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With the rapid development of the society, electricity has become a vital part of people's life. 

However, due to the limitation of some natural conditions, a series of power accidents often 
occur. Therefore, optimization and improvement of power transmission lines has become an 
important research topic. In this study, electric transmission line was optimized by using carbon 

fiber composite core conductor, and a mathematical model of composite temperature field of 
carbon fiber conductor under heavy load environment was established. Compared to the 
traditional steel core aluminium conductor, the carbon fiber composite core conductor had lower 

surface temperature and better heat resistance and current carrying capacity. Moreover the 
experiment of resistance to corrosion was carried out on the two kinds of conductor, and it was 
found that the corrosion rate of the carbon fiber composite core conductor was lower than that 

of the steel core aluminium conductor under acid rain solution with 3.0 PH value. In 
conclusion, the corrosion resistance and thermal properties of the carbon fiber composite core 

conductor are good. This study provides a new mode for the optimization and improvement of 

electric transmission lines. 
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1. Introduction 
 

Electric transmission line which is a part of power grid construction is an important 

guarantee for power supply and has a very important impact on life and production. Steel-

cored aluminium  conductor has been widely used in power transmission lines in China. It 

is a kind of composite multi-strand conductor which combines steel and aluminium and can 

exert mechanical properties of steel and electrical properties of aluminium. However, with 

the increase of service life, its limitations and shortcomings are constantly exposed. Carbon 

fiber material is a new kind of material, which is a special fiber composed of carbon 

elements. It has characteristics of high strength, not easy to be corroded, light weight, 

strong heat resistance and so on. Therefore, it is necessary to use carbon fiber materials in 

transmission lines for optimization [1]. In response to this problem, many experts and 

scholars have put forward their own views. Xin et al. [2] believed that composite fiber 

featured by high conductivity and catalytic activity could achieve high energy conversion 

efficiency. Ma et al. [3] believed that the material on carbon fiber paper could be used in 

reversible catalytic oxygen reduction and precipitation reactions to achieve the goal of long 

life [3]. Diendorfer et al. [4] put forward the application of direct current line arrester in the 

optimization experiment of power grid transmission lines, which effectively improved the 

performance parameters of transmission lines. Zhou et al. [5] tested the produced heat-
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resistant carbon fiber reinforced composites and found that it had high tensile and shear 

properties at 120 °C. Considering that the power grid was usually close to the operating 

limit because of the increase of power demand, Zhu et al. [6] proposed a substation and 

transmission line combined attack strategy  to optimize the transmission line. In this study, 

the carbon fiber core conductor was used to optimize the transmission line of power grid, 

and its corrosion resistance and thermal characteristics were experimented. The results 

further showed that the carbon fiber core conductor had better performance and improved 

the overall quality of the transmission line of power grid. 

 

2.  Notation 
 

The notation used throughout the paper is stated below. 

 

V  the corrosion rate 

1W  the quality of the specimen before corrosion 

hW  the quality of the sample after corrosion 

S  the total area of the specimen 

h  the duration of experiment 

W  the heat flow into the cylinder volume in unit time 

drdrdWW ⋅+ )/(  the heat flow out of the cylinder volume  

lW  the heat released by the cylinder volume in unit time   

λ  the thermal conductivity coefficient  

θ  the temperature of the core rod  

r  the distance between any point in the soft aluminium layer and the 

center point of the mandrel  

ar  the radius of mandrel in the conductor  

λ  the coefficient of thermal conductivity  

21 , aa  constant 

tθ  the temperature rise at both ends of the aluminum layer  

aW  the loss of the core 

R  the outer radius of the soft aluminum layer  

1U  the phase voltage 

a

l

r
R

U
W

ln

2
2

1πλ
=

 the total loss of the medium 

ar

R
T ln

2

1
1

πλ
=  the thermal resistance of the soft aluminum layer 

hP  the solar radiation heat  

nP  the radiation heat loss  

aP  the convective heat loss 

I  the current carrying capacity 

k  the adjustment coefficient 

σ  the Stephen-Boltzmann constant 

D  the diameter and length of conductors 

bK  the radiation coefficient on the surface of conductors 
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V  the wind speed 

uE  the Euler number 

α  the heat absorption coefficient on the surface of conductors 

tR  the alternating current resistance of conductors 

eE  the intensity of sunshine 

λ  the heat conductivity coefficient of the air film 

aT  the real-time temperature of the conductor 

0T  the initial temperature of the conductor 

 

3. Power grid transmission lines 

 

With the continuous innovation of information technology, the demand for power is 

increasing; hence the standard of power transmission line construction is also rising [7]. 

There are many factors affecting the overall quality of power transmission line, including 

the quality of related products, lightning strikes, wind disasters, etc. [8], which will have an 

impact on the safe operation of power transmission lines. The quality of line equipment is 

very important. If the quality of line equipment is not up to standard, it will directly affect 

the process of power supply [9]. Steel-cored aluminium conductor is the most widely used 

material in transmission lines of power grid in China. The internal steel core is mainly used 

to enhance its strength, and the external structure is a twisted structure of aluminium wire, 

which mainly plays the role of transmitting electric energy. However, with the increase of 

the service life of the conductor, its shortcomings are constantly exposed, such as 

vulnerability to corrosion, strength reduction, blackening, brittleness and so on. It can be 

seen that the traditional steel core aluminium conductor is no longer satisfied with the needs 

of social electricity, so it is necessary to explore some new circuit conductor materials to 

deal with this problem. In this experiment, steel-cored aluminium conductor and carbon 

fiber composite core conductor were taken as the main research subjects. The two 

conductors were compared and analyzed, and the performance was predicted.  

 

4. Preparation of carbon fiber composite core conductor 
 

4.1. Carbon fiber material 

 

Carbon fiber composite is a kind of composite material formed by pultrusion process, 

which is composed of one or more kinds of fiber reinforced resin matrixes [10]. The raw 

materials of carbon fiber composite  include fibers and resins. The inner and outer sides of 

the core wires are bonded with carbon fibers, glass fibers and thermosetting modified epoxy 

resin respectively. The outer aluminium wires are trapezoidal, Z-shaped or ordinary round 

sections [11]. Its forming process includes many types, such as die pressing, winding and 

pultrusion, etc. In this experiment, the needed conductor was obtained by pultrusion 

process and optimization of carbon fiber material. 

 
4.2. Carbon fiber composite core conductor 

 

Carbon fiber composite core conductor is a new type of conductor for overhead 

transmission lines. It has advantages of small sag, good conductivity, high corrosion 

resistance, high strength, large current capacity, light weight and long life [12]. The 
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research on carbon fiber conductors in China began in 2006 [13]. Now we have effectively 

mastered the important technologies of carbon fiber composite core forming, construction 

technology, wire stranding and so on [14], which greatly improves the technical level in 

this field. This experiment took carbon fiber composite core conductor as the main research 

subject. Through steps such as processing and selecting appropriate materials, conductor 

preparation was carried out to obtain the required conductor for the experiment. The 

preparation process is as follows. 

1. Suitable carbon fibers was selected. Through the mechanical force of tractor, the 

selected material passed through the impregnation trough table. The impregnation trough 

had a carding frame in front and at back, and there were narrow slits on the rack. Moreover 

the temperature of the dipping trough was maintained at 40 � to 60 � through water 

circulation, so that the fibers were fully impregnated in the resin. 

2. The impregnated resin was pre-formed by a smooth and flat die, and the unused glue 

was extruded. The required shape was obtained by curing the resin. There were three 

heating zones and post-curing heating chambers in the forming die, 140 �, 160 � and 

180 � respectively. 

3. The composite core was wound into rolls by winding equipment. 

4. Suitable soft aluminium materials were selected and processed. 

5. The soft aluminium materials and composite cores were processed using twisting 

machine equipment to obtain the required carbon fiber composite core conductor. 

 

 
Figure 1 The experimental process of pultrusion molding 

 

5. Optimization of power transmission lines 
 

5.1. Experimental modeling 

 

The simulation experiment of carbon fiber composite core conductor under heavy load 

environment was established. ANSYS finite element software and workbench were used. 

Firstly, the related parameters were sorted out and summarized, the coordinate system and 

geometric model were established, and the finite element model was further established. 

Then,the corresponding attributes were added to the relevant materials, the boundary 

conditions were given, and the relevant parameters were defined. Secondly, the mesh 

generation operation was implemented, and the free mesh generation mode was used. The 

accuracy of cell division was set. Finally, load was applied. The results were processed and 

analyzed to obtain the experimental conclusions. 

 
5.2. Experimental method 
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5.2.1. Experiment on the corrosive resistance 

 

Method: A carbon fiber composite core conductor and a common steel core aluminum 

conductor were selected. The cross-sectional area of the two conductors were roughly 

similar, and the anti-corrosive property of them were compared and analyzed. The acid rain 

solution with PH value of 3.0 was prepared. The two kinds of conductors were placed in the 

solution with the same PH value to simulate the acid rain corrosion process. The 

experiment lasted 30 cycles. The experimental conclusions  were obtained from the results 

of acid rain corrosion degree of two kinds of conductors under the same environment. 

The transmission line of power grid has been placed in the air for a long time; hence it is 

easy to dissolve and react with the chemical composition, water vapor and other substances 

in the air, resulting in corrosion. Therefore, acid rain solution was used as the experimental 

environment in this experiment to analyze and study the corrosion degree of transmission 

line of power grid. The method of calculating corrosion rate used in this experiment was 

weightlessness method, i.e., corrosion degree is reflected by the change of sample quality 

before and after corrosion. V represents the corrosion rate, 1W  indicates the quality of the 

specimen before corrosion, hW  represents the quality of the sample after corrosion, 

S indicates the total area of the specimen, and h  stands for the duration of experiment. The 

expression of corrosion rate is: 

 

hS

WW
V h

⋅

−
=

1    .                                                                                                                  (1) 

 
5.2.2. Experiments on thermal characteristics 

 

Method: The thermal characteristics of a carbon fiber composite core conductor and a 

steel core aluminium conductor with roughly the same cross-sectional area were compared 

and analyzed. The two kinds of conductors were tested and analyzed under forced 

convection and natural convection conditions respectively, and the corresponding 

experimental results were obtained. Moreover, the corresponding experimental conclusions 

were drawn for reference. In the forced convection condition, the same current of 600 A 

was applied to the two kinds of conductors. In the natural convection condition, the current 

of 200 A, 300 A, 400 A, 500 A, 600 A and 700 A was applied to the two kinds of 

conductors respectively. 

In this experiment, the carbon fiber composite core conductor was approximated as a 

cylinder. One unit length of carbon fiber composite core conductor was taken; it had a 

thickness of dr  and a volume of 12 ⋅⋅= drrdV π .  It was assumed that the heat flow into the 

cylinder volume in unit time was  W , the heat flow out of the cylinder volume was 

drdrdWW ⋅+ )/( , the heat released by the cylinder volume in unit time  was lW , the thermal 

conductivity coefficient was λ  and the temperature of the core rod was θ , and the distance 

between any point in the soft aluminium layer and the center point of the mandrel was r . 

The volume temperature increased dtd /θ and the total heat absorbed was )/( dtdqdV θ  

in unit time. Under steady-state conditions, 0/ =dtdθ . In the presence of dielectric loss, the 

following Poisson equation was obtained: 
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λ
θ

lW
−=∇

2                                                                                                                         (2) 

In the absence of dielectric loss, the following Laplace equation was obtained: 

 

02
=∇ θ .                                                                                                                              (3) 

The loss of mandrel in conductor was experimented. The radius of mandrel in the 

conductor was supposed as ar , the coefficient of thermal conductivity as λ , and 21 , aa  as 

constant, which could be selected according to the initial conditions. When arr = , aθθ = , 

and there was: 

 

a

a

a
r

rW
ln

2πλ
θθ =− .                                                                                                             (4) 

An experiment was carried out on the temperature rise caused by the loss of the 

aluminum layer in the conductor. The temperature rise at both ends of the aluminum layer 

was represented by tθ , the loss of the core was represented by aW , the outer radius of the 

soft aluminum layer was represented by R , the phase voltage was represented by 1U , the 

total loss of the medium was represented by 

a

l

r
R

U
W

ln

2
2

1πλ
=

, the thermal resistance of 

the soft aluminum layer was represented by 

ar

R
T ln

2

1
1

πλ
= , the solar radiation heat was 

represented by hP , the radiation heat loss was represented by nP , and the convective heat 

loss was represented by aP . The heat balance equation shown below was obtained: 

  

dt

d
aPPPTWW a

anhlat

θ
θ −−−++= )

2

1
( 1

.                                                              (5) 

An experiment was carried out on the influence of external factors on the surface 

temperature of conductors. The current carrying capacity was expressed as I , k  as the 

adjustment coefficient, σ  as the Stephen-Boltzmann constant, D  as the diameter and 

length of conductors, bK  as the radiation coefficient on the surface of conductors, V  as 

the wind speed, uE  as the Euler number, α  as the heat absorption coefficient on the 

surface of conductors, tR  as the alternating current resistance of conductors, eE  as the 

intensity of sunshine, λ  as the heat conductivity coefficient of the air film, aT  as the real-

time temperature of the conductor, and 0T  as the initial temperature of the conductor. The 

expression of transient current carrying capacity of carbon fiber composite core conductor 

under heavy load is: 

 

t

leau

V

ab

T

R

dt

d
aTWDEdVTTEdTTTDk

kI

θ
απλπσ +−+−∫+−∫

=
2

1
])([])([ 00

4

0

4

0

.                   

(6) 

 

5.3. Results 

 

5.3.1. Corrosive resistance 
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It can be seen from Figure 2 that the corrosion rates of the two conductors showed a 

downward trend in acid rain solution with PH value of 3.0, and the overall decline trend 

was downward. In the fifth cycle, the corrosion rate reached the maximum, i.e., the 

corrosion rate of the carbon fiber composite core conductor was 0.15 µm/a, and that of the 

steel core aluminium conductor was 0.26 µm/a. In the thirtieth cycle, the corrosion rate of 

the carbon fiber composite core conductor was 0.058 um/a, and that of the steel core 

aluminium conductor was 0.136 um/a .The reason was that +
H  in the solution promoted 

the dissolution of matrix metals in the process of corrosion, electrode reaction occurred  to 

corrode the conductor, but with the increase of the cycle, the chemical reaction was 

weakened. Moreover, it can be seen that the corrosion rate of the carbon fiber composite 

core conductor was smaller than that of the steel core aluminium conductor in any cycle. It 

was concluded that the corrosion resistance of the carbon fiber composite core conductor to 

acid rain solution was better, and its optimization effect on power transmission lines was 

better. 

 

 
Figure 2 Comparison of corrosion rate between two conductors 

 
5.3.2. Thermal characteristic 

 

Analysis of thermal characteristics under forced convection condition is as follows. 

It can be seen from Figure 3 that the surface temperature of the two conductors 

decreased with the increase of wind speed when 600 A current was applied to the two 

conductors under forced convection; when the wind speed was 0, the surface temperature of 

the two conductors reached the maximum, and when the wind speed was 1.8 m/s, the 

surface temperature of the two conductors reached the minimum. Compared with the steel 

core aluminium conductor, the surface temperature of the carbon fiber composite core 

conductor increased slowly, and the surface temperature of the carbon fiber composite core 

conductor was much lower. One of the reasons for that the effect of wind speed on the 

surface temperature of the conductor was weak was that the resistance of the carbon fiber 

composite core conductor to external factors such as wind speed was good, and it was not 

easy to be affected. It was concluded that the carbon fiber composite core conductor was 

not easy to cause frequent accidents in power applications, which was conducive to the safe 

operation and operation of power grid lines. 
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Figure 3 Comparison of two conductors under forced convection condition 

 

Analysis of thermal characteristics under natural convection condition is as follows. 

It can be seen from Figure 4 that under natural convection condition, when the two 

conductors were at the same ambient temperature, i.e., 270 K, the surface temperature of 

the conductors increased with the increase of current carrying value; when current carrying 

value was 200 A, the surface temperature of the two conductors reached the minimum 

value, and when current carrying value was 700 A, the surface temperature of the two 

conductors reached the maximum value. When the surface temperature of the steel core 

aluminium conductor was close to 270 K, the current passing through the conductor was 

smaller than 400 A, but the current of the carbon fiber composite core conductor was close 

to 600 A, which was much larger, and the surface temperature of the carbon fiber 

composite core conductor was lower than that of the steel core aluminium conductor. When 

the surface temperature of the two conductors was basically the same, the current value of 

the carbon fiber composite core conductor was much larger than that of the steel core 

aluminium conductor. The reason was that the carbon fiber composite core conductor had 

better heat resistance and current carrying capacity and was less affected by current 

carrying value. Therefore, the application of the carbon fiber composite core conductor in 

power grid transmission lines had stronger heat resistance and current carrying capacity, i.e., 

had more significant effect and stronger optimization function. 

 

 
Figure 4 Comparison of two conductors under natural convection condition 

 
5.3.3. Comparative analysis 

 

It can be seen from Table 1 that the surface temperature of the two kinds of conductors 

decreased with the increase of wind speed, and when the maximum wind speed was 1.8 
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m/s, the surface temperature of the carbon fiber composite core conductor was 312 k, and 

that of the steel core aluminium conductor was 341 k. The reason was that the temperature 

difference between the outermost layer and the subouter layer of the conductor decreased 

with the increase of wind speed, which greatly improved the ventilation capacity inside and 

outside the conductor, the surface temperature of the conductor was lower, and the surface 

temperature of the transmission line in the power grid was also lower. When the same 

current value was applied, the surface temperature of the  carbon fiber composite core 

conductor was less affected by wind speed. Thus it was concluded that the performance of 

resisting external factors of the carbon fiber composite core conductor was better, and the 

optimization effect was more obvious. 

 
Table 1: Comparison of surface temperature between two conductors under the influence of 

wind speed 

Wind speed (m/s) Surface temperature of steel 

core aluminium conductor (k) 

Surface temperature of carbon fiber 

composite core conductor (k) 

0 389 385 

0.3 376 360 

0.6 373 350 

0.9 362 332 

1.2 358 327 

1.5 346 316 

1.8 341 312 

It can be seen from Table 2 that the surface temperature of the two kinds of conductors 

increased with the increase of current carrying value and reached the highest value when 

current carrying value was 700 A, i.e., the surface temperature of the carbon fiber 

composite core conductor was 301 k, and that of the steel core aluminium conductor was 

312 k. The reason was that the larger the current carrying value was, the more current the 

conductor bore, the higher the surface temperature of the conductor under the working 

environment of high load, and the higher the surface temperature of the transmission line in 

the power grid. The high temperature of the transmission line will cause corresponding 

accidents, which is not conducive to safe operation. It was concluded that the heating rate 

of power transmission line with the carbon fiber composite core conductor was slow, the 

thermal load capacity was better, the current carrying capacity was better, and the 

optimization effect was more remarkable. 

 
Table 2: Comparison of surface temperature between two conductors under the influence of 

loading current value 

Carrier value (A) Surface temperature of steel 

core aluminium conductor  (k) 

Surface temperature of carbon fiber 

composite core conductor (k) 

200 223 209 

300 239 212 

400 275 223 

500 287 249 

600 291 263 

700 312 301 

Under both conditions, the surface temperature of the carbon fiber composite core 

conductor was lower than that of the steel core aluminium conductor. It can be seen that the 
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thermal characteristics of the carbon fiber composite core conductor were better, which is 

conducive to enhancing the experimental effects, and the optimization effect of the circuit 

was more obvious. 

Generally speaking, through the comparison and analysis of the two kinds of conductors, 

it can be seen that the corrosion resistance of the carbon fiber composite core conductor 

was better than that of the steel core aluminium conductor, the carbon fiber composite core 

conductor had much lower surface temperature than that of the steel core aluminium 

conductor under the same conditions, suggesting a favorable heat resistance, and its 

performance of resisting external factors was better. Therefore, it is very feasible and 

necessary to optimize the performance of power transmission lines by using carbon fiber 

composite core conductors. 

 

6. Conclusion 
 

With the increasing demand for power, the faults of power transmission lines will cause 

social unrest and instability. Therefore, the performance and quality requirements of power 

transmission lines are becoming higher and higher. It has become an important research 

topic to optimize and improve power transmission lines. In this study, the optimization of 

power transmission lines was studied. Carbon fiber composite core conductor was applied 

to power transmission lines, and a mathematical model of composite temperature field of 

carbon fiber conductors under heavy load was established. The experimental results showed 

that the carbon fiber composite core conductor had lower surface temperature and better 

heat resistance and current carrying capacity than the steel core aluminium conductor. 

Generally speaking, the carbon fiber composite core conductors have good corrosion 

resistance and thermal characteristics. Therefore, the application of carbon fiber core 

conductors in power grid transmission lines can effectively improve the performance of 

power grid transmission lines. This work provides a new route for the optimization of 

power transmission lines. 
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