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vacuum. The jacketed tubes are hermetically sealed. The
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compression fittings. Tear cords are used to facilitate removal
of the protective jacket without damage to the tube surface
thereby facilitating the placement of compression fittings and
maintaining the integrity of the tube wall.
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Figure 2
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Figure 3
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1
TEAR CORD FOR JACKETED TUBE

BACKGROUND TO THE DISCLOSURE

1. Field of Use

The disclosure pertains to tubes used in hydrocarbon pro-
duction down hole environments.

2. Related Art

Tear cords incorporated with electrical wires and fiber
optic cables are known. See for example U.S. Pat. No. 5,469,
523.

SUMMARY OF DISCLOSURE

The disclosure pertains to installing a tear cord between a
solid wall metal tube (hereinafter “tube”) and a protective
jacket. The jacketed tubes may be used in a hydrocarbon
production downhole well bore or in gas or water injector
downhole well bores.

SUMMARY OF DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate preferred
embodiments of the invention. These drawings, together with
the general description of the invention given above and the
detailed description of the preferred embodiments given
below, serve to explain the principles of the invention.

FIG. 1 illustrates a single tube with a protective jacket and
tear cord.

FIG. 2 illustrates two tubes within a protective jacket.

FIG. 3 illustrates 3 tubes of two separate diameters. The
two smaller diameter tubes have two separate jackets over an
inner wire or fiber.

FIG. 4 illustrates a tear cord helically wound on a tube.

FIG. 5 illustrates a cable comprising twisted steel bumpers
or stand protecting a jacketed tube with tear cords.

DETAILED DESCRIPTION OF DISCLOSURE

The disclosure pertains to a tear cord used to conveniently
and safely remove a protective jacket surrounding a solid wall
metal tube. The combined jacket and tube may be used in
downhole applications related to the production of hydrocar-
bons. This includes gas or water injector downhole well
bores.

Referencing FIG. 1, the tubes 1 are jacketed in one or more
layers 2 of hard thermoplastic rubber or similar toughened
and inert material to protect the tube and contents from the
heat and corrosive environment of a well bore. The jacket also
provides protection during installation and other events that
may occur during operation of the well. The tubing may be
placed inside the well casing and outside the production pipe.
The jacketed tubes may be spoolable.

The protective jackets are difficult and dangerous to cut or
slit with a knife blade. This can also result in the outer tube
sealing surface being nicked or gouged. Other methods use
specialized tools such as an Encapsulation Stripping Tool
manufactured by Tube Tec of Stonehaven, UK. The tool com-
prises rotating knife blades enclosed within a housing. The
blades are mechanically controlled to not contact the metal
tube. The tool may be manually operated or powered with air.
Another tool for removing encapsulating protective jackets is
manufactured by AnTech of Exeter, UK. Both Tube Tec and
AnTech supply tools with stands and hand cranks and are
promoted as reducing injury to the operator stripping the
encapsulation jacket.
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The tube may comprise steel alloys such as but not limited
to stainless steel, incoloy (an alloy comprising nickel-iron-
chromium), duplex alloy, carbon steel, or galvanized carbon
steel.

The tubing may vary in diameter from %% inch to in excess
of'1 inch. The tube wall thickness may be between 0.016 inch
(or smaller) to 0.083 inch. The tubing walls are smooth and
solid. The tubing has an annular or duct-like structure 30 as
illustrated in FIG. 1.

The tubing may be used to convey chemicals and hydraulic
fluids. Examples of chemicals conveyed through the tubing
include water based glycol mixture during the initial drilling
phase. During the well production phase, hydrates and
asphaltines are pumped to reduce paraffin build up. Other
chemicals include low dosage hydrate inhibitors, methanol
ethylene glycol, ethanol and propanol.

The contents of the tubing may be under pressure or
vacuum. The tubing may also contain an electrical power,
electronic data transmission or fiber optic lines.

The sealing surface of the tubing is of prime importance,
i.e., the wall of the tubing is to be free from nicks and gouges.
This type of damage can result from use of a knife or other
sharp edge instrument to cut away the protective jacket. In
addition, this work is frequently performed on the floor of a
drill rig. There are stringent safety standards imposed in this
work environment making use of a knife or other open blade
tools problematic.

The outer surface of the tube is required to be free from
nicks and gouges since the tube connections can be made
using compression fittings. If a nick or gouge extends into the
surface deeper than the compression achieved by the ferrule
of the compression fitting, a leak pathway is created. Such a
defect may result in the fitting being over tightened, resulting
in further deformation of the tubing. For example, the tubing
may pass through an equipment housing. The connection of
the tubing with the housing will utilize a compression fitting.
Deformation of the tubing surface may compromise the seal
of'the compression fitting intended to block fluids or contami-
nants from entering the housing even if the tubing wall is not
breached.

Gouges and nicks may also penetrate the tube wall. For
example, if the tube is conveying hydraulic fluid, there will be
a pressure loss. If the tubing is conveying chemicals, there
will be likely contamination of the product or well completion
fluid.

In some applications, the encapsulating protective jacket
needs to be cut away from the tubing metal surface to allow a
connection to be made in the tubing. The tubing will be
required to be hermetically sealed and requires the insertion
of ferrules or sleeves as part of the mechanical connection
hardware in direct contact with the metal tube surface. There-
fore the integrity of the tubing diameter and good uniform
sealing surface is important in making a hermetically sealed
connection.

The proper handling and use of correct tools to remove the
encapsulating jacket are important. Typically 6 to 12 inches of
the jacket may be removed. However, on occasion, signifi-
cantly greater lengths are removed, e.g., lengths in excess of
100 feet.

The encapsulating protective jacket may comprise polya-
mide (nylon) polyethylene, polypropylene, ethylene chlorot-
rifluoroerthlyene (Halar), engineering thermoplastic vulcan-
ates (ETPV) or a thermoplastic elastomer cross linking
ethylene propylene diene monomer rubber and polypropy-
lene (Santoprene). It may also comprise perfluoroalkoxy (Te-

HUATONG EXHIBIT 1001

Page 7 of 9



US 7,581,565 B1

3

flon PFA), polyvinylidene fluoride (PVDF) or fluorinated
ethylene propylene (Teflon FEP) Polyetheretherketone
(PEEK), or similar material.

For these and other reasons, this disclosure teaches use of
a tear cord placed between the tube and the protective jacket.
This allows the worker to pull back the tear cord and thereby
create a slit in the jacket. With the jacket split to the desired
length, i.e. for placement of a compression fitting, the worker
can manually pull away the jacket. The jacket material that
has been pulled off can be cut off using scissors, side cutter
pliers, or other tools not containing an open blade.

Some tubing may be protected in an individual jacket and
a group of such tubes then encased into a single outer jacket.
This group may comprise 2 to 5 individual tubes. The group
of tubes may be protected by multiple jackets. The tubes may
be of differing diameter. This outer jacket may be flat, i.e., the
tubes are stacked one on top of the other, thereby minimizing
the width that will be taken up in a well bore. (See for example
FIG. 3.) Special tooling may be installed with the well casing
or on the outer surface of the production tubing to create
channels or pathways holding the tubing cable.

Referencing FIG. 1, the disclosure teaches placing a tear
cord 3 adjacent to the tube 1 under the protective jacket 2.
Referencing FIG. 3, in one embodiment at least one tear cord
13,14, 15 is placed between the outer flat jacket 12 and each
individual tube 9, 10, 11.

The tear cord (sometimes referred to as a rip cord), can be
oriented along longitudinal axis of the tube or wound in a
helical pattern around the tube. This helical winding patternis
illustrated in FIG. 4 and may be particularly useful for cable
consisting of a single tube with a protective jacket. FIG. 4
illustrates the encapsulating protective jacket 42 surrounding
the tube 43 and the tear cord 44 between the tube and the
jacket. The helical pattern facilitates removal of the jacket.
The angled slit created in the jacket provides an edge that can
easily be pulled from the end around and away from the
tubing.

The tear cord can be a metal wire or other strong material
such as Kevlar, a poly-aramid synthetic fiber. A Kevlar fiber is
advantageous since the multiple fiber strands compress flat
against the tubing or inner jacket, thereby not distorting the
circumference of the outer jacket.

An advantage of a metal wire used as a tear cord is that the
wire can be heated, thereby softening the jacket material to
facilitate tearing the wire through the softened jacket. It will
be appreciated that the jacket material needs to plasticize so
that it can be sheared with the wire at a temperature below the
melting point of the metal wire. This method may advanta-
geously use an inner jacket to shield the tubing from heat.

In another embodiment, the tear cord is installed between
the tube(s) and the protective jacket in selected locations in
contrast to continuously along the length of the cable. This
saves the cost and weight of materials that are not needed. For
example, a tear cord may be installed in the first 100 feet and
last 100 feet of a length of cable installed in between the well
casing and the production tubing. The manufacturing process
could mark the outside of the protective jacket to indicate the
presence of a tear cord. This could be as simple as a painted
line.

The use of hermetically sealing compression fittings
allows the interior of the tube to maintain a positive atmo-
sphere and thereby retard the infiltration of contaminants or
fluid. Such contaminants or fluid may interfere with the signal
or conductivity of a fiber optic or electrical wire.

FIG. 1 illustrates a single tube 1 with a protective jacket.
The jacket 2 is illustrated. Also illustrated is the tear cord 3
which is installed between the jacket and the tube.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 2 illustrates a pair of tubes 4, 5 encased by a single
jacket 6. There are two tear cords 7, 8. Each tear cord is
associated with a single tube.

FIG. 3 illustrates a 3 tube flat pack. The tubes 9, 10, 11, are
encased in a rectangular jacket 12. There are individual tear
cords 13, 14, 15 installed between each tube 9, 10, 11 and the
surrounding jacket 12. One tube 11 is protected by two sepa-
rate jackets 12,23. In this embodiment, separate tear cords 15,
22 are installed for each jacket layer.

Continuing with FIG. 3, the inner coverings within the
smaller diameter tubes 9, 10 can provide mechanical support
16 and the innermost layer providing electrical insulation 18
for the wire or fiber optic cable 20, 21. These additional layers
may be, for example, foam, or polyethylene or polypropy-
lene. As indicated, the inner fiber may be a fiber optic cable or
it may be a wire carrying electrical power or a data transmis-
sion line.

FIG. 4 illustrates a single tube 43 with a tear cord 44 wound
helically beneath a protective jacket 42. It will be appreciated
that the helically wound embodiment would work with other
tube and jacketing configurations, including the double tube
configuration illustrated in FIG. 2 and the triple tube configu-
ration of FIG. 3.

FIG. 5 illustrates 2 jacketed tubes 33, 34 combined with
two strands of steel rope or strand 31, 32. The steel rope may
be dimensioned to provide protection to the tube against
crushing forces as well as weight support of the tube in a
vertical downhole environment. Also illustrated are tear cords
38, 39, 40, 41 installed adjacent to the tube and to each steel
rope. Also illustrated one tube 34 containing a wire or fiber
optic cable surrounded by insulation 36 and structural support
35. It will be appreciated that both layers, installed inside the
tube, may act as insulators.

In addition, this specification is to be construed as illustra-
tive only and is for the purpose of teaching those skilled in the
art the manner of carrying out the invention. It is to be under-
stood that the forms of the invention herein shown and
described are to be taken as the presently preferred embodi-
ments. As already stated, various changes may be made in the
shape, size and arrangement of components or adjustments
made in the steps of the method without departing from the
scope of this invention. For example, equivalent elements
may be substituted for those illustrated and described herein
and certain features of the invention maybe utilized indepen-
dently of the use of other features, all as would be apparent to
one skilled in the art after having the benefit of this descrip-
tion of the invention.

While specific embodiments have been illustrated and
described, numerous modifications are possible without
departing from the spirit of the invention, and the scope of
protection is only limited by the scope of the accompanying
claims.

The invention claimed is:

1. A jacketed metal tube comprising a first protective jacket
surrounding a smooth solid wall metal tube having an outer
sealing surface and a tear cord between the inside diameter of
said jacket and the outer surface of said tube whereby the tear
cord can be pulled back to create a slit in the protective jacket
and to allow the protective jacket to be separated from the
metal tube without damage to the metal tube surface.

2. A jacketed metal tube comprising a first protective jacket
surrounding a smooth solid wall metal tube, wherein the tube
conveys hydraulic fluid, and a tear cord located between the
inside diameter of the jacket and an outer sealing surface of
the tube whereby the tear cord can be pulled back to create a
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slit in the protective jacket and to allow the protective jacket
to be separated from the metal tube without damage to the
metal tube surface.

3. A jacketed metal tube comprising a first protective jacket
surrounding a smooth solid wall metal tube, wherein the tube
conveys chemicals, and a tear cord located between the inside
diameter of the jacket and an outer sealing surface of the tube
whereby the tear cord can be pulled back to create a slit in the
protective jacket and to allow the protective jacket to be
separated from the metal tube without damage to the metal
tube surface.

4. The tube of claim 1 wherein the jacket comprises polya-
mide, polyethylene, ethylene chlorotriffuoroerthlyene or a
thermoplastic elastomer cross linking ethylene propylene
diene monomer rubber and polypropylene.

5. The tube of claim 1 wherein the jacket comprises engi-
neered thermoplastic vulcanates, perfluoroalkoxy, polyvi-
nylidene fluoride or fluorinated ethylene propylene.

6. The tube of claim 1 further comprising a tear cord made
of poly-aramid fiber.

7. The tube of claim 1 wherein the solid wall metal tube
comprises incoloy, stainless steel, carbon steel, or galvanized
carbon steel.

8. The tube of claim 1 further comprising a second inner
jacket surrounding the tube wherein the second jacket is
located between the outer surface of the tube and the inner
diameter of the first jacket.

9. The tube of claim 1 further comprising a tear cord made
of metal.

10. A jacketed metal tube wherein a first protective jacket
surrounding a smooth solid wall metal tube, and a tear cord is
helically wound around the tube and the tear cord located
between the inside diameter of the jacket and an outer sealing
surface of the tube whereby the tear cord can be pulled back
to create a slit in the protective jacket and to allow the pro-
tective jacket to be separated from the metal tube without
damage to the metal tube surface.

11. The tube of claim 1 further comprising a tear cord
placed at a selected location on a length of the tube.

12. A jacketed metal tube comprising one or more steel
ropes within one or more protective jackets surrounding a
smooth solid wall tube and a tear cord is positioned next to
each steel rope and tube wherein the rope has the same axis of
orientation as the tube and is positioned adjacent to the tube
within the jacket whereby each tear cord can be pulled back to
create a slit in the protective jacket and to allow the protective
jacket to be separated from the steel rope and metal tube
without damage to the metal tube surface.

13. The tube of claim 1 further comprising a jacket of one
or more materials of a group consisting of polyethylene,
ethylene chlorotrifluoroerthlyene, a thermoplastic elastomer
cross linking ethylene propylene diene monomer rubber and
polypropylene, perfluoroalkoxy, polyvinylidene fluoride and
fluorinated ethylene propylene wherein the material is
extruded onto the tube without radiation curing.

14. An encapsulated cable comprising a first protective
jacket surrounding a plurality of solid wall metal tubes, and a
plurality of tear cords with one tear cord located between the
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outside surface of each said tube and the inside diameter of
said jacket whereby each tear cord is oriented longitudinally
along the length of a tube, each tube further comprising
smooth walls with sealing surfaces for attachment of com-
pression fittings for performance in a negative or positive
internal pressure environment and whereby the tear cord can
be pulled back to create a slit in the protective jacket to allow
the protective jacket to be separated from one or more metal
tubes without damage to a metal tube sealing surface.

15. The cable of claim 14 further comprising at least one
tube containing a fiber optic cable, electrical wire or data
communication cable.

16. The cable of claim 14 further comprising at least one
tube suitable for installation of compression fittings to convey
hydraulic fluid.

17. The cable of claim 14 further comprising at least one
tube suitable for installation of compression fittings to convey
chemicals.

18. A method of conveying liquids into a well bore com-
prising:

1. placing a tear cord adjacent to an outer sealing surface of

a first spoolable, smooth, solid wall metal tube;

ii. placing a protective jacket around the metal tube and the

tear cord; and

iii. pulling the tear cord back to create a slit in the protective

jacket to allow the protective jacket to be separated from
the metal tube without damage to a metal tube surface.

19. The method of claim 18 further comprising placing a
second tear cord adjacent to the outer diameter of the protec-
tive jacket and covering the first jacket with a second jacket.

20. The method of claim 18 further comprising placing the
tear cord on the outer surface of the tube at a selected location.

21. A cable comprising a first encapsulating protective
jacket surrounding at least one solid wall metal tube, and at
least one tear cord between the said tube and the jacket
whereby the tear cord can be pulled back to create a slit in the
protective jacket to allow the protective jacket to be separated
from one or more metal tubes without damage to a metal tube
surface and the cable further comprising at least one com-
pression fitting.

22. The tube of claim 8 further comprising a second inner
jacket surrounding the tube and said second jacket positioned
between the first protective jacket and said metal tube, and a
first tear cord positioned between the inner diameter of the
first jacket and the outer diameter of the second jacket and a
second tear cord positioned between the inner diameter of the
second jacket and the outer surface of the metal tube.

23. The method of claim 18 further comprising jacketing
the metal tube and tear cord with polyethylene, ethylene
chlorotrifluoroerthlyene, a thermoplastic elastomer cross
linking ethylene propylene diene monomer rubber and
polypropylene, perfluoroalkoxy, polyvinylidene fluoride or
fluorinated ethylene propylene.

24. The jacketed metal tube of claim 1 further comprising
a fiber optic cable, electrical wire or data communication
cable.
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