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The problem of illumination of the converting error during high-frequency measuring was
investigated. The structural scheme of the pulse-width modulation converter with the
intermediate transformation into the DC voltage was designed. The reasoning of usage of such
converter for the definite group of sensors was given.
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Introduction and formulation of the problem. In the engineering the pulse-width
modulation signal (PWM-signal) is characterized by pulses sequence of strictly defined amplitude
and duty cycle (on-off time ratio). The term duty cycle describes the proportion of 'on' time to the
regular interval or 'period' of time and defined as the ratio between the pulse duration and the period
of a rectangular waveform. The on-off time ratio is known as informative parameter of
PWM-signal.

The effect of converting the multilevel analog (discrete) input value to PWM-signal (output
value) is that the input value transforms to the binary signal. This signal has two discrete levels —
on/off or 1/0. In this case mean values of input and output (i. e. constant components, that are
determined on the long period of time) are equal.

It can be described by the formula:

x(t) = AAt,

where x(¢) — input measured value; 4 — amplitude; Az — duty cycle of PWM-signal.
The mean of the measured value is defined by the formula:

- 1=
x(t)=— j x(t)dt.
Ty
And its estimate at the finite time interval:
- 5]
x(t), = I x(t)dt.
27y
The average value of PWM-signal
—_ 1 ©
Y=—> AA¢,
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where i — number of PWM-signal period.
The estimation of the average value of PWM-signal at the finite time interval that is aliquot to
the PWM-signal period:

J— 1 XN
Y, =—> AAt,

i=1
where N is the final quantity of the PWM-signal periods.
There are a lot of sensors that are used to transform the different physical quantities into the
PWM-signal.
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Traditional approach to solving the problem. Usually, PWM-signal appears when there is
some periodic process, for example, periodic pulsing in the system. Converting the PWM-signal to
the code (that is necessary for transferring signal on the distance and/or future digit processing)
usually is realized by means of pulse calculating with definite clock frequency during the time, that
is equal to duration of one impulse or the sum of pulses durations of PWM-signal, and then the
obtaining result is divided on the duration of pulse-repetition interval. However, we can avoid this
division if the clock frequencies and PWM-signal pulses frequencies are aliquot.

In this case, during the process of creating the pulse-width modulation (PWM) converter
developers deal with the complicated engineering problem, sometimes even unsold [1 — 6]. The
point is that for achievement of the high resolving ability of the measuring converter (if it, of
course, is provided by the corresponding sufficiently small error of sensor) it is necessary to obtain
sufficiently large number of digits in the output code of the converter. As the result, very high clock
frequency is needed, and its value can be higher than available one for the concrete element base.
So, developers have a lot of difficulties because of limiting processing speed of the digital elements.
What's the solution?

Classification of measured values. All measured (transforming) values are considered to be
divided on three groups. The first one consists of measured values, that nowadays can be measured
with the very high accuracy, for example, interval of time and values, that are connected with it,
length, etc. The physical values, which accuracy is rather small, correspond to the second group.
The AC voltage, inductivity are the examples of this group. There are the third group of values, the
measuring accuracy of which places between the standards of the first two groups. It includes the
DC voltage and all connecting with it values during the converter process, for example, electric
capacity and electrical charge.

Such division of physical values leads to the appearing of the rule of creating the measuring
device. In general case it consists of measuring converter or series of measuring converters. During
the creation of any measuring device developer must make the minimal measurement conversion
and try to get the measured value with the standards of accuracy from the first group. Using this rule
we can convert PWM-signal into the code by performing direct counting of clock frequency pulses.

The problem solution. With the development of science a new approach to the methods of
measurement technologies appears. Nowadays, the accuracy of the DC voltage measurement
significantly increases and approximate to the accuracy of physical values from the first group.

In our case it gives the possibility to construct converter of PWM-signal to the code with the
intermediate transformation into the DC voltage. Then it is possible to reach high converter
accuracy without using high frequency digit circuit elements. So, at such way we find out the
effective solution of the problem that is discussed above.

The scheme of measuring device. The structural scheme of the pulse-width modulation
(PWM) converter (signal into the code) with the intermediate transformation into the DC voltage
[3; 4] is shown in the Figure.

PWM-signal U.

G2

The pulse-width modulation (PWM) converter (signal into the code) with the intermediate transformation
into the DC voltage: G| — pulses generator of the etalon voltage (current); G, — generator of the gating pulses
(for the control of S/H); X — adder; / — integrator; S/H — sample and hold device;

A/D — analog-to-digital converter
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The achieved results. The application of the described above the pulse-width modulation
(PWM) converter (signal into the code) with the intermediate transformation into the DC voltage
allowed to perform the requirements specification successfully, avoided the necessity of the using
the extremely high frequency digit circuit elements and reaching a given resolving ability of the
converter for the given limited time conversion. The given scheme was successfully realized by the
author during the designing of the flow rate gauge, at the output of which the sensor with PWM-
signal was used.
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W. 1O. Ceprees, /1. H. Typenko

H3mepurenbHblii npeodpa3oBaresib IIMPOTHO-UMITYJIbCHOTO0 CUTHAJIA B KO/

Uccnenoana mpoOiema  yMeHbLIEHUS  OMIMOKM  IpeoOpa3oBaHUs  HpPU  BBINOJIHEHUU
BBICOKOYACTOTHBIX ~ HM3MEpPECHUH. Pazpaborana  cTpykTypHass  cxeMa  HU3MHUPHUTEIBHOTO
npeoOpaszoBarenst IlIMIM-curnasra B KOJI € NpPOMEKYTOYHBIM IpeoOpa3oBaHUMEM CHUTHalIa B
HaMpsHKEHHE NOCTOAHHOrO Toka. OOOCHOBaHA PALlMOHAIBHOCTDh UCIOJIB30BAHUS JAHHOIO IIpUOOpa
JUISL TaTYUKOB OIPEAEIICHHON IPYIIIIBI.

L. YO. Ceprees, . M. Typenko

BumiproBajibHuii NepeTBOPIOBAY IHHPOTHO-IMITYJIbCHOTO0 CUTHAJIY B KO/

Hocnimkeno npodiaemMy 3MEHUICHHS MOXUOKHM MEpPEeTBOPEHHS NMpU BUKOHAHHI BHCOKOYACTOTHHUX
BUMIpIOBaHb. PO3po0ieHO CTPYKTYpHY cXeMy BUMIpIOBajbHOro nepersoproBava IIM-curnamy B
uu(ppoBy BEIMYMHY 3 MPOMDKHMM IE€PETBOPEHHSIM CHUTHAy Y HAmpyry MOCTIHHOTO CTpyMmy.
OOrpyHTOBaHO palioHaJIbHICTh BUKOPUCTAHHS IaHOTO MPUIIALy /Ul JaTUYMKIB IEBHOI FPYIH.



