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DOWNHOLE CABLES WITH BOTH FIBER AND COPPER ELEMENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This apphication claims priority from U.S. Provisional Application No. 60/823959,
filed on August 30, 2006, the disclosure of which is incorporated herein by

reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention
[02] Apparatuses and methods consistent with the present invention relate to a
downhole hybrid cable, and more particularly to a downhole hybrid cable that has
both fiber and copper elements.
2. Description of the Related Art
{03] Hybrid cables with fiber and a copper wire are used for various purposes. For
| example, they are used for supplying power via the copper wire while sensing is
carried out on the fiber. Also, sensing can be carried out via the copper wire as
well . Such hybrid cables have also been employed in logging cables for
downhole use. The logging cables are meant to be put into, for instance, an oil
well to collect sample measurements of the well structure. After completion of
the measurements, and verifying that the data has been collected, the logging
cable 1s pulled out of the oil well. |
~ [04] The existing technology for downhole hybrid type cables that have both fiber and
copper elements includes (1) a center fiber/gel filled stainless steel tube with

copper wire wrapped around the tube and an insulation layer around the copper
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wire/tube configuration which is produced by Gulf Coast Downhole Technologies
located in Houston, TX. Another existing structure (2) has a center insulated
copper wire with small plastic fiber/gel filled tubes with an insulation around it.
This structure (2) is made by Draka.

The disadvantage of item (1) is that the copper wire 6 is not easi'ly.segregated
from the stainless steel tube. Attaching sensing elements to the cable when the
cable is terminated, i.e. stripped back, is a taxing procedure. The user needs to

ensure that the copper wire is separated from the stainless steel tube and it has to

be re-insulated as the insulation has to be removed to get to the copper wires.

Another disadvantage is that the center stainless steel tube has to be of such a size
that the excess fiber length (EFL) in the tube must be relatively low, in the case
where a multi-mode optical fiber is deployed in it. This fiber is commonly used
for temperature sensing, so it is often used in this type of tube. Single mode
optical fiber 1s also used in well for sensing. It is less sensitive than multi-mode
optical fiber so the excess fiber can be slightly higher but given that multi-mode
and single mode optical fiber 1s commonly deployed in the same cable, the excess
fiber length will be driven by the multi-mode fiber. If the stainless steel tube is
approximafely 0.080 1inches or smaller, then the EFL can only be 0.10 to 0.15%
with respect to the length of the fiber in the core in order to still have good optical
performance. This limits the amount of strain that the cable can Set'.l’! before the
fiber 1s also under strain. This can be an issue for environments where the cable

temperature will be elevated.



[06]

071

[03]

CA 02656843 2009-01-05

WO 2008/027387 PCT/US2007/018926

More particularly, in downhole fiber optic cables, a ¥4 metal tube is used to
house the fiber optic core. With this diameter and the %2 tube’s wall thickness,
typically 0.028” or 0.035%, the inside diameter of the 4 metal tube is fixed. This
results in the cable designer needing to work in a small space to house the desired
copper and fiber elements. In order to fit a 0.080 inch fiber filled stainless steel
tube into this '4” tube and to include copper elements with the appropriate
insulation level to ensure proper performance of the copper, the size of the
stainless steel tube 1s limited.

In general; as the stainless steel tube size increases, more excess fiber can be put
into it and still have acceptable optical performance (too much excess fiber can
create optical loss). Excess fiber 1s needed in the stainless steel tube to ensure
good optical performance during temperature changes in, for example, the oil well.
As the temperature increases, the metal expands faster than the fiber, and in the
case that there is no excess fiber in the stainless steel tube, the fiber would be
under strain as the temperature increased. Increased strain reduces fiber.life, can
increase attenuation (optical loss), and can affect other attributes on the fiber. In
the unitube configuration of item (1), with copper wire wrapped around the tube,
the geometry is such that the center stainless steel tube is small, i.e., 0.080 inches
or less. This is a drawback to this type of design since the center stainless steel
tube size limits the EFL in the tube.

Item (2) overcomes the EFL issues of item number 1 by stranding the plastic

tubes around the insulated copper wire. However, due to the size of the plastic

. tubes, the amount of benefit is limited. The stranding provides for radial
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movement of the fibers 1in _the tube which increases the amount of cable strain
experienced by the plastic tubes before the fiber sees strain. However, with this
structure, the disadvantage is that the inherent strength of the structure is limited
because the strength element of the structure 1s only the center copper wire. This
becomes.problematic as processi.ng tensions on the core and ins{al_lation practices
can result in high tension levels on the cable, thus exposing the fiber to strain.
Another disadvantage of item (2) is its crush resistance. The plastic tube is
limited in the amount of external force that can be applied to it, in order to still

have good optical performance.

SUMMARY OF THE INVENTION

[09] Exemplary embodiments of the present invention overcome the above
“disadvantages and other disadvantages not described above. Also, the present
invention is not required to overcome the disadvantages described above, and an
exemplary embodiment of the present invention may not overcome any of the

problems described above.

[10] The present invention provides a downhole cable that increases a strain free

window of the downhole cable.

[11) The present invention also provides a downhole cable which can be elongated by
tension or temperature, without excessively straining an optical fiber within an
element in the downhole cable.

[12] The above and further objects of the present invention are further accomplished
by providing a method of manufacturing a cable including forming a helical shape

in an outer circumferential surface of a metal tube, the metal tube having a fiber
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element housed therein, and stranding a copper element in a helical space formed
by the metal tube.

[13] The metal tube may be a fiber gel filled stainless steel tube or it can be free of gel.

[14] According to yet another aspect of the present invention, there is provided a cable
including a metal tube having a helical shape in an outer circumi“eljential surface
thereof, wherein the metal tube has a fiber element housed therein, and a copper
element disposed in a helical space formed by the metal tube.

[15] Accordihg to yet another aspect of the present invention, there is provided a

" method of manuféctui*iﬁg a cable; the method including placmg 5 ﬁfst m;zta_i tube,‘
and a second metal tube parallel to the first metal tube such that a .first
circumferential surface of the first metal tube 1s in contact with a second
circumferential area of the second metal tube, in a stranding machine, positioning
a first copper element and a second copper element in interstitial areas of the first
metal tube and the second metal tube, in the stranding machine, and stranding the
first metal tube, the second metal tube, the first copper element , and the second
copper element together by activating the stranding machine.

[16] The stranding further includes helixing the first metal tube, the second metal tube,
the first copper element , and fhe second copper element together.

[17] Prior to the placing the first metal tube and the second metal tube, the method
further includes forming a first helical shape iﬁ the first circumferential surface of
the first metal tube, and forming a second helical shape in the second
circumferential surface of the second metal tube, wherein the stranding further

comprises stranding the first copper element in a first helical interstitial space of
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the first helical shape in the first circumferential surface and the second helical
shape 1n the second circumferential surface, and stranding the second copper
element in a second helical interstitial space of the first helical shape in the first
circumferential surface and the second helical shape in the second circumferential
surface.

The method may further include placing a plastic extrusion on a distal end of the
stranded first metal tube, the second metal tube, the first copper element, and the
second copper element.

According to yet another aspect of the i:;résenf invention, there is provided a
double-tube cable including a first metal tube, a second metal tube; parallel to the
first metal tube such that a first circumferential surface of the first metal tube is in
contact with a second circumferential area of the second metal tube, and a first
copper element and a second copper element disposed in interstitial areas of the
first metal tube and the second metal tube.

According to yet another aspect of the present invention, there is provided a
multi-tube cable including a copper element, and a plurality of metal tubes
stranded around the copper wire, wherein each of the plurality of metal tubes has

a fiber element therein, and covering a top end of the copper element and the

plurality of metal tubes with an extrusion.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects of the present invention will be more apparent by

describing certain exemplary embodiments of the present invention with reference

to the accompanying drawings, in which:
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|22] FIG. 1 shows a downhole hybrid type cable that includes a metal tube with copper
wire wrapped around the tube and an insulation 'layer around the copper wire,
where the metal tube is not preformed.

[23] FIG. 2 shows a cross-section of a down hole cable according a first exemplary
embodiment of the present invention;

[24] FIG. 3 shows a side view of the metal tube and the copper element stranded in the
helical spaces formed in the metal tube during a method of manufacturing the
down hole cable of the first exemplary embodiment of the present invention;

[25] . FIG. 4 shows another side view of the metal tube and the copper element being
twisted on center in the stranding process during the method of m;anufacturing the
down hole cable of the first exergplary embodiment of the present invention;

[26] FIG. 5 shows a performer forming the helical shape in the outer circumferential
surface of the metal tube;

127] FIG. 6 shows a cross-section of a double-tube down hole cable according a
second exemplary embodiment of the present invention; and

28] FIG. 7 shows a cross-section of a multi-tube down hole cable according a third

exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[29] Certain exemplary embodiments of the present invention will now be described 1n
greater detail with reference to the accompanying drawings.

[30] In the following description, same drawing reference numerals are used for the
same elements even in different drawings. The matters defined in the description,

such as detailed construction and elements, are provided to assist in a
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comprehensive understanding of the invention. Thus, 1t 1s apparent that the
present invention can be carried out without those specifically defined matters.
Also, well-known functions or constructions are not described 1n detail since they
would obscure the invention with unnecessary detail.

A down hole cable according to an exemplary embodiment of the present
invention, and a method of manufacturing the down hole cable of this exemplary
embodiment, will be described with reference to FIG. 2 and FIG. 3. FIG. 2
shows a cross-section of a down hole cable according the first exemplary
embodiment of the present invention.

The downhole cable 10-1 1llustrated in FIG. 2 includes a metal tul;e 14, and the
copper element 16, and the jacket 20 and a metallic tube 22. As shown in FIG. 2,
the metal tube 14 has a ﬁbe{f element 18 housed therei;l. F1G. 3 shows the metal
tube 14 of FIG. 2 with a helical shape (141, 142) in a outer circumferential area
thereof, and a copper element 16 disposed in the helical space formed by the
metal tube.

In this exemplary embodiment, the metal tube 14 is a fiber gel filled stainless steel
tube, with a 0.079” diameter. However, the metal tube 14 may be made of
Incoloy 825, Inconel 625, or any other metal types.

The copper element 16 is a copper wire, which is a 18 American Wire Gauge
(AWG) conductor, having a 0.076” diameter. The jacket 20 may be a plastic
extrusion that can be placed on a top end of the metal tube 14 and the copper
element 16. In this exemplary embodiment, the jacket 20 has a 0.169” diameter,

but the jacket 20 is not limited to this diameter.
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The core, i.e., the metal tube 14 and the copper element 16, is put into the metallic
tube 22. The metal tube 22 may be made of Incoloy 825, 316 stainless steel (SS)
or any other suitable metal. The wall thickness of the metallic tube 22 can vary
depending on desired requirements of a customer. Common wall thicknesses are
0.028”, 0.035” and 0.049”, but the present invention 1s not limitéd_to these wall
thicknesses. The metallic tube 22 in FIG. 1 has a /4” diameter. The core goes
into the ¥4 metallic tube with a (0.035” wall.thickness. However, the core 1s not
limited to these thicknesses. As would be obvious to a skilled artisan, the present
invention can be adapted for the other wall thicknesses. In this exemplary
embodiment, the down hole cable is for a fixed installation. |

Next, an exemplary method of manufacturing the downhole cable shown 1n FIG.
2 is described with reference to FIGS. 2-5. A coated copper element 16 and the
metal tube 14 z;re put on a stranding machine. Stranding machines are well
known in the art. The copper element 16 and the metal tube 14 are on payoifs
that control the tension of each element to ensure consistency in the stranding
process. These two elements are routed from their payoffs to the point where they
come together. At this point, as shown in FIG. 5, a preformer 100 is located that
the metal tube 14 goes through. This performer 100 is used for imparting a
permanent helical bend in an element so it retains this shape in the cable structure.
In the most common type of a performer 100, it is a series of three rollers (102a,
102b, and 102c¢) that a subject element (the metal tube 14) will pass through with
ﬂ1;3 ability to adjust the distance from the first (102a) to the third roller (102c)

while the second roller (102b) can be adjusted to create an offset required to get
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the desired curvature of the subject element, in this case, the metal tube 14. As
shown in FIGS. 3 and 4, a helical shape 141,142 is formed in an outer
circumferential surface of the metal tube 14 in the performing process by the
rollers 102a, 102b, and 102c.

The effectivenéss of subsequently stranding the copper element '16 and the metal
tube 14 together is crucially dependent on the accuracy of performing the stainless
metal tube 14. A high level of precision is required in the performing process to
ensure that the copper element 16 and the metal tube 14 are stranded uniformly,

as shown in F1G. 3. The resultant diameter of the two stranded elements has a
typical variation of <0.004”. This variation is an exemplary, non-limiting
fvariation, and the present invention does not require this variation as a firm
requirement for the stranded copper element 16 and the metal tube 14 to be
inserted inside the metallic tube 22. The metallic tube 22 may allow for greater
variation. To achieve this level of variation, the tension control of the two
elements must be very tight and very low and be able to control the tension on the
two elements individually. In the exemplary embodiment shown in FIG. 3,
performing the metal tube 14 and stranding the copper element in a helical shape
formed by the metal tube 14 results in a twist diameter D¢’ equal to a diameter
D14 of the metal tube 14 plus the diameter D16 of the copper element 16. That 1s,
Dt'= D14 + D16 . Therefore, according to this exemplary embodiment of the
present invention, the twist diameter D¢’ is reduced by one diameter length D16 of
the copper element 16 as compared to stranding the copper element 6 to a metal

tube 4 that did not go through the preforming process, as shown 1n FIG. 1.

10
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In particular, as shown 1n FIG. 1, a resulting twist diameter Dt (after the copper
wire 6 is wrapped around the stainléss steel tube 4 w_hich has not been preformed,
1s equal to a diameter D4 of the steel tube 4 plus two times the diameter D6 of the
coated copper wire 6. That1s, Dt = D4 +2x D6. As such, if the metal tube 4 is
not preformed, the core will need to be inserted into a bigger ouielj metal tube,
thereby increasing manufacturing costs.

As the tension varies the quality of the helical shape 1:41,‘1 42 formed in the metal
tube 14 will degrade which will make the resultant diameter vary. This is critical
due to the need for the stranded copper element 16 and the metal tube 14 to be

inserted into the metallic tube 22 and being able to slide inside the tube 22 with

minimal effort. If the helical shape 141,142 formed in the metal tube 14 is not

properly formed, that is, either the metal tube 14 is over preformed (helix
diameter 1s too large) or the preform is too small (resulting in an essentially
straight steel tube with the copper wire wrapped around it), the two elements will
be forced into position during the process of putting them into the metallic tube 22,
This results in undesired compression and strain on the copper element 16 and the
metal tube 14, which can compromise the performance characteristics of the
copper element 16 and the fiber 18 housed in the metal tube 14.

In this exemplary embodiment, the tension for each element (the copper element
16 and the metal tube 14) was kept different to achieve the same strain in each
clement. This 1s because 1n a post processing stage, when the copper element 16
and the metal tube 14 are in a relaxed state or non-tensioned state, the two

elements will relax by the same amount so the resulting linear length of these

11
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elerpents are the same. If this was not done, the element that had a lower strain
with respect to the other element would flex out of position to absorb the resultant
compression imparted from the higher sirained other element. This can r;asult in
processing issues during the process to add a plastic jacket 20 to the two elements
and in putting the two elements into the metallic tube 22. If an element among
the copper element 16 and the metal tube 14 had a lower strain with respect to the
higher strained element, the lower strained element can flex out of position and
can be damaged in a number of ways. For example, it may get caught on
production equipment or folding over itself, especially with the copper wire.,

[41] After the metal tube 14 1s preformed, it continues to what is calleci the closing
point where the copper element is also routed. As shown in FIG. 4, since the
copper element 16 1s significantly less stiff than the stainless metal tube 14, the
copper element 16 will conform to the helix of the stainless steel tube. In other
words, the metal tube 14 and the copper element 16 are twisted concentrically on
center as shown in FIG. 4. Afier this point, the two elements, which are now
stranded together, are routed to the takeup of the machine.

[42] In this exemplary embodiment, each of copper element 16 and the metal tube 14
have a diameter of approximately 0.078” in diameter. After these two elements
are stranded together, they then get a plastic extrusion 20 over them to hold them
together. This plastic is not required in the exemplary embodiment, but can be
provided as an optional feature. The diameter over the extrusion is
approximately 0.171”. This structure then goes into, e.g., the ¥ metallic tube 22

with a wall thickness of 0.035” so the resultant inside diameter of the Y4’° metallic

12
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tube is 0.180”. The structural dimensions are not critical and can be adjusted to
other element sizes ,i.e. different copper element 16 and fiber filled stainless
metal tube 14 dimensions, and the outer tube 22 does not need to have a /4™
diameter nor a 0.035” wall thickness.

Next, a double-tube downhole cable according a second exempl'ary embodiment
of the present invention, and a method of manufacturing the double-tube
downhole cable will be described with reference to F1G. 6.

FIG. 6 shows a cross-section of a double-tube down hole cable 10-2 according the
second exemplary embodiment of the present invention.

As shown in FIG. 6, the downhole cable 10-2 includes a first met:.:ll tube 14a, a
second metal tube 14b, wherein both the first metal tube 14a and the second metal
tube 14b have the fiber element 18 housed therein. The downhole cable 10-2
further includes a first copper element 16a and a second copper element 16b.

As shown in FIG. 6, the second metal tube 14b is positioned parallel to the first
metal tube 14a. A first circumferential surface of the first metal tube 14a1s in
contact with a second circumferential area of the second metal tube 14b. The first
and second copper elements (14a and 14b) are disposed in interstitial areas 24 of
the first metal tube 14a and the second metal tube 14b.

The plastic jacket 20 holds the first metal tube 14a, the second metal tube 14b, the
first copper element 16a, and the second copper element 16b are held together by
the plastic jacket 20. This combination can then be inserted into the metallic tube

22, similar to the downhole cable illustrated in FIG. 2.

13
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The characteristics of the first metal tube 14a, the second met_al tube 14b, the first
copper elernént 16a, the second copper element 16b, the plastic jacket 20, and the
metallic tube 22 can vary as discussed above with respect to FIG. 2. For example,
in this exemplary embodiment, the copper element 16 can be a 21 AWG
conductor. The diameter of the first metal tube 14a, and the secbnd metal tube
14b can be 0.046”, but is not limited to this limitation.

To manufacture the double-tube downhole cable 10-2 shown in FIG. 6, the first
metal tube 14a, the second metal tube 14b, the first copper element 16a, and the
second copper element 16b are stranded togveﬂ;er' at the séme time. Ea;l; ;Jf the
elements 14a, 14b, 16a, and 16c are placed on a stranding machjn;e. At the point
where these elements would c;)me together, tooling in the stranding machine is
designed to control desired positions of the subject elements. Once the first metal
tube 14a, the second metal tube 14b, the first copper element 16a, and the second
copper element 16b are in the desired positions, i.e., the first metal tube 14a and
the second metal tube 14b are in contact with each other, and the first copper wire
16a and the second copper wire 16b are situated in the interstitial areas of the first
metal tube 14a and the second metal tube 14b, they are stranded together to form
the core. This stranding method is called planetary stranding where the individual
elements are stranded in such a way that they are not twisted on their own axis but
are Wrapped with the other elements

Unlike the cable 10-1 of the first exemplary embodiment shown in FIG. 2, in the

double-tube cable 10-2 of this exemplary embodiment, the metal tube 14a and the

second metal tube 14b do not have to go through the preforming process shown in

14
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FIG. 5. The preforming of the ﬁrst metal tube 14a and the second metal tube 14b
can be an optional feature. Preforming the first metal tube 14a and the second
metal tube 14b is not needed when the tube 14a and the tube 14b have the same
characteristics. As these components 14a, 14b, 16a, and 16¢c are helixed, they
twist on center, resulting in a uniform twisting. Therefore, In this case, the
diameters of the first copper element 16a and the second copper element 16a
would not contribute to the diameter of the resultant diameter of the stranded
components (14a, 14b, 16a, and 16b), since they are placed in helical interstitial
spaces of the first metal tube 14a and the second metal tube 14b, during the
stranding process. |

Next, the third exemplary embodiment of the present invention will be described
With reference to F1G. 7.

FIG. 7 shows a multi-tube downhole cable 10-3. The cable 10-3 includes a
copper element 16’ and multiple metal tubes 14’ stranded together with the
copper element 16°. The pl.astic jacket 20 can be put over the stranded elements
(16°,14°) to hold the elements together, to form a core. Subsequently, this core
can be inserted into the metallic tube 22.

The foregoing embodiments are merely exemplary and are not to be construed as
limiting the present invention. The present teaching can be readily applied to
other types of apparatuses. Also, the description of the exémplary embodiments
of the present invention is intended to be illustrative, and not to limit the scope of
the claims, and many alternatives, modifications, and variations will be apparent

to those skilled in the art.
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WHAT IS CLAIMED 1IS:

1. A method of manufacturing a cable, the method comprising:

forming a helical shape in an outer circumferential surface of a metal tube, the metal tube
having a fiber element housed therein; and

stranding a copper element in a helical space formed by the metal tube. |

2. The method according to claim 1, wherein the metal tube is a fiber gel filled

stainless metal tube.

3. A cable comprising:
a metal tube having a helical shape in an outer circumferential surface thereof, wherein
the metal tube has a fiber element housed therein; and

a copper element disposed in a helical space formed by the metal tube.

4. The cable according to claim 3, wherein the metal tube is a fiber gel filled

stainless metal tube.

5. A method of manufacturing a cable, the method comprising:

placing a first metal tube, and a second metal tube parallel to the first metal tube such that
a first circumferential surface of the first metal tube is in contact with a second circumferential
area of the second metal tube, in a stranding machine;

positioning a first copper element and a second copper element in interstitial areas of the

first metal tube and the second metal tube, in the stranding machine; and
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stranding the first metal tube, the second metal tube, the first copper element , and the

second copper element together by activating the stranding machine.

6. The method according to claim 5, wherein the stranding further comprises
helixing the first metal tube, the second metal tube, the first copper element , ahd_the second

copper element together.

7. The method according to claim 35, further comprising:

- e e

prior to the placing the first metal tube and the second metal tube, forming a first helical

shape in the first circumferential surface of the first metal tube; and

forming a second helical shape in the second circumferential surface of the second metal
tube;

wherein the stranding further comprises stranding the first copper element in a first
helical interstitial space of the first helical shape in the first circumferential surface and the
.second helical shape in the second circumferential surface, and stranding the second copper
element in a second helical interstitial space of the first helical shape in the first circumferential

surface and the second helical shape in the second circumferential surface.
8. The method according to claim 35, further comprising:
placing a plastic extrusion on a distal end of the stranded first metal tube, the second

metal tube, the first copper element, and the second copper element.

9. A double-tube downhole cable comprising:

17
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a first metal tube;

a second mefal tube" parallel to tﬁe first metal tube such that a first circumferential surface
of the first metal tube is in contact with a second circumferential area of the second metal tube;
and

a first copper element and a second copper element disposed in interstitial_ areas of the

first metal tube and the second metal tube.

10. A multi-tube downhole cabie comprising:

a copper element;

a plurality of metal tubes stranded around the copper wire, wherein each of the plurality
of metal tubes has a fiber element therein; and

covering a top end of the copper element and the plurality of metal tubes with an

extrusion.

18
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Figure 3

Metal tube 14 Copper element 16

{ Twist diameter is equal to

il il Y it Wil

e the tube diameter plus

the coated copper diameter




CA 02656843 2009-01-05

WO 2008/027387 PCT/US2007/018926
4/7

Figure 4

Copper
element 16 Metal tube 14

Fiber element 18

e . qawrm .0 . -

; - o i L (A0 s is by 3
. Cee . R ) 34 G5R AR B LIRS
. ryn Y *J A : "",Jk\ .y Mr"’{ 'J\{t;z%y‘??-fj‘v"'f‘h "f" e Tena
Vo S i LS g b " ) - 1ra S I T ey A . 3
T A s = \f PA " ';.".i"’...“-:‘oe?:.'ﬁ“.{.v. Lo
; & Ry 2 e LN
¢ b e Ll

e A

RS

141 142



WO 2008/027387

CA 02656843 2009-01-05

PCT/US2007/018926

14

2
2
i
S
S
3V,
Y
<o -
—t
=
N
-
el
<
N
-
——

100




CA 02656843 2009-01-05
WO 2008/027387 PCT/US2007/018926

22
Fiber element .
Metallic tube
14a
First metal tube
a
| First Copper - o
element
| 16b
- Second Copper
clement
| : o Second metal tube
Plastic
jacket




CA 02656843 2009-01-05
WO 2008/027387 PCT/US2007/018926

, Metallic tube

b

Copper
element

b
3

Fiber element

et
4,{;',{%
R N L

3

2

AR
L

3

Y

Plastic jacket |

0-3



- - pran A
.yt Y

Fiber element Metallic tube

Metal tube

& . . s

-:‘r_:).';:.- t'-:-' }- S
T

~ i

EEAY ISR
BOCATIS i
. e Y T

¥ A }"/\d:"
AT A S

\{\},\)
; VoSt
ot A e S D
' e - ’"
'{,‘fi’c ‘\gé:-?:u;' 3

Copper
element

e

Plastic

| jacket e




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

