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OPTICAL FIBER CABLE

BACKGROUND

The invention generally relates to optical fibers. More particularly, the invention relates
to optical fiber cables that have the functionality of optical fibers with the structural integrity of
more robust cables.

Typical optical fibers, such as those used in telecommunication applications, are often
very fragile. This fragility greatly limits their possible application, unless additional components
are incorporated into their structure to provide extra strength. Applications which require a
higher strength fiber and therefore the incorporation of additional components include certain
sensing applications, such as in the oil field, pipeline monitoring, tunnel monitoring, and power
cable monitoring. In order to increase the strength of such optical fibers and therefore to enable
their use in applications that require a higher strength fiber, such fibers are sometimes enclosed
within a protective metal tube or cable.

However, even with or sometimes due to the inclusion of such additional components,
the optical fiber may have certain characteristics that are undesirable. For instance, the optical
fiber unit may have an unacceptably low tensile strength. Or, the optical fiber unit may have an
unacceptably high density.

Thus, there exists a continuing need for an arrangement and/or technique that addresses

one or more of the problems that are stated above.
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SUMMARY
An optical fiber that includes a metal coating on its exterior, which metal coating enables
the optical fiber to be used as a cable. The metal coating may be applied to the optical fiber by
drawing the fiber through molten metal that freezes on the fiber surface. The metal coating may
5 comprise nickel, copper, chromium, copper, tin, gold, aluminum, or any combination thereof.
The coated optical fiber may be used in oilfield applications, including instances wherein the
coated optical fiber supports the weight of at least one downhole tool. The coated optical fiber
may also be used in other applications that require an optical fiber that has a strength that is
comparatively higher than typical optical fibers.
10 Advantages and other features of the invention will become apparent from the following

description, drawing and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic of a prior art optical fiber
15 Fig. 2 is a schematic of one embodiment of the present invention.
Fig. 3 is a schematic of one embodiment by which the metal coating is applied to an
optical fiber.
Fig. 4 is a schematic of the optical fiber cable used as a slickline in an oilfield
application.

20 Fig. 5 is a schematic of the optical fiber cable used within a permanent completion.
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DETAILED DESCRIPTION

Figure 1 shows a prior art optical fiber 10, such as the typical optical fiber used for
telecommunication applications. The prior art fiber 10 includes a core 12, a cladding 14, and a
buffer 16. As is known, light is propagated through the core 12. The core 12 is made from silica.
Cladding 14 usually has an index of refraction that is different that that of the core 14. The
cladding 14 also typically has a diameter of 0.125mm. A buffer 16, which may be comprised of
polyimide or acrylate, is applied around the cladding 14 and provides some protection to the core
12 and cladding 14. In order to provide more strength to the fiber 10, a metal tube or cable 18
may be placed surrounding the exterior of the fiber 10. As shown in Figure 1, the metal tube 18
surrounds buffer 16; however, alternatively, the metal tube 18 may replace the buffer 16 and
surround the cladding 14 directly.

The present invention is the application of a metal coating on a cladding to provide the
overall optical fiber unit with greater strength. The greater strength of the optical fiber unit
enables its use in applications that require a higher-strength fiber, such as those applications
previously indicated.

One embodiment of the present invention is generally shown in Figure 2 at 11. An
optical fiber cable 11 comprises a core 12, a cladding 20, and a metal coating 22. The core 12
can be constructed and formed from materials as known in the prior art. The core 12 may be
multimode or single mode. The cladding 20 surrounds the core 12, and the metal coating 22
surrounds the cladding 20.

As compared to the prior art optical fiber 10 of Figure 1, the cladding 20 of the present
invention’s fiber cable 11 has a diameter that is much larger than the cladding 14 of the prior art

optical fiber 10. For instance, the cladding 20 may have a diameter that measures between 0.2
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mm and 5.0 mm. Although the cladding 20 of the present invention has the same optical
function as the cladding 14 of the prior art optical fiber 10, the larger diameter of the cladding 20
also adds to the strength and structural integrity of the present invention’s optical fiber cable 11.

The metal coating 22 may comprise a coating of a metal that can bind to the silica that
comprises the cladding 20. Acceptable metals include, but are not limited to, nickel, copper,
chromium, copper, tin, gold, aluminum, or any combination thereof (such as nickel chromium).
The metal coating 22 may be .05 mm to 0.55 mm thick.

In one embodiment, as shown in Figure 3, the metal coating 22 may be applied to the
cladding 20 by drawing the cladding 20 and core 12, for instance in the direction of arrow 26,
through a molten batch 24 of the relevant metal. The molten batch 24 of metal may be kept at a
temperature higher than the melting temperature of the relevant metal or alloy. The relevant
metal or alloy then freezes on the surface of the cladding 20 to form the metal coating 22 as the
fiber 10 leaves the molten batch 24 and is exposed to temperatures lower than the melting point
of the metal or alloy.

In comparison with the prior art optical fiber 10, the metal coating 22 provides the optical
fiber cable 11 with a higher tensile strength (typically three or more times higher than steel) and
a lower density (typically three or more times higher than steel).

The optical fiber cable 11 may also include multiple layers of metal coatings 22.
Different metals may be used on each layer.

In one embodiment, the optical fiber cable 11 may be used in oil field applications, such
as shown in Figures 4 and 5.

In Figure 4, the optical fiber cable 11 is used as a slickline, as the term is known in the oil

field. The slickline optical fiber cable 11 is typically deployed from a reel, which may be housed
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in a truck, into a wellbore 30. A downhole tool 32, such as a packer, a sensor (for any
parameter), or a perforating gun, may be attached proximate the lower end of the optical fiber
cable 11. The higher-strength of the optical fiber cable 11 enables the optical fiber cable 11 to
not only support its own weight (which can be significant given the length of cable that can be
deployed into a wellbore), but also the downhole tool 32. The reel can be operated to deploy or
retrieve the optical fiber cable 11 a multiple number of times.

In Figure 5, the optical fiber cable 11 is deployed as part of a permanent completion,
including a production tubing 34. The production tubing 34 is deployed in the wellbore 30. The
production tubing 34 serves as a fluid conduit between the surface 28 and downhole locations,
including formations intersected by the wellbore 30. The optical fiber cable 11 may be deployed
interior or exterior to the production tubing 34.

In any oilfield application, including those shown in Figures 4 and 5, the optical fiber
cable 11 may be used as a sensor itself. For instance, the optical fiber cable 11 may be used as a
temperature sensor using optical time domain reflectometry. In this case, the optical fiber cable
11 may be connected to an opto-electronic unit 40, as shown in Figure 5. As is known in the art,
unit 40 may send optical pulses down the core 12 of the optical fiber cable 11, which signals are
reflected back to the unit 40 via backscattered light. As disclosed in U.S. Patents No. 4,823,166
and 5,592,282 issued to Hartog, both of which are incorporated herein by reference, the
backscatted light is analyzed to output a temperature profile along the length of the optical fiber
cable 11. The optical fiber cable 11 may also be used as a pressure sensor by incorporating the
relevant optical components within the cable 11. In one instance, the optical fiber cable 11
includes fiber Bragg gratings that, as known in the art, function with an opto-electronic unit 40 as

an optical pressure sensor.
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The optical fiber cable 11 may also be used to send optical signals to activate downhole
tools, such as tool 32 or another tool incorporated into or proximate the production tubing 34.
Other tools may include valves, sensors, guns, chokes, packers, and pumps. The optical fiber
cable 11 would also be connected to a corresponding opto-electronic unit in this case.

In addition, the optical fiber cable 11 may also be used to transmit data to and from the
surface 28 and a downhole location. The optical fiber cable 11 would also be connected to a
corresponding opto-electronic unit in this case.

The optical fibre cable may also be used in other non-oilfield applications like fire
detection in tunnels, pipeline monitoring, structure monitoring, aerospace, and process
monitoring.

While the invention has been disclosed with respect to a limited number of embodiments,
those skilled in the art, having the benefit of this disclosure, will appreciate numerous
modifications and variations therefrom. It is intended that the appended claims cover all such

modifications and variations as fall within the true spirit and scope of the invention.
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CLAIMS
I claim:
L. An optical fiber cable, comprising:
a core;
a cladding; and

a metal coating surrounding the cladding.

2. The cable of claim 1, wherein the cladding has a diameter between 0.2 mm and 5 mm.

3. The cable of claim 1, wherein the metal coating is comprised of a metal selected from the

group consisting of nickel, copper, chromium, copper, tin, gold, aluminum, or any combination

thereof.

4. The cable of claim 1, wherein the metal coating is applied to the cladding by drawing the

cladding through a molten batch of a metal.

5. The cable of claim 4, wherein the metal is selected from the group consisting of nickel,

copper, chromium, copper, tin, gold, aluminum, or any combination thereof.

6. The cable of claim 1, wherein the cable is used in an oilfield application.

7. The cable of claim 6, wherein the cable is used as a slickline.
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8. The cable of claim 7, wherein the cable supports the weight of a downhole tool.

9. The cable of claim 6, wherein the cable is used in a permanent completion.

10.  The cable of claim 1, wherein optical signals are transmitted through the core.

11.  The cable of claim 10, wherein the optical signal comprises data.

12.  The cable of claim 10, wherein the optical signal activates a downhole tool.

13.  The cable of claim 10, wherein the optical signal comprises a temperature profile along
the cable.
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