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Abstract

The present case study, using computer modeling technology, is to investigate the process of ice melting (de-icing) on iced ground

wires due to current flowing through the ground wire. Using the AC model, the time course of heating of the given ground wire has

been determined, and treating the results as input to the thermal model, the ice melting process has also been investigated by finite

element thermal analysis. After comparing the elements by computer analysis to laboratory measurements, the results obtained were

validated with numerical analysis.
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1 Introduction

Extreme weather phenomena due to climate change have
been gained attention today threaten the safe operation of
the electricity system and pose a risk to life and property
security. Primarily, the icing has caused significant dam-
age to several sections of the transmission and distribution
network in the recent years. In particular, many damages
(wire rupture, tower collapse) occurred in 2013 and 2014.
The ground wire is primarily exposed to icing. The devel-
opment of possible solutions is facilitated by computer
modeling and related measurements carried out in the
high-voltage electrical laboratory of the Department of
Electric Power Engineering of the Budapest University
of Technology and Economics (BME). During the tests
the heating of 95/55 mm? ground wires were tested
under different operating conditions depending on load
current and icing [1, 2].

2 Materials, method and part results

2.1 Electric model

The initial data needed for computer simulation and
ice-melting experiments were to test the heating of
the wires, so it was necessary to perform these experiments
first. These experimental tests dealt with the computer
stimulation of wire heating (using the laws of Alternating

Current Resistance, Eddy Current and Hysteresis Loss of
the Wires [3—5]) and, in addition, electrical measurements
were taken with the same parameters.

2.1.1 Testing of wire warming without icing

According to MSZ EN 50182:2001 standard [6], the load
capacity of 95/55 ACSR wire at 100 °C in summer is 405 A,
while in winter 490 A. In a view of this, wires with current
of 200 A were investigated, meanwhile the time course
of temperature and the temperature at constant load were
also observed. During the measurement, the temperature
data provided by the two surface temperature sensors was
manually recorded and checked with a thermal imaging
camera (2 single channel multimeters and 1 thermal imag-
ing camera; see in Fig. 1 and Fig. 2).

2.1.2 Investigation of wire warming in icy conditions
Two methods were carried out to produce the winter icy
condition of wires. For both methods 50—60 cm long ACSR
95/55 mm? wires had been prepared. In the first method
the wire was placed in dry ice (carbon dioxide) container
provided by Messer Hungarogaz Ltd. After cooling the wire
for 10—15 minutes, water was being sprayed on it, thus form-
ing the necessary ice layer gradually (see in Fig. 3).

Cite this article as: Bagi, T. "Analytical and Experimental Investigation of Ice Melting in Power Line Ground Wires", Periodica Polytechnica Mechanical

Engineering, 64(2), pp. 159-164, 2020. https://doi.org/10.3311/PPme.15299


https://doi.org/10.3311/PPme.15299
https://doi.org/10.3311/PPme.15299
mailto:bagi.tamas%40elinor.hu?subject=

160 &2

Period. Polytech. Mech. Eng., 64(2), pp. 159-164, 2020

Warming of 95/55 mm? ACSR wire at 200 A effective current
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Fig. 1 Measurement - Warming of 95/55 mm? ACSR wire at 200 A
effective current
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Fig. 2 Simulation - Warming of 95/55 mm? ACSR wire at 200 A
effective current

Fig. 3 Thermal insulated container with dry ice

The growth rate of the ice layer (ice stratum) is approx-
imately lcm in diameter in 1 hour (see in Fig. 4). The aim
of the experiment was to form ice with the same thickness
as of the wire diameter. This ice formation, of course, is
not uniform in thickness, as in reality (see in Fig. 5).

In the second method concentric ice sheet was to pro-
duce on the wire used in the simplified finite element model
carried out previously. For this again 50—-60 cm wire pieces
and 63 mm and 110 mm KPE type plastic pipes were used
in the following layout (see arrangement in Fig. 6).

Fig. 4 Ripped iced wire

Fig. 5 Iced wires in the experiment

Dry Ice (99.5% CO.)

95/55 ACSR wire

Fig. 6 Second Method layout

The wire was placed in the 63 mm KPE tube, it was
filled with water then sealed. After that this sealed tube was
put in a heat insulated container and sprinkled with dry
ice. An hour later, after checking, it could be seen that
the water in the tube had been frozen and formed concen-
tric ice. Unfortunately, this experiment was not successful
for the time being, as dry ice could not sufficiently cool
the liquid, and the CO, generated by sublimation could
leave from the sealed system with difficulty. Improving
the experimental equipment is still in progress [7].

The wire with ice was heated under laboratory condi-
tions, and the process was measured with a thermal cam-
era and a contact thermometer (see in Fig. 7).
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Fig. 7 Warming of 95/55 mm?* ACSR iced wire at 200 A effective current

2.2 Simplified FEA simulation of de-icing of

an ground wire

A simplified simulation was created to check the warm-
ing up and de-icing procedure of an iced cable. Two dif-
ferent FEA models were preformed according to arrange-
ment of the real measurements. The first model consisted
of a pure cable with a length of 2500 mm. The dimensions
(and the simplified structure) of the cross-section was
according to the details of the 95/55 ACSR wire). The aim
of this model was to compare the warming up procedure
with the real measurement detailed in Fig. 7.

Also a second, extended model was created which con-
tained the simplified ice according to the arrangement of
the laboratory test. As it could be seen the diameter of the ice
was approx. twice of the diameter of the cable (the equiv-
alent outer diameter of the ice was 96 mm. The length of
the ice was 625 mm. Material properties were taken from
the literature to construct the thermal model [8—10].

The structure of the two different models can be seen
in the Fig. 8.

2.2.1 The properties of the FEA model
Coupled transient thermal-electric analyses were per-
formed, using ANSYS 2019R2 Workbench software
to take a closer look inside of the de-icing and warming-up
procedure. During the simulation 20-node hexahedron ele-
ments were used. The element size was 4 mm on the cable
and also 4 mm on the ice. The type of contact between the
two bodies was bounded (using MPC formulation) [11, 12].
200 A current was applied onto the outer ring (one side)
of the cable (onto the aluminum layer) (with 0 V voltage
on the other side) which provided the heat for de-icing.
The environment temperature was 22 °C and the tempera-
ture of the ice (and the cable section which is under the ice)
was to —5 °C. To model the radiative cooling and heating
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Fig. 8 The structure of the geometry models (a) cable model
(b) cable model with ice

effect of the environment the thermal radiation was set
to 0.09 and thermal convection was 0.5 W/m? during the
analyses. The values were constant during the analysis.

The structure of the cable was simplified and assumed
as a simple rod (with two layers according to the thick-
ness of the aluminum cover and steel core and the ice was
a half ring. The equivalent thermal material properties
of the composite cable and the ice are listed in Table 1.
The material properties of the cable are according to the
standard of the cable type [13].

2.2.2 Results

The Fig. 9 shows the warming-up procedure of the cable
after current heating using coupled transient thermal-elec-
tric simulation (without ice). As it can be seen the results
match with the results of the measurements (FEA: 44.5 °C,
laboratory measurement ~45 °C), the parameters of the FE
model are acceptable for further investigations.

The initial weight of the ice was approximately
4000 g. During the simplified analysis uniform melting
of the ice was assumed. However this approach neglects
the non-uniform real melting procedure, gives a good
approximation how much time is needed to heat the cable
to reach full melting of the covering ice. The simplified
criterion was the weight loss when the "ice" temperature
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Table 1 Equivalent material properties of the cable

Equivalent material properties of the cable

Temperature (°C) Thermal conductivity (W/mK)
-100 114
0 144
100 165

Specific heat (J/kgK): 875

Temperature (°C) Isotropic Resistivity (ohm m)

-10 3.023e—8

0 3.253e-8

20 3.46¢—8

100 4.43e¢—-8
Ice

Temperature (°C) Thermal conductivity W/mK)

—20 2.33

0 0.561

5 0.5706
10 0.58

15 0.5894
20 0.5984
25 0.6072
30 0.6155
35 0.6233
40 0.6306
45 0.6373
50 0.6436
60 0.6544

Specific heat (J/kgK): 4211
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Fig. 9 The final temperature and the warming up procedure of the
cable after current heating during the FEA

reaches positive °C values. Weight was being lost because
of the warming procedure in function of time that can be
seen in Fig. 10.

The heating up procedure visually can be seen in Fig. 11.

Examining the warming-up curve it can stated that
the total melting will occur approximately 5000 s after the
heating procedure started (the curve shows one outer middle
point's temperature on the surface of the ice), see in Fig. 12.

Comparing the results with the laboratory measure-
ments, it can be seen that the trends of heating of the cable
and ice in the case of the FEA are like the real measure-
ments. This means, using this simplified model structure
in the future, the real de-icing procedure in real environ-
ment can be calculated without other laboratory or prelim-
inary field tests furthermore the extra load of the ice and
relaxation of the cable after de-icing can also be simulated
using coupled thermal-electric-mechanical simulation(s).

3 Conclusion

The results obtained from each measurement and com-
puter simulation are in good agreement. The smaller dif-
ferences are due to measurement uncertainty and simpli-
fication of modeling. The process of thawing ice layers is
well illustrated by the thermal analysis, and further refin-
ing of the thermal model is planned in order to obtain even
more accurate results.
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Fig. 10 Weight of the ice in function of time
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