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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a well tool device comprising a ratchet system.

BACKGROUND OF THE INVENTION

[0002] Some well tools for oil and/or gas wells comprises anchoring devices. Such a well tool is
run into the well in a run or radially retracted state. At a desired location, the tool is brought to
its set or radially expanded state, where the tool is fixed to the inner surface of the well pipe by
means of its anchoring devices. Some of these tools are retrievable, i.e. they can be brought
from the set state to a retrievable or radially retracted state again, to ease the retrieval of the
tool out from the well.

[0003] Other well tools, such as bridge plugs, straddles etc., comprises an additional sealing
element that is radially expanded towards the inner surface of the well to prevent axial fluid
flow between the upper and lower sides of the sealing element.

[0004] The above well tools may be brought between their retracted and expanded states by
means of a relative axial displacement between an inner mandrel device and an outer housing
device of the well tool.

[0005] A ratchet system is often used in such tools. Such a prior art ratchet system 30 is
shown in fig. 1a - 1d and 2a-2b comprising a grooved outer surface area 32 provided on the
outside of the mandrel device 10, a locking ring 40 and a grooved inner surface area 34
provided on the inside of the outer housing device 20.

[0006] The locking ring 40 comprises a grooved inner surface area 42 for engagement with
the grooved outer surface area 32 of the mandrel device 10 and a grooved outer surface area
44 for engagement with the grooved inner surface area 34 of the outer housing 20.

[0007] Axial movement between the mandrel device 10 and the locking ring 40 is allowed in a
first direction A when the locking ring 40 is engaged with the mandrel device 10 while
movement between the mandrel device 10 and the locking ring 40 is prevented in a second
direction B opposite of the first direction A (fig. 2b). Hence, the ratchet system 30 may be
considered as a locking mechanism for preventing relative axial movement between two parts
in one direction only.

[0008] It should be noted that there is no relative axial movement between the outer housing
20 and the locking ring 40. The outer housing 20 and the locking ring 40 can not be fixed to
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each other, as the locking ring 40 must be allowed to radially expand as its grooved inner
surface area 42 moves relative to the grooved outer surface area 32 in the allowed direction A.
The locking ring 40 comprises an axial slit 41 to allow such radial expansion of the locking ring
40. To prevent relative axial movement between the outer housing 20 and the locking ring 40,
the number of grooves per unit of length on the outer surface 44 of the locking ring 40 is
typically half of the number of grooves per unit of length on the inner surface 42 of the locking
ring.

[0009] The ratchet system is typically used to allow the tool to be brought from the retracted
state to the expanded state while preventing the tool going from the expanded state and back
to the retracted state again, as this will cause an undesired release of the tool with respect to
the inner surface of the well pipe.

[0010] In NO 340816 and NO 20141476 (Interwell) a releasable ratchet system is described to
have two states, a first state where the ratchet system is working as a normal ratchet system,
i.e. that movement between the mandrel device and the locking ring is allowed in one direction
only, and a second state where movement between the mandrel device and the locking ring is
allowed in both directions.

[0011] WO 2006/095160 describes a tree plug for a tree of the type used in the oil and gas
exploration and production industry. The invention also relates to a plug and to a lock adapted
to be located in various types of downhole tubing, and to a method of plugging a tree bore. In
one embodiment, a tree plug for a tree having a main tree bore is disclosed, the tree plug
having a plug body, a number of locking members mounted for radial movement relative to the
plug body between retracted and extended positions, a radially expandable seal element, and
a mandrel. The mandrel is translated relative to the plug body to urge the locking- members to
the extended position, and to exert an axial force on the seal element to radially expand the
seal element, to thereby lock and seal the plug within the tree bore.

[0012] US 2013/319772 describes a hammer bit retainer system includes a hammer bit locking
mechanism arranged and designed to prevent decoupling of a driver sub from a hammer
casing. The hammer bit locking mechanism includes an expandable split ring which is disposed
in the coupling between the driver sub and hammer casing. The hammer bit locking
mechanism prevents axial movement of the driver sub relative to the hammer casing in at least
one direction.

[0013] WO 2016/144314 A1 describes a downhole tool setting system includes a tubular
member that defines a bore therethrough; a downhole tool positioned to ride the tubular
member between a partial set position and a final set position; and a locking system coupled to
the downhole tool and configured to adjust the downhole tool from the partial set position
based on at least a portion of the locking system moveable relative to the tubular member to
the final set position based on at least a portion of the locking system affixed to the tubular
member.
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[0014] US 8 579 023 B1 describes a downhole tool or plug includes a mandrel with an
element, a slip ring, and a cone pressable between an upper push sleeve assembly and a
lower anvil. The upper push sleeve assembly including a lock ring having one or more interior
teeth on an interior of the lock ring. A mandrel sleeve is at least partially received within a
recess in the mandrel and affixed with respect to the mandrel, and has one or more exterior
teeth on an exterior of the mandrel sleeve.

[0015] Some prior art locking rings have a threaded or hatched outer surface for mechanical
connection to the housing device of the tool. The purpose of the mechanical connection
between the housing device and the locking ring is to allow the above-mentioned temporary
small expansion of the diameter of the locking ring 10 within the housing.

[0016] One disadvantage with the above solution is that a small relative axial movement
between the housing 20 and the locking ring 40 is inherently allowed due to the nature of such
grooved connections. This backward movement is often referred to as backlash. In fig. 2b, this
backlash between the outer housing 20 and the locking ring 40 is indicated with arrow BL20.

[0017] There will often be a backlash between the locking ring 40 and the mandrel device 10.
This backlash is indicated with arrow BL10 in fig. 2b. The maxium backlash BL10 is indicated in
fig. 2a. Typically, the backlash BL10 will be smaller than the backlash BL20. Such backlash is
undesired, as the well tool will loosen its engagement with the inner surface of the well pipe.

[0018] Typically, springs are used to prevent or reduce the above backlash. Such springs
contributes to the length and complexity of the well tool.

[0019] Hence, one object of the invention is to reduce backlash of ratchet systems of well
tools. Yet another object is to reduce the need of springs to prevent such backlash.

[0020] One solution to this problem could be to transfer forces between the outer housing 20
and the locking ring 40 via the axially facing, annular end surfaces 45 of the locking ring 40.

[0021] One disadvantage with this solution is that for higher pressures, a larger area for
transferring axial forces between the outer housing and the locking ring 40 is needed. An
increased area is only achieved by increasing the thickness T40 (fig. 2b of the locking ring 40,
as an increase of the diameter D40 (fig. 2a) for the locking ring is not allowed due to the
maximum diameter of the well pipe in which the tool is to be used. Any such increase in
thickness causes the locking ring to be more rigid and less flexible. During the development of
the present invention, such thicker locking rings were tested. During these tests, it was
discovered that when the locking ring was pressed upwardly over the threads of the mandrel
device, the locking ring became radially expanded. However, due to the rigidity of the locking
ring, the locking ring did not radially retract as expected afterwards - the locking ring was
plastic deformed, causing a reduced engagement between the outwardly facing threads of the
mandrel device and the inwardly facing threads of the locking ring.
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[0022] The above grooved surface areas can be provided as threads, i.e. as a spiral-shaped
tracks. Here, the assembly of the ratchet system can be performed by screwing the different
parts of the ratchet system together. Alternatively, the grooved surface areas can be provided
as ring-shaped tracks. Here, the locking ring of the ratchet system must be radially expanded
during the assembly. For the above locking ring with increased thickness, a powerful tool must
be used to force the locking ring open during assembly. Again, there is a risk of plastic
deformation of the locking ring.

[0023] In addition, it was found that during the setting of a plug with such a locking ring, a
larger proportion of the available setting force will be used to move the ratchet system, causing
a smaller proportion of the available setting force to compress the sealing element of the plug
towards the inner surface of the well pipe, which negatively affects the pressure rating of the

plug.

[0024] Hence, another object of the invention is to provide a well tool with a ratchet system
which do not affect other parts of the well tool negatively.

[0025] As for many such well tools, the object is to provide well tools which can withstand
higher temperatures and higher pressures.

SUMMARY OF THE INVENTION

[0026] The present invention relates to a well tool device comprising:

« a mandrel device having a axial center axis;

e an housing device provided radially outside of the mandrel device;

= a ratchet system comprising:

« an grooved outer surface area of the mandrel device;

» a first locking ring comprising a grooved inner surface area engaged with the grooved
outer surface area of the mandrel device, a grooved outer surface area and an axial slit
allowing radial expansion of the first locking ring, where the first locking ring is engaged
with the outer housing;

where the ratchet system is configured to allowing relative axial movement between the
mandrel device and the first locking ring in a first axial direction and to prevent relative axial
movement between the mandrel device and the locking ring in a second direction opposite of
the first direction;

wherein the ratchet system further comprises:

e a second locking ring provided radially outside the first locking ring, the second locking
ring comprising a grooved inner surface area engaged with the grooved outer surface
area of the first locking ring, and an axial slit allowing radial expansion of the second
locking ring, where the second locking ring is engaged with the outer housing;

« a first element protruding inwardly from the inside of the housing device; characterized in
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that the ratchet system comprises:
= a second element protruding inwardly from the inside of the housing device at an axial
distance from the first element;

where the first and second locking rings are provided axially between the first and second
elements;

where the first inwardly protruding element comprises a first supporting surface for transferring
axial forces between the housing device and lower end surfaces of the first and second locking
rings;

where the second inwardly protruding element comprises a second supporting surface for
transferring axial forces between the housing device and the upper end surfaces of the first
and second locking rings..

[0027] In one aspect, the grooved inner and outer surface areas of the first and second locking
rings are preventing relative axial movement between the first and second locking rings.

[0028] In the case that the grooved inner and outer surface areas comprises ring-shaped
tracks, no relative axial movement will occur between the first and second locking rings.
However, in the case that the grooved inner and outer surface areas comprise spiral-shaped
tracks, a small relative axial movement may occur between the first and second locking rings
during the radial expansion of the locking rings, i.e. during the relative axial movement
between the locking ring and the mandrel device in the first axial direction.

[0029] In one aspect, the grooved inner and outer surface areas of the first and second locking
rings are allowing relative circumferential movement between the first and second locking
rings.

[0030] This is achieved by orienting the tracks of the grooved inner and outer surface areas
perpendicular to the longitudinal axis | or substantially perpendicular to the longitudinal axis I.

[0031] Alternatively, the first and second elements may be provided as a part of the housing
device alternatively they can be fixed to or connected to the housing device. Preferably, the
first and second elements are ring elements to provide as large as possible contact surfaces
with respect to the locking rings.

[0032] In one aspect, an axial length of the first locking ring is equal to an axial length of the
second locking ring.

[0033] In one aspect, the axial distance is equal to the axial length of the first and/or second
locking ring.

[0034] Alternatively, the axial distance can be equal to the axial length of the first and/or
second locking ring plus an additional length to ensure that the elements do not prevent radial
expansion of the locking rings due to friction between the locking rings and the elements. The



DK/EP 3714129 T3

additional length is shorter than the distance between the tracks of the grooved inner and outer
surface area of the locking ring and mandrel device. Hence, this additional length does not
contribute to an increased backlash for the well tool.

[0035] In one aspect, the ratchet system comprises an annulus provided radially between the
outer surface of the inner mandrel device and the inner surface of the outer housing device
and axially between the first and second elements.

[0036] The diameter of the annulus is larger than the outer diameter of the outer locking ring in
its initial state, thereby allowing radial expansion of the locking rings.

[0037] In one aspect, the slits of the first and second locking rings are initially aligned with each
other.

[0038] In one aspect, the ratchet system further comprises a third locking ring provided radially
outside the second locking ring, the second locking ring comprising a grooved outer surface
area, the third locking ring comprising a grooved inner surface area engaged with the grooved
outer surface area of the second locking ring, and an axial slit allowing radial expansion of the
third locking ring, where the third locking ring is engaged with the outer housing.

[0039] Of course, when this third locking ring is the outer locking ring, the diameter of the
annulus is larger than the outer diameter of the third locking ring in its initial state.

[0040] In one aspect, the thickness of the second locking ring is larger than the thickness of
the first locking ring.

[0041] The above well tool device has a longitudinal center axis, where the well tool device is
inserted axially into an oil and/or gas well, i.e. with its longitudinal center axis in a direction
parallel to or coinciding with, the central axis of the well. The term "upper” refers to a part of
the well tool device being relatively closer to the top end of the well, while the term "lower"
refers to a part of the well tool device being relatively closer to the bottom end of the well. In
the present drawings, the left side of the drawings are considered to be the upper side, while
the right side of the drawings are considered to be the lower side.

[0042] The terms "outer”, "outside", "outwardly" refers to a part of the well tool device being

faced away from the longitudinal center axis, while the terms "inner", "inside" or "inwardly"
refers to a part of the well tool device being faced towards the longitudinal center axis.

[0043] According to the invention, it is achieved that the relative axial displacement between
the housing device and the locking device is reduced. There will still be relative axial
displacement between the mandrel device and the locking device. However, the relative axial
displacement between the housing device and the locking device in prior art was considerably
larger (i.e. typically twice as large) than the relative axial displacement between the mandrel
device and the locking device and hence the total axial displacement between the mandrel
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device and the housing device is reduced.

[0044] The Interwell ECJ tool (Expandable Junk Catcher) is sold and marketed by Interwell.
This tool comprises an expandable junk guiding device (described in NO 20121377) and an
anchoring device which are radially expanded towards the inner surface of the well pipe to hold
the tool at the desired location in the well. A prior art ratchet system has been used in this tool
to lock the housing device to the mandrel device in the radially expanded state. However, due
to the relative axial displacement allowed by the prior art ratchet system, a spring device was
needed in the tool to prevent or at least reduce the relative axial displacement. By replacing
the prior art ratchet system with the ratchet system of the present invention, the spring device
can be replaced by a relatively smaller spring device, which contributes to a lower cost and
shorter length of the tool.

DETAILED DESCRIPTION

[0045] Embodiments of the invention will now be described with reference to the enclosed
drawings, where:

Fig. 1a illustrates a perspective view of a prior art mandrel device;
Fig. 1b illustrates a perspective view of a prior art locking ring;

Fig. 1c illustrates a perspective view of the prior art locking ring engaged with the prior art
mandrel device;

Fig. 1d illustrates a perspective view of a prior art outer housing device engaged with the
locking ring, i.e. all parts of the ratchet system of the well tool has been assembled;

Fig. 2a illustrates a cross sectional side view of fig. 1d;

Fig. 2b illustrates an enlarged view of the dashed box of fig. 2a;

Fig. 3a illustrates a perspective view of first locking ring of the ratchet system;
Fig. 3b illustrates a perspective view of second locking ring of the ratchet system;

Fig. 3¢ illustrates a perspective view of the first and second locking ring engaged with each
other;

Fig. 3d illustrates a front view of fig. 3c;

Fig. 4 a illustrates a cross sectional perspective view of the mandrel device with the grooved
outer surface area of the ratchet system;

Fig. 4b illustrates the first locking ring engaged with the mandrel device of fig. 1a;

Fig. 4c illustrates the second locking ring engaged with the first locking ring of fig. 4b;
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Fig. 4d illustrates outer housing engaged with the first and second locking ring;
Fig. 5a illustrates a cross sectional side view of fig. 4d;

Fig. 5b illustrates an enlarged view of the dashed box of fig. 5a;

Fig. 6a illustrates a perspective view of a third locking ring;

Fig. 6b illustrates the first, second and third locking rings engaged with each other;

Fig. 6¢ illustrates a cross sectional perspective view of a ratchet system with the locking rings
of fig. 6b:

Fig. 7a illustrates a cross sectional side view of fig. 6d;

Fig. 7b illustrates an enlarged view of the dashed box of fig. 7a;

[0046] It is now referred to fig. 4d, where a well tool 1 according to the present invention is
shown. The well tool 1 comprises a mandrel device 10 having an axial center axis | and a
housing device 20 provided radially outside of the mandrel device 10. A ratchet system 30 is
connected between the mandrel device 10 and the outer housing device 20. As in prior art, the
mandrel device 10 comprises a grooved outer surface area 32 being defined as a part of the
ratchet system 30.

[0047] It should be noted that the well tool 1 here is only a part of a well tool used to illustrate
the technical features of the ratchet system 30. The mandrel device and the outer housing
device are considered known for a skilled person and will not be described here in detail. It
should however be noted that the mandrel device 10, the outer housing device 20 and the
ratchet system 30 can be implemented into several of the present Interwell well tools, such as
the expandable junk catching device (described in NO 20121377), the high expansion plug
(described in US 7178602) etc.

[0048] In fig. 4d, it is shown that the outer housing device 20 comprises finger connectors 25
for connection to other parts (not shown) of the well tool 1.

[0049] It is now referred to fig. 3a. Here, a first locking ring 40 of the ratchet system 30 is
shown. The first locking ring 40 comprises an axial slit 41, a grooved inner surface area 42
facing towards its center axis | and a grooved outer surface area 44 facing away from the
center axis |. The first locking ring 40 has a length L40.

[0050] A first annular end surface is indicated with reference number 46 while a second
annular end surface, provided on the opposite side of the first end surface 46, is indicated with
reference number 48. The first and second end surfaces 46, 48 are preferably perpendicular
to the longitudinal center axis I.
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[0051] It is now referred to fig. 3b. Here a second locking ring 50 of the ratchet system 30 is
shown. The second locking ring 50 comprises an axial slit 51, a grooved inner surface area 52
facing towards its center axis | and an outer surface area 54 facing away from the center axis |.
In the present embodiment, the outer surface area 54 is smooth. The second locking ring 50
has a length L50 preferably equal to the length L40 of the first locking ring 40.

[0052] A first annular end surface is indicated with reference number 56 while a second
annular end surface, provided on the opposite side of the first end surface 56, is indicated with
reference number 58. The first and second end surfaces 56, 58 are preferably perpendicular
to the longitudinal center axis I.

[0053] The diameter of the first locking ring 40 is smaller than the diameter of the second
locking ring 50, as is apparent from fig. 3¢ and 3d. Here, the first and second locking rings 40,
50 have been assembled into one larger unit, where the grooved inner surface area 52 of the
second locking ring 50 has been engaged with the grooved outer surface area 44 of the first
locking ring 40.

[0054] As shown in fig. 3¢ and 3d, the slits 41, 52 of the first and second locking rings 40, 50
are aligned with each other.

[0055] The assembly of the well tool 1 and ratchet system 30 is shown in fig. 4a-d.

[0056] It fig. 4a, it is shown that the ratchet system 30 comprises a grooved outer surface area
32 provided on an outer surface 11 of the mandrel device 10.

[0057] In fig. 4b, the first locking ring 40 is provided radially outside of the mandrel device 10,
with the grooved inner surface area 42 engaged with the grooved outer surface area 32 of the
mandrel device 10.

[0058] In fig. 4c, the second locking ring 40 is provided radially outside of the first locking ring
40, with the grooved inner surface area 52 of the second locking ring 50 engaged with the
grooved outer surface area 42 of the first locking ring 40. Of course, it is possible to first
assemble the first and second rings 40, 50 and then assemble these rings onto the mandrel
device 10.

[0059] It is now referred to fig. 4d, fig. 5a and fig. 5b. Here, it is shown how the first and
second locking rings 40, 50 are engaged with the outer housing 20.

[0060] The ratchet system 30 comprises a first, inwardly protruding ring element 36 and a
second inwardly protruding ring element 38 provided at an axial distance D20 from the first
element 36. These ring elements 36, 38 are defining a compartment indicated as reference
number 39 in fig. 5b. Hence, the locking rings 40, 50, when they are in this compartment 39,
are provided radially between the outer surface of the mandrel device 10 and the inner surface
of the outer housing 20 and axially between the first and second ring elements 36, 38. As
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shown in fig. 5b, the compartment 39 has sufficient available radial space to allow sufficient
radial expansion of the locking rings 40, 50.

[0061] In the present embodiment, the ring elements 36, 38 are provided as parts of the outer
housing 20 itself. However, these elements 36, 38 may alternatively be connected to or fixed to
the housing 20. To ease the assembly of the well tool 1, the elements 36, 38 may be provided
as part of two different housing sections of the outer housing 20, where the two different
housing sections are connected by a threaded connection indicated by a dashed line 28 in fig.
5a.

[0062] The first inwardly protruding element 36 comprises a first supporting surface 36a for
transferring axial forces between the housing device 20 and lower end surfaces 46, 56 of the
first and second locking rings 40, 50. The second inwardly protruding element 38 comprises a
second supporting surface 38a for transferring axial forces between the housing device 20 and
the upper end surfaces 48, 58 of the first and second locking rings 40, 50.

[0063] The axial distance D20 between the ring elements 36, 38, i.e. between the supporting
surfaces 36a, 38a, is indicated in fig. 5a. This axial distance D20 can be equal to the axial
length L40, L50 of the first and/or second locking ring 40, 50 plus an additional length Ad to
ensure that the elements 36, 38 do not prevent radial expansion of the locking rings 40, 50 due
to friction between the locking rings and the elements. The additional length Ad is shorter than
the distance between the tracks of the grooved inner and outer surface area of the locking ring
40 and mandrel device 10 and will preferably be less than 1 mm. Hence, this additional length
Ad does not contribute to an increased backlash for the well tool.

[0064] Hence, there is no grooved interface (i.e. with spiral-shaped or ring-shaped tracks) for
transferring axial forces between the outer housing and the locking ring. Consequently, the
prior art backlash BL20 of fig. 2b is avoided.

[0065] The thickness T50 of the second locking ring 50 is preferably larger than the thickness
T40 of the first locking ring 40.

[0066] It is now referred to fig. 6a, 6b and 6¢c and fig. 7a and 7b. Here, an alternative
embodiment is shown, where the ratchet system 30 comprises three locking rings. Here, the
second locking ring 50 is similar to the above embodiment, however, the outer surface 54 is
now a grooved outer surface area.

[0067] It is now referred to fig. 6a. Here a third locking ring 60 of the ratchet system 30 is
shown. The third locking ring 60 comprises an axial slit 61, a grooved inner surface area 62
facing towards its center axis | and an outer surface area 64 facing away from the center axis I.
In the present embodiment, the outer surface area 64 is smooth. The third locking ring 60 has
a length L60 preferably equal to the length L40 of the first locking ring 40 and the length L50 of
the second locking ring 50.
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[0068] A first annular end surface is indicated with reference number 66 while a second
annular end surface, provided on the opposite side of the first end surface 66, is indicated with
reference number 68. The first and second end surfaces 66, 68 are preferably perpendicular
to the longitudinal center axis I.

[0069] The diameter of the third locking ring 60 is larger than the diameter of the second
locking ring 50, as is apparent from fig. 6b.

[0070] The third locking ring 60 is provided radially outside the second locking ring 50, with the
its grooved inner surface area 62 engaged with the grooved outer surface area 54 of the
second locking ring 50. Also the third locking ring 60 is engaged with the outer housing 20 as
shown in fig. 6c¢.

[0071] It should be noted that it is possible to provide the ratchet system 30 with more than
three locking rings as well.

[0072] The operation of the well tool 1 will now be described. As prior art ratchet systems, the
ratchet system 30 is configured to allow relative axial movement between the mandrel device
10 and the first locking ring 40 in a first axial direction A and to prevent relative axial movement
between the mandrel device 10 and the locking ring 40 in a second direction B opposite of the
first direction A. This is achieved by the shape of the tracks of the grooved areas.

[0073] It should be noted that the above grooved inner and outer surface areas can comprise
ring-shaped tracks or spiral-shaped tracks. It should also be noted that the tracks do not need
to be continuous, there might be some areas of the inner and outer surface areas that are
provided without tracks. For example, NO 20141476 describes a ratchet system where the
locking ring comprises a guiding fin. It should also be noted that the ratchet system 30 may
comprise a key for radially expanding the slit of the locking rings 40, 50, 60 mechanically,
causing the ratchet system 30 to be in a released state, in which axial movement of the locking
rings is allowed in both directions A and B. This is also known from NO 20141476 and NO
340816.

[0074] The above first, second and third locking rings 40, 50, 60 have an initial state which are
shown in the drawings. The initial state is their state when they are not affected by external
forces. As the first locking ring 40 moves over the first track of the grooved outer surface area
32 of the mandrel device 10, the first locking ring 40 will be radially expanded, causing the
width W41 of the gap 41 to expand and hence also the diameter D40 to expand. The radial
expansion of the first locking ring 40 will press the second locking ring 50 outwardly, thereby
causing the width W51 of the gap 51 to expand and hence also the diameter D50 to expand. In
the embodiment with three locking rings, the radial expansion of the second locking ring 50 will
press the third locking ring 60 outwardly, thereby causing the width W61 of the gap 61 to
expand and hence also the diameter D60 to expand. When the first locking ring 40 has moved
over the first track, the locking rings will be radially retracted again.
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[0075] The grooved inner and outer surface areas 44, 52 of the first and second locking rings
40, 50 are preventing relative axial movement between the first and second locking rings 40,
50. In the embodiment with three locking rings, the grooved inner and outer surface areas 54,
62 of the second and third locking rings 50, 60 are preventing relative axial movement between
the second and third locking rings 50, 60.

[0076] However, it is possible that there will be a minor relative axial movement will occur
between the locking rings as they are radially expanded and then radially retracted again as
the first locking ring moves over the tracks of the mandrel device. However, such minor relative
axial movement will in the above embodiments be limited by the ring elements 36, 38.

[0077] It should however be noted that the grooved outer and inner surface areas 44, 52 of
the first and second locking rings 40, 50 are allowing relative circumferential movement
indicated as arrow C in fig. 3d between the first and second locking rings 40, 50. In the
embodiment with three locking rings, also the grooved outer and inner surface areas 54, 62 of
the second and third locking rings 50, 60 are allowing relative circumferential movement
indicated as arrow C in fig. 6b between the second and third locking rings 50, 60.

[0078] According to the invention, it is achieved that the relatively larger forces can be
transferred between the locking rings and the housing device 20 due to the relatively larger
contact area provided by the surface 36a and the sum of the respective annular end areas 46,
56, 66 of the locking rings in one direction and the corresponding contact area provided by the
surface 38a and the sum of the respective annular end areas 48, 58, 68 of the locking rings in
the opposite direction. During tests of a well tool comprising the above ratchet system, this
solution was found superior to a ratchet system with one locking ring with increased thickness.

[0079] As indicated in fig. 7b, there are no backlash between the locking rings 60, 50, 40.
There is a relatively small backlash between the mandrel device and the first locking ring 40
which corresponds to the backlash B10 in prior art, which typically is 0 - 2 mm. The relative
axial displacement between the housing device and the locking device is smaller than this
backlash B10, and hence the total axial displacement between the mandrel device and the
housing device is reduced.
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Patentkrav

1. Veerktgjsindretning til borehul (1) der omfatter:

10

15
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25

30

- en dornindretning (10) med en aksial centerakse (1);

- en husindretning (20) der er tilvejebragt radialt uden for dornindretnin-
gen (10); og

- et skraldesystem (30) der omfatter:

- et rillet ydre overfladeareal (32) af dornindretningen (10); og

- en ferste lasering (40) der omfatter: et rillet indre overfladeareal (42)
som er i indgreb med det rillede ydre overfladeareal (32) af dornindret-
ningen (10), et rillet ydre overfladeareal (44), og en aksial slids (41) der
tillader radial udvidelse af den ferste lasering (40), hvilken farste lasering
(40) er i indgreb med det ydre hus (20);

hvilket skraldesystem (30) er konfigureret til at tillade relativ aksial bevee-
gelse mellem dornindretningen (10) og den ferste lasering (40) i en feor-
ste aksial retning (A) og til at forhindre relativ aksial beveegelse mellem
dornindretningen (10) og laseringen (40) i en anden retning (B), der er

modsat den farste retning (A);

hvilket skraldesystem (30) yderligere omfatter:

- en anden lasering (50) der er tilvejebragt radialt uden for den farste |a-
sering (40), hvilken anden lasering (50) omfatter: et rillet indre overflade-
areal (52) der er i indgreb med det rillede ydre overfladeareal (42) af den
ferste lasering (40), og en aksial slids (51) der tillader radial udvidelse af
den anden lasering (50), hvilken anden lasering (50) er i indgreb med det
ydre hus (20);

- et farste element (36) der rager indad fra indersiden af husindretningen
(20);

kendetegnet ved, at skraldesystemet (30) omfatter:
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- et andet element (38) der rager indad fra indersiden af husindretningen
(20) i en aksial afstand (D20) fra det farste element (36);

hvilken ferste og anden lasering (40, 50) er tilvejebragt aksialt mellem
det farste og andet element (36, 38);

hvilket farste indad ragende element (36) omfatter en ferste stetteflade
(36a) til at overfere aksiale kreefter mellem husindretningen (20) og ned-
re endeflader (46, 56) af den farste og anden lasering (40, 50);

hvilket andet indad ragende element (38) omfatter en anden stetteflade
(38a) til at overfare aksiale kreefter mellem husindretningen (20) og de

ovre endeflader (48, 58) af den ferste og anden lasering (40, 50).

2. Veerktgjsindretningen til borehul (1) ifalge krav 1, hvor de rillede indre og ydre
overfladeomrader (44, 52) af den ferste og anden lasering (40, 50) forhindrer

relativ aksial bevaegelse mellem den ferste og anden lasering (40, 50).

3. Veerktgjsindretning til borehul (1) ifelge krav 1 eller 2, hvor de rillede indre og
ydre overfladearealer (44, 52) af den ferste og anden lasering (40, 50) tillader

relativ perifer bevaegelse (C) mellem den farste og den anden lasering (40, 50).

4. Veerktgjsindretningen til borehul (1) ifalge krav 1, hvor en aksial leengde (L40)
af den farste lasering (40) er lig med en aksial leengde (L50) af den anden lase-
ring (50).

5. Veerktgjsindretningen til borehul (1) ifelge krav 1, hvor den aksiale afstand
(D20) er lig med den aksiale laengde (L40, L50) af den farste og/eller anden la-
sering (40, 50).

6. Veerktgjsindretningen til borehul (1) ifelge krav 1, hvor skraldesystemet (30)
omfatter en ring (39), der er tilvejebragt radialt mellem den ydre overflade af
den indre dornindretning (10) og den indre overflade af den ydre husindretning

(20) og aksialt mellem det fagrste og andet element (36, 38).
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7. Veerktgjsindretningen til borehul (1) ifelge krav 1, hvor slidserne (41, 52) af

den ferste og anden lasering (40, 50) indledningsvis er rettet ind efter hinanden.

8. Veerktgjsindretning til borehul (1) ifelge krav 1, hvor skraldesystemet (30)
yderligere omfatter: en tredje lasering (60) der er tilvejebragt radialt uden for
den anden lasering (50), hvilken anden lasering (50) omfatter et rillet ydre over-
fladeomrade (54), hvilken tredje lasering (60) omfatter: et rillet indre overflade-
areal (62) der er i indgreb med det rillede ydre overfladeareal (54) af den anden
lasering (50), og en aksial slids (61) der tillader radial ekspansion af den tredje

lasering (60), hvilken tredje lasering (60) er i indgreb med det ydre hus (20).

9. Veerktgjsindretning til borehul (1) ifelge krav 1, hvor tykkelsen (T50) af den
anden lasering (50) er sterre end tykkelsen (T40) af den ferste lasering (40).
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