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(54) A punching tool

(67)  The presentinvention relates to a punching tool
for providing a hole in a metal casing in a borehole. The
punching tool comprises a tool body having an axial ex-
tension, and a punching unit connected with the tool body
comprising: a fluid inlet, a punch movable between a re-
tracted and a projected position and extending substan-
tially radially in relation to the axial extension, and at least
one hydraulic punch cylinder moving the punch between
the retracted and the projected position. The present in-
vention further relates to a method for providing a hole
in a metal casing downhole.
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Description

Field of the invention

[0001] The presentinvention relates to a punching tool
for providing a hole in a metal casing in a borehole. The
presentinvention further relates to a method for providing
a hole in a metal casing downhole.

Background art

[0002] When producing hydrocarbons from a well, the
casing is most often perforated by means of detonations
in order to provide holes in the casing for letting the for-
mation fluid into the casing. However, perforating by det-
onations is risky and there is an increasing demand for
alternatives not using detonations for making such holes.
[0003] The holes in the casing may also be used for
insertion of completion elements after making the com-
pletion. Such element could be a valve.

Summary of the invention

[0004] Itis an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide a solution for providing holes in the casing without
using detonations of charges.

[0005] Theabove objects, together with numerous oth-
er objects, advantages, and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by a
punching tool for providing a hole in a metal casing in a
borehole, comprising:

- atool body having an axial extension, and
- a punching unit connected with the tool body com-
prising:

- afluid inlet,

- apunchmovable between aretracted and a pro-
jected position and extending substantially radi-
ally in relation to the axial extension, and

- atleast one hydraulic punch cylinder moving the
punch between the retracted and the projected
position.

[0006] In an embodiment, the punching unit may com-
prise an abutment arranged circumferentially opposite
the punch about the tool body.

[0007] Moreover, part of the punch may engage part
of the abutment to control the radial movement between
the retracted and the projected position of the punch.
[0008] Said punch may engage the abutment on an
outside thereof or vice versa.

[0009] Further, one of the punch andthe abutmentmay
comprise one or more radially extending guide elements,
and the other of the punch and the abutment may com-
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prise one or more radially extending tracks being adapted
to engage with the guide elements to control the radial
movement between the retracted and the projected po-
sition of the punch.

[0010] Also, the punch and the abutment may define
an expandable space.

[0011] Additionally, a part of the punch cylinder may
move in the expandable space.

[0012] The punching unit may comprise a plurality of
punch cylinders.

[0013] In an embodiment, a piston of the punch cylin-
der may comprise a spring which is being compressed
while the space expands.

[0014] Furthermore, the punching unit may be ar-
ranged in a through-bore in the tool body.

[0015] In addition, sealing means may be arranged in
grooves in the through-bore of the tool body to seal
against the punching unit.

[0016] Such sealing means may be arranged in
grooves in the punching unit to seal against the
through-bore and the tool body.

[0017] Also, the abutment may be fixedly connected
with the tool body.

[0018] Said abutmentmay project radially from the tool
body.
[0019] Inanembodiment, the tool may comprise a plu-

rality of punching units.

[0020] Further, the tool may comprise a plurality of
abutments.
[0021] Moreover, the punching unit may comprise a

piston movable in the cylinder and connected with the
abutment or the punch.

[0022] Additionally, the abutment may be connected
with the piston through a piston rod and the other of the
punch and the abutment may have a hollow space in
which the piston moves.

[0023] Also, one of the punch and the abutment may
be connected with the piston through a piston rod and
the other of the punch and the abutment may have an
end arranged inside the tool body and comprising a
flange, and a spring may be arranged between the piston
and the flange.

[0024] Furthermore, a stop element may be arranged
in connection with the punch and the abutment for avoid-
ing separation of the punch and abutment.

[0025] The stop element may further comprise a sec-
ond hydraulic cylinder moving the abutment radially in
relation to the axial extension.

[0026] In an embodiment, the stop element may be
arranged in connection with the fluid inlet.

[0027] In addition, the punching unit may comprise a
plurality of second hydraulic cylinders.

[0028] Also, the fluid inlet may be positioned in the cen-
tre of the punching unit.

[0029] Said fluid inlet may be connected with one or
more fluid channels being in fluid communication with a
pressure side of the piston.

[0030] A distance between the retracted and a project-
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ed position of the punch may be 3 mm, preferably above
10 mm, most preferably above 20 mm and more prefer-
ably above 100 mm.

[0031] Moreover, the punch may comprise a pointed
surface adapted to rupture the metal casing during the
movement of the punch from the retracted to the project-
ed position.

[0032] Additionally, the abutment may comprise a
"curved" (convex) face which is adapted to abut an inner
surface of a tubular metal casing during the punching.
[0033] The abutment may comprise attachment ele-
ments so that the face of the abutment can be changed
in relation to the inner surface of the metal casing.
[0034] In an embodiment, the tool may comprise a
pump being connected to the fluid inlet.

[0035] Also, the tool may comprise an electrical motor
driving the pump.

[0036] Said tool may comprise a fluid reservoir.
[0037] Further, the fluid inlet may be connected to a
fluid reservoir via wireline.

[0038] A fluid chamber may be arranged between the
punch and the abutment, the fluid inlet being connected
with the fluid chamber, the fluid chamber being expand-
able by pressurising a fluid in the fluid chamber, whereby
at least the punch moves radially from the retracted to
the projected position.

[0039] The presentinvention also relates to a method
for providing a hole in a metal casing downhole, compris-
ing the steps of

- providing a punching tool according to any of the
preceding claims in the metal casing downhole,

- positioning the punching unit of the punching tool at
a location where a hole is to be provided,

- positioning the abutment arranged circumferentially
opposite the punch about the tool body for it to abut
a casing wall at a position circumferentially opposite
the punch, and

- moving the punch radially from a retracted position
to a projected position by at least one hydraulic
punch cylinder so that a hole in the metal casing is
provided by the punch in its projected position.

[0040] In an embodiment, the steps of positioning the
abutment and the moving of the punch radially may be
performed simultaneously.

[0041] The method for providing a hole in a metal cas-
ing downhole may further comprise a step of moving the
punch radially from the projected position to the retracted
position, enabling further axial movement of the punching
tool in the metal casing.

Brief description of the drawings

[0042] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
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in which
Fig. 1 shows a punching tool in a casing,

Fig. 2 shows a partly cross-sectional view of the
punching tool,

Fig. 3 shows a partly cross-sectional view of another
embodiment of the punching tool,

Fig. 4 shows another embodiment of the punching
tool in a casing,

Fig. 5 shows yet another embodiment of the punch-
ing tool in a casing,

Fig. 6 shows yet another embodiment of the punch-
ing tool in a casing,

Fig. 7 shows a partly cross-sectional view of another
embodiment of the punching tool along the axial ex-
tension of the tool, and

Fig. 8 shows a partly cross-sectional view of another
embodiment of the punching tool along a radial ex-
tension of the tool perpendicular to the axial exten-
sion of the tool.

[0043] Allthe figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in order to elucidate the invention, other
parts being omitted or merely suggested.

Detailed description of the invention

[0044] Fig. 1 shows a punching tool 1 having just
punched ahole 2 inacasing 3inaborehole 4. The punch-
ing tool 1 comprises a tool body 5 having an axial exten-
sion 6, and a punching unit 7 is arranged in a bore 27 of
the tool body and comprising a punch 9 movable between
a retracted and a projected position and extending sub-
stantially radially in relation to the axial extension. The
punching unit of the tool further comprises a hydraulic
punch cylinder 11 moving the punch between the retract-
ed and the projected position in order to punch a piece
12 out of a wall 13 of the casing 3.

[0045] The punching tool 1 further comprises an abut-
ment 10 arranged circumferentially opposite the punch
about the tool body to abut the wall of the casing so that
all force of the hydraulic cylinder is applied to the punch-
ing process. The abutment is fixedly connected with the
tool body. The punching tool 1 is submerged into the well
and powered through a wireline 14 and connected with
the tool through a cable head 15. The punching tool 1
comprises a motor 17 for driving a pump 18 which drives
the hydraulic cylinder. The motor is connected with the
cable head 15 through an electronic section 16.

[0046] In Fig. 2, the punch 9 has a hollow space 19 in
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which a piston 20 of the hydraulic punch cylinder 11 is
arranged so that the punch 9 is able to move from its
retracted position to its projected position, as shown, to
punch aholeinthe casing wall. The punch 9 moves inside
an expandable space 31 in the hydraulic punch cylinder.
In one end of the punch 9, the punch has a punching
edge 21 and in the other end in the tool body, the punch
9 has a flange 22 extending towards a piston rod 23 of
the piston. In between the flange 22 and the piston a
spring 24 is arranged which is compressed when the
punch is in its projected position and while the space
expands.

[0047] The pump 18 illustrated with dotted lines in Fig.
2 provides fluid through fluid channels 25 into the punch
cylinder 11 through inlets 26 in order to force the punch
radially outwards from the tool body 5. When the punch-
ing process is completed, the pump stops pumping fluid
into the punch cylinder and the fluid is forced back into
the fluid channel 25 by the decompressing force of the
spring. Sealing means 28 is arranged in grooves 29 in
the bore 27 of the tool body to seal against the punching
unit 7.

[0048] By having a hydraulically activated punching
tool, the punching force can be substantially increased
compared to prior art mechanically operated solutions.
Furthermore, tests have shown that the hole in the casing
can be made with a higher degree of accuracy and that
this cut is cleaner leaving almost no burrs on the edges.
The prior art solutions leave substantial burrs on the edg-
es hindering the insertion of a valve in the hole in a sub-
sequent process. If the hole is made to open the casing
to an inflow of well fluid, such as hydrocarbons also called
oil and/or gas, the burrs hinder an optimal inflow, causing
a more turbulent flow before the hole at the burring side.
[0049] In Fig. 3, also the abutment 10 projects radially
from the tool body 5 and is therefore slidably arranged
in a second bore 32 of the tool body activated by a second
hydraulic cylinder 30 moving the abutment 10 radially in
relation to the axial extension. The abutment has a hollow
space 33 in which a second piston 34 moves compress-
ing a second spring 35 between a second flange 36 in
one end of the abutment opposite an outer face of the
abutment abutting the inner wall of the casing. The radial
movement of the abutment is performed by the pump
pumping fluid into second fluid channels 37 into the ex-
pandable space 31 through second inlets 39. One pump
may thus supply fluid to both the punch cylinder and the
second cylinder. The fluid channels 25, 37 supplying fluid
to the punch 9 and the abutment 10 may be one channel.
[0050] The punching tool 1 may comprise several
punching units 11 punching holes in the casing in a pre-
determined pattern, as shown in Fig. 4. Thus, the punch-
ing tool can be used instead of a perforation gun, thereby
avoiding the risky detonations downhole. As can be seen
in Fig. 5, the punching tool 1 comprises second punching
units 11b also arranged circumferentially opposite the
first punching units 11 about the tool body 5. The second
punching units have the same design as the first punch-
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ing units 11 and function as abutments in relation to the
first punching units 11, and similarly the first punching
units function as abutments to the second punching units
11b. The punching units in Fig. 5 are arranged having an
angular spacing of 180°. In Fig. 6, the punching tool 1
comprises more and third punching units 11c arranged
in between the first and second punching units having
both an angular spacing of 45° and a longitudinal spacing
in the axial extension of the tool. In this way, the third
punching units 11c are also arranged circumferentially
opposite the third punching units 11c shown in Fig. 6
about the tool body. The punching tool shown in Fig. 5
thus comprises 10 punching units spaced apart to opti-
mise the tool length and all the punching units may be
supplied with fluid from the same pump through the same
channel or through several channels.

[0051] The abutment 10 and the punch 9 engage one
another in Fig. 7 so that they form one expandable space
31. The radial movement of the abutment and the punch
thus occurs as one movement of both moving radially
away from each other. The abutment 10 and the punch
9 form two fluidly connected hydraulic cylinders. A piston
20 is arranged in each cylinder. The pistons 20 are con-
nected with the abutment 10 by screws 41, and the punch
9is connected with two inserts 40 threadingly connected
with a base part 42 of the punch forming a hollow space
19. The pistons are movable within each hollow space
forming an expandable space 31 together with the abut-
ment 10. The inserts 40 each have a flange 22 which
together with the piston compresses a spring 24 while
the space 31 expands to project the punch and the abut-
ment from the tool body. The punching unit 7 thus com-
prises one punch, one abutment and two hydraulic cyl-
inders forming one expandable space. The punch 9 and
the abutment 10 are forced away from each other by
means of fluid pumped into the expandable space 31
through fluid channels 25 and is let into the expandable
space through a circumferential groove 43 leading the
fluid in through the inlet 26 and into a cylinder bore 44.
Sealing means 28 is arranged in grooves 29 in the
through-bore 27 in which the punching unit 7 is arranged,
preventing the fluid from escaping into the surroundings
of the tool.

[0052] Inorderto fasten the punch 9 and the abutment
10 to each other, a hollow rod 45 functioning as a stop
element 45 is arranged penetrating both the punch and
the abutment. Both comprise an elongated opening so
thatthe punch 9 and the abutment 10 canmoveinrelation
the rod and each other. The rod is hollow to lead the fluid
and has openings for the fluid to enter, thus leading the
fluid into the expandable space 31. The fluid inlet 8 is
thus positioned in the centre of the punching unit.
[0053] InFig.7,the punching unit7 is arranged so that
hydraulic cylinders are arranged along the axial exten-
sion of the tool and in Fig. 8, hydraulic cylinders are ar-
ranged along a line which is perpendicular to the axial
extension 6 of the tool. In Fig. 8, the punching unit has
substantially the same design as the punching unit 7 of
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Fig. 7. In Fig. 8, the punching unit, however, has a fluid
channel 46 in the punch 9to lead the fluid from the hollow
rod 45 to one end of the hydraulic cylinder so that the
fluid is injected into the space acting directly on the pis-
tons. Hereby, the initial movement of the punch 9 and
the abutment 10 requires less fluid power.

[0054] In Figs. 7 and 8, part of the punch 9 engages
part of the abutment 10 to control the radial movement
between the retracted and the projected position of the
punch 9. The abutment 10 has radially extending guide
elements 50 engaging radially extending tracks 51 of the
punch 9. Hereby, the punch 9 engages the abutment 10
on an outside thereof or vice versa so as to control the
radialmovement between the retracted and the projected
position of the punch 9. In Fig. 8, the sealing means 28
is arranged in grooves in the punching unit 7 to seal
against the through-bore and the tool body 5.

[0055] The punching tool 1 is designed so that the dis-
tance between the retracted and the projected position
of the punch is above 5 mm, preferably above 10 mm,
more preferably above 20 mm, most preferably above
50 mm. However, this depends on the completion and
the restrictions already present in the completion.
[0056] The punching tool may be used to punch only
a small hole having a diameter smaller than that of the
punch, and thus the hole is made by the tip of the punch.
When having a double cased casing and the inner casing
is blocked in the bottom, it may be necessary to make
small relief holes and even pump gas down through the
outer casing in through the inner casing to force the fluid
upwards. Such relief holes may also be necessary to
even out the pressure between the casing and the an-
nulus. When making relief holes, the piece of the casing
is not separate from the rest of the casing and is not
flowing freely around in the annulus.

[0057] The punching tool may have several abutments
and one punch all of which are hydraulically activated so
that the abutments are positioned on both sides of the
punch and are projected radially until the punch presses
against the inner wall of the casing. Subsequently, the
punch is activated and the punch cuts its way into the
casing wall without having to travel a certain length before
reaching the inner casing wall. In this way, the punch is
capable of penetrating thicker casings than if it had to
travel a certain length before reaching the inner casing
wall.

[0058] The punch may be any kind of punch, e.g. com-
prising a pointed surface adapted to rupture the metal
casing during the movement of the punch from the re-
tracted to the projected position.

[0059] As shown, the abutment has a curved and con-
vex face which is adapted to abut an inner surface of a
tubular metal casing during the punching. The abutment
may comprise attachment elements so that the face of
the abutment can be changed in relation to the inner sur-
face of the metal casing. The abutment face may then
change to a teethed surface or similar design to better
be able to fasten the tool while punching the hole.
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[0060] The pump of the tool takes fluid in from the well
through a filter but the tool may instead comprise a fluid
reservoir, or the fluid is led from surface through the wire-
line which is thus also a supply line.

[0061] By fluid or well fluid is meant any kind of fluid
that may be present in oil or gas wells downhole, such
as natural gas, oil, oil mud, crude oil, water, etc. By gas
is meant any kind of gas composition present in a well,
completion, or open hole, and by oil is meant any kind of
oil composition, such as crude oil, an oil-containing fluid,
etc. Gas, oil, and water fluids may thus all comprise other
elements or substances than gas, oil, and/or water, re-
spectively.

[0062] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.

[0063] In the event that the tools are not submergible
all the way into the casing, a downhole tractor can be
used to push the tools all the way into position in the well.
A downhole tractor is any kind of driving tool capable of
pushing or pulling tools in a well downhole, such as a
Well Tractor®.

[0064] Although the invention has been described in
the above in connection with preferred embodiments of
the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without de-
parting from the invention as defined by the following
claims.

Claims

1. A punching tool (1) for providing a hole (2) in a metal
casing (3) in a borehole (4), comprising:

- a tool body (5) having an axial extension (6),
and

-apunching unit (7) connected with the tool body
comprising:

- a fluid inlet (8),

- a punch (9) movable between a retracted
and a projected position and extending sub-
stantially radially in relation to the axial ex-
tension, and

- at least one hydraulic punch cylinder (11)
moving the punch between the retracted
and the projected position.

2. A punching tool according to claim 1, wherein the
punching unit comprises an abutment (10) arranged
circumferentially opposite the punch about the tool
body.

3. A punching tool according to claim 2, wherein part
of the punch engages part of the abutment to control
the radial movement between the retracted and the
projected position of the punch.
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A punching tool according to claim 2 or 3, wherein
one of the punch and the abutment comprises one
or more radially extending guide elements, and the
other of the punch and the abutment comprises one
or more radially extending tracks being adapted to
engage with the guide elements to control the radial
movement between the retracted and the projected
position of the punch.

A punching tool according to any of claims 2-4,
wherein the punch and the abutment define an ex-
pandable space (31).

A punching tool according to claim 5, wherein a part
of the punch cylinder moves in the expandable
space.

A punching tool according to claim 5 or 6, wherein a
piston of the punch cylinder comprises a spring (24)
which is being compressed while the space expands.

A punching tool according to any of the preceding
claims, wherein the punching unit is arranged in a
through-bore (27) in the tool body.

A punching tool according to any of the preceding
claims, wherein the tool comprises a plurality of
punching units.

A punching tool according to any of the preceding
claims, wherein the punching unit comprises a piston
(20) movable in the cylinder and connected with the
abutment or the punch.

A punching tool according to claim 10, wherein one
of the punch and the abutment is connected with the
piston through a piston rod (23) and the other of the
punch and the abutment has a hollow space (33) in
which the piston moves.

A punching tool according to claim 10 or 11, wherein
one of the punch and the abutment is connected with
the piston through a piston rod (23) and the other of
the punch and the abutment has an end arranged
inside the tool body and comprising a flange (22),
and a spring (24) is arranged between the piston and
the flange.

A punching tool according to any of the preceding
claims, wherein a stop element (45) is arranged in
connection with the punch and the abutment for
avoiding separation of the punch and abutment.

A punching tool according to claim 13, wherein the
stop element is arranged in connection with the fluid

inlet.

Amethod for providing a hole in a metal casing down-
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hole, comprising the steps of

- providing a punching tool according to any of
the preceding claims in the metal casing down-
hole,

- positioning the punching unit of the punching
tool at a location where a hole is to be provided,
- positioning the abutment arranged circumfer-
entially opposite the punch about the tool body
for it to abut a casing wall at a position circum-
ferentially opposite the punch, and

- moving the punch radially from a retracted po-
sition to a projected position by at least one hy-
draulic punch cylinder so that a hole in the metal
casing is provided by the punch in its projected
position.
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