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Abstract - This paper describes an intelligent neural expert system for loading overhead power transmission lines. The 
system is used to evaluate the thermal rating and temperature rise of power transmission lines. An artificial neural 
network (ANN) was trained for the prediction of hourly or instantaneous values of the irradiance dependent on 
astronomic and meteor-climatic conditions. The developed intelligent system can be used to assist operators in loading 
power transmission lines in different operating and weather conditions. 
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1 Introduction 

ln recent years, expert systems, artificial neural networks 
and fuzzy set theory have been successfully applied in 
power systems [1-3]. This paper describes an intelligent 
system developed to aid a power system operator in 
emergency conditions, particularly under overloading of 
power transmission lines. In general, to clear an overload, 
an operator has to solve the following actual problems [4] : 

• identification of the overloaded element and 
determination of the permissible loading time; 

• selection of the necessary remedial actions for clearing 
overloads; 

• execution of the selected actions; 

• permanent condition monitoring of the overloaded 
equipment and, if required, revision and adjustment of 
the remedial actions to be taken. 

The accurate determination of the permissible overloading 
duration allows power system operators greater t1exibility 
in decision making and in choosing suitable remedial 
actions . From an operator's point of view the most 
hazardous overloads are these which occur on the tie 
power transmission lines connecting different subsystems. 
Therefore, it is vital to examine factors setting a limit on 
the loading time of these lines. 

2 Current and Thermal Ratings of 
Overhead Conductors 

The loading capacity of power transmission lines is based 
on the maximum permissible conductor temperature that 
should be maintained within a safety limit. In most cases, 
this value is determined by the conductor ground 

clearance. The loading capacities or thermal ratings of 
power transmission lines are specified in terms of current , 
or MV A at nominal voltage limits. These ratings are 
applied by power system operators for particular system 
loading conditions, typically based on seasonal normal and 
abnormal load levels. The thermal rating can be described 
as a function of conductor temperature, ambient 
temperature, wind velocity, elevation, ground reflection 
and solar radiation [5, 6]. 

In transmission power systems, load currents during and 
following system disturbances may reach values well 
above the steady-state thermal rating of the line. Such 
conditions may be safe for some period of time . This time 
can then be used to perform the generation rescheduling or 
load shedding. Therefore, it is necessary to determine how 
long a conductor can carry an overload without exceeding 
its maximum permissible operating temperature. 

The er loss of the conductor is dissipated in the form of 
heat to the surrounding atmosphere. Under steady state 
conditions of wind velocity, ambient temperature, solar 
radiation and electric current, the following heat-balance 
equation can be applied [7]: 

( 1) 

or 

(2) 

where I is the loading current, (A); qc is the convected 
heat loss, (W/m); qr is the radiated heat loss, (W/m); qs is 
the solar heat gain, (W/m) and r is the ac resistance of 
conductor, (nlm). 

When the conductor current increases, the conductor 
temperature does not rise instantaneously, but increases 
along a curve determined by the current, the properties of 
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the conductor and ambient conditions. The increase in 
resistive heat gain can be Written as an additional heat .6.P 
in the heat balance equation. The additional heat input 
will raise the conductor temperature over time until the 
conductor temperature reaches a new value such that the 
heat balance equation is again satisfied. The heat balance 
equation can be expressed as follows: 

(3) 

Assuming that the time interval, .6.t, is less than I 0 sec, the 
conductor heats adiabatically, absorbing the extra heat .6.P. 
Under such conditions the conductor temperature 
increases by .6.8. The conductor temperature increase can 
be expressed as follows [8]: 

(4) 

or 

1'19 = L\P t-.t I (m·s) = [(F-r + q5 - qc- qr) I (m·s)]·L\t (5) 

where m is the conductor unit weight, (kg/m) and s is the 
specific heat of conductor, (J/kg °C). 

A new conductor temperature can be calculated as 

(6) 

Values of the temperature dependent variables r, qc, qr at 
temperature Snew can now be calculated and used to 
compute t-.9 for the next time interval .6.t. The process is 
continued until the entire rating period has been 
accumulated. The final value can then be compared with 
the maximum permissible operating temperature of the 
conductor. 

3 Development of the Neural 
Expert System 

The neural expert system is used to determine the 
maximum current which a conductor can carry during a 
short period of time following a system disturbance 
without exceeding the maximum permissible operating 
temperature. The ANN component of the system 
developed employs a Generalised Delta Rule network for 
determining the instantaneous solar irradiances [9]. The 
Leonardo expert system shell facilitates interactions with 
the neural networks, the conductor database and the 
external programs. The block .diagram of the neural expert 
system is shown in Figure 1. The inference engine links 
the rules given in the knowledge base and the associated 
condition input by the user with the data given in the 
conductor database in order to solve a problem. The 
knmvledge base is represented by a set of IF-THEN rules 
and consists of 38 rules. 

The conductor database includes all relevant data (i.e. 
conductor diameter, conductor resistance, conductor unit 
weight, specific heat, etc.) for different conductors. The 
data are represented . in the form of a spread sheet. The 

195 

external programs are written in the C programming 
language. 

I Conductor l Database 

' 1 
I Inference Engine 

I 
I User Interface I 

I Neural Network I 
T 

Knowledge Base 

I If - Then rules I 
I T Expert System Shell _j 

( User ::> 
I External programs I 

Figure 1. Block diagram of the neural expert system for 
loading of power transmission lines. 

These programs are mainly used for computing the 
quantities of heat, adjusting the resistance for temperature 
changes, and manipulating input/output data to the 
knowledge base of the expert system [ 10, 11]. 

The loading capacity of a power transmission line depends 
on the solar heat received by a conductor. The values of 
solar radiation vary over a very large range, and depend 
upon location, season, and local time. Moreover, direct 
solar radiation is determined by the cloud factor and 
atmospheric transmissivity . Therefore, daily or hourly 
values of solar radiation are not constant and different 
thermal ratings of a conductor should be applied for 
different times (month, day and hour). 

According to current practice in Australia, the values of 
1000 Wlm2 and 750 W/m2 for direct solar radiation are 
considered for summer and winter noon conditions. 
However, these values are actually unsuitable for 
determining instantaneous thermal rating of overhead 
conductors because there is a great difference in intensity 
of solar radiation within Australia, for example in Hobart 
and Darwin. In order to determine the real-time values of 
solar heat gained by a conductor, it is necessary to 
calculate the instantaneous hourly values of the direct and 
diffuse radiations for different astronomic and meteor
climatic conditions. To solve this problem, a new method 
which employs the ANN · and regression best-fitting 
techniques is introduced. 

The hourly average solar irradiations on a horizontal 
surface can be predicted in terms of the maximum hourly 
average irradiance, the time of the day and the day length. 
The hourly average solar irradiance, q(r), can be predicted 
at a local time, t, as shown in [ 12]: 

(7) 

(8) 

(9) 
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t0 = (ts + r,.)/2 is the midday time; ts is the sunset time; t,. 
is the sunrise time; td is the length of the day; q0 is the 
maximum hourly value of solar direct/diffuse irradiance on 
a horizontal surface acquired at midday time. 

The regression coefficients A0, A 1 and A2 are determined 
using the calculated va).ues of the hourly average 
irradiation for each month and then a least squares fitting 
technique. 

Figure 2 shows a typical 3-Iayer feed-forward Generalised 
Delta Rule network that is used in the neural expert 
system. The nodes in the input layer receive input signals 
from the input pattern and directly pass the signals to the 
nodes in the next layer. The cloud factor (C) and 
coefficient of ground reflection Albedo (F) are taken as 
the inputs to the neural network. 

Input 
Pattern 

c 

F 

Input 
Layer 

j 

Hidden 
Layer 

Output 
Layer 

Output 
Pattern 

Max ldir 

Max ldiff 

Figure 2. Architecture of the ANN. 

There are two nodes in the output layer which provide the 
normalised values of the maximum direct and diffuse 
irradiation (occurring at midday) of the month. In addition 
to the input and output layers, we need one or more hidden 
layers. The nodes or neurons in the hidden layer take 
signals from the input layer and send their outputs to the 
nodes in the output layer when computations within the 
nodes have been completed. 

For each neuron j in the hidden layer, the neuron output is 
given by 

(\0) 

where Bj is the threshold for the parameter node and B0 

determines the abruptness of the transition. The total input 
signal to a neuronj in layer i, 

(11) 

The training process of the neural· network comprises 
changing weights 'w' and threshold 'B' so that to minimise 
the total system error function defined as follows [ 13] : 

( 12) 

where tk is the desired output of the node in layer k and Ok 

is the actual output. 

The convergence property of the Generalised Delta Rule is 
affected by the number of neurons per hidden layer, 
learning rate and momentum. This study uses one hidden 
layer with four neurons. The network was trained with 12 
training input vectors (for 12 months), each vector 
consisting of 198 neurons. The neurons are arranged in 2 
columns of 99 rows (for 0 ~ C ~ l and 0.1 .s; F .s; 0.9, in 
step 0,1). The components of the weights vectors 
associated with each neuron were randomly initialised 
between- 0.5 and+ 0.5. 

4 Neural Expert System 
Evaluation 

The knowledge system was evaluated against the test 
results of different outdoor test conditions . Figure 3 
shows the temperature - time characteristic for conductor 
19/.116" Copper for a period of 12 minutes in an outdoor 
test (cloudy sky) carried out at the Hydro-Electric 
Corporation of Tasmania (HEC) laboratory. Figure 4 
shows the temperature - time characteristic for Drake 
conductor for a short period of 15 minutes in an outdoor 
test (sunny sky) given in [14]. As can be seen from Figure 
4, the calculated curve closely matches the test curve. It 
indicates that the knowledge system also fits the outdoor 
test adequately. However, there is a small difference 
between the calculated curve and the test curve shown in 
Figure 3 . The test curve inconsistency might be caused by 
the variable conditions of wind speed and ambient 
temperature during the test. 

1 9 /. 11 6" Copper 
31.5,-------------------, 
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~ 33.5 
0> 
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c • a. E 32.o 
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Outdoor test: (cloudy sky) 

wind= 0.75 m/s, elevation= 50 m . 
ambient = 23 'C, emissivity = 0.23 ! 

initial current = 400 A 
initial temp = 31.2 •c 
final current = 550 A 
final temp = 34 ·c 

3t~ .J..o ------.---..---.,----.-----r----tt2 

10 

Time - minutes 

Figure 3. Temperature - time characteristic for 
conductor 19/ 0.116" 
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Figure 4. Temperature - time characteristic for conductor 
Drake (outdoor) 

5 Case Studres 

A 110 kV subsystem of the HEC power system, shown in 
Figure 5, is used to demonstrate an application of the 
neural expert system for the short-time thermal rating 
evaluation of the Palmerston - Norwood transmission line 
for the loading condition following the outage of the 
Palmerston-Trevallyn transmission line during a summer 
day in December. 

44.3 + j13.7 44.3 + j13.7 

Norwood t t Norwood t 81.8 + j25.3 45.3 + j10.4 
(244A) 34.4 + j6.1 (449 A) 

Palmerston Palmersto 
(a) (b) 

Figure 5. The HEC power system: initial (a) and final (b) 
conditions. 

This section includes two parts. In the first part, the effect 
of clouds is neglected by using the default values. of solar 
radiation. In the second part, the calculated values of 
instantaneous hourly solar radiation are used to take into 
account the influence of cloud cover. 

5.1 Default Values of Solar Radiation 

For the conditions described in Figure 6 and default values 
of 1000 w/m2 and .100 w/m2 for the direct and diffuse 
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radiation respectively, the steady state thermal rating of 
. the Palmerston-Norwood transmission line is 302 A. 
Following the outage of the Palmerston-Trevallyn line, the 
current in the Pa1merston - Norwood transmission line 
increases from 244 A to 449 A (149% of the steady state 
thermal rating). As shown in Figure 6, this overload can 
be allowed for only 1.9 minutes. This conclusion 1s 
displayed on the screen as shown in Figure 7. 

Copper 19/0.116", 19 strands 
10

1 \ ___ ___ _ _ _______ ____ , 

E • 
;:: 

'3 

1.9nin 

OJnditions 

wnd = 0.5 m's, elev<mm = 700 m 
erriS!Mty = 0.6, ldr = 93 Wlsq. ft 

mtliert = 25 oc 
initial ClJilert =244A 

iritial terrp = 44.5 oc 
final ourrent = 449 A 

finaltEJTp = 49 oc 

~±,---r---~.,~,-~~----5~00---~--~"' 
350 450 550 

Curr en! - amperes 

Figure 6. Short time ratings for Palmerston - Norwood 
line. 

LEONARDO (c)l986-1990 Creative Logic Ltd. Knowledge Base: CONDUCT 

EXPERT SYSTEM 

for Short-Time Thermal Rating of Transmission Lines 
Conclusion 

Conductor type: 19/ 0.116" Copper 

Operating condition: 

elevation (m): 760 

wind (m/s): 0.5 

Conductor temperature: 

initial ("C): 44.5 

Conductor cunent 

emissivity: 0.6 

ambient ("C): 25 

final ('C): 49 

initial (A): 244 final (A): 449 

Steady state thermal rating (A): 302 

Permissible overload duration (min.): 1.9 

Tvpe any key to see the next screen 

Figure 7. Conclusion screen. 

5.2 Calculated Values of Solar Radiation 
For a steady condition of wind velocity and ambient 
temperature, different steady state thermal ratings can be 
imposed on the Palmerston-Norwood transmission line 
depending on the cloud condition (0 ~ C _$ I). Figure 
8 demonstrates a significant effect of the cloud condition 
on the thermal rating of overhead lines. As shown in 
Table I, it takes only 0.4 minutes for the conductor 
temperature to reach its maximum design temperature at 
49°C (the limit being determined by the conductor ground 
clearance) with a clear-sky condition (C = 0). 
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Figure 8. Temperature - Time characteristic for 
Palmerston - Norwood transmission line. 

Remarks C=O C=0.7 C=l 
Max. design temp. (°C) 49 49 49 
Initial temp. (°C) 47.8 43.8 39.1 
Steady state rating (A) 261 316 368 
Time to reach 49°C (min) 0.4 2.1 4.8 

Table I. Results of the studies for different cloudy 
factor (Albedo= 0.23) 

But for a very cloudy condition (C = 1 ), this overload can 
be held for 4.8 minutes. Figure 9 and Table II show the 
results of the study for different operating times (9:00h, 
12:00h, and 16:00h) at the wind and ambient condition 
described in Figure 8. As can be seen, the lowest values 
of the thermal rating and overload duration should be 
expected at midday (say 12:00 h) when the solar heat 
gained by the conductor is maximum. 

6 Conclusions 

The neural expert system for determination of short-time 
ratings and temperature rise of transmission lines was 
developed. This system combines an expert system and 
artificial neural networks. The expert system is used to 
facilitate interaction between the conductor database, 
external programs and neural networks. The artificial 
neural network employs a 3-layer feed-forward 
Generalised Delta Rule network to determine the 
instantaneous solar irradiance. The network was trained 
with 12 training input vectors, each vector consisting of 
198 neurons. The neurons were arranged in 2 columns of 
99 rows. The components of the weights vectors 
associated with each neuron were randomly initialised 
between -0.5 and +0.5. 

The neural expert system can be successfully used to assist 
system operators in power transmission line loading for 
various operating and weather conditions. It also assists 
the operators to determine the permissible duration for the 
conductor overload. 
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Figure 9. Short-time ratings for Palmerston- Norwood 
transmission line. 

Remarks 9h 12 h 16 h 
Max. design temp. (0 C) 49 49 49 
Initial temp. (°C) 41.2 43.8 39.5 
Steady state rating (A) 346 316 364 
Time to reach 49°C (min) 3.3 2.1 4.5 

Table 11. Results of the studies for different operating 
time (Albedo= 0.23, C = 0.7) 
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