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Introduction 
Ultrasonic metal welding (USMW) is a welding technique 
often used in the production of lithium ion batteries. It 
happens as such: the horn compresses the workpieces against 
the anvil, and then starts vibrating horizontally. This creates 
friction between the workpieces, the horn and the anvil, which 
ultimately leads to the formation of a weld between the 
workpieces. A more detailed description can be found in the 
work by Balz et al. [1]. Despite its wide use, USMW suffers 
from fluctuations in strength which are hard to control. This 
is because the weld strength is influenced by a large number 
of factors, such as the material properties of the workpieces, 
their geometries, the horn vibration amplitude, the pressure 
applied by the horn on the workpieces, and many others [2]. 
This limitation could be improved with a better monitoring of 
the welding process. However, the monitoring approaches 
currently suggested still cannot cope with the entire 
complexity of the process [2; 3]. 

One reason the process is still so complex is due to the 
difficulty in actually measuring it in real time. Since the 
welding area is compressed by the horn, it is very difficult to 
gather data from the welding area during welding. To study 
USMW, what is often done is to use a high-speed camera to 
capture the vibrations of the horn, anvil and workpieces 
during welding, and use that in addition to temperature 
measurements to gain knowledge about USMW, such as done 
by Balz et al. [1]. This process has some limitations: 

1. it cannot be used for real-time monitoring, because 
the data processing takes a long time; 

2. it requires a special measurement setup to have a 
visual access to the welding area. This cannot be 
used available in an industrial setting; 

3. the results are noisy, and the amplitude of the noise 
is in the order of magnitude of the anvil vibrations; 

4. the frequency range which can be studied is limited. 
In [1], only the welding frequency, 20 kHz, could be 
measured, although the vibrations of the horn also 
contain harmonics of the welding frequency, which 
were created by the transducer [4]. 

The goal of this preliminary study is to investigate whether an 
alternative approach to gain knowledge of the welding 
process during welding is possible. This approach consists of 
doing a frequency response analysis of the process during 
welding. 

Experimental setup 
Since the goal of this study is to study the process during 
welding, it was not possible to study the system over a wide 

range of frequencies, such as when performing a sweep 
excitation. Instead, the vibrations of the machine itself were 
used as excitation to the system. To do that, the vibrations of 
the horn and anvil are measured during welding using two 2 
Polytec CLV-2534 laser Doppler vibrometers, with the horn 
vibrations being the input into the system, and the anvil 
vibrations being the output of the system. The welding 
machine had a welding frequency of about 20 kHz. The 
sampling frequency of the measurement system was 250 kHz, 
which permits the study of the harmonics of the welding 
frequency up to 120 kHz. In total, 44 welds were made by 
welding two copper workpieces of dimension 125 mm x 45 
mm x 0.5 mm for each weld. From these measurements, the 
vibrations of the horn and anvil were then analysed using a 
sliding window analysis of 20 ms (equivalent to about 5000 
periods at the welding frequency), with 50% overlap, 1% 
ramp, and with zero padding. The data in each window was 
then analysed using a Fourier decomposition to extract the 
amplitude of the welding frequency and its harmonics up to 
120 kHz. The simplified process is given by the following 
equation: 

  (1) 

Results and discussion 
The ratio of the amplitude of the anvil and horn vibrations at 
the welding frequency is shown in Figure 1. All 40 
measurements are plotted. To plot the data, the ratio was first 
calculated in the linear scale, as shown in equation (1), and 
then transferred to a logarithmic scale with a reference value 
of 1. 

In Figure 1, it can be seen that all lines behave somewhat 
similarly starting 0.4 s. Before 0.4 s, not all lines behave 
similarly. This could indicate that from 0 s to 0.4 s it the start 
of the welding process, which includes the start-up phase and 
the cleaning and shearing phase of welding, as these two 
phases are characterized by a chaotic behaviour of the welding 
frequency, as described in [1].  

Figure 1 also exhibits trends from 0.4 s to 0.8 s, and from 0.8 s 
to the end of welding. Further work is needed to relate these 
trends to the progress of welding. 
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Figure 1: Ratio of the amplitude of the anvil and horn vibrations at 
the welding frequency 

Conclusion 
In this preliminary study, the ratio of the amplitude of the 
anvil and horn vibrations at the welding frequency was plotted 
for 40 welds. From the plot, the initial phases of welding are 
separable from the other stages. More work is needed to 
further interpret the data, as well as to study the data at the 
harmonics of the welding frequency. 
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