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Abstract

:

Newly constructed devices must meet a number of requirements in terms of the level of generated disturbances. To achieve an acceptable level in such devices, filters are installed—one of the cheapest ways to reduce interference in devices. One of the key elements of the filter that is responsible for the effectiveness of noise reduction are ferrites. Unfortunately, for various devices, an individual approach should be used in the selection of filters and, accordingly, ferrites. Due to the fact that ferrites from different manufacturers do not have standardized characteristics and information on their effectiveness, the selection of the right ferrite is a very time-consuming process. Therefore, this article will present the possibilities of quickly determining selected ferrite parameters in order to ensure the necessary level of noise reduction. For this purpose, assumptions from the CISPR 17 standard will be used. For selected types of ferrites, a large number of measurements were carried out in order to determine the optimal computational algorithm for adjusting ferrite characteristics to the designed conditions. The performance of these tests will be the basis for conducting tests on a larger number of ferrites, as well as for the development of possible standardization procedures.
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1. Introduction


There are some problems with the development of technology. One of such problems are the disturbances and electromagnetic radiation that affect human health and the environment [1,2,3,4]. In order to counteract the negative effects of such an impact, research is conducted to enable the development of materials that absorb electromagnetic waves [5]. In order to reduce the level of electromagnetic disturbances, filters are used in the devices. The most common materials that absorb electromagnetic waves in filters are ferrites. The advantages of ferrites are profitability, excellent magnetic losses, and work stability [6].



Conventional ferrite has higher resistivity, dielectric properties, and transmittance at higher frequencies than magnetic alloy materials. Consequently, ferrites are widely used in the high-frequency field [7]. Various materials have been used to make ferrite cores [8,9,10,11,12,13].



Ferrites are characterized by high-saturation magnetization, high resistance, and high chemical stability [14,15]. Nickel–zinc ferrite is used in power engineering in devices such as transformers [15,16].



As can be seen from the above, there are many different types of ferrites and many ferrite manufacturers, but there is no standard or standard that requires ferrites. Therefore, not all manufacturers include the performance characteristics of ferrite; it is not always possible to specify the frequency range for which a ferrite is effective, which ferrite components affect its parameters, etc. This leads to the fact that choosing ferrite for the filter often requires determining its effectiveness through multiple measurements and multi-iterative selection of the correct form of such ferrite, which is very time-consuming.



During such selection, the main emphasis is placed on improving the dielectric and magnetic properties [16,17,18].



When designing filters, it is important to assess the effectiveness of damping at the prototype stage, through simulations [19,20,21].



Therefore, in order to accelerate the selection process, this paper proposes a method of determining the form of ferrite which will be most effective in suppressing electromagnetic interference.



Ferrite plays an important role in defining the parameters of filters that are used at every stage of the life cycle of the device and the facility where such devices are install- ed [22,23,24]. In order to analyze the method of increasing the effectiveness of selected types of ferrites, the CISPR 17 standard was used [25].



The first section of this article contains an introduction that justifies the need to perform research enabling the acceleration of the selection of ferrite with appropriate parameters with reference to the bibliography. Section 2 presents the parameters of the analyzed ferrites for which the measurements were made. Section 3 presents the measurement results for various options using the Gauss meter and the quasipeak (QP) and average (AV) detectors. Section 4 proposes a mathematical model of the method of accelerating the selection of the appropriate form of ferrite, which will be the most effective in the context of electromagnetic interference suppression. Section 5 summarizes the research carried out.




2. Materials and Methods


As is well-known, ferrites can be produced from various materials. Each manufacturer has its own designation of these materials. Detailed parameters of these materials are not provided. Most often (in the better case), it is the magnetic permeability characteristic of frequency. This parameter allows you to take into account the change in the magnetic field over time. At the same time, in order to reflect the influence of the environment on the phase deviation of the magnetic induction vector B in relation to the magnetic field strength vector H, a complex parameter of magnetic permeability is used according to Equation (1):


  μ =  μ ′  − j  μ ″   



(1)




where    μ ′    is the real part, meaning the inductive component, and    μ ″    is the imaginary part, meaning the resistive component.



Some manufacturers just provide a complex parameter of magnetic permeability. This parameter is dedicated to a specific core; therefore, it is impossible to transfer this parameter to a larger range of ferrites. Hier is a helpful parameter AL that can be used for larger ranges of cores. The discussed parameter determines the inductance of the coil, which depends on the number of turns of the shuttle. This parameter is specified in the format of a certain range of values. Another level of accuracy in providing data by some manufacturers is in the provision of the change-from-frequency characteristic of the composite parameter of magnetic permeability. At the same time, the best solution is for manufacturers to provide the characteristics of the inductive component and the resistive component. However, if the analysis covers a specifically selected ferrite or a device for which a specific ferrite should be selected, in this case, using a vector circuit analyzer, the ferrite impedance components can be determined using one of the three methods. Then, using the Equations (2) and (3), the obtained values can be converted into components of the complex parameter of magnetic permeability:


   μ ′  = l /  (  μ 0   S ˙    N ˙  2  )   L ˙   



(2)






   μ ″  = l /  (  μ 0   S ˙    N ˙  2  )   R ˙  /  ( 2  π ˙   f ˙  )   



(3)




where S—ferrite cross-sectional area; l—ferrite magnetic field line length;  μ —vacuum permeability; N—number of turns; f—magnetic field frequency; L—inductance; and R—resistance This article considers three different ferrites according to the characteristics shown in Figure 1, Figure 2 and Figure 3.



The most common type of ferrite was selected. The assumption is that testing this type of ferrite will enable the transfer of the obtained results to other types of ferrites. The Figure 1, Figure 2 and Figure 3 shows the characteristics of ferrites that will be analyzed in this article, assuming no additional turns on these ferrites (initial state). Moreover, the discussed ferrites will be adapted to the form which will ensure the greatest effectiveness of the work of these ferrites.




3. Results


As part of the analysis of the parameters of the selected ferrites, in the first stage, the base (based on calculations) value of the ferrite coils was determined. The base value of the coils must theoretically provide effective damping. We will explain in the following section whether this is actually the case. For ferrite no. 1, the base value of the coils was calculated at the level of 22 (Figure 4).



In the case of using 25% more than the calculated base number of turns, we can see that this enables effective damping. Confirmation of this is shown in Figure 4.



As can be seen, the attenuation exceeds the allowable limit in the range of 12 to 15 MHz. Due to the frequency range in which the considered ferrite interacts, this range is omitted in this analysis. At the same time, it should be noted that reducing the damping value in this frequency range will be possible based on the use of additional capacities.



In the event of a decision regarding the possibility of reducing the number of turns, it was decided to perform tests for 26 turns, i.e., at the level of +15% about the base number of turns. At this point, it should be noted that reducing the number of turns still allows one to “stay” within the acceptable limits. However, it can be seen that reducing the number of turns and approaching the baseline computational number of turns allows an increase in the “safety buffer” over the indicated limit. In the case of reducing the number of turns by 2 pcs (Figure 5), above the computational level of the number of turns, the attenuation level drops by about 3 db (from 45 dB to 42 dB).



Therefore, calculations were performed for the base computational level of the number of turns.



It should be noted here that the calculations show that the basic number of turns necessary for effective attenuation is 22. This assumption is because we assume an attenuation buffer at the level of 10 dB. Only for values exceeding the permissible limits do we assume a higher level of 15 dB. It is this increased level of attenuation that causes the computational number of turns to increase from 19 to 22. This attenuation interval requires several turns in the range 21,418–21,273 (Figure 6). In the case of fractional values, we assume that we round to the higher value to increase the buffer, ensuring the expected result.



Going back to the entire frequency range (100 kHz–30 MHz), which consists of 201 points, the results for ferrite No. 1 were obtained in the range of 11.979–18.657 turns. Due to the above, the base number of turns was adopted at the level of 22.



The calculations show that reducing the number of turns from 26 to 22 does not introduce major changes in the attenuation. This level in the maximum range is about 42 dB.



Therefore, we continued to reduce the number of turns from 22 pcs to 18 pcs, which is below 15% from the baseline. It should be mentioned that the characteristics of the analyzed ferrite are different than the characteristics of the other two considered ferrites, which may also affect the attenuation results and the calculated number of turns. The results depend on the frequency range over which the damping has to be performed. Usually, this is an uneven characteristic (Figure 7).



As can be seen, in the case of reducing the number of turns below the base computational level of turns, the difference between the allowable limit and the maximum attenuation value slightly decreases (by about 1 dB). Therefore, it was decided to reduce the number of turns to 15 pcs.



When analyzing this case in terms of maximum values below the limit, no significant changes were observed. At the same time, in the frequency range above 10 MHz, attenuation values were obtained that are below the limit. However, further studies on the subsequent reduction in the number of turns showed that this case should be excluded from the analysis due to the probable measurement error. The obtained results for 15 coils allowed to carry out the tests for a greater step of changing coils (by 5 pcs.) (Figure 8).



In the case of tests for 10 pieces of coils, it can be seen that the maximum values in the frequency range of 12–15 MHz exceed the defined AV limit by approx. 2 dB.



Therefore, an attempt was made to carry out tests for 12 pieces of coils (Figure 9).



As you can see in the case of 12 coils, the maximum attenuation values in the range we are interested in are at a level comparable to the AV limit (Figure 10). In the case of ensuring the absolute effectiveness of ferrite operation, it was proposed to increase the number of turns by 1 item and to set the final effective number of turns at the level of 13 items. The experimentally obtained value for ferrite No. 1 is nine items lower than the calculated value, i.e., by over 40%.



Therefore, based on the conducted research, it was found that there is a need to correct the formula for the calculation of the number of turns. For this purpose, the use of a correction factor of 0.59 has been proposed. In order to clarify/confirm the value of this coefficient, further tests were carried out for ferrites with different characteristics. The implementation of the above activities will enable:




	
Precise selection of the number of turns, which is synonymous with ensuring better performance characteristics of the device;



	
Saving materials in the field of making coils;



	
Reducing the size of ferrite devices or using the freed space for other purposes.








For this purpose, calculations for ferrite No. 2 were performed to determine the computational number of turns. The basic design number of turns is 39 pcs. At the same time, the range of changes in the number of ferrites for different frequencies is from 17.222 to 38.966. At this point, it should be noted that the approach to the attenuation level is similar to that of other ferrites. However, due to the different characteristics of the analyzed ferrite, the change in the assumed attenuation level in the 500 kHz–1 MHz range does not in any way affect the value of the base computational number of turns. It should be noted here that in the 500 kHz–1 MHz range, with the attenuation to be compensated (reduced) by 10 dB, the number of turns is 18, while if the attenuation is increased to 15 dB, the number of turns increases to 27, and in the case of 20 dB, it is 36 pcs. However, if it is necessary to compensate the attenuation level at the level of 20 dB in the whole frequency range, 77 pcs coils are needed.



To confirm the trends defined for the previous ferrite no. 1, tests were carried out taking into account the increase (Figure 11) and decrease (Figure 12) of the number of turns by 1 piece, which is 2.5% of the base number of turns.



In the case of reducing the ferrites, it can be seen that the obtained level of attenuation decreases and is far from the set limit. On the other hand, in the case of increasing the number of ferrites above the base computational level, the level of attenuation increases dramatically, but remains within the acceptable values. At the same time, when increasing by a few more ferrites, it confirms the tendency of no justification for increasing the number of turns above the base computational level. In the performed measurements, the step was the same, but the difference in the maximum attenuation level in the 500 kHz–2 MHz frequency range between the analyzed cases is 5 dB.



In the next step, tests were carried out to reduce the number of turns to 30 pcs (Figure 13). Even such a reduction in the number of turns provides effective damping and a reserve for further reduction of turns.



The optimal number of turns for a given ferrite no. 2 is 28 pcs (Figure 14). This means that the design level of the ferrite number can be reduced by 11 pcs. Without any impact on the attenuation efficiency. The reduced number of turns for ferrite No. 2 (11 pcs) is greater than that of ferrite No. 1 (9 pcs). However, in percentage terms, greater reductions in the number of turns were obtained in the case of ferrite No. 1.




4. Discussion


Looking at the results for all ferrites, you can see the peak of the attenuation amplitude above 10 MHz. This jump is due to the capacities. On the other hand, in terms of ferrite efficiency analysis, the most interesting range is below 10 MHz. Taking into account the results of previous research, it was decided to research in the field of ferrite no. 3 (Figure 15). The base computational number of turns in the entire frequency range ranged from 17.009 to 39.384. Therefore, taking into account the assumptions in the previous tests, the base computational level of turns of 39 pcs was adopted. At the same time, in the frequency range with the maximum attenuation level and taking into account the attenuation compensation requirement at the level of 15 dB, the computational number of coils was obtained at the level of 28 in this range. Taking into account the results of previous tests, the following procedure was adopted:




	
1. The change in the number of turns takes place in the direction of decrease about the calculated level;



	
2. The step of change is 10%.








Due to the above, calculations were made for 35 pieces of coils. The obtained results indicate that in the case of using the number of turns at the level of 34, which is 12.5% less than the base calculation, it is necessary to maintain the permissible limit of variability.



Therefore, differentiation in the application of the reducing coefficients depending on the type of ferrite was adopted. At the same time, this universal coefficient la all is 0.88. However, the dedicated factor, depending on the type of material the ferrite is made of, is one for ferrite No. 3, 0.9 for ferrite No. 2 (you need to multiply the universal one for the dedicated one), and 0.8. for ferrite No. 1. Taking the above into account, in order to determine the number of turns for each type of ferrite, the following formula was proposed:


   N p  = 0,88  S ˙    N ˙  b   



(4)




where:   N p  —recalculated number of ferrite turns; K—material factor of ferrite (in the present article for ferrite No. 1—K = 0.8); and   N b  —basic number of ferrite turns resulting from the formula    N b  =   ( L / A L )    , where L is the inductance coils and   A L   is the coefficient corresponding to the effective permeability   μ e  .




5. Conclusions


In this article, selected characteristics of ferrites and the possibilities of accelerating the adaptation of their characteristics to the appropriate level of interference are considered. The adaptation criterion is the ease of the calculations made and the ease of changing the characteristics to the expected needs. As part of this article:




	
The characteristics of three different ferrites were compared;



	
Measurements were made for various ferrite modifications in terms of the change in the number of turns;



	
A solution was proposed to enable the determination of the optimal number of turns at the design stage to ensure the speed of selection of the appropriate ferrite modification and material saving.








The obtained results were made with a large number of measurements for various cases. Therefore, for certain types of ferrites, the obtained results can be used in practical solutions. In addition, the conducted research opens the possibility of developing appropriate calculation algorithms for a larger number of ferrite types and possible future normalization of the ferrite characteristics adjustment to the designed conditions.



The mathematical model proposed in this article, ensuring the greatest possible limitations of electromagnetic interference in devices, will enable the filter design time to be shortened, which also translates into the design time of the device.
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Figure 1. Characteristics of ferrite No. 1. 
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Figure 2. Characteristics of ferrite No. 2. 
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Figure 3. Characteristics of ferrite No. 3. 
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Figure 4. Attenuation level for ferrite No. 1 with the number of coils at 28 pcs. 
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Figure 5. Attenuation level for ferrite No. 1 with the number of coils at 26 pcs. 
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Figure 6. Attenuation level for ferrite No. 1 with the basic number of coils (22 pcs.) 
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Figure 7. Attenuation level for ferrite No. 1 with the number of coils at 18 pcs. 
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Figure 8. Attenuation level for ferrite No. 1 with the number of coils at 15 pcs. 
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Figure 9. Attenuation level for ferrite No. 1 with the number of coils at 10 pcs. 
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Figure 10. Attenuation level for ferrite No. 1 with the number of coils at 12 pcs. 
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Figure 11. Attenuation level for ferrite No. 2 with the number of coils at 38 pcs. 
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Figure 12. Attenuation level for ferrite No. 2 with the number of coils at 40 pcs. 
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Figure 13. Attenuation level for ferrite No. 2 with the number of coils at 30 pcs. 
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Figure 14. Attenuation level for ferrite No. 2 with the number of coils at 28 pcs. 
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Figure 15. Attenuation level for ferrite No. 3 with the number of coils at 35 pcs. 
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