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The present paper deals with investigations concerning optical fibre cur-
rent sensors. They are mainly applied in measurements of the intensity of
the electric current in the power lines as so-called optical transformers of the
electrical current. The most important advantages of fibre current sensors
are: safety of service, insulating power as well as their insensitiveness to elec-
tromagnetic interference. The investigations were concentrated on designing
of adequate sensing fibre, and particularly on the choice of an adequate kind
of glass, of which this fibre could be made. Besides, also the head of the fibre
current sensor was designed, basing on the suggested and produced sensing
fibre. The paper presents the results of magneto-optic tests of the glass and
the sensing fibre.

PACS numbers: 78.20.Ls, 42.81.Gs, 42.81.Pa, 42.81.Qb, 42.81.Gs

1. Introduction

In electric power engineering a growing demand for optical fibre current
sensors is to be observed. One of the domains of interest is the measurement of
the current in the transmission lines. Traditionally so-called current transformers
are applied, constituting elements of the system of protection, and basing on the
phenomenon of electromagnetic induction. These are big elements, dangerous in
practical application, and as they do not warrant any galvanic insulation, the
hazard arises of electric shocks as well as of the destruction of other appliances
installed in the system.

The optoelectric transformer of electrical current is void of these drawbacks.
It is absolutely safe and isolated from the high-voltage line. Failures of the opto-
electric transformer of instantaneous switching off the current do not involve any
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danger and electromagnetic noise and disturbances [1-3]. Optoelectric transduc-
ers with optical fibres serving as a sensor operate basing on the so-called Faraday
effect. This is a phenomenon in which the plane of the polarisation of light rotates
in the presence of the magnetic field resulting from the electric current passing
through the high-voltage line. Therefore, a change of the state of light polarisa-
tion caused by other external agents is undesirable. Such a fundamental parasitical
effect is the formation of optical birefringence of the fibre due to their deformation
(bending and compression) occurring during the production of the fibre (elasto-
-optical effect) [2, 4]. The aim of the presently accomplished investigations is to
obtain a fibre with a good magneto-optical sensitivity, and a low elasto-optic con-
stant, and also to construct the head of the current indicator basing on this kind
of fibre.

2. The new optical fiber

The structural assumption was to achieve a kind of fibre with a high value of
the Verdet constant, a low elasto-optic constant. For this purpose multicomponent
glass was made with a possibly high value of the refractive index, thanks to a high
percentage of lead oxides PbO. The achieved value of the refractive index amounted
to n = 1.619. The glass was constructed in such a way that in the course of its
production the internal stresses might be put down to a minimum (3, 2].

The first obtained fibres have the length of the cut-off wave amounting to
633 nm, the difference between the refractive indices An = 0.0005, the diameter
of the core 12 pm, the diameter of the jacket cladding 150 pm, the numerical
aperture NA = 0.04 and an attenuation of 0.1 dB/m [4].

3. Results of measurements

The glass prepared for the requirement of the optical fibre technology has also
been the subject of investigations. Among others, its Verdet constant for a wave-
length of 660 nm was determined. This constant amounts to V' = 10.57 rad/(T m).
This V value is similar to the V of light flint glass and it is twice higher than for
silica glass, which is simultaneously a glassy matrix of the investigated glass.

The obtained fibres were tested on a test stand for measurements of magneto-
-optic effects [5-8] (Fig. 1) at a constant magnetic field. The source of the magnetic
field was a coil with an air core, 0.8 m long.

The tests were carried out for a wavelength of 660 nm. The results of these
measurements have been gathered in Fig. 2 and Fig. 3. Noticeable is the excellent
linearity of the characteristics. Slight changes of the ellipticity angle (Fig. 3)
indicate inconsiderable internal stresses of the fibre, inducing a linear birefringence.
In the case of the measurements quoted above the sensitivity of the fibre to the
external magnetic field amounted to 1.95 rad/(T m).

Due to the varying low numerical aperture (NA = 0.04) it is rather difficult
to introduce the light correctly into the fibre and to eliminate the cover modes. The
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Fig. 1. Scheme of the measurement stand.
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Fig. 2. Results of azimuth of the polarisation state at the end of the sensing fibre as a
function of magnetic field induction.
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Fig. 3. Results of ellipticity of the polarisation state at the end of the sensing fibre as

a function of magnetic field induction.

tested fibre had a length of about 1.1 m which also impeded the elimination of the
cladding and cover modes by their attenuation and emission. The application of a
striper of the modes is in this case inadmissible because it would cause considerable
stresses as well as accidental changes of polarisation. Thus, only a small state of
polarisation of living light was to be observed (DOP = 42%).
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4. Conclusions

The results presented in Fig. 2 and Fig. 3 are rather promising. The next
stage of investigations will comprise the preparation of a fibre with a higher numer-
ical aperture and a larger diameter of the core with the standard 125 pm cladding.
Anticipated are also processes of secondary soaking of the fibres in order to re-
duce the internal stresses. The fibre prepared in such a way will then be used in
the construction of the head of the current sensor (Fig. 4) illustrates the designed
diagram of the current sensor for the fibre dealt with in this paper [5].
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Fig. 4. Scheme of the optical fibre current sensor.
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