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Abstract: This article examines the features of circuits in order to determine the possibility of their use for 

controlling thyristors when building new, simple and reliable circuits for controlling boost voltage 

stabilizers. In ferroresonant circuits connected to a voltage source with a low internal resistance, with a 

certain combination of parameters, oscillations are excited at the fundamental frequency, the initial phase 

of which has a shift with respect to the phase of the applied voltage. Moreover, the phase of the excited 

oscillations depends on the magnitude of the applied emf. 

Key words: linear inductance, parallel circuit, capacitor, conductivity, nonlinear circuit, magnetic flux. 

 

Introduction 

The studies carried out when creating a thyristor control 

device as a function of the input voltage have shown that 

ferroresonant circuits with a falling section on the 

amplitude characteristic can be used as a sensitive organ 

of this device. 

Main part  

Consider the phase relationships of a parallel resonant 

circuit connected in series with a linear inductance. 

Simple graphical constructions of the I - V characteristic 

of a three-element circuit according to the characteristics 

of individual links clearly shows that the amplitude 

characteristic of the circuit has a wide area of the falling 

section. To reveal the phase relationships, we will carry 

out a theoretical analysis of the circuit under 

consideration, the equivalent circuit of which is shown 

in Fig. 1 [1-5].  

 

 
Figure: 1. Equivalent circuit of a parallel auto-parametric 

circuit with a linear inductive resistance connected in series to 

it. 

To carry out a theoretical analysis, we make the 

following assumptions: 

Hysteresis losses, eddy currents and active resistance 

of the nonlinear PV winding are considered constant and 

are taken into account by the conductivity g connected 

in parallel with the PV [6-8]. 

We neglect the losses in the capacitance C and the 

leakage inductance of the PV windings. 

Only the fundamental harmonic of the harmonically 

varying magnetic flux is taken into account. 

The PM flux curve belongs to the category of 

symmetric characteristics, so it should be approximated 

by an odd power function. 

In addition, we neglect the losses in the core of the 

linear choke, in view of their smallness [10-14]. 

The research is carried out by the method of slowly 

varying amplitudes. The investigated circuit is described 

by the following differential equation: 
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 Taking into account expressions (3-5), we rewrite 

the equation (1) 
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Here, the amplitude value of the first harmonic of the 

magnetic flux, determined from the condition of equality 

of the amplitude values of the currents in the PV 

winding and capacitor C, connected in parallel, is taken 

as the basic value of the magnetic flux, which 

corresponds to the point of intersection of wax of the PV 

and capacitor C [15-18]. 

Therefore, it is determined from the equality 

condition 
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taking into account expressions (7), after simple 

transformations, equation (6) will have the following 

form: 
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 taking dimensionless coefficients 
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 Let us integrate this equation 

                                 

7βx
dτ

7dф
35
64

dτ
dx

γ2dτ

x2d
βxcуdx ��� ��� (11)               

where c is the constant of integration. 

We will seek solution (11) in the form 
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From (14), neglecting the second-order terms and taking 

into account the first harmonic of the magnetic flux, we 

have: 
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Substituting (14) and (4) into equation (11) we 
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After simple trigonometric transformations, we group 

the coefficients of the same trigonometric functions 
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For the stationary state 
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 The joint solution of equations (18), (19) gives the 

amplitude value of the input voltage, in relative units 

and the phase angle between the voltage of the power 

supply and the magnetic flux of the PV [19-22]. 

 � 2γ
26

mXβ(1mУ ��� (20)                       

E3S Web of Conferences 216, 01161 (2020)
RSES 2020

https://doi.org/10.1051/e3sconf/202021601161

 

2



                 
γ

1)6
mX-β(1

-tgψ
�

�          (20.1)                                       

To construct the  I-V characteristic of the circuit and 

determine its amplitude-phase characteristic, it is 

necessary to determine the dependences )(ФfI � and 
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introducing new dimensionless and basic quantities 
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and taking into account expressions (7), (9), we 

rewrite equation (21) in the form 
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 Taking into account (11), (12) and (24) into 

equation (24) and taking into account the fundamental 

harmonic of the magnetic flux, we have: 
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After simple transformations and grouping of 

coefficients for the same trigonometric functions, we 

have: 
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The joint solution of equations (26) and (27) gives 

the amplitude value of the load current in relative units

and the phase angle between the load current and the 

supply voltage: 
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The results obtained by formula (29) have both 

positive and negative values: 

- the negative value of the angle φ corresponds to the 
phase advance of the load current, from the mains 

voltage; 

- a positive value of the angle φ corresponds to the 
lag of the load current phase from the power supply 

voltage. 

Conclusions
1. Revealed the peak value of the load current in 

relative units and the phase angle between the load 

current and the supply voltage. 

2. The analysis of the phase relationships of the 

resonant circuit connected in series with the inductance 

showed that the initial phase of the current in the 

unbranched part of the circuit changes inversely with the 

value of the applied voltage and has a wide range of 

dependence on changes in the input voltage. 

3. Possibilities of obtaining amplitude - phase 

relations of a given form when using a circuit to control 

the states of thyristors as a function of voltage have been 

established. 
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