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ABSTRACT
In Japan Atomic Energy Research
Institute (JAERI), in-pile strain
measurement techniques have been
developed using Japan Materials Testing
Reactor (JMTR). In order to evaluate the
performance of fiber optic grating sensor
under irradiation environment, heat-up
and performance tests at elevated
temperatures before irradiation and
in-pile tests were performed in JMTR.

INTRODUCTION
It is difficult to evaluate material behavior
that is subjected to residual stress or
thermal stress under irradiation

environment by using normal
post-irradiation examinations. In order to
find the simultaneous effects between
irradiation and stress, in-pile tests are
needed. In JAERI, in-pile strain
measurement techniques have been
developed using JMTR. In JAERI, in-pile
strain measurement techniques have
been developed using Japan Materials
Testing Reactor (JMTR). In order to
evaluate the performance of fiber optic
grating sensor under irradiation
environment, heat-up and performance
tests at elevated temperatures before
irradiation [1] and in-pile tests [2] were
performed and these results were
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Fig. 1 Structure of optical fiber grating strain sensor
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described in this report.

STRUCTURE OF FIBER OPTIC
GRATING SENSOR
Figure 1 shows the outline of the
structure of the optical fiber sensor. The
optical fiber sensor with a length of
10mm, a core diameter of 9.5um and a
cladding diameter of 125um provides a
single mode fiber, to which germanium
with a coating of 250jim is added, and
the part except for the sensor has the
fiber, to which the radiation-resistant
fluorine is added [3]. The measurement
in the optical fiber sensor is based on
the following principle: When a laser
beam is come in the grating on the
sensor, Bragg reflection generate in the
grating and the wavelength of the
reflected light is varied by the
transformed sensor. To form the grating,
the physical characteristic of glass is
changed permanently by interfering UV
and exposing the pattern in the side
[4,5].

EXPERIMENTAL PROCEDURE
The optical fiber sensor was inserted the
gauge-base so that the test materials for
irradiation can be installed and were
made the spot weld on the test materials
of Ni base superalloy Inconel 600
(10x10x70mm) as shown in Fig. 2. The
material of gauge-base was as the same
Inconel 600 as the simulated test
materials. The UV coat of coating
material was removed and the optical
fiber sensor with Ni coat of 20jim was
inserted so that the adjacent surface can
resist the heat. And, thermal expansion
of the simulated test material under
irradiation was measured. By irradiating
the optical fiber sensor not-attached the
gauge-base simultaneously, the test of
manipulating the effect of each thermal
expansion was attempted.

In the out-of-pile test, the temperature on
the test materials were raised in an
electric heater, and the characteristic of
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Fig. 2 General view of specimen attached
with fiber optic grating sensors in
irradiation capsule

the optical fiber sensor and the
elimination of stress due to the spot weld
were examined. The temperature of test
material repeatedly was raised from
room temperature to 300°C three times.
At the third time, with the temperature of
200°C raised by 10°C each, the
characteristic of the optical fiber sensor
was measured. Regarding the optical
fiber sensor, the light source of LED
(FLS3500 made by Electro Photonics
Corporation) was utilized to detect and
measure Bragg reflected wave in optical
spectrum analyzer (AQ-6315A made by
Ando Denki).

TEST RESULTS AND DISCUSSION
Figure 3 shows the variation of the
temperature on Bragg reflected wave in
the optical fiber sensor. It was found that
the peak wavelength is shifted to the
high position as the temperature
becomes higher. However, a peak value
at each temperature had any scatter due
to any loss caused by being built in the
connector when measuring it.
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Fig.3 Change of Bragg reflected wave with
increasing of temperature
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Fig. 4 Relation between peak wavelength
and temperature for fiber optic grating
sensor

Figure 4 shows the relation between the
peak wavelength and temperature on
Bragg reflected wave, which is based on
the results of Fig. 3. Although the data
appears a little scatter owing to the
repeated tests several times, it was
found that this relation is regular and the
peak wavelength becomes larger as the
temperature becomes higher.
Furthermore, it was found that Bragg
reflected wave with the gauge-base is a
little bigger than the one without the
gauge-base about the slope of the
variable peak wavelength although
Bragg reflected wave without the
gauge-base is bigger than the one with
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between strain and

the gauge-base about the absolute
value of the peak wavelength.

The response of fiber optic grating
sensor, that is, the change of peak
wavelength is given as function of axial
strain of grating sensor and temperature
as follows:

A^
(1)

where AZ = A~XMI : change of peak
wavelength, V- characteristic initial
wavelength of fiber optic grating strain
sensor, GF: gauge factor, e: axial strain,
P: temperature factor and AT: change of
temperature.

Figure 5 shows relationship between
strain and temperature due to the rising
temperature calculated by the eq. (1) on
the basis of the relation between the
peak wavelength and temperature as
shown in Fig. 4. Strain increases with
increasing temperature and the value of
strain is about 4000x10'6 at around
300°C. This value seems reasonable,
because the estimated heat expansion
strain was around 4500x10"6 at 300°C by
using the heat expansion factor
15.1x10"6/K [6] on Inconel 600 at 538°C.
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Fig. 6 Change of peak value and peak
wavelength of Bragg reflected wave for
out-of-piie test

Though strain without gauge-base is
larger than that with gauge-base at room
temperature, strain with gauge-base is
larger than that without gauge-base with
increasing temperature.

In order to examine the heat resistance
of the fiber optic grating sensor, the
performance tests were carried out at
300°C and 340°C for about 1000 hours,
respectively. As for the performance test
results at elevated temperature before
irradiation, Fig. 6 shows relation
between peak wavelength of Bragg
reflected wave and time for fiber optic
grating sensor. Although the
performance tests were carried out at
340°C for 1000 hours, it is confirmed that
the peak wavelength and peak value of
Bragg reflected wave are almost
constant for 1000 * hours before
irradiation. It occurred that the peak
vanished temporarily by changing the
temperature sharply while raising the
temperature. It followed from this that the
fiber optic grating sensor is weak against
the sharp change of heat but it can resist
the heat of almost minimum 340°C.

Figure 7 shows the variation of Bragg
reflected wave in the fiber optic grating
sensor in the in-pile test. This graph
indicates the motion in and around the
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Fig. 7 Change of Bragg reflected wave for
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Fig. 8 Relation between strain and
temperature for in-pile and out-of-pile tests

peak wavelength in the fiber optic
grating sensor with gauge-base after the
temperature on the test material for the
simulated irradiation reaches 300°C. It is
likely that what the peak value and
wavelength have any scatter results
from the unstable temperature on the
test material. Two days after irradiation,
the strength started dropping to a half of
the initial value, and three days later, it
fell to 1/10 of its value. Moreover, it was
decreasing as time goes by. After seven
days passed, the peak came not to be
detected. With regard to the peak
wavelength, it was found that the peak



wavelength is shifted to the high position
while continuing to irradiate, although
the irradiated temperature was constant.
From the out-of-pile test results, the
vanished peak of Bragg reflected wave
under irradiation is caused by the effect
of irradiation to take the following into
account: The peak fell without the sharp
change of temperature and tended to
deteriorate by irradiating this wave
(gamma rays) as the UV is utilized to
form the grating.

Figure 8 shows the relation between
axial strain and temperature in the in-pile
test as well as the results of the
out-of-pile test. It was found that the
results of the out-of-pile test are almost
equivalent to that of the in-pile test both
with and without gauge-base about the
relation between axial strain and
temperature, and it is possible to
measure the strain while irradiating the
fiber optic grating sensor. However, as
shown in Fig. 8, the increase of strain
due to the shift of the peak wavelength
can be seen in the effect of irradiation at
approximate 340°C.

Figure 9(a) shows change of peak value
and peak wavelength against first
neutron fluence. It is possible to
measure strain under irradiation
environment below 1x1023n/m2

(E>1MeV) by fiber optic grating sensor,
because in-pile temperature
characteristic was in good agreement
with out-of-pile test results. Furthermore
Fig. 9(b) shows chang'e of peak value
and peak wavelength against
gamma-ray dose. Peak value and peak
wavelength of Bragg reflected wave
were almost constant under irradiation
environment below 4x108Gy.

SUMMARY
In order to develop the technology to
measure the strain under irradiation
environment, the out-of-pile and in-pile
tests for fiber optic grating sensor were
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Fig. 9 Change of peak value and peak
wavelength of Bragg reflected wave for
in-pile test

carried out in JMTR and the following
conclusions were obtained:
(1) It is possible to measure strain under
irradiation environment below
1x1023n/m2 (E>1MeV) by fiber optic
grating sensor, because in-pile
temperature characteristic was in good
agreement with out-of-pile test results.

On the future subjects, it is necessary to
improve the method of forming the
grating and evaluate the high
irradiation-resistant fiber optic grating
strain sensor.
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