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Abstract

There are several possibilities for establishing a cohesion joint between dissimilar metals. In the case of thin
sheets, the ultrasonic welding process is suitable. This process can establish a cohesion joint rapidly, with a
low heat input between the thin sheets. The authors have tried to determine the optimal ultrasonic welding
parameters for copper and austenite stainless steel joining by using an experimental method of joining.
Suitable results were obtained by welding tests due dissimilarities in the chemical, physical and mechanical
properties of the copper and stainless steel. A standard size sheet thickness and test sample was used for the
welding by different parameters. The parameters were refined based on the theoretical and practical knowl-
edge during the experiments. The experimental welding was made by a Branson L20 type welder machine.
The joint made by the different parameters was inspected by shearing-tensile tests (maximal force level).
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1. Introduction

The industry is facing new challenges in bond-
ing technology. Low heat input processes are not
only evolving in the field of fusion welding but
are increasingly used in compression welding
processes or soldering to join thin sheets [1, 2]. Ul-
trasonic welding is a process that produces a low
heat input cold press welding process that creates
a cohesive bond without the use of added weld-
ing consumables. The procedure is very simple
if the welding parameters have been optimized,
the operator does not have to be a qualified weld-
er, it is a task that can be performed by a trained
worker. In addition, the typical welding hazards
(spattering, smoke, heat) are considerably lower.
Of course, it is necessary to protect the operator’s
hearing against the effects of ultrasound.

The beginnings of ultrasonic welding date back
to Pierre Curie, a professor of physics and chem-
istry who discovered the relationship between
electrical voltage and pressure in 1881 during
the study of crystalline materials [3]. He worked
as an assistant in the physics laboratory at the
Sorbonne University in Paris from an early age.
He devoted his doctoral years to crystallogra-

phy, within which he dealt with the problem of
the distribution of crystalline materials, which
he studied on the basis of the law of symmetry.
He received his doctorate in 1895. Together with
his brother Jaque Curie, they supported the exist-
ence of piezoelectricity and the name comes from
them. This discovery was the cornerstone of the
development and then the widespread of mod-
ern ultrasonic energy converters and ultrasonic
welding [3].

Dr George Ludwig, a researcher at the Uni-
versity of Pennsylvania, studied and recorded
the change in direction of sound waves in 1940
through different parts of the body. He spent most
of his time on the detection and non-destructive
examination of gallstones in the human body. As
a result of its successful results, an ultrasound
examination was born, and which is still used
in many areas in the field of medical science to
this day. The principle of this is the same as in
non-destructive material testing used in industry,
the technology is mostly used in practice for the
inspection of welded joints.

In 1960, technology began to spread in the indus-
trial environment. Robert Soloff during his time
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as laboratory manager at Branson Instruments,
who were involved in welding plastic films to-
gether into bags. One day, the welding probe ac-
cidentally touched the plastic strip dispenser and
formed a bond. It was then that Soloff realized
that ultrasound was able to cross and propagate in
solids as well, and thus was able to weld different
materials together. In 1969, the first car made of
plastic material was created using this technology
by a company called Sonics & Materials, founded
by Robert Soloff. In reality, the small car wasn’t a
big hit, but the technology it was based on took
its first step to become viable, hence they started
to explore its potential. Although this product has
not enjoyed undivided success, the factory has
been operating successfully to this day and has
been engaged in ultra-sonic welding ever since.

During ultrasonic welding, the surfaces are sub-
jected to low pressure, during which the vibra-
tional motion caused by the ultrasound destroys
the roughness protrusions of the welded surfaces
and the oxide layers, thereby rubbing the metallic
surfaces together to form the bond. The huge ad-
vantage of this operation is that no heat has to be
transmitted from the outside to the workpiece so
that deformations due to heat shock can be avoid-
ed. It is excellent for welding plastics, steels and
other metals, with some exceptions, for example,
fatigue cracking can occur quickly with too hard
materials, whereas well-formed and high damp-
ing materials can be welded well [4].

Another advantage of the process is that the
effect on the environment is very minimal, no
harmful waste is generated by the technology.

2. Ultrasonic welding

This method of welding is very interesting since
it produces vibrations from an electric current,
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which vibrates the workpiece through the weld-
ing head (Sonotrode). This effect, as well as the
compressive force, results in the welding itself.
There is no high heat zone during the process,
and it can be used as both spot welding and line
welding. The process is time consuming, for ex-
ample 0.5-2 seconds for spot welding. The tech-
nology makes it easy to weld between different
materials, but unfortunately only high formabili-
ty, non-brittle materials are suitable for the tech-
nology. It is important that the wall thickness of
the workpiece is not large, as welding can be used
for plate thicknesses between 0.5 and 1.5 mm.
Therefore, the experiments were performed with
these parameters in mind [5].

The device operates on the principle of elec-
trostrictive or core-netostriction (Figure 1).

Ultrasonic welding machines have two major
groups of line and spot welders. The principle of
these is almost identical. The main difference is
that in the case of a line welder, the sound-produc-
ing and transmission members can all be rotated,
as can the sonotrode and the seat. The ultrasonic
spot welder is externally similar to the resistance
welder (Figure 2). The pieces to be machined are
located between the sonotrode and the anvil of
the machine. The clamping pressure is generated
by hydraulic or pneumatic machinery.

3. Materials and methods

Welding together austenitic stainless steel and
copper is not an easy task due to their different
physical-chemical and mechanical properties.
The optimization of the ultrasonic welding pa-
rameters of copper-copper and austenitic stain-
less steel has already been optimised in prelimi-
nary experiments.

In our experiments, two materials were used:
a stainless steel plate, and a 99.5 % pure copper
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Figure 1. Schematic illustration of a spot welder. [1]

Figure 2. Schematic figure of applied spot welder.
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plate with the dimensions indicated in Figure 3.

The mechanical properties of the stainless steel
X5CrNi8-10 (1.4301) used are: hardness 216 HB,
conventional yield strength R, , =190 MPa, The
tensile strength is R =500-700 MPa, and the
electrical conductivity is 0,73 m/(Q - mm?).

The applied CW024A (Cu-DHP 2.0090) copper
plate is characterized by its good formability, ex-
cellent electrical conductivity [56-58 m/(Q-mm?)]
and good corrosion resistance, tensile strength
R =240 MPa, conventional vyield strength
R, = 180 MPa, hardness 65-95 HB.

We made a complex experimental sequence on
the basis of the literature [6, 7]. First, the results
obtained as a function of the welding time param-
eter were analyzed, and then the amplitude was
finally obtained according to the main loading
force. After achieved the highest tensile force re-
sults, it was made a correction measurement to
validate the parameters to earn true final results.
The evolution of the parameters is shown in the
following two diagrams (Figures 4 and 5).

The trigger pressure and the welding pressure
unit is MPa which means the pressure in the
pneumatique cilinder of the welder machine. The
measurements showed a standard deviation of
7% in each test, which can be considered accept-
able for ultrasonic welding.

It was interesting to observe that although the
thermal conductivity of the materials is very
good, heat and stress collection sites visible with
athermal imager are formed, although these sites
are not formed in the immediate vicinity of the
welding point. This can be seen in Figure 6.

Trial welds were performed to determine the
ultrasonic welding parameters of the copper-aus-
tenitic stainless steel mixed bond.

In our studies, we found that the best parameter
combination for the formation of the bond was
the parameters in Table 1. for the steel and cop-
per used.
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Figure 3. Schematic illustration of the test piece.
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Figure 4. Tensile strength as a function of welding
time (other parameters: amplitude: 50 um;
T.P/W.P: 0,345 MPa)
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Figure 5. Tensile strength as a function of amplitude
(other parameters: time: 0.3 s; T.P/W.P:
0,3 MPa)

Figure 6. Thermal camera image of ultrasonic spot
welding

Table 1. Parameters of ultrasonic welding

Parameters Value
Welding(W.P.) and trigger(T.P) 0.345 MPa
pressure
Time 0.3s
Amplitude 50 um
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4. Conclusion

Based on the results of the experiments, it can
be said that ultrasonic welding technology can be
used to combine materials with different melting
points with good results. The formation of the
joint between the tested copper and steel quality
plates are suitable because they are not torn in
the joint under the shear-tensile test.

The suggested welding parameters for stainless
steel and copper ultrasonic welding to earn the
suitable joint with Branson welder machine are
the next: welding time 0.3 s, amplitude 50 pm,
Trigger pressure and welding pressure also
0.345 MPa.
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