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(54) A DOWNHOLE COMPLETION SYSTEM

(57) The present invention relates to a downhole
completion system for charging a device outside a well
tubular metal structure. The downhole completion sys-
tem comprises the well tubular metal structure having an
inner and an outer face and a centre axis; a power re-
ceiving unit arranged outside the well tubular metal struc-

ture, comprising an inductive coil having windings around
a coil axis; and a power consuming device arranged out-
side the well tubular metal structure, configured to re-
ceive power from the power receiving unit. The coil axis
is parallel or coincident with the centre axis.



EP 3 101 220 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the invention

[0001] The present invention relates to a downhole
completion system for charging a device outside a well
tubular metal structure, comprising the well tubular metal
structure having an inner and an outer face and a centre
axis, and a power receiving unit arranged exterior of the
well tubular metal structure.

Background art

[0002] When having sensors mounted for measuring
a condition or property outside a well tubular metal struc-
ture downhole, the measured data is very difficult to trans-
mit to surface without having to change the well tubular
metal structure significantly to an extent where the com-
pletion is substantially weakened or the risk of creating
a blow-out or similar uncontrolled occurrences is in-
creased.
[0003] Furthermore, it is very difficult to get these sen-
sors or other instruments to function over time, as the
battery power is very limited downhole because the bat-
teries cannot withstand high temperatures and pressures
without deteriorating quickly.

Summary of the invention

[0004] It is 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 completion capable of powering an
external device of a well tubular metal structure without
jeopardising the safety of the well tubular metal structure
and thereby the completion.
[0005] The above 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 system for charging a device out-
side a well tubular metal structure, comprising:

- the well tubular metal structure having an inner and
an outer face and a centre axis,

- a power receiving unit arranged exterior of the well
tubular metal structure, comprising:

- an inductive coil having windings around a coil
axis, and

- a power consuming device arranged exterior of the
well tubular metal structure, configured to receive
power from the power receiving unit,

wherein the coil axis is parallel or coincident with the cen-
tre axis.
[0006] By having the coil axis is parallel or coincident

with the centre axis, the power receiving unit is prepared
to receive power from a coil inside a tool in the well tubular
metal structure, and by arranging the coil inside the tool
with a tool coil axis parallel or coincident with the coil axis
of the power receiving unit, an optimal power transfer
can be obtained.
[0007] In an embodiment, the power receiving unit may
comprise a metal element abutting the outer face of the
well tubular metal structure.
[0008] Furthermore, the windings may be wound
around the well tubular metal structure.
[0009] Also, the coil may comprise a metal core which
is electrically connected to the metal element.
[0010] By connecting the metal core of the coil of the
power receiving unit with the metal element abutting the
outer face of the well tubular metal structure, a better
transfer of electrical power is obtained between the well
tubular metal structure and the coil of the power receiving
device.
[0011] In an embodiment, the metal element may be
a sleeve.
[0012] By the metal element being a sleeve, the power
receiving unit is easily mounted on the outside, and from
the outside, of the well tubular metal structure.
[0013] Moreover, the sleeve may comprise two sleeve
parts.
[0014] In addition, the two parts may be connected
around the well tubular metal structure to obtain metal-
to-metal contact to the well tubular metal structure.
[0015] Further, the metal element may comprise a
groove in which the coil is arranged.
[0016] Additionally, the power consuming device may
be fastened to the metal element.
[0017] Also, the power consuming device may com-
prise a sensor configured to measure a property of the
well, such as a pressure, a temperature, a fluid content
or a fluid flow.
[0018] The downhole completion system may further
comprise a chargeable battery electrically connected
with the power consuming device and the power receiv-
ing unit.
[0019] Furthermore, the downhole completion system
may further comprise a communication unit arranged on
exterior of the well tubular metal structure and configured
to communicate measured data from the power consum-
ing device.
[0020] In an embodiment, the communication unit may
comprise an acoustic transmitter.
[0021] Furthermore, the coil may be used for commu-
nicating with a tool coil of a downhole tool within the well
tubular metal structure.
[0022] The downhole completion system may further
comprise a downhole tool having a tool axis, the down-
hole tool being arranged inside the well tubular metal
structure and comprising a tool coil configured to gener-
ate power to the power receiving unit on the exterior of
the well tubular metal structure.
[0023] Moreover, the tool coil may have windings
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wound around a tool coil axis which is parallel or coinci-
dent with the coil axis of the power receiving unit.
[0024] By the coil axis of the power receiving unit and
the tool coil axis being parallel, a better power transfer
is obtained.
[0025] Furthermore, the downhole tool may further
comprise an acoustic receiver for receiving measured
data from the power consuming device.
[0026] Moreover, the downhole tool may comprise at
least one projectable element configured to project and
bring the tool into metal-to-metal contact with the well
tubular metal structure.
[0027] By having a projectable element, the tool may
be brought into contact with the well tubular metal struc-
ture, thereby substantially reducing the distance between
the coils, which increases the amount of power being
transferred therebetween. Furthermore, the amount of
fluid between the tool and the well tubular metal structure
is reduced, which also improves the transfer of power
between the coils. When the tool abuts the well tubular
metal structure, a smaller fluid film will always be present
between the tool and the well tubular metal structure,
however, the thickness of the film is substantially reduced
when the tool is pressed against the well tubular metal
structure, thereby improving the power transfer between
the tool and the power receiving device.
[0028] In addition, the downhole tool may comprise a
metal tool housing electrically connected to the tool coil.
[0029] Also, the downhole tool may comprise a posi-
tioning unit configured to detect the position of the tool
along the well tubular metal structure.
[0030] Additionally, the downhole tool may further
comprise a communication module for communicating
with the power receiving unit or the communication unit
arranged outside the well tubular metal structure.
[0031] Furthermore, the downhole tool may further
comprise a power supply, such as a battery or a wireline.
[0032] In an embodiment, the tool coil may generate a
magnetic field configured to generate electrical current
in the power receiving unit.
[0033] Furthermore, the power receiving unit may fur-
ther comprise an acoustic unit receiving mechanical vi-
brations and transforming the vibrations into electrical
power or signal.
[0034] The acoustic unit may comprise a piezoelectric
element for transforming mechanical vibrations in the
well tubular metal structure or the power receiving unit
into electrical power.
[0035] When producing hydrocarbon-containing fluid
from a reservoir downhole, the production deposits vi-
brations in the well tubular metal structure, and these
vibrations are received and transformed into electrical
power by the acoustic unit.
[0036] When intervening a well by means of an inter-
vention tool, e.g. a self-propelling tool moving forward,
by contacting the inner face of the well tubular metal
structure, vibrations in the well tubular metal structure
are generated. The vibrations created by the intervention

tool may thus be received and transformed into electrical
power by the acoustic unit.
[0037] The downhole completion system may further
comprise an annular barrier to be expanded in an annulus
between a well tubular metal structure and another well
tubular metal structure or borehole downhole for provid-
ing zone isolation between a first zone and a second
zone of a casing or borehole, the annular barrier having
an axial extension and comprising a tubular part mounted
as part of the well tubular metal structure; an expandable
sleeve, the expandable sleeve surrounding the tubular
part, each end section of the expandable sleeve being
connected with the tubular part and extending along the
axial extension; and an annular barrier space between
the tubular part and the expandable sleeve.
[0038] Furthermore, the end sections of the expanda-
ble sleeve may be welded to the tubular part.
[0039] The annular barrier may further comprise at
least one sealing element surrounding the expandable
sleeve.
[0040] Moreover, the the sealing element may be ar-
ranged between two adjacent projections or in a groove
of the expandable sleeve.
[0041] Finally, a ring-shaped retaining element may be
arranged between two adjacent projections or in the
groove for pressing the sealing element in the axial ex-
tension.

Brief description of the drawings

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

Fig. 1 shows a downhole completion system in a
borehole of a reservoir for charging a device outside
a well tubular metal structure,

Fig. 2 shows a partly cross-sectional view of another
downhole completion system having a downhole
tool,

Fig. 3 shows another downhole completion system
having several inductive coils,

Fig. 4 shows another downhole completion system
having an acoustic device,

Fig. 5 shows another downhole completion system
having windings of the coil wound around the well
tubular metal structure, and

Fig. 6 shows another downhole completion system
having an annular barrier.

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

Detailed description of the invention

[0044] Fig. 1 shows a downhole completion system 1
for charging a device 2 outside a well tubular metal struc-
ture 5 having an outer face 4 and a centre axis 6 and
being used for producing hydrocarbon-containing fluid
from a reservoir 40. The downhole completion system 1
comprises a power receiving unit 10 arranged outside
the well tubular metal structure, and the power receiving
unit 10 comprises an inductive coil 11 having windings
12 wound around a coil axis 14. The downhole comple-
tion system 1 further comprises a power consuming de-
vice 15, such as a sensor, arranged outside the well tu-
bular metal structure 5 and configured to receive power
from the power receiving unit 10. The coil axis 14 is par-
allel or coincident with the centre axis 6.
[0045] By having the coil axis 14 parallel or coincident
with the centre axis 6, the power receiving unit 10 may
easily and efficiently receive power from a coil 27 in a
tool 25 inside the well tubular metal structure 5. Further-
more, by arranging the coil 27 inside the downhole tool
25 with a tool coil axis 29 parallel or coincident with the
coil axis 14 of the power receiving unit 10, optimal power
transfer can be obtained. If the coil axis 14 of the power
receiving unit 10 is perpendicular to the centre axis 6 and
the coil axis 29 of the downhole tool 25 is parallel to the
centre axis, substantially no power is transferred be-
tween the two coils. Since downhole tools are limited in
dimension, the tools are often made very long compared
to their diameter, and a coil inside a tool is therefore best
positioned with its coil axis parallel or coincident with the
centre axis 6. Thus, by having the coil 11 of the power
receiving unit 10 exterior of the well tubular metal struc-
ture 5 and having a coil axis 14 parallel or coincident with
the tool axis 26, the power receiving unit 10 receives
power quickly and efficiently from the coil 27 in the down-
hole tool 25 inside the well tubular metal structure 5 just
by positioning the tool coil 27 substantially opposite the
inductive coil 11, in the vicinity of the inductive coil, out-
side the well tubular metal structure.
[0046] As can be seen in Fig. 1, the power receiving
unit 10 comprises a metal element 16 abutting the outer
face 4 of the well tubular metal structure 5 so that a sub-
stantially optimal metal-to-metal contact to the well tubu-
lar metal structure is obtained without having to weld.
The metal element 16 comprises a groove 18 in which
the inductive coil 11 is arranged. Furthermore, the power
consuming device 15 is fastened in the metal element
16 and electrically connected with the power receiving
unit 10. Thus, the power consuming device is powered
by the power receiving unit 10 which is again powered
by the downhole tool 25 through the well tubular metal
structure 5 without having to make any openings in the
well tubular metal structure.

[0047] The power consuming device 15 comprises a
sensor 19 configured to measure a property of the well,
such as a pressure, a temperature, a fluid content or a
fluid flow. The sensor 19 may not have a battery and may
be powered solely through the power receiving unit 10
so that the sensor only performs measurements when
the downhole tool 25 is in the vicinity of the power receiv-
ing unit 10 to power the sensor.
[0048] The inductive coil 11 comprises a metal core 17
which is electrically connected to the metal element 16
to improve the transfer of power between the downhole
tool 25 and the power receiving unit 10. By connecting
the metal core 17 of the coil of the power receiving unit
10 with the metal element 16 abutting the outer face 4 of
the well tubular metal structure 5, thereby already being
in metal-to-metal contact with the well tubular metal struc-
ture 5, a better transfer of electrical power is obtained
between the well tubular metal structure 5 and the induc-
tive coil 11 of the power receiving unit 10. As can be seen,
the metal element 16 is a sleeve, allowing for easy mount-
ing of the power receiving unit 10 on the outside, and
from the outside. of the well tubular metal structure 5. No
adjustment of the well tubular metal structure 5, also
called the production casing, is needed, adjustments be-
ing welding and/or providing holes or grooves, which may
weaken the well tubular metal structure.
[0049] As shown in Fig. 2, the downhole completion
system 1 further comprises a downhole tool 25 having a
tool axis 26, arranged inside the well tubular metal struc-
ture 5. The downhole tool 25 comprises a tool coil 27
configured to generate power to the power receiving unit
10 arranged outside the well tubular metal structure 5 so
that power is transferred by means of induction. The tool
coil has windings 28 wound around the tool coil axis 29
which is parallel or coincident with the coil axis 14 of the
power receiving unit 10. The downhole tool 25 comprises
two projectable elements 32 projectable from a tool hous-
ing 33 to press the downhole tool towards the well tubular
metal structure 5 and the power receiving unit 10 and
into metal-to-metal contact with the well tubular metal
structure. Hereby, the distance between the coil of the
power receiving unit 10 and the tool coil 27 is substantially
reduced, which increases the amount of power being
transferred therebetween. By pressing the downhole tool
25 against the well tubular metal structure 5, the amount
of fluid between the tool and the well tubular metal struc-
ture is reduced, which also significantly improves the
transfer of power between the coils. When the downhole
tool 25 abuts the well tubular metal structure 5, a small
fluid film will always be present between the tool and the
well tubular metal structure, however, the thickness of
the film is substantially reduced, thereby improving the
transfer of power between the tool and the power receiv-
ing unit 10. The projectable elements 32 are in Fig. 2
projectable arms pivoting in the tool housing 33. The tool
housing 33 may be a metal tool housing 33 electrically
connected to the tool coil 27, thereby improving the elec-
trical induction transfer. The downhole tool 25 further
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comprises a positioning unit 34 configured to detect a
position of the tool along the well tubular metal structure
5 and thus align the tool 25 with the power receiving unit
10. The power consuming device 15 of the downhole
completion system 1 is arranged adjacent the power re-
ceiving unit 10 which comprises the sensor 19.
[0050] In Fig. 3, the sleeve 16 comprises two sleeve
parts 16a, 16b connected around the well tubular metal
structure 5 by means of bolts 65 to obtain as close metal-
to-metal contact with the well tubular metal structure as
possible. The power consuming device 15 abuts the pow-
er receiving unit 10 and is electrically connected to the
power consuming device 15. The power receiving unit
10 comprises two inductive coils 11 arranged in a groove
18 in the metal sleeve 16. The tool coil 27 is indicated by
dotted lines and is arranged inside the well tubular metal
structure 5 opposite the inductive coils 11 of the power
receiving unit 10. The tool coil 27 generates a magnetic
field which generates electrical current in the inductive
coil 11 of the power receiving unit 10. In another embod-
iment, the power receiving unit 10 has more than two
coils receiving power from the magnetic field generated
by the tool coil 27 for powering a sensor of the power
consuming device 15.
[0051] In Fig. 2, the downhole tool 25 further comprises
a communication module 35 having an acoustic receiver
31 for receiving measured data from the power consum-
ing device 15. The acoustic receiver 31 communicates
with an acoustic transmitter 23 of a communication unit
22 arranged outside the well tubular metal structure 5.
By having an acoustic receiver 31 and an acoustic trans-
mitter 23, data from the sensor 19 of the power consum-
ing device 15 can be transmitted to the downhole tool
25, using a smaller amount of power than by using the
coils 11, 27 of the tool 25 and the power receiving unit
10. The downhole completion system 1 further comprises
a rechargeable battery 21 electrically connected with the
power consuming device 15 and the power receiving unit
10. The coils charge the battery 21 which is then able to
power the power consuming device 15 over a longer pe-
riod of time than when the downhole tool 25 is arranged
opposite the power receiving unit 10. The downhole tool
25 further comprises a power supply 38, such as a battery
or a wireline.
[0052] In another embodiment, the inductive coil 11 is
used for communicating with the tool coil 27 of the down-
hole tool 25 within the well tubular metal structure 5. The
communication module 35 of the downhole tool 25 is thus
used for communicating with the power receiving unit 10
or the communication unit 22 having a coil and being
arranged outside the well tubular metal structure 5.
[0053] In order to power the power consuming device
15, the power receiving unit 10 may further comprise an
acoustic unit 36, as shown in Fig. 4. The acoustic unit 36
receives mechanical vibrations and transforms the vibra-
tions into electrical power which can be used to power
the sensor of the power consuming device 15. The acous-
tic unit 36 may be used as acoustic transmitter for com-

municating data regarding the sensor to the downhole
tool 25. The acoustic unit 36 comprises a piezoelectric
element 37 for transforming mechanical vibrations in the
well tubular metal structure 5 or the power receiving unit
10 into electrical power. The acoustic unit 36 may be
powered when producing hydrocarbon-containing fluid
from a reservoir downhole where the production deposits
vibrations in the well tubular metal structure 5, which vi-
brations are received and transformed into electrical
power by the acoustic unit. The acoustic unit 36 may also
be powered when intervening a well by means of an in-
tervention tool, e.g. a self-propelling tool moving forward,
by contacting the inner face 3 of the well tubular metal
structure 5 and thus generating vibrations in the well tu-
bular metal structure. The vibrations created by the in-
tervention tool may thus be received and transformed
into electrical power by the acoustic unit 36.
[0054] In Fig. 5, the windings 12 of the inductive coil
11 of the power receiving unit 10 are wound around the
well tubular metal structure 5, and a sleeve 16 is arranged
outside the windings. The power receiving unit 10 is elec-
trically connected with the power consuming device 15
so as to power the same when receiving power from the
downhole tool within the well tubular metal structure 5.
Thus, the coil axis 14 is coincident with the centre axis 6.
[0055] As shown in Fig. 6, the downhole completion
system 1 may further comprise an annular barrier 50 to
be expanded in an annulus 101 between a well tubular
metal structure 5 and another well tubular metal structure
or a borehole 7 downhole for providing zone isolation
between a first zone 102 and a second zone 103 of a
casing or borehole. The annular barrier 50 comprises a
tubular part 53 mounted as part of the well tubular metal
structure 5 and an expandable sleeve 54 surrounding
the tubular part. Each end section 55 of the expandable
sleeve 54 along the axial extension is connected with the
tubular part 53, thereby defining an annular barrier space
56 between the tubular part and the expandable sleeve.
The end sections 55 of the expandable sleeve 54 may
welded to the tubular part 53 or mounted by means of
connection parts 61, as shown in Fig. 6. The annular
barrier 50 has two sealing elements 57 surrounding the
expandable sleeve 54 and arranged between two adja-
cent projections or in a groove 58 of the expandable
sleeve. A ring-shaped retaining element 59 is arranged
between two adjacent projections or in the groove 58 for
pressing the sealing element 57 in the axial extension to
provide a better seal. The annular barrier 50 is connected
with the power receiving unit 10 which is arranged adja-
cent the connection parts 61.
[0056] The downhole tool 25 is arranged opposite the
power receiving unit 10 transmitting electrical power to
the inductive coil 11 of the power receiving unit 10 by
means of induction. The power receiving unit 10 is elec-
trically connected with the power consuming device 15
to power the same to perform e.g. measurements of a
property of the reservoir fluid. The measured data may
be transferred to the downhole tool 25 before the tool
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moves. The communication between the sensor and the
tool may be performed by means of the coils generating
a magnetic field for both charging and communicating.
Thus, the sensor can communicate measured data while
the annular barrier 50 is expanded. The annular barrier
50 may be expanded by means of pressurised fluid inside
the well tubular metal structure and allow tubular metal
structure to flow in though an expansion opening 62 in
the tubular part 53 or by a thermally decomposable com-
pound in the space adapted to generate gas or super-
critical fluid upon decomposition when heated.
[0057] 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.
[0058] By a well tubular metal structure, production
casing or casing is meant any kind of pipe, tubing, tubular,
liner, string etc. used downhole in relation to oil or natural
gas production.
[0059] 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 a well downhole,
such as a Well Tractor®.
[0060] 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 system (1) for charging a
device (2) outside a well tubular metal structure (5),
comprising:

- the well tubular metal structure having an inner
(3) and an outer face (4) and a centre axis (6),
- a power receiving unit (10) arranged outside
the well tubular metal structure, comprising:

- an inductive coil (11) having windings (12)
around a coil axis (14), and

- a power consuming device (15) arranged out-
side the well tubular metal structure, configured
to receive power from the power receiving unit,

wherein the coil axis is parallel or coincident with the
centre axis.

2. A downhole completion system according to claim
1, wherein the power receiving unit comprises a met-
al element (16) abutting the outer face of the well
tubular metal structure.

3. A downhole completion system according to claim 1
or 2, wherein the windings are wound around the
well tubular metal structure.

4. A downhole completion system according to any of
the preceding claims, wherein the coil comprises a
metal core (17) which is electrically connected to the
metal element.

5. A downhole completion system according to claim
4, wherein the metal element comprises a groove
(18) in which the coil is arranged.

6. A downhole completion system according to any of
the preceding claims, wherein the power consuming
device comprises a sensor (19) configured to meas-
ure a property of the well, such as a pressure, a tem-
perature, a fluid content or a fluid flow.

7. A downhole completion system according to any of
the preceding claims, further comprising a downhole
tool (25) having a tool axis (26), the downhole tool
being arranged inside the well tubular metal structure
and comprising a tool coil (27) configured to generate
power to the power receiving unit outside the well
tubular metal structure.

8. A downhole completion system according to claim
7, wherein the tool coil has windings (28) wound
around a tool coil axis (29) which is parallel or coin-
cident with the coil axis of the power receiving unit.

9. A downhole completion system according to claim 7
or 8, wherein the downhole tool comprises at least
one projectable element (32) configured to project
and bring the tool into metal-to-metal contact with
the well tubular metal structure.

10. A downhole completion system according to any of
claims 7-9, wherein the downhole tool comprises a
metal tool housing (33) electrically connected to the
tool coil.

11. A downhole completion system according to any of
claims 7-9, wherein the downhole tool comprises a
positioning unit (34) configured to detect the position
of the tool along the well tubular metal structure.

12. A downhole completion system according to any of
the preceding claims, wherein the tool coil generates
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a magnetic field configured to generate electrical cur-
rent in the power receiving unit.

13. A downhole completion system according to any of
the preceding claims, wherein the power receiving
unit further comprises an acoustic unit (36) receiving
mechanical vibrations and transforming the vibra-
tions into electrical power or signal.

14. A downhole completion system according to claim
13, wherein the acoustic unit comprises a piezoelec-
tric element (37) for transforming mechanical vibra-
tions in the well tubular metal structure or the power
receiving unit into electrical power.

15. A downhole completion system according to any of
the preceding claims, further comprising an annular
barrier (50) to be expanded in an annulus (101) be-
tween a well tubular metal structure and another well
tubular metal structure or borehole (7) downhole for
providing zone isolation between a first zone (102)
and a second zone (103) of a casing or borehole,
the annular barrier having an axial extension (52)
and comprising:

- a tubular part (53) mounted as part of the well
tubular metal structure,
- an expandable sleeve (54), the expandable
sleeve surrounding the tubular part, each end
section (55) of the expandable sleeve being con-
nected with the tubular part and extending along
the axial extension, and
- an annular barrier space (56) between the tu-
bular part and the expandable sleeve.
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