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Annotation 

In this paper an approach for choosing the optimum cross-section for cable lines in conditions of incomplete and uncertain information is considered. The existing method economic current's density has the disadvantages connected with the assumptions and the lack of reliable information. In the work the modification of the economic intervals' method is offered under market conditions of prices. The method is based on search of minimum total annual costs for lines' construction. As example, 20, 110, 330 kV cable lines with copper vein are selected. Economic nomograms with different standard cross-sections are calculated and constructed for practical using of method. The choice of cross-sections by economic considerations is actual and for modern market conditions of economy. The graphics using MathCAD software are offered.
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1 INTRODUCTION

One of the important directions to improve the efficiency of urban electric network is its rational construction, which is technical-economical justified choice of parameters of electric networks. The efficiency criterion of the electric network project is the minimum total annual costs. What concerns the urban cable networks, these costs are largely dependent on the choice of optimal cross-sections of cables. There are known two methods of cross- sections choice by economic considerations: the method of economic current's density and method of economic intervals [1-4].

At the end of the 20th and at the beginning of 21st centuries in the practice of designing the method of economic current's density had been used for choice of the optimal cross-section of cable lines. However, the determination of the economic current's density was carried out with the assumptions and inaccuracies. The main disadvantage of the method is the assumption of linear dependence of the line's cost on cross-section and the continuity of the change of the cross-section's value [4-6].

The correct accounting of the parameters is achieved by using the method of economic intervals, taking into account the condition of minimum of total annual costs and the conditions of economic intervals' existence.
2 substance of economic intervals' method 

The method of economic intervals was offered in the middle of the XX century [1-4]. The given technique of a cross-section choice of cables allows to consider step-type behavior of cross-section, any values of utilization time of maximum load, price of energy losses and other technical and economic parameters. 
The base of method is equality's condition of total annual costs for adjacent cross-sections of line:
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Total annual costs for line with adjacent cross-sections depending on line maximum current are defined as follows:
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where 
i is the market interest rate or bank percents on credit, r.u.;
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are total deductions on amortization, running repair and maintenance from capital investments in line  construction, r.u.;
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 are capital investments into the lines with adjacent cross-sections;
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is maximum line's load current, A; 
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 are active resistances of the cable lines with adjacent cross-sections, Ω/km;


τ  is the utilization time of maximum losses per year, where 
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is the utilization time of maximum load per year, h;
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 is specific price of electric power losses, Ls/kWh;
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 is specific price of  capacity in maximum time of system load, Ls/kW.

The boundary current at which transition from smaller cross-section to bigger is economically expedient is defined as follows:
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where factor
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By given method it is possible to construct economic nomograms for lines with different voltage and network fulfillments [1-4].     
3 adjustment of economic  intervals' method 

In the conditions of market economy the investments into building of power objects are defined by own capitals of power companies, interests and financial possibilities of investors. In present economic situation the information of construction specific price (for 1 km cable line), expenses for the equipment and for building and construction works is difficultly accessible. As a result of this, the traditional methods of choice of cross-sections for cable lines need the critical analysis.

The paper proposes the modified approach for the realization of economic intervals' method under market conditions, which allows to select economically feasible rational cross-section for the line and provide the minimum total annual cost for electrical networks' construction and exploitation. 

The value of investments into the lines is determined by the market prices for electrical materials, building and construction works. For the modified method of the economic intervals, decomposition of capital investments in cable lines with adjacent sections into the individual components is proposed:  

 
[image: image13.wmf]1

i

,

build

1

i

,

isol

1

i

,

met

1

i

,

CL

i

,

build

i

,

isol

i

,

met

i

,

CL

K

)

K

K

(

K

K

)

K

K

(

K

+

+

+

+

+

+

=

+

+

=

,
(5)
where 
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  is price of cable vein’s metal for adjacent sections;
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 is price of cable isolation;
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  are building and construction expenses of cable lines.

In most cases, the expenses on line construction and building have the bigger percentage part of the total capital investments in cable line construction. Residuary part is the cost of metal of current carrying cable veins and their isolation. As a result of this, the construction and building expenses are taken as constants [7]. In this case, these approximately equal components 
[image: image17.wmf]1

i

,

build

i

,

build

K

,

K

+

 in equation (2), taking into account (1), and in the difference of the capital investment for adjacent sections in (3) are mutually compensated and excluded. This acceptable assumption simplifies the calculation of economic intervals' method construction of universal nomograms. 

Let’s consider the second and the third components of the capital investments into the line, which is connected with the cost of the cable conductor materials and its isolation. The price of cable vein material has more predictable and stable pricing nature, mainly determined by the major manufacturers of the production of lines’ veins [6].
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where 
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is quantity of phases in line;
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is price of 1 kg metal of current-carrying cable vein, Ls/kg;
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The price of cable isolation can be determined as follows:
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where 
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is price of 1 kg metal of cable XLPE isolation, Ls/kg;
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is XLPE isolation weight of cable line, kg.

The capital investments into the line can be rewritten as follows:
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After converting expression (5) taking into account the conditions (1) and the assumption that Kbuil = const, the final formula of economically favorable boundary current is estimated [8-9]​​:
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where 
nvein is quantity of cable veins;


Dmet,CL is specific density of cable vein's metal, kg/m3;        
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 is coefficient of twisting wire vein by RD 16.405-87 "Calculation of the mass of cable products' 
materials" (k1=1.02);
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is coefficient of twisting cable vein by RD 16.405-87 (k2=1.00);
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 is reserve coefficient of the minimum weight, which is determined by a  developer of technical or 
technological documentation, taking into account features of products and their manufacturing 
technology (kres=1.012). 

dvein is cable vein's diameter, mm;


k3 is coefficient taking into account technological factors (uneven  blending, filling the voids between 
the wires), (k3=1.17);


Sisol is isolation thickness, mm;
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is specific density of isolation material, kg/m3.       
4 conditions of economic intervals' existence

The two conditions of existence of economic intervals of cable lines' exist [1, 2]. The first condition for existence of economic intervals is defined by presence of economic characteristics' crossing for lines with adjacent cross-sections:
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The second condition for existence of economic intervals is defined from an inequality:
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The expression (11) taking into account (3) becomes as:
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or 
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After converting expression (12), we receive the second main existence's condition of economic intervals in non-dimensional form:
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5 construction of cable lines' nomograms

Constructing cable nomograms, the attention was also drawn to cabling types. The three cables in a 3-phase circuit can be placed in different formations. Typical formations include trefoil (triangular) and flat formations (Fig. 1).   
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Fig. 1  Trefoil and flat formations 

Using expression (9), the nomograms for 20 kV one-phased cable with XLPE isolation with copper cable vein by standard cross-sections: 35, 50, 70, 95, 120, 150, 185, 240, 300 mm2 are constructed (Fig. 2). As well as, the nomograms for 110 kV one-phased cables with XLPE isolation with copper cable vein by standard cross-sections: 185, 240, 300, 400, 500, 630, and 800 mm2 are presented (Fig. 3). As well as, the nomograms for 330 kV one-phased cables with XLPE isolation with copper cable vein by standard cross-sections: 630, 800, 1000, 1200, 1400, 1600, 2000, 2500 mm2 are calculated (Fig. 4) [10-12].

Choosing the cross-section of wires by economic intervals curves, it is necessary to define the maximum current Imax of line and factor σ. The zone, in which gets the point with coordinates Imax and σ meets economic cross-section in a range of boundary currents from  
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This method considers also admissible heating current of wires in normal work conditions that is reflected by a horizontal part of curve in economic intervals.

The given nomograms are more universal, as don't depend on type of electricity pylons. The modified method of economic intervals provides a choice of rational cross-sections for cable lines of middle and high voltage in the conditions of free market prices. 

This calculation algorithm for choice of optimal cross-section is carried out using MathCAD application.
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Fig. 2 The nomograms of current's economic intervals for 20 kV cable line with copper vein 
depending on technical and economic factors
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Fig. 3 The nomograms of current's economic intervals for 110 kV cable line with copper vein 
depending on technical and economic factors
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Fig. 4  The nomograms of current's economic intervals for 330 kV cable line with copper vein 
depending on technical and economic factors
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7 Conclusions

1. Under modern market economic conditions traditional methods by economic considerations of a cross-section choice of cable lines need revision because of impossibility of its practical application. 

2. The presented modification of economic intervals' method makes it possible to select economic optimal cable line's cross-section taking into account technical requirements in the early design stages by minimum annual costs and in conditions of incomplete and uncertain information
3. Calculated nomograms of economic intervals for cable lines of different voltages are universal. 
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