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VIBRATION MODES FEM ANALYSIS OF THE ULTRASONIC TRANSDUCER
USED TO REDUCE THE FRICTION FORCE DURING WIRE DRAWING
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ABSTRACT: The article presents the determination and study of the natural vibration frequencies of an ultrasonic system that will
be used in the "ultrasonic lubrication" necessary to reduce the coefficient of friction when drawing wires. Obtaining wires through
wire drawing has been and will develop more and more strongly as an absolutely necessary industry, especially in the context of the
transition to green energy involving photovoltaic panels and wind power plants. Along with their development, there is an absolutely
imperative need to transport electricity from the place of its production to the points of its transformation or use. In this sense, the
distances to be covered are of the order of hundreds of Km or even more. The companies in this industry, and here we can note the
company Prysmian from Slatina, have already signed contracts for the next five years for the production of aluminum or copper
cables. The research in this field comes to offer a solution to the reduction of the forces necessary for wire drawing by installing

such ultrasonic systems within the wire drawing machines.
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1. INTRODUCTION

Modeling and simulation have been an extremely
valuable research tool for many decades, proving
their effectiveness in many scientific fields, from the
consumer goods industry to the most advanced
industries such as the automotive industry, medicine,
the nuclear industry, the aerospace industry, and
astronomy. These leading industries benefit from
M&S opportunities because they provide answers to
particularly complicated questions that cannot be
obtained through experiments. It is worth noting that
the most complex mathematical models preceded
experimental results by many years or decades.
Some notable examples can be found in the
prediction and modeling of black holes in the
cosmos, the Higgs boson, and gravitational waves,
which were first predicted and mathematically
thought out so that experiments could validate these
models. Mathematical models provide answers
about the formation of the cosmos, the universe, and
the prediction of thermal fields in remote and very
remote areas where there is no method for
evaluating them. Mathematical models are generally
grouped into two broad categories, namely analytical
models and models based on the use of the finite
element analysis method. Although the Finite
Element Method (FEA) is based on the same
analytical differential equations that underlie
engineering and science in general, the way this
method works and its implementation are different
and offer computational speed for complex and very
complex structures.
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Returning to the engineering fields, on the other
hand, modeling and simulation offer particularly
useful and interesting results in optimizing structures
from both a mechanical and thermal point of view.

Realizing the full potential of M&S will require a
revolution in simulation technology. Simulation-
based technology is not ‘“simulation as usual”;
rather, research is focused on modeling and
simulating complex, interdependent engineering
systems and obtaining results that meet precise
standards of accuracy and reliability. Indeed, the
scope of M&S includes much more than modeling
physical phenomena. It develops new methods,
devices, procedures, processes, and planning
strategies. It not only builds on and stimulates
advances in scientific understanding but also
capitalizes on these advances by applying them to
engineering challenges. For example, discoveries in
M&S have direct applications in optimization,
control, uncertainty quantification, verification and
validation, decision making, and real-time response.
In short, M&S will take this working technique to a
new, powerful level, a level where it is hoped to
solve the most difficult problems of modeling,
engineering design, manufacturing and scientific
research.

2. WIRE DRAWING PROCESS

Wire drawing is the main process in the
manufacturing of power cables. Figure 1.1 shows the
layout of the utilities within a drawing section where
electric cables are obtained. Drawing and drawing
are technological processes for obtaining semi-



finished products through plastic deformation, in
which the metal material under the action of a
drawing force is forced to pass through a calibrated
hole of a tool, which is smaller than the initial
section of the material. The tools for wire drawing
are called dies, and for drawing - dies. Drawing is
the technological process of obtaining a wire of
smaller dimensions (diameter f), by cold
deformation of a ductile product (diameter F),
through successive passes through a series of dies.

If the traction force is provided by a drum, drum or
roller, on which the deformed material is wrapped,
the process is called drawing; if the traction force is
exerted by a machine body with rectilinear
movement, and the deformed products (bars or
pipes) are obtained straight, the technological
process is called pulling.

During wire drawing, the state of tension is a
complex one and consists of a compressive stress to
which is added a tensile stress, which deforms the
crystalline structure, through sliding and elongation,
which allow the preservation of the cohesion of the
structure of the material to be processed. The
drawing principle diagram is presented in figure 1.
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Figure 1. Schematic of the drawing process

For wire drawing, the main element is the die. This
is a tool whose principle diagram is presented in
figure 2.

A e

Figure 2. Theoretical shape of the die

The raw material, figure 3, is brought from the raw
material warehouse, located in the immediate
vicinity of the drawing area, with the help of the
overhead crane.
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The process of obtaining wires by wire drawing is a
very well-known one at present. It is based on the
successive passage of the semi-finished product,
usually a wire of a larger diameter, made of
aluminum or copper but also of fiberglass, through
several dies that constitute the main structure of a
wire drawing installation. Depending on the degree
of deformation designed, these machines can have a
greater or lesser number of dies and their
arrangement can be done in several ways. The
drawing process on these machines always takes
place in the presence of a lubricating cooling liquid
that greatly reduces the coefficient of friction so that
the plastic deformation process can take place in
optimal conditions.

During drawing, the main technological property
manifested is ductility. This is the property that
allows the cold deformation of materials. In the case
of cold plastic deformation, there is a change in the
crystalline structure of the material. This change is
called ecruisation. Annealing changes the
mechanical, electrical and physical properties of
materials.

Figure 3. Raw material for wire drawing

Drawing is performed on a drawing machine such as
the one presented in figure 4.

Figure 4. Drawing machine



A die like the one shown in figure 5 can be used to
make the drawing.

Figure 5. The characteristic areas of the inner geometry of the
dies: 1 — entry cone; 2 — lubrication cone; 3 - deformation cone;
4 — calibration part; 5 — release cone; 6 — exit cone; 20, - the
angle of the working cone (shooting angle); - the clearance
cone angle; y - the exit cone angle

An approximate calculation of the force required for
drawing is presented by equation 1.

F C.ﬂmtsﬁ_slj

1)
Where c is the coefficient of friction between the
semi-finished product and the mould, - Young
modulus of material, So— the initial section; S; — the
final section. Taking into account that the semi-
finished product has the initial diameter d0 = 5.3
mm and the final diameter d1 = 5 mm, an
approximate traction force F = 48 E3 N results.

In order to reduce the friction force that appears
inside the mold at the interface between the semi-
finished product and it, the research that will be
undertaken will focus on the use of ultrasonic
activation of the mold [1,2,3]. Through this process,
an "ultrasonic lubrication” will be achieved [4],
which can lead to a significant reduction in the
friction process.

The ultrasonic activation of the mold can be done
using a principle diagram like the one shown in
figure 6 [5,6,7].

Figure 6. Schematic of the ultrasonic activation of the die
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Figure 7 presents the ultrasonic transducer whose
vibration modes and vibration frequencies will be
determined by simulation using the finite element
method.
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Figure 7. Schematic of the ultrasonic transducer; 1 — reflector;
2 — piezoceramic elements; 3 — transducer body; 4 — nodal
flange; 5 — ultrasonic amplifier and booster;

3. FEM MODELING OF THE ULTRASONIC
TRANSDUCER VIBRATION MODES

Finite element modeling comes to the help of the
research stage in many scientific fields. In the case
of simulating and modeling the vibration modes of
an ultrasonic system, this proves to be very useful
because, in addition to the fact that it helps to
understand the shape of the oscillations of the
ultrasonic system, it primarily offers the calculation
of the vibration frequencies of the system. By
knowing these frequencies a priori, there is no need
to do very long tests regarding the working
frequencies that have an impact on the mold, in this
case [8,9,10]. Knowing these frequencies, tuning the
ultrasonic generator and using them will be
considered.

To find the vibration modes specific to the system,
figure 8 presents the model of the transducer shown
in figure 7. On this model, the zero displacement of
the nodal flange and the application of the electric
voltage on the surfaces of the piezoceramic plates
were considered as input data [11,12,13].

Model of the ultrasonic transducer

Figure 8.



Figure 9 presents an enlarged image of the
transducer model in which it is embedded in the
nodal flange.

Figure 9. Appling initial conditions: zero displacement on the
nodal flenge and electric potential on piezoceramic surfaces

Based on the constitutive equations of the vibration
theory, the modal analysis provides the free
vibration modes of the ultrasonic system that are
desirable in the die activation. In this situation, the
highest vibration amplitudes of the system would
appear and the energy consumption is minimal. In
the ultrasonic range selected for the modal analysis,
four free modes of vibration were found. The first of
these occurs at the frequency f = 19755 Hz being
presented in figure 10. Maximum amplitude
vibration is about 12 pm, that corresponds to
theoretical expectations.

As can be seen, the design of the entire ultrasonic
system was very correctly done so that the only area
that deforms is that of the tip of the energy
concentrator as seen in the figure 10.

Figure 10. Displacement sum at frequency f = 19775 Hz

It oscillates around the OX axis as shown in the
figure 11.
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Figure 11. Ultrasonic system oscillation around OX axis at
frequency f = 19755 Hz

The second calculated oscillation mode occurs at the
frequency f = 19778 Hz. As can be seen from figure
12, this is also done with maximum displacements
also in the free zone of the ultrasonic energy
concentrator. As is desirable, as with the previous
frequencies, the rest of the volume of the ultrasonic
energy transducer is not deformed.

This means that especially the area of the
piezoceramic discs is not in danger of cracking or
destruction.

Secondly, the energy consumption that would be
produced by vibrations in these areas would affect
the total power of the system by dissipating it in
unwanted areas. Also, for this vibration mode the
maximum amplitude is 12 pm.

Figure 12. Ultrasonic transducer displacement at frequency
f=19778 Hz

In figure 13, for this vibration frequency, oscillations
similar to the first vibration mode can be observed.



Figure 13. Ultrasonic system oscillation around OX axis at
frequency f= 19778 Hz

The third mode of vibration occurs at the frequency f
= 20067 Hz. And this mode is very similar to the
first two, the amplitude of the oscillations still
happening at the top of the vibration concentrator
where maximum amplitude is about 8 pum while the
minimal of the oscillations are in the whole body of
the ultrasonic transducer. This can be seen very well
in figure 14.

Figure 14. Ultrasonic transducer displacement at frequency
f=20067 Hz

The oscillation mode of the transducer is shown in
figure 15. and it is very similar to the other two
oscillation modes, occurring around the OX axis and
predominantly in the top of the concentrator.

Figure 15. Vibration animation of the transducer at frequency
f=20067 Hz
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The last vibration mode calculated is found at the
frequency f = 20106 Hz and is again very similar to
the first three. The amplitude of the oscillations is 9
mm, being of the same order of magnitude as the
first three vibration modes.

Figure 16. Ultrasonic system oscillation around OX axis at
frequency f=20106 Hz

The animation of the fourth oscillation mode is
almost identical to the three vibration modes, also
occurring as an oscillation around the OX axis and is
shown in figure 17.

4. CONCLUSIONS

The modeling and simulation of the vibration modes
of the ultrasonic transducer that will be used to
activate the mold used to wire the 5 mm diameter
wires shows a very rigorous and optimal design of
the entire assembly. This can be seen from the
grouping of the vibration modes in a very tight
frequency range around the frequency of 20 KHz at
the same time as the realization of very similar
oscillations in terms of geometric shape.

Figure 17. Vibration animation of the transducer at frequency
f=20106 Hz

From the personal experience of the authors who
contributed to the realization of this ultrasonic
system, it can be said that it is one of the most
successful [14]. This is based on the fact that the



ultrasonic concentrator produces vibrations that can
excite the mold in two directions, the oscillation
being complex. In many situations analyzed so far,
the oscillations were produced in one direction,
which is not an optimal situation, as there are
moments when the ultrasonic activation is non-
existent and the processes proceed continuously. In
this case, the ultrasonic activation of the drawing die
is continuous in several directions, which
corresponds to the proposed purpose. Next, it can be
said that the calculation of vibration frequencies and
their finding in a very close frequency range, with
very close vibration modes in shape, is beneficial to
the experiments that will be concentrated only in
that working area of the ultrasonic system.
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