PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

GO1L 1/24 Al

(11) International Publication Number:

(43) International Publication Date:

WO 99/61875

2 December 1999 (02.12.99)

(21) International Application Number: PCT/US98/19336

(22) International Filing Date: 16 September 1998 (16.09.98)

(30) Priority Data:

09/084,842 (SN

26 May 1998 (26.05.98)

(71) Applicant; MINNESOTA MINING AND MANUFACTUR-
ING COMPANY [US/US]; 3M Center, P.O. Box 33427,
Saint Paul, MN 55133-3427 (US).

(72) Inventor: SINGH, Harmeet; P.O. Box 33427, Saint Paul, MN
55133-3427 (US).

(74) Agents: HO, Néstor, F. et al.; Minnesota Mining and Manu-
facturing Company, Office of Intellectual Property Counsel,
P.O. Box 33427, Saint Paul, MN 55133-3427 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ,
T™, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published
With international search report.
With amended claims.

(57) Abstract

A tape to be
mounted on a workpiece
includes an elongated
support ribbon and an
optical fiber attached to

102

N

(54) Title: SENSING TAPES FOR STRAIN AND/OR TEMPERATURE SENSING

100

the support ribbon.

90

104




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ

BY
CA
CF
CG
CH
CI
CM
CN
CuU
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Repubtic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
T
UA
uG
us
uz
VN
YU
YA

Stovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 99/61875

10

15

20

25

30

35

SENSING TAPES FOR STRAIN AND/OR TEMPERATURE SENSING

Background of the Invention

The invention relates generally to optical
wavequides and more specifically to optical fibers.

Optical fibers are used to guide light which
might, typically, be an optical signal used in
telecommunications or in sensing applications. Some
optical fibers can be described as a thin strand of
light-transmitting medium. In general, an optical
fiber includes an inner core and an outer cladding
having an effective index of refraction less than the
inner core. Some optical fibers, however, have a
complex structure made from an inner core surrounded by
several outer cores, or claddings, each having
different effective indices of refraction. The
difference in the effective index of refraction creates
internal reflections forcing the light to propagate
along the inner core and preventing it from leaking out
of the fiber.

Some optical fibers include Bragg gratings (BG).
A Bragg grating is formed by producing a series of
perturbations in the index of refraction of the inner
core. Typically, the perturbations are formed by
exposing the core through the cladding to an
interference pattern of two ultraviolet beams directed
against the optical fiber. The spacing of the
perturbations creates a grating characterized by a
center wavelength at which light will no longer
propagate through the optical fiber. Bragg gratings
with different perturbation spacings have different

center wavelengths. In general, Bragg gratings are

PCT/US98/19336
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classified either as short period gratings or as long-
period gratings. Long-period gratings are those in
which the spacing of the perturbations is at least 10
times larger than the wavelength of input light.
Typically, the period is in the range 15-1500 um for
center wavelengths between 700 and 1500 nm. In
addition, long-period gratings can have a span of
perturbations extending for a few cm. On the other
hand, short period gratings have a span of a few 100
microns to several cm and a period in the range 0.2 -
0.7 ym for center wavelengths between 600 and 2100 nm.

Bragg gratings are used in optical fibers to filter
out selected wavelengths from an optical signal, e.g.,
like a notch filter. As an optical signal propagates
through the core and encounters a short period grating,
specific wavelengths of light, which corresponds to the
resonant or center wavelength of the grating, are
reflected back along the inner core. When an optical
signal encounters a long-period grating, the center
wavelength of the grating is converted from a guided
mode of the core to a non-guided mode of the cladding.
A guided mode propagates through the core of the
optical fiber. A non-guided mode of the cladding
dissipates through the cladding and does not propagate
through the optical fiber. The center wavelength
reflection or conversion from a guided mode to a non-
guided mode is a function of the perturbation spacing
of the Bragg grating. The center wavelength of the
Bragg grating is sensitive to strain and temperature.
Strain and/or change in temperature causes the center
wavelength to shift. Typically, for a long-period
grating a central wavelength of 1550 nm shifts by about
1 to 1.5 nm per 100°C change in temperature and by

about 0.12 nm per 100 microstrain change in strain.
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Summary of the Invention

In general, in one aspect, the invention features
a tape to be mounted on a workpiece. The tape includes
5 an elongated ribbon and an optical waveguide (e.g.
optical fiber) supported by the elongated ribbon.

The optical fiber can be attached along the
elongated direction of the elongated ribbon. The
optical fiber can include a Bragg grating and an outer

10 coating. The outer coating can have a thickness and
flexibility chosen to isolate substantially the optical
fiber from the workpiece. The outer coating also can
have a thickness and flexibility chosen to allow
effective transfer of strain from the workpiece to the
optical fiber. The outer coating can be a polyamide.
The optical fiber also can include a plurality of Bragg
gratings.

In another aspect, the invention features a tape
to be mounted on a workpiece. The tape includes an
20 elongated ribbon, a first optical fiber supported by
the elongated ribbon, and a second optical fiber
supported by the elongated ribbon.

The first and second optical fibers can be
attached along the elongated direction of the elongated
25 ribbon. The first and second optical fibers can
include a Bragg grating. The first optical fiber also
can include a first coating. The first coating can
have a thickness and flexibility chosen to isolate
substantially the first optical fiber from the
30 workpiece. The second optical fiber also can include a
second coating. The second coating can have a
thickness and flexibility chosen to allow transfer of

strain from the workpiece to the second optical fiber.
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In another aspect, the invention features a method
of producing a tape. The method includes providing a
coated optical fiber and supporting the optical fiber
with an elongated ribbon.

The step of supporting the optical fiber can
include a step of attaching the optical fiber along the
elongated direction of the elongated ribbon. The step
of providing a coated optical fiber can include a step
of coating an optical fiber with coating.

The invention provides a sensing tape by embedding
a coated optical fiber into a support ribbon. The
sensing tape is easily attached to a support structure
to monitor strain and/or temperature. Also, the tape
can be easily packaged by simply winding the tape onto
a spool from which the desired amount of tape can be

unwound at the time of installation and/or use.

Brief Description of the Drawing

Fig. 1 illustrates a sensing tape for measuring
strain and temperature;

Fig. 2 illustrates a sensing tape for measuring
temperature;

Fig. 3 illustrates a sensing tape for measuring
strain; and

Fig. 4 shows a sensing tape wound on a support

form.

Description of the Preferred Embodiments

The sensing tapes discussed herein are used to
monitor or detect changes in strain and/or temperature.
In general, sensing tapes include an optical fiber
embedded in or mounted on a flexible elongated support

ribbon.

PCT/US98/19336
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Referring to Fig. 1, sensing tape 40 which senses
both strain and temperature includes an optical fiber
50 held into a longitudinal groove 61 of a support
ribbon 60 by an epoxy 64, e.g., TRA Bond-Fl1l8 epoxy
from TRA-CON, located in Bedford, Massachusetts.
Optical fiber 50 includes an outer cladding 54 and an
inner core 52 having a Brag grating (not shown). Outer
cladding 54 is coated with a coating 58 designed to
allow effective strain transfer from the support ribbon
60 to the optical fiber 50. The effective transfer of
strain is a function of the thickness and flexibility
of the coating. The flexibility of the coating is
characterized by an elasticity modulus. A typical
sensing tape used for sensing both strain and
temperature includes an optical fiber having a thin
coating of an inelastic polymer, e.g., 25 micron
polyamide coated fiber, a 115 micron thick cladding of
glass, e.g., Si0;, and a 10 micron thick core of glass,
e.g., Si0,. The core also can be doped with other
materials, e.g., germanium. The coating material can
be made from similar materials, e.g., polymers, having
a suitable thickness and flexibility. As a general
rule, a thicker coating of a material attenuates the
amount of strain transferred more than a thinner
coating of the same material. In practice, the coating
material is designed to be thin and inelastic such that
the effects of strain transferred through the epoxy 64
to optical fiber 50 are not substantially attenuated.
For example, the coating is selected such that the
transfer of strain is attenuated by less than 5%. A
bonding layer 66 covers a groove side 63 of support
ribbon 60 and is used to attach sensing tape 40 to the
structure being monitored, e.g., a support beam of a

bridge or an airplane wing.
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Once mounted to a structure, changes in strain and
temperature are transferred from the structure to
optical fiber 50, i.e., through bonding epoxy 64 to
optical fiber 50. Strain and temperature changes
transferred to the optical fiber cause the center
wavelength of the Bragg grating to shift. The shift of
the center wavelength of a Bragg grating is a function
of both strain and change in temperature. Therefore,
both strain and change in temperature transferred from
the support structure to the optical fiber can be
sensed by monitoring the shift of the center
wavelength.

The response of the center wavelength is expressed

by Eq. 1

AL = XA (me + EAT) (1)

where AA is the wavelength change caused by strain (g)

and change in temperature (AT). A is the center

wavelength of the grating at room temperature and zero
applied strain. m is the strain-optic coefficient and

£ is the temperature coefficient. The value of the
strain-optic coefficient and the value of the
temperature coefficient depend upon the geometry and
materials used in optical fiber fabrication. Each
optical fiber possess an unique set of strain-optic and

temperature coefficients. For a single mode fiber made

from Si0,, m is typically about 0.75-0.80 microstrain™.

£ is typically about 6-8 x 107° °C™".
If sensing tape 40 is placed in a constant
temperature environment, then the change in center

wavelength can be attributed to strain alone. That is,

since AT = 0, the second term in the right hand side of
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Eq. 1, AEAT, is also zero and Eq. 1 can be rewritten

as.

AL = Ane (2)

Conversely, if sensing tape 40 is placed in an
environment in which it is known that there is no

strain, then the change in center wavelength can be
attributed to AT alone. That is, since € = 0, the

first term in the right-hand side of Eqg. 1, Ang, is also

zero and Eq. 1 can be rewritten as:

AN = AEAT (3)

In some sensing applications, where both strain
and temperature changes are present, it may be
desirable to sense only change in temperature.
Referring to Fig. 2, a sensing tape 10, which senses
only change in temperature, includes an optical fiber
20 held in a longitudinal groove 31 of a support ribbon
32 by epoxy 34, e.g., a soft silicon rubber based
epoxy, such as Dow Corning's gasket sealant which has
very low stiffness. As before, optical fiber 20
includes an outer cladding 24 and an inner core 21
having a Bragg grating (not shown). Outer cladding 24
is coated with a coating 28 designed to substantially
isolate optical fiber 20 from strains experienced by
the structure to which support ribbon 32 is attached.
The amount of isolation, and thus the attenuation in
strain transfer to the optical fiber, is dictated by
the thickness and flexibility of coating 28. The
thicker and more flexible the coating, the more

effective the isolation will be. Thus, it can be
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observed in a fiber will be due to changes in
temperature and not due to strain associated with the
structure being monitored.

A typical sensing tape used for sensing change in
temperature uses a thick coating of an elastic polymer,
e.g:, a 600 micron acrylate coating. As described
above, the coating can be made from a wide range of
materials. In general, it is desirable to select the
thickness and elasticity of the coating so as to
attenuate substantially the strain transferred through
the epoxy 34 to optical fiber 20 so that the observed
changes in the center wavelength are due to changes in
temperature of the structure being monitored. For
example, the thickness and elasticity of the coating
are selected so as to attenuate the strain transfer by
a factor of at least 10. 1In practice, the factor
necessary to attenuate the strain transfer is related
to the magnitude of the change in strain on the
structure being monitored. For example, in sensing
applications where large changes in strain are present,
the thickness and elasticity of the coating are
selected so as to attenuate the strain transfer by a
factor that is greater than 10.

Referring to Fig. 2, a sealing layer 38
hermetically seals a groove side 33 of support ribbon
30 and prohibits foreign species, e.g., air, biological
species, and chemical species, from interacting with
coating 28. A bonding layer 36 covers sealing layer 38
and is used to attach the temperature sensing tape 10
to a support structure 1.

By properly selecting the thickness and
flexibility of the epoxy, the bonding layer, and the
support ribbon also one can further isolate the fiber

from stain.

PCT/US98/19336
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support ribbon also one can further isolate the fiber
from stain.

As seen in Eq. 1, if the strain transfer is
significantly attenuated so that Ane is approximately
zero, then the observed changes in the center
wavelength will be attributable to changes primarily in
temperature as shown in Eqg. 3.

In other sensing applications, where both strain
and temperature changes are present, it may be
desirable to sense only strain. Referring to Fig. 3,
sensing tape 100 which can be used to sense changes in
strain includes two optical fibers 80, 90. Optical
fiber 90 is similar to the optical fiber as shown in
Fig. 1 and includes a coating 98 and a cladding 94.
Optical fiber 80 is similar to the optical fiber as
shown in Fig. 2 and includes a coating 88 and a
cladding 84. Optical fiber 80 is held in a first
longitudinal groove 81 of support ribbon 102 by an
epoxy 104. Optical fiber 90 is held in a second
longitudinal groove 91 of support ribbon 102 by an
epoxy 106. A bonding layer 108 covers a groove side
101 of support ribbon 102.

As described above, the thick and elastic coating
on optical fiber 80 minimizes the amount of strain,
A(ne), transferred to optical fiber 80 such that the
center wavelength shift of the Bragg grating responds
primarily to temperature, AA = AEAT). The thin and
inelastic coating on optical fiber 90 allows strain
transfer such that the center wavelength of the Bragg
grating responds to the combined amount of strain and
temperature, A(me + EAT). The center wavelength shift of
optical fiber 80 is a measure of the change in

temperature, Algo = AEAT, and the center wavelength
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shift of optical fiber 90 is a measure of both strain

and change in temperature, Algsy = A(me + EAT). The
difference of the monitored change in center
wavelengths is a direct measure of strain alone, as can

be seen from the following:

A)\,go - A)\,so = }\,T]S (4)

The sensing tapes described above can be used in a
variety of sensing applications. For example, a
temperature sensing tape can be used in an environment
with constant temperature, e.g., probes used to detect
0il and water wells, to monitor or detect acoustic
signals. In addition, a sensing tape having a reactive
coating can be used to detect the presence of chemical
or biological species. For example, a chemical species
can react with the coating to cause a change in the
flexibility of the coating. The change in the
flexibility of the coating affects the amount of strain
transferred to the optical fiber which, in turn,
affects the sensitivity of the center wavelength shift
to changes in strain.

The optical fibers used in sensing tapes can
include single mode optical fibers, in-line etalon
optical fibers, intrinsic fabry-perot optical fibers,
or any optical fiber having optical characteristics,
e.g., a center wavelength shift or phase shift,
affected by changes in strain and/or temperature. 1In
addition, the optical fibers also can include several
Bragg gratings each Bragg grating having the same or
different a center wavelengths. In general, each Bragg
grating is spaced apart by 2 inches to several hundred
meters. Typically, span of each grating can be from

0.5mm to several meters.
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The optical fibers can be attached along the
length of the support ribbon using any technique known
to those skilled in the art. For example, an optical
fiber can be embedded between two support ribbons.
Alternatively, the optical fiber and support ribbon can
be co-extruded simultaneously to produce an optical
fiber embedded in a ribbon. In addition, the optical
fiber can be attached to the top of a support ribbon.
The support ribbon also can be wound into a helix,
e.g., like a spring. An optical fiber can be attached
along the elongated direction of the support-ribbon
before or after the support ribbon has been wound into
a helix. Alternatively, an optical fiber can be
supported by the support ribbon by winding the ribbon
into a helix around the optical fiber. 1In this case,
strain is not transferred from the support ribbon to
the optical fiber, because the optical fiber is not
attached to the support ribbon. The support ribbon can
be any shape, such as, flat or round. For example, the
support ribbon can be a round teflon tube. The optical
fiber can be inserted into and attached within a
central bore of the teflon tube. Alternatively, the
teflon tube can be formed around the optical fiber.
optionally, an optical fiber is supported by a teflon
tube by inserting the optical fiber into a central bore
of the tube. In this case, strain is not transferred
from the teflon tube to the optical fiber because the
optical fiber is not attached to the teflon tube. The
support ribbon also can include a marking which
indicates where the.Bragg gratings are located. Once
attached or embedded into the support ribbon, the
sensing tape can be stored in a roll. During
installation, the support ribbon can be unrolled and

cut to a desired length.
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The support ribbon also can include additional
adhesives used to attach the ribbon to the support
structure, e.g., a graphite composite epoxy which cures
under applied pressure and heat. 1In addition, the
support ribbon can include a paper backing applied to
the bonding layer. During installation, the paper
backing is removed and the sensing tape is attached to
the support structure via the bonding layer.

Referring to Fig. 4, a convenient way of packaging
and/or storing the sensing tape 300 is to wind it
around a core 302 (e.g., a cylindrically shaped member)
to form a compact reel of tape (e.g., like adhesive
tape commonly found in office supply outlets). When
sensing tape is needed for a particular application it
is simply unwound from the reel or core and used. The
remainder of unused tape remains conveniently wound on
the core.

Other embodiments are within the following claims.
For example, though we have described sensing tapes
which incorporate optical fibers into or onto a ribbon
structure, the invention covers the use of any optical
waveguide on a ribbon structure including, for example,
plastic fibers. Also, the tapes that are constructed
in accordance with the invention can be used for
purposes other than sensing. That is, the invention is
meant to cover optical waveguides into a ribbon
structure or any purpose including simply improving
ease of applying or attaching such waveguides to
workpieces. Also, the tape can be formed to have an
adhesive surface or the adhesive can be supplied at the

time of applying the tape to the workpiece.
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Claims:
1. A tape to be mounted on a workpiece, said tape
comprising:
an elongated flexible ribbon; and
an optical waveguide supported by the
elongated ribbon along the elongated
direction of the ribbon.
2. The tape of claim 1, wherein the optical waveguide

is an optical fiber.

3. The tape of claim 2, wherein the optical fiber

includes a Bragg grating.

4. The tape of claim 2, wherein the optical fiber

includes an outer coating.

5. The tape of claim 4, wherein the outer coating is

a polyamide.

6. The tape of claim 4, wherein the outer coating has
a thickness and flexibility chosen to isolate

substantially the optical fiber from the workpiece.

7. The tape of claim 4, wherein the outer coating has
a thickness and flexibility chosen to allow effective
transfer of strain from the workpiece to the optical

fiber.

8. The tape of claim 2, wherein the optical fiber

includes a plurality of Bragg gratings.



10

15

20

25

30

WO 99/61875 PCT/US98/19336
' 14

9. The tape of claim 2 wherein said ribbon has a
top surface and a bottom surface, said tape further

comprising an adhesive on said bottom surface.

10. The tape of claim 2 further comprising a core

around which the ribbon and optical fiber are wound.

11. A tape to be mounted on a workpiece, said tape
comprising:

an elongated flexible ribbon;

a first optical waveguide supported by and
affixed to the elongated ribbon along
the elongated direction of the ribbon;
and
a second optical waveguide supported by
and affixed to the elongated ribbon
along the elongated direction of the

ribbon.

12. The tape of claim 11, wherein the first optical
waveguide is a first optical fiber and the second

optical waveguide is a second optical fiber.

13. The tape of claim 12, wherein the first optical

fiber includes a Bragg grating.

14. The tape of claim 13, wherein the second optical

fiber includes a Bragg grating.
15. The tape of claim 12, wherein the first optical

fiber include a first coating and the second optical

fiber includes a second coating.

SUBSTITUTE SHEET (RULE 26)
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16. The tape of claim 15, wherein the first coating
has a thickness and flexibility chosen to substantially
isolate the first optical fiber from strain in the

workpiece.

17 The tape of claim 15, wherein the second coating
has a thickness and flexibility chosen to allow
effective transfer of strain from the workpiece to the

second optical fiber.

18. The tape of claim 12 wherein said ribbon has a top
surface and a bottom surface, said tape further

comprising an adhesive on said bottom surface.

19. A method of producing a tape comprising: providing
a coated optical fiber; and supporting the optical

fiber with an elongated ribbon.

20. A method of claim 19, wherein the step of
supporting the optical fiber includes a step of
attaching the optical fiber along the elongated

direction of the elongated ribbon.

21. The method of claim 19, wherein the step of
providing a coated optical fiber includes a step of

coating an optical fiber with a coating.

22. The tape of claim 2 wherein said optical waveguide

is affixed to the elongated ribbon.

23. The tape of claim 2 wherein said ribbon has a
hollow region along its length and said optical fiber

lies within said hollow region.
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AMENDED CLAIMS
[received by the International Bureau on 09 April 1999 (09.04.99);
original claims 1 — 23 replaced by amended claims 1 — 22 (3 pages)]

Claims:

1. A tape (40) to be mounted on a structure, said
tape comprising:
an elongated flexible ribbon (60); and
an optical waveguide (50) supported by gnd
affixed to the elongated ribbon along
the elongated direction of the ribbon.

2. The tape of claim 1, wherein the optical waveguide

is an optical fiber.

3. The tape of claim 2, wherein the optical fiber

includes a Bragg dgrating.

4. The tape of claim 2 or 3, wherein the optical

fiber includes an outer coating (58).

5. The tape of claim 1, further comprising a second
optical waveguide held along a groove in the elongated

direction of the ribbon.

6. The tape of claim 4 or 5, wherein the outer
coating (28) has a thickness and flexibility chosen to
isolate substantially the optical fiber from the

structure.

7. The tape of claim 4 or 5, wherein the outer
coating (58) has a thickness and flexibility chosen to
allow effective transfer of strain from the structure

to the optical fiber.

AMENDED SHEET (ARTICLE 19)

PCT/US98/19336
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8. The tape of claim 2 to 7, wherein the optical

fiber includes a plurality of Bragg gratings.

9. The tape of claim 2 to 8 wherein said ribbon
has a top surface and a bottom surface, said
tape further comprising a bonding layer (66) on

said bottom surface.

10. The tape of claim 2 to 9 further comprising a core
(302) around which the ribbon and optical fiber are

wound.

11. A tape (100) to be mounted on a workpiece, said
tape comprising:

an elongated flexible ribbon (102);

a first optical waveguide (80) supported by
and affixed to the elongated ribbon
along the elongated direction of the
ribbon; and
a second optical waveguide (90)
supported by and affixed to the
elongated ribbon along the elongated

direction of the ribbon.
12. The tape of claim 11, wherein the first optical
waveguide is a first optical fiber and the second

optical waveguide is a second optical fiber.

13. The tape of claim 12, wherein the first optical

fiber includes a Bragg grating.

14. The tape of claim 12 or 13, wherein the second

optical fiber includes a Bragg grating.

AMENDED SHEET (ARTICLE 19)
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15. The tape of claim 12 to 14, wherein the first

optical fiber include a first coating (88) and the

second optical fiber includes a second coating (98).

16. The tape of claim 15, wherein the first coating

has a thickness and flexibility chosen to substantially

isolate the first optical fiber from strain in the

workpiece.

17. The tape of claim 15 or 16, wherein the second

coating has a thickness and flexibility chosen to allow

effective transfer of strain from the workpiece to the

second optical fiber.

18. The tape
a top surface

comprising an

19. A method

N

of claim 12 to 17 wherein said ribbon has

and a bottom surface, said tape further

adhesive on said bottom surface.

of producing a tape (40)

comprising:

providing a coated optical fiber (50); and supporting

the optical fiber with an elongated ribbon (60).

20. A method

of claim 19, wherein the step of

supporting the optical fiber includes a step of

attaching the optical fiber along the elongated

direction of the elongated ribbon.

21. The method of claim 19,

wherein the step of

providing a coated optical fiber includes a step of

coating an optical fiber with a coating (58).

22. The tape of claim 2 to 21 wherein said ribbon has a

hollow region (61) along its length and said optical

fiber lies within said hollow region.

AMENDED SHEET (ARTICLE 19)
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