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Abstract
The technological advantages of ultrasonic welding: (no requirement for filler metal; use of small electrical 
transient resistance contacts; ability to weld thin materials to thick materials) results in a helium-solid weld 
seam; the computer configuration of the welding parameters can easily be solved; clean and safe workflow 
(no sparks, flame or smoke); can be integrated into the production line. This article deals with some of the 
additional application features of this welding process.
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1. Physical basics and tools

The microfriction (high frequency, micrometer 
amplitude vibration) energy –ultrasonic welding, 
utilizing the surface between the contact work-
pieces on the surface („interface”) corresponding 
to the shape and size of the sonotrode (as a weld-
ing tool) – can also be considered as a special case 
of the friction welding achieved by vibration (not 
rotation) (Figure 1.).

The 50 Hz electromagnetic vibration (alternat-
ing voltage or current) is converted into mechan-
ical vibration (ultrasound) or energy (20 to 40 
kHz). This energy transformation is performed by 
a resonator, which is
– a positive or negative longitudinal magneto-

striction as a manifestation of the link between 
magnetization and mechanical tension of the 
ferromagnetic bodies, or

– electrostriction as a reciprocal piezoelectric ef-
fect based on this phenomenon.

When using magnetostriction, the alternating 
axial magnetic field generated by converting the 
low-frequency supply to the high frequency and 
the winding thereof is manifested as mechani-
cal vibration (low amplitude longitudinal elastic 
deformation) in a magnetic field suitably located 
in a ferromagnetic material. The ferromagnetic 
(iron) core of the coil fed by the alternating cur-
rent generates powerful longitudinal vibrations, 
i.e. emits ultrasonic waves if its own frequency is 
equal to the frequency of the alternating current 
[1, 2].

Electrostriction is the characteristic of the so-
called active dielectrics; the elastic deformation 
due to the alternating electrical field (voltage), 
mechanical vibration, at a sufficiently high fre-
quency (ultrasound). Due to the resonance ampli-

Figure 1. Ultrasonic welding, as high frequency, vi-
brating friction welding



Bagyinszki Gy., Bitay E. – Műszaki Tudományos Közlemények vol. 9. (2018)32

tude of this mechanical vibration, the frequency 
of vibrations of the electric field is the same as 
that of the dielectric body's own frequency [3, 4].

The mechanical vibration applied to the ultra-
sonic welding takes place on a sonotrode through 
a tuned acoustic transformer (s) (Figure 2.). The 
vibration transmitted to the components under 
compression forces the surface impurities and 
oxides to break off and create a pure, controlled 
diffusion seam. As the atoms are chemically 
linked between the welded portions, a real cohe-
sion bond is created [5].

2. Welding parameters
The major technological parameters of ultra-

sonic welding are the vibration duration, the vi-
bration amplitude and the (normal) force perpen-
dicular to the vibration direction. Performance 
requirements for vibration generation and main-
tenance is given by:

P = F∙A∙f = Smh∙pℓ∙η∙A∙f	          (1)

where P is the performance [W], F is the force [N], 
A is the amplitude [μm], f is the frequency [Hz], 
Smh is the cross-sectional area of the pneumatic 
cylinder [m2], pℓ is the compressed air pressure 
[Pa], η is the mechanical efficiency [-]. 

Then the energy demand for a welding cycle is:

E = P∙∆t = F∙A∙f∙∆t = Smh∙pℓ∙η∙A∙f∙∆t	 (2)

where E is the energy [J], ∆t the cycle time or weld 
time [s]. This time for most bindings is less than 
one second. If more energy is needed and all oth-
er technological parameters remain unchanged, 
the welding time should be increased.

It is necessary to create good quality welded 
joints so that the surfaces to be joined are clean. 
High-frequency friction (compression-free vi-
bration) cleans the surfaces to be bonded at the 
beginning of the welding process. In the case of 
ultrasonic welding, differences in the surface 
state (inorganic non-metallic oxide layer, organic 
grease or oil contamination) can be compensated 
– by adjusting the time duration – by modifying 
energy value.

The resonator – acoustic transformer – sono-
trode unit requires unimpeded minimum electri-
cal power to initiate and maintain vibration mo-
tion. As the mechanical load increases, the power 
requirement required to maintain mechanical vi-
bration increases. Friction due to pressure results 
in the welding by diffusion or local "stirring" of 
the base material.

By increasing the pressure – keeping the other 
parameters at a constant value – the mechanical 
load of the welding zone increases and the pow-
er, and power required to maintain the vibration 
also increases. By increasing the pressure – keep-
ing the other parameters at a constant value – the 
mechanical load of the welding zone increases 

Figure 2. Ultrasonic welding equipment’s main components
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and the power and performance required to 
maintain the vibration also increases.

Ultrasonic equipment is a resonant acoustic 
device. Its amplitude is the difference in longi-
tudinal extent and contraction (5 ... 35 μm) with 
which the tool actively vibrates. This amplitude 
corresponds to the friction distance of the weld-
ing surface. If the amplitude increases, the power 
required to maintain the increasing rate of vibra-
tion also increases. This will take less time to in-
put the same energy.

Generally, the friction amplitude remains con-
stant during a welding cycle. However, technical 
developments allow the amplitude of the sono-
trode surface to be altered during the welding 
cycle. This amplitude profiling or stepping (Fig-
ure 3.) is mostly used for aluminium welding to 
increase bond strength and to prevent tool trap-
ping.

When using ultrasonic devices, vibrations are 
transmitted through the acoustic device, resulting 
in harmonic resonance, consisting of nodes and 
"antinodes". This results in the resonant wave be-
ing transferred to the tool (Figure 4.).

The resonant wave transfer efficiency depends 
on the resonance frequency of the resona-
tor-acoustic transformer-sonotrode unit and is 
determined by two main factors:

– the speed of sound (vibration) in the material,
– the geometric shape of the acoustic unit.
It is possible to increase the amplitude and/or 

pressure to a point where the available power 
is no longer sufficient to generate or sustain vi-
bration during the given mechanical load. At this 
point, the power supply stops, causing an over-
load condition. The electronic circuits of the sys-
tem protect the power supply if such an overload 
condition occurs.

Ultrasonic welding results in a localized tem-
perature increase due to the combined effects of 
flexible hysteresis, friction and plastic deforma-
tion. The welding surfaces reach roughly oneth-
ird of the melting temperature of the metals so 
that the physical properties of the welded mate-
rials practically do not change. As the ultrasonic 
welding process is an exothermic (heat-produc-
ing) reaction, the welding time increases the 
welding temperature.

3. Process variants

During ultrasonic spot welding, oscillating mo-
tion is transmitted from the overlapped inserts 
to the thinner (0.005 ... 3 mm). The sonotrode 
loaded with the force to compress the pieces cre-
ates a welded bond vibrating with this piece. It is 
important that there is a relative movement be-
tween the workpiece and not between the sono-
trode and the upper workpiece. It is possible to 
connect sheets or wires of the same or different 
quality material.

Ultrasonic welding is a continuous spot welding 
in which the welded joint between the overlap-
ping thin sheets evolve between the sonotrode 
and the anvil. During the welding of the ultrason-
ic circle (line), the alternating movement around 
the axis of the tubular sonotrode, is provided by 
three vibration units and thus, during sealing, a 
seam of approximately the same size and shape 
is formed with the tubular front surface of the 
sonotrode.

4. Conclusions

An ultrasonic welding process is defined by the 
quality of the material to be welded and its thick-
ness. Based on the available equipment, the me-
chanical (and electric) performance, frequency, 

Figure 3. Amplitude profiling during ultrasonic weld-
ing [4]

Figure 4. Harmonic resonance on ultrasonic device
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amplitude, compressive force and welding time 
should be determined based on the vibration 
damping ability of the material.
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