STEP RATCHET MECHANI SM This application is a
non- provi sional application claimng priority to U S
Provi sional Application Serial No. 60/818, 425,
entitled "STEP RATCHET MECHANI SM' by Richard J. Ross,
filed July 3, 2006. BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention The present invention relates
generally to a step ratchet mechani smthat may be
ideal for driving a nmulti-position device, such as an
adjustable orifice. The step ratchet mechani sm al | ows
for the multi-posit.i ice t e ved a

pr edet er m ned i ncPek ﬁﬁiﬁr Tgvgﬁﬁgbﬁ h time the step
rat chet mechanismis cycled. The novenent of an
incremental distance may allow the increnmental opening
of an adpisepRlisptiondy p PpERovisiom! apdiggtien claiing priorisely) &-S-
before conpletely opening the orifice, The distance
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step rat ,,.mechani sm e nodified by the adapting
theﬁﬁﬁgéﬁggﬁ‘gﬁwgﬂgﬂ&ﬁ§gg%ﬂ$ﬂ§3é$@£ rat chet mechani sm
conmponents as woul d be recogni zed by one of ordinary
skill in the art having the benefit of this

di scl osure. The s [ i ncl ude a
body | ock ring orkgeggﬁgﬁﬁgéﬁﬁﬁiﬁﬁi§€%&é§aﬁ ocks the
mechani smto a mandr el t .ratchet mechani sm
noves during each cyc|e€§¥ﬁgﬁ§§§§3?dbk ring or body
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t he step rat et nechani sm i e posite adirectio
al opgadahgr m@raerkulti-position device, such as an adjustable orifice. The step
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ratchet mechanism allows for the multi-position device to be moved a predetermined
incremental distance each time the step ratchet mechanism is cycled. The movement
of an incremental distance may allow the incremental opening of an adjustable
orifice to pressure test the seals before completely opening the orifice. The distance
the multi-position device is driven per cycling of the step ratchet mechanism may be
modified by the adapting the physical dimensions of the step ratchet mechanism
components as would be recognized by one of ordinary skill in the art having the
benefit of this disclosure. The step ratchet mechanism may include a body lock ring
‘or a body lock collet that locks the mechanism to a mandrel as the step ratchet
mechanism moves during each cycle. The body lock ring or body lock collet may be
adapted to also allow movement of the step ratchet mechanism in the opposite

direction along the mandrel.



Description of the Related Art The use of a body
lock ring is a well known to | ock a downhol e assenbly
to a mandrel. Current body |lock rings generally allow
the assenbly to travel along a mandrel in one
direction, |ocking the assenbly down to the mandre
each tine the assenbly stops noving. Body | ock rings
generally allow the assenbly to be ratcheted al ong the
mandrel in one direction, but typically are designed
to lock the assenbly to the nmandrel and thus, do not
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have to 'be drilled out of the well bore.
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has limted its use to applications that only require
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provide a device that ratchets or moves increnental |y
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structure such as a mandrel, but that also allows the
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opposite direction when so desired. For exanple, such
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orifice. Downhole orifices are often used to regul ate
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flow rates can cause formati on damage or produce sand.
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in such an instance. However, it would also be
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is not possible with current body |ock ring designs. A
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may be uséd to Increnentally drive a nulti-position
devi ce, such as an adjustable orifice, in one
direction that also allows the novenent of the s
mul ti-position device in t e opposite direction while
preventing novenent of the orifice.



The present invention is directed to overcom ng, or at
| east reducing the effects of, one or nore of the

i ssues set forth above. SUMVARY OF THE | NVENTI ON

In one enbodi nent, a step ratchet nmechanismis
provided to increnmentally nove a downhol e assenbly,

t he mechani sm conprising a novable piston, a nmandrel,
a body lock ring adapted to selectively engage the
mandrel, a body lock ring carrier connected to the
body |l ock ring, a spring |lock positioned adjacent to

t he. Qck ri carrier, a spri ol der, wherein.a
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adapter that is positioned such to prevents the
movenmentn Béht bihle fipdpbing iNGbltEse RaABble kdFroliBVE he AR Bkt
In one enbodi nent, pressure nmay be applied to the
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spring hol der contacts the | ower adapted and the
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hol der. Upon rel ease of the pressure on fromthe

e ceamnd gigctibhdongohymedsk dt spuid bgfurisey desbatde tolpeoviip & ibody
| ock, the body lock ring carrier, and the body | ock
ri nigekuingethat ¢ adhpdiggo botk lavk Al asedmbipsaghing a spndrelgpndralyeslow
back to its unconpressed state. The body lock ring is
adathe beflytlesk aing epwelgpadied theovaadrelallowing ithy bodelogkanirdraed anys
the spring noves back to its unconpressed state.
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mandrel when the pressure is released fromthe
e cHaHTes nmsFhaBin et thax bepisehep ineremeridiypdrive ¢, multi-position
Al t rnativel¥, a mechani sm may be used to prevent
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The present invention is directed to overcoming, or at least reducing the

effects of, one or more of the issues set forth above.

SUMMARY OF THE INVENTION
In one embodiment, a step ratchet mechanism is provided to incrementally

move a downhole assembly, the mechanism comprising a movable piston, a



until the spring is conpletely conpressed and the
upwar ds novenent of the body | ock ring assenbly due to
the expansion of the spring to its unconpressed state,
the di scl osed enbodi nent may be adapted to
increnentally nove the mandrel and the body | ock ring
assenbly in any relative direction and allow the
novenent of the body |lock ring assenbly in the
opposite direction due to the unconpression of the
spring as woul d be appreciated by one of ordinary

skill, i Vi t.he .benefit of this
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novenent of the novable piston in a first direction
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body | ock collet with the mandrel and noving the
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and spring lock in the first direction until the
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The nmechani sm may i nclude a | ower adapter that is
poskdapigined such to prevents the novenent of the spring
hol der past the |ower adapter. Pressure may be
appl i ed It eretgiodimenapipssiie mey howeliesto theemqshanisortoinmpve b
first direction until the spring holder contacts the
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mechanism may be used to prevent movement of the mandrel due to the

uncompression of the spring. Although the above embodiment is discussed in

regards to the downward movement of the mandrel and body lock ring assembly



In one enbodi nent, a step ratchet mechanismto
incrementally nove a downhol e assenbly is provi ded
wherei n the mechani sm conpri ses a pi ston novabl e
within a chanber of the nechanism a mandrel, a double
ended body | ock collet adapted to sel ectively engage
the mandrel, a body | ock collet carrier connected to
the body lock collet, a spring located within the
chanber, and a cylinder positioned adjacent to a first
end of the sprlng, wher ei n novenent of the novable
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the teeth adapted to engage teeth | ocated on the
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ring further conprising teeth on the interior surface,
t hePosisieted vathimphetpring h@igqf it jiavpling legatpd géthingthg $pripg beldesd
on the exterior of a mandrel, wherein the interior
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| ock coll'et carrier. The collet fingers f her
conprise teeth on the interior surface, the teeth
adapted to selectively engage teeth | ocated on the
exterior of a mandrel, wher®in the interior teeth of
the collet fingers




are adapted to selectively engage the teeth on the
exterior of the mandrel in a first direction and to
all ow the body | ock collet to nove al ong the nmandre
in a second direction. The length of the collet
fingers may be varied changing the requisite spring
constant of conpression spring used in the ratchet
nmechani sm as woul d be appreci ated by one of ordinary
skill in the art having the benefit of this

di scl osure. One enbodi nent of the present
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t hedde tp g untiomgetsicnrnf thelbdriyg.conpr essi ng t he spring
within the spring cartridge and the step of rel easing
t he predsyne embaimdénher eepy ragabet mipbamgsmn td neresiptaliygmove a
expands noving the assenbly in a second direction. The
met Bohpla edseratdsistprryided wheredt thi plechiarigm tdneprisesagisein ntoyable
prevent novenent in the second direction upon the
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enbodi ment, a nechani sm nmay be used to prevent the
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Alternatively, friction alone may be used to prevent
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to the unconpressed state noving the asse
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pressure to the device, releasing the pressure from
the device, and holding the mandrel until the mandre
has reached a final positiop in the first direction.,
In one enbodi ment, the mandrel of the disclosed nethod
may i nclude a portion adapted to contact the piston
when the mandrel of the device has increnentally noved
to the final position in the first direction. The

nmet hod may further include the steps of back
pressuring the device such that the piston noves in
the second direction within the device until the
piston returns to its initial position. The piston nay
pull the mandrel and body | ock ring assenbly back to
the initial position by contacting a stop or catch

| ocated on the mandrel. Alternatively, the piston may



Applying and releasing the pressure on the step
mechani sm wherein each application of pressure noves
the body | ock assenbly and the mandrel the increnental
distance in the first direction to conpress the spring
in the spring cartridge and upon rel easing the
pressure the spring unconpressed noving the body | ock
assenbly along the mandrel in the second direction,
wherei n the increnental novenent of the mandrel in
the first direction increnentally opens the flow
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70 disgicdes from the horizontal plane of the inner
teeth. In order for the body Iock_ring to clanp to the
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hori zontal plane is preferably at |east 20 degrees
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Pr es&ik oh e %ﬂériopglrface of a body lock collet carrier. The collet fingers further
comprise teeth on the interior surface, the teeth adapted to selectively engage teeth

located on the exterior of a mandrel, wherein the interior teeth of the collet fingers



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure | is
cross-section view of one enbodi nent of a step ratchet
mechani smt hat includes a body | ock ring 10.

Figure 2 is a cross-section view of one enbodi nent of
a step ratchet nmechanismthat includes a body |ock

coll et 50. Figure 3 is a side view of a body |ock
coll et 50 used in one enbodi mrent of a step ratchet
mechani sm Figure 4 is a side cross-section view

of a collet carrier 60 used in conjunctron with the
T S R e
enbgﬁiel,cg&pz;nd Q(t al%wsf}‘rg Qodry%c% gﬁet {Ter%m?e aiong}he mandrel in a second
direction. The length of the collet fingers may be varied changing the requisite
spring constant of compression spring used in the ratchet mechanism as would be
appreciated by one of ordinary skill in the art having the benefit of this disclosure.
One embodiment of the present disclosure is the method of incrementally
moving a multi-position device comprising the step of applying pressure to the
device, wherein the pressure moves a piston from an initial position in a first
direction within the device, the piston moving an assembly in the first direction, the
assembly comprising a body lock ring, a body lock ring carrier, and a spring
cartridge containing a spring, wherein the body lock ring engages a mandrel in an
initial position such that movement of the assembly in the first direction provides
movement of the mandrel in the first direction away from the initial position. The
method includes the step of increasing the pressure on the device until the assembly
moves an initial 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 in a 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, a2 mechanism may be used
to prevent the movement of the mandrel in the second direction. Alternatively,
friction alone may be used to prevent the movement of the mandrel in the second

direction.



Figure 6 is a cross-section view of one enbodi nent of
the engaging teeth of the body lock ring 10 with outer
teeth 11 that engage the body lock ring carrier 15 and

inner teeth 12 that engage the nmandrel 20. Fi gure
7 is a cross-section of one enbodi nent of the step
ratchet mechanismin its initial position. Fi gure

8 is a cross-section of the step ratchet mechani sm of
Figure 7 after the pressure cycle has been applied
once to the system Figure 9 is a cross- section
of the step ratchet nechanismof Figure 7 that h

been cyclededof Gfrﬂﬁ’i“'m&‘f‘ally| THednesy Eﬂ“‘fpﬁ’ét{“’"t FF@‘CF "W Urther
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w tﬁ‘mﬁ lt}lrél std%ﬁﬁér&emé Ql%ndrel moves an incremental distance in the first

direction fully compressing the spring within the spring cartridge. The method may
includes the step of releasing the pressure from the device, wherein the spring
expands to the uncompressed state moving the assembly in a second direction and
the step of holding the mandrel after moving the incremental distance in the first
direction to prevent movement in the second direction upon the release of pressure
from the device. The method may include repeating the steps of re-applying
pressure to the device, releasing the pressure from the device, and holding the
mandrel until the mandrel has reached a final position in the first direction. In one
embodiment, the mandrel of the disclosed method may include a portion adapted to
contact the piston when the mandrel of the device has incrementally moved to the
final position in the first direction. The method may further include the steps of
back pressuring the device such that the piston moves in the second direction within
the device until the piston returns to its initial position. The piston may pull the
mandrel and body lock ring assembly back to the initial position by contacting a stop
or catch located on the mandrel. Alternatively, the piston may only position the
mandrel in its initial position and the back pressure may cause the body lock ring

assembly to move in the second direction back to its original position.



Figure 11 is a cross-section of the step ratchet
mechani sm of Figure 7 that has been returned to the
initial position, thus closing the flow orifices 550.
Figure 12 is an enbodi mrent of the step ratchet
mechani smthat provides for ratcheting novenent in

bot h directions. Figure 13 is a cross-section of
one enbodi ment of the body lock ring 10 of the present
di scl osure. Figure 14 is a cross-section view of

one enbodi nent of a step ratchet nmechani smthat

i ncl ude Soift %U(gl'n%g %)@ g?gprggrﬁi Xiislclg%e 1% QLA %Eth 5d5 (gnig({r?]néerntally

Fi gures 15A an a cross-section o

enbagiiRita Bbw tiBesS b&RhAL qi?eetstle A&Q%@J@QBHQSSL&;O a step

initial position Fi gures are
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15A and 15B after the pressure cycle has been appli ed
ONC @artridgd Hkﬁin@)ésctoﬂiﬂ}ession 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 mechanism until the body lock assembly and mandrel moves an
incremental distance in the first direction fully compressing the spring within the
spring cartridge, mandrel incrementally opening the flow orifice. The method
further comprising the step of releasing the pressure from the step mechanism,
wherein the spring moves to an uncompressed state moving the body lock assembly
in a second direction. The method further comprising the step of holding the
mandrel to prevent movement in the second direction upon the release of pressure
from the device, wherein the flow orifice remains in its partially opened state.
Applying and releasing the pressure on the step mechanism, wherein each
application of pressure moves the body lock assembly and the mandrel the
incremental distance in the first direction to compress the spring in the spring

cartridge and upon releasing the pressure the spring uncompressed moving the body

lock assembly along the mandrel in the second direction, wherein the incremental



Figures 17A and 17B are a cross-section of the step
rat chet mechani sm of Figures 15A and |5B that has been
cycled a nunber of tinmes such that the floworifice is
ina fully opened position. Fi gures 18A and 18B
are a cross-section of the step ratchet nmechani sm of

Fi gures 15A and 15B that has been returned to the
initial position, thus closing the flow orifice.

Wiile the invention is susceptible to various
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enb(r)n%{/er;rn’%gtt o% él'lpear}{ﬁ%flr% %g%ﬂs‘%m%g dl mch 1 allPe/ ?Seﬂ? lhe ﬂﬁw onp ice.

draMAngs an escri ereli

Flg;:/v%}{ee ethci a(’%l{lpyfi)ng npe% I‘l‘? hgg{h?%t%?sﬁlg Oﬁar tsttegg?ecﬂlan?s ulngﬂhe
di Sk \9%ﬁﬁce B%Bljﬂﬁgte t eh mIﬁQH 80 lm% tﬁgthgxol\(la(x € th step of
i R I7e oy iy A

nodi f1 cati ons, qu nts an natives

Wi t Eﬂp@lﬁghﬁcksﬂ?ésgdré to%t@%ﬂ@& VR AY Bk 'pxggku@%oves the

defined by t'he appended cl ai ns. Description of

11 it @tils bReifTBOSH A MheSmandrel mdyl ihdistde 2 @fob ¥EcaRARAM}IRAL S
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constraints, which wll vary fromone inplenentation
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havibfi gmfrﬁ@t 8gen swegt backte allevdhg Bedy, jogk ring to ratchet along the

mandrel. Specifically, the face of the inner teeth has been swept back until the face
is 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 from the horizontal

plane of the inner teeth. A similar configuration may also be utilized for the inner



Furt her aspects and advantages of the various

enbodi nents of the invention will becone apparent from
consi deration of the foll ow ng description and
dr awi ngs. Figure 1 shows one enbodi nent of the

step ratchet nechanismthat uses a body |ock ring 10

t hat engages a body | ock ring carrier 15 and

sel ectively engages a mandrel 20. The body | ock ring
10 includes inner teeth 12 (shown in Figure 5) that

sel ectively engage the teeth 22 | ocated on the outside
of the mand 2 d.the body l.ock ring 10 includ

out 8RR RRETor Bl R et By Forhaltog, B8p R F
teelh Lnter| .lock ring carrier
e o T LA TR
adapted to allow the body lock ring 10 to ratchet in
one direction along the mandrel 20 and al so nove al ong

the mandrel 28pinfy HEECIOPINON OF Hif BRAWIRGShen a back
pressure is applied to the nechani smas descri bed

bel oW.  Figure 1 FfQri3t-QBridnatlieReds HRCOAMISThI BE laULES radchet
pi ston 40 positioned in a chanber 46 | ocated between

t hemBoAREnehac2Q1and 1ady B8k gnoect or 130. At one end of
the chanber 46, is an upper adapter 160 and at the

ot her erguef2 ihe charded #widE de lcaibedimad ajbtL step? #fdchet
The piston 40 is novable within the chanber 46 and

i NChnttt@fsnamat iefpdes abeady lockodtsfrent 41, such as an
o-ring, to seal with the top connector 130. The piston
40 al soFignel3usdesdeavitvosiarbogelatk et 80 asre it ond 2mbslinadnt efs:
an o-ring, that seals the orifice between the piston
40 sepdatthieemephandirel 20. In the initial state of the
step ratchet nechanism the upper portion of the

pi st on F@uied iy arddetceads-sediicacvéant of g golletrarriepfiiusedya corjungtianh e
upper adapter 160. The upper adapter 160

i nt it hekogdy lgck epllet8 of Ggurednnect or 130 and the mandre

20. The upper adapter 160 may include an upper sealing
el ement FiEpm S isgndgpmetric view of a body lock ring 10 used in one embodiment

of a step ratchet mechanism.

Figure 6 is a cross-section view of one embodiment of the engaging teeth of
the body lock ring 10 with outer teeth 11 that engage the body lock ring carrier 15
and inner teeth 12 that engage the mandrel 20.

Figure 7 is a cross-section of one embodiment of the step ratchet mechanism
in its initial position.

Figure 8 is a cross-section of the step ratchet mechanism of Figure 7 after the

pressure cycle has been applied once to the system.



as an o-ring, to seal the interface with the top
connector 130 and a | ower sealing elenent 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 |ower adapter 210 is |located at the

ot her end of the top connector 130 and includes a
sealing elenment 230, such as an o-ring, |ocated

bet ween the connection interface. The | ower adapter

210 includes a fluid port 200 and interfac Wi he
e nar o P 2 bt B R nd i O e e D

t ch bet the interface. Th
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ratchet | ock ri 50 bot h .nositi.oned between the
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contact to nove the mandrel 20 back to its origina
POSpdsiagdis0ds det ai | ed bel ow. The application of
pressure through the upper port 105 causes the piston
40 to mpyareallang clobcse@hab e stp rR@bWa@RanksGEoftFgire 7 that
connector 130 and the mandrel 20 noving away fromthe
Uppess beed agpiradd td O initikh@sifibis tHuk clddhgwhd flowawifit@G50.t he

upper portion of body lock ring carrier 15 pushing the
assenbl Figofe 1L hieanbadhydimeat of the Bigp ehétin@thatism aindproVidesiady
lock ring 10 in the sanme direction as the piston. As
pr esghatiog meveaplin buh digcidne system the body | ock ring
10 i s pushed agai nst the mandrel 20 such that the

t eet h 1Pigemdaddea (refsowmtion of ik gumbasmdt ofithe By fdek ring &1 of
22 |l ocated on the exterior of the mandrel 20. Thus,

t hetherprosentedisclogife. t he body | ock ring 10 away fromthe
upper adapter 160 al so noves the mandrel 20 away from
t he upp&rRUEdHpt ex cregoection view qfyenej egbpdigent A pemratdet
of pressure causes the novenent of the body |ock ring
hol Beshanisppthyy ipcjudesiadopble ended hofyiqekrolldpacent to a spring
| ock 90. The spring |ock 90 is positioned adjacent to
a spri n§eaes Fso%?i‘flégB \Hetal"ﬁ“ﬁs'ée"%‘ﬁ‘r‘?fﬁ@"ﬂf% PrRadimegt OfS‘i’Faﬁfp

ring 80 hqlds spring. holder 70 and spring | ock 90
tog%?ﬂ%ngﬁE“ﬁ§ﬂﬁPQ%%§”5mbre-Ioad on spring 30. Hole
75 provides cess to snap ring 80 for assenbly .

pur hoseE T L SelBee BroEreh o B S B i of
nmovenent. .of 0 | ock rin ssempl y an he spring
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the lo ord,i ri 0 e
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MOVEIRI 1o fufly WDeR@P¥sidofCk Ting assenbly and the
mandrel 20 avay fromthe upper adapter 160. As the
pressure is increased, the body |lock ring assenbly
pushes agai nst the spring | ock 90 conpressing the
spring 30. The pressure is ¥ncreased until the spring
| ock 90 and the body | ock assenbly cause the spring 30
to beconme conpletely conpressed within the spring

hol der 70. As di scussed above, the novenent of the
body | ock ring assenbly al so causes the novenent of
the mandrel 20 away fromthe 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 noves an
initial distance until the spring holder 70 contacts
the shoul der 211 of the | ower adapter 210 plus the



whi | e conpressing the spring 30 within the spring

hol der 70. I n one enbodi nent, the mandrel 20 nmay
travel between 5 and 6 inches due during the initia
pressure cycle. The |length of the chanber and

di mensi ons of the spring holder 70, and | ock ring
assenbly may be adapted to nodify the initial novenent
of the mandrel 20 as woul d be appreciated by one of
ordinary skill in the art having the benefit of this
di sclosure. In subsequent cycles, the mandrel 20 only

t I h di st d t
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mandrel 20 in place as the body Iock ring assenbly
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spring |l ock 90 noves away fromthe conpressed spring
30. spltit@nd debprof te idvatibinaski2fi@l by the afpettid tiaigk. ri ng 10 are
adapted to all ow novenent al ong the mandrel 20 in the
opposite direction as discussed in nore detail bel ow
in regards to Figures 5 and 6. As wll be recognized
by one of ordi n®escription df Hlustratie Bmbiodimgemisng t he benefi t
of this disclosure, the spring constant of the spring
30 nust Ibstrgive emigdinehig of thh mventiog are desquitierd delow @s &Y wight
t he mechanismto ratchet along the mandrel 20.
Addba dmptaxpd i thetugeof afstsp yatdhefaechanismypdipied e iwereentally drive a
sufficiently strong to withstand the anpunt of
pr edERpee ey ed It deopsicsiopfeclatin agsrallnfpateish of 2ataciual
order to ratchet the nechanism and nmpve the mandrel 20
avalPPlemshiR qReare depraibedsig At eneciffiggon. T Wil spyreete; agpiecisted
pressure to the systemallows the nmechanismto a%aln
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incremental |y nove the man own t e assenbly
unt&&m%B@bgﬁﬁgﬁghﬂngsﬁheached a final position. The
mandrel 20 may include a stop 21 (Shown in Figures
7-11) that contacts the piston 40 when the mandrel 20
has been noved the deS|gnated di stance. The stop 21,
prevents further cycling of 1% he step ratchet
mechani sm



Back pressure may be applied to the system causing the
pi ston 40 to nove away fromthe | ower adapter 210 and
return to its initial position. The piston 40 may
engage the ratchet | ock ring 150 pulling the mandre

20 back to its initial position. Alternatively, the
mandrel 20 could include an upset that the piston 40
coul d engage pulling the nandrel back to its position
as woul d be appreciated by one of ordinary skill in
the art having the benefit of this disclosure.
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is used to anchor the body lock ring 10 to
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lock ring carrier 15. The body | ock ring holder 110
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openings 13 (shown in Figure 5) in the body | ock ring
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body lock ring carrier 15 relative to the body | ock

ri nd0 41® adapted to allowgthe Bod? Ik oing 1Qw retwlizo thi ave direcdbn §ltre the

present disclosure that uses a body |ock collet 50 and
col mendret 3P ancplsc@overniqug dwemairet Heintbrlgppbiie Kliredting whéh a

and body lock ring carrier 15 of the enbodi nent of

Fi gbacls pressuriireapplisd fiath¢ meahayiet aitdessribed belhe. same manner as

the enbodi ment of Figure |I. Pressure is applied to the

syst em dhelstemvaichit seehiania insladeseistoncdOporionedinjaghamber 46

assenbly down the top connector 130 away fromthe

(o BFEha 3eET the Beniret ang p s pnicieiig odt dpend e

tee%% 52 of the body |l ock collet 50 to engage
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200,daflert1pe | ower adapter 210 causing the piston 40 to
nove away fromthe [ ower adapter 210 and return to its

initial Tp@sg;tef QBaptef NGO RhiSRLs $8n TRY (BNARERF N80 Ak (Eltl:et
| ock ring 150 on the mandrel 20 pulling the mandrel 20

backarkiRl 2d. SThi U{ﬂet @haptOB0 taPRcludd etn%bﬁ@tséal{r?gl Yemeht 180, such
mandrel 20 could include an upset that the piston 40
coul d engage pulling the mandrel back to its position
as woul d be appreciated by gne of ordinary skill in,
the art having the benefit thi s disclosure.

Li kewi se, the mandrel 20 may engage the body | ock

coll et assenbly pulling the assenbly away fromthe

| onwer adapter 210 and back to its original position.

Al ternatively, the application of back pressure may be
used to nove the body | ock collet assenbly and the
spring holder 70 away fromthe | ower adapter 210 to
their original positions. A body |ock collet holder
111 is used to anchor the body |ock collet 50 to the
top connector 130 when the mandrel 20 is noved back to
its original position. The body Iock coIIet holder 111

‘A o~ A



Figure 3 is an isonetric view of a body |ock collet 50
of one enbodi nent of the present disclosure. The body
| ock collet 50 includes collet finger 54 |ocated
around the perinmeter of the collet. The nunber and

wi dth of the collet fingers 54 may be varied dependi ng
on application using a step ratchet nmechani smas woul d
be appreciated by one of ordinary skill in the art
havi ng the benefit of this disclosure. The interior
surface of each col | et finger 54 includes teeth 52

t hat d to | t h t teeth
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of teeth 12 with the teeth 22 of the mandrel 20. The
ext enap ging spifenthet kpfpstsprureibel patdhesdickrring d50L @ thhwknggbs The
teeth 11 adapted to engage with the interior teeth of
t heradiseiylodkodte 1P mgovidar At apseufr diptpisiagdllyio cenidet foi mgyelibe
may i nclude openings 13 located around the perineter
t o Bpefirgl A0 basktodis RreiBl PoRgiop Hed%a%/bel% k ring 10 to the
body | ock ring hol der 110. For exanp pi ns 100 naX
pr ot r udehf PRPHFAIAR OfRIERyUrs thequeh the g‘Pff?é P%I’OS Fawes he Biefgh0

the openi ngs 13 in the body |ock rin
xgove a[(])gg the chamber 46 between the top connec%r 130 and the mandrel 20

moving away from the upper adapter 160. The piston 40 will contact the upper
portion of body lock ring carrier 15 pushing the assembly of the body lock ring
carrier 15 and the body lock ring 10 in the same direction as the piston. As pressure
is applied to the system, the body lock ring 10 is pushed against the mandrel 20 such

that the teeth 12 engage (shown in Figures 5 and 6) the teeth 22 located on the
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Figure 6 is a cross-sectional view of the teeth of the
body lock ring 10. The exterior surface of the body

l ock ring 10 includes teeth 11 that are configured to
engage with the interior teeth of the body |ock ring
carrier 15. The interior surface of the body |ock 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 combination with an angle substantially | ess

|t gagxtegrl%r cq‘%lgermangrep{b é{l% n n %{‘lehntlegte (%f %ngl‘é‘ﬁﬁ rmé ?O awaﬁ/éroTo

rrng carrier
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| ower omn In

subst an Thélinltbél Jpa?é(h&ln)@ Prel e@%%s%ﬁeﬁn&@m&d? Gt tRéJﬁoﬁ{r h%l?x%gh ’

i n conbi nati on an ang e of 90 degrees on

| NNRJIaet ERLAGIPE B\pEHicRed REacBREYa bRk loElE 58 BRspringock @O is,

fromnoving the body |oCk ring 10 along the mandrel in
t hepRPBRAIalificel 6 ACHHRB0LGac@NNEN dpaRhol Py, dné}ﬁkng 80
rings generally have a 90 degree face on both th

| NNEYldsaPEnORIRE 70 QR Epnngh&k% O@GHe£ Endefghi@iRs APK- load on
actually be only 85 degrees on conventional body | ock
r'i ngSing 80.aHoRWS5t fievide® dyteds Q6 kndpiring S0 SserdRUTvEdd)S Ttk
nore easily. Both the conventional body |ock rings and
t hembedigntlodtk pisiom g &Osedthe oeenhest eliktbodly 18K ring Ussembly bid
ratchet along the mandrel 20 in one direction 19 and
Wi | the bppin& lotlo9Q doenave mekydton2Be ugperadpmiat €0] usitih tht: esveopddgam
direction 18. However, conventional body |ock rings

wi | ¢f thegpringlholdey 7Oleentace viershenlden2 110 the foweh@laprer?dld.el 20 to
return the mandrel 20 to its original position when

t he bod{Pn¢egbkspripgigcki ¥ qogtagihhh slraatder 211 of thy kpaver lapter 210,
on the interior surface of the body |ock ring 10 of

Fi ¢fhe eprige Panushas @gainshivathringayerpent af the hpdy deck miaa asenblpand: o
be noved to its orlglnal position. Specifically, the
angPemadrd 3 evaygrogy the precs WaRer 10@e A MEPIFYE b beRasehdist
back such that the body lock ring 10 may ratchet in

t hePody fogk f‘%i‘f’sei@r’lyaﬂ“’élﬁ@ a%"ﬁ‘ﬁt e sRfing lock §0 é%mli’rfssﬁng teshins

|b§° & hehé%sszﬁ%cl%’ il 5*%?%%%%& iﬁeﬁiﬁlﬁf%‘%@ly
or 1 FPTA B3 16 ﬁe&’)‘flﬁ 5%%} y RS g roh Sraphper 0>
Z'n?ﬁ%?ltegs%% LRI e iVt b\Re BOEoctcBE bty 6o falsy he

°J3‘9%“quﬁh% ﬁ“g?“ﬁg ‘1? 505y 8 B opRe Wapt o oL e MRk
S"‘E[Qetth PRGKHIBY, hsce;%fgl fd &9 i gl,h Qfltﬁft {lﬁordt%&ﬁ 88Sf the

dependi ng on t cation ds mou e recogni zed by
on Qnéﬂtirepf(ﬂ | Y e lfﬂl!lall cilc'ﬂ: tilp ﬁlaﬂfrél 26 %bfggm tuht@al G@Q&E IuBtllof
this disclosure. Figure 13 illustrates one

enhdigiB ol 7b QSnt%dM LiRGker 217 %r W2 @tvertéas‘pt@rz% sm& the

di scl osure and the nodification to the inner teeth

of hdA@rePROMoveOSKinérbAGheal Gishttl Gifat BB bbdykEcking QRUARY | trms
body lock ring and also to allow the body |ock ring 10
to ratchet along a mandrel when the mandrel is noved
upwards to its original position. Angle A of the out.er
teeth Il would preferably bé 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 still sufficiently provide a face to engage wth
the teeth of the body lock ring carrier as would be
appreci ated by one of ordinary skill in the art haying

the benefit of this disclosure.



Angle D of the inner teeth 12 nust be small enough to
allow the body lock ring to ratchet al ong the nmandrel.
The maxi numthat Angle D nay be is approximately 70
degrees. Angle B of the outer teeth 11 should be at

| east 20 degrees less than angle D of the inner teeth
12 to allow the body lock ring 10 to clanmp to the
mandrel . The maxi mum angle for Angle C of the inner
teeth 12 is approxinmately 70 degrees Angle C nmust be
smal | enough to allow the body |Iock ring to ratchet

al oszgléets &&gggs“%rtﬁé spgiﬁ% ?(g&%lug {hgtsﬁxji']n%l‘uo?ierbﬁ) q}x t()llheeea Todi%gnt,

deg han e-outer tee
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mechani sm used i n conjunction wth adjus

_Or ' E}:‘crc.e Fhe Eh@ﬁ‘ 51ethc7 clgﬁpér Qﬁcﬁdiﬁlgﬁioma&nﬁ@épﬁﬁ% i1Jl]deI' I?(f and lock
initial state. In the initial state the piston 40 is

| oc akeslscABB M tbe aiBRd I3thodtly e BitihIGRoVERHR SEMO Mandddl €0 as
orifices 550 are located to the right of seals 525 and

t husoulhBe hgptciiell By bheooH dndNEkAUGNRE Be nividgl e RAér: P B
As di scussed above, pressure is applied to the system
andditdi®urpi Slh Gs0bsdGieiDMAEISs, kb yhahdr@ MOt bifly frhwtlsdith Gckenf A1
until it contacts the body lock ring carrier 15. The
pr edistarrce raqaitcdas corygesh ad\splirgk withingtht epriap Gelde 70hdn some
mandrel 20 and the novenent of the piston al so causes
t heemtpdiowatmtthip inctementataiisthng] maviay/4 foclomotvéver thisudisthng@ondy
500. By way of exanple, pressure nmay be applied to the
sy slsrheviiodifiag by eanfitgohedmersionooef the/Pringi0chd smsing holder U0 ab
comuni cation with piston 40. A hydraulic line (not
shovir) asiths seepahef theepring3Gonnect or 570 and extends to
the surface. Pressure is applied through connector 570
t 0 noveABFhoiPriag 3Q basdprarrompletely spmpresseds Higrressyre Miyethen
enbodi nent shown in Figure 7 includes a restrictor

ri nty Boboff the systeaspliowingdhe pring 36 sorersy topls wenvprgsssd dtaist
erosign resistant material that allows m ninmal flow
pastushipe the sgring 19k 3P gndygp podygeck ring assemplyAyiag ingthe opposite
illystrates that enbodi t of Figure 7 after the

fi r‘g"t“tkﬁ’?'egéﬁtf‘oé%w e RS PESH B g bpdy orering Asteahly
The piston 40 has. epngaged the bady lock rin arrier
15 T id dheoS By PaE T Frieg e S5 GRtY Tk
ri 10, the ndr el . the. spri | pck .90 and.th

G or e isat i OBORE fapdctin it Ticn 5F i e BFE g ohppane
spr 0 t d_shoul der..211,.. th
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g gqhé Bial SR Bh2ho glig%g%gﬁ & £1§gwb§vt%ﬁe&%rog% he nm&m% oi{] g\g;

to conpress t I ng Int Spring
70. opﬁgstt@ Girdefi & ldfsSufsseR i RS dtaft XQJ}\Q in % dsQb 'ng\n%? 5 aéi?ﬁ o

have nove conpl etely past the seals 5 and 't hus,

SeddSwill e r@bgisl ;gf leselt &%réiﬁa@nkﬂﬂﬁft&em 1Pk n&%ﬁ%ﬁl@ Bp%ﬁs

ring 520 will sti imt mniml flowto the ui
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required to allow the mechanism to ratchet along the mandrel 20. Additionally, the
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Figure 9 illustrates the position of the adjustable
orifices 550 partially past the restrictor ring 520
after a nunber of pressure cycles have been applied to
the system This nay be the position the system would
be left in during production through the fluid port
500. As the downhol e reservoir is depleted, one or two
pressure cycles may be applied to the systemto nove
the orifices 550 farther past the restrictor ring 520
i ncreasi ng the flow path through fluid port 500

Fig str t.es adj abl.e o flces
ful l% c?y loc% assem uat bé sut%mentlg ht!aon éomw%l'bstan aTnount o ques dJre

The@(ﬁ‘%e‘d%? %@&9 e thi é@g c§t? O or&eP'E'ﬂa‘?Jth' eéclgx?l?rg and

urd port oW ng naX|nun1

The an/esﬁ'nﬁ Hlaxfh@el 8 Qﬁa@%ﬁ)& tn@ é@&‘i&ﬁé}l{ . r’lpllg g[??gl@gél? ny prgsglre

and further cyc es are prevent st op

21 eppt ?@t@ﬂn Rfovishe HRBSsn8 agalmo&fthetﬂaay Bbl@ﬁr%’bsé{%bly and
Fi gure illustrates the adjustable orifices
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right of the seals 525. The seals 525 prevent any

f | Ubdingrdsed vadinWRERDribd WIS 10l | GRIFcRRA 85, thb@imkhsitingl ofage t
500. The adjustable orifices are returned to the

cl osgeilg PO prdvidenfoniRndréhentandictitt nioSed Bt the RRAdrEIROt duding
initial position as indicated by the alignnent of the
man elck kubsdqognt Rrdssundicidie. t Afer the fnittab eyercthe frawt aphel:@dndreB20C K
pressure is applied to the system noving the mandre
20, argloiebdy |lepk kring | asgmbly senbimited ®phé digtaine| rekprired @, canpibtdihe
piston 40 to their original positions. C osing

pr esemprass the spaippBld-ed t hrough a closing |ine (not shown)
that extends fromthe surface to hydraulic connector
575. Hydhapissere cansaencaipdls@sled to ipgrenfeniallymevsrthamindeet 2bn
wi th the opposite side of piston 40. Connector 575

pr odeviehe gepemibbioingi] e snandsel thpsereachesia finshprsition.n ghet maadrel 20
closing |line (not shoggg to additional valve
assBapIFlade astppdil @Shoyn ekighssi7rHp that qoptapty the gision 49 whentthe
of assemblies in series, The aq%ustable orifices

and™P14R! d° psreconoe é“eé%“r%’aﬁei‘réﬁ‘tagce FigR P bReVEE furllifl

shown for illustratiaqns purposes and are but one
enb@ﬁpﬁﬁﬁfeﬁ?p?ﬁﬁ ﬁF&?@ﬂg dlsclosure The actua
confi gu stable orifices use

o LRy \%]W% mep e gﬂ@ﬁfﬁi P e ﬁaé*&*ﬂ%.mes%mﬁa‘@ tpove
vari ed .as ed
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enbodi ment e present |sc sure that provi
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upper step ratchet mechani smconprising a

S p r ékﬂgm hid a‘i{tq{avﬁ% the bEnefiPse 9 diddRured Lﬁ@&is@ gheI @&Kreﬁﬁpmaﬁ
body | ock ring holder 330, a body lock ring carrier

315ng#8 dhe b a9 dyick! m%kasganmg, ﬁmgrme/aéaﬁnmﬁ BRACE&H thelloRBe
end of a piston 3 A | ower step ratchet mechani sm
conprising a spring holder 400, a spring 410, a spring
| ock 480, a body | ock ring hol der 430, a body | ock
ring carrier 415, and a body |ock ring 420 may be
connected to the other



end of the piston 325. The conponents nmay be connected
and configured as the other enbodi nents as di scussed
above. The piston 325 and the upper and | ower
step ratchet nmechani smtravel along a chanber | ocated
between a top connector 130 and a mandrel 20. The
upper and | ower step ratchet nmechani sns may be
positioned adjacent an upper adapter 160 and a | ower
adapter 210 respectively. Pressure may be introduced
into the chanber via ports 200 or 105. The pressure
causgpid PR HBBLKIS itd QiR fositidl CAIREIRAS %%{g&{l& UPRRK

and | ower step ratchet nechani sns causes t ocat 1 on
of tphﬁsufﬂiﬁ@'b@ husehi @ hateGRESody Bcl@ﬁﬂgrhgemgl'y BELHE Yin 18i&: 70
body | ock rings 320, 420 engage the teeth on t%e
manawey fraddtha bwei eI 280 oARD 6B ginal Pbssion® A baik ik k¥ holder
allows for the increnmental novenent of the systemin
el t Nev isdiséeot dnciivr itfe Bo@R Ukl ring 10 to thEitgpUéoRnckbr $EOWRenShe
enbodi nent of the present disclosure that uses a
doulplaedrdrifiédmbed padkao kis ogitat poshifon.a Mk Bodg tdck @ihg Galddr i1 €0
62 in place of the body | ock collet 50 shown in Figure
2. Tickdespohrticdl gim1dpprsiived withinahesods Ibarringmirriar] 5aThd Hoey
enbodi nent of Figure 2. Pressure is applied to the

sy staskriag Holddid 1) plse dnluds awiplpigs WD tphsitionad tinangio epenings 1he
step ratchet nechani sm pushing the doubl ed ended body
| oc kehewt inEigu Sy itk bpdyllogiringHe. Thypxisbmmd 60 preveh@be miatign
fromthe upper adapter 160. The pressure causes the

i nt ek thohody toek fingsamienls relgirg to thehedy ok @ng 185 t o engage
teeth on the exterior of the mandrel 20 thus, also
novi ng iT18U%1 DFlgWE AR ehbslinessh Alethe erescnBdischanery ther B¢ & hedy
uppEJ a a&#er 160. The doubl e ended body | ock coll et
as s EIHFYeRCIand et SrisR O B Plass of thy bady lack dng Lhand dadieletior

LS e RREh e TS S s 5
LR B S RS e
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Wi t J?Jill& 58 tcﬁc{ﬁéig@ the Iﬂegéﬁséb g %he @ﬁerﬁ)p 8 rh%ﬂldgl SHLG a%io moving it

provides fof nore variation in the increnmenta
di SHiHIGR: (3P \Eifedd 1130 gw%aff&n IteCppdt aBaptey Gk¢ ¥y allelsgr\(@
the use of a stronger spring.
holder 70 contacts the lower adapter 210 the pressure is increased until the collet
assembly and the spring lock 90 completely compress 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.
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The | ower end of the double ended body |ock collet 55
may i nclude an upset 57 and a screw 56 in order to
prevent rotation between the doubl e ended body | ock
collet 55 and the body lock collet carrier 62. The
screw 56 may be positioned within a slot 59 (or

oversi zed hole) of the body |lock collet carrier 62 as
shown in Figure 14. The length of the body | ock coll et
carrier 62 may provide a gap 58 between the end of the
body | ock collet carrier 62 and the upset 57. The gap
provi des sufficient space for collet c rrler

62 to.
nmove doRATPTERSYTS MaK @'a@ &e fw@eq or (B s te of JP 1 B%ﬁpp?ymg
llet 5 t .
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friction rrng el ps I'ncrease friction to malntaln
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ring s being pushed bac he mandr el

Fi 9WE8S bel appreBiated by §&er<ﬁtoﬁn@go§khﬂn Ry &t @mngmebtbeh@fit bf #&S
the step ratchet nechani smof the present invention in

CONgistYairk. O Mikblvisé) tReinktifeR b naPlehdabd @18 bodsl DK EHlet] AaftmBd
I5B illustrate the systemin the initial position wth
t hepulithigURd adednblP byl 86 thel BwérhagdrO80 dingd ®5dkt th O3 . original
Figures 16A and 16B illustrate the first stroke of the
pr essitbe ANahadvay) thehpplsyisineihbadki pidsues miy/¥e weio nidSe the
illustrate the final stroke of the systemwth the

adj ey bk enllerasdemble and the ¢phieg haider Y0 opEe frenl tiedewdr adapter 210
Figures 18A and 18B illustrate the systemafter the
powethefiosigioal pasittbnsred todyllodkzvuldet hadden 11 leis eied tacAnd®r the bodye
orifices. In this enbodi nent, the step ratchet
me clhdndodeh S0rie khg derscoanedou Hl0evhen dednandie] 2t is GO0 ok todts
carrier 615, power piston 640, and mandrel 620. The

| ovesiginglopasition dfhe tady lpaldeler hplder|llb énsludesea gertigebpia 3low
slots 745 that may be positioned relative to one or
norRosifigngf mlthwtwoﬂb foeks coplatreayrier 80y Bhgrhody loek eqlletholisiutlilng
to provide an adjustable flow orifice_as nore_ful
destyiipdienatadpins BllqogHonsd irqugh pesaings Hhghpvinrn Slge*ﬁ é%r’(’ier
forped by mandrel 620 and piston housi ng 610.

ot by ook 7ol gl B ACH BRYenl Brrgen e B osos

that ext hr ough pi st 610. Th
R RIS T o
t hyd | nt t. sho . whij ch
S R S R e
d 641
| nCt eugrt%sSePth&) pc?orsllhr% ; q'a By rloc% ltlet%h 1nic usdest t|\qih in grhSrﬁlSl%&It g

t h € (QIH& file. gnllrggg o? Eh ett h %‘h{]rmrﬂ)exe !md lwidh of Ehe \&?lley ﬁngm%q

pressure IS ap rou e openi ng port
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Flgu tiron s In Frgure |

Pi ston housing 610 includes a return or close port 605
whi ch, |ike the opening port, term nates on one end at
a hydraullc connector for élhydraullc control line

(not shown). Surface pressure can be applied through
the control line, through port 605 to nove piston 640
back to its



initial position, shown in Figure 18A. Piston spacer
642 abuts one end of piston 640 and is slidably
received within the piston chanber and noves with the
pi st on. Doubl e ended collet 600 is a cylindrica
shaped sl eeve having a plurality of |ongitudinal slots
in the sleeve so the center section of the collet
(i.e., the collet fingers) can expand and contract. By
way of exanple, the collet has eight |ongitudina

slots that are located equally about the cylindrica

I f, fl
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the external ~surface ging collet carrier
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pins 622 that prevent rotation between the collet 600

andhg Bbdyl 188k &l daRie80. NEigirl 43hdvei R RibQimdro 8 FBLdyNEek
threads. Anti-rotation pin 622 extends through a sl ot
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to ratchet spacer 633 by pin 632. Ratchet spacer 633
andee¢tm b T biethe batist siugfadedile 6ot 68 Gtihy flapte CORhGgH with @ teeth
pusher sleeve, the collet carrier and the doubl e ended
col $1dbcateti bethe pdliet fingars S€ Mk Yodyesck golkt S0dadylinclude ohivgxdb3
within top connector 630. Pusher sl eeve 625
abulbsatedatdued the aerimegr tGdidinahdcopurstireshalgdy sk cdllaes0 to the
carrier when contacted by piston spacer 642, as shown
i n Badglnck cdlBAbol@ir 41 @ n Fapaeayle, iR 1¢ombypbsudeHenpihs baty
sl eeve when pressure is applied to power piston 640,
as ladksceHst belder b H) higughhd dperings 3P i thy bogy Bek ¢olitudPn pushes
agai nst _a shoul der of ratchet housing 650. The coll et
carri er Fighigéds gniserpgiricstien ploawodn dpciering Hrofome podimeniegf
threads of collet 600 and pushes the collet down,
cauls prgsentrlisclogrs- eTheripferqr s¥racoof the pade lack Fing i inglpdes teeth
mandr el 620. Thus Plston spacer 642 will ap

f or 2ehdt grerafapted 49 pelactivelyrengag thgjoute trgth Rt the 'afndf%éo The
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bet ween 't portion pring sl eeve

an %H%B@i{ x%lg h@%gr 1 1§| ﬁ&\éﬁa ek Bﬁ“(ﬁ B]é bd Fock

i nner” spring sleeve to t e outer sp |ng eeve pring
PUSREholBE Q1 EX LB R ép(eﬁlﬂgstl@?n HOMRY ReSRid 189 ar r angement
and, as shown in Figure 1 is used to conpress the
springs when contacted by ratchet housi ng 650. Wen
contacted by the ratchet housing, spring pusher
applies a force to connector 690, which in turn causes
secondary spring 675 to conpress against an i nward
shoul der radially extending“fromthe outer spring

sl eeve. Sinultaneously, the inner spring sleeve
conpresses primary spring 670 agai nst stop 695. As

W th previous enbodi nents, the double spring
arrangenent will return the collet and collet carrier
up relative to the mandrel when pressure is bled off

pi ston 640 and the spring returns to its

non- conpressed state. Thus, by cycling the opening
pressure on and off, the mandrel can be increnentally
noved downward toward the flow orifice nmechanism The
ability to increnentally nove the mandrel in a



The doubl e spring arrangenent abuts ratchet return
piston 700. In the event that springs 670 and 675
fail, ratchet return piston can be hydraulically
actuated to operate the valve. Piston 700 has two sea
stacks 701 and 702 on its exterior surface to provide
a piston area between the piston and the inner

di aneter of spring housing 710. A port 705 extends

t hrough the spring housing to provide conmmuni cation
bet ween the annul us and the piston area. To operate

ratchet return piston 700, pressure, faor exa e 500
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s| ey and30d osarttdeths | The 9@ degren degles fmayaetnally bs paly 8hdegrees on
carbide or other hard material. The outer orifice
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the mandrel is increnentally noved downwardly, slots
732 in the inner orifice sleeve will 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
may be adjusted to control the anmount of flow through
the orifice by incremental novenent of the mandrel as
descri bed above. Figure 178 illustrates the orifice in
the fully opened position. The carbide i nner and outer
orifice sleeves provide wear resistance to fluid flow
t hrough the orifice.



In one enbodi nent, piston housing 610 may incl ude an

i ndi cator port 607 which is in fluid conmunication
with the piston chanber. A hydraulic connector is
provi ded on the end of the port for a hydraulic Iine
(not shown). The hydraulic line, along with a pressure
relief valve, may be tied into the opening line to
all ow the indicator port to be used to nonitor the
position of piston 640 and mandrel 620. Mre
particularly, when piston 640 is returned to its
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i ndi cator port 607. When the return |ine pressure
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indicator port until the seal stack passes the port
upofiWePhback may bhmedifgdr withediffeaing fegsees drperiding op dsiappliostion The
i ndi cator port also provides a user with a way to
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contrql | ines for the system Al t hough vari ous
enb8§7%8%t s have been shown and described, the

i nventi imted to such enbodi nents and w | |
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mechari sm conpri & I’%ain el'is move upwargs to its orlgma} poFs)ltlon. 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 still sufficiently provide a face to engage with the teeth of the body
lock ring carrier as would be appreciated by one of ordinary skill in the art having
the benefit of this disclosure.
Angle D of the inner teeth 12 must be small enough to allow the body lock
ring to ratchet along the mandrel. The maximum that Angle D may be is

approximately 70 degrees. Angle B of the outer teeth 11 should be at least 20

degrees less than angle D of the inner teeth 12 to allow the body lock ring 10 to
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a. a mandrel with an outer dianeter and an outer
surface; b. a top connector with a proxi nmal and di stal
end and an inner dianmeter greater than the outer

di aneter of said mandrel, said top connector
surroundi ng said mandrel thereby creating a chanber
bet ween 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
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connector and said mandrel, said noveabl e piSton

adapiighdA bohsstks teaitital |y prevent fluid conmuni cation

between the port in said upper adapter and the port in

sai d | ovitgureadaph &fost-Kec@dhgVies dF GheCAPTRRREt mechanism used in
conjunction with adjustable orifices. Figure 7 depicts the mechanism in the initial
state. In the initial state the piston 40 is located against stop 131 of the top
connector. The orifices 550 are located to the right of seals 525 and thus, no fluid is
flowing through the fluid port 500. As discussed above, pressure is applied to the
system and the piston 40 moves away from the fluid port 500 until it contacts the
body lock ring carrier 15. The pressure causes the body lock ring to engage the
mandrel 20 and the movement of the piston also causes the movement of the
mandrel away from 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.

Figure 8 illustrates that embodiment of Figure 7 after the first pressure cycle

has been applied to the system. The piston 40 has engaged the body lock ring carrier

15 moving the body lock ring carrier 15, the body lock ring 10, the mandrel 20, the



f. a locking nmechani sm having an inner and outer
surface, said inner surface of said | ocking nechani sm
adapted to selectively engage said mandrel; g. a

| ocki ng mechani sm carrier having an inner and outer
surface, said inner surface of said | ocking mechani sm
carrier adapted to selectively engage the outer
surface of said | ocking mechanism and h. a spring

| ocated within a spring holder. 2. The step ratchet
mechani smof claim1 wherein said mandrel is

opeilg ﬁ“dg“@ékwogiﬁ@ e gﬁrﬁlg h{)l(aer%eawg DM e im'ilcl éért ;ﬁﬁs I”Itn% gprllmg

devi ces steprat chet chanismo
whe rh@l'd& @@h&omrsﬂmldeﬁﬂ 1, thus further movement of the mandrel 20 will

be limited to the incremental distance required for the spring lock 90 to compress the
spring 30 within the spring holder 70. After the first pressure cycle, the orifices 550
have move completely past the seals 525 and thus, the seals 525 are protected from
damage. The restrictor ring 520 will still limit minimal flow to the fluid port 500
when the orifices 550 are in this position.

Figure 9 illustrates the position of the adjustable orifices 550 partially past
the restrictor ring 520 after a number of pressure cycles have been applied to the
system. This may be the position the system would be left in during production
through the fluid port 500. As the downhole reservoir is depleted, one or two
pressure cycles may be applied to the system to move the orifices 550 farther past
the restrictor ring 520 increasing the flow path through fluid port 500.

Figure 10 illustrates the adjustable orifices 550 fully open and the step
mechanism completely cycled. The adjustable orifices 550 are completely aligned
with the fluid port 500 allowing maximum fluid flow. The piston 40 engages the
body lock ring carrier 15 and further cycles are prevented by the mandrel stop 21
contacting the upper portion of the piston 40. Figure 11 illustrates the adjustable
orifices 550 located in the fully closed position located to the right of the seals 525.
The seals 525 prevent any fluid flow between the orifices 550 and the fluid port 500.
The adjustable orifices are returned to the closed position when the mandrel is

returned to the initial position as indicated by the alignment of the mandrel stop 21



operatively connected to at one or nore adjustable
orifices and associated fluid ports for said

adj ustable orifices 4. The step ratchet nmechani sm of
claim3 wherein the novenent of the nandrel pernits
incremental adjustnent of the flow through said
adjustable orifices. 5. The step ratchet nmechani sm of
claim1 further conprising a stop or catch on said
mandrel |ocated within said chanber. 6. The step

rat chet mechani smof claim5 wherein said stop or

cat %ﬂh 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.

The adjustable orifices and fluid port of the embodiments of Figures 7-11 are
shown for illustrations purposes and are but one embodiment of the present
disclosure. The actual configuration of an adjustable orifices used in conjunction
with the step ratchet mechanism may be varied as would be appreciated by one of
ordinary skill in the art. Further, the step ratchet mechanism is applicable to drive a
varying number of downhole multi-position devices as would be appreciated by one
of ordinary skill in the art.

Figure 12 shows one embodiment of the present disclosure that provides for
ratcheting movement in both directions along a mandrel 20. An upper step ratchet
mechanism comprising a spring holder 300, a spring 310, a spring lock 380, a body
lock ring holder 330, a body lock ring carrier 315, and a body lock ring 320 may be
connected to one end of a piston 325. A lower step ratchet mechanism comprising a
spring holder 400, a spring 410, a spring lock 480, a body lock ring holder 430, a

body lock ring carrier 415, and a body lock ring 420 may be connected to the other
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conprises a lock ring holder and a ratchet |ock ring.
7. The step ratchet nechanismof claim1l wherein said
| ocki ng mechani sm conprises a body | ock ring having an
i nner and outer surface, said inner surface of said
body | ock ring adapted to selectively engage said
mandrel and said | ocki ng mechani smcarrier conprises
a body lock ring carrier having an i nner and outer
surface, said inner surface of said body |ock ring
carrier adapted to selectively engage the outer

Sur x%co% tl?e gtgnl 5b%¥ c%rﬁé:o%% rtsI rl;]l%obe connected artlde on d§a/utrc%ihas

anism alm nprising a
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rrng carrier
The piston 325 and the upper and lower step ratchet mechanism travel along

a chamber located between a top connector 130 and a mandrel 20. The upper and
lower step ratchet mechanisms may be positioned adjacent an upper adapter 160 and
a lower adapter 210 respectively. Pressure may be introduced into the chamber via
ports 200 or 105. The pressure causes the mandrel to move. The presence of the
upper and lower step ratchet mechanisms causes the location of the mandrel to
ratchet in either direction. The body lock rings 320, 420 engage the teeth on the
mandrel 20 as discussed above. This configuration allows for the incremental
movement of the system in either direction if needed.

Figure 14 shows an embodiment of the present disclosure that uses a double
ended body lock collet 55 and a collet carrier 62 in place of the body lock collet 50
shown in Figure 2. The mechanism operates in a similar manner as the embodiment
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 top connector 130 until it contacts a cylinder 34. The

cylinder 34 is positioned adjacent to one end of a spring 31 that is located within the



9. The step ratchet mechanismof claim?7 wherein said
body lock ring includes exterior teeth on the outer
surface adapted to engage teeth |ocated on the inner
surface of the body |ock ring carrier, said body |ock
ring 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 body lock ring are adapted to
sel ectively engage the teeth on the exterior of the
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lock ring to nove along the mandrel in a seco
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57 and agscrew 56 in order to prevent rotation between the double ended body lock

collet 55 and the body lock collet carrier 62. The screw 56 may be positioned within
a slot 59 (or oversized hole) of the body lock collet carrier 62 as shown in Figure 14.
The length of the body lock collet carrier 62 may provide a gap 58 between the end
of the body lock collet carrier 62 and the upset 57. The gap provides sufficient space
for collet carrier 62 to move downward to engage the threads of body lock collet 55.
The step mechanism may also include a friction ring 32 positioned adjacent to a
second end of the spring 31 and a beveled ring 33 positioned adjacent to the friction
ring 32. The friction ring 32 may be a split ring that is forced against the mandrel 20
by the beveled ring 33 as the spring 31 is compressed within the chamber of the
mechanism. The friction ring helps increase friction to maintain the mandrel in a
stationary position when the body lock ring is being pushed back up the mandrel.
Figures 15-18 illustrate another system that utilizes the step ratchet
mechanism of the present invention in conjunction with adjustable orifices. Figures

15A and 15B illustrate the system in the initial position with the adjustable orifices
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b. the first angled face of the interior teeth of the
body lock ring is inclined | ess than or equal to about
70 degrees fromthe 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
| ock ring at an angl e 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
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20 deficcees | ess than the angle at which the vertica
face of the exterior teeth of the body lock ring is
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communication with opening port 603 that extends through piston housing 610. The
opening port terminates at a hydraulic connector for connecting a hydraulic control
line (not shown) which extends to the surface of the well. Piston 640 includes upper
and lower seal stacks 641 which seal against the inner diameter of the piston housing
and the outer diameter of the mandrel respectively. When pressure is applied
through the opening port, piston 640 will move from the initial position shown in
Figure 15A to the position shown in Figure 16A. Piston housing 610 includes a
return or close port 605 which, like the opening port, terminates on one end at a
hydraulic connector for a hydraulic control line (not shown). Surface pressure can

be applied through the control line, through port 605 to move piston 640 back to its



14. The step ratchet nechani smof claim 13 further
conprising a body | ock collet holder attached to the
body | ock collet and the body |ock collet carrier.

15. The step ratchet mechani sm of claim 13 wherein
said body | ock collet includes exterior teeth on the
outer surface adapted to engage teeth |ocated on the
i nner surface of the body lock collet carrier, said
body | ock collet further conprising interior teeth on
the inner surface adapted to selectively engage teeth
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longitudinal slots that are located equally about the cylindrical sleeve creating a
number of flexible fingers with both ends of the fingers fixed. The collet includes an
upset area proximate the middle of each flexible finger with threads on the internal
surface for engaging mandrel 620 and larger, coarser threads on the external surface
for engaging collet carrier 615. The ratchet assembly preferably includes one or
more pins 622 that prevent rotation between the collet 600 and carrier 615 to
maintain alignment of the mating threads. Anti-rotation pin 622 extends through a
slot in ratchet housing 650. Pusher sleeve 625 is mounted to ratchet spacer 633 by
pin 632. Ratchet spacer 633 and ratchet housing 650 collectively contain the pusher
sleeve, the collet carrier and the double ended collet, the entire assembly being
slidably received within top connector 630.

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 turn 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



17. The step ratchet nechani smof claim 16 wherein a.
the vertical face of the exterior teeth of the body

| ock collet is inclined between about 80 to 95 degrees
fromthe horizontal plane of the exterior teeth of the
body lock collet; b. the first angled face of the
interior teeth of the body |ock collet is inclined

| ess than or equal to about 70 degrees fromthe

hori zontal plane of the interior teeth of the body

| ock collet; c. the angled face of the exterior teeth
of the ock.collet is inclined fromt N
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| oC iy paIM to provide more spring force. Secondary spring 675 is contained between

the upper portion of outer spring sleeve 680 and the inner spring sleeve 685.
Primary spring 670 is contained between the lower portion of the outer spring sleeve
and mandrel 620. Sleeve connector 690 connects the inner spring sleeve to the outer
spring sleeve. Spring pusher 660 extends from the double spring arrangement and,
as shown in Figure 16B, is used to compress the springs when contacted by ratchet
housing 650. When contacted by the ratchet housing, spring pusher applies a force
to connector 690, which in turn causes secondary spring 675 to compress against an
inward shoulder radially extending from the outer spring sleeve. Simultaneously,
the inner spring sleeve compresses primary spring 670 against stop 695. As with
previous embodiments, the double spring arrangement will return the collet and
collet carrier up relative to the mandrel when pressure is bled off piston 640 and the
spring returns to its non-compressed state. Thus, by cycling the opening pressure on
and off, the mandrel can be incrementally moved downward toward the flow orifice
mechanism. The ability to incrementally move the mandrel in a controlled fashion

allows for an adjustable flow orifice, as described.



e. the second angled face of the interior teeth of the
body lock collet is inclined fromthe horizontal plane
of the interior teeth of the body |ock collet at an
angl e about 20 degrees |l ess than the angle at which
the vertical face of the exterior teeth of the body
| ock collet is inclined fromthe horizontal plane of
the exterior teeth of the body |lock collet. 18.A step
ratchet mechani sm adapted for noving a mandrel in a
first direction and novi ng said mandrel in a second
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pressure, for example 500 psi, is applied to the return port 605. A larger 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 piston will act in
substantially the same way as the double spring arrangement. One of skill will
appreciate that the ratchet return piston may be used with other spring arrangements,
such as the spring arrangements describe in the other embodiments of the invention.
Increasing the pressure in the opening line again will cause the power piston to
incrementally move the mandrel down. These steps can be repeated as desired until
the systems orifice is fully opened as depicted in Figure 17.

The adjustable flow orifice preferably includes outer orifice sleeve 735 and

inner orifice sleeve 730, both sleeves made of wear resistant carbide or other hard



d. a | ower adapter connected to the distal end of said
top connector and adjacent to said 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
mandrel, said noveabl e piston adapted to substantially
prevent fluid communication between the port in said
upper adapter and the port in said | ower adapter

t hrough sai d chanber; f. a double ended body | ock
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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 more dogs
750 drop into a recess in the outer diameter of the mandrel to lock the inner orifice
sleeve to the mandrel, thereby allowing the inner orifice sleeve to move with
mandrel 620.

As the mandrel is incrementally moved downwardly, slots 732 in the inner
orifice sleeve will 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 may be adjusted to control the amount of
flow through the orifice by incremental movement of the mandrel as described
above. Figure 17B illustrates the orifice in the fully opened position. The carbide

inner and outer orifice sleeves provide wear resistance to fluid flow through the

orifice.



i. a cylinder adjacent to the proximl end of said
spring. 19.The step ratchet nechanismof claim 18
wherei n said a doubl e ended body | ock collet includes
exterior teeth on the outer surface adapted to engage
teeth | ocated on the inner surface of the a double
ended body lock collet carrier, said a double ended
body | ock collet further conprising interior teeth on
the inner surface adapted to selectively engage teeth
| ocat ed on the out er surface of the mandrel, wherein
said interior bl e. ended .body | oc
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first and a second angl ed face.
More particularly, when piston 640 is returned to its initial position, return line

pressure will be felt at indicator port 607. When the return line pressure exceeds the
opening pressure for the pressure relief valve, return line fluid can circulate from
return port 605, through the piston chamber, into indicator port 602, through the
pressure relief valve and up the opening control line to the surface, providing a
positive indication that the piston is in its initial position and the adjustable orifice is
in the closed position. The outer seal stack 641 on piston 640 will prevent the return
line fluid from reaching the indicator port until the seal stack passes the port upon
the piston’s arrival at its initial position. The indicator port also provides a user with
a way to circulate out any gas that may be in the hydraulic control lines for the
system.

Although various embodiments have been shown and described, the
invention is not limited to such embodiments and will be understood to include all

modifications and variations as would be apparent to one skilled in the art.
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21. The step ratchet mechani smof claim 20 wherein a.
the vertical face of the exterior teeth of the double
ended body | ock collet is inclined between about 80 to
95 degrees fromthe horizontal plane of the exterior
teeth of the double ended body |ock collet; b. the
first angled face of the interior teeth of the double
ended body lock collet is inclined | ess than or equa
to about 70 degrees fromthe horizontal plane of the
interior teeth of the double ended body | ock collet;

c. tweaanotednErce: of the exterior teeth of the double
ended body lock collet is inclined fromthe horizontal

pl ane 10f t Resi@Xtakhdt Ohech®@bNaddbted 16 Alow & LRGSO Pyt
| ock collet at an angl e about 20 degrees |ess than the
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teeth of the double ended body |ock collet is inclined
from the hmovemeintini fird dxaeionfsaitl ep latdhet fechanitiB €diprigig:t he
doubl e ended body | ock collet; d. the second angl ed
face of the ambeird @ith bre@itdn diahettriad sloankr suracled body
|l ock collet is inclined | ess than or equal to about 70
degr ees f riom toheotestieraotagiroxpha ael diftal tehdanidnh émeatiameter
teeth of the doubl e ended body |ock collet; and
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;

¢. 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. alower 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 located within said chamber adjacent to said top
connector 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;
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e. the second angled face of the interior teeth of the
doubl e ended body lock collet is inclined fromthe
hori zontal plane of the interior teeth of the double
ended body | ock collet at an angl e about 20 degrees

| ess than the angle at which the vertical face of the
exterior teeth of the double ended body |ock collet is
inclined fromthe horizontal plane of the exterior
teeth of the doubl e ended body |ock collet. 22. The
step ratchet mechani sm of claim 18 wherein said

mandr el |s ﬁgatlvel nected to one o
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24. The step ra ¢het nmechani sm of claim 23 wherein the
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direction; step ratchet nechani sm conpri sing:
h. a spring located within a spring holder.

2. The step ratchet mechanism of claim 1 wherein said mandrel is
operatively connected to one or more multi-position devices.

3. The step ratchet mechanism of claim 1 wherein said mandrel is
operatively connected to at one or more adjustable orifices and associated
fluid ports for said adjustable orifices.

4, The step ratchet mechanism of claim 3 wherein the movement of the
mandrel permits incremental adjustment of the flow through said
adjustable orifices.

5. The step ratchet mechanism of claim 1 further comprising a stop or catch
on said mandrel located within said chamber.

6. The step ratchet mechanism of claim5 wherein said stop or catch
comprises a lock ring holder and a ratchet lock ring.

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 ring adapted to selectively engage said mandrel



a. a mandrel with an outer dianmeter and an outer
surface; b. a top connector with a proxi nmal and di stal
end and an inner dianeter greater than the outer

di aneter of said mandrel, said top connector
surroundi ng said mandrel thereby creating a chanber
bet ween said top connector and said mandrel; c¢. an
upper adapter connected to the proximl end of said
top connector and adjacent to said mandrel, said upper
adapt er having a port in fluid conmuni cation with said

chanber ; %\d %alh (Po 1n %?n%l% c%r%@rl(}:%gltgﬁs%% 5 %Oéyhlgckdrlnsgt c%ll‘rler
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| ocated within said chanber adjacent to sa
connect or gidingai d mandrel, said noveable plston
adapted to substantially prevent fluid conmuni cation
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said | ower adapter through said chanber;
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 inner surface adapted to
selectively engage teeth located on the outer surface of the mandrel,
wherein said interior teeth of the body lock ring are adapted to selectively
engage the teeth on the exterior of the mandrel in a first direction and to
allow the body lock ring to move along the mandrel in a second direction.
10.  The step ratchet mechanism of claim 9 wherein said body lock ring
comprises a ring including a longitudinal gap in said ring.
11.  The step ratchet mechanism of claim 9 wherein the exterior teeth of the
body lock ring include a vertical face and an angled face and the interior

teeth of the body lock ring include a first and a second angled face.

12.  The step ratchet mechanism of claim 11 wherein
a. the vertical face of the exterior teeth of the body lock ring is inclined
between about 80 to 95 degrees from the horizontal plane of the

exterior teeth of the body lock ring;
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f. an upper | ocking nmechani smconnected to the
proxi mal end of said piston, said upper |ocking
mechani sm havi ng an i nner and outer surface, said

i nner surface of said upper |ocking nmechani sm adapted
to selectively engage said mandrel; g. an upper

| ocki ng mechani smcarrier having an inner and outer
surface, said inner surface of said upper |ocking
mechani sm carrier adapted to selectively engage the
outer surface of said upper |ocking nechanism h. an

upper sprifgml G lafifedMald b n8hd 43P Eth%?&%”&a&?‘?%cﬁ%g id
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sai d mandr%| e 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 is inclined

from the horizontal plane of the exterior teeth of the body lock ring.

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

14. The step ratchet mechanism of claim 13 further comprising a body lock
collet holder attached to the body lock collet and the body lock collet

carrier.



j. a lower |ocking nmechanismcarrier having an inner
and outer surface, said inner surface of said |ower

| ocki ng mechani sm carrier adapted to selectively
engage the outer surface of said | ower |ocking
mechani sm and k. a lower spring located wthin a

| ower spring holder. 26. The step ratchet mechani sm of
claim25 wherein said mandrel is operatively connected
to one or nore nulti-position devices. 27. The step
ratchet mechani sm of claim25 wherein said mandrel is
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located on the inner surface of the body lock collet carrier, said 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 the body lock 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.

16.  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.

17.  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;

b. the first angled face of the interior teeth of the body lock collet is
inclined less than or equal to about 70 degrees from the horizontal
plane of the interior teeth of the body lock collet;

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

from the horizontal plane of the interior teeth of the body lock collet;



28. The step ratchet nechanismof claim27 wherein the
i ncrenmental novenent of the mandrel permts

i ncrenental adjustnent of the flow through said
adjustable orifices. 29. The step ratchet nechani sm of
claim 25 wherein said upper | ocking nmechani smincludes
exterior teeth on the outer surface adapted to engage
teeth | ocated on the inner surface of the upper

| ocki ng mechani sm carrier, said upper |ocking
nechanisn1further conprising interior teeth on the
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a secon dov(ejrlngn?ﬁl a fc%st direction; said step ratchet mechanism comprising:

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

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;

¢. 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. alower 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;



30. The step ratchet nechanismof claim?29 wherein the
exterior teeth of the upper and | ower | ocking
mechani sms i nclude a vertical face and an angl ed face
and the interior teeth of the upper and | ower | ocking
mechani snms include a first and a second angl ed face.
31. The step ratchet nmechanismof claim30 wherein a.
the vertical face of the exterior teeth of the upper
and | ower | ocking nechanisns is inclined between about
80 to 95 degrees fromthe horizontal plane of the
exterior teeth of the quer and | ower | ocki
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chamiber;

f. adouble ended body lock collet having an inner and an outer surface,
said inner surface of said a double ended body lock collet adapted to
selectively engage said mandrel;

g. abody lock collet carrier having an inner and outer surface, said inner
surface of said body lock collet carrier adapted to selectively engage
the outer surface of said double ended body lock collet;

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.

19.  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 double ended body lock collet further comprising

interior teeth on the inner surface adapted to selectively engage teeth



of the upper and | ower |ocking nmechanisns at an angl e
about 20 degrees less than the angle at which the
first angled face of the interior teeth of the upper
and | ower | ocking nechanisnms is inclined fromthe
hori zontal plane of the interior teeth of the upper
and | ower | ocking nechanisns; d. the second angl ed
face of the interior teeth of the upper and | ower

| ocki ng mechanisns is inclined | ess than or equal to
about 70 degrees fromthe horizontal plane of the
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fromthe hpedggental plane of the exterior teeth of the
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21.  The step ratchet mechanism of claim 20 wherein

a. the vertical face of the exterior teeth of the double ended body lock
collet is inclined between about 80 to 95 degrees from the horizontal
plane of the exterior teeth of the double ended body lock collet;

b. the first 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;

c. the angled 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 at an angle about 20 degrees less than
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



22,

23.

24.

25.

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.

The step ratchet mechanism of claim 18 wherein said mandrel is

operatively connected to one or more multi-position devices.

The step ratchet mechanism of claim 18 wherein said mandrel is

operatively connected to at one or more adjustable orifices and associated

fluid ports for said adjustable orifices.

The step ratchet mechanism of claim 23 wherein the movement of the

mandrel permits incremental adjustment of the flow through said

adjustable orifices.

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. amandrel with an outer diameter and an outer surface;

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;



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;

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;

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 the port in said upper adapter and the port in
said lower adapter through said chamber;

an upper locking mechanism connected to the proximal end of said
piston, said upper locking mechanism having an inner and outer
surface, said inner surface of said upper locking mechanism adapted
to selectively engage said mandrel;

an upper locking mechanism carrier having an inner and outer
surface, said inner surface of said upper locking mechanism carrier
adapted to selectively engage the outer surface of said upper locking
mechanism;

an upper spring located within an upper spring holder;

a lower locking mechanism connected to the distal end of said piston,

said lower locking mechanism having an inner and outer surface, said
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26.

27.

28.

29.

inner surface of said lower locking mechanism adapted to selectively

engage said mandrel;

j- alower locking mechanism carrier having an inner and outer surface,

said inner surface of said lower locking mechanism carrier adapted to
selectively 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.
The step ratchet mechanism of claim 25 wherein said upper locking
mechanism includes exterior teeth on the outer surface adapted to engage
teeth located on the inner surface of the upper locking mechanism carrier,
said upper locking mechanism 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 the upper locking

mechanism are adapted to allow the locking mechanism to move along
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the mandrel in a first direction and to selectively engage the teeth on the
exterior of the mandrel in a second direction and said lower locking
mechanism includes exterior teeth on the outer surface adapted to engage
teeth located on the inner surface of the lower locking mechanism carrier,
said lower locking mechanism 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 the lower locking
mechanism are adapted to selectively engage the teeth on the exterior of
the mandrel in a first direction and to allow 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;

b. the first angled face of the interior teeth of the upper and lower
Tocking 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
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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.
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