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Method of Determining a Grip Coefficient

FIELD OF THE INVENTION

The present invention relates to the field of materials testing to determine a grip
coefficient. In particular, this invention relates to a method of determining a grip

coefficient in a wellhead system.

BACKGROUND TO THE INVENTION

In wellhead systems it is often necessary to support the load of an inner tubular
member that is disposed within an outer tubular member. In particular, in oil and gas
wells, it is conventional to locate a number of concentric tubes or casings in a well.
An outmost casing is held in a fixed position, and a plurality of inner casings are
disposed through and within the outer casing. Each inner casing is supported by a

respective hanger.

Traditionally the inner casings are supported using casing hangers which may
include inter-engaging shoulders on the inner and outer casing. Such casing
hangers are fixed in position on each casing. Systems which make it easy, simple
and reliable to land and connect hangers for the casings are very desirable.
Furthermore, in some situations, it can be advantageous to be able to adjust the

position of one casing relative to another casing.

It is known to provide a clamping system that permits an inner casing to be clamped
in a desired position within an outer casing, and then to subsequently unclamp the
casings. These systems are reliable and simple and allow the hanger for the casing
to be landed and connected. Such a system may also allow for a change in their
relative positions and then re-clamp the casings in a new relative position. In these
systems an inner casing or tubing hanger is supported by applying a generally radial
force to an outer member or the outer casing to elastically squeeze the outer

member/casing around the inner casing or hanger. Friction at this interface then
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supports the inner casing.

In these systems a reliable seal is provided around the inner casing/hanger and, in
addition, the inner casing is locked down and upwards movement of the inner casing
is prevented. Accordingly, such systems releasably secure the hanger in place and
allow the hanger to be released and removed and/or to be secured/unsecured for

whatever reason.

These clamping systems are friction grip wellhead systems which use and rely on
the frictional grip to secure components in the bore of concentric casings/tubular

members.

The load capacity of the clamping system is therefore a function of the contact stress

at the interface between the casings.

It is also necessary to consider the frictional forces at the interface between the inner
casing and the outer casing. A grip coefficient is a physical constant used to relate
the load capacity of the clamping system to the contact stress at this friction
interface. If a friction interface consists of two smooth surfaces in contact, then the

grip coefficient is mathematically identical to the static coefficient of friction.

In a large wellhead system, however, the surfaces at the interface between the inner
casing and the outer casing are not ideal smooth surfaces. The grip coefficient will
therefore depend on a number of factors including the materials of the inner and
outer casings, any surface treatments applied to the casings, and the geometry and

profile of the surfaces of the casings at the interface.

Against this background it is desirable to provide a method of determining the grip

coefficient at such a casing interface.

It is an aim of the present invention to overcome at least one problem associated

with the prior art whether referred to herein or otherwise.
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SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a method of
determining a grip coefficient at an interface between an inner tubular member and
an outer tubular member in a wellhead system, the wellhead system comprising a
clamping arrangement comprising a collar having an externally tapered surface, the
arrangement also including an annular component with an internally tapered
surface, the collar and the annular component being relatively moveable between a
first position in which the tapered surface of the annular component exerts no radial
force on the collar and a second position in which the tapered surface of the annular
component exerts sufficient radial force to distort the collar inwardly in order to grip
an inner tubular member within a gripping surface and to support a load of the inner
tubular member, the inner tubular member having an outer surface including a
ridged profile, and the method comprising:

(i forming a test block having opposite side surfaces including a ridged profile
representative of the outer surface of the inner tubular member, the test block being
made from the same material as at least an outer surface of the inner tubular
member;

(i) gripping the test block between two gripping plates by applying a gripping
force normal to the side surfaces of the test block so as to form an interface between
each of the side surfaces and a test face of a respective one of the gripping plates,
the test face being made from the same material as at least an inner surface of the
gripping surface;

(i) applying a gradually increasing load to the test block in a direction parallel to
a plane of the interface;

(iv)  continuously monitoring relative movement between the test block and the
gripping plate at the interfaces;

(v) determining the applied load at which slip between the test block and the
gripping plates occurs; and

(vi)  determining the grip coefficient by calculating the ratio of the applied load to

the gripping force at the time slip occurs.
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The gripping surface may be provided on an inner surface of the collar. The gripping
interface may be formed between the inner surface of the collar and the outer

surface of the inner tubular member.

The gripping surface may be provided on an inner surface of an outer tubular
member. The outer tubular member may be located between the outer surface of
the inner tubular member and the inner surface of the collar. The gripping interface
may be formed between the inner surface of the outer tubular member and the outer

surface of the inner tubular member.

Preferably the inner tubular member is arranged to be suspended from the gripping
surface and for the inner tubular member to extend downwardly within an outer

tubular member.

The test block is preferably substantially cuboidal.

Preferably the method further comprises continuously monitoring the gripping force
at the interfaces. Preferably the method further comprises measuring any variation

in the gripping force over the areas of each of the side surfaces of the test block.

Preferably the method further comprises continuously monitoring the applied load.
Preferably the method further comprises measuring a distribution of the applied load

over a surface of the test block.

Preferably a contact stress at the interfaces due to the applied gripping force is
between 60 MPa and 175 MPa, more preferably between 68 MPa and 173 MPa.

Preferably the applied load at which slip occurs is the smallest applied load at which
one of these conditions is satisfied:
(i the applied load reaches a maximum and cannot be increased due to

continual slip at the interface under increased load,;
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(i) the total relative movement at the interface is at least the same as half the
pitch of ridges of the ridged profile of the side surfaces of the test block; and
(iii)  relative movement at the interface occurs suddenly and in an increment

greater than a pre-determined threshold value.

Preferably a plurality of tests are conducted by repeating the method steps (i) — (vi)
for a plurality of test blocks, each of the plurality of test blocks being made of the
same material and the side surfaces of each of the test blocks having the same
ridged profile and having identical surface treatment. Preferably the method steps
(i) — (vi) are repeated for at least ten test blocks. More preferably the method steps

(i) = (vi) are repeated for at least twenty test blocks.

Preferably a single grip coefficient is determined from the calculated ratios of the
applied load to the gripping force at the time slip occurs for all of the tests. In some
embodiments the grip coefficient may be determined by calculating the mean of the
calculated ratios of the applied load to the gripping force at the time slip occurs for
all of the tests, minus two standard deviations. In other embodiments the grip
coefficient may be the minimum of the calculated ratios of the applied load to the

gripping force at the time slip occurs for all of the tests.

Preferably the number of repeat tests that are conducted is determined by a
statistical reliability of the calculated grip coefficient. Preferably the statistical
reliability of the calculated grip coefficient is a probability of 97.5% that any given
calculated ratio of the applied load to the gripping force at the time slip occurs from
any of the tests is greater than the determined grip coefficient, less an allowable

error value.

Preferably the method further comprises:

- applying a first gripping force such that a contact stress at the interfaces is
within a first range of contact stresses;

- determining a first grip coefficient for the first gripping force;

- applying a second gripping force such that a contact stress at the interfaces
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is within a second range of contact stresses; and

- determining a second grip coefficient for the second gripping force.

The method may be used to calculate a first grip coefficient for a first range of
contact stresses applied to the interface, and a second grip coefficient for a second
range of contact stresses applied to the interface, by conducting the test method for
a plurality of different contact stresses within the first range of contact stresses and
a plurality of different contact stresses within the second range of contact stresses.
In yet further embodiments, it may be beneficial to calculate more than two grip

coefficients over more than two ranges of applied contact stress.

Preferably the collar and the annular component are relatively axially moveable
between a first position in which the tapered surface of the annular component
exerts no radial force on the collar and a second position in which the tapered
surface of the annular component exerts sufficient radial force to distort the collar
inwardly in order to grip an inner tubular member within an outer tubular member to

support a load of the inner tubular member.

Preferably the annular component comprises a compression ring.

Preferably the collar comprises a compression collar.

The compression collar may have an axially extending groove provided on the outer
periphery and preferably the compression collar has a plurality of axially extending
grooves provided radially around the outer periphery.

Preferably the arrangement includes a sleeve which is arranged, in use, to locate
between an inner surface of the collar and outer surface of the inner tubular member.

Preferably the sleeve comprises a compression sleeve.

Preferably the arrangement includes movement means for moving the annular

component relative to the collar. Preferably the movement means comprises
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hydraulic movement means.

The clamping arrangement may comprise hydraulic fluid introduction means to
introduce hydraulic fluid into the chamber in order to urge the annular component

relative to the collar.

The movement means may comprise a piston. Preferably the movement means
comprises a plurality of pistons. Preferably the pistons are arranged radially around

the annular component.

The clamping arrangement may comprise locking means to lock the annular
component in the second position. The locking means may comprise a locking
member which engages in a locking recess. Preferably the locking means

comprises a plurality of locking members.

The clamping arrangement may comprise return movement means to move the
annular component from the second position towards the first position. In particular,
the return movement means may aid the release of the clamping force from between

the annular component and the collar.

Preferably the return movement means comprises a chamber which may be

pressurised to urge the annular component relative to (away from) the collar.

The movement means may comprise a piston. Preferably the movement means
comprises a plurality of pistons. Preferably the pistons are arranged radially around

the annular component.
The gripping surface may be provided on an inner surface of the collar and the
gripping interface is formed between the inner surface of the collar and the outer

surface of the inner tubular member.

The gripping surface may be provided on an inner surface of an outer tubular
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member, the outer tubular member being located between the outer surface of the
inner tubular member and the inner surface of the collar and wherein the gripping
interface is formed between the inner surface of the outer tubular member and the

outer surface of the inner tubular member.

According to a second aspect of the present invention there is provided an
apparatus for performing a method according to the first aspect of the invention, the
apparatus comprising:

- a pair of gripping plates configured to move linearly towards each other and
away from each other, so as, in use, to apply a gripping force to side surfaces of a
test block disposed between the gripping plates;

- a press member configured to move linearly along an axis perpendicular to
the axis of linear movement of the gripping plates, so as, in use, to apply a load to
an end surface of said test block disposed between the gripping plates;

- a sensor arranged to continuously monitor relative movement between said
test block and the gripping plates at an interface between one of said side surfaces

of the test block and a face of one of the gripping plates.

Preferably the press member is at least partially disposed between the two gripping

plates.

In some embodiments one of the gripping plates is moveable and the other one of
the gripping plates remains stationary. In other embodiments both of the gripping

plates may be moveable.

The apparatus preferably comprises a suitable mechanism and motor configured to
drive movement of one or both of the gripping plates. The movement mechanism
may comprise a hydraulic mechanism. The hydraulic mechanism may comprise
one or more hydraulic tensioners. The hydraulic mechanism may comprise four

(linked) hydraulic tensioners which may be located uniformly (evenly) around the

gripping plates.
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The or each hydraulic tensioner may be mounted on the first platen and comprise a
rod which extends to and is secured to the second platen. Preferably the rods act

as alignment rods.

Preferably each of the gripping plates comprises a planar test face configured, in

use, to contact a respective one of said side surfaces of the test block.

Preferably each gripping plate is mounted to a platen of the apparatus.

Preferably the press member is configured to apply the load to the test block in a

central position on the end surface, mid-way between the pair of gripping plates.

The apparatus preferably further comprises a sensor arranged to continuously
monitor a contact stress at each of the interfaces due to the gripping force applied
by the gripping plates. The sensor is preferably configured to measure any variation

in contact stress across the area of the interface.

The apparatus preferably further comprises a sensor arranged to continuously
monitor the load applied to the test block by the press member. The sensor is
preferably configured to measure the distribution of the applied load over the end

surface of the test block.

The apparatus preferably further comprises means to record the data from (i) the
sensor arranged to continuously monitor relative movement between said test block
and the gripping plate, (ii) the sensor arranged to continuously monitor a contact
stress at each of the interfaces, and (iii) the sensor arranged to continuously monitor

the load applied to the test block by the press member.

The apparatus preferably further comprises a mechanism configured to drive
movement of the pair of gripping plates so as to apply the gripping force to the test
block, such that a contact stress at the interface due to the applied gripping force is

between 60 MPa and 175 MPa. More preferably the applied gripping force is
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between 68 MPa and 173 MPa.

In some embodiments an end region of the press member is configured to extend

over an edge of the test block, said edge bounding the end surface of the test block.

Preferably the apparatus comprises a first platen and a second platen which are
arranged to be moved relative to each other to apply the gripping force to the side
surfaces of the test block. Preferably the first gripping plate is mounted to the first
platen and the second gripping plate is mounted to the second platen. Preferably
the first gripping plate is mounted with a recess provided on an inner surface of the
first platen and the second gripping plate is mounted on an inner surface of the

second platen.

Preferably the apparatus comprises alignment means to align the gripping plates as
they are moved towards each other and/or away from each other. Preferably the
alignment means comprise an alignment rod and preferably comprises a plurality of

alignment rods.

The press member may be mounted on an anchor block. The anchor block may be
secured to an anchor plate wherein the anchor block (and press member) locates
at a first end of the gripping plates (and associated platens) and the anchor plate is
located at a second opposing end of the gripping plates (and associated platens).
The anchor block may be secured to the anchor plate by anchor rods. The anchor
block and/or the anchor plate may be mounted on rails to aid the relative movement
of the anchor block/anchor plate during an initial set up. The anchor block and the
anchor plate may be fixed to each other to prevent movement of the press member

away from the test block during testing.

The present invention may comprise a method of constructing and/or designing a
wellhead comprising:
determining a grip coefficient at an interface between an inner tubular

member and a gripping surface in the wellhead in accordance with the first aspect
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of the present invention;

constructing the wellhead by selecting a combination of a clamping
arrangement and inner tubular member to provide said grip coefficient.
The method may comprise selecting a material and dimensions for:

the collar;

the annular component;

the inner tubular member; and

the gripping surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described by way of example only and with

reference to the accompanying drawings, in which:

Figure 1 is a sectional view of a first clamping system in a wellhead system;

Figures 2a and 2b are schematic diagrams of the first clamping system of Figure 1

in a released and an activated configuration, respectively;

Figure 3 is a sectional view of a second clamping system in a wellhead system;

Figures 4a and 4b are schematic diagrams of the second clamping system of Figure

3 in a released and an activated configuration, respectively;

Figure 5 is a plan view of testing rig of the present invention;

Figure 6 shows a test block according to the present invention

Figure 7a is a schematic view of a test block located between two test plate

members prior to testing;
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Figure 7b is a schematic view of a test block located between two test plate

members during testing

Figure 8a shows a testing rig of the present invention; and

Figure 8b shows a testing rig of the present invention with one platen and two

hydraulic tensioners removed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A wellhead system 2 comprises a plurality of interacting components in a wellhead.
The wellhead system typically comprises casing or tubing heads, hangers, annular
seals and conductor housings (in subsea wellhead systems). Casing heads are
configured to suspend and seal a casing string. Casing strings and production tubing
may be referred to more generally as tubulars 4. Casing strings or tubulars 4 extend
through a wellbore and are arranged concentrically, with smaller diameter casing
strings or tubulars 4 being mounted and supported within larger diameter casing
strings or tubulars 4. In the following description, the term tubular member 6 is also

used to encompass a hanger 8 used to support a casing string 4.

A clamping system 10 may be used to grip an upper end of an inner tubular 4 with
the inner tubular 4 then extending downwardly in an outer tubular 4 so as to support
the load of the inner tubular 4 and effect sealing between the inner and outer
tubulars 4. As mentioned above, the clamping system 10 ,110, 210 comprises a
friction grip system and specifically a friction grip wellhead system. Such a system
uses (and relies solely upon) a frictional grip to secure components in a bore of a
concentric tubular member. This system enables a tubular member to be easily and
reliably landed and connected within the wellhead system and allows the inner
tubular member to be released and re-secured or removed for a variety of reasons.
Furthermore, this system enables the gripped tubular member to be locked down
with the wellhead system. The frictional grip prevents the inner tubular member

from moving downwardly or upwardly. Finally, this system also provides a reliable
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and effective seal around the inner tubular member.

Figures 1 to 4 show two types of clamping systems 110, 210 employed in a wellhead
system 2. These clamping systems 110, 210 use axial movement of one or more
components over a taper to compress inner components radially inwards within the
elastic range of the compressed materials to “grip” inner components. In particular,
the clamping systems 110, 210 may be used to apply a radial force to an outer
gripping member (outer casing, conductor, collar) to directly or indirectly grip an
inner tubular or inner casing 4. Contact stresses created by the gripping action
support the load of the inner tubular 4 through a friction interface 130, 230. The
gripping action may also energise annular seals. As mentioned above, this creates
an effective seal and also locks down the inner casing 4 whilst also enable the inner

casing to be easily released and removed.

In a first clamping system or first clamping arrangement 110, shown in Figures 1
and 2, the clamping system 110 is disposed at an interface between two casing or
tubing heads or spools. The first clamping system 110 comprises an annular collar
element 114 having a tapered or ramped outer surface 116. An inner tubular
member 6 is disposed within and through the collar element 114. The first clamping
system 110 also includes an activating spool 118 that is arranged to move axially
over at least a section of the tapered surface 116 of the collar element 114. The
activating spool 118 is therefore disposed radially outside of the collar element 114,
The activating spool 118 comprises a radially inner surface 120 that is tapered, and
that engages with the outer tapered surface 116 of the collar element 114. The first
clamping system 110 is activated by moving the activating spool 118 (or first casing
or tubing head) axially over the collar element 114 in a first direction which causes
the collar element 114 to deflect radially inwardly so as to grip the inner tubular
member 4. In this clamping system 110 an inner surface 122 (the gripping surface)
of the collar element 114 is in contact with an outer surface 7 of the inner tubular
member 6. To release the inner tubular member 6, the activating spool 118 is moved
in a second, opposite direction. The activating spool 118 no longer applies a

compression force to the collar element 114, and the collar element 114 elastically
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returns to its original size. The inner tubular member 6 is then free to move through
the collar element 114, for removal purposes, repositioning and the like. Figure 2a
shows the first clamping arrangement 110 in its activated configuration and Figure

2b shows the first clamping arrangement 110 in its released configuration.

A second clamping system or second clamping arrangement 210, shown in Figures
3 and 4, is disposed or situated away from an end of a casing or tubing head. The
second clamping system 210 comprises an annular compression collar 214 having
a tapered or ramped outer surface 216. A housing body or conductor housing 212
is disposed within and through the compression collar 214. An inner tubular member
6 is disposed and supported within the housing body or conductor housing 212. The
second clamping system 210 also includes at least one compression ring 218
disposed radially outside of the compression collar 214. The compression ring 218
comprises a radially inner surface 220 that is tapered, and that engages with the
outer tapered surface 216 of the compression collar 214. The second clamping
system 210 is activated by moving the compression ring 218 axially over the
compression collar 214 in a first direction which causes the compression collar 214
to deflect radially inwardly. The compression collar 214 applies a radial force to the
housing body or conductor housing 212 so as to elastically inwardly compress the
housing body or conductor housing 212 and an inner surface (the gripping surface)
of the outer tubular member/conductor housing 212 grips the inner tubular member
6. To release the inner tubular member 6, the compression ring 218 is moved in a
second, opposite direction. The compression ring 218 no longer applies a
compression force to the compression collar 214 and the housing body or conductor
housing 212. The inner tubular member 6 is then free to move through the housing
body or conductor housing 212, for removal, repositioning and the like. Figure 4a
shows the second clamping arrangement 210 in its activated configuration and
Figure 4b shows the second clamping arrangement 210 in its released

configuration.

It will be appreciated from the foregoing description that, although the components

of the first and second clamping system 110, 210 are different, their principle of
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operation and the resulting clamping action is substantially the same. Each clamping
system or clamping arrangement 110, 210 comprises a collar 114, 214 having an
externally tapered surface 116, 216. Each clamping system or arrangement 110,
210 also includes an annular component 118, 218 with an internally tapered surface
120, 220, the collar 114, 214 and the annular component 118, 218 being relatively
axially moveable between a first position in which the tapered surface 120, 220 of
the annular component 118, 218 exerts no radial force on the collar 114, 214 and a
second position in which the tapered surface 120, 220 of the annular component
118, 218 exerts sufficient radial force to distort the collar 114, 214 inwardly in order
to grip an inner tubular member 6 within a gripping surface (e.g. provided on an
outer tubular member 212/collar 114) to support a load of the inner tubular member
6.

It will be appreciated that a load acting on the inner tubular member 6 is generally
in an axial direction, whilst the force applied to the inner tubular member 6 by the
clamping system 110, 210 is in a generally radial direction. Accordingly, the friction
interface 130, 230 is defined between the outer surface 7 of the inner tubular
member 6 and an inner surface of the clamping system 110, 210 (the inner surface
122 (gripping surface) of the collar element 114 in the first clamping system 110 and
an inner surface 222 (gripping surface) of the housing body or conductor housing

212 in the second clamping system 210).

In order to determine a load capacity of the clamping system 110, 210, that is, the
maximum load that may be safely supported by the clamping system 110, 210, itis
necessary to determine the radial compression force (contact stress) that is applied
to the friction interface 130, 230 by the clamping system 110, 210 and a grip
coefficient (&) of that interface 130, 230. The grip coefficient (®) is a ratio of a
minimum axial load (Fs) capable of causing slip at the friction interface to the radial
force (Fn) applied to the friction interface 130, 230. The axial load (Fs) is applied in
a direction generally parallel to the friction interface 130, 230 and the radial force

(Fn) is applied in a direction generally perpendicular to the friction interface 130, 230.
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As shown in the illustrated embodiments, the clamping systems 110, 210 are often
used to grip a hanger 8 that supports a casing string 4. In many wellhead systems
an outer surface 7 of the hanger 8 is not perfectly smooth. In many wellhead systems
the outer surface 7 of the hanger 8 has a toothed or ridged profile. The geometry of
the toothed or ridged surface (including tooth/ridge pitch, tooth/ridge height and
tooth/ridge angle) will have an effect on both the contact stress at the friction

interface 130, 230 and the grip coefficient ().

The exact profile of the outer surface 7 of the inner tubular member 6 (for example
a casing or tubular hanger 8) must therefore be considered when determining the
grip coefficient (®). Furthermore, any surface treatments or surface coatings applied
to the outer surface 7 of the inner tubular member 6 must also be taken into account.
All of these factors will vary for each individual inner tubular member 6 within a
wellhead system 2. Additionally, there will be manufacturing tolerances and ranges

within manufacturing specifications that will introduce additional variability.

It will be appreciated that it is not possible to test the wellhead system 2 itself to
determine the grip coefficient (®) for a particular set of components. Load capacities
of a wellhead system 2 are in the millions of kilograms and full-scale testing would
be too costly, too difficult and unsafe. The present invention therefore provides a

methodology to determine the grip coefficient (&) empirically using a test rig.

A preferred embodiment of a test rig 340 according to the present invention is shown
in Figure 5, Figure 8a and Figure 8b. The test rig 340 comprises a pair of opposing
gripping plate mounting blocks or platens 341 for mounting gripping plates 342. The
platens 341 are arranged to move linearly towards each other (such that a gap 344
between the platens 341/gripping plates 342 decreases) and away from each other
(such that the gap 344 between the platens 341/gripping plates 342 increases). It
will be understood that in some embodiments both platens 341 may move, so as to
increase or decrease the gap 344 between them, while in other embodiments only
one of the platens 341 may move while the other one of the platens 342 remains

stationary. The test rig 340 further comprises a suitable mechanism and motor to
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drive the movement of the platen or platens 341. In the preferred embodiment, the
mechanism comprises a hydraulic mechanism comprising four linked hydraulic

tensioners 345.

The four hydraulic tensioners 345 are mounted evenly/uniformly around the gripping
plates 342 so as to provide an even (and linear) force. In particular, the four
tensioners 345 are effectively concentric with a central axis of movement of the two
gripping plates 342. Each hydraulic tensioner includes an alignment rod 347 which
restrains and maintains the movement and force produced by the hydraulic
tensioners 345 being linearly across the interface being tested, i.e. the two platens

341 are constrained to move in a parallel configuration towards each other.

Each of the first and second gripping plates 342 of the pair of plates has a test face
346. The test faces 346 are opposite each other and face each other across the gap
344. Each of the test faces 346 is preferably planar, and the test faces 346

preferably lie in planes parallel to each other.

The test rig 340 also comprises a press member or ram 348. The ram 348 is
disposed at least partially in the gap 344 between the platens 342. The ram 348 is
configured to move linearly in a direction parallel to the planes of the test faces 346
of the platens 342.

The ram 348 is mounted on an anchor block 390 located at one end pf the test rig
340. Anchor rods 392 connect the anchor block 390 to an anchor plate 391 located
at the other end of the test rig 340 such that the test block 350 is located between
the anchor block 390 and the anchor plate 391.

The anchor block 390 and the anchor plate 391 are mounted on rails 393 through
bearings 394. The combination of the rails 393, bearings 394 and the anchor rods
constrain and enable the anchor block 390 and the anchor plate 391 to move freely,

directly towards and away from each other.
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During use of the test rig 340 a test piece or test block 350 is disposed in the gap
344 between the platens 341. The test block 350 is held and supported by the
gripping plates 342, with the test faces 346 in contact with opposite first and second
side surfaces 352 of the test block 350. In particular, a gripping force is applied to
the test block 350 by moving the platens 341 towards each other to grip the test
block 350 between the gripping plates 342. The gripping force applied to the test
block 350 by the gripping plates 342 is, therefore, applied in a direction substantially
perpendicular to the plane of the test faces 346 of the gripping plates 342.

The material of each of the test faces 346 of the gripping plates 342 is preferably
the same. Furthermore, the material from which both of the test faces 346 is made
is preferably identical to the material of the inner surface 122, 222 of the clamping
system 110, 210 (forming one surface of the friction interface 130, 230 described

above).

As shown in Figure 8b, the test block 350 is held and mounted in the rig such that
the force produced by the ram 348 is perpendicular to the teeth on the gripping
plates 392. This orientation replicates the orientation of the teeth within an actual
wellhead system whereby the teeth would be arranged horizontally with the force
largely caused by the weight of the inner tubular member being perpendicular to the

orientation of the teeth.

A test block 350 is shown in Figure 6, Figure 7a and Figure 7b. The test block 350
is preferably cuboidal having opposite first and second side surfaces 352, opposite
third and fourth side surfaces 354, and opposite first and second end surfaces 356.
The first end surface or top end surface 356 of the test block 350 is bounded by a
top edge 358 of the test block 350. The top surface 356 of the test block 350
preferably extends between the first and second side surfaces 352 of the test block
350. A plane of the top surface 356 of the test block 350 is preferably substantially
perpendicular to the planes of the first and second side surfaces 352. The third and
fourth side surfaces 354 of the test block 350 extend between the first and second

side surfaces 352, and a plane of each of the third and fourth side surfaces 354 is
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preferably substantially perpendicular both to the plane of the top surface 356 and

to the planes of the first and second side surfaces 352.

These test blocks 350 are preferably made from the same material as at least an
outer surface 7 of the inner tubular member 6. Furthermore, the first and second
side surfaces 352 of the test block 350 preferably have the same profile or geometry
as the outer surface 7 of the inner tubular member 6 (forming one surface of the
friction interface 130, 230 described above). The first and second side surfaces 352
may therefore comprise a toothed or a ridged profile. In this way, with the test block
350 clamped or gripped between the gripping plates 342, an interface 360 between
each of the first and second side surfaces 352 of the test block 350 and the test
faces 346 of the gripping plates 342 is representative of the friction interface 130,
230 between the outer surface 7 of the inner tubular member 6 and the inner surface
122, 222 of the clamping system 110, 210.

Furthermore, the test faces 346 of the gripping plates 342 preferably have the same
surface treatment(s) applied to them as the inner surface 122, 222 of the clamping
system 110, 210, and the first and second side surfaces 352 of the test block 350
preferably have the same surface treatment(s) applied to them as the outer surface

7 of the inner tubular member 6.

With the test block 350 held between the gripping plates 342, the ram 348 is moved
into contact with the top surface or first end surface 356 of the test block 350. In
some embodiments, an end region 349 of the ram 348 extends over the edge(s)
358 of the test block 350 and may extend partially over the third and fourth side
surfaces 354. The ram 348 is arranged to apply a force or load to the test block 350
in a central position, substantially mid-way between the test faces 346 of the

gripping plates 342.

During testing, the platens 341 and gripping plates 342 are moved towards each
other to apply a desired contact stress at the interface 360. The test block 350 is

mounted in the test rig 340 such that support due to contact stresses at the interface
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360 between the first and second side surfaces 352 of the test block 350 and the
test faces 346 of the gripping plates 342 is the only resistance to movement of the
test block 350 in the test rig 340, i.e. relative movement at this interface 360. The
test rig 340 comprises a first sensor to continuously monitor the contact stress at
each of the interfaces 360. It is desirable to apply the contact stress uniformly across
the area of each of the interfaces 360. Preferably, therefore, the first sensor is
configured to measure any variation in contact stress across the areas of the
interfaces 360. The first sensor may comprise a force sensor 372 (as shown in

Figure 5).

The contact stress applied at the interface 360 is preferably between 10,000 pound-
force per square inch (psi) and 25,000 psi (between 68 MPa and 173 MPa).

The force applied to the test block 350 by the ram 348, in a direction parallel to the
interface 360, is then slowly or gradually increased. The test rig 340 comprises a
second sensor to continuously monitor the applied force or applied load. The second
sensor is preferably configured to measure the distribution of the applied load over
the top surface 356 of the test block 350.

The test rig 340 preferably comprises means to continuously record data from the

first and second sensors.

The test rig 340 further comprises a third sensor that is arranged to detect and
continuously monitor relative movement at the interface 360. A
movement/displacement sensor 370 may be mounted on the testing rig 340 to
monitor any relative movement (as shown in figure 5). The test rig 340 preferably
also comprises means to continuously record data from the third sensor. The third
sensor is used to determine the point at which slip occurs at the interface 360. It will
be appreciated that there are a variety of possible mechanisms by which slip may
occur, and there may be small-scale deflections of a part of the test rig 340 during
application of the load to the test block 350. Accordingly, it is necessary to define

the point of slip using a number of different condition definitions. Whichever of these
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conditions occurs first during testing, will determine the point of slip for that test block
350.

Point of slip is the first point at which one of these conditions is satisfied:

(N the applied load parallel to the tested interface 360 reaches a maximum and
cannot be increased due to continual slip at the interface 360 under increased load;
(ii) if the interface 360 includes a toothed or ridged surface, the total relative
movement at the interface 360 is at least the same as half the pitch of the teeth or
ridges; or

(iii)  relative movement at the interface 360 occurs suddenly and in an increment

greater than a pre-determined threshold value.

The test method or trial is preferably repeated a number of times with a plurality of
test blocks 350 (a new test block 350 and gripping plates 342 being used for each
trial). The testing blocks 350 and gripping plates 341 are therefore consumables in
relation to this system. Preferably the test method or trial is repeated with at least
ten test blocks 350. More preferably the test method or trial is repeated with at least
twenty test blocks 350. The grip coefficient (&) is then calculated from the
determined Fs to F, ratios of all of the trials. The number of repeat trials required is

preferably determined by statistical reliability of the calculated grip coefficient (d).

The reliability of the calculated grip coefficient (&), with an error band of 0.10, is
preferably a minimum of 97.5% (i.e. there is a 97.5% probability that the Fs to Fi
ratio of any individual trial is greater than the calculated grip coefficient (@), less
0.10). To determine whether sufficient trials have been conducted to meet this
requirement, the below equation may be utilized, assuming that the data resulting

from the trials is normally distributed:

n= (’;—SY

where n = number of trials required
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f = factor based on required accuracy
s = standard deviation of the results

E = allowable error band (for example 0.10)

The factor ‘f’ is the result of the inverse of the standard normal cumulative
distribution function, carried out on the desired reliability. The factor ‘f’ is equal to
1.96 for a probability of 97.5% that any given result (the calculated Fs to Fy, ratio from
a trial) is greater than the calculated grip coefficient (@), less the allowable error
band. In this example, this is the same as a probability of 95% that any given result
is greater than or less than the calculated grip coefficient (®), plus or minus the

allowable error band.

The grip coefficient (®) may be calculated from the obtained data using any
statistical method that allows the reliability of the calculated grip coefficient ($) to be
determined from the statistical parameters of the obtained data. The minimum

reliability for such statistical methods is preferably 97.5%.

A first statistical method that may be used to calculate the grip coefficient (®) is to
calculate the mean of the Fs to Fy ratios determined from all valid trials, minus two

standard deviations.

A second statistical method that may be used to calculate the grip coefficient (®) is
to determine the minimum Fs to F, ratio determined from all valid trials. Statistical
analysis of grip coefficient data has demonstrated that this minimum value closely
approximates the value obtained by calculating the mean minus two standard

deviations (according to the first statistical method).

It has been shown that the grip coefficient (®) for a given interface may be a function
of the contact stress at that interface. Furthermore, the relationship between the
grip coefficient (®) and the contact stress may differ depending on the range of
contact stresses considered. Accordingly, any determination of the grip coefficient

(®) for an interface may be presumed to be valid only over the range of contact
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stresses tested. Depending on the interface and the range of contact stresses
tested, the grip coefficient (@) for an interface may be best represented by separate

grip coefficients (d4, ®»,... etc.) over different contact stress ranges.

In some embodiments it has been found that the calculated grip coefficient (®) is
substantially constant over the range of contact stress between 10,000 psi and
25,000 psi (between 68 MPa and 173 MPa). In other embodiments it has been found
that the calculated grip coefficient (®) over the range of contact stress between
10,000 psi and 15,000 psi (between 68 MPa and 103 MPa) is different to the
calculated grip coefficient () over the range of contact stress between 15,000 psi
and 25,000 psi (between 103 MPa and 173 MPa). Accordingly, it may be beneficial
to calculate a first grip coefficient (d4) for a first range of contact stresses applied to
the interface 360, and a second grip coefficient (d;) for a second range of contact
stresses applied to the interface 360. In yet further embodiments, it may be
beneficial to calculate more than two grip coefficients (®) over more than two ranges

of applied contact stress.

The calculated grip coefficient () of an interface is dependent on the material

properties and geometries of the interfacing components. A large number of factors

will have an effect on the grip coefficient (®). It will therefore be appreciated that a

calculated grip coefficient (&) will only be applicable for clamping systems 110, 210

in which the surfaces at the friction interface 130, 230:

— are made of materials having the same specifications as the surfaces at the
tested interface 360;

— have the same surface treatments as the surfaces at the tested interface 360;

— have the same hardness as the surfaces at the tested interface 360; and

— have the same interface geometry (including teeth or ridges if present)
manufactured to the same nominal dimensions and tolerances as the surfaces
at the tested interface 360.
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CLAIMS

1. A method of determining a grip coefficient at an interface between an inner
tubular member and a gripping surface in a wellhead system, the wellhead system
comprising a clamping arrangement comprising a collar having an externally
tapered surface, the arrangement also including an annular component with an
internally tapered surface, the collar and the annular component being relatively
moveable between a first position in which the tapered surface of the annular
component exerts no radial force on the collar and a second position in which the
tapered surface of the annular component exerts sufficient radial force to distort the
collar inwardly in order to grip the inner tubular member within the gripping surface
and to support a load of the inner tubular member, the inner tubular member having
an outer surface including a ridged profile, and the method comprising:

(i forming a test block having opposite side surfaces including a ridged profile
representative of the outer surface of the inner tubular member, the test block being
made from the same material as at least an outer surface of the inner tubular
member;

(i) gripping the test block between two gripping plates by applying a gripping
force normal to the side surfaces of the test block so as to form an interface between
each of the side surfaces and a test face of a respective one of the gripping plates,
the test face being made from the same material as at least an inner surface of the
gripping surface;

(i) applying a gradually increasing load to the test block in a direction parallel to
a plane of the interface;

(iv)  continuously monitoring relative movement between the test block and the
gripping plate at the interfaces;

(v) determining the applied load at which slip between the test block and the
gripping plates occurs; and

(vi)  determining the grip coefficient by calculating the ratio of the applied load to

the gripping force at the time slip occurs.

2. A method according to Claim 1, further comprising continuously monitoring
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the gripping force at the interfaces.

3. A method according to Claim 2, further comprising measuring any variation

in the gripping force over the areas of each of the side surfaces of the test block.

4, A method according to any preceding claim, further comprising continuously

monitoring the applied load.

5. A method according to Claim 4, further comprising measuring a distribution

of the applied load over a surface of the test block.

6. A method according to any preceding claim, wherein a contact stress at the

interfaces due to the applied gripping force is between 60 MPa and 175 MPa.

7. A method according to any preceding claim, wherein the applied load at
which slip occurs is the smallest applied load at which one of these conditions is
satisfied:

() the applied load reaches a maximum and cannot be increased due to
continual slip at the interface under increased load,;

(i) the total relative movement at the interface is at least the same as half the
pitch of ridges of the ridged profile of the side surfaces of the test block; or

(i) relative movement at the interface occurs suddenly and in an increment

greater than a pre-determined threshold value.

8. A method according to any preceding claim, wherein a plurality of tests are
conducted by repeating the method steps (i) — (vi) for a plurality of test blocks, each
of the plurality of test blocks being made of the same material and the side surfaces
of each of the test blocks having the same ridged profile and having identical surface

treatment.

9. A method according to Claim 8, wherein the method steps (i) — (vi) are

repeated for at least ten test blocks.



10

15

20

25

30

WO 2023/111573 PCT/GB2022/053248
-26 -

10. A method according to Claim 8 or Claim 9, wherein a single grip coefficient
is determined from the calculated ratios of the applied load to the gripping force at

the time slip occurs for all of the tests.

11. A method according to Claim 10, wherein the grip coefficient is determined
by calculating the mean of the calculated ratios of the applied load to the gripping

force at the time slip occurs for all of the tests, minus two standard deviations.

12. A method according to Claim 10, wherein the grip coefficient is the minimum
of the calculated ratios of the applied load to the gripping force at the time slip occurs

for all of the tests.

13. A method according to any one of Claims 8 to 12, wherein the number of
repeat tests that are conducted is determined by a statistical reliability of the

calculated grip coefficient.

14. A method according to Claim 13, wherein the statistical reliability of the
calculated grip coefficient is a probability of 97.5% that any given calculated ratio of
the applied load to the gripping force at the time slip occurs from any of the tests is

greater than the determined grip coefficient, less an allowable error value.

15. A method according to any preceding claim, further comprising:

- applying a first gripping force such that a contact stress at the interfaces is
within a first range of contact stresses;

- determining a first grip coefficient for the first gripping force;

- applying a second gripping force such that a contact stress at the interfaces
is within a second range of contact stresses; and

- determining a second grip coefficient for the second gripping force.

16. A method according to any to preceding claim in which the gripping surface

is provided on an inner surface of the collar and the gripping interface is formed
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between the inner surface of the collar and the outer surface of the inner tubular

member.

17. A method according to any one of Claim 1 to Claim 15 in which the gripping
surface is provided on an inner surface of an outer tubular member, the outer tubular
member being located between the outer surface of the inner tubular member and
the inner surface of the collar and wherein the gripping interface is formed between
the inner surface of the outer tubular member and the outer surface of the inner

tubular member.

18.  Apparatus for performing a method according to any one of Claims 1 to 17,
the apparatus comprising:

- a pair of gripping plates configured to move linearly towards each other and
away from each other, so as, in use, to apply a gripping force to side surfaces of a
test block disposed between the gripping plates;

- a press member at least partially disposed between the two gripping plates
and configured to move linearly along an axis perpendicular to the axis of linear
movement of the gripping plates, so as, in use, to apply a load to an end surface of
said test block disposed between the gripping plates;

- a sensor arranged to continuously monitor relative movement between said
test block and the gripping plates at an interface between one of said side surfaces

of the test block and a face of one of the gripping plates.

19.  An apparatus according to Claim 18, wherein one of the gripping plates is

moveable and the other one of the gripping plates remains stationary.
20.  An apparatus according to Claim 18 or Claim 19, wherein each of the gripping
plates comprises a planar test face configured, in use, to contact a respective one

of said side surfaces of the test block.

21.  An apparatus according to any one of Claims 18 to 20, wherein the press
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member is configured to apply the load to the test block in a central position on the

end surface, mid-way between the pair of gripping plates.

22.  An apparatus according to any one of Claims 18 to 21, further comprising a
sensor arranged to continuously monitor a contact stress at each of the interfaces

due to the gripping force applied by the gripping plates.

23.  An apparatus according to any one of Claims 18 to 22, further comprising a
sensor arranged to continuously monitor the load applied to the test block by the

press member.

24.  An apparatus according to any one of Claims 18 to 23, further comprising a
mechanism configured to drive movement of the pair of gripping plates so as to
apply the gripping force to the test block, such that a contact stress at the interface

due to the applied gripping force is between 60 MPa and 175 MPa.

25.  An apparatus according to any one of Claims 18 to 24, wherein an end region
of the press member is configured to extend over an edge of the test block, said

edge bounding the end surface of the test block.

26. A method of constructing a wellhead comprising:

determining a grip coefficient at an interface between an inner tubular
member and a gripping surface in the wellhead in accordance with any one of Claim
1 to Claim 17;

constructing the wellhead by selecting a combination of a clamping

arrangement and inner tubular member to provide said grip coefficient.

27. A method of constructing a wellhead according to Claim 26 further comprising
selecting a material and dimensions for:

the collar;

the annular component;

the inner tubular member; and
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the gripping surface



