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Abstract. It is of significant importance to compute the exact thermal field of operational 

conductors so as to increase loading ampacity of operational transmission line in a safe manner. 

This paper performs an accurate thermal analysis for operational transmission conductors 

based on the two-dimensional steady-state heat transfer control functions. A refined finite ele-

ment model for the section of conductor is used, which considers the main sources of heat 

gains, heat loss and studies the key factors affecting the radial temperature distribution. A typi-

cal aluminum conductor steel reinforced (ACSR) conductor is studied using the model pre-

sented herein, and the thermal distribution in its section is obtained. This paper discusses the 

effects of loading ampacity and convection condition on thermal field of conductors. 

1. Introduction 

The domestic and industrial electric consumption increase rapidly along with the economic develop-

ment. The inadequate power supply becomes a more and more critical problem. Several methods are 

adopted to solve the shortage of current-carrying capacity of operational transmission conductor [1]. 

Using these methods, the determination of operational conductor temperature is one of the most criti-

cal but very difficult task. Firstly, several factors influence the thermal field of conduct, such as load-

ing ampacity, solar radiation, air convection, radiation, etc [2]. Furthermore, the existence of radial 

temperature distribution within a conductor, which is proved by indoor and outdoor measurements on 

tensioned stranded conductors carrying current loading [3], makes thermal field analysis more compli-

cated. 

In this paper, a new method is proposed to simulate the radial thermal field of a conductor in the 

operational conditions. Firstly, a numerical method is established based on 2-D steady-state heat trans-

fer control functions to exactly solve radial thermal field of conductor by taking main heat gain and 

heat loss of conductors into account. Subsequently, the influence of loading ampacities and convective 

conditions to radial thermal field are studied through the case studies of ACSR conductor. 

2. Thermal field solution of operational conductor 

2.1 Establishment of Steady Thermal Transfer Equation 

In the solution of thermal filed of conductor, factors such as conduct current, surrounding environment, 



2

1234567890

ISAMSE 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 231 (2017) 012100 doi:10.1088/1757-899X/231/1/012100

and so on, are assumed to remain unchanged in the limited length of transmission line, and thus the 

temperature of conductor along its longitudinal direction can be regarded as the same. Heat transfer 

through strands and voids within a conductor accords with the 2D steady thermal transfer control 

equation, and thus heat equilibrium equation in the whole sectional area Ω is established as follows[4]: 

, ,( ) 0 ( , )xx yyk T T s x y   ，                 (1) 

and the equilibrium equation of heat dissipation at the boundary of conductor Γ is [4]: 

, ,( ) ( ) ( , )n x x y y aq k T n T n T T x y     ，        (2) 

where T is the two-dimensional temperature field in the conductor; T,xx , T,yy , T,x and T,y are the 

second and first derivative of coordinates x and y, respectively; k is the thermal conductivity of the 

metal or air; s is the heat gain rate per unit volume and its value varies in different areas of a conductor; 

qn is the heat loss rate in the outward normal direction of conductor surface; nx, ny are the x and y com-

ponent of the normal direction n, respectively; α is the composite coefficient of heat dissipation; T and 

Ta are the surface temperature of conductor and the ambient temperature, respectively. 

2.2 Computation of Heat Gain and Heat Loss 

Aluminum cable steel reinforced (ACSR) conductors, widely used in the existing overhead transmis-

sion lines, are chosen for discussion of heat gain and loss, and radial heat transfer. A typical cross sec-

tion of ACSR conductors consists of outer-layer aluminum strands and inner-layer steel strands. The 

heat gain rate of steel core per unit volume is: 

/ ( 1)
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  
  (3) 

where As is the sectional area of steel core; P is the total heat gain rate;   is the current ratio of 

steel core Is to aluminum strands. For the outer-layer aluminum strands, solar heating should be taken 

into consideration, and thus the heat gain rate per unit volume is: 
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Aa is the sectional area of aluminum strand; S is the solar radiation intensity; γs is the solar radiation 

absorptivity of conductor; D is the external diameter of conductor. 

Based on the principle that heat loss rate remains constant, the composite thermal dissipation coef-

ficient of conductor surface in Eq. (2) can be determined as follows[5]: 
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where convective cooling Pc and radiative cooling Pr are two major ways of heat loss for ACSR 

conductors. Tsur is the average surface temperature of conductor, A is the side superficial area per 

length. 

2.3 Numerical Iterative of Thermal Field Solution 

Several critical parameters in the basic formulas of radial temperature field (see Eq.(1-2)), are the 

function of mean temperature or surface temperature of conductor, such as thermal conductivity of air, 

heat gain rate of steel core and aluminum strands per unit volume, and composite coefficient of heat 

dissipation. Hence, an initial conductor temperature is given before hand, and then a series of numeri-

cal iterations are used to obtain a stable solution of radial thermal field of conductor.  

3. Parameter analysis of conductor radial temperature 

3.1 FE Model of ACSR Conductor 

Taken as an example, the FE model of type-LHA2/LB1A-227/10 ACSR conductor is established ac-

cording to geometrical parameters of the conductor. The conductor consists of 1 steel-core strand and 



3

1234567890

ISAMSE 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 231 (2017) 012100 doi:10.1088/1757-899X/231/1/012100

18 aluminum strands, and its standard cross section is shown in Figure 1(a). The FE model of type-

LHA2/LB1A-227/10 ACSR conductor is established and shown in Figure 1(b).  
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Figure 1. Type-LHA2/LB1A-227/10 ACSR conductor 

3.2 Effects of Ampacity on Radial Temperature of Conductor 

To analyze the ampacity effect on radial temperature of operational conductor, the radial temperature 

field of type-LHA2/LB1A-227/10 ACSR conductor under different current loadings are simulated, and 

all of them remain in the nature convection condition (wind speed = 0). The alternating current gradu-

ally increases from 160 to 660A at an interval of 100A. To perform this calculation, some fundamental 

computational parameters are required and input as follows: resistivity of steel core and aluminum 

strand are 
820 10s
  m  and 

83.253 10a
  m ; thermal conductivity of steel core and 

aluminum strand are 80sk  / ( )W m C  and 
a 237k  / ( )W m C ; solar radiation is S = 

300W/m2. Then, the thermal field of the conductors is determined by the aforementioned iterative so-

lution method. Fig.2 shows the radial temperature field of the typical type of ACSR conductor under 

the current of 360 A in nature convection condition. The results indicate that the highest temperature 

exists in the inner layer of aluminum strands and the innermost layer of steel core; the lowest tempera-

ture is in the outmost layer of aluminum strands, and the maximum temperature difference within the 

conductor is around 4℃.  
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Temperature

 
Figure 2. Radial temperature field of type-LHA2/LB1A-227/10 ACSR conductor 

To study the relationship between ampacity and radial temperature distribution in the natural con-

vection condition, the current loading gradually increases from 160 A to 660 A. Parameters to be ana-

lyzed include heat gains rate of steel core and aluminum strand per unit volume, composite coefficient 

of heat dissipation, the highest and the lowest temperature, and the temperature difference. All results 

are listed in Table 1 for comparisons. Some major conclusions can be drawn from the table that: (1) 

the heat gain rate per unit volume of aluminum strand is significantly larger than that of steel core; (2) 

the overall temperature increase along with the increase of current loading; (3) the temperature differ-

ence within the cross section of conductor significantly increases with the current loading, and it can 

reach 13.38 C  at the 660 A. Because heat insulators in a conductor, such as air encapsulated between 

the strands, leads to low efficiency and inhomogeneous of heat transmission

Table 1  Relationship of radial temperature distribution parameters and current loading in the natural 

convection condition 

Ampacity 

Heat gain rate 

per unit 

volume of SC 

（W/m2·℃） 

Heat gain rate 

per unit 

volume of AS 

（W/m2·℃） 

Composite 

coefficient 

of heat 

dissipation 

Highest 

temp. 

（℃） 

Lowest 

temp. 

（℃） 

Maximum 

Temperature 

difference 

（℃） 

160A 2.73E+03 3.00E+04 8.71 30.53 29.35 1.18 

260A 7.43E+03 5.89E+04 9.75 38.75 36.45 2.30 

360A 1.47E+04 1.03E+05 10.65 50.61 46.60 4.01 

460A 2.52E+04 1.68E+05 11.62 65.86 59.48 6.38 

560A 3.91E+04 2.54E+05 12.44 85.05 75.59 9.46 

660A 5.77E+04 3.68E+05 13.45 108.00 94.62 13.38 

Notes: SC-steel core; AS: aluminum strand 

3.3 Effects of Convection Condition on Radial Temperature of Conductor 

Convective heat loss of conductor can be mainly divided into two types: natural convection and forced 

convection. Natural convection (wind velocity 0wV   ) occurs in the still air conditions, where, in a 

continuous process, cool air surrounding the hot conductor is heated and rises, and then replaced by 

cool air. Forced convection (wind velocity 0wV  ) occurs when blowing air passes through conductor 

and takes away the heated air. In this section, the influence of convection conditions on radial tempera-

ture distribution of a conductor is studied, and other parameters are assumed to remain constant. The 

wind velocity is assumed to wV =0.6 m/s and wind direction is  =30
o
. Based on the aforementioned 

numerical solution procedure, the thermal field of conductor in the forced convection condition are 

simulated, and the results of different cases are listed in Table 2. Comparing with those in the natural 

convection condition (see Table 1), some phenomena can be found that (1) regardless of convection 

condition, the highest, the lowest temperature and the maximum temperature difference all nonlinearly 
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increase with the current loading; (2) forced convection can lower the overall temperature; (3) convec-

tion condition has little influence on the maximum temperature difference. 

Table 2. Relationship of radial temperature distribution parameters in forced convection and ampacity 

Ampacity 

Heat gain 

of SC 

（W/m3） 

Heat gain  

Of AS 

（W/m2·℃） 

Composite 

coefficient 

of heat 

dissipation 

Highest 

temperature 

（℃） 

Lowest 

temperature 

（℃） 

Maximun 

Temperature 

difference 

（℃） 

160A 2.69E+03 3.00E+04 15.42 26.42 25.25 1.17 

260A 7.26E+03 5.89E+04 15.50 32.45 30.17 2.28 

360A 1.43E+04 1.01E+05 15.60 41.60 37.66 3.94 

460A 2.44E+04 1.63E+05 15.81 54.46 48.17 6.29 

560A 5.38E+04 3.44E+05 16.16 70.80 61.55 9.25 

660A 5.49E+04 3.51E+05 16.29 91.79 78.75 13.04 

Notes: SC-steel core; AS: aluminum strand 

4. Conclusions 

This paper performs an accurate thermal analysis for operational transmission conductors based on the 

two-dimensional steady-state heat transfer control functions. By using a refined finite element model 

for the conductor section, the main sources of heat gains and heat loss are considered and the key fac-

tors affecting radial temperature distribution are studied. The thermal distribution in the section of a 

typical aluminum conductor steel reinforced (ACSR) conductor is calculated, and the influences of 

loading ampacity and convective conditions to thermal field of conductor are discussed. 

Acknowledgment 

The research work was supported by the technological project of the Chinese Southern Power Grid Co. 

Ltd. (K-GD2014-0596002-0013-0783). 

References 

[1] LIN Yuzhang. The Calculation of Current Carrying Capacity and Temperature of High Voltage 

Overhead Lines[J]. Southern Power System Technology, 2012,6(4):23-27 (in Chinese). 

[2] PENG Xiang-yang, ZHOU Hua-min, ZHENG Xiao-guang. Locate Test Research on Current Car-

rying and Tempereture-rise of Overhead Circulating Power Transmission Line[J].Souther Power 

System Technology, 2008,2(6):62-83 (in Chinese). 

[3] Foss S.C., Lin S.H., Carberry R. Significance of the conductor Radial Temperature Gradient Within 

a Dynamic Line Rating Methodology[J]. IEEE Trans. on Power Delivery,1987,2(2):502-511. 

[4] HE Zhen-jie, LI Zhen-biao. ANSYS Calculation Method of Temperature and Current-carrying Ca-

pacity for Transmission Lines[J]. Zhejiang Electric Power,2010(8):1-5 (in Chinese). 

[5] Stephen R., Douglass D., Gaudry M. et al., Thermal Behaviour Of Overhead Conductors, CIGRE 

Working Group 22.12, 2002, paper 207. 

 


