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Summary 

 
The work shows a model of a low voltage line (LV), loaded asymmetrical (asymmetry load), feeding scattered 

customers. The object of the research is an LV line supplying rural customers. Analysis of the tests results of the built 
model allows among others, evaluation of the values that characterise the quality of the electricity supplied to 
customers and the parameters that describe the objective of the research. In order to assess the quality of electricity 
(provided to customers) the algorithm calculation was compiled and on the basis of the developed model, it is possible 
to calculate the values of voltage sags and deviations on the individual points of the line. In addition, it enables the 
designation of the asymmetry of voltage (the coefficients of voltage asymmetry). The figures characterising the quality 
of electricity can be appointed to different parameters describing an LV, inter alia, distribution of customers along the 
line, what type of customers are connected to the line (productive and unproductive), the nature and extent of the load 
and the degree of load asymmetry. 
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1. Introduction 
 

The reasons for the presence of currents and voltages asymmetry in three-phase grids are 
primarily non-symmetrical loads and non-symmetrical transmission devices. The work three-phase 
electrification system is called asymmetrical or non-symmetrical when the work conditions of one 
or all phases are different. In three-phase systems there are short-term and long-term operational, 
asymmetrical modes of work. Short-term asymmetry is usually caused by emergency processes. 
These are primarily asymmetrical short circuit and disconnections of one phase in the cycle of 
automatic re-connection. Long-term asymmetry in a transmission system can occur when you 
enable the network an asymmetrical load, with the presence of asymmetrical elements or 
asymmetric work of transmission system.  

Asymmetry caused by an asymmetrical load is called the transverse asymmetry. Asymmetry 
caused by an asymmetrical transmission element (dissimilar own impedances and interactions of 
the lines) or asymmetric and cross currents flowing in this element is called the longitudinal 
asymmetry [3]. 

Asymmetrical states of work are present especially in rural distribution networks of low-
voltage power systems. Such states of work follow from asymmetry of loads in phases, caused by 



an unbalanced power distribution for each phase of single-phase receivers and random enable 
receivers to the network.  

In the designing and construction of a rural network efforts are made to proportionally and 
evenly connect all single-phase receivers to the individual phases, but it does not always meet this 
criterion. 
Even in conditions of balanced connection of receivers, an asymmetry occurs in low-voltage lines. 
This is because each of receivers can be enabled or disabled from the network depending on 
changing situation. Usually a load of each phase changes in time, regardless of other phases load.   

Asymmetry of line caused by dissimilar reciprocal impedances has caused a negative impact 
on the quality of electricity, particularly in the case of overhead low-voltage lines, built with flat 
laid cables. In the lines of higher voltages (above 15 kV) the asymmetry is reduced by changes in 
the mutual positions of the cables. 
 
2. The object of research 
 

The object of research is a low voltage line, loaded asymmetrical, supplying rural customers.  
The analysis adopted a line model of 2nd type, characterised by zero values of crosswise 
parameters in the substitute scheme (crosswise parameters: unit conductance of Go line, unit 
susceptance of Bo line, takes into account medium and high-voltage lines) [1]. This type of line is 
characteristic of rural areas; four-cables and overhead line, with flat laid cables, and as the most 
widespread, is also the most unfavourable, due to mutual impedance of line in terms of asymmetry 
loads, the quality of the power is thus supplied to customers. Different values of mutual 
impedances make that line as an asymmetrical element of electricity transmission. In addition, 
assumed that receptions have a resistance-induction character.  

Test Object Model is presented in the Figure 1. 
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Fig.1. Model of low voltage line asymmetrical loaded  

 

3. Model of low voltage line 
 

Model of low voltage line include, inter alia: 
1) Fixed parameters: 

                              f – network frequency (f = 50 Hz),  
                           Ust – voltage phase at the beginning of the line (in a station); Ust = 240 V,  
                               - wire conductivity (for Al.  =34,8 m/·mm2), 

customer 1 customer i customer n 



                        s , sN – cross-section of the phase and neutral wires:, 
            bAN, bBN, bCN –  distance between the wires A i N, B i N, C i N, 

         bAB, bBC, bAC – distance between wires A and B, B and C, A and C, 
 

2) Data determining the topology of the line: 
l – length of the line [m], 
n – number of receipt points, 

li – distance of i-th receipt point from the beginning a line; [m]. 
 

3) Resistance values on sections between receipt points; [ 
a) for a phase wire 
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b) for a neutral wire 
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4) Unit reacatances, own and mutual of loops wire; [/m] 
a) reactances of loops wire respectively A and N, B and N, C and N 
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 where: 
 
 rA, rB, rC, i rN – radii of cross-sections phase and zero wires 
 

b) reactances of loop wire A and B, B and C, C and A 
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5) The power values at individual receipt points  
In every group of value of three powers phase at receipt points, you can separate: Pmaxi –  
power of the most loaded phase, Ppi – power of indirectly loaded phase , Pmini – power of 
the least loaded phase. 
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where: 



 
- maximum load factor [2] 
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- minimum load factor 
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- peak power in the i-th receipt point  

    ipii
f

fififisi PPPIUP minmax

3

1

cos 


 ,    (9) 

where: 
 
Ufi, Ifi, cosfi – phase values of: voltage, current and the cosine at the i-th receipt point 

(f = A,B,C). 

6) The values of phase currents measured in individual connections: 
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where: 

Un –  value of nominal voltage. 

7) The phase current values in a line between (k-1) and k-th receipt point 
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8) Resistance phase losses of voltage on the section: phase wire – neutral wire between (k-1), 
and k-th receipt point 
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where: 
 



 - resistance phase losses of voltage between receipt points 
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 - resistance losses of voltage in neutral wire 
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9) Inductive phase losses of voltage on the section: phase wire – neutral wire (k-1) and k-th 

receipt point 
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 - inductive phase losses of voltage between neighboring receipt points   
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 - inductive loss of voltage in neutral wire on the section as above    
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10) Phase losses of voltage from the beginning of the line to the i-th receipt point                
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11) Phase voltages and between wires in the i-th point of receipt point 
 
a) phases voltages 

- vectors     - modules 
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b) voltages between wires 
- vectors     - modules 

BiAiABi UUU   ,   ABiABi UU  , 

CiBiBCi UUU   ,   BCiBCi UU  ,                       (20) 



AiCiCAi UUU   ,    CAiCAi UU  . 

 
12) Phase drops and voltage deviations [4]  

a) voltage drops    b) voltage deviations 
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13) Coefficients of voltage asymmetry [3] 

a) opposite order               b) zero order 
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 where: 
 
 U2i, U1i, U0i – symmetrical components of voltage; in opposite order, matching, and 

zero order 
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 In the case of an angle symmetry: = 2= 2 

 
According to PN-EN 50160 standards, values of deviations should be within the limits of: 
     - 10% <  Uf  < +10%               (25) 
while the value of the coefficient of voltage asymmetry (for the network, restrictions concern only 
the values of the asymmetry coefficient of the opposite order) 
                               U2 < dop = 2%               (26) 
 
4. Selected results of simulations 
 

Examples of calculations carried out for overhead line LV with simple track, specified cross-
section wires (s = sn = 50 mm2) and a fixed topology, so the length l = 1080 m, the number of 
receipt points of n = 10. Assume customers evenly along the line. At the beginning, values of the 
peak power Psi were generated for the individual connections and its average value was  
Psg = 5,753 kW (on the basis of  research results in rural customers). Distribution of the power on 



time stages was implemented by determining the values of coefficients described in formulas (6), 
(7), (8).  
For several values of the maximum load factor obtained on the basis of research results concerning 
loads in rural customers: 

     406,0 wi ww      541,0 wwi     675,0 wi ww      709,02  wi ww   

values of coefficient k1i were generated. On the basis of mutual relations between the asymmetry 
loads factors resulting from the formula (5), fixed the value of the coefficient k2i in individual 
receipt points of the line. On this basis, obtained values of coefficients, values of peak power and 
phase powers were calculated in individual connections. Values of phase coefficients were 
generated on the basis of measurements carried out in a transformer station MV/LV (average value 
of the cos = 0,923). This enabled the calculation of phase currents in receipt points according to 
the formula (10). These currents corresponding to the phase powers at random, were attributed to 
the phases of the line. This allowed us to define the value of currents in the line, drops and levels 
of phase voltages and therefore values of voltage deviations and coefficients of voltage 
asymmetry, which are among the parameters which characterise the quality of electricity in low-
voltage power line. Table 1. shows the values of coefficient voltage asymmetry and voltage 
deviations for the most loaded phase and at the end of the line for a specific level of loads 
asymmetry in customers, which largely are characterised by the coefficient of maximum load wi (it 
determines a level of phase load as dominant in relation to the remaining phase loads). 
 

Tab. 1. Results of qualitative parameters of electricity at the end of the line for a specific level  
of asymmetry loads in customers for the peak of load. 

wi 2U  Uo  maxfU  

406,0 ww   1,12 5,41 -11,9 

541,0w  2,00 9,85 -20,1 

675,0 ww   2,08 10,67 -21 

709,02  ww   2,77 14,39 -23,1 

 
where: 
 

w , w  - mean value and standard deviation of the maximum load factor (wi) on the basis of 

research concerning phase loads in rural customers for the peak of load, 

UoU  ,2  - values of coefficients of voltage asymmetry for opposite order and zero-order,  

maxfU - value of voltage deviations in the most loaded stage. 

 
5. Conclusions 
 

Analysis of the results of simulation studies allows us to determine the sensitivity of the system 
of low voltage line, on a degree of asymmetry loads of customers in terms of the quality of 



supplied electricity. For a relatively moderate asymmetry of loads occuring in customers (w = 
0,406; for the symmetry of the phase loads w = 0.33), value of the coefficient of voltage 
asymmetry, ranged limits (2 = 1,12% dop = 2%), which took place, overrun limit of voltage 
deviations in the phase of the most loaded (Ufmax =-11.9% < -10%). It must be noticed that 
asymmetry loads overlapped the asymmetry of line as a transmission element. In the case of very 
explicit asymmetry customer loads (w = 0.709) the value of coefficient exceeded the limit value of 
the asymmetry voltage (U2 = 2.77% > dop = 2%) and moreover, the limit value of voltage 
deviations in two phases were exceeded as well, while in one of them - very strongly 
(Ufmax = -23,1% < -10%). 

Due to the complexity of the phenomenon of load asymmetry, it is necessary to develop 
simulation models that using the data of a network, customers and the results of measurements 
which representative customers, allows us to assess risk of exceeded limit values of selected 
parameters of electricity in the LV line. Then, it enables us to take into consideration the 
asymmetry loads to design a new network (e.g. choice cross-section of wires), quality control of 
electricity in existing and potential of its modernisation. 
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