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Safety joint 

Field of the invention 

The invention relates to a safety joint, and an associated method of operation, to be 

used as part of a riser configuration offshore. More particularly, the invention 

5 relates to a pressure balanced safety joint comprising a release unit. 

Background of the invention 

Risers are norn ally used to link hydrocarbon wells on the seabed to offshore 

floating structures. A riser is normally made up of lengths of tubing of steel having 

significant diameter, making them heavy. The floating structure therefore needs to 

10 

15 

apply tension to the riser to prevent it from buckling and possibly to collapse under 

its own weight, and prevent the weight from acting on the wellhead. This tension 

system is also compensated for movements of the platform relative the seabed, e.g. 

to keep a relative steady tension in the riser. Problems may occur when the platform 

experiences conditions out of normal operation range such as drive-off and drift-off, 

or if the heave compensation system is not working properly. All these conditions 

may result in excessive tension in the riser, and at some point the riser will break. 

20 

To address this problem, risers may be provided with a weak link which has a lower 

tensile rating than the other components of the riser such that one gets a breakage at 

a given! predetermined point in the riser when there is a given tension in the riser, 

known prior to the incident. 

A weak link shall comply with the following requirements: 

• Protect barriers, both primary and secondary 
• Protect personnel 
• Protect environment 

25 

A conventional weak link comprises two parts which are releasable attached to one 

another by, for example, studs, which fracture at a predetermined tensile force. Such 

conventional weak link systems shall be able to withstand tensile forces applied to 

the weak link not only by the offshore structure, but also by well pressure. The 

30 studs therefore have to be rated to separate at a tension which is a combination of 

the separation force supplied by the well pressure and the tension applied from 

surface. The well pressure fluctuates. At high well pressures a conventional weak 

link can provide a very limited operational utilization as it will require a very 

limited external tension before it breaks, and at low pressures a conventional weak 

35 link can fail to protect the system as it will require a relatively higher external 

tension before it breaks. This might be a problem, both with regards to the 

operational window, but also in relation to safe protection of existing equipment at 

the wellhead, such as the barrier within the well. 
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Another element with standard weak links is that breaking a weak link in a riser due 

to excessive tension, e.g. as a result of drive-off, drift-off or sudden raise in the 

fluid pressure within the riser, will release massive forces which will act on the riser 

giving the riser an undesired behaviour. If the riser breaks, due to excessive tension, 

the riser will act like a pulled-out spring and may, in a worst case scenario, shoot 

out of the water like a projectile towards the offshore structure and cause severe 

damage to personnel and/or the structure/ platform. Another problem may be that if 

the weak link and/or riser connection break, entrapped gas or hydrocarbons may be 

released to the sea or surface. In such situations it is desirable to be able to control 

10 the behaviour of the riser and the riser content, and, possibly perform a controlled 

disconnect. Different solutions have been used in the technical fields of weak links 

and pressure compensated riser connections, including EP 2310613, US 8181704, 

US 5382052, US 4361165 and US 4059288. 

An objective of the present invention is therefore to provide a safety joint that limits 

15 the problems related to prior weak links and allow for a larger operational envelope 

compared to traditional weak links. 

Summary of the invention 

The invention relates to a safety joint, and more particularly to a safety joint that 

gives the possibility of keeping a riser intact for a longer time period, and possibly 

20 keep some tension in the riser if the heave compensation system is locked up, such 

that an operator has time to perform a safer standard release of the riser from the 

wellhead. 

Compared to a traditional weak link design, the safety joint according to the 

invention fulfils the following objectives: 

25 • Extends available time to perform ESD (Emergency Shut Down)/EQD 
• Provide tension in riser after activation of safety joint 
• Limits recoil due to hydrocarbon release 
• independent of riser content 
• No cutting/closing of bore 

30 • Independent of internal pressure 
• Environmental friendly 

The safety joint according to the invention comprises a first and a second riser part, 

forming inner and outer riser parts respectively, which parts, respectively, are 

35 connected to an upper and lower part of the riser when in use in a riser. 

These first and second riser parts are initially locked to each other with a release 

unit providing release functionality for the two parts which will be described below. 

This release unit will in a locked state act to move the two riser pans as one unit. 

The invention is set forth and characterized in the independent claims, while the 

40 dependent claims describe other characteristics of the invention. 
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The invention relates to a safety joint comprising: 

a first riser part and a second riser part overlapping in an axial direction and 

having end connections to be connectable as part of a riser, 

a release unit, locking the two riser parts together in a not activated mode, 

5 	the release unit having other modes comprising a partly activated mode and fully 

activated mode, 

where the release unit comprises at least one axial extending tension rod 

connected between the two riser parts, which tension rod is configured to deform 

plastically before breaking, thereby activating the release unit from the not activated 

10 	mode to the partly and fully activated modes. 

According to an aspect the safety joint includes at least a cylinder arrangement, 

wherein the cylinder arrangement is arranged such that it compensates the at least 

one tension rod for internal pressure in the riser in the not activated mode and the 

15 	partly activated mode, and the safety joint in the fully activated mode. 

The cylinder arrangement may also be adapted for increasing the forces acting 

against release of the first and second riser parts in the fully activated mode. 

The safety joint according to the invention will normally be positioned in the lower 

half of the riser, in proximity of the wellhead. In such a position in the riser the 

20 	safety joint will experience the larger forces from the surrounding water. The riser 

may be any kind of riser. 

The safety joint will during normal operations not be activated, i.e. it will be in the 

not activated mode, but in cases of excessive tension in the riser, the safety joint 

will be activated by the excessive tension. Excessive tension will actuate the release 

25 	unit in two intermediate steps until a potential complete disconnection; a partly 

activated mode, a fully activated mode (whereupon there will be a telescopic action 

in the joint), and potentially ending in the complete disconnection where the two 

riser parts are completely separated. Both the initial and the intermediate steps of 

the release unit will be pressure compensated for pressure in the fluid within the 

30 	riser. These steps will give time to operate a safe disconnection of the riser from the 

wellhead. If not, the safety joint may also be configured to release the two riser 

parts from each other, as a complete disconnect. 

According to an aspect the cylinder arrangement may comprise one cylinder set 

arranged such that it compensates the at least one tension rod for internal pressure 

35 	in the riser in the not activated mode and the partly activated mode, and that the one 

cylinder set is adapted for increasing the forces acting against the release of the first 

and second riser parts in the fully activated mode. In another embodiment the 

cylinder arrangement may comprise several sets of cylinders, providing the different 
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functionalities to the release unit, as pressure compensation for internal pressure at 

different modes, and providing forces acting against release. 

One possible solution is that the cylinder arrangement may comprise a first set of 

cylinders and a second set of cylinders, where the first set of cylinders is adapted.  
5 for compensating the at least one tension rod for the internal pressure in the riser in 

the not activated mode. The second set of cylinders is adapted for compensating the 

at least one tension rod for the internal pressure in the riser in the partly activated 

mode, and wherein the second set of cylinders is adapted for increasing the forces 

acting against the release of the first and second riser parts in the fully activated 

10 mode. 

According to the invention the tension rods will have an axial length, and be fo, 	ed 

with a material enabling plastic deformation. This will allow them to deform a 

considerable length before breakage. The plastic deformation would possibly be 

around 10 % of the axial original length of the tension rods. The plastic deformation 

15 of these tension rods will give a movement of the two riser parts and a relative 

movement of the elements in the cylinder arrangement connected to the different 

riser parts. This movement will initiate different steps in the activation of the 

release unit. 

According to an aspect, the tension rod(s) will be connected to the two different 

20 riser parts of the safety joint, as will at least a cylinder with piston and piston rod as 

part of the cylinder arrangement. The safety joint may be configured such that 

pressure of the fluid within the riser would be acting on one side of the piston in the 

cylinder(s), in the opposite direction of both the tension force in the riser and an end 

cap effect of the internal pressure of the fluid in the riser acting in the same 

25 direction as the tension force. This will pressure compensate the tension rod for the 

pressure of the fluid within the riser. The areas of the piston(s) in the cylinders are 

balanced in relation to the end cap effect of the riser to achieve the desired effect, 

i.e. the sum up the areas of the pistons equals the area of the end cap, resulting in 

that the internal pressure of the fluid within the riser is cancelled out. This system 

30 may be used in connection with a cylinder arrangement with one set of cylinders, 

and an arrangement with first and second cylinder sets. 

According to an aspect of the invention, with a release unit with the first and second 

cylinders, the first cylinder is arranged to pressure compensate the tension rods in a 

not-activated mode. 

35 In the partly activated mode of the release unit, the tension rods will be extended as 

the tension in the material reaches the elasticity module of the material in the 

tension rods, thereby extending them in the axial direction permanently. This 

extension of the tension rods may result in that the pistons in the first set of 

cylinders move out of sealing contact with the respective cylinders, thereby 

40 enabling the possibility of providing a leakage of the operating fluid (hydraulic 
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fluid) on the side of the pistons. The piston(s) in the first set of cylinders will 

thereafter not act as pressure compensators for the tension rods, and this has to be 

moved to the second set of cylinders as will be described below. 

To achieve this desired leakage in the first cylinder set, one possible solution of this 

5 is to form the cylinder with different inner diameters in the length of the cylinder. 

Another possibility is to form a bore in the cylinder which is sealed by the piston in 

a first position but open when the piston is in another position. It is also a 

possibility to have leakage across the piston. 

As the first set of cylinders no longer pressure compensate the tension rods, one do 

10 not want them to influence the safety joint unnecessary and one may therefore, 

when the safety joint extends further, release cylinder heads of the cylinders in the 

first set of cylinders, such as to minimize the risk of double compensation and 

influence of the first cylinder set. This release of the cylinder heads may be done in 

several manners, as breaking the cylinder head if it is of glass. Another possibility 

15 

20 

is to have the piston interact with the cylinder head and release the locking of the 

cylinder head in the cylinder. By releasing the cylinder heads, the first set of 

cylinders is exposed to the surrounding seawater. That is, if the fluid above the 

pistons in the cylinders in the first set of cylinders is bled off before the cylinder 

head is released, there are no pressure in the fluid acting on the cylinder head, 

thereby enabling a more controlled release of the cylinder head. It is important not 

to have a double pressure compensation of the tension rods as this may result in loss 

of control of the riser because the double compensation may over-compensate or 

under-compensate the riser. 

In the partly activated mode of the release unit, the tension rods are according to the 

25 invention still pressure compensated. In the embodiment as referred to above, the 

second set of cylinders is adapted for compensating for the internal pressure in the 

riser in the partly and fully activated mode, which will be explained in more detail 

below. 

Before a first step of the actuation of the release unit, also referred to as the not 

30 activated mode, the piston arranged in the second set of cylinders may be free 

floating in relation to the piston rod. The pistons will possibly be arranged near one 

end of the cylinders. The second cylinders will in this state not experience any of 

the pressure within the riser and they will neither influence the tension rods. The 

second set of cylinders will therefore not influence the safety joint until the safety 

35 joint is in the partly activated mode. 

When the first step, the partly activated mode, of the release unit is activated, the 

tension rods are extended axially, this will move the piston rod relative the pistons 

in the second set of set of cylinders. This axial movement will lead to an interaction 

between piston rod and piston and they will be linked to each other. In addition, the 

40 first part of the riser will move relative the second part of the riser, and thereby 
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open an access such that the pressure within the riser is acting on the piston in the 

second set of cylinders. The safety joint is then configured such that the pressure on 

the pistons in the second set of cylinders will act on the safety joint and thereby the 

tension rods and pressure compensates it in relation to the internal pressure in the 
5 riser. The opening transferring the pressure of the riser fluid to the second set of 

cylinders may be a fully open opening, or alternatively, there may be arranged 

restrictions in this opening, such as pressure operated valves, or other elements. The 

configuration of the safety joint may also be such that one may substitute these 

elements in the opening during maintenance of the safety joint, giving the safety 
10 joint modular properties. 

One possible solution for providing this open access between the internal pressure 

of the riser and the second cylinder is to provide a sealing between the inner and 

outer riser parts. The sealing will be active when the first and second riser parts are 

in a fully collapsed state. When the first and second riser parts axially move, as the 
15 tension rods are extended, the seal will no longer be active and the internal pressure 

of the fluid inside the riser will move out into the annular space between the inner 

and outer part of the riser and out to the second set of cylinders, and will be acting 

on one side of the pistons in the cylinder, i.e. the side which provides a force in an 

opposite direction compared to the end cap effect of the riser. There may initially be 
20 provided a hydraulic fluid in this annular space. This solution also keeps the dirty 

fluid within the riser away from the cylinders and compensation system until the 

first step (the partly activated mode) is initiated and partly until the second step 

(fully activated mode) of the release unit is activated. Another possibility is to have 

a burst disk which ruptures with axial displacement of the two riser parts. There is 
25 also the possibility of providing the second set of cylinders with a system similar to 

what will be described in greater detail later, where the riser fluid will act on a 

membrane/bellow separating dirty and clean fluids and or the possibility to integrate 

a system allowing possible partial degradation 

In the fully activated mode of the release unit, the tension in the riser has exceeded 
30 another threshold value of the tension rod(s) such that the tension rods break. In this 

fully activated mode, when the tension rods arc broken, the cylinder arrangement is 

configured to provide a force acting against the extension of the safety joint. The 

cylinder arrangement is also configured such that it allows a telescopic action 

between the two overlapping riser parts in the safety joint and pressure compensates 
35 the safety joint for internal pressure within the riser. The force created by the 

release unit will try to push the two parts telescoping towards each other, towards a 

collapsed state of the telescoping parts, thereby providing tension in the riser. This 

force will act against the separation forces. In one embodiment as referred to above 

with first and second cylinder sets, the second set of cylinders is in part generating 
40 this force. 
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As the riser parts move away from each other in the fully activated mode, the piston 
in the second set of cylinders will move away from a position close to an end 
position within the cylinder As this space filled with a fluid at low pressure is a 
closed space, this movement will create a 'vacuum effect' in the fluid with the low 

5 pressure. This 'vacuum effect' will try to pull the piston back into the cylinder. In 
addition there will also be seawater pressing/pushing the piston rod into the 
cylinder. The sum of the seawater pressure on the piston rod end (the force resulting 
from a hydraulic column of seawater on the piston rod end) and the 'vacuum effect' 
in the cylinder will create a force pulling the upper and lower parts of the riser to a 

10 collapsed state, or with other words, act against the separation force. 

An alternative to the fluid with low pressure is to equip the pistons in the second set 
of cylinders with tension elements pulling the piston(s) back into the cylinder. This 
may be done in addition to the arrangement creating the 'vacuum effect'. Another 
possibility is to use a magnetic field, electric motor or other techniques creating a 

15 force. 

In another aspect the cylinder arrangement may also comprise a third set of 
cylinders. The third set of cylinders may be activated during the fully activated 
mode of the release unit. This third set of cylinders is provided with seawater on 
one side of the piston and a fluid at low pressure on the other side of the piston. 

20 When the safety joint is extending, the pressure from the seawater acting on one 
side of the piston and a "vacuum effect" on the other side of the piston will both 
assist in pushing or pulling the two riser parts to a collapsed state, respectively. I.e. 
the third cylinders provide a force that acts against the separation forces in the 
safety joint. This third set of cylinders is not in fluid connection with the internal 

25 fluid in the riser. 

According to an aspect of the invention the third set of cylinders may also be used 
alone, i.e. without the use of neither the first nor second set of cylinders, or used in 
combination with the first and or second set of cylinders or used in combination 
with only the second set of cylinders, and without the rest of the release unit as 

30 such. One thereby has a riser joint, with a first and second riser part which is 
arranged overlapping and which allows telescopic movement between them, where 
a cylinder housing is connected to one riser part and a piston rod with piston 
connected to the other part. The space enclosed by the piston in sealing connection 
with the cylinder housing is filled with a fluid at relative low pressure, and the 

35 opposite side of the piston exposed to the pressure of the surroundings, i e seawater 
when in use. The joint may also be provided with a second set of cylinders and 
pistons, where one side of the piston is exposed to the fluid pressure within the riser 
and the opposite side of the piston experiences a fluid at relative low pressure. The 
space with low pressure creating a "vacuum effect" as the piston is moved out of the 

40 cylinder housing, pulling the piston back in the housing, the seawater pressure 
creating a force pressing the piston into the cylinder housing, both acting against 
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separation forces in the joint, while the joint is pressure compensated for nternal 

pressure within the riser. 

According to the invention the piston rods, and thereby the pistons, are then 

connected with the first part of the riser and the cylinders are connected with the 

5 second part of the riser, alternatively they may be arranged opposite. They will then 

during normal use be forming an upper or lower part of the safety joint respectively, 

which may of course be changed without departing from the scope of the invention. 

The first and second parts of the riser, and the cylinder and piston rod of the second 

set of cylinders and possibly the third set of cylinders, may have a length allowing 

10 telescopic motion between the riser parts without releasing the parts fully from each 

other. By allowing this movement, and also providing some tension in the riser due 

to the forces trying to pull the two riser parts together to a collapsed state, it is 

possible to initiate the release of the riser in a safe manner from the wellhead also in 

this fully activated mode without breaking off the riser as a standard weak link. By 

15 configuring the cylinder arrangement to provide a force acting against the 

separation forces in a fully activated mode, one creates some tension in the riser due 

to the telescopic motion. This will give the possibility to lift off the EDP 

(Emergency disconnect Package) from the LRP (Lower Riser Package) if the safety 

joint is positioned in an open sea mode, or possibly, disconnect subsea test tree 

20 latch in the landing string. During this controlled disconnection from EDP or LRP, 

the telescoping connection in the safety joint, between the first and second riser 

parts, will be forced to a collapsed state — minimizing the risk of an uncontrollable 

riser damaging the subsea equipment such as the EDP and LRP. 

According to an aspect of the invention the first set of cylinders may have a smaller 

25 internal volume than the second set of cylinders. The difference in volume may 

possibly result in different stroke lengths in the first set of cylinders compared with 

the second set of cylinders. The first set of cylinders may in one embodiment have a 

shorter length than the second set of cylinders. The difference in volume may in 

addition to the difference in stroke length give a solution where the cylinder set 

30 with less volume gives a more responsive movement of the piston, i.e. more rapid 

response to the pressure variations in the riser. Even if an incompressible liquid is 

being used in the cylinders, the liquid will be somewhat compressible if the liquid 

volume is large. A smaller volume will therefore be favourable in the pressure 

compensation of the tension rods before they break or before they start to deform 
35 plastically, that is, in the partly and not activated mode of the release unit. 

However, it is desirable to have a large length of the piston rod in the cylinders in 

the fully activated mode, as the maximum telescopic motion of the safety joint will 

be limited by the stroke length of the piston in the cylinder. 

According to another aspect of the invention the first set of cylinders may be 
40 connected to the second set of cylinders through a mechanical link, where the 
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cylinders are arranged beside each other. The mechanical link may provide 

coordinated and linked movement of the pistons in the first and second set of 

cylinders in the not activated mode and possibly the partly activated mode. The first 

and second sets of cylinders may also be arranged as an extension of each other. 

5 The first and second sets of cylinders may be provided one on top of the other along 

the riser parts. They may be arranged as separate cylinders or they may form a 

common cylinder with two pistons, one of which is floating initially. The first and 

second sets of cylinders may have a common piston rod or separate piston rods. The 

first and second cylinders may also have common cylinder housing, or any 

10 combination of these arrangements. 

According to the invention the different set of cylinders may comprise one cylinder 

or several cylinders. One set may comprise one cylinder and the other sets may 

comprise two, three, four, six, eight or more cylinders. The different sets of 

cylinders may also have equal or different numbers of cylinders. Alternatively the 

15 cylinder arrangement may be an annular cylinder arrangement or a combination of 

one or several annular cylinder/piston sets and none, one or several annular 

cylinder/piston sets. However, the cylinder arrangement should be balanced around 

the circumference of the safety joint. 

The first, second and possibly third set of cylinders may be arranged around the 

20 circumference of the safety joint and on the radial outside of the first and second 

riser parts. They could be evenly spaced around the circumference and also evenly 

spaced in groups. The axially extending tension rods could be arranged in between 

the different cylinders. The tension rods may be positioned in between the first set 

of cylinders and have a length similar to the length of the first cylinder. Another 

25 possibly is to position the tension rods in between the second cylinders. The second 

and third sets of cylinders may be positioned in between each other around the same 

circumference with the first set of cylinders arranged axially above or below the 

second and/or third set of cylinders. The tension rods could be evenly spaced 

around the circumference or evenly spaced in groups around the circumference. 

30 The riser parts will form part of the internal bore of the riser during use in a riser 

extending from the wellhead and up to a floating vessel. The second set of cylinders 

may have a stroke length similar to the length of the overlap between the first and 

second parts of the riser. The possibly third set of cylinders may have a similar 

length. 

35 According to another aspect of the invention the safety joint may comprise a 

manifold adapted for distributing the internal pressure within the riser to the 

different cylinders in the cylinder arrangement, and the manifold may comprise at 

least one flow regulating means, which flow regulating means is adapted for 

regulating to which of the cylinders the fluid is distributed. The flow regulating 

40 means may also regulate the flow rate in one or both directions. There may be one 
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manifold for the first set of cylinders. There may be one manifold for the second set 

of cylinders. 

According to another aspect of the invention there may in relation to the manifold in 

a possible embodiment be a system that allows partial degradation without losing 

5 functionality of the overall safety joint system. The connection for transferring the 

internal pressure to the cylinders may be arranged such that is goes from one space, 

forming part of the manifold, possibly annular, feeling the riser pressure through a 

membrane, to at least two separate bores, each extending to different cylinders in 

the same set of cylinders. In the bore there may be arranged a floating piston 

10 between the one space and the cylinder(s). There may be one cylinder connected to 

each of these bores with a floating piston, or there may also be groups of cylinders 

connected to each of these bores with a floating piston, or a combination. This 

floating piston has at least one end position in the bore where it will seal off the 

bore between the space and the cylinder. There is also the possibility of having end 

15 positions for both ends of the floating piston. In a case with leakage in one of the 

cylinders, the floating piston for this cylinder will be pushed to its end position and 

thereby seal off this bore, while the rest of the cylinders will still be active and 

pressure compensate the tension rod. With an end position in the opposite direction 

of the floating piston, one may prevent the clean fluid within the bore to push the 

20 membrane into the riser bore. There may also be a pressure compensating system 

without the partial degradation functionality where the space leads to one bore with 

a floating piston, which bore after the floating piston forms a manifold leading to 

the several pistons. The floating piston will seal off the one bore when it comes to 

an end position in the bore, but thereby also seal off the pressure transfer between 
25 the riser and the cylinders. Both these possibilities may be considered a two barrier 

system or one may also provide the floating piston with a two barrier configuration, 

two pistons in series or two sealing surfaces on the one piston. Another possibility 

is to arrange the space to lead to several bores without the floating piston in the 

bore. However, this will only give a one barrier system. 

30 The safety joint may also be provided with an override system to be used in 

situations where it is expected large external forces on the system, i.e. to provide a 

system that increases the connection force between the first and second riser parts 

and to make sure that the tension rods are kept undamaged. One such situation is for 

instance when the riser joint is lifted through the splash zone. This might be done 

35 by providing a separate cylinder/ piston arrangement connected between the first 

and the second part of the riser, or alternatively by using all or some of the 

cylinders in the first set of cylinders for this function, or position these specific 

cylinders in between the cylinders in the first set of cylinders. The cylinder 

providing the override system is then fluid filled and locked in a set position. The 

40 fluid may be locked in the cylinders by means of a valve which may be remotely 

operated. The locked fluid within the cylinders may be released to an active receiver 
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with for instance 1 bar pressure or to the sea. Alternatively, one may add an 

additional pressure to the fluid in the cylinder by a connection to a pressure cylinder 

with for instance —700 bar pressure. This override system may comprise a set of 

cylinders, including one cylinder, but preferably two or more separate cylinders 
5 such as to provide redundancy in the system. In another embodiment the first set of 

cylinders may be provided with an opening allowing seawater pressure to act on the 

opposite side of the piston compared to the pressure from within the riser. 

According to another aspect the invention has the functionality that one with a ROV 

Operated 	 'gap' (Remotely 	Vehicle) may visually see if it has been formed a 	in the 
10 safety joint, which indicates that the partly activated mode has been initiated and 

that the riser should be safely disconnected from the wellhead, taken topside for 

maintenance and installation of new tension rod(s). One thereby reset the safety 

joint back to its original state. One may also provide a monitoring of the gap, e.g. to 

give a signal to the operator if this first step (partly activated mode) of the release 
15 unit has been activated. This signal may be transferred to the operator remotely or 

in any other appropriate way. 

In an aspect it is possible to arrange the second set of cylinders to compensate the 

tension rods for internal pressure during the whole operation, in the non-activated, 

partly activated and fully activated modes, making the first set of cylinders 
20 unnecessary. There may in this embodiment also be third cylinders, but it is 

possible to think of a solution without these. 

According to other aspects of the invention the safety joint may in addition, be 

equipped with a glass element and a breaking system which will, if the safety joint 

is extended to a predetermined length, initiate the breaking of the glass element and 
25 thereby release the two riser parts at the safety joint. There may also be a glass 

element in the form of a burst disc, which burst disc is adapted to rupture at 

predetermined pressure differences. The burst disc allows for pressure 

communication between different cylinders in the cylinder arrangement, between 

the cylinder arrangement and the interior of the riser and/ or between the cylinder 
30 arrangement and the seawater. 

There is also provided a solution for keeping the system with clean fluid in the 

hydraulic system in the partly activated mode and only releasing clean fluid to the 

surroundings. The released clean fluid from this first set of cylinders will be a 
relatively small amount of clean fluid. 

35 According to the invention there may be alternative solutions for activating the 

partly activated mode and fully activated mode. These solutions may be electrical 

controlled, systems with springs, deformation controlled systems, brake pads on rod 
etc. 
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The invention also relates to a method of operating a safety joint in case of 

excessive tension in a riser, providing a riser with a safety joint comprising a first 
riser part and a second riser part overlapping in an axial direction and connecting 
the ends to make the joint form part of a riser, the safety joint further comprising a 

5 release unit with at least one axial extending tension rod connected between the two 
riser parts, wherein 

in a not activated mode, the safety joint is keeping the riser parts as one unit 

and pressure compensates the tension rods for internal pressure within the riser, 

increasing the tension in the riser to a partly activated mode, thereby creating 
10 plastic deformation of the tension rods allowing the riser parts to move relative each 

other over a small distance, 

further increasing the tension in the riser to a fully activated mode thereby 
breaking the tension rods, 

and in all modes, not activated, partly activated and fully activated, allowing 
15 controlled disconnection of the riser at another joint in the riser, 

or in a fully release mode, when tension is further increased, release the two 
riser parts of the safety joint. 

The method may in one embodiment, after the step of increasing the tension in the 
riser to a fully activated mode thereby breaking the tension rods, further comprise a 

20 step of activating a set of cylinders in a cylinder arrangement and creating a force in 
the safety joint acting against the release of the two riser parts, and allowing 
telescopic action in the safety joint. 

The fluid pressure of at least one cylinder of the cylinder arrangement may be used 
to control other elements of the riser, such as for instance the EQD connection or 

25 another riser joint in the riser such as the joint described in the applicants own 
patent NO 328634. The pressure signal from the pressure within the cylinder 

arrangement of the present invention may be transferred as input signals in the joint 
described in NO 328634.In the case where the safety joint is applied to a riser with 
no internal pressure, such as for instance a marine riser, the safety joint is applied to 

30 the riser without an arrangement for compensation for internal pressure. 
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Brief description of the drawings 

These and other characteristics of the invention will be clear from the following 

description of an embodiment, given as a non-restrictive example, with reference to 

5 the attached drawings wherein; 

Fig. 1 discloses a side-view of a safety joint according to the invention. 

Fig. 2 discloses a cross section of a safety joint according to the invention in a 

collapsed state. 

Fig. 3 discloses a partly activated mode of a safety joint according to the invention. 

10 Fig. 4 discloses a detailed view of a manifold block in the safety joint according to 

the invention. 

Fig. 5 discloses a detailed view of the connection between the first set of cylinders 

and the second set of cylinders according to the invention. 

Fig. 6 shows a simplified perspective view of an override system according to the 

15 invention. 

Fig. 7 shows a simplified perspective view of a third set of cylinders according to 

the invention. 

Fig. I and 2 show an embodiment of a safety joint 4 according to the invention. The 

safety joint 4 is adapted to make part of a riser extending from a floating platform to 

20 a wellhead or similar. 

The safety joint 4 comprises a release unit, locking two riser parts 8, 9 together in a 

not activated mode. The release unit also has a partly activated mode and fully 

activated mode, as will be explained in the following. 

The release unit of the safety joint 4 comprises at least one axial extending tension 

25 rod 20 connected between the two riser parts 8, 9, which tension rod 20 is 

configured to deform plastically before breaking, thereby activating the partly and 

fully activated modes, The at least one tension rod 20, is axially arranged along the 

longitudinal direction of the safety joint 4. The tension rod(s) 20 is connected to a 

first connection piece 3 in the upper end and a manifold shown in the figures as a 

30 manifold block 6 in its lower end. In between the tension rods 20 there is arranged a 

first set of cylinders 16. The first set of cylinders 16 may comprise one or a 

plurality of cylinders. The first set of cylinders 16 may have perforations 16A to the 

sea. A second set of cylinders 27, which set may comprise one or a plurality of 

cylinders, is arranged below the first set of cylinders 16. The cylinders of the 

35 second set of cylinders 27 are connected to the manifold block 6, which manifold 

block 6, through an outer barrel 2, is connected to a second connection piece 7. The 

manifold block 6 and the connection piece 7 are arranged in a fixed distance, while 

an inner pipe 1 and the cylinder rod of the second set of cylinders 27 may telescope. 

The cylinder rods of the cylinders of the first set of cylinders 16 are connected to 

40 the cylinder rods of the cylinders of the second set of cylinders 27. In an alternative 
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embodiment the positioning of the first set of cylinders 16 and the second set of 

cylinders 27 may be switched, whereby the connections between the different parts 

may be similar to the described embodiment. In between the second set of cylinders 

27, there may be arranged a third set of cylinders 32, which third set of cylinders 32 

5 may comprise one or a plurality of cylinders. In the shown embodiment the third set 

of cylinders 32 has equal length as the second set of cylinders 27. The different sets 

of cylinders 16, 27, 32 will be described in more detail below. 

Fig. 2 shows a cross-sectional view of the safety joint 4 according to the invention, 

where the safety joint is in the not activated mode (collapsed state), which mode is 

10 the normal operation mode for the safety joint 4. An inner bore 10 is formed in the 

safety joint 4 and extends through the whole length of the safety joint 4 in the 

extension of the bore 10 of the riser, for a continuous passage between a well and a 

surface. The safety joint 4 comprises a first 8 and a second 9 riser pan arranged in a 

telescopic connection. The first riser part 8, i.e. possibly the upper part of the safety 

15 joint 4, is arranged in an overlapping manner in relation to the second riser part 9. 

The first riser part 8 has an inner barrel I movably arranged inside the outer barrel 2 

of the second riser part 9, forming a volume V between the inner 1 and outer 2 

barrel. A sealing system 24 seals between the inner barrel 1 and the outer barrel 2 in 

the lowermost part of the inner barrel I, in the not activated mode of fig. 2. The 

20 inner barrel 1 is connected to the first riser part 8 via the first connecting piece 3. 

The outer barrel 2 is connected to the second riser part via the second connection 

piece 7. It is possible to arrange these elements in the opposite manner. 

It is arranged one, or a plurality of, first radial bores 12 fluidly connecting the inner 

bore 10 with one, or a plurality of, axial bores 13 arranged on the radial outside of 

25 the inner bore 10. Furthermore, each axial bore 13 is connected to a cylinder of the 

first set of cylinders 16. A fluid-tight floating piston 14 floats inside each axial bore 

13, which floating piston 14 can move between a first stopping surface 15A and a 

second stopping surface 15B in the axial bore 13. The floating piston 14 moves in 

the axial bore 13 as a response to pressure differences between the first and second 

30 side herein after referred to as upper and lower side of the floating piston 14. Which 

side is the upper and lower maybe changed dependent of the configuration of the 

safety joint. The pressure from the inner bore 10 acts on the upper part of the 

floating piston 14, while the pressure of each cylinder in the first set of cylinders 16 

acts on the lower pan of the floating piston 14. In the not activated mode, the first 

35 set of cylinders 16 will pressure compensate the safety joint 4, as the total 

downwardly working area 17A (best shown in Figure 5) of the piston(s) 17 in the 

first set of cylinders 16 is similar to the upwardly working end cap area in the bore 

10 of riser in order to compensate the internal pressure in the inner bore 10, as the 

sum of the areas 17A of the pistons 17 equals the area of the end cap. 

40 A number of axial tension rod(s) (not shown in fig. 2, element 20 in fig. I) may be 

arranged in between the first set of cylinders 16. The tension rods 20 may deform 
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axially plastically (up to —10% its original length), before they break. These tension 

rods 20 would possibly have a length of 0,5 meter to 2 meter, possibly 1 meter, 

dependent on the material in the tension rods and the configuration of the safety 

joint 4. The extension of the tension rod will initiate the different modes of the 
5 safety joint. The operator can choose the strength of the tension rods as a result of 

the demands of different projects. During normal operating conditions, i.e. when the 

safety joint 4 is in the not activated mode, the tension rod(s) are intact and not 

exposed to any excessive forces and pressure compensated in relation to internal 

pressure within the riser. 

10 On the inside of the inner bore 10, covering the first radial bores 12, it is arranged a 

bellow 11 allowing pressure communication between the inner bore 10 and the axial 

bores 13. The bellow 11 separates the riser fluid from a clean hydraulic fluid in the 

axial bore 13. Each of the axial bore(s) 13 is as said fluidly connected to one 

cylinder of the first set of cylinders 16, such that the clean hydraulic fluid in the 

15 axial bore(s) 13 is the same hydraulic fluid as in the first set of cylinders 16. Thus, a 

downward movement of the floating piston 14 in the axial bore (as a response to a 

pressure increase of the fluid inside the riser) will result in a pressure increase in the 

clean hydraulic fluid, which pressure in the fluid will act on the downwardly 

working area 17A of each cylinder/piston 17. Alternatively, one may have a 
20 solution without a bellow 11, where the floating piston 14 will act as the dividing 

unit between the riser fluid and the clean hydraulic fluid. 

If the safety joint 4, i.e. the tension rods 20, experiences excessive tension forces, as 

a result of e.g. excessive tension in the riser, the tension rods 20 will start to deform 

plastically in the axial direction and that will give a relative movement between the 

25 first connecting piece 3 and the manifold block 6. This situation, i.e. the situation 

where the tension rods 20 has begun to plastically deform, is referred to as the 

partly activated mode. The plastically deformation of the tension rod(s) 20 will 

cause numerous actions in the safety joint 4, disclosed in fig. 3. 

Fig. 3 discloses the partly activated mode of the safety joint 4, where the tension 
30 rod(s) 20 has started to deform due to excessive tension. In the disclosed partly 

activated mode, the compensation of the tension rods in relation to the internal 

pressure in the bore 10 of the riser is transferred from the first set of cylinders 16 to 

the second set of cylinders 27. 

The deformation of the tension rods 20 will actuate a movement of the piston rod 
35 18, including the piston 17, of the first set of cylinders 16. When the relative 

movement has reached a distance the piston 17 is moved out of a sealed abutment 

with a sealing surface 19 (see detailed view in fig. 5) in a cylinder 30. One will then 

have a leakage across the piston 17, and this piston 17 will no longer compensate 

the tension rods 20 for internal pressure within the riser. This compensation is then 
40 transferred to the second set of cylinders 27. This movement also moves a thickened 
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portion of the piston rod 18 out of locking contact with radial extending "fingers" 

5 

22 connected to the cylinder end cap/cylinder head 21. This locking contact locks 

the fingers 22 in contact with holding ridges 31 in the inner cylinder wall. When the 

piston 17 continues to move as the tension rods 20 are plastically deformed further, 

the radial extending "fingers" 22 of the cylinder end cap/cylinder head 21 interact 

with a release part 23 of the piston 17 and moves the fingers 22 out of engagement 

with complementary holding ridges 31 in the cylinder wall, allowing the piston rod 

10 

18, piston 17 and end cap of the cylinder to move upwardly in the cylinder. The 

piston(s) 17 of the first set of cylinders 16 are provided with the release part 23, 

which release part allows for flexing the fingers 22 inwardly when the piston 17 

moves upwards in the cylinder. This releases the cylinders 30 in the first set of 

cylinders 16 into two separate parts and there are no forces from the first cylinder 

set 16 acting on the safety joint 4. As the piston 17 moves upwardly with the piston 

rod 18 in the initial extension of the tension rods 20, a smaller and smaller area of 
15 the sealing surface 19 seals between the piston 17 and the cylinder 30. And, when 

the piston 17 has moved out of sealing engagement with the cylinder through 

sealing surface 19, the hydraulic fluid on the upper part of the piston 17 (working 

on the working area 17A) will be allowed to flow on the radial outside of the piston 

17 due to the increased diameter of the cylinder. Until the leakage across the piston 
20 17, the floating piston 14 that is floating inside the axial bore 13 will move in an 

upward direction to the second stopping sealing surface 15B providing a limit of 

how much fluid that can be pushed up towards the bellow 11, and thereby 

preventing the bellow 11 to be pushed into the internal bore 10 of the riser. 

Additionally, it is also arranged bores 19A to the surroundings allowing seawater to 
25 enter through said bores 19A and act on the lower part of the floating piston 14 

when the system is in the partly activated mode. At this time the first set of 

cylinders 16 is no longer pressure compensating the safety joint 4 and the pressure 

compensation is transferred to the second set of cylinders 27, which is described 

below. 

30 Simultaneous with the movement of the piston rod 18 and piston 17, the inner barrel 

1 will move axially upwards relative the outer barrel 2 because of the axial 

deformation of the tension rods 20, such that the sealing system 24 will no longer 

seal between the inner barrel 1 and the outer barrel 2, allowing the pressure in the 

riser to enter the volume V between the inner 1 and outer 2 barrels. The 
35 pressure/fluid will then transfer through the volume V towards the manifold block 6 

(detailed view fig. 4) and into a second radial bore 26, through the manifold block 

6, and flow into one or more cylinders of the second set of cylinders 27, acting on 

an upper part of each piston 33 in each cylinder 35 in the second set of cylinders 27. 

Similarly as was the case of the first set of cylinders 16, the upwardly working 

40 forces of the riser fluids inside the bore 10, i.e. the "end cap" force, is balanced out 

by providing a downwardly working area that is the same or similar size as the end 

cap area of the riser bore 10. The second set of cylinders 27 will also work against 
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the separation of the first and second riser parts 8, 9 by a "vacuum effect" in each 

cylinder 35, i.e. that there is vacuum or a fluid with 1 bar pressure on the lower side 

of each piston 33 in the cylinders 35. When the piston 33 is moved in the cylinder 

35, this fluid will have a larger volume to fill, thereby creating an even lower 
5 pressure creating a force pulling the piston 33 towards the collapsed state, i.e. the 

collapsed state of the cylinder, into the cylinder again. Additionally, the hydrostatic 

pressure of the seawater will act on the top area of each piston rod 34 adding an 

additional force in the downward direction of the system. At this point the second 

set of cylinders 27 will provide the pressure compensation of the safety joint 4 in 
10 relation to internal pressure within the riser. 

One or more of the cylinders in the second set of cylinders 27 may be replaced by a 

third set of cylinders 32. This third set of cylinders 32 is not connected to the inner 

bore 10 of the riser, but is open to the sea, resulting in that the hydrostatic pressure 

of the seawater at the given location is working on the upper side of the piston, and 
15 a "vacuum effect" is working on the lower side of the piston. At large water depths 

this third set of cylinders 32 may provide quite a substantial additional force 

working against separation of the first and second riser parts 8, 9 due to the large 

hydrostatic column of seawater. 

Fig. 4 shows an embodiment of the manifold block 6 mounted to the outer barrel 2. 
20 At least one second radial bore 26 extends in the radial direction of the manifold 

block 6 and create a connection between the internal fluid in the riser and the 

second set of cylinders 27. The second bore 26 may be fully open, or it may be 

arranged flow regulation means in the bore 26, such as a valve, burst disc, choice 

valve etc. In the shown embodiment, it is arranged flow regulating means 
25 exemplified as a valve 28 in the second bore 26. The second bore 26 is connected to 

the volume V between the inner barrel 1 and the outer barrel 2 on one side, leading 

to the volume(s) of the cylinders of the second set of cylinders 27 on the other side. 

The safety joint 4 may be provided with access to this bore 26 from the outside of 

the safety joint 4 making it possible to change out any element positioned in this 
30 bore 26 without disassembling the whole safety joint 4. 

Fig. 6 shows a perspective view of an override system according to the invention. 

The override system may be used in situations where it is expected large external 

forces on the system, i.e. to provide a system that increases the connection force 

between the first and second riser parts 8, 9 and to make sure that the tension rods 
35 20 are kept undamaged. This might be done by providing a separate cylinder/ piston 

arrangement 40 connected between the first and the second part of the riser 8, 9, or 

alternatively by using the first set of cylinders 16, or a combination of the first set 

of cylinders 16 and the separate cylinder/ piston arrangement 40 for this function. 

The volume 41 above the pistons 42 in the override cylinders 47 making up the 
40 separate cylinder/ piston arrangement 40 is then fluid filled and locked in a set 

position. The fluid may be locked/trapped in the override cylinders 47 by means of 
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a valve (not shown) which may be remotely operated. The locked/trapped fluid 
within the override cylinders 47 may be released to an active receiver 43 with for 
instance 1 bar pressure or to the sea 44. Valves 45, 46 may be provided between the 
sea 44 and the override cylinders 47 and between the active receiver 43 and the 

5 override cylinders 47. Alternatively, one may add an additional pressure to the fluid 
in the override cylinders 47 by a connection to a pressure cylinder 48 with for 
instance —700 bar pressure. This override system may comprise a set of cylinders 
47, including one cylinder, but preferably two or more separate cylinders such as to 
provide redundancy in the system. 

10 Fig. 7 shows a simplified perspective view of a third set of cylinders according to 
the invention. in one embodiment one may also provide the safety joint 4 with an 
additional third set of cylinders 32, which third set of cylinders 32 may comprise 
one or a plurality of cylinders, and which are activated during the fully activated 
mode of the release unit. The cylinders of the third set of cylinders 32 is provided 

15 with at least one opening 56 to the sea in the volume 50 on the upper side of the 
cylinder piston 51, and has a fluid on the lower side 52 of the piston 51. The figure 
shows that the cylinder rod 57 is mechanically linked to the first riser part 8 and the 
cylinder is mechanically linked to the second riser part 9. This is the situation after 
the safety joint has telescoped a minor predetermined distance, whereby it should be 

20 understood that the cylinder rod 57, in appropriate ways, will be connected to the 
first riser part 8 after the minor telsecoped distance. When the safety joint 4 is 
extending, the pressure from the seawater acting on the upper side of the cylinder 
piston 51 and the "vacuum effect" (—low pressure) on the lower side of the piston 
51 both assist in forcing the two riser parts 8, 9 to a collapsed state, i.e. it provides a 

25 force that acts against the separation forces in the safety joint 4. 

According to an aspect of the invention it the may be provided a joint with a first 
and second overlapping riser parts allowing telescopic movement between the two 
different parts, to which two parts there may be connected a cylinder arrangement 
comprising at least one cylinder as described in relation to the third set of cylinders 

30 above. This will give a possibility of having heave compensating system with the 
seawater as the accumulator bank. In another possible configuration one may have 
such a joint with the addition of at least one cylinder as described in relation to the 
second cylinders above. One thereby gets a pressure compensated telescopic joint 
with the seawater as the accumulator bank in the system. 

35 In an alternative embodiment of the safety joint one may use another element to be 
plastically deformed as the safety joint is extended in the partly activated state. It is 
possibly to provide a sleeve in the joint and have this plastically deformed, for 
instance widened to get a somewhat controlled extension of the safety joint before it 
reaches the fully activated state. 
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The invention is now explained with reference to the accompanied drawings. A 
skilled person will understand that there may be made alterations and modifications 
to this embodiment that are within the scope of the invention as defined in the 
attached claims. 
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CLAIMS 

1. A safety joint comprising: 

a first riser part and a second riser part overlapping in an axial direction and 

5 having end connections to he connectable as part of a riser, 

a release unit, locking the two riser parts together in a not activated mode, 

the release unit having other modes comprising a partly activated mode and fully 

activated mode, 

where the release unit comprises at least one axial extending tension rod 

10 connected between the two riser parts, which tension rod is configured to deform 

plastically before breaking, thereby activating the release unit from the not activated 

mode to the partly and fully activated modes. 

2. Safety joint according to claim 1, wherein the safety joint comprises at least 

a cylinder arrangement, wherein the cylinder arrangement is arranged such that it 

15 compensates the safety joint and the at least one tension rod for internal pressure in 

the riser in the not activated mode and the partly activated mode, and the safety 

joint in the fully activated mode. 

3. Safety joint according to claim 1 or 2, wherein the cylinder arrangement is 

adapted for increasing the forces acting against release of the first and second riser 

20 parts in the fully activated mode. 

4. A safety joint according to claim 1, 2 or 3, wherein the cylinder arrangement 

comprises one cylinder set arranged such that it compensates the at least one tension 

rod for internal pressure in the riser in the not activated mode and the partly 

activated mode, and that the one cylinder set is adapted for increasing the forces 

25 acting against the release of the first and second riser parts in the fully activated 

mode. 

5. A safety joint according to claim 1, 2 or 3, wherein the cylinder arrangement 

comprises a first set of cylinders and a second set of cylinders, and where the first 

set of cylinders is adapted for compensating the at least one tension rod for the 

30 internal pressure in the riser in the not activated mode, the second set of cylinders is 

adapted for compensating the at least one tension rod for the internal pressure in the 

riser in the partly activated mode, and wherein the second set of cylinders is adapted 

for increasing the forces acting against the release of the first and second riser parts 

in the fully activated mode. 

35 6. A safety joint according to claim 5, wherein the first set of cylinders is 

shorter than the second set of cylinders. 
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7. A safety joint according to claims 1, 2, 4, 5 or 6, wherein the first set of 

cylinders is connected to the second set of cylinders through a mechanical link, and 

that the pistons in the first and second set of cylinders are equally moved in the not 

activated mode and the fully activated mode. 

5 8. A safety joint according to claims 1, 2, 4, 5, 6 or 7, wherein the cylinder 

arrangement comprises a third set of cylinders, which third set of cylinders is 

adapted to be activated during the fully activated mode of the release unit. 

9. A safety joint according to claim 8, wherein the third set of cylinders is in 

communication with seawater on one side of a piston and a fluid on the other side of 

10 the piston, and wherein the third set of cylinders is adapted to contribute to the 

force acting against release of the first and second riser parts in the fully activated 

mode. 

10. A safety joint according to any of the preceding claims, wherein the safety 

joint comprises a manifold adapted for distributing a fluid in order to compensate 

15 for the internal pressure within the riser to the different cylinders in the cylinder 

arrangement, and that the manifold comprises at least one flow regulating means, 

which flow regulating means is adapted for regulating to which of the cylinders the 

fluid is distributed. 

11. A safety joint according to any of the preceding claims, wherein it comprises 

20 a manifold adapted for distributing the internal pressure within the riser to the 

different cylinders in the cylinder arrangement, having at least one of the bores in 

the manifold, leading to one cylinder comprising a floating piston. 

12. A method of operating a safety joint in case of excessive tension in the riser, 

providing a riser with a safety joint comprising a first riser part and a second riser 

25 

30 

35 

part overlapping in an axial direction and connecting the ends to make the safety 

joint form part of a riser, the safety joint further comprising a release unit with at 

least one axial extending tension rod connected between the two riser parts, wherein 

in a not activated mode, the safety joint is keeping the riser parts as one unit 

and pressure compensates the tension rods for internal pressure within the riser, 

increasing the tension in the riser to a partly activated mode, thereby creating 

plastic deformation of the tension rods allowing the riser parts to move relative each 

other over a small distance, 

further increasing the tension in the riser to a fully activated mode thereby 

breaking the tension rods, 

and in all modes, not activated, partly activated and fully activated, allowing 

controlled disconnection of the riser at another joint in the riser, 
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or in a fully release mode, when ension is further increased, release the two 

riser parts of the safety joint. 

13. 	Method according to claim 12, wherein the method, after the step of 

increasing the tension in the riser to a fully activated mode thereby breaking the 

tension rods, further comprises activating a set of cylinders in a cylinder 

arrangement and creating a force in the safety joint acting against the release of the 

two riser parts, and allowing telescopic action in the safety joint. 

10 


