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Abstract There are various solutions for improving existing 

overhead line systems with the general purpose of increasing their 

limited capacity. The capacity reserve of the existing overhead lines 

is an important problem that must be considered from different 

aspects. The paper contains a comparative analysis of the mechanical 

and thermal limitations of an existing overhead line based on certain 

calculation conditions characterizing the examined variants. The 

methodology of the proposed estimation of the permissible conductor 

temperature and maximum load current is described in detail. The 

transmission line model consists of specific information of an 

existing overhead line of the Latvian power network. The main 

purpose of the simulation tasks is to find an additional capacity 

reserve by using accurate mathematical models. The results of the 

obtained data are presented.  

   

Keywords capacity of an overhead line, mechanical conditions, 

permissible conductor temperature, thermal conditions. 

I. INTRODUCTION 

high percentage of all the transmission lines that are in 

service today have been built with traditional type 

conductors, like aluminum conductor steel reinforced (ACSR) 

conductors. This conductor type was designed for a service life 

of 40 years with the required durability and minimum 

maintenance, yet most of these products are still in service 

 

Due to the great impact of renewable energy sources, which 

sustainable future energy system, as well as the large number 

of new power plants  like wind power plants  an increase in 

electricity network expansion will be required both from a 

national and an international perspective [2]. Due to these 

reasons, one of the possible options for improving the power 

system would ideally be the installation of new overhead lines. 

However, erecting a new transmission line is more 

complicated than it seems at first sight. There are different 

aspects to be considered, for example, the high population 

density, the intensive use of land, and the environmental 

protection laws that have undergone frequent changes over the 

recent time period, the small amount of space available and, of 
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course, economic issues. Therefore, the limited capacity 

increase using the existing infrastructure to maximum possible 

extent has led to the accommodation of new technologies into 

the existing overhead power line systems.  

There are different suggestions for increasing the capacity 

of the existing lines, usually involving methods such as re-

tensioning and re-conductoring [3]. Several solutions can be 

mentioned, for example, replacement of the traditional power 

conductor (ACSR) by the High-Temperature Low Sag (HTLS) 

conductor [4], [5], [6]; replacement of the existing conductors 

by ones with a larger cross-section; modification of the design 

of the existing towers or increasing their height [7]; rebuilding 

of the overhead line for a higher voltage; using the installation 

of series and shunt compensations [8]; increasing the 

permissible load current. 

Sources [9], [10] review in detail the methodology for 

calculating line ampacity, which is based on the steady state 

heat balance concept implying that heat gain is equal to heat 

loss. Both methods take into account weather conditions like 

wind speed, wind direction and turbulence, ambient 

temperature and solar radiation. Besides, there are differences 

between the presented calculation methods [11]. In this case, 

the maximum conductor temperature is assumed to be known. 

Based on this, the permissible load current is calculated. In 

addition, this study takes into consideration the dependence of 

the permissible conductor temperature on the thermal and 

mechanical characteristics of the overhead line, taking account 

of the weather conditions.  

The paper deals with the impact of the thermal and 

mechanical limitations in the load current of an existing 

overhead line with the purpose of finding the hidden capacity 

in the examined power line. That is, the impact of conductor 

temperature on the permissible load current of the conductor 

will be considered, taking into account the clearance to the 

ground. The presented calculation method helps to assess the 

possible additional clearance of a particular power line in 

order to determine the hidden capacity reserve; at the same 

time, it improves the accuracy of maximum load current 

determination. All the conductor thermal rating simulations 

were based on an existing Latvian power line with its defined 

information. 

II. THE SELECTED TRANSMISSION LINE MODEL 

A. The Existing Overhead Line Route 

For simulation purposes, an existing overhead line route in 

the eastern part of the Latvian network was chosen. The 

examined 330 Pleskava Rezekne

or LN-309 (see Fig. 1), is taken as the basis for the 
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implementation of the presented calculation method. The line 

was built in 1985 with the main aim of increasing the 

throughput capacity of an 330 kV intersystem transit between 

Latvia and Estonia (international perspective) as well as 

increasing the reliability of power supply and improving power 

supply in the south-eastern part of the country (national 

perspective).  

 
Fig. 1 Part of the electrical diagram of the Latvian power network 

indicating the location of the e -  

B. The Initial Data of the Existing Supports 

The examined part of the existing overhead line LN-309 

was selected for examination due to a problem, namely, 

undesirable sag between support No. 419 and tension support 

No. 420 that results in the permissible clearance to the ground 

being exceeded. Support No. 419 is an intermediate support of 

the type PB 330-3 (see Fig. 2) and support No. 420 is a unified 

tension support of the type U 330-3 (see Fig. 3). These 

supports are used with two conductors per phase. The initial 

conditions for the evaluation of the existing supports are 

presented in Table I.  

 
Fig. 2 The support PB 330-3 

 

 
Fig. 3 The support U 330-3 

C. The Initial Data of the Existing Conductor 

Aluminum Conductor Steel Reinforced (ACSR) is the most 

popular type of conductor that is widely used in the field of 

overhead transmission lines because of its high strength, 

reliability and relatively low amount of investment required. 

ACSR is composed of aluminum wire (the electric part) and 

steel wire (reinforcement). Its structure consists of one or more 

layers of hard-drawn EC grade aluminum wires over a high 

tensile strength steel core. The steel core may be a galvanized, 

aluminum-coated single steel wire or a stranded multi-wire 

core, depending on the size. Because of the numerous 

aluminum and steel wire stranding patterns that may be used, it 

is possible to vary the aluminum and steel portions so as to 

obtain the most suitable relation between current-carrying 

capacity and mechanical strength for each application. There 

are anti-corrosion type ACSR conductors, which can be used 

in high-corrosion areas like coastal areas or industrial zones. 

This ACSR is filled with anti-corrosive grease applied on the 

gaps between the stranded wires and on their external surfaces 

[12], [13]. A cross-section of the ACSR conductor is shown in 

Fig. 4. 

Here, the interest is in the thermal rating of a particular line; 

the margin conditions of conductor capacity including 

maximum permissible conductor temperature have been 

TABLE I 

THE INITIAL CONDITIONS FOR THE CALCULATION OF THE EXISTING 

SUPPORTS 

Sym- 

bol 
Quantity Unit 

 

PB 

330-3 

 

U 

330-3 

C wind region I  

ice thickness 

mm 10 10 

Q wind region III  wind pressure kg/mm2 50 40 

h height of string hanging at the 

lower cross-arm 

m 22.9 19.3 

 length of hanging string m 3.2 0 

hs support height m 27 19.3 

Lcr middle cross-arm projection m 8,3  

M mass of support with zinc kg 6392 6134 

max permissible conductor stress 

conductor at maximum load 

kg/mm2 11.3 13.2 

_ permissible conductor stress at 

minimum load 

kg/mm2 10.0 10.8 

op permissible conductor stress at 

average operating conditions 

kg/mm2 8.1 8.4 

Ccl standard clearance to the 

ground 

m 7.5 7.5 
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defined according to the existing standards. 

has been assumed as a standard limit of permissible ACSR 

conductor temperature in view of its thermal and mechanical 

limitations [14]. Yet in some other countries, the maximum 

permissible conductor temperature for the same type of 

conductor is set at a higher value; for example, in USA and 

Japan it is 90 C, in France  85 C, in Indonesia  75 C [15]. 

 
Fig. 4 The cross-section of an ACSR conductor:  

1  steel core; 2  round aluminum conductor wire 

 

The technical parameters for the calculation of an existing 

conductor (ACSR) are shown in Table II.  

Based on the presented existing line model that was 

described in detail, several simulation tasks were performed in 

order to identify the point of view of the proposed 

methodology by using mathematic formulation. 

III. THE MATHEMATICAL FORMULATION OF THE 

METHODOLOGY 

As is known, the thermal limitation of the maximum load 

current of a transmission line is restricted by two general 

conditions: 

1) 

ground or between the conductor and the crossed objects has 

to be maintained; 

2) The permissible conductor temperature must not be 

exceeded in view of its mechanical and thermal characteristics. 

The strongly advisable boundaries of mechanical and 

thermal limitations are reduced to define the maximum 

conductor temperature. 

As far as the permissible conductor temperature is 

considered, some aspects have to be noted: firstly, the thermal 

limitation takes into account the physical characteristics of the 

conductor with the determination of the actual conductor 

temperature under specific climate conditions; secondly, the 

mechanical limitation takes into account conductor sag and the 

. In 

this case, the clearance between the conductor and the crossed 

objects was not determined.  

Based on the well-known concept of the heat balance 

equation, implying a balance between absorbed and dissipated 

heat, the following expressions (1)  (5) were adapted for 

evaluating the permissible conductor temperature under 

specified overhead line conditions [16]. 

In this study, we need to find the temperature of the 

conductor that is permissible according to the condition of 

retaining the distance (Hnorm  Hallow g) between wire and 

ground at the lowest point of mid-span; the temperature is as 

follows: 

4
1

2 2 2

2 2 2

2 2 2

8 ( 4 )

8 2( 4 )
cos

3 ( 4 )
, 1

allow c

l

Ef f l a l H

l a f l H

l a

H
t t

 

where            ( ). 2norm allow gH H H H  

 

Here, we are dealing with a sloping span; it means that the 

conductor hanging points are not at an equal height, besides, 

the line span is limited with tension and intermediate supports. 

The above formulas contain variable conventional 

designations that are presented in Table III.  

In addition, the permissible reduction in the distance 

between the conductor and the ground,  allow g, is taken as 

TABLE II 

THE INITIAL CONDITIONS OF THE CALCULATION OF THE EXISTING 

CONDUCTOR 

Sym- 

bol 
Quantity Unit 

 

AC-

240/32 

d conductor diameter mm 21.6 

S conductor cross-section mm2 275.7 

E conductor modulus of elasticity kg/mm2 7700 

 coefficient of linear expansion  -6 

p1 conductor linear load kg/m 0.921 

1 conductor specific load  2 3.34 3 

p4 linear load of maximum wind kg/m 0.808 

p3 linear load of conductor weight 

and ice weight  

kg/m 1.82 

d  destructive stress kg/mm2 28 

N number of conductors per phase pcs 2 

TABLE III 

THE PARAMETERS OF CONDUCTOR TEMPERATURE ESTIMATION 

Sym- 

bol 
Quantity Unit 

tc conductor temperature  

l length of span m 

E conductor modulus of elasticity kg/mm2 

 coefficient of linear expansion  

1 conductor specific load  2 

a distance between mid-span and  the 

lowest point of sag of conductor  

m 

f measured mid-span sag m 

 an inclination angle of straight, which 

connects hanging points of conductor 

 

 the difference between the measured 

and predetermined dimensions, 

distance, respecting the permissible 

allow g 

m 

H the vertical distance between the wire 

and the ground in the middle of span, 

which is measured at the temperature 

tc 

m 

Hnorm the permissible distance between the 

conductor and the ground 

m 

Hallow g the permissible reduction in the 

distance between the wires and the 

ground 

m 
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follows: 

 for a 110 150 kV overhead line,  allow g = 0.5 m; 

 for a 220 330 kV overhead line,  allow g = 1.0 m. 

Of course, there are other expressions, which show how to 

define the temperature of the conductor that is permissible 

according to the condition of retaining the distance          

(Hnorm  Hallow g) between conductor and ground at mid-span 

depending on the type of the supports limiting the span under 

consideration; a different approach describes how to determine 

the temperature of the conductor that is permissible according 

to the condition of retaining the distance (Hnorm  Hallow o) 

between conductor and crossed objects at any point of span, 

also depending on the type of the supports; in all these cases 

there is an equivalent span  the hanging points of conductor 

are at an equal height and have been described in [17], [5].  

When the permissible conductor temperature has been 

determined, the next step is the determination of the maximum 

conductor temperature.  

A simplified determination of the permissible load current 

takes into consideration certain meteorological conditions, like 

ambient temperature, wind speed, wind direction, solar 

radiation; then, the thermal limitation, which in this case is 

represented by the maximum conductor temperature; finally, 

the mechanical limitations, like the clearance between the 

conductor and the ground, the conductor sag, and is defined by 

the following formula: 

,
( )

3s c

t

t
I

R
 

 heat exchange by way of 

radiation,  heat exchange by way of 

convection,  the resistance of 

the conductor at temperature t and I is the current rating of the 

  

As can be seen, expression (3) does not provide for the 

impact of solar radiation; thus, it can be concluded that the 

effect of solar radiation should be considered in the calculation 

of permissible load current if there are extreme weather 

conditions like sunny, cloudless, an air temperature of above 

 old type wires (a solar absorption 

coefficient higher than 0.6), then the load current can be found 

in the following way: 

 ,
( )

4s c

t

t Qr
I

R
  

where Qr is the solar radiation absorption power of the 

conductor (W/m): 

100 , 5Q d qr s    

where qs  ; 

           d  conductor diameter, cm; 

            solar absorption coefficient.  

This study takes into account only formula (3) because of the 

specific climate conditions in Latvia; of course, sometimes the 

 this 

has to be considered as well. 

The maximum conductor temperature and load current 

simulation tasks were adopted according to the mathematical 

principles of the proposed methodology, which were described 

previously. 

IV. ALLOWABLE CONDUCTOR TEMPERATURE SIMULATION 

RESULTS  

There is an existing overhead line LN-309, which will be 

examined, with all its technical and electrical data taken as the 

initial information for calculation. 

The conductor temperature can be found in two different 

ways: first, it can be measured by using special thermovision 

equipment as in [17] or temperature sensors that are basically 

used in dynamic rating monitoring systems [18]; the second 

and most commonly used method  is mathematic calculation. 

In this paper, the conductor was evaluated at four different 

conditions based on the heat balance equation concept: 

A. 

which means that the amount of absorbed heat in the conductor 

is equal to the amount of dissipated heat in the conductor; 

B. The conductor temperature is in the position 

 as compared to the ambient 

temperature; 

C. The conductor temperature is in the position 

 as compared to the ambient 

temperature; 

D. The conductor temperature is in the position 

 as compared to the ambient 

temperature. 

Therefore, the simulation is based on four conditions (A, B, 

C, D); the conductor temperature (tc) for calculating the 

permissible conductor temperature is assumed as follows: 

 

 

 

. 

The conductor has forced convective cooling: the wind 

speed is 2 m/s and it is directed perpendicular to the conductor 

axis.  

Since the aim of the study is to find the capacity reserve of a 

particular overhead line (the span between supports No. 419 

and No. 420), two variants will be discussed. The first variant 

presents the actual situation before the reconstruction of the 

existing tension support, and the second variant considers the 

situation after upgrading.  

The first variant entails a problem; there is a mechanical 

limitation, namely, the small clearance between the conductor 

and the ground  only 8.0 m , which is very close to the 

permissible standard clearance. That is why, for solving the 

problem under consideration, it was decided to increase the 

height of the tension support. 

The second variant shows the result after the reconstruction: 

the applied performance increases the clearance between the 

conductor and the ground, which now becomes 9.3 m at the 

lowest point of the span.   

The simulation of the permissible conductor temperature 
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based on two variants at the conditions A, B, C and D is 

presented in graphic form (see Fig. 5). 

 
Fig. 5 Dependence of the allowable conductor temperature on the 

thermal limitation (conductor temperature) and the mechanical 

limitation (ground clearance)    

The diagram shows that for both variants, the permissible 

conductor temperature has a rise tendency as the conductor 

temperature increases. Moreover, the first variant, which is the 

worst, is characterized by smaller permissible conductor 

temperature values than the second variant, which is to be 

considered favorable, because of larger clearance to the 

ground. As a result, the impact of the mechanical limitation is 

less in the second case. Besides, the permissible conductor 

(the temperature that is laid down in the standard) is not the 

thermal limit for the examined conductor.  

V. CONDUCTOR MAXIMUM LOAD CURRENT SIMULATION 

RESULTS  

Once the permissible conductor temperature has been 

determined, the next step is to define the capacity reserve, 

which includes the difference between the two examined 

variants; in this case, it is the mechanical limitation, namely, 

the clearance to the ground.  

The results of the first variant are presented in Fig. 6, which 

shows the dependence of the maximum load current on the 

thermal limitation (conductor temperature, permissible 

conductor temperature), the mechanical limitation and the 

climate conditions (wind speed, wind direction, ambient 

temperature, solar radiation (the solar radiation absorption 

coefficient is taken as 0.6)). 

 
Fig. 6 Maximum load current for the first variant of the examined 

conditions 

The results of the second variant are presented in Fig. 7, 

which, similarly to the first variant, shows the dependence of 

the maximum load current on the above-mentioned, both the 

thermal and mechanical limitations and the climate conditions, 

but with a higher clearance between wire and ground, namely, 

1.3 m. This clearance reserve allows increasing the maximum 

load current of the overhead line, taking into account the 

thermal limitation and certain meteorological conditions. 

Indeed, the capacity reserve of the power line has increased, as 

has the clearance to the ground (see Fig. 8).  

 
Fig. 7 Maximum load current for the second variant of examined 

conditions 

 

The difference of the maximum load current between the 

variants before and after the reconstruction of the examined 

overhead line is expressed in percentage in Fig. 8.  

The ambient temperature in all the cases is 1

speed is 0, 2, 3, 4, 5, 8 m/s for columns 1 to 6 respectively.  

 
Fig. 8 The difference of maximum load current in percentage form 

 

On analyzing the presented difference of the maximum 

conductor temperature, it can be concluded that the second 

variant shows a capacity reserve of the specific transmission 

line based on four examined conditions and in consideration of 

several climate factors, which makes it possible to utilize by 

about 30% more capacity, without deterioration of the 

electrical parameters of the observed power line. 
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VI. CONCLUSIONS 

The implementation of the proposed approach of 

permissible conductor temperature and maximum load current 

determination improves one of the possible solutions for 

detecting the capacity reserve in an existing transmission line, 

taking into account thermal and mechanical limitations as well 

as environmental conditions. As a result, the gap or additional 

reserve was determined in the increase of the clearance 

between wire and ground, which allows finding additional 

throughput capacity for existing transmission lines or 

transmission lines under design. Therefore, the maximum load 

current of an overhead line is significantly increased by 

accurate determination of the permissible conductor 

temperature.  

The proposed method provides new opportunities for the 

integration of the smart grid. Simulations confirm the 

efficiency of the above-described mathematical formulation of 

the problem implying the reduction of the total investments in 

the upgrading of transmission lines, which presents itself as an 

economically justified opportunity.   
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