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Abstract – In the article the process of transformation of longitudinal 

vibrations into radial ones was investigated, different constructions of 

the transducers (symmetric, partially symmetric and asymmetric) 

intended for continuous strip sealing of thermoplastic materials were 

analyzed.  Computing made by the mathematical modelling was 

presented and the construction of the welding tool designed for 

continuous strip sealing of thermoplastic materials was developed.  
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I. INTRODUCTION 

At present high-intensity ultrasonic vibrations are widely 

used in industry. The application of the ultrasonic vibrations for 

welding of thermoplastic materials is the most perspective. 

Ultrasonic welding is used for the production of film, list and 

body articles made of polymer thermoplastic materials. Film 

articles from polymer materials are applied for the storage of 

food and industrial products. In many cases during the 

packaging of products joined surfaces can be polluted by the 

products to be packed. To join such surfaces only ultrasonic 

welding can be used.  

The problem of formation of the continuous weld is urgent 

and its solution is the aim of the developers of the ultrasonic 

equipment. Used nowadays systems of ultrasonic welding with 

the knife-typed radiators does not allow to perform the seams 

longer than 350 mm in one cycle of welding because of power 

and strengthening restrictions, and the systems with sliding tools 

in the form of flat surfaces (ski) moving along welded materials 

are not able to provide stable quality of the seam because of 

fluctuations of the vibration amplitude, hold-down pressure, etc.  

The absence of the equipment providing the formation of 

continuous (“infinite”) strip sealing restricts functional 

capabilities of the ultrasonic welding.  

As the main elements of the ultrasonic equipment 

providing the possibility of formation of continuous welding 

seam  and its quality are  vibrating system and working welding 

tool, there is a necessity to develop special systems, which can 

move on the surface of welded materials and provide the 

formation of seam with the specified quality along its length. 

Further the results of mathematical modelling directed to 

the creation of specialized ultrasonic welding tool intended for 

continuous strip sealing of the thermoplastic materials are given.  

 

II. PROBLEM STATEMENT 

 

The most perspective way of obtaining of continuous seam 

joining is ultrasonic welding with use of the transducer of 

longitudinal vibrations into radial ones and the supporting roller. 

The main advantages of such method of welding are high speed 

of welding, automatization of theprocess, possibility to provide 

qualitative and even along its length weld joint.  

The application of the transducer of longitudinal ultrasonic 

vibrations into radial ones in comparison with the welding tool of 

of sliding type helps to avoid the bite of the material between the 

radiating surface and the supporting roller and also the break of 

welded materials.  

The aim of the paper is to study the process of 

transformation of longitudinal vibrations into radial vibrations in 

the working tools of different size and shape and to develop  

welding tool providing even distribution of vibration amplitude of 

the radiating surface and maximum amplification coefficient. To 

achieve given aim it is necessary to solve following particular 

tasks:  

1) consider different constructions of the working tools for 

transformation of longitudinal vibrations into radial vibrations 

and choose the most suitable one;  

2) carry out modelling of the transducers by the finite 

element method and correct geometric sizes for obtaing of 

resonance frequency of 22±1.65 kHz; 

3) analyze by the finite element method and develop the 

construction ofthe welding tool with the resonance frequency of 

22±1.65 kHz providing the most coefficient of transformation and 

even distribution of vibration amplitude along the working 

surface of the welding tool.   

 

III. THEORY 

 

The distribution of radial vibration amplitude and 

deformation is so that there is maximum of deformation 

amplitude in the centre, then the displacement amplitude tends to 

zero. At the outer side of the vibrating system the displacement 

amplitude achieves maximum.  

The main features of the transducer of longitudinal 

vibrations into radial ones are resonance frequency and the 

amplitude of ultrasonic deformations on the outer working surface 

at the set value of the amplitude of longitudinal vibrations at the 

input of the transducer. At the input of the transducer ultrasonic 

vibrations are supplied, they are directed parallel to rotation axis 

generating the zones of compression and tension. At the reversed 

compression and tension of the material its cross-section increases 

and decreases respectively, i.e. the diameter of the working 

surface of the tool changes. There is a one-to-one correspondence 

between vibration amplitude at the outer working surface ξR and 

the amplitude of the longitudinal ultrasonic vibrations ξ.  



XII International Conference and Seminar of Young Specialists on Micro / Nanotechnologies and Electron 

Devices EDM 2011 

 

U-sonic.ru – Лаборатория акустических процессов и аппаратов БТИ  AлтГТУ 

Центр ультразвуковых технологий 

 
Fig. 1 – Layout view of propagation of longitudinal vibrations in the bar  

 

At present many software products based on the finite 

element method and intended for solution of single class of 

tasks are used. One of the most powerful commercial software 

products is bundled software ANSYS. The specific of the 

ANSYS is a wide range of the tasks to be solved: strength (both 

linear and non-linear),  heat exchange, hydrodynamics analyses,  

mixed problems and even acoustic problems [2, 3].  

Existing methods of ultrasonic vibration systems 

calculations let obtain only approximate parameters of single 

elements [4, 5]. The main time of the design is spent on the 

modelling of the vibrating system. Moreover the use of  

empirical formulas with the attraction of experimental results is 

labor-consuming and requires cumbersome calculations and 

expenditures. It should be noted, that the data on the 

calculations can be verified only in the case, when the 

calculated vibrating system is made and its parameters are 

measured. 

Thus, the development and design of the ultrasonic 

vibrating system has following stages:  

1) scoping calculations according to the specified 

parameters (according to known procedures);  

2) modelling and analysis of fatigue life;  

3) correction of the geometry;  

4) practical realization of calculated construction;  

5) measurements of the parametres of developed and made 

ultrasonic vibrating system;  

6) final calculations with the parameters correction based 

on the data of the experimental researches.   

The development of the ultrasonic vibrating system 

construction is carried out by CAD, e.g. T-Flex, AutoCAD or 

COMPAS 3D. 

The modelling is made by the program of ANSYS finite 

element modelling [6]. 

 

IV. RESULTS OF MODELLING OF THE WORKING 

TOOLS  

During the work three types of the constructions of the 

transducers of longitudinal vibrations into radial ones for 

continuous seam welding of thermoplastic materials were 

designed:  

- «symmetric», 

- «partly symmetric», 

- «asymmetric». 

The type of the construction is determined by the relations 

to the plane, which is perpendicular to the rotation axis and 

going through the mean line of  the radiating surface.  

As the main part of the ultrasonic technological equipment 

used for welding of thermoplastic materials operates at the 

frequency range of 22±1.65 kHz, it is necessary to develop   the 

construction with the following parameters:  

1) the resonance frequency is  22±1.65 kHz; 

2) the width of the radiating surface is 3–7 mm; 

3) the amplitude of radial vibrations is 25–70 micron at the 

amplitude of longitudinal vibrations  ξ=50 micron. 

4) the even distribution of the vibration amplitude at the 

working surface of the welding tool. 

Figure 2 shows the results of modelling of the developed 

symmetric construction with the radial junction. The resonance 

frequency of the construction is 22 kHz.  

The transformation coefficient of longitudinal vibrations 

into radial ones is k=0.6, if the width of the radiating surface is 3 

mm. During the formation of continuous seams at the rotation of 

of the working tool the amplitude of radial vibrations will equal 

to: 

ξR=ξ×k=50×0.6= 30 micron.   (1) 

The obtained amplitude is enough for providing of 

qualitative joining of welded materials.  

  
Fig. 2 – The symmetric construction with the radial junction 

 

Carried out  calculations and the results of modelling 

showed, that the amplitude of radial ultrasonic vibrations equaled 

at each point of the radiating surface.  

 
Fig. 3 – The amplitude-frequency characteristic of the symmetric 

construction with radial junction  

 

 

The modal analysis showed, that in considered ultrasonic 

range the single resonance frequency existed, which corresponded 

to the frequency of radial vibrations.    

Figure 4 presents the results of modelling of developed 

partly symmetric construction with the radial junction. The 

resonance frequency of the construction is 22 kHz.  

The transformation coefficient of longitudinal vibrations 

into radial ones is k=0.55, if the width of the radiating surface is 3 

mm. During the formation of continuous seams at the rotation of 

of the working tool the maximum amplitude of radial vibrations 

will equal to: 

ξR=ξ×k=50×0.55= 27 micron.   (2) 

The obtained amplitude is enough for providing of 

qualitative joining of welded materials.  
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Fig. 4 – The partly symmetric construction with the radial junction  

 

Carried out calculations and the results of modelling 

showed, that the amplitude of radial ultrasonic vibrations 

equaled at each point of the radiating surface.  

 
Fig. 5 – The amplitude-frequency characteristic of the partly symmetric 

construction with the radial junction  

 

The modal analysis showed, that in considered ultrasonic 

range the single resonance frequency existed, which 

corresponded to the frequency of radial vibrations.    

Figure 6 presents the results of modelling of developed 

non-symmetric construction with the radial junction. The 

resonance frequency of the construction is 20.7 kHz.  

The transformation coefficient of longitudinal vibrations 

into radial ones is k=1.5, if the width of the radiating surface is 

4 mm. During the formation of continuous seams at the rotation 

of of the working tool the maximum amplitude of radial 

vibrations will equal to: 

ξR=ξ×k=50×1,5= 75 micron.  (3) 

The obtained amplitude is enough for providing of 

qualitative joining of welded materials.  

 

 
Fig. 6 – The non-symmetric construction with the radial junction  

 

 

Carried out  calculations and the results of modelling 

showed, that the amplitude of radial ultrasonic vibrations on the 

radiating surface along the rotation axis differed in 1 micron, that 

did not essentially  influence on the quality of welding seam.  

Figure 7 shows the drawing of the developed transducer.  

 
Fig. 7 – The developed transducer  

 

This transducer provides the largest transformation 

coefficient, among all presented constructions, which equals to 

k=1.5. The maximum amplitude of radial vibrations, when  the 

amplitude of longitudinal vibrations equals to 50 micron,  will be 

75 micron.  
 

 
Fig. 8 – The amplitude-frequency characteristic of the non-symmetric 

construction with the radial junction  
 

The modal analysis showed, that in considered ultrasonic 

range the single resonance frequency existed, which corresponded 

to the frequency of radial vibrations.    

The ready-assembled ultrasonic vibrating system with the 

transducer of  longitudinal vibrations into radial ones is shown in 

Figure 9.  

 

 
Fig. 9 – The rotating ultrasonic vibrating system  
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In the aggregate with the ultrasonic vibrating system 

(which power is 1000 W) the transducer is able to provide high 

productivity of the continuous welding.  

 

V. CONCLUSION 

The results of carried out researches are following:  

1) the process of transformation of longitudinal ultrasonic 

vibrations into radial was studied;  

2) different constructions of the transducers (symmetric, 

partly symmetric, non-symmetric) intended for continuous 

welding of thermoplastic materials were analyzed.  

3) the calculations was carried out by the method of 

mathematical modelling and the construction of the welding 

tool was developed.  

4) the developed welding tool has following parameters:  

– the resonance frequency is 20.4 kHz; 

– the transformation coefficient of longitudinal vibrations 

into radial ones is k=1.5; 

– the width of the formed welding seam is 4 mm;  

– the changes of the amplitude of radial ultrasonic 

vibrations on the radiating surface along the rotation axis of the 

transducer does not exceed 1 micron; 

– in the aggregate with the ultrasonic vibrating system 

(which power is 1000 W) the transducer provides the amplitude 

of radial vibrations of 75 micron.  
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