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(54) Title: FLEXIBLE PIPE JOINT

(57) Abstract

A flexible pipe joint of the ball and socket
type, comprising a ball member (1) with a through
central opening, a socket member (21) with a
through central opening, and connecting means
(30) pivotally interconnecting the ball member
and the socket member. The pivoting of the ball
member in the socket member is positively res-
trained to a single pivot axis by flat surfaces on
the ball and socket members engaging each other.
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FLEXIBLE PIPE JOINT
The present invention relates to a flexible

pipe joint.of the ball and socket type, comprising a
ball member with a through central openfng, and con-
necting means pivotally interconnecting the ball
member and the socket member.

A pipe joint of this type is disclosed in _
DE-A-1 650 030. The ball member of this prior-art
flexible pipe joint has an internally threaded neck
portion for connecting one of the pipes to be inter-
connected by means of the flexible pipe joint. The
socket member is arranged in a similtar manner with
an internally threaded neck portion for connecting
the other one of said pipes. The ball member is
pivotally mounted in the socket member by said connect-
ing means comprising a ring nut screwed onto the socket
member, and is sealed by means of sealing rings.

The flexible bipe-joint allows one pipe to be swung
universally over a limited angle in relation to the
other pipe. |

DE-C-504 792 discloses a flexible pipe joint of
the ball and socket type wherein pivotal movement of
the ball member in the socket member is restrained
to a single pivot axis -extending through the center
of the ball member, by pins screwed into the socket
member, which are displaceably received by axial
grooves in the spherical surface of the ball member.
These pin§ limit the pivoted movement about said axis
to a predetermined angle by engagement with the end
surfacesof the grooves. This prior art device
necessitates a complicated manufacturing process:
the pins necessarily have to be mounted in the
socket as separate elements, and the grooves require

" delicate machining. Moreover, this device cannot take
up heavy load at angling or internal pressure, and
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the function thereof may be impaired by extraneous
matter penetrating into the grooves.
The primary object of the invention is to provide
a flexible pipe joint of the type referred to above,
which is of a strong and yet simple construction and
which is particularly well suited for permanent
installation as a pipe Tine connector which can
stand high differential pressures and allows the pipe
‘Tine to be laid directly on broken or irregular sea
bottom surfaces in deep water without using support
legs for the pipe line and without requiring an evened
sea bed, due to the fact that the connector flexes
as the pipe line is installed to conform to the bed
conditions. '
A further object of the invention is to provide
a flexible pipe line connector by means of which
the pipe can be guided while being laid in the sea
from a vessel, so that the pipe laying will be easier
and less stress arises in the pipe line from the laying
operation.
Another object of the invention is to provide a
flexible pipe joint which is well suited for inter-
connecting tubular drilling bars for rotory drilling
with improved possibilities of driving a bore verti-
cally into the rock in deep drilling.
' A still further object of the invention is

to provide a flexible joint of the kind referred to
above, where1n the forces applied between the ball

and socket members by t1ghten1ng the connecting means
are taken up by mutually engaging bearing portions

of the ball and socket members relieving heavy pressure
between the spherical surfaces of said members. Said
surfaces may be arranged without mutual contact

metal to metal.

These and other objects and advantages of the
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invention are achieved in accordance with the purpose
of the invention by a flexible pipe joint of the type
referred to above, which is characterized in that the
ball member has two flat surfaces forming planings

of the spherical surface of the ball member, which
are parallel to an axial plane and are located sym-
metrically one at each side of this plane, and which
guidingly engage flat surfaces of the socket member,
forming planings of the socket member in the socket
thereof, and Tocated one at each side of the ball
member received therein, to limit the pivotal move-
ment of the ball member in the socket member to a
single pivot axis extending perpendicularly to

said axial plane. _

A flexible pipe joint in accordance with the
invention is also well suited for use in pipe Tines
on land, 'in raisers for production platforms and for
drill rigs, and in all other pipe connections par-
ticularly for oil and gas production off shore as well
as on land. ‘

The accompanying drawings which are incorporated
in and constitute a part of this specification
illustrate embodiments of the invention and together
with the description serve to explain the principles
of the invention. '

In the drawings

FIG. 1 is a side view showing the main parts of

the\flexible pipe joint in one embodiment

theréof with the ball .resting in the socket;

FIG. 2 is an axial cross-sectional view of the

flexible pipe joint shown in FIG. 1;

FIG. 3 is a side view of the ball member;

FIG. 4 is a view of the ball as seen in the

direction of the arrows IV-IV in FIG. 3;

FIG. 5 is a view of the socket as seen in the
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direction of the arrows V-V in FIG. 6;

FIG. 6 is an axial cross-sectional view of the

socket shown in FIG. 5;

FIG. 7 is a perspective view showing a complete

flexible pipe joint with the ball and socket

pivotally interconnected by means of connecting

-screw means;

FIG. 8 is an axial cross-sectional view of the

flexible pipe joint in another embodiment there-

of'; o

and

FIG. 9 is a view similar to that in FIG. 8 taken

perpendfcular1y to the view of FIG. 8.

With reference to the drawings and particularly
to FIGS. 1 - 4 therein the ball member designated
generally 1 has a cylindrical neck portion 2, a ball 3
and a through central circular opening 4. This opening

“is flared from the transition 5 between the neck

portion 2 and the ball 3 in a first axial plane 6

(FIG. 4) to have in the mouth 7 at the perifery of

the ball a width which is double the width of the
opening in the neck portion. However, in a second axial
plane 8 which is perpendicular to said first axial
plane 6 the width of the flared opening through

the ball equals the width (diameter) of the opening

4 in the neck portion 2.

The ball 3 forms two flat surfaces 9 and 10
which are parallel to said first axial plane 6 and
are positioned symmetrically one at each side of this
plane. These surfaces are formed by pianings of the
spherical surface of the ball 3. The ball also forms -
shoulder portions 11 and 12 projecting from the
surfaces 9 and 10, respectively. Each of these
shoulder portions forms a rounded edge 13 and 14,
respectively, which is positioned substantially on
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a diameter extending through the center of the ball 3
perpendicu]a?]y to said first axial plane 6. Two '
sloping abutment surfaces 15, 16 and 17, 18_ektend
in opposite directions from the related edge 13 or
14, respectively.

" Referring to FIGS. 1, 2, 5, and 6 the socket
member is generally designated 21 therein and forms
a cylindrical neck portion 22, a socket 23 and a
through central circular opening 24. As will be seen
from FIGS. 5 and 6 the socket 23 forms a semi-
-spherical recess 25 with two opposite flat side
surfaces 26' and 27', which are parallel to each
other and are formed by two semi-spherical segments
26 and 27, arranged symmetrically in reversed po-
sitions, which terminate in the diameter plane of
the socket 23 at plane circular‘ségments 28 and 29.
The flat side surfaces 26' and 27' are planings of
the socket member, bounding the semi-spherical
recess 25. The segments 26 and 27 form bearings for
pivotal mounting of the ball 3 in the plane;para11e1
recess 25 in the socket 23 in co-operation with the
shou]der-portionS'Tl and 12 abutting the circular
segments at the edges 13 and 14 thereof. Then, the
surfaces 9 and 10 on the ball 3 form guide surfaces
for pivotal movement of ‘the ball member in-the socket
member about a single axis, viz. the axis extending
through the center of the ball 3 perpendicularly
to said first axial plane 6. '

As will be most clearly seen from FIG. 1 the
size of the angle a included by the abutment surfaces
15 and 16 will define the range of pivoting the ball
member and the socket member in relation to each
other. Considering the flow and the design the
maximum pivot angle in each direction from the zero
position as defined by the axis of the socket member
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23, preferably should be about 44%, i.e. the angle o
included by the abutment surfaces 15, 16 and 17, 18,
FIG. 4, should be about 136°. |
The ball member 1 and the socket member 21 are
mounted together by a connecting means 30 compfising
a lock ring 31 forming an annular end flange 32 which
engages a bottom shoulder 33 on the socket member 21,
and a screw ring 34 which is screwed into the lock
ring 31 and engages the outside speherical surface
of the ball 3. The screw ring 34 is screwed into the
lock ring 31 and can be tightened as desired. Sealing
rings 35 are arranged in annular grooves in the
screw ring and the ball, and sealing rings 36 are
arranged between the flange 32 and the shoulder 33
to provide secondary sealing between the socket
member and the lock ring 31.
In the flexible pipe joint of the invention
the spherical surface of the ball 3 forms a small gap
with the spherically curved surface of the semi-
-spherically recess 25, no contact metal to metal
being provided between said surfaces. When the screw
ring 34 is tightened the sealing rings 35 will be
compressed against the spherical surface of the ball
3 and the sealing rings 36 will be compressed against
the shoulder 33. Initially, no contact metal to
metal will be obtained between the screw ring and the
spherical surface or between the flange 32 of the
lock rinq 31 and the shoulder 33. The pressure of the
screw ring against the ball will be taken up by the
shoulder portions 11 and 12 bearing at the edges
13 and 14 on the surfaces 28 and 29. When the joint
is used as a pipe line connector the joint should be
in this condition when the pipe line is being laid
~down so as to allow the pipe line to adjust itself
to irregqularities of the surface supporting the pipe
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line, by flexing of the pipe joint. When the pipe
line has been laid the screw ring 34 will be tightened
further to completely compress the sealing rings 35

so as to bring the screw ring 34 into contact metal

to metal with the ball 3, and to completely compress
the sealing rings. 36 so as to bring the flange 32
into contact metal to metal with the shoulder 33.

In this condition the ball and socket members
are locked to prevent flexing of the pipe joint which
accordingly functions as a rigid pipe joint.

As will be seen from FIG. 7 the lock ring 32
and the screw ring 34 are provided with projections
37 for engagement with tools for manipulating the
rings.

As mentioned above the positively guided flexibi-
lity of the pipe joint of the invention;,1imiting
relative angular movement of the two pipes intercon-
nected by the joiﬁt, to a single plane offers great
advantages when laying down oil or gas pipe lines on
the sea bottom or on land due to the fact that the
handling of the pipe lines will be greatly facilitated.
In this connection it should be mentioned that the
pipes can be welded to the neck portionsof the flexible
pipe joint on land, leaving just mechanical assembling
to be done off shore. This enables installation time
to be substantially reduced. The flexible joint will
be stronger than the pipe itself in all positions,
and the joint has a smooth outer surface which
facilitates handling of the pipe line. The joint
flexes when the pipe line is being laid, and then when the
pipe line has been laid, the joint is fixed in its
final position by tightening the connection means.

The flexible pipe joint of the invention can also
be used for interconnecting tubular drill bars in
deep hole boring. When the lock ring 31 and the screw
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ring 34 are t1ghtened there will be no play between
the 1nd1v1dua1 drill bars interconnected by means of
the Jo1nt Due to the fact that the flexibility is
positively limited to one plane only, the risk of the
rotating composite drill bar causing drift of the
drill bit will be substantially reduced. Another
advantage provided by the pipe joint of the invention
is the possibility of reversing the rotational direc-
tion, if the drill bit has been stuck in the bore.

A composite drill bar wherein the individual drill
bars are interconnected in the conventional manner

by being screwed together, does not provide this
poss1b111ty.

A further advantage of u51ng the flex1b1e pipe
joint of the invention for interconnecting tubular
drill bars is that the drill bit .together with the
composite drill bar comprising sealingly intercon-
nected individual tubular drill bars, after a success-
ful drilling may be left in the bore and may be used
for conveying the oil or gas. |
) In the embodiment described the center of the
ball 3 and the center of the semi-spherical socket
recess 25 coincide and the pivot axis of the flexible
pipe joint extends substantially through said center.
However, it is possible and may be preferred consider-
ing the flow pattern in the joint, to position the
center of the ball and the recess and the center of
pivoting gisplaced axially in relation to each other,
the center of pivoting being positioned below the z
center of the ball and recess as seen in FIGS. 1
and 2. In that case the socket member should have the Y
surfaces 28 and 29 positioned below the center of the
recess 25, the edges 10 and 11 bearing on said surfaces
defining the center of pivoting.

Referring now to FIGS. 8 and 9 disclosing another
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embodiment of the flexible pipe joint of the invention
the pipe joint disclosed therein comprises a ball
member 1 having a ball 3 and a neck portion 2, and

a socket member 21 having a socket 23 and a neck\
portion 22 as in the embodiment previously described.
However, in this case the bearing arrangement is
modified. The socket member 21 is provided with
elements 40 which are arranged at diametrically
opposite sides. Each element 40 is fixedly secured

to or forms an integra]rpart’of the socket 23 and pro-
jects from the end surface 41 thereof. The element

40 is received by a V-shaped recess 42 in the ball 3,
and the element 40 and the ball 3 form flat surfaces
engaging each other at 43. They also form circularly
curved surfaces which bear against each other at 44.

By this arrangement the anguiar relative movement of
the ball and socket members is restrained in the same -
manner as in the embodiment first described, to a
single cross axis indicated at 45 in FIG. 9, which
extends through the ball center and through the center
of the circularly curved surfaces. The angular movement
is limited by surfaces 46 in the recess 42 abutting
the element 40 and preferably the ball and socket mem-
bers can be swung in relation to each other over a
maximum angle of 200 towards each side of the zero
position shown in FIGS. 8 and 9. However, the recess
42 may also be made unsymmetric so as to allow the ball
and socket members to be swung towards one side only
from the ;ero position. '

In the embodiment of FIGS. 8 and 9 the ball and
socket members are interconnected by means of a screw
ring 47 which engages a threaded portion 48 of the
socket member 21. Primary‘sealing rings 35 are arranged
between the ball 3 and the screw ring 47 while
secondary sealing rings are provided between the out-
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-side cylindrical surface of the socket member 21
and the screw ring‘47.

The function ahd advantages of the embodiment
described with reference to FIGS. 8 and 9 are the
same as those provided by the embodiment first
described. The two embodiments described herein are
commensurate and can be used as alternative to each
other. '
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CLAIMS

‘1. A flexible pipe 301nt of the ball and socket
type, comprising a ball member with a through central
opening, a socket member with a through central
opening, and Connecting means pivotally interconnecting
the ball member and the socket member, c harac-
t erized in that the ball member has two flat
surfaces forming planings of the sbherical surface
of the ball member, which are pa§a11el to an axial
plane and are located symmetrically one at each side
of this plane and which guidingly engage flat surfaces
of the socket member, forming planings of the socket
member in the socket thereof and located one at each
side of the ball member received therein, to Timit
the. pivotal movement of the ball member in the socket
member to a single pivot axis ex;endihg

perpendicularly to said axial plane.

9. A flexible pipe joint as claimed in claim 1,
characterized in that the ball member
is supported on the socket member by bearings at
diametrically opposite sides, the pivot axis being
defined by said bearings.

3. A flexible pipe joint as claimed in c1a1m 2,
characterized in that said bearings
comprise edges at diametrically opposite sides, said
pivot axis extending substantially along said edges.

4. A flexible pipe joint as claimed in claim 3,
char a cterized in that the edges are
formed by the ball member and that the ball member
forms abutment surfaces at each side of each edge,
Timiting pivotal movement of the ball member by en-
gagement with the socket member.

5. A flexible pipe joint as claimed in claim 4,
charact erized in that each edge is formed
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by shoulder portions projecting one from each flat
surface of the ball member, said abutment surfaces

being formed by said projection andAdivergihg from

said edge.

6. A flexible pipe joint as claimed in claim 5,
characterized in that each edge bears
against the end surface of the socket member at the
opening of the socket formed therein.

7. A flexible pipe joint as claimed in claim 2,
characterized in that said bearings
comprise projections on the socket member, projecting
from the end surface thereof at diametrically opposite

‘sides of the bpening of the socket formed therein.

8. A flexible pipe joint as claimed in claim 7,
characterized in that the ball member
forms recesses at opposite sides. thereof, each recess
receiving one of said projections, diverging bounding
surfaces of each recess forming abutment surfaces at
each side of the projection received therein, limit-
ing pivotal movement of the ball member by engageQ
ment with the projection.

9. A flexible pipe joint as claimed in claim 8,
characterized in that the projections and
recesses form said guide surfaces on the ball member
and the socket member, respectively.

10. A flexible joint as claimed in claim 8 or 9,

't haracterized in that the ball member

is supported on the projections at circularly curved
bearing surfaces on the ball member and the'projections,
respectively, the center of said surfaces laying on

said pivot axis.
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