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Abstract—A significant place among structural methods to increase the accuracy of measuring converters
occupy iterative methods of error correction based on a well-developed in mathematics the theory of itera-
tive methods. At the same time, the measurement technique is very widely used various integrating conver-
ters, due to their advantages such as high accuracy, noise immunity and sensitivity, simplicity, reliability,
low cost, etc. Combining methods of integrating conversion and additive iterative correction of errors has
generated a method called by the author iteratively integrating conversion method and devices using this
method — iteratively integrating converters. Many of iteratively integrating converters possess high metro-
logical parameters. Generalized structural scheme of the measurement converter which uses iteratively in-
tegrating conversion method is described. Analysis of its conversion equation and errors for two cases:
first one — where the output value Y = Y (t) is not a constant, while the input values X, Z1, Z2 are constant
and second one — where the input value X = X(t) and output value Y=Y(t) are not constant, while the input
values Z1, Z2 are constant, were produced. Basic expressions for the calculation are listed.

Index Terms—Generalized structural scheme; iteratively integrating conversion method; conversion eq-

uation; integrator; iterative additive correction of errors; dynamics of the iterative process; steady state.

I. INTRODUCTION

It is known that among the many methods of in-
creasing the accuracy of measuring converters struc-
tural methods are very important [1]. Structural me-
thods of improving the accuracy include use of cir-
cuits in which it is possible to eliminate or reduce the
influence of some of the errors most unstable blocks
and elements for the total error of the device. A sig-
nificant place among structural methods to increase
the accuracy of measuring converters occupy iterative
methods of error correction.

Combining methods of integrating conversion and
additive iterative correction of errors has generated a
method called by the author [2] — [4] iteratively inte-
grating conversion method and devices using this
method — iteratively integrating converters (IIC). As
known, many of iteratively integrating converters
possess high metrological parameters.

Analysis of the generalized structural scheme of
iteratively integrating transducers and its conversion
equation and errors for the case when the input values
X, Z1, Z2 and output value Y are constant values was
made by the author in [5], [6], and for the case where
the input variable X = X (t) is not a constant, while the
input values Z1, Z2 and output value Y are constant,
was made in the author's previous publication.

II. PROBLEM STATEMENT

However, these cases does not fully describe the
operation of the converter.

It is of interest to consider the analysis of the gene-
ralized structural scheme of iteratively integrating

transducers and its conversion equation and errors for
the next two cases: first one — where the output value
Y = Y(?) is not a constant, while the input values X,
Z1, 72 are constant and second one — where the input
value X = X(¢) and output value ¥ = ¥(¢) are not con-
stant, while the input values Z1, Z2 are constant.

III. SOLUTION OF THE PROBLEM

Generalized structural scheme of IIC described in
[2], [5] is shown in Fig. 1.

The input values are X, Z1 and Z2, and the output
value — Y. The circuit consists of two parts. The first
part contains the blocks that perform basic functions:
integrator I, sample-and-hold device SH, switches
SW1 and SW2 switches. The second part contains
auxiliary converters — CVy, CVy, CVp, CI;, Cl,,
CO,;, COa,,.., CO,, BC, inverter INV, adder ADD,
having transfer coefficients, respectively, Ky, Kz,
Kz, Ken, Ken, Keot, Kcozs-» Kcoms By Kinvs Kapp.

The work of the converter is described in [2].

Case 1. Consider the case where the combination
of input and output quantities of the converter under
consideration is the following: the output value Y= ¥(t)
is not a constant, while the input values X, Z1, Z2
are constant.

In this case, one of the blocks C,, ... C, is a con-
trolled generator, i.e. constant-to-variable converter.

Suppose that the inverting transducer BC does
not change the shape of the curve of the value Y(¢),
i.e. it is a scaling converter, and before the start of
the conversion, the average value of the output value
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Y(¢) is equal to Yoc. Similarly to the way it was done
in works [2], [3], [5] and [6], we can write down in
this case the expressions for determining the output
value Y(¢) after the end of the 1st, 2nd and nth con-
version cycles

!
Y= XKXZIKZIHKi +¥ 0.
i=1
It is assumed that the time interval Z2K, is equal
to or is a multiple of the period of variation of the
output value ¥(7).
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Fig. 1. A generalized structural scheme of iteratively integrating converter

After the end of the nth conversion cycle

i n
Y= XKXZIKHHKI'ZQFI +1,0"
=l =l

or
XK, Z1K,,
=—=2(1-0"+Y .0".
nC Zsz2B ( Q) OCQ
In the steady state
K Z1K
o= ARy (1)
72K,

It follows that the inverse transformer changes the
shape of the curve of the output value Y(¢), i.e. it is a
measuring transducer, for example, a converter of
mean, rms or amplitude values. In this case, for the
output value of the inverter, in the steady state, in the
same manner as in expression (1), we can write
_KZIK,,

72K,

The output value of the entire converter under
consideration Y, is related through the trans-

ooa(m,rms)

mission factor f3 with the output value of the

a(m,rms)

inverse converter BC Y.

Y,
Yooa(m,rms) = =b = KXZlKZ! Xa (2)
Ba(m,rms) B ZzKZZ

a(m,rms)

where the subscript a, m or rms for output value Y(¥)
indicates the amplitude, mean or rms, respectively
value, of the output Y(#). Thus, on the left-hand side

of equation (2) we have the amplitude, mean or rms
value of the output value ¥(¢), depending on whether
the converter — amplitude, mean or rms values — is
the inverse converter BC.

From the expressions (1) and (2) it can be con-
cluded that the converter under consideration can be
used as a precision controlled generator.

In this case, the input value of the converter un-
der consideration can be any of the values X, Z1 or
Z2, and the output value Y(¢) is calibrated for ampli-
tude, mean or rms value depending on the used in-
verse converter BC.

Another important conclusion can be drawn about
pulsations at the output of the inverse converter BC. It
is easy to show that if the time interval of the closure
of switch SW2 is chosen equal to or multiple to the
period of pulsations, then their component in the out-
put value Y(¢) of the converter under consideration,
i.e. the error due to the above pulsations is zero.

As a result, it is possible to use as a inverse con-
verter BC a high-speed detector, i.e. the detector,
which includes a low-pass filter with a very small
time constant. The limiting case here is the use of a
detector without a low-pass filter at all. For example,
in order to calibrate the output value Y(¢) of the con-
verter under consideration by means of average val-
ues, a full-wave rectifier can be used as the inverse
converter BC [7].

Case 2. Consider the case where the combination
of input and output values of the converter under
consideration is the following: the input value X =
X(¢) and the output value Y = ¥(¢) are not a constant,
while the input values Z1 and Z2 are constant.

If the converters CVy, BC and CI; do not change
the shape of the curve of the quantities entering their
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inputs, i.e. scale converters, then in this case it is
easy to obtain the transformation equation for the
steady-state regime in the following form:

K Z1K
G i 15 'O
Z2K,,B

If a detector of amplitude, mean or rms values is
used as converter CI;, then in this case the transfor-
mation equation for steady state has the form:

K Z1K
Yooa(m rms) :uXa(m rms) > (3)
22K

where the subscript for ¥, and X depends on the

type of detector used, respectively. The requirements
for the key switching time are the same: the closing
time of switch SW1 must be equal to or multiples of
the period of the change in the value of X(¢), and the
closing time of switch SW2 is equal to the period of
the change in the value of ¥(¢).

If the detectors of amplitude, mean or rms values
are used as converters CVy and BC, then the trans-
formation equation for the steady-state regime has the
form (3) with the only difference that the subscript for

Y depends on the type of converter BC, and the

subscript for X depends on the form of converter CVy.
In this case, the switching time of switches SW1 and
SW2 does not depend on the periods of variation of
the values X(¢) and Y(¢). The requirements for the
converters CVy and BC relative to pulsations are the
same as in the cases considered above.

Summing up the analysis of the generalized struc-
tural scheme of the converter under consideration
with ideal blocks, we can say the following. The
structure considered is a measuring converter with
iterative additive correction of the conversion error.
Due to this correction, the transmission coefficients of
the blocks CI], CIQ, CO], I, CO], SH, COQ, e COm,
BC, i.e. blocks of a direct circuit covered by a feed-
back loop, do not enter into the transformation equa-
tion for the steady-state regime (in static). However,
the transmission coefficients of these blocks affect the
nature of the transient process of setting the output
value Y(?), i.e. on its dynamic qualities.

This is due to the fact that the values of the
transmission coefficients of the blocks mentioned
above are included in the expression for determining
the convergence condition for the correction process
(|0l < 1), and also for the expression for the condition
of finite duration of this process (Q = 0). In addition,
the dynamics of the converter under consideration is
affected by the value of the input variable Z2K,.

Changing its dynamic properties, i.e. changing of
the rate of convergence of the error correction

process, as well as the stipulation for ensuring con-
vergence, are a criterion when choosing the permiss-
ible limit for the change in the value of Z2.

The range of variation of the input values X and
Z1 is limited only by the dynamic range of the blocks
that are part of the converter under consideration. If
the output value of the converter under consideration
Y is variable, and none of the BC or CI; blocks do not
changes the shape of output value 7, i.e. these blocks
are large-scale converters, the frequency of the
change in the value of Y is also due to the dynamic
properties of the converter under consideration and
must be selected, first, from the condition for ensur-
ing the convergence of the error correction process,
and, second, from the condition of ensuring the re-
quired speed of the converter under consideration.

In the case where the blocks CVy, BC and CI; are
detectors of amplitude, mean or rms values, and at
the same time high speed of the converter under
consideration is required, it is possible to use detec-
tors that do not contain low-pass filters, with the
appropriate matching of the switches closing times
with the pulsation period. If it is necessary to allo-
cate a constant component of X from periodic inter-
ference, it is necessary to select the appropriate
switching time of the switch SW1.

IV. CONCLUSION

It can be concluded that the converter under con-
sideration can be used as a precision controlled ge-
nerator. In this case, the input value of the converter
under consideration can be any of the values X, Z1
or Z2, and the output value ¥(¢) is calibrated for am-
plitude, mean or rms value depending on the used
inverse converter BC. If the time interval of the clo-
sure of switch SW2 is chosen equal to or multiple to
the period of pulsations, then their component in the
output value Y(¢) of the converter under considera-
tion, i.e. the error due to the above pulsations is zero.

As a result, it is possible to use as a inverse con-
verter BC a high-speed detector, i.e. the detector,
which includes a low-pass filter with a very small
time constant. The limiting case here is the use of a
detector without a low-pass filter at all. For example,
in order to calibrate the output value Y(¢) of the con-
verter under consideration by means of average val-
ues, a full-wave rectifier can be used as the inverse
converter BC.

The structure considered is a measuring converter
with iterative additive correction of the conversion
error. Due to this correction, the transmission coeffi-
cients of the blocks of a direct circuit covered by a
feedback loop, do not enter into the transformation
equation for the steady-state regime (in static). How-
ever, the transmission coefficients of these blocks
affect the nature of the transient process of setting the
output value Y(7), i.e. on its dynamic qualities.
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I. O. Ceprees. AHaj1i3 BUMipIOBAJILHOT0 NePEeTBOPIOBAYA, 110 BUKOPHCTOBYE HTEPATUBHO-iHTEIPYIOUYMii MeTO
nepeTBOPeHHs (YacTHHA 3)

Po3risinyTo y3aralbHEHY CTPYKTYpHY CXEMY BUMIPIOBAIFHOTO IIEPETBOPIOBAaYa, IO BUKOPHUCTOBYE iTEpaTiBHO-
IHTETPYIOUHH METOJI MepeTBOpEHHs. 3pO0JIEHO aHa i3 HOro piBHSHHS IEPETBOPEHHS Ta PIBHSAHB IMOXHOOK VIS JIBOX
BHITQIKIB: TIEPIINN — KOJIM BUXiJHA BearuuHa Y = Y(f) € 3MIHHOYO, TOMI K BXiqHI BeMU4uHU X, Z1, Z2 € mocTiiiHuMHu, 1
JPYrUi — Kou BXigHi BenuuuHa X = X(¢) 1 BuxinHa Benuuuna ¥ = Y(¢) € 3MiHHUMU, a BXiaHI BennunHu Z1, Z2 MOCTiiHi.
HaBezieHO OCHOBHI BHpa3H ISl PO3PaXyHKY.

KarouoBi cioBa: y3aranpHeHa CTPYKTypHa CXeMa; ITEpaTHBHO-IHTEIPYIOUMH METOJ| IEpETBOPEHHS; PIBHSHHS
MIEPETBOPEHHS; IHTEIPATOP; ITEPATUBHA aYIUTHBHAS KOPEKIIis MOXHOOK; JUHAMIKA iTepaIliifHOrO MPOIIECY; CTaJIUMN CTaH.
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H. 0. Ceprees. AHaIM3 U3MEPUTEJBHOI0 NMpeodpa3oBaTessi, HCIOJb3YIOIIEr0 MTEPATHBHO-UHTETPUPYIOLIUIA
MeTo/ npeodpa3oBaHus (4acTh 3)

PaccmorpeHa 000OIIeHHAs CTPYKTYpHas CXeMa H3MEPHTEIBHOrO HpeoOpa3oBaTens, UCIOJIb3YIOIIEr0 HUTEpaTUBHO-
UHTETPUPYIOIIUIA MeToJ] TpeoOpa3oBaHus. [Ipon3BeneH aHaiW3 €ro ypaBHEHHs INpeoOpa3oBaHUs W ypaBHEHUH
MIOTPENIHOCTEH [UIsl IBYX CIIydaeB: MEpBbI — KOTAa BBIXOIHAs BelWunHa Y = Y(f) sBnsercs mepeMeHHOH, Toraa Kak
BXOJIHBbIE BETMYHHBI X, Z1, Z2 SBISIOTCS TOCTOSHHBIMH, U BTOPOM — Korja BXozHas BeaumdynHa X = X(f) U BBIXOQHAsS
BenuunHa Y = Y(f) SBISAIOTCS NEpeMEHHBIMU, a BXOJAHbIE Beaw4yuHbl Z1, Z2 moctosiHHBL [IpuBeneHbl OCHOBHBIE
BBIPAKEHUS JJIS pacuera.

KnarwueBble ciaoBa: 0000LIeHHAs CTPYKTypHas CXeMa; HTEpaTHBHO-MHTETPUPYIOUIMNA METO/ IpeoOpa3oBaHus;
ypaBHEHHE NpeoOpa30BaHMsl; WHTErPATOP; UTEpATUBHAS aJIUTUBHAS KOPPEKLMS OIMINOOK; AWHAMHUKA MUTEPAL[HOHHOTO
Ipolecca; YyCTaHOBUBIIEECS COCTOSHUE.
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