
RAM-TYPE TENSIONER ASSEMBLY HAVING INTEGRAL HYDRAULIC  FLUID ACCUMULATOR 1.
Fleld Of The Invention The invention relates to tensioning devices for
exerting a tensile force from a drilling vessel  or drilling platform upon
a drilling or production riser, 2. Description Of Related Art A marine
riser system is employed to provide a conduit from a floating vessel at the
water  surface to the blowout preventer stack or, production tree, which is
connected to the wellhead at the  sea floor. A tensioner, or motion
compensator, is incorporated into the riser string to compensate  for
vessel motion induced by wave action and heave. A tensioning system is
utilized to maintain a  variable tension to the riser string alleviating
the potential for compression and in turn buckling or  failure.
Historically, conventional riser tensioner systems have consisted of both
single and dual  cylinder assemblies with a fixed cable sheave atone end of
the cylinder and a movable cable sheave  attached to the rod end of the,
cylinder. The assembly is then mounted in a position on the vessel to allow
convenient routing of wire rope which is connected to a point at the fixed
end and strung over  the movable sheaves. In turn, the wire rope is routed
via additional sheaves and connected to the  slip joint assembly via a
support ring consisting ofpad eyes which accept the end termination of the
wire rope assembly. A hydro/pneumatic system consisting of high pressure
air over hydraulic fluid  applied to the cylinder forces the rod and in
turn the rod end sheave to stroke out thereby tensioning  the wire rope and
in turn the riser. The number of tensioner units employed is based on the
tension necessary to maintain 



1 support of the riser and a percentage of overpull which is dictated by
met-ocean conditions i.e.,  current and operational parameters including
variable mud weight, etc. Available space for installation and, the
structure necessary to support the units including  weight and loads
imposed, particularly in deep water applications where the tension
necessary  requires additional tensioners poses difficult problems for
system configurations for both new vessel  designs and upgrading existing
vessel designs. Recent deepwater development commitments have created a
need for new generation drilling  vessels and production facilities
requiring a plethora of new technologies and systems to operate
effectively in deep water and alien/harsh environments. These new
technologies include riser  tensioner development where reduced weight and
required space are important factors to the drilling  contractor. The
tensioner assemblies of the present invention offer operational advantages
over  conventional methodologies by providing options in riser management
and current well construction  techniques. Applications of the basic module
design are not limited to drilling risers and floating  drilling vessels.
The system further provides cost and operational effective solutions in
well servicing/workover, intervention and production riser applications.
These applications include all  floating production facilities including,
tension leg platform, floating production facility, and  production spar
variants. The system when installed provides an effective solution to
tensioning  requirements and operating parameters. An integral control and
data acquisition system provides  operating parameters to a central
processor system which provides supervisory control. Generally, tensioner
assemblies are of two types, the piston type and the ram type. With the  



piston type cylinder, the rod is stroked out bypressured hydraulic fluid
which is stored in an external 2 accumulator charged with high pressure
air. The hydraulic fluid flows into the cylinder from an  external
accumulator and the pressurized hydraulic fluid acts on the piston to
extend the rod. The  piston has a pressure barrier seal between the piston
and the inner wall of the cylinder. When the  rod is retracted the
hydraulic fluid is displaced by the piston and rod flowing back into the
external  accumulator. Prior ram-type tensioner assemblies include a ram,
which is sealed around its outer diameter  to the upper gland of the
cylinder. As the pressurized hydraulic fluid flows into the cylinder from
the external accumulator the ram extends. When the ram retracts, the
hydraulic fluid is displaced  back into the external accumulator.
Therefore, these prior tensioner assemblies require thehydraulic  fluid
volume to be displaced by the piston or ram., which then flows back into
the external  accumulator. The present invention is directed to ram-type
tensioner assemblies in which the hydraulic  fluid accumulator is integral
with the cylinder and the ram and which includes an air transfer tube
disposed within the cylinder cavity and the ram cavity to provide an air
over hydraulic fluid  arrangement. In this arrangement, the tensioner
assemblies of the present invention provide the  advantage of reducing the
amount of deck space required for each tensioner assembly because  external
hydraulic fluid accumulators are not necessary. The tensioner assemblies of
the present  invention also provide that the volume occupied by the wall
thickness of the ram displaces the  hydraulic fluid. This results in a
relatively small rise and fall of the fluid level in the hollow ram, thus
eliminating the necessity for an external accumulator. Additionally, the
tensioner assemblies  



of the present invention have reduced weight and require minimal
modifications to rig structure as  a result of the reduced weight.
Moreover, less hydraulic fluid and less high pressure air or gas are
required as compared to conventional tensioners. SUMMARY OF INVENTION The
foregoing advantages have been obtained through the present tensioner
assemblyhaving  a fully extended position, a fully retracted position, and
a plurality of partially extended positions  therebetween, comprising: a
cylinder having a cylinder first end, a cylinder second end, a cylinder
outer wall surface, a cylinder inner wall surface, and a cylinder cavity,
the cylinder first end having  a cylinder opening, the cylinder second end
having a first attachment member, and the cylinder  cavity having a first
portion of hydraulic fluid disposed therein; a stop tube having a stop tube
first  end, a stop tube second end, a stop tube outer wall surface, a stop
tube inner wall surface, and a stop  tube cavity, the stop tube being
disposed along at least a portion of the cylinder inner wall surface  such
that the cylinder inner wall surface is in communication with the stop tube
outer wall surface;  a ram having a ram first end, a ram second end, a ram
inner wall surface, a ram outer wall surface,  and a ram cavity, the ram
first end being sealed and including a second attachment member, the ram
second end having a ram flange disposed along the ram outer wall surface
and a ram opening for  fluid communication between the ram cavity and the
cylinder cavity, the ram cavity having a second  portion of hydraulic fluid
and a gas disposed therein in a gas over hydraulic fluid arrangement, the
ram outer wall surface being slidably engaged with a portion of the stop
tube inner wall surface and  the ram flange being slidably engaged with a
portion of the cylinder inner wall surface; a hydraulic  fluid accumulator
defined as an annular space created by the cylinder inner wall surface, the
ram  outer wall surface, the stop tube second end, and the ram flange; at
least one hydraulic fluid return  



line in fluid communication with the hydraulic fluid accumulator and the
cylinder cavity; and at least 4 one gas transfer tube disposed within a
portion of the cylinder cavity and within a portion of the ram  cavity, the
at least one gas transfer tube being in fluid communication with a gas
source and the gas  disposed within the ram cavity. A further feature of
the tensioner assembly is that the cylinder second end may include a gas
passageway in fluid communication with the at least one gas transfer tube
and the gas source.  Another feature of the tensioner assembly is that the
tensioner assembly cylinder second end may  include a hydraulic fluid
passageway in fluid communication with the cylinder cavity and the
hydraulic fluid return line. An additional feature of the tensioner
assembly is that the hydraulic fluid  return line may include an annular
manifold disposed along a portion of the cylinder outer wail and  in fluid
communication with the hydraulic fluid accumulator and the at least one
hydraulic fluid  return line. Still another feature of the tensioner
assembly is that the cylinder second end may  include a hydraulic fluid
passageway in fluid communication with the cylinder cavity and the
hydraulic fluid return line. A further feature of the tensioner assembly is
that the hydraulic fluid  return line may include an annular manifold
disposed along a portion of the cylinder outer wall and  in fluid
communication with the hydraulic fluid accumulator and the at least one
hydraulic fluid return line. The foregoing advantages have been obtained
through the present tensioner assembly having  a fully extended position, a
fully retracted position, and a plurality of partially extended positions
therebetween, comprising: a cylinder having a cylinder first end, a
cylinder second end, a cylinder  outer wall surface, a cylinder inner wall
surface, and a cylinder cavity, the cylinder first end having  



a cylinder opening, the cylinder second end having a first attachment
member, and the cylinder  cavity having a first portion of hydraulic fluid
disposed therein; a stop tube having a stop tube first 5 end, a stop tube
second end, a stop tube outer wall surface, a stop tube inner wall surface,
and a stop  tube cavity, the stop tube being disposed along at least a
portion of the cylinder inner wall surface  such that the cylinder inner
wall surface is in communication with the stop tube outer wall surface; a
ram having a ram first end, a ram second end, a ram inner wall surface, a
ram outer wall surface, and a ram cavity, the ram first end being sealed
and including a second attachment member, the ram  second end having an
annular piston disposed along the ram outer wall surface and a ram opening
for fluid communication between the ram cavity and the cylinder cavity, the
annular piston having  at least one port, the ram cavity having a second
portion of hydraulic fluid and a gas disposed therein  in a gas over
hydraulic fluid arrangement, the ram outer wall surface being slidably
engaged with a  portion of the stop tube inner wall surface and the annular
piston being slidably engaged with a  portion of the cylinder inner wall
surface; a hydraulic fluid accumulator defined as an annular space  created
by the cylinder inner wall surface, the ram outer wall surface, the stop
tube second end, and  the annular piston, the hydraulic fluid accumulator
being in fluid communication with the cylinder  cavity through the at least
one port of the annular piston; and at least one gas transfer tube disposed
within a portion of the cylinder cavity and within a portion of the ram
cavity, the at least one gas  transfer tube being in fluid communication
with a gas source and the gas disposed within the ram cavity. A further
feature of the tensioner assembly is that at least one of the at least one
port of the  annular piston may include at least one leaf spring disposed
above the at least one of the at least one  



port. Another feature of the tensioner assembly is that at least one of the
at least one leaf spring may  be curved upwardly toward the ram first end.
An additional feature of the tensioner assembly is that the at least one of
the at least one leaf spring may include at least one leaf spring opening.
Still 6 another feature of the tensioner assembly is that the cylinder
second end may include a gas  passageway in fluid communication with the at
least one gas transfer tube and the gas source. A  further feature of the
tensioner assembly is that the hydraulic fluid accumulator may include an
annular manifold disposed along a portion of the cylinder outer wall and in
fluid communication  with the hydraulic fluid accumulator. Another feature
of the tensioner assembly is that the annular  piston may include at least
one pair of ports. An additional feature of the tensioner assembly is that
at least one of the at least one pair of ports may include at least one
leaf spring disposed above the  at least one of the at least one pair
ofports. Still another feature of the tensioner assembly is that at  least
one of the at least one leaf spring may be curved upwardly toward the ram
first end. A further feature ofthe tensioner assembly is that at least one
of the at least one leaf spring may include at least  one leaf spring
opening. Another feature of the tensioner assembly is that the cylinder
second end  may include a gas passageway in fluid communication with the at
least one gas transfer tube and the  gas source. An additional feature of
the tensioner assembly is that the hydraulic fluid accumulator  may include
an annular manifold disposed along a portion of the cylinder outer wall and
in fluid  communication with the hydraulic fluid accumulator. Still another
feature ofthe tensioner assembly is that each of the at least one pair of
ports may include a leaf spring disposed above each of the at  least one
pair of ports. A further feature of the tensioner assembly is that each of
the leaf springs  disposed above each of the at least one pair of ports
maybe curved upwardly toward the ram first  



end. Another feature of the tensioner assembly is that each of the leaf
springs may include at least  one leaf spring opening disposed above each
of the ports. An additional feature of the tensioner  assembly is that the
cylinder second end may include a gas passageway in fluid communication
with  the at least one gas transfer tube and the gas source. Still another
feature of the tensioner assembly 7 is that the hydraulic fluid accumulator
may include an annular manifold disposed along a portion of  the cylinder
outer wall and in fluid communication with the hydraulic fluid accumulator.
The tensioner assemblies of the present invention have the advantages of.
reducing the  overall weight of the tensioner, reducing the amount of
hydraulic fluid required for operation of the  tensioner assembly, and
reducing the amount of air or gas required for operation of the tensioner
assembly. BRIEF DESCRIPTION OF DRAWINGS FIG.1 is a partial cross-sectional
view of one specific embodiment of the tensioner assembly  of the present
invention shown in the fully retracted position. FIG. 2 is a partial
cross-sectional view of another specific embodiment of the tensioner
assembly of the present invention shown in the fully retracted position.
FIG. 3 is a partial cross-sectional view of the tensioner assembly shown in
FIG. 2 shown in  the fully extended position. FIG. 4 is a cross-sectional
view of the tensioner assembly shown in FIG. 2 taken along line 4-4. FIG. 5
is cross-sectional view the annular piston shown in FIG. 4 taken along line
5-5.  While the invention will be described in connection with the
preferred embodiment, it will 



be understood that it is not intended to limit the invention to that
embodiment. On the contrary, it  is intended to cover all alternatives,
modifications, and equivalents, as may be included within the  spirit and
scope of the invention as defined by the appended claims.  DESCRIPTION OF
SPECIFIC EMBODIMENTS The invention comprises elements that when assembled
form a unitary, integral, tensioner  assembly. The tensioner assemblies of
the present invention may be used to replace both  conventional and direct
acting tensioning systems. Further, variations ofthe tensioner assembly may
be utilized in both drilling and production riser applications. As
mentioned above, the tensioner assemblies of the present invention
integrate the hydraulic  fluid accumulator into the cylinder. The hydraulic
fluid is stored inside the ram cavity and is  pressurized with
high-pressure air via an air transfer tube disposed within the cylinder
cavity and the  ram cavity. The high pressured air flows into an air space
which is maintained at the upper end of  the interior of the ram, i.e.,
within the ram cavity. This arrangement provides an air over oil
operation. The air pressure acts on the internal surface of one end of the
ram, sometimes referred to as  the ram head, combined with the pressurized
hydraulic fluid acting on the surface area of the lower  end of the ram to
provide the force necessary to extend the ram. The ram extends with a force
relative to the air pressure, however with the lower end of the ram
submerged in the hydraulic fluid,  hydraulic dampening is maintained to
prevent excessive ram speeds, i.e., the rate at which the ram  is extended
from within the cylinder cavity or retracted into the cylinder cavity.
Therefore, the rain  speed is controlled to prevent damage to the tensioner
assembly. 



In one specific embodiment, an annular piston, which acts as a speed
control valve, is located  at the lower end of the ram and may be utilized
to prevent damage caused by excessive ram speed  in the event of a severed
line or other situation where the load on the tensioner assembly is
suddenly  absent from the tensioner assembly. The annular piston includes a
number of a transfer ports, or 9 ports, located within the annular piston
at the lower end of the ram. At the upper side of the ports,  small
leafsprings are situated over the opening of the port. These springs are
curved upward so that  the entrances of the ports are open for hydraulic
fluid to flow through the ports. If the load on the  tensioner assembly is
suddenly absent, the pressure acting on the ram will cause it to accelerate
toward the fully extended position at an excessive rate. As hydraulic fluid
flow passing the leaf  spring and entering the port exceeds a certain flow
rate, a pressure imbalance is induced across the  leaf spring. When this
imbalance exceeds the spring rate of the leaf spring, the leaf spring is
pushed  closed over the entrance to the port, thereby restricting the flow
rate of the hydraulic fluid through  the ports, and in turn, limiting the
speed of the ram. Each leaf spring preferably has an orifice, or  opening,
that permits a portion of hydraulic fluid to pass through the port such
that the pressure  imbalance will be allowed to equalize at a controlled
rate instead of "freezing" in place, i.e., no  longer moving. Once the
pressure has equalized the leafsprings will return to their upwardly curved
position for continued operation. Referring now to FIGS. 1-3, broadly, the
present invention is directed to tensioner assembly  40 having cylinder 60,
ram 80, stop tube 90, and air transfer tube 50. Tensioner assembly 40
includes a fully retracted position (FIGS. I and 2), a fully extended
position (FIG. 3), and a plurality  of partially extended positions defined
therebetween. Cylinder 60 includes cylinder inner wall  



surface 61, cylinder outer wall surface 62, cylinder first end 63, and
cylinder second end 64.  Cylinder second end 64 includes attachment member
65 to facilitate securing cylinder second end  64, and thus, tensioner
assembly 40, to a riser string, a drilling vessel, or other equipment or
devices  that are secured to the riser string. Attachment member 65 may be
any device, e.g., bolts, flanges,  etc., known to persons of ordinary skill
in the art. 10 Cylinder cavity 66 is disposed within cylinder 60 and
defined by cylinder inner wall surface  61. Cylinder first end 63 includes
opening 67 to permit ram 80 to move into and out of cylinder  cavity 66 as
discussed in greater detail below. Cylinder 60 also preferably includes
annular manifold  68 to permit hydraulic fluid to be circulated around ram
80 and into hydraulic fluid accumulator 77  discussed in greater detail
below. Ram 80 includes ram inner wall surface 81, ram outer wall surface
82, ram first end, or ram  head, 83, and ram second end 84. Ram first end
83 includes attachment member 85 to facilitate  securing ram first end 83,
and thus, tensioner assembly 40, to a riser string, a drilling vessel, or
other  equipment or devices that are secured to the riser string.
Attachment member 85 maybe any device,  e.g., bolts, flanges, etc., known
to persons of ordinary skill in the art. Ram cavity 86 is disposed within
ram 80 and defined by ram inner wall surface 81. Ram  second end 84
includes ram opening 88 (FIG. 3) to permit hydraulic fluid to pass into and
from ram  cavity 86 as discussed in greater detail below. Stop tube 90
includes stop tube inner wall surface 91, stop tube outer wall surface 92,
stop  tube first end 93, stop tube second end 94, and stop tube cavity 96
disposed within stop tube 90 and  defined by stop tube inner wall surface
91. 



In one specific embodiment, ram 80 preferably includes ram flange 89 (FIG.
1) disposed  along a portion of ram outer wall surface 82, preferably near
ram second end 84. Ram flange 89  contacts stop tube 90 when tensioner
assembly 40 is in the fully extended position (FIG. 3). As such,  ram
flange 80 facilitates maintaining ram 80 within cylinder cavity 66 and stop
tube cavity 96. Tensioner assembly 40 is assembled by-inserting ram 80 into
cylinder cavity 66 by placing  ram second end 84 through cylinder opening
67 such that air transfer tube 50 is disposed within ram 11 cavity 86. Ram
80 is inserted into cylinder cavity 66 until ram second end 84 contacts
cylinder  second end 64, i.e., tensioner assembly 40 is in the fully
retracted position (FIGS. I and 2). Ram  flange 89, or annular piston 20
(discussed in greater detail below), are slidably engaged with cylinder
inner wall surface 61, and hydraulic fluid accumulator 77 is formed between
cylinder inner wall  surface 61 and ram outer wall surface 82. Ram flange
89, or annular piston 20, is slidably engaged  with cylinder inner wall
surface 61 such that no hydraulic fluid or air is permitted to pass between
ram flange 89, or annular piston 20, and cylinder inner wall surface 61.
Stop tube 90 is then disposed around ram 80 (i.e., ram 80 is inserted into
stop tube cavity 96)  and stop tube 90 is inserted into cylinder cavity 66
such that stop tube outer wall surface 92 is in  communication with
cylinder inner wall surface 61 and stop tube inner wall surface 91 is
slidably  engaged with ram outer wall surface 82. Stop tube 90 is
preferably secured to cylinder inner wall surface 61 such that stop tube is
incapable of movement and no hydraulic fluid or air is permitted  to pass
between cylinder inner wall surface 61 and stop tube outer wall surface 92.
As shown in  FIGS. 1-3, stop tube 90 is secured in place by flange and bolt
assembly 95. Stop tube inner wall  surface 91 is slidably engaged with ram
outer wall surface 82 such that no hydraulic fluid or air is  



permitted to pass between stop tube inner wail surface 91 and ram outer
wall surface 82. In this arrangement, tam flange 89, or annular piston 20,
is permitted to slide along cylinder  inner wall surface 61 until
contacting stop tube 90. At the point where ram flange 89 or annular
piston 20 contacts stop tube 90, tensioner assembly 40 is in the fully
extended position (FIG. 3). Disposed within cylinder cavity 66 and at least
a portion of ram cavity 86 is gas, or air,  transfer tube 50. While the
tensioner assembly is discussed herein as having a "air," it is to be
understood that any gas may be used, e.g., atmospheric air or nitrogen. Air
transfer tube 50 is in 12 fluid communication with an air source (not
shown), such as one or more air pressure vessels, that  provides
pressurized air into ram cavity 86 and cylinder cavity 66 to provide
tensile force to  tensioner assembly 40. Air transfer tube 50 includes air
transfer tube opening 52. Preferably, cylinder second end 64 includes air
passageway 54 to facilitate the transportation of air from the air source
to air transfer tube 50. When tensioner assembly 40 is in the
fullyretracted position (FIGS.1 and 2), hydraulic fluid  accumulator 77 is
formed by ram outer wall surface 82 and cylinder inner wall surface 61 as
an  annular ring around ram 80. As tensioner assembly 40 is moved from the
fully retracted position  (FIGS.1 and 2) to the fully extended position
(FIG. 3), hydraulic fluid accumulator 77 and cylinder  cavity 66 become in
fluid communication with each other and the volume of the annular space
forming hydraulic fluid accumulator 77 is reduced. In one specific
embodiment shown in FIG. 1, tensioner assembly 40 includes a .hydraulic
fluid return line 70 in fluid communication with annular manifold 68 and
cylinder cavity 66 and thus  ram cavity 86. Preferably, cylinder. second
end 64 includes hydraulic fluid passageway 74 to  



facilitate the transportation of hydraulic fluid from ram cavity 86 and
cylinder cavity 66 to hydraulic fluid return line 70. Hydraulic fluid
return line 70 preferably includes control valve 72 such as a  Riser
Inertia Management and Control(r) (RIMAC(r)) system to facilitate
regulation of the flow of  hydraulic fluid through hydraulic fluid return
line 70 and to control the riser pipe in the event of an  unexpected
separation ofram 80 from cylinder 60. Therefore, the tensile force created
by tensioner  assembly 40 can be controlled such that the speed at which
ram 80 moves within cylinder 70 and  stop tube 90 does not exceed a set
speed at which ram 80 maybe forced from its slidable engagement  with stop
tube 90 or otherwise cause damage to tensioner assembly 40. 13. Referring
now to FIGS. 2-5, in one specific embodiment, annular piston 20 performs
the function of ram flange 89. Like ram flange 89, annular piston 20 is
disposed along ram outer wall  surface 82 near ram second end' 84. Unlike
ram flange 89, however, which only provides the function of stopping
further extension of ram 80, annular piston 20 controls the speed at which
ram  80 moves within cylinder 70 and stop tube 90. As illustrated in FIGS.
4 and 5, annular piston 20  preferably includes a plurality of ports 22
through which hydraulic fluid is permitted to pass from  hydraulic fluid
accumulator 77 into cylinder cavity 66, and vice versa. Port 22 includes
leaf spring  24 disposed over port 22 to facilitate controlling the flow of
hydraulic fluid through port 22. Leaf  spring 24 preferably includes at
least one leaf spring orifice or opening 26 through which hydraulic  fluid
is permitted to pass As shown in FIGS. 4 and 5; preferably, ports 22 are
arranged in pairs with each pair of por ts  22 having leaf spring 24
disposed above the pair of ports 22 with leaf spring orifice or opening 26
disposed above each port 22. Leaf spring 26 is curved upwardly, i.e., in
the direction of first end 83,  



such that the flow of hydraulic fluid through port 22 in the direction of
arrow 31 is buffered, or  slowed, and such that the flow of hydraulic fluid
through port 22 in the direction of arrow 32 is  likewise buffered, or
slowed. In situations in which rain 80 is being forced out of cylinder 60,
i.e.,  in the direction of arrow 31 toward the fully extended position, at
a high rate of speed, leaf spring  26 is flattened out to cover a portion
of port 22, thereby restricting the flow of hydraulic fluid  through port
22, and thus slowing the extension of ram 80 out of cylinder 60. Fastener
devices, e.g.,  bolts 28, may be used to secure leaf spring 26 to annular
piston 20. While annular piston 22 is described as having a plurality
ofports 22, with a plurality ofleaf  springs 26, it is to be understood
that annular piston 22 may only have one port, with, or without, a 14 leaf
spring 26, and leaf spring 26 may or may not be include leaf spring opening
26. As shown in FIGS.1 and 2, once assembled, cylinder cavity 66, ram
cavity 86, and hydraulic  fluid accumulator 77 may be filled with hydraulic
fluid in the spaces represented by the reference  numeral 104. Ram cavity
86 may then be partially filled with air in the space represented by the
reference numeral 102 from a air source and passing through air transfer
tube 50, thereby  establishing a hydraulic fluid level 100 in a gas over
hydraulic fluid arrangement. The pressures of  the air and hydraulic fluid
do not move ram 80 when the pressures are at equilibrium. As tensioner
assembly 40 is moved from the fully retracted position (FIGS. 1 and 2) to
one  or more of the partially extended positions or the fully extended
position (FIG. 3), the air in space  102 is pressurized by additional air
being transported from the air source, through air passageway 54, through
air transfer tube 50, out of air tube opening 52, and into space 102 of ram
cavity 86. In  so doing, the pressurized air in space 102 forces ram head
83 to move in the direction of arrow 31.  



Additionally, the pressurized air forces hydraulic fluid level 100 to be
moved downward, in the  direction of arrow 32. The pressurized hydraulic
fluid in spaces 104 is compressed and facilitates  exertion of an upward
force, i.e., in the direction of arrow 31, to force ram head 83 to move in
the  direction of 31 until tensioner assembly reaches the fully extended
position (FIG. 3), or until the  pressure of the air and the pressure of
the hydraulic fluid reach equilibrium. Additionally, with respect to the
specific embodiment of tensioner assembly 40 shown in  FIGS. 2-5, as ram 80
is moved in the direction of arrow 31, hydraulic fluid is transported from
hydraulic fluid accumulator 77 through annular piston 20 in the direction
of arrow 32, by passing  through ports 22, and into cylinder cavity 66. In
so doing, the volume ohydraulic fluid.accumulator  77 is reduced. 15
Conversely, when ram 80 is moved in the direction ofarrow 32, hydraulic
fluid is transported  from cylinder cavity 66, through annular piston 20 in
the direction of arrow 31, by passing through  ports 22, and into hydraulic
fluid accumulator 77. In so doing, the volume of hydraulic fluid
accumulator is increased. With respect to the specific embodiment of
tensioner assembly 40 shown in FIG. 1, as air is  transported from the air
source into ram cavity 86, and thus ram 80 is moved in the direction of
arrow 31, hydraulic fluid is transported from hydraulic fluid accumulator
77, through annular  manifold 68, into hydraulic fluid return line 70,
through hydraulic fluid return line 70, through  control valve 72, through
hydraulic fluid passageway 74, and into cylinder cavity 66. Conversely, as
the air pressure is lessened, and transported out of space 102 of ram
cavity  86, ram is moved in the direction of arrow 32. In so doing,
hydraulic fluid is transported from  



cylinder cavity 66, through hydraulic fluid passageway 74, through control
valve 72, through  hydraulic fluid return line 70, into annular manifold
68, and into hydraulic fluid accumulator 77. As will be apparent to persons
of ordinary skill in the art, hydraulic fluid level 100 is  preferably
always lower, i.e., closer to cylinder second end 64, than air transfer
tube opening 52. Therefore, hydraulic fluid 104 will not be permitted to
pass into air transfer tube 50. While it is to be understood that cylinder
60, ram 80, and stop tube 90 maybe formed out of  any material known to
persons of ordinary skill in the art, preferably, cylinder 60, ram 80, and
stop  tube 90 are manufactured from a light weight material that helps to
reduce the overall weight of  tensioner assembly 40, helps to eliminate
friction and metal contact within cylinder 60 and stop tube  90, and helps
reduce the potential for electrolysis and galvanic action causing
corrosion. Examples  include, but are not limited to, carbon steel,
stainless steel, aluminum and titanium. 16 Tensioner assembly 40 may be
connected directly to the riser string or indirectly to the riser  string
by connecting tensioner assembly 40 to a riser ring or other device which
facilitates connecting  tensioner assembly 40 to the riser string.
Tensioner assembly 40 of the present invention may be utilized to
compensate for offset of  an oil drilling vessel connected to a riser or
blowout preventer stack. For example, the tensioner  assembly is placed, or
disposed, in communication with an oil drilling vessel and the riser or
blowout preventer stack rising through the ocean from the wellbore.
Additionally, the oil drilling vessel may be stabilized using the tensioner
assembly of the  present invention by maintaining and adjusting tension in
the cylinder by maintaining and adjusting  the pressure in the cylinder and
the ram by placing the ram or air transfer tube and air source in  



communication with at least one control source. It is to be understood that
the invention is not limited to the exact details of construction,
operation, exact materials, or embodiments shown and described, as obvious
modifications and  equivalents will be apparent to one skilled in the art.
For example, the annular piston may include  only one port. Further, each
port in the annular piston does not require a leaf spring, thereby
permitting each port in the annular piston to be modified to restrict the
flow of hydraulic fluid. Also,  the tensioner assembly maybe assembled
using bolts, welding, or any other device or method known  to persons of
ordinary skill in the art. Additionally, the stop tube may be a flange or
ledge formed  integral with the cylinder inner wall surface and disposed
within the cylinder cavity. Moreover, the  individual components may be
manufactured out of any material and through any method known to  persons
of ordinary skill in the art. Accordingly, the invention is therefore to be
limited only by the  scope of the claims. 17 CLAIMS V41AT IS CLAWED IS: I A
tensioner assembly having a fully extended position, a fully retracted
position, and a  plurality of partially extended positions therebetween,
comprising. a cylinder having a cylinder first end, a cylinder second end,
a cylinder outer wall surface,  a cylinder inner wall surface, and a
cylinder cavity, the cylinder first end having a cylinder opening,  the
cylinder second end having a first attachment member, and the cylinder
cavity having a first  portion of hydraulic fluid disposed therein; a stop
tube having a stop tube first end, a stop tube second end, a stop tube
outer wall surface,  



a stop tube inner wall surface, and a stop tube cavity~ the stop tube being
disposed along at least a  portion of the cylinder inner wall surface such
that the cylinder inner wall surface is in  communication with the stop
tube outer wall surface; a ram having a ram first end, a ram second end, a
ram inner wall surface, a ram outer wall  surface, and a ram cavity, the
ram first end being sealed and including a second attachment member,  the
ram second end having a ram flange disposed along the ram outer wall
surface and a ram opening  for fluid communication between the ram cavity
and the cylinder cavity, the ram cavity having a  second portion of
hydraulic fluid and a gas disposed therein m' a gas over hydraulic fluid
arrangement, the ram outer wall surface being slidably engaged with a
portion of the stop tube inner  wall surface and the ram flange being
slidably engaged with a portion of the cylinder inner wall  surface; a
hydraulic fluid accumulator defined as an annular space created by the
cylinder inner wall  surface, the ram outer wall surface, the stop tube
second end, and the ram flange; 18 at least one hydraulic fluid return line
in fluid communication with the hydraulic fluid  accumulator and the
cylinder cavity; and at least one gas transfer tube disposed within a
portion of the cylinder cavity and within a  portion of the ram cavity, the
at least one gas transfer tube being in fluid communication with a gas
source and the gas disposed within the ram cavity. 2. The tensioner
assembly of claim 1, wherein the cylinder second end includes a gas
passageway in fluid communication with the at least one gas transfer tube
and the gas source. 3. The tensioner assembly of claim 2, wherein the
cylinder second end includes a hydraulic fluid  



passageway in fluid communication with the cylinder cavity and the
hydraulic fluid return line. 4. The tensioner assembly of claim 3, wherein
the hydraulic fluid return line includes an annular  manifold disposed
along a portion of the cylinder outer wall and in fluid communication with
the  hydraulic fluid accumulator and the at least one hydraulic fluid
return line. 5. The tensioner assembly of claim 1, wherein the cylinder
second end includes a hydraulic fluid passageway in fluid communication
with the cylinder cavity and the hydraulic fluid return line. 6. The
tensioner assembly of claim 5, wherein the hydraulic fluid return line
includes an annular  manifold disposed along a portion of the cylinder
outer wall and in fluid communication with the  hydraulic fluid accumulator
and the at least one hydraulic fluid return line. 19 7. A tensioner
assembly having a fully extended position, a fully retracted position, and
a  plurality of partially extendedpositions therebetween, comprising: a
cylinder having a cylinder first end, a cylinder second end, a cylinder
outer wall surface,  a cylinder inner wall surface, and a cylinder cavity,
the cylinder first end having a cylinder opening,  the cylinder second end
having a first attachment member, and the cylinder cavity having a first
portion of hydraulic fluid disposed therein; a stop tube having a stop tube
first end, a stop tube second end, a stop tube outer wall surface,  a stop
tube inner wall surface, and a stop tube cavity, the stop tube being
disposed along at least a  portion of the cylinder inner wall surface such
that the cylinder inner wall surface is in  communication with the stop
tube outer wall surface; a ram having a ram first end, a ram second end, a
ram inner wall surface, a ram outer wall  surface, and a ram cavity, the
ram first end being sealed and including a second attachment member,  



the ram second end having an annular piston disposed along the ram outer
wall surface and a ram  opening for fluid communication between the ram
cavity and the cylinder cavity, the annular piston  having at least one
port, the ram cavity having a second portion of hydraulic fluid and a gas
disposed  therein in a gas over hydraulic fluid arrangement, the ram outer
wall surface being slidably engaged with a portion of the stop tube inner
wall surface and the annular piston being slidably engaged with  a portion
of the cylinder inner wall surface; a hydraulic fluid accumulator defined
as an annular space created by the cylinder inner wall  surface, the ram
outer wall surface, the stop tube second end, and the annular piston, the
hydraulic  fluid accumulator being in fluid communication with the cylinder
cavity through the at least one port  of the annular piston; and 20 at
least one gas transfer tube disposed within a portion of the cylinder
cavity and within a  portion of the ram cavity, the at least one gas
transfer tube. being in fluid communication with a gas  source and the gas
disposed within the ram cavity. 8. The tensioner assembly of claim 7,
wherein at least one of the at least one port of the annular  piston
includes at least one leaf spring disposed above the at least one of the at
least one port. 9. The tensioner assembly of claim 8, wherein at least one
of the at least one leaf spring is  curved upwardly toward the ram first
end. 10. , The tensioner assembly of claim 9, wherein the at least one of
the at least one leaf spring  includes at least one leaf spring opening.
11. The tension assembly of claim 10, wherein the cylinder second end
includes a gas passageway in fluid communication with the at least one gas
transfer tube and the gas source. 



12. The tensioner assembly of claim 11, wherein the hydraulic fluid
accumulator includes an  annular manifold disposed along a portion of the
cylinder outer wall and in fluid communication  with the hydraulic fluid
accumulator. 13. The tensioner assembly of claim 7, wherein the annular
piston includes at least one pair of  ports. 21 14, The tensioner assembly
of claim 13, wherein at least one of the at least one pair of ports
includes at least one leaf spring disposed above the at least one of the at
least one pair of ports. 15. The tensioner assembly of claim 14, wherein at
least one of the at least one leaf spring is  curved upwardly toward the
ram first end. 16. The tensioner assembly of claim 15, wherein at least one
of the at least one leaf spring  includes at least one leaf spring opening.
17. The tension assembly of claim 16, wherein the cylinder second end
includes a gas passageway in fluid communication with the at least one gas
transfer tube and the gas source. 18. The tensioner assembly of claim 17,
wherein the hydraulic fluid accumulator includes an  annular manifold
disposed along a portion of the cylinder outer wall and in fluid
communication  with the hydraulic fluid accumulator. 19. The tensioner
assembly of claim 13, wherein each of the at least one pair of ports
includes  a leaf spring disposed above each of the at least one pair of
ports. 20. The tensioner assembly of claim 19, wherein each of the leaf
springs disposed above each  of the at least one pair of ports is curved
upwardly toward the ram first end. 22 



21. The tensioner assembly of claim 20, wherein each of the leaf springs
includes at least one leaf  spring opening disposed above each of the
ports. 22. The tension assembly of claim 21, wherein the cylinder second
end includes a gas passageway in fluid communication with the at least one
gas transfer tube and the gas source. 23. The tensioner assembly of claim
22, wherein the hydraulic fluid accumulator includes an  annular manifold
disposed along a portion of the cylinder outer wall and in fluid
communication  with the hydraulic fluid accumulator. -23 


