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ANALYSIS OF F-METERS WITH CONTROLLED SENSITIVITY TO THE
INCREMENT OF THE REACTANCE OF THE INDUCTIVE
SENSOR

Abstract. Objective - increased sensitivity of F-metrically inductance
converter. Found management conditions Slope conversion measuring
generator based on a combination of the operating circuit by varying
the parametric elementary sensor inductance compensation included
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
oscillations [1]. The disadvantage of this method is its limited sensitivity to a change
in the controlled 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 (LKOS) 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 JIKOC

Zoa=(Z1 U- R12R3/Z /(A — ). (1)
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Figure 1 - Measuring JIKOC generator based on (a);
JIKOC equivalent representation (b)

where— integrated inductor L; impedance and internal resistance of ; Rp,R; - the
7SI S
active resistance of the circuit combined feedback amplifier DA2; 1+ JwCaRy -
complex impedance parallel-connected resistance Ra and capacityCa ; n= U, /U,, U,
and U, - driving voltage signals. Repeater on DA1 amplifier with a resistive divider
R4, 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

_ Rp
n=""l®, +Rg) , )

while the input impedance expressed by the parameters of the scheme will be

A3)
It is also true that represented by the input parameters is
_ j;_._]
ng = Fex + Lgx: (4)
where r,,, L, - input resistance and inductance. Then (3) and (4) the expression of
active and inductive component input impedance
(5)
(6)
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showing that in this scheme, L, inductance and internal resistance 7| is converted into

the input inductance L,, and resistance r,, with the multiplication factor equal to
R
m= (1 + —E) .
Ra (7)

which, when Rz >> R, can take larger values. From (5) it follows that multiplication
resistance 7| is accompanied by compensation negative active component of the input
impedance equal JIKOC

R:R,

R.,= —_2
a R, | (8)

‘R(_ ) ‘ — ry 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 CaRz2R3, which will be called the

compensating inductance L,. Expression (6) in the form

©)

ohms, the average relative error of measurement of inductance was 0.3%, active
resistance - 8.7%.
Results of the study of the frequency characteristics shown in

Fig. 2. Experimental frequency-dependence of inductance L, active resistance 7, and
are defined in the Q range 0.1 - 100 kHz.

Suppose that under the influence of a controlled parameter of the inductance L,
of the sensor changes by, the AL, input inductance becomes JIKOC

(10)
From (9), (10) it follows that the absolute and relative increment of the input

inductance up

(11)
AL,
(12)
Lo—p, A=,
and, when ¥ ' Lax . It can be seen that the absolute increment of the input

inductance is determined by multiplying the coefficient m, and the relative increase -
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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 JIKOC Cs, which with the input inductance

forms an oscillating circuit with a resonance frequency

f= . (13)

Ra2R3
From (5) it follows that if the condition ;< Ra in the circuit there is a negative

resistive component of the input impedance JIKOC to compensate ohmic losses in the
circuit and provides a stationary harmonic oscillations at the resonant frequency (13),

which, subject to (9) is vie

f= :
(14)
If you change the sensor inductance L1 frequency increment can be defined as
ﬂf = — —
AL,
(L~ LK] . (15)

From (15) we see that the frequency increment is substantially increased when
Ly=Ls . The latter justifies the possibility of increasing the sensitivity of F-meters

based on JIKOC to L; inductance change parametric sensor.
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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 Co= 1,106 uF and an initial rate of 460 Hz. Fig. 2

shows the experimental module increments Af frequency generator of incremental

L

inductance 4L, sensor by varying the values of the compensating inductance ~x from

0 to 17.23 mH. Experimental data show that, depending Af@L1) linear; while

Ly=0 (curve 5) sensitivity to 4Ly minimum and 7.5

compensating inductance
Hz/mH, while increasing the value increases the sensitivity Ly (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 Ly, relative

to the initial inductance L1 sensor can be controlled oscillator sensitivity measuring

conditions within L1 — Lx = 0
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Figure 2 — Increment frequency generator as a function of & L,
inductance sensor for different values compensating

inductance L,

Experimental family conversion features (Fig. 3) changing the compensating
inductance from 0 (relation 5) to 17.23 mH (1 relationship) also support an increase in

the steepness of the conversion characteristics when L= Ly,
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Figure 3 - Characteristics of the measuring conversion
generator
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
value of the compensating inductance;
- the use of measuring generator based on linear combinate operating schemes can
increase the sensitivity of F-meters to a change in inductance of the parametric

transducer.

REFERENCES
1. U3mepenus B anekrponuke: CrnpaBounuk [Tekcr] / B.A. Ky3uenos, B.A.
Honros, B.M. Konecuuk u np. / ITog pen. B.A. Ky3nernosa. — M.: DHep-
roaromm3aar, 1987. — 512 c.
2. ®unanoBckuil, .M. CxeMmsl ¢ mpeoOpa3zoBaTENSIMU COIPOTUBIIEHUS
[Texcr] / U.M. ®unanosckwuii, A.1O. [lepcuanos, B.K. Peioun. — JI.:
Dueprus, 1973. - 192 c.

3. Mapie, XK. Oneparnmorasie ycunuTeau U ux npuMmenerue [Texcr] / XK.

ISSN 1562-9945



1 () 2017 «System technologiesy»
Mapiue. — JI.: Dueprus, 1974. — 216 c.

4. Teepnoctyn, H.M. O6001meHnHas Moiens mpeodpa3oBaTenieii ummeanca

[Texct] / H.U. TBepnoctyn // Bicauk [ninponetp. yH-Ty. ®i3uka. Pa-
nioenekTponika. — 2010. — Bum. 17, Ne2. — C. 103 - 108.

ISSN 1562-9945



