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(67)  The present invention relates to a downhole
completion device configured to be mounted as part of
a well tubular metal structure. The downhole completion
device comprises a metal housing enclosing a closed
space, an electrical component arranged in the space
inside the metal housing, the metal housing being filled
with aliquid having afirst volume of 1 bar at 20°C, wherein
the metal housing has a first housing section and a sec-

DOWNHOLE COMPLETION DEVICE WITH LIQUID

ond housing section, the first housing section having a
first thickness and the second housing section having a
second thickness, and the second thickness being small-
er than the first thickness so that the second housing
section is more flexible than the first housing section.
Furthermore, the invention relates to a downhole com-
pletion system.
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Description

Field of the invention

[0001] The present invention relates to a downhole
completion device configured to be mounted as part of
a well tubular metal structure. Furthermore, the invention
relates to a downhole completion system.

Background art

[0002] When having electrical components downhole,
such as a pressure or temperature sensor, the sensor is
subjected to both high temperature and high pressure.
The sensor is often comprised in a housing, but when
the temperature in the well increases, the pressure in the
housing also increases, which jeopardises the function-
ality of the sensor.

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 downhole completion device which
is able to house and protect an electrical component to
prevent its functionality from deteriorating.

[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 completion device configured to be mounted
as part of a well tubular metal structure, comprising:

- ametal housing enclosing a closed space,

- anelectrical componentarranged in the space inside
the housing, the housing being filled with a liquid
having a first volume of 1 bar at 20°C,

wherein the metal housing has a first housing section
and a second housing section, the first housing section
having a first thickness and the second housing section
having a second thickness, and the second thickness
being smaller than the first thickness so that the second
housing section is more flexible than the first housing
section.

[0005] In this way, the electrical component is protect-
ed from any temperature and pressure changes that nat-
urally occur downhole in a well during production, frac-
turing, aciding, gas lifting or other activities taking place
downhole during the service life of a well.

[0006] The second housing section may be made of a
non-metallic material.

[0007] Furthermore, the electrical component may be
a sensor.

[0008] Also, the electrical component may be a piezo-
electric element, a strain gauge, a coil oran anemometer.
[0009] Moreover, the second thickness may be less
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than 50% of the first thickness.

[0010] In addition, the second thickness may be less
than 33% of the first thickness, preferably less than 25%.
[0011] Further, the housing may have an outer face
and the outer face may be provided with a thread.
[0012] Additionally, the liquid may be silicone, grease
or any liquid suitable for electrical components.

[0013] Also, the housing may have a third housing sec-
tion having a third thickness, the third thickness being
smaller than the first thickness.

[0014] Moreover, the second housing section may
have a projected state in which the liquid has a second
volume being larger than the first volume, and a retracted
state in which the liquid has a third volume being smaller
than the first volume.

[0015] The downhole completion device may further
comprise a communication unit connected with the elec-
trical component.

[0016] In addition, the downhole completion device
may further comprise a storage unit connected with the
electrical component.

[0017] Also, the downhole completion device may fur-
ther comprise a power supply arranged in the space.

[0018] Furthermore, the housing may comprise afilling
nozzle.
[0019] The present invention furthermore relates to a

downhole completion system comprising:

- awell tubular metal structure arranged in a borehole
of a well, the well tubular metal structure having a
longitudinal axis and a wall, and

- a downhole completion device according to any of
the preceding claims, mounted as part of the well
tubular metal structure.

[0020] The downhole completion device may be con-
figured to be mounted in the well tubular metal structure.
[0021] Furthermore, the downhole completion device
may be configured to be mounted on an outer face of the
well tubular metal structure.

[0022] Also, the downhole completion device may be
configured to be mounted on an inner face of the well
tubular metal structure.

[0023] Moreover, the housing of the downhole com-
pletion device and the outer face of the well tubular metal
structure may enclose the space.

[0024] In addition, the electrical component may abut
the outer face of the well tubular metal structure.
[0025] Further, the downhole completion device may
have a longitudinal extension which is perpendicular to
the longitudinal axis and extends radially from the longi-
tudinal axis.

[0026] Additionally, the downhole completion device
may extend through the wall of the well tubular metal
structure.

[0027] Furthermore, the downhole completion device
may extend through the wall of the well tubular metal
structure in a sealing manner.
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[0028] Moreover, the downhole completion device
may at least partly project from the outer face of the well
tubular metal structure.

[0029] The downhole completion system may further
comprise a downhole tool for communication with the
downhole completion device.

[0030] Finally, the well tubular metal structure may
comprise one or more annular barriers, each annular bar-
rier comprising:

- atubular metal part for mounting as part of the well
tubular metal structure, the tubular metal part having
a first expansion opening and an outer face,

- anexpandable metal sleeve surrounding the tubular
metal partand having an inner face facing the tubular
metal part and an outer face facing a wall of the bore-
hole, each end of the expandable metal sleeve being
connected with the tubular metal part, and

- an annular space between the inner face of the ex-
pandable metal sleeve and the tubular metal part,
the expandable metal sleeve being configured to ex-
pand when pressurised fluid is injected into the an-
nular space through the first expansion opening.

Brief description of the drawings

[0031] 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 cross-sectional view of a downhole
completion device mounted in a well tubular metal
structure,

Figs. 2 and 3 show the downhole completion device
of Fig. 1in a projected and a retracted state, respec-
tively,

Fig. 4 shows a cross-sectional view of another down-
hole completion device,

Fig. 5 shows a cross-sectional view of a downhole
completion device mounted outside the well tubular
metal structure,

Fig. 6 shows a cross-sectional view of another down-
hole completion device mounted outside the well tu-
bular metal structure, and

Fig. 7 shows a cross-sectional view of a downhole
completion system having an annular barrier.

[0032] 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.
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Detailed description of the invention

[0033] Fig. 1 shows a downhole completion device 1
configured to be mounted as part of a well tubular metal
structure 2 in a borehole 30. The downhole completion
device 1 comprises a metal housing 3 enclosing a closed
space 4 and an electrical component 5, such as a coil
32, arranged in the space inside the metal housing. The
metal housing 3 is filled with a liquid 41 having a first
volume V, of 1 bar at 20°C. The metal housing 3 has a
first housing section 6 and second housing section 7.
The first housing section 6 has a first thickness t; and
the second housing section 7 has a second thickness t,,
and the second thickness is smaller than the first thick-
ness so that the second housing section is more flexible
than the first housing section. When the temperature in
the well increases, the pressure inside the closed space
4increases accordingly. This causes the second housing
section 7 to bulge radially outwards into the inside of the
well tubular metal structure 2, as shown in Fig. 2, to a
projected state of the second housing section in which
the liquid 41 has a second volume V, which is larger than
the first volume. When the pressure decreases, the sec-
ond housing section 7 bulges radially inwards to a re-
tracted state in which the liquid 41 has a third volume V4
which is smaller than the first volume, as shown in Fig.
3. The electrical component is hereby protected from any
temperature and pressure changes that naturally occur
downhole in a well during production, fracturing, aciding,
gas lifting or other activities taking place downhole during
the service life of a well.

[0034] Known sensors are filled with gas, such as air,
and during insertion of the well tubular metal structure,
the sensors are exposed to a lot of bumps, and often,
the sensors no longer work when the well is completed
because they could not withstand these bumps. By the
present invention, the liquid inside the downhole com-
pletion device 1 surrounds the electrical component and
thereby protects the electronics from these bumps during
installation of the well tubular metal structure since the
liquid fills out the space and has a substantially damp-
ening effect when such bumps and shakings occur.
[0035] The second housing section 7 may be made of
metal or a non-metallic material. The second housing
section 7 is in Figs. 1-3 a separate part fastened to the
first housing section 6, and in Fig. 4, the second housing
section 7 is made as a thinner part of the metal housing
3 and not as a separate part. In Fig. 4, the second thick-
ness is less than 50% of the first thickness, and the sec-
ond housing section 7 is made of the same material as
the first housing section 6. The downhole completion de-
vice 1 extends through a wall of the well tubular metal
structure 2 and partly projects from the outer face 28 of
the well tubular metal structure 2. The downhole com-
pletion device 1 has a longitudinal extension 15 being
perpendicular to a longitudinal axis 12 and extends radi-
ally from the longitudinal axis. Furthermore, the electrical
component 5 is a sensor, such as an anemometer having
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a hot wire 17, extending from the metal housing 3 into
the borehole 30 and is thus in connection with the well
fluid. The metal housing 3 has an outer face 8, and the
outer face is provided with a thread 9. The metal housing
3 comprises a filling nozzle 19 or filling plug for filling the
space 4 with liquid, such as silicone, grease or a similar
liquid suitable for electrical components.

[0036] In Fig. 5, the electrical component 5 is a piezo-
electric element 29 which also functions as a communi-
cation unit 18. The downhole completion device 1 further
comprises an energy harvesting unit 22 functioning as a
power supply 10 for supplying power to the electrical
component 5. The downhole completion device 1 further
comprises a control unit 23 having a storage unit 24 for
storing data, e.g. from a sensor 25 arranged outside the
downhole completion device 1, or for controlling the com-
munication from the communication unit 18. Thus, the
electrical component 5 may be connected with the com-
munication unit 18, the energy harvesting unit 22, the
power supply 10, the control unit 23 or the storage unit
24. The energy harvesting unit 22 may obtain energy
from a downhole tool 16, and the downhole tool 16 may
also communicate with the downhole completion device
1.

[0037] InFig. 6, the electrical component 5 is a sensor
having access via a line 27 to measure a condition, such
as temperature or pressure, of the well fluid in the bore-
hole 30. The electrical component 5 may also be a strain
gauge.

[0038] InFig. 5, a downhole completion system 100 is
shown comprising a well tubular metal structure 2 ar-
ranged in a borehole 30 of a well 20. The well tubular
metal structure 2 has a longitudinal axis 12 and a wall
21. The downhole completion system 100 further com-
prises a downhole completion device 1 mounted as part
of the well tubular metal structure 2 on an outer face 28
of the well tubular metal structure. The downhole com-
pletion device 1 may also be mounted on an inner face
14 of the well tubular metal structure 2. In Figs. 5 and 6,
the metal housing 3 of the downhole completion device
1 and the outer face 8 of the well tubular metal structure
2 enclose the space. Inthis way, the electrical component
5 being the piezoelectric element 29 abuts and has direct
contact to the outer face 8 of the well tubular metal struc-
ture 2 in order to communicate and/or harvest energy.
[0039] In Fig. 7, the well tubular metal structure 2 of
the downhole completion system 100 comprises an an-
nular barrier 50. The annular barrier 50 comprises a tu-
bular metal part 51 for mounting as part of the well tubular
metal structure 2. The tubular metal part 51 has a first
expansion opening 52 and an outer face 53. The annular
barrier 50 further comprises an expandable metal sleeve
54 surrounding the tubular metal part 51 and having an
inner face 55 facing the tubular metal part and an outer
face 56 facing a wall of the borehole 30. Each end 57 of
the expandable metal sleeve 54 is connected with the
tubular metal part 51, thereby defining an annular space
58 between the inner face 55 of the expandable metal
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sleeve and the tubular metal part. The expandable metal
sleeve 54 is expanded by letting pressurised fluid into
the annular space through the first expansion opening
52 and further through an expansion unit 59. A strain
gauge 47 is mounted on the expandable metal sleeve 54
and is electrically connected with the electrical compo-
nent 5 inside the space 4 for measuring the expansion
of the expandable metal sleeve of the annular barrier 50.
The downhole completion device 1 further comprises a
power supply 10 for powering the electrical component 5.
[0040] 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.

[0041] By a 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.
[0042] 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 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 awell downhole,
such as a Well Tractor®.

[0043] 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 completion device (1) configured to be
mounted as part of a well tubular metal structure (2),
comprising:

- a metal housing (3) enclosing a closed space
4),

- an electrical component (5) arranged in the
space inside the metal housing, the metal hous-
ing being filled with a liquid having a first volume
(V4) of 1 bar at 20°C,

wherein the metal housing has a first housing
section (6) and a second housing section (7),
the first housing section having a first thickness
(t1) and the second housing section having a
second thickness (t,), and the second thickness
being smaller than the first thickness so that the
second housing section is more flexible than the
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first housing section.

A downhole completion device according to claim 1,
wherein the second housing section is made of a
non-metallic material.

A downhole completion device according to any of
the preceding claims, wherein the electrical compo-
nent is a sensor.

A downhole completion device according to any of
the preceding claims, wherein the metal housing has
an outer face (8) and the outer face is provided with
a thread (9).

A downhole completion device according to claim 4,
wherein the liquid is silicone, grease or any liquid
suitable for electrical components.

A downhole completion device according to any of
the preceding claims, wherein the second housing
section has a projected state in which the liquid has
a second volume (V,) being larger than the first vol-
ume, and a retracted state in which the liquid has a
third volume (V3) being smaller than the first volume.

A downhole completion device according to any of
the preceding claims, further comprising a commu-
nication unit (9) connected with the electrical com-
ponent.

A downhole completion device according to any of
the preceding claims, further comprising a power
supply (10) arranged in the space.

A downhole completion system comprising:

- a well tubular metal structure (2) arranged in a
borehole (30) of a well (20), the well tubular met-
al structure having a longitudinal axis (12) and
a wall (21), and

- a downhole completion device (1) according
to any of the preceding claims, mounted as part
of the well tubular metal structure.

A downhole completion system according to claim
9, wherein the downhole completion device is con-
figured to be mounted in the well tubular metal struc-
ture.

A downhole completion system according to claim
9, wherein the downhole completion device is con-
figured to be mounted on an outer face (28) of the
well tubular metal structure.

A downhole completion system according to claim
11, wherein the metal housing of the downhole com-
pletion device and the outer face of the well tubular
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13.

14.

15.

metal structure enclose the space.

A downhole completion system according to claim
10, wherein the downhole completion device ex-
tends through the wall of the well tubular metal struc-
ture.

A downhole completion system according to any of
claims 9-13, wherein the downhole completion de-
vice at least partly projects from the outer face of the
well tubular metal structure.

A downhole completion system according to any of
claims 9-14, further comprising a downhole tool (16)
for communication with the downhole completion de-
vice.
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