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DOWNHOLE TOOL WJTH LOAD DIVERTING SYSTEM AND 
l\U~THOD 

RKFERENCJ<; TO RELATE]) APPLICATIONS 

I11e presrnt applicatfon claims the benefit. of priority to U.S, Patent Application 

N· .. , 
'" 12/2{}3~013 i1led Septen1ber 2., 2008~ the entire contents cf 'vh.ic.h are incorpor~~tt.~d 

bereh1. 

TECHNICAL FIELD 

'fhis d.isclosure- relates to securing a do,.vnhole tool at a !<>cation th-.Jw·n11ole~ and 

10 n1ore ,partic1~~.ar.~y to systern.s an.d rnetho<ls ft)r securing a do\.vnho.le ttH)l~ Sl.tcl1 as a pac.ker, 

\Vith.in a \veH. casing. 

BACKGROUND 

I)O'\.Vnhole tools~ sucl1 us _packers~ strad.dle pack.ers, frac-turh1g plugs {'':fr·ac plugs'~}~ 

<~nd bri<lg'e _piugs~ rn.a.Y 1}c secured in place d0\:\·'11 ho.le to iso.!ate r~nc or rnore JX)rfi()HS t'>f a 

'i6 \.VeHbl)rC ffon1 t)11e or ln.ore other portions of a \ve:Ubore, 

SUMMARY 

t\ d<J\v11l1oie tool acC().rding to (HlC as_pcct i11cludes an elongated. rnandrei ~ a .first 

slip assc1nbiy· carried 01l the i11andret and a ~ec.ond slip asscn1bly -1:arried on the 111undreL 

'f!1e first sHp asscn1bly 111ay· include a first. slip .radiaHy exlendabl.e to grip a \VaU of a 

20 '-V0H.hore and a first engaging ptlrtion. ·rhe ·fir.st engaging p(>rt.in.n. rnay be adapted to grip 

the rn.andre1 against. relati\1e rnovc1nent i'n a first axial ditec.tio11 and aHov·/ relative 

rn<.Yven1ent of the U'JandrcI h1 a second axial direction. ~!'11c secon.<.l sli.P a.~sen1bly n1ay 

indudC? a second slip radfai!y extendable to grip the wall of the wdlbore arn;i a second 

eng~lgi"ng portion.. 'fhe second engaging portio11 111ay be adt~pte<l to grip tl1c rnar1drei 

25 against. reiatjvt~ rnt;ven)ent in the first a ... x.ial direction and aUov~~ relative r:nove.n1e1~t of the 

tnandrcl .in tht.~ secrn1d a.xial direction. 'I'he do\vnJ1oie tool also ir1t:lude.s u sea.ling c!en1e11t 

carried ()n the rnandrel adapted. to engage the \.Vall \)fthe \Vel.lbnre. 

}\nother aspect includes a n1ethod for d"iverth1g loading in a .first dircctit)n a.round 

" l .. ' . ' l 1" ' ' . ! ' I . . ' ' . a sea1rng e e1ncnt QI a <.iov..-nno~e too . ne rnetJ1oa lnc. uoes app .y1ng a sernng !Oan .rn u 

so first (1!.rection. through a Jx1a11dreJ t<) exte11d a. sealing clen1ent in.to contact \'S.:·ith a.ti U{.ljacent 

slu·f~lce a11d fi)m1 a "first grip·ping cn.gage111ent \Vith t11i;.~ adjace.nt Sttff~lc.e on a first side of 

fhe sealing. elcn1c:nt inziicated 1-:ry the first direction and. secon.(1 g.rip1)lng e11gagcrnent 'vith 
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the adjacent surfhce 011 a set~ond sld.e of the seating ele111cnt op1;ositc tl1e first direction. 

The method also includes coi.mmmicaling l<mding through the niandrel in the~ first 

r!.i1'<)._"t,.1' ''1) j ~lf'.'· 't}cll t,l_,_.<~ s~al1' 11('> ,. ... l"Jl1''l1t ~11d , ' . ..;..i,.,. v~ "· • -..... " · w' " · 6 w ...... • '-· · 1'.~ · 1.. the first g.rlpping e.ngagen1ent, and 

c.Nnmnnicating loading ilmmgh mandrel in the second direction through the second 

5 gririplng eugug~ni.ent and. bypassing the seal.in.g ele111e.nt. 

,:;\further aspect includes a do\vnhole tool co11figurabic l',cf\\.>een an unset and set 

cnrrfiguration and adapted t<) pt\JVicle a seal dtl~.,,t1l1olc. 1'he d.olvnhole tool in\.~ludes an 

eiongatctl 1nandre} and a .flrsi s.Uo asse.nibly c.arrieti on the r.nandrel C<.)J.llTYrising a first 
-~ ~ _, ...... 

e11gage.111cnt JlOrtio.n~ a first 11u.1iaHy expandable eH.gagernent n1en.1ber adapted tfJ grip the 

·io \Vall of the ',Vf.dlb<.)rc and a .t1rst \vedge adar)te.:-1 to ex1)and. the first radially cx_pm1dable 

cngagerner~t n1ernbeT. ·rh.e do\:vnholc tooi also includes a second slip assf.~n1bJy carried on 

fhc n1andrel con1rnising n seC.()nd e.1.1gage1nent _portion~ a sec<>11d radiaUy· ex-par1dablc 

engagetnent r.n.t.~.rnl}er adapted to grip t11e \.van of the- \VeH bore and a second '\V(~dge 

adapted to expand the seco.nd radiatl·y expandable- engagen1e11t _n1e.n1her. /\ sealing. 

1,5 element may be carried on the mandrel and disposed between the first slip assembly 11ntl 

t-hf.~ sec{a1d slip as-scn1b1y. ·rhe sealing 111en1ber 111<1)' be adapted to rndiaHy expand to 

\~ngage a "\vali t)f a \.Ve_Hbore. J-\ _first 1oa.d patl1 extending through the second. engagern.en.t 

port-ion and bypa.ss.ing the scaling elen1t?llt i"n t11e set configu..ration to conduct loading 

a1;plicd to the n1and.rel in tl1c first axial d.irectio-n~ ai1d a second load path extending 

20 through the sealing el.c1r1ent aJl(i tl1e tlrst engageine11t .Portion h1 the set conflguratinn 10 

conduct lod1ng applied to the mandrel in the second 11xial direction. 

The wU'i()US aspects may include one or more of the fol.hwillg features. The 

s~~a.Hng ele.n1ent inay be pnsi.tio11cd bet,:vcen the first sHp assern.biy and the sec.~>nd sHp 

asser.nb!y. ·rhc first slip a .. i.:;sernb1y and the sect).nd. ~~lip assen1biy rnay eooperate to fi:n111 a 

25 first 1'.}ad path bypassing the seating elen1ent \Vheu the inand.rel is lna(ied in the flrst axial 

directio11 an<.1 a second h,)ad path incJudi11g tl1e sealing eierr1en1 \Vbcn. the rria.ndrel is 

!oaded in the seC\)Jl(l axial d.irectio11. (h1e of lhe first e_ngagh1g, portio-n. or the sc.c.ond 

enrragjnQ D-<.)rtion con:i.prises m.av .include a \Ved2e that a,ri!)S the l11andrei. ,1\t least one of ...,, ""' ;.;~ ,- -· .,, ._. ... 

the ·first slip asse.rn1;ly~ the seco11d slip assen1bly~ OT the seal.ing eler:n.ent n1ay be adapted to 

30 be acttia(ed fld<lkally. At least one of the first" slip tt-;sembly, foe second slip assembly. or 

the. sealing eh~tl1ent _n1ay be adapted to be actuated l:)! a v/ir{.~Ji.n.e actuati<.)n tQQL i\.t .least 
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one {.)f the first engaging pnrtion ()f the second cng:agi11g portion n1a:( he adaptt~d t<) 

ratchet in the Becoml axial direction relative to the mandreL 

'rhe various aspects n1ay also include one o:r n1ore <)f the fOJlo\ving .tt:1t.ures. 'f'he 

adj.:lce11t surfi~ce is a.~ .interior suri'~lce of a \veJlbQ1-e casing. ;_~'orrning the .t~rst gri_pph1g 

5 e,na.agen1ent \.\-1th t11e adjace.nt surface n1av include rad.ial.lv exnandin.a a first cng{:uzenlent 
..... ... ' ¥ ... ~ .... ..¥ .... 

n1c.n1lJer on the first side of the sealing ele1ne1lt to grip t110 ac\~acent surf~1ct\ and fi)r.nllng 

the second g.rir.i11in.g engage.rnent \vith the ad1,·acent surfi1ce rnav include rad.iaHv 
"' • ..... ..... ' y' ' ,,. 

expa11d.ing a seco.nd cngage.nlent 111e1.nber <)n the secon<l s.ide of the sealing ele.n1cnt to 

grip the adjacent. ~'Urii1ce. Radi<'iH)! expanding tl1e first e11gagen1ent n1en1ber m.a.y include 

10 ratcheting thz~ .first e.n_g.agen:)ent Jnember along a !ength of tht~ mandre-i in. a sccfHtd 

20 

25 

directi()n opposite fhe first direction. Radially expanding the second cngi1gement member 

n1aY inc.iude .ratcheti.ntt t11e seco1Hi e.naaue1nent rn.e.rnber alona a .lcnut11 of the n.1andre! in <.1. 
v -~ ..... ..... ..,., .._, 

s<.>cond direction opposite the first direction. Applying the setting load in the first 

direction rnay .inc.lnde fluidicaJ.ly ap:plying the setting load. 

·rhe vari<.)US aspects n1ay· further incl11de on.e. or inore (Jf the .f~"}!1ovvi.ng tCatures. 

The first slip assembly and the si.,cond slip assembly may cooperate t<l radially e:<pand the 

sealing clen1ent. At !east on.e <>f fhe Jlrst slip asse-111.l}ly {)r th.e scco11d sli.P assernl"~iy· n1ay 

be ada_pte(l tn ratchet ah)ng th.e n1andrel in t110 first a..~.ial direction, ;\t least one of H1e 

tlrst sli_p assen1bl~<~ tht~ second s:ljlJ ass0n1bl)~ or t11e seali11g elen1ent 1-nay be adapk .. 'l:l to be 

actuated iJuidirnlly. 1\t least one of t11e first engagen1ent porti~.)11 or th.e secc.nJd 

engagcn1e.nt portio11 rr1ay· include a lockh1g r.ing disposed tH~iacent the n1andre1 and. 

operable to ratchet al<Jng the t11andrcl in the first axlal direction. :\t ]east' one of the first 

e.ngage·:nent portior.l or t11e sec.onti e11gage1nent portion tl~ay inclu<.ie a \Vedge. 'rhe 

do ... vnholc tool n1ay i.nclud.e a housing carried 01t the n1andrel. and a channe~ having a 

substu,n.tialtv zero h1tcrna.l pre-ssure ti:.ln11cd l)etv1le.en the 11ousin.g. and the n1and.rt~L ·rhe . ~ 

first cngagen.1ent :port.ion. i11ay he adapted to gri_p the n1c:1ndrel against rt~lative rn.overncnt 

ln ::1 1irst ~~xi~~i direction and aHo'{:v relative .t1}\YV'l!m0nt z;f the n1andrel in a SCC\)ild axial 

d.irect!<.Yn opposite the first a.xial direction. 'fl1e se-co11d engagc1n.ent i1ortion n1ay be 

adapte.d to grip the mandrel against relative movement in a first axial direction and a.limv 

30 relative movement uf mandrel in a second axial direction opposite the first ax.ial 

d.lrection. 



5 

i5 

20 

WO 2010/027936 PCT/US2009/055502 

1'he d.(~talis of {Jne or J11ore in:~plc_mentations are set f(Jrth in the- accon1pan}'ing 

drawings and the description below. Other foattw~s, o~jects, and advantages v».ill be 

Cl[\parent fron1 the. description and d.ra\vings, and fron1 the c.!.ai111s. 

HESCRlPTION OF l)RA\VINGS 

F'ICJ: l sh<>\VS a schen1atic ·of a \veUbore exte_nding fron1 a f·errant.~an surfhce a.nd 

having a downl1c~le tool disJJ:osed. tl1erein. 

FlGs. 2A-C show an example dovv11lmle too! in th~' running <X>nfigm:at!on that is 

actuated by .a \.Vi:eUne ac.i"uatio.n tool and set .f}o.11l the top-d<)\Vn. 

FIGs 3/\.-C show fo:., example downhole wol of Fros. 2/\.-C in the set 

FIG 4 shows a detail view of an example slip ring of the 'knvnhole tool show11 in 

FiCis. 2/\ .. (; and 3_/\-C.~. 

FlGo 5 is a detail view of a !ockimr rini:! svstem. 
~~ .... "' 

r~l(i 6 is a detail '·'iC\\> <.if various co:::nportents of the locking ring systcn1 of I~!(}. 5. 

FIG 7A-D show:; an example downhole too! in the running configuration that is 

t1uidically actuated and set frorn t11e tnp-do\vn, 

FIGs. SA-D shows tl1e d'lwnhole tool ofFIGs. 7A-D in the set configuration. 

FlGs. 9A-D shows iut example downhole tool i.n a runn.ing configurmion that is 

FlGs. l OA-C shows the downhok tool of F!Gs. 9A-D in tlw set configuration. 

DETAH.ED m;:sCRlPTION 

~l11e i)resen.t disclosure encon11:tasses H do\V.!1t.H)le too.I fi)r jsolating ~;. 

port.ion of a \\~e!ibore. ;\u exarn1)le co11t1guratio_n of an ap1Jlicatl{)l1 of tht~ do\vnh.oie tool 

is Hiustrated in I<'i(J. 1. f'ICi l sho\vs a \Vell.bore 1 extend.ing fro.:n a ferranean surface. 2. 

25 /\ '\VCHbt)rc casing 3 exteJ1ds a1ong a least a portion of the \vellbore .1. 'i"he- c.as.ing 3 .rnay 

l ' . d . I 'tl . . l'l .~ ' ' ., ' . " he cc111entec or f>tner\v1se secl1rc tnto p .ac.e \\''l 1u1 tne \ve 1 J(H"C .:.~ 1·" o.o\v11ao1e syst,<:1n "t 

extends into the we!lbore i and indudes a dmv1ihole iool 5, fi.lr example, t'Xtonding .from 

a tubular working string. a wircline or other. The downhole tool 5 may be n sealing tM! 

operable (o seal. or substanda.lly seal. against flow through an annulus 6 fi.>rmed between 

30 the downho!e fool 5 and the wdlbore casing 3 when ihe dow11lwlc tool 5 is pl.aced in a set 

co11t1guration. ()nee. set~ the d<)\Y.nhole too.l 5 is operable to transtn1t J{)rce appi ied to the 

4 
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downl10le tl)ol 5 ill one direction thmugh the rigid components of the downhde tool., 

th_us~ bypassb1g a resilient sealing c]en1c11t 6 of the do·vv11h<.)}e tool 5. I.n the op11osite 

directio_n~ the forct~ is tral1Slltitted thro1tgh resilient rncn1ber 6 of the d<J\:.vnhoie 100! 5. 

···r"' .. , " "' d ' ' c· l I ' ·' l . ·1 . ' · .:• \_;s. -i/·'--"-·· an· .. ">.-·io.w •. : s 1~)Vl an exan1p e Ll0\\.'lu10 e too! . 0 .n1ay nc used as tt1e 

5 j ' . • . ,. . . l"I(' l -Jc' ~ • <~ · · · · ·· 1 • • • <..()\~·11noh; ~001 J, snovvn u1 _:- J. .• t .JS . .:.:.t~~ .. · sno\v a partun cross-sec.n.(r:.1u~ v1t:\.v ot H:1e 

downhok too! 10 in an unset or "rum1i11g" configuration, an<l FiGs. 3A-C $how the 

do\-Vnhole t<)ol 10 in a set configuratii;.)11. ·rhc do\·vnhole too! 10 is n1ai11Util1ed in. the 

running configuration t\<hen tl.1c do\~~nJ10Ic tool 10 is being placed il1to o.. des.ired. location 

. ' . ' . !' 'f' f' t' . ·1 ' " ' . ' l ) " l . \V~tn.n.l tne. ,:~.,,-er ~'ore. . ne set co11 ·Hrura 1011 reprcse-nts t 1e (.tO\Vl11101e H)01 ( an.er )e1nu set ...,.. . , .. 

10 inlo posifam within the weHbore. The d.ownhde tool. lO shown .in F!G. 2A-C is a 

wi.rdine-actuated tool. Howevei~ i.n certain .instances the downho!e tod may be aditptc.d 

to b:;.~ actuated in other 1r1anners, t()r exrunple, t1uidicaHy {l1ydrau!icaHy and/or 

hydrostat.icaHy) actuated~ 111echanically· actuated. by rnardpulating a tubi11g coupJ.ei:.i to the 

Jo,vnhole t{.)(>l andfnr ot11er,vlse actuate<.t. :t~xarn:ples of tlu.idicaDy- actuated do\Y'nhole 

15 to\lls JO ar<' discussed in more detail with respect. i.o FlGs. 7A-D, 8A-·D, 9/,-D, an<l IOA-

c. 
'fhe \'lov·.1nl1ole tools descril">ed herein cou.ld~ in sorne instances, be. a packer. [n 

other jnstances~ th(~ dovvnhole tools c.ould. be co11figur(1d as a .iiae f)lit!~ iin.- IH."h.narily 

sealing in 011e d.irection. ln son1e instances~. a fl-ac _p}ug n1ay i11c.lude on.ly· <)ne cx_pansion 

20 .n1en1ber~ such as (~XJJa11sio11 .. n.1en1ber 260':< on one side of a resHient sealing n1crnbcr.~ suc.b 

as resHient sealing rnen1bcr 270. In still other i1lsta1lces, t11e do\vn.hoic tools des<.:ribed 

herein could 1;e configured as a bridge pl11g by bioc.king the internal pa.~sa~\e of t:he 

t.ubu.!ar rnandrel':< sii.ch as tubular .rr~andrel 20~ described beh.1\V, 

Referring again to FlGs. 2A-C imd 3A-C, the downhole too! iO includes a. whular 

25 rnandrel 20 that inay be .fi)r11)ed of a ·pluralit)"' of tulni!ar el.e11~ents cou.pled to each other~ 

for cx;.:i111ple~ by threaded et)nnect.ion.s~ \:vel.ding~ or ot11er joining techn.i(1ue. /\lternate.ly~ 

the tubu.lar rnandrel 20 n1a:-· be a single iu1ita1:y t11bul.ar bod.y:< st1bject to rnanutb.ctt.H'i.ng. 

rccmiremenls. The downhole tool l 0 may also include a tubular housing 30 circuu~jacent 

the tu1:n..th'u· rr1andre-! 20 and slidE.~ab!e relative thereto. 'rhe tnbu~ar housi11g 30 inay ills<.) be. 

3G formed from a p!urnlity of tubular poitions connected, for example, by threaded 

{.:cnnectior.:s, \\.~eidi11g,.. or other join.ing tec!1niqu1i!. 'fhe 1.io\vnh.o!e l<)<JI 10 sho'\Nn .. in I~i(}s. 

5 
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21\~C~ and 3r\-(; is referred to as being set fro111 the ~~top-d.O\Vn~~~ because~ \vhe11 pi<~cing 

the <lownhde tod lO iuto the set configuwti,)n, the tubular housing 30 is moved 

dcJ\.vn.hoJe and the tubtdar 111a11drcl 2-0 is n1ovcd uphoie. \\tith refl:rt~nc.e f.t') F.!(}s, 1f\ .. (~ 

and 3/\-(\, lf tl1c Uj.}}1ole location (i.e.~ to,var<ls the. tertan.ea.n surface) .is C:t)nsitlcred to be 

5 on the :tet'1 side (}f the fign.re~ as indicated)~ the0 tubular housing 30 is n:.oved in the 

direction of arnw; .l l 0 and/or the tubular mandrel 20 is moved In lhe direction of arrnw 

! 20 \Vhe11 ph~cing t11e clo\v1li10Ic toQl J 0 in the set configttratio.n. ()ther in1plerncntations 

n1ay be considered to be set fforn ;~bottorr1-u_p~~ (such as t11e do\v.nho.h:: !.O{)l 1 O shov{n in 

F!Gs. 9/\.-D and lOA-C), because, when placing the downhok too] !() in. the set 

10 con.figuration. the tubolar housing 30 is nioved uphoJe (i.e.,, to the !eft side of the Fl<Js. 

91\-[), and lOi\-C} and/or the tubuli:u· n1ru1dref 20 is n1ovezi do\-vnh<~le (i.e., to t11e right 

side ofFIGs. 9A-D, and lOA-C). 

Near a first en.zi portion 40 of the lltbn1ar ho·using, 30: a slip ring 50 .is d·isJX)Sed 

bet,vcen the tubular n1andrci 20 and. tll.e tubular hottsing 30. Jn sor.ne. irn1)lc111c-.ntations~ 

15 the sHp ring 50 rnay be. \Vedge ... s11aped. 'fhe slip ring 50 inch1des an c.ngagt.ng portion 60 

formed of a pi.ura!ity (lf engaging 1nembers or keth 70. A. detaii view of the slip ring 50 

is sh()\\tr~ in J='!(l 4. 1\ccording to so1nc. 1111plen1entations~ the tcet11 70 are a r>luraEty of 

asyrnn1etri.cal 1eetiL 1'he teeth 70 n1a:y fbm1 a savv tooth pat1t~r11 and co.ntlgtu·;~d {:<,) pern1it 

rnovexnent of t11e sU_p ring 50 relative to the tubu.lar n1ru1dre.j 20 in one dh·ection but 

20 prevent 111ff1 ... :ernent iJf lhe slip rin.g 50 .relative to the tnbuiar .n1andrt~1 20 In an opposite 

dir<,don. The plurai.ity of asymmetrical teeth 70 may be form~'d from a plurality of 

coa.'<.ial annular. rings or <Jne or n1ore c.ontinucus h.eJical threads f'brn1ed on the .interior 

st1rflicc of the slip ring 50. :\s s.ho\vn .• the asyn·1rnetric.al shape of tl1e teeth 70 rnay f(>rrn. a 

sa\:;,~ tooth _pattern having a vertical or substantiaB)' ·vc1ti(.~.a1 sizie 90 and a slo.fH.~d side i 00. 

25 J:-I{J\.ve.ver, the sh.ape of th.e teetl1 70 sho\vn i.n F.I(l: .4 is rnere!y one cxan1ple. ·:i·hus~ the 

tet~th 70 n1ay h~tve nt11er s11ar~es. 

'I'hc slip ril.~g 50 n1ay nJscl .include 011t~ or Tth1l\~ slits (n.ot shovvn.t f("'.tn11tx1 at an edge 

" ' ,. . "" .. . h l 1· . "{> l . ,. .. ' l nt t11e su_p n.ng )l}:< extentltng tnr<)UgA t 1e s 1p r1ng :> 11 anl tern.11n11tu1g at a Cl1Slatlcc a ong 

the rength. of the slip rin.g. _.,\lternating slit$ forn1ed in tht~ slip ri11g 50 nJ.ay have an origh1 

et OP.P\.lsite edges of the s!ip ri11g 50 and h~rve tern1inat"ing ends 1vit.!1in H.:e s.111.l r.ing 50 

nea1' opposite end.s thereof 1\lternat.el5r or in addition~ the sl1JJ .ti.ng 50 r.nay include 

6 
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another slit exten.<ling e.ntirely t11rough the length t)f tl)e s!i.P ring 5(} resulting .in the slip 

ring 50 having a "C" shape in profile. The slits allow the s.lip ring 50 ti) elastically 

expar1d .radiaHy \Vith<JUt y·ielding . . i\. retaining ring l25~ sl10,vn re...:;iding in a groove 130 in 

the tul)u.iar housing 30~ .rnay· be in.eluded to prevent the first retain111g ri.ng 5{} frorn being 

! ·' l ,, ''l''d' ", " l' <l j '' 5 ren1ove£ 1ron1 l O\'.\'nhole t<.)O: tl •· un_ng n1anutacturtng at10Jor assen1 )J.Y an _ to <rive tne 

slip ring 50 ait).ng the exteri<)r surface <>f t11e tubular i11andrel 20. 

'rhe configu.rati,:Jn of the teeth 7{} per.n1its tl1e slip ring 50 {{) rn.ovc along the 

exterio.r surf1H;e {}f tJ1e tubu!ar n1andre-! 20 in the clirectio.n of ~lITfJ\l' 110. l·~t)1.\reve1\ 

n1o·ve1ne.nt of the slip ring 50 in the di.recti.on of m.rD\.V ·120 causes the teeth to ~'bite~~ into 

1 o tl1e tubular n1an.dret 2{} resulting in ru1 i11cre.ase in frictio11 that r__,,si~d.s n1oven1e.11t. -·rhus~ 

t11e orie.ntatizm. of the teetll 70 \)f the s!ip ring 50 defines the direction .in w.hich movement 

of the s~jp ring 50 -~s fa.ciiitated. ,::\.s a. general rn.atle-r, the slip ring 50 is capable of rnoving 

, ,. ·· '' l '' , .. , · ! "'"' l ' ' 'I ! ' ' . u1 a 01recun.n corrcspo.ntung to t le siae O'.t' t11c tCt'.t 1 / \J 1HV1ng a sna1 .Oi.V .ang e {..tn h:is 

case~ $i_de lOO) and resists n1ove1neJ1t in a directio.n co1rcsponding to the side z)fthe teeth 

1,-, 70 having a vertical or subs1antiaHy i/crtical side fin this c.nse, side 90). t!>.. sba.Uo\V ang:ie 

defined. at .au inter.t~ice 1,et\:\~een the siip ring 50 and the housh1g 90 also contributes to the 

ability of the- slip ring 50 to grip the lltbnlar T.nandrel 20 it1 one directit>n -...vh.ile r.l1o·~ting 

relative' to ihe tubular mandrel 20 in the opposite directii)ll. 

(~ontinuing alo·ng the do\vnhole tool 10~ a first slip 140 ls retained arou.nd t11c 

20 tubular rnandrci 20, sand\.vich.in.g a {irst ,.vcdge rin.g 15{} bet\veen the first slip 140 and t11e 

tubular mandrel 20. The first slip 140, wedge ring 150, and slip ring 50 form a slip 

assembly '!55. Similar to the. slip ring 50, the first slip 140 indudes an engaging portion 

i 60. As shown, the engaging portion I 60 indudes a plurality of engaging members or 

25 

teeth i 70 disposed. on a11 e:xterior Stltfac.e of the J1r.st slip 140. 'I'he teeth 170 r.nay he 

asv1Tn11etrica1 h1 shane. Sin1itar to the teeth 70, described above~ the teeth. 170 inc!udc a 
·~ ' • A' • • 

sloped side ! 80 and a vertical or suhstantial.iy vertical side 190. 'fhe te~th 170 provid~ 

t~·H· ~oc.king cngagen1ent. \.Vith a "\:VeHbore casing \Vhen the :first slip ] 40 is in an extct1dcd 

position. !n the extended position, the first slip J 40 resists movement of the <lownhok 

tool l 0 rcJ.atl.ve to the \:vellbore casin.g i.n a direction C<)rre::-1ponding t-r~ a.rro\v ! 20. ·:rhe 

30 teeth 170 rnay he fonried fron1 a plural.it)' of a<{jacent coa.xial ann.u~ar rings or {JfH.~ or rnore 

cont.immus helical tlm.•mis. The .first slip 140 also includes a plurality of long.itudinai slits 

7 
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200 extt,nding from an edge of the first slip 140 and ending at a hcation within the first 

siip 14{) near an opposing edge of the first slip !40. AAjacent s!hs 200 ei;tcnd from 

opposing edges of th' first slip 140. Additionally, the first slip l 40 indudes another slit 

2 l\J extending hmgitudinally through first slip ! 40 along an entire length there,lf so that 

6 tl1c :first sii.P 140 f{)rtl1S a .:'(;'~ sl1ape 111 pro.file. She<1r pins 220 .rn.ay be p.tX>Vi{led on 

opposing sides nf tl1e slit 210 to retai11 the first. s.Ep !40 in position in tu1 tu1set o-r ·~run~' 

10 

configu.ralirm prior to setting the downhole tool l 0 in P'lsition <vithin the wellbore casing. 

(rt Is noted th.at only one {)f the shear pills 22-0 ls .Hlustrah.~d in .FI(J: 2.J3 <lut! f{) the f?.::tJtiai 

cross-sectional view presented.) That is, the sh(,IU' pins 220 tempomriiy fix the firot slip 

140 in position as the d(t\vnhole h)ol l 0 is being tlln into the \·velH·H1re and prior to being 

placed int'} a desired location downhole. The slits 200 and 2 W facilitate outward radial. 

expansion of the first slip l 40 when the downhole tool ! 0 is placed in a set configuration, 

i.e ... th.e dn\i.tnhole tool 10 is fixed \Vithin t11e \VeHbore easi1ltt. '1]1e first \.vedac ri11g 150 - ..... ~-

has a pair of Yvcdgc-s11aped protri1sions 230 that 11est \.Vit11h1 ,:vedge-shaped rec.esst~B 240 

·;5 formed ln the first slip 140. The first wedge ring l 50 may include mort' or fower ·wedg<~-

shaped protrusio11s exter1ding into cor1-es1,onding i.vedge-sl"1aped. recesses (~:rrrned in the 

first s!ip 140. 

:'\tUacent th.e first sllp 140 a11d first \Ycdge r.ing 150 is a sealing assen1biy 250 that 

r.na)' he cxpan{jed into sealing e11gagen1enJ \:vjth ihe \velJbore casi.ng \'-·~hen t}1e dovrnholc 

20 too~ 1 O is plat¢d in the set CQn.t1gt1ration. In son1e in11,Ie111entatio.ns the sealing asse111bi"y 

250 n1ay be a packer. l\s sl1~.)\Vn" t11e sealing assen1bly 25{} rnay inch1dc ex1x1nsion 

tner:n!}Crs :260 ru1d a resUie1tt seating ele1nent 270. 'I'he expansio.n .n1en1bers 260 arc. 

operable to clin1l11ate or snbstm1tiaHy reduce axial extrusion of the resilient sealing 

e!ernenr. 270. ]'hus~ the ex-pans1o.n 111en1bers 260 are t">per~lb!e to provid_c a zero extrusion 

gap fen· the sealing e.ien1e.nt 2 70 \Vhen deployed i11 the set configuration. 

30 

~fhe do;,·sinhole tool 10 also includes a locking rin.g systen1 28{} that inc.l1H.k.~s a 

locking ring 290 d.is1)osed between a p,rirtion 32 of the tubular housing 30 and the tubular 
~ ., 

irnmtlrd 20. The locking ring 29() has a through-slit (not shown) extending an entire 

length of the !.ocking ring 290 so that the !oc.king ring 290 has a "C" shape in profile. The 

lockin;z rinr.>. 290 may also include a plurality of sWs, similar io ihe slits 20() described 
~ ~ . . 
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above \Vith. respect to the first slip i40, FJCJs. 5 and 6 sho\v· an. e;{an1_ph .. ~ in1plern.entation 

oftlw !.ocking ring system 240. 

Reforring to FlGs. 5 <md 6, the locking ring 290 includes a piurahty of coarse 

asyn11netrical tc>c-tl1 300 .fi.\rn1ed 011 rut cxtcr11al surfbc.e thereof a.n<l H finer plur.~dit)' of 

6 asyrnn1etrical teeth 310 forn1ed on an i1mer sur.tftc-e of tl1t~ slip ring 240. ·rb.e leet11 290 

e.ngage ma.ting a.syr1u11etric-a1 teeth 3 20 fO.m1ezi on an inner sur.tlice of the- po.rt.i{)n 32 of the 

tubuJa.r housh1g_ 30~ a11d t11e teetl1 31 {} en.gage asyt1linctric.aJ teeth 330 forn1ed on an 

exterior surtiice <>f the tuliuJar 1nandre! 20. ;\ny oft11e teeth 300-330 rn.IT)f be f(.H-rn.ed in a 

10 

. ., ·1 ! '") l~" :l 'b . ! 1·· ! ' '"\"' ~-' ntanner su1111ar tot le teet 1 it~ . .1u t cscr1 ea a 1ove. "'Or ex~n11p. e~ tile teetn _1l,tJ .. .>.>\; tl)ay 

be ft.)rn10d fi.·0~11 a l"hrralitv of coaxial annular rings forn1ed alon.g the inck.ing ring 290 or~. ... "" .... .... ...... 

altcmativei.)\ iiorn on.e or i11ote continuous hef.ic.al. t11reads. Jt sl1oulcl be a_p_p~u··~nt that if 

teeth 300 or 310 are fi.)rrne.d fro11l ot1e nr rnore. contirruous helical thread_, the 111atin,g teeth 

320 or 330 w,1u!d also be fonned from one or more continuons helical threads. Similarly, 

lftbe teeth 300 '}r 310 were formed from a plurality ()f coaxiai rings, the mating teeth 320 

·1 s or 33() would also be formed from a piuraiity of coaxial rings. 

h1 the exa.n)pie iln_ple111en.t.ation sh.o,vn'.' a gap 340 is forn~cd l;.etvveen the n1ating 

tee.th 300 and 320~ and the teeth 310 and 330 h.ave relative. sizes sucl1 th.at t.\.:./o tee.th 330 

fit into the s1)ace i;1n11ed bet\veen adjacent teeth 3 .10. ·rhe. 1n1plernenlat.ion sho\i..1n, 

thou.g11. renresents oi1lv one nossibie .h.nple11)entatio11 a1H.i is not :neant i'() iirnit· lht! s<.:one ... . ,, ,;" .. " 

20 of the disclosure. f.'or exan111le~ the relative sizes oftcetl1310 and 330 n1a)t be such that 

more or less than two teeth 330 may reside in the space formed be1ween adjacent teeth 

310. 

Furthei~ the portion of the tubular mandrel 2(), lhe portion 32 of the tubular 

l101..1sing 30~ and the locking ring 290 fi)m1h1g the loc.king r.ing systen·l 280 have de.tined 

25 rigidities so that j()cking ring systern 280 perfiJn11s a ratchetin.g action as the portio1132 of 

the tulH.dar ]1ous.ing 30 and tl1t~ tu.bu1ar mandrel 20 inovc relative to eac.h other in a. 

defh1ed direction. }>arr.icu1ar1y~ as the tubular hoti.-;.ing 20 n1oves in a direction indicated 

by arrt)\V 345 and as the ttibt1lar rnandrel 20 l110Vt~s relative ac.C.<)rt1ing to the d.irectlo.n 

indicated by arrovv 350, vertic.al. or substantiaily \!c.rtical si<.ie 360 of teeth 320 engage 

:;o vertical or substantia!iy vertical side 370 of ieeth 3()0. A.s the portion 32 of !he tubular 

' . ~ ' . . ' d . ~80 j'' th 3 "' 1' t' ' . nousing ,,(; contu:n.les to 1110V{\ tne slope port1011 ¥1., o . :.e.e · i \J s .. 1p Qver ·n.e s:opcd 

9 
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portion 390 of the teetl1 330~ causing the toe.king ri11g -290 to exp·ancl into the gap 340 until 

the jocking ring 29(} n10\res the distance of one of the teeth 330. \\l11en the lot~k.ing ring 

290 moves past a tooth 330, the teeth 310 fall back into thi:.' spaces formed between 

cl . . " t·"- ~"' '•t' j' l k' . ~{)') i' 1· a JHCent ~ee il -'~-i\it .fH?-tl11'1l Tng .ne oc. ~1ng 11.ng ~~ \ !.(> l'itt ta .!y Ct).ntract. 

5 \.Vhen tl1e portion 32 Qft!1e tubular l1ousing 30 is n1ov·ed in a directio11 opposite arroiv 345~ 

sloped _porti.or1 400 of the teeth 320 engage sloped portion 410 <.)f tcet11 300 causing the 

. ' ' . . l' . . 'd 4'> .) " I ' l .) vert.H~Cli or suosta11t1a ly vert.1cai Sf e · .-~t (h. teet l ~i:. ~ to engage the vertical or 

siihst:111.tiHi.1y ~'l.·\~rtical ::>ide 430 of teeth 330. ~rJ)c intcractio11 of sides 420 and 430 .Prevt.~nJ 

the kicking ring 290 from moving rcbtive t\l the tubular mrn1drel 20. Fun.her, the tubular 

10 mandrel 2() is prevented from sliding relative to the locking ring 290 Jue to the relative 

rigidit.les of the tubu.tar n1andrcl 20. the tubular housing .30 (e.g.~ the portio.n 32), Hnd th..;.: 

locking ring 290. ]'htlS~ a \vaU tl1ickne.<)S of tl1e locking ring 290~ t11e tu.bu1ar n1andret 20~ 

and the porti.on 32 of the tubular housing 30 as well as the geometry of teeth 300-330 are 

. ·1 ' < ' l k. . "'l() ! . '! l [' . ! . . .. . s1.ze<. s11cn tnat tne oc :"1ng .r1ng .:::~ ei..asncrn y c. e· "<Jrr.ns \.v11101.lt y1eldtng to per.n11t 

15 movement of the portion 32 of the tububr housing 30 rdaiive to the mbular mandrel 20 

only in a one direction. (~onseq11ently~ the locking ri11g systetn 290 is ada1)t.ed to ·pern1it. 

.nH)ve·n1ent of the. port.ion 32 of tl1e tubular housi11g 30 rela:ti\-'C t(> th.e tubular n1a.ndre1 20 

i!1 one direction, \.\'bile preventing re.lat1ve n1ctve111ent in an op:pos1te <li.r~:ction. 

;\d.d1Honali}'~ the do\~·nho.le tool 10 i1lay .include pins 440 extending through 

2.0 opt!l1ings 445 fr)n11ed in the portion 32 of the l11bular h.nusing 30 and into the through-slit 

fonned in the locking ring 290. The pins 440 prnvem mtati(ln of the locking ring 290 

:rehttlve to the portion 32 of the tubular hot1sing 30 as the portior1 32 of the tubular 

housing 30 and the tu.l}uiar n1and.rel 20 n1ovc .relative to each other~ as described ab()VC. i\ 

rotatif.rna! tc'.n.dency n:!ay· be prese11t \vhen, f·()r e-xc:u11plc~ the teeth pa.irs 300 a.nd 320 and!{Jr 

25 3 l O and 330 are J{)1:rtH~d fron1 one or n1ore co11tinuous he He.a! threads. 

The dmmhole tool .l () aiso includes a second slip 450. The second slip 450 may 

be conf1gu.red s1.n1ilar to t.he first sl.ip 140 l1avir{g ~~lits 460 at1d 470 corresponding to slits 

200 and 210, respectively. The second slip 450 may or may not include shear pins, 

sirn.i.!ar to shear pins 220, pwvided on opposing sides of the slit 4 70. Similar to the first 

30 slip l4G, ihe second slip 45{) also includes an engaging portion 480 that m:;y indude <! 

ph.tra!Hy of engaging n1e.n1l~ers or t.eet.h 490. 'ICeth 490 n1<~)' 1Je asy.1.!u.netricai in sh.ape. 

1.0 
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Sir:n.ilar to teeth 170~ the teeth 490 inay be tbtn1ed from a series t)f coaxial i:uu1u]ar rings 

·n.,rn1cd on the external surface of the slip 450 or l1Hl); be one ()f rnore cor.tt~n_11(n.~s hel.!c.r.d 

threads. 1\Jso~ the teet11 490 arc \)riente<.1 in an opp<lsite directio.11 as the teeth 17() fiJrn1e<l 

on the firnl slip 140. Thus, mevcmeni of second slip 450 in lht• direction of arro1v l .l O 

causes the tecfh .;i90 to ''bite~~ into th.e casin_(t. of the \veJl.bore .,., ' . 

i\. st~l~{.>11d wedge ring 500~ sin1ihlr to the first vvedge ring 150, is disposed adja.:.~ent 

the t.u.bv.h~r hous~.n.g 30 and tu1"n1iar inandre! 20. 1~.he second slip 450~ secon(l \.ve<lge ring 

5(}(\ and iocki11g .ring SJ~ste111 280 fom1 ~! second sH_p r.1ssernl1!;; 505. Slr.nDar 10 the .t1rst 

\~'et"lge ring l 50~ the second \.Ve<lge ring 500 in.eludes t\vo \:Vedge-shapcd protrusions 5 i 0 

1u that nest in wedge-shaped recesses 520 frmned in the second slip 450. More \\!' fe,ver 

wedge-shaped protrusions 5.lO and corresponding wedge-shaped Jcx'.esses 510 may be 

used. A second end p\wtfon 530 of the tubular housing 30 is secured lo the tuhufor 

rnnndrei 20~ such. a.s l~v a threaded co.nnection~ ·\vclding~ or other cot1t1ection tech11loue. 
~ ""' . l 

~l'hus, the s~~cond end portion 53D of th.e tul)llhtr J1ousing 3{} is prevented frorn n_H..)ving 

15 relative to the tubular l11andrel 20. 

·rhe. tubul~'r housing 30 and 111e tubular inandrel 20 are ternporarily held i"lxed 

relative to eac-!1 otl1er \:Vith 011e or rnore shear pi11s 540 or other dev-ice_, fi:ir cxan1ple, tn1t.il 

n1ove1l1e1rl of the tHbtdar housing 30 and. the tubular n1andre.J. 20 reh~tive 10 ea(.~h other is 

dt!si.red, \:\1hen the relativ·e .rn\)ve1nenl is desired~ a force greatt~r than tht.~ shearing 

20 strt~n.gth <)f the sh.ear pins 540 is applied~ causing the she-ar pins 540 to break and the 

tubular housing 30 \)perablc to 111ove relative to the tubuhu· n1andrei 20. 

ln operation, a wireEne a'•tuation tool (not shown), coupled to the downhoie too( 

l O~ is actuated. !rt so1ne- hnple1ne11tations~ t11c \VireHne- actuation. tool rn~~y engage a 

profile or Gtber geo1neh:y {Jfthe tubular l11andret 20 a.n_d a proflle or other geor.11ctry <Jflhc 

25 tubular housing 30 to diS:place the tubu.lar rnandrei 20 and. the t.ubula.r housing 30 relative 

to ;;.~ac.h other. J\s explained above, th_e do\v11hole tool 10 l1as a to11 .. ,h.J\Vr.l set 

coni'lguration such that t11e ~ .. vire!.lne actuation tool a_pp1ies a force to the t.~1bu.hlr. housing 

30 i"r.l the dirccticn. ()f tuTOW l i 0 nnd_ a f<)rce to the tubular n1ancirel 20 in the direc.t!on of 

aITtl\tV i 20. "}'his t<.srce exceeds tl1e strength of the shear p.ins 540, cHus.ing fhen-1 to shear nr 

30 oihe~l...-lse break~ aH.ov.dng the ttibular housing 30 t<1 n1ove relative to the tubular 111and.rel 

20. Beci.msc foe secnnd end por!'inn 530 ef the tubular housing 30 is fixed to the tubular 

l 1 



WO 2010/027936 PCT/US2009/055502 

n1andrel 2-0:.- as the tubular hcJus_ing JOI~ .n1oves do\v11 the tubular 1nand.rel 20~ the t·vedgen 

l ' t . - '") ,. ' d d . -0(} f ,, j .. -s 1apef.l prn rus1ons .) i L n..:: tf:C SCC{)!1- \Ve· ge r1n.g ) ,.,Qrce LJe sec.on<.. s.i1p 4.)0 to expand 

ont\vardly an-'l engage the. interior surtbce ~..)f the l\:ellbore casing. /\.8 the second sti]) 450 

is dxiven in.to the \ve-Hbo.re casing~ the seco11d \.Vedge ri11g 500 is prevented {!on1 trHveEng 

e furt11er alo.ng the tUbular 1nandrel 20 due to engagen1en.t of tl1e \ve<lge-shaped protrusi<.'lns 

520 \Nith t11e \Vedgc-sha_pcd rec.esses of the secorid slip 450. Further~ the teeth of t·he 

seco.n.d slip -450 are oriented so that the teetl1 49 "bite~~ into the lnterlor \vaH of the 

\VeJibore casing. 

As the second slip 45{) begins t<J expand and movement of the second wedge ring 

10 500 i!long lh<• tububr mandrel 20 begins to slow, the sealing assembly 250 is squeezed 

bct\v;,;:'.en opposing shnldders 550 and 560. 1'he ex.pansion n1e.n1bcrs 260 and tht.~ resif.ient 

15 

sealing de1nent 270 iu-e expan<fod radially outwards so that resilient sealing e.lement 270 

also en~~ages the intcri{Jr surJ8.c.e of tl1e \vellbore casing to -frJrn1 a seal. ~rhe. first slin l 40 
'~ <..' <.;.< .. 

also expands rad.ial ly 011t\vardly as the first slip 140 i5. pushed outvn1rdly hy the \vedgc~ 

shaned nrnt.rnsions 230 d'the first wedge ring 150. 
• >. .... •• 

'1'he slip ring 50 is also driven dO\VH\·var(lly 1ly the retaining ru1g i 25 that. is 

attached to the tubulax h.ousing 30. ~!'hus~ 'vhen the tubular n·1andrel 20 and tubular 

housing 30 n1ove !'{!_!ad:~le to eac.h -other~ the retain.ing ring J 2-5 contacts and driV\'..'S th~~ slip 

ring 5{} along the (~xteri<).r surf8ce of t11e tubular 111ru1drcl 20. 'J'hc orie.ntatlon of the lecth_ 

20 70 p-cn·:n_its th(•. slip ri11g 50 to travel along t11c t11bular tnandrel 20 in the di.rec.don of an\)\\1 

1.1 ()without binding. 

In the sc~t. con:flgt1ration.,. reiaiive n1t.)ve1ne11t bet\veen the tubiliar .housing 30 and 

the tubular .mandrel 20 is resisted by the engagement portion 70. That is, movement of 

the t11bu1ar ht)using 30 relative to the tubrrtar mandrel 20 in the direct.ion of armw 120 

25 c.auses the teeth 70 to ~-1,itc~' h1to and engage the extc.:ior sur.thce of the t11bular rn.and.re1 

30 

20. Furtiwr, relative. movement. helween the tubul.ar housing 30 and the tubular mandrei 

20 ts resis~i..xl h) .. the ·first and second slips .140 and 450. !v1oreover~. a f{>rce in the 

direction d' mTOW I. l () applied tbrough the tubuiar mandrel 20 is tran,~mi.ttcd through rigid 

e1en1ents of the- do'.:vnhole tool. 10~ tl1crcb~f bypassb1g the rcsilie11t seating ele111ent 270. 

~ ' ' { • l l t . ~ {\ 'I' t ! d • I'~('' ) ·' .r·< j' ,..., :\. (' ' 
s~·Gr tnc tO.P-GG\.VU se CO\Vn 10 e .. ool tv ~ ius rat~ u1 .ci .... JS, -!·\. .. \... an< .~/\.- .··~ ~' 

fbrct~ throug}1 the tubular rnandrel 20 in the dir~;cii<:>n of arn.)\V 110 (i.e., co.n)pressivc 

12 
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loading) bypasses the- resilient scaH11g elelnent 270. 'I'he correSpo.ndi.ng toad path is 

shown as morow 55\} in FIG. 3A-C. As shown, the C{lmpre,~sive loading passes from the 

mhniar mandrel 20, through the locking ring system 280, and into the s~>cond slip 450. 

When a compressive load applied to the tubular mandrel 20, the tubu.iar rnandrd 20 and 

;,} the lubuhu· hcush1g 30 are pretrented 1ron1 relat.i\re rnoven:1e:nt because the slip ring. 50 

lockirtgly engages the tubular i11andrel 20 ·via the teeth 70. ·rhe c.on1_pre..~sive load passes 

through the loc-king ri11g. systern 280: as a r:esuJt of the !ock.ing fu.nctionality of the ltH.:kin.g 

r1ng S)!Stern 280~ d.escribed above. 'J~11e load ls transn1itted 11\).ln the lockin.g ri11g syster.n 

180, into the second slip ring 450, and into the weHbore casing. As a result, a prcssllre 

increase to the resiiie.nt sea.ling e1ern.e.nt 270 ru.1d the tOr1natio11 of gaps bet\vee11 th.e first. 
~ . 

a.nfl second slips i 40 and 450 a11d the first lvedge ring 150 ;.u1d the second vlcd.gc ring 

500, rt~spectivel~/~ <Jr bet\veen the t1rst slip asse1nb1y 760 or the seC<)nd s!ip asse111l>ly 770 

and adjacent portions of tt1e tubu~ar 11fn1sh~g 3{> are aV{Jided. Such loading and rnandr~1 

n)ovctnent nsay occu.r di1ring toad re.\··crsals h.r1parted to the \.Vorking string~ such as 

15 working string 4 in Fl G L during ;ve!Ibore operations. Downhok tool lO also e1\ifJys the 

benefit of slgnit~ca!1tly reduct~d n1oven1ent of the ti1bular n1andre~ 20 \Vb.e.n the resilient 

sealing ele1.r1ent 270 exper.icncs..~s loa(l and/or pressure reversals. Ftutheri the durabBity~ of 

tubular .n1andrel 20~ i.vhicl1 ultitn~ue.lJ' .?n1przYves the !(>.ng 1er111 scaJab.fliiy of the res.~hent 

20 sen.Ung eien1ent 270, inc1·eascs rt~slstance to tulnlla:r r:nandre.l colh~pse~ as \.VCli as increased 

resistance to wd Ibo.re casing burst. On the other hand, tensile loading, Le., loading the 

tubular mandrel 20 in the direction of arrow i20 (shown as !nad path 560) passes from 

the tllbular mm1dre.I 20, the second end portion 530 d' the tutmlar housing 3(), the second 

s1io 450 .. the second. \.-\~edQt~ 500, the seating asst~n1.lJl\-' 250~ the first Yvcdge l 50~ and 
• • -.~ • -· ¥ 

25 thrnugb tbe first slip 140. Dmfog tensile loading to the tuhuiar mandrel 20, the tubular 

11u.rndre! 2D 1nay inove relative to tl1e s1.ip rir1g 50. In the cxa.n1ple sho\v11, the 111overnent 

\.VOtlld be uphoie n1ove.n1e11t, i.e .. ~ to\vards the tcrranean st.rrfact:. \)nee tht.~ rn~">ve.n1e11t 

Uf!hole .nHYVen1eni (~f the tulnliar rnandrcl 20 ce.<:1ses~ the sHp ring SD again gri.ps the 

tubular rx1an.dre.t 20, preventh:ig the tuhidar n1andrel. 20 fT<lJU reti1rning to its original 

30 position prier to the application of the tensile loading. 
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Jt is noted that~ it~ \Veltboxe ope.rations,, the n1ost signitlc~~nt loading d.irection to 

the tubular mandre1 20 after setting tho downholc tool 1 {) is generally known. Thlls. lhe 

downhole tool l 0 used in a particular appi.ication oan ho selected from one of a top·dovm 

set o:r l'x.Yt1{}111 .. u_p set type. ;\n exa.rtl1>le botto111-1.~p set t}cpe d(J\.v11hol.e toni it~ descr.ibed 

5 below with respect to HGs. 'IA-D and lOA-C. 

Fl:Gs. 7A-D and 8A-D iUustwte a forther irnpkmontation of the downhok tool ·10 

that is hydnwlkally acttmt{id. The downhole tool l 0 shown in FlGs. 7.A-D and 8A-D is 

configured h> be set from the top-do,m. Di.is downhole tool l 0 i1lso has a rnbobr 

n1andre1 20 nr1d a tiibtllar hoi1si.t1u: 30 circlnx1jacent the tul1uiar n1andrcl 2.0. -1'h{.~ do\vnbo-le - . . . . . 

·10 tool 10 may be pmvided on a tubular working string for running Uw downhole tool JO 

into position downhofo in the well bore . 

. First and seco.nd ·portions 600, 602 of the tubular housing 30 cu·e c.ouplc<i to tl1e 

tubular n1andrel 20 such as by a irea{ied co1HlCCtion, \.velding~ or rlny nth.er coupling 

technique. ·r11e t1tst p.ortion 60{) of the tu1.,u!ar l1ousing 30 in.eludes a pressure st~n~il!\1\~ 

15 val·v;,;,: 610 disposed in a IJOrt 620. ln so1ne irnpler:nentati.ons~ d1e pressure sertsitive valve 

is a rupture disk. The rupture disk may be configured to rupture when the rupture disk 

expe1ic.ntes a de~ired. J)ressure <liflt.rence. bet'\VCen an cx.teri<)r of the do\v11~h0Je tQoi 10 

·lt1'~ ~') 1v··"~:;::~11"" iP~e.rir1r of ti'"" runture disk '~ ... · ~on1-=• -i •. n.1_ple1nentat.h.)n~ .. the t.lres·.•.t'l'[": <» .• >.~ "~ !:·",,_..,...,._ """" , -•'- • , ... ,. iv . l· ~ , l1.; .., ..... "· " i ..,. 

di.fferential may be selected to be J 500 to 2000 psi greater than ru1 c1qx,cted downhole 

20 preSSl!fe. A piston member 630 of the tubular housing 30 adjacent the first port.ion 6()() .is 

.n1nve.abh .. ~ l~-1at.ive to tbe tirst portion 600. 1\s sho\vn1 the piston r11e111ber 630 O\rc.riaps an 

encl ()f the first portion 600. A first seal 640 is fonned between the first porti<m 6()0 and 

pisto11 i111;~_n1ber 630 h):" one or J11ore sealing 111en1bcrs 650. ,1\ccording to sor.ne 

hnpl.e1ne11tations tbe {)ne or in(.)re seal.111g 1l1e111b~rs 650 n·.1a:y' l'e one or lnore f)-ring or 

25 other resilient sea.ling 111ernbers. A second seal 660 is also fi:J11:ned bet\\'een an interi.or 

su.rfi~cc cf fi1e t1rst porti{)n 600 and an c~xteri()f Stlrfacc of the. tul1u!ar i11anJ.re.l 20. 'fbe 

second sea} 660 n1aJl be tl1rn1J~'.t1 b~l 011e or rnore sealing n1ernbers 670. ·r11e scaling 

i~1e111ht~rs 670 lnav be siII1ihu- to or diflbrent fron1 the seaiins 1nen1bers 650. ;\ third sea! . . ' . . . . -
680 is it.!rn1ed bet\vet~11 a11 interior surf1lce of the piston r.ne1111;cr 630 and. an exterior 

:{O sttrface \Jf the tubular n:u:ind.re1 20. 'Tl1t.~ seal 68{) n1ay be fonr1ed .f}on1 o.ne or nJore sea.Eng 

inen1bers 690i \Vhicl1 n1a_;l 1}e si.tnilar to or diffCre.nt fron1 the $Caiing inen1bers 650 and/or 
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670. /\J1 r:1nnul_ar chant1eJ 672 is .for.n1ed 'bet\vecn the first portion 600 and the tubuJar 

rnand.rel 20 and is in co111n1w1icatiol1 \Vit11 the p<)rt 620. 'rhe a.n11.uiar channel 672 e.xten_ds 

io an annular gap 674 bounded by the firsi pmtion 600, the piston member 630, and the 

tubular rnandrel 20. 'fhe an11ular c11mu1e1 672 is sealed by tlie fitst~ second~ and third 

5 seals 640, 660, and 680. 

i\n ann.u..1ar cha111ber 700 .is _t()n11ed 11etvvee11 the pisto11 inen1ber 630 and tht~ 

tubular mandrel 2(). In some implementations, the annular chamber 700 has a low 

internal J'rcssure-. In sorne .irn.ple,n1entati1.>11s~ tl)c annular charn.be.r 700 has zerc~ r>re.ssure. 

t)l' substantiaHy zern pressure. 'f11e third seal 680 is fl)lll1ed at a tirst end 71 O of the 

10 annular chamber 700 and a fourth seal 720 is formed at a second end 730 of the. annular 

chan1ber 700. 11le !Ourth seal 720 nHl)r be i{n,-.nefl tT01n 011e or 1nore scaling rrtetI1hers 

740~ ~irn_ilar to or difft~ren.t frlrr.r1 the- seaJin.g n1e111bers 650~ 670~ and/or 690. ]'bus, the. 

third. and fnu.rth. seals ~580 and 720 are o_perable to isolate the annular charnbcr 700, 

1'he \.h)<.·vnholc tool 10 also includes a :::ealing assc111biy 750 flanked on oppos.ite 

15 sides by a .first sHJi- assc.n1l"J-1y 760 and a secotH.i slip a.ssetubly 770. 1'he sealing ~~ssern.bfy 

750 mid first and second slip assemblies 760 and 770 are provided on the tubular mandrel 

'J'he Jirsi ru1d seco.nd sH_p assen1blie.s 76{}~ 770 are substantially the saxne as and 

OJlerate sinriiaTiy to the t1rst and second slip as-sens1")Iics 155 and 505 \.v.tth tl1e exception 

20 systen-i 780 rather than the slip ri11g 50. fJo'\.vever~ accore.iin.g, to other in1picrnentations~ n 

slip ring similar tc slip ring 50 may be used in place of the locking ring system 780. 

Thus, the first. slip assembly 760 includes a first slip 790, a wedge ri.ng 800, and the 

locking ring system 780. The second slip assembly 770 includes a second slip 810, a 

secon.d \V~~dge .ring 820~ and a Joc.k.ing ring systen1 830. L-ik.e\.vi.se, tl1e sealing assen1hfy 

25 750 11)ay be sin1Har to the seaHn.g assctnbly 250. ~rhus.., the sealing assenibi.y 750 rnay 

in":lu.~Je ~~ n:.'.sHient sen.ling elen1cr1t 840 \Vitl1 expansion 11len1bers 850~ 860 on or~:rosing 

sides i.hereot: although the expansion members 850, 860 may be omitted. 

The locking ring system 780 corresponds essentially to the locking ring system 

280, illustrated in FlGs. 2A .. , 3A, 5, and 6. Thus, the locking ring system 780 is adapl<'d 

so lo aHrrrv the first sEp asse111bly 760 to rnove re1ati1.<t~ t<J fhe tubular n1trndrel 20 in th$ 

direction of arrow 880 but noi in the direction of arrnw 870. 

l5 
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In <.lpenttfon, the downho!e tool 10 is placed into a desired position downho!e. /\ 

press~i.re il1 the iveHbore is increase(l to a pressure that e-auses the pressure sens.I-live ·valve . . 
610 t{) open. ln the implementation shown, foe dow11hole pressure is increased to a 

J)re~s11re designed to l'Uj)i11re the i-upture disk.. \~lcHbore pressure is con1n1unicnt1~d 

5 through th~ pressure sensitive valv~e 610 into tht.~ .rort 620~ lhrotigh ihe annular channel 

672 and into ti1e ani-1uJa::: gap (>74. 1~he '\veil.bore- pressure acts 011 th_e. surface 675. 

Because th~ pre-ssl1re \ViU.li11 the annu!ar clu:uxd,er 700 is zero or substru1tiaH\" zero. there . . . 

re!ativ<' to the tubular mandrel 20; c'1nst'quently, lhe fir.it and second slip asscmhi.ics 760 

10 and 770 a:re n_,()Ved relative t~) tht.~ tubular xnandret 20~ caush1g the associated sHps to 

radiaUy expand and engage the \veIH,ore ca.s.ing. 

actuated to IOn.11 a.n. ann11lar sea! \vithin the \Vellbort.~ casing. ~rbe l.oc:king ring systcn1s 

780~ 830 of th{.~ first an.<.i seco·nd sHp assen1blies 760 an.<.1 770, re,~pectiv"t::1y:- _per.n1it 

15 arr\3\V 880 but 11f.)t i11 the direction of mTO\V 870~ ·rh-us~ t11e locking ring systen1s 780~ 830 

lock the first and second slip assemblies 760, 770 and the seaUng assembly 750 into 

positi()n when the do\11.1bok tool 10 is placed in the set configuration. FIG 8A-8D sb\)WS 

the \Ve1lbore too~ 10 i11 the set con.figuration. 

/4. cr~rnpression f()rce ap1,i.ied t() the tubn.lar .lnantire1 20 is d.ircc.t'-~d. lhr{)ugh. lhc 

20 kddng ring system 830, through the second slip 810, and into the wdlbure casing, 

thereby l)ypassing the resilient sea.iing elcn1ent 8-.:lO of the seaJing assen1bly- 7.50~ as 

illustrated b}-' il1e load path 890. (.~onversely~ a tensile 1(Jrce appticd thn)u.g_h ·f11e tuhuinr 

nu~ndrel 20 passes through. the st.~co11d port.lo.n 602 of tht~ tubul.ar hous.ing 30~ the second 

slip 810, the Si.~CQ.nd "\vedge 820~ the seaH1\g asseinl,ly 750~ t11t.~ t1rst wedge 800~ and the 

25 first slip 790 into the casing wail, ilfostratcd by load path 900. 

F!Gs. 9/\-.D and l OA-C shov; another implementation of the downhok tool 10 

that is fluidica!iy actuated. The d\nvnhn!e tool. l {)of FIGs. 9A-D and i OA-C is shnilar tn 

the downhde IO ofFIGs. 7A-D and 8A-D except ':hltt the downlmle tool 10 ofF!Gs. '.>A­

D <ind lOA-C is set from the bottom-up. As a result, the ratcheting direction of the first 

30 and second .k)ck.ing ring systt~r11s 780 m1d 830 is reversed. ()ne or n1l~re I)Oti'S 620 ~s in 

communication with the interior 960 of the tubtilar mandrel 20. !n ;;or.ne lnsta:ic1.,s, a 
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pressure s<•nsitive valve 610 may be disposed in tht• port 20. Tho port 620 is in 

rnmnnmicatfon with annular passage 910, which is defined between the second portion 

6D2 of the tubular hou.sh1g 30 an.rl an end 920 of the piston i1H?.:n1ber 630. '[he tu1nular 

passage 910 may be isolated from the exterior of the downhde tool 10 and the anrmbr 

602 of th: tubuiar housing 30 and the tllhular nwndrd 20. The ammlaT chamber 700 is 

defi11cxi bet"\.veen the 1)iston .n1ernb-~r 630 and the e:xterior surli1ce of the tuln.dar rnandrei 

2(), 

~rhus~ \Vhen ·fluid pressure is a_pplie<.i to the interior of tJ1e tubular lnandrel 20, the 

10 pressur~~ S¢nsitivt~ ).ra~ve 610 open.s (if p1t">vided) and, ·fl111{1 pressn:e is con.l1T1unicated to 

lhe end 920 oft.be piston meml:ic•r 630 via the one or more ports 62() a.nd armufar passage 

9·~0. 1'he piston n1en)b~er 630 sl1d.es .relative to tlie tubular .rnandreI 20 h1 the direction of 

arrow 870 (uphde to-.vards the lerranean surface}, thereby placing fhe downholc tool 10 

in the s<.•t configiiwt.ion (shown in Fl Gs. l OA-D;. A subsequent tensile load w the rnbu!ar 

1' mandrel 2() <itkr the downhoic tool l 0 has been ph"ed in ihe set coniigumtion foilows 

the .toad path $90 throi1gh the first locking ring systet.l1 780t- th.e first \~vedge 800_~ the. first 

slip 790~ and into the \vellbore. casing~ thus av<.)idl.ng tl1e resilic~nt scalh1g clen1ent 840. /\ 

con1_pressive 1Qad ar~plied to t11e tubul.ar n1andre:! 20~ 011 the other hand. passes thr"<Jugh the 

rcsiiient searing e1cme.nt 840, as indicated ·by t11e 1<.)ad path 90{}~ and through. tJ1e sccQnd 

20 slip srn. 
A number of implementations have been des1.>ribed. Nevertheless, il will be 

understood that >'arious modifications may be made without departing from the. spirit and 

scope of Hw disdosure. For example, although not shown, implcnwntat:ions on a wireline 

or tubin.g string and. set 1!onJ the l1<-)ttc.H11~up art.~· also \vit11in tht.~ scope of the present 

disclosure . .-:\ccord.ix1g1y, other i.rnplen1entat.ic.)11s are \Vith.i11 the scope of the t;"Jao,ving 

e-lain1s. 
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What is claimed is: 

1. A downhole tool comprising: 

an elongated mandrel; 

a first slip assembly carried on the mandrel and having a first slip radially 

extendable to grip a wall of a wellbore and a first engaging portion, the first engaging 

portion adapted to grip the mandrel against relative movement in a first axial direction 

and allow relative movement of the mandrel in a second axial direction; 

a second slip assembly carried on the mandrel and having a second slip 

radially extendable to grip the wall of the well bore and a second engaging portion, the 

second engaging portion adapted to grip the mandrel against relative movement in the 

first axial direction and allow relative movement of the mandrel in the second axial 

direction; 

a sealing element carried on the mandrel adapted to engage the wall of the 
wellbore, 

wherein the first slip assembly and the second slip assembly cooperate to form a 

first load path bypassing the sealing element when the mandrel is loaded in the first 

axial direction and a second load path including the sealing element when the mandrel 

is loaded in the second axial direction. 

2. The downhole tool of Claim 1, wherein the sealing element is positioned 

between the first slip assembly and the second slip assembly. 

3. The downhole tool of Claim 1, wherein one of the first engaging portion 

or the second engaging portion comprises a wedge that grips the mandrel. 

4. The downhole tool of Claim 3, wherein the wedge is disposed radially 

between the mandrel and a housing of the downhole tool. 

5. The downhole tool of Claim 4, wherein the wedge is adapted to grip the 

mandrel against movement of the housing in the second axial direction relative to the 

housing. 

6. The downhole tool of Claim 1, wherein at least one of the first slip 

assembly, the second slip assembly, or the sealing element is adapted to be actuated 

fluidically. 
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7. The downhole tool of Claim I, wherein at least one of the first slip 

assembly, the second slip assembly, or the sealing element is adapted to be actuated by a 

wireline actuation tool. 

8. The downhole tool of Claim 1, wherein at least one of the first 

engaging portion or the second engaging portion is adapted to ratchet in the second 

axial direction relative to the mandrel. 

9. A method for dive1ting loading in a first direction around a sealing 

element of a downhole tool, the method comprising: 

applying a setting load in a first direction through a mandrel to extend the sealing 

element into contact with an adjacent surface and form a first gripping engagement with 

the adjacent surface on a first side of the sealing element indicated by towards the first 

direction, and a second gripping engagement with the adjacent surface on a second side of 

the sealing element opposite the first direction; 

resisting relative movement of the mandrel in the first direction, while allowing 

relative movement of the mandrel opposite the first direction, by a first engagement 

pmtion adjacent the first side of the sealing element and a second engagement portion 

adjacent the second side of the sealing element; 

communicating loading through the mandrel in the first direction through the 

sealing element and the first gripping engagement; and 

communicating loading through the mandrel in the second direction through the 

second gripping engagement and bypassing the sealing element. 

I 0. The method of Claim 9, wherein the adjacent surface is an interior surface 

of a wellbore casing. 

11. The method of Claim 9, wherein forming the first gripping 

engagement with the adjacent surface comprises radially expanding a first 

engagement member on the first side of the sealing element to grip the adjacent 

surface and wherein forming the second gripping engagement with the adjacent 

surface comprises radially expanding a second engagement member on the second 

side of the sealing element to grip the adjacent surface. 
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12. The method of Claim 11 wherein radially expanding the first engagement 

member comprises ratcheting the first engagement member along a length of the mandrel 

in the second direction opposite the first direction. 

13. The method of Claim 11 wherein radially expanding the second 

engagement member comprises ratcheting the second engagement member along a length 

of the mandrel in the second direction opposite the first direction. 

14. The method of Claim 9, wherein applying the setting load in the first 

direction comprises fluidically applying the setting load. 

15. A downhole tool configurable between an unset and set configuration and 

adapted to provide a seal downhole, the downhole tool comprising: 

an elongated mandrel; 

a first slip assembly caITied on the mandrel compnsmg a first engagement 

portion, a first radially expandable engagement member adapted to grip a wall of a 

wellbore and a first wedge adapted to expand the first radially expandable engagement 

member; 

a second slip assembly caITied on the mandrel comprising a second engagement 

portion, a second radially expandable engagement member adapted to grip the wall of the 

wellbore and a second wedge adapted to expand the second radially expandable 

engagement member; 

a sealing element caITied on the mandrel and disposed between the first slip 

assembly and the second slip assembly, the sealing member adapted to radially expand to 

engage the wall of the well bore; 

a first load path extending through the second engagement portion and bypassing 

the sealing element in the set configuration to conduct loading applied to the mandrel in a 

first axial direction; and 

a second load path extending through the sealing element and the first 

engagement portion in the set configuration to conduct loading applied to the mandrel 

in a second axial direction. 
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16. The downhole tool of Claim 15, wherein the first engagement portion 

is adapted to grip the mandrel against relative movement in the first axial direction 

and allow relative movement of the mandrel in the second axial direction opposite the 

first axial direction. 

17. The downhole tool of Claim 15, wherein the second engagement portion 

is adapted to grip the mandrel against relative movement in a first axial direction and 

allow relative movement of mandrel in a second axial direction opposite the first axial 

direction. 

18. The downhole tool of Claim 15, wherein the first slip assembly and the 

second slip assembly cooperate to radially expand the sealing element. 

19. The downhole tool of Claim 15, wherein at least one of the first slip 

assembly or the second slip assembly is adapted to ratchet along the mandrel in the first 

axial direction. 

20. The downhole tool of Claim 15, wherein at least one of the first slip 

assembly, the second slip assembly, or the sealing element is adapted to be actuated 

fluidically. 

21. The downhole tool of Claim 15, wherein at least one of the first 

engagement portion or the second engagement portion comprises a locking ring disposed 

adjacent the mandrel and operable to ratchet along the mandrel in the first axial direction. 

22. The downhole tool of Claim 15, wherein at least one of the first 

engagement portion or the second engagement portion comprises a wedge. 

23. The downhole tool of Claim 15 further comprising a housing carried on 

the mandrel and a channel having a substantially zero internal pressure is formed between 

the housing and the mandrel. 
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