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Abstract 

 

“Ultrasonic metal welding (USMW)” is gaining popularity for joining thin and dissimilar metal sheets and foils. In the 

present study, a new type of booster and horn is proposed and modeled with adequate precision. The modal analysis 

module of finite element method (FEM) is used to analyze the effects of different step lengths and fillet radius on its 

natural frequency. The dynamic analysis has also been performed to find out the stress distribution in both parts under 

cyclic loading conditions. It enables to locate the highly stressed nodal regions (hot areas), and the relevant temperature 

field is consequently determined. A very little error have been noticed for horn and booster while comparing FEM 

results with the experimental values respectively. This paper provides an insight not only to produce high-quality welds 

but also to solve many industrial issues by explaining the comprehensive background theories on fatigue and 

vibrothermographic analyses of the booster and horn along with detailed microscopic analyses of fractured surface [1], 

[2]. 
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Introduction 

Ultrasonic energy has been used in a wide variety of applications from very low power medical diagnostics to high 

intensity processes that change the state of materials. Joining of metals, such as nonferrous metals used in electrical 

connections, is a useful application of this technology [3]. Commonly used joining techniques, such as, those that 

involve heating by flame, heated tools, electric current or arcs are able to fuse these materials. However, these processes 

are time consuming, often labor intensive and usually require cleaning and the addition of filler metals. Despite these 

issues, industry has become accustomed to the issues. However, ultrasonic welding of nonferrous metals in electrical 

connections has eliminated most, if not all, of these problems. In fact, ultrasonic welding of metals is becoming a 

popular process by informed design and manufacturing engineers. The ultrasonic metal welding is a solid state welding 

process that takes place in three stages [4], [5]. The first stage consists of drawing together the surfaces to be welded 

(faying surfaces), causing them to align themselves, due to the applied normal stress. The second stage is represented by 

the activation of the atoms at the joining surfaces (i.e. dislocations take place) and their chemical (electron) exchange (a 

metallic bond formed). The third stage leads to the formation of a strong joint by the chemical exchange (diffusion) of 

atoms occurring between the metallic substances, both locally (weld interface) and in the surrounding areas (weld zone). 

Diffusion of atoms on a microscopic scale is due to the deformation of the unit cells and the high dislocation density. 

The three stages taking place during the bond formation are a continuous process within very short time intervals and 
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are therefore difficult to distinguish [6]. 

Conclusion 

After analyzing, it has been mathematically concluded that the welding strength variance for those welds made with the 

time mode was smaller than that for the welds made in the height and energy mode. In addition, when each mode is 

optimized, they produced comparable average weld strength. Further, it was seen that over welding in post height mode 

resulted in large voids at the faying surface. 
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