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locking the assembly down to the mandrel each time the assembly stops moving. Body lock
rings generally allow the assembly to be ratcheted along the mandrel in one direction, but
typically are designed to lock the assembly to the mandrel and thus, do not allow the assembly to
travel or ratchet in the other direction along the mandrel. This function of the body lock ring is
often acceptable as the purpose of the body lock ring is to secure the downhole assembly to the
mandrel. The current designs utilizing body lock rings do not allow the assembly to move along
the mandrel in the opposition direction if so desired. If the downhole assembly needs to be
removed from the mandrel, the downhole assembly and body lock ring may have to be drilled

out of the wellbore.
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that only require novenent in one direction. It would

be beneficial to provide a device that ratchets or

nmoves increnentally in one direction securing a

downhol e assenbly to a structure such as a nmandrel,
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SUMMARY OF THE INVENTION

00077 In one embodiment, a step ratchet mechanism is provided to incrementally move a
downhole assembly, the mechanism comprising a movable piston, a mandrel, a body lock ring
adapted to selectively engage the mandrel, a body lock ring carrier connected to the body lock
ring, a spring lock positioned adjacent to the body lock ring carrier, a spring holder wherein a
portion of the spring lock is positioned within the spring holder, and a spring located within the

spring holder, wherein movement of the movable piston contacts the body lock ring carrier



ring, a spring |lock positioned adjacent to the body
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hol der, and a spring |ocated within the spring

hol der, wherein novenent of the novabl e piston

contacts the body lock ring carrier WO 2008/ 005495
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the mandrel and noving the mandrel, body I ock ring,

body lock ring carrier, and spring |lock until the

spring is conpletely conpressed within the spring

hol der. The mechani sm may i ndl-ude a | ower adapter that

is positioned such to prevents the novenment of the

spring hol der past the | ower adapter. poosi In one
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and a sprlng | oc
wherem a portion of the spring lock is positioned within the spring holder, and a spring located

within the spring holder, wherein movement of the movable piston in a first direction contacts
the body lock collet carrier engaging the body lock collet with the mandrel and moving the
mandrel, body lock collet, body lock collet carrier, and spring lock in the first direction until the

spring is fully compressed within the spring holder. The mechanism may include a lower



within the spring hol der, wherein novenent of the
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positioned adjacent to the beveled ring to prevent
by thehsygled fingppon compression of the spring within the chamber. The mechanism may

include a lower adapter that is positioned adjacent to the beveled ring to prevent movement of
the beveled ring. The friction ring and beveled ring prevent movement of the mandrel when
pressure is released and the spring returns to its uncompressed state.

0012 One embodiment of the present disclosure is a body lock ring for use in a step ratchet
mechanism, the body lock ring comprising a ring having an inner surface and an outer surface,
the ring including a longitudinal gap. The body lock ring further comprising teeth on the exterior

surface, the teeth adapted to engage teeth located on the interior of a body lock ring carrier. The



the beveled ring. The friction ring and bevel ed ring
prevent novenent of the mandrel when pressure is
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state. 100121 One enbodi nent of the present disclosure

Is a body lock ring for use in a step ratchet

mechani sm the body | ock ring conprising a ring having

an inner surface and an outer surface, the ring

including a | ongitudinal gap. The body | ock ring

further conprising teeth on the exterior surface, the

teeth adapted to engage teeth |located on the interior

of a body lock ring carrier. ~>The WO 2008/ 005495
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distance in the first direction fully compressing the spring within the spring cartridge and the step
of releasing the pressure from the device, wherein the spring expands moving the.assembly ina
second direction. The method includes the step of holding the mandrel to prevent movement in

the second direction upon the release of pressure from the device. In one embodiment, a



ring carrier, and a spring cartridge containing a
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assenbly in the first direction provides novenent of

the mandrel in the first direction away fromthe
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spring cartridge and the step of releasing the
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body 166k 186 4538mBiy 1dirfovd 18 thiesdcoRd ditkition! KRk b fE 6A gxnbﬁﬁdbﬁtlitﬁn
toits initial position. The piston may pul

(00161 {2k eWbodimEnd );hp FEESEpy ﬁ@cl@gg@nxmtbe magthod of mcn'@mentally adjusting a

flow ofifité b&hpﬁaﬁg%&& o@é}iﬂﬁﬁg :ppéisﬁ'estﬁ QRstQY meafdnksnh, 468 5RH mechanism
on the mandrel. ternative
comprising a body lock ring assembly, a spring cartridge having a compression spring, and a

mandrel all positioned in an initial position such that the flow orifice is completely closed,
wherein the initial application of pressure moves the body lock ring assembly, the spring
cartridge, and the mandrel an initial distance in a first direction until the spring cartridge contacts
a stop, the movement of the mandrel the initial distance opening the flow orifice an initial

distance. The method further comprising the step of increasing the pressure on the step



pi ston may only position the mandrel in its initia
position and the back pressure may cause the body
wO o@R/0034p%) assenbly to nove in the second di r eR€T/0U82007/015478
back to its original position. 100161 One enbodi nent
of the present disclosure is the nethod of
increnmentally adjusting a flow orifice conprising the
steps of applying pressure to a step nechanism the
step mechani sm conprising a body |ock ring assenbly,
a spring cartridge having a conpression spring, and a
mandrel all positioned in an initial position such
that the floworifice is conpletely closed, wherein
the initial application of pressure noves the body
| ock ring assenbly, the spring cartridge, and the
mandrel an initial distance in a first direction until
mechanihm wpil it]megbcmy ock dg&endﬂ}nbad trsndeel staves anhmcramvmnhdﬂstaoﬁe in the first
ndrel the initial an e o enin e flo
dlrectl%l? efr)[]? compressing é € Sprpg aWb {1% K |gf’h g}andrel incrementally
opening AR flb®i dtifideh et rapthol ﬁlﬂh&’r&ﬁ&ip’ﬁglddtﬂe RtepsHttleasing t}h:q:rcssure from
step, W) 2008/ 005495 PCT/ US2007/015478 -7 chani s
the step meghanism, phgreip SRINEMOYES 1o A YREQEIPEESSHY) State gxﬁvmg the body lock

assemBl§ ¢h @¥BEInA diflicEbAN TheimethS@ filrtHes lcomPtibidg!th® bteb Wfh¥lding the mandrel
conpressing .the sprin Mﬁthln the spring cartridge,

to preyggh dpeYerent iR 1B S§FeRd dBpeHNmYPeh éhef F59S619 fpreésurerrf@m the device,

whereil®h& A8w o#ticE %mﬁiﬂm its bﬁk%atlg Qpéicdntdié. rel easing the
pressure from the ste anism wherein the spring

0017 ApRlyinggang ﬁelﬁﬁ%&ﬁr%@wg patthe sER mrghaHampwhgrein gach application of

pressuﬂrsﬁl%m thel Bbdy REK %@Qerﬁ%lke‘ﬁﬁl' @e- mﬂlﬁel%‘éhﬁ&eﬁ%%ﬂ &istance in the first
onprising the ste di ng the nmandr el prevent

dlrectlmtpemre$8ﬁh@ Breringindhe snlm&emrme@pé PR éelF@Il%%’é pegssure the spring

uncompfe‘§§éiu 'h?ovfr{é) e Bgd?i 9 ;asseﬁmg dﬁgn?% rﬁ%@% nI Eﬂﬁc ?econd direction,

enains Inits par open
whereiartbie lrmrerasltaignomngrtezfsthe omapdre] e thet ﬁpt diredtiomi mmfementally opens the

flow of}’ggi eJl'lQe %%‘E]b)y anhé %)é‘l!l cgflp%elﬁé Fessil \G%Sth% stgpk?r?e%}/xamsm until the

asse ncrement a
flow orifice lie cémpletely dperexcit | The hmﬂmdmiaysfarthdsremsmde nbe Islreptdfelpplymg back

Spli cartridge. and on releasing the pressure.t
pressuiFld A S0 anraeBbBO % FER LB S SRR RGN to is orgina
positioal Oit@ rhiyeiretanay Richide 4 ftep oe catokl, whereintthe piston\dmmitastsithe stop or catch
i in the first

. the increnen movenent of the mandre
movingyie ponssFl Ttk T HSRTEIYPORUSR the 51 ow ori i e The
(0018] NOhHE eﬁhbbgﬁﬁdm ronﬁH'@)H:s‘éﬁS dfsﬁb&mgstmsody Rsck Uiy Qavfrngetmter teeth and
. ste C ismuntil .the OWOY IS CO
inner tggfhrwhere e Quter derthrinFlvds 3 keticlfarg, t?wéggirr@ﬁ%b?n a body lock ring
carrier@pRtyd MPebra6th inflL8S & WA thet dnlgBecs!tedth GRGHAMETEN 'WHWC%&I face of the
t he back pressure noves the piston to its original

outer tsethi isi Rteranhy SQedearess frryp the thoriaental Blogp qfrtheau&fn teeth, but may be

vanedm% %ﬁvéehea Eb'smgtegp B @ehRed B 66 QBerRls FBhCihe H&%Hﬁn plane of the
t he mandr el to’its original position. joolsl One

outer tgphodlhe facedf thecnperotesthr he Bednoswent bask do pbley theckody lock ring to
ratchet’ él&gg n@%ﬁgﬂrglytﬁecﬁ?c%ﬁ?, 8B8%ace of the inner teeth has been swept back until the

face 1s less than approximately 70 degrees from the horizontal plane of the inner teeth. In order
for the body lock ring to clamp to the mandrel, the pitch angle of the outer teeth from the
horizontal plane is preferably at least 20 degrees less that the angle from the swept back face to
the horizontal plane of the inner teeth. The pitch angle of the inner teeth is preferably at least
20 degrees less from the horizontal plane of the inner teeth than the angle of the vertical face of

the outer teeth. Additionally, the pitch angle of the inner teeth is preferably less than 70 degrees



inner teeth, wherein the outer teeth include a
vertical face that engages teeth on a body | ock ring
wae200si0e49mand the i nner teeth include a face thBtT/US2007/015478
engages teeth on a mandrel. The vertical face of the
outer teeth is preferably 90 degrees fromthe
hori zontal plane of the outer teeth, but may be
vari ed from between approxi mately 80 degrees and 95
degrees fromthe horizontal plane of the outer teeth.
The face of the inner teeth has been swept back to
al low the body lock ring to ratchet along the
mandrel . Specifically, the f8ce of the inner teeth has
been swept back until the face is |ess than
approximately 70 degrees fromthe horizontal plane of
the inner teeth. In order for the body lock ring to
from the| homizontel plape o thiy inher tepth. p\ siokilag ngnﬁgmfatiom may alserbe utilized for the
r 0 n
inner sh Bhfbr HAIO'E pol7 I0A M, S0l Gy E5ERuhetbern on the mandrel
and colbst chrrfencaeconling tocthh Q)reszmn‘aénnphane of the inner teeth.

The pitch a i i f ly at
least 20 qapelig ESCRIPERY B i iRASINGS Y O
e inner teeth than. the.angl e of..the vertica e of, .
oo FRGIE T chES ook Hie GF QPFyEm g BF oy iiee aetshet pechanism that
includdsan@dytl6& fing $0preferably | ess than 70 degrees WO
008/ 005495 PCT/ US2007/ 015478 -8 from tihe hori zont al
100201 SHEIHE fS B FEOTSTIFETOR ¥ist, of ang epbodimens fif; ) ter: felshetggehanism that

mc]ude§|a5tfbd ock ¢dllef80. fOr the inner and outer teeth for a
ock collet, along with the corresponding tee

bo
[00z1) &hgttrﬁé iggrdcYiewznfa besiy léﬁk eelist |59r‘lse‘ét‘b8%IF'ﬁQ°qhB‘°!‘h%f a step ratchet
mechafié@sent invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

X0019) Figure 1 is cross-section view of one
o221 FagysE s sige cgosstsepriomvicnee! sreeletrtasrien Ghvsed; incqonipmstion with the

body 16:kRBHY% $PGKFipLRG 10. ) 0020) Figure 2 is a

cross-section view of one enbodi nent of a step ratchet
o231 Fbgirarf isrant isametrioneiewoefsa hodolbpk|ringkl @ usddein &8 enb@liment of a step
is a side view of a body |ock collet 50 used
ratchetﬂ&m’%@m’énbodlnent of a step ratchet nechanism )0022)
(0024 fHigreeb ¥ a sraasseawncyiewsefSant emhodmam of tlze emddgitg teeth of the body
bod

conj unc n Wit
lock n%w t515(BJQerut ﬁéj' lulrtg t?’ed%aéﬁ% qgl\lglmglai; ngg cgrréeﬁ Sa&ﬁéweir teeth 12 that
engage\themiaadreh200dy Iock ring 10 used in one enbodl ment of
.Step, . ratchet chani sm 024 ' 6
vz B s Braran ool OF Ot BBABB S  RUheh Gisghanipm in it initia
positioheet h of the body lock ring 10 with outer teeth 11

Jat age the body lock ring carrier nd i nner
[0026) :]Jjé@.lrﬁ %1% :? ﬁlautss-sectlon o t?xe step ra?chet mechamsm o) I'glgure 7 after the pressure

cycle has been applied once to the system.

00273  Figure 9 is a cross-section of the step ratchet mechanism of Figure 7 that has been cycled
a number of times such that the flow orifices are in a position they may remain during production
through the fluid port 500.

00281 Figure 10 is a cross-section of the step ratchet mechanism of Figure 7 that has been
repeatedly cycled until the mandrel has moved to its final position completely opening the flow
orifices 550 in fluid communication with fluid passage 500.

joo29; Figure 11 is a cross-section of the step ratchet mechanism of Figure 7 that has been

returned to the initial position, thus closing the flow orifices 550.



engage the mandrel 20. )0025) Figure 7 is a
cross-section of one enbodi nent of the step ratchet
wore@Raoi4s in its initial position. )0026) FipCr/ESROT/615478
a cross-section of the step ratchet nechani sm of
Figure 7 after the pressure cycle has been applied
once to the system )0027) Figure 9 is a cross-section
of the step ratchet nmechanismof Figure 7 that has
been cycled a nunber of tines such that the flow
orifices are in a position they may remai n during
production through the f|UId port 500. )0028) Figure
10 is a cross-section of the%tep ratchet mechani sm of
Figure 7 that has been repeatedly cycled until the
mandrel has noved to its final position conpletely
opening the flow orifices 550 in fluid comunication
1o30) \Kiguref 12uiscampermbedjmenD of the0sigp ratehejumechhmisims that provides for ratcheting
cr - f the step ratchet nechani smof Figure
movemfn?ﬁmz?&ﬁgweg{;%n% returned to the initial position,
(0031 tHigigrecl 3081 angroséreedtioo wfamief dnataslimbit oﬁ/ﬁeﬂﬁﬂ&/lﬁﬂ{iﬁﬁg 10 of the present
PCT/ US2007/ 015478 -9 100301 Figure 12 is an
odi nent of the step ratchet nmechani smthat provides
10032} fRigurE:al4:h;ei Icftgs-smioﬁnﬁaiv ofhodeoéhbedineat o atepl 2chel mechanism that
a,cro on of one enbodi nent of the
mdud“ﬁc?o‘ijjaul% #ﬁl’i’@dﬂ? gpr esent disclosure. 100321
j0033) FHiges 15A iafid a 58 Q&Saiﬁé‘»sisl—s%atl&rh D fotien ensboaademest thf step ratchet
a step ratcEet mechani smthat includes a double ended

meCha'b‘afavﬂlliﬁdRme Pesifionss 100331 Figures 15A and 15B are a

003a) FifSes I6AL AN 168 add@ichik-sesilbMat stéf rdtélRt $iRBanism of Figures 15A
ratchet nechanismin its initial position 100341

and 158 afier the pressusmeycleinsheen appliessancede thesiysm-t he st ep

0035 rﬁé&’&@l 7Ke§lﬂfiml§ %@E chsgléE@t%nléfAtheaﬁgp 1t l@hadi of Figures 15A
ressure CyCl e has been a p ied once to the SySt em

and 158pthathasbean evsledranumber] gittimes suche thet thesBew jamificgfis ima fully opened

pomnoﬁﬁep rat chet nmechani smof Figures 15A and 15B that

as been cycled a nunber of tines such that the flow

loo3s]  drigtires d 8Asandn18B farg b wrasgeretion pb thet stem ratdl®0 dechaigur efsFigures 15A
C - i t .
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00371 rWhile ﬂEdlanmﬁleS isusceptibhle pw sariousnmodilficstia@isaaid nifetratve forms, specific

embodfrlxgn %ra{nfe 'b&&i shown by way of example in the drawings and will be described in

dlsclos

detail herein. However, it should be understood that the invention is not intended to be limited to
the particular forms disclosed. Rather, the intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the invention as defined by the appended
claims.

Description of Illustrative Embodiments

joo38]  Illustrative embodiments of the invention are described below as they might be employed
in the use of a step ratchet mechanism adapted to incrementally drive a downhole assembly. In
the interest of clarity, not all features of an actual implementation are described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be

appreciated that such a development effort might be complex and time-consuming, but would



100371 Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
weeedisrent s have been shown by way of exanpl ePr¢Tiusine7/015478
drawi ngs and will be described in detail herein.
However, it should be understood that the invention is
not intended to be limted to the particular forns
di scl osed. Rather, the intention is to cover al
nodi fications, equivalents and alternatives falling
within the spirit and scope of the invention as
defined by the appended claims. Description of
Il lustrative Enbodi ments 100581 11l ustrative
enbodi nents of the invention are described bel ow as
they m ght be enployed in the use of a step ratchet
mechani sm adapted to increnentally drive a downhol e
neverthelass Wg|ayroupﬁe upgdertaking forthoses ofcordinary,skildn the prt having the benefit of
ﬂﬁsdk%ﬁﬁhﬂges of an actual inplenentation are described in
I's specification. It will of course be appreciated
l0o39)  tHyagther aspepis agdadvagagastofdhe amyotgm’podgngms of the invention will become
[ deci si ons
apparefi 130 BT RLeraHTBE e Toll SR TROG Bl bnaRE R il 77
joos0] dugurs, 1 shmws ase corpodimenteofithe rstepy@tcém meichsrdsmathdt uses a body lock
ring 103431 (SBed Sk FPR ah e lerndiglebudy cnstimagih 20. The boy
lock riagdieinchides! inrdentteathicl2 éhdeweinopigeret 5)efh‘ao sélem@hy ehgage the teeth 22

]ocatedggq.nﬁhé%gs?cfeotfé Conatfq?ggg?c{) ﬁbﬁ go(gy gng: %%SS outer teeth 11

(showmhﬁdﬁgﬁﬂ@)nﬁagfdﬁg?g&m&&eaﬁ r:6foﬁiljtl‘ieilfr?(eﬁck'Idf Ithé g%%%ﬁcﬁrmghcmer 15. The
) ving the n this disclo 1 Further
inner tgl 1 8¢ i o i L0 &y Rineri Aoy Wit rigrk Sngr10 to ratchet in

one dirc6ifor AYAE tHeOMaNdrkl 2P AP ABo nRR Al thé FrRRIEDPROIA Qlﬁ@&]b}ﬂﬁnte direction
of the follow ng description and raMAngs 10040

when ahagk pressuretis arplisddo dhgmerhasiam at despabed Rslovat ¢ het
0041 nﬁ&hﬁ% Sr%ﬁét%eél%f’sn@ nbﬁgd’esl Q‘fﬁ‘ston{ 40D obfidnBalin & RARBer 46 located

| ock h@g carrier d sel ectively engages a
betweenethg rmﬁndm 207¢nd pdoly COmwrrth Apone end o she phamber 46, is an upper

e 69 B L0 Ll SERE EnBio S A bl 02D om0

movabknwithinethp gigmberc46 andipch@les ao|upgerssealing elemsmnt 411 4uch as an o-ring, to
. [ | Quresbhatha 1t he nt
seal w1|g}?1{h%\r’¥?% Fggjpc?cﬁel%gbg/hel%é%:t K 28385 maudé ﬁugve}$ﬁ:9m ngent 42, such as

rrng carri er nner
an o-rihgethht skdlsahe bhéick betwdendke pisttm dDamt theadapirel2@. o Irathednitial state of

the steglratcgaglﬁgch%%g(s [ Fg Qégcgtn]gorg?é %IP %%é‘ggﬂng{% istdir?rggt'%ir?g?agfmt to the lower
poﬂunﬂﬁemppﬁhﬂapﬁ@@é@te direction when a back pressure i's

woor S0 b P B0 SRR oG SoL 4D B89 bt 20, The
upper fdipitéri DG thalyNindludb abeppef GehldfpatRehent 180, such as an o-ring, to seal the
interface with the top connector 130 and a lower sealing element 170, such as a standard
chevron, that seals the interface with the mandrel 20. The upper adapter 160 includes an upper
port 105, which allows for pressure to be applied to the system. The lower adapter 210 is located
at the. other end of the top connector 130 and includes a sealing element 230, such as an o-ring,
located between the connection interface. The lower adapter 210 includes a fluid port 200 and
interfaces with the mandrel 20, which may include a sealing element 220, such as a standard
chevron, between the interface. The embodiment may include a lock ring holder 140 and a

ratchet lock ring 150 both positioned between the mandrel 20 and the upper adapter 160. The



bet ween the mandrel 20 and a top connector 130. At one
end of the chanber 46, is an upper adapter 160 and at
wao b@soodaes end of the chanber 46 is a | ower ader/E82007/015478

210. The piston 40 is novable within the chanber 46

and includes an upper sealing elenment 41, such as an

o-ring, to seal wth the top connector 130. The

pi ston 40 al so includes a | ower sealing elenment 42,

such as an o-ring, that seals the orifice between the

pi ston 40 and the mandrel 20. In the initial state of

the step ratchet nechanism the upper portion of the

pi ston 40 is |ocated adjacentlto the | ower portion

t he upper adapter 160. 100421 The upper adapter 160

interfaces with the top connector 130 and the mandre

20. The wupper adapter 160 may i nclude an upper
ratchetdlegk inmg B3 mayt bd 80spli sohp aingathab snapsginta @ greave (i$ shown) on the

erf.ac 0 t

mandreg ?gf "I‘l?e g'rﬂrk 5(5‘3811 ?& g tpgrg %agéﬁ geﬁi%nglnﬂ)aﬁng@%%cur? I%haet ratchet lock
ring 156da Itbe mlaadneht ‘Th¢ eatcheniladk rirge] Sthpbvades 20 .upsétdforithpariston 40 to contact

ter i ncl.udes an ort whi ch al |l ows
to movE HisRAarEl Ao b I8 st BB fion RRBkpleERad S, &1
[0043] a[dapi@ﬂlcﬂticﬁm of prasateettirough theewppei pett Hfdcafses ﬂﬁe tu@ﬁm 40 to move
along tgg C qe{gltbeorh ct)wgc?rgg)lg?téh %ggﬁﬁg)éﬁ%?lﬁ%‘ggg lﬁgxggfeg r’{.a m6v1ng away from the
upper adabw%flame TH® Q;dt@WEO v@l@ﬂ&hﬁdct Zﬂ@albi%lﬂ puiien a;ffﬂﬁuydoamhg carrier 15
an |nt rface t he mandre , i ch may .
pushing ﬁ}&‘f aspempl %leﬂi“hb°i¥ Mrﬂngzsﬁmgaém 85 *gﬂada%& gng 10 in the same
dlrecn&hss/ﬂﬁrplstbﬁt Wee Brésbtﬂ'ellﬂtaﬁﬁlﬁéipﬁ) thEssR) QHé BBAY 166k ring 10 is pushed
i ncl ude a | ock rlgg der 140 and a ratchet | ock

against ﬁhﬁgnmelb%ﬁ AUt ﬂaﬁnt@aﬂbb% fegaee: (shova ia Figursy Sxad 6) the teeth 22
located &€ tHPBREr GHIAFLE 'mafffel 2016THE, 29@%(0@9151@915& the body lock ring 10 away
PCT/ USZOO?/ 015478 -11 ratchet |ock ring 150 be

from theyipper mrprrluéﬁglmpvwhgmanﬁrteb 20 apyay drpan (hmtpps%m;er 160.
10044) Gﬂle 1nﬁlal fjdraﬁb pﬁe-gFL?re s %@tglﬁb%gﬁlr f]tﬁg bbﬁ% ?ocﬁ holder 110

ring reta er t secure eratc
until iti$positionddeadjanedt @I a Sﬂl‘mg logk GﬁetTHccgpkmgllﬂ@}c %05 mnscmmtégdjacent toa

spring %8 1 dé%%%t Bﬁ’lkr)\ 4 %j)q'lng AL 74)0 SL?R’;\ fﬁggtggq}o]dst &n%&%%éé? 90 Cimd spring lock

Its origl Ion-as alle
90 togd:ihéroand hedtahs Ipee-h;anlqmmngrimofﬂplee”éspnomdeh raocegh td $rap ring 80 for

assemtff BEfpoBEY g aRovaNE s WD pRloh A edlles thelTRsfom i §1%he By tock ring

assembinratid ethe 2pringViocky 9@\m>ymfo|ve rawtalyefrompiher ugea pidapted 60 until the lower
i sto cont t t er. portion.of b

portion gJaRE st holfe i onist B i Ser MR BR It aapre 2t oy

1ooas) | @de thé BgrikRlock @0 cbhtaaiicthé Bifouddst\2 111 asfithé¢ iovger kidapter 2108 the spring 30

pushesf’%gﬁ%ﬂ,'g{@? tg{ﬂ%ggﬁgt %};rgy%‘ Ay Jock lﬁ‘%g %%%@Y%%%@Haﬁﬂdrédzo away from

the upﬁéi&dﬂ;&ér 160 A8k ﬁess’i@e $igbreh & tHdwod: ;QGE:IB rihg aS$WeJE pushes against

in Figures 5 and 6) the teeth | ocat ed on
the smrwelos&PQ rBPressingfhe sprng ¢9- he presgure is frereasgd Hatik thgspring lock 90

and thé B8dP ALk d3EMblY Efhisé hé¥ft¥ng 30 to become completely compressed within the
spring holder 70. As discussed above, the movement of the body lock ring assembly also causes
the movement of the mandrel 20 away from the upper adapter 160 because the interior teeth 12
of the body lock ring 10 are engaged with the exterior teeth 22 of the mandrel 20. During the
initial cycle the mandrel 20 moves an initial distance until the spring holder 70 contacts the
shoulder 211 of the lower adapter 210 plus the mandrel 20 moves an incremental distance that

the body lock ring assembly travels while compressing the spring 30 within the spring holder 70.



fromthe upper adapter 1 60 also noves the mandrel 20
away fromthe upper adapter 160. 100441 The initia
wa@ppBioeabi on of pressure causes the novenent OPCT/H82007/015478

body | ock ring holder 110 wuntil it is positioned
adjacent to a spring lock 90. The spring lock 90 is
positioned adjacent to a spring 30 |ocated within a
spring holder 70. Snap ring 80 holds spring holder 70
and spring lock 90 together and mmintains a pre-I|oad
on spri ng 30. Hole 75 provides access to snap ring 80
for assenbly purposes. The novenent of the piston 40
causes the nmovenent of the bbdy lock ring assenbly
and the spring lock 90 to nove away fromthe upper
adapter 160 until the lower portion of the spring
hol der 70 contacts the shoul der 211 of the | ower

In oneamlmdémem@he 13041 20ray tiaeelsativaen Soarkd ® dnchesidae tduring the initial

pressm%l(}g’c edlgﬁé&l nsﬁé ?l]ieﬂr?th n%ibrg%gsﬁin%rﬁ% seprgrggl-noﬁﬁér Y and lock ring

assembly ngayaimeaﬂﬂpyechnﬂ mcbthf}ﬁﬁwdnnﬂlamﬁnoamyntf oD the h’mndtquﬂ as would be

T -

cycles, ahama&ﬂselmj) biilg tegvelsne breméralpdieance Eeqluﬁ'edi e beﬁ@ﬁs the spring 30
2. until th r ock 90 d t he bod | ock ol s
within 15¢ spring BoRBY TS tacrofns b aNPeEtnns SRS ERaD AR ERgr may be % inch
howevé thid ﬂlst:hﬁ]? rﬁﬁ}" Iagb@dlb‘&)hﬂﬂiﬁemby Aarﬂh%b Qllﬂéaﬁfierﬁhﬁiéeof the&spring 30 and
of the baody lock ring assenbly al so causes
spring F&é‘e%@@ﬁé’ﬁp asfthe fﬁﬁenﬁﬁ‘r&fktg? sptgdfhy from the upper
10046}  AIRGH 1BE sﬁﬁﬁ% BeCHd Reh QSMpl&ﬁK'&fnﬂr@s@éJ‘ the prédburkifa ﬁﬁ':)i be bled off
lock rin are en%a ed with the exterior teeth

f
the systea alfaiiethe 2pringdp) fgetpRRto itsprqogipressed étafqn@lsnlmedhaspmg lock 90
and th@ﬂ)dm\sgl? ring ab&'rﬁﬁl?lawqy “(% H&td clhret.clﬁ%ns RFichon Holad ﬁ{e mandrel 20 in
contacts the Shou f | ower adapter 210
place qglth@, b@%hﬁ&rrm&assmbbbmese%m thﬁ @pewem directipnt &meeme nmbodlments a
I I r
seprs el Sy 68 SO Y B R 58Vt ok i
assemby @8d SpEu® HAkEQ mgmwm&amhecmpmsw springbdNi Wbeinterior teeth 12
tween d |nch S e. .
of the é&?y I4R dr:iﬁrgé la%ggﬁaptt&fgssbc?’gr% cle. it %Eongl 8% JTRG offldzt(l)hlé1 the opposite
dlrectlmhamhscusaﬂﬂlrdmmdetmm belofv mrregarps tmﬁ@n&sdi&&nd?ﬂ, Aanill be recognized

L T N R R ——

spring appnmuha:t gtéatey thmetheffoﬁfedleqm&}d aKalldw ithe hfeehatiém ta\thtelet along the

mandrq 0. o&Grionalt, BRiODeY ISRk Rl T RISy S B withstand the

amount eﬂpfdsade ﬁ'@qtﬁﬁﬁdplb&ﬁ&rddﬁﬁb the'sbfigg 20nstinttiRi dtdér®e rafhet e mechanism
hol der In sone am&gnmns this increnental

and megey aﬁw% Qygway fropnhe upPRLARAPLST 160+ STRA arRlisation gl pressure to the

systemadmﬁvdomermeufahes% &Y apaih Yhé\@ thebodiyeBie mgsaseémﬁnlyeand the mandrel 20
spring 30 and spring holder 70 as wel| as

down agy pnergpental distagcs pptihthepring Gskes Weﬁl"m@mﬁ?s% within the spring

holder g@.s b:.b? g%c%i%@ﬁl 400t Ythe URERSSRIof IHRESPRNES SO pFovi@d foPqRe incremental
e ea o
distance moved by the mandrel 20 during each subsequent pressure cycle. After the initial cycle,

the travel of the mandrel 20 and body lock ring assembly are limited to the distance required to
completely compress the spring 30.
00477 The pressure can be repeatedly cycled to incrementally move the mandrel 20 down the

assembly until the mandrel has reached a final position. The mandrel 20 may include a stop 21



the systemallowing the spring 30 to return to its
unconpressed state pushing the spring lock 90 and the
whoag/obsaek ring assenbly away in the opposite PCT/US2007/015478

direction. Friction holds the mandrel 20 in place as

the body | ock ring assenbly noves in the opposite
direction. In sone enbodi nents, a separate nmechani sm

may be enpl oyed to hold the mandrel in position as the
body |l ock ring assenbly and spring |l ock 90 noves away
fromthe conpressed spring 30. The interior teeth 12

of the body lock ring 10 are adapted to all ow novenent
along the nandrel 20 in the-ddposite direction as

di scussed in nore detail belowin regards to Figures 5
and 6. As wll be recognized by one of ordinary skill

in the art having the benefit of this disclosure, the

(Shows [in iFagprep st Brthatofontdets theppistoy 490whens thepmaggdreh2@ has hegn moved the

designbf8 RS TRANRL) il A vl S ) bR fhaniom.

10048} Bakrgressurammby be appliéd toi theiysyers tcausing the pmom 50 dmthovk@way from the
lower aémﬁ!fl%r ZI%faer ingrtg its 1 llf a Hg%xa?%g nécaisqe n 4 ma angr}r%s the ratchet lock

ant” 1n or to ra ant s
ring 15(hpuliiag dicemardreh2@paék anits hdtialppsiticnd apltenativay, théenandrel 20 could

) appl i cat.i on of. surg to the tem WS e ..
inctud BR Hose 2 s gl A0 SOV TRAETOUYP Qg BAEK g gosition as would
be appidishtéd By BB gg et]dlﬂé}y sKidMin the attrHakRipathe anéﬂtf‘dlfalﬁe Qis¢ldsite. Likewise,
-1 srlng ee Cco esseg. wthint
the m@B r?3> T <agpEe e b'a%dydps %%@”%BB\V@ q{% the ﬁ%ﬁgﬁyngwav from the
lower @laptB€ 2307dnd0badR O RY io¥RSnd] Qositltn. | PMAtfeBERER), the application of back
di st ance aned by the mandrel 20 during _each

pressuts B3y bgarsed fy woe the bady leck mewssqmiéwaﬁ# thefpringchelder 70 away from
the lovpé}%dtﬁgéy oho® ukt}eoﬂgﬁléi rfdsitidns. 2 R0b&RANGck il Hold& 1 10 is used to anchor

assenbly are limted to the distance required t

the body)lgskaing 1 tedhptapsepnperios hiQ whemthe mapiry! 120115énweé§>§9k ¢ its original

posxtlo%anl&lkke?&%pﬁg%\?ﬁht cl:d’é}lalgg el 9@53% %Fﬁf&lﬁé i iﬁgﬁﬁﬁrﬁcﬁ)@d within the body
lock ringaeamer &5.f i Thel berys lackonng Tieblendd@ralso d@cludey axial| pine1Q0 positioned

o 19 AR R, SRR IEHTE 1, E g 10 v

the rotaMrdofetlhe »ody kmkbwcamdd rehative de thedhually dockdiisg dbice. A
woen - EETE 2 Sl B SxBB0Tngat o OB ol i Rird 5t BASER hodyfpoke collet 50
and cdlnet tchma)(s(l enplaaelsxfrtge tblody diosk @ingd 00 tand r\mvlg.- laulaym@rmher 15 of the
he | r adapter 210 and ret its initial
embodbnt, o Bgurd: £ Pl iR g @i o the sirhe e Py e embodiment of
Figurel 1.N@réss@reis |abblli@ tol‘leie@ﬂéfrehmﬂﬂleb;ﬁ@tbnt% pdsﬁes thetbadlly collet assembly
osi tion. the ma i ncl ude

down {i ap e@nsctor, (30ov e SoioaGPEE AP d2le TOEIATRIATS fRSES the interior

teeth szsdtothe bo8ptdckicallet SO RPEMdace thed@eth2d 6h tHecexddHr &Fité Rndrel 20 thus,
one of ordinary skill _1n the art haV|ng t he bepefit

also "’8?’“’tgh‘|t glapedbe top ponneptor A3 away frar thapepes pdarser}g0. When the spring
holdereﬁ@ﬂ&ﬁﬁa&iqﬁiehga'ﬁr h&pkerd 1D0thd HrENtFcYis Rikrkdsed uhfPthe collet assembly and
the sprallr?gs ?ock % completelryocrgnt)grgss the spring 30 located within the spring holder 170. The
length of the collet fingers 54 allows for greater variation in the spring constant of the spring 30
used in the step ratchet mechanism.

jooso; Back pressure may also be applied to the system of Figure 2 by applying pressure
through the fluid port 200 in the lower adapter 210 causing the piston 40 to move away from the

lower adapter 210 and return to its initial position. The piston 40 may engage the ratchet lock



| ower adapter 210 and back to its original position.
Alternatively, the application of back pressure may
wheoossesdos o nove the body [ ock ring assenbly apdr/ubkm®o7/015478
spring holder 70 away from the |ower adapter 210 to
their original positions. A body |ock ring holder 110
is used to anchor the body lock ring 10 to the top
connector 130 when the mandrel 20 is noved back to its
original position. The body |ock ring hol der 110
i ncludes a vertical pin 120 positioned wthin the body
lock ring carrier 15. The body | ock ring holder 110
al so i ncludes axial pins 100l%ositioned through
openings 13 (shown in Figure 5) in the body |ock ring
10. The axial pins 100 prevent the rotation of the
body lock ring carrier 15 relative to the body | ock

ring 150j grigthe mantod AP 1pvitling the mardrel20 backdatitsdnitiahpogition.n dlternatively, the
mandré] rzg%ﬁf ﬂl:ﬁl‘(‘llsgﬁ ggetggﬁtthélg‘i&n%obc%@%’%&&%g g §Q1Iin?kthé 91andrel back to its

carri ace 0]
posntlon(hsamblb <h¢ya11pocxkatpd by oreer of erdiriy @klllt imetheemb balving rthe bf:neﬁt of this
nechani 0 erates  i.n ne nner .
dlSClOSPh& 15 ew sengﬁ I'(]i T':j f(g] iy, engage, S%GUPO cgc p‘flrg (fs%em y pulling the
assembli amysl’rmmtmw\ndnadpp&t @h0 4Ad padhesitd bﬁgimatiyosmbﬂ etAlternatively, the

. sempl down the necto 3 fromth .
sppliciSR Gl babls pEeSsiteansy b B BOBar e ol 3G eotl Bafhy and the spring
holder ﬂe aWayEiﬂ)mihd loeveb adapteroZI0 ahéie brigihal p)osﬁ(ﬁkgﬁ;g €A bbéy lock collet holder

h 22.0on_.the terion o th nandrel us | so .
111 is 55K foiepE Bk spleithloc Poron spmagrisy PPoNhem e andel 20 is
movedllﬁﬁﬁ rto asl aﬁgﬁral pééition\h ahe boay sk ddrget hsliéeer] 17 chides a&eRical pin 121
unt |

posiiep e VAAES 2T o0 S B i it

axial pEMVU1EsSsitidiRd XRfJ nings 35 h(YWﬁhﬂllFx € 35 b tIbody lock collet 50.
hol dereﬁc:%?O The ‘%gno%téhn%fg tﬁg col | et ngrs 54 Y

The axjgl jpisysl O gareygng theesotajion ofthebodsrogk goligs cptpr 6@islative tapthe body lock
collet §d1€ spring 30 wused in the step ratchet mechani sm
| oosol Back pressure may also be applied to the system

[0051} cﬁlgtp‘pgams@ngsgyewmlgw epb@ys]gglg col!qtrSQL(g]pqemand;mgnt of the present
t

dlSClOSEBJ Toﬁé)rr%)?/d ou(1 %o*l&vﬁf mﬁﬂxﬂ&f g&\g}eef l"lg a T oegtfg lg'lldsd’l? genmeter of the

collet. t Thé hember andawlqusxftth@ nolleTrfmgptssiﬂbmay@enmpedr@@gadmg @n application

using 1{ éﬁ% n‘i{%}ﬁk %%%?%@sr%%ggé 31%_’ égg%&) ?—E tg§ % %éé%é’%gg gf}ryz%dlbm t‘l(w art having
the beredit iof this distlosrep OBhet mmnorAhtfmemﬁ ea\zb lcyllett fiveger (Faridecledes teeth 52 that
are adzg)ge({; g)ese?ﬁﬂ"lve ngdriegﬁgg ueP {egg\t %’2 ?gtl{) Itrﬁgmﬁ%ﬁ?? Cg’ﬁ\e egterlor surface of
the each)cdlhl:t fmgapps en¢laﬂesdtela§h Bh adaited ral engagy with Ithe imeridreteeth 61 of the
body l?(ﬂcecqq%x a?rg‘er gg ﬁnﬁghggg&v%%s%%%ﬁrgggs Lycaoﬁ)?cle'\i h)cwlcoﬁét carrier 60 of
the pre3&taliddlosupsl| Thegodyn mckmleﬂédmeﬂwmciﬂ@mtédme 6l @iethe interior surface,
the teefh § Ebiiae %&%ﬂ;’; 4 %@%Es%@ﬁ baesehblocpisd jonshe Selstdinggtp 54. The body
lock cdlRet 56 @khyt iAciBY @péiiAgd 93 Yodadlaré@ld tat pesaRidR Ity arlih th8 Gonnecting the
body loscrl)(réorl]l%t 50 to the body lock collet holder 110. For example, pins 101 may protrude from
the body lock collet holder 110 through the openings 53 in the body lock collet 50.

“00s2)  Figure 5 is an isometric view of a body lock ring 10 of one embodiment of the present
disclosure. The interior surface of the body lock ring 10 includes teeth 12 that are adapted to
selectively engage the outer teeth 22 of the mandrel 20. The body lock ring 10 may include a
gap 14 in the body. The gap 14 may aid in the selective engagement of teeth 12 with the teeth 22



hol der 70 away fromthe | ower adapter 210 to their
original positions. A body lock collet holder 111 is
wasedooadnanchor the body | ock collet 50 to theP€DPS2007/015478

connector 130 when the mandrel 20 is noved back to
its original position. The body | ock collet holder 111
includes a vertical pin 121 positioned within the
body | ock collet carrier 60. The body |ock coll et
hol der 111 al so includes axial pins 101 positioned
t hrough openings 53 (shown in Figure 3) in the body
lock collet, 50. The axial pins 101 prevent the
rotation of the body |ock colfet carrier 60 relative
to the body lock collet 50. 100511 Figure 3 is an
isonetric view of a body |ock collet 50 of one
enbodi nent of the present. disclosure. The body | ock

of the gmindetl 200 The kxtdssr swificetoffthededy Jdck vogtl@dinaludemtéethhll adapted to

f nber_.
engageD B'llt:hn?nt 1ntneg|é)}'t ﬁ:&b %é)dvlli?el%gl%& e%:gﬂ%ng gwo’ﬂ}e bociy Iocﬁ ring 10 may

includé ppéningst lbmcamﬂlaﬂ@nﬂl the perimetes hehlmﬁcthamoﬁmmsgmmb@ﬂy lock ring 10

eci b of or |na Ki |
o the RET BBk Fiathierabior Ear S tespuy D\ may PrlgiErathg body lock ring
holder 200 tlaoaglp theaspehinge 18 &k tﬁebwgnoaénngwo udes teeth 52

t re adapted to_sel ectively enqa e.o
100531 t"géﬁ‘? 8 fcr?gseseﬁ'é?&ﬁl Sfew@f t ‘?ﬁég“&t"g tﬁ?) P°E¥ﬁ r‘?‘g%gn%ﬁo The exterior
surfacd bEtheddldy §6dK Bhg fl0 MgRidea4edth a1l YRR Saré eskfigirdd &déﬁgagéi with the interior

dg gp mnth the interior teeth 61 of the bod
teeth of $he bpdy 496k Epg sarmer1gy - They inderigissuskase afhe b Y]t‘c"‘é‘f rigg 10 includes

teeth 1DQAM dr@aHagied {&§elé@fvélyeé'ngﬁge fHe tetth© 2110858 bn the exterior surface of the
di scl osure. The body l'ock collet carrier 60 includes

mandreldQ y 419Qagkee fapeed 7 opn ém foxe, teetnd 1t giprgembinatiennyith an angle
substax?t@ﬂﬁl REs HAnCo9W e\é’btolﬁ ﬂl@ﬁnﬁ&e{egﬁﬁ +\9§ %eGGO&r}nh 16dRering carrier 15 to

et fingers 5

ratcheﬁ the bode lcmbemgwlgbalgsg ﬂwamyéela%%majdlrmwp)elﬁu ewwefromdhe lower adapter
(not s@(ﬁ/ l“Focéﬁ c &9] e ho er‘!&%iadl?gﬁ% lg%iglﬁaglcded 3& EQS &ngﬁ éﬁ@?‘“ teeth, in

combimatipnrwitiean pogie of RO dbgntys b thie ionér te¢thipoekats me (botih lawkging carrier 15
from @JW Lg R\%E)Ioﬁgsloé(?’n g?@%’ 'é‘{;‘\,g%flé‘ R %\ggéyp?gt cil‘ pe%?lan % Conventional
body loxfk 0Hmgs @mbmlﬂlyrlmne a@K) degmerfaeasmbomdhs oirxes amdaoutEheeth The 90 degree
nterior.s C n O |ncI
angles B 09THE DGR Besk S o Q5inal bR O Ak gy e body ook
ring toChe ﬁmnﬁiéeﬁlrecgﬂloﬁ edsilg. rBuoihl tied c&ﬁ'cntgdmal body 1bekCKngs i@ the body lock
nc e,a gap,14.in 0 ap 14 A .
ring 1, PR prerrat Sselprel 8L iletsh alote BF Hangre] 2 pre difigion 19 and will
lock td thenitandzel B0 wRGSH B ed BbtheoiiddI2R0tTo 184 HdwevdR cBhventienal body lock

. ndrel 20. The exterior _surface of t he body | ock ring . .
rings V@ 1ot e‘lawetee feerr Potomahibrdmndgel 2higsennitiqmendrel 20 i its original

positionWigdn tAE bb8@1dtkGingt IRishAchork@Cck ring carrier 15. The
body Iock r|n 10 may include openings 13 | ocated

ose aFRs, prgth evintarior,yriape of rhe ey Jaske étnenl0 of &1gygy6 have been
modifie@ &K afld)ﬁghél-gman&%] 5080 BO hoVe@GH itk 'o?i%lrﬁl@ lpgﬁﬁo;:l@peé: fi€ally, the angle of
exanpl e, pins 100 nmay protrude fromthe body |0 ring

face 13 of the inner teeth 12 has been swept back such that the body lock rmg 10 may ratchet in
the direction 19 along the mandrel 20 as it is moved back. This occurs when pressure is applied
to the lower side of the piston 40 (not shown in Figure 6) and the piston 40 pulls the mandrel 20
upwards to its original position. The body lock ring 10 ratchets along the mandrel 20 as the body
lock ring 10 is anchored to the top connector 130 by the body lock ring holder 110 and the radial
pins 100. The actual angle at which the face 13 of the inner teeth 12 is swept back may be



hol der 110 through the openings 13 in the body I ock
ring 10. loos3i Figure 6 is a cross-sectional view of
wo b@svesabh of the body |ock ring 10. The ext erP@F/US2007/015478

surface of the body lock ring 10 includes teeth 11

that are configured to engage with the interior teeth

of the body lock ring carrier 15. The interior surface

of the body lock ring 10 includes teeth 12 that are

adapted to selectively engage the teeth 22 | ocated on

the exterior surface of the mandrel 20. A 90 degree

face 17 on the outer teeth 11 in conbination with an

angle substantially |ess thd-90 degrees on the inner

teeth allows the body lock ring carrier 15 to ratchet

the body lock ring 10 along the mandrel 20 in a

direction 18 away fromthe | ower adapter (not shown
modifi¢dwithglifferiag degnesderiendinghun thetapplitatidneassweuld begecognized by one of

S t t ination with an

ordina e& lFS’ ‘PQBH l%%l ;tég{,%éﬁﬁ O?ml%ﬁgf%?‘e@é%t h prevents the
[0055) ﬂbgyel ldcillulsllratgs on¢ embpdibient fof tine bady hgktring B dff tHegmrkesent disclosure

o QBB YR JF 5 BERRE o § 456000 comvention

body loekgriag a‘ndcaiscolno anow thedodpneck aing 10te katéleetalongldéndidrel when the

eqgr ee | es. may .actual ly be _only 85 deg S on
mandre] o BRYPEHAMAHP (BCRTAPFYEOREOR] | ANEIENS BOGY Ptk tecth 11 would
preferabiyn e t9D Eegr@Bd’lltkf %ﬁFageed)en&E@x 8A%hd }Sodg(lbék hhg carrier 15 (not shown).
conveptlonal bod ock rlngs and the

0] ring
HowevEg) 198G AGAY a9bie bAiTSEt B S Ivaearess arerichl BitBignity rovide a face to

engageantH tRd totth bNHRNBOAY 166 HngtatPeraddtvdill Ibe dp@?é‘élattéﬂ bP®ne of ordinary
mandrel 20 when pushed in the other direction 18

skill mllbmélﬁvméé?ﬁ/b?ﬂeﬁéﬁﬁm%@é‘ﬂ”‘%k rings will not allow

[0056] t/t}?glé £)V/Sf (BE itk k&th 93 nhiREbdBRaN howdh bANLRE t'ﬁE: %o&? fock ring to ratchet
mandrel 20 to its original osi tion when the bod

along the gnandrelg Thy mylaﬂmh thas ngle; Dswpy Prds pmrphmmelwrvot dpgrees. Angle B
of the JH:;% | lséflrotlgxcl%i Jsb %0 kaggﬁé QL‘( t}{ahgxgéfe% %ff tt}(l? %géretegih 12 to allow

ave peen tO al e man
the bodmlask ring 19 ¢o glamy teathepoaridrelo nThSp@wﬁiJmaddg!p forhfengle C of the inner

] . Lt [ n { .
teeth lg é% gﬁ%lﬂi&l}%g t]d%gOeS Rggiocrtzg}uls{ngg graaﬂ €nou %zlt %ﬁf)wlstﬁ'g Body lock ring
to ratchdt alalig the tmhandrdl%and| angle Chshonkinbk & le24 MdegteelsSlesmlhﬁd angle A of the
oumrtQ%g This occurs when pressure is applied to the

TG0t side of the piston 40 (not shown in Figure 6)
[0057) EHiQuerExsm Sﬁo@ﬂséﬁﬂionu}lé\s of ke Bﬁﬁdﬁt&het&ﬁeehﬁﬁi&ﬁf dsedti dohjunction with

ad_]usta %@P ‘fer?e Z%e@%psz@g?rﬂ bgg)%k}) qul in qaﬁ] g{ai%ei% the initial state the

piston 30GH leiqdildzélt acgatlx?,g stoppl ﬂg&ﬂﬂfégeblcbﬁﬂed@dr tl glge bg}ﬁyeé S)%Ware located to the
. I n 0] a e . radl a | NS e acC

right of,sepfe, 523 angh fHiy v S gnghtayBh thr DR et AO&' Asdliscussed above,
pressur%Vi@ RbplR&rto eYsyhrem¥AdHe iR 495nb¥¢cs dhR0RMAhe fild port 500 until it

nodi fi ed mnth differing degrees dependi ng on the
comacta‘ﬁbr ibedy ilogk HEsattd e ThE PEFRSVIEICa¥esothe hody lopkimng tp engage the

mandrt:fjl kio! aJl.ndI tHe ¥R eficht HOME PHitdDRsH ERRES thedholdthént of the mandrel away from
. Al SCI osur e.
the fluid port 500. By way of example, pressure may be applied to the system via hydraulic

connector 570 which is in fluid communication with piston 40. A hydraulic line (not shown) is
connected to connector 570 and extends to the surface. Pressure is applied through connector
570 to move piston 40 to open the valve mechanism. The embodiment shown in Figure 7
includes a restrictor ring 520. The restrictor ring 520 may be comprised of erosion resistant

material that allows minimal flow past it to the fluid port 500.



toossi Figure 13 illustrates one enbodi nent of the
body lock ring 10 of the present disclosure and the
wor@sNIgs i on to the inner teeth 12 of the bodRCT/081007/015478

ring to function like a convention body |ock ring and
also to allow the body lock ring 10 to ratchet along a
mandrel when the mnmandrel is noved upwards to its
original position. Angle A of the outer teeth 11 would
preferably be 90 degrees to engage the teeth of the
body lock ring carrier 15 (not shown). However, angle
A may range between 80 to 95 degrees and stil
sufficiently provide a face-1d- engage with the teeth
of the body lock ring carrier as woul d be appreciated
by one of ordinary skill in the art having the
benefit of this disclosure. 100561 Angle D of the

fooss; iHigure & dhish'afhﬁ that Stm el ira ot d)f Elrgousg'ﬂl afier shd fivst tphesstr@dyycle has been

s e ' S p a5 g BTSSR i e oy

lock riffg c@fndr he, e Bde)I Rﬁkh’uﬂgllﬁhﬁahﬁlaxmelalo ltReSprird) IROIERED the spring

|ess than a nner. tee to all ow h
holder gy Rm b Joibpars SDP e caoh BoliEndb dns capciid shawifer 211, thus
furtherdR@Veéind? lof AinandreP 0 WAR HetBited i(ﬁﬂlfehnér%ﬂeﬁtal distance required for the
approxi mately 70 degrees. Angle C nust be smal | enou(h

spring Jepke90 RCOmeress e sREme 30 Mthin ge springdrolderofly yfter the first pressure

cycle, Eﬁ:"‘gﬁﬁl:esaglfb ?AQ% EndveStinpicteRe padt theashls 225080 8RR, ltl%S Seals 525 are
han angle A of the outer teeth 11. 100571 Figure 7

protectr:é frpne degages cEhq weatrigtasvings S20hwilkstplimirainimahfiew 4¢ thenftuid port 500
when tﬂésgﬁl;& %yq}p&ﬁ sY’ﬁJrh adj ustable orifices. Figure
S

depi ct anismin the initial state. In the
[0059] |Iﬁgmneeﬂ illstrates theeposifian eftheGdjustable arifieesatfll pastially pst the restrictor

ring Sﬁgﬁﬁf BG&bEPQf x%gﬂﬁ? %9{%15%3@% 8%%: éﬁ)@%d q? QIL]JI@ a?sltérgc af'lﬁg may be the

Sea
positiof1| thei sygtetrh Mcmngl}h behleftf inuduhlpg) prodsi®on Abrogigh ahe sthed port 500. As the

apove, . IS a ied to the system.an e
downhBRTESorvoiB s e, che BP b Fikst e 0 5® HRY BB e i e system to move
the orifioed SSOsfarther Ipastytheomktrictorgringri20eincicasinghthepflowspath through fluid

auses the body lock ring to engage the nmandrel 20
Port 5004 t he rnoverment of the pi ston al so causes the
looso) IFIpEREND iNbstiates RNadjastablecdrifidedsS0 figlly loges! apar ihe5§wp mechanism

complibly k1<t 4T ADATAPIE OrEAAR 30 e STPIFIY T HEG oY (Wi theluid port 500

allow1 AN hEA hed oWt "TRE pisth 4Dengdgby thedddydoélt RAg (CARfer 15 and further
connected to connector 570 and extends tq

cycles o Pé%l‘feﬂ‘&‘é‘e by phe gaandsel; gop | paMagtingothghurpss mastion of the piston 40.

Flgureﬁz Qi Qrd1EV e Rl k@B fices 380 noéate&d 1‘{13&18 FullfE e138EH ﬁ&gm&hﬁ)cated to the
nbodi nent _shown in Figure 7 includes a restrictor

right Of ithRyS&9D 525 h dhe sselsiZS orrey iy gng Apidflpw, betvsep the erifiges 550 and the

fluid pBROSUOD ”rﬁ@ﬁ&;%&é@k or(rjm«’ee lak@tetidied 1A HPWBsdl Podifdn WheXthe mandrel is
past it to the fluid port 500. WO 2008/ 005495

retumepi(;qr/th)ggggal/mgmp@s indigated by the alignment of the mandrel stop 21 with the top
connector stop 131. Back pressure is applied to the system moving the mandrel 20, body lock

ring assembly, spring holder 70, and the piston 40 to their original positions. Closing pressure is
applied through a closing line (not shown) that extends from the surface to hydraulic connector
575. Hydraulic connector 575 is in fluid communication with the opposite side of piston 40.
Connector 575 provides an additional outlet for connecting the closing line (not shown) to

additional valve assemblies should it be desirable to run a plurality of assemblies in series.



100581 Figure 8 illustrates that enbodi nent of Figure
7 after the first pressure cycle has been applied to
wo bmssymbdEm The piston 40 has engaged the bodpCT/081007/015478
ring carrier 15 noving the body lock ring carrier 15,
the body lock ring 10, the mandrel 20, the spring |ock
90 and the spring holder 70 away fromthe fluid port
500. The spring holder 70 has contacted shoul der 211,
thus further novenment of the mandrel 20 will be
limted to the increnental distance required for the
spring lock 90 to conpress the spring 30 within the
spring holder 70. After the- 18r st pressure cycle, the
orifices 550 have nove conpletely past the seals 525
and thus, the seals 525 are protected from damage.
The restrictor ring 520 will still limt mniml flow

100611 ' Bhe geiustable @rifises asbfuidpashof the eprbiodirpenys 9EFigures 7111 are shown for
1llust§aglggls°‘ tﬂl?lg%dsg% Oa?ﬁegr%oﬁl?t' 0 %%éﬁtgord%}'léljltl o g@@tp(?ésehp% closure. The actual

adj usta I ces part y past
configuration ef an indjustabler arifices 2echin emjunctioniyeth tie sierestehebmechanism may
be va.r{éﬁqse\g%lgekﬁ%o%i)%?% 2P g’@%ﬁ%ﬁu g‘?ngéy?lée ﬁrﬂl tl:w '%th%ﬁ the step ratchet
mechapisodis @bpbcrabld’llocdrgh d wafdguimhlpm of d5ﬁﬁholésmllhqmsition devices as would
e resteor oi r %lalldeB} eted, one or two pressure

bea doth]%gll) e
PPEFAESONBT° B ‘'systemto nove the
10062y CFijgiteCERS slﬁﬁﬁk (5 éﬂﬁbbdlﬂﬁl of lige presértidisoddsuré ﬂ‘git 52@.'1des for ratcheting

i NCr eas the flow path,t ugh fluid ort
moveri gl b POt ePUonE AT 4 Rdiebe0; Aa upgit em e Pechwrigm comprising a
spring holdlef 800,\a @m@ 30ga kpEngIRR 3|sepbaaa>smck&nm<ﬂaﬁlssso a body lock ring
ust Ie or fices 550 are letely

cmﬁer%%?e{%oaw SHockne 50 Bobe carpgeied i 8o PiftAR 325 A lower step

ratchetfﬁlHéHinfshP%mB—ﬁﬁnEIa Eﬁﬂg 41@1&9 g0aeSspriie A0dY shARK lédknﬁio a body lock
carrier 15 and furt gsles are prevented by t

ring hojdert36y a bpdy lock drmearsier A LS. tand poring 4R ghax ‘Preconnected to the

other &ids$pﬂ164;qston Ebgur’f-'hé- Lomnpbitsitd ?Sbet Q&xﬁg{eﬁsﬂnﬁb&&)ﬁgured as the other
orifices 550 |ocated inthe full'y closed position

embodjirgenis agldispusserbabgvieght of the seal s 525. The seals 525

10063] fﬂgé’ﬁ?fou ?323 Jnld%g 6%b9‘%e folfes QECE}F cﬂEf 1fn Gohish? ?ra@adalong a chamber

port ad] us e ori |ces
located detywasada ttop tOhenmt@;s@d) pmdslat mndmhéﬁh t Flee nppelr ahd jlewer step ratchet

mechafx%l‘nlér ) LQ Bﬁtlé lggjaf:g L0 eg‘msz}dﬁg{zh g% g%up % ‘15\9& adapter 210

gnment ~of
respect)mme FPressuztopy b8 intr&@hcked pmtesthej bbmhlsera\pip lpoetsl 200 or H85. The pressure
| ock

\ the ndr el
causes W8 ARRIR ok O oS Sl e dheep pid JfH0siep ifh mechanisms
causesthé gmcmabn pdshd nmndrel @ estclg ipreithaudieedtion. afha Ib(ﬂij/ lock nngs 320, 420

thro osing, || nat sh t ha exte
ensasg e i BpchE gL A b "Bisied Bloves 74b GeErRioh Hlows for the
incremen@n ﬁﬁivelheﬁtgd_f th? systerh lin bdhamwmmﬁhieedbdw th the ;
posite side o ton 4 nne 575, provi des an
oo BRSO i OB meB A BTG ECIERGE M F @ JHgE ended body
lock c6ll¥?\#13)antiQ cARE barrien 8D iy place o tsectddly 186k 86Nt IO showdein Figure 2. The
desirable to run_a plurality of assenblies in_series.

mechagism opesates) iy 8 Simidar mapnes as dhesempodiment of Figure 2. Pressure is applied to

the system and the piston 40 moves within a chamber of the step ratchet mechanism pushing the
doubled ended body lock collet assembly down the top connector 130 away from the upper
adapter 160. The pressure causes the interior teeth of the body lock collet 55 to engage teeth on
the exterior of the mandrel 20 thus, also moving it along the top connector 130 away from the

upper adapter 160. The double ended body lock collet assembly will continue to move along the



-18 X00611 The adjustable orifices and fluid port of
t he enbodi nents of Figures 7-11 are shown for
WO bdog®o3493 | ons purposes and are but one enbodi PENUSIN7/015478

t he present disclosure. The actual configuration of

an adjustable orifices used in conjunction with the

step ratchet mechanismnmay be varied as woul d be

appreci ated by one of ordinary skill in the art.

Further, the step ratchet nmechanismis applicable to

drive a varying nunber of downhole multi-position

devi ces as would be appreciated by one of ordinary

skill in the art. 100621 Fi 'gh?e 12 shows one

enbodi nent of the present disclosure that provides for

ratcheting novenent in both directions along a

mandrel 20. An upper step ratchet nechani sm conprising
top connector 13 A qintid itgeantagtpa cylinder 3dg Beccylindepi4 FFgP‘PWGQS@Jacem to one
end of 3 PRAK 1B Js oSy SR ABin the bpgog P eish HheHR nfBhirth. When the
doub]eemdexbboéy okt ephleg 2gempl mmactst}grpyhndm}fbtthqpmanp d¢rincreased until

4 4 |
e R SRR INISAP) 1AL R ARl B e or
spring Bi pgsitianed suithirl the chachbar bidiyot] withinra %infgzﬁbusiigg e shown in Figure 2,
copnected to..the t her eng 411 the 325
provides_for miore, vanation ,in the€ incremental
co nponents may be connec gurea

allows dichese of arshodgerespringas di scussed above X00631 The

s P2 0 ATt AR AeE Rl B DR FE P g upset 57 and o

screw 3@ cﬁﬁéﬂﬁCﬁreVenl 36atiodl berweei diecdoudls entied bedp dsckadullet 55 and the body

| ower t chet chani sns Y posi tioned )
ock colfff e S5 Tl AP ARABRE P PRUDRTE RN OLAIL(SE Gyersizgd hole) of the
body 16&3&@1@& tareley 62 i35 SBSWH &n magﬁnbm I rméqa&g@ﬁ@fum@ondk collet carrier 62
chanber via ports 200 or sure, causes_ th

may proxidiraean of hetsen thiengd e%@ﬁcb@duflo%eollﬁs caries o anghibe upset 57. The

gap pr&h@& stiefRft spReBNLSING cafifdd 3Stol MBvE A6FhWaR1 &f efgi@e the threads of
drel to ratchet in either direction. The bod ck

body legknepdicn 55, Thruep Brrgheusmiress deq incbidersiovian ding 3 2Bpsitioned adjacent
toa se&inﬁ%ﬁ%ﬁth‘pﬁm‘% 31T Pa Pg}% )/%l 81ﬂu1 ££é§t {dfRe friction ring 32.

I ncr enent nent o I n e I rection
The frictiop gingsiP madd@m sPliyyming that srﬁms:daagambahn mandred 20tthethe beveled

ring 332%5|etfsetr§bggé an Q gblrglgfe{sgl%t withifi thé cﬂ%“?éreofetﬂg %‘e ?%ﬁm l 'ﬂ'g&ﬁ'lctmn ring

_ et carrier I'n placeo
helps ihaeaseduictien taohagtmnthd mandrgline Qatichaey positidrawhemthe body lock ring is

beingq%?]g%%aec%dp:}hgﬁéng}élar manner as the enbodi nent of

ressure is applied to the systemand the
10066] }Cﬁigltram 1401 &rijlusratel arfvther ssysteanthat utifizéshthesdtgp rateliet ed¢chanism of the

n UShI t he ended hody | ock c .
presenCEERA T BURCPREPA B HRS PRRE o s S 8 1B iustrate the
systemUp ke initdad gokiionboith thEhueljystsbdes oifi ficesdi 3es clobel i)dﬁit&fri OlFigures 16A and
16B 1ll%$fgt€§g:];ﬁﬁtsg§eucgﬁcd¥fﬁ£o§§ﬁ§$% lf:)? ?)(5’{51 ﬁl&rgsyesgﬁ%gg}q ! eet ‘At ?nd 17B illustrate
the finall fdetdfahé QpsteANNRE (i adjBélablv@YyificEP M tHeefully opened position. Figures

18A and 18B illustrate the system after the power piston and mandrel have been reset, closing

The
e{i%}é pressure cycle and

the orifices.

00671 In this embodiment, the step ratchet mechanism includes a double ended collet 600, collet
carrier 615, power piston 640, and mandrel 620. The lower portion of the mandrel includes one
or more flow slots 745 that may be positioned relative to one or more radial flow ports 747 in an

outer orifice housing to provide an adjustable flow orifice as more fully described below. Piston



upper adapter 160. The doubl e ended body | ock coll et

assenbly wll continue to nove along the WD
wWQe@8/0@A%95 PCT/ US2007/ 015478 -19 top conneckOr/USBO7/015478
until it contacts a cylinder 34. The cylinder 34 is

posi tioned adjacent to one end of a spring 31 that is
| ocated within the chanber of the step ratchet
mechani sm Wen the double ended body | ock coll et
assenbly contacts the cylinder 34, the pressure is
increased until the cylinder 34 conpletely conpress
the spring 31 |ocated within_the chamber. The use of
the spring 31 positioned wi €8 n the chamber and not
within a spring housing, as shown in Figure 2,

provides for nore variation in the increnental

di st ance noved durlng each pressure cycle and all ows

640 is ppgitiored igfa @hambeéﬂgm St mapdre] 62 and friston honsinge@. ofhe piston is in
fluid Joprﬁmgrﬂggi ?}%})EQC&BC% Sxtetras Hou gﬂ%l%ﬁ Rdlsing 610. The

set N or er to prev rotation
opemnuamtemm;esj oumlwdmﬁeobomm,tot &Ukcqmllebtmg Bthydraulicheontrol line (not

[
o8, A5 S RELBE B, LS50 ATy e s s
641 wbicﬂysehloagaim [thee innea diansatero@f the mlslowrhqumnglaydrthe MIer'ﬂianeter of the
mandrtlgc}erg%b cggelge t V\Bgnog{eﬁéugé %s d&p%lj t Car It}?tfr %;%%n&r:? It tpls Xn %ﬁo will move
from thalinitial p63itiandhowa mmgﬁrdSVSA'libethe gm@ltmhoshod&ns:n Figure 16A. Piston

i.cie ace for coll ar.r.i.er nov
housing QAR 9% ERGTY R PO E38S T HABAY® PBBRNE gpftoterminates on one
end at 5:5hydmﬂus&ﬁmeaeﬁm ﬁyaraayc 3bisteoli 1Y (e siovir)l cSurme pressure can be
posi ti oned ent to a secand en

2
applied, HFP\‘é‘ &k Sptrobih fSpbas PPR$03d0 FverRigAg &48&13%1& It fnitial position,

showntxhq:lgﬁﬂecmﬁon Pidto) spater 64D Qbhisi dilel A & PiStoA H4WBaNdOR shidably received
ring that is forced against the mandrel 20 by
w1th1nttﬁeep1|§

topehamber agymgees kith e RiFPPng 31 is conpressed

[0068] V‘D&EBIQ ehfi& 1R800 195 cYhifaiEs Qﬁiﬁiea@lee-{;g ®alink ?lgﬂalftj’ 88 longitudinal
pS|ncreasefr|ct|onto mai ntain the man In a

slots lgtﬂm slsae yo $he icenten segtien afhibieirodigt gtk thei W@let §ingeys) gan expand and

contra&l'I %}%@a? @ngdﬁgglh NRe BRI HES ¢ #h ?irr\&_‘ lngf'gl?% tha? alléglocated equally about

trate an syst em-t |1 zes
the cyhmméslem hmtlsgmcmmm of flex e fingers ewith bnthu ¢nds of the fingers fixed.

C
The coilgginllé us?‘? gp@eét ?.h%cyr s gémﬁleﬁﬁ ie ﬁ&f?g?%%og %‘?éa‘vﬂﬁgthreads on the
internalisttfacehfor ad'gagin@maadmﬂ 620 aad largett, h:eansemmdp osithé cxtcmal surface for

unes. 16A 168 ustra I .St stroke
engagl{lﬁg: g?tecsagxar ebalgsc X r(e)xﬁc e%%ssgr)r/xs[y ?ne abl r"écs]u &5 pne od' r_nﬁrg pins 622 that

prevent |Irbtatibn dieewednhthef collek 600raidecarfiet bes sqsrhamam tligrirhent of the mating

Ie or.if] he fully.o oSi.ti
threadty hestacipn ¥t ka5 SRiends iyt bt ARGt BRing 850., pusher sleeve 625
is momwfl’to na&hwozpéwek md:ryebmhesaa rechet @eéer 6330and @atchdtchousing 650
rifices, X 7

colleciRyel SRAEIR MMEEESS IS oI5 €91 BhABHIEE a0t dbe Bole capuolle, the entire
assembly being slidably received within top connector 630. :

0069 Pusher sleeve 625 abuts collet carrier 615 and pushes against the carrier when contacted
by piston spacer 642, as shown in Figure 16A. Piston spacer 642 contacts the pusher sleeve
when pressure is applied to power piston 640, as described below. Collet carrier 615 in tum
pushes against a shoulder of ratchet housing 650. The collet carrier rides on the shallow angle
side of the outer threads of collet 600 and pushes the collet down, causing the collet to clamp

onto the threads of mandrel 620. Thus, piston spacer 642 will apply a force to the collet carrier



carrier 615, power piston 640, and mandrel 620. The
| ower portion of the mandrel includes one or nore
WO b@s/oed403 s 745 that nay be positioned rel ati VECT/OSINE015478
or nore radial flow ports 747 in an outer orifice
housing to provide an adjustable flow orifice as nore
fully described bel ow. Piston WO 2008/ 005495
PCT/ US2007/ 015478 -20 640 is positioned in a chanber
formed by mandrel 620 and pi ston housing 610. The
piston is in fluid conmunication with opening port
603 that extends through piston housing 610. The
openi ng port term nates at aZhydraulic connector for
connecting a hydraulic control line (not shown) which
extends to the surface of the well. Piston 640
i ncl udes upper and | ower seal stacks 641 which sea
via thea@aus reftthe haichetrws;emblarcatmng tie tdiket o staop Gows iongthemahndrel wherein
Qut er t he ndrel respectively. Wen
the e.nt' rgsssu?)? re{’&‘a?'l!??o ovﬁ'g%ﬂg Mopeni ng port, piston
wo70) e mtbmetrrmeeharﬁsmrmf hElgln‘Hst i1 541 8pardliidesn asHoublei Spring arrangement

Fiqure 15A to t ition shown in_Figure 16A. .Pist .
comprifg frTEay e PR RS SeepBitsy PPBRE 1 ouiEh APERes MRRENE to provide
more sbxﬁnk@ fdrbe SeRMARG PRInk, 67565 BbMaines berveefihe ortion of outer spring

E% I|c connector for_a hydraulic control 1ipe &Eot
sleeve %M esaf'?ra%’%r%g%r@ cdIIBAY SREPBi0dH is feRalRRd deiween the lower
portionCOMN{eWutér §Ringt 16QUhdPRBAIERDE20.0 SIENE Rdhit@sr 69 cORtdits the inner

toits initial pasition, shown in Flgure 18A. Piston

spring glegve fo ho OulstSETIBR Slesne: (IPTiEsPRicr 00 StPds fiom dhpidpuble spring

arrangenf&f %8 0as Y 'ih Flier®h 8BO% &sféérw%rr%?&s gitt ‘§ﬁm¥‘ést Bt @ontacted by
pi ston. | 0068i ubl e ended col | 6

ratcbetdwulsmﬁ@al “Qwap@ataﬂ@ewe theasatohgt hoysing, élpmlg Rusher applies a force to.
n l . t 0

connck 0B i, R el H0En BSOSy Gy gt an i

shoulderxpdiatly antﬂ:ndmgrfrmache oxByr spaingclecens. aSph@ramehwy:,dhe @iner spring sleeve

h i nal sl ot h | ocat ed
compresses u?ﬁrg%eép%&% g‘gfja alpstsﬁto e§g§ C?%Sa ith gprgwﬁ) S em! %g%mer}{s the double
spring fafrangdyhent f willy eeternnttehcdilet landneldleofcairiee up rdative fd Medmandrel when

e 2o S R e FogB B BB, T, b
cyclmgStHef aeAirdgopresfige Pnnghdraffd fil méndtePosh baﬁﬂnﬁ*émeﬁﬁﬂf/Sﬁdived downward

hreads on_the external surface for ng col |
toward  they flaw G185 ThGIPBISEhe( e 80D gP%rF@%a%hy Imgs g anandrel in a
controlfdefasioN BN ew$ forantdustdbié ﬂoWroel\tEGtasrdl’:EéHBdan bet vveen
the collet 600 and carrier 615 to maintain ali

worul - dJrheydoublesoring artangemaRt abaty fatchst eatyrg pigien 7892 1€ it that springs

670 anB l6"79 8N ratchbOlendrh pisée BA bORIFhMEC anﬁkéﬁh%rogél'zﬁg Hfe valve. Piston
IS mounted to _ratchet spacer 633

700 haﬂa\yg meal stgske &P1 and 794 @nrits: c@q&@‘torﬁg(fgqqqtg mrgyide a piston area between the
piston &AM HIRE trinkP YarRBY. 81 SpAd nOUSHE Wll?e ft Y0 ef@hbthrough the spring

carrier and the doubl e ended Tto e entir
housing $a prayide erunmynichtiombetyveen the snnplug fmlu the tpigiore emae ckapeperate ratchet

o G O0SBEES) cHABRUS BRE  he S3A BorH.

pressure is applied to the opening port to push the power piston to the position shown in Figure

16A. To incrementally move the ratchet assembly up the mandrel via the return piston, the
opening line pressure is bled to the same pressure (in this example 500 psi) in the return line.
The return pressure is felt on return piston 700 and exceeds the annulus pressure applied through
port 705. This pressure differential causes the return piston to move upwardly, pushing the

ratchet assembly up relative to the mandrel. Under the conditions described, the ratchet return



by piston spacer 642, as shown in Figure 16A. Piston
spacer 642 contacts the pusher sleeve when pressure
w0 g008ppd4ped to power piston 640, as descri bed PeEr/v82007/015478

Collet carrier 615 in turn pushes against a shoul der

of ratchet housing 650. The collet carrier rides on

the shall ow angle side of the outer threads of collet

600 and pushes the collet down, causing the collet to

clanp onto the threads of mandrel 620. Thus, piston

spacer 642 wll apply a force to the collet carrier WO

2008/ 005495 PCT/ US2007/ 015478 -21 via the parts of

the ratchet assenbly causi ng22he collet to clanp down

on the mandrel wherein the entire assenbly and

mandrel may be noved down. 100701 The rat chet

mechani sm of Fi gures 15-18 includes a double spring
piston will actgespbstantiatiythe samg Wiaﬂahcydmphié ngil@ﬂ'nmg&ment One of skill will
apprec1a'tee &a{j axr er‘r%gtg regln? Hlst?norrngg be %ggc? H/atglroy rasl&)?iﬁxéeaér?gger%ents such as the
spring amfmimmd; dmt:mb:em dhh @thep eabodiméritoaf the invdntions [indregsing the pressure

sl eeve..680 and [ sprin eeve 68 Prinma
in the GocfE iR geas i) Fouier D6 ASBEREBIPT ol Gl G fhegpandrel dovin.
These ktaps 0ail BE régtfateddasSdtréd walill tiesdteehs brfice & AfMEopened as depicted in
gnnector 690 connects the inner spring sleeve to the

Figure Jdi er spring sl eeve. Spring pusher 660 extends from

(0072) tm £pitdte HIBW Grifi cPprefR PN FBALudbut@SorsicdMledvie T3iSHHdSnner orifice
IS used to conpress the springs when contacted b

y
sleeve Fé? otk S'ﬁet@m@deefsfo”ewsﬂste@frﬁaaa% gr pthet hardimaterial The outer orifice

sleeve h’@g Sik Tked SIBrduiér ROSHEY 780 Bhil §3c183ddON6® U6ts 73eloﬂ'ﬂﬁ:ﬁt 41t substantially
which in turn causes second%%ﬁF pring 675 to

aligned: Uh‘éirﬂ,@! PeEtai 1t inggntembeusing Hdul n ﬂ@dp(aye;ryplston is moved from its
initial i&lﬁﬁ?ﬁ“tggthé ﬂﬁtio'ﬁesl@%rﬁ in %@%h@glo%al Cidfidrel 620 also moves downwardly

. t aneou he 1 nner rrng Sl eeve conpresses
allowing flowrsjots 365 iy tle7Dandrsl tesmoye past 6edl. stank T 1t dealing theaupper end of the

outer h%ﬂ?gg tg%é gfﬁwflgfaéﬁfs ?tg.{lﬁzﬁg' aﬁ{%xa\pﬁlg [ﬁ?)g{ %{N V7Ié32 {in the inner orifice
sleeve tdseshmdnemgudeemB pPassIﬁrZeextmcbfrenh sdédvepTIt mto bfingrkety slots in the
mandr%hePl #i] érng%néitrr]gln% p Po S 7?9 rgojdr’llzﬁg's 9 S]tdat %‘h -gbvusﬁbts 732. Once
the plmandraet theermdb eﬂtlmkqnﬂbtsabhg/ offmoeeél ddgs/\mmaﬁbp int\alrécess in the outer

ciame 5t DS 5 S FR R R pBRke i Papfiay threhy allowing tr
inner obifizh sleBveédol ke With nidhdaéljgaet abl e flow orifice, as
des&ﬁlbed 100711 The doubl e spring, arrangenent aputs

o731 A theapandzel js inseraenally mpve dopmwapdlgntlotsae 18 ghs fger orifice sleeve

will gridifalignRdeR Withf Abds 7317 3k eReSutérdritide shevk @6 aliéW {8y through the adjustable
hydraul Ically actuated to operate the valve Pi st on

orifice7 gAY PiRYCte ptalion desweap ths epicbousing #3d dhq mepand outer orifice

sleevessw fadfeflyldigR R P6rts 787 SLRNs18(:CR TRGIIVER) The sng'o?ttﬁ)é‘onﬁce may be
and the”inner diameter of spring housing 710. A port

adjustefo® eonteoh dhe amayng lof tiiaw dhiouely the egidicady inceroeitalemovement of the
mandrcq QTR0 fRh 288y ej: %ﬁp 178 Snéviatds e BAMCE HEHRI (G119 Bp@ic@Fosition. The

To operate rat chet
carbide inner and outer orifice sleeves provide wear resistance to fluid flow through the orifice.

10074 In one embodiment, piston housing 610 may include an indicator port 607 which is in
fluid communication with the piston chamber. A hydraulic connector is provided on the end of
the port for a hydraulic line (not shown). The hydraulic line, along with a pressure relief valve,
may be tied into the opening line to allow the indicator port to be used to monitor the position of

piston 640 and mandrel 620. More particularly, when piston 640 is returned to its initial



return piston 700, pressure, for exanple 500 psi, is
applied to the return port 605. A larger pressure is
w@pEBioestot o t he opening port to push the powerP@I/E81907/015478

to the position shown in Figure 16A. To increnmentally

nove the ratchet assenbly up the mandrel via the

return piston, the opening line pressure is bled to

the sane pressure (in this exanple 500 psi) in the

return line. The return pressure is felt on return

pi ston 700 and exceeds the annul us pressure applied

through port 705. This pressure differential causes

the return piston to nove up?d&rdly, pushing the

ratchet assenbly up relative to the mandrel. Under the

condi tions described, the ratchet return WD

2008/ 005495 PCT/ US2007/ 015478 -22 piston will act in
positiosutmmranlﬁri&abteyswh eviﬁdmsfehag/( iadicatoe poouBd® gﬁhémtjpe return line pressure

exceedF é{x% ﬁ’gf‘mf‘% tpr?sHurﬁ-. %tr &ﬁk %;SI.B'S reléeefa '{pa%r/ ece%{lﬁ élrne urxﬁg E:gn circulate from

return pdsnt Hogeteoigh theuistoashamBber, Ho iindcaor pmesoenmswgh the pressure relief
cripe in the oth eanﬂlne ts of the invent.i di hat th

valve {15 i 467 AOPRE SOPESLLIRE 10 HhE & G5 ZERYVifine| HECHYS fidication that the

piston ¥ inl itsCiaitfe® pokition ANA Ithd hdjtablk @rifite i€ eiheadlbstd PoYidiohN&he outer seal
mandrel down. _These steps can be repeated as desired

stack %hqn Piston %%Pswéheredﬁpff thegetugn fige fid, Fomperaghingdhe indigptor port until

the sedl RBtackipdsies thel port W67 the PRt Mgvabheitd irﬁ‘ﬁ\él? dsftioh® The indicator port
preferably includes outer orifice sleeve 735 and inner

also prgyides a usergyithg vaydg cirgglate oyt @apy gas thatjmaysbe ip the hydraulic control lines
for the's§stbml ant carbide or other hard material. The outer

ofifice sleeve 735 is fixed to outer housing 740 and =
0071 j Alghaugbsvariony anbadimests haviecheenr thosmpandydesaibied, the invention is not
hmltecPL' o ik %nWotdE}ngﬁtQ\gn@ Wilioe %Zielrsrtbcﬂiuttoeiﬁcﬁﬁg %ﬁlr}goglﬁgancwg%d variations

e power piston 1s nove romi rnitial posit

as wouldb¢ hppagerdite ooe skiledun the afi. gure 16A, nmandrel 620 aI so

noves downwardly allowng flow slots 745 in the

mandrel to nove past seal stack 741 sealing the upper

end of the outer housing. Mandrel flow slots 745

substantially align with flow slots 732 in the inner

orifice sleeve, as shown in Figure 16B. Pins 752

extend fromsleeve 730 into mating key slots in the

mandrel. Pins 752 keep the mandrel flow slots 745

radially aligned with flow slots 732. Once the pins

contact the ends of the key slots, one or nore dogs

750 drop into a recess in the outer dianeter of the

mandrel to lock the inner orifice sleeve to the

mandrel, thereby allowing the inner orifice sleeve to

nove with mandrel 620. X00731 As the mandrel is

incremental ly noved downwardly, slots 732 in the inner

orifice sleeve wll gradually align with slots 737 in

the outer orifice sleeve to allow flow through the

adjustable orifice. Pin 755 prevents rotation between

the outer housing and the inner and outer orifice



sleeves to radially align flow ports 747, and slots
737 and 732. The size of the orifice nmay be adjusted

W 200800490] t he anmount of flow through the oriPeTESI¥Y7/015478

i ncremental novenent of the mandrel as descri bed
above. Figure 17B illustrates the orifice in the fully
opened position. The carbide inner and outer orifice
sl eeves provide wear resistance to fluid flow through
the orifice. 100741 In one enbodi ment, piston housing
610 may include an indicator port 607 which is in
fluid conmuni cation with the piston chanber. A
hydraul i c connector is provided on the end of the
port for a hydraulic line (not shown). The hydraulic
line, along with a pressure relief valve, may be tied
into the opening line to allow the indicator port to

CLAIMEDUSed to nonitor the position of piston 640 and

1.

mandrel 620. More particularly, when piston 640 is

r et & stegl tatchiet sndchanisral adAPted0fdB/ 00Gihg5a mandrel in a first direction and
PCT/ US2007/ 015478 -23 position, return |line pressure

W | Imdyéngd shid mandrelirc at sicopd rdire6fion oppesitet € ssidt mbement in a first
line pressure exceeds the opening pressure for the

pr edireétion; ehidatep\raichet, médHatisth ¢drigridihgti d can circul ate

from return port 605, through the piston chanber,

i nt . | HiaGatedwithQhlout Aiarh&teOarghar haephiefaser € rel i ef

val ve and up the opening control line to the surface,

Proyi di fp ébnRestbf WiR al prdkmdl iafd distatend®d B ibh& didheten greater than

its initial position and the adjustable orifice is in

the cl@sefhitdUarhétePof 4418 nPaHdeél, §aﬁa|top %Bﬁ?é&tcﬁdslmgﬁnding said mandrel
pi ston 640 will prevent the return line fluid from

reachi ﬂﬂgrebp%réaﬁqgﬁ%h%b%étweéﬁ kdid tdGnagabr SfPKd mandrel;
passes the port uUpon the piston's arrival at its

RS aiLn ﬁ%}}&g@?er c nﬁeci,t%kfj{octﬂE gfoyﬂ&raf end'iJ)is id ogvéoqﬁ%cé@r and adjacent

user wt to circulate out any gas that nay

| n T hehydy %ﬂnidgel,cg?g% (r#h%ljn%%% er ]Iaq)é)rgg% i Al ¢S hadication with

Al t hough various ‘e ave shown and
descri be the jnvention is not I|limted to such
enbodi%g‘ﬂ?}é“g%’w || be understood to include all

gﬁgidfs Ikz? c%leée(%nqsdﬁg%ﬁ gc\)/ngx{elf:%%{}\%qg% 8%?%%%%5% Sgl% t%B e:%lrlggcttorta%d adjacent to
PCT/ US2007/ 015478 . - 24- IMED IS | A t chet . . :
rechant ShMERAR i I SrATFAST BYRR & R N fRgmcation with said

direction . and noving said mandrel in a second
di r ect TP R5posi t e of said novement in a first

2 minch BIOVGRAR PIFPTCIIERFD R POR SRS AORPE} st tepionnector and
said mandrel, said moveable piston adapted to substantially prevent fluid
communication between the port in said upper adapter and the port in said lower
adapter through said chamber;

f. alocking mechanism having an inner and outer surface, said inner surface of said
locking mechanism adapted to selectively engage said mandrel;

g. a locking mechanism carrier having an inner and outer surface, said inner surface
of said locking mechanism carrier adapted to selectively engage the outer surface

of said locking mechanism; and



b. a top connector with a proxi mal and distal end and
an i nner dianmeter greater than the outer dianeter of
wa@ aiod/ooexir el , said top connector surroundi ng BEI/tS2007/015478
mandrel thereby creating a chanber between said top
connector and said mandrel; c. an upper adapter
connected to the proximal end of said top connector
and adjacent to said mandrel, said upper adapter
having a port in fluid communication with said
chanber; d. a | ower adapter connected to the distal
end of said top connector and adjacent to said
mandrel, said | ower adapter-®aving a port in fluid
conmuni cation with said chanber; e. a noveabl e piston
| ocated wthin said chanber adjacent to said top
connector and said mandrel, said noveabl e piston
adapt exspriogdodatedawithinl 4 sprimghodder. f 1 ui d  conmmuni cati on
between the port in said upper adapter and the port in
2. sai @h¢ step ratclel aptchanishr afldains hiwherdim sdid manidrel as bperkiivaly connected
mechani sm having an i nner and outer surface, said
i nner oreloriracre nodltigaisition devkieng nechani sm adapted to
sel ectively engage said mandrel; g. a | ocking
3. necirhastepiratalidtinddéchfigngf daim D diered 6aid whavdrel Us bperatively connected
said inner surface of said | ocking nmechanismcarrier
adafy edohd of BAdT6 tadyiatable Beifiges b asidtRtedsflaidapsrts €dr said adjustable
sai d | ocki ng nechani sm and WO 2008/ 005495
PCTAgﬁ&QQ7/015478 -25 h. a spring located within a
spring holder. 2. The step ratchet mechani smof claim

4. | WIRE glep ra@hél MEMhRIn 6BcIFRES WheYdth YheCABO@AER DS th®mandrel permits
one or nore nulti-position devices. 3. The step

r at ghedméRahaistitfiofthéhfwkhigh Shil adRishbIBHE&Ls, | S

operatively connected to at one or nore adjustable

5. ON i frjg %Eﬁ HORALHRP ?‘:I{k%hﬁ'ﬁlgﬁln H_'I_ lafin ROfubtRef gﬁm?ﬂélq%hastop or catch on said

adj ust a or | e step rat ni sm of

cl ajMhdre y\ﬁ%g:gr{vﬁ}hg sgﬂv&ﬁgﬁ of the mandrel permts

|gcrenen} justment of e flow through said
6. 2I Ja 'ﬁxg %tap Fchg }n%gl’?n%xrl?ﬁ'g O-rgl'l:?alg‘ltf the?etlr? IQ? %1 %&g 9Qgt.lgg]czgfnprises a lock

g Shol P AT B3y chanber.

7. The step ratchet mechanism of claim 1 wherein said locking mechanism comprises a
body lock ring having an inner and outer surface, said inner surface of said body lock
ﬁné adapted to selectively engage said mandrel and said locking mechanism carrier
comprises a body lock ring carrier having an inner and outer surface, said inner
surface of said body lock ring carrier adapted to selectively engage the outer surface
of said body lock ring.

8. The step ratchet mechanism of claim 7 further comprising a body lock ring holder
attached to the body lock ring and the body lock ring carrier.

9. The step ratchet mechanism of claim 7 wherein said body lock ring includes exterior
teeth on the outer surface adapted to engage teeth located on the inner surface of the

body lock ring carrier, said body lock ring further comprising interior teeth on the



6. The step ratchet mechanismof claim5 wherein said
stop or catch conprises a lock ring holder and a

WO a08ke493 ock ring. 7. The step ratchet nechanPGHUsH007/015478
claim1 wherein said | ocking nmechani sm conprises a
body | ock ring having an inner and outer surface, said
i nner surface of said body |ock ring adapted to
sel ectively engage said mandrel and said | ocking
mechani smcarrier conprises a body lock ring carrier
havi ng an inner and outer surface, said inner surface
of said body lock ring carrier adapted to selectively
engage the outer surface of2@aid body |ock ring. 8.
The step ratchet nechanismof claim7 further
conprising a body lock ring holder attached to the
body | ock ring and the body lock ring carrier. 9. The
st epnensutface adaptradnfosselastively zingage oty leicated aingthigsaier surface of the
lock ring includes exterior teeth on the outer
sur frendraddapereih sad amtgagetetthedfithe dody ddcloning lage adapted to selectively
surface of the body lock ring carrier, said body | ock
r i ngngagetthe teath myprthe iemterion b€ theomahdeed lin anfitsh dirkion and to allow the
2008/ 005495 PCT/ US2007/ 015478 -26 inner surface
adapbvéylldck rivg) te showeedlyngethg agmdiet éh b secomdi ditkction.t he
outer surface of the mandrel, wherein said interior

10t eetThe GieptratcheOfhichamidn OF BRIMA 9ewhe aint €id body Rick Girigv&nyprises a ring
engage the teeth on the exterior of the nmandrel in a
fi 1 sdcleling & oAl g&p @ aldvisdle body lock ring to
nmove al ong the mandrel in a second direction. 10. The

115t e[The atépRitcHE FReRASHEIOST Ahitd 9WhepGifir Bk exsediod tBAH S the body lock
lock ring conprises a ring including a |ongitudina

gap ring ifd@hde hivetical face LR _aﬁtaﬁglea%&hﬁ{d {HRGRRRbLS MBefl of the body lock.
claim9 wherein the exterior teeth of the body |ock

ri ngi_nymaa&i@aﬁraf%ﬁaia%eéonfd%ggarf?cén angl ed face and
the interior teeth of the body lock, ring include a

12, e 0D ARE AR AR FEAA P whrenl 10 T CRl Tace of
t he aextherviegtical datehobfhet éxgeringdyeth oktheibogyileck miokiis duclined between
e 1048 983 1 o R S5 LASTLHE o G S50 g ot o
the filoskriaggl ed face of the interior teeth of t he »
Dot B b 5 BRSSP P s v s
I nt er | @requabtdatafut 7Delegrees from the horizontal plane of the interior teeth of the
body lock ring;

c. the angled face of the exterior teeth of the body lock ring is inclined from the
horizontal plane of the exterior teeth of the body lock ring at an angle about
20 degrees less than the angle at which the first angled face of the interior teeth of
the body lock ring is inclined from the horizontal plane of the interior teeth of the
body lock;

d. the second angled face of the interior teeth of the body lock ring is inclined less
than or equal to about 70 degrees from the horizontal plane of the interior teeth of
the body lock ring; and

e. the second angled face of the interior teeth of the body lock ring is inclined from
the horizontal plane of the interior teeth of the body lock ring at an angle about

20 degrees less than the angle at which the vertical face of the exterior teeth of the



body lock ring; c. the angled face of the exterior
teeth of the body lock ring is inclined fromthe

wherospendnl pl ane of the exterior teeth of theP@DUy2007/015478

13.

14,

16.

17.

| ock ring at an angle about 20 degrees |ess than the
angle at which the first angled face of the interior
teeth of the body lock ring is inclined fromthe
hori zontal plane of the interior teeth of the body

| ock; d. the second angled face of the interior teeth
of the body lock ring is inclined | ess than or equa
to about 70 degrees fromthe horizontal plane of the
interior teeth of the body-2?bck ring; and e. the
second angl ed face of the interior teeth of the body
lock ring is inclined from the horizontal plane of
the interior teeth of the body lock ring at an angle

about. boﬁ@ ldelg rimgsis linginetiHaomtthe harigbmtalplantiof fthe kxterior teeth of the

vertlggé abe .of the exterior teeth of the WD
2008/ d 'US2007/ 015478 -27 body lock ring is

i ncTheswdpfrawehet Mechanisnz ofitlaim Al wheaenf said bbckitigahedhianism comprises a

teeth of the body lock ring. 13. The step ratchet

mechédy Fotkodollet Aaving anhiahér éndsautdr batkde)) gaidtfihedusfice of said body

conprises a body lock collet having an inner and

out Rick Sdollef adapt&Pid] sd1eiBielys brigage Saidf mandd] BAd ¥aidl 10€king mechanism

coll et adapted to selectively engage said nmandrel and

sai gartief kbmPriSRCY BB TckCedllet Rhrrfed HAVIngSs MmnPENd bafk surface, said

collet carrier having an inner and outer surface, said

| NNfhes WidfAeCo OaiF Body RREcolieCkarfier h&gpt&aaforgeeécne g&tngage the outer

to selectively engage the outer surface of sa

| ockyreRlelotisaid bdy 16k &igp rat chet nmechani sm of clalm
13 further conprising a body |ock collet holder

at t ?’ﬁ@g tercﬁQ@mQ&%:sthkcﬁ% Ilgtfu RE dop At a b8& 1ock collet holder

collet carrier step ratc et nmec anlsmo

cl ahﬂ&l@d%ﬁ{e%daxﬁ%@c&@g%& ficl, 8 'lJ)&t 11‘3{31:

exterior teeth o e outer sur a te engage

5! ee‘rﬂf s?%atrgtgh&nm%&? mec{f g’lg{gg ‘?g e\ivh%e;fnu Q? ﬁ bl?oqix' lo%ﬁkcollet includes

I I'e rrier | ock col

caaptisiof GebiBrdles 2 satr§“*3?‘@°a Bolelois P PHh 165 op the inner suface
? ccthUibaf 35‘85?‘%%??“%3%@*’$¥Wg°°§ E‘Fﬁﬁ"ﬁs'r Soprising inteior teeth

selectlvelé_ e e the exteri.or

mangP die PReLs

the mandrel, wherein said interior teeth of the body loék collet are adapted to

selectively engage the teeth on the exterior of the mandrel in a first direction and to

allow the body lock collet to move along the mandrel in a second direction.

The step ratchet mechanism of claim 15 wherein the exterior teeth of the body lock

collet include a vertical face and an angled face and the interior teeth of the body lock

collet include a first and a second angled face.

The step ratchet mechanism of claim 16 wherein

a. the vertical face of the exterior teeth of the body lock collet is inclined between

about 80 to 95 degrees from the horizontal plane of the exterior teeth of the body

lock collet;

Pd%ﬁqi:%{&e qeeip?ftl é{ engage tee locate(:)cI on er outer surface of



all ow the body | ock collet to nove along the mandre
in a second direction. 16. The step ratchet nmechani sm

wW@booslei4ns 15 wherein the exterior teeth of theP@DUy2007/015478

18.

|l ock collet include a vertical face and an angl ed
face and the interior teeth of the body |ock collet
include a first and a second angled face. 17. The step
ratchet mechani smof claim 16 wherein a. the vertica
face of the exterior teeth of the body lock collet is
i nclined between about 80 to 95 degrees fromthe
hori zontal plane of the exterjior teeth of the body

| ock col let; WD 2008/ 005495 #ET/ US2007/ 015478 -28 b
the first angled face of the interior teeth of the
body lock collet is inclined less than or equal to
about 70 degrees fromthe horizontal plane of the

i nt Brithe ﬂféteﬂﬂﬁl@ fac?ﬁ’é‘ the intetioncteethoof Ge; bady lople callefl isdnclined less

face
13 o o 5ty Sl AL o
teethtbeboﬁﬁkhtdpﬂmock collet at an angle about 20

degr.e I n
£ ook e aigita 8] of D%, 830G Bbon U1 D phdS 1604 Sk llned from the
i ncl i Neshizontainpldne drfothlezexmetrair tpéthmf the ttoldg lock eplletrat an angle about
teeth t he .bo ck c | | et,: the seco angl,ed .

face o goartet 1Ritken BEGoBR ascvipEengl St At fof PEirnterior teeth of
i ncli nhd blody dock Erill’et é¢ iretjned fiom eHechurizoOtall pianeasf the dmferior teeth of
t he hog ﬁo ﬁ&k ne of the interior teeth of the

body |'GER? F%e second angl ed face of the

i nt arithe sécﬁﬁ‘nﬂfhn@fedtib& 6pahy ihtefilr et 6f the bodptddknélet is inclined less
he hor| ont al of the_interior teeth

f | ‘
the b &&9" PHERIAL &t Forut 40 degress, fom thgdierizonigl plags & g@xe interior teeth of

| ess tdiaBoliyfockigne at which the vertical face of the
exterior teeth of the body | ock collet is inclined

f r ofn tthe serond 2pgled|fags ofithe aﬁemcrrete@tiuoé thegpodydeck colfet iginclined from
body |fghofiobhtet plaﬂ@of theSh@Riof fleB6t tM§QBm&%Q¥ &4l angle about

for noving a mandrel 1n a first direction and noving
sai d rfthdrgseesilessghanethormastyi at advichotheospingl fase of thragxderior teeth of the

move d% 13 cf)flétsig méﬁne& (htdn? [Ehdc ﬁ’(?\"l nt%e% %‘?al{ea&tcthg exterior teeth of the

mechani conpris an oute
dlanethndendienﬂanuter surface and a Iongltudlnal axis;

A step ratchet mechanism adapted for moving a mandrel in a first direction and
moving said mandrel in a second direction opposite of said movement in a first
direction; said step ratchet mechanism comprising:

a. a mandrel with an outer diameter and an outer surface and a longitudinal axis;

b. atop connector with a proximal and distal end and an inner diameter greater than
the outer diameter of said mandrel, said top connector surrounding said mandrel
thereby creating a chamber between said top connector and said mandrel;

c. an upper adapter connected to the proximal end of said top connector and adjacent
to said mandrel, said upper adapter having a port in fluid communication with

said chamber;



b. a top connector with a proxi mal and distal end and
an i nner dianmeter greater than the outer dianeter of

wa@ aiod/ooexir el , said top connector surroundi ng BEI/tS2007/015478

19.

mandrel thereby creating a chanber between said top
connector and said mandrel; c. an upper adapter
connected to the proximal end of said top connector
and adjacent to said mandrel, said upper adapter
having a port in fluid communication with said
chanber; WO 2008/ 005495 PCT/ US2007/ 015478 -29 d. a
| ower adapter connected to the distal end of said top
connector and adjacent to saPd mandrel, said | ower
adapter having a port in fluid communication with said
chanber; e. a noveable piston |located within said
chanber adjacent to said top connector and said
mandk ed Jovser adlapiey ealmeetqdi tot tha distid End dftsaidsopsioanédtar dnd adjacent to
prevent fluid comunication between the port in said
upper saidpiaadrenchid hewgraadapten having d povein flaidb@imimunication with said
t hrough said chanber; f, a double ended body | ock
col | et chmbetg an i nner and an outer surface, said
inner surface of said a doubl e ended body | ock collet
adapt ed movestsik pistory Rickited valgAR ssidi chambenstijedent & said Bpddbnnector and
| ock collet carrier having an inner and outer surface,
sai d i §i@r makdreBCSai@f movaible DSidon! a8dptéd | tbebubsbdntiaRy prevent fluid
adapted to selectively engage the outer surface of
sai d dedRmanRACGH bONREN HRE Bort 9h s&8 upPer AlapRiriand th&¥bMRGn said lower
a proximal and a distal end and a | ongitudinal axis,
wher ei fgapadrGhrob @ S4ili eHhMBLr; axi s of the spring is
substantially parallel to said |Iongitudinal axis of
the fireq dbEble ¥Rded ﬁb(‘ijy RIcR*doflit hz?\nﬁi Qh ilgxté? anfl'anWhtérSsurface, said inner
relatively closer to the prOX|na% end of the top
connec S| 1 . .
eyl maesTack BRGS dhufblebrica By Mo A1eF dghl o lkclivel) engage said
19. Thg &%F rat chet mechani sm of claim 18 wherein
oubl’e

said a ended body |l ock collet includes :

teri t . . f d. t
XL FBoAF IR el QU in 5 558 OB L s R e s of
body TOREoUBAPe Pt AR aplsosR i v El: BlesBR b opter surface of
t he inne

Shid d(sn%lg %g(?edatgoad%tlggk tc&le%;el ectively

h. a spring having a proximal and a distal end and a longitudinal axis, wherein said
longitudinal axis of the spring is substantially parallel to said longitudinal axis of
the mandrel and said proximal end of the spring is relatively closer to the
proximal end of the top connector than said distal end of the spring; and

i. acylinder adjacent to the proximal end of said spring.

The step ratchet mechanism of claim 18 wherein said a double ended body lock collet

includes exterior teeth on the outer surface adapted to engage teeth located on the

inner surface of the a double ended body lock collet carrier, said a doubie ended body
lock collet further comprising interior teeth on the inner surface adapted to selectively

engage teeth located on the outer surface of the mandrel, wherein said interior teeth of



engage teeth | ocated on the outer surface of the
mandrel, wherein said interior teeth of WD 2008/ 005495
wEROBABR00D7/ 015478 -30 the a doubl e ended bodpct/081007/015478
coll et are adapted to selectively engage the teeth on
the exterior of the mandrel in a first direction and
to allow the a double ended body lock <collet to nove
along the mandrel in a second direction. 20. The step
rat chet mechani sm of claim 19 wherein the exterior
teeth of the double ended body I ock collet include a
vertical face and an angled face and the interior
teeth of the double ended b¥y | ock collet .include a
first and a second angled face. 21. The step ratchet
mechani sm of claim 20 wherein a. the vertical face of
the exterior teeth of the doubl e ended body | ock
col theta danbl¢ emdedriwdyleckeallet ateadap@d to selgstivrly engage the teeth on the
fromthe horizontal plane of the exterior teeth of
t heextenibt ef thedeahdreldy a fisk diceritioatandido atlbw the mgtouhlegenddd body lock
face of the interior teeth of the double ended body
| ockolbtabitd stovealongrthé maadrel esssdchad doecteual t o about
70 degrees fromthe horizontal plane of the interior
20.t eeThe Gtept Ferclibd théchanisae df letulys 190okerin Itlhe exteriot héecth of the double
angl ed face of the exterior teeth of the double ended
bodgnded®odyabdieéolies indludd 4 vieticdl Fave dndeanhivgletiofat@ hnd the interior teeth
pl ane of the exterior teeth of the double ended body
| ockf heldo@bleaindad badgiozk @bRettindldéle Gkt @ad la@sSordaipldd face.
angle at which the first angled face of the interior

21.t eefrhie Sfep iritehélGHéIhanBAASILIARM0 WhEkirco! | et is inclined

fromthe horizaontal plane of the interior teeth of

t he
douBi ehenvgeirabdase pEARe cxigTion tqeth gf the dovblesried hpdydlock collet is
face QBCIHE% bedved %outt %@ttb 98fde Ffbg s BRUPHR KReHtP gﬁa\‘ne of the exterior

| ock col is inclined | ess n or equal to a

70 deg‘F@bS’fﬁh%‘i‘ﬁlt%eﬁﬂi’ﬂlbpéMﬂ%ﬂk gollghie of the interior
teeph gE ﬂr%}eaé&?é;fgggg ?)'?t it Q5or thahforane h@ﬁ?le@ﬁge@ %{ gock collet is

second angle e Interior teeth o
ended ipeléned lgek thap| drezquiakto abpait i7Qet¢efaes framh dhe horizontal plane of the

horizqggegil)c/)rp%eﬂp Coldﬁ)l}t?le g(“)&fa'l?) %ﬂleqf the doubl e

ended an a ut 20 degrees
| ess. ttharanghd facglof the ewteridr temh vﬁﬂte datble feaded dfodyhleck collet is

cxC & G e B S A RS o b Bt en oy

t eet h lo€k ichHetdatimk eangledstsbub @0ydepreek less| theh .the angle at which the first
angled face of the interior teeth of the double ended body lock collet is inclined
from the horizontal plane of the interior teeth of the double ended body lock
collet;

d. the second angled face of the interior teeth of the double ended body lock collet is
inclined less than or equal to about 70 degrees from the horizontal plane of the
interior teeth of the double ended body lock collet; and

e. the second angled face of the interior teeth of the double ended body lock collet is
inclined from the horizontal plane of the interior teeth of the double ended body
lock collet at an angle about 20 degrees less than the angle at which the vertical
face of the exterior teeth of the double ended body lock collet is inclined from the

horizontal plane of the exterior teeth of the double ended body lock collet.



WD 2008/ 005495 PCT/ US2007/015478 -31 22. The step
rat chet mechani sm of claim 18 wherein said mandrel is
wop@sabisvely connected to one or nore nulti- pPST/UBINT/015478
devi ces. 23. The step ratchet nechani smof claim18
wherein said mandrel is operatively connected to at
one or nore adjustable orifices and associated fluid
ports for said adjustable orifices. 24. The step
ratchet mechani sm of claim 23 wherein the novenent of
the mandrel permts increnental adjustnent of the
flow through said adjustable orifices. 25. A step
rat chet mechani sm adapted fodlmoving a mandrel in a
first direction and noving said mandrel in a second
di rection opposite of said novenent in a first
direction; said step ratchet nmechani sm conprising: a.
22.a niher step wiatdhettmenhipeismd icnelagn 18ndhareioutagl mwandrelcés operatively
b. a top connector with a proxi mal and distal end and
an comecteditaone er mpremulti-pdéidon devieesout er di anet er of
said mandrel, said top connector surroundi ng said
23.mandhel step hatchley médhahisig of claiiiligr wheteie edaids ahshdrelpis operatively
connector and said mandrel; c.' an upper adapter
congemieettdt © dthénePoOKioi® ladRREALIY offitds ifiPaeotiaRdl Miid ports for said
and -adj acent to said mandrel, said upper adapter
havad@sabRYrifidest fl ui d communication with said
chanber; d. a | ower adapter connected to the distal

24endTRE €id FalcRR ARONAEIN of2Odin 9B 2w 88 eid the %ﬂiv@ment of the mandrel
mandrel, said | ower adapter having a port in fluid

co %&%b%eman Bdjbintent 6P #IEHRIwW ditough SRY &ghb@m@loﬁﬂees

having a proximal end and a distal end, said piston

25) ocqy §Q Mtdnlgt %&ﬁhﬂsrﬁ fd /A 1%8%% ﬁ%ﬁﬁh‘j ihOP first direction and

connector and sal d nmandre sald noveabl e p|ston

e R e BHIGELE MeHEBh Sl TR o i o
N Sftkdidi bRl sgeg fefi Aheh{in Afhbife 0L '°Wer

an %pper | ocki ng

adapter roug
ITEC{;anI al 31’8[] dou‘er dtiamet [ OX an outglnsdur afcesal d
pi ston

b. a top connector with a proximal and distal end and an inner diameter greater than
the outer diameter of said mandrel, said top connector surrounding said mandrel
thereby creating a chamber between said top connector and said mandrel;

c. an upper adapter connected to the proximal end of said top connector and adjacent
to said mandrel, said upper adapter having a port in fluid communication with
said chamber;

d. a lower adapter connected to the distal end of said top connector and adjacent to
said mandrel, said lower adapter having a port in fluid communication with said
chamber;

e. a moveable piston having a proximal end and a distal end, said piston located
within said chamber adjacent to said top connector and said mandrel, said

moveable piston adapted to substantially prevent fluid communication between



upper | ocki ng nmechani sm having an i nner and outer
surface, said inner surface of said upper | ocking

wore@Rai4ein adapted to sel ectively engage sai d PenUs®n7/015478

26.

27.

28.

g. an upper | ocking nmechani smcarrier having an inner

and outer surface, said inner surface of said upper

| ocki ng mechani smcarrier adapted to selectively

engage the. outer surface of said upper | ocking

mechani sm h. an upper spring |ocated within an upper

spring holder; i. a lower |ocking nechani sm connected

to the distal end of said piston, said |ower | ocking
mechani sm havi ng an i nner andouter surface, said

i nner surface of said |ower |ocking nmechani sm adapted

to selectively engage said mandrel; j. a | ower |ocking
mechani sm carrier having an inner and outer surface,

sai d ithaaort Bupsdidowpef adapter mslhwthre pert ki rsgidniovvearddsnter through said
carrier adapted to selectively engage the outer

sur f acehagtbesai d | ower | ocki ng nechani sm and k. a

| ower spring located within a | ower spring hol der. 26.

The f.stapupmr dbekingravdchanismm ahnedted no Bfe prozirealnerslaofisaid piston, said
mandrel is operatively connected to one or nore

mul t i -ypet idckingieechaaism Baving he iniee pnd abteh stirfaceg kaid iiswar surface of
of claim25 wherein said mandrel is operatively

connecdagtlupper dovkigy methamisad pdiptaloaselretivélg efgagtthaid mandrel,
associated fluid ports for said adjustable orifices.

28. gThah GpRPp 16ckindBleciidedni Bhugitr BhviagahTheef andesuddrsutface, said inner
i ncremental novenent of the mandrel permts

i ncr enguptadt oﬁgdxﬂ%bﬁ@rﬂbclaﬁ pRRhAniOY dalH @Udhpteditélselectively engage the.
adj ustable orifices. WO 2008/ 005495 PCT/ US2007/ 015478

- 33 @fer slibRcebesid abﬁé}%cmgh@em&mx@f clai m 25

wherein sai d upper | ocking nechani sm i ncl udes

ext gr i §luggR dﬁhr%‘loh&%d%ﬁﬁ'im%ﬁ &GBriRgiAbided to engage

teeth Iocate on the inner surface of the upper
| ocki NGk NEai s feRhAdiSh corflded RPGE HiRakdda%f saldhpxston said lower

mechani sm further conprising interior teeth on

i nner e}?%ﬁn@ e AR ViR %aceﬁfeﬁ"a\‘nﬁ | ey ?IQFC s&ﬁgwcr surface of said

| ocat e outer sur e nman rern

sai d wen %fml gﬁ{e&agfsg& 5‘?’8 Re%aewﬁéﬂﬁ ags%&%%&mrel

are a apte ow t |ng nmec 0O nove

al ong e a fi irection and .
sel &ctd L‘g‘]’ ngﬁg'ég m%cﬁamts erdha}vhrg an inner SPE 8 ter erface said inner
mandr el and said |

mec han?urfl%cf Q szﬂ %w jp‘é‘lfe%)tg In?erclzhamsm carrier a apted to sée&g/ely engage the
outer surface of said lower locking mechanism; and

k. alower spring located within a lower spring holder.
The step ratchet mechanism of claim 25 wherein said mandrel is operatively
connected to one or more multi-position devices.
The step ratchet mechanism of claim 25 wherein said mandrel is operatively
connected to one or more adjustable orifices and associated fluid ports for said
adjustable orifices.
The step ratchet mechanism of claim 27 wherein the incremental movement of the

mandrel permits incremental adjustment of the flow through said adjustable orifices.



teeth on the outer surface adapted to engage teeth
| ocated on the inner surface of the |ower |ocking

woremBaos4ssn carrier, said | ower | ocking nmechani BOT/US2007/015478

further conprising interior teeth on the inner
surface adapted to selectively engage teeth | ocated on
the outer surface of the mandrel, wherein said
interior teeth of the | ower |ocking mnechanismare
adapted to selectively engage the teeth on the
exterior of the mandrel in a first direction and to
all ow the | ocking nechanismto nove al ong the nmandre
in a second direction. 30.-Fhe step ratchet mechani sm
of claim29 wherein the exterior teeth of the upper
and | ower |ocking nmechanisns include -a vertical face
and an angled face and the interior teeth of the

29.uppdhe atep ratokst mechantsgn b celaim 2rswhereinushed aupper deckapg) mechanism

30.

31.

a second angled face. 31. The step ratchet mechani sm

of oichides 3qtaxivertesth an thehmuteresurface adapicd tofenghge teeth located on the
exterior teeth of the upper and | ower | ocking

mec hener sudfacei of the opperddckieg weehamibrowdandd, sad @ppeielgrkieg mechanism
fromthe horizontal plane of the exterior teeth of

t he futthee rcoarptlisingviaterion akéth pnmbe Hanersswfacy\ad2hted 16 GEléSvely engage
PCT/ US2007/ 015478 -34 b. the first angled face of the

i nt edetiDlocardidn the dudier supfaee oftle hoindrel) whideitpsaid interior teeth of the
mechani sms is inclined |l ess than or equal to about 70

degupps 16¢1ang eehdifism 20 addptedioailidwothe 1b¢king irRchaism to move along
teeth of the upper and | ower | ocking nmechanisns; c.

t he tien@hsdlel ACE fvdt diRetioNhed @ Eeléaﬁtegr exfgalgb @he¢l pREH ok exterior of
| ower | ocking nmechanisns is inclined fromthe

hor iredfihmdrePind R coOnd diectRdntafd istid 16®6F IbcRingtrhéchdRBAT includes exterior
and | ower | ocking nechani sns at an angl e about 20

degkRas oh ASoltBASurTRE aBRSte® t@bn Yk Geth M6catdd 615 thediRBéefirface of the
face of the interior teeth of the upper and | ower :

| ockdwig 18BIGRE MheRBnisinScdrR&l, sBAdoeP IBckity MeEhAM Hirther comprising

pl ane of the interior teeth of the upper and | ower

| ocmtmomeéﬂa@ﬂi ggﬁ?ﬁ& surfie %&ﬁgg{l tégaéﬁg,gff%gga%@ tbdif 1ocated on the

interior teet e upper a ower

mec lS .S | [ S b 79 .
degrggie% %?%’r%gt%fgﬁko%%ggﬁe? ’a?vhte%%ansgfdos Rttg' ﬁér ﬁ% t@rclgkg?he Qower locking
teeth of .t he upper d lower. | ockin ani sns; . and

o PisRenb e W ef s @Y RS B B RsRBf g tho mancrel
UPP&L a%nrsq (iipe\éﬁgn lar? lt(oI Aow the locking mechanism to move along the mandrel in

a second direction.

The step ratchet mechanism of claim 29 wherein the exterior teeth of the upper and
lower locking mechanisms include-a vertical face and an angled face and the interior
teeth of the upper and lower locking mechanisms include a first and a second angled
face.

The step ratchet mechanism of claim 30 wherein
a. the vertical face of the exterior teeth of the upper and lower locking mechanisms
is inclined between about 80 to 95 degrees from the horizontal plane of the

exterior teeth of the upper and lower locking mechanisms;



mechani snms is inclined fromthe horizontal plane of
the interior teeth of the upper and | ower | ocking

wore@baci4ghs at an angl e about 20 degrees | ess PEENSI0NE015478

32.

33.

angle at which the vertical face of the exterior
teeth of the upper and | ower |ocking mechanisns is
inclined fromthe horizontal plane of the exterior
teeth of the upper and |ower |ocking mechanisns. 32.
The step ratchet nechani smof claim25 wherein said
upper and | ower |ocking nechanisns conprise body |ock
rings and wherein said upper and | ower | ocking

mechani smcarriers conprise-¥bdy lock ring carriers.
33. The step ratchet nechani smof claim25 wherein
sai d upper and | ower |ocking nechanisns conprise body
| ock collets and wherein said upper and | ower | ocking
mecharthe nfirst ranigleds fasenpf ithe ibtedipr | teeth oblthetuppgr randr fower locking

mechanisms is inclined less than or equal to about 70 degrees from the horizontal
plane of the interior teeth of the upper and lower locking mechanisms;

c. the angled face of the exterior teeth of the upper and lower locking mechanisms is
inclined from the horizontal plane of the exterior teeth of the upper and lower
locking mechanisms at an angle about 20 degrees less than the angle at which the
first angled face of the interior teeth of the upper and lower locking' mechanisms
is inclined from the horizontal plane of the interior teeth of the upper and lower
locking mechanisms;

d. the second angled face of the interior teeth of the upper and lower locking
mechanisms is inclined less than or equal to about 70 degrees from the horizontal
plane of the interior teeth of the upper and lower locking mechanisms; and

e. the second angled face of the interior teeth of the upper and lower locking
mechanisms is inclined from the horizontal plane of the interior teeth of the upper
and lower locking mechanisms at an angle about 20 degrees less than the angle at
which the vertical face of the exterior teeth of the upper and lower locking
mechanisms is inclined from the horizontal plane of the exterior teeth of the upper
and lower locking mechanisms.

The step ratchet mechanism of claim 25 wherein said upper and lower locking
mechanisms comprise body lock rings and wherein said upper and lower locking
mechanism carriers comprise body lock ring carriers.

The step ratchet mechanism of claim 25 wherein said upper and lower locking
mechanisms comprise body lock collets and wherein said upper and lower locking

mechanism carriers comprise body lock collet carriers.



