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Abstract: The analysis of the developed mathematical models of the new differential transformer 
sensors whose excitation circuit is adjusted to the resonance of voltages or currents showed that the 
sensitivity of the new sensors adjusted to the resonance of the excitation circuit is higher than the 
sensitivity of the sensors adjusted to the current resonance, and the original value of the excitation 
circuit is higher than the sensitivity of the sensors adjusted to the resonance of the currents. This 
showed that the sensitivity of the sensors is as many times higher than the sensitivity of the sensors 
tuned to voltage resonance. It was found that the change in the value and character of the load 
resistance in two identical new differential transformer sensors whose excitation circuit is tuned to 
voltage and current resonance, respectively, leads to a greater change in the current value in the 
excitation winding of the DTS tuned to voltage resonance. 
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Various models, in particular, differential transformer sensors (DTS), are widely used to obtain information 

about device displacements in controlled objects in technological processes and automatic production control 

systems. [1,2]. These DTSs have a nonlinear conversion function and a relatively low sensitivity in the 

measuring range, according to a comparison of their key properties. [3,4]. The quality indicators of the control 

process are reduced when DTSs with these flaws are used in automatic control systems.  

In order to eliminate the above-mentioned shortcomings, a new construction of displacement measuring DTS 

was developed at the Tashkent State Transport University (1- расм) [5]. In this DTS, the values of the two 

working air gaps between the long ferromagnetic rods located at the edge and in the middle are made to vary 

along the length of the chain according to the following laws: 
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where   – is the relative magnetic absorbance of the magnetic material of ferromagnetic rods, and the 

corresponding geometric dimensions of the magnetic circuit are shown in Fig. 1, a. 

Although the operating principle of the new DTS does not differ from the operating principle of its prototype 

[3], in the new DTS, when the sizes of the working air gaps are chosen to vary along the length of the 

magnetic circuit according to expressions (1) and (2), respectively, both inductances in each of the excitation 

and measurement windings changes linearly when the coordinate of the EE changes, while the total 

inductances in each of the excitation and measurement windings are kept constant throughout the 

displacement range of the EE. As a result, the resonance mode in the excitation circuit is maintained at any 

coordinate of the EE (Fig. 1, b), and the static description of the DTS is linear. 
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In order to dramatically increase the sensitivity of displacement measuring DTSs, their excitation and 

measurement circuits or one of them is tuned to resonance. [6,7]. In this case, if the measurement circuit of the 

DTSs can only experience voltage resonance, voltage or current resonance modes may emerge in the 

excitation circuit. 

 

 

Fig 1. DTS with high displacement 

measuring sensitivity: a – structural scheme; 

b - inductances of windings and connection 

diagram of the capacitor: 1,2,3 - long 

ferromagnetic rods; 4.5 – ferromagnetic 

connectors; 6,7 and 8,9 – excitation and 

measuring windings, respectively; 10 – 

movable element (winding, screen, core); 11 

– capacitor. 

In the case of DTSs, where the driven element is investigated in a long ferromagnetic rod and is composed of 

a measuring winding tightly wound around the rod, the originality of the measuring winding (the ratio of the 

coil's inductive resistance to its active resistance) is low, making it ineffective to induce a resonance mode in 

it. Therefore, in the dissertation, we will focus on the resonance modes of DTS that are formed only in the 

excitation winding. 

Initially, when the measuring winding is connected to a load with high resistance, i.e., the measuring winding 

is operating in a mode close to the pure operating mode, we do not take into account the influence of the 

current in the measuring winding on the electromagnetic processes in the excitation winding in the study of 

resonance modes in the excitation circuit of the DTS [8]. To adjust the DTS excitation circuit to the resonance 

of voltages (currents), the value of the capacitor connected in series (parallel) to the excitation circuit is 

calculated using the following formulas, based on the values of the inductance of the excitation circuit and the 

frequency of the source voltage, as well as the resonance condition. [8]:  

      (  
   )⁄ ,          (3)        (  

   
    

 )⁄ ,       (4) 

where      ,     ,      – active resistance, inductance of the excitation winding, capacitance of the capacitor 

connected in series or parallel to it, respectively;    – is resonance frequency. 
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As it is known [9], in the resonance of voltages (v.r.) and currents (c.r.), the current and power in the circuit 

are equal to: 

         ⁄ , (5)          (  
      

 )⁄ ;       ( )   √       ⁄ ,         (6) 

             
   ⁄ , (7)              

   (  
      

 )⁄ .     (8) 

The sensitivity of the new DTS, made in the form of a measuring rod of the investigated moving element, is 

found as follows: 

  
   

  
         

    

 
             (9) 

where                        
  [ ];      – is the pogon (comparative) value of the magnetic 

capacity between two long ferromagnetic rods in  𝑚𝑖𝑛, [ 𝑚  ⁄ ];     - pogon value of magnetic resistance 

of long ferromagnetic rods,  [    𝑚  ];     - magnetic resistance of ferromagnetic connectors, [   ]; 

       – the number of windings in the excitation and measurement windings, respectively. 

The sensitivities of the new DTSs adjusted to the resonance of the excitation voltages (v.r.) and currents (c.r.) 

and their relative values per unit of power consumed from the source are found to be, respectively, 
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where    – is the source voltage;      - is the inductive resistance of the excitation winding. 

A mutual comparison of the expressions (10) and (11) and (12) and (13) shows that the sensitivity of the DTS 

adjusted to the resonance of the excitation circuit voltages at the same values of the parameters   , L and C of 

the DTS excitation circuit and the source voltage is greater than the sensitivity of the DTS adjusted to the 

current resonance √  (      ⁄ )  times higher, and the sensitivity of the DTS tuned to the current resonance 

is greater than the sensitivity of the DTS tuned to the voltage resonance when taken in relation to the unit of 

power consumed by the source √  (      ⁄ )  times higher, for example, in the DTS with the originality of 

the excitation chain equal to 10, the quantities compared above differ by √  (      ⁄ )        

Now we analyze the electromagnetic processes occurring in the new DTS, where the measuring winding is 

connected to a resistive load     and the excitation winding is tuned to resonance, and the excitation and 

measuring windings are inductively connected to each other (Fig. 2) 

For the variant of the DTS presented in Fig. 2, the excitation circuit is adjusted to voltage resonance, based on 

Kirchhoff's second law, we construct the following balance equations (in this case, the branch indicated by the 

continuous line in the scheme is not taken into account) [9]: 
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Figure 2. Exchange scheme of a new DTS 

electromagnetic circuit with the measuring 

winding connected to a resistive load     and 

the excitation winding tuned to resonance 
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where      
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 - is the mutual inductance between the excitation and the measuring windings, whose windings 

are connected in series and inductively opposite to each other. 

Taking into account that     
 

   
   in voltage resonance, we solve equations (14) and (15) together with 

respect to currents   ̇  and   ̇  and obtain their following values: 
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where        
[  ( )] (       )

(       )
 
 (    ) 

   
[  ( )]     

(       )  (    ) 
 is the input resistance of the DTS electromagnetic 

circuit to the source. 

The analysis of the expressions (16) and (17) generated for the currents in DTS circuits in which the 

excitation circuit is tuned to voltage resonance and the measuring circuit is connected to the load shows that 

      when      , and the current in the excitation circuit is equal to   ̇ ( )  
 ̇ 

  
 . 

At      ,     resistance is active (
[  ( )] (       )

(       )
 
 (    ) 

) and the reactance (
[  ( )]     

(       )
 
 (    ) 

) founders 

appear. 

These components, on the one hand, cause a change in the amplitude and phase of the excitation current, and 

on the other hand, the presence of a reactive component causes a change in the specific frequency of the 

excitation circuit tuned to resonance, as a result of which the circuit deviates to some extent from the 

resonance mode. 
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Now, for the version of the DTS excitation circuit tuned to current resonance, we draw up the following 

balance equations based on Kirchhoff's laws (where the capacitor in the common branch of the circuit shown 

in Figure 2 is not taken into account, but the branch shown by the continuous line is taken into account): 

  ̇    ̇    ̇ ,           (18)  ̇        ̇ ,         (19) 

 ̇  (       )  ̇     ( )  ̇ ,                 (20) 

(            )  ̇     ( )  ̇   ,      (21) 

Finding the current   ̇  from equation (19), and the current   ̇  from equation (20), putting their values in (18), 

we form the following expression for the current   ̇ in the unbranched part of the circuit: 
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If it is taken into account that the DTS excitation circuit under investigation is tuned to current resonance, then 

the second addition on the right side of equation (22) is equal to zero. This can be confirmed by putting the 

value of    
 

√    
√
    ⁄    

 

    ⁄
 instead of the angular frequency   in the second adder. 

Taking into account the above and solving equations (20) and (21) together, we find the following values of 

currents   ̇,   ̇  аnd   ̇ : 
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It should be said that when        equations (23)-(25) change to the form   ̇( )  
    ̇ 

   
  (    ) 

,   ̇ ( )  

 ̇ 

         
 аnd   ̇   , respectively. 

The following functions can be used for the DTS tuned to voltage (current) resonance (v.r. and c.r.) when 

evaluating the deviation of the current in the excitation winding from its value in the resonance mode 

depending on the     and the coordinate of the measuring coil with the DTS driven element: 
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         (the average value of the magnetic induction in the range of           in the magnetic 

conductor assembled from 1512 grade electrotechnical steel tins;        𝑚;        𝑚;        𝑚; 

         𝑚;       ;       . The diameter of the electric conductor used for the excitation winding 
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is       𝑚𝑚 and the Pogon value of its resistance is          𝑚⁄  , and for the measuring coil,   
    𝑚𝑚 and          𝑚⁄ , respectively. Measured values of circuit parameters:           

         ;          ;           
    ;    

 

  
            𝑚⁄ . 

Equations (26) and (27) and    (    )
       (     ) and I   (    )

       (     ) function graphs (Fig. 3) 

analysis shows that the change in the value and character of the load resistance in two identical new DTSs, 

whose excitation winding are tuned to voltage and current resonance, respectively, leads to a greater change in 

the current value in the excitation winding of the DTS tuned to voltage resonance . 

  

Figure 3. DTSs adjusted to resonances of voltages (a) and currents (b) of the investigated 

displacement measuring and excitation winding    (   )
       (     ) and    (    )

  

     (     ) graphs of functions 

 

Thus, in this article, the mathematical models of the new DTS, whose excitation winding is adjusted to the 

resonance of voltages or currents, are formed in the form of analytical equations (10)-(13), (16), (17), (23)-

(27). 

With their help, it will be possible to compare the technical capabilities of the new DTS, whose excitation 

winding is tuned to the resonance of voltages or currents, and to theoretically study their specifications. 

The analysis of mathematical models developed for DTSs whose excitation circuit is tuned to voltage or 

current resonance showed that the sensitivity of DTS tuned to voltage resonance is √      
    ⁄  than the 

sensitivity of DTSs tuned to current resonance. ) times higher, and the sensitivity of the DTD adjusted to the 

current resonance is √      
    ⁄  times higher than the sensitivity of the DTS adjusted to the voltage 

resonance, for example, the excitation circuit in a DTS with originality equal to 10, the quantities compared 

above differ by √      
   

 ⁄        . 
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A change in the value and character of the load resistance in two identical new DTSs, whose excitation 

winding are tuned for voltage and current resonance, respectively, leads to a greater change in the value of the 

current in the excitation winding of the voltage-resonant DTS. 

References: 

1. Ageikin D.I., Kostina E.N., Kuznetsova N.N. Control and regulation sensors: reference materials / 2nd 

ed., revised. and additional - Moscow: Mashinostroenie, 1965. - 928 p. 

2. Yusupbekov N.R., Igamberdiev Kh.Z., Malikov A.V. Fundamentals of Automation of Technological 

Processes: Textbook for Higher and Secondary Specialized Education. In 2 hours - Tashkent: TSTU, 

2007. Parts 1, 2. - 152 p., 173 p. 

3. Zaripov M.F. Converters with distributed parameters for automation and information-measuring 

equipment. Moscow, Energia, 1969, 177p. 

4. Fedotov A.V. Theory and calculation of inductive displacement sensors for automatic control systems: 

monograph /. - Omsk: Publishing house of OmGTU, 2011. - 176 p. 

5. Patent of the Republic of Uzbekistan (UZ) No. IAP 07234. Transformer sensor of large linear 

displacements of increased sensitivity / Amirov S.F., Sharapov Sh.A., Sulliev A.Kh., Boltaev O.T., 

Karimov I A.//Official Gazette - 2022. - No. 4. 

6. Baratov R.Zh. Biparametric electromagnetic resonant transducers of mechanical quantities for control 

systems: Cand. … Ph.D. Tashkent, TSTU, 1996. - 173 p. 

7. Sulliev A.Kh. Biparametric resonant motion sensors for monitoring and control systems: diss ... candidate 

of technical sciences, Tashkent, TSTU, 2011.-211s. 

8. Kalashnikov A.M., Stepuk Ya.V., Oscillatory systems (Fundamentals of radio engineering and radar). 

Tutorial. Military ed., Moscow, 1972. - 376 p. 

9. Atabekov G.I. Theoretical foundations of electrical engineering. Linear electrical circuits: Textbook. 7th 

ed., ster. - St. Petersburg: Lan Publishing House, 2009. - 592 p. 


