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Background
Optical fibre is manufactured by drawing a glass strand from a heated
preform. Usually one or more additional polymer coating layers are applied, by
guiding the fibre through a coating cup. Geometry and concentricity of the
layers are important for fibre’s optical and mechanical performance.
In particular, the lack of reliable online
measurements for concentricity of layers poses a
challenge, especially in small-volume specialty fibre
manufacturing. There are no instruments that solve
this problem with sufficient accuracy and for the wide
variety of fibre geometries.
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Modelling and analysis
The interference pattern is modelled using FEM for the required fibre
geometries. Also the sensitivities of the changes in pattern features to the
geometry deviations are modelled. These calculations need to be performed
for every fibre type separately, and can be computationally intensive. The
symmetry of the pattern is used to differentiate between diameter and
concentricity variations.
Geometrical changes in the fibre are obtained by tracking the position of the
interference peaks, and using the pre-calculated sensitivities for two
channels separately.

Measurement set-up
Our instrument uses two laser beams, positioned orthogonally, to illuminate
the fibre from two sides. Illumination source is a 633 nm He-Ne laser, guided
into two collimating objectives with fibres. The laser beams produce a
diffraction pattern when passing through the fibre, which
depends on the geometry of the fibre layers. To measure the
scattering pattern we use two 8K linear array detectors, with
the light incident directly on the sensors. Each detector is
capturing about 90° angular range directly behind the fibre.
The achieved resolution is between 0.015° (at the centres) to
0.008° (near the edges).

Far-field propagation

FEM modelled field
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Test results
Method was tested in a production environment for one fibre
type. The nominal diameters of the fibre layers were: 125 µm
glass, 195 µm primary coating, 260 µm secondary coating.

Two measurement channels are needed to detect deviations in
fibre geometry in two dimensions. Additionally, the two channels
are used to measure the precise distance from the fibre to the sensor of each
detector. Image data is collected via GigE connections and processed by a
PC. The acquisition rate is adjustable between 1–20k lines/second, which
allows to compensate for the vibrations and movement of the fibre. The
calculation of diameters and concentricities is based on the positions of
interference peaks of the measured intensity profile.

Glass diameter was measured before the coating process with a separate
instrument, and this data was used as an input in coating geometry
measurement. During the test, the glass diameter, outer coating diameter,
and outer coating eccentricity were varied. After the test, fibre samples were
taken out of the spool, and measured with an offline coating geometry
instrument.
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Conclusions
Test measurements support the modelling results, and show that this method
is able to measure deviations in diameter and concentricity of the coating
with sensitivity of under 1 µm, for certain fibre types.

Test installation inside a fibre drawing
tower. Fibre path is highlighted with white.

Raw intensity distribution from the camera (top) and filtered
(bottom). The marked peak positions are continuously tracked.

An overview of the limiting factors for the suitable fibre types, as well as
measurement uncertainty estimation will be submitted to a peer-reviewed
journal in the near future.
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