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MENT

oo (57) Abstract: A fiber Bragg grating reference module provides a precise temperature reference for a temperature probe, including
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he two ends of the fiber Bragg grating, and has a substantially similar coefficient of thermal expansion as the coe

.

a thermistor, located in close proximity thereto, and includes an optical fiber having a fiber Bragg grating therein, a glass element and
a reference housing. The fiber Bragg grating has two ends and with a coefficient of thermal expansion. The glass element anchors

icient of thermal

expansion of the fiber Bragg grating to ensure that the glass element does not substantially induce strain on the fiber Bragg grating

as the ambient temperature changes. The reference housing has a cavity and also has a means for receiving and affixing one end of
the fiber Bragg grating and for suspending the fiber Bragg grating in the cavity leaving the other end of the fiber Bragg grating free

t

ube collapsed over the entire length of the fiber Bragg grating.

a to move as the ambient temperature changes without inducing strain in the fiber Bragg grating. The glass element includes a glass
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Fiber Bragg Grating Reference Sensor For Precise Reference

Temperature Measurement

BACKGROUND OF INVENTION

5
1. Technical Field
The present invention relates to a reference sensor;
and more particularly to a reference sensor having a fiber
Bragg grating therein.
10

2. Description of Related Art
Fiber Bragg gratings have found many uses, one of
which is the use thereof as wavelength reference elements.
They possess the capability to provide an extremely
15 accurate and stable optical signal centered about a well
defined wavelength region. This property permits them to
act as dependable references for use in such applications'

as instrumentation designed to accurately read optical

signals.
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SUMMARY OF INVENTION

The present invention provides a fiber Bragg grating

reference sensor that will permit the use of an optical

fiber having a fiber Bragg grating therein as a precise

reference sensor.

According to the present invention, there 1is provided

s fiber Bragg grating reference module for providing a

P

precise temperature reference <for a temperature probe,

including a thermistor, for measuring a temperature, and

being located in close proximity thereto, comprising:

an optical fiber having a fiber Bragg grating therein

and being made from a material having a coefficient ot

thermal expansion;

a glass element for anchoring two ends of the optical

fiber containing the fiber Bragg grating, and being made

from a substantially simllar materilal having a

-

substantially similar coefficient of thermal expansion as

the coefficient of thermal expansion of the material of the

Reber

fiber Bragg grating to ensure that the glass element does
not substantially induce strain on the fiber Bragg grating

as the temperature changes; and

a reference housing having a cavity and having means

p—

for receiving and affixing one end of the fiber Bragg

grating and for suspending the fiber Bragg grating 1n the

.
—

cavity, leaving the other end of

the fiber Bragg grating

free to move as the temperature changes without inducing

strain in the fiber Bragg grating.

Preferably, a fiber Bragg grating 1is inherently

sensitive to parameters such as temperature and strain,

both of which will shift the resonance condition within the
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device and, therefore, affect the reflected signal from the

grating. The temperature sensitivity can be on the order of

P
and

10 pilcometers per degree Celsius. To utilize the fiber

Bragg grating as a reference it must be 1solated from any

changes i1n these parameters, or they must be controlled

and measured. In the present invention, the fiber Bragg

grating is completely isolated from strain but allowed to

drift freely with temperature. The temperature can then

10 be measured and a knowledge of the fiber Bragg grating

response to temperature can be utilized to determine the

exact wavelength thereof. With this approach, the

temperature of the fiber Bragg grating is measured

accurately and precisely, but without affecting the fiber

Bragg grating itself, or the thermal expansion

characteristics of the fiber Bragg grating. If the fiber

Bragg grating is potentially restricted in movement as

the temperature thereof changes, this may induce a strailn

20

over the fiber Bragg grating and cause a change 1in the

wavelength reading.

o |

Preferably, the fiber Bragg grating itself must be

strain relieved to prevent any strain effects, and this can

p—

be achieved by anchoring both outer ends of the grating to

a glass element which has the same coefficlient of thermal

p—

expansion (CTE) as the fiber Bragg grating 1tself.

anchoring will ensure that the glass strain relief will
30

not induce additional strain on the fiber Bragg grating

The
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as the ambient temperature changes. Additionally, the
fiber Bragg grating may be stripped of any external
coating or buffer to eliminate the potential strain
effects from the external coating and buffer. The
anchoring may be achieved either by collapsing a glass
tube over the entire length of the fiber Bragg grating,
or by simply locally collapsing a glass tube at two ends
of the fiber Bragg grating so that the glass tube
surrounds and encases the fiber Bragg grating. The glass
tube is then held in a fixture which does not permit
strain into the tube and the fiber Bragg grating therein.
The fixture is achieved by attaching one end of the tube
or glass element containing the fiber Bragg grating to a

reference housing, leaving the other end free to move.

Additionally, the glass element does not contact the
reference housing other than the contact at the attached

end. This is necessary to agsure that over a temperature

change the differences of the coefficient of thermal
expansion between the two materials do not cause friction
or sticking which would cause the fiber Bragg grating to
strain and produce an error term. Good heat conduction
ie also maintained between the reference housing and the
fiber Bragqg grating by minimizing all air gaps. Where an
air gap is required, the depth and length should be

minimized to reduce the insulating capacity otf the

cavity. In addition, because the attachment end of the
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fiber Bragg grating should be in as much contact with the
reference housing as possible, only a thin layer of epoxy
holds the fiber Bragg grating. This will facilitate the
movement of heat from the reference housing into the
fiber Bragg grating and ensure that the fiber Bragg
grating and the reference housing maintain the same
temperature. To accurately correlate the temperature of
the fiber Bragg grating and the temperature measured
externally, a temperature probe such as a thermistor
should be located as closely as possible to the fiber

Bragg grating and in contact with the reference housing.

Preferably, 1n order to minimize the effects of a

temperature differential tc exist between the fiber Bragg

grating and the thermistor, particularly  when the

environmental temperature is rapidly changing, good thermal
conductive and 1nsulating layers are used to surround the

fiber Bragg grating and thermistor. For example, the fiber

43
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Bragg grating and thermistor are embedded in a good thermal

conductive material, such as aluminum. This conductive

material acts to rapidly distribute the heat present in the
block equally throughout the block, and prevent thermal
gradients from occurring. Besides an insulating layer 1is
placed around the thermal conductive material (also known
as a thermal mass block) to prevent rapid temperature
changes from exceeding the heat distribution capabilities
of the block and creating a thermal gradient across the
entire block. By effectively increasing the time constant
for the thermal block, a rapid temperature change in the
environment will not cause a differential temperature
between the fiber Bragg grating and the thermistor.

In another aspect, the invention provides a fiber
Bragg grating reference module for providing a precise
temperature reference for a temperature probe, including a
thermistor, for measuring a temperature, and being located
in close proximity thereto, the fiber Bragg'grating
reference module comprising:

an optical fiber having a fiber Bragg grating therein and
being made from a material having a coefficient of thermal
expansion;

a glass element for anchoring two ends of the optical
fiber containing the fiber Bragg grating, and being made

from a substantially similar material having a

substantially similar coefficient of thermal expansion as
the coefficient of thermal expansion of the material of the
fiber Bragg grating to ensure that the glass element does
not substahtially induce strain on the fiber Bragg grating

as the temperature changes; and
a reference housing having a cavity containing said glass

element and having means for receiving and affixing one end
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of the glass element and for suspending the glass element
in the cavity,.leaviﬁg the other end of the glass element
free to move as the temperature changes without inducing
strain 1in the fiber Bragg grating.

The foregoing and other objects, features and

advantages of the present invention will become more

apparent in light of the following detailed description of
exemplary embodiments thereof, as 1llustrated in the

accompanying drawing, which are not drawn to scale.

5a
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BRIEF DESCRIPTION OF THE DRAWING

Figure 1 i1s a diagram of a fiber Bragg grating

reference module that is the subject matter of the

present i1nvention.

Figure 2 1is a diagram of a reference housing of the

subject matter of the present 1nvention.
Figure 3 1s a cross-section of the reference housing
along lines 3-3 1n Figure 2.

Figure 4 1s a cut-away diagram of a part of a fiber

Bragg grating reference module that is the subject matter

of the present 1nvention.

Figure 5 is a side view of the fiber Bragg grating

reference module shown i1n Figure 4.
Figure 6 1s an end view of the fiber Bragg grating

reference module shown in Figure 4.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a fiber Bragg grating reference

module generally indicated as 10 for providing a precise

temperature reference for a temperature probe oOr
thermistor 12 located in close proximity thereto. The

fiber Bragg grating reference module shown and described

herein is a part of an overall system shown and described

in the aforementioned cross-referenced patent

applications. The temperature probe or thermistor 12 has

two electrical conductors 12a, 12b for coupling to

instrumentation or other equipment that is not shown 1n
Figure 1. The temperature probe or thermistor 12 are
known in the art, and the scope of the invention 1s not

P
—

intended to be limited to any particular type thereof.

Embodiments are also envisioned wherein the present

invention is used together wilth other temperature

dependent sensor devices.

The fiber Bragg grating reference module 10 1includes

an optical fiber 14 having at least one fiber Bragg
grating 16 therein, a glass element 18 shown and
described below as a partially collapsed tube, and a

reference housing 20. The fiber Bragg grating 16 1is

written into the optical fiber 14 and therefore 1s made

of the same material as the glass fiber 14 having the

same coefficient of thermal expansion. The fiber Bragg

grating 16 is known in the art and is the result of an
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induced change in the index of refraction in the optical
fiber 14, normally caused by ultraviolet radiation. The
fiber Bragg grating 16 preferably has no external coating
or buffer to eliminate potential undesirable strain effects
from changes 1n the ambient temperature.

As shown, the glass element i1is a locally collapsed
tube 18 that anchors the two ends 14a, 14b of the fiber
which the Bragg grating 16 is written into, surrounding the

fiber Bragg grating 16. Techniques for collapsing glass on

fiber are known in the art. The glass tube 18 is also made

from a material such as a glass having a substantially

similar coefficient of thermal expansion as the coefficient
of thermal éxpansion of the optical fiber which the Bragg
grating 1s written into to ensure that the glass tube 18
does not substantially induce strain on the fiber Bragg

grating as the ambient temperature changes. The optical

fiber 14, the fiber Bragg grating 16 therein and the glass
tube or element 18 1s made out of a substantially similar
glass material. The scope of the invention 1s not intended
to be limited to the type of glass material of the optical
fiber 14, the fiber Bragg grating 16 therein or the glass
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tube or element 18. Alternatively, the glass tube or

element 18 may include a glass tube collapsed over the

entire length of the fiber Bragg grating, which 1s also

known in the art and not shown herein. The processes for

_

collapsing the glass is over a part of, or the entire

length of, the two ends 18a, 18b is known in the art, and

the scope of the invention is not intended to be limited

to any particular way of doing the same.

The reference housing 20 has a cavity generally
indicated as 22 and also has a means for recelving and

affixing one end 18a of the glass tube or element 18 and

for suspending the element in the cavity 22 leaving the

other end 18b of the glass tube or element 18 free to

move as the ambient temperature changes without 1nducing

strain in the fiber Bragg grating 16. The means for

receiving and affixing is an aperture 20a shown and

described in relation to Figure 2. The glass tube or

element 18 should not contact the reference housing 20

other than the contact at the one affixed end 18a to

assure that over the ambient temperature changes any

difference in the coefficient of thermal expansion
between the glass tube 18 and the reference housing 20
does not cause friction or sticking which would cause the
fiber Bragg grating 16 to strain and produce an erroxr

term. The reference housing 20 has a two-piece

construction, and each piece 1is substantially symmetrical



10

15

20

25

CA 02392569 2002-05-22

WO 01/38838 PCT/US00/31717

in dimension for fitting together to form the cavity 22.

The reference housing 20 also has a second aperture 20D

for passing the other end 18b of the glass tube or

element 18 so as not to induce strain in the fiber Bragg

grating 16.

The temperature probe or thermistor 12 1s arranged

in close proximity and in contact to an outer surface ot

the reference housing 20 to accurately correlate the

temperature of the fiber Bragg grating 16 and the

temperature measured externally.

In the sensor 10, all air gaps are minlimized between

the glass tube 18 and the reference housing 20, as well

as the glass tube 18 and the fiber Bragg grating 16, to

ensure that good heat conduction 1s mailntalned

therebetween.
The fiber Bragg grating reference module 10 also has
includes good thermal conductive layer 24 and an

insulating layer 26 surrounding the reference housing 20

and the thermistor 12 to minimize the effects of a

temperature differential between the fiber Bragg grating
16 and the thermistor 12, particularly when the
environmental temperature is rapidly changing.

The thermal conductive layer 24 1is 1in the form of a
thermal conductive housing 24 that i1s also known hereiln
as a thermal mass block to rapidly and equally distribute

the heat present therein and prevent thermal gradients

10
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from occurring between the fiber Bragg grating 16 and the
thermistor 12, when the environmental temperature 1s
rapidly changing. The thermal conductive housing 24 1s a
two-piece metal housing, made of aluminum, or any other

good thermal conductive material, and has a cavity (not

shown) for receiving the temperature probe or thermistor

12. The scope of the invention is intended to 1include

any good thermal conductive material.

N

The thermal insulating layer 26 1s 1n the form of an

insulating layver placed around the thermal mass block 24

to prevent rapid temperature changes from exceeding the

heat distribution capabilities of the thermal mass block

e

24 and creating a thermal gradient entirely across the
thermal mass block 24, in order to effectively increase
the time constant of the thermal mass block 24, sc a
rapid temperature change in the environment will not
cause a differential temperature between the fiber Bragg
grating 16 and the thermistor 12.

A thermal grease (not shown) may be applied between
the interface of the thermal conductive housing 24 and
the reference housing 20 and also between the 1nterface

of the thermal conductive housing 24 and the thermistor

12.

Figure 2 is a diagram of a part of a reference
sensor similar to the reference sensor 10 in Figure 1,

but which is shown and discussed 1n more detaill 1in

11
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i

relation to Figures 2-6. In Figure 2, the part of the

reference sensor has among other things a reference

housing 120 similar to the reference housing 20 shown 1n

Figure 1. Similar elements in Figures 2-6 are shown

using similar reference numeral similar to that used 1in

Figure 1, as well as similar reference numerals increased

by one hundred.

In Figure 2, the reference housing 120 includes a

tubing 130 and shrink fit tubings 132, 134 on each end
therecf. The tubing 130 is made of metal and the shrink
fit tubings 132, 134 are made of plastic and shrink fit
over the two ends of the tubing 130. The reference
housing 120 also has microbore tubing 136, 138 extending

therefrom for providing the optical fiber 14 from the

reference housing 120.

Figure 3 1s a cross-section of the reference housing
120 along lines 3-3 in Figure 2. A glass tube 118 1s

affixed to the reference housing 120 at one end 118a (see

end 18a in Figure 1), and is adapted to suspend within

the center of the reference housing 120 at the free end

118b (see end 18b 1n Figure 1).

On the left side of the reference tubing 120 shown

in Figure 3, the end 118a of the glass tube 118 1is

affixed by a silicon rubber sealant or epoxy 140 to the
end of the tubing 130. As shown, the one end 118a 1is

affixed so as to make and maintaln immediate contact with

12
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the inner wall of the tubing 130 in proximity to location

B. The contact between the one end 118a of the glass

tube 118 and the inner wall of the tubing 130 at one end
118a provides excellent heat transfer therebetween.

One end of the tubing 130 is designated at location
C. To the left of location C as shown, the optical fiber

14 is passed through and free to move 1inside the shrink

fit tubing 132. A shrink fit tubing 142 1s arranged

between the shrink fit tubing 132 and the microbore

tubing 136, and provides a convenlent way for passing the

microbore tubing 136 through the shrink fit tubing 132.

The non-symmetrical shape of the shrink fit tubing 132

provides for ease of manufacturing and good thermal

transfer to and from the glass tube 118.

On the right side of the reference tubing 20 as

shown in Figure 3, the optical fiber 14 passes from the

glass tube 118 into the microbore tubing 138 at location
D. A shrink fit tubing 144 1is arranged between the
shrink fit tubing 134 and the microbore tubing 138, and

provides a convenient way for passing the microbore

tubing 138 through the shrink fit tubing 134. 1Inside the
microbore tubing 138, the optical fiber 14 1s free to

move. The microbore tubing 138 provides strain relief to

minimize microbending of the optical finer 14 moving

therein.

13



10

15

20

25

CA 02392569 2002-05-22
WO 01/38838 PCT/US00/31717

oo
a—

Figure 4 1s a cut-away diagram of a part of a fiber

Bragg grating reference module, including the reference

housing 120 (see Figure 2 and 3) and a thermistor 12 (see

Figure 1) arranged inside cavities generally 1indicated as

24a, 24b of a two-piece thermal conductive housing 24

(see also Figures 1 and 5). The thermistor 12 has leads

12a, 12b arranged in polyamide tubings generally

indicated as 154 and 1is affixed and sealed within the
two-piece thermal conductive housing 24 by silicon rubber
156. The two-piece thermal conductive housing 24 1s

coupled together by bolts generally 1ndicated as 158.

The insulation 26 in Figure 1 is not shown in Figure 4.

Figure 6 is an end view of the fiber Bragg grating
reference module shown in Figure 4, where the glass tube
118 is affixed to the reference housing 120 at one end.
Figure 6 shows the two-piece thermal conductive housing

24, the shrink fit tubing 132 and the microbore tubing

136.

Scope of the Invention
Although the invention has been described and

illustrated with respect to exemplary embodiments

thereof, the foregoing and various other additions and

omissions may be made therein and thereto without

departing from the spirit and scope of the present

invention.

14



CA 02392569 2008-03-20

The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A fiber Bragg grating reference module for providing a
precise temperature reference for a temperature probe,
including a thermistor, for measuring a temperature, and
being located in close proximity thereto, the fiber Bragg
grating reference module comprising:

an optical fiber having a fiber Bragg grating therein and
being made from a material having a coefficient of thermal

eXpansion;

e

a glass element for anchoring two ends of the optical
fiber containing the fiber Bragg grating, and beilng made
from a substantially similar material having a
substantially similar coefficient of thermal expansion as
the coefficient of thermal expansion of the material of the
fiber Bragg grating to ensure that the glass element does
not substantially induce strain on the fiber Bragg grating
as the temperature changes; and

a reférence housing having a cavity and having means for
receiving and affixing one end of the fiber Bragg grating
and for suspending the fiber Bragg grating in the cavity,
leaving the other end of the fiber Bragg grating free to
move as the temperature changes without inducing strain in

the fiber Bragg grating.

2. A fiber Bragg grating reference module for providing a
precise temperature reference for a temperature probe,
including a thermistor, for measuring a temperature, and
being located in close proximity thereto, the fiber Bragg
grating reference module comprising:

an optical fiber having a fiber Bragg grating therein and

being made from a material having a coefficient of thermal

expansion;
- 15 -
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a glass element for anchoring two ends of the optical
fiber containing the fiber Bragg grating, and being made
from a substantially similar material having a
substantially similar coefficient of thermal expansion as
the coefficient of thermal expansion of the material of the
fiber Bragg grating to énsure that the glass element does
not substantially induce strain on the fiber Bragg grating
as the temperature changes; and

a reference housing having a cavity cbntaining sald glass
element and having means for receiving and affixing one end
of the glass element and for suspending the glass element
in the cavity, leaving the other end of the glass element
free to move as the temperature changes without inducing

strain in the fiber Bragg grating.

3. A fiber Bragg grating reference module according to

claim 1 or 2, wherein the glass element includes a glass
tube collapsed over the entire length of the fiber Bragg

grating.

4. A fiber Bragg grating reference module according to
any one of claims 1 to 3, wherein the glass element
includes a glass tube locally collapsed at the ends of the

glass tube containing the fiber Bragg grating but not

collapsed at the fiber Bragg grating.

5. A fiber Bragg grating reference module according to
any one of claims 1 to 4, wherein the fiber Bragg grating
has no external coating'or puffer to eliminate potential

undesirable strain effects from the temperature changes.

0. A fiber Bragg grating reference module according to
any one of claims 1 to 5, wherein the glass element does

not contact the reference housing other than the contact at
- 16 -
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the one end affixed to the reference housing to assure that
over'the temperature changes any difference in.the
coefficient of thermal expansion between the glass element
and the reference housing does not cause friction or
sticking which would cause the fiber Bragg grating to

strain and produce an error term.

7. A fiber Bragg grating reference module according to
any one of claims 1 to 6, wherein all air gaps are
minimized between the glass element and the reference
housing, and the glass element and the fiber Bragg grating,
to énsure that good heat conduction is maintained

therebetween.

8. A fiber Bragg grating reference module according to
any one of claims 1 to 7, wherein:

the means for receiving and affixing the one end of the
fiber Bragg grating and for suspending the fiber Bragg
grating in the cavity 1s an aperture having a surface; and

a thin layer of epoxy holds the one end of the fiber
Bragg grating in the aperture of the reference housing to
maximize contact between the one end of the fiber Bragg
grating and the surface of the aperture to facilitate
movement of heat from the reference housing into the fiber
Bragg grating and ensure that the fiber Bragg grating and
the reference housing‘maintain the substantially same

temperature.

9. A fiber Bragg grating reference module according to
any one of claims 1 to 8, wherein:

the one end of the fiber Bragg grating has a diameter;
and

the means for receiving and affixing one end of the fiber

Bragg grating includes an aperture having a diameter that
-17 -
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is slightly larger than the diameter of the one end of the

fiber Bragg'grating for receiving the same.

10. A fiber Bragg grating reference module according to
any one of claims 1 to 9, wherein the reference housing has

a two-piece construction.

11. A fiber Bragg grating reference module according to
any one of claims 1 to 10, wherein the reference housing
has an aperture for passing the other end of the fiber

Bragg grating without inducing strain in the fiber Bragg

grating.

12. A fiber Bragg grating reference module according to
any one of claims 1 to 11, wherein the temperature probe 1s
arranged 1in close proximity and in contact to an outer
surface of the reference housing to accurately correlate
the temperature of the fiber Bragg grating and the

temperature.

13. A fiber Bragg grating reference module according to
any one of claims 1 to 12, wherein the fiber Bragg grating
reference module further comprises good thermal conductive
and insulating layers surrounding the reference housing and
the thermistor to minimize the effects of a temperature

differential between the fiber Bragg grating and the

thermistor, when the environmental temperature 1s rapidly

changing.

14. A fiber Bragg grating reference module according to
claim 13, wherein the fiber Bragg grating reference module
further comprises a thermal conductive housing that 1s a
thermal mass block to rapidly and equally distribute the

heat present therein and prevent thermal gradients from
- 18 -
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occurring between the fiber Bragg grating and the
thermistor, when the environmental temperature is rapidly

changing.

15. A fiber Bragg grating reference module according to
claim 14, wherein the thermal conductive housing is a two-

pliece metal housing.

16. A fiber Bragg grating reference module according to
claim 14, wherein the thermal mass block is made of

aluminum.

17. A fiber Bragg grating reference module according to
any one of claims 14 to 16, wherein the fiber Bragg grating
reference module further comprises a thermal grease between

the thermal conductive housing and the reference housing.

18. A fiber Bragg grating reference module according to
any one of claims 14 to 17, wherein the fiber Bragg grating
reference module further comprises an insulating layer °
arranged around the thermal mass block to prevent rapid
temperature changes from exceeding the heat distribution
capabilities of the thermal mass block and creating a
thermal gradient entirely across the thermal mass block, in

order to effectively increase the time constant of the

thermal mass block,'so a rapid temperature change in the
environment will not cause a differential_temperature

between the fiber Bragg grating element and the thermistor.

-19.-
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