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Abstract:

This paper presents a new powder transportatidersythat uses a high frequency flexural stationeaye coupled
with a low frequency horizontal displacement ofeaim to produce the transport of the powder. Thasdnhic wave
is produced with the help of piezoelectric cellsegl under the beam and is used to decrease therfrimefficient

between the powder and the beam surface.
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Introduction

Powder transportation is sometimes a delicate stage
of an industrial process, although it gives thealfin
product no added value: in general, it is expettat

the transported powder does not segregate norrsuffe
chemical alteration and that no loss of material is
observed. Today many powder transport systems
exist but they suffer from a significant number of
defects to be corrected: conveyor belts or vibgator
conveyor are often noisy mechanical systems,
requiring a massive energy consumption and costly
maintenance due to their moving parts.

To cope with those problems, Ultrasonic Powder
Transport Systems use ultrasonic vibrations to
transport powder. For example, [1] [2] propagates a
ultrasonic progressive wave into a specific pipe
material with appropriate absorption propertieseyTh
obtained a simple device with no moving part which
can transport powder with good performances.
However, the pipe material needs to absorb the
reflective wave, dissipating the electrical powetoi
heat.

In this paper, we use a high frequency flexural
stationary wave coupled with a low frequency
horizontal displacement. Our goal is to decrease th
amplitude of horizontal displacement compared to
classical technologies, while ultrasonic vibrati@me
imposed with a good efficiency because they are
stationary.

In the first section, we describe the friction retion
principle which is used to propel the powder, tlaen
description of the test set-up is given, while we
present in the final section the experimental tssul

Friction control principle

A beam is submitted to a sinusoidal low frequency
movement (LFM) in the direction of the excited
transport.
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Fig. 1. lllustration of the friction control prinple

In order to create powder transportation, a
dissymmetry in contact condition between the
powder and the beam has to be introduced



synchronized on the LFM. Such a dissymmetry is
obtained by decreasing the friction coefficient.isTh

is achieved if a high frequency vibration (HFV) at
20kHz is produced [3] [4]. Its amplitude is modelht

by a signal named (MS), synchronized with the LFM.
The synchronization principle consists in using HFV
only when the friction coefficient has to be
decreased. For transportation creation, the reactio
force transmitted to the powder by the transpantati
system (for instance a beam) has to be only didecte
according to the desired direction of transportatio
Figure 1 presents the friction control principle.
Hence, when the LFM acceleration is opposite to the
desired direction, the HFV is introduced to redtiee
contact coefficient with the transportation device.
When the HFV is used, one can assumed that the
powder motion is still in the expected directioreda
inertial effect.

Experimental set-up

Figure 2 depicts the tests bench, which will beduse
for the experimental investigations. A shaped bé&am
used to eliminate the possibility that the powddt w
fall off the plate [5]. A linear motor is used teeate
the LFM of the beam. In addition, we glued
piezoelectric cells under the beam to create thé.HF
One can note that the location of the piezoelectric
cells is optimized using modal analysis to correspo
to the maximum amplitude locations of the flexural
vibrational mode excited by HFV.
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Fig. 2. Tests set-up overview

The elastic supports of the beam needs to be
positioned in precise locations determined usirg th
modal analysis of the beam. They need to be
mounted on the nodes position of the HF flexural
wave, to avoid the perturbation of flexural
deformation [6]. The voltage supplied to the cekami

is synchronized with the beam’s position, which is
measured by a position sensor. Closed loop coistrol
achieved by a computer embedding DSpace
controller.

The test bench was designed to be easily inclioed f
helping the powder transportation.

Results

A series of preliminary tests have been conducted.
They consist in using only the high frequency
flexural stationary wave in order to establish the
influence of the ultrasonic vibration on the fraoti
reduction between the powder and the beam. During
the test we changed the quality surface of the beam
by adding a layer of tape with different
thickness h: tape #1 — h=0.05mm and tape #2 -
h=0.12mm.

0.6

I
~

Flow rate (g/s)
o
N

0 400 800 1200

High frequency amplitude p-p (nm)

Fig. 3. Flow rate in function of HF amplitude for a
corundum powder with a 15° inclination of the
system and Tape #1 quality of the beam surface.

In the figure 3, we show the evolution of the flow
rate as a function of the HFV amplitude. Such aeur

is generic for all tested powder. It shows thahére

is no vibration, no powder transportation is ob¢ain
which is normal because there is no dissymmetry in
contact conditions then.

On the same figure, we can see that at least
400nmp-p is required to produce powder
transportation, and that 1000nm p-p produces good
transport conditions.

Figure 4 gives the evolution of the flow rate as a
function of HFV amplitude for different qualitied o
the beam surface. These trials have been doneawith



15° inclination of the system. As we can see, highe
tape thickness produces lower flow rate.
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Fig. 4. Flow rate in function of HF amplitude for
different beam surface using a corundum powder.

Now we present the results obtained using HFV
synchronized with the LF displacement. In figure 5
we can see the curves for the flow rate in functibn
the LF displacement with different inclinationsof

the system. The HFV amplitude is kept constant for
the two inclinations but not equal: we have 830nm
peak amplitude foa=15° and 530nm peak amplitude
for a=0°. The flow rate is more important for a 15°
inclination of the system, because the transversal

component of the weight force is added to the force
displacement produced by the LF movement of the
beam.
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Fig. 5. Flow rate in function of LF displacement fo
different inclination of the system using a corumdu
powder. Stainless steel quality of the beam surface

In the figure 6, we plotted the curves of the flates

for different types of powders in function of the
horizontal displacement and for constant HFV
amplitude. These tests have been done considering a
15° constant inclination of the system. As we cam s
the arrangement of the curves depend on the
morphological characteristics of the powders (in ex
average diameter of the particles noted).
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Fig. 6. Flow rates in function of low frequencymacement for different powders



Conclusion

This paper presents a new powder transportation
system. It consists in a beam which is excited in a
low frequency movement. A dissymmetry of the
contact conditions according to the low frequency
displacement is produced by creating flexural
vibration of the beam. We found that ultrasonic
vibrations with amplitude synchronized with the

beam position could help to propagate the powder.
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