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Abstract—The analysis of the measuring converter of average value voltage using the iteratively
integrating method of conversion and its comparison with the analysis the generalized block diagram of
the iteratively integrating measuring converter were performed. As a result of comparing the circuit of
the measuring converter of average voltage values, which implements the iteratively integrating
conversion method, with the generalized structural diagram of the iteratively integrating measuring
transducer, the basic equations describing this device are obtained. As a result of the analysis of the
generalized structural diagram of the iteratively integrating measuring transducer, an engineering
solution is proposed that improves the parameters of the measuring converter of average voltage values
by adapting it to the influence of changes in the input voltage frequency. This allows us to improve the
dynamic characteristics of the converter of average voltage values when the input voltage frequency
changes, which is directly related to the increase in the speed of the converter in the given frequency
range of the input voltage or, which is equivalent in this case, to the extension of the frequency range of
the input voltage, while maintaining the specified performance. It is proposed to adapt the considered
converter of average voltage values to a change in the frequency of the input voltage periodically with a
predetermined one, based on a priori information about the nature of the frequency change, periodically
or occasionally, as the frequency changes.

Index Terms—Measuring converter; generalized structural diagram; measuring converter of average
voltage values; iterative integrating conversion method; iteratively correction of errors; dynamic

characteristics.
I. INTRODUCTION

This article continues the series of publications
by the author, united by the common theme of the
analysis of the generalized structural diagram of the
iteratively integrating measuring converter. It is
devoted to the application of the results of an earlier
analysis of the above generalized scheme for an
engineering solution to create a specific embodiment
of measuring converter using the iteratively
integrating method of conversion, in particular, to
the improvement of measuring converter of average
value voltage.

Measuring converter of average value voltage

using the iteratively integrating method of
conversion [1]—[10] are widely used in
measurement technology due to their high

metrological characteristics, in particular, high fast
action with a fairly high conversion accuracy.
However, this advantage is realized in a relatively
narrow frequency range of the input voltage or
current, since its change leads to a change in the
speed of the iterative process of correction of the
measuring converter error (transient process of
establishing the output voltage). As a result, at
certain values of the frequency (at the edges of the
range of its change), the condition for convergence
of the correction process is violated.

II. PROBLEM STATEMENT

In Figure 1 shows example of functional circuits
of the measuring converter of average value voltage
using the iteratively integrating method of conversion.

The iteratively integrating conversion method
implemented in these devices involves cyclic
operation and the establishment of the output voltage
(directly associated with iterative additive error
correction), described by a geometric progression.
Such a process is associated with such a concept as
process convergence. An important indicator of
convergence in this case is the denominator of
geometric progression.

The condition for convergence of the error
correction process is the inequality | O | < 1, where
O is the denominator of geometric progression that
describes the process of correction of the error of the
transducer. O = 1 — Ksy Kga / fR2C, where Ksy and
Kga are the transfer coefficients of the corresponding
blocks, f'is the frequency of the input signal [1], [6]
and [7].

The maximum speed (i.e., in the case when the
transient process of setting the output voltage of the
measuring converter after changing the frequency f
ends in one cycle of the error correction process)
corresponds to the equality O = 0.
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Fig. 1. Examples of measuring converters of average voltage value using the iteratively integrating
method of conversion

It follows that if the maximum speed is achieved
at a frequency f = fy, then the boundary frequency
values corresponding to the boundaries of the
convergence range of the error correction process
can be determined from the conditions of
convergence by substituting the boundary values Q:
+1 and —1, i.e. fuin = fu/ 2 and fiax = ©.

However, we are most often interested in not the
frequency range of the input signal corresponding to
the convergence region of the conversion error
correction process, but the values of the frequencies
within which the specified speed of the measuring
converter is stored.

For this, we can use the expression given by the
author in [1], relating the boundary values of the
frequencies f; and f, with a given number of cycles n
of the error correction process, with the error of the
nth cycle of the error correction process vy, , with the
initial and final, respectively, values U, and U, of
the output voltage of the measuring converter

m,K g, K

V' AU

where AU=U_-U,, m, is the coefficient of the

multiplicity of the sampling period and the input
voltage period.

We use the results of the analysis of the
generalized block diagram of an iteratively
integrating transducer, carried out by the author in
[1], [6], [8]-[10].

Compare the circuit of the converter of average
voltage values shown in Fig. 1, with a generalized
structural diagram of an iteratively integrating
measuring converter, considered in the above-
mentioned works of the author.

Here, the block LD and the resistor R1 act as a
block Cy; R2 serves as the reverse converter BC; an
operational amplifier with capacitor C1 in integrator
I (the circuit in Fig. 1) serves as an integrator I of a

f],z =

(1

generalized block diagram; SH sample-storage unit
(key SW with capacitor Cy) in fig. block I fulfills the
role of a similar block SH in the generalized block
diagram; the voltage follower BA serves as the
block C, of the generalized block diagram.

By comparing the circuit of converters of average
voltage values and the generalized structural
diagram of an iteratively integrating measuring
converter, equations can be written to determine the
error v,, the number of cycles n for given v,, initial
Up and steady-state U, output voltages and
denominator Q of geometric progression, which
describes the process of correction of the measuring
converter error.

The corresponding formulas for converter of
average voltage values is shown in Fig. 1 are
tabulated where AU =U_ —U, ; the square brackets

in the expressions for determining the value of n
mean that the whole part of the value defined by the
expression in square brackets is taken. From the
condition of maximum speed, we can determine the
corresponding frequency value f.

The expressions given in the Table I allow us to
study the changes in the dynamic properties of the
converter of average voltage values when the
frequency of the input voltage changes. The limiting
value of the denominator of the geometric
progression corresponding to the given values of the
error v,, the steady-state voltage U., and the voltage
increment AU is determined by the inequality for

finding |Q1,2|' The number of error correction cycles

corresponding to the boundary values of the
frequency fi, at given error values vy,, steady-state
voltage U, and voltage increment AU is determined
by the expression for finding #n;,. If the changes in
the frequency * A frelative to the nominal value of
fu are sufficiently small, then, taking into account
the inequality 1-fu /f=1—fu/(fu T Af) = F Af/
fu, the corresponding expressions are converted,
respectively, to a more convenient form.
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TABLE 1. MEASURING CONVERTER OF AVERAGE
VOLTAGE VALUE
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III. SOLUTION OF THE PROBLEM

Let us consider the possibilities of improving the
considered converter of average voltage values, in
particular, improving the dynamic properties of the
converter of average voltage values when the
frequency of the input voltage changes.

Such an improvement in dynamic properties is
directly related to an increase in the speed of this
converter in a given frequency range of the input
voltage, or, which in this case is equivalent, to an
extension of the frequency range of the input voltage,
while maintaining a given conversion speed.

This can be done by adapting the converter of
average voltage values to changing the frequency of
the input voltage in the ways determined by the
analysis of the generalized structural diagram of an
iteratively integrating measuring converter, carried
out by the author in the works mentioned above.

The most preferred solution in this case is the
effect on the transmission coefficients of the
converter blocks, as a result of which the boundaries
of the frequency range defined by expression (1) can
be significantly expanded.

The implementation of such an adaptation of the
considered converter of average voltage values to a
change in the frequency of the input voltage is
possible by affecting the transmission coefficients of
the blocks included in its composition.

In this case, this can be done either by changing
the resistance of the resistor R2 or the capacitance of
the capacitor C1 inversely proportional to the change
in the frequency of the input voltage, or by changing
the transmission coefficients of an additional unit,
for example, a scaled voltage converter, at any point
in the chain, consisting of a sampling-storage unit
SH and a voltage follower BA. It is most convenient
to connect this scaled voltage converter to the output
of the voltage follower BA.

It is advisable to periodically adapt the converter
of the average voltage values when change the
frequency of the input voltage periodically with the
set period , on the basis of a priori information about
the nature of the frequency change, or episodically,
as the frequency changes.

Since in the process of adaptation a step change
of the above values is made, then to solve the
question of what quantity and at what time (within
the correction error cycle of the converter) to
change, you can use the results of the analysis
performed by the author in [1], [10] of the
generalized block diagram of the iteratively
integrating measuring converter for the case of a
sudden change in the multiplicative errors of the
blocks included in the measuring converter. At the
same time, a forced change in the transfer
coefficients of the blocks must be considered as a
change in their multiplicative errors.

It should be noted that if adaptation is carried out
by changing the resistance of the resistor R2 or the
transmission coefficient of an additional scale
voltage converter included in the conversion circuit
before the integrator, and the moment of changing
its transmission coefficient within the conversion
cycle is located before or after the pulses, controlling
the closure of the corresponding keys, then a surge
in the output voltage of the converter will not be
observed. In any other embodiment, adaptation by
changing the transfer coefficient of any of the blocks
will result in a surge in the output voltage of the
converter (i.e., converter error that will be corrected
in subsequent conversion cycles).

An example of the implementation of the
adaptation described above is the converter of average
voltage values proposed by the author in [11] and
shown in Fig. 2.
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Fig. 2. Converter of average voltage values with adaptation to changing the frequency of the input voltage

IV. CONCLUSION

From the analysis of the voltage average
converter using the iteratively integrating method of
conversion and its comparison with the analysis the
generalized block diagram of the iteratively
integrating converter, we can draw the following
conclusions.

1) As a result of comparing the circuit of the
converter of average voltage values, which
implements the iteratively integrating conversion
method, with the generalized structural diagram of
the iteratively integrating measuring transducer, the
basic equations describing this device are obtained.

2) As a result of the analysis of the generalized
structural diagram of the iteratively integrating
measuring converter, an engineering solution is
proposed that improves the parameters of the
converter of average voltage values by adapting it to
the influence of changes in the input voltage
frequency. This allows us to improve the dynamic
characteristics of the converter of average voltage
values when the input voltage frequency changes,
which is directly related to the increase in the speed of
the converter in the given frequency range of the
input voltage or, which is equivalent in this case, to
the extension of the frequency range of the input
voltage, while maintaining the specified performance.

3) It is proposed to adapt the considered converter
of average voltage values to a change in the frequency
of the input voltage periodically with a predetermined
one, based on a priori information about the nature of
the frequency change, periodically or occasionally, as
the frequency changes.

REFERENCES

[1T I Sergeyev, “Research and Development of
Integrating Measurement Converters with the
Iterative Additive Correction of Errors,” Ph. D.
(Engineering) Thesis, Kyiv Politechnical Institute,
Kyiv, Ukraine, 1978. (in Russian).

[2] Yu. Tuz, and I. Sergeyev, "An iterative converter of
time interval to the voltage," Measurement
Equipment, no. 7, pp. 15-17, 1976. (in Russian).

[3] Yu. Tuz, Structural Methodsof Impruving Accuracy
of Measuring Devices, manual, Kyiv, Vyshcha
Shkola, 1976. (in Russian).

[4] V. Gubar, I. Sergeyev, and V. Fediv, USSR Patent
661,525, G 06 G, 7/26, 05.05.79. bull. 17 (in
Russian).

[5] L. Sergeyev, "Analysis of the Potentiation Digital-to-
Analog  Converter ~Without Accounting of
Imperfection its Blocks," Electronics and Control
Systems, no. 4(46), Kyiv: NAU, pp. 52-57, 2015.
https://doi.org/10.18372/1990-5548.46.9964

[6] I. Sergeyev. "Structural Scheme of the Measurement
Converter which Uses an Iteratively Integrating
Conversion Method," IEEE: 2016 4nd International
Conference. October 18-20, 2016: abstracts. Kyiv,
2016, pp. 210-213.

https://doi.org/10.1109/MSNMC.2016.7783144

[7] L. Sergeyev, Measurement Converter which Uses an
Iterative-Integrating Conversion Method, XIII Int.
Conf. AVIA-2017, 19-21 April 2017: Kyiv, 2017,
pp. 3.18-3.23.

[8] I. Sergeyev. "Analysis of the Generalized Structural
Scheme of the Iterative-Integrating Measuring
Convertor," Electronics and Control Systems, no.
2(52), Kyiv: NAU, pp. 52-57, 2017.
https://doi.org/10.18372/1990-5548.52.11868

[9] L. Sergeyev. "On the Question of Analyzing of the
Interative-Integrating Measuring Converter," [EEE:
2017 4nd International Conference (APUAVD),
October 17-19, 2017: abstracts, Kyiv, 2017, pp. 259—
261. https://doi.org/10.1109/APUAVD.2017.8308824

[10]1. Sergeyev. "Analysis of Errors of the Measuring
Converter Which Results from an Abrupt Change of
Additive Errors of its Blocks,". VIII Int. Conf.
AVIA-2018, 10-12 October, 2018. Kyiv, vol. 1,
2018, pp. 23.13-23.19.

[11]Yu. Tuz, 1. Sergeyev, USSR Patent 603,912, G 06 G,
7/26, 05.05.78. bull. 15 (in Russian).

Received January 21, 2020.



80 ISSN 1990-5548 Electronics and Control Systems 2020. N 1(63): 76-80

Sergeyev Igor. Candidate of Science (Engineering). Associate Professor.

Aviation Computer-Integrated Complexes Department, National Aviation University, Kyiv, Ukraine.
Education: National Technical University “KPI”, Kyiv, Ukraine, (1973).

Research interests: automation of technological processors, measurement transducers.

Publications: 210.

E-mail: sergeyevi@i.ua

I. IO. Ceprees. AnanTuBHHUII BHCOKOIIBUAKICHMII MEPEeTBOPIOBAY CePeHHOr0 3HAYeHHSI HANIPYTH

[IpoBeneHo aHai3 MepeTBOpIOBaYa CEPEeHHOT0 3HAYECHHS HAIPYTH, 10 BUKOPUCTOBYE METOJI ITEPaTUBHO-IHTETPYIOYOr0
MIEPETBOPEHHSI Ta MHOro TIIOPIBHSHHSA 3 aHAII30M Yy3arallbHEHOI CTPYKTYPHOI CXeMH ITepaTHBHO-IHTErpyIYOro
nepeTBOpioBada. B pe3ynbTaTi MOPIBHSIHHS CXEMH MEPETBOPIOBaYa CEPEHIX 3HAYCHb HAINPYTH, B SKi peayi3oBaHHH
METOJl 1TepPaTHBHO-IHTETPYIOYOro TEPETBOPEHHS, 3 Y3arajJbHEHOI CTPYKTYPHOI CXEMOIO HWTEPaTHBHO-IHTETPYIOHOro
BHMIpPIOBAIBHOIO TEPETBOPIOBAYA, OTPHUMaHI OCHOBHI PIBHSHHS, IO OMUCYIOTHh L€l MPHUCTpid. B pe3ynbraTi aHamizy
y3arajbHEeHOI CTPYKTYPHOI CXEMH ITepaTUBHO-IHTETPYIOUOTO BUMIPIOBAIBHOTO MIEPETBOPIOBAYA 3aIPOIIOHOBAHO TEXHIYHE
PpiLlIEHHS], 1110 TIOKpaIIlye apaMeTpy IIepeTBOPIOBaya Cepe/IHIX 3Ha4eHb HATPYTY IUISIXOM aJlanTallii Horo 0 BIUIMBY 3MiH
YacTOTH BXifAHOI Hampyru. lle no3Boisie MONMIMIIMTH TUHAMIYHI XapaKTEPUCTUKH IIEPETBOPIOBaYa CEpPEeqHIX 3HauYeHb
HAINpPYT'y IPH 3MiHI YaCTOTH BXIIHOI HAPYTH, IO OE3MOCEPEAHBO TOB'A3aHO 31 301IbIIEHHSM IIBUIKOCTI IEPETBOPEHHS B
3aJ]aHOMY Jliarna3oHi 4acTOT BXiJHOI HAmpyru abo, 10 €KBIBaJIEHTHO B IIbOMY BHUIAJKY, BiOYBa€ThCs PO3IIMPEHHS
Jiana3oHy 4acTOT BXiJHOI Hampyru HpH 30epexeHHi 3amaHoi MBUAKOMIT. [IpomoHyeThCcsl ajanTyBaTH pPO3TIISIHYTHH
MIEpETBOPIOBAY CEpPEeNHIX 3HA4YeHb HANpyrd 10 3MiHM YacTOTH BXIiJHOI HANpYTrd MEPiONUYHO 3 HAmNepesa 3aJaHuM
3HAYEHHSIM T1epio/y Ha OCHOBI anpiopHoi iH(opMarlii mpo XapakTep 3MiHH YaCTOTH, 200 €Mi30IUYHO B pa3i 3MiHI YaCTOTH.
KarouoBi ciioBa: BIMiprOBalIbHUN NEPETBOPIOBAY; y3arajlbHEHa CTPYKTYypHA CXeMa; MepeTBOPIoBay cepe/iHiX 3HaYeHb
HANpYTH; METOJA  ITepPaTHBHO-IHTEIPYIOUOro IIEPETBOPEHHS; iTepaTMBHA  KOPEKIis IMOXHOOK; JAWHAMIYHI
XapaKTEePUCTUKH.
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H. 0. CepreeB. ATanTUBHBIN BBICOKOCKOPOCTHOI Mpeo0pa3oBaTe/b CpeAHEro 3HAYeHUS] HANPSIKEHUS
IIpoBenen aHanmu3 npeoOpazoBatelss CPEAHEro 3HAYCHUS HANPSHKCHUS HCIOJIB3YIOIEr0 METOA HMTepaTHBHO-
MHTETPUPYIOLIEro MpeoOpa3oBaHusl M €ro CpaBHEHHWE C aHaJM30M OOOOIIEHHOHW CTPYKTYPHOH CXEMBI HTEpaTHBHO-
UHTErpUpylomero mnpeoOpazoBarenisi. B pe3ynbraTe cpaBHEHHS CXeMbl IpeoOpa3oBartellss CpelHHX 3HAuYeHUH
HANpsDKEHUS, B KOTOPOW peajM30BaH METOJA HMTEPaTHBHO-MHTETPUPYIOUIET0 IMpeoOpa3oBaHus, ¢ 0000LIEHHOH
CTPYKTYPHOH CXEMOH WTEpaTHBHO-UHTErPUPYIOIETO HW3MEPUTEIFHOIO Ipeo0pa3oBatess, MONY4eHbl OCHOBHBIE
YpaBHCHUS, OMMCBHIBAIONINE 3TO YCTPOMCTBO. B pe3ynpraTe aHamm3a 000OIIEHHON CTPYKTYPHON CXEMBbI HTEPATHBHO-
WUHTETPUPYIOIIEr0 U3MEPUTENIFHOTO MpeodpazoBatells MPeIoKEHO TEXHUIECKOe pellleHre, YaydIlaoliee napaMeTpsl
npeoOpa3oBaTensl CPEAHNUX 3HAUYEHUH HaNpsDKEHUS MMyTeM aalTaldd ero K BIUSHUI0 M3MEHEHUH 4acTOTHl BXOJHOI'O
HaNpsDKeHUs. OTO TMO3BOJISIET YIYYIIUTh JUHAMHYECKHE XapaKTEpPUCTUKU NpeoOpa3oBaTens CPEIHHX 3HAUYCHUH
HAINpPSDKEHUS] TP M3MEHEHUHM YacTOThl BXOAHOTO HAIPSHKEHWS, YTO HAINPSIMYIO CBSI3aHO C YBEJIWYEHHEM CKOPOCTH
npeoOpa3oBaHus B 33JaHHOM JMAIa30HE YacTOT BXOJHOTO HAIIPSHKEHHS WM, YTO SKBHUBAJIEHTHO, B 3TOM Cilydae
MIPOUCXOJUT PACIIMPEHUE JHaNa30Ha 4acTOT BXOJHOTO HANPSDKEHHs TPH COXPaHEHHU 3aJaHHOT'O OBICTPOJCWCTBUSI.
[Ipennaraercs ajanTupoBaTh paccMaTpHBaeMblii MpeoOpa3oBaTellb CPEJHUX 3HAUCHUH HANPSDKEHHS K HM3MEHEHHUIO
YacTOThl BXOJHOTO HAINpPSDKEHUS] MEPHOAMYECKH C 3apaHee 3aJlaHHbIM 3HAUYE€HHEM IepHoJia Ha OCHOBE arnpHOpPHOMN
nHpopManuK 0 XapaKTepe H3MEHEHHUs YaCTOThI, WK SMTU30ANYECKH B CITy4ae M3MEHEHUH YacTOTHI.

KaroueBsbie cioBa: u3MepuTeIbHBIN MpeoOpa3oBartelb; 0000IIEHHAs! CTPYKTYpHAsl cXeMa; IpeoOpa3oBaTelb CPeIHIX
3HAYEHWH HANpsDKEHHs; METOJ| WTEPaTUBHO-UHTEIPHPYIOIIEro MNpeoOpa3oBaHUs; HUTEpPAaTHUBHAsS  KOPPEKLUS
MIOTPENIHOCTEH; TMHAMHYECKUE XapaKTEPUCTUKH.
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