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The ultrasonic technologies application limitations and the 

special equipment development are analyzed in the article. 
Ultrasonic technologies efficiency increasing are shown and the 
technical decisions are considered, allowing to develop modern 
devices to realize them, practical designs examples are shown. 
 

Society development, manufactures and consumers 
growing requirements satisfaction are defined by creation, 
perfection and an intensification of existing technologies, new 
materials and substances creation, by giving new unique 
properties to known materials. 

The universal approach to the technological problems 
decision does not exist. However it is known, that most 
effectively problems of processes acceleration are solved due 
to use of new kinds of energy sources, and highly effective 
energy imparting to interacting substances and objects. In this 
connection one of the most perspective ways of creation and 
existing technologies intensifications is high intensity 
ultrasonic oscillations application in the technological 
environments. 

The basic advantages of ultrasonic oscillations causing 
their application efficiency for the processes intensification 
consist in the following: 

1. Ultrasonic oscillations propogation (oscillations with the 
high amplitude of environment particles) concerned with 
carry high-density energy (up to 100 W/sm2) through the 
substances and materials of the local pressure differences 
creation (up to 100 atmospheres) and hydrodynamic streams 
generation. 

2. Ultrasonic waves properties similar to light waves 
(millimetric waves lengths are caused by small speed of 
distribution ultrasonic oscillations) that easily allows to form 
them to the bundle, to focus, i.e. it is easy to direct huge 
energy to the small volumes and on the located sites. 

 
 

3. Only the ultrasonic oscillations propagating in liquid 
and liquid-disperse mediums are capable to engender local 
discontinuities in the liquid and to form cavitations bubble, 
that collapse causing huge pressure (up to 10000 
atmospheres), temperatures (more than 5000 degrees), 
electric discharge and shock waves. 

The high intensity ultrasonic oscillations efficiency in 
various technological processes has been confirmed beginning 
70-th years of the last century with numerous researches and 
experience more than thirty-year ultrasonic technologies 
application on a various industries, allowed to establish the 
following: 

1. Application of high intensity ultrasonic oscillations 
provides 10...1000 multiple acceleration of the processes, 
proceeding between two or several dissimilar environments 
(extracting, emulsification, crushing, decontamination, 
impregnation, polymerization, scum prevention, 
homogenization, chemical and electrochemical reactions and 
many other things). Thus not only increase of useful products 
yield (for example, extracts, emulsions), but and also arise 
additional properties (for example, antibiotics biological 
activity and sterility), and also raises the germination and 
productivity of vegetables and fruit. Besides the ultrasonic 
technologies allow to find substances that have new properties 
(for example, thin-disperse emulsions and suspensions) and 
to carry out the chemical reactions that not proceed in trivial 
conditions [1,2]. 

2. Ultrasonic oscillations allow providing sizing (blind and 
reach-through holes, plates cutting, depict a pictures, 
chamfering, performing a slots) of hard and brittle materials, 
such  ceramics, semiconductors, glass, gems, ferrite, super 
hard alloys and steels [4]. 

3. Ultrasonic oscillations allow intensifying processes 
occurring on materials interfaces (welding of polymeric 
materials and metals, conglutination), found new 
technological processes (Teflon conglutination, medicine and 
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food hermetic container sealing) and to increase the received 
products quality. 

4. Propagation of ultrasonic oscillations in the gas 
mediums allows to coagulate aerosols (to clear the air 
environment of the smallest hard particles, which can not be 
removed by traditional filters) and to carry out medicine, 
milk, , agriculture products drying without temperature 
increasing and without end-product consumer qualities 
deterioration. 

The ultrasonic technologies doubtless and unique 
advantages should be provide their broadest use. 

However ultrasonic technologies development has been 
suspended last 20 years. The advantages of ultrasonic 
oscillations shown above and achievements of ultrasonic 
technologies, till now are insufficiently used in the industrial 
and household activity by inhabitants of the country and Altai 
territory. 

The major cause that the development of ultrasonic 
technologies and special equipment was (in our country and 
the abroad) proceeds without taking into account many 
interference  and the exclusive factors. Actually, there was no 
complex approach to ultrasonic equipment designing, 
allowing to take influence of various technological 
environments (liquid, hard, gaseous) into account and 
automatically optimize various electronic generators and 
oscillation systems influence. 

The decision impossibility of some technological problems 
due to traditional methods without ultrasonic influence (hard 
and brittle materials sizing, fine-dispersive atomizing, 
emulsification, dispersion) on the one hand, and simplicity 
and high intensification efficiency of some traditional 
technologies (extracting) on the other hand, promoted 
extensive development of ultrasonic equipment:  

1. Electronic ultrasonic generators were produced with 
low-integration electronic components, and emissive elements 
and waveguides was to complex (magnetostrictive materials 
that have necessary for forced cooling). Industrial ultrasonic 
generators has been very low efficiency (3-5 %) and lot of 
parasitic (acoustic and electromagnetic) emission, 
incommensurable with useful influences. 

2. The ultrasonic devices were high complexity and costly, 
low efficiency. Their application was justified only for 
solution of problems of large productions, but small-scale, 
agricultural and household applications of ultrasonic 
technologies up to the end of 20 centuries practically were not 
considered. 

3. The introduction of ultrasonic technologies into life 
restrained because of absence of the methodical maintenance 
regulating ultrasonic technologies and the equipment 
application in the industry and the life. Researches and 
recommendations absence of nonconventional ultrasonic 
technologies application (for example, juicing, emulsifing, 
mixing, meat and fish salting, extraction, welding of 
linoleum, degreasing, fragile materials drilling and so on), 

and also the recommendations which are taking into account 
ultrasonic technologies features application in conditions of 
small manufactures, rural and housekeeping. 

4. Realization of ultrasonic technologies and ultrasonic 
devices application was limited by absence of complex 
approach to parameters measurements of equipment, 
technological processes and the finished product, that not 
allow to provide optimum devices adjustment and maximum 
efficiency of ultrasonic influence on environments. 

Thus, at the end of the last century there was a situation 
demanding the new approach to the ultrasonic technologies 
development problems decision and the equipment for one. 

The problems and decision ways understanding have 
formed a new researches basis and creations direction in 1994 
at the laboratory of acoustic processes and devices, Biysk 
Technological Institute. 

The major activity of laboratory is development of 
scientific bases for improve efficiency of ultrasonic 
technologies, evolution of the approach to distribute existing 
and to foundation new ultrasonic technologies for up-to-date 
manufactures conditions, medicine, chemical industry, 
consumer services, rural and housekeeping, raising the 
complex problems decision of the multipurpose and 
specialized ultrasonic devices researching and batch 
production organizations.  

The ten years successfully scientific and practical activities 
of acoustic processes and devices laboratory, the following 
practical problems are solved: 

1. For the first time requirements for multipurpose devices 
have been produced (depending on the processable materials 
volumes and required functionalities), and to the specialized 
ultrasonic devices (depending on the current processes), that 
allows to prove opportunities and efficiency of ultrasonic 
devices application in medical practice for plastic surgery, 
medical products dispersion and hermetic polymeric 
containers with blood sealing [7]. 

2. For the first time the ultrasonic devices portable series 
with rated power - 25 W, 40 W, 100 W, 160 W, 250 W, 400 
W, 500 W, 800 W is offered and developed, allowed to 
provide the wide range of ultrasonic technologies application 
for the processes intensification in liquid, liquidphase, hard 
materials and based the various specialized equipment 
manufacturing[3]. 

3. The universal approaches to designing any kinds of the 
ultrasonic devices are produced and the basic equipment 
(electronic generators and oscillating systems, control and 
service systems) is developed. It allows to solve the ultrasonic 
devices multifunctionality problems and essentially simplifies 
the specialized devices creation for the technological 
problems decision in certain conditions: 

- the specialized ultrasonic machine series with rotating 
working tools and without the rotation, providing an any form 
processing (the size from 0,4 mm up to 120 mm) in fragile 
hard materials with productivity up to 5...20 mm / min. and 
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characterizing in 1000 time smaller power consumption in 
comparison with the traditional processing equipment (no 
more than 1-5 Joule/mm3) [5]; 

- Various types of specialized stationary manual and 
automated ultrasonic devices for the polymeric materials 
welding, allowed for the first time in the world practice to 
replace the traditional thermal and high-frequency current 
methods of blood storage containers welding in blood 
transfusion stations and branches conditions. The filtering 
cartridges manufacturing for potable water clearing, the 
foodstuff package manufacturing, high temperatures working 
hermetic volumes sealing[6]; 

- the ultrasonic device series (inhalers) for medical 
products fine-dyspersated nebulization (water, water-disperse, 
spirit- and oil-based), characterized by high reliability, small 
dimensions, weight and cost, high efficiency, perfect medical 
products usage using new medical products activation 
methods [8,9] and suitable for respiratory preventive 
maintenance and treatment with fine-dyspersated aerosols, 
both in medical establishments, and in domestic conditions; 

- The viscous-plastic environments process intensifying, 
allowed for the first time to realize the ultrasonic 
impregnation and epoxy activation and the end production 
glass-fiber-reinforced plastic control for the building industry 
[10,11,12]; 

- the laboratory and industrial ultrasonic device series 
(extractors) allowed to increase production productivity not 
less, than in 100 times to receive medical products with 
unique properties [13]; 

- the devices series for the modern automobiles injectors 
and valves cleaning, allowed for the first time in practice of 
servicing deports to realize the high-amplitude ultrasonic 
clearing method and to carry out 100% fuel equipment 
elements restoration with any impurity degree [14]; 

- The various details and products sturdy pollution 
ultrasonic clearing intensifier, while the  traditional ways of 
clearing are useless, the fine-dyspersated nebulization 
devices, and for the first time in the world practice – viscous 
liquids for dryers; 

- Ultrasonic devices for various materials emulsification, 
including water and furnace black oil(mazut) [15]; 

- The ultrasonic devices providing various materials 
machining, for example, the glass-fiber-reinforced plastic 
diameter calibration [16], or metal processing [17,18,19]. 

One of the major ultrasonic technics and technologies 
development achievements is specialized medical purposes 
ultrasonic equipment creation: 

- Ultrasonic polymeric pipes welder, providing due to 
ultrasonic low temperature welding high reliable hermetic 
sealing of plastic containers with blood [20,21]; 

- The ultrasonic equipment for account materials and 
disposable hemocontainers manufacturing; 

- The ultrasonic inhalers providing fine-dyspersated 
medical products nebulization [8,9]; 

- The ultrasonic small-sized extractors raising the 
biologically active substances from vegetative and animal raw 
material extracting speed in 10…1000 times [22]; 

- Ultrasonic devices for ozone in oil environments 
dissolving by medical products manufacturing [2]; 

-  Ultrasonic devices for plastic surgery (ultrasonic 
liposuction) [23-28]. 

The special direction of laboratory’s activity is the 
ultrasonic agricultural technologies and devices creation: 

- Ultrasonic devices for the grain and seeds presowing 
processing and activation to provide productivity increasing 
in up to 20-40%. For practical realization of presowing 
processing technology the phytomixers "Alena" are developed 
and producing. The phytomixer "Alena" modern modification 
is made by Biysk Technological Institute pilot production 
[2,29]; 

- The small-sized ultrasonic dryers for the agricultural 
production low temperature dryings in the farm and, 
gardening associations and individual consumers. The new 
ways of drying [30] the dryers constructive models [31] and 
gas-jet irradiators [32] are developed. 

 
The basic laboratory’s achievement for the 10 years of 

work is the highly effective technical development direction – 
the various technological processes intensification by means 
of high intensity ultrasonic oscillations - has received the 
further development in our country. 

It became possible due to new technical decisions 
development and manufacturing organization of unique 
ultrasonic multipurpose and specialized devices which have 
found wide application in various industries, medicine, rural 
and housekeeping, i.e. have been bring within the reach for 
consumer. 

New technical decisions and practical development became 
possible due to the complex scientific researches allowed: 

1. To investigate the processes occurring in the processable 
environments and to establish communication with cavitation 
environments wave resistance and cavitation development 
degree, allowed to reveal dependence with injected ultrasonic 
capacity and environment parameters, to define the cavitation 
development degree criteria in the environment and to offer 
the cavitation environments monitoring method on the 
electro-acoustic transducer electric part [33]. 

2. For the first time to offer and develop the condition 
estimation way of cavitation environments by electro-acoustic 
transducer wave resistance measurement and practically 
realize it [34].  

3. To offer and develop the new basic technical and 
constructive decisions on automatic ultrasonic electronic 
generators capacity control from 5 to 100%, and its 
stabilization at the specified level during wide range acoustic 
loadings changing [35]. 

4. For the first time in world practice to offer and develop 
the feedback electric signal allocation system, which phase-
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response characteristic corresponds to the ultrasonic 
oscillating system characteristic. This allows to use the 
PLLFC(phase-locked-loop frequency control) system to adjust 
on ultrasonic oscillating system resonance frequency, 
increasing the ultrasonic equipment efficiency as a whole 
[36]. 

5. To develop the specialized microcontrollers software for 
new ways ultrasonic devices management practical 
realization [37] providing ultrasonic influence optimization 
on various technological environments due to the 
environment physical properties continuous control, changing 
by ultrasonic oscillations influence. 

6. To suggest and to realize practically new half-wave 
oscillating systems constructive designs (the incorporated 
transducers - concentrators) with increased efficiency (not 
less than 70 %), on the modern piezoelectric materials basis 
to create the multipurpose and specialized working tools, 
allowing to realize all functionalities of created devices 
[38,39].  

7. To develop the means complex, providing electronic unit 
parameters measurement, ultrasonic oscillatory systems, 
technological processes parameters, influence parameters on 
the operators and environment, materials quality assurance 
and the products received with ultrasonic technologies 
[40,41,42,43]. 

8. To investigate the developed devices application features 
and to develop their rational use methodical maintenance. 

The created devices are successfully maintained at the 
various enterprises of our country. 

At present, the acoustic processes and devices laboratory of 
Biysk technological Institute is one of the leading ultrasonic 
equipment developers and manufacturers in the country and 
successfully carries out joint projects with a foreign firms.  

APPENDIX A 

 
Compact multifunctional ultrasonic device “Alena” (25 W) 

 
Compact multifunctional ultrasonic device “Alena” (40 W) 

 
Multifunctional ultrasonic device “Alena” (160 W) 

 
Multifunctional ultrasonic device “Alena” (200 W), model of 2003 year 

 
Multifunctional ultrasonic device “Volna” (200 W) 
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Multifunctional ultrasonic device “Volna” (400 W) 

 
System for ultrasonic sizing of hard and brittle materials 

 
System for high-speed ultrasonic sizing of hard and brittle materials (within rotated 

working tool) 

 
Ultrasonic inhaler “Inal” 

 
Compact ultrasonic extractor 

 
Ultrasonic impregnation intensifier 

 
System for ultrasound sizing (calibration) of bearing element of fiberoptic cable 
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Ultrasonic cleaner for car injectors (one injector simultaneously) 

 
Ultrasonic cleaner for car injectors (four injector simultaneously) 

 
Ultrasonic welding system 

 
Ultrasonic equipment for films welding 

 
Ultrasonic welder for containers with blood and its preparations 

 
Handheld ultrasonic welder for containers with blood and its preparations 

 
Ultrasonic system for plastic surgery (liposuction) 
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Automatic technological line for water filter cartridges production 
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