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A subsea connector 

Field of the invention 

The invention relates to subsea connectors. More specifically, the invention 
concerns a connector having a plurality of latching fingers arranged around a 

5 cylindrical body, as set out in the preamble of claim. 1. The invention also concerns 
a method of operating a connector, as set out in the preamble of claim 14. 

Background of the invention 

Collet connectors are commonly used to interconnect subsea equipment, for 
example a spool body and a wellhead hub, or a pipeline end and a manifold. 

10 The state of the art includes US 4,708,376, which discloses a collet-type connector 
having an upper body with a plurality of collet segments, a cam ring movable 
relative to the upper body member in order to move the collet segments into a 
detachable connection of the connector to a subsea wellhead. The cam ring and 
collet segments have sets of camming surfaces whereby a first set cooperate to pivot 

15 the collet segments initially towards the wellhead and whereby a second set serves 
to urge the collet segments further to clamp the connector to the subsea wellhead. 
When the second set of camming surfaces are in operation, the first set no longer 
function to rotate the collet segments, thus reducing the power requirement for 
urging the collet segments into clamping engagement to only one set at a time, even 

20 though both sets together serve to aid in holding the collet segments in clamping 
engagement with the wellhead after final engagement. When executing the 
connection, one set of camming surfaces initially serves to hold the collet segments 
in a conical orientation to facilitate positioning the connector over the wellhead and, 
secondly, together with the complementary ledges to form a load path between the 

25 collet segments and the upper body member so that any load on the connector as it 
is being placed in the wellhead will be transferred to the upper body member. The 
means for actuating the cam ring arc hydraulic cylinders. 

The state of the art also includes WO 2010/099269, which discloses a subsea 
connector having an adapter ring that is capable of connecting the spool body to the 

30 connector. The connector assembly may be lowered onto a wellhead member and 
locked into place by a movable piston and split lock ring. While the connector 
assembly is in the unlocked state, the adapter ring may be rotated, moving the 
connector up or down with respect to the spool body, which lands on the wellhead 
member. The connector assembly is not locked to the wellhead member until the 

35 connector piston is moved to a locked position within an internal cavity of the 
connector. The movement of the connector may be used to vary the alignment of the 
connector locking means with respect to the locking profile of the wellhead 
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member. This change in position may be used to modify the preload force applied to 
the connector when locked onto the wellhead member. 

Thus, in the prior art, the first set of camming surfaces serves primarily to pivot the 
collet segments towards the wellhead hub (the second set performing the clamping 

5 operation), and the connector assembly is not locked to the hub until a connector 
piston subsequently is moved to a locked position. 

The connectors of the prior art are limited in their ability to enter the hub at a large 
deflection angles and are limited with respect to the level of pre-tension that may be 
applied to the connector. Also, the collet fingers of the known connectors are prone 

10 to excessive wear and tear when aligning the connector with the hub, bccausc of the 
manner in which the fingers are pre-tensioned. 

The present applicant has devised and embodied this invention in order to overcome 
these shortcomings and to obtain further advantages. 

Summary of the invention 

15 The invention is set forth and characterized in the main claims, while the dependent 
claims describe other characteristics of the invention. 

It is thus provided a connector, comprising a plurality of latching fingers arranged 
around a cylindrical body having a central axis; each finger having a first end 
region extending beyond an end of the body and comprising a first latching 

20 structure; each finger being pivotally supported at an intermediate region by a 
portion of the body and being movable between a non-latching position and a 
latching position in which the first end region is closer to the central axis than in the 
non-latching position; the connector further comprising a first actuating member 
arranged in contact with the plurality of fingers and operable to move the fingers 

25 between the non-latching position and the latching position; characterized by an 
actuating means operable to force a second end region of each finger towards the 
body. 

The actuating means may be configured to be operated independently of the first 
actuating member when the fingers are in a latching position. The first actuating 

30 member and the actuation means may also be configured for sequential or collective 
operation. 

In one embodiment, each finger comprises a first seat in which the first actuating 
member is positioned when the finger is in a non-latching position; and wherein 
each finger furthermore comprises a first surface in the first end region configured 

35 for interaction with the first actuating member when the finger is in a latching 
position. The first seat is in one embodiment closer to the body central axis than the 
first surface is. 



3 

The actuating means is configured for exerting a pressure onto at least a portion of 
the second end region. 

The actuating means comprises a force-imparting member and the second end 
region comprises a force-receiving region; said force-imparting member and force-

5 receiving region being configured for mutual cooperation. The force-receiving 
region comprises a second surface which is curved radially outwardly in the finger 
longitudinal direction, with an apex, and comprises a trough for accommodating the 
force-imparting member; said trough being arranged in a region towards the 
intermediate region. The second surface may alternatively have a flat surface (and 

10 no apex) before the trough. 

The seat comprises an abutment portion configured for interaction with a portion of 
the first actuating member when the first actuating member is in a retracted, non-
latching, position, and the body comprises a first finger-locking structure 
configured for cooperation with a second finger-locking structure on the finger, 

15 whereby the finger is locked in a non-latching position when the first actuating 
member is in the retracted position. 

In one embodiment, the first finger-locking structure comprises a slant body surface 
and the second finger-locking structure comprises a slant finger surface, said slant 
surfaces being configured for cooperation and arranged at a first rake angle with 

20 respect to a body cross-sectional plane and arranged such that the aft portion is 
forced towards the body central axis when the actuating member portion is forced 
against the abutment portion. In one embodiment, the body further comprises a 
shoulder having a second rake angle with respect to a body cross-sectional plane 
and configured for supporting interaction with a corresponding abutment face on the 

25 finger. I one embodiment, the slant finger surface and the finger abutment face are 
substantially parallel. 

In one embodiment, the body comprises a connector face configured for abutment 
against a face on a hub, and the first latching structure on each finger is configured 
for latching interaction with a corresponding second latching structure on the hub; 

30 the body and the hub furthermore comprising respective through-going bores. In 
one embodiment, the connector face is a conical connector face, having a taper 
angle and the conical face extending to an apex at the opening of the through-going 
body bore. The hub and/or the connector may alternatively be formed without a 
through-going bore. 

35 In one embodiment, the connector comprises an alignment control element 
configured for abutment against a hub abutment member; whereby a maximum 
misalignment angle between the connector and the hub during connection and 
disconnection is defined. In one embodiment, the first actuating member and the 
force imparting member are respective actuating rings surrounding the fingers. 
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The body support region is preferably in the region of said end of the body. 

It is also provided a method of connecting a connector to a hub, the connector 
comprising a plurality of latching fingers arranged around a cylindrical body and 
having respective first latching structures, comprising the steps of 

5 a) bringing a connector face into contact with a hub face; 
b) moving the latching fingers towards the connector until the first latching 
structures engage in corresponding second latching structures on the hub, and then 
holding the latching structures together in a latching engagement; 
characterized by 

10 c) effecting a pressure in the aft region of each finger, towards the body, 
following the completion of step b). 

In one embodiment, step b) comprises a sliding movement of a first actuating 
member from an intermediate region towards a first end region of each latching 
finger. 

15 In one embodiment, step c) comprises a sliding movement of a force-imparting 
member onto a second end region of each latching finger. This movement may be 
made in a direction towards an intermediate region of the finger. Alternatively, this 
movement may be from the intermediate region, towards the second end region. 

In one embodiment, the method comprises the movement of the force-imparting 
20 member into a recession on a surface on the finger. 

The invention thus provides a dual-action connector having a first latching means 
whereby the latching fingers are brought into latching engagement with a hub, and a 
second latching means by means of which respective rear parts of the latching 
fingers are pressed against the connector body. 

25 Brief description of the drawings 

These and other characteristics of the invention will be clear from the following 
description of a preferential form of embodiment, given as a non-restrictive 
example, with reference to the attached diagrammatic side view drawings wherein: 

Figure 1 is a cross-sectional drawing illustrating the invented connector in 
30 the process of entering, or separating from, a hub; 

Figure 2 is a cross-sectional drawing illustrating the connector in at fully 
landed position on the hub; 

Figure 3 is a cross-sectional drawing illustrating the connector partly locked 
to the hub; 
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Figure 4 is a cross-sectional drawing illustrating the connector fully locked 
to the hub; 

Figure 5 is an enlargement of the region labelled "A" in figure 1; 

Figure 6 is an enlargement of the region labelled "B" in figure 3; 

5 Figure 7 is an enlargement of the region labelled "C" in figure 4; 

Figure 8 is an end view of the connector, illustrating an arrangement of the 
actuators; and 

Figure 9 is an enlargement of the region labelled "D" in figure 5, illustrating 
an alternative embodiment of the connector face. 

10 

Detailed description of a preferential embodiment 

Figure 1 illustrates an embodiment of the invented connector 1 in a transient 
docking stage, i.e. the connector being about to connect a first pipe (not shown) to a 
second pipe 2. The second pipe 2 may be connected to (or be an integral part of) 

15 subsea equipment, such as a wellhead, manifold, or x-mas tree (not shown) and 
comprises an internal bore 8 and a hub end having a grooved flange 3. 

The invented connector comprises a cylindrical connector body 9 having an internal 
bore 7 with a packer 6, and may be connected to e.g. a pipeline, a riser, or a subsea 
equipment unit such as a blow-out preventer (not shown). The connector 1 

20 comprises a number of collet segments - commonly referred to as "fingers" - 5 
having grooves 4 which are designed to fit around, the flange of the hub end with the 
grooved flange 3. The fingers 5 are distributed around the connector body outer 
circumference in a manner which is well known in the art. 

Arranged around the connector body 9 is an alignment controller ring 12 supported 
25 by support rods 11 (of which two are shown in figure 1). The alignment controller 

ring 12 is configured for interaction with an abutment member 10 connected to the 
hub and which has a shaped section corresponding to the alignment controller ring 
profile. The alignment controller ring 12 and abutment member 10 in combination 
serve to control the misalignment angle a between the hub central axis Xh and the 

30 connector central axis Xc. Figure 1 illustrates a misalignment situation, and shows 
how the alignment controller ring and abutment member in. effect may define a 
fulcrum for the connector during entry or removal. 

Each finger 5 has a forward portion 5a (comprising i.a. the grooves 4), an 
intermediate portion 5b and an aft portion 5c. The forward portion comprises an 

35 outer surface 31. The intermediate portion 5b comprises an inner recessed region 24 
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(see figure 5) which accommodates an outer rim 29 on the connector body 9. The 
intermediate portion also comprises a seat 30 (see figures 2 and 3). The side of the 
aft portion 5c which is facing the connector body is tapered away from the body, 
and the connector body comprises a recessed portion 23 in the vicinity of the aft 

5 portion 5c. The finger's rear surface 34 is slant, with a rake towards the 
intermediate and forwards portions, such that the aft portion 5c terminates in a 
pointed end. The body has a slant surface 35 with a rake corresponding to that of 
the rear surface 34, and a lower surface 36 with a shape complementary to the aft 
body taper. This rear rake angle is denoted 6 in the figures and shown in relation to 

10 the body cross-sectional plane (see e.g. figures 2, 3 and 7). The slant and lower 
surfaces 35, 36 of the body thus define a receiving portion for the pointed end of the 
aft portion 5 c. 

Arranged around the fingers 5 is a first actuating member in the form of a holding 
ring 14 which is connected to actuators 16 via rods 15 (two shown in figures 1 - 4). 

15 The actuators serve to pull the holding ring 14 into the seat 30 when the fingers are 
in the open (non-latching) position. The seat 30 is arranged at a lower level (i.e. 
closer to the body) than the outer surface 31. In this position of the fingers, the 
holding ring rear face 37 is seated against an abutment portion 38 in the seat 30, 
thereby pressing the pointed end of the aft portion 5c into the receiving portion 

20 defined by the slant and lower surfaces 35, 36. The holding ring 14 being 
maintained in this (retracted) state hencc in effect serves to lock the fingers in an 
open (non-latching) position; each finger being supported in the receiving portion 
and by the rear face 37. 

Arranged around the fingers 5 is also an actuation means in the form of a locking 
25 ring assembly 17 which is connected to actuators 19 via rods 18. Referring 

momentarily to figure 8, the holding ring 14 is operated by two actuators 16, while 
the required redundancy is catered for by two back-up actuators 16'. The locking 
ring assembly 17 is operated by four actuators 19, while the required redundancy is 
catered for by four back-up actuators 19'. 

30 Figure 2 illustrates the connector 1 in a fully landed position on the hub 2. The 
fingers are still in an open state (similar to that of figure 1). The connector face 27 
and the hub face 28 have been brought together and the axes Xi, and Xc are shown in 
an aligned state. It should be understood, however, that a complete alignment 
between these axes is not a prerequisite for commencing the locking sequence. The 

35 design of the fingers and holding ring, as will be described below, allows for a 
small deviation between the axes (e.g. 1° to 2°). An extension of the holding ring 
rods 15 to move the holding ring 14 into a latching position, will align the axes Xh 
and Xc. 
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Figure 3 illustrates a first step in the process of locking the connector to the hub. 
The holding ring 14 has been moved (by operating the actuators 16 and extending 
the rods 15) from its non-latching position in the seat 30, along the outer surface 31, 
and to a position on the outer surface on the forward portion 5a of the finger. This 

5 movement of the holding ring 14 forces the pointed end of the aft portion 5 c 
(notably the slant rear surface 34) to travel along the slant surface 35 to the position 
shown in figures 3 and 6. This travel will, by virtue of the slant surfaces 34, 35 
serve to move (push) the finger in a direction towards the connector face 27 (i.e. in 
the right-hand direction in figure 3). This movement is counteracted by a forward 

10 abutment face 39 on the finger bearing against a shoulder 40 on the body. The 
shoulder 40 has a rake angle p with respect to the body cross-sectional plane (see 
also figure 7). Thus, by in effect forcing the aft portion 5c (abutment face 39) 
towards the shoulder 40, the finger is locked in a latching position. The minor 
misalignment between the axes Xh and Xc mentioned above, is corrected during this 

15 operation. 

Thus, when the first latching step has been completed in the manner described 
above (figure 3), the grooves 4 on the fingers are brought into a gripping 
engagement with the grooved flange 3. 

Figure 4 illustrates a second, and final, step in the process of locking the connector 
20 to the hub. The locking ring assembly 17 has been moved by the actuators 19 and 

rods 18 from its retracted position to an extended position on the fingers. Referring 
to figure 7, the locking ring assembly 17 comprises a carrier ring 32 having a 
groove holding a locking ring 21. There is a small amount of play between the 
groove walls and the locking ring 21, such that the locking ring to some extent is 

25 movable and allowed to expand when the locking ring assembly is moved back and 
forth along the aft portion 5c. 

Referring additionally to figure 6, the outer surface 33 of the aft portion 5c is 
curved. The outer surface 33 has an apex 25, with a height d above a finger baseline 
BL, between the aft tip of the finger and a trough 26, into which trough the locking 

30 ring is seated when in the locked position. When the locking ring assembly 17 is 
moved from the position shown in figure 3 to the position shown in figure 4, the 
locking ring 21 (which is the only part of the locking ring assembly being in contact 
with the aft portion 5c), the locking ring 21 is subjected to high stresses due to the 
apex 25, and possibly also due to material imperfections and contaminations on the 

35 aft portion 5c. These stresses will exceed the locking ring 21 yield stress and bring 
the locking ring material into the elastic range. The resulting expansion is 
accommodated by the above mentioned play between the groove walls and the 
locking ring. Supporting screws 22 evenly distributed around the groove perimeter 
(two shown in figure 4) are adjusted to control the locking ring's expansion in the 

40 outward radial direction, and thus prevent further yielding. It is therefore normally 
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only necessary to make this screw adjustment when the connection is made up for 
the first time. When the supporting screws are set in this manner, the locking ring's 
expansion is determined for the particular connector-hub constellation. The locking 
ring yielding will effectively account for any tolerances in the components used in 

5 the locking (e.g. fingers, holding ring, hub, and body). 

Thus, the locking ring 21 is firmly seated in the trough 26 when the locking ring 
assembly 17 is in the locked position. A force is required to retract the locking ring 
assembly (across the apex), and the connector is hence in effect a fail-safe 
connector, inasmuch as inadvertent unlocking is prevented in the event that e.g. the 

10 actuators should fail. 

It should be appreciated that the rake angle p, in combination with the curved 
surface 33 (with apex 25) makes a high pre-load between the connector face 27 and 
hub face 28 possible. Separating the connector from the hub is performed in a 
procedure essentially reversed compared to the connection procedure described 

15 above. First, the locking ring assembly is retracted, followed by retraction of the 
holding ring. The retraction of the holding ring will force the rear face 37 against 
the abutment portion 38 in the seat 30, and press the pointed end of the aft portion 
5c into the receiving portion defined by the slant and lower surfaces 35, 36. The 
fingers 5 are now effectively locked in. the open (non-latching) the position shown 

20 in figures 1 and 2. 

Referring again to figure 1, illustrating misalignment during connection or 
separation, it is operationally advantageous to establish hub-to-connector contact as 
early as possible (during connection) and. maintain this contact for as long as 
possible (at separation). This is achieved by establishing/maintaining contact near 

25 the packer 6. Figure 9 illustrates an embodiment that achieves this end. In this 
embodiment, the connector face 27' is slightly conical, with its apex in the region 
near the packer 6. In figure 9, the taper angle y is considerably exaggerated for 
illustration purposes. 

The invention provides a two-step locking sequence; first bringing the finger 
30 grooves into locking engagement with the grooved flange by extending the holding 

ring, then locking the fingers against the connector body by extending the locking 
ring assembly. 

The invention allows a comparably large misalignment angle a (see figure 1), as 
much as 10°, allowing connection to e.g. a damaged and misaligned subsea x-mas 

35 tree. 

The operations described above may be performed remotely, and via known 
communications and power means. Required power supply lines, hydraulic lines, 
etc. have not been illustrated, as such items are well known in the art. 
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Although the embodiment described above uses an alignment controller ring 12 
supported by rods 11, the skilled person will understand that equivalent means, e.g. 
pegs or semi-circular sections maybe used instead. Such means are well known in 
the art. 

5 Although the embodiment described above pertains to a connector and a hub having 
circular cross-sections, it should be understood that the invention is equally 
applicable to other cross-sectional shapes. 

Although the embodiment described above comprises a curved aft portion 5c, 
having a surface 33 with an apex 25 and a trough 26, it should be understood that 

10 the invention also applies to other means for pressing the locking ring towards the 
finger. 

The skilled person will understand that although the figures show the axes in a 
substantial horizontal plane, any other orientation may be equally relevant; e.g. a 
vertical orientation when landing a blow-out preventer on a wellhead. 

15 



10 

CLAIMS 

1. A connector, comprising a plurality of latching fingers arranged around a 
cylindrical body having a central axis; each finger having a first end region 
extending beyond an end of the body and comprising a first latching structure; each 

5 finger being pivotally supported at an intermediate region by a portion of the body 
and being movable between a non-latching position and a latching position in which 
the first end region is closer to the central axis than in the non-latching position; the 
connector further comprising a first actuating member arranged in contact with the 
plurality of fingers and operable to move the fingers between the non-latching 

10 position and the latching position; characterized by an actuating means operable to 
force a second end region of each finger towards the body by exerting a pressure 
onto at least a portion of the second end region, and wherein the actuating means 
comprises a force-imparting member and the second end region comprises a force-
receiving region; said force-imparting member and force-receiving region being 

15 configured for mutual cooperation, that the force-receiving region comprises a 
second surface which is curved radially outwardly in the finger longitudinal 
direction, with an apex, and comprises a trough for accommodating the force-
imparting member: said trough being arranged in a region towards the intermediate 
region. 

20 2. The connector of claim 1, wherein each finger comprises a first seat in which 
the first actuating member is positioned when the finger is in a non-latching 
position; and wherein each finger furthermore comprises a first surface in the first 
end region configured for interaction with the first actuating member when the 
finger is in a latching position. 

25 3. The connector of claim 2, wherein the first seat is closer to the body central 
axis than the first surface is. 

4. The connector of any one of claims 2-3, wherein the seat comprises an 
abutment portion configured for interaction with a portion of the first actuating 
member when the first actuating member is in a retracted, non-latching, position, 

30 and the body comprises a first finger-locking structure configured for cooperation 
with a second finger-locking structure on the finger, whereby the finger is locked in 
a non-latching position when the first actuating member is in the retracted position. 

5. The connector of claim 4, wherein the first finger-locking structure 
comprises a slant body surface and the second finger-locking structure comprises a 

35 slant finger surface, said slant surfaces being configured for cooperation and 
arranged at a first rake angle with respect to a body cross-sectional plane and 
arranged such that the aft portion is forced towards the bod}7 central axis when the 
actuating member portion is forced against the abutment portion. 
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6. The connector of claim 5, the body further comprising a shoulder having a 
second rake angle with respect to a body cross-sectional plane and configured for 
supporting interaction with a corresponding abutment face on the finger. 

7. The connector of claim 6, wherein the slant finger surface and the finger 
5 abutment face are substantially parallel. 

8. The connector of any one of the preceding claims, wherein the body 
comprises a connector face configured for abutment against a face on a hub, and the 
first latching structure on each finger is configured for latching interaction with a 
corresponding second latching structure on the hub; the body and the hub 

10 furthermore comprising respective through-going bores. 

9. The connector of claim 8, wherein the connector face is a conical connector 
face, having a taper angle and the conical face extending to an apex at the opening 
of the through-going body bore. 

10. The connector of claim 8 or claim 9, further comprising an alignment control 
15 element configured for abutment against a hub abutment member. 

11. The connector of any one of the preceding claims, wherein the first actuating 
member and the second actuating member are respective actuating rings 
surrounding the fingers. 

12. A method of connecting a connector to a hub, the connector comprising a 
20 plurality of latching fingers arranged around a cylindrical body and having 

respective first latching structures, comprising the steps of 
a) bringing a connector face into contact with a hub face; 
b) moving the latching fingers towards the connector until the first latching 
structures engage in corresponding second latching structures on the hub, and then 

25 holding the latching structures together in a latching engagement; 
c) effecting a pressure in the aft region of each finger, towards the body, 
following the completion of step b). 

13. The method of claim 12, wherein step b) comprises a sliding movement of a 
first actuating member from an intermediate region towards a first end region of 

30 each latching finger. 

14. The method of claim 12 or claim 13, wherein step c) comprises a sliding 
movement- of a force-imparting member onto a second end region of each latching 
finger. 

15. The method of claim 14, further comprising the movement of the force-
35 imparting member into a recession on a surface on the finger. 


