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(54) DOWNHOLE STROKING TOOL

(67)  The present invention relates to a downhole
stroking tool for providing an axial force in an axial direc-
tion. The downhole stroking tool comprises a housing, a
first chamber, a first tool part comprising a pump unit
providing pressurised fluid to the chamber, a shaft pen-
etrating the chamber, and a first piston dividing the first
chamber into a first chamber section and a second cham-
ber section. The piston is connected to or forming part
of the housing forming part of a second tool part and is
slidable in relation to the shaft so that the housing moves
in relation to the shaft, the shaft being stationary in rela-
tion to the pump unit during pressurisation of the first or
the second chamber section, generating a pressure on
the piston, wherein the shaft is fixedly connected with the
first tool part, and wherein the housing is slidable in re-
lation to the first tool part and overlaps the first tool part.
Furthermore, the invention relates to a downhole system
comprising the downhole stroking tool and a driving unit,
such as a downhole tractor, for propelling the system
forward in a well and to the use of a downhole stroking
tool for pulling a plug in a well.
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Description

Field of the invention

[0001] The present invention relates to a downhole
stroking tool for providing an axial force in an axial direc-
tion, comprising a housing, a first chamber, a first tool
part comprising a pump unit providing pressurised fluid
to the chamber, a shaft penetrating the chamber, and a
first piston dividing the first chamber into a first chamber
section and a second chamber section. Furthermore, the
invention relates to a downhole system comprising the
downhole stroking tool and a driving unit, such as adown-
hole tractor, for propelling the system forward in a well
and to the use of a downhole stroking tool for pulling a
plug in a well.

Background art

[0002] When operating in a well a high axial force is
sometimes needed for example to pull a plug, such as a
bridge plug. However, the known tools are at the present
not designed to generate sufficient high amount of power
to pull certain plugs or old plugs which are often further
stuck in the well due to precipitated scale on the plug.

Summary of the invention

[0003] 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 an improved tool providing a higher axial force
than the known tools to be able to pull all kinds of plugs.
[0004] 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
downhole stroking tool for providing an axial force in an
axial direction, comprising:

- ahousing,

- afirst chamber,

- a first tool part comprising a pump unit providing
pressurised fluid to the chamber,

- ashaft penetrating the chamber, and

- a first piston dividing the first chamber into a first
chamber section and a second chamber section,

wherein the piston is connected to or forming part of the
housing forming part of a second tool part and is slidable
in relation to the shaft so that the housing moves in re-
lation to the shaft, the shaft being stationary in relation
to the pump unit during pressurisation of the first or the
second chamber section, generating a pressure on the
piston,

wherein the shaft is fixedly connected with the first tool
part, and

wherein the housing is slidable in relation to the first tool
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part and overlaps the first tool part.

[0005] By the shaft being fixed and the housing with
the piston sliding, the force generated by the downhole
stroking tool is mainly transferred via the housing and
not as in prior art tools via the shaft to e.g. a plug. By
displacing the housing in relation to the shaft and the first
part, a higher bending stiffness of the downhole stroking
toolis obtained. The housingis supported along its stroke
by the piston, whereby the downhole stroking tool is ca-
pable of transferring a higher axial force substantially
without bending compared to prior art tools.

[0006] In an embodiment, the tool may further com-
prise a pressure intensifier arranged downstream of the
pump to increase the pressure before being fed to the
chamber.

[0007] By having a pressure intensifier, the downhole
stroking tool is capable of generating a higher fluid pres-
sure than the pump is capable of providing, and thus, the
downhole stroking tool is capable of providing a higher
axial force than without the pressure intensifier. Due to
the restrictions downhole in a well, the size of the pump
is also restricted.

[0008] The shaft may have athrough-bore for allowing
an electrical conductive means to run through the shaft.
[0009] Furthermore, by the shaft being fixed and the
housing with the piston sliding, the shaft does not transfer
any forces during the stroke and can thus have several
through-bores for fluid channels and for electrical wiring.
[0010] The downhole stroking tool may further com-
prise a connector, the housing comprising a first end part
overlapping the first tool part.

[0011] By having the housing overlapping the first part,
an even higher bending stiffness of the downhole stroking
tool is obtained, as the housing is supported also by the
first part during a stroke.

[0012] Furthermore, the housing may comprise a sec-
ond end part connected to the connector.

[0013] Also, the downhole stroking tool may further
comprise an operational tool connected with the housing.
[0014] Moreover, the operational tool may be a fishing
neck, a key tool or a setting tool.

[0015] Further, the operational tool may be electrically
powered.
[0016] In an embodiment, the housing may have an

inner diameter substantially corresponding to an outer
diameter of the first tool part.

[0017] In addition, the housing may have an inner di-
ameter substantially corresponding to an outer diameter
of the first tool part along the first tool part which overlaps
the housing.

[0018] Also, the shaftand/or the housingmay comprise
one or more fluid channels for providing fluid to and/or
from the chamber during pressurisation of the first or the
second chamber section, generating a pressure on the
piston.

[0019] In an embodiment, the first tool part may have
at least one sealing element for providing a seal against
the housing.
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[0020] Furthermore, the tool may comprise a valve
block for controlling which chamber section is fed the
pressurised fluid and thus whether the downhole stroking
tool provides an upstroke or downstroke movement.
[0021] Additionally, the housing may transfer the axial
force.

[0022] The downhole stroking tool may further com-
prise a second chamber divided by a second piston.
[0023] Moreover, the second chamber may comprise
a first chamber section and a second chamber section.
[0024] Also, the first and second chambers may be
comprised in the housing.

[0025] In addition, the shaft may comprise an interme-
diate part dividing the first and the second chamber.
[0026] Theintermediate part may supportthe housing,
allowing the housing to slide in relation to the intermediate
part.

[0027] In an embodiment, the tool may be powered by
a battery in the tool and thus be wireless.

[0028] Furthermore, the pump may be powered by high
pressured fluid from surface down through a pipe, coiled
tubing or the casing.

[0029] The downhole stroking tool may further com-
prise an anchoring section having projectable fixation
units for fixating the downhole stroking tool in a well.
[0030] The present invention furthermore relates to a
downhole system comprising the downhole stroking tool
described above and a driving unit, such as a downhole
tractor, for propelling the system forward in a well.
[0031] In addition, the present invention relates to a
downhole system comprising the downhole stroking tool
described above and a well tubular metal structure com-
prising an annular barrier for isolating a first zone from a
second zone in an annulus surrounding the well tubular
metal structure.

[0032] Furthermore, the annular barrier may comprise
a tubular metal part mounted as part of the well tubular
metal structure, and an expandable metal sleeve con-
nected with the tubular metal part defining an expandable
space. The annular barrier may comprise an expansion
opening in the tubular metal part through which pressu-
rised fluid enters to expand the expandable sleeve.
[0033] Also, the downhole stroking tool may comprise
an expansion section having circumferential sealing el-
ements arranged on each side of the expansion opening
for isolating an expansion zone opposite the expansion
opening.

[0034] In one embodiment, the tool end element may
be connected with the expansion section, the tool end
element comprising fluid channels providing fluid com-
munication between the second chamber section and an
opening in the expansion section opposite the expansion
zone. This is to provide pressurised fluid into the expand-
able space and expand the annular barrier.

[0035] Furthermore, the fluid channel of the shaft of
the downhole stroking tool may be fluidly connected with
the sealing elements of the expansion section to expand
the sealing elements by means of pressurised fluid from

10

15

20

25

30

35

40

45

50

55

the pump.

[0036] In another embodiment, the second tool part,
the housing and the piston of the downhole stroking tool
are connected with a first end of a section shaft of the
expansion section, and a second end of the section shaft
may be connected to a piston sliding in a section housing,
dividing the section housing into a first section housing
which is in fluid communication with an opening in the
expansion section to provide pressurised fluid into the
annular barrier.

[0037] In addition, the opening of the expansion sec-
tion may be provided with a one-way valve or check valve.
[0038] Furthermore, the first section chamber may be
fluidly connected with a part of an inside of the well tubular
metal structure by means of a second fluid channel, which
part does not form part of the isolated zone.

[0039] Also, the second fluid channel may be provided
with a one-way valve or check valve for taking in fluid
from the well tubular metal structure.

[0040] Finally, the presentinvention relates to the use
of a downhole stroking tool described above for pulling
a plug in a well.

Brief description of the drawings

[0041] 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
in which

Fig. 1 shows a downhole stroking tool in a casing in
a well,

Fig. 2 shows a partly cross-sectional view of the
downhole stroking tool in which the tool is in a fully
upstroke position ready to provide a downstroke po-
sition,

Fig. 3 shows a partly cross-sectional view of the
downhole stroking tool of Fig. 2 in which the tool is
performing a downstroke movement,

Fig. 4 shows a partly cross-sectional view of another
downhole stroking tool having a pressure intensifier,

Fig. 5 shows a partly cross-sectional view of the
downhole stroking tool having a through-bore for pro-
viding electrical power to an operational tool,

Fig. 6 shows a partly cross-sectional view of the
downhole stroking tool having two chambers,

Fig. 7 shows a downhole system having a downhole
stroking tool, an anchoring section and a driving unit,

Fig. 8 shows a partly cross-sectional view of a down-
hole system, and
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Fig. 9 shows a partly cross-sectional view of another
downhole system.

[0042] 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

[0043] Fig. 1 shows a downhole stroking tool 1 for pro-
viding an axial force in an axial direction of the tool, being
also the axial direction of the well, e.g. for pulling a plug
41 and a casing 45. The downhole stroking tool compris-
es a housing 2, a first chamber inside the tool, and a first
tool part 4 comprising a pump unit 5 for providing pres-
surised fluid to the chamber. The downhole stroking tool
further comprises an electrical motor 42 and an electronic
section 43 for controlling the function of the tool. The tool
is electrically powered through a wireline 44.

[0044] InFig.2,the downhole strokingtool 1 comprises
a shaft 6 penetrating the chamber 3 and a first piston 7
dividing the first chamber into a first chamber section 8
and a second chamber section 9. The piston forms part
of the housing which forms part of a second tool part 10.
The second tool part 10, the housing 2 and the piston 7
are slidable in relation to the shaft 6 and the first tool part
4 so that the housing moves in relation to the shaft and
the shaft is stationary in relation to the pump unit 5 during
pressurisation of the first or the second chamber section
8, 9. The fluid is fed to one of the chamber sections
through a fluid channel 19 in the first part and a fluid
channel 19 in the shaft 6 for providing fluid to and/or from
the chamber 3 during pressurisation of the first or the
second chamber section 8, 9, generating a pressure on
the piston 7.

[0045] The pressurisation of the first chamber section
generates a pressure on the piston and a down stroke in
that the housing moves down away from the pump, as
shown in Fig. 3. While fluid is led into the first chamber
section 8, fluid is forced out of the second chamber sec-
tion. When providing pressurised fluid into the second
chamber section 9, a pressure is generated on the piston,
providing an up stroke movement in that the housing
moves from the position in Fig. 3 to the position in Fig. 2
and thus moves towards the pump. The shaft is fixedly
connected with the first tool part, and the housing is sli-
dable in relation to the first tool part and a first end part
16 of the housing overlaps the first tool part. When over-
lapping, the housing is supported partly by the first part,
since the first part 4 has an outer diameter ODt which is
substantially the same as an inner diameter IDy of the
housing. The housing comprises a second end part 17
connected to a connector 15, illustrated by dotted lines.
The connector may furthermore be connected to an op-
erational tool 18, also illustrated with dotted lines.
[0046] By the shaft being fixed and the housing with
the piston being slidable, the force generated by the
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downhole stroking tool is mainly transferred via the hous-
ing and not as in prior art tools via the shaft to e.g. a plug.
When transferring a high force close to the centre of the
tool and when the tool is not fully aligned with the element
it presses onto, the shaft bends easier than when being
aligned with the element. When transferring the high axial
force mainly via the housing, the force is transferred fur-
ther away from the centre and thus eliminates the risk of
bending when being off the centre in relation to the ele-
ment. The tool of the present invention is therefore ca-
pable of transferring a higher amount of force as the risk
of the shaft bending while transferring a high force is sub-
stantially decreased. In prior art tools transferring the
generated axial force via the shaft, the shaft bends when
the force exceeds a certain level. Increasing the shaft
diameter reduces the area of the piston and thus reduces
the force the piston is capable of providing. The prior art
tools cannot provide a force substantially above 50,000
pounds but the tool of present invention can provide a
force of 100,000 pounds. Furthermore, by moving the
housing in relation to the stationary shaft and the station-
ary first part, a higher bending stiffness of the downhole
stroking tool is obtained. The housing is supported along
its stroke by the piston, whereby the downhole stroking
tool is capable of transferring a higher axial force sub-
stantially without bending compared to prior art tools.
[0047] Furthermore, by the shaft being fixed and the
housing with the piston sliding, the shaft does not transfer
any forces and thus does not have to have a certain di-
ameter, and the shaft diameter can therefore be reduced
and the piston area increased, enabling the tool to gen-
erate a higher axial force.

[0048] In another embodiment, the tool is powered by
a battery in the tool and is thus wireless. In another not
shown embodiment, the pump may be powered by high
pressured fluid from surface down through a pipe, coiled
tubing or the casing.

[0049] In Fig. 4, the downhole stroking tool 1 further
comprises a pressure intensifier 11 arranged down-
stream of the pump to increase the pressure before being
fed to the chamber 3. The pressure intensifier comprises
an intensifier piston 36 having one surface area closest
to the pump unit 5 which is larger than another surface
area closest the chamber. The pressure intensifier further
comprises fluid channels 26 for providing fluid to and from
the pressure intensifier 11, and comprises at least one
valve 37.

[0050] By having a pressure intensifier, the downhole
stroking tool is capable of generating a higher fluid pres-
sure than the pump is capable of providing, and thus, the
downhole stroking tool is capable of providing a higher
axial force than without the pressure intensifier. Due to
the restrictions downhole in a well, the size of the pump
is also restricted.

[0051] InFig. 4, the first tool part has at least one seal-
ing element 32 for providing a seal against the housing.
The sealing element is arranged in a groove in the first
tool part closest to the piston so as to provide a seal even
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when the housing moves. A first end 33 of the shaft 6 is
fixedly arranged in the first tool part, and a second end
part 34 of the shaft 6 is fastened in the tool end element
35, the tool end element defining one end of the chamber
and the first tool part 4 defining the other end. Another
sealing element 32 is arranged in a circumferential
groove in the tool end element 35 so as to provide a seal
between the sliding housing 2 and the tool end element
35.

[0052] InFig.4, thetoolfurther comprises a valve block
31 for controlling which chamber section is fed pressu-
rised fluid and thus if the downhole stroking tool 1 pro-
vides an upstroke or downstroke movement.

[0053] In Fig. 5, the shaft has a through-bore 12 in
which an electrical conductive means 14 runs through
the shaft to provide electric power to e.g. an operational
tool 18. The shaft thus comprises both a fluid channel
and a through-bore for electrical means. By the shaft be-
ing fixed and the housing with the piston sliding, the shaft
does not transfer any forces and can thus have several
through-bores for fluid channels and for electrical wiring.
Thus, the operational tool may be electrically powered
through the electrical conductive means 14 running
through the shaft. The operational tool may be a plug
connector, a fishing neck, a key tool or a setting tool.
[0054] The downhole stroking tool according to Fig. 6
further comprises a second chamber 21 divided by a sec-
ond piston 22. The second chamber comprises a first
chamber section 8b and a second chamber section 9b.
The first chamber section 8b and a second chamber sec-
tion 9b of the second chamber 21 have the same config-
uration as the first chamber section 8a and a second
chamber section 9a of the first chamber 3 as they are
divided by a piston. The first and second chambers 3, 21
are both comprised in the housing 2, and both the first
piston 7 and the second piston 22 are connected to or
form part of the housing and slide along the housing 2.
The shaft comprises an intermediate part 23 dividing the
first and the second chamber and forming the ends of
both the first and the second chamber. Thus, the first
chamber 3 is defined by the first tool part 4, the housing
2, the shaft 6 and the intermediate part 23. The second
chamber 21 is defined by the intermediate part 23, the
housing 2, the shaft 6 and the tool end element 35. The
intermediate part supports the housing, also while the
housing slides in relation to the intermediate part. As can
be seen, the shaft has several fluid channels, one in fluid
communication with the second chamber section 9a of
the first chamber 3 and one in fluid communication with
the second chamber section 9b of the second chamber
21. A second fluid channel is in fluid communication with
the first chamber section 8b of the second chamber 21.
The fluid communication with the second chamber sec-
tion 9b of the second chamber 21 may be in a separate
fluid channel.

[0055] InFig.7,the downhole stroking tool further com-
prises an anchoring section 51 having projectable fixation
units 55 for fixating the downhole stroking tool in the cas-
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ing in the well 101.

[0056] Fig. 7 discloses a downhole system 100 com-
prising the downhole stroking tool 1 and a driving unit 52,
such as a downhole tractor, for propelling the system
forward in a well.

[0057] In Fig. 8, the downhole system 100 comprises
the downhole stroking tool 1 and a well tubular metal
structure 45. The well tubular metal structure 45 com-
prises an annular barrier 71 which is expanded in the
annulus 72 surrounding the well tubular metal structure
to isolate a first zone 101 from a second zone opposite
the annular barrier. The annular barrier 71 comprises a
tubular metal part 73 mounted as part of the well tubular
metal structure 45, and an expandable metal sleeve 74
connected with the tubular metal part, defining an ex-
pandable space 78. The annular barrier 71 comprises an
expansion opening 75 through which pressurised fluid
enters to expand the expandable sleeve. The downhole
stroking tool 1 comprises an expansion section 76 having
circumferential sealing elements 77 arranged on each
side of the expansion opening 75 for isolating an expan-
sion zone 103 opposite the expansion opening. The tool
end element 35 connected with the expansion section
and the tool end element comprises fluid channels 70
providing fluid communication between the second
chamber section 9 and an opening 73 in the isolation
secion 76 opposite the expansion zone 103. This is to
provide pressurised fluid into the expandable space and
expand the annular barrier 71. As the piston 7 and the
housing 2 move, the fluid in the second chamber section
9is forced in through the fluid channels 70 in the tool end
element 35 and further into the expansion section and
into the annular barruer by pressurising the zone 103
opposite the expansion opening 75.

[0058] In Fig. 9, the fluid channel 19 in the shaft 6 of
the downhole stroking tool 1 is fluidly connected with the
sealing elements 77 of the expansion section 76 to ex-
pand the sealing elements by means of pressurised fluid
from the pump unit 5. Thus, the second tool part 10, the
housing 2 and the piston 4 of the downhole stroking tool
are connected with a first end 81 of a section shaft 82 of
the expansion section. A second end 83 of the section
shaftis connected to a piston 84 sliding in a section hous-
ing 85, dividing a section chamber 80 into a first chamber
section 86 in fluid communication with the opening 79 in
the expansion section 76 for providing pressurised fluid
into the annular barrier and a second chamber section
91. The opening 79 of the expansion section 76 is pro-
vided with a one-way valve 87 or a check valve. The first
chamber section 86 is fluidly connected with a part of an
inside 89 of the well tubular metal structure by means of
a second fluid channel 88, which part of the inside of the
well tubular metal structure does not form part of the iso-
lated zone. The second fluid channel is provided with a
one-way valve 87 or a check valve for taking in fluid from
the well tubular metal structure but hindering the fluid
from flowing out of the chamber 80. When the tool hous-
ing 10 moves the piston 84 of the expansion section 76,
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fluid inside the first chamber section 86 is forced out of
the chamber 85 into the isolated zone 103 and further
into the space 78 of the annular barrier to expand the
same. Thus, the downhole stroking tool of Figs. 8 and 9
is used to isolate a zone opposite the annular barrier 71
and expand the expandable sleeve of the annular barrier.
[0059] 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.

[0060] By a casing, production casing or well tubular
metal structure is meant any kind of pipe, tubing, tubular,
liner, string etc. used downhole in relation to oil or natural
gas production.

[0061] In the event that the tool is not submergible all
the way into the casing, a downhole tractor can be used
to push the tool all the way into position in the well. The
downhole tractor 52 may have projectable arms 56 hav-
ing wheels 57, wherein the wheels contact the inner sur-
face of the casing for propelling the tractor and the tool
forward in the casing. A downhole tractor is any kind of
driving tool capable of pushing or pulling tools in a well
downhole, such as a Well Tractor®.

[0062] 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 downhole stroking tool (1) for providing an axial
force in an axial direction, comprising:

- a housing (2),

- a first chamber (3),

- a first tool part (4) comprising a pump unit (5)
providing pressurised fluid to the chamber,

- a shaft (6) penetrating the chamber, and

- a first piston (7) dividing the first chamber into
a first chamber section (8, 8a) and a second
chamber section (9, 9b),

wherein the piston is connected to or forming part of
the housing forming part of a second tool part (10)
andis slidable in relation to the shaft so that the hous-
ing moves in relation to the shaft, the shaft being
stationary in relation to the pump unit during pres-
surisation of the first or the second chamber section,
generating a pressure on the piston,

wherein the shaft is fixedly connected with the first
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10.

1.

12.

13.

tool part, and
wherein the housing is slidable in relation to the first
tool part and overlaps the first tool part.

A downhole stroking tool according to claim 1,
wherein the tool further comprises a pressure inten-
sifier (11) arranged downstream of the pump to in-
crease the pressure before being fed to the chamber.

A downhole stroking tool according to claim 1 or 2,
the shaft having a through-bore (12) for allowing an
electrical conductive means (14) to run through the
shaft.

A downhole stroking tool according to any of the pre-
ceding claims, further comprising a connector (15),
the housing comprising a first end part (16) overlap-
ping the first tool part.

A downhole stroking tool according to any of the pre-
ceding claims, further comprising an operational tool
(18) connected with the housing.

A downhole stroking tool according to any of the pre-
ceding claims, wherein the operational tool is elec-
trically powered.

A downhole stroking tool according to any of the pre-
ceding claims, wherein the housing has an inner di-
ameter (IDy) substantially corresponding to an outer
diameter (OD7) of the first tool part.

A downhole stroking tool according to any of the pre-
ceding claims, wherein the shaft and/or the housing
comprises one or more fluid channels (19) for pro-
viding fluid to and/or from the chamber during pres-
surisation of the first or the second chamber section,
generating a pressure on the piston.

A downhole stroking tool according to any of the pre-
ceding claims, wherein the housing transfers the ax-
ial force.

A downhole stroking tool according to any of the pre-
ceding claims, further comprising a second chamber
(21) divided by a second piston (22).

A downhole stroking tool according to claim 10,
wherein the first and second chambers are com-
prised in the housing.

A downhole stroking tool according to claim 10 or
11, wherein the shaft comprises an intermediate part
(23) dividing the first and the second chamber.

A downhole stroking tool according to any of the pre-
ceding claims, further comprising an anchoring sec-
tion (51) having projectable fixation units for fixating
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the downhole stroking tool in a well.

A downhole system comprising the downhole strok-
ing tool according to any of claims 1-13 and a driving
unit (52), such as a downhole tractor, for propelling
the system forward in a well.

Use of a downhole stroking tool according to any of
claims 1-13 for pulling a plug in a well.
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