IPDME 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 87 (2017) 032054 doi:10.1088/1755-1315/87/3/032054

Testing the system detection unit for measuring solid minerals
bulk density

I N Voytyuk, A V Kopteva
Saint-Petersburg Mining University, 2, 21st Line, St Petersburg 199106, Russia
E-mail: voytuk_irina@mail.ru

Abstract. The paper provides a brief description of the system for measuring flux per volume
of solid minerals via example of mineral coal. The paper discloses the operational principle of
the detection unit. The paper provides full description of testing methodology, as well as
practical implementation of the detection unit testing. This paper describes the removal of two
data arrays via the channel of scattered anddirect radiation for the detection units of two
generations. This paper describes Matlab software to determine the statistical characteristics of
the studied objects. The mean value of pulses per cycles, and pulse counting inaccuracy
relatively the mean value were determined for the calculation of the stability account of the
detection units.

1. Introduction

Gamma radiation flux attenuates while passing through the controlled environment, for example,

through the coal flux on the belt conveyer. The degree of this attenuation depends on the controlled
environment parameters, for example, bulk density of the transported material, its chemical

composition, and presence of various types of the medium non-uniformities [1].

As it is known, the radioactive decay process is described by the Poisson's law, namely: a random
value &, equal to the quantity of gammas, reaching, within definite time, the predetermined space
portion (detection unit sensitive element), has the following distribution density [2]:

p{e=k}=I"/k!-€, (1)
whereé&-is a parameter of the Poisson distribution, equal to average flux rate of gammas, i.e. gammas
quantity statistical expectation, as registered per the fixed time interval. Quantitative attenuation of
radiant flux is determined by intensity variation of the flux |

The flux intensity variation of a narrow beam of the direct gamma radiation, that passed though the
layer of a substance with bulk densjty thicknessl and constant in time features is described by the
Beer—Lambert exponential law [3]:

la = lo-exptpo-d) = lo-explu-y-d), (2)
wherely 14 are the flux rate of the direct radiation, in absence and in presence of the controlled
environment, correspondinglyuare linear and mass attenuation coefficients of the direct radiation
by the environment.

When interacting with the substance together with the direct radiation, the scattered radiation,
which spreads in all directions, emerges [4]. When describing the interaction between the scattered
radiation and environment, the scattered field, with parameters determined by the measuring system
configuration, may be in question.
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The intensity of the scattered radiation flux, jpagshrough the controlled substance with a bulk
densityy , under certain conditions may also be descrilyeeikponential dependence as follows:
ls = loexplpo-d) = loexplp-y-dx), 3
wherelg is the intensity of the scattered radiation fluxi- are linear and mass attenuation coefficients
of the scattered radiation by the environmeésata correction to the linear attenuation coeffititor
the scattered radiation.

The sum of the direct and the scattered gammaisagglistered during interaction between gamma
rays with energy within the range of 400-800 ke\d dhe rock mass. Thus, after adding the two
intensities, one gets total intensity of gammathatoutlet of the primary transducer of radioisetop
measuring system (RMS):

I =1g+ Is = loexpipy-d{(1+x)), (4)

The theoretical dependence of bulk density ondted tntensity of gammas, according to equation
4, is defined as follows:

v = In(lo:- /(pn-d(1+x)), )

The amount of material, as well as its quality, bardefined by the material’s bulk density. These
parameters are important during extraction, trartapon and processing of any mineral product.

The operation of RMS, which consists of the gamathation unit, detection unit (DU), controlled
material and the unit of the measuring data reogrdtonversion and transfer, is based on the said
principle. With the system in operation, the narrbgam of gammas, attenuated by the controlled
environment, runs into the detection unit (DU), vdie it converts into the sequence of electrical
impulses. Those signals run into the microcomputeilt into the detection unit, where they are
converted into a digital form to be further promabdn accordance with algorithms, providing
determination of the numerical values of the cdigdoflux parameters [5].

The detection unit is presented as scintillatiomige radiation counter based on scintillation
crystal Na J{I) with dimensions 30x40 mm, a photoelectronic mplikr PEM-122, pulse former and
secondary high-voltage power supply [6]. The puizener is a threshold device, implementing
amplitude discrimination of input pulses in accorci with the energy of primary gammas and
formation of the detection unit’'s output pulsestbgir amplitudes and time durations [7]. The pulse
counting rate at the outlet of the detection ismén information parameter of the measuring system

One or another advantage or disadvantage of theigatbpe metering system can be correctly
estimated and analyzed, by testing the converdianreel of measuring data in the system, from the
detection unit to it's conversion, recording, degphg and transfer. Herein, the additive compomént
systematic inaccuracy or inaccuracy “0” is the basiccuracy, subject to be tested with RMS.

This paper discloses the results of comparisomtesif two measuring systems, one of which is
developed by LLC “Complex-resource”, and the othee, is developed by employees of the National
Mineral Resources University.

2. Method description

This research work does not describe the operafigamma radiation unit due to stability of gamma
radiation source and low drift of radiation, havimg impact on systematic and random inaccuracy of
measurement.

This work employs two detection units: DetectionitUdo.1 (DU No.1), being developed and
applied for fiscal metering of oil flows and Detiect Unit No. 2 (DU No.2), being developed and
applied for heterogeneous streams of rock mass.airtheof the research work is to determine and
compare the counting stability (pulse counting cumacy determination relatively the mean value) of
Detection Unit No. 1 and Detection Unit No.2, ford this particular indicator that defines the &g
of inaccuracy for the controlled environment parsare The developed system is based upon
methodology for calibration characteristics autadatcorrection and random inaccuracies
minimization via increasing measurement frequerasy/,well as radiation energy registration, the
energy presented as a sum of correlation functidnsndom oscillation processes within the bulk
density of the controlled environment.
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1) Let us put the detection units on the line amal,using Fvor_18, let us get two data arrays via
the channel of scattered radiation S and diredatiad D (on line, the unit operates 96 hours) hwit
data arrays taken in the morning (at 9.00 am)rradtan (at 13.00 pm), evening (at 17.00 pm), and
with the measurement done within 30 minutes.

2) Let us process the data arrays, according tmd®echannels, via MatLab software:

3) Let us search for statistical expectation peheagycle.

4) Let us search for average squared displaceneenhe whole interval of operation (30 minutes).

5) With the Excel program, let us find the averagenber of pulses during the entire time of the
research, search for relative inaccuracy per egcle,cconstruct graphs for mean values per cycles
and graphs for deviation of average number of gupss cycles from average number of pulses per
the whole interval of the research.

6) Using the data arrays, as received in Fvor €lt8)d construct histograms for DU No.1 and DU
No.2, which characterize probability density funat{OriginLab software was used).

7) Based on the research findings, the authors c¢ortiee conclusion regarding the stability of the
detection units accounting process.

The authors used Matlab software to create an appliscover parameters, which would
characterize the detection unit accounting procedtability.

Program in MatLab for arrays processing:

load bdl_h.txt

x=bdl_h;

N =100000;

n=floor(length(x)/N)*N

x = x(l:n);

xx = reshape(x, N, [ ]);

mm = mean(xx)

S = std(x)

It is with those software products that the authmxess all the data arrays obtained with Fvorl8,
to get, as a result, pulse mean values per eadh, apean square deviation for the entire operation
interval (30 minutes).

All the results obtained for DU No.1 and DU No.2a WMatLab were recorded in Excel table,
wherein the following was calculated: the mean ®atif pulses per whole interval of operation,
relative inaccuracies. Also the graphs were creftechean values of pulses per cycles and graphs fo
deviation of average number of pulses per cyclem fthe average number of pulses per the whole
interval of the research. Herein, the mean valysutges is as follows [8]:

X=X+ Xo+... +X,6/48 (6)
The relative inaccuracy is as follows [9]:
RI= | X-X)/X |*100% @)

Referring to DU No.1, as seen from the graph inlfighe mean value of pulses throughout the
entire interval of operation is 9.2179, with thenimum value of 9.2022, and the maximum value of
9.2347.
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Figure 1.Mean value of pulses per cycles, DU1.

As seen from the graph in fig.2, the maximum vabfieleviation is 0.18%, in general, with the
most points located below 0.1%.
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Figure 2.Deviation of mean values per cycle from mean vathesughout the entire interval of
operation, DUL.

Referring to DU2, as seen from the graph in figh4, mean value of pulses throughout the entire
interval of operation is 14.8585, the minimum vaiki&4.8398, and the maximum value is 14.8790.
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Figure 3.Mean value of pulses per cycles, DU2.

As seen from the graph in fig.4, the maximum vabd@ieleviation is 0.14%, the most points are
located below 0.1%.
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Figure 4.Deviation of mean values of pulses per cycle fromamvalue throughout the entire
interval of operation, DU2.

Based on the obtained data arrays, by D and S ela(Rvor_18), the histograms, as shown in
fig.5, fig.6 were constructed, with the OriginLabftsvare, and the approximation of histograms,
according to the Gauss method, was carried out.
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Figure5.. The values of pulses histogram and the functfaroomal distribution for DU1.

Statistical expectation is equal to 9.22, withiiean square deviation equal to 3.02.
For DU2:
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Figure 6. The values of pulses histogram, and the functfaroomal distribution for DU2.
The Statistical expectation is equal to 14.86, tednean square deviation is equal to 3.84.

3. Resultsof research
Based on the histogram constructed, one may coadhat report distribution, relatively the mean
value for DU2, would be a much more near-normdrithigtion. Thus, it may be concluded there is a
systematic inaccuracy, for DUL. In fig.6 it is algaseen, that the curve of normal law of distribat
is much more compact, than in fig. 5, the approtingafunctions are narrower, and it may be
confirmed by determining coefficients of variatidm]:
For DU1:
0=(6/M),,=3.02/9.22=0.33 (8)
For DU2:
0=(6/M),,~=3.84/14.86=0.26 9
Based upon the results obtained, it is seen thefficients of variation for DU2 are less than for
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DU1, thus it may be concluded that the spread fgsufor DU2 is less than the one that DU1 has.

It is also worth noting that one task to be achieigthe stability of pulses accounting procedure
(Deviations of pulse values from the mean value exdeeding 0.1%). As a matter of fact, the
uncertainty of measurement depends on this paran@tethe graphs, resulting from the research
study, it is apparent that the spread relatively tiean value for DU1 is bigger, than the same for
DU2. As for DU1, according to the channel H, 20%points are located above 0.1%, while DU2 has
only 10%. According to the channel S, for DU1, 76%gpoints are located above the value of 0.1%,
while all the points, for DU2, are located below tfalue of 0.1%.

4. Conclusion
All the results of the research study can be erplaby the following:

1) In DU1, the entire stabilization of total absiwp peak is implemented only in software.

2) Components, included into DU2, are more stdide those, included into DUL.

This brings us to the conclusion that the appardid$2, metrologically, has superior
characteristics; therefore it is the onethat shdaddrecommended to be used as a basic device for
measuring bulk flux parameters under developmermienspecifically, for rock mass on the belt
conveyer.
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