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Abstract. The article proposes a thermoelectric method for monitoring the contact resistance of contact joints 

in power grids. It describes an algorithm to detect faulty contact joints with resistance exceeding the value specified 

in regulatory standards. The algorithm is considered using the example of a circuit containing five contact joints 

and three electrical installations. The algorithm is based on calculating contact resistance from the measured values 

of thermoelectromotive force and flowing current only at the moment the electrical installation is turned on, which 

makes it possible to calculate the resistance of the contact through which the electrical installation is connected. 

By the number of electrical installations being turned on or off, the numbers of the contact joints that make up the 

power supply circuit of this installation are determined.  
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1. Introduction  

Power grids are integral to any technological process, where electricity is supplied to consumers via 

networks of power lines, whose length may reach thousands of kilometers. This creates certain complications 

due to conductor connections, which become inevitable. There are two types of connections: detachable and 

permanent. Permanent connections include crimping, soldering, and welding. Detachable connections include 

twisting, bolted connection, terminal block connection, plug-socket connection, etc. When operating such 

connections, malfunctions may occur in the form of high electrical contact resistance (ECR), which is one of 

the main causes of fires in electrical installations. The number of fires that occurred as a result of violations of 

the rules for operating electrical equipment is steadily increasing. Thus, in Russia, for instance, the number of 

fires increased from 41,317 in 2016 to 51,930 in 2021 [1]. The death toll was 2,289 people in 2021 alone, and 

the number of injured was 2,545. The material damage caused amounted to over 15 billion Russian Rubles [2]. 

A similar trend is observed in America, where the number of fires caused by faulty electrical installations in 

the residential sector alone increased from 43.5 thousand in 2016 to 48.4 thousand in 2021 [3]. In 2019 alone, 

property damage amounted to about $15 billion [4]. One of the causes of fires in electrical installations is the 

ignition of contact joints due to increased contact resistance, which leads to excessive heating. The value of 

contact resistance is regulated by documents RD 34.45-51.300-97 and PTEEP and should not exceed 

0.05 Ohm. For explosive premises, the contact resistance should not exceed 0.03 Ohm. The reasons for high 

ECR occurrence have been investigated [5-9], and various methods to reduce it have been proposed and 
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developed in recent years [10-15]. However, none of these approaches meet modern requirements for 

monitoring contact resistance or allow monitoring during the operation of electrical installations. 

2. Problem Specification  

To control the ECR value of a contact joint, the authors proposed using the thermoelectric method [16-

19], which consists in the appearance of a thermoEMF signal in contact pairs of dissimilar conductors, due to 

an increase in temperature when the load current flows through the contact resistance. 

It should be noted that the thermoelectric method has not been used previously to monitor contact 

resistance and was proposed by the authors for the first time. The thermoelectric method is traditionally used 

to sort finished products by grades of steels and alloys, to testing the quality of heat treatment, to testing the 

quality of electron beam welding, to testing plastic deformation and to measure temperature [20-23]. More 

recently, it has been used to monitoring the thermal resistance of the contact pair transistor housing-cooling 

radiator [24]. Laboratory tests confirmed the feasibility of using the thermoelectric method for real-time 

monitoring of contact resistance in live power supply networks [17]. 

 However, the power supply system of even one room contains several contact joints, and the appearance 

of a thermoEMF signal in the power supply network does not allow one to unambiguously determine a faulty 

contact joint.  

It is not economically feasible to use a thermoelectric monitoring device on each contact joints to monitor 

its resistance, in addition, as a rule, most contact joints that make up the power supply circuit of an electrical 

installation are located in hard-to-reach places: in distribution boxes, in hidden channels of wall panels, etc., 

so connecting a contact resistance monitoring device to these contact joints is extremely difficult. A possible 

solution to this problem would be to use one thermoelectric monitoring device to monitor a group of contact 

joints. The purpose of this study is to develop a method for detecting faulty contact joints among those being 

monitored in a power supply network, using one thermoelectric monitoring device. Considering that the 

thermoelectric monitoring method is used for the first time to monitor the resistance of a contact joint, there 

are currently no methods for detecting faulty contact joints. 

3. Problem-Solving Approach 

To detect the contact resistance of the contact joints, the moment of switching on and the number of the 

electrical installation (loads) are determined by the presence of current flowing through this electrical 

installation, the obtained data about the switched-on electrical installation and the amount of flowing current 

is transferred to the microcontroller, and the change in thermoEMF is analyzed when each electrical installation 

is turned on and off. By the number of the electrical installation being turned on or off, the numbers of the 

contact joints that make up the power supply circuit of this installation are determined. For example, consider 

the power supply circuit of three electrical installations with a system for monitoring the contact resistance of 

the contact joints (Fig. 1). 

 
 

Fig.1. Power supply diagram of three electrical installations with a contact resistance monitoring system 
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The circuit contains an input panel, a current sensor (CS), contact joints CJ1...CJ5, current detectors 

CD1...CD3, three electrical installations EI1, EI2 and EI3, a thermoEMF signal detection unit, a 

microcontroller and a display. The first electrical installation is connected to the input panel through a current 

sensor (CS), contact joints CJ1 and CJ3, and a current detector CD1. The second electrical installation is 

connected to the input panel through a current sensor (CS), contact joints CJ1, CJ2, and CJ4, and a current 

detector CD2. The third electrical installation is connected to the input panel through a current sensor (CS), 

contact joints CJ1 and CJ5, and a current detector CD3. 

When the first electrical installation is turned on, current flows through the current sensor (CS), contact 

joints CJ1 and CJ2, current detector CD1, and the first electrical installation. The thermoEMF signal detection 

unit separates the thermoEMF signal from the total signal of the power supply network and transmits it to the 

microcontroller. The microcontroller reads this signal only when the first electrical installation starts. The 

moment the electrical installation is turned on is determined by the start of current flow detected by the current 

detector CD1. The microcontroller also receives data from the current sensor. The microcontroller determines 

the current flowing through the first electrical installation by subtracting the current before switching on from 

the current after switching on. The resulting value is stored in the memory of the microcontroller. A similar 

procedure is carried out when turning off the first electrical installation. Based on the received data on the 

current value and thermoEMF, the microcontroller calculates the contact resistance. Since the first electrical 

installation is connected to the input panel through two contact joints CJ1 and CJ3, two options are possible: 

first - only the current of the first electrical installation flows through the contact joints CJ1, i.e. the second 

and third electrical installations are not turned on. In this case, the microcontroller can only calculate the total 

resistance of the two contact joints. In the second case, the second or third electrical installation, or both 

together, may be turned on. In this case, the resistance of the contact joint CJ1 does not affect the value of 

thermoEMF and the microcontroller calculates the resistance of the contact joint CJ3.  

When the second electrical installation is turned on, current flows through the current sensor (CS), contact 

joints CJ1, CJ2, CJ4, current detector CD2 and the second electrical installation. The thermoEMF signal 

detection unit separates the thermoEMF signal from the total signal of the power supply network and transmits 

it to the microcontroller. The microcontroller reads this signal only when the second electrical installation 

starts. The moment the electrical installation is turned on is determined by the start of current flow detected by 

the current detector CD2. The microcontroller also receives data from the current sensor. The microcontroller 

determines the current flowing through the second electrical installation by subtracting the current before 

switching on from the current after switching on. Considering the fact that the second electrical installation is 

connected to the input panel through the contact joints CJ1, CJ2, and CJ4, four options are possible for 

calculating the contact resistance. First case: only the second electrical installation is turned on. In this case, 

the microcontroller can only calculate the total resistance of the three contact joints. The second case is when 

the first electrical installation is turned on. In this case, the total resistance of the contact joints CJ2 and CJ4 is 

calculated. The third case is when the third electrical installation is turned on. In this case, the resistance of the 

contact joint CJ4 is calculated. Fourth case: the first and third electrical installations are turned on. In this case, 

the resistance of the contact joint CJ4 is calculated. The resulting value is stored in the memory of the 

microcontroller. A similar procedure is carried out when turning off the second electrical installation.  

When the third electrical installation is turned on, current flows through the current sensor (CS), contact 

joints CJ1, CJ2, and CJ5, current detector CD3 and the third electrical installation. The thermoEMF signal 

detection unit separates the thermoEMF signal from the total signal of the power supply network and transmits 

it to the microcontroller. The microcontroller reads this signal only when the third electrical installation starts. 

The moment of switching on the third electrical installation is determined by the start of current flow detected 

by the current detector CD3. The microcontroller also receives data from the current sensor. The 

microcontroller determines the current flowing through the third electrical installation by subtracting the 

current before switching on from the current after switching on. Taking into account the fact that the third 

electrical installation is connected to the input panel through the contact joints CJ1, CJ2, and CJ5, four options 

are possible for calculating the contact resistance. First case: the first and second electrical installations are not 

turned on. In this case, the total resistance of the three contact joints CJ1, CJ2 and CJ5 is calculated. Second 

case: the first electrical installation is turned on. In this case, the total resistance of the two contact joints CJ2 

and CJ5 is calculated. The third case is when the second electrical installation is turned on. In this case, the 

resistance of the contact joint CJ5 is calculated. Fourth case: the first and second electrical installations are 
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turned on. In this case, the resistance of the contact joint CJ5 is calculated. The resulting value is stored in the 

memory of the microcontroller. A similar procedure is carried out when turning off the second electrical 

installation. The operating algorithm of the contact joint resistance monitoring system is presented in Fig. 2. 

 

 

 
 

Fig.2. Algorithm of operation of the contact-joint resistance monitoring system 

 

The process of calculating the resistances of contact joints CJ1, CJ2, CJ3, CJ4, and CJ5 from the obtained 

data includes solving several equations. When the first electrical installation is turned on and the second and/or 

third are turned on, the contact resistance of CJ3 is determined. When the second electrical installation is turned 

on and the first and/or third are turned on, the contact resistance of CJ4 is calculated. When the third electrical 

installation is turned on and the first and/or second are turned on, the contact resistance of CJ5 is calculated. 

For other combinations of switching on electrical installations, the total resistance of several contacts is 

calculated, and then the unknown contact resistance is calculated, for example: 
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For a different wiring diagram for electrical installations, the algorithm is written similarly, considering 

the presence of specific contact joints. The method for calculating contact resistance was described in detail 

by the authors [17], where the following expression was obtained for calculating contact resistance from the 

measured values of thermoEMF and current flowing through the contact joint: 
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where E is the thermoEMF value, S1 and S2 are the Seebeck coefficients of the contact pair, I is the current 

through the contact pair, K is the general heat transfer coefficient, taking into account all its types; S – contact 

cooling surface area. 

4. Experimental Procedure 

A practical test of the algorithm’s operation was carried out on a device prototype (Fig. 3). 

 

 
 

Fig.3. Experimental model of the contact joint resistance monitoring system 

 

The layout contains an input panel, three electrical installations (loads): two incandescent lamps (load 1 

with a contact joint in the form of a switch (CJ3)) and two sockets (Cariva 773659 from Legrand) for 

connecting an electric kettle and an iron (load 2 (CJ4) and load 3 (CJ5)), a current detector, current sensor 

(ACS758LCB-100B from Allegro), microcontroller, thermoEMF signal detection unit, including a divider, 

filter and amplifier. Also, two contact joints, CJ1 and CJ2, were artificially introduced in the form of twisting 

two conductors made of copper and aluminum to correspond to the structural diagram shown in Fig. 1. To 

increase the contact resistance of CJ1, it was placed in a heat chamber and heated at a temperature of 150 °C 

for 20 hours. At the same time, an oxide film formed on the surface of the copper conductor and the contact 

resistance became about 0.4 Ohm. The measurement was carried out with a Rigol DM3068 multimeter. When 

three electrical installations were turned on and off sequentially, the monitoring system detected the first 

contact joint CJ1 with a resistance exceeding the permissible value of 0.05 Ohm. 

5. Results and Discussion 

The presented example, which involves detecting the resistance of contact joints in three electrical 

installations connected to the power grid via five contact joints, demonstrates a general approach to developing 

an algorithm for detecting a faulty contact joint. For each room, such an algorithm will be unique, in which it 

is necessary to take into account the number of electrical installations, the number of contact joints used to 

connect each electrical installation to the input panel, the number of common contact joints for all electrical 

installations, the number of common contact joints for several electrical installations. For the system to 

accurately detect faulty connections, each installation needs a current alarm to pinpoint switching events. These 

events are crucial because they induce thermoEMF changes in the connecting joints. ThermoEMF changes at 

other times are likely to be due to switching activity in other installations. Crucially, precise faulty joints 

detection requires knowledge of the Seebeck coefficient of the metals used in the contact joints. 

Buk
eto

v U
niv

ers
ity



Eurasian Physical Technical Journal, 2025, 22, 1(51)                                        ISSN 1811-1165; e-ISSN 2413-2179  81 

6. Conclusion 
 
The use of the proposed algorithm for detecting a faulty contact joint in the presented example of a power 

supply network can be implemented in continuous monitoring of contact joints in the power supply network 

of an office building or other separate premises. Timely detection of a faulty contact joint will eliminate failures 

in power grids, ensure trouble-free operation of electrical equipment, eliminate the fire hazard of contact joints, 

and thereby prevent man-made accidents. The article discusses a general approach to developing an algorithm 

for monitoring a faulty contact joint. For a specific power supply network, it is necessary to develop a specified 

algorithm for detecting a faulty contact joint based on the approach proposed by the authors. 
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