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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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].

— 62 ——
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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 pA). 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 7,2 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 / 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 R/ 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 CI and C2. The output signal from the
electrode 2 goes to the electronic unit § and, after conversion, is transmitted to the pulse counter 9. The
electronic unit § shown in Figure 2(b) consists of the pulse former / and the electronic switch 2. The
distance between / and 2 is denoted by L.

When a sufficiently high negative voltage voltage is applied to the parallel-parallel electrodes / and
2, conditions are created for the occurrence of a positive corona discharge between them and wire 3. With
two high-resistance resistors R/ and R2, and adjusting the high-voltage value 5, a "waiting" mode is estab-
lished in two discharge gaps / and 2. Then, on the electrode / from the clock pulse generator 6, square
pulses are transmitted through C/, 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 &, consisting of the pulse former 1 and the electronic key 2 (figure 2(b)). They in the pulse
former / 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

— (4 ——
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a) b)

Figure 2 — The shape of the electrodes and the electronic unit:
a) form of electrodes, 6) 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 mQ, the capacitors C1 and C2 were 1 pF. 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 I'5-72 (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 7, 2, 3 (figure 2(a))
identical in shape and size and located at predetermined distances, a corona wire 4, a controlled dielectric
yarn 3, a high voltage power supply with negative polarity at the output 6, a source of unipolar pulses 7,
amplitude detector & 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 C/ 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 R/, R2, R3 and by
selecting the high voltage value. Figure 4 shows the unipolar pulse source, consisting of a step-up trans-
former 7, with an average point in the second winding and two amplitude converters (DI, R4 and D2, R5).
It produces two types of unipolar pulses for additional supply of electrodes / and 2.

@ 10?

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 R/-R3 obtain a "waiting" mode in all discharge
gaps. After that, from a source of unipolar pulses, pulses of negative polarity are fed through CI 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 ps), 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 T, 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, 6 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 / 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 mQ, capacitors C1, C2, C3 — 1 pF. 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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JUDJIEKTPJIIK KINITEPJAE KO3FAJTATBIH
CBI3BIKTbhI TAPAMETPJIEP/I OJIIIEY 9AICTEPIH OHJAEY

Annoranusa. JlaleiHOay mporeciHae, Oip TachIMaIbl TOKAI (KapOHIBI) pa3psiITHIH HUMITYJIBCTI CHITaTTaMma-
CBHIHBIH, HET131He J)KYKa JKOHE OT€ JKYKa TUAIISKTPIIIK KINTePIiH KOHE ONTHKAIBIK TaMIbIKTapabH (10—125 MukpoH)
CBI3BIKTHI TTApaMETPIIEPiH (KBUIIAMABIK, TapTAKOHFBIIITAP XKOHE AMAMETP) Y3MIKCi3, MIEKCi3 emey omicTepi MeH
KYPBUIFBUIAPEI OHIECNTEH. OHAENTeH KYPBUIFBIHBIH OCNTiUT KYpbUIFbUIAPAAaH aWbIPMAIIBUIBIFEl JOJIITT JKOFAPHI,
OJILIEY/IH CeHIMAUIITIMEH, pa3psi/l apaliblFbIHIAFbl DJIEKTP CHIIATTaMACBIHBIH ©3repiCiHe jKoHE KOpIIaraH OpTa aTMo-
chepa ayachlHBIH ©3TepiCiHe Kapchl Typa anaThiHIbIFBIHAA. OChbl koHe Oacka jkarmaiiapia SKIinTepil TapTy
JKBUIIAMIBIFBIH OJIIICYTe KOHE TUIJICKTPUKANIBIK JKINTEPIH THAMETPI YIIIH 3JICKTPOJATAFbl OH TOXKII Pa3psAIbIHBIH
BOJIBTAMIIEPJIi CHIIATTAMACBIHBIH 0acTamnKpl aiiMarbl KOJIIaHbUIAABL. Byl JKaraaia Tkl paspsaa «KYTy» PeKUMIHJIE
0oJamel, COHBIMEH KaTap IUIJICKTPIIK JKINTEPIiH YCTIHIAC KO3FAIAThIH MOHIAPMEH 3apsaTay 3JICKTPOATapra KO-
CBIMIIIA TEPIC MOJISPIIBI UMITYIBCTEP I 0Py apKBUIBI OPBIHAATIAEL.

TyiiiH ce3aep: TapTAKOHFBIIITADP KBULAAMJIBIFBI, TATIIBIKTHI-ONTHKAIBIK JHAMETP, TOKAL pa3psil, UMITYIbCTIK
TOXK, HOHJAP, UMITYJIbCTIK CUTHAIIAP/IbIH TeHEPATOPIAPbI, 3apSIATAY, PAa3pATay, KKYTY» PEIKHMI.
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PA3PABOTKA METO/IOB JIJI1 U3MEPEHUS JINMHENHBIX IHAPAMETPOB
ABUKYIINXCSA ANIJEKTPUYECKUX HUTEN

AnHoTanusi. Ha 0CHOBE NMITYJIbCHBIX XapaKTEPUCTHK YHHUITOJSIPHOIO KOPOHHOTO pa3psijia pa3padoTaHbl METO-
JIbl ¥ YCTPOMCTBA 1l OECKOHTAKTHOTO M HENPEPHIBHOI'O N3MEPEHUS JIMHEWHBIX MTapaMeTPOB (CKOPOCTb MPOTSIKKH U
JIMaMeTpP) TOHKUX M CBEPXTOHKUX AWUDJIEKTPHUUYECKUX HUTEH N ONTHYECKUX BOJOKOH (10—125 MUKpOH) B mpomecce ux
M3roToBIIeHHs. Pa3paboTaHHbIe yCTPONHCTBA OTIIMYAIOTCS OT W3BECTHBIX BHICOKON TOYHOCTBIO W HaJEKHOCTHIO U3Me-
peHuit n 061aJaf0T TOMEX0YCTOHYMBOCTBIO K M3MEHEHHUSIM AJICKTPUUECKUX XapaKTEPUCTUK Pa3psIHBIX IPOMEXKYT-
KOB M COCTOSIHHSI OKPY’KaroIero arMocgepHoro Bo3ayxa. B ToM n apyrom ciydae yCTpOHCTBO Ul H3MEPEHHS CKO-
POCTH MPOTSHKKH M JHAMETPa TUAJIEKTPUIECKOW HUTH HCIIONb3YeTCS HAYaIbHBIM Y4acTOK BOJBTAMIIEPHOM Xapak-
TEPUCTUKH IOJI0KUTEIBHOTO KOPOHHOTO pa3psija B 3JIEKTPOaX, KOTJa KOPOHHBIM pa3psa] HAXOJUTCS B <OKIYIIEM»
peXUMe, TIpUYEM 3apsaKa HOHAMU HOBEPXHOCTH JBIXKYILEHCA AMIIEKTPHUECKON HUTH MPOU3BOIUTCS Mojadeil Ha
3JIEKTPOJBI JOMOIHUTEIBHBIX UMITYJIECOB OTPULATEIBHON HONSIPHOCTH.

KiroueBble c10Ba: CKOpOCTb NMPOTSHKKH, JUAMETP ONTOBOJIOKHA, KOPOHHBIN pa3psi, UMITyJIbCHAas KOPOHA,
HOHBI, TeHEPATOPhl UMITYJIbCHBIX CUTHAJIOB, 3apsAKa, pa3paaKa, KIYIIHI PeXUM.
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