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Abstract 
 

The article deals with solid particle flow measurement by acoustic emission method (AE). 
The particle, that impacts a waveguide, generates impulse AE. AE signal, measured 
by a piezoelectric wide-band sensor mounted at the end of the waveguide, carries information 
about parameters of impacting particles (specific mass, velocity, dimensions). The article is 
a follow-up to formerly performed measurements that were focused on a research of a correlation 
between input particle parameters and measured frequency spectrum of AE signal. The article 
expands this problematic by a study of measured frequency spectrum of two-component mixture, 
which consists of materials with a different mass ratio. On basics obvious theoretical 
presumption, it is possible to obtain information about mutual mass ratio from measured signal 
by statistical analysis. Practical experiments were completed to prove these theoretical 
presumptions. In the first part of performed experiments, two materials with different granularity 
were poured from a hopper placed on laboratory stand to a suitably shaped waveguide. Materials 
with different granularity (diameter) had the same specific mass and were impacted on 
the waveguide with the same velocity. In the second part of the measurement, five different 
mixtures consisted of particles of the same granularities as in the first part were created and 
possibility of obtaining of information about mix composition was examined from frequency 
spectrum of measured AE signal. The presumption that it is possible to differentiate between 
created mixtures was confirmed by performed measurements. In case that all the defined 
conditions will be fulfilled, this method could be used in practice as a simplification 
of measurement of particle size distribution. 
 
Introduction 
 

Measurement of mass ratio of components in mixture of solid particles is a specific task 
of measuring equipment. The measurement is required in applications, where it is necessary 
to monitor particle size distribution, for example in tasks, where is monitored quality 
of a material produced by chemical industry. The measurement of mass ratio of particles 
with different sizes is usually done by analyzing of sample of mixture. It is necessary to ensure 
the same statistical parameters in the selected sample as in whole mixture. The random sample 
has to represent the measured mixture. The sample of the mixture is divided to fractions of 
particles with different granularity by the use of sieves. Then we can weigh every fraction and 
determinate mass ratio of each component to the whole mixture. This method has two major 
disadvantages. The first disadvantage is the need of providing of the same statistical parameters 
of the sample over the whole mixture, which was described above. In some applications, this 
condition can be achieved for example by stirring the mixture, but mostly it is not possible 
due to large amount of produced materials. The second and major disadvantage is the fact that 
the taken sample cannot be analyzed and processed in a short period of time. There is a relatively 
long time delay between measurement (sampling) and data processing. The time change 
of the mixture can occur during the data processing. The method is therefore suitable in situations 
where change of each components of the mixture is not probable. The method gives 
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corresponding results for these mixtures. On the contrary this method is not appropriate 
in situations, where is the need of continuous measurement of the mass ratio, for example 
for control of the technological process in feed-back. 

Online measurement of particle size distribution in mixtures can be realized only by several 
methods. Theoretically, it is possible to use impact plates, at which the solid particles fall [10]. It 
is possible to estimate the structure of the mixture by the use of evaluation of force which 
originates during the fall of the particle. The sensor is relatively large and sensitive to 
a mechanical damage. 

Another usable method is the optical method, described by Farmer in his study [7]. This 
method is based on the optical Doppler effect. Devices, which can be used to analyze particle 
size, are similar to a laser interferometer. We can achieve relatively good results by the use of this 
method, but this method has also some inconvenient properties. For the correct operation of the 
sensor must be fulfilled assumption of pure sight-glass in the flow channel. Other limiting factors 
are the essential and difficult processing of acquired signal and an expensive instrumentation. 

The acoustic emission method (AE) has very advantageous properties for measuring the mass 
ratio of the mixture. This method has several advantages for the use in industry: on-line 
measurement, a small influence to the flow, suppression of audible noise from industry 
(measurement should be used in ultrasonic frequency range) and a very simple instrumentation. 
The principle of solid particle flow measurement by using of AE method is widely known and 
used. This method is mentioned e.g. in reviews elaborated by Cao et al. [5] and Boyd et al. [3]. 
The measurement by the use of AE is based on the creation of artificial or natural obstacle in the 
flow channel (e.g. bend of flow channel) which is impacted by the flowing particles. The 
situation is illustrated in Figure 1. The particles strike on an obstacle and generate an impulse 
acoustic emission, which is measured by the AE transducer. The creation of acoustic emission 
can be conveniently described by using of the Hertz theory of impact [8]. Hertz theory defines 
the relationships for the duration of the impact T and the amplitude of the force occurring during 
impact Fmax. Approximate relations in an appropriate form (Eq. 1) and (Eq. 2) are expressed 
from Hertz theory by Benes and Zehnula [2]. These relationships include searched dependence 
on particle radius. Therefore, it is possible to use the AE method for measuring particle size 
distribution. 

 

 
Fig. 1. Principle of solid particle 

measurement by AE method. 
 

 

rvT 2,04,0 −≈ ρ    (Eq. 1) 
22,16,0

max rvF ρ≈    (Eq. 2) 

where: 
T is time of impact, 
Fmax is amplitude of force during impact, 
ρ is specific mass of particle, 
v is velocity of particle and 
r is radius of particle. 
 

Many authors, who have dealt with AE method for measuring of the particle size distribution, 
are restricted to measuring the mean particle size. Cao et al. [6] analyzed the AE signal by using 
of wavelet transform. He has studied the AE energy, mass flow rate and mean particle size 
in particle flow. Hou et al. [9] deals with measuring of the mean particle size in fluidized bed and 
prediction of undesirable particle agglomeration. The measurement of the mean particle radius 
has great utilization in the granulation processes, which are frequently used in the pharmaceutical 
industry. The quantity of the active substance contained in produced granules depends on their 
size. AE method is especially useful for finding of so-called granulation end point. In this point 
there is the greatest amount of granules of desired properties, including the desired particle size. 



   

 
Several studies were carried out in this area and the AE method is applied actually for practical 
measurements in this industry. Matero et al. [11] dedicated his work to the analysis of the average 
size of granules and predicting the moisture content of granules. Tsujimoto et al. [12] devoted 
to the study of influences of changes of several parameters to the amplitude of AE signal, particle 
size is presented between the studied parameters, too. Finally Briens et al. [4] dealt in his work 
with finding of the end point of granulation in close relation with particle size. In this work is 
implemented a study of the influence of AE sensor locations. 

In technological processes, we can encounter the need to determine the particle size 
distribution in a real time. This problem is not sufficiently described in the available literature. 
The aim of this paper is an experimental verification of the possibility of using of acoustic 
emission method for measuring the mass ratios of components in the mixture of granules of the 
same material. This assumption is based on a theoretical hypothesis of dependencies of AE signal 
on radius of particles and on experiences obtained by previous experiments [1]. The article will 
present the first results of the measurements in this area. 

 
Experimental 
 

 
Fig. 2. Scheme of stand for mass ratio 

measurement using of AE method. 
 
 
 
 

Measuring system for executed 
experiments is shown in Figure 2. Measuring 
apparatus consisted of a hopper for solid 
particles, placed above a retention dish. 
The hopper was controlled by a valve. As 
measured material were used granules 
of light expanded clay aggregate (LECA), 
which are usually used in the civil 
engineering. Between the hopper and 
the dish there was placed an obstacle. 
The granules fell to this obstacle made 
of a duralumin angle, which also served as 
a waveguide for the transmission 
of ultrasonic waves to the AE transducer. As 
an AE transducer was used a piezoelectric 
sensor AURA SV 416. Signal from 
the sensor was brought directly without 
modifications to the 24-bit high-speed 
digitizer NI PXI 5922. 

 
The measured signal was processed by using of National Instruments LabVIEW 8.5. For data 

processing were created appropriate measurement applications. These applications allowed direct 
calculation of the power spectrum of the measured data using FFT. Applications also carried 
a record of the calculated spectrum on the hard disk of computer. Average values of spectral lines 
for subsequent analysis were calculated from spectra recordings and obtained from a file of 
1000 consecutive spectrums acquired during the granules impacts on obstacle. AE signal was 
measured by a measuring card with the selected range of 10 V. To calculate the power spectrum 
using FFT was used 1024 samples with selected Hanning window function. Sampling speed was 
set to 256 kS/s. 
 
 
 
 
 
 



   

 
Results and discussion 
 

The noise of used piezoelectric AE transducer AURA SV 416 was measured before the 
experiment. The measured power spectrum of noise is shown in the graph in Figure 3. This 
measured spectrum was originally used in the larger frequency range to establish the appropriate 
frequency band for the measurement. By the use of measured noise spectrum and the test 
measurements with the granules was determined a frequency band, in which is included the most 
significant change of the amplitude of the spectrum and it is therefore suitable to analyze. This 
band was subsequently identified as 0-128 kHz. The selected frequency range corresponds to 
used number of samples and sampling frequency. Therefore Figure 3 shows the noise of AE 
sensor only in the used frequency range. 

 

 
Fig. 3. Power spectrum of noise of used AE transducer in selected frequency range. 

 
In the first part of the experiment there were measured characteristics of two fractions of 

expanded clay granules. There were two fractions with particle sizes of 4-8 mm and 8-16 mm. At 
first there were measured the spectra of these two fractions for comparison with mixtures. The 
statistical processing of the measured amplitudes of spectral lines in the selected frequency bands 
with the same step has been chosen for the basic signal processing and verifying of the declared 
principle of the mass ratio measurement in the mixture. Frequency step of created intervals was 
chosen as 8 kHz, there were created the average values of the amplitudes of spectral lines inside 
this intervals. Next, these average values are compared in the graph in Figure 4. 

 

 
Fig. 4. Analyzed data for both fractions of granules. 

 



   

 
The Hertz theory of impact implies the following theoretical facts: The time of impact of 

particles T in the spectrum should correspond to the values of reciprocal frequency of the spectral 
lines and the amplitudes of power spectrum should correspond to the maximum force occurring 
during impact Fmax. These facts provided by the Hertz theory of impact should also be seen from 
presented graphs. Therefore, it should be valid that particles with lower granularity (4-8 mm) will 
have lower amplitudes of the spectral lines at lower frequencies, whereas at higher frequencies 
they will have higher amplitudes. On the contrary, the granules with higher granularity (8-16mm) 
should have higher amplitudes of the spectral lines located on lower frequencies and lower 
amplitudes at higher frequencies. A graph from Figure 4 shows that both analyzed spectra 
obtained for respective fractions correspond to the theoretical assumption, particles with the 
lower granularity have a higher amplitudes at higher frequencies and particles with the higher 
granularity have maximum amplitudes of spectral lines located at lower frequencies, which 
correspond to longer time of impact. 

 
In the next part of experiment were mixed five mixtures of both fractions with different mass 

ratios. These mixtures are described by the proportion of small granules in total mass of a 
mixture. The mixtures were prepared with 2/8, 3/8 4/8, 5/8 and 6/8 of smaller granules. The 
power spectrums were measured for these mixtures again. Amplitudes of the spectrum were 
processed in a similar way as in the first part to a 8 kHz wide frequency divisions. The measured 
and processed data are displayed on the graph in Figure 5. The measured spectra corresponding to 
the both fractions are shown for illustration in this graph. These limit curves are shown in the 
graph by dashed line. 

 

 
Fig. 5. Analyzed data for created mixtures (the fractions expressed part of smaller granules). 

 
The presented figures validate the theoretical assumptions about the shape of spectral 

characteristics. Small differences can be observed only in mixture of 6/8 (for small granules) 
at lower frequencies. The remaining dependences obtained from the measurement represent a 
very good possibility to distinguish different mixtures by the use of spectral analysis of AE 
signal. 
 
Conclusions 
 

The article summarizes the performed experiments and subsequent analysis of the AE signal 
during solid particles flow. The aim of measurements was to verify the possibility to distinguish 
different mass ratios of the fractions in mixtures by methods based on frequency analysis. The 
first measured and processed data which are shown in graphs imply that it is possible to measure 



   

 
the mass ratio in mixtures by the use of the method of acoustic emission. This method will be 
further studied and the results may be used to determine the significant statistical parameters 
which can be used for evaluating of searched mass ratios in a mixture of solid particles. The 
present article also provides a basis for further research in the area of particle size distribution of 
the mixture so that it can be a method generally used for further finer partition and thus obtain 
the method applicable for determining of the content of theoretically any number of fractions. 
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