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IMPACT OF CONTACT JOINTS RESISTANCES ACCOUNT OF LOW 
VOLTAGE SWITCHING DEVICES 

The paper studies the problem of the impact of basic circuit and mode parameters of the equipment and 
shop-floor grids on the value of the equivalent resistance of low voltage grids of the industrial enterprises. 
The conditions, under which non-accounting of contact joints resistances of switching devices does result in 
the substantial error in the process of determination of the equivalent resistance in 0.4 kV grid, are 
considered. 
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Energy system comprises several thousand transmission lines, rated for less than 1000 V. Such 

grids are the most important elements in the system of the industrial energy supply. As a result of 
their branching and length, low voltage grids are characterized by considerable losses of electric 
energy [1], that is why, the increase of the reliability of losses calculation is important due to 
constant growth of electric energy cost [2,3]. 

For more accurate determination of energy losses the application of the specialized models, [4], 
the parameters of which can be easily formed separately for each specific shop-floor grid is 
expedient. In the process of composition of such models all the lines of the radial shop-floor grid are 
replaced by one equivalent line. 

As it is known, the equivalent resistance of the shop-floor grid is a determining parameter for 
electric energy losses calculation [5] and consumption  of electric energy [6]. Electric energy losses, 
stipulated by the square of the efficient current and equivalent resistance of the circuit is one of the 
most important indices, characterizing the efficiency of grids operation [7]. Determination of the 
losses value with minimal possible error is necessary for the solution of the problems, emerging in the 
process of planning of  electric energy losses and operation of shop-floor grids [8]. During the 
planning of energy supply and assessment of losses, the equivalent resistance of the whole circuit is 
used as the basic characteristic of the circuit with the different set of the quantity and types of the 
devices, installed in the line [3]. 

For the assessment of the degree of impact of basic factors, determining the equivalent resistance 
of the shop-floor grid, the parameters of energy supply circuit  of the mechanical shop section with 
the majority of radial lines will be studies (Fig. 1). 
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Fig. 1. Radial scheme of electric energy supply  of mechanical shop section , where 

1 – bench-type drilling unit; 2b – universal milling machine; 2c – universal milling machine; 3а – lather machine; 3b 
– lather machine; 3c – lather machine; 3d – lather machine; 5а – compressor; 5b – compressor; 6 – bench-type 

drilling machine; 2а – universal milling machine; 2b – universal milling machine; 4 – bench-type drilling machine; 
7а – fan; 7b – fan; 8 – electric top-running crane beam; L1-L16 – cable lines from the switchboard to the consumer; 

SB-1 –switchboard; Т – transformer; ТS – transformer substation; CDP– central distribution point 
 

Equivalent resistance of the radial grid is determined by the expression [9]: 
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where un,ir  – is the resistance of the contact joints of the low voltage switching devices, installed in 
the line of low-voltage switching devices;  il  is the length of the line, m;  20,ir  is the specific 
resistance of 1 m of the conductor at the temperature of 20 С, mOhm/m;  – is the temperature 
coefficient of the line conductor material resistance increase, for copper it equals 0.0044 С/1 , for 
aluminium – 0.0042 С/1 ; n – is the number of electric loads; m – is the number of the units in the 
circuit. 

The heating temperature of current conducting wire is determined by the expression [10]: 

   ,ΘΘTkΘ ambambadmlwire  2  (2) 
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where 2
lk  – is root mean square coefficient of line loading; admT  – is admissible temperature of cable 

conductor, determined by the reference data;  wire – is the temperature of the wire strand, that 
changes, depending on the ambient temperature and line loading, С ;  amb  – is the ambient 
temperature. 

For determination of the reference equivalent resistance, losses of power in each line of the radial 
grid section are found element-wise [11] iP  
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where c,iI  is the calculated current of the ith section of the grid, А; totI is total current of the nth 
number of the consumers, А;  N – is the number of units in the line. 

Fig. 2 shows the dynamics of the value change of the equivalent resistance of shop-floor grid 
section, shown in the Fig. 1, on condition of taking or not taking into account such parameters as: 

– heating of the conductors by loading current wire ; 
– resistance of the switching devices  un,ir ; 

– 2
lk  – is root mean square coefficient of line loading. 
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Fig. 2. Value of the equivalent resistance of shop-floor section of the grid with the account of the impact of main 

parameters of the equipment 
 

Equivalent resistance of the radial grid without the account of the resistance of switching devices 
is determined by the expression [12]: 
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By the results of the research, carried out, the ratio in the equivalent resistance of radial grid to  

the resistance of contact joints of low voltage units and the resistance of the lines, depending on the 
number of consumers, connected to the distribution device (Fig. 3) is determined. 

Sh
ar

e 
in

 th
e 

eq
ui

va
le

nt
 re

si
st

an
ce

, %

 
Fig. 3. Ratio in the equivalent resistance of the radial grid the resistance of the contact joints of low voltage units and 

the resistance of the lines, with the account of conductors heating 
 

As the studies showed [12,13] in the process of calculation of equivalent resistance in shop-floor 
lines it is necessary to take into consideration the impact of conductors heating,  caused  by the 
passage of loading current and ambient temperature [14,15]; resistances of the contact systems of 
switching devices and their number; because the shop-floor lines contain numerous nodes, serially 
connected with contact joints and the resistance of  the devices is comparable with the resistance of 
the line; also it is necessary to take into account mean-square loading coefficient of the grid lines 2

lk , 
that enables to decrease the error of the equivalent resistance calculation and improve the calculation 
accuracy of electric energy losses in low voltage shop-floor grids. 

Dependences of the equivalent resistance of the radial grid on the number of consumers connected 
to one power point (switch gear), and dependence on the number of  power points connected in 
parallel with the equal number of electric energy consumers are shown in Fig. 4. 
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Fig. 4. Dependence of the equivalent resistance of the grid on the number of power points connected in parallel  
By the results of the research, the conditions of the account/non-account of switching devices 

resistance for various schemes of radial shop-floor grids with the following changing parameters are 
analyzed and determined: 

– quantity of the electric energy consumers 6 – 10; 
– length of the line 5 – 200 m; 
– cross-section of the line 2.5 – 240 mm2; 
– quantity of switching devices in the line: 1 automatic circuit breaker; 1 automatic circuit breaker 

and 1 magnetic starter; 2 automatic circuit breakers and 1 magnetic starter. 
The results of the account/nonaccount of switching devices resistance are given in Fig. 5, 6, 

where АВ – is the quantity of automatic circuit breakers, MS – magnetic starters, installed in the 
line. 

 

 
Fig. 5. Area of the account of switching devices resistance in the equivalent resistance of shop-floor grid with 6 radial 

lines  
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Fig. 6. Area of switching devices resistance account  in the equivalent resistance of shop-floor grid with  10 radial 

lines  
 

Thus, determination of the equivalent resistance by the expression (4) for the variants of 
equipment circuits that are not in the area of contacts resistance account, will lead to the difference 
of less than 5% as compared with the account of switching devices resistances in the equivalent 
resistance. The given nomographs simplify the algorithm of low voltage grids equivalent resistance 
determination for different circuits. 

REFERENCES 
1. Fedorov О. V. Peculiarities of the interplant electric energy supply system structure / О. V. Fedorov // Reliability 

and safety of power industry. – 2015. – № 3 (30). – P. 30 – 33. (Rus). 
2. Gracheva Е. I. Determination of electric energy losses in shop-floor grids of up to 1000 V voltage /  

Е. I. Gracheva, V. V. Shevchenko // Industrial power engineering. – 2001. – № 10. – P. 33 – 35. (Rus). 
3. Gracheva Е. I. Determination of contact joints resistance of low voltage switching devices / Е. I. Gracheva,  

V. V. Shevchenko // Industrial power engineering. – 2002. – № 1. – P. 42 – 43. (Rus). 
4. Shpiganovich А. N. Aspects of calculation of electric engineering installations parameters by similarity 

conditions / А. N. Shpiganovich // Scientific problems of transport in Siberia and Far East. – 2008. – № 2. – P. 232 – 
235. (Rus). 

5. Fedorov А. А. Fundamentals of industrial power supply / А. А. Fedorov, V. V. Kameneva. – М. : 
Energyatomizdat. Publishing House, 1984. – 472 p. (Rus). 

6. Gasperic S. Energy losses in low voltage distribution network / S. Gasperic // Proceedings of the 2011 3-rd 
International Youth Conference on Energetics (IYCE). IEEE Conference Publications. – 2011. – P. 1 – 5. 

7. Shpiganovich А. А. Analysis of the impact of probabilistic parameters of electric equipment on the efficiency of 
electric supply systems operation / А. А. Shpiganovich // News of higher education establishments of Black Soils 
Region. – 2013. – № 2. – P. 25 – 32. (Rus). 

8. Fedorov О. V. Priority branches of new technological practices : Monograph // О. V. Fedorov,  
B. Ya. Tatarskikh, А. М. Yakusheva. – М : КНОРУС Publishing House, 2016. – 280 p. (Rus). 

9. Gracheva Е. I. Losses of electric energy in low voltage grids: Monograph / Е. I. Gracheva. – Kazan : Kazan. 
State Power Engineering  University, 2004. – 128 p. (Rus). 

10. Electric grids design handbook / [under the editorship of D. L. Faibisovich]. – M. : НЦ ЭНАС Publishing 
House, 2005. – 320 p. (Rus). 

11. Dickert J. Residential load models for network planning purposes / J. Dickert, P. Schegner // P2010 Modern 
Electric Power Systems.  IEEE Conference Publications. – 2010. – P. 1 – 6. 

12. Shagidullin А. V. Calculation of the equivalent resistance of radial schemes in the process of electric energy 
losses calculation / А. V. Shagidullin, Е. I. Gracheva, А. N. Khaerova // Electric equipment: operation and 
maintenance. – 2014. – № 9. – P. 10 – 16. (Rus). 

13. Shagidullin А. V. Calculation-experimental research of the resistances of automatic circuit-breakers contact 
systems / А. V. Shagidullin, Е. I. Gracheva, А. V. Rybakova // Electricity. – 2013. – № 3. – P. 20 – 25. (Rus). 



POWER ENGENEERING AND ELECTRICAL ENGINEERING 

Scientific Works of VNTU, 2018, № 1 7 
 

14. Electric Installations Code. 7-th edition. [Electronic Resource] / Ministry of Energy of the Russian Federation, 
2003. – Access mode  : https://www.elec.ru/files/2016/11/02/PUE-novredaktsijaelek.pdf. (Rus). 

15. Fedotov А. I. Account  of shop-floor grids elements heating in the process of determination of electric energy 
losses / А. I. Fedotov, О. V. Naumov // News of Higher Educational Institutions. Problems of power engineering. – 
2004. – № 5 – 6. – P. 86 – 92. (Rus). 

 
Editorial office received the paper  07.03.2018. 
The paper was revewed 14.03.2018. 
 

Grachova Olena – Dr. Sc., (Eng.), Professor, Federal state-sponsored educational establishment of higher 
education «Kazan State Power Engineering University», е-mail: grachieva.i@bk.ru.   

Shagidullin Andriy– Senior Lecturer, Federal state-sponsored educational establishment of higher 
education «Kazan State Power Engineering University», е-mail: shagidullinav@gmail.com. 

Federal state-sponsored educational establishment of higher education «Kazan State Power Engineering  
University». 


