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Detection of Water Amount on the Surface
of Glass Fibers Using the Transient
Leakage Current of Static Electricity

Kiichiro Kagawa, Yutaka Sugino, Katsuhiko Kagami, and Masahiro Ueda

Abstract— A bundle of fibers (each 20 pgm in diameter) was
sandwiched by electrodes, and a high voltage of 400 V was
supplied to the electrodes to measure the leakage current flowing
on the surface of the fiber. The leakage current is as low as the
order of mA. It was demonstrated that the current is almost
linear relative to the water amount on the surface of the fibers
in the examined range from 0.08 to 1.2% weight percent. This
range is very important for the inspection of the fibers during the
production stage in factories. A simple and practical instrument
for detecting the amount of water is also presented.

Index Terms—Detection of water amount, glass fiber fabrica-
tion, leakage current of static electricity.

I. INTRODUCTION

ECENTLY, various techniques based on opto-electronic

engineering have been developed and applied to many
production processes in factories for checking the product
quality. However, an idea based on a simple and classical
physical principle is sometimes still very useful even under
conditions where modern techniques are not so effective or
are quite powerless. Also, another advantage of a simple and
classical method is its low cost. In a previous study [1], we
proved that a pulse discharge technique, though it is a very
old technique in science, is very useful to detect the leakage
of pressure sensors.

In this study, the property of static electricity was shown
to be successfully applied to detecting the water amount on
the surface of glass fibers. Recently there have been many
demands for glass fibers in industrial fields not only for use in
optical fibers but also for materials with various functions. One
of them is the application to a separator for a lead-sulfuric-acid
battery. This kind of fiber has a homogeneous structure. The
glass fiber was produced from melted glass by being pushed
out of a nozzle. The molten glass was immediately cooled by
exposure to a shower of cold water to form a thin fiber (20
um in diameter), and it was rolled on a spindle. The fiber
was cut to about 3 m in length and formed into a bundle.
The bundle of glass fibers was then dried to reduce the water
on the surface to a suitable level. The presence of adequate
water on the surface of the glass fiber is very important when
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Fig. 1. Experimental setup used to measure the leakage current of static

electricity flowing on the surface of glass fibers.

fabrication of the separator is done. The best condition for the
water content is known to be in the range between 0.1 and 0.3
weight percent. The weight of water attached on the surface of
the glass fiber can be calculated by subtracting the net weight
of the glass fiber which is obtained after being completely
dried. However, this method takes time, thus it was not often
used on a practical basis. Usually in the production stage in
factories, skilled persons check the water amount based on
their intuition when they touch the fibers with their fingers.
Therefore, development of a new method for detecting the
water on the surface of glass fibers has been required in the
industrial field. In the case of water in the atmosphere, we can
employ an infrared absorption method. However, this method
cannot be applied in this case because the glass itself has a high
absorbance in the infrared spectral region. Also, the Raman
spectroscopic technique is impractical in factories because of
its high cost.

II. PRINCIPLE AND EXPERIMENTAL METHOD

In a preliminary experiment, a leaf-electrometer was used to
examine how the water on the surface of the fibers influenced
the leakage of static electricity stored in the leaf-electrometer.
As a result, it was proved that, depending on the humidity in
the room in which the fiber bundle was placed and also on
the time it was left in the room, leakage current characteristics
were quite different when the fiber bundle was touched by
the electrode of the leaf-electrometer. Namely, when the
humidity was high, the leaf of the leaf-electrometer soon
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closed. However, when the fibers were completely dried in a
dry box, the leaf of the leaf-electrometer did not close, showing
essentially no electrical conductivity. Such a phenomenon is
essentially the same as that well known as the leakage of
the static electricity. It is believed that ions such as Na™ are
easily produced with the aid of water present on the surface
of the materials and contribute to the electrical conduction
[2]. Prior to this experiment, we tried to use a conventional
megaohm meter which is normally used to check for electrical
insulation. However, the meter proved to be useless when the
water amount on the glass fiber to be measured was lower than
about 0.5%, showing infinite resistance.

In order to measure the transient leakage current, simple
and compact equipment was designed and constructed. Fig. 1
shows the schematic diagram of the equipment. The bundle
of fibers was sandwiched between two electrodes. A high-
voltage power source used for a flash lamp in a commercial
disposable camera was used in this experiment. First, capacitor
C (about 400 uF) was charged up to around 400 V by the high-
voltage power source. The charge of static electricity flows
through the surface of the fiber when switch S, was turned on
immediately after the switch §; was disconnected. The leakage
current can be calculated by the pick-up voltage detected with
the resistance r; the resistance value was changed in the range
from several tens of k{2 to several hundred k2, depending on
the water amount. The pick-up voltage was detected using a
digital storage oscilloscope.

The current value varies with the thickness of the bundle of
fibers and also with the pressure applied to the electrodes. The
thickness of the bundle was kept constant at 10 mm in this
experiment because this is the thickness during the production
of the fibers. The illustration of the electrodes is shown in
Fig. 2(a). Two copper-clad boards (size, 100 x 150 mm) were
used for the electrodes. Each of the electrodes was stacked
on a plastic plate (100 x 600 x 10 mm). In order to supply
almost constant pressure when the electrodes sandwiched the
fiber bundle, a rubber band was used.

Fig. 2(b) shows an illustration of how the electrodes sand-
wich the fiber bundle during the measurement. The gap
between the two electrodes was expanded once, and the
fiber bundle was sandwiched while hanging during the dry-
ing process. Subsequent to sandwiching the glass fibers, the
electrical current started to flow and immediately attained a
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Fig. 2. (a) Nlustration of the electrodes used for sandwiching the glass fibers and (b) illustration showing how the electrodes encompass the fiber bundle.
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Fig. 3. Typical oscilloscope trace obtained from the experiment shown in
Fig. 1.
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Fig. 4. Relationship between the water amount on the surface of glass fibers
and the leakage current.

maximum value within a few hundred milliseconds. Therefore,
the measurement was finished within a short time of about 0.5
s.

In order to obtain an accurate measurement of the water
attached on the surface of the fibers, the weight of the bundle
of fibers was measured twice, namely once just after the
leakage current measurement, and again after being completely
dried for 30 min 1n a desiccator box. The water amount was
calculated from the difference in weight.
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III. EXPERIMENTAL RESULTS

Fig. 3 shows a typical oscilloscope trace obtained from
the experiment shown in Fig. 1. The trace shows almost no
decay. This is because the charge stored in capacitor C is
considerable, and the current flowing in the circuit is as low
as pA in magnitude.

Fig. 4 shows the relationship between the water amount
on the fiber surface and the leakage current. Many samples
containing various amounts of water from 0.08 to 1.2% were
used in this experiment. A linear relationship was observed.

As described above, the best condition for the water amount
on the surface of the fiber is in the range between 0.1 and 0.3
weight percent. Therefore, on the basis of the results shown in
Fig. 4, we can say that this method can be practically applied
to the measurement of water on the surface of the fibers.

It was also observed that when the pressure applied to the
electrodes increases, the slope of the straight line in Fig. 4
increases. This is probably due to increased pressure causing
better contact among the fibers and as a result, the actual path
length of the fibers between the electrodes became short.

IV. CONCLUSION

It was proved that the charge stored in a high-voltage
capacitor can flow through glass fibers which have water on
their surface to some extent. The leakage current shows an
almost linear relation to the water amount in the range between
0.08 and 1.2 weight percent. Therefore, based on the current
value, we can derive the water amount. Although there are
still many problems to be solved, this new method can be
applied in factories as a highly sensitive, real-time method of
determining a small amount of water attached on the surface
of materials.
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