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Abstract. Reliability is called not only one of the main characteristics of 
the magnetic modulation DC converters, but also the ability to correctly 
perform the required function of the measuring device in the specified 
operating modes and operating conditions for a certain period of time. One 
of the main tasks in the development of magnetic modulation DC converters 
is to reduce the number of inference errors. Magnetic modulation DC 
converters errors include the main errors which are technological and 
corrective errors, internal sources of additional errors, external sources of 
additional errors which can be static errors, dynamic errors. 

1 Introduction  
To improve the stability of the characteristics of measuring transducers, the negative 
feedback method (NFBM) is widely used. 

If we designate the feedback coefficient as 𝐾𝐾����, then the absolute error of magnetic 
modulation DC converters with NFBM, reduced to the input, is found by the expression: 
static 
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here:  К��, ∆К - static transmission coefficient of magnetic modulation DC converters and its 
increment. 
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The magnetic modulation DC converters error in the absence of NFBM is determined by 
expression (1). From comparisons (2) and (1) it can be seen that the introduction of the NFBM 
reduces only the multiplicative error, the additive error changes slightly under the influence 
of the NFBM [1]. Additive errors are noticeably reduced only in those cases when, with the 
introduction of the NFBM, in order to maintain the same value of the output signal, the 
nominal value of the input value for a given magnetic modulation DC converters is increased. 
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2 Materials and methods 
Let us determine the required parameters of the NFBM circuit for a given error value 
(∆UNFBM). Assume that with the introduction of the NFBM, the error should decrease by m 
times [2]. Therefore, the current 𝐼𝐼х in the input circuit should be increased by the same 
amount. However, there is practically no possibility of increasing the current 𝐼𝐼х, since the 
converted current is a controlled value (with the exception of the case where part of the 
controlled current is supplied to the magnetic modulation DC converters by dividing the 
current into two components flowing through the main bundle and the tap). The value of the 
input action can be increased by increasing the magnetizing force of the controlled circuit by 
increasing the number of turns of the input winding 𝑊𝑊�� [3]. 

The transmission coefficient of the magnetic modulation DC converters NFBM is equal 
to: 

𝐾𝐾 � ���
���������� .                                                  (3) 

Output voltages of magnetic modulation DC converters without and with NFBM: 

� 𝑈𝑈��� � 𝐾𝐾��𝑊𝑊���𝐼𝐼х,𝑈𝑈��������� � 𝐾𝐾𝑊𝑊���𝐼𝐼х,                                          (4) 

Where  𝑊𝑊���, 𝑊𝑊���- the number of turns in the input winding of the magnetic modulation 
DC converters, respectively, without NFBM and with NFBM [4]. 

Equating 𝑈𝑈��� and 𝑈𝑈��� (NFBM) with each other, taking into account (3), we find: 
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For the considered magnetic modulation DC converters we have: 𝐾𝐾���� � �����
����� . 

The magnetic modulation DC converters feedback coefficient 𝐾𝐾�� is limited by a finite 
number of turns in the winding 𝑊𝑊��.. For example, for the considered magnetic modulation 
DC converters with an open circuit of the NFBM, the maximum error was about 2% of the 
maximum signal [5]. With a closed NFBM circuit with a constant static transmission 
coefficient 𝐾𝐾��   and a correspondingly increased number of 𝑊𝑊��, this error was already about 
0.74%. 

To increase the reliability and reduce the error of the magnetic modulation DC converters, 
the most acceptable method is the majority redundancy with the help of a majority part (MP), 
at the output of which the transmitted signal appears only if it is applied to most of the inputs 
of the MP [6]. 

Since MP for redundancy of devices with analog output signals is a rather complex 
device, it is advisable to use pulse-width modulation of the output signal of the magnetic 
modulation DC converters. In this case, the signal takes on the value 0 or 1, and the MP 
circuit is relatively simple [7]. 

The best is the MP circuit with an odd number of inputs, which works according to the 
principle of 2 out of 3 and implements the function m + 1 out of 2m + 1. The MP scheme for 
redundant magnetic modulation DC converters according to the 2 out of 3 principle is shown 
in Figure 1. The functional diagram of the redundant magnetic modulation DC converters is 
shown in Figure 2. magnetic modulation DC converters consists of three identical conversion 
channels. Each channel consists of a magnetic transistor multivibrator (MTM), an amplifier 
A1 and a null organ A2 that converts a continuous signal into a pulse-width signal [8]. A 
sawtooth voltage is supplied to the inputs of null-organs from a sawtooth voltage generator 
(SVG). 
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Fig. 1. Majority body for 2 out of 3 reservations. 

 
Fig. 2. Functional diagram of a redundant magnetic modulation DC converters. 

Due to the fact that MP is an averaging element that transmits the average value of the 
input signal to the output, then with the majority redundancy, an increase in the reliability 
and accuracy of the output signal from its average value [9]. 

3 Results and discussion 
If we assume that the random variables x_i are not correlated with each other and have the 
same normal distributions, then the MP output signal is also normally distributed and for any 
odd input signal is characterized by the value: 
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For our case when m=3: 

𝜎𝜎� � 2
3𝜎𝜎, 

those. magnetic modulation DC converters majority reservation according to the 2 of 3 
method allows to reduce by 1/3 the standard deviation of the output signal from its average 
value. 
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Thus, in order to reduce the error and improve the reliability of the developed magnetic 
modulation DC converters, the most acceptable method is the majority reservation using a 
majority body with an odd number of inputs. In this case, the reduction of the conversion 
error is achieved by reducing the standard deviation of the output signal from its average 
value [9]. It is shown that if for the known magnetic modulation DC converters with an open 
NFBM circuit the maximum error was about 2% of the maximum signal, then with a closed 
NFBM circuit, a constant static transmission coefficient and an increased MMF of the input 
circuit of the converter due to the manufacture of the magnetic system in the form of several 
coaxially arranged toroidal cores interconnected by diametral jumpers, this error was already 
about 0.74%. The condition for the minimum temperature drift of the output voltage 
developed by the magnetic modulation DC converters has been obtained and it makes it 
possible to reduce the temperature error of the magnetic modulation DC converters by 
approximately 1.8 times without additional complication of the circuit. 

4 Conclusion 
An analysis of the error sources developed by magnetic modulation DC converters showed 
that the greatest influence on the parameters of their elements, and therefore on the 
conversion accuracy, is a change in the ambient temperature. It was found that the error that 
occurs when the parameters of a ferromagnetic core change under the influence of 
temperature is approximately two orders of magnitude lower than the errors that occur when 
the parameters of other elements of the magnetic modulation DC converters change with 
temperature. It is shown that the greatest contribution to the error value is made by the change 
in the gain coefficients of magnetic modulation DC converters transistors under the influence 
of temperature, and the smaller their value and the more they differ from each other, the 
greater the temperature drift of the magnetic modulation DC converters output voltage. It has 
been established that in order to exclude the effect of changing the gains of the converter 
transistors on the error, it is necessary to select transistors with the highest possible gain. For 
example, when using transistors with a gain of 100, the magnetic modulation DC converters 
error is reduced by more than three times. It has been established that in order to reduce the 
error and improve the reliability of the developed magnetic modulation DC converters, the 
most acceptable method is the majority reservation using a majority body with an odd number 
of inputs. In this case, the reduction of the conversion error is achieved by reducing the 
standard deviation of the output signal from its average value. 
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