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A DOWNHOLE WELL TUBULAR STRUCTURE

Field of the invention

The present invention relates to a downhole well tubular structure configured to

be arranged in a borehole in a formation. The present invention also relates to a

downhole system comprising a downhole well tubular structure according to the

present invention and to a sleeve operating method for uncovering or covering an

opening in the downhole well tubular structure according to the present

invention.

Background art

Opening or closing sliding sleeves in a well downhole is often performed by an

operation tool having projectable keys, where each sleeve has a profile matching

the profile of the key. When having sleeves with more positions than two, the

operation of sliding sleeves has t o be performed in several runs; one run for each

position of the sleeve since the sleeves have different profiles in order to be able

to be positioned in different positions, and thus the operation tool needs t o

change keys to match another profile of the sliding sleeve.

Summary of the invention

It is an object of the present invention to wholly or partly overcome the above

disadvantages and drawbacks of the prior art. More specifically, it is an object to

provide an improved well tubular structure and downhole system making the

operation of sliding sleeves easier by making it possible to open and/or close

several multi-position sliding sleeves in one run.

The above objects, together with numerous other 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 well tubular

structure configured to be arranged in a borehole in a formation, comprising:

- a well tubular part having an opening and an inner face, the well tubular part

having an axial extension, and



- a first sleeve configured to slide within the well tubular part along at least part

of the inner face, the first sleeve having a first end face and a second end face,

the first sleeve having a first sleeve groove facing away from the well tubular

part, the first sleeve groove of the first sleeve having a first groove face

extending radially and facing away from the first end face, and the first sleeve

groove of the first sleeve having a second groove face inclining away from the

first groove face, wherein the well tubular part has a first inclined face facing the

first end face of the first sleeve, the first inclined face inclining from the inner

face away from the first sleeve, and wherein the well tubular part comprises a

second inclined face facing the first inclined face, the second inclined face

inclining from the inner face away from the first sleeve, and the first sleeve is

configured to slide towards the first inclined face while uncovering or covering the

opening.

By having the first inclined face and a second inclined face, a projecting part of a

downhole tool engaging the sleeve groove automatically slides off and disengages

from the groove as the projecting part of the downhole tool slides along the first

inclined face or the second inclined face and the projecting part is forced radially

inwards out of engagement with the sleeve groove.

The first end face and/or a second end face of the first sleeve may incline.

By having inclined end faces, the projecting part of the tool engaging the groove

is able to slide off and disengage from the groove.

Moreover, the well tubular part may comprise a tubular part groove in which the

first sleeve slides and the first inclined face forms part of the tubular part groove.

Also, the well tubular part may comprise a projecting member, the projecting

member having the first inclined face.

Furthermore, the first sleeve may comprise a second sleeve groove having a first

groove face extending radially and a second groove face inclining towards the

first inclined face.

By having a first and a second sleeve groove each having a second groove face

inclining away from and towards the first inclined face, respectively, a downhole



tool is able to open the sleeve when moving in a first direction and close the

sleeve when moving in the second direction opposite the first direction.

Moreover, the second groove faces of the first and the second sleeve groove may

incline towards each other.

Further, the second groove face may incline away from the inner face of the well

tubular part and towards the first inclined face.

Also, the first end face and/or a second end face of the first sleeve may incline.

Further, the well tubular part may comprise a second opening displaced in the

axial extension in relation to the first opening.

Moreover, the downhole well tubular structure according to the present invention

may further comprise a second sleeve configured to slide within the well tubular

part along at least part of the inner face, the second sleeve having a first end

face and a second end face, and the second sleeve having an inclined sleeve face

being the first end face or the second end face, the inclined sleeve face facing the

first inclined face and inclining away from the first sleeve.

Also, the first and the second sleeves may slide within the same tubular part

groove.

Furthermore, the second sleeve may in one position be arranged adjacent the

second end face of the first sleeve. And the first sleeve may be arranged between

the first inclined face and the second sleeve.

The second sleeve may comprise a first sleeve groove facing away from the well

tubular part, the first sleeve groove of the second sleeve having a first groove

face extending radially and facing away from the first end face.

In addition, the second sleeve groove may have a second groove face inclining

towards the first inclined face.

Further, the second end face of the first sleeve may incline.



Also, the second end face of the second sleeve may incline.

Moreover, the well tubular part may comprise a third opening displaced in the

axial extension in relation to the second opening.

The downhole well tubular structure as described above may further comprise a

third sleeve configured to slide within the well tubular part along at least part of

the inner face, the third sleeve having a first end face and a second end face, and

the third sleeve having an inclined sleeve face being the first end face or the

second end face, the inclined sleeve face facing the first inclined face and

inclining away from the first sleeve.

In addition, the second sleeve may be arranged between the first sleeve and the

second sleeve.

Additionally, the first inclined face and/or the second inclined face may incline

with an angle of 20-70° from the axial extension.

The second opening may be larger than the first opening.

Furthermore, a screen may be arranged on an outer face of the well tubular part

opposite the opening.

Also, a screen may be arranged in the sleeve.

Further, a valve, such as a constant flow valve or an inflow control valve, may be

arranged in the opening.

Moreover, an identification tag may be arranged in the sleeve and/or in the well

tubular part.

A self-closing mechanism may be configured to move the sleeve away from the

first inclined face.

In addition, the sleeve may have a circumferential recess and a sealing element

arranged in the recess.



The one or more sleeve(s) may comprise a locking mechanism locking into a

recess in the well tubular part in order to lock the sleeve in the axial extension.

Furthermore the downhole well tubular structure may be made of metal and thus

be a downhole well tubular metal structure.

Moreover, the well tubular part may be made of metal and thus be a well tubular

metal part.

Also, the sleeve may be made of metal and thus be a metal sleeve.

The present invention also relates to a downhole system comprising a downhole

well tubular structure according to any one of the preceding claims, and a

downhole tool submersible into the well tubular structure, the downhole tool

having a tool body and a first projecting part projectable from the tool body, the

projecting part having a profile, the profile comprising an indentation between a

first engagement member and a second engagement member, each engagement

member having an inclined face facing away from the indentation, the

indentation having two indentation faces extending radially to the axial

extension, wherein one of the engagement members is configured to engage the

groove of the sleeve, while the other engagement member is arranged without

engaging the sleeve.

The sleeve may have a first sleeve end part extending between the first end face

and the first groove face, the indentation of the profile of the projecting part

having an axial extension which is greater than the first sleeve end part along the

axial extension, so that the indentation face of the projecting part is allowed to

slide along the first inclined face.

Also, the projecting part may be springily suspended in the tool body by means

of a spring, so that the projecting part is configured to slide along and within the

well tubular structure in and out of engagement with the sleeve grooves.

Moreover, the spring may be a coil spring configured to provide the springy

suspension of the projecting part.

Further, projecting part(s) of the tool may be projected by hydraulics.



Said projecting part(s) of the tool may be retracted by the spring.

Furthermore, the downhole tool may comprise a second projecting part arranged

circumferentially opposite the first projecting part.

The present invention furthermore relates to a sleeve operating method for

uncovering or covering an opening in the downhole well tubular structure as

described above in the system as described above, the method comprising the

steps of:

- inserting the downhole tool in the well tubular structure,

- moving the downhole tool forward in the well tubular structure in a first

direction,

- projecting the projecting part from the tool body,

- moving the downhole tool further along the first direction, so that the projecting

part slides along an inner face of the well tubular structure,

- letting the first engagement member of the projecting part slide past the first

sleeve groove and the second engagement member of the projecting part project

further to engage the first sleeve groove,

- moving the downhole tool further along the first direction, thereby displacing

the sleeve from a first position to a second position to cover or uncover the

opening, and

- sliding the projecting part along the inclined end face of the well tubular

structure, thereby forcing the projecting part to retract and disengage the first

sleeve groove.

Said sleeve operating method may further comprise the steps of:

- moving the downhole tool in a second direction opposite the first direction,

- sliding the projecting part past the first sleeve groove without engaging the first

sleeve groove,

- moving the downhole tool further in the second direction,

- letting the second engagement member of the projecting part slide past the

second groove and the first engagement member of the projecting part project

further to engage the second sleeve groove,

- moving the downhole tool further in the second direction, thereby displacing the

sleeve from the second position to the first position, and



- sliding the projecting part along the second inclined end face of the well tubular

structure, thereby forcing the projecting part to retract and disengage the first

sleeve groove.

Brief description of the drawings

The invention and its many advantages will be described in more detail below

with reference to the accompanying schematic drawings, which for the purpose of

illustration show some non-limiting embodiments and in which

Fig. 1 shows a cross-sectional view of a downhole well tubular structure having a

sleeve covering an opening,

Fig. 2 shows a cross-sectional view of the downhole well tubular structure of Fig.

1, in which the sleeve is in a position uncovering the opening,

Fig. 3 shows a cross-sectional view of another downhole well tubular structure

having a projection,

Figs. 4a-c show a cross-sectional view of the downhole well tubular structure of

Fig. 1 in which a projecting part engages the sleeve and moves the sleeve in a

first direction from the position of Fig. 1 to the position of Fig. 2,

Figs. 4d-g show a cross-sectional view of the downhole well tubular structure of

Fig. 1 in which a projecting part engages the sleeve and moves the sleeve in a

second direction opposite the first direction from the position of Fig. 2 to the

position of Fig. 1,

Fig. 5 shows a cross-sectional view of a downhole system having a downhole tool

and another downhole well tubular structure having two sleeves,

Fig. 6 shows a cross-sectional view of the downhole system of Fig. 5, in which the

second sleeve has been moved,

Fig. 7 shows a cross-sectional view of the downhole system of Fig. 5, in which the

first sleeve is being moved,



Fig. 8 shows a cross-sectional view of the downhole system of Fig. 5, in which

both sleeves cover an opening,

Fig. 9A shows a cross-sectional view of another downhole well tubular structure

having a locking mechanism,

Fig. 9B shows a cross-sectional view of another downhole well tubular structure

having another locking mechanism,

Fig. 10 shows a cross-sectional view of another downhole well tubular structure,

Fig. 11A shows a cross-sectional view of another downhole well tubular structure

having three sleeves with the first opening being uncovered and the second and

third openings being covered,

Fig. 11B shows the system of Fig. 11A with the second opening being uncovered

and the first and third openings being covered,

Fig. llC shows the system of Fig. 11A with the third opening being uncovered

and the first and second openings being covered,

Fig. 11D shows the system of Fig. 11A with all openings being covered,

Fig. 12 shows a cross-sectional view of another downhole well tubular structure

having a valve in the opening,

Fig. 13 shows an enlarged view of the valve of Fig. 12, and

Fig. 14 shows a cross-sectional view of an insert in another embodiment of a

valve.

All the figures are highly schematic and not necessarily 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

Fig. 1 shows a downhole well tubular structure 1 arranged in a borehole 2 in a

formation 3 . The well tubular structure comprises a well tubular part 4, also

called a base pipe, having an opening 5 for allowing fluid from the formation to

flow into the well tubular structure or from inside the well tubular structure into

the formation, e.g. when the formation is fractured or an acid job is run. The well

tubular structure 1 has an inner face 6 and an axial extension coincident with an

axial extension 7 of the well tubular part. The well tubular structure 1 comprises

a first sleeve 8 configured to slide within the well tubular part 4 along at least

part of the inner face 6 . The first sleeve 8 has a first end face 9 and a second end

face 10, and the first sleeve 8 has a first sleeve groove 11 facing away from the

well tubular part 4 . The first sleeve groove 11 of the first sleeve comprises a first

groove face 12 extending radially, substantially perpendicular to the axial

extension 7 and facing away from the first end face 9 . The first sleeve groove 11

further has a base face parallel with the axial extension and a second groove face

17 inclining from the base face away from the first groove face 12. The well

tubular part 4 further comprises a first inclined face 14 facing the first end face 9

of the first sleeve 8, and the first inclined face 14 inclines from the inner face 6 of

the well tubular part 4 away from the first sleeve 8 . The first sleeve covers the

opening 5 in Fig. 1 and is configured to slide along the inner face 6 to uncover

the opening 5 and allow fluid to pass through the opening, as shown in Fig. 2 .

By having the first inclined face 14, a projecting part 42 (shown in Figs. 4B and

4C) of a downhole tool engaging the first sleeve groove 11 automatically slides

off and disengages from the first sleeve groove as the projecting part of the

downhole tool slides along the first inclined face 14 and the projecting part is

forced radially inwards out of engagement with the first sleeve groove 11.

The well tubular part in Fig. 1 comprises a tubular part groove 15 in which the

first sleeve 8 slides and the first inclined face 14 forms part of the tubular part

groove 15. The well tubular part 4 comprises, at the opposite end of the first

inclined face 14, a second inclined face 2 1 facing the first inclined face 14 and

inclining from the inner face 6 away from the first sleeve. In Fig. 1, the first

sleeve 8 comprises a second sleeve groove 18 having a first groove face 20

extending radially and substantially perpendicularly to the axial extension 7 . The

second sleeve groove 18 further comprises a base face parallel to the axial



extension and a second groove face 19 inclining from the base face towards the

first inclined face 14. By having a first sleeve groove 11 and a second sleeve

groove 18, each groove having a second groove face 17, 19 inclining from the

inner face 6 away from and towards the first inclined face 14, respectively, a

downhole tool is able to open the sleeve when moving in a first direction and is

able to close the sleeve when moving in a second direction opposite the first

direction. Thus, the second groove faces of the first and the second sleeve groove

incline towards each other.

Instead of having a tubular part groove, the well tubular part may comprise a

projecting member 16, so that the first inclined face 14 forms part of the

projecting member, as shown in Fig. 3 .

I n order to slide the first sleeve from a first position as shown in Fig. 1 and partly

in Fig. 4a t o a second position as shown in Fig. 2, a downhole tool having a

projecting part 42 is inserted into the well tubular structure. The projecting part

42 has a profile 43 which comprises an indentation 44 between a first

engagement member 6 1 and a second engagement member 62. Each

engagement member comprises an inclined face 45, 45a, 45b facing away from

the indentation. While the downhole tool is moved upwards again, the projecting

part 42 is projected to slide along the well tubular structure 1 and thus along the

first sleeve 8 . When reaching the first sleeve groove 11, the first engagement

member 6 1 slides past the sleeve groove due to its inclined face 45a and the

second engagement member 62 engages the sleeve groove, and the projecting

part 42 projects radially simultaneously therewith. As the downhole tool moves

further, as shown in Fig. 4b, the inclined face 45a of the first engagement

member 6 1 hits against the inclined face 14 of the well tubular part 4 and the

projecting part 42 is forced to retract, as shown in Fig. 4c, and the second

engagement member 62 disengages the sleeve groove, leaving the sleeve in the

position shown in Fig. 4c.

I n Fig. 4d, the downhole tool moves further into the well while the projecting part

42 is projected and as the projecting part 42 slides along the well tubular part 4,

the projecting part projects even further into the gap between the first inclined

face 14 and the first end face 9 and into the first sleeve groove 11. As the

downhole tool and the projecting part 42 move further down the well, the inclined

face 45b of the second engagement member 62 abuts and slides along the



inclined second groove face 17, forcing the projecting part 42 to slightly retract

into the tool body and disengage the groove, as shown in Fig. 4e. While moving

further down the well, the projecting part slides along the sleeve until the first

engagement member 6 1 is opposite the second sleeve groove 18 and projects

into the groove 18, as shown in Fig. 4f. While moving further in the same

direction down the well, the first engagement member 6 1 of the projecting part

42 abuts the first groove face 20 and thus engages the second sleeve groove 18

and moves the first sleeve into the position shown in Fig. 1. As the projecting

part 42 of the tool keeps moving further down the well, the inclined face 45b of

the second engagement member 62 slides along a second inclined face 2 1 of the

well tubular part, which forces the projecting part 42 to retract into the tool body,

as shown in Fig. 4g where the profile of the projecting part 42 no longer engages

the second sleeve groove 18.

I n Fig. 5, the downhole well tubular structure further comprises a second sleeve

22 configured to slide within the same tubular part groove in the well tubular part

along at least part of the inner face as the first sleeve 8 . By having two sleeves

within the same sliding sleeve assembly 80, each sleeve only has two positions

and not the known multiple positions. Multiple position sleeves have shown to

fail, and each multiple position sleeve needs different keys/profiles to change

position, and thus the sleeve cannot be operated in all positions in one run. The

reason for having multiple position sleeves is t o open more than one opening in

one sleeve assembly. By having two sleeves within the same sliding sleeve

assembly 80, one tool having one profile on the projecting part 42 is needed, and

thus the sleeves can be opened and/or closed for two openings using the same

tool and in the same run due t o the design of each sleeve.

As can be seen in Fig. 5, the second sleeve 22 has a first end face 23 and a

second end face 24. The second sleeve has an inclined sleeve face 25 being the

first end face 23. The inclined sleeve face inclines from the inner face 6 of the

well tubular part 4 towards a first sleeve groove 26 of the second sleeve 22, and

thus the inclined sleeve face 25 faces the first inclined face 14 and inclines away

from the first sleeve 8 . The first sleeve groove 26 of the second sleeve 22 has a

first groove face 27 extending radially perpendicularly to the axial extension and

facing away from the first end face. The second sleeve groove also comprises a

base face substantially parallel to the axial extension and a second groove face

29 inclining from the base face towards the first inclined face 14.



I n Fig. 5, the downhole tool 40 having a tool body 4 1 is arranged in the well

tubular structure opposite the first sleeve groove 26 of the second sleeve 22. The

first sleeve 8 and the second sleeve 22 are arranged so close that the projecting

part 42 cannot engage the second groove 18 of the first sleeve 8 when the

projecting part 42 moves in its projected position along the inner face of the

sleeves 8, 22 and the well tubular part 4 . One engagement member 61, 62

cannot engage the second groove of the first sleeve, since the other is at the

same time arranged opposite a part of the sleeve having no groove.

Thus, the first sleeve groove 26 of the second sleeve 22 is the first groove in

which the first engagement member 6 1 of projecting part 42 is able to engage

when the tool moves from the first inclined face 14 towards the second inclined

face 21. When engaging, the second engagement member 62 is arranged in front

of the second sleeve outside the second sleeve in the gap between the second

end face 24 of the second sleeve and the second inclined face 2 1 of the well

tubular part 4 . I n Fig. 5, the second sleeve 22 covers a second opening 28 in the

well tubular structure, and as the projecting part 42 moves towards the inclined

face 21, the second sleeve moves to uncover the second opening 28, as shown in

Fig. 6 . By further movement of the tool down the well, the second inclined face

45b, shown in Fig. 6, of the second engagement member 62 slides along the

inclined face 21, and the projecting part 42 is forced to somewhat retract,

thereby forcing the first engagement member 6 1 t o disengage the sleeve groove

26. Fluid is thus allowed to flow through the second opening 28, while the first

opening 5 is covered and closed by the second sleeve 22. The first opening 5 is

larger than the second opening 28 and the opening size can, in this way, be

varied by displacing the second sleeve. In order to close the second opening 28

as well, the downhole tool is moved upwards and the projecting part 42 slides

along the inner face of the sleeve until the second engagement member 62 is

allowed to project into a second groove 38 of the second sleeve 22. As the

projecting part 42 moves further towards the second opening, the first inclined

face of the first engagement member 6 1 abuts the inclined second end face 10 of

the first sleeve, and the first engagement member 6 1 slides along the inclined

second end face 10 and the second engagement member 62 is forced to

disengage the second sleeve groove 38, leaving the second sleeve in the position

shown in Fig. 5, closing the second opening.



The second end face 10 of the first sleeve 8 and the first end face 23 of the

second sleeve 22 incline so that the projecting part 42 slides along the inclining

end face and is forced to partly retract and disengage the wrong sleeve. By

having two sleeves with opposing inclined end faces within the same groove 15,

the projecting part 42 of the tool cannot engage the second sleeve groove 17 of

the first sleeve 8 or the second sleeve groove 38 of the second sleeve 22 when

the two sleeves 8, 22 are arranged close t o each other in a first position as

shown in Fig. 5, in which the first opening 5 is uncovered and thus open, or in a

third position close to each other in which both openings are covered and thus

closed. I n a second position as shown in Fig. 6, the projecting part 42 of the tool

can engage the second sleeve groove 18 of the first sleeve, as shown in Fig. 7, to

move the first sleeve to the third position, shown in Fig. 8, or the projecting part

42 of the tool can engage the second sleeve groove 38 of the second sleeve 22 to

move the second sleeve to the first position. Thus, the tool cannot engage the

wrong sleeve but only the sleeve to be moved. When the tool moves in a first

direction as shown in Fig. 5, the tool can only engage the first groove of the

second sleeve and move the second sleeve to the second position shown in Fig.

6, due to the inclined face 45b and the inclined end faces 17, 25, 39. I n the

situation where the sleeves are positioned in the second position, the tool moving

in the first direction can only engage the second sleeve groove 18 of the first

sleeve 8, as shown in Fig. 7 . I n the situation where the sleeves are positioned in

the second position, as shown in Fig. 6, the tool moving in a second direction

opposite the first direction (thus in the opposite direction of the arrow shown in

Fig. 6) can only engage the second groove 38 of the second sleeve 22 due to the

inclined face 45a of the tool sliding along the inclined second groove face 29, and

thus the tool is forced to disengage the first sleeve groove 26 before being able

to move the sleeve 22. Therefore, the same tool having the same profile of the

projecting part can open and close both the first opening and the second opening

in one run without having to be withdrawn from the well to change profile.

The first inclined face and/or the second inclined face incline/inclines with an

angle of 20-70° from the axial extension. In this way, the projecting part is able

to slide towards the tool body and thus retract while the tool moves further in the

well.

Even though it is not shown, a screen may be arranged on an outer face of the

well tubular part opposite one of the openings.



I n order to properly identify which production zone is to be produced from and

thus which sleeve is t o open for flow through an opening, an identification tag 63

is arranged in the sleeve and/or the well tubular part, as shown in Fig. 10. The

downhole well tubular structure comprises a detection unit for detection of the

identification tag. As shown, the well tubular part sleeve comprises a self-closing

mechanism 57 configured to move the sleeve towards from the first inclined face,

so that when the sleeve is moved to open for flow through the opening 5, a

spring 65 of the self-closing mechanism 57 is compressed by a piston 64 moving

in a cavity 66. Thus, when the projecting part stops engaging the groove of the

sleeve, the self-closing mechanism closes the opening by moving the sleeve to

the initial position shown in Fig. 10.

I n Fig. 9A, the first sleeve has a circumferential recess 50 and a sealing element

5 1 arranged in the recess so as to provide a seal between the sleeve and the well

tubular part 4 . The second sleeve further comprises a locking mechanism 52

locking into a recess 53 in the well tubular part 4 for locking the sleeve in the

axial extension. The locking mechanism is a spring pawl which projects radially

outwards when possible, e.g. in the recess 53. By having a locking mechanism

locking the sleeves, the sleeves are prevented from moving unintentionally when

other tools pass the sleeves.

In Fig. 9B, the second sleeve comprises another locking mechanism 52 locking

into a recess 53 in the well tubular part 4 in order to lock the sleeve in the axial

extension. The locking mechanism 52 comprises a spring 59 forcing an element

55 radially inwards into a recess 53 when a recess of a sleeve is arranged

opposite the locking mechanism 52. The element comprises a ceramic or metal

ball engaging the recess.

I n Figs. 5 and 6, a downhole system 100 comprising a downhole well tubular

structure 1 and a downhole tool 40 (shown in Fig. 11A) submersible into the well

tubular structure is shown. The downhole tool has the tool body 4 1 and the first

projecting part 42 is projectable from the tool body, and the projecting part has a

profile 43, the profile comprising an indentation 44 between a first engagement

member and a second engagement member, each engagement member having

an inclined face 45, 45a, 45b facing away from the indentation, the indentation

having the first and the second indentation faces extending radially to the axial

extension, wherein one of the engagement members is configured to engage the



groove of the sleeve, while the other engagement member is arranged without

engaging the sleeve.

As shown in Fig. 4d, the sleeve has a first sleeve end part 58 extending between

the first end face 9 and the first groove face 12, and the indentation 44 of the

profile of the projecting part 42 has an axial extension greater than the first

sleeve end part 58 along the axial extension, so that the inclined face 45 of the

projecting part 42 is allowed to slide along the first inclined face or the second

inclined face, as shown in Fig. 4g.

In order for the projecting part 42 to be able to slide along the sleeve and

disengage or engage the groove of the sleeve, the projecting part is springily

suspended in the tool body by means of a spring 59, such as a coil spring, as

illustrated in Fig. 5 .

As shown in Fig. 5, the downhole tool comprises a second projecting part 42b

arranged circumferentially opposite the first projecting part.

When moving the projecting part 42, 42b to move a sleeve, it may only be part

of the tool which is moving in relation to another fixed tool part. The fixed tool

part may be fixed in the axial extension by means of an anchoring section, and

the part moving may be moved by a stroking tool which is a tool providing an

axial force along the axial extension. The stroking tool comprises an electrical

motor for driving a pump. The pump pumps fluid into a piston housing to move a

piston acting therein. The piston is arranged on the stroker shaft. The pump may

pump fluid into the piston housing on one side and simultaneously suck fluid out

on the other side of the piston.

In Fig. 11A, the downhole well tubular structure 1 comprises three sleeves, the

first sleeve 8, the second sleeve 22 and a third sleeve 68. The well tubular part 4

has three openings, the first opening 5, the second opening 28 and a third

opening 67. I n Fig. 11A, the three sleeves are arranged in a first position

covering the second and third openings 28, 67, and the first opening 5 is open.

The first opening 5 is larger than the second and third openings and is primarily

used for fracturing the formation or providing acid into the fracture to increase

formation contact. In Fig. 11A, the projecting part 42 of the tool 40 moving in the

first direction towards the inclined face 2 1 is only able to engage the first sleeve



groove 72 as inclined faces of the first and second sleeves force the projecting

part to retract and disengage when sliding past the sleeves.

In a second position as shown in Fig. 11B, the three sleeves are arranged in a

second position covering the first and third openings 5, 67, and the second

opening 28 is open. I n this position, the projecting part 42 of the tool moving in

the first direction can only engage the second sleeve groove 26 of the second

sleeve to move the second sleeve to its second position being the third position,

shown in Fig. 11C, or the projecting part of the tool can engage the second

sleeve groove 73 of the third sleeve 68 t o move the third sleeve to the first

position. Thus, the tool cannot engage the wrong sleeve but only the sleeve to be

moved, either the second sleeve when moving in the first direction or the third

sleeve when moving in the second direction opposite the first direction.

In a third position as shown in Fig. 11C, the three sleeves are arranged in a third

position covering the first and second openings 5, 28, and the third opening 67is

open. I n this position, the projecting part of the tool moving in the first direction

can only engage the second sleeve groove 18 of the first sleeve 8 to move it to

its second position being a fourth position as shown in Fig. 11D, closing the third

opening 67 as well, or the projecting part of the tool moving in the second

direction can engage the second sleeve groove 38 of the second sleeve 22 to

move the second sleeve 22 to the second position, as shown in Fig. 11B. Thus,

the tool cannot engage the wrong sleeve but only the sleeve to be moved, either

the third sleeve when moving in the first direction, or the second sleeve when

moving in the second direction opposite the first direction.

In the fourth position as shown in Fig. 11D, the three sleeves are arranged in a

third position covering all openings. In this position, the projecting part of the

tool moving in the first direction cannot engage any sleeves of this sleeve

assembly 80 but moves past the sleeves to the next sleeve assembly. When the

tool moves past this sleeve assembly in the second direction, the projecting part

of the tool can only engage the first sleeve groove 11 of the first sleeve 8 for

moving the first sleeve to its first position being the third position of the sleeve

assembly 80, as shown in Fig. 11C. Thus, also in the fourth position, the tool

cannot engage the wrong sleeve but only the sleeve to be moved, which is the

first sleeve, when moving in the second direction opposite the first direction.



In Fig. 12, a valve 82 is arranged in the opening 28. The valve 82 may be a

constant flow valve or another kind of inflow control valve. The valve is shown in

the second opening but may be arranged in any of the openings in the well

tubular part 4 . The valve 82 is shown in the enlarged view in Fig. 13, from which

it appears that the valve has an insert 83 made of ceramics. The ceramic insert

83 has a through-bore extending radially, being perpendicular to the axial

extension 7 (shown in Fig. 12). In Fig. 14, the insert 83 has an angled through-

bore which has an angle v to the axial extension 7 to direct the flow of fluid into

the well tubular structure.

By having the inclined faces and the sleeves almost abutting each other in a

position, the sleeves prevent engagement of the projecting part into a wrong

sleeve. Therefore, the same tool having the same profile of the projecting part or

key can be used to move any sleeve from its first position to its second position

to cover or uncover openings.

The sleeve assembly 80 may have more than three sleeves, and similarly the

tubular part 4 may have a corresponding number of openings to be opened or

closed.

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, respectively.

By well tubular structure is meant a casing or any kind of pipe, tubing, tubular,

liner, string etc. used downhole in relation to oil or natural gas production.

In the event that the tool is not submersible 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 may have projectable arms having wheels, wherein

the wheels contact the inner surface 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®.



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 departing from the

invention as defined by the following claims.



Claims

1. A downhole well tubular structure (1) configured to be arranged in a

borehole (2) in a formation (3), comprising:

- a well tubular part (4) having an opening (5) and an inner face (6), the well

tubular part having an axial extension (7), and

- a first sleeve (8) configured to slide within the well tubular part along at least

part of the inner face, the first sleeve having a first end face (9) and a second

end face (10), the first sleeve having a first sleeve groove (11) facing away from

the well tubular part, the first sleeve groove of the first sleeve having a first

groove face (12) extending radially and facing away from the first end face, and

the first sleeve groove of the first sleeve having a second groove face (17)

inclining away from the first groove face,

wherein the well tubular part has a first inclined face (14) facing the first end face

of the first sleeve, the first inclined face inclining from the inner face away from

the first sleeve, and wherein the well tubular part comprises a second inclined

face (21) facing the first inclined face, the second inclined face inclining from the

inner face away from the first sleeve, and the first sleeve is configured to slide

towards the first inclined face while uncovering or covering the opening.

2 . A downhole well tubular structure according to claim 1, wherein the first

sleeve comprises a second sleeve groove (18) having a first groove face (20)

extending radially and a second groove face (19) inclining towards the first

inclined face.

3 . A downhole well tubular structure according to any one of the preceding

claims, wherein the second groove faces of the first and the second sleeve

groove incline towards each other.

4 . A downhole well tubular structure according to any one of the preceding

claims, wherein the second groove face inclines away from the inner face of the

well tubular part and towards the first inclined face.

5 . A downhole well tubular structure according to any one of the preceding

claims, wherein the first end face and/or a second end face of the first sleeve

incline(s).



6 . A downhole well tubular structure according to any one of the preceding

claims, wherein the well tubular part comprises a second opening (28) displaced

in the axial extension in relation to the first opening.

7 . A downhole well tubular structure according to any one of the preceding

claims, further comprising a second sleeve (22) configured to slide within the well

tubular part along at least part of the inner face, the second sleeve having a first

end face (23) and a second end face (24), the second sleeve having an inclined

sleeve face (25) being the first end face or the second end face, the inclined

sleeve face facing the first inclined face and inclining away from the first sleeve.

8 . A downhole well tubular structure according to claim 7, wherein the second

sleeve comprises a first sleeve groove (26) facing away from the well tubular

part, the first sleeve groove of the second sleeve having a first groove face (27)

extending radially and facing away from the first end face.

9 . A downhole well tubular structure according to any one of the preceding

claims, wherein the well tubular part comprises a third opening (67) displaced in

the axial extension in relation to the second opening.

10. A downhole well tubular structure according to any one of the preceding

claims, further comprising a third sleeve (68) configured to slide within the well

tubular part along at least part of the inner face, the third sleeve having a first

end face (69) and a second end face (70), the third sleeve having an inclined

sleeve face (71) being the first end face or the second end face, the inclined

sleeve face facing the first inclined face and inclining away from the first sleeve.

11. A downhole well tubular structure according to any one of the preceding

claims, wherein the one or more sleeve(s) comprises a locking mechanism (52)

locking into a recess (53) in the well tubular part in order to lock the sleeve in

the axial extension.

12. A downhole system (100) comprising a downhole well tubular structure

according to any one of the preceding claims, and a downhole tool (40)

submersible into the well tubular structure, the downhole tool having a tool body

(41) and a first projecting part (42) projectable from the tool body, the projecting

part having a profile (43), the profile comprising an indentation (44) between a



first engagement member and a second engagement member, each engagement

member having an inclined face (45, 45a, 45b) facing away from the indentation,

the indentation having two indentation faces extending radially to the axial

extension, wherein one of the engagement members is configured to engage the

groove of the sleeve, while the other engagement member is arranged without

engaging the sleeve.

13. A downhole system according to claim 12, wherein the sleeve has a first

sleeve end part extending between the first end face (9) and the first groove face

(12), the indentation of the profile of the projecting part having an axial

extension which is greater than the first sleeve end part along the axial

extension, so that the indentation face of the projecting part is allowed to slide

along the first inclined face.

14. A downhole system according to claim 12 or 13, wherein the projecting part

is springily suspended in the tool body by means of a spring, so that the

projecting part is configured to slide along and within the well tubular structure in

and out of engagement with the sleeve grooves.

15. A downhole system according to any one of claims 12-14, wherein the

downhole tool comprises a second projecting part (42b) arranged

circumferentially opposite the first projecting part.

16. A sleeve operating method for uncovering or covering an opening in the

downhole well tubular structure according to any one of claims 1-11 in the

system according to any one of claims 12-15, the method comprising the steps

of:

- inserting the downhole tool in the well tubular structure,

- moving the downhole tool forward in the well tubular structure in a first

direction,

- projecting the projecting part from the tool body,

- moving the downhole tool further along the first direction, so that the projecting

part slides along an inner face (6) of the well tubular structure,

- letting the first engagement member of the projecting part slide past the first

sleeve groove and the second engagement member of the projecting part project

further to engage the first sleeve groove,



- moving the downhole tool further along the first direction, thereby displacing

the sleeve from a first position to a second position to cover or uncover the

opening, and

- sliding the projecting part along the inclined end face of the well tubular

structure, thereby forcing the projecting part to retract and disengage the first

sleeve groove.

17. A sleeve operating method according to claim 16, further comprising the

steps of:

- moving the downhole tool in a second direction opposite the first direction,

- sliding the projecting part past the first sleeve groove without engaging the first

sleeve groove,

- moving the downhole tool further in the second direction,

- letting the second engagement member of the projecting part slide past the

second groove and the first engagement member of the projecting part project

further to engage the second sleeve groove,

- moving the downhole tool further in the second direction, thereby displacing the

sleeve from the second position to the first position, and

- sliding the projecting part along the second inclined end face of the well tubular

structure, thereby forcing the projecting part to retract and disengage the first

sleeve groove.
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