
2081417 This invention relates to flexible pipes and particu- larly to
pipes capable of withstanding high internal pres- sures, of the order of
4000/8000 lb  per sq. inch or more and which are sufficiently flexible to
allow for repeated 5 movements and quite severe flexing to take place
without damage to the pipe. A particular requirement for such a pipe is in
the under-sea oil and.gas well industry. Currently most under-sea oil wells
have large and 10 expensive rigs or platforms which act as centres for
colle- cting the oil and loading it into tankers or feeding it into
reservoirs or to pipes to convey it to the nearest land. It would be very
attractive to.have a simple sea-bed 15 terminal for an oil or gas well and
then to connect the sea-bed terminal to a buoy or receiving ship, on the
surf- ace of the sea, by means of a long flexible pipe.  Such a flexible
pipe, to be adequate for use in the type of oil well which is now being
developed beneath the oceans, 20 would have to stand up to pressures of the
order of 5000/ 7000 lbs per sq.inch or more.  Existing flexible pipes are
not capable of standing up to such pressures and. at the same time standing
up to repeated flexing and movement. which takes place when a pipe runs.
freely from the sea-bed 25 to the surface of the ocean over a considerable
distance. It is an object of this invention to provide a flexi- ble pipe
for gas or liquid flow which is enabled to flex freely and at the same-time
to stand up to high pressures. In the past pipes have been made of
helically wound 30 metal strips and have been satisfactory if they are not
subjected to repeated flexure under high internal pressures. If such pipes
are subjected to repeated flexure they tend to constrict under-axial
tension and this can lead to pipe failure under arduous..conditions. 35
.In accordance with the present invention the axial 



-2- tensions and the hoop stresses which arise in use of the pipe are
separately provided for.  This permits the pipe *   to be designed so as to
resist varying combinations of hoop stress and axial loading without having
the design 5   factors for one type of loading interfere with the design
factors for the other type of loading, i.e. a resolution of load resistance
is achieved. From one aspect of the invention lies in a flexible. pipe
comprising a plurality of rings which are loosely 10  inter-engaged so as
to allow limited relative axial. and radial movement, thus permitting the
pipe to flex both radially and longitudinally, the rings being held in
place by a plurality of keepers which are.arranged both to hold the rings
in place and to limit the relative.movement of 15  the rings, the pipe also
including an outer fluid tight covering and at.least one inner fluid tight
liner, characterised by this, that the inter-engaging rings are of such
thickness and tensile strength as to withstand the hoop stress developed
internally in the pipe-when 20  high pressure fluid is flowing through it,
and the keepers which comprise members extending longitudinally of the pipe
and arranged externally of and circumferentially around the rings, are of
substantially less thickness than the rings.    - 3 - The wall thickness of
the rings is preferably at least twice that of the keepers which may be
designed to accommodate longitudinal stress. The keepers are preferably
circumferentially staggered 



5   around the rings, and may be in the form of narrow resilient bars. The
rings are preferably of high tensile steel such as forged steel of grade
X70 and the keepers may be of the same or similar material.
Alternati'vely'high strength 10  aluminium bronze may be employed, or a
high strength plastics material such as Nylon. Preferably the narrow
resilient bars, or keepers,    are arranged as.a series of segmental bars
which extend longitudinally of the pipe, 'each bar engaging and holding a
pair of adjacent rings.  The bars may be staggered so that
circumferentially adjacent bars do not engage the same 5   pair of rings.
One bar may engage one pair of rings and the adjacent bar may engage one of
the rings of that pair and the next adjacent ring.. Preferably the keepers
are  sufficiently resilient or thermally expandable to enable them to be
sprung onto the 10  rings.  Means may be provided at the ends of the bars
and projecting radially from the rings to allow inter-engagement between
the keeper bars and the rings.  Preferably the means comprises wedging
surfaces at the ends of each bar and. corresponding wedging surfaces
projecting outwardly radially 15  from the rings..so that axial movements
of the rings tighten their engagement with the keeper bars. In addition to.
the one or-more inner fluid-tight - liners there may be a further inner
stainless steel coiled * or corrugated core to provide support for the
inner flexible 20  liners. The outer cover may be of extruded elastomeric
material such as natural rubber, synthetic rubber or plastic and the
elastomeric inner sleeves may be of similar material, in each case forming
a fluid impermeable layer. Examples 25  of suitable materials are
reinforced or unreinforced poly- 



urethane or polyamide. The inner coiled liner may be a conventional
helically wound core tube made from stainless steel strip or  other
corrosion resistance metal.  It may be.anchored at both  ends 30  by
welding. The segmental keeper bars may be loosely held in place by steel
bands engaging in grooves in the bars. .'In an alternative arrangement the
segmental keeper bars are of relatively light construction, not designed to
35  take the. longitudinal  stress, and .the end-wise stress is taken by an
inner cable or wire, or plurality of wires such    as piano wires,
preferably encased in a sheath of plastic material such as polypropylene.
The inner cable or wires may be supported at its ends by means of spiders
which may also carry an adjusting means to allow the tension of.the 5
inner cable or wire to be adjusted. At each end of -the pipe a flange joint
may be provided to enable the pipe to be connected to adjacent lengths of
pipe or to an oil well terminal or receiving buoy or ship. In the
accompanying drawings Figure 1 illustrates very 10 diagrammatically an
under-sea oil well terminal connected to a floating buoy by means of a
flexible pipe embodying. the present invention; Figure 2 is a longitudinal
section through a portion of a pipe embodying the present invention, the
section 15 being shown through one half only of the pipes; Figure 3 is a
diagrammatic exploded view showing the spigots by which the rings are
inter-engaged and also showing a keeper bar; Figure 4 is.a section similar
to Fig 2 but showing an 20 alternative form of the rings; Figure 5 is a
scrap external view of the pipe portion shown in Fig. 4; 



Figure. 6 is a diagrammatic illustration of the way in which the- keeper
bars or tendons  are fitted over the rings; 25        Figure 7 is a
perspective, broken away, view of a portion of the pipe; Figure 8
illustrates, in.diagrammatic section , an. optional feature by which the
keeper bars are kept in place by--stainless-steel straps; 30      . Figure
9 shows, in longitudinal section, one end joint end of the pipe by which it
is attached to a flange; Figure 10 is similar to Figure 9 but shows the
other end joint connection. to a flange; Figure 11 is a section through
half of another pipe 35 incorporating  an alternative embodiment of the
invention    - 6 - including a central cable made up of piano wires in a
poly-. propylene sheath; Figure 12 is an enlarged diagrammatic drawing of
the rings and keepers of this embodiment; 5        Figure 13 is a cut-away
portion of the end of the central cable and shows how the piano wires are
attached to a ferrule; and Figure 14 is an elevation of a spider with a
cable in the middle shown in   section. 10        In Figure 1 of the
drawings is shown, very diagram- matically, an under-sea oil terminal which
includes a pipe 11 coming from a capped oil well (not shown) below the sea
bed 10. The pipe 11 is. connected by a pipe Joint 12 to a long flexible
pipe 13 (shown broken in the middle to 15   illustrate considerable
length).  The upper end of the flexible pipe 13 is attached by a Joint 14
to a tank 15 contained in a buoy 16 floating on the surface of the sea 17
located and maintained in position by any conventional means. 



20        The buoy 16 is shown diagrammatically and would, in practice, be
a very large buoy adapted to form a terminal from which oil could be drawn
into tankers and other ships. Alternatively, the pipe might connect to a
ship or tanker directly. 25        The oil below the sea bed is often at a
very high pressure of the order of 4000/8000 lb per sq. inch (2,812,280
Kg/[err] to 5,624,560 Kg/m 2), or more and the flexible pipe 13 would be
subjected not only to this high internal pressure but to constant flexures
and movements due to sub-surface current's and wave movements. Conseq- 30
uently this pipe has to be able to stand up to consider- able flexing and
stresses in addition to the very high hoop stress and longitudinal
stresses'set up internally by the pressure from the well. The illustrated
flexible pipe might equally be used 35   for a gas well below the sea
surface.  It might be used not merely to extract oil but for gas
re-injection into a    - 7 - sub-sea well and for water re-injection into a
well to pressurise the gas remaining in it when the gas is to be extracted.
It is known to use flexible pipes for conveying oil 5  or gas from the sea
bed to an oil rig, but known pipes usually comprise a tough rubber or
plastic  outer casing reinforced by an inner steel liner in the form of
spirally would high tensile steel strip or a series of spirally laid short
lengths or steel strip.  To produce and wind strip 10  of this kind, able
to stand up to the very high pressures and the constant flexures involved,
requires expensive and complicated machinery.  Furthermore no satisfactory
pipe has yet been produced that will stand pressure of the order
of.4000/8000 lbs per sq. inch (2,812,280 Kg/ [err] 



2 15  to 5,624,560 Kg/[ err] ) or more without failing when'subjected to
repeated flexures. One known kind of pipe has reinforcement in the form of
individual strips of high tensile steel laid in helical fashion followed by
a second layer of helical strips known 20  as "tension tendons".  These are
designed to carry the end stress but problems arise when the pipe stretches
and the helical strips shrink radically inwards which causes friction, heat
and degradation and results in failure of the pipe at very high pressures.
25       In the first embodiment of our invention, as illustrated in
Figures 2 to 11, we provide the desired flexibility by use of a series of
high tensile steel rings 20, 21 (see Figures 2 and 3) held together by
keeper bars 24. The keeper bars 24, to carry all the 30  longitudinal
stress must be at least half the thickness of the rings 21.  In the present
example they are about 0.6 times the ring thickness.  The rings 20 and 21
are inter-engaged by spigot connections 25 and 26 which are so dimensioned
that there is a clearance 27 in the axial 35  direction and a clearance 28
in the radical direction. The rings 21 have radical extensions 29 with
wedge shaped ends providing wedge surfaces 30 and 31.  Sets    - 8 - of
three rings 20 and 21 are engaged and held by keepers 24.  Each keeper 24
has a pair of inwardly projecting ends 32 and 33 on which are formed wedge
like facing surfaces 34 and 35 respectively. 5       The method of assembly
of these steel rings and keepers will be described in more detail later.
They form the central core of the pipe wall.  The rings contain the hoop
stress and the end-thrust due to internal 



pressure is carried by the steel keeper bars and these 10  keepers are
applied in a staggered  fashion (Fig. 7) so that each keeper traps 3 rings.
These keepers are sized to carry the total end-thrust and to limit the
movement of the pressure carrying rings sufficient that the pipe can be
bent to a radius of 5.3m with the extension (on 15  the outer bend radius)
shared uniformly over all pressure rings. In essence the pipe is similar to
the human spinal column, with limited flexibility - the vertebrae being the
pressure rings and the tendons uniting the vertebrae, the keepers.  Thus
flexure does not incur friction.  The 20  tongue and groove joints of the
pressure rings prevent lateral displacement of the rings (no "slipped
discs"). the remaining portions of the wall of the pipe as illust- rated
comprise an extruded elastomeric outer cover 36, which is fluid tight, and
two layers-of an elastomeric 25  inner lining 37 and 38 supported by a
stainless steel helically coiled core 39, or a corrugated core 39a (Fig.9).
The pipe shown in Figure 2 and 3 thus has a flexible, segmented,
pressure-resistant layer. As illustrated the steel rings 20 and 21 are
spigoted together with cleara- 30  nces in such a way that they can move
both axially and radially but the extent of movement is limited by the use
of the keeper bars 24. The keeper bars 24 are staggered circumferentially
around the pipr and are sprung on but allow small relative movement in an
axial sense to occur 35  and also limit the radial movements of the rings
which can occur. The clearances 27 and 28 may for example be of    - 9 -
the order of 0.8 mm in a 25 cm internal diameter pipe in which.rings 20 may
be of the. order of 25 mm in length. This will allow the pipe to be bent to
a radius of 5.3 m 



approximately.  Being made of high tensile steel the 5  rings 20 and 21
will accomodate and sustain the hoop stress developed by the high pressure
of the oil or gas in the pipe. In this embodiment the keepers 24, also
being made of high tensile steel are designed to be thick enough and 10
strong enough to withstand the end-wise or axial loading on'the pipe  but
this is not essential if alternative means are provided to accomodate
end-wise stress as in the embodiment shown in Figures ll to 14 described
later. The rings 20 and 21 are preferably made by forging 15  the rings
from high tensile steel and then machining the surfaces to the required
degree of accuracy to ensure that the small clearance between the rings are
maintained. Alternatively the rings might be cast to approximate *
shape and then machined to final shape, or precision cast 20       In
Figure 4 is shown an alternative embodiment in which the rings 120 are all
of the same cross sectional shape.  The rings are designed so that they are
non- symmetrical in the sense that there is a spigot 121 at one end of each
ring and a corresponding recess or grove 25  122 at the other end of each
ring.  Again the rings are arranged with axial and radial gaps between
them. Each ring 120 has a radial extension 123 which provides a pair of
wedge.like surfaces 124, 125 or engagement by corresponding wedge like
surfaces 126 and 127 on keeper 30  bars 128.  The keeper bars embrace only
two rings in this instance and are staggered circumferentially as
illustrated in Fig. 5. Figure 6 shows how a keeper bar is applied.  In this
instance three rings 120a (shown diagrammatically) are 35  embraced.by a
single keeper bar 128.  The rings are brought close together, closing up
the gaps between them and then   



- 10 - the bar 128a is sprung over the wedge surfaces at the ends of the
bars.  There is sufficient clearance to allow the rings limited freedom of
axial movement but the keeper bars * retain the -rings within these limits.
5          Figure 7  shows diagrammatically how a flexible pipe in
accordance with this invention is built up.  The stain- less steel
helically coiled core 39 provides support for the two elastomeric inner
lining layers 38 and 37.  The rings 120 (in this instance of the type shown
in Figure 4) 10  are slid onto the lining 37 so that their spigot ends
inter- engage loosely. The keeper bars 128 are then applied, as described
with reference to Fig. 6 (but in this example stradling only two rings) and
are built up in the pattern shown in 15 Fig. 7 so that the keepers or
keeper bars 128 are staggered circumferentialLy around the pipe. The
assembly cap then be completed by use of an extruded plasticcover 36.  If
required, in order to maintain the assembly in place while the plastic
cover is extruded 20 steel bands may be encircled round the keeper bars
128. To facilitate the application and retention of these stainless steel
bands the keeper bars may be. provided, as shown in-Fig. 8 -with recesses
130 which are arranged to align with each other so that a single steel band
129 can 25  be arranged to encircle all of the keeper bars.  This can be
repeated at intervals  as illustrated in Fig.  8. the way in which the
flexible pipe. may be attached to an end fitting with a -flange will now be
described with reference to Fig. 9. The flanged end fitting 131 first 30
receives a steel end ring 132 which has pressure tight '0' rings 133 of
elastomeric material.  Then    a flexible steel band 134 is inserted. This
band has a gap 135 to allow it to flex readily. The elastomeric liner
38 and stainless steel 



35  core 39 are then fed into the flanged end fitting 131 and    - 11 - an
extension piece 136ais then welded at 137 to the flanged end fitting 131 to
hold the core in place A second end ring 138 again with '0' ring seal 133a
is then inserted.  An appropriately dimensioned washer 139 5   is then
added and a steel plug 140 screwed  in so as to tighten up the end
assembly.  This causes the member 134 to flex and grip the liners 37 and 38
firmly.  The plug 140 includes a grub screw 141 to hold it in position. It
will be noted that the plug 140 is formed with an 10  end 142 similar to
the ends of the rings 120 previously described. A series of  rings 120. are
then slid over the assembly and the keeper bars 24 are applied as
previously described. When the extruded elastomeric outer cover 36 is 15
applied it may be held firmly in place by means of a clamp 143 of
conventional design which holds the cover 36 against an enlarged diameter
portion 144 of the flanged end fitting 131.  A steel backing tube 136A is
inserted  to provide a firm backing or support when tightening clamp 143.
20         The other end of the flexible pipe is completed with a similar
fitting as shown in Fig. 10. Here there is a flange fitting 145 with an
integral flange 146.  Similar. end rings 132a and 138a are employed
together with a flexible steel band 134a. Again a steel washer 139a is 25
employed-and a screwed-in plug 147. When this end assembly has  been
completed, in a simi- lar manner to that described with reference to Fig.
9, the end plug 147 is locked in position by bolts 148 which squeeze
together parts-149- and 150 of the screwed end plug 30  147.  Again the
inner core is welded at 151 to the end plug to complete the assembly and
the outer cover may be 



clamped in position  by means of a clamp (not shown) similar to that
illustrated in Fig.' 9. In the alternative embodiment shown in Fig. 11 a
series 35  of inter-engaging rings 151 are used which are held together
-12- in groups of four by thin light-weight keepers 152.  In this instance
the rings 151 are sufficiently thick and are of sufficiently high tensile
strength to withstand the hoop stress in the pipe but the.keepers 152 are 5
thin and flexible and would not normally be sufficiently strong to
withstand the maximum end-wise stress.. To deal with the end-wise stress a
number of elements in the form of piano wires are bunched together to form
a cable 153 which is covered with a polypropylene sheath 154. The keepers
152 may embrace four rings as shown in Fig. 11, or as shown in Fig. 12 only
two rings, but they are staggered circumferentially as previously
described. As seen in Fig. 12 the rings 151 have inter-engaging 15  spigot
members 153 and recesses 154 and also have small axial and radial spacings
as described in the previous embodiment. The pipe includes an inner
flexible liner 155 and a stainless steel spirally wound core 156 in
addition to 20  the outer polyamide extruded coating 157 . The cable 153 is
carried at its end by a steel cotter pin 158 with a bulbous end which is
attached to the cable by means of a ferrule 159 which may be vacuum
impregnated with epoxy resin. 25       As seen in Fig. 14 the cotter pin
158 is attached to a spider 160 and held fast by bolts 161.  The spider is
gripped in a flanged end member 162 Fig. 11 by set screws 163.  The
position of the spider may be adjusted to vary 



the tension on the cable 153.  This achieved by tightening 30  up a nut
164.  A gauge nut 165 is employed to check the tension.  It should be noted
that with this design it is not possible for the pipe to be 'pigged'
whereas with the embodiments shown in Fig. 1 since there is a clearance
down the central bore of the pipe it can be pigged (i.e. 35  a cleaning
device can be drawn through the pipe end-to- end down the central bore). In
the second embodiment using the cable to contain    - 13 - the end wise
stresses, it will be noted that s ince the cable is centrally disposed it
is on the neutral axis during flexure.  The hoop stress is resisted by pure
tensile stress in the separate rings. 5          The central tension cable
can  comprise a bundle of, for examble , 788 16-gauge piano wires helically
wound and bonded to the ferrules at each end.  The cable can be subjected
before installation to tensioning by means of a hydraulic stud tensioner.
The end fittings for this 10  embodiment of the flexible pipe are exactly
as illustrated in Figures 9 and 10. A number of spiders are arranged at
intervals of 1 to 1 1/2  meters all the way. along  the cable, the spiders
being of the type shown in the drawings.    - 14 - Claims: 1.   A flexible
pipe comprising a plurality of rings which are loosely inter-engaged so as
to allow limited relative axial and radial movement, thus permitting the
pipe to flex both radially and longitudinally, the rings 5   being held in
place by a plurality of keepers which 



are arranged both to hold the rings in place and to limit the relative
movement of the rings, the pipe also including an outer fluid tight
covering and   at least one inner fluid tight liner, characterised by this,
that the 10  inter-engaging rings are of such thickness and tensile
strength as to withstand the hoop stress developed internally in the pipe
when high pressure fluid is flowing through it, and the keepers which
comprise members extending longitudinally of the pipe and arranged 15
externally of and circumferentially around the rings, are of substantially
less thickness than the rings. 2.   A flexible pipe according to claim 1
and in which the wall thickness of the rings is at least twice that of the
keepers which are designed to accommodate 20  longitudinal stress. 3.   A
pipe according to claim l or claim 2 and in which the keepers are
circumferentially staggered around the hoop stress carrying elements. 4.
A pipe according to any preceding claim and in which 25  the keepers are in
the form of narrow resilient bars. 5.   A pipe according to any preceding
claim and in which both the rings and the keepers are made of high tensile
steel. 6.   A pipe according to any preceding claim and in which 30 both
the rings and the keepers are of aluminium bronze.. 7.   A pipe according
to any preceding claim and in which both sets of elements are of nylon. 8.
A pipe according to claim 3 and in which one keeper engages one pair of
rings and the next circumferentially    -15- adjacent keeper engages one of
that pair of rings and the next axially adjacent ring. 9.   A pipe
according to any of the preceding 'claims and 



in which the keepers are sufficiently resilient to enable 5   them to be
sprung onto the rings. 10.  A pipe according to any preceding claim in
which means are provided at the ends of the keepers proj ecting radially
and means are provided on the rings. also projecting radially to allow
inter-engagement between the 10  keepers and the rings. * 11.  A pipe
according to claim 10 and  in which the means comprises wedging surfaces at
the end of each bar and corresponding wedging surfaces projecting outwardly
radially from the rings so that axial movement of the  rings 15  tightens
their engagement with the keeper bars. *        12.  A pipe according to
any preceding claim and in which there is a steel helically wound core to
provide support for the inner flexible liners. 13.  A pipe according to any
preceding claim in   which 20  the outer cover is of extruded elastomeric
material. 14.  A pipe according to any preceding claim in which the keepers
are loosely held in place by steel bands engaging grooves in the bars and
extending circumferentially around the pipe. 25  15.  A pipe according to
claim 1 and in which the end- wise stress is taken by an inner cable or
wire, or plurality of wires, extending axially along the central space
within the pipe and supported: therein by a plurality of spiders. 30  16..
A pipe according to claim 15 and in which adjusting means are provided to
allow the tension on the inner cable or wire to be adjusted. 17.  A pipe
according to any preceding claim and in which at each end of the pipe a
flanged joint is provided to 35  enable the pipe to be connected to an
adjacent length of    - 16 - 



pipe or to an oil or gas well terminal or to a receiving buoy or ship. 18.
A pipe according to claim 17 and in which the end flanged joint is attached
to the pipe by m eans including 5   a pair of sealed end rings which engage
a resilient metal ring, and in which a metal plug, when tightened Into the
end fitting, causes the end rings to press inwardly upon the resilient
metal ring and engage the inner.elastomeric liners so as to seal them. 10
19.  A pipe according to claim 18 and in which the screwed- in plug in the
flanged end fitting also forms the first of the metal rings which are held
in place by the keepers. 20.  A flexible pipe substantially as hereinbefore
*   described with reference to Figures 1 to 10 of.the 15. accompanying
drawings. 21.  A flexible pipe substantially as hereinbefore described and
as illustrated in Figures 11 to 14 of the accompanying drawings. 22. -A
flexible pipe according to any preceding claim 20  installed in an
under-sea oil well installation so as to connect an under-sea oil terminal
to a buoy or ship or other oil receiving point on the surface of the sea.
The text of the specifiction has be reproduced by photocopying the
appliants original typescript.  It may contain a few amendments which are
difficult to read.  The original typescipt containing these amendments may
be aspected on the premises of the Patent Office    


