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Abstract: Continuous measurement of size distributionneed to measure the particle size distribution on a

of particles is the necessary parameter regardiegontrol
of some specific production processes. A possitligtion is
the use of the acoustic emission method which sedban
the measurement and analysis of pressure pulsesaged
by an impact of solid particles against a solidtatle. Our
paper focuses on the practical verification of thethod in

continuous basis, e.g. in order to control or ofémthe
technological process.

As for on-line measurement, the continuous
measurement of particle size distribution in a piase
medium is only practicable by means of several reagsby

laboratory conditions. Two sets of experiments werdalifferent methods. Frequently used is the opticethod,

conducted with air-borne particles. Based on thapieted
experiments it can be concluded that it is possitae
establish the proportion of solid particle frac8omsing the
acoustic emission method.
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1. INTRODUCTION

Measurements of particle size distribution,
establishment of the proportion of fractions in ixtare, are
undertaken quite frequently in the industry. These a
required e.g. in the pharmaceutical and chemiahlstries,
where sizes of the final product granules haveeteahecked
during the technological process. It is required fioany
processes that prespecified particle size disiohat are
obtained, or the production of only one fractionpafticles
requested. Swift and mainly continuous measuremehts
particle size distribution may significantly helpn i
optimizing the whole production process with regaod
energy consumption.

The measurement of particle size distribution Eadglly
carried out through analyzing of a mixture sampleample
of the measured material is divided with sieves ifferent
fractions based on granularity of particles anditigévidual
fractions are weighed. Based on their masses, wwlom
mass proportions or possibly numerosity of parsiclan be
determined. The method is known as sieve analysis;
allows for direct determination of the proportionf o
individual fractions through sampling and bringgghiy
accurate results, however, its considerable disadyga
consists in the sample analysis being time-consgnaind
costly. Because of that the sieve analysis metisodniy
suitable for technologies that do not involve ayveapid
change in the proportion of individual componentsttee
mixture. On the other hand, it is not appropriatecre we

based on the Optical Doppler Effect [1] principlérrough

this method a high accuracy of measurement can be
achieved. Its drawback is the requirement for aarcle
opening into the flow channel. Other limiting fataonclude
great demands on the processing of the measuréchlopt
signal and a very high cost of instrumentation. #eo
method described in the literature is the measunémsing
acoustic spectroscopy or measurement of attenuaficine
propagating ultrasonic signal [2].

In our paper, we focus on the method of solid pketi

i.e.flow measurement by means of acoustic emission .(AEg

method has been known and applied over some pefiod
time [3],[4]. It is based on creating an artificiat natural
obstacle in the flow channel (e.g. a flow channehd),
which the flowing solid particles whose parameteeswant

to establish run against. The situation is showFRigure 1.
The solid particles hitting against the obstacleegate pulse
acoustic emission and the resulting mechanical wave
(acoustic emission signal) propagate through tretaale in
the same way as through the auditory canal. Werdett@
signal with a piezoelectric acoustic emission sen3te
acoustic  emission method offers  advantageous
characteristics which include swift and continuous
assessment of the measured signal, a very smatiteffi the
flow channel and finally very simple and relatively
inexpensive instrumentation.

The generation of acoustic emission during the ohpé
solid particles against an obstacle can be destribimg the
Hertz theory of impact. The Hertz theory definese th
relations for a period of impadt (1) and a maximum force
during the impact . (2). Approximation relations in the
shape suitable for an impact of a sphere agaifiat Aoard
following from the Hertz theory are described bynBg and
Zehnula [5]. Approximate relations determine the
dependence on the radius of the hitting particles.
summary, it can be concluded that the acoustic soms



method can be used for the measurement of padizke
distribution.
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where:

T is duration of impact,

Fmax IS magnitude of force during impact,

p is density of spherical body material,

v is impacting velocity and

r is radius of impacting particle.
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where:

M; andp, are the Poisson’s constants of particle materia{

and impact plate material,

G; aG, are modulus of elasticity of particle material and
impact plate material (indices are similar like féoisson’s
constants).

AE sensor

Fig. 1.: Example of arrangement for measuring leyubse of
acoustic emission method (natural barrier).

Most authors, however, who have investigated tieeadis
AE method in the particle distribution measuremdraye
only focused on the measurement of the mean vafue
particle sizes. Cao et al. analyzed AE signal usingavelet
transform and apart from the mean size of particls®
investigated the energy of AE signal in his stuélly Hou et
al. discusses in his work the measurement of thennsize
of particles in the fluid layer, and, among othgings, also
researches into the prediction of undesirable etgsf7].
Measurements of the mean value of particle diarmedes
broadly applied within granulation processes, ipdisable
e.g. in the pharmaceutical industry. The practggilication
of the acoustic emission method is described iditbrature
for the case of “end-point detection” in the gratioh
process. At that point the greatest quantity ofngles is
generated of the required size with the defined hof
active substance. Matero et al. focuses in his veorkhe
analysis of the average size of granules and tkdigied

moisture content in the examined granules [8]. ifsafo et

al. studies the effect of change of several pararsain the
magnitude of AE signal amplitude, where the size of
particles is again one of the studied parametdr8j@ens et

al. deals with the granulation end-point detectinrclose
relation to particle sizes and studies the efféAlB sensor
location [10].

Nonetheless, the problems relating to continuous
measurement of particle size distribution have ao rfot
been given adequate attention in the availableatibee.
Therefore, the aim of experiments was to verifyoagibility
of using the acoustic emission method in measuremei
particle size distribution in a mixture of granutéfshe same
material. It follows from the aforementioned appnoation
relations that a period of impadtand a maximum force
during the impackE,, affect the magnitude of an amplitude
of spectral lines. Therefore it should apply thatalier
particles reach lower amplitudes of spectral limethe low-
[equency range, while in the high-frequency rarleir
spectral lines should reach higher amplitudes. l@@nather
hand, it should apply to larger granules that highe
amplitudes of spectral lines are in the low-frequerange,
while in the high-frequency range their spectnaé$ should
reach lower amplitudes. Based on the above memtione
presumptions it can be establish the proportionsaifd
particle fractions using the acoustic emission weéth

2. EXPERIMENTAL

Experiments were carried out using a measuring
apparatus schematically represented in Figure 2e Th
apparatus consisted of a container mounted oveaptue
receptacle. Discharging of material was controlled a
valve. The measured data was obtained through
measurements for ceramsite granules (Figure 3)rdaga
which very similar material constants were assunibd,
tested mixtures only differed in the distributiof particle
sizes. Between the outlet of the container and¢heptacle
was inserted a dural square which served as aaadstnd
at the same time a waveguide to guide ultrasoniew/af
acoustic emission to the sensor. A piezoelectrins@e
AURA SV 416 was used as an acoustic emission sensor
The signal from the sensor was sampled by 24-bdlation
yational Instruments PXI 5922 high speed digitiZEhe
signal was further processed using NI LabVIEW 2009.
A suitable measuring application was set up foradat
processing, which enabled direct calculation of the
performance spectrum using the measured data.efgame
time the application recorded the calculated spectio the
computer hard disk. Based on the record of thetgpac
there were average values of the spectral linesulzaed for
subsequent analysis. The average was acquiredafifidenof
1000 sequential spectra. AE signal was measurethdy
measuring card at the selected range of 10 V. Tauleage
each short-time power spectrum for statistic anslys024
samples were used with the selected Hanning window
function. The recording speed of the measuring varsl set
to 256 kS/s.
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Fig. 2.: Scheme of stand for mass ratio measureosmg
of acoustic emission method.

Fig. 3.: Expanded clay aggregates (ceramsite, LEGAY
for performed measurements.

The first part of the completed measurements irawlv
experimental verification of the effect of particdizes on

about its effects. Therefore a single fraction efaensite
granules, 4-5 mm particle size, was selected fag th
experiment. The change of velocity of the fallingrtcles
was effected in this measurement through the chahgjee
height from which particles fell onto the obstadieights
were changed during the experiment through a cohstap

of 5 cm.

3. RESULTSAND DISCUSSION

To effect the basic statistical processing of thgna
based on the completed experiments and comparistire o
obtained spectra between themselves, the measured
amplitudes were processed in frequency bands wigh t
same step. The step of individual frequency interva
equalled 8 kHz, the average values of amplitudeshef
spectra were calculated in these frequency bandiplatted
in the diagram presented in Figure 4 and Figure 5.
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Fig. 4.: Dependency of average spectral lines ermhss

the AE signal generated spectrum. The following@lio of small particles in a mixture.

experiment was undertaken to verify the validity air

assumptions. Two fractions of ceramsite granulesewe

available, with 4-8mm and 8-16mm sizes of particlésing
a measuring jig, both fractions were poured frohemght of
15 cm and the performance spectra of the AE sitmad
generated were measured. In the next step, fivierdift
mass mixtures of the fractions were created. Theumgs
were prepared in the ratio of a small granule ® tibial
mass of a mixture as the proportions of 2/8, 3/8, 8/8 and

6/8. Performance spectra were also measured for tl%

aforementioned mixtures under the same conditions.

The second part of the measurements complet

experimental verification of the dependence of actpim
shape on the velocity of particles hitting the abk. The
velocity of particles is one of the essential pseters
affecting the AE measured signal, and it is uséfulearn

The diagram in Figure 4 shows that the analyzedtspe
obtained for both fractions of granules (markedliast
curves with a broken line) and their mass mixtuaes
highly consistent with the theoretical assumptidParticle
mixtures with a higher content of smaller particlesve
greater amplitudes in higher frequencies while ores¢ with
prevalence of larger particles have their amplitutiexima
spectral lines in lower frequencies consisterithva
longer period of impact.

ed The signal recording and processing in the exparime

to determine the effect of velocity of particlesl diot differ
from the measurements to determine the effect zgfssof
particles, the calculation of spectra used the same
parameters and the subsequent analysis perfornedgth



averaging of amplitudes of the spectra in the setec

dependences obtained from the measurement proweeya

frequency steps was also conducted in the same enanngood possibility of distinguishing between differenixtures

The analyzed data obtained is shown in the diagmam
Figure 5.
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Fig. 5.: Dependency of average spectral lines erh#ight
from which were particles falling.

It follows from the diagram in Figure 5 above tlibg
change of particle velocity affects the whole cubnfethe
spectrum within the analyzed frequency range. THaged
parameter of velocity therefore does not causechaynges
to the spectral line amplitudes which would takecpl
differently in specific frequency bands, as it wasserved
for the parameter of particle sizes, or any intetiea of
individual spectra. The increasing velocity of paes only

causes shifting of the whole spectrum toward highe

amplitudes of spectral lines. The origin of the
aforementioned facts relates to the theoreticabddence of
the parameters of the measured acoustic emissijoalsdn
the input parameters that are changing. If we gik va the
relations (1) and (2), we can see that the charfga o
maximum forceF 5 during an impact changes in relation to
velocity with a power of*?% whereas the period of impact
changes with the change of velocity to a much small
degree and, moreover, in the opposite directiorth vai
power of v®2 The shift of the spectral line amplitudes is
therefore hardly noticeable on the frequency aristhe
aforementioned analysis, as opposed to the signific
change in the spectral line amplitude. On the oftaed, the
spectra obtained for mixtures of different size tiphs
clearly demonstrate a major effect of the weigfitéor the
period of impact, and? on the magnitude of a force
amplitude during the impact.

The presented values validate the theoretical gstomns
regarding the shape of spectral characteristics.allSm
differences can only be observed in a mixture6 (for
small granules) at lower frequencies. The

of particles by means of spectral analysis of Afal.

There was accomplished confirmation if it is poksito
use a mathematical model based on the Hertz thebry
impact for measuring of the particle size distribatThe
theoretical model was created from the aforemeation
mathematical relationship (1), (2).

The major part of the confirmation was completed
through the calculation of theoretical dependentethe
force Fnhax on the average particle diameter in a
mathematical model. This characteristic was scaledhe
highest value corresponding to the highest valubeforce
(in this case for an average particle diametelddfmn).
Further, the voltage values were calculated froensghectral
lines of the measured power spectrum; the voltage
corresponds to the fordé,,. This voltage was then also
scaled by the highest value. Both curves, estadiish
theoretically and experimentally, were plotted ihaxs
together, the selected example shown in Figure 6 wa
obtained for the spectral lines interdal 8 kHz The chart
shows that the experimentally obtained increasethim
voltage amplitude largely corresponds with the thgcal
premises, with a small deviation from the theosdtic
dependence concerning the aforementicdi8anixture. The
remaining spectral intervals demonstrate an exaarsion
trend due to the effect of duration of impact
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Fig. 6.: Comparison of theoretical model and pradti
mesurement: parameter is particle velocity (0 -H8)k

The second part of the confirmation was completed
through the calculation of theoretical dependeridaeforce
Fmax ON the average particle velocity. This dependenas
also obtained from a mathematical model. The partic
velocities were calculated based on the impactieglts.
The calculated dependences were scaled similarip e
first step. Next, the voltage values were expresssadg the

remainingpectral lines. This voltage was also scaled byhilgbest



value for easy comparison. The theoretical andtbasured satisfactory information about the parameters fotwa-
curves were plotted in charts together. Figure @wshan phase medium flow and establishment of their mutual
example of spectral lines in the inter@al 8 kHzand in the relations.

interval 120 — 128 kHzThe experimentally obtained shape
of increase in the voltage amplitude has again lpgewed
largely consistent with the theoretical presumpioihe
other comparisons concerning the remaining intenaak
very similar.
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4. CONCLUSION

The paper summarizes the completed experiments a%g
the following analysis of the acoustic emissiomaigduring
the measurement of solid particle flow. The anttéol
dependence on the size of particles and velocityaoticles
was observed in the experimentally acquired dasseB on
the analysis of the measurements completed in the
frequency area it has been verified that it is fdssto
successfully measure particle size distributionmixtures (9]
employing the acoustic emission method. As expected
velocity of particles only affects the general gyeof a [10]
signal, without any relevant effect on the shape aof
frequency spectrum. The main problem regarding the
granulometry of particles using acoustic emissienthe
great dispersion of the measured parameters, as it
practically impossible to interpret the measurenoentectly
without statistical processing. The great dispersibvalues
has to do with the fact that the proposed modanoimpact
of a particle against an obstacle is very simglifié real
particle is hardly ever spherical in shape and #iedmpact
cannot be considered as entirely flexible, as reguby
theoretical assumptions. Despite that we believ& the
undertaken experiments successfully illustrate potential
of the method. In our further work we wish to focols
creating an appropriate set of parameters for aabig
regarding both time and frequency factors, that pribvide

(8]

development would not be possible.
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