
23Fujikura Technical Review, 2003

1. Introduction

Snow accumulation on transmission lines increases
the conductor load. It may result in damage to trans-
mission facilities due to abnormal load and/or con-
ductor galloping oscillation. On another occasion,
accumulated icy snow falling from transmission lines
sometimes causes damage to the structures under-
neath the lines. As such, snow accumulation on trans-
mission lines is one of the crucial problems.
Therefore, various methods to prevent snow accumu-
lation have been investigated. A method using the
heat generated by the alternating magnetic field of a
magnetic material wire has been developed and put
into practical use. The calorific value in a magnetic
material is due to the hysteresis loss and eddy cur-
rent loss, and Fe-Ni alloy has been used as a magnet-
ic material. However, the method using this conven-
tional magnetic material can not gain sufficient
calorific value to melt snow at some transmission
lines which only low current pass in winter season.

To solve these problems, we attempted to optimize
alloy composition of Fe-Ni alloy by increasing Ni
which is effective element to increase calorific value.
And more, we added Cr and Si to Fe-Ni alloy in order
to lower Curie temperature. In this research, we man-
ufactured snow-melting wires varying Ni content and
evaluated these magnetic characteristics and calorific
value. Furthermore, we wound various snow-melting
wires on conductor samples and evaluated snow-melt-
ing characteristics by artificial snowfall test in the
wind tunnel. 

2. Conventional Alloy Composition

For a magnetic material used in transmission lines
to melt snow, the desirable hysteresis loss and eddy
current loss are large in a low magnetic field (low cur-
rent) and small in a high magnetic field (large cur-
rent). The magnetic substance must also be installed
in transmission lines easily. Therefore, it was decided
that the basic method would be to wind a magnetic
material covered with Al around conductor in a spiral
form. The diameter of spiral wire ranges between 2.0
and 2.6mm. The core of magnetic material is clad
with aluminum as shown in Fig.1.

In order to satisfy above property, it is necessary to
select magnetic material with low Curie temperature.
Main magnetic materials, which are ferromagnetism
element at ordinary temperature, are Fe, Ni and Co.
Co was excluded since it had higher Curie tempera-
ture (1,397K) than Fe (1,043K) and Ni (627K), and
also it was expensive. For this reason, Fe-Ni alloy was
selected. Fe and Ni have high Curie temperature
respectively, however in Fe-Ni alloy, Curie tempera-
ture shows minimum value, approximately 573K, at
around 40wt% Ni1). On the other hand, quarter alloy
of Fe-Ni-Cr-Si has been conventionally used in
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Fig. 1.  Cross-sectional Construction of
Snow-melting Magnetic Material Wire.



England and other countries as a magnetic material
with low Curie temperature2). Cr and Si have been
known to effective elements which lower Curie tem-
perature. Thus, Fe-Ni-Cr-Si alloy of which Ni content
is approximately 40wt% has been used as magnetic
material for snow-melting wire3).

3. Optimizing Alloy Composition

3.1 Basic Approach

The alloy element, which satisfies both lower Curie
temperature and higher calorific value, has not been
found. In this research, main purpose is to gain high
calorific value. Calorific value of the magnetic materi-
al could be represented sum of the hysteresis loss
and eddy current loss. Eddy current loss is propor-
tional to square of maximum magnetic flux density.
Calorific value is expected to rise by increasing Ni
content, since the maximum magnetic flux density
increase with Ni content. We manufactured 3 types of
Fe-Ni-Cr-Si alloy varying Ni content. Cr and Si are
also added to prevent a rise in Curie temperature.
These 3 types of Fe-Ni-Cr-Si alloy are named speci-
men A, B and C respectively.

3.2 Measurement of Magnetic Properties

As a preliminary study, in order to confirm effects
on adding nickel, we measured magnetic properties
using DC magnetization. Fig.2 shows a maximum
magnetic flux density at applied magnetic field. The
specimen A, B and C show higher maximum magnet-
ic flux density than conventional alloy composition. In
this result, it is cleared that magnetic property is
improved by adding nickel. These alloy composition
added nickel is expected higher calorific value.

3.3 Measurement of Calorific Value

Since it is difficult to know calorific value of a mag-
netic substance placed in an alternating magnetic
field from the magnetic characteristic only, we direct-
ly measure calorific value by the calorimeter method.

Fig.3 shows results of measurement of calorific
value. Specimen B shows highest calorific value in
low magnetic field (low current). This is 1.4 times as
much as conventional magnetic material. In this
result, alloy composition is determined as same as
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Fig. 2.  Maximum Magnetic Flux Density at Applied
Magnetic Field. Fig. 4.  Example of Specimens.
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Fig. 3.  Results of Measurement of Calorific Value.



specimen B. The following experiments are per-
formed using only specimen B.

We also evaluated calorific value by measuring
temperature of wound wire around LN-ACSR (Low
Noise-Aluminum Conductor Steel Reinforced)
940mm2. Fig.4(a) and (b) show wound specimen
around LN-ACSR 940mm2. Fig.4(c) shows LN-ACSR
940mm2 without snow-melting wire. In this method,
temperatures of conductors with wound wire were
measured by using thermocouples, and calorific val-
ues were obtained by measured power loss. Fig.5
shows a relationship between current of LN-ACSR
and calorific value. It is confirmed that specimen B
has higher calorific value than conventional alloy
composition.

4. Artificial Snowfall Test

Furthermore, we evaluated snow-melting charac-
teristics by artificial snowfall test. This experiment
was operated using snow-melting wires wound on
conductor samples at National Research Institute for
Earth Science and Disaster Prevention. Fig.6 shows
the apparatus of the artificial snowfall test. The test

system consists essentially of equipment of snowfall
and wind tunnel. Snowfall intensity was also meas-
ured during test time. Fig.7 shows a relationship
between snowfall intensity and accumulated snow
thickness. Snow accumulation of specimen B is small-
er than that of conventional alloy. It is confirmed that
performance of snow-melting of specimen B has been
improved compared with conventional one.

5. Conclusion

We optimized alloy composition of Fe-Ni-Cr-Si alloy
by increasing Ni which is effective element to
increase calorific value. We manufactured snow-melt-
ing wires varying Ni content and evaluated these
magnetic characteristics and calorific value.

In this result, magnetic characteristics and calorific
value improved with increasing Ni content. A magnet-
ic material optimized alloy composition showed
calorific value of approximately 1.4 times as much as
conventional magnetic material.

Furthermore, it was confirmed that optimized mag-
netic material showed high snow-melting characteris-
tics than conventional magnetic material by artificial
snowfall test.

As a result of this research and development, the
high-performance snow-melting wire has been
installed in several transmission lines.
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Fig. 5.  Current-Calorification Property.

Fig. 6.  Apparatus of Artificial Snowfall Test.
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Fig. 7.  Results of Snowfall Test.


