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Abstract. This article investigates updated designs of variable-range ferromagnetic current transformers used in the field 

of electrical engineering. In conventional transformer-type current converters, changing the measurement range is 

achieved either by altering the number of turns of the windings or by creating opposing magnetic driving forces in the 

primary circuit; this process usually requires disconnecting the source or using contact-based switching, which can cause 

inconveniences in production. Based on these, the article proposes new design solutions that address these problems. 

INTRODUCTION 

It is known that in ferromagnetic current transformers, adjusting the measurement limits is primarily carried out 

by increasing the number of turns of the windings or by creating opposing magnetic driving forces in the primary 

winding circuit and adjusting their magnitudes. In both methods, the primary circuit is disconnected from the source 

or through contact switching (commutation). This, of course, leads to certain inconveniences in the production 

environment [1-3]. 

NEW DESIGNS OF FERROMAGNETIC VARIABLE CURRENT TRANSFORMERS 

Figure 1 shows the design scheme of a new transformer ferromagnetic current converter, which allows the 

primary chain range to be adjusted without interrupting the electric power supply and without contact [4-5].  

  
a) b) 

FIGURE 1. Structural diagram of a contactless adjustable-range transformer ferromagnetic current converter: 

a – general view; b – structure of the measuring coil movable magnetic conductor 
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The ferromagnetic current transformer consists of a stationary, non-magnetic, and insulating core (1), a primary 

winding (2) wound around it with a number of turns varying according to a specific functional law, and a movable 

ferromagnetic magnetic conductor (3). The magnetic conductor (3) is able to move along the core (1) while rotating 

around the common axis (4) with the help of a rod (5). Moreover, the variable (6) includes elements such as a 

measuring coil and a tube (1), as well as a ferromagnetic liquid (7) that is held in place by a magnetic field at the 

location of the movable (3) magnetic conductor of the core. The primary coil (2) is multi-turn and wound around the 

core (1) in such a way that the net number of turns gradually increases from one end of the core to the other. This 

ferromagnetic current transformer belongs to the category of laboratory current transformers, which are low-power 

and have an air gap [6-10]. 

The created ferromagnetic current transformer operates as follows. (2) When an alternating current that needs to 

be modified flows through the primary coil, the alternating magnetic flux generated around it (6) induces an 

alternating electromotive force in the secondary coil. Since the secondary winding is connected to a load, the 

resulting secondary current is proportional to the primary current, just like in current transformers. 

This new ferromagnetic current transformer is designed for converting relatively small alternating currents and 

has the capability to extend the lower limit of its measurement range without contact, that is, without interrupting the 

primary circuit. For this purpose, the movable magnetic conductor is moved along the multi-turn core and positioned 

at the part of the primary winding turns that has a greater comparative value [11-13]. 

The newly developed ferromagnetic current transformer (Fig.2) consists of a high-current-carrying busbar (1), 

multi-turn magnetic conductors made in the form of ferromagnetic rods (2) arranged in a series and surrounding it, 

and П-shaped (3) ferromagnetic elements. At one end of the transformer, there is a longitudinally positioned 

ferromagnetic rod-connector (4) and a movable small ferromagnetic rod (5). (6) The Hall element is placed in the 

intended δ air gap in the first winding of the multi-turn magnetic conductor [14-16]. 

1 3 6 2
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FIGURE 2. Variable-range ferromagnetic current transformer circuit 

When a measured direct or alternating current (1) passes through a busbar, it induces a magnetomotive force in 

each turn of a multi-turn magnetic conductor, and the total magnetomotive force in the multi-turn magnetic circuit is 

equal to the sum of the magnetomotive forces in the individual turns. Under the influence of this general magnetic 

driving force, a working magnetic flux is generated in the magnetic circuit, and as it intersects the Hall element, a 

Hall electromotive force proportional to the current passing through the output circuit (1) is produced [17-23]. 

When measuring large currents, the ferromagnetic small core (5) is installed such that (as shown in Fig.2, with 

the ferromagnetic small core (5) indicated by continuous lines), the working magnetic flux combines along only one 

flux of the multi-turn magnetic conductor. In this case, the working magnetic flux is determined by the following 

expression (the magnetic reluctance of the steel parts in the magnetic circuit is not taken into account, i.e., μ→∞):  

𝑄𝜇1 = 𝜇0
𝑆𝜇

2𝛿
𝐼𝑒1,                                                                              (1) 

Here, μ and μ₀ are, respectively, the relative magnetic permeability of the steel material and the magnetic constant, 

H/m; 𝑆𝜇 – is the cross-sectional area along the working magnetic flux path of the magnetic circuit, m2; 𝐼𝑒1  – is the 

measured current, A. 

When measuring relatively small currents, the (5) ferromagnetic small core is installed in such a way that (as 

shown in Fig.2, the (5) ferromagnetic small core is indicated with dashed lines), resulting in the working magnetic 

flux combining through several turns of the multi-turn magnetic conductor [24-28].  

For this case, the working magnetic flux will be equal to the following: 

𝑄𝜇2 = 𝑤м𝜇0
𝑆𝜇

2𝛿
𝐼𝑒1,                                                                       (2) 
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Here, 𝑤м – is the number of turns in the portion of a multi-turn magnetic conductor where the working magnetic 

flux is combined. 

As can be seen from expressions (1) and (2), at the same measured current, using a multi-turn magnetic 

conductor results in a working magnetic flux that is 𝑤м times greater than that in a single-turn magnetic conductor. 

That is, by changing the position of the small ferromagnetic rod in (5), it becomes possible to adjust the 

measurement range of the ferromagnetic current transformer by extending its lower limit [29-32]. 

The third newly developed ferromagnetic current transformer (Figure 3) was created as a result of improving the 

existing current measuring device of this type using the energy-information method. The existing device consists of 

two unclosed ferromagnetic ring-shaped conductors arranged in parallel, two long parallel ferromagnetic rods 

connecting them, and Hall elements connected in series and placed between them. The bus carrying the current to be 

measured passes through or is wound around the ferromagnetic ring-shaped conductors [33-37]. 
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FIGURE 3. Schematics of the new ferromagnetic current transformer: a and b – constructive schematics of 

ferromagnetic current transformers with an unclosed ferromagnetic ring-shaped magnetic core, having two and 

three magnetic conductors, respectively; c – interconnection scheme of the Hall elements 

The drawbacks of this existing current measuring device are as follows: first, due to the presence of two parallel 

ferromagnetic rods arranged along the busbar, its overall dimensions along the busbar are very large; second, in the 

two open ferromagnetic ring-shaped magnetic conductors, the measured currents create two oppositely directed 

magnetic driving force sources, which reduces the magnetic field induction in the working air gap and, 

consequently, decreases the sensitivity; third, the value of induction in the working air gap between the two parallel 

ferromagnetic rods is not uniform, which naturally lowers the measurement accuracy [36-38]. 

Therefore, the invention is aimed at reducing the dimensions of the existing ferromagnetic current transformer, 

increasing its sensitivity, and improving measurement accuracy. 

To implement the above task, the existing ferromagnetic current transformer contains two open-ended 

ferromagnetic ring-shaped magnetic conductors, whose differently named terminals are interconnected by 

ferromagnetic cores. Hall elements connected in series with each other are placed in the ring-shaped air gap between 

the two open-ended ferromagnetic ring-shaped magnetic conductors, and the measured current-carrying windings 

enclose both of these open-ended ferromagnetic ring-shaped magnetic conductors together [37-39].  

In the new ferromagnetic current transformer, the winding whose current needs to be measured (1) and two non-

closed ferromagnetic ring-shaped cores (2) and (3), arranged parallel to each other, are jointly surrounded, while the 
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differently named terminals of the rings (2) and (3) are connected to each other through a ferromagnetic rod-type 

connector (4). Five Hall elements (2) and (3), connected in series, are placed in a ring-shaped δ1 air gap between the 

rings. When measuring large currents, a busbar-like conductor passing through a non-saturated ferromagnetic 

toroidal core can be used [39]. 

To extend the lower limit of the measurement range, additional ring-shaped ferromagnetic conductors (7) 

without clamps and the ferromagnetic rods (8) connecting them can be used, and between the ring-shaped magnetic 

conductors, additional serially connected Hall elements (9) can be placed (see Figures 3b and 3c). 

When a current flows through the (1) coil (or (6) busbar), an equal magnetomotive force 𝑈𝜇𝑥 is generated in the 

(2) and (3) ferromagnetic ring-shaped magnetic conductors, which are not short-circuited. Since the unclosed 

ferromagnetic ring conductors (2) and (3) are connected to each other by a ferromagnetic core (4) through their 

identically named terminals (marked as A and B in the schematic of Fig.3a), the magnetic driving forces generated 

by the unclosed ferromagnetic ring conductors (2) and (3) add to each other. The working magnetic flux 𝑄𝜇 is 

generated through the conductor rings (2) and (3) under the influence of the resultant magnetic driving force, the 

ferromagnetic core (4), and the ring-shaped air gap connecting them. When Hall elements, placed in the working air 

gap with magnetic flux lines and supplied with uniform working currents, are intersected, Hall voltages arise at their 

Hall outputs [40-43]. 

The resulting electric driving force in the overall output of Hall elements connected in series is generated, the 

magnitude of which is determined using the following expression: 

𝐸𝑒𝑥𝑖𝑡. = 𝑛𝐾ℎ𝐼ℎ𝐵,                                                                            (3) 

Here, 𝐾ℎ - is the Hall element's sensitivity coefficient, [V/(A⋅T)]; 𝐼ℎ - is the stable operating current supplied to the 

current sections, [A]; 𝐵 - is the magnetic flux density in the working 𝛿1 air gap between non-saturated ferromagnetic 

ring-shaped magnetic conductors, [T]; 𝑛 - is the number of Hall elements placed in the working 𝛿1 air gap of the 

ring. 

In this ferromagnetic current transformer, the longitudinal overall dimension is determined by the length of the 

ferromagnetic core-connector (4), which is connected to ring-shaped ferromagnetic conductors with an air gap δ1 

that is not fixed and is much shorter than the length of the parallel ferromagnetic core-connectors determining the 

longitudinal overall dimension in the prototype [41-43]. 

In a new ferromagnetic current transformer, the magnetomotive forces produced by the measured current in the 

non-closed ferromagnetic ring-shaped magnetic conductors are additive, which contributes to an increase in the 

magnetic induction in the working air gap and, consequently, enhances the sensitivity of the ferromagnetic current 

transformer. In the working δ1 air gap between the non-saturated ferromagnetic ring-shaped conductors, the 

magnetic induction is evenly distributed along the angular coordinate where the Hall elements are placed, because 

the like-named poles of the two non-saturated ferromagnetic (2) and (3) ring-shaped conductors are connected to 

each other via a ferromagnetic rod (4), making the magnetic reluctances along the path of the resulting working 

magnetic flux equal. For this reason, the new ferromagnetic current transformer measures current with smaller 

errors. In this case, it is assumed that the magnetic flux does not pass through the non-working δ2 air gaps (since 

δ2≫δ1) [43]. 

The sensitivity threshold of the transformer ferromagnetic current transducer mentioned above has a relatively 

high value. This, in turn, narrows its scope of application. Therefore, this paper aims to reduce the threshold 

sensitivity of the ferromagnetic current transformer in order to expand its field of application. 

To accomplish the given task, a ring-shaped element was constructed in the form of two electrically insulated 

rings arranged opposite each other, with air gaps provided at their opposing ends. The formation of the ring-shaped 

element in this way allows the sensitivity threshold of this ferromagnetic current transducer to be reduced to the 

sensitivity threshold of a conventional current transformer [43].  

Figures 4–6 show the new constructive schemes of the transformer ferromagnetic current converter. Specifically, 

Figure 4 presents its axonometric view, Figures 5a and 5b show the front and top views of the ferromagnetic current 

converter, respectively, and Figure 6 illustrates the connection of the current-receiving outputs to the diametral 

connectors. 

The ferromagnetic current-transforming device is composed of two mutually opposed ring-shaped elements (1) 

and (2) made of electrically conductive material, as well as diametrically connected conductors (3) and (4), which 

are insulated from each other by a dielectric layer (5). A solid ferromagnetic core (6) surrounds the diametrically 

connected conductors. The secondary winding (7) is evenly wound on the ferromagnetic core (6). The current-

carrying outputs (8) are connected either to the diametrically connected conductors (3) and (4) or to the ring-shaped 

elements (1) and (2) [40-43]. 
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FIGURE 4. Axonometric view of the new transformer ferromagnetic current converter: 1, 2 – ring-shaped 

elements; 3, 4 – diametral connectors; 5 – dielectric layer; 6 – closed ferromagnetic core;  

7 – secondary winding; 8 – current-receiving outputs 

   
a) b) c) 

FIGURE 5. Structural diagrams of a ferromagnetic current transformer:  

a – view from the front, b – view from above 

The secondary measuring coil is connected to the load. In this ferromagnetic current regulator, the measurement 

range is adjusted by generating opposing magnetic driving forces in the magnetic circuit and altering their values 

through the adjustment of the primary electrical circuit's resistance.  

The new ferromagnetic current transformer operates as follows. When it is required to extend the upper limit of 

the measurement range (8), the current-carrying outputs (1) and (2) are connected diametrically to the ring-shaped 

elements (Fig.5,a). In this case, the values of the currents in the diametrically connected conductors are not equal to 

each other, and their directions are opposite, creating opposing magnetomotive forces in the closed ferromagnetic 

core. Therefore, in this case, the value of the resultant magnetic flux generated in the closed ferromagnetic core 

decreases sharply, resulting in the saturation process occurring at relatively higher currents [41-43]. 

  
a) b) 

FIGURE 6. Constructive diagrams of a new ferromagnetic current converter when used like a simple current 

transformer: a – front view, b – top view 
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When the proposed new ferromagnetic current transformer is required to operate within the range of a standard 

current transformer, the current-measuring outputs are fixed to the diametrically connected terminals with bolts, 

through which the alternating current to be measured is passed (Fig.6). In this case, currents flow in the same 

direction through the diametral connectors. 

The analysis of the design structure and operating modes of this new ferromagnetic current converter shows that 

its measurement range has a lower limit comparable to that of a conventional current transformer, while its upper 

limit is virtually unrestricted, and a ferromagnetic core can be used in the form of a toroidal core made from 

commercially produced ferromagnetic tape. Moreover, since the magnetic flux in the ferromagnetic core is 

generated due to the difference between the two currents passing in opposite directions through the diametral 

conductors, the effect of the aperiodic component that appears in the primary current during transient modes in the 

power system on measurement results is significantly reduced [41-43].  

The above information indicates that the functional capabilities of this ferromagnetic current converter have been 

significantly expanded in relation to the series-produced current transformers. 

Thus, the study of the functional capabilities of the four new ferromagnetic current transformers briefly analyzed 

in this article showed that the first design-whose range can be adjusted without contact (without disconnecting the 

chain from the source), as shown in Figure 1-is convenient for measuring variable currents that change over a wide 

range in low-power circuits. However, its use is not advisable for measuring currents in electrical supply systems 

with devices operating at 27.5 kV and above. In the second design shown in Figure 2, it is possible to calibrate the 

measurement range contactlessly, and it can be used to measure currents in electrical power supply systems at 

voltages of 27.5 kV and above, as well as for measuring both direct and alternating currents. Moreover, this 

ferromagnetic current transformer can also be used in transformer mode by winding a measuring coil around its 

multi-turn ferromagnetic core. To calibrate the measurement ranges of the third and fourth new ferromagnetic 

current transformers shown in Figures 3-6, it is necessary to remove and reinstall them from the power supply circuit 

[1-3, 23, 43]. 

Based on the above, it can be concluded that among the four newly developed ferromagnetic current 

transformers, the design shown in Figure 5 best meets the requirements of control and management systems for 

traction power supply equipment. 

CONCLUSION 

The article presents conclusions on the study of new designs of ferromagnetic current transformers with an 

extended range in the field of electrical engineering: 

- using the energy-information method of technical creativity, 57 generalized methods for improving the 

operational characteristics of ferromagnetic current converters were identified, and as a result of applying them, four 

new designs of ferromagnetic current converters were developed; 

- it was determined that if the turns of the primary winding, where current is measured, are distributed along the 

length (or angle) according to a specific law, and the secondary winding is made to enclose a portion of the primary 

winding with the possibility of displacement, this allows for adjusting the measuring range by changing the lower 

limit of the current; 

- it has been established that constructing a multi-turn ferromagnetic core around the conductor (busbar) with an 

increasing number of magnetic conductor windings enhances the sensitivity of the ferromagnetic current transformer 

and allows the possibility of extending its measurement range by adjusting its lower limit. 
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