PORTABLE DRI LL STRI NG COVWPENSATOR 1. Field O The Invention The invention
is directed to drill string conpensators, and in particular to portable
drill string conpensators for use in connection with off shore drilling
operations such as off-shore drilling vessels to permt vertical novenent
of the drill string in relation to ocean heave. 2. Description O Related
Art Drill string conpensators are enployed to conpensate for vessel notion

i nduced by wave acti @R 'Iﬁié'f‘ oLl ieg s are al so
utilized to maintain g alleviating
the potential for conpression and in turn buckling or failure.
Hi storically, conventional drill string conpensators have consisted of both
single and dual cylinder assenblies with a chain fixed at one end of the
cylinder and a novabl e chain sheave attached to the rod end of the
cyl i nder asy di sa &S(gﬂl'l n U S .Patent No. 3,804,183. The assenbly is then
nmounted in ‘& post® b5 {nYepio essel to al low convenient routi ng of chain
which is connec%ﬁd to, a point at the fixed end and strung over the novable
sheaves. In tur A °PHBIERGTH Lo drilsirsgcopipansatasaandis patichlc mipasbleae fiand he
drill string conpensator. via a support consisting of a hook which is
connected T8 "t“ﬁn%"r% a“fee’Pr?P‘H]a‘E‘iOBﬁmngftSh@e drllingormmtenisho.as Effeh@@lhﬁlm%el’ s and
t he. chain ass rrpl ies are disposed on a derrick disposed above the drill
string. Al s dt SPEEBLBifalmmremey of teadrill siring in refetioh tpeadiedvecat ed renot el y
fromthe degrri in.close proximty, is a hydro/pneumatic system

% Cﬁ éﬁtﬁe&‘%ﬁi“’f"vessels. Pressure fromthe air pressure

ll) t
consi sti ngof hpgrRieR
vessel s ("APVs") fs%[hges the rod and in turn the rod end sheave to stroke

out thereby tensl SHIGTG PHENERAR FRIfSC forporpnsats fevesel hatio fndiced by wave
action and heave. Drill string compensators are also utilized fo 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 shea\;e
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 driil 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 vesse_ls (“APVs”) forces the rod and in turn the rod end sheave to stroke out thereby

tensioning the chain and in tum the drill string.



1 One drill string conpensator typically used on arig 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 conpensator systens have required high maintenance due to the
constant notion produci ng wear and degradation of the chain nenbers. In
addition, avail able space for installation and, the structure necessary to
support the units including weight and | oads inposed, particularly in deep
wat er applications where the tension necessary requires additional |arge
drill strings posesdrillistdnl system.configurations for both
new vessel designs and Egg&%ﬁ?{rﬁ‘g%&?@t*ﬁ{f&%@%@?lﬁs Eﬁogf ort AREROER BffhI |y, as
di.scl osed i weldhSof tRAEANEINO - THI : ] i 0 rill.sftring conpensators,
a bank of rerrgtel y located, ei tr%ng%lgﬁz%ﬁbdn%g{edﬁglﬁlﬁ%c"ﬁ Wc?}g%‘b?f"‘f‘%é ﬂiﬁfg’g’%eof t he
vessel , hydhewesdsi9 fdripeiefation eCHiMIBLAL S fHid APVs are required. These
hydraulic fluid accunul ators and APVs require |arge anounts of deck space
wi t h heavy pi pi Nprafldpdrabesr ke A+ 0.provide the operating
pressure to the dri 1 Stri ng cg%gt%oggal?%r@.ﬁnﬁrﬁ%@g rﬁ%a'élsé“so”tygﬁ‘ﬂ?l?‘?éﬁre%“% t he

control | i neighMiitaiacdiut & hec oti reb equi ri ng
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addi ti onal space and addi ng additi onal welght

Therefore, Inhedipar dvaliblekiaye BifinstNARE ath { ' ensators is severely
limted. Accordingly, Sr%aoer tn(.l:)S t he dev{glk%%én%?&g?&?ﬁgupﬁ?rgé‘gmtsinﬁ]{}%?ﬁi on,

there has beedghtand Badsl impsstd, ipA@culF19TH S Atk SorfikadBt s, 0f conpensating a
drill string, which: provide portlgbi ity o %pﬁeang%t‘?l%ge ?lteﬁlon Sty
conpensat orregyis addiyionallalgtith R @inpYses ARuinNIbIa fhyGydd 1 | ators; reduce
the wei ght of equi pment necessary to opbelr?gte the #yioﬁgﬁ%wﬁ%%ogrgm&w
conpensat orwsselrdeslgrs@nd pgrading enidtin®¥esClekigspace

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 contro} 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 dril) string
compensators or methods of compensating a drill string, which: provide portability to the entire drill
sting compensator system, including APVs and hydr;ulic 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



required for the drill string conpensators; provide a self-contained and
conpact drill string conpensator; and are operable w thout the use of a
separate derrick. Therefore, the art has sought 2 a drill string
conpensator and a nmethod of conpensating a drill string, which: provide
portability to the entire drill sting conpensator system i ncluding APVs
and hydraulic fluid accunul ators; reduce the wei ght of equi pnent necessary
to operate the drill string conpensators; reduce the anobunt of deck space
required for the drill string conpensators; provide a self-contained and
conpact drill -string conpensator, and are operable w thout the use of a

separate dephigk . I.ON I n accoydance h the invention the
f or egoi ng a33%§52”es ﬁa&gdggg%&%g%ggﬁgﬁx?ﬁg%ﬁﬁ%ﬂfﬁ@&“ﬁ# SERYIoEREEY sy st em
drill string &ORRED ,sing: a.cylin havi a cylinder inner

wal | surface, a cy@?%ﬁ%%go té%&ﬁéan%ﬁl%gg%ggkﬁmg%gggﬂﬁéﬁ%EE%W¥$$¥$a

pi ston; a pigtQ ' Lrst, piston . rod end and a second piston rod
end, the first ngt%%ﬂf%%ggﬁ n%g%%6m€ %ﬁ%@?%ﬁ“?%g?ﬂ@mﬁfgﬁﬁﬁﬁmﬂﬁémﬂF%ton

and the pispeRy ks |5 Ly engaged within the cylinder cavit

t her eby di vi di %ﬁ%ﬁgﬁ‘%‘%‘aifﬁ ee(r@ﬁé'%‘\ﬁ?%??“ﬁ%%“@‘“r“bdaaéﬁ‘%@“‘%‘ﬁ?ﬁq "E@“O&‘Eﬁﬁt&?%i ng a
first portigp, Y L aL b 4G ref L ressure di sposed therein and a

pi ston side cé%%??, fﬁg p?g?%%mg%gﬁ?ﬁgmﬁﬁg?§ﬁqP3%”%§§% having a retracted
position and a plurality of extended positions; an accunul ator surroundi ng
the cylinder, the accunulator having a first accunul ator inner wall

surface, a second accumnul at or ﬁﬁﬂ@ﬂﬂ%@bk[ﬁﬁﬁ&fﬁﬁq an accunul ator outer
wal | surface, and an accunul ator cavity, € accumul ator cavity being in

fL b 4, communi Catd @Bursbdhinl e B Sh i Ml kA ABEU T SLOR SR Y
contai ning a second portion of hydrauli ul nd a gas under pressure;
the cyl i ndegrestidioneisfil @frind 8tiakaidr fobfiling 1 O5ifier SV AN RS 5EO08 ! osed

end, the
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 gavity containing a first portion of hydraulic fluid under pressure disposed
therein and a piston side cavity, the pistdn and the piston rdd each having a retracted position and
a plurality of extended positfons; an accumulator surrounding the cylinder, the accumulator having
a first acéumulator 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 accqmulator 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



first closed end having a first attachnent nenber and the second cl osed end
havi ng a piston rod passageway through which the second piston rod -, end
passes, the second piston rod end being connected to second attachnent
menber; and at | east one air pressure vessel radially disposed 3 around the
cylinder and the accunul ator, each of the at |east one air pressure vessel
being in fluid comunication with the accunulator cavity. A further
feature of the closed drill string conpensator is that the cylinder outer
wal | surface and the first accunulator inner wall - surface may be integral.
Anot her feature of the closed drill string conpensator is that the rod

si de cavi t yamend thecylimdef dnditie :6QMNI4RE, Gk I0OMe Wik _accunul ator. cavity
through a first port. An additional feat ure 043 %DEEH Iesglérgéesﬁ‘i&g‘fui‘glgpl“ﬂng
conpensat or cangnunfvatiortwith thrQuctunitiyor tA@,ude a shut-off valve. Still another
feature of the closed drill string conpensator is that each of the at

| east one air prdbsher RatuessBd closBydriM@iring cduhddhd: PQ%HH | CRtLon W th the
accurul ator- cavity through a second pgrt,ﬂéangl ergélcr?{ﬁl%dlﬁreouﬁ‘?’@{é“%i?t may
be di sposedni thedirgsiecupmitor Hnérywatl Qurite map BERAMRG:AE ko] dej L1 string
conpensator and the second port nay be di spogrgd in C %gs}greﬁ{r;%l?(flﬂfleégnuto t he
first end csllinglqemnhnkdtdrisshat%@d@mwﬁage.mﬁﬁgwm ur.e of the cl osed
drill string conpensator is that the piston side cé:\a}tlﬁ%%&;ltﬁéhfﬁ‘éw?u Weuum

Anot her f earvitydhrofghtalfest pbrossladditiohd! féafubd dTthe cSIRENSALOLonlS, LAt .t he second
end may include a base having a | ock bar assenbl y ?orgéoéﬂ E?Slat rglsfhﬂtéﬁ?jri | |
string conperizay prluden shitefivelve anillasbiRefhtiie@fthe Abe@E il [gatune of the
closed drill string conpensator is that the secgnd esnél.ggﬁpaegsﬁ%{alﬁgha‘nenber

may i ncl ud&ack of gheahtbast puk wit frasainerensde]l maEHEIR uid ASSAKENAY, Qﬁ:ﬁ%%ﬂn&lggpugh at
| east a portion of the second end attachnent nenber and the Hase may

i ncl ude a FF&K thieneh p assomigoncapd vhepo sedindt Beromighbealispbsediilclod POLhIPR o@f the

base, 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
compensatdr is that the piston side cavitymay be 2 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 atfachment member may include a second end attachm-ent
member passageway disposed thrqugh 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
secoyd 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



ttachment nenber passageway and the |ock bar passageway being
z:gggﬁeegg geing al i gned mﬁtﬁ each other in the retracted position for
receiving a lock bar through the second end attachment nenber passageway
and the | ock bar passageway for securing the drill string conpensator in
the retracted position. Still another feature of the closed drill string
conpensator is that the first end and the second end may be connected
through a main frame assenbly. A further 4 feature of the closed dril
string conpensator is that the base nmay be connected to the main franﬁ
assenbly. Another feature of the closgd drill ftrgnglﬁoggggfg;ggelaﬁthathe

cyl i nder e centrj ,
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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 ﬁiston 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 proxitnity to the second closed end and the second port is

disposed in close proximity to the first closed end.



under pressure; the cylinder and accumul ator having a first closed end and
a second closed end, the first closed end having a first attachnment nenber
and the second cl osed end having a piston rod passageway through which the
second piston rod end passes, the second piston rod end being connected to
second attachnment nmenber; and at | east one air pressure vessel, each of the
at least one air pressure vessel being in fluid comunication wth the
accurul ator cavity through a second port, wherein the first port is
di sposed in close proximty to the second closed end and the second port is
di sposed in close proximty to the first closed end. 5 A further feature of
the closed dril |A fifthdr RgtuesRIRNFRLO 1 5 second cl osed end may '
i ncl ude a base having a | ock bar asse nfgg%%eﬁlpagoerésutﬁ%%s égﬂ?ﬁe@Fndé"ﬂqyi ng
conpensat or incindedtasehatifi@clogichar R8Holy BFeoMPERE f§alure of the closed drill
'string conpensator is that the seco)}nd enL@ %ttglglhgr?gnrﬁwﬁ%?%"é? §retratetude a
second end m@usitierc hireutier fvBtiie @F thp A5 %A 48NE YAl i L h at |east a
portion of the second end attachment mergégr B%?lﬁgf%@a@g%%wﬁé@diaﬁ@@ﬂ% a | ock
bar passagewesber tiayipolnda $doeHd@hd attsbiBent RERHY L8R chent nmenber
passageway and the | ock bar passagewa;/1 bel ngp C 5‘2{3{%1’8%5@5?‘%3%"?5@?1% W th
each ot her rortiot loéthe eécomtén@dituRBmbrt nRbEOhd HRGSI VY, | ock bar through the
second end attachnment nenber passageway and tee 4}%%% §§°°B§§rs;5§fé%§?yfor
securing t Wdspeked thbreinghd sedvgd 6@ BRLRESH: ﬂémﬁe?pa_tséagmraggr{d%t} & b g(ﬁ S at§ i v{([) E'}r;{ Q?lﬁ\qh )
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additional feature of the closed drill string onpensat o
cylinder ousmablentbdingstigded eth a8 ofhbitin tehsitacBESIHRHL B QheiliNEL |1 surface
my be integral. Still another feature of theﬁgl?osfeééeléa%ﬁ)‘:k\é%%t]é‘

conpens at 0 Iﬂleisgcopmaﬁ attdvbmygit Sicmﬁe@vhs@&eﬁ%a the 1d¢RYar B%s ew: Légc]umll aggor dance -
with the invention the foregoi ng advant ages have be%n %C l evedgr]‘P?ff‘ﬁ]ugh the
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 vacumn. |
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 eylinder 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
pistonrod being slidably engaged within the cylinder cavity thereby dividing the cylinder cavity into
arod 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 accumulator having a first accumulator inner

wall surface, a second accumulator inner wall surface, an accumulator outer wall surface, and an
kL4



present nethod of conpensating a drill string, the nethod conprising the
steps of- providing a closed systemdrill string conpensator 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

pi ston rod eaahmuiey ey, dhea8duhd ,ﬂ@&%ﬁﬁ . Lural.i of . ext ended
positions, an accunu?g¥or surr%ﬁﬁgﬁng t éggﬁ?gh erfmﬁﬁgﬂg?§ﬁﬁ&$§fﬂwkhaving
a first accunateain®atdr BRRY con¥yHid i cynul at or i nner. wal |
surface, an accunul ator outer ﬁéﬁ%ﬁgﬁﬁﬁgggﬁﬁgﬁgﬂgﬁﬁ%mgﬁgﬁ *%R@Wm%QVity,
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cavity, the accunmulator cavity containing a second por

fluid and a hgegd e etacithaBRiiRs ank A6 sccibkofd : alor. having a
first closed end and a second closed. end, tﬁ%”??§%§£%ﬁg%éﬁ“@%ﬁﬂ%ﬁﬁwgng a

first attachamathdeRede pistAthd H8 pa8GORE sGhRSeduER L9, SnRlgton. rod
passageway through which the sé%ond'pfst%ﬁﬁr%d gﬁggggﬁgﬁgﬁgkﬁé’%%ﬁ nd

pi ston rod endhbei AEmBLNACRIAQS ohOaiSHREORLves LS PoseTEBE me St aatn?l east
one air pressure vessel radially disposed around the cylI nder and ™ he

accunul at or theaemtulafor, 4t ofthe 4t @A bnduiGrddivke RELHME & ﬁﬁﬁﬁ&%uﬁ%ﬁh@gﬁf LUl d
conmmuni cation with the accumnulator cavity; fillrng the rod side cavity and

a portion ohectrhaateovityiiitihOthe ©aANMHEd dvivyi ahda podfonfol ths LecudiQhibd & . raulic
fluid and the second portion of hydraulicﬁflﬁfd iﬁcannunfgﬂgﬁﬁ??%%gﬁt to

support t heortigi qfhydrapfic fuidand tielstcomd gotidg 0B Ek=RIR Midlin dnitfind b dienBih Ellpg%l
conpensator to nove fromthe retracted position to at |east one t he
plurality ofheeaxishradde dutisiing embpeanictht HOMtiRecoRiedsRasth RRERGE tehGmpLdr al i ty
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 methed of compensating a drill string

is that the accumulator and the rod side cavity of the cylinder of the drill string compensator may be



of extended positions to the retracted position; pressurizing each of the
at |l east one air pressure vessels with a gas pressure sufficient to
support the weight of the drill string and permt the drill string
conpensator to nove fromthe retracted position to at | east one of the
plurality of extended positions and fromthe at |east one of the plurality
of extended positions to the retracted position; and inserting the drill
string conpensator in the drill string. A further feature of the nethod of
conpensating a drill string is that the drill string conpensator my be

pl aced and maintained in the retracted position prior to being inserted in
the drill st AdidemARLEE Wi net ho f conpensating a drill
string is that the dri I%s?ﬁh%ﬁ%wﬂ%{)%og sgtgrgtrpoﬂiatgeg { RREDAYE 4AEY-9vakve e
retracted paspdstdip Aa LAl i ne |l ock bar .t hrough the second
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drill stringositios by RdlatiddBe AGCIPHIRL Or and the rod side cavity of the
cylinder of the drill string conpensator maybe 7 in fluid conmuni cation

wi th each ot her ThBrRANERING chhbbatdd®bta irst port. having a shut-off
val ve di sposed t her e n,nélétcndfs wherern %h’g&éérsi ﬂflcglg ernlsaﬁfﬁg 8%%@5 ¥ Hay be

mai nt ai ned hdvakt@s srebrodai ih | .yating the shut-off valve. The
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an u ul a ;

conpensator system i ncludi ng APVs ydrauli c

reduci ng t harivebgpdnsadrs; RAWIRTR MM ARG ES RN cdr e e drill  string
conpensators; reducing the anount of decip\é%ep%gg&ﬁé%ﬁdrnlélég—‘f’%?oqpﬁrgatﬁisi | |

string conpgoddihgdsslf-conplirRY hridichigpadt @if ki £ @s 150 ct..drill string
conpensator; and being operable wt hout&tahgé use’ gp&f%gg%g?%hgméhée?ﬁ ck.
of a separate derrick. ' :

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 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 porta;_ble 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 éxtended 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
ts 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.




BRI EF DESCRI PTI ON OF DRAWNGS FIG | is a cross-sectional view of one

speci fic enbodi nent of the portable drill string conpensator of the
present invention in a retracted position. FIG 2 is a cross-sectional view
of the portable drill string conpensator shown in FIG 1 taken along line
2-2. FIG 3 is a cross-sectional view of the portable drill string
conpensator shown in FIG 1 in an extended position. Wiile the invention
will be described in connection with the preferred enbodinent, it will be

understood that it is not intended to limt the invention to that
enbodi nent. On the contrary, it 1is intended to cover all alternatives,

modi fications, and gf4iNMBES i wWthin the spirit and
scope of the invention as dg%ﬁi%r?e I;W‘hlgﬁggg‘g#ggi QPIMENES DETAI LED
DESCRI PTI ON' AND 1:53#e G pdt Gh MR YENT n -aspect, the invention is
directed to drill strpiEng corrperlllsatlo&%%togﬂgsgr&gﬁgmﬁeﬁ?m&sr' qadlysthe drY string
conpensat or &nipasshid grcRdPd Q@ nd R St rod slidably engaged within a
cylinder, a hydraul ic ol uliﬁd acc Sr%ﬁ’lﬁ%%?@%%ﬁ%?‘f%’?% Wlep p Bydspglic fluid

"accunul at odccumddiel, Bl BERE i 8acal e e vessel. The pjston rod exits
the cylinder and i5 connected to i uclaa%’r ?‘f#glg%strolnﬁa{prﬁf‘g?%Fﬁsehﬁaepﬁt‘%ltf% r od

are perm t t&gs the cfiinid and i LAAG L REAEL | . of the cylinder, and piston
rod is pernmitted to be elxpose(tj ?ﬁgth%ﬁﬁel?%uig‘s?ﬁté’?a%c{rplg%ﬁr\é%gﬁﬂ"&n&edﬁd er,

hydraul i c fdidhg@heThned F8l bIShd@indE a0 bik ass to.the atnosphere. The
cavities above and bel ow théghgi St on?latrg%mg?so%gﬁl %(#tf’_b? F’ﬁ?ﬁ‘?egé%‘_ﬁgﬁ"ctﬁ@r“a_nd t he
at mospher e. atmdsBierd; Bovidivd, BRk.QNY ftulﬁlﬁorg%s%&@pgﬁitge@mfpgsg|mdthggt%gé-rgat| on with the

accunul ator, but is otherw se clos
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 acc'umulator, 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.”

‘Referringnow 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 clésed end 101 and second closed end 102 facilitate closing off
cylinder 20 and accumulator 30, and thus drill string compensator 10, from atmdsphere so that dril.l
string compensator 10 is a closed system.

First closed end 101 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 21 , cylinder outer \&;all surface 22, and cylinder

cavity 24. Piston 12 and piston rod 14 are slidably engaged within cylinder cavity 24 along inner




off fromthe atnosphere. The air pressure vessel is in fluid comunication
with the accunul ator, but is otherwi se closed off fromthe atnosphere.

"At nosphere” as used herein is defined as the environnent outside the
cylinder, accumulator, and the air pressure vessel. Therefore, the dril
string conpensator is a "closed system" Referring nowto FIGS. 1-3, in
one specific enbodinent, drill string conpensator 10 includes cylinder 20
and accunul ator 30. Cylinder 20 and accunul ator 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 accumul ator 30, and thus dril

s a 8253%333%%%2’*%%?9@%@@ BT ntopnttecmpodenimtrideeraetiont.
menber 90 t @isfaahldl ril Stri orrpensator 10 to a drill
string (not lsshO\(/i\/%lS dg%ﬁdﬁl g%)lg ﬂﬁaﬁ%qua%%g}th ?yﬁﬁ (57 2Qhy cpntasiipg eybirdepinger

cylinder outgn M@Egusglﬁ G cavity 24. Piston 12 and
pi ston rod 14 are siidabl y&gﬁ 2‘5‘@ |aﬁ°“§§?f‘¥ef=ra@?t°’{a%qawz?& apd A gide nner 9

wal | surf acgavitag thekahRYi2di Lj.nder. V|t 4 into piston side
cavity 26 anﬁod%s%e caw%lélggtggdqé e“mtieg ‘?’E" F@EhggE@FY%‘WaItZGrt is
slidably engaggfbtowh) &iypbicd ac yli nder i nner wal |
surface- 21 ?ﬁg preve%tlng gﬁﬁﬁﬁgl ﬁ%%ﬁ?gg %tﬁgﬁ Wﬁﬁﬂ?ﬁﬂQQ%ﬁmﬁwﬁémtaV|ty
26 and rod & BRY kiliy, 266 . and piston rod 14 are pernitted
to nove al ong Igﬁgthlzgmgﬁﬂcy ?ﬁ gﬁgggﬂyi%eals (not shown) disposed in or

T B L R Bt ST S 2
and thus dr(Fid. 15dnd b PGra BRERSAY Psitibls, oﬂ%y e 1{11%1"111 S, extendg pSOISltflODS 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 pistonrod end 17. First piston rod
end 16 is connected to piston 12 and second pistonirod 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 sﬁng.

In one specific embodiment, drill string compensator 10 includes main frame 80 and base 82
disposed along sec.ond 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 and the
outside of drill string compensator 1'0, Le., 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
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(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 attachnment nenber 92 through piston rod passageway
di sposed t hrough -second cl osed end 102 as di scussed in greater detai

bel ow. Second end attachment nenber 92 facilitates connecting drill string

conpensat or nia@bEin&e&jfo'ﬂrévelﬁtﬂmdrbgmmlngﬁa%nr?%e e%ﬁ}é%%ﬁgﬁ@%%& éﬂtd“ |1 string

conpensator 10 includes main frane ase "6?\5@ 9econd

cl osed end Ufigetor, @G SorspRRR: 0, . accunul at or 30, and air
pressure vessel 40, Secngn%l IE':élﬁosego ‘88%55{396% %asée’é?‘?l’ﬁ%if’d‘&é?mﬁ?‘?%n rod

passageway 84 t hinehtger sp%ﬁ&@nﬂo@%eﬂi‘lbak&ﬁr?cﬁl@'estlgcgiq) é@%ﬁ@%@ gv?lé?%gggréﬁég to

second end attachnment nenb . Piston passa
prevent fl uifl I6eBIEH:SG B B§HoNR Aol y r| d out si de of
drill string corrpensatgi‘dago ?éoe., %tgirlrg & ere %gg% gasf’ﬁ glso. Cg‘iz\;ﬁs)S"Eﬂngposed

i N or ar ounend athdinei neBer bébess 86 fophek 102 0 th|n base
82 al ong piston rode gaszraggs\fvay 84, %%ﬁﬁgﬁgfs%%m?en%égac ertSP’é’i‘}‘ fIF ui d

conmuni cat i s SHoWeRR, £oshd%hd StLRNL Therefore,
drill string conpensator 10 prOV|déi¥m£§F%ggﬁ£H% g93%1 éiWFTmﬂﬂﬁﬁ to the

at nospher e. pdssigangoharch SReaid bisos Y] s el udes 1 oc
assenbly 95 having | ock bar 97 and | SCIEEQ'I’SIS %§§g§ monap ol g gééﬂgthrough

a portion oifttakiasest rﬁanbeBRSSdlﬁjzsaakaS@m's%ﬁdjélg Mﬁﬁéﬂpgeml%ﬁgce%% g&u%%%a e nber
recess 86 for receiving a portion of second end attac g
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 accumutator inner wall surface 31, second accumulator inner
wall surface 33, accumu]atof outer wall surface 32, and accumulator cavity 34. Asshown 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 emnbodiment,
accumulator 30 is concentrically disposed around cylinder 20,
Accumulator cavity 34 is in fluid communication with rod slide cavity 28 through port 60.
Port 60 preferably includes shut-offvalve 50 for faci litating 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,
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thi s enbodi ment, second end attachnent menber 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 attachnment nmenber 92 is

di sposed wi thin second end attachnment nenber recess 86 such that |ock bar
passageway 96 and second end attachment nenber passageway 93 are aligned.
Therefore, lock bar 97 is permtted to be actuated within |ock bar
passageway 96 and second end attachment nenber passageway 93 to facilitate
securing second end attachment nenber 92 to base 82, and thus piston 12
and piston rod 14, and thus drill string conpensator 10, in a desired

posi tion, ee.%:, ond gfttﬁé‘ lhﬁﬂty 0? gﬁkﬁdﬁ(\?\g?s h)gs\fm ci QmEclg’? E[a,h;lé'SS Crg:%r rregch%%e%gbr i nner

i ncludes first accunul atof 1| nner surtace

rall surt aofidun U APl 15181 L SUTAS6S. 98, SR, ACcUm AL Covi 1

34. As shown in .. secon ccumul at or e

cyl i nder ou f £ ] l,e... jthe same wal | surface.
A)(;di tionall 5@%@5%%@%%“%@5‘@5 g{tﬁ%%%)ﬁﬁgedspﬁgg?rfl c enbodi nent,

accunul at or* 30 im&m&@m@ais'a@pmm&@%ugéggﬂd-£¥'l%%§é aé-gp%%s&@ggfg%vggﬁ or

cavity 34 is in quigbconnunlca;;;agﬁn Y %IS; goc?ortfa § T U0
60. Port 68y{re abh Ywhined ]-H)q& [y Bl 2R J € ’ .
regul ati on of th%ﬁﬁovenenéﬁff héfraullc gT¥U|éggt;géénri?%iﬁgﬁz?iratg?vg¥y
28 t0 accunuh adQbsphdit hit dndrop@hEh dLiGE ordEcSBry abRhdi oper a

drill stri ngéporrpsepnsatlor 10 way pl éceor&rle?%y_strl n Oélg?ﬁ%r%g}gi?ngw’_{i)s?ﬁﬂ a o
desired pOSidvér®ebld, hdat,Br flessur@)BiaPe chftSinddl vHind ot ess?t;e veshigpae pOS:c I ons, 12
shut -of f val ve 50 may be cl osed, thereby preventing novenent of piston

and piston rod Edch I 4 s oflé bik breSilfeiveQe1S REDRABYy ity BspBY aroQfy T he

other plurality of extended positions or to the ret Fact ed position.
cylinder 20 and accumulator 30. As shown in FIGS. 1-3, two air pressure vessels 40 are disposed
radially around cylinder 20 and accumnulator 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
élosed end 101. Further, as shown if FIGS. 1 and 3, each air pressure vessel 40 preferably includes
airtransfer tubing 72 for maintaining air pressure vessel 40 in fluid communication with accumulator
30.

~ Asisreadily 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
éosition, the majority of hydraulic fluid (not shown) in the closed system drill string compensfator
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 of hydraulic flnid remaining within

accumulator cavity 34 when drill string compensator 10 is in the retracted position is at a level such
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Accunul ator cavity 34 is also in fluid communication with at |east one air
pressure vessel 40 through port 70. \Wile air pressure vessel 40 refers to
"air," it is to be understood that any gas, e.g., atnospheric air and
nitrogen, as desired or necessary depending on operating conditions, e.g.,
severe cold, heat, or pressures, nmay be contained within air pressure
vessel 40. Each of the at [east one air pressure vessels 40 are preferably
radi al |y disposed around cylinder 20 and accunulator 30. As shown in FIGS
1-3, two air pressure vessels 40 are disposed radially around cylinder 20
and accunmul ator 30. Additionally, port 60 |s7preferabiy dlspozegpggeglsze
ximty t Q. 1s preferably
E{gse prgxiﬁ?f%ﬁfgg?ﬁ%§§s%v%gggégﬁgaﬁgfggé%FF&%ET°£%£§?%?5iFt?tf@?igﬁngngz
h air . . .ncl,u al.r . .
For mai nt ai rma e RNEE RO i he BN SER Y by bRGR A i daerdone meS

wi t haccumnul i i8G; ol Sed i nder stood by persons of ordinary
skill in thghglhdr,ag,%hﬂeuﬁldlgﬁgéogﬁih%%géﬂﬁlﬁg%i ston rod 14 are in the retracted

iti : : ok b ' tor 10 is in the
P2l S b TR i
closed syst gusds) kla dds! ddfiOseGRE! &Rk 10 igﬁmbe% tgmseg)?ug%gi . exigndsd pxtions nS

cavity 28 and the air, or other the close

Cavity 30 Ve g mrasRhebindlila baRa TR R LGN Ry s 11 i 0

cavity 34. ileit 1is to be understood tha b _ gb yranic !
mai Ni Ng i B4.a6¢ WTEdiRd @ DBYusNaf: oY L oYs . emrbo of
(rj(rai Il st ?i ng4cg§npen§}gg% or a%gp thueSMI é%g%ggyﬁcfaé]auﬁo%/c iy 3‘?1 raél?ﬁgp%eﬁué i t hi n

accumul at or adeahlktyr o3ty 3 RoeBhiphlt 76 bd 0 ai?ﬁ@&é&ﬁ§§§e?£0. el Eistio:?lzt ekl racted
position is at a |level such 15 that air or other gas Is Fevent et Tt om
entering potdd 16Qeacithd filllylStended Gosstiod Carfd AMis Tad1l 28ng &lﬁxp%ﬁ%@fgp{(ﬁre&ges the fully
extended position -(FIG. 3), the majority of hydraulic fluid in the closed system drill string
compcnsator 10 is disposed within accumulator cavity 34. Sufficient air or other gas remains in
accumulator cavity 34 at a Jevel 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 hydrautic fluid is disposed below line 99.
In moving drill string compensator 10 form the fully extended position (FIG. 3) fo 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, throﬁgh 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
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the level of hydraulic fluid is illustrated in FIG | 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 noved to the plurality
of extended positions (FIG 3), and thus, drill string conpensator 10 is
noved to the plurality of extended positions, hydraulic fluid s
transported out of rod side cavity 28, through port 60, and into
accurul ator cavity 34. In so doing, the air previously disposed in

accunul ator cavity 34 is transported out of "accunulator cavity 34, through
port 70, and into air pressure vessel 40. Wen piston 12 and piston rod 14

reach the fuylhy.- i.ftion, and thus drill string conpensator 10
reaches the :l}?gﬁngé%lgEg%ﬁglg@%%ﬁofn%nﬁ&(rﬁ{’ Bmoxs fm”f e reiagtedppeitiendtat legstionsul i c
fluid in th il strin en or 10 is disposed within
accuml at or %ggl\%?ltﬁ%ﬁgﬁy&%ﬁ@fl g((l;:s:“gﬁ id onpe ag’?’?nfg eggf@eﬁl@ﬂﬁr ‘Iffzx‘F‘;ﬁ‘E‘Plé’gléﬁﬂ%V: at or

cavity 34 atg ge.l.&y% h ot raulic fluid is prevented fromentering
port 70 and into gh%@@%‘sggg ogé%saérl Prggye Eﬁsegﬁ‘(daﬁﬁ?eésuﬂ?e‘it"ﬁ@ q §2Y Biessyp

hydraul i ¢ flpdadeit$o dubdo 89 ob e Ehif3ig 3 Ry line 99. in which air is

di sposed abosiylﬂcggllét?ioeg @9@%&%%? g@ fird Wﬁiaﬁ‘}/?egmﬁ&‘ygﬁ%r@&%@nﬁﬁwrlm g9, | n
novi ng drill I L L ful | xt ended. position (FIG
3 tothe  Fotrisor oy CORAREE b LBt rrbe fpforen frahen b ed out
of accunul a d in rod side cavity 28 while air
or ot her gagg%osf g}?’? g%@%%??)gga?{%%ﬁgqsrt&% léeisfasche:aé'os &8s g?rsolﬁ)‘? F et 70,

and into acgypgl : t he invention is directed to
met hods of cogn%g%ggﬁt%gmghlg r:?llﬁ W‘SE’? fr;’idﬁggﬁf“ﬁ‘r%‘%%ﬂs 9{“%33‘%‘1‘&% SEGHP se t he

steps of preuhs RAS 195ndBE Keiflli of €4 RIRQYI Ments of drill string
conpensat or 10éu§?§?:usseda%bove?@%8d g?‘ﬁe cg'vi ty 28 and a portion of

accunul at or caviﬁtmért%gafaﬁicmﬁ%dfsbéslamth\ﬁ{d&iﬂa&%{oignﬁ@é%?qfl?he%&‘gésﬁrgvg;éei" d (not

shown) in anmounts sufficient to support t

40 is pressurized with air, drill string compensator 10s then inserted into the drill string. Preferably,
drill string compensator 10 is placed and maintained in the retracted position prior to being inserted
inthe 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 may be actuated
to maintain drill string compensator 10 in the retracted position. Itisto 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 inseniﬁg 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
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13 drill string and permt drill string conpensator 10 to nove fromthe
retracted position to at |east one of the plurality of extended positions,
and fromthe at |east 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
permt drill string conpensator 10 to nove fromthe retracted position to
at |east one of the plurality of extended positions and fromthe at |east
one of the plurality of extended positions to the retracted position.

Persons of ordinary skill in the an can easily determ ne the anounts of
hydraul i c fk@hghapg as _Br ssgrelbagsd ug?n the size of drill string
conpensat or LR e e GHEDOT 1pEd smaraly Sem drl stripg pupensater HYy dhewsh i c

fluid is di W thin dri tring.conpensator 10 and air pressure
vessel 40 ;ﬁ‘jgg%?l ey \?\fc{tt*]latg’leFlfﬂ?g?li‘glnggﬁnfﬁtﬂﬁ%mﬁnéﬂ‘ﬁ@?ﬂal the drilf hen
inserted in rill string. Preferably, drill string conpensator 10 is
pl aced and %‘g?%cgglf%é%&i%aytn ?ltelm'sri’uedtefi e JFELF-5780e %?SF‘B?ndtﬂt‘/‘?“S%Siﬂii@lﬁms%‘? ted in
the drill sjri i . lock bar 97 in drill string conpensator 10
may be act 5%%%g?%h%%%ﬁ?ﬁ?%&gg??Tpggﬁﬁ?Hﬁmgﬁﬂﬁ%ﬁgﬁFﬂﬂaﬁﬁ*?ﬁ“@ﬁém?e@%acted

posi tion. i s -of.f valve 50, maybe actuated +to maintain
drill stri ﬁgg“hg%%é’%agg% %*FIZ?L‘E"?%“HSEW‘%8‘“?’8?58&"%18“ ivaea%dfﬁjé‘?ﬁ‘.emi tlongdheipéstaggod

under st ood, drill sStri compensatQr 10 may be placed in any
posi tion dé?%% d g?’ﬁ%%%égggﬁ&gﬁgn?%P%vSﬁﬁgﬁpén$8gﬁfmﬁbﬁ%%@%?ﬁ?§m?6
maneuver drjll st 096 B X 0 | ace, prior to inserting dril
string conpgﬁga or 10 ?ﬁ?@ﬂﬁﬁ%%%FF%FI?P%?H§y§§%ﬁég@5PfW&qmg%fdHQP&97 or
shut-off valve 50. It is to be understood that the invention is not limted
to the exact details of construction, operation, exact materials, or

enbodi nents shown and descri bed, as obvious nodifications and equivalents

will be apparent to one skilled in the art. For exanple, additional air
pressure vessels
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may be di sposed radially around the cylinder, thereby increasing the
maxi mum | oad that the drill string conpensator can support. Mboreover,
additional air pressure vessels in fluid communication 14 with air pressure
vessel 40 nmay be located renmotely fromdrill string conpensator 10, thereby
i ncreasing the maxi numload that the drill string conpensator can support.
Additionally, the drill string conpensator nmay not include a base.
Therefore, second closed end includes the piston rod passageway through
whi ch the piston rod passes to connect to the second attachment nmenber. As
such, seals may be utilized around the piston rod or within second cl osed
end along the piston rod passageway t%uprevent fluid conmuni cati on between
the rod side cavity and the atnnspher%k cordingly, the invention is
therefore t T&%el ﬂ&E”nly by the scope of the appended clains. 15 CLAI M5
VWHAT |1 S CLAI C L. cr'osed systemdrill string conpensator conprising: a

cyl i nder haYing <15 hgnper.bnner wal | surface, a cylinder outer wall
surface and a cyl [ RGer ER Fng,CORPEYSYoR compiiing: on rod having a first piston
rod end and a s%%qﬂ%lq£§ton ?qf end, ﬁhe firstggiston rod end being
connected to thé Piston % hE PEPER "Andesfer pliatenepts yall sekesgnds ¢vdudst y
engaged within the cylinder cavity thereby dividing the cylinder cavity
into a rod Si cavity containing a first portion of hydraulic fluid under

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
pressurc 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 fod
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.
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pressure di sposed therein and a piston side cavity, the piston and the

pi ston rod each having a retracted position and a plurality of extended
positions; an accunul ator surrounding the cylinder, the accunul ator havi ng
a first accurmulator inner wall surface, a second accumnul ator inner wall
surface, an accunul ator outer wall surface, and an accunul ator cavity, the
accunmul ator cavity being in fluid comrunication with the rod side cavity,

t he accunul ator cavity containing a second portion of hydraulic fluid and a
gas under pressure; the cylinder and accunul ator having a first closed end
and a second closed end, the. first closed end having a first attachnent

menber and the spEERGLLSE: avi ng a piston rod_ passageway through
whi ch the second pistonbrodﬂgﬁggﬁgglg?,OVHEf?%%8ﬁﬁmbW§FﬂﬂdW@@BéW@ﬂWéing
connect ed t QoBAtRAHo AL RGED TR [a.and at | east one air pressure vessel
radial |y disposed around tﬁ% éigﬁﬁgéyﬂgﬁﬁgfﬁgtﬁg%unulator, . each of the at
| east one air pressure vessel being in fluid comuni cation with the

accurul ator cavity. 16 2. The closed systemdrill string conpensator of
claim 11, whereintbRsdiQfest 48 j i S I luid., communication with the
accumul ator cavity thr 8%gh af @%%0%8?3 tor ??C{mf’h% worrgia dhy pey eladssdphut-pif st r i ng
conpensat or yffe. cl @i m 2, wherein the port includes a shut-off valve. 4. The

cl osed systemdrill string conpensator of claim3, wherein the cylinder
outer wall surface and the first accumul ator inner wall surface are
integral. 5. The closed systemdrill string conpensator of claim4, wherein

the piston si de Taedbseysybtdm ilVsiind Ydpensator 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
vacuwn.
6. The closed system drill string compensator of claim 2, wherein each of the at Ieast 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 cofnpensator

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 havipg 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
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6. The closed systemdrill string conpensator of claim2, wherein each of
the at |l east one air pressure vessel is in fluid communication wth the
accurul ator cavity through a second port, and wherein the first port is

di sposed in close proximty to the second end of the drill string
conpensator and the second port is disposed in close proximty to the
first end of the drill string conpensator. 7. The closed systemdril

string conpensator of claim1l1, wherein the second end includes a base
having a | ock bar assenbly for securing the drill string conpensator in the
retracted position. 8. The closed systemdrill string conpensator of claim
7, wherein tﬂ sec attachnment nenber includes a second end

nd, en ]
attachnent Me ‘°‘e°?°“;8)8%dsa§§° MGnRG Bt bassingtiges adack bas passegevay dispdsethrahof  t he
second end ggﬁ%ﬁgngﬁg otgbgr nd the base includes a | ock bar passageway
di sposed thiotgh® PAt &ast aﬁe’gll?rsf?% ensk atipflgnepiyaqnber prssagea@p AR B clabrachment
Menber pass nd the | ack bar passageway being capable of being
al i gned wi tﬁ%gag%%%te‘ﬁ%?@f‘ebﬁe ‘3??8“% g‘ﬁ?‘%‘i‘&‘ &a%ﬁﬁ'iﬂtm&lﬁrqﬁaq*edrpe%erxfprﬁgceamgpook bar
t hrough t he e attachment. nenber passageway and the | ock bar
passageway F%?Bﬁg%%ﬁ$gﬁﬁ“?ﬂ%¢@??$ﬁm§¥F?ﬂBﬂBﬁﬁﬁﬁﬁgéf%me?ﬂ‘?ﬁ@”ﬁ@@%ﬁé#ed
position. 9 I . systemdrill stri conpensator of claim@8, wherein
the first e?leémgh%(ﬁﬁ etcﬁ@%%iél ond ensgtﬂﬁmgfeée%ﬁtﬁ%g’&n@‘ﬂ through a main frane

assenbly. 10. The closed systemdrill string conpensator of claim9,
wherein the base is connected to the nmain frane assenbly. 11. The cl osed

systemdrill stri ator. of clai.m 10,. erei.n_the cylinder and the
aZ cunul at or b'ar e Ilclzj?) %8%%%99 i%gl%nﬁ SrngCompEEAe ‘% f/l?f“evgr?nwéfi’?l? fhe &gst ‘?“ﬁ grddbsspond at or

CONpri si NY: 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;
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A closed systemdrill string conpensator conprising: 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
pi ston 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 di sposed
therein and a piston side cavity, the piston and the piston rod each having

a retracted position and a plurality of extended positions; an accumul ator
a first inner accunul ator

“surrounding the cyli EQ% accunul at or.. . havin ) ] _
wal | surface, a seco r@%ﬂsﬁ)ﬁer ace ﬁoﬁuﬂgf gg st )Ien%ag?df"ﬁ@@,theéﬂméﬂlcﬁty‘é@% mul at or
wal | surfacey,;@ ; r. cavit he accunulator cavity being in
fluid communic a‘??ﬂc}%&\lﬁnmt%ﬁ&? @élﬁ?}% gOdss fdggavcl: {’/cimiaifungta DR Hnet hydragkic tyugundert he

(1750 Port it Sithedl b\ohts, dhoRgset et i, and, he accumlato

cavity containing a second portion of dara

pressure; tbangg%% g@ﬁmﬁggh@ﬁ hg@gé%%ﬁw%ng a first closed end and a

second cl osed end, the irst “close aving a first attachment nenber

and the second | st on rod assage .through which the
Czlnqgt%%uﬁ{%gsmydd ﬂ'% C IH%EI' E’le acc%%%g?rglaww% é]i'mﬁ&cc%mct e d t 0

second piston rod end passes, the second prst
second at { AGATBREdTR BhGKd inARskehul AR BA%. 3h by B SRS LA SR Shee, S350 OF 1N

at | east one air pressure vess erng | |
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 ﬁlfst 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 driil 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.
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comuni cation with the accunul ator cavity through a second port, wherein
the first port is disposed in close proximty to the second cl osed end and
the second port is disposed in close proxinmty to the first closed end.
13. The closed systemdrill string conpensator of claim 12, wherein the
second cl osed end includes a base having a l'ock bar assenbly for securing
the drill string conpensator in the retracted position. 19 14. The cl osed
systemdrill string conpensator of claim 13, wherein the second end
attachment nenber includes a second end attachnment nenber passageway

di sposed through at | east a portion of the second end attachnent nenber

and t he basc—i incjggd s .a | ock_bar passageg‘y di sposed through at least a
portion of the bXS&losRE ety sng srmPsrseiard slaint I3nuhrscin thpseswd gmimtychaad t he

| ock bar passage bei ng capabl e of being aligned with each other in the
retracted pgﬁ@%d‘\i‘,\ﬁ‘%ﬁa SFcé’g‘E?r\?i"‘Fth‘aem mgeher prsasev iy disepsed threughatlonth rertdn

at t achnent @ber Hass%%g$%x and the | ock bar passageway for securing the
drill strin§ CoiFpenedey FfEber andithebpss inclydes p ockobar pas@gewrl disphaddieehigs y st em
drill string-con?ensato of claim 14, wherein the cylinder outer wall
surface and®tf&" ¢ Perlen o tha i 5o sreond Fdratioghent snpmbercrassageway artdete Itk bat 6. The
cl osed systen1dri|%.stri g npensator of claim 15, wherein the piston side
cavity is aP¥EEOUH e’ﬁ’?”& ?ngﬂwl‘é?edmﬁ@hg‘éﬂi“h@e wirehtdd|ppsitianfprmegeivinge met hod
conprising the, steps. of providing a closed systemdrill string conpensator
havi ng a cyi?ﬁ%?“ﬁ“é@ﬁ’ﬁ@gﬁndﬁ&%g@e“? TRffeRer Pajiapawag erdrtkecleck bar pegsagemebefor out er
wal | surfacgm%%g a(ﬁﬁander cavi%x a piston, a piston rod having a first

g the drill string compensator in the retracted position.

i5. 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 drili 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
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pi ston 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

pi ston rod each having a retracted position and a plurality of extended
positions, an accunul ator surrounding the cylinder, the 20 accumnul at or
having a first accunul ator .inner wall surface, a second accunul ator inner
wal | surface, an accumulator outer wall surface, and an. accunul ator

cavity, theaesiandala [ ' in.fluid comunication with the rod
side cavity, the accun%?%?%$&%g§§%gﬂ%gﬁ¥%Wﬁeﬁ§a§n EEBHPI s v sBface,

hydraul i c f bkpicein@difordu@as.ny re.. the cylinder and accunul ator
‘having a first closed end an &gﬁggg%ﬁﬁu%?3§’8‘%%%?“?%%“???@?“%?6@%@ end

havi ng- a fi eghmalidasWRNMhe PRRE, second .cl osed. end having a piston
rod passageway througﬁ wh ch t gwggg%%%%%?gggﬁmwgﬁm@ﬁﬂmééé?@?}mﬁﬁé°§econd

pi ston :rodhRRALOSLDEhIG QRREE: |§E9ﬁ%§;ﬁ%gﬁgé&gﬁﬂ qh@gen%gééﬁand at | east

one air pressure vessel radia osed aro BA fed gddnd he

accumnul at or asceaabio0fi e e Akt d ! 'sa ressure vessel bein in fluid
comuni cation wit h&? hﬁedjgc%htmijofg%t%%?ﬁgg i?{l{/t; R?Clﬁrln?nl W&n?eﬁ@dﬁﬁdecg?d&g’s@ém ty and

a portion OhavirRepRfs Lt i A he, first rtion of hydraulic
fluid and the “gecpond““g%’rt iggﬁa’g?wﬁ%&%ﬁ%&?‘fdﬂ“ e SRR CERP B ®ht 1 o

support  t heroweidHeing céthectdd® &dnb htaShdidnN e ful%ga%féi }orle 28, ALY L ge}t]]rgiiin t he

conpensator to nove fromthe retracted posi 0 At PIrEggyes

plurality ofispiienderthgstide H0healdmbtemih f.@ne.of the plurality
of extended positions to the rgtracted’pos???%%%gﬁégggﬁ?ﬁy?Hﬁ“gggﬁ of the

at | east onie flaidcophetiGUsw eSS RbsmMibRaydas pressure sufficient to

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 poéiﬁons 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
supi:o_ﬂ 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 refracted position; and

inserting the drill string compensator in the drill string.

18.  Themethod of claim 17, wherein the drill string compensator is placed and maintained in the

retracted position prior to being inserted in the drill string,
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support the weight of the drill string and permt the drill string
conpensator to nove fromthe retracted position to the at | east one of the
plurality of extended positions and fromthe at |east one of the plurality
of extended positions to the retracted position; and inserting the dril

string conpensator in the drill string. 18. The nethod of claim 17, wherein
the dri-ll string conpensator is placed and nmaintained in the retracted
position prior to being inserted in the drill string. 21 19. The nethod of
claim 18, wherein the drill string conpensator is maintained in the

retracted position by actuating at |east one |lock bar through the second
attachnment nmenber. 20. The nethod of claim 19, wherein the accunul ator and
the rod side cavity of the cylinder of the drill string conpensator are in

fluid commui catrhORetdloRSRGR I h afirst port, the first port
havi ng a shut-of f val ve di spo’s‘gﬁcft tgééel}lﬁg%ﬁﬁ%f“%sé‘f”élsﬁmt“ﬁ@eéﬁﬂlqre@qcieﬂ ng |

t bi i ' i d Pti b tuati th
compens at Ofpokifor B aioding @least dhe 1o s Bhduf 1R decB sl ey V3L 1 MO e

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.
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