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Development of complex vibration

source using

longitudinal vibration transducers and diagonal slits
—Case of considering vibration of flange—
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1. Introduction

Conventionally, ultrasonic vibration applied
during welding is almost linear in one direction,
which may result in large damage to the welded
object and reduced weld strength. Previously, we
have shown that by making the vibration direction
planar, the damage to the welded object is smaller
than when the vibration is only linear, and that the
weld strength can be improved !,

The purpose of this study was to develop a
new complex vibration source using two
longitudinal vibration transducers and diagonal slits.

We have previously shown that a planar
vibration locus can be generated by simultaneously
inputting longitudinal and torsional vibration
resonance frequencies .

However, the flange used to fix the vibration
source in place causes difficulties. When a torsional
vibration resonance frequency is input, the
propagated longitudinal vibration does not become a
node, and further work is needed to effectively fix
the vibration source to a jig.

In this study, a method for fixing a complex
vibration source  without suppressing the
longitudinal and torsional vibration that propagates
through the whole source was examined to optimize
the circumference of the flange for making use of
transverse vibration in the flange.

2. Design of complex vibration source

2.1. Constitution of complex vibration source

Figure 1 shows the complex ultrasonic
vibration source. The source consists of a uniform
rod with a diameter of 15 mm and length of 115 mm
(A2017 aluminum), an exponential horn with a
narrow end face diameter of 15 mm, a large end face
diameter of 30 mm (A2017), and two 39-kHz bolt-
clamped Langevin-type longitudinal vibration
transducers (Honda Electronics, HEC-3039P4B),
one on each end next to the exponential horns. The
vibration transducers and exponential horns are each
1/2 wavelength of the longitudinal vibration, and the
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uniform rod has a resonant length of one wavelength
of the longitudinal vibration. The uniform rod was
provided with 10 diagonal slits (width 0.4 mm, depth
4.0 mm) angled 35° with respect to the length
direction of the rod. The position of the diagonal slits
was 1/4 of the length of the uniform rod, that is, the
position of the node of the longitudinal vibration.
The flange used to fix the vibration source in place
was integrated with the exponential horn and
installed at the position of the node of the
longitudinal vibration. Point A in Fig. 1 indicates the
center position of the complex vibration source.
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Fig. 1. Complex ultrasonic vibration source.
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Fig. 2. Relationship between the flange radius F,

torsional vibration resonance frequency, and
amplitude ratio.
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2.2. Examination of flange radius

The flange radius F of the complex
vibration source was examined. The examination
was carried out using the finite element method and
the piezoelectric analysis software in COMSOL
Multiphysics. The analysis model had the same
dimensions as shown in Fig. 1. The analysis was
performed by fixing the flange in place and varying
its radius F from 15 to 50 mm.

Figure 2 shows the results. In the figure,
the horizontal axis represents the flange radius F, the
left vertical axis represents the torsional vibration
resonance frequency, and the right vertical axis
represents the vibration amplitude ratio (= torsional
vibration displacement amplitude / longitudinal
vibration displacement amplitude) at point A of the
source. The black curve shows the torsional vibration
resonance frequency in each dimension, the broken
black curve shows the torsional resonance frequency
without the flange, the red curve shows the
amplitude ratio of torsional to longitudinal vibration
amplitude in each dimension, and the broken red
curve shows the torsional to longitudinal vibration
amplitude without the flange. The results are
presented according to the node circles in the flange,
which are numbered 1 through 4 from the left.

Here, we consider that it is preferable to
construct the vibration source without a flange even
though a flange is used in the subsequent experiment.

From the figure, it was found that the larger
the flange radius F, the lower the torsional vibration
resonance frequency and the higher the amplitude
ratio of torsional to longitudinal vibration. Also, the
flange radius £ is considered to be appropriate at F'=
20-25 mm, 29-36 mm, and 40-45 mm, where the
torsional vibration resonance frequency and the
amplitude ratio are stable.

2.3. Examination of vibration displacement
distribution

The vibration displacement distribution of the
complex vibration source was examined with the
piezoelectric analysis software in COMSOL
Multiphysics.

Figure 3 shows the distribution of the
vibration amplitude along the central axis of the
complex vibration source at the whole source’s
torsional vibration resonance frequency (26.1 kHz)
when the radius of flange /" is 32 mm. In the figure,
the horizontal axis shows the distance from the
center of the flange and the vertical axis shows the
vibration displacement amplitude along the central
axis of the complex vibration source normalized by
the maximum value. The figure shows that the flange
transverse vibration occurred at node 2.
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Fig. 3. Vibration amplitude distribution in flange
along the central axis direction of the complex
vibration source. The flange radius £ is 32 mm and
the frequency is 26.1 kHz along the z direction of

the flange.

3. Conclusions

In this study, the radius of the flange of the
complex vibration source was optimized using the
finite element method. The results showed that the
larger the flange radius F, the lower the torsional
vibration resonance frequency and the higher the
amplitude ratio of torsional to longitudinal vibration.

In the future, a jig for holding the complex
vibration source will be fabricated and the vibration
characteristics of the source will be examined.
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