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Abstract—Generalized structural scheme of the measurement
converter which uses iteratively integrating conversion method is
described. Analysis of its conversion equation and errors for the
case where the input variable X = X (¢) is not a constant, while the
input values Z1, Z2 and output value Y are constant, was
produced. Basic expressions for the calculation are listed.
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I.  INTRODUCTION

As known, in the technological information systems
related to the collection, processing and transmission of
information measuring converters are essential. The
metrological parameters of the entire measuring system are
often largely determined by the metrological parameters of
these measuring converters. The achievement of linearity of
their functions transformation is very important for measuring
converters application in such systems, and consequently for
independence of static transformative characteristics from
value of transformed quantity. Reduction of level of error
measuring converters often plays a decisive role in solving the
problem of creation of information systems. Among the many
methods of increasing the accuracy of measuring converters
structural methods are very important [1]. Structural methods
of improving the accuracy include use of circuits 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 significant 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 integrating 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 for the case when the input values X,
Z1, Z2 and output value Y are constant values was made by the
author in [4].
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II.  PROBLEM STATEMENT

However, this case does not fully describe the operation of
the converter.

It is of interest to consider the case where the input
variable X = X (¢) is not a constant, while in the input values
Z1, 72 and output value Y are constant.

III.  SOLUTION OF THE PROBLEM

Simplified generalized structural scheme of iteratively
integrating converter shown in Fig. 1, which was offered by
the author in [2]. Here in the simplest case X is the input
value; Y is the output value; OC is output converter, BC is
back converter; Kgc is transfer coefficient of BC; SW1 and
SW2 are switches, SH is sample-and-hold device; 71 is time
interval of integration of the input variable X; 72 is time
interval of integration of the value BY. The values of 71 and
72, along with X are input values.

More complex generalized structural scheme of IIC
described in [5] is shown in Fig. 2.

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, CVyz, CVz, CI,
CI,, COy, COy,.., COy, BC, inverter INV, adder ADD, having
transfer coefficients, respectively, Ky, Kz, Kz, Kcn, Kep,
Kcor, Keozse-s Kcom, By Kinv, Kapp.

The work of the converter is described in [5].

Consider the case where the combination of input and
output quantities is the following: X = X (¢) is variable value;
Z1, 72 and Y are constant values.

Similarly to the way it was done in [2] — [5], we can write
down in this case the expressions for determining the output
quantity Y after the end of the 1st, 2nd and nth conversion
cycles:
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Fig. 1. Simplified generalized structural scheme of iteratively integrating converter.
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Fig. 2. A generalized structural scheme of iteratively integrating converter.
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where J,, = I X(t)dt, t; is the current time corresponding
to the beginning of the closure of the switch SW1 in the jth
conversion cycle.

Here it is assumed that the variable X = X(¢) at the input of
the converter CVy and the output value of the block CI,
represent the same function, that is, the converters CVy and
CI; do not change the shape of the curve X(¢) (CVy and CI, are
scale converters).

Suppose that the average value of X(¢), for the time that the
SW1 switch is closed in each cycle, is unchanged. In this case,
the equality J,; =J, = ... =J}, = const is observed, and Z1Ky,
is equal to or multiples of the period of variation of X{(¢). Then
expression (1) is transformed to the form:
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In this case, the output value of the converter in the steady
state is determined from the expression:
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where

1 T
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is average value of X(¢), and T is period of change of X(¢).

If the block CVy or CI; changes the shape of the input
variable curve X(f) (changes the form of the information
representation), in particular, at least one of these blocks is a
measuring converter of the mean, rms or amplitude values of
the input variable X(¢), then in this case the expression (2) and
(3) are transformed to the form:
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If the value X(©)KyK; = X; + X,, where X1 is a constant
component, and X; is a variable component (for example,
pulsations), then the value [X()KxKilsy = X1+(X2)4y, Where
(X2)4y is the average value of the value of X; over time Z1K,.
It's obvious that value (X;),y equal to zero if a time Z1Ky is
equal or multiple to the period of the change of the input
variable X(¢).

As follows from (3) and (4), in the transducer under
consideration, the constant component of the input variable
X(¢) or [X(¢) KxK]4y is selected, and the time Z; K, of closing
the switch SW1 must be equal to or multiples of the period of
the input value X(#). Hence two important conclusions about
the possibility of using the converter under consideration:

where [X(O)K, K ],, =———
[X(OK K], 71K,

1) The converter under consideration can be used to
selection of the useful constant component of the input value
X(t) against a background of periodic interference. For this, we
have to choose the time of closing the switch SW1 equal to or
multiples of the period of the interference.

2) The converter under consideration can be used as a
converter for the average values of the input value X(¢), for
which the time of closing the switch SW1 must be equal to or
multiples of the period of the input value X(¢). In this case, the
converter under consideration as the mean-value converter,
what follows from the expressions discussed above in this
paper, as well as in [5], has a very high speed. So, for
example, if the condition QO = 0 of the finiteness of the
duration of the transient process [5] is satisfied with an error
of 10 %, then the value of the dynamic error of the output
value vy, setting will not exceed 0.1 % after three conversion
cycles. To obtain the output value of the converter under
consideration proportional to the mean rectified value of the
input value X(¢), it is necessary to carry out a full-wave
rectification of the input value X(#). The role of such a rectifier
can be performed by the block CVy or CI,.

Another very interesting conclusion is the following. Let
the input value X(¢), previously converted by a converter of
mean, rms or amplitude values, enter the input of the converter
under consideration. The role of such a preliminary converter
can be performed by the block CVy or CI;. In this case, the

output value of the converter under consideration is
proportional, respectively, to the mean, rms or amplitude value
of the input variable X(¢). In this case, if the closure time of the
switch SW1 is chosen equal to or multiples of the period of
the first harmonic of the pulsations, then these pulsations will
be largely suppressed (similarly to the suppressing of the
periodic disturbance considered above). This makes it possible
to use a converter of mean, rms or amplitude values with large
pulsations or with a low-pass filter having a small time
constant, therefore, with high-speed of convertion. It is
interesting to note that in this case a full-wave rectifier (that is,
a converter of average values without a low-pass filter) can
serve as a converter of average values.

IV. CONCLUSION

The converter under consideration can be used to selection
of the useful constant component of the input value X(¢)
against a background of periodic interference.

It can be used as a converter for the average values of the
input value X(¥), for which the time of closing the switch SW1
must be equal to or multiples of the period of the input value
X(?). In this case it has a very high speed.

It possible to use the converter under consideration as a
converter of mean, rms or amplitude values with large
pulsations or with a low-pass filter having a small time
constant, therefore, with high-speed of transformation. It is
interesting to note that in this case a full-wave rectifier (that is,
a converter of average values without a low-pass filter) can
serve as a converter of average values.
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