amplifying active electric power for use in various industries.

Keywords: resonant amplifier of the active power, active-reactive electrical circuits, voltage resonance; current resonance.

PE3OHAHCHHH NIJICUJTIOBAY AKTUBHOI EJJEKTPUYHOI NOTYKHOCTI
3 TOJATKOBUM JI’KEPEJIOM HAIIPYI'H.
ITPOMO3UIIIL, AHAJII3, YUCJIOBI OLITHKA

10. B. BATHT'TH, T. B. T'”ABPHJIOBA, C. O. ITUH/IEPYK, €. O. YAIUIHT'ITH
Kaghedpa pizuxu, Xapriecokuii nayionansuuii asmomobinsro-oopocniii ynisepcumem, m. Xapxie, VKPAIHA

AHOTALIA Ilpobnema niosuwenns enepeo30epedcents y NPoMUCIO8OCHI NPU3Bo0ums 00 HeoOXiOHocmi po3poOKu HOBUX
MexHIYHUX npucmpois. B pobomi npedcmasniena ma npoaHanizo8ana cxema pe30HAHCHO20 NIOCUTIO8AYA AKMUBHOI eleKmpUdHOl
NOMYACHOCMI, NPOBEOEH] OYIHKU XAPAKMEPUCIMUK eNeKMPOMASHIMHUX NPOYecis Oasi YYHOAMEHMATbHO20 OOTPYHMYBanHs pobomu
peanvHux npunadie Ha ocHogi 0anoi cxemu. Mamemamuunuil ananiz enlekmpomMazHimHux npoyecis, wjo 8i06ye8amvcs, npo8ooUsCs
cmpoeumu memooamu meopii enekmpuunux koumypis. Ilokazano nepegazu 0aHoi cxemu 8 NOPIGHAHHI 3 AHANOIYHUMU NONEPEOHIMU
nponosuyiamu. YV cknadi npunady po3enamymi 4omupu aKmueHO-peaKmueHux KOHMYpU, AKi THOYKMUSHO No8's3aHi midxc coboro.
Tlepwuii 3 Hux — ye 6XIOHUIL KOHMYD 3 0XCEPENOM 2aPMOHIYHO20 CUSHATY, AKUUl HeoOXiOHO nocunumu. /pyeuti KOHMyp zeHepye
NOCUNEHY PeaKmusHy NOMYACHICIb @ PedcUMi «pe3oHaHc nanpyeuy. Tpemiil KoHmyp 3 000amKosum 0xceperom Hanpyeu 30ilUCHIOE
BUXIO PeaKmueHoi NOMYNHCHOCMI 3 Opy2020 KOHMYDY 6 DedCUMI «PE30HAHC CMpPYMI8y 0e3 360pOmH020 6NAU8Y HA Npoyecu
niocunenns. Yemeepmuii Konmyp, iHOYKMUGHO 3'€OHAHULL 3 MPEMIM KOHMYPOM, MICIMUMb GUXIOHe HABAHMAICCHHS — PE3UCOP, AKULL
MoOentoe udinenHs akmuerol nomyoicnocmi. Ha ocnosi ananizy ma uucenvHol oyiHKu XapaKxmepucmux npoyecis, wo npomiKaroms y
3aNpPONOHOBAHITI  CXeMi  PEe30HAHCHO20  NIOCUNIOBAYA AKMUGHOI  eleKMPUdHOi NOMYJICHOCMI, NOKA3aHa ii  NpuHyunosa
npayeszoamuicme. IIposedeni po3paxyHKu eKcnepumeHmanbhoi Mooeri 00380NUAU CHOPMYNI08AmU peKomeHoayii ujooo eubopy
eleMenmie cxemu pobou020 PEe3OHAHCHO20 RIOCUNIO8AYA 3 BUCOKUM KOeDIYiEHMOM KOPUCHOI Oii O HUSLKOOMHUX GUXIOHUX
Hasanmasicenv. Poszenanymi peanvhi napamempu npunady 0036045A10Mb WIAXOM 8UOODY eleMeHMHOT 6a3u SUKTIOYUMU 00 MIHIMYMY
PO3CII08aHHS eHepeii nepemeopeHuUx eleKMPUYHUX CUSHANI8 1 niosuwyumu Koe@piyienm RIOCUNEHHS eeKMPUYHOI NOMYAICHOCHI
2apMOHIUHUX cmpymie ma Hanpyeu. Ompumari pe3yivmamu MOJNCHA pPOo32A0amu K NPakmuyHi pekomeHoayii Ons cmeopeHHs
PeabHUX NPUCMPOi6 0151 NIOCUNEHHS AKMUBHOT eeKMPUYHOL NOMYHCHOCME NPU 3ACMOCYBAHHKI Y PIZHUX 2ALY3AX NPOMUCTOBOCHIL.
Knrouosi cnosa: pezonanchuii niocuniosay akmueHoi Hanpyau,; aKmueHO-peaKmueHi eleKmpudHi Koad, pe3oHaHc Hanpyeu,; pe3oHauc
cmpymie.

Introduction electricity both in industry and in everyday life is

emphasized, for example, in works [1-3]. One of

The growing energy needs of mankind is evident the general directions for solving the energy

in our time all over the world. The increasing role of challenges of today is the development and
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improvement of alternative energy sources [4-7].
However, at present, we still have quite a lot of
unresolved issues that do not allow us to consider such a
direction as finally sufficient. Another direction can be
considered the development of technical devices that
would make it possible to improve the energy
performance of existing energy sources, for example, on
the basis of resonance phenomena.

As it follows from the information generalization
represented in the different scientific publications
the resonance can be a key to the energetic spike in
the oscillatory systems of the different physical
nature. For example, the historical facts of the
bridge constructions mechanical destroying are well
known to the world science but they are non-obvious in
the sense of their physical causality. There are many
analogical questions to the resonant phenomena
appearance in the heat processes, the electrical
circuits and much other. Their analysis leads to the
fundamental question formulation about a source the
energy of which allows fulfilling a work what is
impossible in traditional understanding of the physical
processes cause-effect tie. There are different
hypothesizes the essence of which consists in some
universal substance existence which possess by the great
energetic potential (for example, it can be the “dark
matter”, the “physical vacuum”, the ether etc.). In
dependence on the realization conditions this potential
can become apparent in a sharp burst kind of the thermal
energy, of the nuclear energy and of the electromagnetic
energy [8-10]. Not stopping on the works dedicated to
the fundamental questions of our Universe structure
the undoubted interest of the world public to the known
technical elaborations which are directed to solution of
the modern power engineering problems should
particularly extracted [11].

The efficiency of the electric resonance-rectifier
circuit for the renewable energy conversion is analyzed in
the work [12]. The scientific edition [13] is dedicated to
aconcise technical overview of energy technology:
the sources of energy, energy systems and frontier
conversion. Here are the advanced converters, catalysts,
fuel cells, membranes, metal-hydrides, refrigerators and
M.H.D. solar cells, finally.

The articles [14,15] illuminate the theoretical
investigations of the electromagnetic processes in Tesla
transformer which was the first technically realized
suggestion of the voltage resonant amplifier. The got
results and the numerical estimates agree well with
the qualitative conclusions of the Great Inventor.
Appearance of the Patent [16] is conditioned by
the practical interest to the power resonant amplify.
The subject of the invention is related to the
impact excitation systems in the electrical power
engineering but it can find application in the
uninterrupted power supply units, in the electromagnetic
vibration transmitting apparatuses etc. Finally, the work
[17] is dedicated to the experimental justification of
the electrical power resonant amplifier workability. To the
authors opinion the main result of the conducted
investigations is the experimental fact when the output
reactive electrical power exceeds more than ~33 times of
the source input power. Of practical interest is the
development of a circuit of a resonant amplifier of
electrical ~energy, where (unlike the previous
analogue) active electrical energy is generated, which can
be physically used to perform various works, for
example, for the systems proposed by the authors
of the works [18,19] for non-contact work on repairing
vehicles.

The aim of the work

The aim of the present investigation is the scheme
suggestion of the active electrical power resonant
amplifier, analysis and numerical estimates of the flowing
electromagnetic processes characteristics for
the principally justification of the suggested scheme real
workability.

1. Problem formulation, main calculation
dependencies

1.1. Electrical scheme, action principle

The electrical equivalent scheme of the suggested
resonant amplifier of the active electrical power
consisting of the four resonant circuits is represented on
Fig. 1.

Jy <y T‘“‘rl L
=) W) @ = di
¢
Rl i 1u|1'||ih: translormer R‘l
— j L — 1} F -

Fig. I - Electrical equivalent scheme of the resonant amplifier of the active electrical power
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The first of them — 1 with source of the harmonic
voltage — E; — the amplifier input circuit. Its current and
voltage transmit to the second serial circuit — 2 with help
of the coupling transformer «L,—L,;» Here

the amplified reactive power from the output element (the
capacitance — C,) transmits to input (the capacitance —

C,) of the parallel resonant circuit — 3. The latter one is
inductively coupled with the serial circuit — 4 the output
element of which is modeled by resistor — R, . This is

the load where the amplified active electrical power is
liberated.

The particularity of the suggested scheme consists
in what the parallel circuit — 3 contains the additional
source of the harmonic voltage — E,. Its appointment
consists in the conditions creation for the ‘“current
resonance” regime in which a back influence on the serial
circuit — 2 is excluded.

A relation of the active power in the output
element of the circuit — 4 (load, resistor — R;) to the ower
of the energy source in the input circuit — 1 is
the quantitative index of the electromagnetic energy
conversion in suggested scheme of the resonant amplifier
of the active electrical power.

1.2. Problem formulation

Let's consider the proposed scheme and its
parameters in more detail.

e The input serial «circuit |  contains
the capacitance C;, the inductance L;r (primary
the winding of the coupling transformer between

the circuits 1-2), the active resistance R; and the
source of the harmonic voltage E,(¢)=E, - sin (of)
(E, is the amplitude, ® is the angular frequency, ¢ — the
time).

e The amplifying serial circuit 2 contains
the inductance L,y (this is the secondary winding of
the coupling transformer between the circuits 1-2),
the capacitance C, (the output element), the inductance

L, and active resistance R, (this can be the resistance of
the winding inductances and coupling wires).

e The parallel circuit 3 contains the capacitance
C;, the active resistance R; (the resistance of the windings
inductances and the coupling wires), the inductance L;
and the additional source of the harmonic voltage
E,(t)=E, -sin (ot) (E, is the amplitude).

e The output serial circuit 4  contains
the inductance L4 the capacitance C, and the resistor Ry,
which models the amplifier active load.

e The frequencies of all resonant circuits are
o, =1/|LC;0, =1/L,C,;

equal to each other

o, =1/L,C; =», =1JL,C, — the amplifier resonant
frequency: o, =m, =0, =0, = 0.

The main task of the research is to evaluate
the integrated efficiency of the amplifier as a whole by

finding the appropriate gain coefficients depending on
the parameters of this circuit.

1.3. Main calculation dependencies

The  calculation  dependencies  for  the
workability theoretical justification of the suggested
scheme are based on the physically “transparent”
phenomenological statements  and  the strict
mathematical approach with the electrical circuit theory
methods usage [20].

We shall start from the “output” circuits of
the amplifier resonant.

According to the equivalent scheme on Fig.l
the state equations in the serial and parallel circuits — 3
and 4 accept the view [20]:

Ry J, +io(kyy [LL, )Ty = 0;
(ioLy + Ry ) Jyy +i0(kyy L, L, )-J4 -
—E,=U¢;

J, =imc;-UC1,

(1

where k&, €[0,1] is the coefficient of

the electromagnetic ~ coupling level between the
circuit 3 and the circuit 4; J, is the current in the
circuit 4 with the inductance L,, with the capacitance C,
and the active resistance of the load R, J33, J3 are the
currents in branches of thecircuit 3; J;;3 is the
current in the branch with the inductance L,, with
active resistance R; and additional source of the
harmonic voltage E,; J; is the current in the branch

with the capacitance Cj; UC3 is the voltage on the

capacitance Cj.

The currents being excited can be found from
the linear algebraic equations system (1) [18].

io(ky LL, )
Jy= _R—'J335
4
U. +E
Jy3 = : - 22 5 ()
(lmL3 +R, '(1+k34 050, ))
Jy =i0C;-Ue,
L
where Q, :&, 0, = 0;L4 are the Q-factors of
3 4

the circuits 3 and 4 correspondingly.
The current J,3 in the output from the capacitance
C, can be determined as sum the currents in the

branches of the parallel circuit taking into account the
resonance:
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(EQ +iUg, (Ql + kiQJ]
3

R (i0 +(1+4,0,0,))

Jy=J,+J5 = 3)

From (3) we receive that for J,; =0 the next
condition has to be fulfilled:

E2:—i~UC3~[QL+k324~Q4J. “4)

It should be marked that in practices, the necessary
voltage of the additional source can be determined when
the voltage amplitude variation till to obtain the zero
current in the input to the circuit 3 from the capacitance
C, in the circuit 2.

With help of (2) and (4) we find the voltage and
current in the load active resistance R;:

L —i
U, =Uc | k- e 2
3 l‘3
, Z ®)
Jy ==k, |22 e 2.
R, L,

Let us return to analysis of the condition (4).
If this condition is fulfilled the “current resonance”
regime is excited in the parallel circuit 3. The current
in the output from the capacitance C, to the circuit 3 is
equal to zero (J,; =0). The electromagnetic processes in
the resonant circuits 2 and 1 are flowing independently on
the processes in the circuits 3 and 4.

The last final conclusion allows analyzing
excitation of the circuit 2 and 1 by the source of
the harmonic voltage £, without any coupling with
the circuits 3 and 4.

The state equations system has the view [20]:

1
E =(i(®LlT ——j+RlJJ1 +ioM,J,;
oC,

1

X (6)
—ioM,J, =|i| oL, - +R, |J,;
oC,
where J, and J, are the currents in the circuits 1
and 2, correspondingly; M, =k, -\ L;L,; 1is the

mutual inductance;  k, €[0,1] is the coefficient of
the electromagnetic coupling level between the circuits
1-2; L, =(L,; +L,) is the summary inductance of
the circuit 2.

Under resonance conditions

oL, -1/0C,=0; oL, -1/0C =0
the equations system (6) accepts the view:

{El = J\R +ioM,,J, - o

—ioM,,J, = RyJ,

The expressions for the currents being excited can
be got from (7)

R
leE 22 )
(oM,,)’ +R R, ®
 E
J, :—1-71,
where
Z:(mzvfu)zuel.ie2
oM, ’

Should mark that parameter Z in (8) can be
interpreted as a module of the equivalent inductive
resistance. It ties the source power voltage E, with

the resonant current J, in the second circuit. And as it
follows from the corresponding expression in (8) this tie
has the strictly inductive character.

Let us rewrite the corresponding expression for J,
separately for strict clearness in the further analysis of
the flowing electromagnetic processes

. E
Jy =i, ©

where

(oM,,)" +R,-R,
oM,, ’

Obviously, the functional dependence
Z=Z(wM,) has to have a minimum what determines
amaximum of the current J, as of function of
the argument — (@M, ).

The necessary condition of the extremum
existence for the function Z=Z(wM,,) is being written

in the view [12]:

dZ(oM,,) (oM,) ~RR, _

d(oM,)  (oM,) O

(10)

As it
the equivalent

follows from the expression (10),
resistance  module  reaches  the

(oMy,) . =R -R,.  And

minimum under

BICHUK HTY "XIII" Ne 3 (17)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

the corresponding resistance minimum will equal to —
Z..=2JR R, .
In the terms of the parameters of the circuits — 2

and 1 the realization condition of the minimal value of
the equivalent resistance Z has the view:

ks | Lip Ly =JRR, .

The estimate of the electromagnetic coupling

(11)

coefficient which provides the secondary current
maximum J,,  follows from the expression (11)
RR
12-max - (12)

Physically, the found minimum of the equivalent
resistance ting the secondary current with the voltage E|

of the power source and determining the maximum
power amplifying can be explained by the
minimally possible return of the energy from
the secondary circuit 2 to the primary circuit 1. At that all
this process is being provided by the electromagnetic
coupling level between the circuits correspondingly to the
formula (12).

To calculate the integral coefficient of the
active electrical power conversion in the suggested
scheme of the resonant amplifier the formulas
should be written for the current in the circuit 1

and the voltage in the “output element” — L, of the
circuit 2
E
J ==
2R,
U, =- ! = (13)
“ '20C, R ‘R,
1 oL
=|l—=o0L,|=-E —2=.
oC, o 1 2JR ‘R,
Taking into account that U, =U. , after

substitution of the expression for U

find the voltage and
resistance R,.

to (5) we

current in the load active

L L
U,=- Eu& =
2R, ‘R, L,
(14)
L L
Jy :_E1& ks = |
2R,\/R, ‘R, L,
According to (13) and (14) the power

amplitudes in the circuit 1, in the circuit 2 and

in the circuit 4 (the amplifier output of the active
electrical power) will be determined by the following
dependencies

_E

" 2R’

E’ O
p =_L=2 15
2m Rl 4 ( )

R L

P =E? 2 2| g2 e ,
4m 1 4R4'R1Q2(34L3

where O, = % is the Q-factor of the
2
circuit 2.

The conversion coefficients of the electrical power
in the suggested scheme of the resonant amplifier can be
found as the relations of the corresponding values from
the expressions (15):

a) from circuit 1 to circuit 2

Kl ) :i:%’
B,

\9)

L
R

3

¢) from circuit 1 to circuit 4,

P, O, (L
K =t &l fas o
1-4 le b [L3 J 34Q4
The introduced power P, (of the additional
source) normalized on the power PF,, which is
introduced from the circuit 2  (under the
resonant conditions) is being determined by the
expression:
P, 1
T S L , 17
P ( o, Q4j 17)
2
where P, =—=is the power introduced
oL,

from the circuit 2 in the terms of the parameters of
the circuit 3.

For practice, the formula allowing the
efficiency integral estimation of the amplifier
in the whole is interesting. It can be got as
relation:
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(18)
L 1

:%' k324Q4(i_ j__ )
2 L, o

where P, is the output power in the load

active resistance in the terms of the
parameters.

As it follows from the formula (18) the active
power in the load which is determined with taking into
account power of the additional source can be considered
as some efficiency conditional characteristic which
permits evaluating the minimally possible value of
the output power in the scheme of the considered

amplifier.

amplifier

1.4. Analysis, numerical estimates

From physical consideration it is obvious that
for the amplifier efficiency maximum a contribution
of thepower additional source in exciting the
current resonance” in the parallel circuit has to be
minimal. As it follows from dependencies (4), (17)
and (18), for this it is necessary quite high Q-factor —
0, >>1 and quite weak electromagnetic coupling

with the serial circuit in aggregate with quite small
that ki, O, <<1.

the dependence for the power conversion coefficient —
(16), (17) and (18) demands increasing parameter —
k324 'Q4 .

The efficiency illustrations of the experimental
model of the active power resonant amplifier are
represented on Fig. 2, Fig. 3.

The following initial data were accepted for
calculation: @ =2n-25000 Hz, Lir=L,r=L;= 14,8 uH,
Lz =169 },I.H, Rz = 0,35 Om, R] = R3 = 0,1 Om, k34 = 0,1

K4
IR
10
L

Q-factor, so Simultaneously,

6
4
2
e
R4.0m
0 2 4 6 8 10

Fig. 2 — The amplifying efficiency of the active power as
function from the load resistance without taking into
account the power contribution of the additional source

E
K4, K1(-42)

(E2)
4 Kl-4
7
]
u T
-2 R4,0m
0 2 4 6 8 10

Fig. 3 — lllustration of the additional source power
influence on the active power amplifying in dependence
on the load resistance

Practically straight-proportional tie of
the conversion integral coefficient and the power of
the additional source follows from the calculations results
on Fig. 2.

Really, a substitution of (17) into the expression
for K4 from (16) leads to the relationship:

L P,
K, ZQEﬁJ fn)_ 1 . (19)
2 L3 P)Zm Q3
Physically, this tie supposes the growth

possibility of the conversion coefficient but with the
simultaneous growth of the power of the additional
source.

Finally, last comment. The curves on Fig. 3
illustrate the output power falling down in the
dependence on the load resistance with and
without taking into account the power of the additional
source.

Conclusions

The resonant amplifier scheme of the active
electrical power which is represented by the series of
the inductively coupled  resonant circuits is
suggested. The distinguishing particularity of the
present suggestion is introduction of the additional
source of the harmonic voltage what permits
excluding the back influence of the output currents
and voltages on the processes of their resonant
amplifying.

An expression for the coefficient of integral
transformation of the device is obtained, which is related
to the power of the additional source and makes it
possible to estimate the efficiency of the amplifier as
a whole.

The conclusions about the real workability of
the active power suggested amplifier are formulated on
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the basing the numerical estimates and the characteristics
analysis of the flowing processes.
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