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Application of ultrasenic devICes In
abnormal conditions

Ultrasonic
exposure

Forming of nanomaterials Cavitation crushing

homogenization (distribution

Activation of surfaces of particles in viscous media)

Nebulizing Deposition of coatings

Coagulation in gases Defoaming

And many other




Ultrasonic exposure in abnormal
conditions
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Influence of liguid medium temperature




Ultrasonic exposure of melted metal (T more
than 1000 C)




Drilling of frozen soil with temperature of
liguid nitrogen
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Piezoelectric transducers

Piezoelectric effect Piezoelectric Piezoelectric elements
materials

Polarization of a
dielectric at
squeezing

Natural quartz

1000V- 1ym/cm
Inverse
piezoelectric effect

Synthetic
piezoelectric
materials
1000V-50 pm/cm
Zirconate - titanate
of plumbum
PZT-5, PZT-8
(ZTP-23), APC-841




Influence of abnormal medium on the radiator

Temperature influence

External influence

Heating and cooling of
working tool material

AF~f(Pac) Pressure

State of the medium

Heating and cooling of
(solid-liquid)

piezoceramic
AF~Ff(T,U)

Influence of the medium

(viscosity, dispersion)

Influence of technological processes
(drilling)

Processmg mode gener ator - ?
(22+1,65 kHz)

Without load Increased pressure § Increase or decrease in temperature
23 kHz 22 kHz from 24 to 20 kHz




Low-temperature and high-temperature
destruction

— Destruction of piezoceramics.
Melting of metals.

1000 r/ ° ‘

600 K‘/ Overheating of piezoceramics.

Destruction of boosters.
i K Ultimate strength.

60 K /— Destruction of studs.

10| K

/_ Lack of piezoelectric properties
0 KA
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Piezoelectric vibratory system at low

temperature (0 K)

The formation of vibrations
from the moment the electric
voltage is applied to the
electrodes of the piezoelectric
element.

Providing the necessary —
increase of mechanical

vibrations amplitude,

provided that the frequency of

the applied electrical voltages

coincides with the

continuously changing

resonant frequency of the

vibratory system.
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Formation of vibrations at low

temperatures
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Ultrasonic exposure at low temperatures

Voltage

L

"-L‘-. S K
pritecec ~'.¢r~ Time
. Freguency
I:res. gas
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Time
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Operation of the piezoelectric transducer at

Overheating at a
power of more
than 150 W

high temperatures

The need to
develop new
designs of
radiating elements

Development of a multi-element transducer —
electrical power is distributed among the
elements, mechanical vibrations are summed

up

No overheating up to
300 W without fo rcﬂle_rd
cooling



Stand for low-temperature research

\ liquid nitrogen ’
v bath

- > . -‘
4
Internal Meter- '
illumination l regulator .
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Stand for. high-temperature research
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Influence of a radiating surface temperature

18300 18400 18500 18600 18700 18800 18900 19000
Yacrora, ly

Ultrasonic device Frequency response of the current of the
“Solovey” mechanical branch at different
temperatures of the ultrasonic radiator

(radiation into the gas medium)



Influence of temperature on piezotransducer

2,00E-11
1,90E-11
1,80E-11
1,70E-11
1,60E-11
1,50E-11
1,40E-11
1,30E-11

1,20E-11

C Y4YeTomM Harpesa YeToM Harpeea

19

=g B3 yyeTa Harpesa C yyeTOoMm Harpesa




Power consumption, W

Changing of power. and resonant

frequency

BN Power consumptions

300
Ultrasonic vibration frequency
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Radiator. characteristics
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Impedance characteristics, frequency response and frequency
response of vibratory system in air and when working in melted
aluminum 21



Drilling speed at various frequency.
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Influence of Iintensity and temperature on
cavitation
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TThermal protection of the piezoelectric
transducer

Kaoens numarus

_Kapnyc zepmemysayuy

[lampyoky

Y3en oxnaxdeHus

—_Pado4wu uHCmpymMeHm

1 fnuwa xadens numasus - 25 M




orotection at nigh pressures

Features:

Liquid cooling;
Operation at high
pressure on the
radiating surface




Exposure of melted metals
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Application of tools made of high-
temperature materials (niobium,
molybdenum)

Total Deformation 4
Type: Total Deformation

Frequency: 19876 Hz
Unit: m
13.01.2021 240

1,7478 Max
1,5572
1,2666

1,176
0,99536
0,73474
0,60412

Distribution of vibrations of a niobium instrument at 1000 K
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Ultrasonic processing of melts

1 - Ultrasonic
vibratory system;

2 - piezoelectric
transducer body;

3 - heat exchanger;
4 - pipes;




Nebulizing for analysis of aviation oll
composition
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Nebulizing of aluminum

Ultrasonic vibratory system for Mounted vibratory system
forming vibration on nebulizing
nozzle
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Ultrasonic devices for operation in abnormal
conditions of pressure, temperature and chemical
aggressiveness

1- Thermal protection of the transducer; 2- operation at high pressures; 3 - chemical
resistance; 4- immersion in an abnormal medium 31



Ultrasonic devices for flow-through
processing

Volume for mounting
multiple vibrating systems

flow volumes with cooling 32



Industrial ultrasonic eqguipment




Investigation of the durability of coatings
under abnormal conditions
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Drilling device in abnoermal conditions
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Drilling stand
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Working tool for ultrasonic drilling with soll
destruction




Drilling studies at low temperatures




Results of studies of ultrasonic drilling at low
temperatures
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