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(54) CABLE

(67)  Theinvention relates to a cable suitable for sup-
plying power to a top-drive assembly on a drilling rig. In
a typical embodiment, the power cable includes a central
conductor (1), a central conductor insulation layer (2),
electromagnetic shielding (5) enclosing the central con-
ductor, a first polymeric sheath (6), a reinforcing layer (3)

and a second polymeric sheath (4) enclosing said rein-
forcing layer. According to the invention, the reinforcing
layer is made of a densely packed braid covering be-
tween 95% and 100% of the surface of the first polymeric
sheath.
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Description

[0001] The presentinvention relates to a cable for sup-
plying power to a top-drive assembly on a drilling rig.
[0002] On offshore and land-based drilling rigs, a top-
drive assembly is generally used to provide the rotational
force needed to drill a hole. The power to the motors
within the top-drive assembly is supplied by power cables
("top-drive power cables").

[0003] Typically, the power cables are located within
rubber hoses. The rubber hoses protectthe power cables
from mechanical and chemical damage and against the
generally harsh conditions on drilling rigs. Without the
additional protecting hoses, the lifetime of the cables
would be severely reduced. The cables are normally
glued to the rubber hose to prevent movement of the
cable relative to the hose. The rubber hoses add weight
to the overall structure and the positioning and gluing of
the cable inside the hose is time consuming.

[0004] During operation, the top-drive assembly typi-
cally performs repetitive vertical movements. The rubber
hoses and the power cables enclosed within reciprocate
these movements. The power cables therefore need to
be designed for continuous flexing operations. Insuffi-
cient flexibility can lead to failure of the cable.

[0005] Drill-heads can get stuck during operation. To
free the drill-head, a large torque is applied to the former
by the top-drive assembly which can lead to a momen-
tarily uncontrolled motion ("jumping") of the power cables
that are mechanically connected to the top-drive assem-
bly. To prevent damage to the cable or disconnection of
the cable from the top-drive assembly during these spe-
cial operations, the cable is typically mechanically
clamped. During routine operation, the cable clamp ex-
erts pressure on the cable sheath and the conductors
within the cable. Due to the repetitive flexing of the cable
during routine operation, the clamping of the cable can
lead to damage to the cable sheath and the conductors
and ultimately to the failure of the cable.

[0006] The problem of the present invention is to pro-
vide a cable, for supplying power to a top-drive assembly,
which does not need to be positioned within a rubber
hose.

[0007] More particularly, the cable shall withstand me-
chanical and chemical conditions that are encountered
on a drilling rig.

[0008] Further, the cable shall be easy to dismantle
even over long distances of several meters.

[0009] The problem is solved by a top-drive power ca-
ble according to claim 1. Further preferred embodiments
are subject of the dependent claims.

[0010] The power cable of the present invention com-
prises a central conductor which is electrically insulated
by a surrounding insulation layer, the central conductor
insulation layer. The insulated central conductor is pref-
erably designed to carry high loads of electrical power.
To reduce electromagnetic interference with other ca-
bles, the insulated central conductor is preferably sur-
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rounded by an electromagnetic shielding layer. The elec-
tromagnetic shielding layer preferably comprises a wo-
ven copper braid. The power cable further comprises a
first polymeric sheath which fully encloses the electro-
magnetic shielding layer. The first polymeric sheath pref-
erably comprises polyvinylchloride and/or polyolefins
and/or polyurethane and/or another extrudable polymer-
icmaterial. Areinforcing layer encloses the first polymeric
sheath. The reinforcing layer provides mechanical pro-
tection to the internal components of the power cable.
The mechanical protection relates as well to protection
against punctures (e.g. due to projectiles, splinters or oth-
er moving objects which can collide with the power cable)
as to protection against unwanted bending, kinking or
jumping of the cable, particularly during the operation to
free a stuck drilling head. The power cable further com-
prises a second polymeric sheath surrounding the rein-
forcing layer. This outermost layer preferably comprises
polyvinylchloride and/or polyolefins and/or polyurethane
and/or another polymeric material. The second polymeric
sheath preferably further comprises additives which im-
prove the mechanical and chemical stability of the layer
to withstand the conditions generally encountered on a
drilling rig. Preferably, the material for the second poly-
meric sheath is mud-resistant according to NEK606.
[0011] According to the present invention, the reinforc-
ing layer of the power cable comprises a braid of inter-
laced strands of a flexible material. The interlaced
strands are interwoven in a way to form a densely packed
braid. Preferably, there are several layers of interlaced
strands, with the individual layers being interlaced be-
tween each other. The braid covers 95% to 100% of the
first polymeric sheath with the coverage defined as the
surface area of the first polymeric sheath that is not di-
rectly visible through the braid from outside. Preferably,
the braid is homogeneous without openings larger than
1mm?2. This coverage provides a high and uniform pro-
tection for the underlying layers against mechanical im-
pact, even from sharp and/or small objects. Such small
and/or sharp objects might be able to relatively easily
traverse the second polymeric sheath but the reinforcing
layer will ensure protection in particular of the central
conductor and hence prevent the power cable from pos-
sible failure.

[0012] Ina preferred embodiment, the reinforcing layer
comprises a braid of aramid fibres. An aramid fibre braid
can be woven by a suitable machine/robot directly onto
the first polymeric sheath, hence allowing for easy and
efficient production. Alternatively, a suitable circular braid
can be woven separately and subsequently be slid onto
the first polymeric sheath.

[0013] Inafurtherpreferred embodimentofthe present
invention. The reinforcing layer is not chemically bound
to the first and/or second polymeric sheath. For the pur-
pose of the present invention, chemically bound is de-
fined as the regular and strong (i.e. neither coincidental
nor punctual) formation of covalent and/or ionic and/or
hydrogen bonds. If the braid is not chemically bound to
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the neighbouring layers, it is easily accessible for clamp-
ing. Part of the clamp can easily be slid underneath the
braid (on top of the first polymeric sheath) with another
part of the clamp being placed onto the braid. The two
parts of the clamp can then be clamped together, firmly
fixing the braid within. This way of clamping ensures that
mechanical stress on the cable will mainly act on the
braid itself and not on the polymeric layers or the con-
ductors.

[0014] Inafurtherpreferred embodimentofthe present
invention, the central conductor is a bunched type con-
ductor. In a bunched type conductor, a large number of
individual wires, preferably comprising copper and/or
aluminium and/or zinc and/or a conducting polymer, are
helically assembled together in the same direction with-
outforming definite layers. The bunched type central con-
ductor improves the flexibility of the cable and improves
the cables capability to withstand repeated bending cy-
cles.

[0015] Inapreferred embodiment of the presentinven-
tion, the cable further comprises one or several non-cen-
tral conductors. Each of the non-central conductors is
electrically insulated by a non-central conductor insula-
tion layer surrounding the conductor. The one or several
non-central conductors are preferably located within the
electromagnetic shielding layer. Preferably, the cable
comprises three or six non-central conductors which are
evenly distributed around the central conductor. Further
preferred, the distribution of the non-central conductors
around the central conductor is symmetrical with respect
to rotations of the cable around its axis. Preferably, the
central conductor is positioned in the centre of the cable
with the axis of the central conductor and the axis of the
overall cable approximately coinciding. An even distribu-
tion of the non-central conductors around the central con-
ductor improves the electromagnetic properties of the
cable and improves the mechanical stability.

[0016] Inapreferred embodiment of the presentinven-
tion, the central conductor and/or the one or several non-
central conductors comprise copper and/or aluminium
and/or zinc and or a conducting polymer. Preferably, the
non-central conductors comprise several copper wires.
The copper wires can be grouped together to form a
bunched type conductor, a concentric stranded conduc-
tor or a multiple stranded conductor.

[0017] Inafurtherpreferred embodimentofthe present
invention, a tape layer is positioned between the rein-
forcing layer and the second polymeric sheath. The tape
layer ensures that the second polymeric sheath and the
braid reinforcing layer will not be chemically bonded to-
gether and remain well-separated when the second pol-
ymeric sheath is manufactured on top of the reinforcing
layer. The tape layer is wound around the reinforcing
layer during production of the cable, before the second
polymeric sheath is applied. The tape layer preferably
comprises a thin, preferably less than 0.5mm thick, elon-
gated tape made of polyester and/or polytetrafluoroeth-
ylene. The tape layer is wound around the reinforcing
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layer in a way that the reinforcing layer is fully covered
by the tape layer.

[0018] Inafurtherpreferred embodimentofthe present
invention, the first polymeric sheath and the second pol-
ymeric sheath have different colours. Preferably, the two
colours are easily distinguishable by eye. Due to the dif-
ferent colours, damage to the power cable is easily de-
tectable through visual inspection. If the colour of the first
polymeric sheath is visible, damage has occurred and
maintenance, repair and/or replacement must be sched-
uled.

[0019] Preferably, the second polymeric sheath com-
prises an antistatic additive, reducing the sheet resist-
ance of the cable surface to 10%9 Ohm to 104 Ohm. This
will prevent accumulation of charges on the cable sur-
face. Accumulation of charges on a surface can lead to
arcdischarges which can ignite explosions or firein areas
where flammable substance are encountered.

[0020] According to another aspect of the present in-
vention, the power cable further comprises a stripping
tube. The stripping tube facilitates stripping of the cable
over distances of several meters. Cables often need to
be stripped at the ends to connect the individual conduc-
tors to connectors, machines, robots or other electrical
assemblies. For top-drive assemblies, cables typically
need to be stripped over distances of several meters.
One step of the stripping process generally consists in
cutting through one or several outlying layers of the cable
along the axis of the cable over the required distance
with a sharp object, typically a blade or knife. Special
care must be applied in order not to damage the conduc-
tors, shielding layers or inner polymeric layers. In partic-
ular, it is important not to cut too deep into the cable. At
the same time, the cut must be deep enough to fully trans-
verse the layers that want to be removed. The stripping
tube is positioned within the cable at a depth until which
the outer layers need to be cut for stripping the cable.
When stripping the cable, a knife or blade is positioned
at the end of the cable in a way that the end of the knife
or blade is approximately at the centre of the stripping
tube. A cut can then be made along the axis of the cable
with the knife or blade being guided by the stripping tube.
Failure to follow the stripping tube during cutting will lead
to a change in force that needs to be applied to the knife,
so that the operator or machine performing the cut re-
ceives a direct feedback if the cut is no longer performed
in the correct way.

[0021] The stripping tube is preferably positioned in-
side the electromagnetic shielding layer.

[0022] Preferably, the wall of the stripping tube com-
prises a polymeric material. The stripping tube is hollow.
[0023] Preferably, the central conductor serves as the
common grounding conductor for the electrical circuits
powered by the non-central conductors. To be able to
carry the power (to ground) of the combined non-central
conductors, the central conductor preferably has a larger
cross-section than any of the non-central conductors.
[0024] The present invention will be further described
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by way of example only, with reference to the accompa-
nying drawings, wherein:

Fig. 1  Schematically depicts a cross-sectional view of
atop-drive power cable in accordance with one
embodiment of the present invention;

Fig. 2  Schematically depicts a cross-sectional view of
a top-drive power cable in accordance with a
further embodiment of the present invention,
comprising a stripping tube;

Fig. 3  Schematically depicts a cross-sectional view of
a top-drive power cable in accordance with a
further embodiment of the present invention,
comprising three non-central conductors;

Fig. 4  Schematically depicts a cross-sectional view of
a top-drive power cable in accordance with a
further embodiment of the present invention,
comprising six non-central conductors;

[0025] Figure 1 shows a schematic cross-sectional
view of a top-drive power cable (10) according to an em-
bodiment of the present invention. The cable (10) com-
prises a central conductor (1) which is composed of sev-
eral individual wires (9). The central conductor (1) is sur-
rounded by a central conductor insulation layer (2). A
reinforcing layer (3) surrounds the central conductor in-
sulation layer (2). A second polymeric sheath (4) sur-
rounds the reinforcing layer (3) and the other inlying com-
ponents. It is obvious to those skilled in the art, that the
cable (10) may optionally further comprise an electro-
magnetic shielding layer and further polymeric sheaths.
[0026] Figure 2 shows a schematic cross-sectional
view of a further embodiment of a top-drive power cable
(10) according to the present invention. The cable (10)
comprises a central conductor (1) which is composed of
several individual wires (9) and electrically insulated by
a central conductor insulation layer (2). The central con-
ductor (1) is positioned in a way that its axis and the axis
of the cable (10) approximately coincide. The cable (10)
further comprises a stripping tube (8) and cylinder-
shaped fillers (7). The fillers (7) are used to optimize the
overall geometrical shape of the cable (10) and to reduce
the amount of polymeric material used for the different
polymeric sheath layers. An electromagnetic shielding
(5) encloses the aforementioned components. A first pol-
ymeric sheath (6) encloses the electromagnetic shielding
(5). On top of the first polymeric sheath (6), a reinforcing
layer (3) is positioned. On top of the reinforcing layer (3),
atape layer (not shown) may be wound around the cable
(10). A second polymeric sheath (4) is the outermostlayer
of the cable (10).

[0027] Figure 3 shows a schematic cross-sectional
view of a further embodiment of a top-drive power cable
(10) according to the present invention. The cable (10)
comprises a central conductor (1) which is composed of
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several individual wires (9) and electrically insulated by
a central conductor insulation layer (2). The central con-
ductor (1) is positioned in a way that its axis and the axis
of the cable (10) approximately coincide. The cable (10)
further comprises a stripping tube (8) and cylinder-
shaped fillers (7). The cable (10) further comprises sev-
eral non-central conductors (1°), each of which is electri-
callyinsulated by anon-central conductorinsulation layer
(2). An electromagnetic shielding (5) encloses the afore-
mentioned components. A first polymeric sheath (6) en-
closes the electromagnetic shielding (5). On top of the
first polymeric sheath (6), a reinforcing layer (3) is posi-
tioned. A second polymeric sheath (4) is the outermost
layer of the cable (10).

[0028] Figure 4 shows a schematic cross-sectional
view of a further embodiment of a top-drive power cable
(10) according to the present invention. The cable (10)
comprises a central conductor (1) which is composed of
several individual wires (9) and electrically insulated by
a central conductor insulation layer (2). The central con-
ductor (1) is positioned in a way that its axis and the axis
of the cable (10) approximately coincide. The cable (10)
further comprises a stripping tube (8) and cylinder-
shaped fillers (7). The cable (10) further comprises sev-
eral, in the shown embodiment six, non-central conduc-
tors (1), each of which is electrically insulated by a non-
central conductor insulation layer (2'). An electromagnet-
ic shielding (5) encloses the aforementioned compo-
nents. A first polymeric sheath (6) encloses the electro-
magnetic shielding (5). On top of the first polymeric
sheath (6), a reinforcing layer (3) encloses and protects
the aforementioned components. A second polymeric
sheath (4) is the outermost layer of the cable (10).

List of reference signs
[0029]

1 Central conductor

2 Central conductor insulation layer
Non-central conductor
Non-central conductor insulation layer
Reinforcing layer

Second polymeric sheath
Electromagnetic shielding

First polymeric sheath

Filler

Stripping tube

Wire

Cable

N —
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Claims

1. Atop-drive power cable (10) for use on a drilling rig,
comprising:

a central conductor (1);
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acentral conductor insulation layer (2) enclosing
said central conductor (1);

electromagnetic shielding (5) enclosing said
central conductor (1) and said central conductor
insulation layer (2) ;

a first polymeric sheath (6) surrounding said
electromagnetic shielding (5);

a reinforcing layer (3);

a second polymeric sheath (4) surrounding said
reinforcing layer (3),

characterized in that the reinforcing layer (3)
is made of a densely packed braid covering be-
tween 95% and 100% of the surface of the first
polymeric sheath (6).

A top-drive power cable (10) according to claim 1,
wherein the reinforcing layer (3) comprises aramid
fibres.

A top-drive power cable (10) according to claim 1 or
2, wherein the reinforcing layer (3) is not chemically
bonded to the first and/or second polymeric sheath
(4, 6).

A top-drive power cable (10) according to one or
more of the preceding claims, wherein said central
conductor (1) is a bunched type conductor.

A top-drive power cable (10) according to one or
more of the preceding claims, further comprising at
least one non-central conductor (1°).

A top-drive power cable (10) according to claim 4 or
5, wherein the cable comprises at least three, pref-
erably at least six, non-central conductors (1°).

A top-drive power cable (10) according to claims 4,
5 or 6, wherein the central conductor (1) is positioned
centrally with respect to the cable (10) axis with the
non-central conductors (1’) being positioned in a
symmetrical arrangement around said central con-
ductor (1).

A top-drive power cable (10) according to claim 7,
wherein said central conductor (1) and/or said non-
central conductors (1’) comprise copper and/or alu-
minium and/or zinc and/or a conductive polymer.

A top-drive power cable (10) according to one or
more of the preceding claims, comprising a tape lay-
er positioned between said reinforcing layer (3) and
said second polymeric sheath (4).

A top-drive power cable (10) according to one or
more of the preceding claims, wherein said first pol-
ymeric sheath (6) and said second polymeric sheath
(4) are differently coloured.
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1.

12.

13.

14.

A top-drive power cable (10) according to one or
more of the preceding claims, wherein said second
polymeric sheath (4) comprises an antistatic addi-
tive.

A top-drive power cable (10) according to one or
more of the preceding claims, further comprising a
stripping tube (8).

A top-drive power cable (10) according to claim 12,
wherein the stripping tube (8) is located within the
electromagnetic shielding (5).

A top-drive power cable (10) according to claim 12
or 13, wherein the stripping tube (8) comprises a
polymeric material.

Amended claims in accordance with Rule 137(2)
EPC.

1.

A top-drive power cable (10) for use on a drilling rig,
comprising:

a central conductor (1);

acentral conductor insulation layer (2) enclosing
said central conductor (1);

electromagnetic shielding (5) enclosing said
central conductor (1) and said central conductor
insulation layer (2) ;

a first polymeric sheath (6) surrounding said
electromagnetic shielding (5);

a reinforcing layer (3) surrounding said polymer-
ic sheath (6);

a second polymeric sheath (4) surrounding said
reinforcing layer (3),

characterized in that the reinforcing layer (3)
is made of a densely packed braid covering be-
tween 95% and 100% of the surface of the first
polymeric sheath (6).

A top-drive power cable (10) according to claim 1,
wherein the reinforcing layer (3) comprises aramid
fibres.

A top-drive power cable (10) according to claim 1 or
2, wherein the reinforcing layer (3) is not chemically
bonded to the first and/or second polymeric sheath
(4, 6).

A top-drive power cable (10) according to one or
more of the preceding claims, wherein said central
conductor (1) is a bunched type conductor.

A top-drive power cable (10) according to one or
more of the preceding claims, further comprising at
least one non-central conductor (1°).
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A top-drive power cable (10) according to claim 4 or
5, wherein the cable comprises at least three, pref-
erably at least six, non-central conductors (1°).

A top-drive power cable (10) according to claims 4,
5 or 6, wherein the central conductor (1) is positioned
centrally with respect to the cable (10) axis with the
non-central conductors (1’) being positioned in a
symmetrical arrangement around said central con-
ductor (1).

A top-drive power cable (10) according to claim 7,
wherein said central conductor (1) and/or said non-
central conductors (1’) comprise copper and/or alu-
minium and/or zinc and/or a conductive polymer.

A top-drive power cable (10) according to one or
more of the preceding claims, comprising a tape lay-
er positioned between said reinforcing layer (3) and
said second polymeric sheath (4).

A top-drive power cable (10) according to one or
more of the preceding claims, wherein said first pol-
ymeric sheath (6) and said second polymeric sheath
(4) are differently coloured.

A top-drive power cable (10) according to one or
more of the preceding claims, wherein said second
polymeric sheath (4) comprises an antistatic addi-
tive.

A top-drive power cable (10) according to one or
more of the preceding claims, further comprising a
stripping tube (8).

A top-drive power cable (10) according to claim 12,
wherein the stripping tube (8) is located within the
electromagnetic shielding (5).

A top-drive power cable (10) according to claim 12
or 13, wherein the stripping tube (8) comprises a
polymeric material.
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