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Abstract: Some opportunities for development of an experimental 
module for magnetic research have been examined in the current paper. 
The goal is to attain a more accurate reading of the measured electrical 
signals which are directly related to the magnetic parameters and 
characteristics of the ferromagnetic material. 
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1. INTRODUCTION 

Experiments for quasi-static re-magnetization can be conducted by the 
means of a computer simulation of transitional processes in measuring 
transformers. [1] The correct approaches for an accurate measurement of 
the results are looked for in this research paper. This includes some special 
construction features of the experimental block for measuring and 
processing the signals, describing the processes of transitional 
magnetization of the examined object. 

2. ANALYSIS OF THE EXPERIMENTAL BLOCK AND OF SOME OF 
ITS ELEMENTS WHICH ARE USED FOR MEASURING AND 
PROCESSING OF THE GENERATED RESULTS 

The tasks related to the study of ferromagnetic materials by the means 
of computer simulation of transitional magnetization in measuring 
transformers have been issues of several studies. [1,2] 

An equivalent scheme of an experimental module is shown on Figure 1. 
The relationships given in (1) are based on some basic laws of electrical 
engineering. These relationships relate the electrical and the magnetic 
parameters of the measuring transformer. 
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Fig. 1: Experimental platform. 
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By the means of these equalities, the relationships between ( )B t and 

( )H t  can be found, depending on the method of work of the transformer. 

There are current (CT) and voltage transformers (VT). The respective 
relationships are shown in (2) and (3). 
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Taking into consideration these relationships, it can be concluded that in 
both cases, the magnetic induction is computed by integrating 

mathematically either the current (
0

( )

t

2i t dt∫ ) or the voltage (
0

( )

t

2u t dt∫ ) in the 

secondary coil of the transformer. In practice, this means that the calculation 
error will be accumulated as a result of the calculation of these signals. The 
errors may be caused either by inappropriate measuring resistors or by 
“non-ideal” operational amplifiers used for amplifying the signals. They may 
also be caused by improper selection of analog-to-digital converters (ADC), 
bad topology of the board design, etc. 

The current paper presents an analysis of the parts of the experimental 
block that one who wants to get accurate results should pay special 
attention to. 

2.1. Choice of appropriate measuring resistors sh1R and sh2R  

The choice of sh1R and 2shR  is crucial. In order to repeatedly get the 

same results from the measurement, it is necessary to decrease 
significantly the influence of the temperature on the value of the resistance. 
This can be achieved by the means of precise resistors, designed 
particularly for this purpose. Their parameters are very precise. These 
resistors are made of alloys, the resistance of which depends on the 
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temperature very little. An example of such an alloy is Manganin, which is a 
trademarked name for an alloy of typically 86% copper, 12% manganese, 
and 2% nickel. The value of the measuring resistors should be low for two 
reasons: heat reduction, and insurance of a large dynamic range. However, 
it is necessary to consider the fact that the tiny value of shR may contribute 

to the measurement of a low voltage with a value close to that of the 
induced voices. 

Precise resistors 1shR  and 2shR have been used in the conducted 

research. Their average point and total resistance is

1 2 2 350sh ab sh abR R * ,µ= = Ω , and their own parasitic inductivity is

= =1 2 2 2sh shL L * ,nH . The constructive and the equivalent schemes are 

shown in Figure 2. 

 
Fig. 2: An equivalent scheme of shR . 

Knowing 1i and 2i , the nominal 

value of the dispersed power may 
be found. The maximal current in 
the particular case discussed is 10, 
A. Therefore, the dispersed power is 
the following:  

−= = =6

1 2 10 700 10 70sh shP P * * ,mW

 
To avoid a phase shift between the inputs of the operational amplifiers, 

it is necessary to study the influence of the parasitic inductivity on the 
impedance of the resistor. When the operating frequency is maximal with a 
value of = 20f ,Hz , the impedance is the following: 350 0 5shZ , j . ,µ µ= Ω + Ω . 

Taking into consideration the generated result, it can be concluded that in 
the worst case, the measuring resistor has a negligible reactive component, 
i.e. it has an active character. 

2.2. Choice of operational amplifiers 

The selection of appropriate operational amplifiers starts from the 
consideration of what signals will be amplified, where the corresponding 
inputs will be included, and how the coordination between inputs and 
outputs will be executed. In addition, it is necessary to choose such 
amplifiers that are not very noisy, have small asymmetries and a high 
coefficient of reduction of the synphase signals CMRR, etc. 

Figure 1 represents the different way in which the measuring resistors 
are connected in the scheme. In contrast to 2shR , 1shR  is connected in series 

and in a galvanic way with the primary coil of the transformer and the 
generator of magnetization. Figure 3 represents an experimental platform, 
and the way the resistors and the operational amplifiers are connected. 
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High-quality operational amplifiers produced by AD8138Anal og Devices − are 

used. [4].They have low levels of private noise, wide frequency band and 
differential input and output devices. 

 
Fig. 3: Experimental block with included operational amplifiers. 

The inputs of the amplifier 1A  are included in points a and b, which is 

one half of 1shR . Point G is at the other end of the resistor. It is connected to 

the common conductor. Thus one of the two halves 1sh aR is used for 

measuring the current 1i , while the other half is used for lifting up the source 

of the signal from the ground. The goal of the latter is to reduce the noise 
voltage towards the input of the amplifier. [3] 

The size of the maximal input signal depends on the value of the current
= 101I ,A , which creates a voltage drop on 1sh aR  determined by the following 

equality: = =1 1 1 3 5ab sh aU R * I . ,mV . The scope of this voltage is

= ≈1 1 12 2 9 9pp abu * U . ,mV . The choice of a high-quality operational amplifier 

with a differential input device allows the typical synphase voltage for the 
scheme to be reduced, and the asymmetric input to become symmetric at 
the output. 

The middle point G of 2shR  has to be connected to the ground on the 

output side of the transformer. Thus the synphase signals at point G from 
the two inputs of the amplifier turn out to be in a counter-phase and cancel 
each other out. The only condition is the following: =2 2sh a sh bR R .The 

differential signal is the only thing that is amplified in this way. 

2.3. Coordination of the operational amplifier output with 
ADC’s input  

The differential output of AD8138  allows itself to be connected to the 

differential input of the analog-to-digital converter (ADC) of the type AD7400 . 

This is an ADC  with Σ∆modulator , operating at a relatively high sample rate - 
900, kHz . The usage of an analog amplifier between shR and ADC  allows an 

execution of a bufferization and an easy change of the synphase level.  
The principle of analog signal sampling is the reason why noise occurs. 

It is necessary to find a way to reduce this noise. First, this should be done 
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by reducing the over-sampling. It is characterized by an expansion of the 
sampling frequency range, which is many times higher than the frequency 
range of the signal. As a result of the operation of the Σ∆modulator , the 

spectrum of the noise sample partly flattens by the process of integration in 
the scheme itself. However, a large part of the noise belongs to the high-
frequency region and can be eliminated by the means of a low-frequency 
filter of high order. 

Another component of the noise sample is obtained by the means of 
superimposing of the spectrum of the signal – aliasing. Figure 4 shows that 
the harmonic components of the input signal, which exceed half of the 
sampling frequency ( 450 , kHz+∆ ), have a mirror image in the operational 

low-frequency spectrum. When the chosen sampling frequency is high, the 
harmonic components may be filtrated by the means of a simple RC filter. 

The usage of filters at the inputs of the two ADC converters leads to a 

phase shift of the signals, which may change the real general image of the 
study. 

Fig. 4: Spectrum of the signals in an ADC . Fig. 5a: A scheme of a RC  LPF . 

 
A low-frequency filter ( 5Figure a ) with elements 1 0R . ,k= Ω  and 33C ,nF=  

is used. It has been examined by a computer simulation program in the 
frequency range from 1 10f ,Hz= to 2 1 0f . ,MHz= . The amplitude – frequency (

5Figure b ) and the phase – frequency ( 5Figure c ) characteristics of aLPF  

are graphically shown. 

Fig. 5b: RC  LPF  - АЧХ . Fig. 5c: RC  LPF  - ФЧХ . 
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In the worst case, 20f ,Hz= , 

the attenuation is 74 7 0A - . , dB ,dBµ= ≈ , 

and 
the phase shift is 0 24. ,degϕ = − . 

By the means of the graphs and the equalities in (4), the attenuation 
and the phase shift can be determined. Both the attenuation and the phase 
shift emerge when the filter is placed at the output of the operational 
amplifier. 

When accurate resistors 0 1R . ,%δ = and capacitors 20C ,%δ =  are used, 

the maximal value of the phase shift does not increase by more than
19,%ϕ∆ ≤ . 

3. CONCLUSION 

3.1. When transient processes in the magnetic core of the measuring 
transformer are simulated, low levels of magnetization are used. This allows 
several parasitical, reactive components to be ignored and the experimental 
model to be simplified. 

3.2. Precise measuring resistors are used. They have low resistance 
and are made of an alloy, which does not depend on temperature too much. 

3.3. The presence of galvanic connections between the measuring 
resistor and the preceding device requires precise (and expensive) 
operational amplifiers. These amplifiers emit less noise. They also have 
wide bands, small asymmetries, high coefficient of repressing synphase 
signalsCMRR , and differential input and output. 

3.4. It is necessary to put anantialiasin g filter in order to reduce the 

noise emitted during the sampling. This filter is a simple RC LPF  thanks to 

the high sampling rate. 
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