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BEND RESTRICTOR

This invention relates to bend restrictors and more specifically to modular
components of a bend restrictor and more particularly still, to modular components of
a bend restrictor which can be connected together without the use of additional

fixings such as bolts, pins or rods.

In the offshore oil and gas industry a variety of tubular members, risers, cables

pipes, umbilicals and the like are used for different operations such as for example
for carrying hydrocarbons from subsea reservoirs to surface facilities, providing a
dedicated pathway for downhole tools, fluids, water circulation, mud or providing
power and control lines to subsea equipment to enable them to be operated remotely
such as from a surface facility. These tubular members can be either rigid or flexible

in nature.

An advantage of a flexible member is that the structure of the member allows it to
bend to take up different orientations through the water. This can help in mitigating
for movement of the member within the sea for example due to currents to prevent
damage to a floating surface platform, allows the member to be more easily retrieved
and re-used in another location where a different orientation of the flexible member
through the water between the subsea equipment and a surface facility and allows
the flexible member to be more easily stored before use or during transportation

between operations.

All such flexible members including cables, flexible pipes and umbilicals have a
maximum bending radius above which if the tubular member continues to be bent, it
can be damaged and become unusable for operation. One of the main areas in
which over bending can occur is at the point of attachment between the flexible
member and another rigid component. In the offshore oil and gas industry this is
most usually a pipeline end termination either at the top end of the flexible member
enabling connection to a surface platform or, at the lower end of the flexible member
enabling connection of the flexible member to a subsea facility such as a subsea
wellhead or manifold for example. Similar issues may arise at rigid pipe cross overs,
J-Tube exits and well head connections.
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Bend restrictors are typically used to provide protection for the flexible member at
these points of connection with other rigid equipment to prevent the flexible member
from undergoing a greater bending radius that then member is designed for. A bend
restrictor is a device that is mounted around the end of the flexible member and
enables attachment of the flexible member to adjacent rigid structures or
components and allows the flexible member a degree of freedom of movement and
to take up the required position or orientation whilst preventing the tubular member

from over bending.

Bend restrictors generally comprise a string of hollow tubular modules each of which
can move laterally by a controlled amount with respect to adjacent modules. Whilst
the lateral movement of each individual module relative to its adjacent module may
be fairly small, the overall lateral movement along the string of modules can be

significant.

Each module may comprise a first flared end with a profiled internal socket and a
second elongate end which is of a lesser diameter than the flared end and which has
a flanged profile. The elongate end of one tubular module can be received within the

profiled socket of an adjacent tubular module.

An internal bore extends through the module from the flared end to the elongate end.
The diameter of the bore typically increases as it extends through the elongate end.
As a cable, umbilical or other flexible member passes through the string of tubular
modules of the bend restrictor, the flexible member is able to bend and the modules
in the string of modules of the bend restrictor can move relative to the adjacent
module to accommodate the bending of the flexible member and allow the flexible
member to take up the required orientation. The geometry of the modules of the
bend restrictor are such that they limit the relative lateral movement of one module
relative to the adjacent module and this in combination with the number of modules
in the string controls the overall curvature that the flexible member can make.
Therefore the flexible member remains protected by the bend restrictor which

prevents any over bending from occurring.

The individual modules of the bend restrictor are often formed of two half shell

components which are brought together to surround the tubular member being
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protected. In some cases each of the half shell components may be formed with
flanged edges which are bolted together to form a module of the bend restrictor.
Known connection systems for modular bend restrictors include GB2540780,
EP2802800 and AU2012375200. Whilst these various systems provide some
benefits over standard bolted systems, they either require additional securing means
to be provided in order to connect two half shells of a bend restrictor module together
and therefore the installation of the bend restrictor requires the operator to
manipulate the half shells into the required position and secure each pair of half
shells together, or have very complicated geometries which limits the load
capabilities and restricts the angular deformation of the string of modules.

The present invention aims to provide a modular bend restrictor which can be
installed more quickly and requires less individual components to be brought
together.

Itis an aim of the present invention to provide a modular bend restrictor which can
be installed without the use of fixing means such as bolts or screws between the half
shell components of each module, or between adjacent modules.

Additionally, the present invention aims to provide a module of a bend restrictor
formed of two half shell components wherein the half shell components have inter-
engaging connections which are inter-engaged through relative axial movement of

the components but prevent radial disconnection of the components.

Statements of Invention

According to one aspect of the present invention there is provided apparatus for
restricting the bending of a tubular member underwater, said apparatus comprising a
plurality of interlocking modules each formed from a first half shell component
circumferentially displaced from a second half-shell component, wherein the first half
shell component comprises one or more projections extending from a side edge
thereof and the second half shell component comprises one or more grooves in a
side edge thereof, the projections and grooves being angled to the side edges of the
first and second half shell components, the arrangement being such that when
assembled together each of the one of more projections of the first half shell
component are inter-engaged with a corresponding groove of the second half shell

component to secure the two half shells together.
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As the projections and grooves are angled with respect to the side walls of the first
and second half shell components, inter-engagement of the projection(s) of the first
half shell component with the groove(s) of the second half shell component requires
relative axial movement of the first and second half shell components. Once the
projection(s) and groove(s) are inter-engaged, the first and second half shell

components cannot be radially separated.

Advantageously the projections of the first half shell component and the grooves of
the second half shell component are provided in both side edges of the respective

components.

Preferably the projections and grooves are provided at an angle of between 40 and

50 degrees to the side edges of the components.

More preferably, the projections and grooves are provided at an angle of about 45

degrees to the side edges of the components.

Advantageously the first half shell component comprises two angled projections and
the second half shell component comprises two cooperating angled grooves.
Conveniently the slots of the second half shell component have a depth of around
50% of the thickness of the second half shell component.

Conveniently also the projections have a thickness of around 50% of the thickness of
the first half shell component.

Advantageously each projection comprises a base portion in the region where the
projection meets the side edge of the first half shell component.

Conveniently the base portion of each projection has a greater width than the
remainder of the projection.

Advantageously the length of the or each groove is greater than the length of the or
each projection.
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Conveniently each of the first and second half shell components comprise a female

portion and a male portion.

Advantageously a socket is formed in the female portion of each half shell

component.

Preferably a channel is formed through each half shell component from the female to
the male portion. The channel is open at either end and forms a conduit through

which a tubular member can pass.

Preferably the male portion of the conduit comprises an elongate neck. Preferably
also the diameter of the neck is less than the diameter of the female portion of the
components. Preferably also the neck terminates in a nose portion. The nose
portion has a diameter greater than the neck but less than that of the female portion.
Advantageously a first abutment surface is provided between the neck and the nose
portion.

Conveniently a second abutment surface is provided within the socket of the female
portion.

Preferably a third abutment surface is provided between the female portion and the
neck portion.

Conveniently a fourth abutment surface is provided on an outer end surface of the
female portion.

The arrangement of abutment surfaces is such that when a plurality of modular
components are interconnected, the first and third abutment surfaces of a first
module abut with the second and fourth abutment surfaces respectively of a second

module.

According to a second aspect of the present invention there is provided a module of
a bend restrictor apparatus comprising a first half shell component circumferentially
displaced from a second half-shell component, wherein the first half shell component

comprises one or more projections and the second half shell component comprises
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one or more slots, the arrangement being such that each of the one of more
projections of the first half shell component is inter-engaged with a corresponding
slot of the second half shell component and wherein the projections and slots are
angled such that the first and second half shell components cannot be radially

separated.

Exemplary embodiments of the present invention will now be described with
reference to the accompanying figures in which:

Figure 1 is an internal side view of a first half shell component of a module of
a bend restrictor according to one embodiment of the present invention;

Figure 2 is an external side view of the first half shell component of figure 1;

Figure 3 is an internal side view of a second half shell component of a
module of a bend restrictor according to the said embodiment of the present
invention;

Figure 4 is an external side view of the second half shell component of figure
3;

Figure 5 is an external side view of a bend restrictor formed of a plurality of
interlocking components of figures 1 and 3, and

Figure 6 is a cross sectional view through the bend restrictor of figure 5.

Turning now to the drawings, a modular bend restrictor 1 is formed by a plurality of
interlocking modules each formed from a first half shell component 2
circumferentially displaced from a second half-shell component 3 around a tubular

member (not shown).

The first half shell 2 is shown in figures 1 and 2 and comprises a hollow tubular body
with a female portion 4 at one end and a male portion 5 at the other. The female
portion of the tubular body comprises a deep internal socket 6 which is substantially
rectangular in plan view as shown in Figure 1. The socket has an internal annular
base wall 7, an internal top wall 8 and internal side walls 9 that connect the base and
top walls together. The internal annular base wall is tapered away from the internal

side walls and also away from the internal top wall.

The male portion of the tubular body is integrally formed with the female portion and

extends concentrically from the female portion adjacent to the top internal wall 9 of
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the socket. The male portion comprises a neck 10 which has a diameter which is
less than that of the female portion 4. A substantially horizontal abutment shoulder
region 11 is formed on the outer surface of the body between the female portion and

the neck 10 as will be described further below.

The neck terminates in a nose portion 12 which has a diameter slightly larger than
that of the neck 11 but less than that of the female portion 4 of the component. An
annular flange 13 is provided between the neck and the nose portion. The annular

flange tapers towards the nose portion.

The diameter of the nose portion 12 is also less than the diameter of the internal
socket 6 within the female portion 4 of the body. The height of the nose portion 12 is
less than the distance between the annular base wall 7 and internal top wall 8 of the

socket 6 of the female portion.

The outer end 14 of the nose portion, remote from the neck 10 of the component,

has a frustoconical shape as clearly shown in figures 1 and 2.

A semi-circular channel 15 is formed through the first component from the female
portion 4 to the male portion 5 as will be described further below. The channel has a
first diameter between the base 16 of the female portion and the annular base wall 7
of the socket and a reduced diameter through the male portion 5 between the
internal top wall 9 of the socket and the outer end 14 of the nose portion. The
diameter of the channel through the female portion 4 is smaller than the diameter of
the socket 6 within the female portion.

The base 16 of the female portion of the first half shell, surrounding the open end of
the semi-circular channel 15, is substantially flat to form an annular abutment flange
17. The flange is tapered from the internal diameter adjacent the semi-circular
channel 15 to the outer diameter. The flange tapers towards the male portion 5 of
the first half shell component.

The side edges 18 of the first half shell component, surrounding the semi-circular
channel 15 and socket 6 are flat as shown in Figure 1.



10

15

20

25

30

35

WO 2019/043412 PCT/GB2018/052495

One or more projections 19 extend from the outer surface of each of the side edges
18 of the female portion of the body. Two projections are shown in Figure 1 although
a single projection or additional projections may be provided in other embodiments.
The projections 19 are integrally formed with the hollow body. As shown most
clearly in Figure 2, the projections are substantially rectangular in form with a length
L and a width W. The length of the projections is greater than the width. The
projections are provided at an angle to the side edges of the tubular body.

The projections may be set to about a 30 to 60 degree angle to the side edges of the
body. Preferably the projections are set to about a 40 to 50 degree angle to the side
edges of the body. In some embodiments, the set angle may be about 45 degrees.
In the embodiment shown, the first projection extends from the end of the female
portion 4 adjacent the neck 10 of the body and extends outwards and downwards
away from the neck portion. The second projection extends from a point about
midway along the side edges 18 of the body. The projections can therefore be
considered to be barbs angled away from the nose portion 12 of the component.
The thickness of the projections is generally about 50% of the thickness of the

female portion 4 of the body.

Each projection 19 has a base portion 20 formed at the lower end of the projection
where it meets the side edge 18 of the tubular body. The base portion of the
projections has a greater width than the extreme outer end of the projections. The
base is flared such that the base portion of the projections is substantially frusto-
conical in the region where it meets the side edge of the tubular body.

The first half shell component 2 is intended to interconnect with or mate with a
second half shell component 3 to form a module of the bend restrictor 1. The

second half shell component is shown in Figures 3 and 4.

The internal features of the second half shell component are identical to those of the
first half shell component. Similarly the neck 10 and nose portions 12 are identical
such that when the first and second half shell components are brought together with
the side edges 18 of the first component overlying the side edges of the second
component, this forms a hollow substantially annular body with an annular socket 6
at one end and an annular neck 10 extending from the body away from the socket
and terminating in an annular nose portion 12.
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The first and second half shell components differ in that in place of the projections of
the first half shell component, angled grooves or channels 21 are provided in the
outer surface 22 of the female portion of the second half shell component. The
number of grooves will match the number of projections on the first half shell
component so in the illustrated embodiment, two angled grooves are shown. As with
the projections of the first half shell component, the grooves of the second half shell
component are angled away from the neck portion 10 of the component with the
opening or entry point into the grooves closer to the nose portion 12 of the
component than the internal closed end of the grooves. The angle of the grooves to
the side wall of the second half shell component is substantially the same as that of

the projections to the side wall of the first half shell component.

The open end or entry 23 into a groove is wider than the rest of the groove to
provide a substantially frusto-conical region followed by a substantially rectangular
region. The groove is shaped to securely receive the flared base portion 20 of a
projection and the extended body of the projection as will be described further below.
The depth of the grooves is substantially the same as the thickness of the
projections 19 as will be described further below. The length of the grooves from the
side edges 18 of the second shell component around the outer surface 22 of the
second shell component is slightly longer than the length L of the projections as will

also be described further below.

In order to connect the first and second half shells together, the first and second half
shells 2, 3 are aligned such that the free end of each of the projections 19 of the first
half shell is aligned with the entry into a groove 21 on the outer surface of the second
half shell component. In this position, the first and second half shell components 2, 3
will be axially offset and a gap will be formed between the respective side edges 18
of the two components.

As the two half shell components are pushed together, the projections 19 will slide
within and along the grooves 21 and draw the half shell components both into axial
alignment and also together such that the gap between the side walls 18 of the two

components is reduced.
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When the projections 19 are fully engaged within the grooves, the side walls 18 of
the first and second half shell components will abut each other. No external or
internal locking pins or bolts are required in order to securely fasten the two half shell
components together because when the two half shells are fully connected and the
projections of the first half shell are inter-engaged with the grooves of the second
half shell component, the two half shells cannot be radially disconnected.

As the depth of the grooves 21 is substantially equal to the thickness of the
projections 19, the outer surface of the projections of the first half shell component
lies in the same plane as the outer surface of the body of the second half shell

component.

The two half shells can only be separated by moving the components 2, 3 apart
axially such that the projections 19 slide out of the grooves 21 thus increasing the
axial offset between the two components and increasing the gap between the side

edges 18 of the components.

This provides a very quick and effective connection mechanism for the half shell
components to form modules of a bend restrictor 1 and reduces the installation time
considerably compared to known bend restrictors. The present invention also
provides a reduction in the number of components required to be transported to an
installation site which can lead to further efficiency savings in terms of transportation
and time.

When a bend restrictor 1 is required to be formed from the modules as described
above, a reaction piece (not shown) is mounted around the tubular member and the
first module of the bend restrictor is created by bringing a first and second half shell
component 2, 3 together around the tubular member to which bend protection is
required to be provided as described above, with the projections 19 of the first
component inter-engaged with the grooves 21 of the second component. The first

module is attached to the reaction piece in a known manner.

A further set of first and second half shell components 2, 3 is then taken and brought
together around the tubular member with the nose portion 12 of the first module of
the bend restrictor seated within the socket 6 of the second module. As the nose

portion 12 of the first module has a greater diameter than the semi-circular channel
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15 through the female portion 4 of the second module, the nose portion 12 of the first

module is securely retained within the socket 6 of the second module.

Whilst the height of the nose portion 12 of the first module is less than the distance
between the internal annular base wall 7 and internal top wall 8 of the socket of the
female portion of the second module, which may allow for some relative axial
movement between the first and second half shell components 2, 3 of the first
module, the space between the outer end 14 of the nose portion of the first module
and the internal top wall 8 of the socket of the second module is less than the length
of the projections 19 and therefore the two half shell components 2,3 cannot move
sufficiently far apart axially as to allow the projections 19 of the first component to

move out of engagement with the grooves 21 of the second component.

Further modules are formed using pairs of half shell components 2, 3 and each is
installed around the tubular member trapping the nose portion 12 of the preceding
module with the socket 6 of the next module.

A fastener component is mounted around the nose portion 12 of the last module of
the bend restrictor, remote from the reaction piece. The fastener component is
similar in form to a module of the bend restrictor although the fastener component
only has a female portion with an internal socket but no male portion with a neck and
nose and no angled projections or grooves. The fastener component prevents the
two half shell components of the last module from moving axially relative to one
another to sufficient degree to allow the angled projections of the first half shell from
falling out of inter-engagement with the grooves of the second half shell. The two
half shells of the fastener component are secured together by standard fixings such

as bolts or screws.

Whilst the innovative connection mechanism between the first and second half shell
components of the modules of the bend restrictor provide significant advantages as
noted above in terms of simpler installation and reduced installation times, the
geometry of the modules also provides additional advantages when the bend

restrictor is operating.
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When the nose portion 12 6 of the first module sits within the socket of the second
module, as the height of the nose portion is less than the distance between the
annular base 7 and top wall 8 of the socket, a gap is provided between the outer
frusto-conical end 14 of the nose portion and the internal top wall 8 of the socket.
Figure 5 shows three modules connected together axially to provide a bend restrictor
1. As described above, each module of the bend restrictor is held together firmly by
the inter-engagement of the angled projections 19 and grooves 21 of the first and

second half shell components 2, 3.

Figure 6 shows a cut away view of the bend restrictor of figure 5 and illustrates the

interaction between each adjacent pair of modules.

As the tubular member flexes, the bend restrictor 1 can bend to a limited degree to
prevent the tubular member from over bending, beyond the limits of the flexible
member. As shown in figure 6, at the point of maximum angular deflection between
the first and second modules of the bend restrictor, there is no contact between the
outer frusto-conical end 14 of the nose portion 12 of the first module and the internal

top wall 8 of the socket 6 of the second module.

In this condition the annular tapered flange 13 between the neck 10 and nose portion
12 of the first module abuts the upper edge of the tapered internal annular base wall
7 of the socket.

Additionally, the lower edge of the annular abutment shoulder 11 between the female
portion 4 and the neck 10 of the first module abuts the lower edge of the annular
abutment flange 17 on the outer edge of the female portion of the second module.
The geometry of the various abutment surfaces limits the angular deflection between
adjacent modules as noted above, but as will be understood by the skilled person, as
the modules reach the maximum angular deflection position, the side edges of the
angled projections 19 are forced against the side edges of the angled grooves 21
and therefore the high loads transmitted through the modules can be distributed
through the abutting surface of the half shell component of the modules acting to
draw each pair of first and second half shell components into tighter inter-
engagement and so avoiding the need for any additional fixings such as bolts or

screws between the pairs of half shell components.
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Whilst figures 5 and 6 show the bend restrictor 1 bent downwards, the modules of
the bend restrictor can of course allow for relative bending in other directions, for
example 180 degrees from the illustrated embodiment such that the bend restrictor
bends upwards over its length. Alternatively the bend restrictor allows for later being

of the tubular member being protected.

In each case, when one side of the annular tapered flange 13 is forced against the
annular base wall 7 of the female portion, the portion of the abutment shoulder 11

diametrically opposite will be in contact with the annular abutment flange 17 of the
female portion. The nose portion 12 of the first module is therefore wedged within

the semi-circular channel 15 of the second module.

Itis envisaged that the modules of the bend restrictor may be formed of various
materials. For example the modules may be formed of a plastics material and
preferably a mouldable plastics material. Examples of preferred materials include a
rigid polymer material such as for example polyurethane or nylon. Preferably the
hardness of such material will be greater than 60 shore D and in some embodiments
may be around 80 shore D. Such materials are particularly effective as they can by
pumped and moulded to provide a stock of half shell components which can be
transported to a required installation site and connected together around a tubular
member to build a modular bend restrictor of the required length quickly and easily.
Additionally, when the bend restrictor is no long required, the components can be
disengaged quickly and the bend restrictor dismantled such that the components can
be moved to a new site for installation, or alternatively can be simply stored for later

reuse.

Alternatively composite materials such as fibre reinforced or glass reinforced plastics
material or carbon reinforced plastics material may be used to form the half shell
components. The composite material may be any high tensile strength, high tensile
modulus material, for example but not limited to, fibre-reinforced epoxy composites
or corrosion resistant metal sheet. Epoxy composites may be preferred to maximise

inter-material bond strength.
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In some situations it may be preferably to form the half shell components from a

metal material such as steel for example.
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CLAIMS

1. An apparatus for restricting the bending of a tubular member underwater,
said apparatus comprising a plurality of interlocking modules each formed from a first
half shell component circumferentially displaced from a second half-shell component,
each of the first and second half-shell components comprising a first end and a
second end and side edges extending between the first and second ends, wherein
the first half shell component comprises one or more projections extending from the
side edge thereof and the second half shell component comprises one or more
grooves in the side edge thereof, the projections and grooves being angled from the
side edges of the first and second half shell components towards the first end of the
components, the arrangement being such that when assembled together each of the
one of more projections of the first half shell component are inter-engaged with a
corresponding groove of the second half shell component to secure the two half
shells together such that the two half shells cannot be radially separated without

axial displacement of one half shell component relative to the other.

2. An apparatus according to claim 1, wherein the projections of the first half
shell component and the grooves of the second half shell component are provided in

both side edges of the respective components.

3. An apparatus according to claim 1 or 2, wherein the projections and grooves
are provided at an angle of between 40 and 50 degrees to the side edges of the

components.

4, An apparatus according to claim 3, wherein the projections and grooves are

provided at an angle of about 45 degrees to the side edges of the components.

5. An apparatus according to any of the preceding claims, wherein the first half

shell component comprises two angled projections.

6. An apparatus according to claim 5, wherein the second half shell component

comprises two cooperating angled grooves.
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7. An apparatus according to any of the preceding claims wherein the groove or
grooves of the second half shell component have a depth of around 50% of the

thickness of the second half shell component.

8. An apparatus according to any of the preceding claims wherein the projection
or projections have a thickness of around 50% of the thickness of the first half shell

component.

9. An apparatus according to any of the preceding claims wherein the or each
projection comprises a base portion in the region where the projection meets the

side edge of the first half shell component.

10. An apparatus according to claim 9 wherein the base portion of each

projection has a greater width than the remainder of the projection.

11. An apparatus according to any of the preceding claims, wherein the length of

the or each groove is greater than the length of the or each projection.

12. An apparatus according to any of the preceding claims wherein each of the
first and second half shell components comprise a female portion and a male

portion.

13. An apparatus according to claim 12, wherein a socket is formed in the female

portion of each half shell component.

14, An apparatus according to claim 12 or 13, wherein a channel is formed

through each half shell component from the female to the male portion.

15. An apparatus according to claim 14, wherein the channel is open at either

end and forms a conduit through which a tubular member can pass.

16. An apparatus according to any of claims 12-15, wherein the male portion of

the conduit comprises an elongate neck.
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17. An apparatus according to claim 16, wherein the diameter of the neck is less

than the diameter of the female portion of the components.

18. An apparatus according to claim 17, wherein the neck terminates in a nose

portion.

19. An apparatus according to claim 18, wherein the nose portion has a diameter

greater than the neck but less than that of the female portion.

20. An apparatus according to claim 18 or 19, wherein a first abutment surface is

provided between the neck and the nose portion.

21. An apparatus according to claim 20, wherein a second abutment surface is

provided within the socket of the female portion.

22. An apparatus according to claim 21, wherein a third abutment surface is

provided between the female portion and the neck portion.

23. An apparatus according to claim 22, wherein a fourth abutment surface is

provided on an outer end surface of the female portion.

24, An apparatus according to claim 23, wherein the arrangement of abutment
surfaces is such that when a plurality of modular components are interconnected, the
first and third abutment surfaces of a first module abut with the second and fourth

abutment surfaces respectively of a second module.

25. A module of a bend restrictor apparatus comprising a first half shell
component circumferentially displaced from a second half-shell component, wherein
each of the first and second half shell component comprises a first end and a second
end and side edges extending between the first and second ends the first half shell
comprises one or more projections and the second half shell component comprises
one or more slots, the projections and slots being angled from the side edges of the
first and second half shell components towards the first end of the components, the
arrangement being such that each of the one of more projections of the first half shell

component is inter-engaged with a corresponding slot of the second half shell



18

component and wherein the projections and slots are angled such that the first and
second half shell components cannot be radially separated without axial

displacement of one half shell component relative to the other.



