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Abstract: THE PURPOSE. The objective of this study is to investigate the possibilities of longer
distance resonant energy transmission applying Wireless Power Transfer (WPT) in the MHz
frequency range. The planned final purpose is the energy to be transferred to all types (aerial and
terrestrial) of electric vehicles (EV), mainly for the battery charging at a larger distance, compared
to the normal dis-tances of WPT in use at this moment. The key to this type of High Frequency (HF)
WPT system is the strong resonant inductive coupling. METHODS. This project is based on the HF
power oscillations generating equipment, which original function is to generate several kW of
power at MHz frequency for welding of acrylic or other plastic details. RESULTS. As a first step, the
equipment was modified to supply HF power for the WPT transmitter coil, instead of supplying
power to the soldering plates. The operation frequency is defined by the factory, and it is made now
regulable between 8 and 14 MHz by introducing a vacuum variable capacitor. The internal
powerful oscillator is based on the electronic vacuum tube ITL 5-1, a military type, capable to
deliver up to 3.5 kW active power at the output. The original output had a coaxial form for supplying
finally the capacitive load of the dielectric welder. This had to be reworked and a resonant loop, i.e.,
a capacitively compensated transmitting coil, is now connected. The intended application of this HF
system is to charge the batteries of a public transport EV, possibly during its periodic stops, while
the passengers will enter and leave. CONCLUSION. The applied frequency is relatively high and
the distances are larger, this system still uses the magnetic field as the energy transporter, i.e., itisa
near field transmission, a non-radiating system, and is expected not to produce adverse effects on
the human being’s health, or to achieve a safe protection from the field.

Keywords: Wireless Power Transfer; Aerial and Terrestrial Electric Vehicles; Longer Distance
Resonant Energy Transmission; Batteries Charging; Magnetic Coupled Resonator.
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Pestome: Llenvio O0annozo uccie008amus SGIACMCA UYUEHUE BO3MOICHOCMEN PE3OHAHCHOU
nepedauu 3Hepauu Ha 6OabWUE PACCMOAHUSL C NPUMEHeHUueM 6ecnpo8oOHOl nepedaiu SHepeuu
(WPT) 6 ouanaszone wacmom MI'y. Ilnanupyemas Koneunas yeiv - nepeoaua sHepeul cem munam
(6030yunbIM U HazemHbiM) dnexkmpomodunei (EV), 6 ochoenom 0nsa 3apsioku akKyMyIsamopog Ha
bonvuiem paccmosiHuy no cpagHenulo ¢ obvluHbiMu paccmoanusmu BIID, ucnoavsyemvimu 6
Oannuviti momenm. Kniouom x smomy muny evicokowacmomuou (BU) cucmemwr BIID sensiemcs
cunvHas pesounamcnas umoykmusenas cesaze. METOJIBL. B ocnoge smoeo npoekma Jnexcum
0bopydosanue 015 2eHepayuu  blCOKOYACHOMMBIX KONCOAHULl MOWHOCMU, NePEBOHAYANbHAS
QyHKYUs KOMOPO20 - 2eHepUpo6amb HECKOIbKO KUuio8amm mownocmu Ha yacmome MIy ona
C8apKuU akpunogvix unu opyeux niacmmaccoswvlx oemaneu. [1OJIVYEHHBIE PE3YJIBTATHI. B
Kayecmee nep6oeo uiaza 0bopyoosanue 6vi10 Mooupuyuposano oast nooavu BY mowmocmu ona
kamywku nepedamuuxa bIID emecmo noodauu numanus Ha nasnvhvie niaacmuHvl. Pabouas
yacmoma onpeoensiemcs 3a6000M-U320MOGUMeNeM, U Menepb OHA pe2yiupyemcsi 8 npedeaax om 8
0o 14 MIy 3a cuem ucnonb308amus 6aKyyMHO20 HepeMeHHO20 KoHOeHcamopa. Buympennui
MOWHBLIL 2eHePamop NoCmMpoeH Ha base nekmponnol eaxyymuou ramnvl UTJI 5-1 6oennozo muna,
CROCOOHOU 8bI0ABAMb HA BbIX00E AKMUBHYIO MOWHOCMb 00 3,5 kBm. Hcxoouwii 6bixo0 umern
KOGKCUATbHYIO (opMy Ol NUMAHUSL eMKOCMHOU HAZPY3KU  OUINEKMPUYECKO20 CE8APOUHO20
annapama. Omo npUIOChL nepedeamsn, U menepb NOOKIIOUEH PEe30HAHCHbIN KOHMYP, MO eCib
nepedaiowas Kamywka ¢ emMKOCmHOU KomneHncayuel. Ilpednonazaemoe npumenenue 3motl
BY-cucmemvl - 3apsioka  akKymyasimopog 9aeKmpomMoouns 006WecmeeHo20 mMpaHcnopmad,
B03MOJICHO, B0 GpeMsi €20 NepUoOUYeCcKUX OCMAHOBOK, K020d naccaxicupvl OyOym 6xooumv u
svixooums. 3AKJIIFIOYEHUE. [lpumensemas uacmoma OmMHOCUMENLHO 8bICOKA, A PACCMOSHUSL
bonvuie, ama cucmema Nno-NPeNCHeMy UCNOTb3Yem MAZHUMHOe NoJle 8 Kayecmee NepeHOCuuKd
9HepeuU, mo ecms MO cucmema nepeoayu OIUNCHe20 OIS, He UZTYHAIWas, U 0XCUOAemCsl, Ymo
OHa He oKadcem HeOIALONPUAMHO20 6030€UCMBUs HA YelN08eKd. 300p08bs Cyujecmed, Ui
000UMbCsT HAOEIHCHOU 3aUUMbL O NOJIAL.

Kniouesvie cnosa: b6ecnposoonas nepedaua snepeuu; 6030VuiHble U HA3EMHbIE IIEKMPOMOOUU,
nepeoaya pe3oHAHCHOU JHepeuu HaA Ooablue PAcCMOAHUA, 3aApA0KA  AKKYMYIAMOpos;
MASHUMHO-CEA3AHHbII PE30HAMOP.

Introduction

The desire to make possible the energy supply to remote consumers, led Nikola Tesla to
invent and start experimenting a system that allows a transmission of electrical energy over long
distances, without using cables. The history will always remember this inventor with his remarkable
235 patents [1]. The concept of the power transmission without any physical support has more than
a century. Pioneering this concept, Tesla built an experimental system in Colorado in 1899. With
that system he transmitted electric energy by high frequency at a considerable distance [1, 2].

With the advance of the semiconductor technologies Tesla’s dream has now become reality
[2, 3]. The wireless nature of this process makes it useful in environments where implementation of
physical (galvanic) connection can be inconvenient, hazardous, or impossible. Particularly in the
electric vehicles (EV) battery charging, the WPT shows to be very convenient [3]. The different
types of the wireless power transfer are shown in Figure 1.

The different technologies used in the branches of Figure 1, are associated with the working
distance and the power to be transferred between transmitter and receiver.

Nowadays, the WET has different applications in a large spectrum of human activity. For
example, in order to reduce the risk of post-operative infection and patient discomfort, a
Transcutaneous Energy Transfer is widely applied to wireless powering of implantable biomedical
devices [4, 5]. Examples may be some left ventricular assist devices, artificial retinas and wireless
neurostimulators [5]. The technology used in these applications are the inductive coupling and the
magnetic resonance coupling [6].

In the applications concerning EV batteries charging, both Stationary (in a garage) or In
Movement (online), the technology used is the magnetic resonance coupling, because of a lot
improved efficiency [7, 8]. To exercise a long-range energy transfer, the developed technology is the
Electromagnetic Waves Power Transfer (EWPT), which is still not enough mature for a practical
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implementation. This technology is based on the very high-frequency energy beam, possibly
transmitted from a geostationary orbital Solar Power Satellite System (SPSS) [9]. The concept was
introduced by Peter Glaser in 1968, who suggested the receiver to be mounted on the Earth surface
of several km?®. The microwaves beam was experimented by Glaser for supplying a small flying
helicopter at 200 m distance. Another idea is suggesting a Laser beam sent to the Earth a rectenna
(rectifier plus antenna) system [9].

Range and Technology

Inductliye, Magnetic Resonance Electromagnetic Wave
Capacitive Coupling Energy Transfer

Fig. 1. Types of the Wireless Power Transfe Puc. 1. Tunwi 6ecnpogoonoil nepedauu snepaui.

Methods. Wireless Power System Formulation. Triode operation

The electronic tubes are constructively formed by a casing of glass, ceramic and metal,
containing therein a gas (special cases) or vacuum (normally). In the first case they are called gas
valves, the second type are just the normally used electronic valves. To conduct an electric current
the electronic tube has at least two electrodes. The first electrode is emitting electrons [10-12]. This

is the cathode (K; ). The target electrode that attracts and receives the electrons, is called a plate

(p) oranode(a).

To produce free electrons the cathode (kT)must be heated and this is done directly or
indirectly. In the first case, the cathode (kT) is heated by an electric current that passes through it.
In the second case there is a heating resistance (filament), inside the cathode (kT), which stays

isolated from that filament [11, 12].
For an electron to leave the surface of the cathode (kT), it is necessary to obtain the

extraction energy level, represented by W, . If the charge of the electron is represented by qo , then
the extraction potential is given by:
W
Vg = 0 (1)
Y%
The V, represents the extraction potential that is used as the fundamental value for the
formula given by Owen Richardson:

I . — KT 2 e(711666V0~T) (2)

Where I is the anode current, here named the plate current, K is a constant that depends on
the material and T is the absolute temperature in Kelvin.

The coefficient K is known mostly as Richardson coefficient Ag and its approximated value
is: 1.2x10° [Am?K?], i.e., it is a current density per absolute temperature squared.

Once the cathode (K;) is heated, a cloud of electrons is formed, as a space charge, around

the cathode (K; ). The effect is known as Edison effect [12, 13]. It is concluded that the electric
current depends on three factors:

83



Becmuux KI'DY, 2021, mom 13, Ne3 (51)

The voltage applied between the cathode (K;) and the plate;
The temperature of the cathode (K; );

The distance between the cathode (K;) and the plate (anode).
Briefly, the electric current rises when the anode (a) is growing more positive in relation to
the cathode (kT ) and the current goes higher also with the rising temperature and with the reduced

distance between the anode (a) and the cathode (K;). The function current/voltage known as

“two thirds”, is further developed in (3). This operation, conducting at positive voltage of the plate
and not conducting at negative plate voltage, is used in the simplest electron tube diode Rectifiers.
Being the flux of electrons very limited, the vacuum tube diodes are far from ideal, presenting quite
a high voltage drop [13, 14]. This particularity of the electron tubes obliges to use always a relatively
high voltage supplied to the electronic tube circuits when the power electronics equipment is
constructed.

Lee De Forest conceived the idea of introducing a third electrode in the vacuum tube. This

additional element, the grid, controls the current flowing between the cathode (kT) and the plate

(p). Fig. 2 shows the triode (three terminals tube) symbol with its elements.

Tube enclosure
Plate (p) or Anode (a)

Grid (g)

Cathode (kr)

Fig. 2. Triode symbol Puc. 2. Obosnauenue mpuooa.

The grid is more negative than the cathode when the valve operates as an amplifier or as a
linear regulator of the electron flux. Then the grid repels some electrons. This negative grid voltage
is used as a bias voltage, i.e., a fixed voltage between the grid and the cathode, when the tube is a
linear regulator. The most negative grid-to-cathode voltage value that blocks completely the plate
current is the cut-off voltage. Its value depends on the plate voltage [14, 15]. The plate (p) current is
a function of the grid voltage, and the plate (p) voltage is given by:

E 3/2
Ip:K(Eng—pj 3
u
In (3) constant K depends on the size of the valve. According to (3) the anode (a) current is
only possible plate (p) when:
Ep
E,+— |>0 4)
il

The factor u represents the most important parameter of the valve, the "voltage
amplification", and is a constant, independent of any voltage. It depends only on the geometry of the
valve [15, 16]. The maximum current could be reached if the grid would be made positive, but this is
made very carefully as the grid is only capable to accept limited values of grid current. There are
three static characteristics, which are essential, and characterize the valve. In the case of the tube ITL
5-1 it is declared by the producer:

Amplification factor (u)—ZO (approx.)

Grid resistance ( Rg )—1250 Q

Transconductance (g, )-23 mA/V
These (differential) parameters are defined as:

_[ 2B atl, = constant
w= AE p=

g
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AE
R, = P lat E, = constant
Al,

AE,

Relates the three parameters is given by:

Al
g, = at E = constant

9
n=—— 5
g R (5)

p

Fig. 3 represents the physical model of a triode, where all the “small signal” important
elements that constitute a triode are shown.

1 Co
ImVokt
g + - Cor
() R, —
__Cng
kr
Fig. 3. Equivalent circuit of a triode as Puc. 3. Cxema 3amewenust mpuooa 6
amplifier a “small signal” approximation Kauecmee ycunumelisa 8 NpubIuxceHuu “manoeo

cuenana”

Oscillator operation
The requirement for negative grid voltage is not valid in the case of an oscillator circuit. In

this case the “amplifier” has a positive feedback.
By the positive feedback the oscillator will transform the DC supply voltage into an AC
voltage output, i.e. producing oscillations. The basic principle of an oscillator is shown in Fig. 4.

ﬂVOUt A VOUt

Fig. 4. Basic principle of an oscillato Puc. 4. Ocnosnoti npunyun pabomul oCyuiismopa.

There are three essential conditions that an oscillator must have:
Ability to self-excitation;
Frequency Stability;
Amplitude stability.
The equation that the circuit must obey to oscillate and have a stable oscillation is the
following:
BxA=1 (©)

Here [§ is defined as a reaction, or the feedback factor, and is given by:

—_—

for ™
Vp
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The Vp is the rms value of the AC component of the plate (p) voltage and Vr is the rms
feedback voltage. The amplification A is defined by the coefficient between the plate voltage Vp
and the grid voItageVg , given by the relation:

v,
A-_P ®)
Vg

The condition for which there is balance in terms of amplitude and frequency should be
verified by the following equation:

B="+—— )

In this equation, the gain x and the transconductance g,, do not depend on the frequency.

Onlyz, the impedance, depends on it. To reach the maximum Z of the load, that includes
inductance L and capacitance C, the oscillators use the resonant frequency, given by:

1

27:\/E

For the HF power generator, a tuned plate (p) oscillator is used as shown in the following Fig.

f= (10)

5.
L01
H
Lic 7 \Ff
S
Fig. 5. Schematic of the oscillator used (plate (p) Puc. 5. Cxema ucnonvzyemoz2o 2enepamopa
tuned) (naacmuna (n) nacmpoena)

The tuned circuit determining the frequency, comprises LT and the regulable CT . The
capacitor C05 and the inductance LO1 serve to isolate the DC power supply from the resonant tank

circuit LtC+. The biasing of the grid is done by the leakage resistance R02 and the capacitorCo3.

When the generator reaches its normal operation, only a low positive current shall be allowed, and
for that reason the grid current is measured. The grid bias voltage is equal to the voltage drop at the

R02 terminals. The measurement of the grid current is important for avoiding a highly positive grid

current, which is known to be dangerous to the valve and its vacuum level.

Resonant circuits

The resonant processes and their parameters will be simplified in the further chapters text.
The voltage source will be included with its internal impedance (resistance) into the resonant circuit.
The generator voltage is presented further in series with the inductor L, as it is normally induced into
the resonant inductance. In this generalized approach there are two important basic parameters that
describe the resonance [17, 18].

e Resonance frequency ®;

e Intrinsic loss rate & (dumping factor).
The circuit of Fig. 6 represents the equivalent RLC series circuit.
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O

Rs

AC

Fig. 6. RLC series circuit with an AC voltage source  Puc. 6. Ilocredosamenvras cxema

(generator) UCMOYHUKOM (2enepamopom)
HaANPAXNCeHUs.

RLC ¢
nepemenHozo

Here the Ry is internal resistance of the generator, and the resonant circuit parameters are as

already defined.
Applying the Kirchhoff's Law to the circuit of Fig. 6 results in:

u,.sin(ot) =u,_ +Ug +U

4’0 , g% |, G

u,sin(ot) =L i o

Dividing (13) by L is given:

d’q.  Rdds | g

1.
_1 t
i Tl at TLe Lusin(et)

and:

@y

1
~JLC

then:

Substituting the LC from (16) into (14) is obtained:
d’qe , Rdqc
2 T
dt L dt
The intrinsic loss rate is defined by

+ 20 =%ussin(oot)

or

replacing (18) into (17):

d’q; , 2dgg
dt> ¢ dt
The stored energy is represented by the quality factor Q, which is defined by:

+ o0 = %ussin (wt)
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L1 ol
Q=,——=— (21)
CR R

Figure 7 represents a coupled resonator system:

Coupled resonators

IT iR

— ~
H 1] I
PG Ce |
Rs i :

: Lt Lr : Ru
AC : :
Us : :
H > < H
Zin Zout

Fig. 7. Coupled resonators Puc. 7. Cesizannvie pesonamopul

There are two possibilities to reach the maximum transferred power. The first possibility is to
use a constant AC current source, the second is to use a constant AC voltage source [17, 18].

Constant AC current source

The maximum power transferred reaches the maximum point when the current in the load is
maximum and is defined by:

2
P oM, Cq i 22)
R - 2 T
JoCiR +1-o°L;C,

The resonant frequency is given by:

g (1 =o0) = — 2 (23)

2/JL.C.

Constant AC voltage source
In the second possibility, the maximum current is given by:
+ 3
. o’M. .C.C
— : J- TRVT VR : — _xu, (24)
(joCrR, +1-0’L,C; )( joCyR, +1-0’L,C; )~ M7 TCZ

The resonant frequency is given by:

\/LTCT +L,C, —\/Licf +L5C —2(1-K?) L,C, L Cy
o0 )=

(25)
2m[2(1-K?) Ly C, LG,

o (lg =

Wireless resonant power transfer
The series resonance can be obtained in two modes [17, 18]:
. The influence of the receiver circuit on the transmitter circuit;
e  The influence of the transmitter circuit on the receiver circuit.
The Figure 8 represents the secondary (receiver) impedance reflected as Ry into the
transmitter circuit.
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Rr

1.
Rs
L+
AC
Us
§RRT
|

Fig. 8. The receiver impedance reflected into the  Puc. 8. Huneoanc npuemnuxa, ompasicennwviii 6
transmitter circuit yenu nepedamuura

The reflected resistance of the receiver circuit into the transmitter circuit is represented by
Rp 7, given by:

T

WM,
AL

r

(26)

In Figure 9 is represented the transmitter AC voltage source (generator) reflected on the
receiver circuit.
Rr

A

Cr

2R
Lr

AC

Rrr
Fig. 9. The transmitter voltage source reflected into  Puc. 9. Ompadsicenue ucmounuxa HanpsceHus
the receiver circuit nepeoamuuxa 6 yenb NPUeMHUKA

The reflected resistance of the transmitter circuit into the receiver circuit is, represented by
Rr g, is given by:

2 2
o M
R« :Z—R'T (27)
t
And the voltage Urp is given by:
joMg -
U p =————u (28)
T,R Zt S
By modifying (26) is given by:
20 2
Mg
TR IR (29)

The transfer efficiency is given by:
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_ O)ZM'I?,RRL (30)
n_(R, +R)[@*MZ, +(R +R)(R +R )]
The mutual inductance is given by:
M =k /L, L; (31)

Where k is the energy coupling rate between the two coils.
The maximum transferred power P, can be achieved when the mutual inductance is fixed,

and that P, is given by:

o’M? UZR,
P = ' 5 (32)
2 2
[m MZ.+(R +R)(R. + RL)]

Prototype Design. Proposed Wireless Power System
The Magnetic resonance coupling working in MHz frequency band is being widely
considered a promising technology for mid-range transfer of a low up to a medium amount of power
[19].

The results reported in this work, are based on a factory-made welding generator
manufactured by APRONECS Ltd, Bulgaria. The active element of that generator is a vacuum tube
(triode) ITL 5-1, working in class C, with the following basic data of the device.

Frequency up to 150 MHz

Continuous wave (CW) power, up to 13 kW

Plate (p) voltage up to 7.2 kV

Filament voltage 6.3 V

Filament current 65 A

A parallel resonance tank circuit is associated with the triode connected to its plate (p), and
also named anode (a). The block diagram of the transmitter and receiver tanks is shown in Figure 10.

Transmitter LC tank Receiver LC tank  Load Circuit

R load

Oscillator Magnetic field between L;and Lpaq

Magnetic field between L;and L,

Fig. 10. Idealized diagram of the transmitter-receiver ~ Puc. 10. Hoearusuposanunas cxema pe30HAHCHbIX
resonant circuits KOHMYPO8 Nepedamyuka-npuemMHuKa

Transmitter coil value determination
The measured transmitter coil inductance value is:

Ly =19puH (33)
Medhurst’s [20] formula was used to calculate the value of the distributed capacitance given
by:
r3 12
C =|11,26x1+16r +76,4x m x10 (34)
3 12
C=|11,26x0,11+16x0,4+76,4x,|— x10" ~° =65,9pF (35)

The available capacitor(Ct), connected in parallel with the transmitter coil is a vacuum
variable capacitor, with glass encapsulation and with an adjustable capacitance between 5 pF and
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100pF . Assuming that the variable capacitor is set to the middle of its total value, the resonance
frequency value is given by:
; 1 1
(e - — —
2nLC  271,9x1070 x115,9x1012

=10,73MHz (36)

Aiming a working frequency of13,33MHz, it was necessary to check the available variable
capacitor, has enough capacitance C,,, to tune to that frequency.

1
Ctotal :47T2Ll f02 (37)
1
Ciotal = , » = 75,03pF (38)

4 x19x10°8 (13, 33x10° )

From this calculated value it is necessary to subtract the value of the distributed capacitance
in (35), given by:

C; =75,03-65,9 =9,13pF (39)

Thus, the calculated value is within the possible adjustment values.

Receiver coil inductance determination.

For maximum energy transfer, both resonant circuits must be tuned to the same frequency is
given by:

f. =1, (40)
Where:
L.C; =L;C; (41)

The available capacitor for the receiver circuit is a similar vacuum capacitor, with a glass
encapsulation and capacitance varying between 5 pF and 250pF . The assumed capacitance

midpoint value is125pF .
Replacing the values in (41) gives:

1,9%10°x 75,03x10™" = L, x125x10™* (42)

Then the calculated value is:
L, =114 pH The measured value of the coil, built by the authors, was 1,2pH.

The distributed capacitance value of this coil is given by:
r3
C=|11,26x1+16xr+76,4% | [x107* (43)
J

015° | 1

x10
0,13

Crq =| 11,26%0,13+16x0,15+ 76,4 2 =16, 2pF (44)

The total capacitance value results from the sum of the receiver coil distributed capacitance
with the midpoint value capacitance from variable capacitor.

Cgri =Cg +Cprq =125+16,2=141,2pF (45)

The resonance frequency value determination for these L and C values gives:
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1 1

fy= =

0 | —
2nyL.C 275\/1, 2x10 6 x141,2x10 12

=12,23MHz (46)

The values of the transmitter and receiver frequencies can be adjusted via variable capacitors.
Mutual inductance value determination
The mutual inductance value is determined using the following equation.

M =kLiLy 47)

Here, k is the coupling coefficient value, LT is the inductance value of the transmitter coil,
the Ly is the inductance value of the receiver coil and M is the mutual inductance.

The two circuits, the receiver, and the transmitter, are tuned to the same frequency fo.
Whenever k is greater than zero, the mathematical analysis shows that the two circuits, when
magnetically connected, can admit two resonant frequencies f1 and f2 , given by:

= (48)
and

0 (49)

2=\/1+k

In the tests performed, the following values of f, and f, were measured:

f,=8,75MHz and f, =15,16 MHz .
These values make it possible to determine the value of k equal to0,5.
Substituting the values in (47), the following mutual inductance value is given by:

M = 0,541 9x10 0 x1,2x10~® = 755nH (50)

f

Prototype Implementation and Results

As mentioned previously, this work was based on an equipment, produced by the company
APRONECS Ltd. Several modifications were made later to this equipment.

All the coils shown in this diagram are made of copper pipe with 12 mm outside diameter and
1mm thickness (internal diameter is 10 mm). The Figure 11 shows the real view of the transmitting
coil. Figures 12 shows the transmitting coil and its adjustment bracket.

Fig. 11. Photograph of the transmitter coil Puc. 11. @omoepapus kamywiku nepedamuuxa
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Fig. 12. Photograph of the connected adjustable Puc. 12. @omozpaghusi nOOKIOUECHHOU pe2yiupyemoi
transmitter coil Kamyuwiku nepedamuuxa

The Figure 13 shows the receiver unit.

Fig.13. The receiver unit (in the center) Puc. 13. Ipuemnwiil 610k (8 yenmpe)

The Figure 14 shows the receiver unit with more details.

Fig. 14. The detailed image of the receiving unit Puc. 14. [emanvnoe u3zobpadicenue npuemHozo
ycmpoticms

Figure 15 shows an image taken during the final tests. It shows a 40 W lamp lit with the
energy transmitted through the WPT system. The distance between the transmitting coil and the
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receiving coil is 1,5 m. The working frequency that allowed the system to be optimized was
8,461 MHz on the transmitting circuit and 8,426 MHz on the receiving circuit.

-
Fig. 15. An image obtained in the final tests, 40W  Puc. 15. Hzobpadicenue, noryuennoe 6 uHanbHbix
lamp (author's photo) mecmax, ramna 40Bm (pomo asmopa)
Results

Figure 16 shows the voltage waveforms at the transmitting tank circuit (at the inductor). The
scale voltage is 2.0 kV, so the peak is 8 kV.

.Z.ODKV T o s] .Ch1 J'. 0.00 V)

Fig.16. Voltage waveforms of the transmitting tank  Puc.16.  Ocyunnocpammer  nanpsicenus — yenu
circuit (the inductor terminals) nepedarowe2o baxa (kiemmvl UHOYKMopa)

Figure 17 shows the voltage signal to the receiving tank circuit terminals. The peak voltage is 200 V.

| 20.0ns]| Chl S 0.00 V|

Fig. 17. The voltage waveform at the receiving tank  Puc. 17. Ocyurnocpamma Hanpsdjicenus 6 yenu
circuit (the inductor terminals) npuemHozo 6axa (86160061 UHOYKMOPA).

Conclusions

The wireless power system presented was built based on a high-power high-frequency
electronic tube oscillator. This oscillator has a triode valve as its central element. At a distance of
1,5m it was possible to light a 40W lamp. The main difference to the currently constructed

systems is that it presents a transmitter based on vacuum tube oscillator. A necessary rectifier for
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battery charging was also experimented, implemented on silicon carbide (SiC) Schottky diodes. In
[21], authored by George I. Babat, some more details could be found from his experiments during
1940s in Moscow, mainly in the metro lines. In the publications in Russian language during 1942
and after 1942, he claims more than 60% of efficiency by electronic valve generators for propulsion
of electric vehicles online (during their movement).
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