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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 diclectric 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 diclectric 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 diclectric filament.

Figure 1 shows functional diagram of the device for measuring the speed of pulling the diclectric
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 C/ 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 8§ 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 8, 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 diclectric 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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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
clectrical 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 c¢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
clectrode. 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 diclectric filament pulling speed, which is about 1-2% of the measured
velocity. The obtained accuracy of the measurement of the speed of pulling the diclectric 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 /, 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 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 (D/, R4 and D2, R5).
It produces two types of unipolar pulses for additional supply of electrodes / and 2.
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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 £/-R3 obtain a "waiting" mode in all discharge
gaps. After that, from a source of unipolar pulses, pulses of negative polarity are fed through C/ 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 c¢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 uF. 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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JUIJEKTPJIK KINTEPAE KO3FAJIATBIH
CBI3BIKTBI HAPAMETPJIEPAI OJILIEY 9AICTEPIH OHAEY

Annoramus. Jaifteranay mpouecinae, Oip TaCBIMAIIBI TOKAL (KAPOHIBI) pas3psAATHIH HMIYJIBCTI CHIIATTAMA-
CBIHBIH, HETI31HC YKYKA KOHE 6TC XKYKA TUICKTPIIIK >KIMTEPAIH JKOHE ONTHKAIBIK TAMIBIKTApAbIH (10—125 MukpoH)
CBI3BIKTHI TTAPAMETPIIEPIH (PKBUIJAM/BIK, TAPTAKOHFBIITAP KOHE TUAMETP) Y3IIKCi3, IIEKCI3 eNmiey 9JicTepi MEH
KYPBUIFBLIAPEl OHICITCH. OHACITCH KYPBUTFBIHBIH OCHTiM KYpPBUIFBLTAPAAH AWBIPMAIIBUTBEFBl JOIAITI KOFAPHI,
OIIICY TIH CCHIMILTITIMCH, Pa3psAa apaabIFbIHIAFH 3JICKTP CHIATTAMACHIHBIH ©3TCPICIHE JKOHEC KOPIIAFaH OPTa aTMO-
cepa ayaChIHBIH ©3TCPICiHC Kapchl Typa anaTelHABEFBIHAA. OCBHI KOHC Oacka sKaFaaljapaa sKinTepal TapTy
SKBITIAMABIFBIH OJIIICYTE JKOHE AMAJICKTPUKAIBIK KINTEPAIH AHAMETPL YIIH 3JICKTPOATAFbI OH THKAI Pa3psSIbIHBIH
BOJIBTAMIICPJII CHITATTAMACHIHBIH OACTaNKbI aMaFbl KOJAAHBLIAABL. By skaraaiaa Toskal paspsas «KYTy» PeKUMIHIC
007aabl, COHBIMCH KaTap AMICKTPIIK JKIONTCPAIH YCTIHAC KO3FAJIATHIH HOHIAPMCH 3apAATAY 3ICKTPOATAPFA KO-
CBIMIIIA TEPIC MOSAPIBI UMITY ILCTEPAL OCPY APKBLIBI OPBIHIATAIBI.

Tyiiin ce3aep: TapTaKOHFBINTAP >KUTIAMIBIFL, TAIIIBIKTHI-ONTHKAIBIK JTHAMETP, TIKAL Pa3psaa, MMILYJIbCTIK
TOK, HOHJAP, UMITY IbCTIK CHTHATIAPABIH TCHEPATOPIAPHL, 3aPIATaY, PAa3pPAATay, «KYTY» PEKHMI.
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PA3PABOTKA METOJOB AJI1 U3MEPEHUSA JUHEXHBIX HAPAMETPOB
ABHAKYHIUXCA JTUIJTEKTPHUYECKUX HUTEHU

Annortamusi. Ha 0ocCHOBE MMITy TbCHBIX XapPaKTEPUCTHK YHHUIOJIPHOTO KOPOHHOTO pa3psaa pa3paboTaHbl METO-
Il U YCTPOUCTBA A OCCKOHTAKTHOTO M HEIPEPHIBHOTO W3MEPCHUS IMHCHHBIX APAMETPOB (CKOPOCTh MPOTSDKKH U
JUAMETP) TOHKHX M CBEPXTOHKUX AUDICKTPHUCCKUAX HUTCH U ONTHYCCKUX BOJOKOH (10—125 MuKpoH) B mpouecce ux
H3roTOBNICHUA. Pa3paboTaHHbIe yCTPOWCTBA OTIMYAIOTCS OT H3BECTHBIX BHICOKOH TOYHOCTHIO M HAJCKHOCTBIO H3Me-
peHuit U 00IaJAF0T MOMEXOYCTOHYMBOCTHIO K M3MEHCHHUSAM 3JICKTPHUCCKUX XaPAKTEPUCTHK PA3PSIHBIX ITPOMEXKYT-
KOB M COCTOAHMSA OKPY>KAFOLIEIO aTMOC()EPHOro BO3AyXa. B ToM M ApyroM ciyuae yCTPOHCTBO A HU3MEPEHHA CKO-
POCTH MPOTSHKKHA U JUAMETPA AUIICKTPHYCCKON HUTH HMCHOIB3YETCH HAYANBHBIM YYACTOK BOIBTAMICPHOM Xapak-
TEPUCTUKHU MOJIOKATEIBHOTO KOPOHHOTO pa3pAaa B 3ICKTPOJAX, KOTAA KOPOHHBIH pa3psaa HAXOAUTCA B «KIYINEM»
PeKHME, MPHYEM 3ap4aKa HOHAMH MOBEPXHOCTH ABIDKYIICHCA AUICKTPHUYCCKON HUTH NMPOU3BOJMTCH MOAAYCH HA
3JCKTPOABI TOMOTHUATEIBHBIX HMITY 1bCOB OTPHLATEIbHON MOAPHOCTH.

KmoueBble c/10Ba: CKOPOCTb NPOTHKKH, JHAMETP ONTOBOJIOKHA, KOPOHHBIH Pa3psd, HMMITyJIbCHAs KOPOHA,
HOHBI, TCHEPATOPBI UMITY TbCHBIX CHTHAJIOB, 3aPAAKA, PA3PAAKA, «OKAY U PEIKUAM.
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