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Abstract. This article contains information about the induction motor three-phase electromagnetic current 
transducer. A practical and theoretical static description of the differential connection between the sensitive element 
loops of the asynchronous motor's three-phase electromagnetic current transducer and its output values is developed. 
Based on the static description, a comparison examination of the transducer's output voltage signals with 
differentially linked sensitive element loops was performed. At the same time, the effect of stator temperature on the 
current transducer's output voltage signal is discussed, as well as the technical specifications of the asynchronous 
motor three-phase electromagnetic current transducer. 

INTRODUCTION 

Analyses demonstrate that electric drives using asynchronous motors consume a considerable portion of the 
electricity produced in businesses. The rule of electromagnetic induction governs asynchronous motors, which 
operate at variable voltage. This demands that the voltage consumed by asynchronous motors meet defined 
requirements. As a result of the flow of asymmetrical and high harmonic currents from the stator coil of the 
asynchronous motor, magnetic currents are formed that negatively affect the operating modes of the 
asynchronous motor, which leads to an increase in the asynchronous motor reactive power, therefore, it is 
necessary to develop technical solutions for the monitoring and control of asymmetrical and high physical 
models of asynchronous motor three-phase electromagnetic current loops connected in series, parallel and 
differential circuits with one sensitive element loop or two sensitive element loops in monitoring and control of 
asynchronous motor reactive power compensating filter-compensation constructions have been researched in 
appropriate order. According to the description of these asynchronous motor three-phase electromagnetic 
current transducer models, it was determined that the output signals of the three-phase electromagnetic current 
transducer with two sensitive elements and mutual differential connection accurately describe asymmetrical and 
non-sinusoidal currents of asynchronous motor reactive power. 

EXPERIMENTAL RESEARCH 

The input and output ends of the three-phase electromagnetic current transducer, which are wedge-shaped 
and positioned in a suitable order with the stator clamps, are extended out of the stator to monitor and regulate 
asynchronous motor filter compensating devices. A three-phase electromagnetic current transducer with one 
sensitive element loop suitable for each phase has six input and output ends. A three-phase electromagnetic 
current transducer with two sensitive element loops has twelve input and output ends when stator phases are 
used. Figure 1 depicts the sensitive element loops and stator outside, which are compatible with the 
asynchronous motor's stator wedges and mounted on them [1-5]. 

The asynchronous motor monitors and controls the filter-compensation devices of the asynchronous motor's 
reactive power via the output signals of the three-phase electromagnetic current transducer, providing 
information about the asymmetrical and high harmonic currents generated in the asynchronous motor. This 
asynchronous motor three-phase electromagnetic current transducer is considered constructively simple and 
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convenient to install in stator wedges, as it can provide information about asymmetric and non-sinusoidal 
currents affecting asynchronous motor reactive power in the form of a continuous signal (FIGURE 1) [6, 8]. 

  
a) 

  
b) 

FIGURE 1. a) asynchronous motor three-phase electromagnetic current transducer is the appearance of the stator in 
which the sensitive element loops are located, b) a research stand for determining the asymmetrical and non-sinusoidal 

currents of the asynchronous motor reactive power. 
 
The equivalent scheme for the investigation of a three-phase electromagnetic current transducer with 

differentially connected two sensitive element loops compatible with the stator coils and situated between the 
poles, is shown below (Figure 2).  

 
FIGURE 2. Equivalent scheme of a three-phase electromagnetic current transducer with two sensitive element loops per 

phase. 
 
The value of the asymmetrical and high harmonic currents of the reactive power of the asynchronous motor 

is calculated using a voltage of 5 V from a three-phase electromagnetic current transducer that is standardized 
for monitoring and control devices. The amount of this 5 V rated voltage is directly proportional to the number 
of windings of the electromagnetic current transducer and the techniques of connecting two or more sensitive 
element loops. The number of windings in sensitive element coils is determined by the size of the space between 
the stator coil and core. High harmonics and secondary currents created in the stator interfere with the output 
voltage signal, preventing precise information about the measured quantities. 

As a result, the principle of receiving a signal from an asynchronous motor three-phase electromagnetic 
current transducer, which compensates for these currents, consists of loops of two sensitive elements suitable for 
each phase, which are placed oppositely and differentially connected to one another. The research findings 
indicate that the asynchronous motor three-phase current electromagnetic transducer with two sensitive element 
loops and differentially coupled to each other has adequate and accurate output signals [4, 6]. 

RESEARCH RESULTS 

The practical and theoretical static characteristics of an asynchronous motor three-phase electromagnetic 
current transducer with two sensing element loops suitable for each phase and mutually differentially connected 
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for monitoring and controlling asynchronous motor reactive power filter-compensation devices are described 
below (Figure 3, Figure 4) [7, 9].

The reactive power of an asynchronous motor fluctuates during its transient operation. The electrical and 
electromagnetic mechanical parameters of the asynchronous motor have an effect on the three-phase 
electromagnetic current transducer's output voltage. The number of loops of sensitive materials placed in the 
stator slots, as well as their connectivity methods and location, all have a direct impact on the sensitivity of the 
electromagnetic current transducer and output signal accuracy [4].

During the start of an asynchronous motor, the number of rotor spins and the inductance of the stator coils 
cause the stator currents to increase numerous times (Figure 5).

FIGURE 3. Static description of asynchronous motor three-phase electromagnetic current transducer with sensitive 
element circuits differentially connected (based on the condition U1=const).

FIGURE 4. Static characteristics of the dependence of output signals of an asynchronous motor three-phase 
electromagnetic current transducer with two sensitive elements and connected in a mutual differential circuit on the stator 

current (based on the condition M1=const).

Based on the static description of the three-phase electromagnetic current transducer with differentially 
linked sensitive element loops reflecting asymmetrical and high harmonic currents generated in an asynchronous 
motor, the adequacy of its output voltage signals is determined below:

g
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Adequacy of the output voltage signals in the mode of operation of the asynchronous motor: 

%472.1%100
685.4

616.4685.4
%100

practical
U

ltheoretica
U

practical
U

 

Adequacy of the output voltage signals in the nominal operating mode of the asynchronous motor: 

%245.0%100
473.4

462.4473.4
%100

practical
U

ltheoretica
U

practical
U

 

Adequacy of the output voltage signals in the load (Iload=1.15Inom) operation mode of the asynchronous 
motor: 

%617.0%100
375.4

402.4375.4
%100

practical
U

ltheoretica
U

practical
U

 

 
According to the findings of the study, the difference between the practically determined and theoretically 

determined values of the output voltage signals of the asynchronous motor three-phase electromagnetic current 
transducer depends on the reactive power of the asynchronous motor and ranges from 1.472 % to 0.245 % 
between the normal and nominal operating modes of the asynchronous motor, as well as 0.245 % between the 
nominal and load modes. A change of 0.617 % was discovered.  

 
FIGURE 5. Dynamic characteristics of a three-phase electromagnetic current transducer with differentially connected 

sensitive element loops calculated using the Matlab program by equivalent scheme. 
 
To monitor and control the filter-compensation devices of the reactive power of the asynchronous motor, the 

voltage generated in the asynchronous motor is based on the output voltage signals of the three-phase 
electromagnetic current transducers, which are connected in series, parallel, and differentially, consisting of one 
sensitive element loop and two sensitive element loops, suitable for each phase. The physical model for 
determining asymmetric and higher harmonic currents was created at an educational and scientific laboratory. 
The values of asymmetrical and higher harmonic currents were determined using an Arduino microcontroller, 
with programming code generated in the Arduino IDE environment [10, 12-14]. 

During the operation of the asynchronous motor, the heating of the stator coils due to external humidity or 
load has a direct effect on the output voltage signals of the three-phase electromagnetic current transducer. 
Based on the results of the conducted research, it was determined that the temperature in the stator part before 
starting the asynchronous motor is t=31.2о C and the active resistances of the stator coils are equal to RA=8.23 
Ohm, RB=8.25 Ohm, RC=8.28 Ohm. In the nominal operating mode, after 25 minutes, the temperature in the 
stator part was t=52.7о C and after 35 minutes, it was t=60.3о C. At the end of the study, it was found that the 
active resistance of the stator coils changed to RA=9.18 Ohm, RB=9.21 Ohm, RC=9.25 Ohm [2, 15-18]. 

In order to monitor and regulate the filter-compensation devices of the asynchronous motor's reactive power, 
the output voltage signals must be corrected for the influence of stator temperature. According to the research 
findings, the relationship between temperature and the resistance of the sensitive element is as follows: 
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2)23()12(10 ttttRR  
Based on the determined experimental results, the temperature of the asynchronous motor stator winding has 

been determined to change linearly up to t=50о C and nonlinearly at higher temperatures, and it can be expressed 
by the above formula. Based on the results of the research, the main parameters of the three-phase 
electromagnetic current transducer of an asynchronous motor are as follows [19, 20]: 

 
TABLE 1. Parameters of the three-phase electromagnetic current transducer of an asynchronous motor. 

Source voltage, (V) 380  
Nominal output voltage signal, (V) 5 
Change interval, A 0÷3000 
The number of sensitive element loops 1 or 2 
Number of sensitive element loops 2 
Nominal output voltage signal frequency, (Hz) 50 
Static description linear 
Accuracy, % 0.372 
Size, mm 0.04-1.5 
Mass, kg 0,082 – 0,169 
 
When monitoring the filter-compensation devices of the asynchronous motor's reactive power via wireless 

networks, the output voltage signal from the three-phase electromagnetic current transducer placed in the stator 
slots is connected to the analogue pins of the microcontroller control unit, resulting in variable output voltages 
from the current transducer. 

 

FIGURE 6. Filter-compensation devices are monitored using cloud technology based on the data from an asynchronous 
motor three-phase electromagnetic current transducer. 

The microcontroller determines each information based on the real-time timer module and delivers pulse 
signals to the control unit of the filter-compensation device's thyristors via digital pins, allowing for remote 
control. The specified information is transmitted to the Web page and other forms by SMS message or the 
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Internet via the GSM or Ethernet module. The information provided to the SMS message or the Web page via 
cloud technology includes the efficiency of the asynchronous motor, three-phase electromagnetic current 
converter, output voltage signal, symmetrical and high harmonic current values, and filter-compensation device 
efficiency (Figure 6) [20]. 

CONCLUSIONS 

The possibilities of incorporating three-phase current electromagnetic transducers in the monitoring and 
control of the reactive power consumed by the asynchronous motor were investigated, and the analysis of the 
asymmetrical and non-sinusoidal currents of the asynchronous motor's reactive power was considered on the 
basis of domestic production enterprises. The installation of asynchronous motor filter-compensation devices, as 
well as the use of the proposed three-phase current electromagnetic transducer as a monitoring and control 
element in each production enterprise, resulted in a 5 % reduction in electrical energy consumption for devices 
with an asynchronous motor electric drive. 

Depending on the asynchronous motor's reactive power, the difference of the output voltage signals of the 
asynchronous motor three-phase electromagnetic current transducer between the practically determined values 
and the theoretically determined values was determined, resulting in a change of 1.472 % to 0.245 % between 
the asynchronous motor's idle and nominal operating modes and 0.245 % to 0.617 % between the nominal and 
load modes. 

The effect of stator temperature on the output voltage signals of the asynchronous motor three-phase 
electromagnetic current transducer was investigated. As a result, the effect on the output voltage signals was 
determined based on the linear change in stator winding temperature up to t=50 о C and the nonlinear change at 
higher temperatures. 
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