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OPTICAL-FIBRE SENSOR DEVICE

Field of the Invention

The invention relates generally to measurement systems, and in particular to

optical fiber sensor devices and methods for manufacturing such devices.

Prior Art

An optical fiber sensor comprises a measurement optical fiber whose optical
characteristics are sensitive to a physical quantity. When light is injected into the
optical fiber, a light signal is generated and detected by the sensor. Signal is then
converted and processed to return the measured quantity. Optical fiber sensors
are widely used in various types of applications, not only because of their small
bulk (relatively small size and weight) and their insensitivity to electromagnetic
disturbances, but also because they are particularly suited to the techniques of
multiplexing and to the implementation of amplifiers or of distributed sensors. They

also make it possible to limit the intrusiveness of the sensor in the environment.

Some optical fiber sensors use Bragg gratings inscribed in the fiber. A Bragg
grating is a reflector comprising alternate layers of different refractive indexes,
which provokes a periodic variation of the effective refractive index in the optical
fiber. The fiber sensors with Bragg grating are used to measure a physical quantity
which corresponds to a constraint applied to the sensor. The constraint applied to

the sensor induces a wavelength variation.

The optical fiber sensors with Bragg gratings can be passive or active (optical fiber

laser sensor).

The optical fiber sensors with Bragg gratings are arranged in a protective enclo-
sure, passed through from side to side by the optical fiber. When mounting such a
sensor, it is useful to leave a relaxed additional length of fiber inside the enclosure.
In effect, in the absence of such an additional length, the taut optical fiber risks
generating a stiffness in a wide range of operation (temperature range in particu-

lar) which is prejudicial to the correct operation of the sensor. Moreover, such an
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additional length allows the fiber to filter the mechanical disturbances which can

come from outside the sensor.

A known solution for producing an additional length of fiber is illustrated in figure 1.
According to this approach, at least one loop 23 is made with the fiber 22 in the
enclosure 20 which houses the sensor 21, which makes it possible to clear an
additional length. However, such a solution generates a significant bulk because of
the minimum bending radius allowed for an optical fiber (of the order of a cm). This

solution is not therefore suited to compact sensors.

General Definition of the Invention

The invention improves the situation. To this end, it proposes a method for
manufacturing an optical fiber sensor device comprising an enclosure delimiting a
cavity and an optical fiber sensor, the optical fiber sensor comprising an optical
fiber and a holding device of the sensor secured to the optical fiber, the holding
device being passed through by the optical fiber between two fixing points provid-
ed on the holding device. Advantageously, the method comprises the steps of:

-positioning the optical fiber sensor in the enclosure so as to have the fiber pass
through two passage openings provided on the enclosure, the optical fiber
extending generally along a longitudinal axis in the cavity, which delimits two
portions of optical fibers in the enclosure, on either side of the holding device,
each portion of fiber extending between one of the fixing points of the holding
device and one of the passage openings of the enclosure, substantially along a

straight line;
-holding the optical fiber sensor in position;

- producing a differential elongation of the enclosure in relation to the optical fiber
sensor in the longitudinal direction, and toward the outside of the enclosure, while

the optical fiber sensor remains held in position;

-fixing the optical fiber to the enclosure at said passage openings; and
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- bringing the enclosure into a position of balance.

According to a feature, the step of differential elongation of the fiber is performed
by mechanically stretching the enclosure in the longitudinal direction, on each side
of the enclosure, toward the outside of the enclosure, while the enclosure is

brought into the position of balance by relaxing the enclosure.

In one embodiment, the differential elongation A; of the enclosure in relation to the
optical fiber sensor satisfies a constraint relating to the ambient temperature Tg at
the time of the fixing of the fiber to the enclosure, to the maximum operating
temperature Tmax Of the fiber sensor, to the thermal expansion coefficient A¢ of the

fiber sensor and to the thermal expansion coefficient Ap of the enclosure.

In particular, the constraint is defined by the inequality:
AL 2 2p (T = Ts) = 2. Ac(Tnax — Ts),

in which Ac denotes the thermal expansion coefficient of the holding device of the
fiber sensor, Ap the thermal expansion coefficient of the enclosure, Lc denotes the
length of the fiber sensor, Lp denotes the length of the enclosure, Ts the ambient
temperature at the time of fixing of the fiber to the enclosure, and Tnax the

maximum operating temperature of the sensor.

In another embodiment, the step of differential elongation is performed by differen-
tial thermal expansion of the enclosure relative to the optical fiber sensor by
increasing the temperature up to an expansion temperature greater than the
maximum operating temperature defined for the optical fiber sensor device, while
the enclosure is brought into the position of balance by bringing the temperature to
a temperature less than the expansion temperature. More specifically, the enclo-
sure is brought into the position of balance by bringing the temperature to a
temperature lying within the operating range of the sensor which is therefore less

than the expansion temperature.

The enclosure can then be chosen so as to have a thermal expansion coefficient

according to the equation:
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in which Ac denotes the thermal expansion coefficient of the holding device of the
sensor, Ap denotes the thermal expansion coefficient of the enclosure, Lc denotes

the length of the holding device, and Lp denotes the length of the enclosure.

In particular, the differential elongation A’; of the enclosure can be equal to:
L L
Ay = %-AP(T -T)— TC-AC(T -T1)

in which Ac denotes the thermal expansion coefficient of the sensor, Ap the thermal
expansion coefficient of the enclosure, L¢c denotes the length of the holding device,
Lp denotes the length of the enclosure, T the operating temperature, and T; the

expansion temperature.

According to a complementary feature, the step of fixing of the fiber to the enclo-
sure at the passage openings can comprise a gluing of the fiber at the blocking

points.

The manufacturing method can further comprise the fixing of the fiber sensor to

the enclosure in at least one connection zone.

The fixing of the sensor to the enclosure in at least one connection zone can

notably be performed by gluing.

According to another feature, the step of positioning of the optical fiber sensor can
comprise the longitudinal positioning of the optical fiber sensor substantially in the

middle of the enclosure.
In one embodiment, the sensor can be a hydrophone.

The invention also proposes an optical fiber sensor device, comprising an enclo-
sure delimiting a cavity, an optical fiber sensor, the optical fiber sensor comprising
an optical fiber and a holding device secured to the optical fiber, the holding device
being passed through by the optical fiber between two fixing points provided on
the holding device. Advantageously, the optical fiber passes through the enclosure
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at two passage openings provided on the enclosure and extends generally along a
longitudinal axis in the cavity, which delimits two portions of optical fibers of given
lengths in the enclosure, on either side of the holding device, each portion of fiber
extending between one of said fixing points of the holding device and the passage
opening of the enclosure situated on the same side of the optical fiber sensor and
being substantially in a straight line, each portion of fiber comprising a slackening
such that the length of each portion of fiber extending between a fixing point of the
holding device and a passage opening of the enclosure is greater than the
geometrical distance between the fixing point of the holding device and the

passage opening.

In particular, the wavelength of the light which passes through the optical fiber of
the sensor device is a linear function of a stretching parameter corresponding to a
stretching applied to the sensor device, the linear function exhibiting a break of
slope for a critical value of the stretching parameter such that the directing
coefficient of the linear function after the critical value is greater than the directing

coefficient of the linear function before the critical value.

The invention thus makes it possible to perform a differential stretching of the
container relative to the sensor before connecting the container to the optical fiber

and/or the sensor.

Description of the Figures

Other features and advantages of the invention will become apparent from the
following description and the figures of the attached drawings in which:

- figure 1 is a diagram representing an optical fiber sensor device according to one
approach of the prior art;

- figure 2 is a diagram representing an optical fiber sensor device according to
certain embodiments of the invention;

- figure 3 is a diagram illustrating the differential elongation of the enclosure
relative to the optical fiber sensor according to certain embodiments of the

invention;
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- figure 4 is a flow diagram representing the method for manufacturing an optical
fiber sensor device according to an embodiment of the invention;

- figure 5 is a flow diagram representing the method for manufacturing an optical
fiber sensor device according to another embodiment of the invention; and

- figure 6 is a diagram representing the trend of the wavelength as a function of a

stretching parameter corresponding to a stretching applied to the sensor device.

The drawings and the appendixes to the description will not only be used to
provide a better understanding of the description, but also will contribute to the

definition of the invention, as necessary.
Detailed Description

Figure 2 represents an optical fiber sensor device 1 according to certain embodi-

ments of the invention.

The optical fiber sensor device 1 comprises an enclosure 10 delimiting a cavity 3
and at least one optical fiber sensor 2 housed in the cavity 3. The invention will be
described hereinbelow in relation to a single optical fiber sensor 2 housed in the

cavity 3 as a nonlimiting example.

The optical fiber sensor 2 comprises an optical fiber 12 whose optical characteris-
tics are sensitive to a physical quantity, and a holding device 11 secured to the
optical fiber 12. The holding device 11 is passed through by the optical fiber and is
fixed to the latter at two fixing points 110 and 111 provided on said holding device.
The holding device 11 is configured to hold the fiber in position in the cavity 3. It
can further comprise additional elements for mechanical amplification in certain

acoustic applications for example.

The optical fiber sensor 2 can be any type of sensor configured to measure a
physical quantity, such as, for example, an optical fiber hydrophone, a defor-
mation, pressure, temperature, acceleration or other such sensor. Although not
limited to such applications, such a fiber sensor 2 is particularly suited to acoustic
hydrophone applications for detecting acoustic pressure variations. In effect, the
electronic components do not have to be provided in the submerged part. Conse-
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quently, they can be towed easily and it is possible to multiplex several optical

fiber sensor devices 1 on one and the same fiber.

The enclosure 10 can be configured to mechanically protect the sensor, particular-
ly against impacts, against certain forces due to the environment (for example
water), against corrosion, etc. The enclosure 10 can for example take the form of a
rigid body such as a cylindrical tube whose generating straight line coincides
substantially with the general axis of the optical fiber 12. The enclosure can be
formed from several elements assembled together or have a single-piece struc-

ture.

The cavity 3 delimited by the enclosure 10 can be filled with a protective fluid such

as oil to optimize the operation and the lifetime of the sensor.

The enclosure can be flexible or rigid and tight to isolate the fluid that it contains

from the outside environment.

According to one aspect of the invention, the optical fiber 12 passes through the
enclosure 10 in a seal-tight manner at two passage openings 130 and 140
provided on the enclosure. These passage openings can be arranged respectively
on two faces of the enclosure, such as, for example, the two opposite faces 13
and 14. In the cavity 3, the optical fiber extends generally along a longitudinal axis,
which delimits two portions of optical fibers 120 and 121 of given lengths, in the
enclosure, on either side of the holding device 11. Each portion of fiber 120 and
121 extends between one of the passage openings of the enclosure 130 and 140
and the fixing point of the closest holding device (respectively 110 and 111). Thus,
the portion of fiber 120 extends between the entry point E1o of the enclosure 10,
and the entry point Eq of the holding device 11, in the cavity 3, whereas the
portion of fiber 121 extends between the exit point S1¢ of the enclosure 10 and the

exit point S11 of the holding device 11, in the cavity 3.

The optical fiber element 12, forming the active part of the sensor 2, thus pene-
trates into the cavity 3 through the point E10 and exits from the cavity through the
point S10, by passing through the passage openings 130 and 140.
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In addition, the optical fiber 12 can comprise at least one Bragg grating 15
inscribed on the fiber and configured to emit wavelengths sensitive to the mechan-
ical constraint applied to the optical fiber 12. The measurement of these wave-
length variations makes it possible to deduce the constraint applied to the optical
fiber 12 and consequently to measure a physical quantity such as the acoustic

pressure for example, by using an interrogation unit.

As is known, the optical fiber 12 can consist of a tube (for example silica tube) with
a diameter of one hundred or so microns and comprise, at its center, a core -
forming a duct for channeling the light. The fiber can be lit by means of a laser
beam with a periodic grating of interference fringes. The Bragg grating or gratings
can be photo-inscribed one after the other on the fiber 12. In addition, the fiber 12

can comprise a protective jacket to mechanically protect the fiber.

The Bragg grating 15 can comprise a set of successive rings inscribed transverse-
ly in the core of the fiber (for example by photo-inscription), the distance between
each ring representing the pitch of the grating which is representative of a given
wavelength. When light is injected into the fiber 12, it can be propagated in the
longitudinal direction (direction of the fiber) until it reaches the Bragg grating 15.
The Bragg grating then filters the wavelength corresponding to its pitch by oppos-
ing the passage of the ray of this wavelength and by reflecting it. The spectrum of
the beam reflected can then be analyzed. A deformation of the fiber leads to a
modification of the pitch of the grating, and consequently a variation of the
wavelength of the reflected beam about its initial value, this variation being
proportional to the stretching of the fiber. The analysis of the variation of the
wavelength thus makes it possible to measure the physical quantity having
induced the deformation of the fiber (for example the acoustic pressure).

A person skilled in the art will understand that the invention is not limited to an
optical fiber 12 comprising an inscribed Bragg grating and can be applied to other
types of optical fibers, such as, for example, a wound fiber or a fiber of OFLS
(Optical Fiber Laser Sensor) type provided with a Bragg grating.
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In one embodiment, the enclosure 10 can comprise two opposing faces 13/14
each comprising a passage opening, respectively 130/140, to allow the passage of

the optical fiber 12.

After assembly of the sensor device 1, the enclosure 10 is secured to the optical
fiber 12 at the two passage openings 130 and 140 of the enclosure 10 and each
portion 120 and 121 of the fiber 12 extends substantially along an axis (i.e.
substantially in a straight line). The optical fiber 12 can be fixed to the enclosure
10 at the passage openings 130 and 140 by any rigid connection means such as,
for example, by welding (e.g. laser welding) or gluing (e.g. gluing by polyamide
coating or by epoxy glue). In the embodiment of figure 3, the fixing at the points of
passage 130 and 140 between the fiber 12 and the enclosure is produced by
using spots of glue 170.

In addition, the holding device 11 of the sensor 2 can be fixed to the enclosure 10

at connection points 171.

According to one aspect of the invention, the portions of the optical fiber 120 and
121 situated inside the cavity 3 on either side of the holding device 11 comprise a
slackening produced by differential elongation of the enclosure 10 (also called
“differential stretching” hereinbelow) relative to the optical fiber before the fixing of
the fiber to the enclosure 10 at the passage openings 130 and 140 of the enclo-

sure 10.

As used here, the term fiber “slackening” denotes the fact that the length of each
portion of fiber 120 and 121 inside the cavity 3 is greater than the geometrical
distance ([E1oE11] and [S11S+¢]) between the entry point E+o (or respectively the exit
point S+o) of the optical fiber 12 in the cavity 3 delimited by the enclosure 10 and
the entry point E14 (or respectively the exit point S¢4) of the optical fiber 12 in the
holding device 11 ([E10E11]< L1 and [S11S10]<L2). It should be noted that a slack-
ening is present when the sensor is at rest (that is to say not excited by an

acoustic pressure).

Figure 3 illustrates the differential elongation of the enclosure 10 relative to the
optical fiber sensor 2. The differential elongation of the enclosure 10 relative to the
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sensor is performed after the incorporation of the fiber sensor 2 in the enclosure
10, while the fiber sensor 2 (assembled) is held in position by any appropriate
tools (the fiber sensor 2 thus remains fixed with no possibility of movement). The
enclosure 10 passes from a first position (represented schematically by dotted
lines in figure 3), following a differential elongation of the enclosure relative to the
optical fiber sensor, to a position of balance after having fixed the fiber 12 at the
passage openings 130 and 140 (represented by solid lines in figure 3).The
enclosure 10 thus undergoes a variation of length between two instants, on each
side of the fiber sensor 2, representing its differential stretching. Thus, the differen-
tial stretching A; undergone by the enclosure 10 on the side of the passage

opening 130 is given by the relationship:
Ay, =L1' - L1,

L1’ represents the length between the entry point E’1o of the enclosure 10 and the
entry point E11 of the holding device 11, in the cavity 3, in the first position of

differential elongation of the enclosure 10.

L1 represents the length between the entry point E1o of the enclosure 10 and the
entry point E41 of the holding device 11, in the cavity 3, in the position of balance of

the enclosure 10.

Similarly, the differential stretching A;,undergone by the enclosure 10 on the side

of the passage opening 140 is given by the relationship:
Ay, =12 — L2

L2’ represents the length between the exit point S’1o of the enclosure 10 and the
exit point S of the holding device 11, in the cavity 3 in the first position of differen-

tial elongation of the enclosure 10.

L2 represents the length between the exit point S1o of the enclosure 10 and the
exit point S41 of the holding device 11, in the cavity 3 in the position of balance of

the enclosure 10.
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The introduction of such a differential elongation during the manufacturing phase
thus makes it possible to obtain a sensor device 1 exhibiting a slackening on each
portion of fiber 120 and 121, after manufacture. The slackening of each portion of

fiber 120 and 121 of the sensor device 1 thus depends on the stretching A;.

In particular, the slackening D1 of the portion of fiber 120 satisfies the relationship:
D, ~ L1+ A,

The slackening D, of the portion of fiber 121 satisfies the relationship:
D, = L2 + Ap,

In a preferred embodiment, L1 is equal to L2 (L1=L2=L) and L1’ is equal to L2’
(L1’=L2’=L). The two portions of fibers 120 and 121 thus have substantially the
same length. The rest of the description will be given with reference to this
embodiment, as a nonlimiting example. The differential stretching of the enclosure,

on each side of the sensor will thus be denoted:
AL=L-1L
The slackenings obtained on each portion of fiber 120 and 121 are then denoted:
D=D,=D; ~L+ A,

In a first embodiment, the differential elongation of the enclosure 10 relative to the
optical fiber can be produced by mechanical stretching. In this embodiment, the
stretching of the enclosure 10 can be produced by holding it mechanically extend-
ed before the fixing of the fiber 12 to the enclosure 10 (at the passage openings
130 and 140), for example by gluing at the fixing points (130, 140). Such a
mechanical stretching can be performed by using a stretching device which is
attached on either side of the enclosure 10 and stretching it longitudinally outward
from the sensor device 1, as indicated by the arrows 41 and 42, while the optical
fiber sensor 2 is held in position inside the cavity 3, either by prior fixing of the
holding device 11 to the enclosure 10 at the connection points 171 (for example by
gluing), or by using appropriate tools to hold the holding device in position (se-

cured to the fiber) during the stretching.



10

15

20

25

12

In figure 3, the length Lc denotes the length of the holding device 11 and the

length Lp denotes the length of the enclosure 10.

In this first embodiment, an excess length is thus obtained in each portion of fiber
120 and 121 by mechanical stretching of the enclosure 10, while the sensor 2
remains held in position. By considering that Ts denotes the ambient temperature
in the phase of fixing of the fiber and/or of the sensor 2 to the enclosure and that
Tmax denotes the maximum operating temperature of the sensor 2, the stretching
A, of the enclosure 10 is produced so as to satisfy the following equation (mechan-

ical stretching constraint):
AL 22 Ap(Tax = Ts) = 2. Ac(Tax — Ts) (Equation 1)

In the above equation, Ac denotes the thermal expansion coefficient of the holding
device 11 of the sensor 2 and Ap denotes the thermal expansion coefficient of the
enclosure 10. L¢, Lp, A", can notably be expressed in meters, Ts and Tpmax in

degrees Celsius (°C) and Ac and Ap in reciprocal degrees Celsius (°C™).

The enclosure 10 can then be relaxed (by releasing it from the stretching device)
after fixing of the fiber 12 to the enclosure 10 at the passage openings to revert to
a position of balance, which generates a slackening D on each portion 120 and
121.

The mechanical stretching A produced by the stretching of the enclosure 10,
according to the equation 1, before fixing of the fiber to the enclosure 10, at the
passage openings 130 and 140, makes it possible to retain a slackening of fiber
on each portion 120 and 121, even if the maximum operating temperature is

reached.

In a second embodiment, the differential stretching of the enclosure 10 relative to
the optical fiber can be .produced by thermal expansion, before the fixing of the

fiber 12 to the enclosure 10 at the passage openings.

The thermal expansion is produced such that the enclosure 10 undergoes an

expansion greater than that of the sensor 2, under the effect of the temperature



10

15

20

25

13

applied. In particular, the enclosure 10 can be chosen so as to have a thermal
expansion coefficient according to the equation 2 below, which makes it possible

to obtain an expansion of the enclosure 10 greater than that of the sensor 2.
LeAp> LcAc (Equation 2)

During the thermal expansion, the sensor 2 is held in position inside the cavity 3
either by prior fixing of the holding device 11 to the enclosure 10 at the connection
points 171, or by using appropriate tools to hold the holding device 11 in position

(secured to the fiber) during the expansion.

In this embodiment, the fixing of the fiber 12 to the enclosure 10 at the passage
openings 130 and 140 and/or the fixing of the optical fiber sensor 2 to the enclo-
sure 10 at the connection points 171 can advantageously be performed at a

temperature greater than the maximum temperature of use of the sensor device 1.

Throughout the temperature operating range, the portions of fiber 120 and 121 are
thus relaxed because of the differential shrinkage of the enclosure 10 relative to

the sensor 2.

By considering that the fixing of the fiber 12 to the enclosure 10 (for example by
gluing) at the passage openings is performed at a temperature T4, a variation A’.
of the fiber can be obtained by thermal expansion, for an operating temperature

T < T4, according to the following equation:
Ny =2 2p(T = Ty) = =£.2¢(T — Ty) (Equation 3)

Lc, Lp, A’y can notably be expressed in meters, T and T4 can be expressed in

degrees Celsius (°C) and Ac and Ap in reciprocal degrees Celsius (°C™).

To obtain relaxed portions of fiber 120 and 121 inside the cavity 3 delimited by the
enclosure 10, the variation of length A’ defined in the equation 3 satisfies A’ <0

whatever the temperature T in the range of operation of the sensor, which
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amounts to choosing the materials of the sensor 2 and of the enclosure 10 so as

to satisfy the equation 2.

Figure 4 illustrates the method for manufacturing the optical fiber sensor device 1,
according to the first embodiment, or the differential stretching is produced
mechanically before the fixing of the fiber and of the enclosure at the passage

openings 130 and 140.

In the step 400, the optical fiber sensor 2 is assembled and incorporated in the
enclosure 10 such that the fiber 12 passes through the passage openings 130 and
140, without being fixed to the latter and that each portion of fiber 120 and 121
extends substantially in a straight line. In this phase, the fiber sensor 2 can be

positioned substantially in the middle of the cavity 3.

In the step 401, the optical fiber sensor 2 is held in position. In one embodiment, it
can be held in position by fixing the holding device 11 of the sensor 2 to the
enclosure at the connection points 171, for example by gluing. As a variant, the
optical fiber sensor 2 can be held in position by using appropriate tools.

In the step 402, a differential stretching of the enclosure 10 relative to the sensor 2
is produced mechanically along the longitudinal axis 16 at each end face 13 and
14 of the enclosure 10 on which is arranged one of the passage openings 130 and
140, toward the outside of the enclosure 10 (according to the arrows 41 and 42
represented in figure 3), by using, for example, a stretching device which is

attached on either side of the enclosure 10 on each end face 13 and 14.

In the step 403, the fiber 12 is fixed to the enclosure at each passage opening 130
and 140, for example by gluing. Assuming that the fixing of the fiber 12 to the
enclosure 10 is performed at a temperature T, the mechanical stretching of the
enclosure is such that the enclosure undergoes an elongation A, according to the

equation 1.
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In the embodiments, where the sensor 2 is held in position in the step 401, without
fixing of the sensor 2 to the enclosure at the connection points 171, the method
can comprise the step 404 of fixing of the holding device 11 of the sensor 2 to the
enclosure 10 at the connection points 171. As a variant, this step of fixing of the
holding device 11 of the sensor 2 to the enclosure 10 can be performed before or

during the step 403.

In the step 405, the enclosure 10, to which the portions of fiber 120 and 121 are
fixed at the passage openings and the holding device of the sensor 2, is relaxed
so that the enclosure reverts to position. The result thereof is a slackening on each

portion of fiber 120 and 121.

The optical fiber sensor device 1 thus obtained can then be used in any operating

environment in which the temperature is less than Tpax.

Figure § illustrates the manufacturing method according to the second embodi-

ment in which the stretching of the fiber is produced by thermal expansion.

In the step 500, the optical fiber sensor 2 is assembled and incorporated in the
enclosure 10 such that the fiber 12 passes through the passage openings 130 and
140, without being fixed to the latter and that each portion of fiber 120 and 121
extends substantially in a straight line, as described in relation to the step 400 of

figure 4.

In the step 501, the optical fiber sensor 2 is held in position as described in relation
to the step 401 of figure 4 (by means of holding tools or by prior fixing of the

holding device of the sensor 11 to the enclosure 10).

In the step 502, the pre-assembled elements of the fiber sensor device 1 are
exposed to a temperature T greater than the maximum operating temperature Tax
of the sensor device 1, by using a heating system. The heating system is started
up between a starting temperature Ty and the temperature is increased until the

temperature is stabilized at the temperature T;.
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By increasing the operating temperature gradually up to the temperature T, while
holding the optical fiber sensor 2 in position, the enclosure 10 expands more than
the sensor 2, which generates a differential elongation of the enclosure 10 relative

to the sensor 2.

In the step 503, the fiber 12 is fixed to the enclosure at each passage opening 130
and 140, for example by gluing. By assuming that the fixing of the fiber 12 to the
enclosure 10 is performed at the temperature T4, the thermal expansion method
makes it possible to obtain a differential elongation A’ of the enclosure relative to
the sensor, according to the equation 3. A slackening thus occurs in each portion

of fiber 120 and 121 which depends on this differential elongation.

In the embodiments in which the sensor 2 is held in position in the step 501,
without fixing of the sensor 2 to the enclosure at the connection points 171, the
method can comprise a step 504 of fixing of the holding device 11 of the sensor 2
to the enclosure 10 at the connection points 171. As a variant, this step of fixing of
the holding device 11 of the sensor 2 to the enclosure 10 can be performed at any

time before, during or after the step 503.

In the step 505, the enclosure is brought to a temperature less than T1 (for
example ambient temperature), which makes it possible to bring it to a position of

balance.

The optical fiber sensor device 1 thus obtained can then be used in any operating

environment in which the temperature is less than Tj.

The different embodiments proposed thus make it possible to obtain a slackening
of the portions of optical fiber 120 and 121 on either side of the sensor 2, before
fixing of the fiber to the enclosure at the passage openings. The excess length of
fiber thus obtained makes it possible to limit the risk of stiffness of the taut fiber
regardless of the operating range (in particular whatever the temperature range)
while filtering the mechanical disturbances which can come from the exterior of the

sensor via the fiber 12.
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The optical fiber sensor device 1 thus obtained is characterized by a particular law
of variation of the wavelength relative to a stretching applied to the device, as
illustrated in figure 6, whatever the stretching method applied (by thermal expan-
sion, by mechanical stretching) and independently of the stretching method
applied while manufacturing the sensor device 1. More specifically, the wavelength
of the light which passes through the optical fiber of the sensor device 1 is a linear
function of a stretching parameter corresponding to a stretching applied to the
sensor device, the linear function exhibiting a break of slope for a critical value of

the stretching parameter.

Thus, if a gradual stretching is applied to the sensor device 1 (after manufacture),
represented by a stretching parameter S, it has been observed that the wave-
length A progresses as a function of the stretching S to a critical value SO accord-
ing to a first ascending straight line 50 and, after the critical value S0, according to
a second ascending straight line 51, the directing coefficient of the second straight
line being greater than the directing coefficient of the first straight line 50. The
break of slope (translation from the first straight line 50 to the second straight line
51) thus occurs at the point SO which can correspond substantially to the tempera-
ture of gluing of the fiber to the enclosure 10 or to the maximum stretching of the
enclosure 10 depending on the embodiment of the manufacturing method. Once
the break point is reached, the fiber 12, inside the cavity 3, is stretched. Such a
characteristic behavior of the fiber sensor device 1 can be observed for example
by placing the sensor device 1 (after manufacture) in an oven where the tempera-
ture is gradually increased to produce a stretching of the device by thermal
expansion (in this case, the stretching parameter S can be the temperature) or by

mechanically stretching the sensor device 1.

The different embodiments of the invention consequently make it possible to
obtain a good operation of the optical fiber sensor device 1 in a wide range of use,
particularly in terms of temperature, by introducing such an excess length of fiber
between the sensor 2 and its enclosure 10, during the method for manufacturing
the device 1. Such a solution has no impact on the volume of the cavity 3 delimited
by the enclosure 10. Moreover, the different embodiments of the invention limit the
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risk of break of the optical fiber. In effect, since the fiber movements are very
small, the elongation of the fiber during the manufacturing method does not
generate buckling of the optical fiber likely to provoke a break of the fiber 12. By
producing the elongation directly during the manufacturing process, a relatively
compact fiber sensor 1 can be obtained, without embrittling the optical fiber, which
is particularly useful in certain applications such as the acoustic applications in

which the optical fiber sensor 1 is used as hydrophone.

The invention is not limited to the embodiments described above as nonlimiting
examples. It encompasses all the variant embodiments which will be able to be
envisaged by a person skilled in the art. In particular, the invention is not limited to
a particular number of connection zones between the sensor 2 and the enclosure
10. In addition, it is not limited to a particular sensor application or to a particular
form of enclosure. In some embodiments in particular the enclosure 10 can be
made of different materials and of different elements assembled together to form
an enclosure.

Moreover, although the invention has been described in relation to an embodiment
in which the enclosure 10 comprises a single fiber sensor 2, it can be applied
equally to a plurality of sensors mounted in parallel (the set of sensors being able
for example to be held by a common holding device 11) or mounted in series.
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Claims

1. A method for manufacturing an optical fiber sensor device, comprising an
enclosure delimiting a cavity and an optical fiber sensor, said optical fiber
sensor comprising an optical fiber and a holding device of the sensor secured to
the optical fiber, said holding device being passed through by the optical fiber
between two fixing points provided on said holding device, comprising the steps
of:

- positioning the optical fiber sensor in the enclosure so as to have the
fiber pass through two passage openings provided on the enclosure, the optical
fiber extending generally along a longitudinal axis in said cavity, which delimits
two portions of optical fibers in the enclosure, on either side of the holding
device, each portion of fiber extending between one of said fixing points of the
holding device and one of said passage openings of the enclosure, substantially
along a straight line;

- holding the optical fiber sensor in position;

- producing a differential elongation of the enclosure in relation to the
optical fiber sensor in the longitudinal direction, and toward the outside of the
enclosure, while the optical fiber sensor remains held in position;

- fixing the optical fiber to the enclosure at said passage openings; and

- bringing the enclosure into a position of balance.

2. The manufacturing method as claimed in claim 1, wherein said step of
differential elongation of the fiber is performed by mechanically stretching the
enclosure in said longitudinal direction, on each side of the enclosure, toward
the outside of the enclosure, and in that the enclosure is brought into said

position of balance by relaxing the enclosure.
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3. The manufacturing method as claimed in claim 2, wherein the differential
elongation A; of the enclosure in relation to the optical fiber sensor satisfies a
constraint relating to the ambient temperature Ts at the time of the fixing of the
fiber to the enclosure, to the maximum operating temperature Tmax of the fiber
sensor, to the thermal expansion coefficient Ac of the fiber sensor and to the

thermal expansion coefficient Ar of the enclosure.

4, The manufacturing method as claimed in claim 3, wherein said constraint
is defined by the inequality:

L L
ﬂL = ?P-AP(Tmax - Tﬁ) - ?C-AC (Tmax — T’:‘)a

in which Ac denotes the thermal expansion coefficient of the fiber sensor, Ar the
thermal expansion coefficient of the enclosure, Lc denotes the length of the
fiber sensor, Lp denotes the length of the enclosure, Ts the ambient tempera-
ture at the time of the fixing of the fiber to the enclosure, and Tmax the maximum

operating temperature of the sensor.

5. The manufacturing method as claimed in claim 1, wherein said step of
differential elongation is performed by differential thermal expansion of the
enclosure relative to the optical fiber sensor by increasing the temperature up to
an expansion temperature greater than the maximum operating temperature
defined for the optical fiber sensor device, and wherein the enclosure is brought
into said position of balance by bringing the temperature to a temperature less

than the expansion temperature.

6. The manufacturing method as claimed in claim 5, wherein the enclosure
is chosen so as to have a thermal expansion coefficient according to the
equation:

LrAr> LcAc,
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in which Ac denotes the thermal expansion coefficient of the holding device of
the sensor, Ap the thermal expansion coefficient of the enclosure, Lc denotes

the length of the holding device, and Le denotes the length of the enclosure.

7. The manufacturing method as claimed in claim 6, wherein the differential

elongation of the enclosure is equal to:
L L
A"y = ?P--RP(T —Ty) _?C-AC(T —T)

in which Ac denotes the thermal expansion coefficient of the sensor, Ar the
thermal expansion coefficient of the enclosure, Lc denotes the length of the
holding device, Lr denotes the length of the enclosure, T the operating tempera-

ture, and T1 the expansion temperature.

8. The manufacturing method as claimed in claim 1, wherein the step of
fixing of the fiber to the enclosure at the passage openings comprises a gluing

of the fiber at the blocking points.

9. The manufacturing method as claimed in claim 1, comprising the fixing of

the fiber sensor to the enclosure in at least one connection zone.

10. The manufacturing method as claimed in claim 9, wherein the fixing of

the sensor to the enclosure in at least one connection zone is performed by

gluing.

11.  The manufacturing method as claimed in claim 1, wherein the step of
positioning of the optical fiber sensor comprises the longitudinal positioning of

the optical fiber sensor substantially in the middle of the enclosure.
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12.  The manufacturing method as claimed in claim 1, wherein the sensor is a

hydrophone.



