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Abstract

In the current study, two main parts were covered. The first part
focused on designing a special horn that is suitable for the application
of welding, which the study was carried out to conduct five different
types of integrated block horns with and without adding slots,
considering the number of slots, slots positions and inclination. These
horns are categorized as (without slots, with one slot, with one
diagonal slot, with two parallel slots and with two diagonal slots) and
attributes to have the same external dimensions and working area
while horn's material was selected from titanium alloy as this material
has excellent acoustic properties and recommended for designing tools
that is required to produce high power. The analytical models which
deal with modes of vibration were derived based on the condition that
the resonant length of exciting horns are computed based on half wave
length or even multiple wave length, As a result it was decided that
the horns were superimposed to vibrate at frequency 20 kHz, because
most of ultrasonic transducer are designed to be worked at specific
frequency, normally taken 20 kHz.

The second part was conducted to optimize the proposed cases of
designing horns and then to identify from the conditions in providing
high amplification, good uniformity and low stress, which realizing
from these conditions practically if it can ensure transferring sufficient
power to the work. Also, this study conducted the using of RSM and
GA to complete the optimizing processes of the horns. The results of
finite element simulation were used as an input data to get optimal
state of selected horns, which high amplitude values were determined.
Further, more the designed matrix for each case of horn type was
derived using RSM via using Minitab software in order to create a
nonlinear displacement amplitude model based on variable
dimensions of the horn designed and then adopting model as an input
with GA as a fitness function via MATLAB software. The results
showed that the equivalent stress of all horns has recorded below the
yield stress of the horn material, while a case of the horn containing
two parallel slots achieves maximum vibration amplitude of equal
value 32.81 Micron and the best uniformity of the displacement



amplitude at the horn tip surface is calculated at 98.8 %. Furthermore,
the frequency separation for this type of horn shows acceptable values
of operating mode (longitudinal mode) from other surrounding modes,
with a value of 15.51 kHz about torsional mode and 5.418 kHz about
flexural mode.
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