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Abstract: The article proposes the and principle of operation of a universal primary measuring

transducer of humidity at an ultra-high frequency with reciprocating motion along the vertical axis of
rotation, which allows increasing the information redundancy of the primary measuring transducer (the
influence of inhomogeneities, including humidity in the composition of the material, on the measurement
result is averaged). The design of the primary measuring transducer under consideration provides for
correction of the moisture measurement result by the mass (density) of the material, which will make it
possible to carry out measurements without preliminary weighing the sample. The obtained results of
experimental studies for cotton fiber using the moisture meter under consideration indicate a high
degree of agreement between the approximating dependence and experimental data in all cases.

Keywords: measurements, measurements, ultrahigh frequency method, fibrous and solid bulk
materials, universal sensor.

Annotatsiya: Magqolada aylanishning vertikal o ‘qi bo ‘ylab oldinga va orkaga, xamda aylanma
harakat kiluvchi o ‘ta yugori chastotali universal birlamchi namlik o ‘Ichash o ‘zgartkichining tuzilishi
va ishlash prinsipi taklif qilingan, bu yechim birlamchi o ‘Ichash o ‘zgartkichining kerakli ma’lumotlar
axborotlari migdorini oshirishga imkon beradi (modda tarkibidagi notekisliklar, shu jumladan
namliklarning o‘lchash natijasiga ta’siri o‘rtacha kiymatga keltiriladi). Birlamchi o ‘Ichash
o ‘zgartkichining karalayotgan konstruksiyasida namlikni o‘lchash natijasiga materialning massasi
(zichligi) bo ‘vicha tuzatish kiritish ta’minlanadi, bu xolat namunani oldindan tortmasdan o ‘Ichovilarni
amalga oshirishga imkon beradi. Ko rib chigilayotgan namlik o ‘Ichagichida paxta tolasi misolida
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olingan eksperimental tadqiqotlar natijalari barcha holatlarda taxminiy bog ‘liqlik va eksperimental
ma’lumotlar o ‘rtasidagi yugori darajadagi muvofiqlikni ko ‘rsatadi.

Tayanch suzlar: o‘lchashlar, o‘ta yuqori chastotali usul, tolali va qattiq sochiluvchan
materiallar, universal uzgartkich.

Annomauyun: B cmamve npeonosicena KOHCMPYKYUsL U NPUHYUN padombvl YHUBEPCAIbHOZO
NEePBUYHO20 UBMEPUMENbHO20 NPEeoOPA308ames GANCHOCIU HA CEEPXBBICOKOU YACHOME C 8036PAMHO
- NOCMYnamenbHbiM 0BUIICEHUEM BOONb BEPMUKANLHOU OCU 8PAWEHUS, YO NO360JIAEM YEeaUdUms
UHPOPMAYUOHHYIO U3OBIMOYHOCIIb NEPEUYHOSO USMEPUMENbHO20 Npeodpasosamensi (YcpeoHsemcs
6IUSAHUE HEOOHOPOOHOCHEU, 6 MOM YUCIe GIAJICHOCMU 6 COCMAe MAMepudld Ha pe3yibmam
usmepenust). B paccmampueaemou KOHCMPYKYUU NEPBUUHO20 UBMEPUMENbHO20 Npeodpasosamerns
npeoycmMompena Koppekyust pe3yibmama usmepenus 61a)CHOCmU no macce (RI10MHOCMu) Mamepuaid,
YUMo 0Acm BO3MOINCHOCHb, NPOBOOUM UMepeHUsi 6e3 NpedsapumenvHo20 636euludanus oopasya.
Honyuennvle pesyromamvl IKCHEPUMEHMATILHBIX UCCACO08aHULL Ol XJIONKOBO20 BOJNOKHA HA
paccmampueaemMom usmepumene 61adcHOCMU CeUOemenbCmeyem O blCOKOL CeneHy COOMEenCcmeust
AnNPOKCUMUPYIOWEN 3a8UCUMOCIIU U IKCNEPUMEHMATbHBIX OAHHbIX 80 6CEX CYYAsIX.

Knrouesvle cnosa: usmepenus, c6epxgblCOKOYACMOMUbBIL MeMOO, 60IOKHUCHIbIE U MEepObie
culnyyue Mamepuabl, YHUBEPCalbHblll OAmMYUK.

Introduction

The measurement of the characteristics of
dispersed materials is one of the key quality
parameters, and to address these tasks, it is necessary
to improve the management of technological
processes by applying modern automation tools and
rapid control devices for raw materials, semi-finished
products, and final products. One of the main
parameters influencing the optimization of
technological processes and the quality of the
products produced is moisture content. Therefore, the
development of moisture meters for dispersed
materials is currently of particular importance.

It is known that one of the promising methods
for measuring moisture content is the ultra-high
frequency method [1-3]. The advantages of ultra-high
frequency moisture measurement include the
possibility of non-contact measurement. Moisture
control using the ultra-high frequency method
involves exposing the material under inspection to an
alternating electromagnetic wave, where information
about the moisture content is represented as a
function of two variables - attenuation and phase shift
of the electromagnetic wave.

In recent years, ultra-high frequency moisture
measurement has seen rapid development. Its
theoretical foundations have been deeply developed,
and a whole range of ultra-high frequency moisture
meters has been created for fibrous, solid, bulk, and
liquid materials [4,5,6,7]. The interest of developers
in the field of moisture measurement in the ultra-high
frequency method is explained by such advantages as
the possibility of non-contact measurement of
integral moisture, relative simplicity and low cost of
equipment, and in some cases, good metrological
characteristics. It also has a significantly higher
sensitivity to free water in the material than to other
components, as well as to its physicochemical
properties and structure. However, another important

advantage of the ultra-high frequency method, which
has received little attention until now, is its versatility.

Research methods and obtained results

The moisture meters developed to date are
highly specialized, with developers focusing on
specific materials in each case. At the same time, the
optimization of the moisture meter's design and
structure as a whole is aimed at minimizing
measurement errors by selecting the type of sample
former and its main parameters [8,9,10].

Our work on finding optimal solutions for the
creation of versatile converters has shown the
potential of developing a unified series of ultra-high
frequency converters that can cover virtually all tasks
in moisture measurement for fibrous, solid, solid
bulk, and liquid materials [11,12]. In practice,
converters can have a unified measuring scheme and
several types of primary sample formers.

Measuring chambers (cuvettes) serve to
localize ultra-high frequency energy in the controlled
material sample and to form the sample in a specific
way. When measurements are made in free space, the
measuring cuvettes are made of material transparent
to the electromagnetic field and primarily serve to
form the sample in a certain volume and ensure the
necessary measurement conditions.

For free-space measurements, we have
developed a cylindrical measuring cuvette design that
rotates between transmitting and receiving antennas,
allowing for multiple measurements without
rearranging the sample [13,14,15,16]. We have
proposed a universal ultra-high frequency measuring
cuvette with reciprocating motion along the vertical
axis of rotation, which allows increasing the
information redundancy of the primary measuring
converter (the influence of material inhomogeneities
on the measurement result is averaged). In addition,
it provides moisture measurement result correction
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based on the material's mass (density), which
eliminates the need for sample weighing.

22 ) 2 19

15 | 9 27 W |
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Fig. 1. Primary measuring converter with
reciprocating motion and rotation of the sample
at ultra-high frequency

Figure 1 shows the design of the proposed
universal primary measuring converter. The primary
moisture meter consists of a cuvette 1 with a lid 2 for
the material under study, a base 3 with a central hole
4, rigidly connected to a screw 5 with a single-
threaded screw that is connected to a nut 6, the
external surface of which has a rack 7 connected to a
gear 8, kinematically connected to a motor 9 with
reduction. On the base 3 of the cuvette are force
sensors 10 connected through an "AND" coincidence
circuit 11 to a collector 12, the signal from which is
transmitted by a brush 13 to the input of memory
block 14, the output of which is connected to the first
input of correction block 15.

The device is equipped with transmitting 16
and receiving 17 ultra-high frequency antennas,
which are connected to the ultra-high frequency
generator 18 and moisture meter 19, respectively. The
elements 20 and 21, corresponding to the upper and
lower extreme positions of the cuvette, are located at
the top and bottom of the screw 5's movement range.
The averaging device 24 is connected by its third
input to the device's start element 22, which is
connected to the first inputs of the master oscillator
23 and the display block 25, as well as to the second
input of the correction block 15 and the time delay
element 26.

The moisture meter 19 is connected to the
second input of the averaging device 24 for
measurement values, the output of which is connected
to the correction block 15. The master oscillator 23 is
connected to the second input of the moisture meter
19 and simultaneously controls the process of

multiple measurements via the first input of the
averaging device 24 for measurement values.

The upper position sensor 20 is connected
through an "OR" element 28, a single output of the
trigger 29, to the second inputs of the master
oscillator and the reversal block 27, while the lower
position sensor 21 is connected through the zero
output of the trigger 29 to the first input of the reversal
block.

The primary moisture measuring converter
operates as follows. The operator fills cuvette 1 with
the sample material without prior weighing and
places it on base 3, equipped with force sensors 4
(strain gauges sensitive to pressure on its surface)
arranged at 120° relative to each other. Then the
cuvette 1 is closed with lid 2 to ensure electrical
tightness, dust, and moisture protection from the
external environment.

Before starting work, the device is set to its
zero position using the start element 22, the ultra-high
frequency generator 18 is switched on, and the motor
9 with reduction is activated through the time delay
element 26. At this point, the cuvette simultaneously
receives rotational and translational motion. Such
movement is made possible by the screw 5, connected
via a threaded screw with a pitch equal to the
movement length of the cuvette with the sample in the
vertical direction, i.e., 21t = H, achieved with the help
of nut 6, which has a rack 7 on its external surface,
kinematically connected to gear 8, located on the
motor shaft 9 with reduction.

Control pulses with a constant preset frequency
F, synchronizing multiple measurements taken by the
moisture meter 19 per one revolution of the cuvette as
it moves vertically over height H, are sent to the
second input of the moisture meter 19. The n-th
number of sample moisture measurements, as a result
of ultra-high frequency energy passing from the
transmitting antenna 16 through the material to the
receiving antenna 17, attenuates the signal amplitude
and changes its phase, which is transmitted to the
second input of the averaging device 24.

The moisture values Wt are controlled by the
master oscillator 23 via its first input. After one
cuvette revolution and corresponding downward
movement over H = 2, during which n/2
measurements are taken by the moisture meter 19
following commands from the master oscillator 23,
the base 3 triggers the lower position sensor 21, which
activates the reverse motion of motor 9 with reduction
via the first input of the reversal block 27, the second
input of which is connected to the upper position
sensor 20.

Upon reaching the lower extreme cuvette
position, collector 12 connected to the force sensor 10
makes contact with the electric brush 13, which
transmits the sample's weight signal through memory
block 14 to the first input of the correction block 15
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by density, as p = V/m at constant volume V = const
and known sample mass m. The output signal of the
correction block by density is controlled by the third
input of the averaging device to correct the obtained
result Wi, taking into account the measurement error.
After reversing the motor 9 with reduction, the nut 6
rotates in reverse, raising the screw 5 and the cuvette
1. During the upward movement of the cuvette with
the sample, moisture measurement continues
following the commands from the master oscillator at
the same frequency f, and the results of each
measurement are recorded in the averaging device 24.

Thus, another n/2 measurements of moisture
are performed during the second rotation. Upon
reaching the upper extreme position with the base, the
upper position element 20 of the cuvette is activated,
which turns off the ultra-high frequency generator 18
and the master oscillator 23, as well as switches the
reversal block 27 through its second input to reverse
the motor's operation via the "OR" element and the
single input of the first trigger 29 with separate inputs.

At this point, the signal from the upper position
sensor of the cuvette is sent to the second input of the
"OR" element 28, to the first input of which the start
command is given at the beginning of the device’s
operation. From the output of this element, the second
trigger 30 with separate inputs is reset to its initial
state through its zero input, while the single input of
the trigger receives a command from the time delay
element 26 to start motor 9, allowing its operation in
forward and reverse directions, i.e., for the movement
of the cuvette up and down. The reverse rotation of
the motor 9 with reduction results in the deactivation
of the lower position sensor 21 of the cuvette through
the first input of the reversal block 27 via the zero
input of the first trigger 29 with separate inputs.

Conclusion

For example, the experimental studies
conducted on cotton fiber using the discussed ultra-
high frequency moisture meter for materials provided
the following regression equations at a sample density
of p = 160 kg/ms:

W=-1,287-10%2 A?+1,108 A- 9,52

They are approximated by a second-order
regression equation. The value of the latter indicates
a high degree of correspondence between the
approximating dependence and the experimental data
in all cases. The considered moisture meter can be
used for various fibrous and bulk materials in the
agro-industrial, mining, and processing industries of
the national economy.
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