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Abstract. Objective - increased sensitivity of F-metrically inductance converter. Found man-
agement conditions Slope conversion measuring generator based on a combination of the
operating circuit by varying the parametric elementary sensor inductance compensation in-
cluded in the oscillator, resonant circuit.
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Introduction. In modern devices, measurement and control method is widely used F-
meters, allowing relatively easy to convert the reactans sensor frequency harmonic oscilla-
tions [1]. The disadvantage of this method is its limited sensitivity to a change in the con-
trolled parameter. So, urgent is the establishment of tools to increase the sensitivity of the
method of control F-meters.

In [2,3] laid the foundations for the synthesis of impedance converters on operational
amplifiers. Conclusions [4] indicate the usefulness of the combination of the operating circuit
to create a measuring generator with controlled sensitivity.

Formulation of the problem. The aim is to develop F-meter sensitive to changes in the
parametric sensor inductance.

Main part. Measuring generator based on a linear combination of the operating circuit
(LCOC) is shown in Fig. 1. The linear combination of the operating diagram with inductive
impedance in the negative feedback loop is the presence of a characteristic combination of
feedback, and the fact that the external drive signals U; and U, received in phase to both woos
da operational amplifier DA2. From the findings of the work [4], the input impedance is
LCOC

Zin=(Zy — RyR3/Z) /(1 —m), 1)
where Z, = 1; + jwL,— integrated inductor L; impedance and internal resistance of ry; Ry,R3
- the active resistance of the circuit combined feedback amplifier DAZ;
Z,= Ru/(1+4 jwC,R,) - complex impedance parallel-connected resistance R, and capaci-
tyC, ; n=U,/Uq, U and U; - driving voltage signals. Repeater on DAL amplifier with a resis-
tive divider Ry, Rp is a source of excitation voltage U, , U; -phase input voltage. The ratio of
the stress field can be represented by the ratio of the divider resistors in the form of

n= Rg/(Rs+Rp), ()
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while the input impedance expressed by the parameters of the scheme will be

Zim =(1+ Rg/Ry)(ri + jwly— RyR3 /Ry — jwCyRyR3) . 3)
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Figure 1 - Measuring LCOC generator based on (a);
LCOC equivalent representation (b)
It is also true that represented by the input parameters is
Zin=rin + jolin, (4)

where rj,, Lin - input resistance and inductance. Then (3) and (4) the expression of active and
inductive component input impedance

Tim = (1+ Rg/Ry)(11 — RyR3/Ry). )
Lin=(1+ Rg/Ry)(Ly — C4R;R3), (6)
showing that in this scheme, L; inductance and internal resistance ry is converted into the in-

put inductance L;, and resistance r,, with the multiplication factor equal to
m = (1+ Rg/Ry), (7

which, when Rg >> Rja, can take larger values. From (5) it follows that multiplication
resistance r; is accompanied by compensation negative active component of the input
impedance equal LCOC

R_y= — RyR3/R,, (8)

‘R(_)‘—> ri at the input resistance r,, — 0, which indicates the possibility of a significant

increase in the quality factor inductance.
From (6) it follows that multiplication by m inductance L; ratio occurs simultaneously
with a decrease in its initial value by C,R,R5, which will be called the compensating

inductance L,. Expression (6) in the form
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Lip=m(Ly— Ly). 9)
Suppose that under the influence of a controlled parameter of the inductance L; of the
sensor changes by, the AL; input inductance becomes LCOC
Lin+ AL, = m(Ly+ ALy, — L). (10)

From (9), (10) it follows that the absolute and relative increment of the input inductance
up
AL, = mAL,, (11)

ALip/Liy= ALY/ (Ly— L), (12)

and, when L, — L, ,AL;,/L;, — . It can be seen that the absolute increment of the input

inductance is determined by multiplying the coefficient m, and the relative increase - the value
of the compensating inductance L. This shows that the possible scaling JIKOC inductance
sensor with control values of sensitivity to the monitored parameters.

To the input capacitance connected LCOC (C,, which with the input inductance

L;, forms an oscillating circuit with a resonance frequency
1
f=z2rnflinC, (13)

From (5) it follows that if the condition ri< R,R5/R, in the circuit there is a negative

resistive component of the input impedance LCOC to compensate ohmic losses in the circuit
and provides a stationary harmonic oscillations at the resonant frequency (13), which, subject
to (9) is vie
1
f=en/mil, LG, - (14)

If you change the sensor inductance L, frequency increment can be defined as

df 1 AL,
Af = G Blin= — am fm(L,—LC, (L~ L) (15)

From (15) we see that the frequency increment is substantially increased when
L. — L,. The latter justifies the possibility of increasing the sensitivity of F-meters based on

LCOC to L, inductance change parametric sensor.

Experimental verification of the expressions (14) and (15) was carried out on
the measuring generator (Fig.1), assembled on operational amplifiers ICL7650 with
inductance L; = 21 mH, capacitance C,= 1,106 puF and an initial rate of 460 Hz. Fig. 2

shows the experimental module increments Af frequency generator of incremental inductance

AL sensor by varying the values of the compensating inductance L, from 0 to 17.23 mH.
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Experimental data show that, depending Af(AL,) linear; while compensating inductance

L. = 0 (curve 5) sensitivity to AL, minimum and 7.5 Hz/mH, while increasing the value
increases the sensitivity L, (depending 1 - 4), so when L= 17.23 mH (1 relationship)

increases the sensitivity of five times to 39.2 Hz/mH. This confirms that the magnitude of the
compensating inductance L, relative to the initial inductance L, sensor can be controlled

oscillator sensitivity measuring conditions within Ly — L, = 0.
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Figure 2 — Increment frequency generator as a function of Af L, inductance sensor for differ-

ent values compensating inductance L,

Experimental family conversion features (Fig. 3) changing the compensating inductance
from O (relation 5) to 17.23 mH (1 relationship) also support an increase in the steepness of
the conversion characteristics when L, — L.

Calculated according to (14) and (15) are in good agreement with the experimental data,
the difference (due to nonidea sectional amplifiers and precision measuring devices) are not
pre-exceeds 5%.

Conclusion. Studies measuring the generator on the basis of a linear combination of the
operating circuit showed after-blowing:

- compensation for sensor initial inductance while multiplying its increments allow you
to manage the change, you often measuring oscillator;

- changing the frequency measuring generator sous-substantially determined by the val-
ue of the compensating inductance;

- the use of measuring generator based on linear combinate operating schemes can in-
crease the sensitivity of F-meters to a change in inductance of the parametric transducer.
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Figure 3 - Characteristics of the measuring conversion generator
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I'apmoniiinuii nepemeoprosay iHOyKmueHoCmi 6 4acmonty
Ha 0CHOGI KOH@epmopa imneoancy
Heoonikom F-mempa, sixk eumipiosanvroi cucmemu , € Hegucoxka yymausicme 00 8apia-
yii' iHOykmusHocmi napamempuyro2o oasada. /[ns niosuwerHs wymiueocmi npoeeodeHo ana-
N3 2apMOHIH020 2enepamopa, sikuil micmums Koausanvhui LC — xonmyp, nio’eOnanuti 0o
KOHBEpmMopa iMneoancy, 6XiOHUull Onip K020 MA€ 6i0 €MHI aKMUBHY | IHOYKMUBHY CKIAOO08I.
Bio’emna akmuena cknaoosa, npu neenux ymosax, 3abe3neuye 6UHUKHEHHS 2APMOHIUHUX KO-
JIUBAHDb, IO €EMHA THOYKMUBHA CKAAO08A KOMNEHCYE HeOOXIOHY YacmuHy iHOYKMUBHOCMI na-
pamempuyroz2o 0aeaya. TeopemuyHo NOKA3AHO | eKCNepUMEeHmMAanibHO NiOMEepONCEeHO, WO
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KOMNeHcayis neeHoi 4acmuHu iHOYKmMueHocmi 0aéada 3 00OHOYACHUM MHONCEHHAM ii npUpoc-
my 0ae MOACIUBICMb KEPYB8amu 3MIHOI 4ACMOmuU KOAUBAHb BUMIDIOBATbHO20 2eHepamopa.
Yymausicme 3MIiHU YacmMomu 8UMIPIOBATILHO20 2eHEPAmMopa CYMMeBO 3a1eHCUMsb 6i0 8eauUYU-
HU KOMNEHCYI040i THOYKmUusHocmi. Bukopucmanusa eumipio8anbHo20 2eHepamopa Ha OCHOGL
KOHBepmMopa iMReOancy 0ae MONCIUICMy 30itvuiumu yymaugicmoe F — mempa 0o eapiayii
IHOYKMUBHOCMI NAPAMEmMpPUIHO20 0a8ayd.

Teepaoctyn MukoJia IBaHOBMY — JOICHT, K.T.H., JOUEHT Kadeapu eIeKTpOHHUX 00UUCITIO-
BaJIbHUX MamIvH J[HITPOBCHKOTO HAI[IOHAIBHOTO yHiBepcuTeTy iMeHi Onecs ['oHuapa.
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