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ANNOTATION

Matviiv R.O. Portable calibrators for operational control of measuremen
characteristics On the rights of the manuscript.

The thesis for a scientific degree of the Candidate of Technical Sciences by speci
05.01.02i Standardization, Certification and Metrological Assurance. Lviv Polytechni
National University, Ministry of Education and Science of Ukraine, Lviv, 2018.

The content of the dissertationThe research topic is devoted to the improvement o
porteble voltage calibrators and DC resistaimoenitators The researched and carried out
analysis ofdisplacements correction methods in the telesl signalscalibrators. The
principles of voltage calibrators and immitators of resistaacestruction as well as basic
metrological characteristics d@lectrical signalsserial calibrators are investigated. The
voltage and resistance calibrators are proposed to use a switching inverting metho
correct the additive components of errors. Vbhdage calibratowith the additive errors
components correctiostructure was developed. TB& voltage calibratostructures have
been improved by using an additioretemplary voltagesourceand analog memory
elementswhich has reduced thiansient process@spad. The research of thBC voltage
calibrator computer modelwas conducted. Th®C resistance imitatostructure with
additive errorscomponentgorrectionis developed. Asoltage calibratostructure with a
pulse voltage dividewas developedn which theswitching invertingmethodwas usedo
errorscorrect. The presented computer researchessadftancémitator models and voltage
calibrator with pulse divider. AlDC voltage calibratobreadboardwvith additive errors
componentgorrectionwas made. The experimental studies of [& voltage calibrator
breadboardwere conducted andlock generatoroptimum frequencywas selected for
switching elementsontrol

The first chaptefThe state issues and research problemmeasuring instruments
opeaational control of metrological characteristics based on &terature, publications and
regulatiorars alysisin the field of dissertation research the basic principles of building
portable voltage and resistancealibratorsfor the measuring instrumentsperational

control. It was established that control of metrological characteristics of measuring devi



12
at the site of operation would reduce the likelihood of using a metrologically defecti
measuring instrument.

In section 1.1 'The metrological reliabilityensuringof operational control over the
flow of measurement proces§esonsidered existing methods and means of increasin
metrological reliability. The proposed approach to the practical application of operatior
control of measuring channels of scattered systems. It has been established that mo
normative documents recommend the introduction of such measurement control syst
that ensure the suitability of measuring equipment and measurement methods prio
intended useral the specified level of risk of obtaining unlikely results of measuremen
Also, ways of adjusting the additive components of errors in DC voltage calibrators e
considered.

In section 1.2 "Requiremeriw the construction of voltage, resistance and fier
calibrators" the requirements of normative documents for the construction of voltage, C
and resistance calibrators are considered. The main attention is focused on the normaliz
of the limits of the permissible basic error and the limits ofpsenissible relative error.
The main metrological characteristics of the stationary calibrator CED7000 and porta
calibrator Fluke 726 are considered in detail.

In section 1.3 Analysis ofexisting methods of DC voltage calibrators constructing
methals and means of constructing DC voltage calibrators are considered. The indice
ways of extending the boundaries of the reproduction of the voltage. The structures
voltage calibrators with different types of coded voltage dividers are presented.

In section 1.4 "Analysis of existing methods of construction of resistance calibrator:
the analysis of the principles of construction of immitators of resistance of a direct curr:
is carried out. The main disadvantages of coconut shops are resistancedB¢tadtures
of active immitators of resistance are considered in detail.

In section 1.5 "Structure and characteristics of the serial calibrator MK4 7028
structural scheme of the measure of combined multivalued MK4702 is given. The princi|
of work and main metrological characteristics of the mudtiued measure MK4702 are

considered.
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In the seconcthapter"Theoretical foundations ofvoltage valibratorconstruction
with automatic error orrection” an analysis of the places of occurrence of additive
displacements in voltage calibrators was conducted. Structure of DC voltage calibrators
been improved with the aim of adjusting the additive offsets of the output voltage.

In section 2.1 "Analysis gdossible ways of automatic correction of errors in voltage
calibrators" a structural diagram of a DC voltage calibrator is presented, which shows t
sources of the occurrence of additive displacements. It is established that autom
correction of the dplacement of the zero level of operational amplifiers (OP) is mos
desirable by double switching inverting method and analogue averaging of the output sig
The structural scheme of the DC voltage calibrator has been improved by double inver
the ouput signal. On the basis of mathematical modeling, the graphic dependences of
additive component of the error from the inequality of the integration time with the ur
conversim factor for different valuesf the time constant of the low frequency i e r U
the frequency of the inverting operation f are presented. The graphic dependencies of
output voltage error for different tendelays and different valuesthe clock frequency are
also shown.

In section 2.2 "Designing a structural schema gbltage calibrator with an additional
sample voltage sourceln improved structural diagram of a DC voltage calibrator with ar
additional source of exemplary voltage is presented, in which the switching inverting is u:
to correct the additive componteaf the error. Computer simulation of DC voltage calibrator
with additional source of sample voltage was carried out. The graphic dependences of
output signal error in the manual caitmode for different valuesf the bias voltages of
the operationaamplifiers are given. The analysis showed that the uncorrected value of t
absolute error of the investigated strL

In section 2.3 "Voltage calibrator with an additional source of sample voltage an
analog nemory"a structural diagram of the experimental setting for reproducing the D
voltage with automatic adjustment of the additive displacements is given. An error analy
of the voltage calibrator has been carried out, which showed that the unadjusteof viadu
additive component of the error will be determined by the instrumental components of

error of the output polarity switch. The instrumental components of the error will &
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determined only by the difference between the sum of the sum of thefsilna pair of
resistance of the closed keys and the sum of the inverse currents of the keys of the
polarity switches. The work of the DC voltage calibrator with the output memory capacitc
with the help of a computer model is investigated. Accortbrtge results of mathematical
modeling it is established that the degree of correction does not depend on the plac
connection of the additive immitter to the calibrator circuit. It is established that at tl
frequency of about 1 kHz the value of theput voltage differences of the computer model
of the voltage calibrator is minimal.

In section 2.4 "Improvement of DC voltage calibratibrmvas established that the main
drawback in the switchirgiverter method is the effect of the accuracy of the &ion of
the duration of key pulses and the delay during the formation of signals that arise from
lack of speed of the switching switches and transients in the operating amplifiers and cc
voltage divider. In order to reduce the influence of transjenis proposed to memorize the
signals of the original OP on the elements of the analog memory. The structural and princ
schemes of the source part of the DC voltage calibrator with elements of analog memol
the output of the calibrator are paged. The graphical dependences of the voltage chanc
on the output of the calibrator are shown, the analysis of which shows that the amplitud
the variable component of the output signal of the adder depends on the time constant c
memory elementand the adder.

In section 2.5 "Analysis of the frequency properties of DC voltage calibrators with tf
correction of theadditive component of the erfgrthe necessity of using the averaging
elements was substantiated. The structure of the active lowlfEs®o displacement" has
been selected and developed with the consideration of the parameters of the operat
amplifiers. On the basis of mathematical modeling, graphs of transient processes of the i
voltage OP are given at various wasof its parameters and graphs of transient processe
of the output voltage of the active low pass filter at different OP parameters. The work
the computer model of twstage active lowpass filter is investigated and the graphical
dependence of the coefficiteaf weakening of the variable component on tremfiency

with different valuef its passage resistance is given. The conducted theoretical analy
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and results of mathematical modeling confirm the efficiency of the use of active low pe
filters in DC wltage calibrators.

In the third chaptefTheoretical basis for constructing imitators of active resistance
and voltage calibrators with pulse width divider and automatic error correctipthie place
of occurrence of the additive displacements in the Dtance imitators and DC voltage
calibrators with the pulse voltage divider is determined. The structures of the imitators
the resistance of the direct current and voltage calibrators withwidge® modulation with
automatic correction of the addiidisplacements have been improved. The structure of tt
resistance simulator with the possibility of a fauire connection to the controlled object
for correction of the influence of the resistance of the connecting lines is improved.

In section 3.1 "Comensation of the influence of resistance of communication lines |
two-conductor thermoresistive circuits"the structural scheme of a twonductor
thermoresistive converter with correction of the influence of resistance of communicati
lines has been iproved. The graph of dependence of the coefficient of relaxation of tr
influence of resistance of lines of communication on the errors of sample currents is giv
A schematic diagram of a ta@nductor thermosetting converter with an analog method o
avaaging is presented. An analysis of the graphic dependences of the absolute error o
output voltage on the influence of transient processes, analysis of which shows that the «
from the influence of resistance of the lines depends on the value diffdrence between
the constant time of the transient processes and the value of the period output pulses ¢
generator.

In section 3.2, "Analysis of the influence of additive components of error in resistan
simulators’; it was found that the maisources of additive bias are the influence of the
resistance of the communication lines, which are added to the value of the simule
resistance, the voltage of the bias of the Zevel OP. A structural diagram of a two
conductor active resistance simatdr is shown, in which the sources of the occurrence o
additive errors are shown.

In section 3.3 "Development of a feconductor imitator resistance circuit with
correction of the influence of resistance of communication ljreestructural scheme ofia

active immitter of resistance with automatic correction of additive displacements with t
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use of switching inverting method is proposed. The principal scheme of thevifeur
simulator of the active electrical resistance is presented, and its matlaraattysis is
carried out, from which it is evident that the influence of the resistance of the first curre
connecting line, the resistance of the switching switches and the voltage of thevetro
displacement of the OP is adjustéo valuesless tha the sensitivity threshold of the
monitored ohmmeter.

In section 3.4 "Investigation of the active immitter of resistance with switamegter
method of correction of the additive component of efrartomputer model of the active
immitter of resistane with passive lowpass filters is depicted. The method of computer
simulation is based on the developed principle electric circuit of the active immitator
resistance with the switchirigverting method of adjustment of additive displacements. The
resuts of computer simulation of the structure of the impedance of the electric resistat
showed that the unadjusted value of t he

In section 3.5 "Voltage dc voltage calibrator with pulse width divider voltage"
structural diagram of a DC voltage calibrator based on a pulse voltage divider, which she
the main sources of additive errors, is shown. A structural diagram of a voltage calibre
with a pulse voltage divider is developed, in which the switcimngring method is used
to correct the additive component of the error. The principal electrical circuit of a volta
calibrator with a pulse voltage divider is depicted and its analysis has been carried out, w
showed that the method of switching invertalpws to adjust the effect of the voltage of
the zeralevel bias of the OP to the error of the output signal.

In section 3.6 "Research of the principle electric circuit of a DC voltage calibrato
with a pulse voltage dividerthe models of DC voltage datators are shown with a pulse
voltage divider. The timed diagram of the output pulses of the clock generator is given
computer simulation of the work of DC voltage calibrators with a pulse voltage divide
which showed the correctness of theoretisguanptions, was carried out.

In the fourth chaptéiExperimental studies of models of DC voltage calibrators with
switching inverting" structural and principle schemes of DC voltage calibrators wer

proposed, on the basis of which models were made. Expetainstudies of voltage level
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calibrator models have been ¢ad out and unadjusted valuet additive displacements
have been determined.

In section 4.1 "The model of the DC voltage calibrator with switching invertihg"
designed structural and pripte schemes of a voltage calibrator model with a switching
inverter method of correction of the additive component of the error are presented, and
appearance of the voltage calibrator model is depicted. The results of experimental stu
of a voltagecalibrator are presented and worked out.

In section 4.2 "Datasheet model of a DC voltage calibrator with an additional sourc
of exemplary voltage and with elements of analog memarystructural diagram of a
developed and manufactured DC voltage caldsranodel with an additional source of
analog voltage and analogue memory is given. The principal electric diagram of a |
voltage calibrator with an output RC filter is given. Also provided are the principle diagrar
of an advanced clock generator andvactow pass filters. The appearance of a model of ¢
DC voltage calibrator with an additional source of analog voltage and analogue is show

In section 4.3 "Experimental studies of a voltage calibrator model with an addition:
source of exemplary voltaged schematic of a study of a DC voltage calibrator model witt
an additional source of exemplary voltage is shown. The results of experimental studie
a DC voltage calibrator model with an additional source of exemplary voltage and ana
memory are shon and processed.

Keywords: voltage calibrator, resistance imitator, additiverror component

switching inverter method, active low frequency filter, automatic error correction.
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