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Abstract: 
This paper presents a method and 

experience of ice shedding from conductors of 
63 kV overhead lines on the supply territory 
of the Gharb power utility (one of the power 
utilities of Iran).  This de-icing technique is 
applicable for hot line conductors and may be 
carried out by exciting of a transmission lines 
by injection of high frequency power (or 
current) through a power inverter and 
coupling circuit with applying joule and 
dielectric losses.    

 Currently power networks of Kurdistan 
province have inconveniences with 
subsequent entanglements of ice accretion on 
overhead power lines. Proposed 
countermeasure may be employed as a 
remedy for this problem. In this paper, 
appropriate values for voltage, frequency and 
power   of   the inverter   that is to be used for 
De-icing of transmission lines are designated 
precisely. The paper gives results of 
calculations, which confirm the efficiency of 
this method. 

1. Introduction  
In many cold regions of the world, 

transmission lines are subjected to 
atmospheric ice accretion that can lead to 
occasional outages. In mountainous and icing 
areas of Iran, as many countries, ice accretion 
on power transmission lines is a serious 
problem thus finding solutions for this 
difficulty is in great importance. 

Some countermeasures for de-icing and 
prevention of ice buildup on high voltage 
transmission lines have been proposed; for 
example virtual short-circuiting on 
transmission network can be utilized as a 
common scheme for providing requisite joule 
losses and heat for melting ice deposits on 
conductors, however this method cannot be 
applied for de-icing hot line conductors [1,2]. 
 Using a high frequency generator is another 
technique that had been employed in Russia 
[3] but the disadvantage of the use of a high 
frequency and power generator in comparison 
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with the proposed practice in this paper, is the 
high expense of it‘s fabrication. 

In this study a cost-effective approach for 
de-icing hot line conductors by means of high 
frequency excitation is proposed.  

This technique is applicable for power 
transmission and subtransmission lines in 
range of 63 to 400 kV. The method makes it 
possible to melt ice on an overhead line 
without disconnecting the line and customers. 
In other words this technique is applicable for 
live-line conductors. 

 

2. Theory 
For de-icing of high voltage transmission 

lines a high voltage power inverter may be 
employed as a source of excitation current 
with frequencies between 60 to 100 kV [4]. 

It is possible to use joule losses in 
associated with generated heat caused by 
dielectric losses for de-icing transmission 
lines. Connection of power inverter to 
transmission line is accomplished through a 
coupling circuit. Whereas the voltage level of 
inverter is much higher than voltage level of 
transmission line, a coupling circuit should 
provide an appropriate insulation between 
inverter and transmission line. Another 
function of this coupling circuit will be 
provision of a low impedance path for high 
frequency current, which have been generated 
by power inverter and utilized for excitation 
of transmission lines. In regards to the fact 
that the transmitted power through coupling 
circuit is extremely high, the most appropriate 
configuration of the coupling circuit will be a 
combination of inductors and capacitors in 
series, so that the capacitors will provide 
voltage insulation and inductors in 
cooperation with capacitors will provide a 
low impedance path for inverter generated 
high frequency current. It should be noted that 
capacitor and inductor work in resonance 
mode. Needless to say that capacitor and 
inductor in series is the simplest and the most 
cost effective circuit configuration for 
resonance circuit. L and C for coupler circuit, 
should be so selected that capacitor 
impedance be much higher than inductor 

impedance. Since, the current that excites the 
transmission line have a much higher 
frequency than transmission network this 
current should be omitted prior to high 
voltage substations by means of line traps. 
Fig.1 shows a general sketch for this 
technique. As this figure shows, power 
inverter is located between two line traps.    

 
Fig.1: general outline for de-icing technique by 

injection of high frequency current to transmission 
lines 

 

2.1 Traveling waves 
In favor of study and analysis of excitation 

current, due to its high frequency, theory of 
traveling waves should be employed. If we 
suppose a differential model for transmission 
line approximating Fig.2, and considering 
traveling wave’s theory, then equations of 
voltage and current of the line, may be 
summarized as follows: 

 
                                                

(1)                               ( ) xx eVeVxV γγ
−

−
+ += 

 

( ) ( )xx eVeV
Z

xI γγ
−

−
+ −=

1

0

                    (2)  

 
In above equations γ  and 0Z  are equal to 

YZ  and Y
Z  respectively, and +V  and −V  

are constants values which will be calculated 
later. 

 

 
 

Fig. 2: differential model of transmission line 
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The model of Fig.2 may be modified                     
as Fig. 3:  

 

 
Fig. 3: model of supply source (inverter), coupling 

circuit, transmission line and line traps 
 
Taking into considerations the 

corresponding values of iV  (voltage of 
inverter location) and fV  (voltage of line trap 
location) for x = 0 and x =d respectively, the 
values of +V  and −V  may be calculated as 
follows:  

 

 (3)                   dd

d
if

ee
eVV

V γγ

γ

−

−

− −

−
= 

(4)                     dd

d
if

ee
eVV

V γγ

γ

−

−
= −+ 

By assignment of standing waves equations 
of voltage and current, and transferring them, 
from frequency domain to time domain, 
transmission power through waves and their 
power losses can be calculated. Conversion of 
equation (1) and (2) from frequency domain 
to time domain can be achieved by following 
formulas:  

 
(5)                                 ( ) ( ) tωjexVtxV =, 

 
(6)                     ( ) ( ) tωjexItxI =, 

Since that excitation current has higher 
frequency than transmission network 
frequency, transmission line parameter should 
be calculated precisely. In regards to 
literatures [5-6], transmission line parameters 
for a solid cylinder with radius R, may be 
written as follows:  

 

         (7) 
( ) ( )

( )ωjµσRJ
ωjµσRJ

ωjµσ
R

R
ωjZ

1

0

0 2
=   

0R = DC resistance of the line  
 σ= conductor electrical conductivity  
 µ= magnetic permeability coefficient  

0J  = Zero order function of Bessel 

1J  = First order function of Bessel 

2.2  Joule losses and dielectric losses 
Considering current and voltage equations, 

joule losses in each point of transmission line 
can be easily obtained as a result of following 
formula: 

(8)                   
( ) ( )txIR
R

txV
Ploss ,=

,
= 2

2

 
 

While two conductors of transmission line 
with radius of r are situated at the distance of 
D from each other, dielectric losses can be 
easily obtained by following equation: 

 

(9)                               ∫=
Vol

iceiceice dvEP 2σ 
 

That d and iceE  stand for thickness of ice 
deposit on power line conductors and electric 
field  

+ in  ice  deposits  respectively.  Equation 
(9) may be expanded as follows:   

 

(10)                 
r

drLn

r
DLn

V
P

r

ice
ice

+
=

2

2

)(

2

ε

σπ
 

 

Where V and iceσ  represent voltage and 
electrical conductivity coefficient of ice 
deposit on power lines respectively.  

 

3. Requisite heat for melting 
ice deposits on power lines 

In this paper calculation had been made for 
melting an ice thickness of 6 mm in ambient 
temperature of - 15 Co  and wind velocity of 
5 sm (these calculations were reported in 
paper [7]), which is a common condition in 
icing incidents. With above assumptions, 
requisite current and power for de-icing 
transmission lines as a function of melting 
time are presented in Fig.4 and Fig.5   
respectively.     
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Fig. 4: requisite current for melting an ice thickness 
of 6mm as a function of melting time. 

 

 
 

Fig. 5: requisite power for melting an ice thickness 
of 6mm as a function of melting time. 

 
As Fig.5 shows, power losses less than 

50 mw  are not capable of melting ice 
thickness of 6mm; hence high frequency 
current source (power inverter) should supply 
a minimum power of 50 mw  on power 
transmission line [7]. Now voltage, injected 
power , frequency and amplitudes of the 
power inverter should be precisely designated 
as follows.  

 

4. Specifications of requisite 
power inverter  

In this study, parameters of power inverter 
for de-icing of a 20 km length of the power 
line (two 10 km at either side of inverter 
which is a accessible length in this region) 
have been specified. Considering 
specifications of 63 kV Kurdistan power lines 
(lynx conductors), if frequency of inverter be 
chosen 60 kHz (initial value for this 
calculations) then an inverter with voltage of 
3.5 kV and power of 2.5 MW will be required 
for providing at least 50 mw  on indicated 

lines. Distribution of current and power losses 
on excited line as a result of joule and 
dielectric effects for these specifications have 
been shown in Fig. 6 

 
 

Fig. 6: distribution of current and power losses on 
transmission line for an inverter with voltage of 3.5 

kV and power of 2.5 MW 
 
Fig. 6 obviously shows that dielectric losses 

can be a complement to joule losses so that at 
points wherein joule losses approaches zero, 
dielectric losses meet its maximum values and 
vice versa. 

 
 

 
 

Fig. 7: voltage distribution on transmission 
Line 

 
At this stare voltage distribution on the 

transmission network after current excitation 
of the line should be precisely inspected (see 
Fig. 7). 

As you see in Fig. 7, antinodes values of 
voltage level on 63 kV transmission line 
meets 170 kV, in regards to insulation 
strength of 63 kV transmission lines, as well 
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as requisite time for melting an ice thickness 
of 6mm, network insulation strength of 63 kV 
power lines can’t withstand these antinodes 
values of overvoltages. But these 
overvoltages on 230 kV and 400 kV 
transmission lines are not likely to cause 
insulation failures. For de-icing of 63 kV lines 
of Kurdistan province inverter characteristics 
should be so varied that pointes with such 
overvoltages wouldn’t be encountered.   

For this purpose, two approaches were 
proposed: 

- Reduction of line length that is intended 
to be de-iced 

- Reduction of power inverter frequency 
With applying above two solutions and 

repetitious simulations we understand that a 
length of 10 km (5 km at either side of 
inverter) can be easily de-iced by means of a 
power inverter with voltage level of 1.2 kV 
and frequency of 7 KHz. An inverter with 
mentioned specifications, in addition to 
satisfying requisite heat for melting an ice 
thickness of 6 mm, do not make any 
intervention with power network insulation 
coordination (Fig. 8). 

 
 
 

 
 
 

Fig. 8: voltage distribution on a 5 km length 
 of a 63 kV power line 

 

 
Fig. 9: power distribution on a 5 km length 

of a 63 kV power line 
 
Fig. 9 illustrates the power distribution on 

63 kV power line, it shows that a minimum 
power of 55 kW is provided along 63 kV line 
that assures melting of an ice thickness of 6 
mm. In the proximity of inverter place, due to 
less reception of power losses (Fig. 8) ice 
melting occurs later, therefore ice melting on 
adjacent points of inverter place, will assure 
us from ice melting along the power line.   

 

5. Simulation of de-icing system 
in accordance with 
designated specifications of 
the inverter, for 63kV lines of 
Kurdistan province  

For precise analysis of de-icing system and 
determination of probable overvoltages, high 
frequency de-icing device consisting of, 
power inverter, coupling circuit, line traps, 
and section of power line which is intended to 
be de-iced, were simulated. Taking into 
considerations characteristics of 63 kV lines 
of Kurdistan province, this practice has been 
done by assistance of Matlab/Simulink 
program. 

Fig. 10 shows, overcurrents and 
overvoltages of 63 kV lines of Kurdistan 
when a 7 kHz inverter with voltage level of 
1.2 kV is employed for de-icing purposes. As 
you see in this figure, overvoltages of 63 kV 
lines during de-icing phase, dose not exceed 
voltage insulation strength of power network, 
as well as overcurrent of power lines result in 
ice shedding of power lines without any 
undesirable affects.  
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Fig. 10: over currents and over voltages of 63 kV 

 Overhead lines of Kurdistan province 
 

As previously stated, coupling circuit is a 
combination of inductors and capacitors in 
series. Fig. 11 shows voltage distribution on 
these two elements. 
 

 
 

Fig. 11: voltage of inductors and capacitors 
 
As you see in this figure, a great 

component of voltage drops on capacitors, 
and consequently overhead lines will be 

insulated from inverter circuit. Since, 
frequency of injected current, in comparison 
with frequency of power network is extremely 
high, prior to high voltage substations, this 
current should be omitted by use of line traps. 
Fig. 12 and Fig. 13 illustrate transmitting 
current through line traps and current of 
overhead lines after line traps respectively. 
These figures explicitly show that line traps 
have omitted enormous part of injected 
current, prior to substations.  

  

 
 

Fig. 12: transmitting power through line traps 
  
 

 
 

Fig. 13: overhead line current, after line traps 
 

6. Conclusion 
One of the effective techniques for de-

icing hot line conductors is using a power 
inverter for injection of high frequency 
current to transmission lines. In this 
technique, for power transmission lines with 
voltages more than 230 kV a combination of 
joule losses and dielectric losses for removing 
of ice buildup is feasible, otherwise as voltage 
and frequency decline, only employ of joule 
losses for de-icing transmission lines is 
applicable. 
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In de-icing of power lines with voltages up 
to 63 kV, determination of frequency and 
length of transmission line should be done so 
that overvoltages that are higher than 
withstand voltage of the transmission system 
would not be encountered.  
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