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(57) ABSTRACT 
A deck mounted pull riser tensioning system for a ?oating 
platform or vessel includes at least tWo cylinders having a 
cylinder body supported at an upper or loWer end on a deck 
or tensioner support structure of the platform or vessel in 
spaced apart relation With the cylinder rods extending doWn 
Wardly from the cylinder body, or vice versa. A load struc 
ture member is connected to loWer ends of the cylinder rods 
or bodies and has an opening therethrough for receiving a 
portion of a riser extending from the sea?oor. A vertically 
adjustable riser attachment supported on the load structure 
member over the opening attaches to a portion of the riser 
extending through the opening and generally centrally 
between the cylinders. The cylinders pull upWardly on the 
load structure member to exert an upWard tensioning force 

3, 2006. on the riser at the location of the riser attachment. 
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DECK MOUNTED PULL RISER TENSIONING 
SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority of US. Provisional 
Patent Application Ser. No. 60/835,655, ?led Aug. 3, 2006. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field Of The Invention 

[0003] This invention relates generally to riser tensioner 
systems for offshore ?oating platforms and vessels, and 
more particularly to a deck mounted pull riser tensioning 
system for use on ?oating platforms and vessels that incor 
porates direct acting cylinders having cylinder rods con 
nected With a load structure member that has a riser attach 
ment Which attaches to a riser extending therethrough and 
generally centrally betWeen the cylinders Whereby the cyl 
inders exert an upWard tensioning force on the riser. 

[0004] 2. BackgroundArt 

[0005] Marine riser systems are employed to provide a 
conduit from a ?oating platform or vessel at the Water 
surface to the bloWout preventer stack or, production tree, 
Which is connected to the Wellhead at the sea ?oor. A 
tensioning system is utiliZed to maintain a variable tension 
to the riser string alleviating the potential for compression 
and buckling or failure. Historically, conventional riser 
tensioner systems have consisted of cylinder assemblies 
With a ?xed cable sheave at one end of the cylinder and a 
movable cable sheave attached to the rod end of the cylinder. 
The assembly is mounted on the vessel to alloW routing of 
Wire rope Which is connected to a point at the ?xed end and 
strung over the movable sheaves and routed via additional 
sheaves and connected at the terminal end to the riser via a 
support ring. Activation of the cylinder forces the rod and 
end sheave to stroke out thereby tensioning the Wire rope 
and the riser. 

[0006] Typically these types of tensioner units require 
frequent maintenance due to the constant motion producing 
Wear and degradation of the Wire rope members and occupy 
a relatively large space on the supporting structure. Avail 
able space for installation and, the structure necessary to 
support the units including Weight and loads imposed 
thereby, particularly in deep Water applications Where the 
tension necessary requires additional tensioners. 

[0007] There are several patents directed toWard other 
types of riser tensioning systems that utiliZe cylinder assem 
blies connected With the riser that do not utiliZe the cable and 
sheave arrangement. 

[0008] Widiner et al, US. Pat. No. 4,379,657 discloses a 
modular riser tensioner having a frame for mounting on a 
platform deck With air and oil accumulators mounted on a 
mounting frame and connected to cylinders also on the 
mounting frame. A piston located Within the cylinders car 
ries a riser tensioning ring for supporting the riser. Pairs of 
cylinders are located on opposite sides of the riser and 
connected to an oil accumulator independent of the other 
cylinders. 
[0009] Myers et al. US. Pat. No. 4,883,387 discloses a 
tensioner system utiliZing at least three tensioners each 
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pivotally secured to both a loWer surface of the production 
platform and to a tensioner ring that is itself secured to the 
riser. The tensioner ring may be generally octagonal With 
arms protruding from alternate faces of the octagon that 
de?ne connecting points for the tensioners. The tensioners 
are angulated With respect to the axis of the riser, converging 
toWard a single point lying on that axis and de?ning a ?rst 
angle. The arms preferably form a second angle With respect 
to the body of the tensioner ring that is equal to the ?rst angle 
so that the reaction surface de?ned by the bottom of the arms 
is perpendicular to the force lines along Which the tensioners 
act. 

[0010] Parikh, US. Pat. No. 5,310,007 discloses a ten 
sioning ring and riser assembly for use in oil Well platform 
riser tensioning apparatus. The riser has male threads formed 
on the exterior surface and the annular tensioning ring has 
female threads formed on the interior. The tensioning ring is 
tensioned in a ?rst direction relative to the riser Whereby 
hoop stress is uniformly distributed and minimiZed in both 
riser and tensioning ring With the shear load betWeen them 
distributed over the Wall thickness of both parts. 

[0011] Pallini, Jr. et al, US. Pat. No. 5,551,803 discloses 
an apparatus for tensioning a riser that extends from a 
?oating platform to a subsea Wellhead has hydraulic cylin 
ders. The hydraulic cylinders attach betWeen the platform 
and the riser in a cluster With the axis of the riser substan 
tially parallel With the axes of the hydraulic cylinders. A 
guide sleeve Within the cluster transfers bending moments of 
the riser to the platform. 

[0012] Thory, US. Pat. No. 5,846,028 discloses a con 
trolled-pressure multi-cylinder riser tensioner having a plu 
rality of preferably six control-cylinder units With proximal 
ends attached pivotally to a bottom surface of an operational 
?oor and distal ends pivotally attached to a riser-tensioner 
ring. Pressure lines in communication With opposite ends of 
the control cylinders lead to sources of pressure that are 
separately controlled. Stroke length of the control-cylinder 
units is typically 50 feet. The control-cylinder units project 
doWnWardly into a moon pool to avoid obstruction of 
Workspace on an operational ?oor of the vessel. 

[0013] Otten et al, US. Pat. No. 6,045,296 discloses a 
tensioning device for applying tension to a riser from a 
surface deck of an offshore oil or gas Well. The tensioning 
device is used With a riser of the type having threads formed 
on an exterior surface thereof. A tension ring of the tension 
ing device is formed from ?rst and second ring halves that 
are clamped together about the riser and have inner threads 
that engage the threads of the riser. Tensioning members that 
couple at one end to the tension ring and at the other end to 
the surface deck are used to apply tension to the riser from 
the surface deck. 

[0014] Reynolds, US. Pat. No. 6,530,430 discloses a 
tensioner/slip-joint module Which includes at least one man 
drel having at least one hang-off donut, at least one upper 
?exjoint sWivel assembly, at least one radially ported mani 
fold, at least one tensioning cylinder, and at least one 
slip-joint assembly combined in a single unit. The module 
compensates for vessel motion induced by Wave action and 
heave and maintains a variable tension to the riser string. 

[0015] Wetch et al, US. Pat. No. 6,688,814 discloses a 
substantially rigid riser to offshore platform connector and a 
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process of using the connector that allows a riser to be 
preloaded and adjustably positioned relative to the offshore 
platform. The connector alloWs the riser tensile load to be 
limited by preloading and adjustably positioning the con 
nector. In the preferred embodiment, hydraulic cylinders are 
used to preload the connector as Well as to partially or fully 
support the riser during maintenance or repair procedures. 

SUMMARY OF THE INVENTION 

[0016] The present invention overcomes the afore men 
tioned problems and is distinguished over the prior art in 
general, and these patents in particular by a deck mounted 
pull riser tensioning system for a ?oating platform or vessel 
Which includes at least tWo cylinders having a cylinder body 
supported at an upper or loWer end on a deck of the platform 
or vessel in spaced apart relation With the cylinder rods 
extending doWnWardly from the cylinder body. A load 
structure member is connected to loWer ends of the cylinder 
rods and has an opening therethrough for receiving a portion 
of a riser extending from the sea?oor. A vertically adjustable 
riser attachment supported on the load structure member 
over the opening attaches to a portion of the riser extending 
through the opening and generally centrally betWeen the 
cylinders. The cylinders pull upWardly on the load structure 
member to exert an upWard tensioning force on the riser at 
the location of the riser attachment. 

[0017] Alternatively, the tensioner cylinders may be 
inverted Wherein the body of the cylinder is oriented doWn 
Ward and the rods extending upWard and supported at an 
upper end on the deck or tensioner support structure of the 
platform or vessel in a spaced apart relation and the cylinder 
body disposed at the loWer end of the rod and connected to 
the load structure member. The tensioner cylinders may be 
supported on the deck of the platform or vessel or on a 
tensioner support structure, Which may be the deck itself or 
an appendage to the deck structure. 

[0018] Several preferred embodiments are disclosed 
Wherein the tensioner cylinders are disposed in a vertical, a 
near vertical, or a vertically offset orientation, and supported 
at a loWer deck level or upper deck level of the platform or 
vessel and may be rigidly ?xed to the supporting deck or 
supported by various bearing supports to substantially pre 
vent or to alloW relative rotational movement betWeen the 
cylinders and the deck on Which they are supported. 

[0019] One of the advantages of the present system is that 
the tensioner cylinder arrangement uses multiple, direct 
acting cylinders con?gured in a manner to minimiZe the 
overall footprint of the system and to achieve maximum 
tensioner stroke With minimum overall length of the cylin 
ders. 

[0020] Another advantage of the present system is that the 
tensioner cylinder con?guration incorporates an accumula 
tor system to achieve a desired stiffness variation With 
cylinder stroke, and in applications Where multiple riser 
tensioning systems are deployed on the platform or vessel, 
the accumulator system may be shared betWeen tensioner 
cylinders. 

[0021] Another feature and advantage of the present sys 
tem is that the rods of the tensioner cylinders are connected 
to a common load structure member that in turn supports a 
riser attachment Which is attached to the riser itself and 
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alloWs the attachment to the riser be variably adjusted 
vertically thereon to accommodate variations in the riser 
stack-up relative to the sea?oor. 

[0022] Another feature and advantage of the present sys 
tem is that the interface betWeen the riser and the load 
structure member may be rigidly ?xed, or supported by a 
spherical bearing connection to offer a degree of relative 
rotational freedom. 

[0023] Another feature and advantage of the present sys 
tem is that the riser portion above the riser attachment may 
be centraliZed by roller centraliZers at or near the deck 
support level, and at other locations, and the top of the riser 
may be centraliZed by roller guides that react to the cylinders 
themselves, or if the riser is used for production of hydro 
carbons, the roller guides may be attached to a production 
tree or bloWout preventer at the top of the riser and movably 
engaged With the cylinders for providing lateral guidance 
and centraliZation of the production tree and/or bloWout 
preventer assembly relative to the cylinders. 

[0024] Other features and advantages of the invention Will 
become apparent from time to time throughout the speci? 
cation and claims as hereinafter related. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a side elevation vieW shoWing, someWhat 
schematically, the deck mounted riser tensioning system 
apparatus in accordance With a preferred embodiment of the 
present invention Wherein the tensioner cylinders are verti 
cal and are rigidly mounted to a loWer deck of the vessel. 

[0026] FIG. 2 is a perspective vieW shoWing, someWhat 
schematically, a ?oating facility With numerous risers With 
the present tensioner systems positioned vertically to main 
tain clearance for freedom of motion of the drilling rig on the 
upper deck of the vessel. 

[0027] FIG. 3 is a perspective vieW shoWing, someWhat 
schematically, a typical tensioner arrangement With the 
placement of the tensioner cylinders close to the riser so that 
internal bending loads on the load structure may be mini 
miZed, alloWing optimiZation of its Weight. 

[0028] FIG. 4 is a more detailed perspective vieW of the 
interface betWeen the tensioner cylinders, the support deck, 
and the load structure, With an additional centraliZer struc 
ture to provide further stability to the upper portion of the 
riser betWeen the load structure and the guide near the top of 
the riser. 

[0029] FIG. 5 is a side elevation vieW shoWing, someWhat 
schematically, the major components of a preferred embodi 
ment of the riser tensioning system Wherein the tensioner 
cylinders are supported above the deck, and illustrating hoW 
the guide rail structure interfaces With the tensioner cylin 
ders. 

[0030] FIG. 6A is a side elevation vieW shoWing, some 
What schematically, an alternate support for the tensioner 
cylinder that supports the cylinder body at a location inter 
mediate its ends. 

[0031] FIG. 6B is a side elevation vieW shoWing, some 
What schematically, an alternate bearing support for the 
tensioner cylinder that minimiZes alignment tolerance 
requirements for the tensioner cylinder array and the load 
structure. 
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[0032] FIG. 7 is a side elevation view showing, somewhat 
schematically, the major components of a preferred embodi 
ment of the riser tensioning system wherein the tensioner 
cylinders are disposed above the deck offset from a vertical 
orientation on gimbaled supports on the deck. 

[0033] FIG. 8 is a side elevation view showing, somewhat 
schematically, the major components of a preferred embodi 
ment of the riser tensioning system wherein the tensioner 
cylinders are supported by an upper deck of the platform or 
vessel. 

[0034] FIG. 9 is a side elevation view showing, somewhat 
schematically, a modi?cation of the riser tensioning system 
wherein the riser is supported by a gimbal support on the 
load structure. 

[0035] FIG. 10A is a schematic side elevation showing an 
accumulator attached individually to a tensioner cylinder. 

[0036] FIG. 10B is a schematic perspective view showing 
a bank of accumulators shared with multiple tensioner 
cylinders. 

[0037] FIGS. 11A, 11B, and 11C are schematic top plan 
views illustrating examples of geometrical arrangements of 
the tensioner cylinders about the riser utiliZing 2, 4 and 6 
tensioner cylinders, respectively, whereby the arrangement 
of the cylinders about the riser generally remains symmetri 
cal, but does not require equal spacing to provide mechani 
cal load stability to the riser load structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Several preferred embodiments of the present deck 
mounted riser tensioning system are described herein for use 
in tensioning a riser connected with a ?oating oil and gas 
drilling and/or production platform or vessel. As described 
hereinafter, the riser tensioning system utiliZes multiple (at 
least two), direct acting tensioner cylinders con?gured in a 
manner to minimiZe the overall footprint of the tensioner 
system and to achieve maximum tensioner stroke with 
minimum overall length of the cylinders. Several preferred 
embodiments are described below wherein the tensioner 
cylinders are disposed in a vertical, a near vertical, or a 
vertically o?fset orientation, and supported at a lower deck 
level or upper deck level of the platform or vessel and may 
be rigidly ?xed to the supporting deck or supported by 
various bearing supports to substantially prevent or to allow 
relative rotational movement between the cylinders and the 
deck on which they are supported. 

[0039] In the following discussion, the tensioner cylinders 
are shown and described, for purposes of example only, as 
oriented with the body of the cylinder oriented upward and 
the rods extending downward; however, it should be under 
stood that the cylinders may be inverted wherein the body of 
the cylinder oriented downward and the rods extending 
upward. 

[0040] Also, for purposes of example only, the tensioner 
cylinders are shown as being supported on the deck of the 
platform or vessel; however, it should be understood that the 
tensioner cylinders may be supported on the deck or on a 
tensioner support structure, which may be the deck itself or 
an appendage to the deck structure. 
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[0041] Referring to FIGS. 1 through 5 of the drawings by 
numerals of reference, there is shown somewhat schemati 
cally a ?rst embodiment of the deck mounted riser tension 
ing system 10 in accordance with the present invention. In 
this embodiment, the tensioner cylinders 11 are disposed 
vertically and the cylinder bodies 11A are rigidly mounted at 
their lower ends to a lower deck D of the platform or vessel 
deck by bearing supports 12 or on a tensioner support 
structure, which may be the deck itself or an appendage to 
the deck structure. The number of tensioner cylinders 11 in 
the system is at least two, but may be three, four, ?ve, six or 
more depending upon the desired redundancy and reliability. 
The cylinder bodies 11A themselves may extend up to near 
the underside of the drilling deck, and the cylinder rods 11B 
are longer than the cylinder bodies so as to extend through 
the deck D or tensioner support structure, and are connected 
at their lower ends to a common load structure member 13. 
In the illustrated example, the rod ends of the tensioner are 
shown attaching to the load structure member 13 with pins. 
These pins may be specially con?gured with multiple rotat 
ing surfaces to facilitate ease of alignment with their attach 
ment points on the load structure member. Due to the 
potential environmental exposure to the extended cylinder 
rods, specialiZed rod coatings, or protective covers may be 
applied to the rods. 

[0042] A vertically adjustable riser attachment assembly 
20 is supported over an opening in the load structure 
member 13 and is attached to a portion of a riser R that 
extends upwardly from the sea?oor and through the opening 
and the riser attachment assembly and generally centrally 
between the tensioner cylinders. In operation, the tensioner 
cylinders 11 pull up on the load structure member 13, which 
exerts an upward tensioning force in the riser R at the 
location of the riser attachment assembly 20. 

[0043] The riser R extends upward from the riser attach 
ment 20 on the load structure member 13, through a cen 
traliZer 30, such as a roller centraliZer, on the deck D or 
tensioner support structure and to a point su?iciently high to 
allow a production tree and/or or blowout preventer (BOP) 
40 at its upper end to clear the deck D when the riser 
tensioner cylinders are fully stroked out. The centraliZer 
structure 30 on the cylinder support deck D or tensioner 
support structure extends over an opening large enough to 
allow passage of the riser attachment assembly 20. 

[0044] The vertically adjustable riser attachment assembly 
20 allows the attachment point of the riser R to be variably 
adjusted, to accommodate variations in riser stack-up rela 
tive to the sea?oor. For example, as seen in FIG. 5, an upper 
portion of the riser R is externally threaded and the riser 
attachment assembly 20 includes an internally threaded 
locking ?ange or clamp device 20A threadedly engaged 
thereon which may be positioned in a vertical range over 
which the riser attachment assembly may be locked to allow 
for vertical space-out adjustment of the riser and load 
adjustment. 

[0045] The riser attachment assembly 20 transfers the load 
from the load structure member 13 to the riser itself. Several 
types of clamp devices and length adjustment joint pro?les 
may be used. Other examples include (but not limited 
thereto): a single-piece clamp consisting of a helical 
threaded nut with interior helical threads that interface with 
complementary threads on the outer surface of the tension 



US 2008/0031692 A1 

and length adjustment joint; a “split nut” system Where the 
clamp consists of a series of nut segments housed in a boWl, 
the nut segments have either helical threads or non-helical 
threads (circumferential grooves) on the inside surface that 
interface With complementary threads on the outer surface of 
the tension and length adjustment joint; a slip system clamp 
Which consists of several slip segments that are housed 
inside a slip boWl, and the inside surface of the slip segments 
interface With a smooth outer surface of the tension and 
length adjustment joint; and a split clamp that has an interior 
pro?le that interfaces With a complementary pro?le on the 
outer surface of the tension and length adjustment joint. 

[0046] In this embodiment of the invention, additional 
lateral support to the riser R is provided by a keel guide 50 
supported on a keel guide frame 51 at a point near the keel 
of the platform or vessel (FIGS. 1, 2). This lateral support 
assists in maintaining e?icient cylinder seals by reduction in 
side load on the tensioning cylinders. FIG. 2 shoWs a ?oating 
facility With numerous risers R and a common keel frame 51 
at the level of the keel of the platform or vessel for locating 
the keel guides for each riser. 

[0047] As shoWn in FIGS. 3 and 4, the present invention 
alloWs placement of the tensioner cylinders 11 close to the 
riser R so that internal bending loads on the load structure 
member 13 may be minimized, alloWing optimization of its 
Weight. The minimum possible spacing of the tensioner 
cylinders may be controlled by the size of the Christmas tree 
or BOP 40 and required access around the tree or BOP, as 
Well as the need to pull the tree or BOP out from betWeen 
the tensioner cylinders for installation or replacement. 

[0048] As best seen in FIG. 5, an upper centralizer and 
guide structure 60 having rollers 61 at its outer ends mov 
ably engaged With the tensioning cylinders may be con 
nected to an upper end portion of the riser R to provide 
lateral guidance and centralization of the upper end portion 
of the riser relative to the cylinders 11. A guide rail 62 may 
be provided on the inner facing exterior side of the tensioner 
cylinder bodies 11A in Which the rollers are received, and 
may extend above the maximum height of the cylinders 
themselves. If the upper end portion of the riser R includes 
a Christmas tree and/ or a bloWout preventer (BOP) assembly 
40, the upper centralizer and guide 60 may be in the form of 
a Work platform at the base of the Christmas tree or BOP 40, 
to alloW access to the tree body for maintenance, etc., With 
rollers 61 mounted at the outer ends of the Work platform 
movably received in the guide rails 62 on the cylinders. 
Alternatively, the upper centralizer and guide 60 may be in 
the form of arms attached to the Christmas tree or BOP 40 
having rollers 61 at their outer ends movably received in the 
guide rails 62 on the cylinders. The upper centralizer and 
guide structure 60 may be adjustable to alloW for vertical 
clear passage of portions of the riser of different diameters. 

[0049] It should be understood that the riser tensioning 
system described herein is con?gured in such a fashion that 
the entire riser R may be passed vertically through the 
tensioner cylinder assembly array as the riser is assembled 
in the drill rig on the vessel. This is achieved by providing 
the centralizer structures described above to have su?icient 
adjustment capacity to ?t over the largest component of the 
riser. It should also be noted that the riser attachment 
assembly 20 on the load structure member 13 is also of 
su?icient size to alloW passage of all riser components. 
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[0050] Alternatively, large riser components (typically 
found near the loWer end of the riser) may be pre-assembled, 
then loWered and raised through the keel guide 50 and load 
structure member 13. This Would alloW minimization of the 
required opening of the centralizer 30 and riser attachment 
assembly 20. The riser attachment assembly 20 described 
above may be used as a means of temporary support for a 
partially assembled riser string as it is deployed, prior to 
landing and attachment of the riser to a point on the sea ?oor. 

[0051] The tensioner cylinder mounting arrangement 
alloWs simple servicing of the cylinder rod seals as Well as 
replacement of an individual cylinder. The cylinder seals are 
accessible for service from beneath the support deck or 
tensioner support structure, Which may be reached by a 
temporarily placed Work platform. Cylinder replacement is 
possible by release of an individual cylinder from the load 
structure, and vertical lift of the entire cylinder. 

[0052] In the illustrated examples discussed above, the 
tensioner cylinders 11 are located vertically to alloW clear 
ance as required With other equipment and operations on the 
vessel. A common clearance requirement is to permit lateral 
motion of a drill rig (on the uppermost level of the platform 
or vessel topsides) over the tensioner cylinders clustered 
around each riser. Thus, to meet this requirement, the 
tensioner cylinders may be supported at a loWer deck level, 
or at a subdeck level. If necessary, the cylinders may also be 
supported by an additional frameWork at another appropriate 
level. 

[0053] Tensioner cylinder length is determined by stroke 
requirements that result from the motion characteristics of 
the speci?c ?oating platform or vessel. The tensioner cyl 
inders are preferably placed as high as possible in order that 
interaction betWeen Waves and the tensioning system is 
minimized. 

[0054] FIG. 6A shoWs a modi?cation of the location of the 
bearing support for the tensioner cylinders 11. In this modi 
?cation, an annular ?ange 11C is disposed on the exterior of 
the cylinder body 11A at some point intermediate its ends 
and is supported on the deck D or tensioner support struc 
ture. This modi?ed bearing support may be utilized in 
installations With more limited vertical space betWeen the 
tensioner support deck or structure and the drill deck above. 

[0055] FIG. 6B shoWs another alternate bearing support 
for the tensioner cylinders 11. In this modi?cation, the 
bearing support may be either a spherical ?ange 11D and 
seat 12A bearing or gimbaled support, as shoWn, or other 
conventional types of ?exible support bearings commonly 
available. This modi?cation provides the tensioner cylinders 
With a certain amount of rotational motion With respect to a 
pure vertical con?guration. This type of gimbaled bearing 
support is useful for minimizing alignment tolerance 
requirements for the tensioner cylinder array and the load 
structure member. Furthermore, this type of cylinder support 
on the deck or tensioner support structure may be used if a 
keel guide structure is not desired. Omission of the keel 
guide Would alloW alignment of the tensioner cylinder 
assembly With the riser during lateral offset of the vessel. 

[0056] FIG. 7 shoWs another alternate bearing support for 
the tensioner cylinders 11. In this modi?cation, the tensioner 
cylinders 11 are offset from vertical, and supported by 
gimbaled supports 11D, 12A, as described above, With their 
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rod ends converging downward and attached to the load 
structure member. This modi?cation allows further reduc 
tion in siZe of the load structure member. In addition, the 
position of the opposing tensioner cylinders provides lateral 
stability to the riser relative to the support deck. In this 
embodiment of the invention, the guide rail structure on the 
cylinders is not used. 

[0057] FIG. 8 shows another alternate embodiment of the 
support for the tensioner cylinders, wherein the upper ends 
of the tensioner cylinders 11 are supported by a chain or 
other ?exible member beneath an upper deck or tensioner 
support structure of the platform or vessel. In this embodi 
ment of the invention, the entire tensioner cylinder assembly 
is free to move laterally as the vessel o?fsets. The compo 
nents previously described are assigned the same numerals 
of reference, but will not be described again in detail to 
avoid repetition. 

[0058] FIG. 9 shows a modi?cation of the vertically 
adjustable riser attachment assembly 20 wherein the upper 
portion of the riser R is externally threaded and the riser 
attachment assembly 20 includes an internally threaded 
gimbaled support ?ange 20B supported on a spherical seat 
20C on the load structure member 13 to allow a certain 
amount of rotational motion of the riser with respect to a 
pure vertical con?guration. This gimbaled riser support 
modi?cation provides reduction of bending stresses in the 
riser without the need for the keel guide structure. 

[0059] The present riser tensioning system also incorpo 
rates an accumulator system as necessary to achieve a 
desired sti?fness variation with cylinder stroke. The accu 
mulators have not been shown in the previously described 
drawing ?gures to avoid confusion and to more clearly 
illustrate the other components of the system. As seen in 
FIG. 10A, accumulators 70 may be attached to each indi 
vidual tensioner cylinder 11, or, in applications where mul 
tiple tensioner systems are deployed on the vessel, the 
accumulators 17 may be provided as a bank of accumulators 
shared between several tensioner cylinder assemblies (FIG. 
10B). 

[0060] As discussed above, the riser tensioning system 
requires a minimum of two opposing tensioner cylinders to 
provide mechanical load stability to the riser load structure 
member 13. As the number of load cylinders is increased, the 
geometrical arrangement of the cylinders about the riser R 
generally remains symmetrical, but does not require equal 
spacing. FIGS. 11A, 11B, and 11C are top plan views 
illustrating schematically examples of geometrical arrange 
ments of the tensioner cylinders 11 about the riser R utiliZing 
2, 4 and 6 tensioner cylinders, respectively, whereby the 
arrangement of the cylinders about the riser generally 
remains symmetrical, but does not require equal spacing to 
provide mechanical load stability to the riser load structure 
member 13. Placement of the cylinders in non-equal spacing 
allows a minimum overall footprint of the tensioner system, 
while allowing an increased opening for insertion and 
removal of the larger diameter riser components. 

[0061] It should be noted that removal and replacement of 
tensioning cylinders may be facilitated by removal of mul 
tiple opposing cylinder pairs in an array of cylinders to allow 
equaliZation of load on the remaining cylinders without 
imposing bending stresses on the riser itself. Alternatively, a 
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single cylinder might be removed from the array, and 
pressures offset in the remaining cylinders to minimize 
bending stresses in the riser. 

[0062] In the preceding discussion, the tensioner cylinders 
have been shown and described, for purposes of example, as 
oriented with the body of the cylinder oriented upward and 
the rods extending downward; however, it should be under 
stood that the cylinders may be inverted wherein the body of 
the cylinder oriented downward and the rods extending 
upward. 

[0063] For example, the riser tensioning system may have 
at least two hydraulic or pneumatic cylinders with the 
cylinder rods supported at an upper end in a generally 
vertical orientation beneath a the deck or tensioner support 

structure of the platform or vessel in a spaced apart relation 
and the cylinder body disposed at the lower end of the rod. 
In this modi?cation, the load structure member 13 is con 
nected to the lower ends of the cylinder bodies. 

[0064] Also, for purposes of example only, the tensioner 
cylinders have been shown as being supported on the deck 
of the platform or vessel; however, it should be understood 
that the tensioner cylinders may be supported on the deck or 
on a tensioner support structure, which may be the deck 
itself or an appendage to the deck structure. 

[0065] While this invention has been described fully and 
completely with special emphasis upon preferred embodi 
ments, it should be understood that within the scope of the 
appended claims the invention may be practiced otherwise 
than as speci?cally described herein. 

1. A deck mounted pull riser tensioning system for a 
?oating platform or vessel, comprising: 

at least two hydraulic or pneumatic cylinders having a 
cylinder body supported at a lower end on a tensioner 
support structure of said platform or vessel in spaced 
apart relation and having cylinder rods extending 
downwardly from said cylinder body lower ends 
through the deck; 

a load structure member connected to lower ends of said 

cylinder rods and having an opening therethrough for 
receiving a portion of a riser extending from the 
sea?oor; and 

a vertically adjustable riser attachment supported on said 
load structure member over said opening for attach 
ment to a portion of a riser extending through said load 
structure opening and generally centrally between said 
cylinders, said riser attachment adjustably positioned 
on the riser to accommodate variations in riser stack-up 
relative to the sea?oor; 

said cylinders, when activated, pulling upwardly on said 
load structure member to exert an upward force on the 
riser at the location of the riser attachment. 
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2. The deck mounted pull riser tensioning system accord 
ing to claim 1, further comprising: 

riser centralizer means disposed above said riser attach 
ment for receiving and guiding an upper portion of the 
riser betWeen said cylinders. 

3. The deck mounted pull riser tensioning system accord 
ing to claim 1, Wherein 

said cylinders are disposed substantially vertical With 
respect to the deck on Which they are supported. 

4. The deck mounted pull riser tensioning system accord 
ing to claim 1, further comprising: 

riser guide means disposed beloW said load structure 
member for receiving and providing lateral guidance 
and centralization of the riser beloW said load structure 
member. 

5. The deck mounted pull riser tensioning system accord 
ing to claim 1, further comprising: 

upper guide means adapted for connection to an upper end 
portion of the riser and having outer ends movably 
engaged With said cylinders for providing lateral guid 
ance and centralization of the upper end portion of the 
riser relative to said cylinders. 

6. The deck mounted pull riser tensioning system accord 
ing to claim 5, Wherein 

the upper end portion of the riser includes a Christmas tree 
and/or a bloWout preventer (BOP) assembly; and 

said upper guide means is adapted for connection to the 
Christmas tree and/or bloWout preventer (BOP) assem 
bly has outer ends movably engaged With said cylinders 
for providing lateral guidance and centralization of the 
Christmas tree and/or bloWout preventer (BOP) assem 
bly relative to said cylinders. 

7. The deck mounted pull riser tensioning system accord 
ing to claim 1, Wherein 

said riser attachment is supported on said load structure 
by a gimbal support. 

8. The deck mounted pull riser tensioning system accord 
ing to claim 1, Wherein 

said cylinders are supported on said deck so as to sub 
stantially prevent relative rotational movement 
betWeen said cylinder body loWer ends and the deck on 
Which they are supported. 

9. The deck mounted pull riser tensioning system accord 
ing to claim 1, Wherein 

said cylinders are supported on said deck so as to alloW 
relative rotational movement betWeen said cylinder 
body loWer ends and the deck on Which they are 
supported. 

10. A deck mounted pull riser tensioning system for a 
?oating platform or vessel, comprising: 

at least tWo hydraulic or pneumatic cylinders having a 
cylinder body supported at an upper end in a generally 
vertical orientation beneath a tensioner support struc 
ture of said platform or vessel in a spaced apart relation 
and having cylinder rods extending doWnWardly from 
loWer ends of said cylinder body; 
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a load structure member connected to loWer ends of said 
cylinder rods and having an opening therethrough for 
receiving a portion of a riser extending from the 
sea?oor; and 

a vertically adjustable riser attachment supported on said 
load structure member over said opening for attach 
ment to a portion of a riser extending through said load 
structure opening and generally centrally betWeen said 
cylinders, said riser attachment adjustably positioned 
on the riser to accommodate variations in riser stack-up 
relative to the sea?oor; 

said cylinders, When activated, pulling upWardly on said 
load structure member to exert an upWard force on the 
riser at the location of the riser attachment. 

11. The deck mounted pull riser tensioning system accord 
ing to claim 10, further comprising: 

riser centralizer means disposed above said riser attach 
ment for receiving and guiding an upper portion of the 
riser betWeen said cylinders. 

12. The deck mounted pull riser tensioning system 
according to claim 10, further comprising: 

riser guide means disposed beloW said load structure 
member for receiving and providing lateral guidance 
and centralization of the riser beloW said load structure 
member. 

13. The deck mounted pull riser tensioning system 
according to claim 10, further comprising: 

upper guide means adapted for connection to an upper end 
portion of the riser and having outer ends movably 
engaged With said cylinders for providing lateral guid 
ance and centralization of the upper end portion of the 
riser relative to said cylinders. 

14. The deck mounted pull riser tensioning system 
according to claim 13, Wherein 

the upper end portion of the riser includes a Christmas tree 
and/or a bloWout preventer (BOP) assembly; and 

said upper guide means is adapted for connection to the 
Christmas tree and/or bloWout preventer (BOP) assem 
bly has outer ends movably engaged With said cylinders 
for providing lateral guidance and centralization of the 
Christmas tree and/or bloWout preventer (BOP) assem 
bly relative to said cylinders. 

15. The deck mounted pull riser tensioning system 
according to claim 10, Wherein 

said riser attachment is supported on said load structure 
by a gimbal support. 

16. A deck mounted pull riser tensioning system for a 
?oating platform or vessel, comprising: 

at least tWo hydraulic or pneumatic cylinders having a 
cylinder body supported on a tensioner support struc 
ture of said platform or vessel in spaced apart relation 
and having cylinder rods extending doWnWardly from 
said cylinder body loWer ends through said tensioner 
support structure; 

a load structure member connected to loWer ends of said 
cylinder rods and having an opening therethrough for 
receiving a portion of a riser extending from the 
sea?oor; and 
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a vertically adjustable riser attachment supported on said a load structure member connected to loWer ends of said 
load structure member over said opening for attach- Cylinder body and having an Opening therethrough for 
ment to a portion of a riser extending through said load receiving a portion Of a riser extending from the 
structure opening and generally centrally betWeen said sea?oor; and 
cylinders, said riser attachment adjustably positioned 
on the riser to accommodate variations in riser stack-up a vertically adjustable riser attachment supported on said 
relative to the sea?oor; load structure member over said opening for attach 

said cylinders, When activated, pulling upWardly on said ment to a Portion Ofa riser extending through Said load 
load Structure member to exert an upward force on the structure opening and generally centrally betWeen said 
riser at the location of the riser attachment. cylinders, said riser attachment adjustably positioned 

17- A deck mounted P1111 riser tensioning system for a on the riser to accommodate variations in riser stack-up 
?oating platform or vessel, comprising: relative to the sea?oor; 

at least tWo hydraulic or pneumatic cylinders having a 
cylinder rod supported at an upper end in a generally 
vertical orientation beneath a tensioner support struc 
ture of said platform or vessel in a spaced apart relation 
and having a cylinder body extending doWnWardly 
from said cylinder rod; * * * * * 

said cylinders, When activated, pulling upWardly on said 
load structure member to exert an upWard force on the 

riser at the location of the riser attachment. 


