
PORTABLE DRILL STRING COMPENSATOR 1. Field Of The Invention The invention
is directed to drill string compensators, and in particular to portable
drill string compensators for use in connection with off shore drilling
operations such as off-shore drilling  vessels to permit vertical movement
of the drill string in relation to ocean heave. 2. Description Of Related
Art Drill string compensators are employed to compensate for vessel motion
induced by wave  action and heave. Drill string compensators are also
utilized to maintain a variable tension to the  drill string alleviating
the potential for compression and in turn buckling or failure.
Historically, conventional drill string compensators have consisted of both
single and dual  cylinder assemblies with a chain fixed at one end of the
cylinder and a movable chain sheave  attached to the rod end of the
cylinder as disclosed in U.S. Patent No. 3,804,183. The assembly is  then
mounted in a position on the vessel to allow convenient routing of chain
which is connected to  a point at the fixed end and strung over the movable
sheaves. In turn, the chain is routed via sheaves and connected to the
drill string compensator via a support consisting of a hook which is
connected  to the end termination of the chain assembly. The cylinders and
the chain assemblies are disposed on a derrick disposed above the drill
string. Also disposed on the derrick, or on deck space located remotely
from the derrick, but in close  proximity, is a hydro/pneumatic system
consisting of high pressure air vessels. Pressure from the  air pressure
vessels ("APVs") forces the rod and in turn the rod end sheave to stroke
out thereby  tensioning the chain and in turn the drill string. 



1 One drill string compensator typically used on a rig and is set to
support a portion of th  weight of the drill string. The remaining portion
of the drill string weight provides the force  necessary for penetration as
the drill string is spun. Normal operation of these conventional type drill
string compensator systems have required  high maintenance due to the
constant motion producing wear and degradation of the chain members.  In
addition, 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 large
drill strings poses difficult problems for system configurations for both
new  vessel designs and upgrading existing vessel designs. Additionally, as
disclosed in U.S. Patent No. 3,793,835, in prior drill string compensators,
a bank of remotely located, either along the derrick or on the deck of the
vessel, hydraulic fluid  accumulators and APVs are required. These
hydraulic fluid accumulators and APVs require large  amounts of deck space
with heavy piping and large diameter hoses to provide the operating
pressure  to the drill string compensator. These hoses combined with the
control lines create bulky, heavy  hose bundles, thereby requiring
additional space and adding additional weight to the drilling vessel.
Therefore, the portability of these drill string compensators is severely
limited. Accordingly, prior to the development of the present invention,
there has been no drill string  compensators or methods of compensating a
drill string, which: provide portability to the entire drill  sting
compensator system, including APVs and hydraulic fluid accumulators; reduce
the weight of  equipment necessary to operate the drill string
compensators; reduce the amount of deck space  



required for the drill string compensators; provide a self-contained and
compact drill string  compensator; and are operable without the use of a
separate derrick. Therefore, the art has sought 2 a drill string
compensator and a method of compensating a drill string, which: provide
portability  to the entire drill sting compensator system, including APVs
and hydraulic fluid accumulators;  reduce the weight of equipment necessary
to operate the drill string compensators; reduce the amount  of deck space
required for the drill string compensators; provide a self-contained and
compact drill  string compensator, and are operable without the use of a
separate derrick. SUMMARY OF INVENTION In accordance with the invention the
foregoing advantages have been achieved through the  present closed system
drill string compensator comprising: a cylinder having a cylinder inner
wall  surface, a cylinder outer wall surface and a cylinder cavity; a
piston; a piston rod having a first piston  rod end and a second piston rod
end, the first piston rod end being connected to the piston; the piston
and the piston rod being slidably engaged within the cylinder cavity
thereby dividing the cylinder  cavity into a rod side cavity containing a
first portion of hydraulic fluid under pressure disposed therein and a
piston side cavity, the piston and the piston rod each having a retracted
position and  a plurality of extended positions; an accumulator surrounding
the cylinder, the accumulator having  a first accumulator inner wall
surface, a second accumulator inner wall surface, an accumulator outer
wall surface, and an accumulator cavity, the accumulator cavity being in
fluid communication with  the rod side cavity, the accumulator cavity
containing a second portion of hydraulic fluid and a gas  under pressure;
the cylinder and accumulator having a first closed end and a second closed
end, the  



first closed end having a first attachment member and the second closed end
having a piston rod  passageway through which the second piston rod -,end
passes, the second piston rod end being  connected to second attachment
member; and at least one air pressure vessel radially disposed 3 around the
cylinder and the accumulator, each of the at least one air pressure vessel
being in fluid  communication with the accumulator cavity. A further
feature of the closed drill string compensator is that the cylinder outer
wall surface  and the first accumulator inner wall surface may be integral.
Another feature of the closed drill  string compensator is that the rod
side cavity may be in fluid communication with the accumulator  cavity
through a first port. An additional feature of the closed drill string
compensator is that the port may include a shut-off valve. Still another
feature of the closed drill string compensator is that  each of the at
least one air pressure vessel may be in fluid communication with the
accumulator  cavity through a second port, and wherein the first port may
be disposed in close proximity to the  second end of the drill string
compensator and the second port may be disposed in close proximity  to the
first end of the drill string compensator. A further feature of the closed
drill string  compensator is that the piston side cavity maybe a vacuum.
Another feature of the closed drill string  compensator is that the second
end may include a base having a lock bar assembly for securing the drill
string compensator in the retracted position. An additional feature of the
closed drill string  compensator is that the second end.attachment member
may include a second end attachment  member passageway disposed through at
least a portion of the second end attachment member and  the base may
include a lock bar passageway disposed through at least a portion of the
base, the  



second end attachment member passageway and the lock bar passageway being
capable of being  aligned with each other in the retracted position for
receiving a lock bar through the second end  attachment member passageway
and the lock bar passageway for securing the drill string  compensator in
the retracted position. Still another feature of the closed drill string
compensator is  that the first end and the second end may be connected
through a main frame assembly. A further 4 feature of the closed drill
string compensator is that the base may be connected to the main frame
assembly. Another feature of the closed drill string compensator is that
the cylinder and the  accumulator maybe concentric. In accordance with the
invention the foregoing advantages have also been achieved through  the
present closed system drill string compensator comprising: a cylinder
having a cylinder inner  wall surface, a cylinder outer wall surface and a
cylinder cavity; a piston; a piston rod having a first  piston rod end and
a second piston rod end, the first piston rod end being connected to the
piston;  the piston and the piston rod being slidably engaged within the
cylinder cavity thereby dividing the  cylinder cavity into a rod side
cavity containing a first portion of hydraulic fluid under pressure
disposed therein and a piston side cavity, the piston and the piston rod
each having a retracted  position and a plurality of extended positions; an
accumulator surrounding the cylinder, the  accumulator having a first inner
accumulator wall surface, a second inner accumulator wall surface,  an
outer accumulator wall surface, and an accumulator cavity, the accumulator
cavity being in fluid  communication with the rod side cavity through a
first port, the first port having a shut-off valve  disposed therein and
the accumulator cavity containing a second portion of hydraulic fluid and a
gas  



under pressure; the cylinder and accumulator having a first closed end and
a second closed end, the  first closed end having a first attachment member
and the second closed end having a piston rod  passageway through which the
second piston rod end passes, the second piston rod end being  connected to
second attachment member; and at least one air pressure vessel, each of the
at least one  air pressure vessel being in fluid communication with the
accumulator cavity through a second port,  wherein the first port is
disposed in close proximity to the second closed end and the second port is
disposed in close proximity to the first closed end. 5 A further feature of
the closed drill string compensator is that the second closed end may
include a base having a lock bar assembly for securing the drill string
compensator in the retracted  position. Another feature of the closed drill
string compensator is that the second end attachment member may include a
second end attachment Member passageway disposed through at least a
portion of the second end attachment member and the base may include a lock
bar passageway  disposed therein, the second end attachment member
passageway and the lock bar passageway being  capable of being aligned with
each other in the retracted position for receiving a lock bar through  the
second end attachment member passageway and the lock bar passageway for
securing the drill  string compensator in the retracted position. An
additional feature of the closed drill string  compensator is that the
cylinder outer wall surface and the first accumulator inner wall surface
may  be integral. Still another feature of the closed drill string
compensator is that the piston side cavity  may be a vacuum. In accordance
with the invention the foregoing advantages have been achieved through the



present method of compensating a drill string, the method comprising the
steps of- providing a  closed system drill string compensator having a
cylinder having a cylinder inner wall surface, a  cylinder outer wall
surface and a cylinder cavity, a piston, a piston rod having a first piston
rod end  and a second piston rod end, the first piston rod end being
connected to the piston, the piston and the  piston rod being slidably
engaged within the cylinder cavity thereby dividing the cylinder cavity
into  a rod side cavity having a first portion of hydraulic fluid under
pressure disposed therein and a piston  side cavity; the piston and the
piston rod each having a retracted position and a plurality of extended
positions, an accumulator surrounding the cylinder, the accumuIator having
a first accumulator inner  wall surface, a second accumulator inner wall
surface, an accumulator outer wall surface, and an 6 accumulator cavity,
the accumulator cavity being in fluid communication with the rod side
cavity,  the accumulator cavity containing a second portion of hydraulic
fluid and a gas under pressure, the  cylinder and accumulator having a
first closed end and a second closed end, the first closed end  having a
first attachment member and the second closed end having a piston rod
passageway through  which the second piston rod end passes, the second
piston rod end being connected to second  attachment member, and at least
one air pressure vessel radially disposed around the cylinder and  the
accumulator, each of the at least one air pressure vessel being in fluid
communication with the  accumulator cavity; filling the rod side cavity and
a portion of the accumulator cavity with the first  portion of hydraulic
fluid and the second portion of hydraulic fluid in amounts sufficient to
support  the weight of the drill string and permit the drill string
compensator to move from the retracted  position to at least one of the
plurality of extended positions and from the at least one of the plurality



of extended positions to the retracted position; pressurizing each of the
at least one air pressure  vessels with a gas pressure sufficient to
support the weight of the drill string and permit the drill  string
compensator to move from the retracted position to at least one of the
plurality of extended  positions and from the at least one of the plurality
of extended positions to the retracted position; and  inserting the drill
string compensator in the drill string. A further feature of the method of
compensating a drill string is that the drill string compensator may be
placed and maintained in the retracted position prior to being inserted in
the  drill string. Another feature of the method of compensating a drill
string is that the drill string  compensator may be maintained in the
retracted position by actuating at least one lock bar through  the second
attachment member. An additional feature of the method of compensating a
drill string  is that the accumulator and the rod side cavity of the
cylinder of the drill string compensator maybe 7 in fluid communication
with each other through a first port, the first port having a shut-off
valve  disposed therein, and wherein the drill string compensator may be
maintained in the retracted  position by actuating the shut-off valve. The
drill string compensators and a methods of compensating a drill string have
the  advantages of. providing portability to the entire drill sting
compensator system, including APVs  and hydraulic fluid accumulators;
reducing the weight of equipment necessary to operate the drill  string
compensators; reducing the amount of deck space required for the drill
string compensators;  providing a self-contained and compact drill string
compensator; and being operable without the use  of a separate derrick. 



BRIEF DESCRIPTION OF DRAWINGS FIG. I is a cross-sectional view of one
specific embodiment of the portable drill string  compensator of the
present invention in a retracted position. FIG. 2 is a cross-sectional view
of the portable drill string compensator shown in FIG. 1  taken along line
2-2. FIG. 3 is a cross-sectional view of the portable drill string
compensator shown in FIG. 1 in  an extended position. 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. 8 DETAILED
DESCRIPTION AND SPECIFIC EMBODIMENTS In one aspect, the invention is
directed to drill string compensators. Broadly, the drill string
compensators include a piston and a piston rod slidably engaged within a
cylinder, a hydraulic fluid  accumulator, referred to herein as
"accumulator," and at least one air pressure vessel. The piston rod  exits
the cylinder and is connected to the drill string. Piston and piston rod
are permitted to slide  along the inner wall of the cylinder, and piston
rod is permitted to be exposed to the outside, or  atmosphere, however,
hydraulic fluid or gas is not permitted to pass to the atmosphere. The
cavities above and below the piston are closed off from each other and the
atmosphere.  The cavity below the piston is in fluid communication with the
accumulator, but is otherwise closed  



off from the atmosphere. The air pressure vessel is in fluid communication
with the accumulator,  but is otherwise closed off from the atmosphere.
"Atmosphere" as used herein is defined as the  environment outside the
cylinder, accumulator, and the air pressure vessel. Therefore, the drill
string  compensator is a "closed system." Referring now to FIGS. 1-3, in
one specific embodiment, drill string compensator 10 includes  cylinder 20
and accumulator 30. Cylinder 20 and accumulator 30 include first closed end
101 and  second closed end 102. First closed end 101 and second closed end
102 facilitate closing off  cylinder 20 and accumulator 30, and thus drill
string compensator 10, from atmosphere so that drill  string compensator 10
is a closed system. First closed end 10 1 includes first end attachment
member 90 to facilitate connecting drill  string compensator 10 to a drill
string (not shown). Cylinder 20 has cylinder inner wall surface 2 1,
cylinder outer wall surface 22, and cylinder  cavity 24. Piston 12 and
piston rod 14 are slidably engaged within cylinder cavity 24 along inner 9
wall surface 21, thereby dividing cylinder cavity 24 into piston side
cavity 26 and rod side cavity 28.  Piston 12 is designed such that it is
slidably engaged with cylinder 20 by contacting cylinder inner  wall
surface- 21 and preventing fluid communication between piston side cavity
26 and rod side  cavity 28, yet piston .12 and piston rod 14 are permitted
to move along length 25 of cylinder 20.  Seals (not shown) disposed in or
around piston 12 maybe utilized to prevent fluid communication  between
piston side cavity 26 and rod side cavity 28. Piston 12 and piston rod 14,
and thus drill string compensator 10, have retracted position  



(FIG. 1) and a plurality of extended positions, one of the plurality of
extended positions being a fully  extended position (FIG. 3). As is
apparent to persons of ordinary skill in the art, the fully extended
position will be based upon the length of piston rod 14. Piston rod 14
includes first piston rod end 16 and second piston rod end 17. First piston
rod  end 16 is connected to piston 12 and second piston rod end 17 is
connected to second end attachment  member 92 through piston rod passageway
disposed through second closed end 102 as discussed in  greater detail
below. Second end attachment member 92 facilitates connecting drill string
compensator 10 to a drill string. In one specific embodiment, drill string
compensator 10 includes main frame 80 and base 82  disposed along second
closed end 102 to provide support to cylinder 20, accumulator 30, and air
pressure vessel 40. Second closed end 102 and base 82 includes piston rod
passageway 84 through  which rod 14 is permitted to pass to connect to
second end attachment member 92. Piston rod  passageway 84 is designed to
prevent fluid communication between rod side cavity 28 arid the  outside of
drill string compensator 10, i.e., atmosphere. Seals (not shown) disposed
in or around  piston rod 14, or within second closed end 102 or within base
82 along piston rode passageway 84, 10 may be utilized to prevent fluid
communication between rod side cavity 28 and the atmosphere,  Therefore,
drill string compensator 10 provides a closed system, i.e., not open to the
atmosphere. In another specific embodiment, base 82 includes lock bar
assembly 95 having lock bar 97  and lock bar passageway 96 disposed through
a portion of base 82. Base 82 also includes second  end attachment member
recess 86 for receiving a portion of second end attachment member 92. In  



this embodiment, second end attachment member 92 includes second end
attachment member  passageway 93 such that when piston rod 14 is placed is
a certain position a portion of second end  attachment member 92 is
disposed within second end attachment member recess 86 such that lock  bar
passageway 96 and second end attachment member passageway 93 are aligned.
Therefore, lock  bar 97 is permitted to be actuated within lock bar
passageway 96 and second end attachment member  passageway 93 to facilitate
securing second end attachment member 92 to base 82, and thus piston  12
and piston rod 14, and thus drill string compensator 10, in a desired
position, e.g., retracted  position shown in FIG. 1. Accumulator 30
includes first accumulator inner wall surface 3 1, second accumulator inner
wall surface 33, accumulator outer wall surface 32, and accumulator cavity
34. As shown in FIGS. 1-3, second accumulator inner wall surface 33 and
cylinder outer wall surface 22 are integral, i.e.,  the same wall surface.
Additionally, as shown in FIGS. 1-3, in a one specific embodiment,
accumulator 30 is concentrically disposed around cylinder 20. Accumulator
cavity 34 is in fluid communication with rod side cavity 28 through port
60.  Port 60 preferably includes shut-off valve 50 for facilitating
regulation of the movement of hydraulic  fluid or gas from rod side cavity
28 to accumulator cavity 34, and vice versa. For example, an  operator of
drill string compensator 10 may place drill string compensator 10 in a
desired position, 11 e.g., one of the plurality of extended positions, and
shut-off valve 50 may be closed, thereby  preventing movement of piston 12
and piston rod 14, and thus drill string compensator 10, to any  of the
other plurality of extended positions or to the retracted position. 



Accumulator cavity 34 is also in fluid communication with at least one air
pressure vessel  40 through port 70. While air pressure vessel 40 refers to
"air," it is to be understood that any gas,  e.g., atmospheric air and
nitrogen, as desired or necessary depending on operating conditions, e.g.,
severe cold, heat, or pressures, may be contained within air pressure
vessel 40. Each of the at least one air pressure vessels 40 are preferably
radially disposed around  cylinder 20 and accumulator 30. As shown in FIGS.
1-3, two air pressure vessels 40 are disposed  radially around cylinder 20
and accumulator 30. Additionally, port 60 is preferably disposed in close
proximity to second closed end 102 and port 70 is preferably disposed in
close proximity to first closed end 101. Further, as shown if FIGS. 1 and
3, each air pressure vessel 40 preferably includes  air transfer tubing 72
for maintaining air pressure vessel 40 in fluid communication
withaccumulator  30. . As is readily understood by persons of ordinary
skill in the art, when piston 12 and piston rod  14 are in the retracted
position (FIG. 1), and thus, drill string compensator 10 is in the
retracted  position, the majority of hydraulic fluid (not shown) in the
closed system drill string compensator  10 is disposed within rod side
cavity 28 and the air, or other gas, in the closed system drill string
compensator 10 is disposed within the majority of the volume of accumulator
cavity 34. While it  is to be understood that the level of hydraulic fluid
remaining in accumulator 30 may vary among  the various embodiments of
drill string compensator 10, the level ofhydraulic fluid remaining within
accumulator cavity 34 when drill string compensator 10 is in the retracted
position is at a level such 12 that air or other gas is prevented from
entering port 60, and thus, rod side cavity 28. An example of  



the level of hydraulic fluid is illustrated in FIG. I by line 98 in which
air is disposed above line 98  and hydraulic fluid is disposed below line
98. Additionally, as piston 12 and piston rod 14 are moved to the plurality
of extended positions  (FIG. 3), and thus, drill string compensator 10 is
moved to the plurality of extended positions,  hydraulic fluid is
transported out of rod side cavity 28, through port 60, and into
accumulator cavity  34. In so doing, the air previously disposed in
accumulator cavity 34 is transported out of  accumulator cavity 34, through
port 70, and into air pressure vessel 40. When piston 12 and piston  rod 14
reach the fully extended position, and thus drill string compensator 10
reaches the fully  extended position (FIG. 3), the majority of hydraulic
fluid in the closed system drill string  compensator 10 is disposed within
accumulator cavity 34. Sufficient air or other gas remains in  accumulator
cavity 34 at a level such that hydraulic fluid is prevented from entering
port 70 and into  air pressure vessel 40. An example of the level of
hydraulic fluid is illustrated in FIG. 3 by line 99  in which air is
disposed above line 99 and hydraulic fluid is disposed below line 99. In
moving drill string compensator 10 form the fully extended position (FIG.
3) to the  retracted position (FIG. 1), hydraulic fluid is transported out
of accumulator 30, through port 60, and into rod side cavity 28 while air
or other gas is transported from air pressure vessel 40, through port  70,
and into accumulator 30. In another aspect, the invention is directed to
methods of compensating a drill string.  Broadly, the methods comprise the
steps of providing one or more of the embodiments of drill string
compensator 10 discussed above. Rod side cavity 28 and a portion of
accumulator cavity 34 are then filled with portions of hydraulic fluid (not
shown) in amounts sufficient to support the weight of the 



13 drill string and permit drill string compensator 10 to move from the
retracted position to at least one  of the plurality of extended positions,
and from the at least one of the plurality of extended positions  to the
retracted position. Each of the air pressure vessel 40 is pressurized with
a gas pressure  sufficient to support the weight of the drill string and
permit drill string compensator 10 to move  from the retracted position to
at least one of the plurality of extended positions and from the at least
one of the plurality of extended positions to the retracted position.
Persons of ordinary skill in the  an can easily determine the amounts of
hydraulic fluid and gas pressure based upon the size of drill  string
compensator 10 and the weight of the drill string. After the hydraulic
fluid is disposed within drill string compensator 10 and air pressure
vessel  40 is pressurized with air, drill string compensator 10 is then
inserted into the drill string. Preferably,  drill string compensator 10 is
placed and maintained in the retracted position prior to being inserted  in
the drill string. In so doing, lock bar 97 in drill string compensator 10
may be actuated to maintain  drill string compensator 10 in the retracted
position. Alternatively, shut-off valve 50 maybe actuated  to maintain
drill string compensator 10 in the retracted position. It is to be
understood, however, that  drill string compensator 10 may be placed in any
position desired or necessary due to available room  constraints to
maneuver drill string compensator" 10 into place, prior to inserting drill
string  compensator 10 into the drill string by actuating lock bar 97 or
shut-off valve 50. 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, additional air
pressure vessels  



may be disposed radially around the cylinder, thereby increasing the
maximum load that the drill  string compensator can support. Moreover,
additional air pressure vessels in fluid communication 14 with air pressure
vessel 40 may be located remotely from drill string compensator 10, thereby
increasing the maximum load that the drill string compensator can support.
Additionally, the drill  string compensator may not include a base.
Therefore, second closed end includes the piston rod  passageway through
which the piston rod passes to connect to the second attachment member. As
such, seals may be utilized around the piston rod or within second closed
end along the piston rod  passageway to prevent fluid communication between
the rod side cavity and the atmosphere.  Accordingly, the invention is
therefore to be limited only by the scope of the appended claims. 15 CLAIMS
WHAT IS CLAIMED: 1. A closed system drill string compensator comprising: a
cylinder having a cylinder inner wall surface, a cylinder outer wall
surface and a cylinder cavity; a piston; a piston rod having a first piston
rod end and a second piston rod end, the first piston rod end  being
connected to the piston; the piston and the piston rod being slidably
engaged within the cylinder cavity thereby  dividing the cylinder cavity
into a rod side cavity containing a first portion of hydraulic fluid under



pressure disposed therein and a piston side cavity, the piston and the
piston rod each having a  retracted position and a plurality of extended
positions; an accumulator surrounding the cylinder, the accumulator having
a first accumulator inner  wall surface, a second accumulator inner wall
surface, an accumulator outer wall surface, and an  accumulator cavity, the
accumulator cavity being in fluid communication with the rod side cavity,
the accumulator cavity containing a second portion of hydraulic fluid and a
gas under pressure; the cylinder and accumulator having a first closed end
and a second closed end, the  first closed end having a first attachment
member and the second closed end having a piston rod  passageway through
which the second piston rod end passes, the second piston rod end being
connected to second attachment member; and at least one air pressure vessel
radially disposed around the cylinder and the accumulator,  each of the at
least one air pressure vessel being in fluid communication with the
accumulator cavity. 16 2. The closed system drill string compensator of
claim 1, wherein the rod side cavity is in fluid  communication with the
accumulator cavity through a first port. 3. The closed system drill string
compensator of claim 2, wherein the port includes a shut-off valve. 4. The
closed system drill string compensator of claim 3, wherein the cylinder
outer wall surface  and the first accumulator inner wall surface are
integral. 5. The closed system drill string compensator of claim 4, wherein
the piston side cavity is a vacuum. 



6. The closed system drill string compensator of claim 2, wherein each of
the at least one air  pressure vessel is in fluid communication with the
accumulator cavity through a second port, and  wherein the first port is
disposed in close proximity to the second end of the drill string
compensator  and the second port is disposed in close proximity to the
first end of the drill string compensator. 7. The closed system drill
string compensator of claim 1, wherein the second end includes a  base
having a lock bar assembly for securing the drill string compensator in the
retracted position. 8. The closed system drill string compensator of claim
7, wherein the second end attachment  member includes a second end
attachment member passageway disposed through at least a portion 17 of the
second end attachment member and the base includes a lock bar passageway
disposed through  at least a portion of the base, the second end attachment
Member passageway and the lock bar  passageway being capable of being
aligned with each other in the retracted position for receiving a  look bar
through the second end attachment member passageway and the lock bar
passageway for  securing the drill string compensator in the retracted
position. 9. The closed system drill string compensator of claim 8, wherein
the first end and the second  end are connected through a main frame
assembly. 10. The closed system drill string compensator of claim 9,
wherein the base is connected to the  main frame assembly. 11. The closed
system drill string compensator of claim 10, wherein the cylinder and the
accumulator are concentric. 12. A closed system drill string compensator
comprising:  



A closed system drill string compensator comprising: a cylinder having a
cylinder inner wall surface, a cylinder outer wall surface and a cylinder
cavity; a piston; a piston rod having a first piston rod end and a second
piston rod end, the first piston rod end  being connected to the piston; 18
the piston and the piston rod being slidably engaged within the cylinder
cavity thereby  dividing the cylinder cavity into a rod side cavity
containing a first portion of hydraulic fluid under  pressure disposed
therein and a piston side cavity, the piston and the piston rod each having
a  retracted position and a plurality of extended positions; an accumulator
surrounding the cylinder, the accumulator having a first inner accumulator
wall surface, a second inner accumulator wall surface, an outer accumulator
wall surface, and an  accumulator cavity, the accumulator cavity being in
fluid communication with the rod side cavity  through a first port, the
first port having a shut-off valve disposed therein and the accumulator
cavity  containing a second portion of hydraulic fluid and a gas under
pressure; the cylinder and accumulator having a first closed end and a
second closed end, the  first closed end having a first attachment member
and the second closed end having a piston rod  passageway through which the
second piston rod end passes, the second piston rod end being  connected to
second attachment member; and at least one air pressure vessel, each of the
at least one air pressure vessel being in fluid  



communication with the accumulator cavity through a second port, wherein
the first port is disposed in close proximity to the second closed end and
the  second port is disposed in close proximity to the first closed end.
13. The closed system drill string compensator of claim 12, wherein the
second closed end  includes a base having a lock bar assembly for securing
the drill string compensator in the retracted  position. 19 14. The closed
system drill string compensator of claim 13, wherein the second end
attachment  member includes a second end attachment member passageway
disposed through at least a portion  of the second end attachment member
and the base includes a lock bar passageway disposed through  at least a
portion of the base, the second end attachment member passageway and the
lock bar  passageway being capable of being aligned with each other in the
retracted position for receiving a  lock bar through the second end
attachment member passageway and the lock bar passageway for  securing the
drill string compensator in the retracted position. 15, The closed system
drill string compensator of claim 14, wherein the cylinder outer wall
surface and the first accumulator inner wall surface are integral. 16. The
closed system drill string compensator of claim 15, wherein the piston side
cavity is a vacuum. 17. A method of compensating a drill string, the method
comprising the steps of providing a closed system drill string compensator
having a cylinder having a cylinder inner  wall surface, a cylinder outer
wall surface and a cylinder cavity, a piston, a piston rod having a first  



piston rod end and a second piston rod end, the first piston rod end being
connected to the piston,  the piston and the piston rod being slidably
engaged within the cylinder cavity thereby dividing the  cylinder cavity
into a rod side cavity containing a first portion of hydraulic fluid under
pressure  disposed therein and a piston side cavity, the piston and the
piston rod each having a retracted  position and a plurality of extended
positions, an accumulator surrounding the cylinder, the 20 accumulator
having a first accumulator inner wall surface, a second accumulator inner
wall surface,  an accumulator outer wall surface, and an accumulator
cavity, the accumulator cavity being in fluid  communication with the rod
side cavity, the accumulator cavity containing a second portion of
hydraulic fluid and a gas under pressure, the cylinder and accumulator
having a first closed end and  a second closed end, the first closed end
having a first attachment member and the second closed end  having a piston
rod passageway through which the second piston rod end passes, the second
piston  rod end being connected to second attachment member, and at least
one air pressure vessel radially  disposed around the cylinder and the
accumulator, each of the at least one air pressure vessel being  in fluid
communication with the accumulator cavity; filling the rod side cavity and
a portion of the accumulator cavity with the first portion of  hydraulic
fluid and the second portion of hydraulic fluid in amounts sufficient to
support the weight  of the drill string and permit the drill string
compensator to move from the retracted position to at  least one of the
plurality of extended positions and from the at least one of the plurality
of extended  positions to the retracted position; pressurizing each of the
at least one air pressure vessels with a gas pressure sufficient to 



support the weight of the drill string and permit the drill string
compensator to move from the retracted position to the at least one of the
plurality of extended positions and from the at least one  of the plurality
of extended positions to the retracted position; and inserting the drill
string compensator in the drill string. 18. The method of claim 17, wherein
the drill string compensator is placed and maintained in the  retracted
position prior to being inserted in the drill string. 21 19. The method of
claim 18, wherein the drill string compensator is maintained in the
retracted  position by actuating at least one lock bar through the second
attachment member. 20. The method of claim 19, wherein the accumulator and
the rod side cavity of the cylinder of  the drill string compensator are in
fluid communication with each other through a first port, the first  port
having a shut-off valve disposed therein, and wherein the drill string
compensator is maintained  in the retracted position by actuating the
shut-off valve. 22 


