DOMHOLE C-RI NG SLI P ASSEMBLY FI ELD OF THE | NVENTI ON The present
invention relates to downhole slip assenblies of the type used to secure a
tool within a downhole tubular in a well. Mre particularly, this
invention relates to a downhole slip assenbly having a c-ring slip
construction 5 capable of reliably w thstandi ng high axial | oads.
BACKGROUND OF THE | NVENTI ON Various types of slip assenblies have
been devised for securing a tool at a desired depth within a downhol e
tubul ar. Many such devices include nmultiple 10 slips, slip arns, cages,
and cones. Slip assenblies with dozens of downhol e conponents are
inherently a reliability concern. For exanple sLiﬁufégnents may fall off

a respective slip arm cRR/WNHOLE GrRING SUB ARSE tool. Slip
assenbl i es including nunerous conponents may al so cause | ocal

over st r essi ng TELR RE THEWAINENSI@®4si ng or ot her tubul ar due to tol erance
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the result of
5 capable of reliably withstanding high axial loads.

BACKGROUND OF THE INVENTION

Various types of slip assemblies have been devised for securing a tool at

a desired depth within a downhole tubular. Many such devices include multipie

10 slips, slip arms, cages, and cones. Slip assembiies with dozens of downhole

4 components are inherently a reliability concern. For exampie, slip segments may

fall off a respective slip arm, causing failure of the downhole tool. Slip

assemblies including numerous components may also cause local overstressing

of the downhole casing or other tubular due to tolerance variation buildup,

15 thereby causing casing failure due fo the non-uniformity of distributing stresses
over all the slip éegments.

Reducing oversiressing of a liner hanger body or a casing from a slip
assembly in high axial load applications conventionally requires a sufficient slip
area to handie the demanding ioads. increased ioads may be the result of the

20 longer and heavier liners, and their corresponding increased test pressures. To

achieve additional slip area, additional slips and cones may be used, or the slip



20 |l onger and heavier liners, and their correspondi ng increased test
pressures. To achieve additional slip area, additional slips and cones may
" be used, or the slip taper length may be nade | onger to achieve nore slip
area W t hout addi ng system conponents. U S. Patent 1,066,000

di scloses slips for anchoring in a well. The well packer disclosed in U S
Patents 4,512,399 and 4,582,134 include slips and an 5 expander wth

t apered expansion surfaces. U S. Patent 5,413,180 discloses a gravel
packi ng service tool with slips. US. Patent 5,906,240 discloses a c-ring
slip having a passageway for installation of |ines therethrough. U S

Pat ent 6, 655, 456 di scl oses a |iner hanger assenbly, and U.S. Patent

6, 761, 221 di schrsdengih Imayelpe Imadgdpnges Je mshigvenimarie 2l arganyithiqul @ddisay as
shown in Figures 2A 10 and 5. U S. Patent 6,739,398 discloses a |linger
hanger runni nFYSEBICOMPPPENS-ring slips, as shown in Figures 1G 2B, 8E, and
9A. The di sadvant ages of Bgeﬁgriorlart are ovenconelgyThge resent

i nvention, and an Pripr e 19PPG0R Qiscinpgs, siPg forElPieg & ¥alb1 TUF 5l n a
Id(lil\\A/nI;RI'(I)': (e]\lt mep%rckérndis%lo\éveeé !n Ll.l%. Bg{e%%snteg1%%99%%%%,@8%%4 i%cﬁudessHWalg: THE

5 expander with tapéred.expansion surfaces. U.S. Patent 5,413,180 disclosesra
gravel packing service tool with slips. U.S. Patent 5,906,240 discloses a c-ring
slip -having a passageway for installation of lines therethrough. U.S. Patent
6,655,456 discloses a liner hanger assembly, and U.S. Patent 6,761,221
discloses a liner hanger assembly with a c-ring slip body as shown in Figures 2A

10 and 5. U.S. Patent 6,739,398 discloses a linger hanger running tool with c-ring
slips, as shown in Figures 1G, 2B, 8E, and 9A.
The disadvantages of the prior art are overcome by the present invention,
and an improvéd slip assembly for securing a tool within a downhole tubular in a
well is hereinafter disclosed.
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In one enbodi ment, a slip assenbly is provided for securing a tool or
tubul ar wit hin another downhole tubular in a well. An upper c-ring slip
body and a |l ower c-ring slip body each include a plurality of
circunferentially spaced outer 5 gripping surfaces. An actuator nenber is
axially novable relative to both the upper and | ower c-ring slip bodies,
and has camm ng surfaces for engagenent with each slip body, which
preferably is biased radially outward for engagenent with the downhol e
tubular. A plurality of circunferentially spaced and axially extending
slats interconnect the upper and | ower slip bodies, wth each slat 10
havi ng a outer slat surface spaced radially inward of the upper and | ower
gri ppi ng sur f aB¢dMARY OF THRENENIHANF ur t her features and advant ages of the

present invention will becone apparent fromthe follow ng detailed
description, wherelmoteer@pedimant 3§ siprssesbly it Plavigad 4y ?e}ﬁ‘”’t'ﬂﬂeaé‘é@cﬂfpanyl ng
dramﬁngs 15 BRI EF DESCRI PTION OF T is.an

i sometric vi evy"?)‘f'art"ﬂ@'“carloi”}‘?@d@‘i""'}?"h@'?@ﬁb\”f ﬁ‘%L(ﬁrU'i‘Wﬁr Fﬂngﬁ'@ tqugsagﬂt
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r educed dlanet run-Tn confrguration, ortlons 0

assenbly are igure 6
is a side vi evﬁ/jbg}fgp%ﬁd&g% Ilegﬁ osﬂﬁ&?lérsl ?gd Eh?gérﬁig‘énsgﬁgce?rgort%nga %m%rﬁgaged or

enl arged di anBif eRASIH b&dy, whikd pl?éiértaug% biaked fadiafk) bmwa@s&rmigﬁgaﬁ@ns hown in
greater detail shown in Figures 7 )
with the downhole tubular. A p!urallty of circumferentially spaced and axially
extending slats interconnect the upper and lower slip bodies, with each staf
10 having a outer slat surface spaced radially inward of the upper and lower gripping
surfaces.
These and further features and advantéges of the present invention will
become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.
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DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Figure 1 depicts a
c-ring slip assenbly 60 which includes an upper c-ring slip body 12 and a
| ower c-ring slip body 14 each including a plurality of circunferentially
spaced outer gripping surfaces 18 and 16, respectively and also 5
preferably including a plurality of circunferentially spaced inner

gri ppi ng surfaces 20, 22, which also serve as cam engagi ng surfaces, as
di scussed bel ow. Each c-ring slip body thus includes a plurality of
circunferentially spaced gripping nenbers 24, with connecting sections 26
on each slip body not including outer gripping surfaces thereon, but
instead circunferentially and fixedly 10 interconnecting the

ci rcunf er ent | BRIFF HESCEF JONSPT AYEMAAYEINGS24. Each c-ring slip body
preferably has a circunferential span of at |east 250, and preferably at

| east 300. As showhgurg 1Hs g isemetriciview of Heeq-ringridie pesastbhcacepiig tathe 14 are
spaced axially apart, with this fixed axial spacing being provided by a
plurality of 1eenHEYRM®-ential |y spaced and axially extending slats 28

which rigidly integcon ect the ﬁgperfﬁEriqﬁTSwip bo%§ %%ﬁandchh% | ower
c-ring slip 14. EaCAU 124t 2R SEMEHT YIGHeY 1Y SEnap AR ATRA A SRl gpaced ‘
radially i ngvarog,e%fﬁmpgﬁdﬁbetég}g hggjt% ﬁ upper and | ower outer gripping
surfaces on"t he upper ‘an ower slip bodies, so that the slats
Figure 3 is a side view of a portion of a ¢-ring slip assembly in the reduced
diameter or run-in configuration, and portions of the slip assembly are shown in
greater detail in Figures 4 and 5.
Figure 6 is a side view of a portion of a ¢-ring siip assembly in the

10 engaged or enlarged diameter posiﬁon, and portions of the slip assembly are

shown in greater detail shown in Figures 7 and 8.



28 do not interfere with the slips gripping an outer tubular body, and
allow fluid to 20 flow axially in the gap between a slat 28 and the
tubular to be gripped by the slip assenbly. In a preferred enbodi nent, the
c-ring slip assenbly as. shown in Figure 1 is biased radially outward, and
may be retained in an inward position until released, at which tinme the
outward bias will cause the slip bodies to engage the downhol e outer
tubul ar. An actuator hanger body 68 as di scussed bel ow may force the outer
gripping surfaces 18, 16 into secured engagenment with an outer tubular and
may force inner gripping surfaces 20, 22 into secured engagenent with an
exterior surface of a tool conponent, such as actuator 5 hanger body 68. A
portion of secRkEDNEEROEIRIDPONRF BRBFERGEP &dMBIMERTExXiI al | ength of each
connecting section, as shown in Figure 1, thereby providing for axially
ext endi ng cut outs Bigure3ndegigte A crrigg slip apsemily hwhinl Bgiubdesogn pRpSr ctiRg set
c-ring slip assenbly. Figure 2 depicts a c-ring slip assenbly after

machi ni ng and -$Pi Qﬂdyyt*t? 8pd s lowpp Gring; iR Rand SRaP dedHding. 2| Rk Sdssenbl y

f ed h in Fi e .1 h h d, th nbl
woul d be sub] dpuaELsADgHatE g HBrie SMeart T PRLIY BT LPBRFRPoant |y
def t pof. the heat t L o S [ f i
body mmy unfeare ity it Roal PEH TR Secth 0RG {BPRb e e
casing Delng 9id BBAGhIQYalbdEordd b o2 HBRMING siriBedils listBes3 BURy) Ealh Fl gure

Yy nmac W an 1 r np

2 may be initia I'ne st conplete ring 40 and an

upper most  conpl gL sy BstyAhus adlides th pﬁlira{niwgif 8Fc%ﬁﬁér@rﬁtia‘h&ﬁ%§a:)cf@§1%_rliﬂiﬂing45 and

47, 48, 49 interconnecti'ng the ends of edch c-ring. Edc these bars is
removed by machimbag 2af Wit cdinbafg seblone f26amteddn sie Bbdyohod iRiuding @ater and

removal of these conponents along with large slat 52 ultimately creates a
ci rcunferenti ajrippidg Sshrfaces thereon, but instead circumferentialy - and fixedly
V 10 interconnecting the circumierentially spaced gripping members 24. Each c-ring
slip body preferably has a circumferential span of at least 250°, and preferably at
least 300°.
As shown in Figure 1, the upper and lower crings 12, 14 are spaced
axially apart, with this fixed axial spacing being provided by a plurality of
15 circumferentially spaced and axially extending siats 28 which rigidly interconnect
the upper c-ring slip body 12 and the lower c-ring slip 14. Each siat has an outer
slat surface 30 which is spaced radially inward of both the adjacent upper and
lower ouier gripping surfaces on the upper and lower siip bodies, so that the slats
28 do not interfere with the slips gripping an outer tubular body, and aliow fluid to
20 flow axially in the gap between a slat 28 and the tubular to be gripped by the slip
assembly. In a preferred embodiment, the cring slip assembly as shown in

Figure 1 is biased radially outward, and may be retained in an inward position

until released, at which time the outward bias will cause the slip bodies to engage



20 as shown in Figure 1 between the ends of each of the upper and | ower
c-rings. The connection sections 26 each between a pair of
circunferentially spaced gripping nenbers 24 as shown in Figure 1 may be
formed by renoving portions of bars 49 and 45 after stress relief and

har deni ng operations. The circunferential bars 45 and 49 preferably

ext end between ends of adjacent gripping nenbers 24 to naintain the
desired shape of the slip assenbly during heat treating. Figure 2 also
depicts a plurality of circunferential bars 56, 58 which act between
circunferentially spaced slats 28. These additional axially 5 spaced bars
al so maintain the desired geonetry of the slip assenbly during heat
treating, and teabeegudnblipr fbelar.edovastialyy hangdri bwoy of asr disguesad bejowm si zabl e
gap between adjacent slats 28. The circunferential w dth of each slat 28
preferably is MmaskoraeHhe ovige goprirdsHriaeent§.al6 ipjodenured eagagemeabwipan 34

bet ween adj acent gri ppi ng nmenbers 24. 10The configuration of the slip
assenbly as sHWRT URUIRS GDF eMaY tfafGe IAREMIUARTY EYERCRR 0 F FBNSSEYIPAti on and
cl ose tol erances between conponents

h g | nb| y, duri
ehi i g | ot OGRS Gt S GNP NIHEF dbih G BUBEAEToRUh BRGRIHIRG |-
oi nt 5. | 15RBr APPHG=HaEPn & B RrL el AR e Sy AR e
cirount er ont | alloty SPOERCARBARE LLABNSEELRRFN gl O he L BHTLPLEN |

-and radial gap weén each connécting section and the out war d

tubular to be BipPeaendidd @R6RY 34, A Wiich @shit Hiad dnhaed MeWPas: tibiss L he slip
assenbly is set. reover, each of the plurality of upper and | ower

gri ppi ng nenbeing siftadsemblyde axi ally extending slip 20 portions 15, as
shown in Figure 1, which extend axially beyond the adjacent connecting
sections 26 to forFRygaed depitd £ceing sk agamblAieSrmativiivgeanl @idy acariss gri ppi ng

menbers, so that the axial |ength of connection section 26 is |ess than
t he axi al hengelevin antdasigpiag.e fitthegasspmblygvame maeufsct@éd as shown infage C-ri ng
body 12, 14 preferably includes a solid G shaped ring, as shown in Figure
1. The upper G aidiershéa tigatbd, the hesanehlie woudd be rsybisttigh tcokigly stresa droinkse
plurality of slats are preferably formed as a unitary structure, and
preferably a mBdikely Hruics signifigantiis defprB asng iresuilt f jthe BealdFASHINY RPC8FFown i n
Figure 1 may thus ) . ) i .
Since warping of a slip body may undesirably cause nonuniform loading of the
slip body on the casing being gripped by the slip assembly, the unit as shown in
15 Figure 2 may be initlally machined with an lowermost compiete ring 40 and an
uppermost complete ring 42, and with circumferential bars 43, 44, 45 and 47, 48,
49 interconnecting the ends of each c-ring. Each of these bars is removed by
machining after stress relief and hardening operations, and removal of these
components along with large slat 52 uitimately creates a circumferential gap 54
20 as shown in Figure 1 between the ends of each of the upper and lower c-rings.
The connection sections 26 each between a pair of circumferentially spaced

gripping members 24 as shown in Figure 1 may be formed by removing poriions

of bars 49 and 45 after stress relief and hardening operations. The



5 first be machined froma single tubular piece to formthe shape as shown
in Figure 2, then the slip assenbly subjected to stress relief and slip

t oot h hardeni ng operations, and subsequently nachined to formthe final
shape as shown in Figure 1. Referring nowto Figure 3, the slip assenbly
60 on the downhole tool is 10 positioned within an outer tubular OT at the
desired depth in the well. The tool includes a mandrel 62 having a central
bore 64 for passage of fluid. An annulus 65 thus exists between the QD of
mandrel 62 and the ID of actuator nmenber 68. The slip assenbly as shown in
Figure 3 is thus in the reduced dianeter or run-in position with the
gripping surface 16, 18 as shown in Figure 1 being out of 15 engagenent
with the i nnercirsumipteptialdiarg H6 @it 49 nreferiablyrextsnd h%wa%t GadoP! Ad , such
as |iner hanger actuator bod is provided radj al

, 68, i 'y withip the slip

body and i ncl (HiBRINgpIsEIPeERr IPoMRFainalpe AERIeE AP hY ﬁFI%€§?”?8‘%§B% Fi gure

body (see Fi gdiat H5diny bt 2 asspiisos PDraiRLE’ ASURETERLR 5 PR+ espect

to th lip b t 20 th | i J

rechani sms | ROV Goran i mat oy e Bis S D hbra ot

wei ght. Varo DaletRfrs 9o @%ﬁ'lltin 8 dEBYedYeoHRflof fle %ﬁ?édssgﬁlBWﬂng} R&gtact uat or
er s shown in Fig udi ng O-

68 and the pac eeve ure 3, Inc n ring or

Chevron- type paghi BAd sibsehGerl aFPfefolEPBY Rachining for créiii@gﬁé 8iz4blk apn
enl arged view of an upper portion of the slip assenbly shown in Figure 3

and il ustrat gemdendopRb@rsidebal Thé tireuBdérentadvwintt einetich Gietl awmpvasrebly o t he
slip body and having a catch nenber 76 at the | ower end thereof for

fitting wthinstidse thes pec tiralenigrenity avidih df eacs|gap B4 baiwhend ddibents|ip
body in the run-in 5 position. Each of the upper and |ower slip bodies may
be bi ased r adigipbipg owetmivars®4. and i ncl udes a retainer 71 as shown in Figure
4 for preventing the slip body fromnoving radially outward into
engagenent 1&i t h t hEheowpefiguralibn| &r therslipnasgemblive ag oHewWpalik Eigus delws80 (see

Figure 3) and the tie bars 14 npve axialg¥ﬁto rel ease the %%%P body.
Figure 5 is a "aietaing dp deskigd seniiguraliRe ang GHase dpIegnCasHE P COfPORE Y. | y
shown in Figure 3, and illustrates. the radially outer teeth, 16 and the

i nner teeth ZiorsWB\Féﬂ'"pﬁ"?iaéiﬁ'@?ﬂguﬂnﬂ pachining: 6t1r3/sPﬁglleg.cqu§99}P "BEREYP 68 has

glo yggbﬁgvg;\gggge?aﬂg}lﬁhm&g%gii_g g%& p%ﬁ&meg%iﬁlur%iﬁge%sco(?ﬁeré Poere@lﬁééjgﬁe%rs member

concentration points.

15 Referring again to Figure 1, the reduced diameter of the circumferentially
spaced connécting sections 26 forms a circumferential and radial gap between
each connecting section and the radially outward tubular to be gripped, thereby
forming a fiuid flow channel when the slip assembly is set. Moreover, each of the

| piurality of upper and iower gripping members 24 include axially extending siip

20 portions 15, as shown in Figure 1, which extend axially beyond the adjacent
connecting sections 26 to form a circumferential gap 32, 34 between adjacent
gripping members, so that the axial length of connection section 26 is less than

.the axial length of the adjacent gripping members 24.



surfaces on the slip body, thereby forcing the slip body into gripping
engagenent 15 with the outer tubular OT. It should be understood that the
upper and | ower gripping surfaces on the slip body may be forned by
axially spaced gripping teeth, although various other fornms for grippingly
engagi ng the tubular may be provided, including grit surfaces. Teeth 16,
18 on the outside of each gripping nenber 24, as shown nore clearly in
Figure 7, may have downwardly angled 20 teeth, so that the teeth dig into
the outer tubular OT and prevent the slip assenblies fromsliding downward
with respect to the outer tubular. The inner surface 20, 22 on the slip
bodi es 12 and 14 may have upwardly projecting teeth, so that these inner
teeth engage the sFagh Gfitg Peexd2¢ F\‘é pegferably dnahides 3 FRilE G-AkaRsd B 8%

shown in Figure 1. The upper C-ring slip body, the lower C-ring slip body, and

the plurality of slats are preferabl_y formed as a unitary structure, and preferably a

monolithic structure. The entire slip assembly as shown in Figure 1 may thus

5 firsi be machined from a single tubular piece to form the shape as shown in

Figure 2, then the slip assembliy subjected to stress relief and slip tooth

hardening operations, and sﬁbsequently machined to form the final shape as
shown in Figure 1.

" Referring now to Figure 3, the slip assembly 60 on the downhole tool is

10 positioned within an outer tubular OT at the desired dépth in the well. The tool

includes a mandrel 62 having a central bore 64 for passage of fluid. An annulus

65 thus exists between the OD of mandrel 62 and the ID of actuator member 68.

The slip assembly as shown in Figure 3 is thus in the reduced diameter or run-in

position with the gripping surface 16, 18 as shown in Figure 1 being out of

15 engagement with the inner surface of the outer tubular OT. An actuator member,

such as liner hanger actuator body 68, is provided radially within the siip body

. and includes upper and lower tapered camming surfaces 70 (see Figure 6) for

sliding engagement with the interior surfaces 20, 22 of the slip body (see Figure

1). Actuator member 68 is thus moved axially with respect to the slip body to set

20 the slips, and may be powered by various mechanisms, including hydraulically

actuated pistons and/or set down weight. Various fypes of seals 78 may be used

to seal between the actuator 68 and the packer sleeve 80 shown in Figure 3,

including O-ring or Chevron- fype packing in one or more grooves.



“tapered surface of the actuator menber when the actuator nenber noves
downward, thereby axially locking the position of the actuator nenber with
respect to the outer tubular OT. By providing a slip body as disclosed
herein including an upper Cring slip 5 body and a lower Cring slip body,
substantial axial forces nmay be transferred froma slip assenbly to the
tubul ar being gripped. It is significant that the desired high gripping
forces are uniformy applied to each gripping surface on the slip body,
and this objective is obtained by providing a unitary and preferably a
nmonol i thic slip body, as disclosed herein. This unitary slip body thus
cooperates 10 with an actuator menber which is also unitary from at |east
that part of the cEHgNRMyissan pAGEEEViemET 4B tupREOPOTRINBeie\#iP AsseMdhges t he
interior surfaces of the upper Cring slip nbers_12 and the actuator
nmenber cannin@h@M?FH%%%B@ﬁﬁewugﬁﬁﬁyé%ﬁﬁg”PS%EPeEﬁ?ﬁ%&xgp&BQ WA 14.
Significant a :
g (;tlc\{ t %tszﬂg ggdyaafn% having a caich member 76 at the lower end thereof for fitting
within the respective groove in the slip body to hold the siip body in the run-in
5 position. Each of the upper and lower slip bodies may be biased radially
outward, and includes a retainer 71 as shown in Figure 4 for preventing the slip
body from moving radially outward into engagement with the outer tubuiar OT
until the cone packer sleeve 80 (see Figure 3) and the tie bars 14 move axially to
release the'slip body. Figure 5 is a detailed view of a lower portion of the slip
10 assembly shown in Figure 3, and illustrates the radially outer teeth 16 and the
inner teeth 22 shown in Figure 1.

In Figure 6, the actuator member 68 has moved downward, so that the
inner camming surfaces on the actuator member slidably engage the inner
surfaces on the slip body, thereby forcing the slip bedy into gripping engagement

15 with the outer tubular OT. It should be understood that the upper and lower
gripping surfaces on the slip body may be formed by axially spaced gripping
teeth, although various other forms for grippingly engaging the tubular may be
provided, including grit surfaces. Teeth 16, 18 on the outside of each grippiﬁg
member 24, as shown more clearly in Figure 7, may have downwardly angled

20 teeth, so that the teeth dig into the outer tubular OT and prevent the slip
assemblies from sliding downward with respect to the outer tubular. The inner

surface 20, 22 on the slip bodies 12 and 14 may have upwardly projecting teeth,

so that these inner teeth engage the slip and force the slip to bite into the exterior



obtained by greatly reducing the nunber of slip assenbly conponents
conpared 15 to prior art assenblies. Mreover, dinensional stability is
achi eved between cammi ng surfaces on the actuator nenber, the interior
surfaces of the slip bodies engaged by the actuator member, and the outer
gripping surfaces of the slip body which engage the tubular being gripped.
Manuf acturing tol erances may thus ensure that each of the upper G ring
slip body and lower Cring slip body 20 are rel eased together and nove

si mul t aneously outward to uniformy engage the tubular. Mreover, the
upper and lower slips are axially 'fixed" or spaced apart relate to the
actuator camm ng surfaces so that the actuator exerts substantially the
same radial f dareeedopurtase ofsthe pActugiarcRempert When Hige pEIYAIST FEMBPART MOVES/ t he

sanme -
downward, thereby axially focking the position of the actuator member with

respect to the outer tubular OT.
By providing a slip body as disciosed herein including an upper C-ring slip
5 body and a lower C-ring slip body, substantial axial forces may be transferred
from a slip assembly to the tubular being gripped. It is significant that the desired
high gripping forces are uniformly applied to each gripping surface on the slip
body, and this objective is obtained by providing a unitary and preferably a
monolithic slip body, as disclosed herein. This unitary sfip body thus cooperates
10 with an actuator member which is also unitary from at least that part of the
camming surface on the actuator member which engages the interior surfaces of
the upper C-ring slip members 12 and the actuator member camming surfaces
which engage the lower C-ring slip members 14. Significant advantages are
obtained by greatly reducing the number of siip assembly components compared
15 to priqr art assemblies. Moreover, dimensional stability is achieved between
camming surfaces on the actuator member, the interior surfaces of the slip
bodies engaged by the actuator member, and the outer gripping surfaces of the
slip body which engage the tubular being gripped. Manufacturing tolerances may
thus ensure that each of the upper C-ring siip body and lower C-ring slip body
20 are released together and move simultaneously outward to uniformly engage the
tubular. Moreover, the upper and lower slips are axially “fixed” or spaced apart
relate to the actuator camming surfaces so that the actuator exerts substantially

the same radial force on each slip, which in turn exerts substantially the same

-10 -



force on. on the tubular being gripped. The taper on the camm ng surfaces
of the actuator nenber and the slip body may be controlled to accommbdat e
the desired load. In sone applications, three or nore integral slip bodies
may be provided each noving in response to a single actuator. 5Although
speci fic enbodi nents of the invention have been described herein in sone
detail, this has been done solely for the purposes of explaining the

vari ous aspects of the invention, and is not intended to limt the scope
of the invention as defined in the clainms which follow. Those skilled in
the art will understand that the enbodi mrent shown and described is

exenpl ary, and various 10 other substitutions, alterations and

modi fi cat i ons ferceoh aatheguibuiar beig drippgd. ethettaper RO e wawning syfaces ¢fdbe ves
specifically discussed herein, may be made in the practice of the

i nvention w t lGtuatod apramier it the nslipt kpdy cBpe be oppjrafied do acapmBeAaie:thg A s|ip
assenbly for securing a tool or tubular within anoth r,q? hol e %ubular in
a wel |, the sldepressleadn In SeBHBPRISRIRDS: WP YpBPeCMFYAGSIE PS5 JBYY PRl udi ng
a plurality of ciycunferentially spaced.5 outer upper gripping surfaces
and a pl ur al i (YPVIREdBAELIPYPS (1B ng‘ﬁ BRgle aCWAON T T yer C-ring slip body

 netuding agp! U al MobuGl spedifil TBbEREHE! ding AR R kY RbodibbdP! O -
surfaces and a pl ur |9y BT hEerior I ower surtaces, the upper Cring slip
body bei ng axialdiy i SRAREEAT MR hEE bV EEneSedidiy Br HHd PurRRRY of explaining
the various aspects of the invention, and is not intended to limit the scope of the
invention as defined in the claims which foliow. Those skilled in the art will
understand that the embodiment shown and described is exemplary, and various
10 other substitutions, alterations and modifications, including -but not limited to

those design alternatives specifically discussed herein, may be made in the

practice of the invention without departing from its scope.

-11 -



an actuator nmenber axially novable relative to both the upper and | ower 10
C-ring slip bodies, the actuator nenber having a radially outer upper
camm ng surface for engagenment with the plurality of interior upper
surfaces on the upper Cring slip body and a radially outer |ower canmm ng
surface axially fixed relative to the upper canm ng surface for engagenent
with the plurality of interior |lower surfaces on the lower CGring slip
body; and 15a plurality of circunferentially spaced and axially extending
slats each axially fixedly interconnecting the upper Cring slip body and
the lower Cring slip body, each slat having an outer slat surface
radially inward of the upper and | ower outer gripping surfaces. 202. Aslip
assenbly as deNHA&MS ChAIEH ¥ 1, wherein each of the upper Gring slip body
and the lower Cring slip body is biased radially outward for engagenent
with the another dbwnhéi &l @stamly for securing 2 iogl sqritHb‘éi%rsé’H'B'Pya’H’Q%ﬂefi ned
in Caim2, further c rj sing; , a retainer. for preventing radially
out war d novenéjr?f"’"B‘Fief‘ﬁ’%ﬁﬁﬁewg'thiSH@a%ﬁemﬁ’b"(?wn%{ﬂ% the lower C-ring slip
body prior to axial novenent of the.a tor . . slip
assembly as defi ne F?Pef:lrégrimr% %p b\?ﬁ’é}n&ﬁjﬁ%g ac?’?%ﬁg?g(rgigch]ﬁfea{?m'g%s%agf @een

adj acent axga|<{u¥er%£§%qbﬂlgg édn%[zés ir%rmuﬁlitglopﬁ'@riaxj lR)WeFmQEl%lg when the slip

assenbly is se
a lower C-ring slip body including a plurality of circumferentially spaced

outér lower gripping surfaces and a plurality of interior lower surfaces, the upper
C-ring slip body being axially spaced from the lower C-ring slip body;

an actuator member axially movable relative to both the upper and lower

10 C-ring slip bodies, the actuator member having a radially outer upper camming

sun‘acé for engagement with the plurality of interior upper surfaces on the upper

- C-ring slip bedy and a radially outer lower camming surface axially fixed relative

to the upper camming surface for engagement with the plurality of interior lower

surfaces on the iower C-ring slip body; and

15 a plurality of circumferentially spaced and axially extending slats each

axially fixedly interconnecting the upper C-ring slip body and the lower C-ring slip

body, each slat having an outer slat surface radially inward of the upper and

tower outer gripping surfaces.
20 2. A slip assembly as defined in Claim 1, wherein each of the upper

C-ring slip body and the lower C-ring slip body is biased radially outward for

engagement with the another downhole tubuiar.
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105. A slip assenbly as defined in Caim4, wherein each of the plurality
of outer upper gripping surfaces and each of the plurality of outer |ower
gripping surfaces include circunferentially spaced and axially extendi ng
slip body portions each circunferentially spaced from another of the slip
body portions by a circunferential gap. 15 6. A slip assenbly as defined in
Claiml1l, wherein each of the plurality of slats has a circunferenti al
width [ ess than a circunferential wdth of a circunferential gap between
circunferentially adjacent slats. 207.A slip assenbly as defined in Caim
1, wherein each slip body includes a solid Cshaped ring. 8. Aslip
assenbly as defined in aim1l, wherein the upper Cring slip body, the
lower C-ring slip bodyAieassesbh ﬁﬁrc&lf’i‘qcﬂ/'”&'a'@l%f@harr‘@”ipﬂ?'ﬁ%d as a unitary

structure. 59. A slip assenbly as _defined in Cla mp ein t@e upper
Cring slip a retainer for pfeventing radially outward movement of the upper C-ring

slip body and the lower C-ring slip body prior to axial movement of the actuator

member.

4. A slip assembly as defined in Claim 1, wherein a circumferential
gap between adjacent axially extending slats forms a fluid flow channel when the

slip assembly is set.

10 5. A slip assembly as defined in Claim 4, wherein each of the plurality
of outer upper gripping surfaces and each of the plurality of outer lower gripping
surfaces include circumferentially spaced and axially extending siip body portions
each circumferentially spaced from another of the slip body portions by a
circumferential gap.

15

6. A slip assembly as defined in Claim 1, wherein each of the plurality
of slats has a circumferential width less than a circumferential width of a

circumferential gap between circumferentially adjacent slats.

20 7. A slip assembly as defined in Claim 1, wherein each slip body

includes a solid C-shaped ring.
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body, the lower Cring slip body and the plurality of slats are forned as
a nonolithic structure. -10. A slip assenbly as defined in Caim
1, wherein each of the plurality 10 of upper gripping surfaces and | ower
gri pping surfaces include axially spaced gripping teeth. 11. A
slip assenbly for use wth an axially novabl e actuator nenber for securing
a tool or a tubular wthin another downhole tubular in a well, the slip 15
assenbly conpri sing: an upper Cring slip body including a plurality
of circunferentially spaced outer upper gripping surfaces and a radially
interior upper surface; a lower CGring slip body including a
plurality of circunferentially spaced outer |ower gripping surfaces and a
radially interior $oweA sipessembly asr@ﬁa@biercl@zd,wﬁrgir@ﬁe BPRSH Sy ingeiim g
axially spaced fromthe lower Cring slip body; a plurality of

ci rcunf er ent i Ay tplawetCHing st bedy anddhe BH@IY T sirigtase fosmpd pF 2&ANRFY

i nterconnecting the upper CGring slip body and the lower Cring slip body;
and eadHud¥ret he plurality of outer upper gripping surfaces and each
of the plurality of outer lower gripping surfaces are circunferentially
spaced from another of the respective outer upper gripping surfaces and
the outer |power grg ppi , i - i T, i 5 A slip
assenbl y asgdefi ne% i nr'l%hg%r%efﬁlﬁ %ﬁe’eﬂ‘@?ﬁhgﬁﬁf%&ﬂ ?%‘erﬂh%[g)g% 8‘3, }r}%ﬁ%&sl ip

body and the 'bﬁ)@frthg'IBJvélgcﬁln'gpsiiBo&Bﬂyiéwdb{hasﬁ&#aﬁtacﬂfa_ildty R ioMRed dsO0h

engagenment wt he anot her downhol & tubul ar.
monolithic struciure.

10. A slip assembly as defined in Claim 1, wherein each of the piurality
10 of upper gripping surfaces and lower gripping surfaces include axially spaced

gripping teeth.

11. A slip assembly for use with an axially movable actuator member
for securing a tool or a tubular within another downhole tubular in a well, the slip
15 assembly comprising:
an upper C-ring slip body including a plurality of circumferentially spaced
ou.ter upper gripping surfaces and a radially interior upper surface;
a lower C-ring slip body including a plurality of circumferentially spaced
outer lower gripping surfaces and a radially interior lower surface, the upper G-
20 ring slip body being axially spaced from the lower C-ring slip body;
a plurality of circumferentially spaced and axially extending slats each
fixedly interconnecting the upper G-ring siip body and the lower C-ring slip body;

and
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1013. A slip assenbly as defined in Caim1l, wherein the upper Cring slip
body, the lower Cring slip body and the plurality of slats are forned as
a nonolithic structure. 14. A slip assenbly as defined in Caim
11, wherein each of the 15 plurality of outer upper gripping surfaces are
i nterconnected by a solid Cshaped ring, and each of the plurality of
outer upper gripping surfaces extend axially fromthe solid C shaped ring.
15. A slip assenbly for securing a tool or tubular wthin another 20
downhol e tubular in a well, the slip assenbly conprising: an upper
Cring slip body including a plurality of circunferentially spaced and

axi ally extending outer upper gripping surfaces and a radially interior
upper canmming sur feass;of the pluraly ob@aier @rrar iiPRING SUBRYES dMHcParlididha -
plurality of circunferentially spaced and axi al.l xt endi ng outer | ower

gri ppi ng sur f Jualitg o oxter J@VaT I)PRIRG SpfiaGes | %ﬁe‘i’rcﬁ'g g ysﬁ‘??cgaef,mr? he upper

Cring slip body being axially spaced froma |lower C-ri S y; 5an
act uat or menbeORRY &l HV ??69%%'%% oM éipp?/egrt'p@_mﬁo?%%%se?ﬂ%g%r ogﬁg lqle‘%\?ver
Cring slip bodi esqz pctél%il?er&;labct uat orrnferrnesnr{rigfe&aphaV| ng a radially outer upper

canmi ng surf actPPg N Eifgagenent Wi th the interior upper caming

surface on the upper CGring slip body and a radially outer | ower camm ng
surface axially fixed relative to the upper camm ng surface for sliding

elngagg”g”t Wi th they i nirediih Alssakfbiy Q¥B5ined THCAGN $UViRSENn elcr dtand aygs C-ring
Sl 1 p body;
C-ring slip body and the lower C-ring slip body is biased radially outward for

engagement with the another downhole tubular.

10 13. A slip assembly as defined in Claim 11, wherein the upper C-ring
slip body, the lower C-ring slip body and the plurality of slats are formed as a

monolithic structure.

14, A slip assembly as defined in Claim 11, wherein each of the
15 plurality of outer upper gripping surfaces are interconnected by a solid C-shaped
ring, and each of the plurality of outer upper gripping surfaces extend axially from

the solid C-shaped ring.

15. A slip assembly for securing a tool or tubular within another

20 downhole tubular in a well, the slip assembly comprising:
an upper C-ring slip body including a plurality of circumferentially spaced
and axially extending outer upper gripping surfaces and a radially interior upper

camming surface;
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a plurality of axially extending slats each fixedly interconnecting the
upper Cring slip body and the lower Cring slip body; and - each of
the plurality of- outer upper gripping surfaces are interconnected by an
upper C-shaped ring, and each of the plurality of outer |ower gripping
surfaces 15 are interconnected by a |ower C-shaped ring. 16. Aslip
assenbly as defined in Caim1l5, further conprising: a retainer for
preventing radially outward novenent of the upper Cring slip body and the
|l ower C-ring slip body prior to axial novenent of the actuator 20 nenber.
17. A slip assenbly as defined in Caim15, wherein each of the radially
interior upper canmng surfaces and the radially interior |ower camm ng
surfaces include a tsweh Ging slingesk iraiding & plurally eledisepiargdialiptRaced ami ng
surface and | ower canmm ng surface on the actuator nmenber. 18 A slip
assenbly as deénfmeigly axtendipgputer 'D\P(Plregr&pwgééfgﬂc%fa"fjr?e’ag‘a& (etier 13eht out er
upper gripping surfaces and each of the plurality. of outer |ower gripping
surfaces are CRMEUH %‘F@ﬁ?’itgﬁ’ IUQF’%;J(%E%QH%W&ﬁ%f%?ﬂ%?pﬁcﬁg St a\é\ﬁw&gper

gri ppi ng surfacges a}n% anot her of the outer | ower gripping surfaces,
respectively, BYE CiPtlnf erential gap. 1019.A slip assembly as defined in

G aim 15, V\Qer ein émgctbﬁ?%e&bélj %I!y movable relative to both the upper and lower

C-ring slip bodies, the ‘actuatbr member having a radially outer upper camming
surface for sliding engagement with the interior upper camming surface on the
upper C-ring slip body and a radially outer lower camming surtace axially fixed
reiétive to the upper camming surface for sliding engagement with the interior
10 lower camming surface on the lower C-ring slip body;

R a pluraiity of axially extending slats each fixedly interconnecting the upper
C-ring slip body and the lower C-ring slip body; and

each of the piurality of outer upper gripping surfaces are interconnected by
an upper C-shaped ring, and each of the plurality of outer lower gripping surfaces

15 are interconnected by a lower C-shaped ring.

165. A slip assembly as defined in Claim 15, further comprising:
a retainer for preventing radially outward movement of the upper C-ring
slip body and the lower C-ring slip body prior 1o axial movement of the actuator

20 member,

17. A slip assembly as defined in Claim 15, wherein each of the radially

interior upper camming surfaces and the radially interior lower camming surfaces

« 16 -



slip body, the lower Cring slip body and the plurality of slats are
formed as a nonolithic structure. 20.A slip assenbly as-defined in Claim
15, wherein a circunferential 15 gap between adjacent axially extending
slats fornms a fluid flow channel when the slip assenbly is set. 20 -

include teeth for engagement with the respective upper camming surface and

lower camming surface on the actuator member.

18. A slip assembly as defined in Claim 15, wherein each of the

5 plurality of outer upper gripping surfaces and each of the plurality of outer lower
gripping surfaces are circumferentially spaced from another of the outer upper
gripping surfaces and'anothér of the outer lower gripping surfaces, respectively,

by a circumferential gap.

10 19. A slip assembly as defined in Claim 15, wherein the upper C-ring
slip body, the lower C-ring slip body and the plurality of slats are formed as a
monolithic structure.

20. A slip assembly as defined in Claim 15, wherein a circumferential

15 gap between adjacent axially extending slats forms a fiuid flow channel when the

slip assembly is set.

20
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