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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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DEVELOPMENT OF METHODS FOR MEASURING LINEAR 
PARAMETERS OF MOVING DIELECTRIC FILAMENTS 

 
Abstract. Methods and devices for contactless and continuous measurement of linear parameters (drawing 

speed and diameter) of thin and ultra-thin dielectric filaments and optical fibers (10–125 microns) are developed on 
the basis of impulse characteristics of a unipolar corona discharge in the process of their manufacture. The developed 
devices differ from those known for high accuracy and reliability of measurements and are immune to changes in the 
electrical characteristics of discharge gaps and the state of ambient air. In both cases, the device for measuring the 
speed of drawing and the diameter of the dielectric thread uses the initial portion of the current-voltage characteristic 
of the positive corona discharge in the electrodes when the corona discharge is in the "waiting" mode, and the 
charging by ions of the surface of the moving dielectric filament is performed by applying additional pulses of nega-
tive polarity to the electrodes.  

Key words: transfer speed, fiber diameter, corona discharge, pulse corona, ions, pulse signal generators, 
charging, discharging, "waiting" mode. 

 
Introduction. Thin and ultra-thin wire (5-100 microns) made of various metals and alloys (tungsten, 

molybdenum, nichrome, copper, etc.) is widely used in the vacuum and electronics industries. Parameters 
homogeneity and the reliability of the operation of the electric and radio tubes depend on a large extent on 
the quality of the wire, the electrical characteristics of which, with a constant composition of the metal, are 
determined mainly by the geometric dimensions of its cross-section. Therefore, the development of new 
methods and devices for precise control of the dimensions of micro wire in production conditions is of 
great practical importance. In most cases, micro-wires of metals and alloys are produced by hot or cold 
wire drawing through diamond dies.  

Equally important is the development of methods for measuring linear parameters (drawing speed 
and diameter) of moving dielectric filaments in the form of thin resistance wires with glass insulation of 
thin enamel wires and optical fiber filaments. In this case, for example, one of the main stages of the 
process of manufacturing optical fiber (OF) is pulling it on the drawing unit. It is established that oscilla-
tion of the diameter along the length of the fiber rod, in many respects, determines the optical - physical 
properties of the OF (optical losses in the propagation of the signal, bandwidth, dispersion, etc.), and the 
scatter of the exhaust velocities of the OF also significantly affect its strength and optics - physical 
properties [1].  

A wide variety of electrode shapes and their location relative to each other, as well as the possibility 
of a corona discharge in atmospheric air, created the prerequisites for the development of a whole series of 
new methods and corona discharge transducers designed to measure the parameters of micro wires and 
linear dimensions of various objects [2].  
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Device for measuring the speed of pulling of dielectric filaments [3]. The main purpose of deve-
loping a device for measuring the speed of drawing dielectric threads is to ensure high accuracy and 
reliability of measurement when the indications of results are independent of changes in the electrical 
characteristics of the discharge gaps, the state of atmospheric air and the values of the geometric para-
meters of the dielectric filaments.  

Previously, a method has been developed for measuring the speed of pulling a micro wire [4], which 
contains two additional ring electrodes identical in shape and size located coaxially on both sides of the 
main electrode, and a balance circuit with an output device, containing the main ring electrode surroun-
ding the monitored wire. In this device, due to the appearance of an electro-gas dynamic effect near the 
surface of a moving wire, processes of entrainment and the introduction of space charges into the dis-
charge zones of additional electrodes arise, which ultimately allows us to judge the values of the speed of 
wire drawing. In this device, it is noted that the use of a balanced measurement scheme significantly re-
duces the errors in measuring the speed of wire drawing with changes in electrical characteristics of 
discharges and geometric parameters of the corona wire. Meanwhile, due to the different location of the 
additional electrodes, which are essentially measuring, the changes in temperature and pressure of the 
ambient air can have a significant effect on the accuracy of the measurement. In addition, the proposed 
device also does not take into account the effect of difference in edge effects in two additional electrodes. 
In addition, because of the impossibility of replacing the corona wire with a dielectric thread, this device is 
not suitable for our purposes.  

The measurement of the speed of drawing dielectric threads is based on the principles of measuring 
velocities by the method of marks, which are preliminarily applied to moving objects, and then the speeds 
of their passage through various measuring instruments are determined [5]. However, there are significant 
technical difficulties with marking when measuring the speed of movement of micro-objects, such as a 
dielectric thread or a micro wire with enamel coating (10-100 microns). 

The proposed device for applying labels to a dielectric thread uses an outer corona discharge region 
that occurs when a sufficiently high voltage is applied between the corona wire and the outer plane-paral-
lel electrode. In the outer corona discharge region, unipolar ions are usually present, which charge the 
surface of the dielectric filament. One of the best ways to get a clear picture of electronic labels on the 
surface of a dielectric filament is to supply the discharge chamber with additional clock pulses of suffi-
cient magnitude with a certain duration and frequency. In this case, the dielectric filament is located paral-
lel to the corona wire and in the middle of the discharge gap between the wire and the flat electrode. Next, 
a dielectric filament with electronic marks passes through a second measuring electrode, located some 
distance from the first electrode. When the filament passes through the measuring electrode, there are 
processes of discharge of the filament and accordingly, electric signals with a clock frequency appear on 
the electrode load. Now, choosing the duration of the reference signals, in other words, choosing the 
counting time of the clock pulses during this time, the number of pulses determines the speed of thread 
pulling.  

To improve the accuracy of measurement and reliability of results, as well as to increase the noise 
immunity of the measurement to changes in the characteristics of the corona discharge and the geometric 
parameters of the measured dielectric filament, a positive corona discharge is used in both electrodes, its 
initial section of the current-voltage characteristic when the corona discharge is in the " or a small dischar-
ge current flows (not more than 1 μA). The choice of a positive corona discharge is due to the fact that it 
has a high stability of the characteristic and there are no electron avalanche processes that form the 
random pulses of Trichel [6]. As clock pulses for the application of electronic tags, rectangular pulses in 
the form of a "meander" shape are chosen for the filament, which close the discharge gap with a positive 
half-wave, and in the other half-wave create pulsed discharges that charge the moving dielectric filament.  

Figure 1 shows functional diagram of the device for measuring the speed of pulling the dielectric 
thread during its manufacturing. The device contains two identical flat-parallel electrodes 1,2 shown in 
figure 2(a), which coaxially surround the corona wire 3 and are located at some distance from each other. 
Controlled dielectric thread 4 passes through the discharge zone of the corona discharge. In our case, a 
high voltage power supply 5 with negative polarity at the output is used, which allows obtaining a positive 
corona discharge in the discharge gaps between the electrodes 1 and 2 and the wire 3. Stabilization of the 
corona discharge characteristics in two discharge chambers 1 and 2  and  creation  of  the  "waiting"  mode  
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Figure 1 – Functional diagram of the device for measuring the speed of pulling the dielectric thread, 
where 1,2 is two identical planar-parallel electrodes, 3 is the corona wire, 4 is the dielectric thread, 5 is the power source,  

6 is the high-frequency clock generator, 7 is the low-frequency reference pulse generator, 8 is the electronic unit,  
9 is the pulse counter, 10 – rewind unit 

 
conditions are achieved with the help of high resistance resistors R1 and R2. In addition, the device 
contains two pulse signal generators: one high-frequency clock generator 6, and the other low-frequency 
pulse generator - of the reference pulses 7. The supply and removal of pulse signals to the high-voltage 
points of the circuit are carried out by high-voltage capacitors C1 and C2. The output signal from the 
electrode 2 goes to the electronic unit 8 and, after conversion, is transmitted to the pulse counter 9. The 
electronic unit 8 shown in Figure 2(b) consists of the pulse former 1 and the electronic switch 2. The 
distance between 1 and 2 is denoted by L.  

When a sufficiently high negative voltage voltage is applied to the parallel-parallel electrodes 1 and 
2, conditions are created for the occurrence of a positive corona discharge between them and wire 3. With 
two high-resistance resistors R1 and R2, and adjusting the high-voltage value 5, a "waiting" mode is estab-
lished in two discharge gaps 1 and 2. Then, on the electrode 1 from the clock pulse generator 6, square 
pulses are transmitted through C1, in the form of a "meander" and for a negative half-wave it flows 
through the discharge gap imp corona discharge, which provides charging of the dielectric thread 4 located 
in the discharge zone. In the "waiting" discharge mode, the operating point is at the initial portion of the 
volt-ampere characteristic of the corona discharge, and therefore, a positive half-wave of the clocks closes 
the discharge gap, which makes it possible to purge the discharge zone and the surface of the dielectric 
filament from foreign charged particles. When pulling, the dielectric thread with electronic labels enters 
the second measuring electrode 2, where it discharges and at the same time, pulse signals with a clock 
frequency appear on the load of the electrode R2. These pulses through C2 are fed to the input of the 
electronic unit 8, consisting of the pulse former 1 and the electronic key 2 (figure 2(b)). They in the pulse 
former 1 are converted into a convenient form for the pulse counter and enter the electronic key 2. The 
electronic key 2 passes them only when the reference signal from the generator 7 is applied to it and for a 
time equal to the duration of the reference signal. The pulse counter 9 shows the number of pulses 
transmitted through the electronic key, which will be proportional to the speed of the thread. Thus, it 
becomes possible to perform the calibration of the pulse counter according to the previously known values 
of the dielectric filament pulling speed, measured in stationary conditions by control devices with a higher 
measurement accuracy.  

Due to the fact that the method of electronic tags usually works by the algorithm "0 or 1", which 
means  the  signal  is  there  or  not, in principle, it is possible to exclude the influence on the measurement 
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a) b) 

Figure 2 – The shape of the electrodes and the electronic unit: 
а) form of electrodes, б) the electronic unit, where 1 – pulse shaper, 2 – electronic key 

 
accuracy of changes in a number of parameters of the measuring device, for example, changes in the 
electrical characteristics of the corona discharge, The state of the ambient atmospheric air and the 
geometric dimensions of the controlled filament. If this methodological error of measurement is mini-
mized, the rest of the measurement error will be determined by the instrumental error of the measuring 
instruments used in the device. Somewhat simplifies the task is that the measurement accuracy of the 
standard equipment used is known in advance or it is possible to select them.  

The device has the following parameters: the plane-parallel electrodes have a width of 1.5 cm, the 
working length is 1 cm, the gap between them is L = 2 cm, the diameter of the corona wire from tungsten 
is 100 microns. The controlled filament is located at a distance of 0.3 cm from the surface of the outer 
electrode. The ballast resistances R1 and R2 were 1 mΩ, the capacitors C1 and C2 were 1 μF. A high-vol-
tage voltage source of the VS-22 type was used to power the discharge chambers. The sources of the pulse 
signals were generators G5 - 88 (f = 1 kHz, U = 100V) and Г5-72 (f = 1Hz, U = 10V). 

Experimental tests of the device were carried out on a rewinding unit 10 (figure 1) with a rate of 
change in the speed of winding up to 30 m/min. Copper wires with enamel coatings in the range of dia-
meters of 20-100 microns have been tested as dielectric strands. Experimental measurements have shown 
that changes in atmospheric air pressure within ±20kPA and wire diameter by ±10 microns do not affect 
the accuracy of measuring the dielectric filament pulling speed, which is about 1-2% of the measured 
velocity. The obtained accuracy of the measurement of the speed of pulling the dielectric yarn corresponds 
to a calibration curve constructed from the values of the drawing speeds in the range 1-30 m/min, mea-
sured under stationary conditions. 

Device for measuring the diameter of moving dielectric filaments [7]. Close to the technical 
essence, the proposed device is a known device for controlling the inhomogeneity of moving dielectric 
threads [8], containing two ring electrodes concentrically surrounding the common corona wire electrode, 
high voltage power supplies with a constant stabilized output voltage, a load resistance and a voltmeter 
constant current, the controlled dielectric filament being pulled through the outer corona discharge zone, 
where the uniformity of the distribution volume charge is the highest. In this device, due to the presence of 
the discharge current stabilization effect when the two corona discharge zones are connected in series, the 
effect of the change in the state of atmospheric air on the accuracy of the object control will be negligible. 
In fact, the effects of the change in the state of atmospheric air on the discharge currents in the two elec-
trodes can differ substantially. Since, at identical voltages on the electrodes, the negative corona discharge 
proceeds more efficiently and besides it is established that when the microelectrodes of negative polarity 
are corrupted there is always a pulsed discharge regime [2]. The proposed device also does not take into 
account the effect of the difference in the edge effects of the two electrodes. All this can greatly reduce the 
accuracy of measuring the device. 

The main distinguishing feature of the proposed device is that in all three electrodes, the initial 
portion of the volt-ampere characteristic of the positive corona discharge is used, when the corona dis-
charge is in the "waiting" mode, and the charging by ions of the surface of the moving dielectric filament 
occurs when additional pulses of negative polarity are fed to the middle electrode the form of half-waves 
of sinusoidal voltage. In this case, the middle electrode is covered on both sides by electrodes of similar 
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shape and size, which excludes the effect of edge effects on this electrode when pulsed charging of the 
thread.  

Figure 3 shows the functional diagram of the device for measuring the diameter of the dielectric 
thread during its drawing. The device comprises three plane-parallel electrodes 1, 2, 3 (figure 2(a)) 
identical in shape and size and located at predetermined distances, a corona wire 4, a controlled dielectric 
yarn 5, a high voltage power supply with negative polarity at the output 6, a source of unipolar pulses 7, 
amplitude detector 8 and a DC voltmeter 9. The supply of pulse signals to the high-voltage points of the 
measuring circuit is carried out by high-voltage capacitors C1 and C2, and their removal also through 
capacitor C3. The stabilization of the electrical characteristics of the corona discharge in the electrodes 
and the creation of the "waiting" regime are provided by using high resistance resistors R1, R2, R3 and by 
selecting the high voltage value. Figure 4 shows the unipolar pulse source, consisting of a step-up trans-
former Tp with an average point in the second winding and two amplitude converters (D1, R4 and D2, R5). 
It produces two types of unipolar pulses for additional supply of electrodes 1 and 2. 
 

 
 

Figure 3 – Functional diagram of the device for measuring the diameter of the dielectric thread, 
where 1,2,3 are three identical planar-parallel electrodes, 4 is the corona wire, 5 is the dielectric thread, 6 is the power source,  

7 is the unipolar pulse source, 8 is the amplitude detector, 9 is the DC voltmeter, 10 is the rewinder  
 

When a sufficiently high negative voltage is applied to the external electrodes, conditions are created 
for the occurrence of a positive corona discharge between them and the wire 4. Then, adjusting the high 
voltage values 6 and achieving high-resistance resistance R1-R3 obtain a "waiting" mode in all discharge 
gaps. After that, from a source of unipolar pulses, pulses of negative polarity are fed through C1 to the 
middle electrode 2 in the form of half-waves of sinusoidal voltage. In this case, an impulse corona dis-
charge arises in the discharge gap of the electrode 2, which charges the surface of the dielectric filament 5, 
which is located in the outer zone of the discharge, with positive ions. In view of the transient nature of the 
transition of the ions in the discharge gap (20±30 μs), during a half-wave of the sinusoidal voltage, the 
dielectric filament succeeds in charging up to the "limiting charge" in accordance with the theory of 
Portenier [9]. According to this theory, it is established that the "ultimate charge" of a moving filament 
with constant dielectric constant of the material will, in the first place, depend on the dimensions of the 
surface area of the filament, i.e. from its diameter. The charged dielectric filament enters the electrode 3, 
which is in the "waiting" mode and is discharged there. When the thread is discharged at the load R3 of the 
electrode 3, impulse signals appear proportional to the "limiting charge" of the filament. 

Pulsed signals are converted into an amplitude detector into a constant voltage, which is measured by 
a voltmeter. Graduation of the voltmeter scale is carried out in advance according to known standard 
diameters  of  the  dielectric thread. One of the differences of the device is that simultaneously with a half- 
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Figure 4 – Schematic of the source of unipolar pulses, 
where Tp is a step-up transformer, D1 R4 and D2 R5 are amplitude converters, a is the output of a half-wave  

of a sinusoidal voltage of positive polarity, б is the output of a half-wave of a sinusoidal voltage of negative polarity 
 

wave of negative polarity of the sinusoidal voltage applied to the electrode 2, a half-wave of positive 
polarity is fed to the electrode 1, while the discharge gap of the electrode 1 is closed and the filament 
charging by the "dark" corona discharge current in "Standby" mode. 

The device has the following parameters: the plane-parallel electrodes have a width of 1.5 cm, the 
working length is 1 cm, the gap between them is 0.1 cm, the diameter of the corona wire from tungsten is 
100 microns, the controlled filament is located at a distance of 0.3 cm from the surface of the outer 
electrode, the ballast resistances R1, R2, R3 were equal to 1 mΩ, capacitors C1, C2, C3 – 1 μF. As a high-
voltage power source of voltage type VS-22.  

Experimental measurements have shown that changes in the state of the ambient air and the speed of 
the moving filament do not significantly affect the accuracy of measuring the diameter of the filament, 
which amounted to about 1-2% of the measured diameter. The resulting accuracy in measuring the 
diameter of the filament corresponds to a calibration curve constructed from known standard diameters in 
the range 20-100 microns. 

Conclusions. Methods and devices for contactless and continuous measurement of linear parameters 
(speed of drawing and diameter) of dielectric threads of optical fiber are developed, the application of 
which provides automatic control and control of the technological process of manufacturing of OB. 
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ДИЭЛЕКТРЛІК ЖІПТЕРДЕ ҚОЗҒАЛАТЫН  
СЫЗЫҚТЫ ПАРАМЕТРЛЕРДІ ӨЛШЕУ ƏДІСТЕРІН ӨҢДЕУ  

 

Аннотация. Дайындау процесінде, бір тасымалды тəжді (каронды) разрядтың импульсті сипаттама-
сының негізінде жұқа жəне өте жұқа диэлектрлік жіптердің жəне оптикалық талшықтардың (10–125 микрон) 
сызықты параметрлерін (жылдамдық, тартажонғыштар жəне диаметр) үздіксіз, шексіз өлшеу əдістері мен 
құрылғылары өңделген. Өңделген құрылғының белгілі құрылғылардан айырмашылығы дəлдігі жоғары, 
өлшеудің сенімділігімен, разряд аралығындағы электр сипаттамасының өзгерісіне жəне қоршаған орта атмо-
сфера ауасының өзгерісіне қарсы тұра алатындығында. Осы жəне басқа жағдайларда жіптерді тарту 
жылдамдығын өлшеуге жəне диэлектрикалық жіптердің диаметрі үшін электродтағы оң тəжді разрядының 
вольтамперлі сипаттамасының бастапқы аймағы қолданылады. Бұл жағдайда тəжді разряд «күту» режимінде 
болады, сонымен қатар диэлектрлік жіптердің үстінде қозғалатын иондармен зарядтау электродтарға қо-
сымша теріс полярлы импульстерді беру арқылы орындалады.  

Түйін сөздер: тартажонғыштар жылдамдығы, талшықты-оптикалық диаметр, тəжді разряд, импульстік 
тəж, иондар, импульстік сигналдардың генераторлары, зарядтау, разрядтау, «күту» режимі. 
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РАЗРАБОТКА МЕТОДОВ ДЛЯ ИЗМЕРЕНИЯ ЛИНЕЙНЫХ ПАРАМЕТРОВ  
ДВИЖУЩИХСЯ ДИЭЛЕКТРИЧЕСКИХ НИТЕЙ 

 

Аннотация. На основе импульсных характеристик униполярного коронного разряда разработаны мето-
ды и устройства для бесконтактного и непрерывного измерения линейных параметров (скорость протяжки и 
диаметр) тонких и сверхтонких диэлектрических нитей и оптических волокон (10–125 микрон) в процессе их 
изготовления. Разработанные устройства отличаются от известных высокой точностью и надежностью изме-
рений и обладают помехоустойчивостью к изменениям электрических характеристик разрядных промежут-
ков и состояния окружающего атмосферного воздуха. В том и другом случае устройство для измерения ско-
рости протяжки и диаметра диэлектрической нити используется начальный участок вольтамперной харак-
теристики положительного коронного разряда в электродах, когда коронный разряд находится в «ждущем» 
режиме, причем зарядка ионами поверхности движущейся диэлектрической нити производится подачей на 
электроды дополнительных импульсов отрицательной полярности.  

Ключевые слова: скорость протяжки, диаметр оптоволокна, коронный разряд, импульсная корона, 
ионы, генераторы импульсных сигналов, зарядка, разрядка, «ждущий» режим. 
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