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Description
BACKGROUND OF THE INVENTION
Field of the invention

[0001] The presentinvention relates to an expandable
ball seat for use in subterranean wells, in particular for
wells used for production of hydrocarbons from subter-
ranean formations.

Prior art

[0002] To produce hydrocarbons, i.e. oil and/or gas,
from subterranean reservoirs, a well extending through
several strata of rock in a formation is provided. The well
is usually constructed by drilling a borehole a distance
through the rock, insert a steel casing into the wellbore
and cement it to the formation. Cementing usually in-
volves pumping wet cement down through a tubular liner
and casing, out through a floating or sliding sleeve valve
and up through the annulus formed by the formation and
casing before the cement is left to set. The next section
is drilled through the formation in the extension of the
existing casing. A liner is then hung off by a liner hanger,
and cemented to the formation. This process is repeated
until a well comprising a number of sections with ever
decreasing diameters have reached the desired depth.
Typically one or more strata of the formation contain hy-
drocarbons, and typically the productive strata are sep-
arated by rock that does not carry oil or gas. To access
the formation fluids, the casing may be penetrated at
depths corresponding to the productive strata, and the
formation may be hydraulically fractured to facilitate the
flow of fluid from the formation into the production well.
Horizontal wells may also branch out from a vertical pro-
duction well, and extend several kilometres through a
layer containing hydrocarbons.

[0003] A production pipe is typically provided within the
casing or liner, and the completed well can be divided
into several production zones by using packers. Valves
control the flow of fluid during cementing. Other valves
control fluid flow into a segment of production pipe cor-
responding to the production zone. In operation, fluid
flowing from several zones at differentrates can be mixed
and conveyed up the production pipe to the surface.
[0004] To increase the amount and/or rate at which
hydrocarbons are produced from a zone, various chem-
icals may be injected into the formation. The chemical
may be water, brine, acids, solvents, surfactants etc, and
it can be injected through the production well, or through
one or more injection wells that may be provided at a
distance from the production well. Thus, a typical oil or
gas field can comprise one or more production wells, and
zero or more injection wells. In some cases, an injection
well may for example inject water or gas into or more
zones to increase the pressure in the reservoir. Various
additives to decrease the viscosity of fluid in a particular
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zone may also be injected. Such methods are collectively
known as "stimulating a zone", and their purpose is to
enhance production from the zone. Particular methods
for stimulating a zone are not part of the present inven-
tion, and hence not described in further detail in this dis-
closure. However, it should be understood that providing
a larger number of injection points in a zone would help
in distributing fluids and/or chemical additives inthe zone.
[0005] It would also help production if the production
well could be divided in more zones in a convenient and
economical manner. For example, if water is injected
through an injection well and breaks through the forma-
tion at some point along a horizontal branch of a well,
the water content in the produced fluid could quickly ex-
ceed a predetermined level, and cause a decision to shut
down that particular branch. However, there may be sig-
nificant pockets of oil and gas left in the formation outside
the region of water breakthrough. Hence, valves and
packers may be provided to be able to isolate a certain
section or zone in the horizontal well at a later time should
this situation occur. On the other hand, the cost of valves
and the time required to open a large number of valves
when the zone is to be put into production can limit the
number of sections or zones per branch. In turn, this
might result in relatively large "dead zones" containing
hydrocarbons that cannot be retrieved.

[0006] As indicated above, various mechanical devic-
es are used during construction, completion and produc-
tion, e.g. liner hangers, packers and valves of different
sizes and designs. One of several ways to operate a me-
chanical device in a well is by using a drop ball, which
are dropped or pumped with a fluid down into the well
until it lands on a ball seat. Then, hydraulic pressure acts
on the equipment and causes a relative movement be-
tween two parts, which movement activates the device.
Devices activated by drop balls or other similar objects
are comparatively inexpensive, and they do not require
costly interrupts in the production, such as those caused
when a working string or running tool must be run into
the well.

[0007] US 4,4862,966 relates to a selectively releasa-
ble valve in a wiper plug releasably attached to a hydrau-
lic setting tool for a liner hanger in a wellbore. The selec-
tively releasable valve has an annular valve seat member
having collapsible finger members for sealingly receiving
a ball member. The annular valve seat member is mov-
able under predetermined hydraulic pressure to shiftand
expand the collapsible finger members to release the ball
member. The annular valve seat member is retained in
the wiper plug.

[0008] US 2,454,839 concerns a device for removing
whipstocks from bore holes and adapted to be included
within a drill string above a bit.

[0009] The terms "drop ball" and "ball seat" are used
for convenience herein, as drop balls are the most com-
mon means for activating devices in the well hydraulical-
ly. However, it should be understood that other equivalent
objects used for the same purpose are considered as
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well. For example, a dart plug may be inserted in the fluid
flow just ahead of the cement when a liner is to be ce-
mented to the formation during completion of the well.
The dart plug has a cylindrical body to separate the ce-
ment from the fluid below, and it typically has a rounded
conical nose similar to a drop ball. When the dart lands
on a seat connected to the valve, the fluid circulating
through the liner is shut off, and hydraulic pressure builds
up behind the dart. When the pressure reaches a prede-
termined level, shear pins or the like, which originally
prevented relative movement between inner and outer
sleeves of the valve, breaks. Then the sliding sleeve of
the cementing valve slides downstream and opens the
cementing valve, allowing cement to enter the annulus
between the liner and the formation. After use, the dart
may conventionally be broken, e.g. by a drill bit when the
next section of the well is constructed. In a similar man-
ner, a drop ball might have been used for the same pur-
pose. Thus, the dart has the same function as a drop ball
in that it lands on a seat, thereby closing fluid circulation
such that hydraulic pressure can operate on a device.
[0010] A series of drop ball might be used to operate
valves and other devices at different times and locations.
For example, a series of drop balls may be used to op-
erate a series of valves in different zones in order to open
or shut off production from different zones in a production
phase of a well. Conventionally, this is done by decreas-
ing the diameters of the ball seats with increasing depth
and using balls of different sizes. Then, adrop ball having
a certain diameter will pass all the seats with larger di-
ameters and land on the first seat having a diameter less
than the diameter of the ball. Once the ball shuts off cir-
culation, hydraulic pressure builds up behind it, and can
be used to activate the device, e.g. by breaking a shear
pin and/or provide some relative movement between
parts within the device.

[0011] However, there is a limit to the number of dif-
ferent ball sizes that can be used in awell. If, forexample,
the diameters of two balls are too close to each other,
even a minor piece of debris, sand or grit might cause a
ball to land on a seat with a diameter slightly larger than
the intended seat, thereby unintentionally activating the
wrong device. Hence, there must be a minimum diameter
difference between the drop balls to be used in a certain
application. This also limits the number of pieces of equip-
ment that can be operated by conventional drop balls or
seats in a given well. Typically, about 20 or less ball seats
may be used in one well for the reason discussed above.
[0012] As modern reservoirs increase in size and/orin
depth, using drop balls in the conventional manner be-
comes impractical. For example, a well may extend 2000
meters or more vertically and/or horizontally. Using a
maximum of 20 drop balls of different sizes, the mean
distance between drop ball activated devices becomes
100 meters or more. This may exceed the thickness of
a production zone. Because at least one valve should
control the flow of fluid from each production zone, less
than 20 ball operated valves will be available for use in

10

15

20

25

30

35

40

45

50

55

horizontal wells branching out into the production
zone(s).

[0013] Insome casesitwould be advantageous ornec-
essary to provide more than one valve controlling the
flow of formation fluid into the production pipe, limiting
the number of ball activated valves available for other
zones and/or horizontal wells even further. Using equip-
ment operated by other means quickly becomes costly,
as electrical motors need to handle the temperatures and
pressures in deep wells, hydraulic lines become longer
etc. Hence, itwould be advantageous to provide a system
wherein one drop ball could open an arbitrary number of
valves in a vertical or horizontal well.

[0014] If there was a way to open an arbitrary number
of valves by one drop ball in e.g. one production zone
and/or horizontal branch, a large number of inexpensive
valves could be installed. This would help when stimu-
lating a zone in that fluid could be injected through a large
number of injection points, and to drain the formation fluid
into a production pipe through an arbitrary number of
valves.

[0015] Thus, a main objective of the present invention
is to provide an apparatus capable of activating an arbi-
trary number of drop ball operated devices using one
drop ball only.

[0016] In particular, it would be feasible to install a
greater number of valves to increase the number of in-
jection points in an injection well. It would also be feasible
to increase the number of valves in along horizontal well,
because all of them could be opened fast with one drop
ball only. If, for example, water breaks through at a later
time, arelatively small zone could be shut off, limiting the
"dead zone" or pocket of hydro carbons that cannot be
retrieved from the formation. Such a shutdown of certain
valves could be done using methods known in the art,
e.g. by providing the valves with standard fittings for con-
ventional tools, and run a tool into the well by coiled tub-
ing, slickline, a well tractor or running tool etc.

SUMMARY OF THE INVENTION

[0017] The main objective is achieved by providing an
apparatus operated by a drop ball wherein a drop ball
seat is concentrically and axially slidably disposed in an
outer sleeve comprising a first, internal cylinder face,
wherein the seat comprises atleast one outwardly biased
lug, which, when abutting the first, internal cylinder face
extends radially inwards and defines a first seat diameter
less than the diameter of the drop ball; the sleeve com-
prising at least one groove in its internal surface; and the
lug, when received in the groove, defining a second seat
diameter being at least as large as the diameter of the
drop ball.

[0018] As the seat diameter increases to the second
seat diameter, the drop ball (or dart or similar object) will
pass through and proceed to the next ball operated de-
vice, where the process is repeated. Thus, one ball may
be used to operate an arbitrary number of devices having
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similar seat diameters, e.g. all valves or devices of a cer-
tain type in a zone. Still, differently sized balls may con-
veniently be provided as in prior art. With the present
invention one ball might be used to open an arbitrary
number of valves in a production zone, whereas the next
larger ball might be used to operate any number of de-
vices in the production zone above. Thus, any desired
number of drop ball operated valves or other devices can
be installed in a production zone, greatly reducing the
number of expensive valves operated by other means
and/or improve the production from a zone.

[0019] In another aspect, the present invention pro-
vides a method using the apparatus.

[0020] In yet another aspect, the present invention
comprises a method for activating and deactivating an
arbitrary number of drop ball operated devices in a well
using a single drop ball.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will be fully explained in the fol-
lowing detailed description with reference to the accom-
panying drawings in which similar numbers references
similar or equivalent parts, and in which:

Fig. 1 is a schematic view of a well comprising sev-
eral zones and branches;

Figs. 2-5 show a drop ball activated valve using the
invention in several stages during activation;

Fig. 6 shows the device on figs. 2-5 in the final stage,
wherein the drop ball is released; and

Figs. 7-12 show various details of the device.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0022] Fig. 1 is a schematic cross sectional view of a
well system used in production of hydrocarbons, i.e. oil
and/or gas, from a subterranean reservoir. A hole or well-
bore 101 is drilled through several strata of rock in the
formation. In Fig 1, two strata or layers 100 and 200 are
shown. The wellbore is lined with a steel casing 102,
which is cemented to the formation. In Fig. 1, the layers
100 and 200 contain hydrocarbons, and may be sepa-
rated by rock layers that do not contain oil or gas. The
casing 102 may be penetrated at depths corresponding
to the productive strata 100 and 200, and hydraulic frac-
turing may be used to create and open cracks in the for-
mation to facilitate fluid flow from the formation into the
production well. Horizontal wells 100’, 100" and 200’ may
also branch out from a vertical production well, and ex-
tend several kilometres through a layer 100, 200 contain-
ing hydrocarbons.

[0023] A production pipe 103 is typically provided with-
in the casing or liner 102, and the completed well can be
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divided into several production zones by using packers
(notshown). The valves 110A-C, 210A-C, ...in Fig.1 con-
trol fluid flow from a formation100, 200 into the segment
of production pipe corresponding to the production zone.
The valves will generally be of different design or types,
e.g. sliding sleeve valves, butterfly valves and ball valves
of different sizes and designs used for different purposes
as knownin the art. In operation, fluid flowing from several
zones (shown by arrows 120) at different rates can be
mixed and conveyed up the production pipe to the surface
10.

[0024] In order to increase the amount and/or rate at
which hydrocarbons are produced from a zone, one or
more injection wells 300 may be provided at a distance
from the production well. An injection well inserts fluid
into one or more zones, e.g. to increase the pressure in
the reservoir or to provide some chemical composition,
and can be made in a similar manner as the production
well. A typical oil or gas field can comprise one or more
production wells and zero or more injection wells.
[0025] Asdiscussed above, various devices like sliding
sleeve valves, butterfly valves and ball valves of different
sizes and designs, can be used to control fluid flow and
for other purposes. For convenience, the term "ball op-
erated device" is intended to include these and other de-
vices when hydraulically operated using a drop ball, dart
or similar device. All such ball operated devices compris-
es a seaton which the ball, dart or similar device can land.
[0026] Fig. 2 shows a sliding sleeve valve using a pre-
ferred embodiment 4 of the ball seat according to the
present invention. A sliding sleeve valve is open when
holesinthe sleeves 1 and 2 are aligned, and closed when
the holes are not aligned. Hence, the valve may be op-
erated by a simple axial displacement, and is well suited
for illustrative purposes. However, it should be under-
stood that the invention can be used with any ball oper-
ated device. The device on Fig. 2 comprises an outer
sleeve 1 having an internal surface having two parts: an
internal cylindrical surface and an annular groove 7 with
a slightly larger diameter adapted to receive one or more
lugs 6 as described below.

[0027] A sliding sleeve 2 is disposed concentrically
within the outer sleeve 1. The sliding sleeve 2 is able to
slide axially along the inner face of sleeve 1, and is at-
tached to a cage 4 implementing the ball seat as de-
scribed in connection with Fig. 10 below. The particular
valve in Fig.2 is retained in a natural closed position dur-
ing installation of the valve in a well, and designed to
open when activated. Another embodiment may of
course be retained in an open position during installation,
and designed to close when activated. In either case, the
elements may be connected by shear pins, which are
designed to break when a predetermined force is applied
to them. In Fig. 2, the ball seat cage 4 is retained in the
inner sleeve 2 by shear pins 3. The shear pins 3 have
heads abutting an inner shoulder on the outer sleeve,
and thus retain the inner sleeve 2 in the outer sleeve 1
until an activating force is applied. The activating force
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is applied when a ball 9 lands on the seat and prevents
fluid flow axially along the valve. Hydraulic pressure then
builds up behind the ball, until it provides a force that it
sufficient to break the shear pins 3.

[0028] Fig. 3 shows the device of Fig. 2 where a drop
ball 9 has landed on the seat. The seat is provided by
flexible fingers on the cage 4 that are pressed radially
inwardly by lugs 6 when the lugs abut the inner cylindrical
surface of the outer sleeve 1. In figure 3, the inner sleeve
2 has moved relative to the outer sleeve, such that the
heads of the shear pins can be pushed radially inwards.
With the retaining heads out of the way, the inner sleeve
2 is allowed to slide axially within the outer sleeve 1 to
the position shown in figure 4. This first release mecha-
nism is illustrated by heads of the pins 3 skipping past a
small shoulder on the interior face of the outer sleeve 1.
However, it should be understood that shear pins could
provide the first release mechanism in another embodi-
ment.

[0029] In Fig. 4, the cage 4 with the ball 9 has pulled
the inner sleeve 2 along the outer sleeve 1. Lugs 6 are
at the axial position of an annular groove 7 with extended
diameter. In another embodiment, the lugs 6 might at this
point snap or move outwards andinto the groove 7, there-
by releasing the ball 9. However, in the present embod-
iment the lugs 6 are still prevented from extending into
the groove 7. This may be done in a number of ways,
e.g. by providing stoppers 5 between the fingers and the
outer sleeve, thus preventing the fingers from flexing ra-
dially outwards. This prevents the lugs 6 from extending
into the groove until the inner sleeve has moved axially
past the stoppers 5 as shown in Fig. 5. Alternatively, the
lugs may be prevented from extending into groove 7 by
providing a breakable band around the distal ends of the
fingers 41 shown on Fig. 10. Thus, the ball seat still has
its smaller diameter. This allows a further build up of hy-
draulic pressure until the force working on the ball and
seatis sufficient to activate a second release mechanism,
which may be convenientto ensure a predetermined min-
imum force required to ensure that the device is properly
operated. This second release mechanism can be shear
pins, a breakable band, lugs or other release mecha-
nisms known in the art. Thus, in the present exemplary
embodiment, shear pins could be designed to break at
a force that is guaranteed to pull the sliding sleeve valve
entirely open.

[0030] In Fig. 5, the cage 4 has been released from
the inner sleeve by a second release mechanism, e.g.
by broken shear pins 3. The seat 4 has moved further
downstream until it has been stopped by the stoppers 5,
which at this point have engaged the end of cage 4, or
more particularly the ring 40 on Fig. 10. In an alternative
embodiment, the cage may be prevented from moving
downstream by a shoulder 8. Now, the lugs 6 may be
pressed radially outwards into the groove 7.

[0031] In Fig. 6, the lugs 6 are pressed radially out-
wards into the groove 7 provided on the inner surface of
the outer sleeve 1. This expands the ball seat to a diam-
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eter where it no longer retains the ball 9. This is illustrated
by the ball 9 in a position downstream, i.e. to the right in
the figures, of the cage 4. The ball 9 may proceed to the
next apparatus, which of course can have the same di-
ameter on the seat as the one previously disclosed.
[0032] By providing a series of valves or other devices
with a ball seat according to the invention, one ball may
in this way be used to operate an arbitrary number of
devices.

[0033] It should be understood that the embodiment of
a sliding sleeve valve is an example only. Another appli-
cation of the ball seat according to the invention could
be within a butterfly valve or ball valve, in which a rotary
movement rather than the linear movement disclosed
previously, is used to activate the device. In order to
translate the inherently linear movement of the drop ball
to a rotation, a pair of helical shoulders could be provided
ontheinner and outer sleeves. When the seat is released
by the first release mechanism, the seat 4 moves until
the helical shoulders (not shown) engage each other.
Then, hydraulic pressure behind the drop ball may be
allowed to build up sufficiently to guarantee a relative
rotation between the sleeves. This rotation may be used
to rotate a circular plate in a butterfly valve or a ball in a
ball valve. The second release mechanism, illustrated
above as a broken shear pin, could equally well be radi-
ally biased dogs or some other means known in the art.
The purpose of the release mechanisms are simply to
ensure that sufficient force is available to operate the
device properly before the next step in operating a device
or before the drop ball is released further downstream.
[0034] Fig. 7 shows a generalized outer sleeve 1. No
holes are shown in the sleeve in order to illustrate that
the ball seat of the invention may be used in any ball
operated device, not only in a sliding sleeve valve. The
outer sleeve 1 may comprise standard threading in both
ends for inclusion into a tubular string, such as a produc-
tion pipe, a liner or a casing, before it is inserted into a
wellbore as part of the tubular string. The features of im-
portance for the present invention is its internal surface
comprising one or more grooves 7 to receive lugs 6 as
discussed with reference to figures 2-6.

[0035] Figure 8 shows an inner sleeve for a sliding
valve, such as the one discussed above. The sleeve has
a cylindrical main portion with radially extending ports
22. One end has an end part 21 with extended radius.
The shoulder formed between the main cylinder and the
end part 21 stops the sleeve 2 from moving downstream
as itengages a corresponding shoulder on the inner face
of the outer sleeve. This may be used to activate the first
release mechanism described above if relative axial
movement between the cage 4 and the sleeve 2 is al-
lowed.

[0036] Figure 9 shows an embodiment of a pin 3 used
to illustrate the first and second release mechanisms in
the description referring to Figs. 2-6. The tapered head
of pin 3 is intended to illustrate the first release mecha-
nism. In one embodiment, the pin shown in Fig. 9 is bi-
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ased radially outwards. When the tapered face of the
head engages a shoulder on the interior surface of the
outer sleeve, the pin 3 will be pressed radially inwards
against a force, e.g. a spring force. The tapered face and
the bias can be adjusted to provide a first release mech-
anism releasing cage 4 when a first force or pressure is
achieved. Obviously, similar release mechanisms in the
form of spring biased dogs or similar devices may be
used to implement a release mechanism. It should also
be understood that while a shear pin 3 provides a second
release mechanism in the examples above, some em-
bodiments may have no second release mechanism.
Other embodiments may have a different second release
mechanism, e.g. a biased pin or lug.

[0037] Figure 10 shows cage 4 formed by a number of
fingers 41 parallel to each other, and attached to a ring
40 at one end. The ring 40 is upstream when the cage
is in use, and the ball seat is provided inside the cage
opposite ring 40. The fingers can be inflexible, e.g.
formed of a material that undergoes a plastic deformation
when the fingers are bent inwards. In this case the force
required to bend them back may provide part or all of the
resistance required to prevent the lugs 6 from entering
the groove 7 in Fig. 4, when the cage 4 is not yet retained
by stoppers 5 or shoulder 8. Alternatively, the fingers may
be flexible and provide a force directed radially outwards
when pressed in by lugs 6. In this case, the situation in
Fig. 5 would be extremely short, as flexible fingers im-
mediately would snap outwards, moving the lugs 6 into
groove 7. Yet another alternative is to attach the fingers
41 to the ring 40 by hinges, and provide the fingers with
spring bias, retaining rings etc as required by the appli-
cation.

[0038] There is a space between the fingers 41, such
thatthe ends opposite the ring 40 may be pressed radially
inwards to form a ball seat inside the cage 4 as described
above. Radially extending lugs (not shown in Fig. 10),
such as the lugs 6 described above, is a convenient way
of pressing the fingers radially inwards. The distal or
downstream ends of the fingers 41 may be pressed to-
gether to form a continuous ring 42, the ball seat being
defined by the inner diameter of ring 42. A breakable
band may be provided around the ring 42 in order to
prevent the lugs 6 from snapping into groove 7 until a
certain minimum force is available.

[0039] Infigure 10, the space between the sections of
ring 42 is shown as quite narrow for illustrative purposes.
However, it should be understood that the space between
the sections of ring 42 may be wider, such that the inner
diameter of the continuous ring 42 forms a ball seat with
a minimum diameter. In this case one type of cage 4 can
be used for several ball diameters between this minimum
diameter and the diameter of the ring 40 simply by pro-
viding lugs 6 of different lengths.

[0040] The cage 4 is typically retained within an outer
housing until released by a release mechanism. The
holes 401 in ring 40 are adapted to the lower part 30 of
the pin 3 shown in Fig. 9, thus indicating that the cage 4
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is released from the sleeve 2 by the second release
mechanism of the embodiment described above. Of
course, shear pins are just one convenientrelease mech-
anism, and the cage 4 can be provided with other ele-
ments than the holes 401 to fit another release mecha-
nism if desired.

[0041] Fig. 11 illustrates a cylindrical stopper 5 having
an outer diameter slightly less than the space shown be-
tween the fingers and rings 40 and 42 in Fig. 10. The
main function of the stoppers 5 is to prevent the cage 4
from travelling downstream when the valve is open. Al-
ternatively, a shoulder 8 may be provided for the same
purpose.

[0042] Fig. 12 shows a lug 6, which in the preferred
embodiment is used to press a finger 41 radially inwards
when disposed between e.g. the outer circumference of
ring 42 and the inner surface of the sleeve 1, thus pre-
venting the finger 41 from moving outwards until the lug
6 reaches the groove 7. Lugs 6 of different lengths may
be used to provide ball seats of different diameters.
[0043] In another aspect, the invention comprises a
method for activating an arbitrary number of drop ball
operated devices in a well, comprising the steps of:

- inserting a drop ball into a tubular string comprising
at least one apparatus able to be activated and to
release the ball after activation,

- monitoring and controlling the pressure, and

- determine when the drop ball has activated and been
released from the arbitrary number of devices.

[0044] A suitable apparatus for this method is the one
described previously, in which hydraulic pressure is the
only means necessary to operate an arbitrary number of
devices. The pressure, or an equivalent like the load of
a circulating pump, may be monitored to determine the
point in time when the drop ball (9) arrives at a ball seat,
at which time an increased pressure may be detected. If
desired, pump pressure may be added to the hydraulic
pressure exerted by the column of fluid behind the drop
ball in order to operate one or more release mechanisms
for the device as described more fully above. Similarly,
a drop in pressure or pump load can indicate that the
drop ball has left the device, and no longer inhibits fluid
flow in the string. These steps may be repeated until all
devices are operated.

[0045] Referring back to the introductory part of the
present disclosure, it would be advantageous to subdi-
vide a well into several zones, each zone having several
devices. Using the apparatus disclosed previously, it can
readily be seen that several groups of devices may be
provided, each group being operated by one drop ball,
and each group may be operated by a drop ball of differ-
ent size than the drop ball for the other groups. By in-
stalling a group of devices operable by the smallest sized
drop ball furthest away from the surface in a vertical or
horizontal branch, this group of devices would be the first
to be activated. This matches a normal production sce-
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nario, in which, forexample, a waterfrontfrom aninjection
well is expected to reach the most far away parts of a
production well first.

[0046] Once production from a remote or deep part of
the well falls below a predetermined level, the present
invention may be used to open a less remote section of
the well containing a number of drop ball operated de-
vices using one single drop ball. Obviously, this may save
considerably time otherwise required for intervention.
[0047] Whiletheinvention has been disclosed with ref-
erence to a preferred embodiment, it should be under-
stood that a number of modifications may be done without
departing from the scope defined by the accompanying
claims.

Claims

1. Adrop ball activated apparatus comprising an inner
sleeve (2) and an outer sleeve (1), the inner sleeve
(2) retaining, with the help of shear pins (3), a ball
seat (4) operated by a drop ball (9) and being con-
centrically and axially slidably disposed within the
outer sleeve (1) having afirst internal cylindrical sur-
face, wherein the ball seat (4) comprises a plurality
of fingers (41) attached to a ring (40) at one end,
where a radially extending lug (6) is adapted for
pressing each finger (41), at its other or distal end,
radially inwards, which in a first position abuts the
firstinternal cylindrical surface, the lugs (6) of fingers
(41) thereby defining a first ball seat diameter less
than the diameter of the drop ball (9), wherein the
outer sleeve (1) comprises at least one groove (7)
in its internal surface, and the lugs (6) are adapted
to be moved or received into said at least one groove
(7) in a second position, the lugs (6) of fingers (41)
thereby defining a second ball seat diameter at least
as large as the diameter of the drop ball (9), char-
acterized in that the inner sleeve (2) with the re-
tained ball seat (4) is retained in the outer sleeve (1)
by a first release mechanism adapted to release the
ball seat (4) and the inner sleeve (2) from the outer
sleeve (1) when afirst predetermined hydraulic pres-
sure works or acts on the drop ball (9), and then the
ball seat (4) and the inner sleeve (2) are pulled or
slid along the outer sleeve (1) while applying the first
predetermined hydraulic pressure, and wherein a
second release mechanism is adapted to release
the ball seat (4) from the inner sleeve (2) when a
second predetermined hydraulic pressure works or
acts on the drop ball (9), and thereafter the ball seat
(4) is moved to the second position and is radially
expanded to its second ball seat diameter thus al-
lowing the drop ball (9) to pass therethrough.

2. Apparatus according to claim 1, wherein each finger
(41) of the ball seat (4) is flexible and provides a
radial outward bias on the lug (6).
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Apparatus according to claim 1, wherein the groove
(7) is an annular recess having an inner diameter
being larger than the inner diameter of the internal
cylindrical surface.

Apparatus according to claim 1, wherein the second
release mechanism is selected from a group com-
prising: a shear pin, a radially biased pin/lug and a
breakable retaining band.

Apparatus according to claim 1, wherein the first re-
lease mechanism is provided by a head of at least
one shear pin (3) or by at least one shear pin (3).

Apparatus according to claim 1, wherein a helical
shoulder is provided on the exterior of the inner
sleeve connected to the ball seat, and a matching
helical shoulder is provided on the internal surface
of the outer sleeve, the shoulders engaging each
other upon a release of the ball seat, whereby an
axial movement of the ball seat is transformed to a
rotation.

Method for activating an arbitrary number of drop
ball operated or activated apparatuses in a well,
where only one drop ball is to be used to activate an
arbitrary number of drop ball activated apparatuses,
the method being characterized by the steps of:

- providing the arbitrary number of drop ball ac-
tivated apparatuses in the well,

- inserting a drop ball (9) into the well,

- monitoring and controlling the pressure, and
- determining when the drop ball (9) has activat-
ed and been released from the arbitrary number
of drop ball activated apparatuses,

wherein the drop ball activated apparatus comprises
an inner sleeve (2) and an outer sleeve (1), the inner
sleeve (2) retaining, with the help of shear pins (3),
a ball seat (4) operated by a drop ball (9) and being
concentrically and axially slidably disposed within
the outer sleeve (1) having a first internal cylindrical
surface,

wherein the ball seat (4) comprises a plurality of fin-
gers (41) attached to a ring (40) at one end, where
a radially extending lug (6) is adapted for pressing
each finger (41), at its other or distal end, radially
inwards, which in a first position abuts the first inter-
nal cylindrical surface, the lugs (6) of fingers (41)
thereby defining a first ball seat diameter less than
the diameter of the drop ball (9),

wherein the outer sleeve (1) comprises at least one
groove (7) inits internal surface, and the lugs (6) are
adapted to be moved or received into said at least
one groove (7) in a second position, the lugs (6) of
fingers (41) thereby defining a second ball seat di-
ameter at least as large as the diameter of the drop
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ball (9),

wherein the inner sleeve (2) with the retained ball
seat (4) is retained in the outer sleeve (1) by a first
release mechanism adapted to release the ball seat
(4) and the inner sleeve (2) from the outer sleeve (1)
when afirst predetermined hydraulic pressure works
or acts on the drop ball (9), and then the ball seat (4)
and the inner sleeve (2) are pulled or slid along the
outer sleeve (1) while applying the first predeter-
mined hydraulic pressure, and

wherein a second release mechanism releases the
ball seat (4) from the inner sleeve (2) when a second
predetermined hydraulic pressure works or acts on
the drop ball (9), and thereafter the ball seat (4) is
moved to the second position and is radially expand-
ed to its second ball seat diameter thus allowing the
drop ball (9) to pass therethrough and proceed to
the next ball operated apparatus.

Method according to claim 7, wherein the step of
monitoring and controlling the pressure further com-
prises:

- determining the point in time when the drop
ball (9) lands on or arrives at a ball seat (4),

- monitoring and/or controlling the pressure to
operate and/or activate the apparatus,

- determining the point in time when the drop
ball (9) departs or proceeds from the ball seat
(4) down or further to the next ball operated ap-
paratus, and

- determining the pointin time when the arbitrary
number of apparatuses have been activated by
the drop ball (9).

Method according to claim 7, further comprising a
step of dividing the arbitrary number of drop ball ac-
tivated apparatuses into a plurality of groups, each
group thereof being operable by one drop ball (9),
where the diameter of the drop ball (9) is unique for
each group.

Method according to claim 9, further comprising a
step of providing each group of drop ball activated
apparatuses in a separate zone of the well.

Method according to claim 10, further comprising a
step of ordering the zones by size of the drop balls
(9), such that a group of drop ball activated appara-
tuses operated by a smaller sized drop ball is more
remote from the surface than a group of drop ball
activated apparatuses operated by a larger sized
drop ball.

Patentanspriiche

1.

Fallkugel-aktivierte Vorrichtung umfassend eine in-
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neren Hulse (2) und eine dufReren Hulse (1), wobei
an der inneren Hulse (2) mit Hilfe von Scherstiften
(3) ein Kugelsitz (4) gehalten wird, der von einer Fall-
kugel (9) betatigt wird und konzentrisch und axial
verschiebbar innerhalb der duReren Hilse (1) ange-
ordnet ist, die eine erste innere zylindrischen Ober-
flache aufweist,

wobei der Kugelsitz (4) eine Vielzahl von Fingern
(41) umfasst, die an einem Ende an einem Ring (40)
befestigt sind, wobei ein radial verlaufender Ansatz
(6) zum Dricken jedes einzelnen Fingers (41) an
dessen anderem oder distalem Ende radial nach in-
nen geeignet ist, der in einer ersten Position an der
ersteninneren zylindrischen Oberflache anliegt, wo-
bei die Ansatze (6) der Finger (41) dadurch einen
ersten Kugelsitzdurchmesser begrenzen, der klei-
ner als der Durchmesser der Fallkugel (9) ist,
wobei die aullere Hilse (1) in ihrer inneren Oberfla-
che mindestens eine Nut (7) umfasst und die Ansat-
ze (6) dazu geeignet sind, in die mindestens eine
Nut (7) bewegt oder in dieser in einer zweiten Posi-
tion aufgenommen zu werden, wodurch die Ansatze
(6) der Finger (41) einen zweiten Kugelsitzdurch-
messer begrenzen, der mindestens so grof} ist wie
der Durchmesser der Fallkugel (9),

dadurch gekennzeichnet, dass die innere Hiilse
(2) mit dem festgehaltenen Kugelsitz (4) durch einen
ersten Freigabemechanismus in der dulReren Hiilse
(1) gehalten wird, der dazu geeignet ist, den Kugel-
sitz (4) und die innere Hilse (2) von der dulleren
Hulse (1) zu Iésen, wenn ein erster vorgegebener
hydraulischer Druck auf die Fallkugel (9) wirkt, wobei
in der Folge der Kugelsitz (4) und die innere Hiilse
(2) entlang der duf3eren Hilse (1) gezogen oder ge-
schoben werden, wahrend der erste vorgegebene
hydraulische Druck aufgebracht wird, und

wobei ein zweiter Freigabemechanismus dazu ge-
eignet ist, den Kugelsitz (4) von der inneren Hiilse
(2) zulésen, wenn ein zweiter vorgegebener hydrau-
lischer Druck auf die Fallkugel (9) wirkt und danach
der Kugelsitz (4) in die zweite Position bewegt und
radial auf seinen zweiten Kugelsitzdurchmesser auf-
geweitet wird, so dass die Fallkugel (9) hindurchge-
hen kann.

Vorrichtung nach Anspruch 1, wobei jeder Finger
(41) des Kugelsitzes (4) flexibel ist und eine radial
nach auf3en gerichtete Kraft auf den Ansatz (6) aus-
Ubt.

Vorrichtung nach Anspruch 1, wobei die Nut (7) eine
ringférmige Ausnehmung mit einem Innendurch-
messerist, der gréRer als der Innendurchmesser der
inneren zylindrischen Oberflache ist.

Vorrichtung nach Anspruch 1, wobei der zweite Frei-
gabemechanismus aus einer Gruppe ausgewahlt
ist, die einen Scherstift, einen einer radial wirkenden
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Kraft ausgesetzten Stift / Ansatz und ein zerreillba-
res Ruckhalteband umfasst.

Vorrichtung nach Anspruch 1, wobei der erste Frei-
gabemechanismus durch einen Kopf mindestens ei-
nes Scherstifts (3) oder durch mindestens einen
Scherstift (3) gebildet ist.

Vorrichtung nach Anspruch 1, wobei an der AuRRen-
seite der mit dem Kugelsitz verbundenen inneren
Hulse eine spiralférmige Schulter und an derinneren
Oberflache der duReren Hilse eine dazu passende
spiralférmige Schulter vorgesehen ist, wobei die
Schultern nach einer Freigabe des Kugelsitzes in-
einander eingreifen, wodurch eine axiale Bewegung
des Kugelsitzes in eine Drehbewegung umgewan-
delt wird.

Verfahren zum Aktivieren einer beliebigen Anzahl
von Fallkugel-betriebenen oder aktivierten Vorrich-
tungen in einem Bohrloch, wobei nur eine Fallkugel
zuverwenden ist, um eine beliebige Anzahl von Fall-
kugel-aktivierten Vorrichtungen zu aktivieren, wobei
das Verfahren durch die folgenden Schritte gekenn-
zeichnet ist:

- Bereitstellen der beliebigen Anzahl von Fallku-
gel-aktivierten Vorrichtungen im Bohrloch,
-Einbringen einer Fallkugel (9) in das Bohrlorch,
- Uberwachen und Regeln des Drucks, und

- Bestimmen, wann die Fallkugel (9) die belie-
bige Anzahl von Fallkugel-aktivierten Vorrich-
tungen aktiviert hat und von diesen freigegeben
wurde,

wobei die Fallkugel-aktivierte Vorrichtung eine inne-
re Hilse (2) und eine duflere Hilse (1) umfasst, wo-
bei die innere Hilse (2) mit Hilfe von Scherstiften (3)
einen Kugelsitz (4) halt, der durch eine Fallkugel (9)
betéatigt wird und konzentrisch und axial verschieb-
bar innerhalb der duReren Hulse (1) mit einer ersten
inneren zylindrischen Oberflache angeordnet ist,
wobei der Kugelsitz (4) eine Mehrzahl von Fingern
(41) aufweist, die an einem Ende an einem Ring (40)
befestigt sind, wobei ein radial verlaufender Ansatz
(6) dazu ausgebildetist, jeden Finger (41) an seinem
anderen oder distalen Ende radial nachinnen zu dru-
cken, so dass dieser in einer ersten Position an der
ersten inneren zylindrischen Oberflache anliegt, wo-
durch die Ansatze (6) der Finger (41) einen ersten
Kugelsitzdurchmesser begrenzen, der kleiner ist als
der Durchmesser der Fallkugel (9),

wobei die duRere Hilse (1) mindestens eine Nut (7)
in ihrer inneren Oberflache aufweist und die Ansatze
(6) dazu geeignet sind, in einer zweiten Position in
die mindestens eine Nut (7) bewegt oder von dieser
aufgenommen zu werden, wodurch die Ansatze (6)
derFinger (41) einen zweiten Kugelsitzdurchmesser

10

15

20

25

30

35

40

45

50

55

10.

1.

begrenzen, der mindestens so grol} ist wie der
Durchmesser der Fallkugel (9),

wobei die innere Hilse (2) mit dem festgehaltenen
Kugelsitz (4) durch einen ersten Freigabemechanis-
mus in der duBeren Hilse (1) gehalten wird, derdazu
geeignet ist, den Kugelsitz (4) und die innere Hiilse
(2) von der auReren Hilse (1) freizugeben, wenn ein
erster vorgegebener hydraulischer Druck auf die
Fallkugel (9) wirkt, und dann werden der Kugelsitz
(4) und die innere Hilse (2) die dulere Hulse (1)
entlang gezogen und geschoben, wahrend der erste
vorgegebene hydraulische Druck ausgetibt wird,
und

wobei ein zweiter Freigabemechanismus den Kugel-
sitz (4) von der inneren Hiilse (2) freigibt, wenn ein
zweiter vorgegebener hydraulischer Druck auf die
Fallkugel (9) wirkt und danach der Kugelsitz (4) in
die zweite Position bewegt und radial auf seinen
zweiten Kugelsitzdurchmesser aufgeweitet wird, so
dass die Fallkugel (9) durch diesen hindurchgehen
und zur nachsten kugelbetriebenen Vorrichtung wei-
tergehen kann.

Verfahren nach Anspruch 7, wobei der Schritt des
Uberwachens und Regelns des Drucks ferner um-
fasst:

- Bestimmen des Zeitpunkts, zu dem die Fallku-
gel (9) auf einem Kugelsitz (4) landet oder bei
diesem ankommt,

- Uberwachen und/oder Regeln des Drucks zum
Betreiben und/oder Aktivieren der Vorrichtung,
- Bestimmen des Zeitpunkts, zu dem die Fallku-
gel (9) von dem Kugelsitz (4) nach unten oder
weiter zur ndchsten kugelbetriebenen Vorrich-
tung ab- oder weitergeht, und

- Bestimmen des Zeitpunkts, zu dem die willk(ir-
liche Anzahl von Vorrichtungen durch die Fall-
kugel (9) aktiviert wurde.

Verfahren nach Anspruch 7, ferner umfassend einen
Schritt des Unterteilens der beliebigen Anzahl Fall-
kugel-aktivierter Vorrichtungen in eine Mehrzahl von
Gruppen, wobei jede dieser Gruppen durch eine
Fallkugel (9) betatigbar ist und wobei der Durchmes-
ser der Fallkugel (9) fir jede Gruppe einzigartig ist.

Verfahren nach Anspruch 9, ferner umfassend einen
Schritt des Bereitstellens jeder Gruppe Fallkugel-ak-
tivierter Vorrichtungen in einer separaten Zone des
Bohrlochs.

Verfahren nach Anspruch 10, das ferner einen
Schritt des Ordnens der Zonen nach der GréRRe der
Fallkugeln (9) umfasst, so dass eine Gruppe von
Fallkugel-aktivierten Vorrichtungen, die von einer
kleineren Fallkugel betatigt werden, von der Ober-
flache weiter entfernt ist als eine Gruppe von Fallku-
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gel-aktivierten Vorrichtungen, die von einer gréRRe-
ren Fallkugel betatigt werden.

Revendications

Appareil actionné par bille basculante comprenant
un manchon intérieur (2) et un manchon extérieur
(1),le manchonintérieur (2) retenant, a 'aide de gou-
pilles de cisaillement (3), un logement de bille (4)
activé par une bille basculante (9) et disposé de ma-
niére concentrique et axialement coulissante a I'in-
térieur du manchon extérieur (1) pourvu d’une pre-
miére surface cylindrique interne,

dans lequel le logement de bille (4) comprend
une pluralité de doigts (41) fixés a une bague
(40) a une extrémité, ou un ergot (6) s’étendant
radialement est adapté pour presser chaque
doigt (41), a son autre extrémité ou extrémité
distale, radialement versl'intérieur, quidans une
premiére position bute contre la premiére surfa-
ce cylindrique interne, les ergots (6) des doigts
(41) définissant ainsi un premier diamétre de lo-
gement de bille inférieur au diametre de la bille
basculante (9),

dans lequel le manchon extérieur (1) comprend
au moins une rainure (7) dans sa surface inter-
ne, et les ergots (6) sont adaptés pour étre dé-
placés ou regus dans ladite au moins une rai-
nure (7) dans une seconde position, les ergots
(6) des doigts (41) définissant ainsi un second
diameétre de logement de bille au moins égal au
diameétre de la bille basculante (9),
caractérisé en ce que le manchon intérieur (2)
avec le logement de bille (4) retenu est retenu
dans le manchon extérieur (1) par un premier
mécanisme de libération adapté pour libérer le
logement de bille (4) et le manchon intérieur (2)
du manchon extérieur (1) lorsqu’une premiére
pression hydraulique prédéterminée s’exerce
ou agit sur la bille basculante (9), puis le loge-
ment de bille (4) et le manchon intérieur (2) sont
tirés ou glissés le long du manchon extérieur (1)
tout en appliquant la premiéere pression hydrau-
lique prédéterminée, et

dans lequel un second mécanisme de libération
est adapté pour libérer le logement de bille (4)
du manchon intérieur (2) lorsqu’'une seconde
pression hydraulique prédéterminée s’exerce
ou agit sur la bille basculante (9), et ensuite le
logementdebille (4) estdéplacé verslaseconde
position et est radialement expansé jusqu’a son
second diametre de logement de bille, permet-
tant ainsi a la bille basculante (9) de passer a
travers.

2. Appareil selon la revendication 1, dans lequel cha-
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10

que doigt (41) du logement de bille (4) est flexible et
fournit une inclinaison radiale vers I'extérieur sur l'er-

got (6).

Appareil selon la revendication 1, dans lequel la rai-
nure (7) est un évidement annulaire dont le diamétre
interne est supérieur au diametre interne de la sur-
face cylindrique interne.

Appareil selon la revendication 1, dans lequel le se-
cond mécanisme de libération est choisi dans un
groupe comprenant : une goupille de cisaillement,
une goupille/un ergot incliné radialement et une ban-
de de retenue cassable.

Appareil selon la revendication 1, dans lequel le pre-
mier mécanisme de libération est fourni par une téte
d’au moins une goupille de cisaillement (3) ou par
au moins une goupille de cisaillement (3).

Appareil selon la revendication 1, dans lequel un
épaulement hélicoidal est prévu sur I'extérieur du
manchon intérieur relié au logement de bille, et un
épaulement hélicoidal correspondant est prévu sur
la surface interne du manchon extérieur, les épau-
lements se mettant en prise I'un avec 'autre lors de
la libération du logement de bille, un mouvement
axial du logement de bille étant alors converti en ro-
tation.

Procédé d’actionnement d’'un nombre arbitraire
d’appareils activés ou actionnés par bille basculante
dans un puits, ou une seule bille basculante doit étre
utilisée pour actionner un nombre arbitraire d’appa-
reils actionnés par bille basculante, le procédé étant
caractérisé par les étapes consistanta :

- prévoir le nombre arbitraire d’appareils action-
nés par bille basculante dans le puits,

- insérer une bille basculante (9) dans le puits,
- surveiller et contréler la pression, et

- déterminer le moment ou la bille basculante
(9) est actionnée et libérée du nombre arbitraire
d’appareils actionnés par bille basculante,

danslequel I'appareil actionné par bille bas-
culante comprend un manchon intérieur (2)
et un manchon extérieur (1), le manchon
intérieur (2) retenant, a l'aide de goupilles
de cisaillement (3), un logement de bille (4)
activé par une bille basculante (9) et étant
disposé de maniére concentrique et axiale-
ment coulissante dans le manchon exté-
rieur (1) ayant une premiére surface cylin-
drique interne,

dans lequel le logement de bille (4) com-
prend une pluralité de doigts (41) fixés a
une bague (40) a une extrémité, ou un ergot
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(6) s’étendant radialement est adapté pour
presser chaque doigt (41), a son autre ex-
trémité ou extrémité distale, radialement
vers lintérieur, qui dans une premiére po-
sition bute contre la premiére surface cylin-
drique interne, les ergots (6) des doigts (41)
définissant ainsi un premier diamétre de lo-
gement de bille inférieur au diameétre de la
bille basculante (9),

dans lequel le manchon extérieur (1) com-
prend au moins une rainure (7) dans sa sur-
face interne, et les ergots (6) sont adaptés
pour étre déplacés ou regus dans ladite au
moins une rainure (7) dans une seconde
position, les ergots (6) des doigts (41) défi-
nissant ainsi un second diametre de loge-
ment de bille au moins égal au diamétre de
la bille basculante (9),

dans lequel le manchon intérieur (2) avec
le logement de bille (4) retenu est retenu
dans le manchon extérieur (1) par un pre-
mier mécanisme de libération adapté pour
libérer le logement de bille (4) etle manchon
intérieur (2) du manchon extérieur (1) lors-
qu’une premiére pression hydraulique pré-
déterminée s’exerce ou agit sur la bille bas-
culante (9), puis le logement de bille (4) et
le manchon intérieur (2) sonttirés ou glissés
le long du manchon extérieur (1) tout en ap-
pliquant la premiére pression hydraulique
prédéterminée, et

dans lequel un second mécanisme de libé-
ration libere le logement de bille (4) du man-
chon intérieur (2) lorsqu’une seconde pres-
sion hydraulique prédéterminée s’exerce
ou agit sur la bille basculante (9), et ensuite
le logement de bille (4) est déplacé vers la
seconde position et est radialement expan-
sé jusqu’a son second diameétre de loge-
ment de bille, permettant ainsi a la bille bas-
culante (9) de passer a travers et de parve-
nir au prochain appareil activé par bille.

Procédé selon larevendication 7, dans lequel I'étape
de surveillance et de contréle de la pression consiste
en outre :

- a déterminer le moment auquel la bille bascu-
lante (9) atterrit sur un logement de bille (4) ou
atteint celui-ci,

- a surveiller et/ou contréler la pression pour ac-
tiver et/ou actionner I'appareil,

- a déterminer le moment auquel la bille bascu-
lante (9) quitte le logement de bille (4) pour par-
venir, plus bas ou plus loin, au prochain appareil
activé par bille, et

- a déterminer le moment auquel le nombre ar-
bitraire d’appareils est actionné par la bille bas-
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culante (9).

Procédé selon la revendication 7, comprenant en
outre une étape consistant a diviser le nombre arbi-
traire d’appareils actionnés par bille basculante en
une pluralité de groupes, chacun de ces groupes
pouvant étre activé par une bille basculante (9), le
diameétre de la bille basculante (9) étant unique pour
chaque groupe.

Procédé selon la revendication 9, comprenant en
outre une étape consistant a disposer chaque grou-
pe d’appareils actionnés par bille basculante dans
une zone distincte du puits.

Procédé selon la revendication 10, comprenant en
outre une étape consistant a ordonner les zones en
fonction de la taille des billes basculantes (9), de
facon a ce qu’un groupe d’appareils actionnés par
bille basculante activés par une bille basculante de
plus petite taille soit plus éloigné de la surface qu’un
groupe d’appareils actionnés par bille basculante ac-
tivés par une bille basculante de plus grande taille.
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