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(57) Abstract: A bend stiffener, and a method of producing the same, comprising an elongated cylinder of a polymer material,
having a termination interface (4) on at least one end. An internal reinforcement matrix is provided comprising a first layer of a
cylindrically arranged woven material (2). The material of the first layer is unwoven at the termination end, the unwoven fibers
engage the termination member (3) and pass back over the first layer. The returning fibers of the second layer may be cut at a

plurality of lengths to provide zones (10, 11, 12) of decreasing fiber density from the termination end.
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POLYMER MATRIX REINFORCED STIFFENING ELEMENT

FIELD OF THE INVENTION

The current invention relates to elastomer matrix reinforced protection elements
resistant to bending and tolerant of harsh environmental conditions.

BACKGROUND

US 5,526,846 discloses a bend stiffener comprising an elastic member made of
elastomer which surrounds a elongate body to be stiffened, the elastic member
being integrally attached to one end of a housing support. It comprises, inside the
elastic material, a reinforcement member extending over a portion of the length of
the elastic member from one end, the reinforcement being integrally attached by
means for fastening to said housing support. '

The specific reinforcement members disclosed in ‘846" are :

- A toroid ring held axially by a plurality of tie rods, parallel to the axis of the pipe
and uniformly distributed over the circumference

- Two concentric sheets of interwoven yarns or ribbons

- A thin cylindrical sleeve

- A loose grid forming a cylindrical crown ring (arranged as helices)

There is a need for an improved bend stiffener having superior properties.
BRIEF DESCRIPTION OF THE FIGURES

Fig 1 is a perspective view of the internal structure according to one aspect of the
invention ‘

Fig 2 is a perspective view of an embodiment of the invention

Fig 3 is a perspective view showing a first internal layer of reinforcement fibers
according to one aspect of the invention

Fig 4 is a detail view showing fibers passing through the retaining ring of the
termination member

Fig 5 is a detail view similar to fig 4, showing the bolts of the retaining ring
pretensioned

Fig 6 is a perspective view showing a layer of hoop armour over the first
reinforcement layer
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Fig 7 is a perspective view showing a layer of hoop armour over a second
reinforcement layer

Fig 8 is a detail view of the termination member

Fig 9 is a perspective view of an alternative embodiment

DETAILED DESCRIPTION OF THE INVENTION

The invention will be described in detail with reference to the attached series of
figures and accompanying descriptive text.

According to one aspect of the invention a bend stiffener in the form of an
elongated cylinder of polymer material is provided. Figs 1, 3, 4, 5, 6 and 7 ,shbw
internal structures and the arrangement of the components of the bend stiffener
according to one aspect of the invention. Figs 2 and 9 show perspective views of
alternative embodiments of the invention, though not showing the internal structures
that are located within the polymer material. In figs 1, 3, 6 and 7, the internal
components are arranged relative to an elongated, cylindrical center rod 1 that does
not form a component of the bend stiffener itself, but serves as a template in the
injection-moulding process forming a cylindrical center bore of the bend stiffener.

As shown, the internal components of the bend stiffener comprise a braided sock 2
of polymer fibers. The braided sock comprises a plurality of bundles woven
together, said bundles being comprised of a plurality of filaments. As shown in Figs
1, the braided sock 2 is arranged coaxially with, and pulled over the center rod prior
to injection of the elastomer.

In some cases, the sock will be in direct contact with the center rod. In other cases,
in order for example to build a thicker matrix layer between the reinforcement sock
and the center rod, rings or shims may be added to keep the sock off the center rod.

It should be noted that the sock makes installation of reinforcement fibres easy.
However, all material and manufacturing operations resulting in a reinforcement of
cylindrical shape would do, as for instance a design where a sheet of braided fibres
is wrapped around the center rod thus achieving a cylindrical form.

Although the sock will commonly be pulled over the whole length of the center rod,
this is no obligation, and the required characteristics of the stiffener will determine
that.

At the terminal end of the bend stiffener a termination member 3 is temporarily
mounted on the center rod 1. The termination member comprises a termination
interface 4 that cooperates with and attaches to corresponding attachment member
of the structure to which is to be attached the cable or pipeline to be stiffened. The
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termination member further comprises a retaining ring 5 secured to the termination
interface 4 by bolts 6. One or more spacers 7 as shown in figs 4, 5 and 8 are
arranged between the heads of bolts 6 and the inside surface of termination interface
4, such that a plurality of openings 8 exist between adjacent bolts. At the terminal
end of the bend stiffener, the braided sock is unwoven to the level of bundles, and
the bundles are passed between openings 8, as shown in figs 3, 4, 5 and 6. The use
of spacers 7 allows the bolts securing the retaining ring to the termination interface
to be pre-tensioned without impinging upon the bundles passing through the
openings 8, which would otherwise damage the filaments of the bundles. Such
damage would be detrimental to the mechanical integrity of the reinforcement of the
bend stiffener negatively affecting the stiffness and life expectancy of the device.
Although not illustrated, it is possible to arrange a termination member at both ends
of the stiffener for various applications.

After the bundles are passed though the openings 8, a flexible material, called for
convenience “hoop armour” 9, is spirally wound around the still-woven braided
sock surrounding the center rod 1. The material of the hoop armour may comprise
the same or similar fibers as the first reinforcement layers, or may be a flexible
band. The hoop armour 9 is spirally wound beginning from at or near the
termination member to a specified distance down the length of the bend stiffener
body. The distance is determined by the desired stiffness characteristics of the bend
stiffener. The hoop armour provides stiffness to the bend stiffener by both being an
additional reinforcement material, but also by the fact that the hoop armour
maintains the circular cross section of the center bore of the bend stiffener body
when the stiffener is bent, thus increasing stiffness. Such hoop armour may also be
replaced by ring-shaped bands disposed around the sock at given intervals, or any
other solution achieving same function.

After the hoop armour 9 has been secured, the bundles of the braided sock 2 are
further unwoven to the individual filament level, as shown in fig 1 and 7. The
individual filaments allowed to drape down along the center rod, thus overlapping
the hoop armour. The filaments may be preferably clipped at various intervals, such
that zones of decreasing density of fibers are achieved. For example as shown in
Figl a first zone 10 of maximum density comprises all of the returning fibers.
Adjacent to first zone 10 is a second zone 11 comprising approximately 2/3 of the
retuning fibers, followed by a third zone 12 comprising approximately 1/3 of the
returning fibers, in turn possibly followed by a fourth zone comprising
approximately 2/3 of the remaining 1/3 of fibers, etc. It should be noted that for
illustration purposes, fig 1 only shows a portion of the fibers for each zone, but it
should be understood that the fibers of each zone are arranged around the entire
circumference. The staggered density of reinforcement fibers thus provides in the



10

15

20

25

30

35

40

WO 2007/145532 PCT/NO2007/000210

finished device a gradually decreasing stiffness. The length of the various zones and
the density of the fibers in each zone are determined based upon the desired
properties of the finished product. According to one aspect of the invention, as
shown in fig 1, the fibers are arranged essentially parallel with the axis of the center
rod 1. According to another aspect of the invention, the returning filaments may be
arranged with a predetermined degree of spiralling. The degree of spiralling is
determined based upon the expected extent of bending of the bend stiffener in
relation to the elongation limits of the filaments. If the expected degree of bending
would approach or exceed the elongation limit of the filaments, the filaments may
be spiralled to decrease the elongation stresses on the filaments. According to other
aspects of the invention, fibres may be arranged according to a combination both
longitudinally and in spiral, and other aspects are possible,

After the returning filaments are arranged in the desired pattern, they are secured by
an outer hoop armour layer 13. As with hoop armour 9, the outer hoop armour layer
13 is arranged in a spiral along the length of the bend stiffener body. In contrast
however, the outer hoop armour layer 13 begins at a predetermined distance from
the retaining ring 5. This is ensures that the outer hoop layer does not overly
compress the retuning fibers against the retaining ring. The distance is also chosen
based upon the desired stiffness of the bend stiffener in the termination end. A
greater stiffness is achieved when the retuning fibers slope gradually from the
retaining ring to the braided sock 2.

After the outer hoop armour layer is secured, a cylindrical injection mould is
affixed around the center rod, and an elastomer mixture is injected according to
methods known in the art. After the elastomer has hardened, the mould is
dismounted, and the center rod is extracted.

As shown in figure 2, the finished device comprises a reinforced elastomer body 15
having a cylindrical center bore 16. The termination member 3 is securely attached

to the elastomer body by the fibers passing back through the retaining ring. In one

embodiment of the invention, the outer surface of the elastomer body is cone
shaped, with a relatively shorter cylindrical transition zone 17 immediately adjacent
termination member 3. The transition zone helps prevents excessive bending near
the termination member. By this slender construction the cylindrical transition zone
17 helps to ensure that the reinforcing fibres are entirely immersed in the
elastomeric matrix. Note that the invention described here has a very short rigid
cylindrical transition section, for example typically 5 cm, thereby generally
reducing diameter and volume for such stiffener.

The bend stiffener according to the embodiment shown in Fig 2 is used by first
passing the bend stiffener over the cable, or conduit to be stiffened. The cable or
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conduit is thereafter terminated to its intended receiving structure. The bend
stiffener is thereafter secured by attaching termination interface 4 to its cooperating
member on the structure to which the cable or conduit is terminated.

Fig 9 shows an alternate embodiment of the invention, which can be utilized with
cable or conduits that are already terminated. According to this embodiment, a
longitudinal split 18 is cut into one side of body 15. In this embodiment, the
termination interface 4 and retaining ring 5 are also split, being formed as two
halves. In this embodiment, the body 15 is physically opened at the split 18, and
arranged over the cable or conduit. The body is thereafter secured by metal bands
that are arranged in concentric grooves 19 in the outer surface of body 15. The
halves of the metal components are secured to one another either by bolts, or by a
locking ring 20 as shown in the figures. Testing has demonstrated that a stiffener
split on a single side and secured in the above described fashion retains nearly all of
the stiffness characteristics of an unsplit stiffener.

Whereas according to one aspect a stiffener is provided with one terminal end, a
production process and structure as described here above can also be applied to a
product with two terminal ends, i.e. a retaining ring at each end. There, flexibility
may be symmetrical or asymmetrical, all depending on purpose. A product of this
type could, in addition to functioning as a bend stiffener, function as a towing
element, either as the primary towing element, as a fail-safe in the event the primary
towing element (such as a cable) were to break, or as a general protection for cables
— for instance seismic cables — during installation or pulling up on board. .

As a primary towing element, hooking accessories are added around it to enable
towing. As a fail-safe, self-locking rings may be mounted on both sides to block the
rupture of cable on both ends.

The ends of the stiffened element may be any connection, or a free end, or an end
with several functions.

CHOICE OF FIBER AND ELASTOMER

According to another aspect of the invention, a combination of fiber and elastomer
results in an effective composite material. By this is meant a composite material in
which all or nearly all of the individual filaments of the reinforcing fiber is
saturated with the elastomer. According to this aspect of the invention, a density
and weaving pattern of the fibers is employed that permits complete or near
complete saturation of the individual monofilaments of the reinforcement fiber. The
fibers according to one embodiment are free of any surface treatment, such as anti-
seizing treatment, that would interfere with the bond between the elastomer and the
filaments. According to this embodiment, the filaments tolerate the expected under
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water environment and temperatures up to approximately 90 Degrees C, and the
elasticity of the fibers tolerate an elongation without breaking determined by the
expected amount of bending of the stiffener, typically greater than 7 % elongation
but at the same time not being so elastic as to provide no reinforcement benefit.

Aramide was evaluated as a potential candidate, but found unsatisfactory. Aramide
fibers showed a breaking point at approximately 3% elongation. Aramide could be
used in the hoop armour, however, where the degree of elongation is significantly
lower.

In one embodiment, the preferred fiber is a polyester fiber, although any fiber
meeting the basic criteria could be employed. The most preferred fiber according to
this embodiment is Diolen® 164S, produced by Diolen Industrial Fibers GmBH,
Wuppertal, Germany The preferred weaving pattern is that of a cylindrical, braided
polyester fiber sock, the fibers of which tolerate approximately 15% elongation.

In this embodiment an elastomer is chosen that exhibits certain characteristics in
order to provide an optimal composite. The properties of the elastomer according to
this embodiment are, among others:

e The compound must be environmentally friendly

o The material should possess the necessary hardness, preferably having a
Shore A value of between 80 -95, most preferably near 95.

o The material should have a gel time sufficient to allow saturation of the
individual filaments prior to hardening, preferably at least 3 minutes, more
preferably over 9 minutes.

e The elastomer must also tolerate under water conditions and expected
temperatures

e The material must cooperate with the chosen fibers to form a functioning
composite material

Based on the above criteria, the preferred elastomer for this embodiment is
polyurethane, although any elastomer meeting the basic criteria could be employed,
more specifically, MDI-type isocyanate PU. The most preferred polyurethane is
Hyperlast ® 200/95, produced by Hyperlast Ltd, Birchvale UK.
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CLAIMS

1. A stiffener for an elongated structure comprising
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a. An elongated elastomer body having a longitudinal center bore,

b. A termination interface affixed to at least one end of the elongated -
elastomer body,

c. A first reinforcement layer of a woven fiber material, said woven
material comprising a plurality of filaments braided into bundles that
are woven together, said woven material being circumferentially
disposed within the elastomer material of the elongated body and
arranged at least partially along the longitudinal length of the
elongated body, and

d. A second reinforcement layer disposed within the elastomer material
of the elongated body, said second layer comprising a plurality of at
least partially unwoven and unbraided filaments in continuous
extension from the material of the first reinforcement layer, said
filaments engaging a retention member of the termination interface
and passing back along the length of the elongated body, at least
partially overlapping the first reinforcement layer.

. A stiffener according to claim 1, wherein a plurality of the filaments of the

second reinforcement layer are cut to a plurality of predetermined lengths
and arranged such that regions of decreasing fiber density are created along
the length of the second reinforcement layer from the termination end.

A stiffener according to claim 1, wherein the material of the first
reinforcement layer is a tubular, woven sock.

. A stiffener according to claim 1, further comprising a third reinforcement

layer, wound spirally around at least a portion of the first reinforcement
layer.

. A stiffener according to claim 4, further comprising a fourth reinforcement

layer, wound spirally around at least a portion of the second reinforcement
layer.

. A stiffener according to claim 1, further comprising means adapted to

maintain the circular cross section of the stiffener when the stiffener is bent.
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7. A stiffener according to claim 1, wherein the retention member is a retention
ring affixed to the termination member, and the filaments engage the
retention member by passing over the retention ring.

8. A stiffener according to either of claims 1-7, wherein the elongated body is
split longitudinally along one side.

9. A stiffener according to claim 1, wherein the fibers of the first and second
reinforcement layers are substantially free of anti-seizing surface treatment,
and the density and weaving pattern of the material of the first reinforcement
layer permit substantially complete saturation of the individual
monofilaments with the elastomer material of the elongated body.

10. A stiffener according to claim 1, wherein the fibers of the first and second
reinforcement layers have an elongation tolerance greater than 7%.

11. A stiffener according to claim 1, wherein the fibers are Diolen® 1648S.

12. A stiffener according to claim 4 or 5, wherein the material of the third and
fourth reinforcement layers comprises fibers of the same material as the first
and second reinforcement layers.

13. A stiffener according to claim 4 or 5, wherein the material of the third and
fourth reinforcement layers is made of aramide.

14. A stiffener according to claim 1, wherein the elastomer body comprises a
material having a Shore A value between 80-95.

15. A method for manufacturing a stiffener for an elongated body, comprising:
a. Providing an elongated, cylindrical rod as a template,
b. Providing a woven polymer fiber material,

c. Circumferentially surrounding the cylindrical rod with the woven
polymer fiber material,

d. Removably attaching a termination interface to the cylindrical rod,
said termination interface comprising a retention ring,

e. At least partially unweaving the woven polymer fiber material at the
termination end, and passing the at least partially unwoven fibers over
the retention ring and back along at least part of the length of the
sock,

f.. Arranging a cylindrical injection mould about the center rod,

g. Injecting a polymerizable elastomer mixture into the mould,



WO 2007/145532 PCT/NO2007/000210

h. Allowing the elastomer to harden,
i. Removing the center rod.

16. The method of claim 15, wherein the woven polymer fiber material is a
tubular, woven sock.

5 17. The method of claims 15, wherein a plurality of the returning fibers are cut
to a predetermined length, and arranged in regions of varying fiber density.

18. The method of claim 15, wherein a flexible material is spirally wound
around the woven polymer fiber material prior to passing the unwoven fibers
back along the length of the woven polymer fiber material.

10 19. The method of claim 15, wherein a flexible material is spirally wound
around the returning fibers.
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