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Abstract— To understand how the power of ultrasonics is 

derived, it is helpful to have an understanding of the nature 

of the energy and its source. Ultrasonic energy is sound at 

frequencies above the limits of human audibility - above 

2OkHz. This sound energy is created by a specialized high 

frequency vibrator called a transducer. The transducer is 

powered by an ultrasonic generator which converts line 

current to alternating electrical energy at the required 

ultrasonic frequency. The parameters which affect ultrasonic 

cleaning include temperature, amount of dissolved gas of 

cleaning solvent and etc. Properly utilized, ultrasonic energy 

can contribute significantly to the speed and effectiveness of 

many immersion cleaning and rinsing processes. It is 

especially beneficial in increasing the effectiveness of 

today's preferred aqueous cleaning chemistries and, in fact, 

is necessary in many applications to achieve the desired 

level of cleanliness. With ultrasonics, aqueous chemistries 

can often give results surpassing those previously achieved 

using solvents. Ultrasonics is not a technology of the future 

it is very much a technology of today. 
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I. INTRODUCTION 

Ultrasonic cleaning is a result of sound waves introduced 

into a cleaning liquid by means of a series of "transducers" 

mounted to the cleaning tank. The sound travels throughout 

the tank and creates waves of compression and expansion in 

the liquid. In the compression wave, the molecules of the 

cleaning liquid are compressed together tightly. Conversely, 

in the expansion wave, the molecules are pulled apart 

rapidly. The expansion is so dramatic, that the molecules are 

ripped apart creating microscopic bubbles. The bubbles are 

not seen by the naked eye since they are so small and exist 

for only a split second of time. The bubbles contain a partial 

vacuum while they exist. As the pressure around the bubbles 

become great, the fluid around the bubble rushes in, 

collapsing the bubble very rapidly. Because of the very short 

duration of the bubble expansion and collapse cycle, the 

liquid surrounding the bubble quickly absorbs the heat and 

the area cools quickly. As a result, the tank and liquid 

becomes only warm and does not heat up due to the 

introduction of parts during the cleaning process. 

II. OBJECTIVE 

1) To remove variety of contaminants like dirt, oil, 

grease from the surface of complicated parts such 

as bearings.  

2) To provide excellent penetration and cleaning in 

the smallest crevices between tightly spaced parts.  

3) To provide better cleaning effect without damaging 

the surface of component. 

III. METHODOLOGY 

A. Principle of Ultrasonic Cleaning  

 
Fig.1: Cavitation Bubble 

The basic equipment consists of a generator, a transducers 

and cleaning tank. The generator supplies high-frequency 

power which is converted into mechanical vibrations by the 

transducer. The transducer radiating surface is vibrated at 

intensity high enough to produce cavitations in the cleaning 

solution that poured in tank. Cavitation is a physical 

phenomenon consisting of the creation in a liquid of very 

small vacuum bubbles filled to a certain degree with vapour, 

gas or both of them. This rapid formation and collapse 

bubbles within the liquid lead to implosion of them in 

certain conditions. These implosions release energy that 

provides an erosive action which is equivalent to a 

scrubbing on the surfaces of the part to be cleaned. 

 
Fig. 2: Bubble size vs frequency 

The scrubbing action is effective even in small 

crevices, indentations, blind holes, etc. where it would be 

very difficult to provide good cleaning by other methods. 

Also, delicate parts can be cleaned without damage. The 
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frequency range of 20–100 kHz most commonly used for 

power ultrasonic. Ultrasonic cleaning media in industry are 

water solutions or organic solvents& white spirit. For certain 

contaminants, ultrasonic cleaning is best carried out in 

aqueous solutions of alkaline and acid substances. In these 

cases, it is necessary to apply an industry, suitable organic 

solvent which can dissolve them. Solvent should have some 

properties as: good solubility of the impurities, non-toxic, 

non-explosive, non-flammable, no damage to substrate, 

relatively high susceptibility. Ultrasonic vibrations can be 

used to remove loose chips, cutting oil, dust and soils from 

slots, recesses, blind holes and similar locations which 

would otherwise require hand brushing or be very difficult 

to clean at all. Parts requiring extreme cleanliness can be 

processed by using multiple ultrasonic continuous flow of 

clean solvent.  

B. Operating Frequency  

This factor is important because the frequency of operation 

greatly effects the cavitational force, or the power. When we 

manufacturers of ultrasonics design our cleaners we take 

quite a few compromises. There's good things to an operator 

frequency at a frequency high, there's also better points for 

operating in low frequency. That's our choice, we can take 

whatever we want, but you have to make that compromise. 

Another factor that's involved is noise. The higher we go in 

frequency, the quieter the machine becomes. The lower, the 

noisier it is. But remember now we're cleaning by sound. As 

you get closer to what you can hear in frequency it bothers 

you, but you go back to the other compromise.  

Every time we double the frequency we cut the 

power in that collapsing bubble by a factor of ten so if your 

running at 40,000 cycles, and someone comes along and 

says I've got an 80,000 cycle cleaner that cleans better. Well, 

we have to be careful. If they're both a hundred watts, then 

the 80,000 cycle cleaner is not the best cleaner because it 

has 1/10th the power of the 40,000 cycle cleaner even 

though they're both rated at 100 watts. Now lower frequency 

transducers also are better, because they're more robust 

generally. They're larger, they're able to handle more power 

level. So that's another reason for going to a lower 

frequency. 

C. The Theory of Sound Waves  

In order to understand the mechanics of ultrasonics, it is 

necessary to first have a basic understanding of sound 

waves, how they are generated and how they travel through 

a conducting medium. The dictionary defines sound as the 

transmission of vibration through an elastic medium which 

may be a solid, liquid, or a gas. Sound Wave Generation - A 

sound wave is produced when a solitary or repeating 

displacement is generated in a sound conducting medium, 

such as by a "shock" event or "vibratory" movement. The 

displacement of air by the cone of a radio speaker is a good 

example of "vibratory" sound waves generated by 

mechanical movement. As the speaker cone moves back and 

forth, the air in front of the cone is alternately compressed 

and rarefied to produce sound waves, which travel through 

the air until they are finally dissipated 

 
Fig. 3: Generation of vibrations 

We are probably most familiar with sound waves 

generated by alternating mechanical motion. There are also 

sound waves which are created by a single "shock" event. 

An example is thunder which is generated as air 

instantaneously changes volume as a result of an electrical 

discharge (lightning). Another example of a shock event 

might be the sound created as a wooden board falls with its 

face against a cement floor. Shock events are sources of a 

single compression wave which radiates from the source. 

D. Cavitation and Implosion  

In elastic media such as air and most solids, there is a 

continuous transition as a sound wave is transmitted. In non-

elastic media such as water and most liquids, there is 

continuous transition as long as the amplitude or "loudness" 

of the sound is relatively low. As amplitude is increased, 

however, the magnitude of the negative pressure in the areas 

of rarefaction eventually becomes sufficient to cause the 

liquid to fracture because of the negative pressure, causing a 

phenomenon known as cavitation. Cavitation bubbles are 

created at sites of rarefaction as the liquid fractures or tears 

because of the negative pressure of the sound wave in the 

liquid.  

 
Fig. 4: Cavitation and Implosion 
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As the wave fronts pass, the cavitation bubbles 

oscillate under the influence of positive pressure, eventually 

growing to an unstable size. Finally, the violent collapse of 

the cavitation bubbles results in implosions, which cause 

shock waves to be radiated from the sites of the collapse. 

The collapse and implosion of myriad cavitation bubbles 

throughout an ultrasonically activated liquid result in the 

effect commonly associated with ultrasonics. Cleaning in 

most instance requires that a contaminant be dissolved (as in 

the case of a soluble soil), displaced (as in the case of a non-

soluble soil) or both dissolved and displaced (as in the case 

of insoluble particles being held by a soluble binder such as 

oil or grease). The mechanical effect of ultrasonic energy 

can be helpful in both speeding dissolution and displacing 

particles. Just as it is beneficial in cleaning, ultrasonics is 

also beneficial in the rinsing process. Residual cleaning 

chemicals are removed quickly and completely by ultrasonic 

rinsing. In removing a contaminant by dissolution, it is 

necessary for the solvent to come into contact with and 

dissolve the contaminant. The cleaning activity takes place 

only at the interface between the cleaning chemistry and the 

contaminant 

E. The Nature of Sound Waves  

The diagram above uses the coils of a spring similar to a 

Slinky toy to represent individual molecules of a sound 

conducting medium. The molecules in the medium are 

influenced by adjacent molecules in much the same way that 

the coils of the spring influence one another. The source of 

the sound in the model is at the left. The compression 

generated by the sound source as it moves propagates down 

the length of the spring as each adjacent coil of the spring 

pushes against its neighbour. It is important to note that, 

although the wave travels from one end of the spring to the 

other.  

 
Fig. 5: The Nature of Sound Waves 

The individual coils remain in their same relative 

positions, being displaced first one way and then the other as 

the sound wave passes. As a result, each coil is first part of a 

compression as it is pushed toward the next coil and then 

part of a rarefaction as it recedes from the adjacent coil. In 

much the same way, any point in a sound conducting 

medium is alternately subjected to compression and then 

rarefaction. At a point in the area of a compression, the 

pressure in the medium is positive. At a point in the area of 

a rarefaction, the pressure in the medium is negative 

IV. COMPONENTS 

A. Piezoelectric Transducer  

The conversion of electrical pulses to mechanical vibrations 

and the conversion of returned mechanical vibrations back 

into electrical energy is the basis for ultrasonic testing. The 

active element is the heart of the transducer as it converts 

the electrical energy to acoustic energy, and vice versa. The 

active element is basically a piece of polarized material (i.e. 

some parts of the molecule are positively charged, while 

other parts of the molecule are negatively charged) with 

electrodes attached to two of its opposite faces 

 
Fig. 6: Piezoelectric transducer 

When an electric field is applied across the 

material, the polarized molecules will align themselves with 

the electric field, resulting in induced dipoles within the 

molecular or crystal structure of the material. This alignment 

of molecules will cause the material to change dimensions. 

This phenomenon is known as electrostriction. In addition, a 

permanently-polarized material such as quartz (SiO2) or 

barium titanate (BaTiO3) will produce an electric field when 

the material changes dimensions as a result of an imposed 

mechanical force. This phenomenon is known as the 

piezoelectric effect 

B. Generator  

In an ultrasonic cleaning system, the device that provides 

the electrical energy to power the ultrasonic transducers is 

known as the ultrasonic “generator.” Basically, the 

ultrasonic generator converts electrical energy received from 

the power line into electrical energy with the proper 

frequency, voltage and amperage to power or “drive” the 

ultrasonic transducers. In most cases, the power line 

provides “Alternating Current” or AC at a voltage of 100 to 

250 Volts and at a frequency of 50 or 60 Hz depending on 

location. The power requirements for driving ultrasonic 

transducers vary but, in general, the ultrasonic generator 

needs to provide the transducer with a signal at the 

frequency of intended operation and at a voltage 

significantly higher than that delivered from the power line.  

 
Fig. 7: Ultrasonic Generator 

The earliest ultrasonic generators consisted simply 

of a frequency generator which, in turn, excited a power 

amplifier capable of operating at the ultrasonic frequency to 

power the ultrasonic transducers. Since characteristics of 

ultrasonic transducers vary depending several factors 

including temperature, tank depth and parts loading, this 

method of driving ultrasonic transducers was dependant on 

an operator to select the proper frequency and driving 

power. Although there were devices that are able to detect 

the efficiency of energy delivery from an electrical circuit, 

tuning as it was called then, was often based on nothing 
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more sophisticated than listening to the sound produced by 

the cleaning system. Today’s ultrasonic generators are a 

world apart from that described above. Part of the change 

was due to the advent of solid-state technology but there 

have also been many changes driven by the state-of-the-art 

of ultrasonic cleaning. In fact, new generator technology has 

contributed more significantly to the growth of ultrasonic 

cleaning technology development over the last 15 or so 

years than have any developments in ultrasonic transducer 

technology. Many advances have been a result of new 

generator technology being used to power the same 

transducers used by the previous technology but in different 

ways. 

C. Ultrasonic Tank   

The main purpose of tank is to store solution, isolate 

cavitation process and serve as transducer mount and 

diaphragm. Generally, the geometric shape of ultrasonic 

tank is rectangular and can be manufactured in just about 

any size. The size of the ultrasonic tank is dependent upon 

the parts being cleaned. Transducers are usually placed in 

the bottom or on the sides or sometimes both when watt 

density (watts per gallon) is a concern. The transducers can 

be welded directly into the tank or watertight immersible 

units can be placed directly into the aqueous solution. A 

tank should be sturdy in construction ranging from 11 to 14 

gauge in thickness. Larger, heavy-duty industrial tanks 

should be 11 to 12 gauge and should contain the proper 

stiffness for support due to the weight of the solution. Tanks 

are normally made of 316L stainless steel. The tank surface 

may be electropolished for reduced surface roughness or 

physical vapor deposition (PVD) coated with Tin to 

preserve against erosion. A tank is considered active if it is 

fitted with transducers and can be activated to produce 

cavitation. It is considered a still tank if it has not yet been 

activated to produce cavitation or has not been fitted with 

ultrasonic transducers. A still tank can be activated by 

insertion of an immersible transducer into the bath. The 

more common method of inducing cavitation in a cleaning 

tank is to fasten transducers to the outer surface of the 

bottom or sides or both of the tank.  

D. Ultrasonic Cleaning Solution  

The intensity with which cavitation takes place depends on 

the properties of the fluid. Best to use a water-based 

detergent in the ultrasonic cleaning process. Water is an 

excellent solvent, nontoxic, and environmentally friendly. 

Detergents can therefore be added to lower the surface 

tension and provide the necessary wetting action to loosen 

the bond of a contaminant to a substrate. Also the cavitation 

energy in a water-based solution is more intense than in an 

organic solvent. The energy required to form a cavitation 

bubble in a liquid is proportional to the surface tension and 

the vapor pressure. Thus the higher the surface tension of 

the fluid, the greater the energy required to form a bubble, 

and the greater the energy released on collapse of the 

bubble. Solution temperature has a profound effect on 

ultrasonic cleaning effectiveness. The temperature of the 

cleaning media is important, not only to degas the fluids but 

to enhance cleaning and maximize cavitation. However, in 

our Ultrasonic Washing Machine, we are using white spirit 

or kerosene or oil for cleaning of cylindrical roller bearings, 

as these solutions give best cleaning results. Instead of this 

the following table shows best suitable solutions for 

different components. 

Material Type Of Parts Contaminant Agents 

Iron, Steel , 

Stainless 

Steel 

Castings, 

Stamping, 

Machined 

Parts, Drawn 

Wire 

Chips, 

Lubricants, 

Light Oxides 

High 

Caustic 

With 

Chelating 

Agents 

Iron, Steel , 

Stainless 

Steel 

Oil-

Quenched, 

Automotive 

Parts, 

Sintered 

Filters 

Oil Grease, 

Carbon Smut, 

Heavy Grime 

Deposits 

High 

Caustic, 

Silicated 

Iron, Steel , 

Stainless 

Steel 

Bearing 

Rings, Pump 

Parts, Knife 

Blades, Drill 

Tapes, Valves 

Chips, 

Grinding, 

Lapping, 

Honing 

Compounds, 

Wax And 

Abrasive. 

Moderately 

Alkaline 

Aluminium 

And Zinc 

Castings, 

Open-Mesh 

Air Filters, 

Switch 

Components, 

Drawn Wires 

Chips, 

Lubricants 

And General 

Grime 

Moderately 

Alkaline, 

Specially 

Inhibited To 

Prevent 

Etching Of 

Metal. 

Table 1: Types of Cleaning Solutions 

V. PROCESS PARAMETER 

Specifying the appropriate cleaning process is important to 

assure maximum cleaning results using ultrasonics. Proper 

selections of cleaning solution temperature and chemistry, 

ultrasonic energy density and distribution and the 

elimination of dissolved gas in the system are important 

parameters in the ultrasonic cleaning process. Time remains 

an important cleaning parameter, but does not relate to the 

effectiveness of the ultrasonic cleaning process. 

A. Temperature 

The intensity of cavitation in a liquid varies with 

temperature. Cavitation intensity increases as temperature is 

increased up to a temperature of approximately 1600F. 

Above 1600F cavitation intensity decreases. Cavitation is 

theoretically nonexistent at the boiling point. As chemical 

effectiveness and stability is also temperature dependent, it 

is important to explore both cavitation and chemical 

considerations in the temperature selection process. 

Many of today's chemistries perform optimally at 

lower temperatures and should not be operated above the 

recommended temperatures even with ultrasonics. 

B. Chemical Selection 

Chemical selection may be the most complex part of 

specifying an ultrasonic cleaning process. Consideration 

must be given not only to the cleaning effect of the 

chemistry, but its ability to cavitate and its environmental 

compatibility as well. Hydrocarbon/water emulsions and 

chemistries containing water miscible solvents are generally 

avoided in ultrasonic systems as they are often difficult to 

cavitate.  
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C. Ultrasonic Energy and Distribution 

Successful ultrasonic cleaning requires that all surfaces to be 

cleaned are exposed to sufficient levels of both ultrasonic 

energy and cleaning solution. In order to assure this, it is 

necessary to carefully consider the positioning of both 

ultrasonic transducers and parts to provide maximum 

exposure. Parts with pockets which will trap air and water 

must be rotated to assure proper exposure and draining. 

Parts holding racks must be designed to allow easy 

penetration of ultrasonic energy and must not be made of 

materials (such as plastic) which will absorb sound energy. 

D. Elimination of Dissolved Gas 

Gas dissolved in the cleaning liquid will prevent effective 

ultrasonic cavitation. Cleaning solutions must be degassed 

prior to use. Degassing is accomplished by operating the 

E. Maximizing Cavitation  

Maximizing cavitation of the cleaning liquid is obviously 

very important to the success of the ultrasonic cleaning 

process. Several variables affect cavitation intensity.  

Temperature is the most important single parameter 

to be considered in maximizing cavitation intensity. This is 

because so many liquid properties affecting cavitation 

intensity are related to temperature. Changes in temperature 

result in changes in viscosity, the solubility of gas in the 

liquid, the diffusion rate of dissolved gasses in the liquid, 

and vapor pressure, all of which affect cavitation intensity. 

In pure water, the cavitation effect is maximized at 

approximately 160°F. The viscosity of a liquid must be 

minimized for maximum cavitation effect. Viscous liquids 

are sluggish and cannot respond quickly enough to form 

cavitation bubbles and violent implosion. The viscosity of 

most liquids is reduced as temperature is increased. For 

most effective cavitation, the cleaning liquid must contain as 

little dissolved gas as possible. Gas dissolved in the liquid is 

released during the bubble growth phase of cavitation and 

prevents its violent implosion which is required for the 

desired ultrasonic effect. The amount of dissolved gas in a 

liquid is reduced as the liquid temperature is increased. The 

diffusion rate of dissolved gasses in a liquid is increased at 

higher temperatures. This means that liquids at higher 

temperatures give up dissolved gasses more readily than 

those at lower temperatures, which aids in minimizing the 

amount of dissolved gas in the liquid. A moderate increase 

in the temperature of a liquid brings it closer to its vapor 

pressure, meaning that vaporous cavitation is more easily 

achieved. Vaporous cavitation, in which the cavitation 

bubbles are filled with the vapor of the cavitating liquid, is 

the most effective form of cavitation. As the boiling 

temperature is approached, however, the cavitation intensity 

is reduced as the liquid starts to boil at the cavitation sites. 

Cavitation intensity is directly related to Ultrasonic Power at 

the power levels generally used in ultrasonic cleaning 

systems. As power is increased substantially above the 

cavitation threshold, cavitation intensity levels off and can 

only be further increased through the use of focusing 

techniques. Cavitation intensity is inversely related to 

Ultrasonic Frequency. As the ultrasonic frequency is 

increased, cavitation intensity is reduced because of the 

smaller size of the cavitation bubbles and their resultant less 

violent implosion. The reduction in cavitation effect at 

higher frequencies may be overcome by increasing the 

ultrasonic power.  

F. Importance of Minimizing Dissolved Gas 

 
Fig. 8: Dissolved gas Minimization 

During the negative pressure portion of the sound wave, the 

liquid is torn apart and cavitation bubbles start to form. As a 

negative pressure develops within the bubble, gasses 

dissolved in the cavitating liquid start to diffuse across the 

boundary into the bubble. As negative pressure is reduced 

due to the passing of the rarefaction portion of the sound 

wave and atmospheric pressure is reached, the cavitation 

bubble starts to collapse due to its own surface tension. 

During the compression portion of the sound wave, any gas 

which diffused into the bubble is compressed and finally 

starts to diffuse across the boundary again to re-enter the 

liquid. This process, however, is never complete as long as 

the bubble contains gas since the diffusion out of the bubble 

does not start until the bubble is compressed. And once the 

bubble is compressed, the boundary surface available for 

diffusion is reduced. As a result, cavitation bubbles formed 

in liquids containing gas do not collapse all the way to 

implosion but rather result in a small pocket of compressed 

gas in the liquid. This phenomenon can be useful in 

degassing liquids. The small gas bubbles group together 

until they finally become sufficiently buoyant to come to the 

surface of the 

VI. ADVANTAGES, LIMITATIONS AND APPLICATIONS 

A. Advantages  

 Able to clean delicate parts without damage.  

 Able to clean small apertures, blind holes, and 

crevices.  

 Able to clean sensitive parts (wiring, plastics) with 

relatively mild chemistries.  
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 Does not require continuous attention.  

 Less time is needed to clean components.  

 More efficient than conventional methods in 

removal of contaminants.  

 Components have a greater lifespan than those 

cleaned by other methods.  

 The improved surface finish reduces wear and 

friction.  

 Cost of materials is reduced since fewer parts have 

to be rejected through inefficient or damaging 

cleaning.  

 Because of inherently small size of the cavitation 

jet and relatively high energy, ultrasonic cleaning 

has ability to reach into small crevices and remove 

surface soils effectively.  

 Although high capital costs, reduced solvent 

expenses can often pay for a system in a short 

period of time 

B. Disadvantages  

 Loss of surface material due to microscopic bubble 

implosion.  

 Large loads are not cleaned as quickly as small 

loads due to energy absorption.  

 Large heavy parts can “shadow” each other or 

themselves resulting in poor cleaning.  

 Extremely thick layers of grease and grease mixed 

with dirt are slow to remove.  

 Aggressive chemistries combined with ultrasonics 

can pinhole foil and pit some materials.  

VII. CONCLUSION 

After studying all the factors and parameters like 

temperature, density, surface tension, viscosity, boiling 

point and height of cleaning liquid, amount of dissolved gas 

in cleaning liquid, type and magnitude of imposed 

frequency, power intensity of ultrasonic transducer, 

transducer’s arrangement, arrangement of work pieces in 

cleaning tank, type and concentration of chemical are the 

most important influencing parameters on the performance 

of ultrasonic cleaning. Ultrasonic cleaning, once thought 

appropriate only for the laboratory, has come of age and is 

an important tool in achieving effective cleaning with 

today's aqueous chemistries.  

When properly applied, the technology will provide 

cleaning which exceeds the standards formerly met using 

solvent vapor for cleaning. Properly utilized, ultrasonic 

energy can contribute significantly to the speed and 

effectiveness of many immersion cleaning and rinsing 

processes. It is especially beneficial in increasing the 

effectiveness of today's preferred aqueous cleaning 

chemistries and, in fact, is necessary in many applications to 

achieve the desired level of cleanliness. With ultrasonics, 

aqueous chemistries can often give results surpassing those 

previously achieved using solvents. Ultrasonics is not a 

technology of the future - it is very much a technology of 

today 

VIII. FUTURE SCOPE 

Future developments are likely to bring better cleaning 

effect and reduction in cycle time. With best combination of 

operating frequency and solution, it will be easy to clean the 

thick layers of dirt like grease and will reduce the erosion of 

very delicate parts. The machine can be made more 

compact. The noise and vibrations created are best possibly 

controlled but there is still scope for improvement. 
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