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BOWNHOLE TOOL WITH LOAD DIVERTING SYSTEM AND
METHOD

REFERENCE TO RELATED APPLICATIONS

i

The present apphication claines the benefit of priority to 118, Paient Application
Nen 127283813 fled September 2, 2008, the entire contents of which are incorporated
herein.

TECERICALFIELD

Thiy disclosure relates 1o securing s downbole tool at a location downhnle, and
more partieniaely o systems and methods for securing a downbole tool, such as a packer,
within & well casing.

BACKGROUND

Downhole tools, such as packers, straddie packers, fiacturing plugs Mfrac plags™),
and bridge plugs, may be secured in place down hole to isolate ene or more postions of a
e from one or more other portions of a sadibore,
SURMMARY

\ dowaohoele ool sceording 0 one aspect inclades an clongated mandrel, & first

¢53 ibl\

stip assembly canied on the mandrel, and a second slip assembly cavied op the mandral,
The fest slip assembly may inclode 2 frst slip redially extendable o grip 4 wall of &
vellhore and o Hrst engaging portion. The first engaging portion. may be adapled to grip
{he mandrel against refathve rovement in a first axial dircction and altow relative
movement of the mandrel i 8 second axdal direction, The second sHp asserbly may
include a second slip radially sxtondable to grip the wall of the weltbore apd & second
engaging porticn,  The second engoeging portion may be adapied 1o grip the mudrel
against relative movement i the fiest axial divection and aflow relative movement of the
wandrel i the second axial divection. The downbole 1o} alse nciudes a sealing clemend
carried ou the mandre! adapted to engage the wall of the wellbere.
Another aspect includes o methoed for diverting Joading In & firsy direction arcund
s sealing sloment of a downbede tool. The method includes applying 2 setting foad in a
first direction through a mandre] o exiend a sealing element into contact with an adjucent
surface and form a frst gripping engagement with the adjacent susface on & Gest side of

the sealing sloment indicated by the first direction and second gripping engagement with
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the sdjacent surface on o second side of the sealing clement opposise the Srst direction.
The method alse meludes communicating loading through the mandrel in the frst
direction through the sseling clement end the first gripping engagement, and
communicating loading through mandrel in the second direction through the second
gripping engagement and bypassing the sealing eloment.

A further aspeet neludes g downhole ool configurahle between an snset aund set
confipuration and adapted to provide 8 scal dowrhele. The downhole 0l includes an
clongaterd mandrel and a st slip assembly carried op the mandrel comprising a fivst

B

engagoment pariion, a frst radially expandable sngagement momber a\:m;{*icd o grip the

wall of the welibore and a first wedge adapted 0 expand the Sest raginily expandable
engagement member. The downhole tool also Inclodes a second sHp assembiy carried on

the mandrel comprising 2 second engagement portion, a second radiaily expandable
engagement mamber adapted 10 grip the wall of the well bore and a second wedge
adapted 1o expand the second radially expandable enpagement wember. A scaling
eloment may be varried on the mandrel and disposed between the fivst slip assembly and
the ssoond sHp assombly. The sealing member may be adapted 1o radially expand to

enpage & wall of & weltbors, A first Joad path extending through the second engagenent

aortion and bypassing the sealing clement in the setf configuration fo conduct luading
applied to the mandeel o the St axial direction, and a second load path exiending
through the sealing eloment and the first engagement portion in the set coafiguration 1o
conduct loading applicd 10 the mandrel o the second axial direction.
The wnious aspects may include one or more of the following features. The
sealing olement may be positioned between the first sy assembly and the second slip
assembly, The first slip assembly and the second slip assembly may cooperate o form a
first Ioad path bypassing the sealing element when the mandrel is foaded in the first axial
divection and a second load path Inchuding the sealing eloment when the mandvel &8
toaded i the sscond axial direction. Oue of the first engaging =_3(.srtim“; or the scoond
sugaging pertion comprises may include & wedge that grips the mandrel. At least one of
the frst siip assembly, the second slip assembly, or the sealing element may be adapted to
be avtuated Suidicaliv. At least one of the first slip asserably, the second slip assembiy, or

the sealing eloment may be adapted fo be actuated by & wireline actuation ool At lemt

B
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ne of the frst ongaging portion or the second engaging porfion may be adapled ©
ratchet in the second axial divection relative to fhe mandrel.

The various aspects may also inelnde one or more of the following featwes, The
adiacent surface is an interior sarface of a wellbore casing.  Forming the first gripping
sngagement with the adiacent swriace may include radially expanding a first engagement
member on ihe finst side of the sealing eloment 1o grip the adjacent surface, and forming
the seoond gripping cngagemenmt with the adjecent swisce may inclede radially
expanding & socond cngagement momber on the second side of the sealing element o
grip the adizcent surface. Radially expanding the first engagement momber may inchude
rafcheting the first sngagement member along & length of the mandrel v a scoomnd
divection opposite the first divection. Radially expanding the second eogagement member
may include ratcheting the second engagement member along 2 length of the mandrel ina

second direstion opposite the first direction.  Applying the seitiag load in the fist
divection may inchude Tuidically applying the seftiag load.

The various aspeets may further inclnde one or more of the following features.
The Hrse alip assembly and the second ship assembly may cooperate o radially expand the
sealing olement. At least one of the first slip assembly or the sweond slip assembly nway
be adapied to ratchet along the mandrel in the tz"v‘ axial direction. Ad least one of the
first ship assembly, ihe second slip assembly, or the sealing clement may be adapted to be
acluated fluidically, At least ovne of the imv cngagement portion or e second
engagement pordien may include a focking ring disposed adjuvent the mandred and
operable to ratchet along the mandrel in the first axial dirgction. At least one of the first
sugegement postion or the sccond engagement portion may im:Ez;;ds, a wedge, The
downhole too] may include a housing carded on the mandrel and a channel having &
substantially zero imernal pressurs formed between the hovsing and the mandrel. The
first engagement portion may be adapted to grip the mendre! against relalive moversent
in a frstoadal divection and aflow relative movament of the mandrel in a sesond axiat
direction oppoesiis the firsi axisl direstion. The second engagement poriion may be
adapted o grip the mandrel against refative mavement in a first axial divection and allow
relative movement of mandrel in 2 second axial direction opposite the fivsl axial

direction.
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The detwils of vne or more implementations ave set forth in the a*amnpa:nying
drawings and the deseription below. Other featwes, oblects, and advantages will be
apparent frow the deseription and drawings, and from the clams.

BEBCRIPTION OF DRAWINGS

FIG 1 shows a schematie of & wellbore extending fom 8 terranean sorfhoe and
having a dowshole ool disposed therein,

FiGs. 2A-C show an example downhole tool in the running configuration that is
acinated by & wirgline actuation tool and set from the fop-down,

FiGs 3AC show the example downbole wol of FiGs. 2A-C in the set

configaration.

draes

T 4 shows a detud] view of an example slip ring of the downhole ool shown in

FiGs, 250 and 340

FEY 5 is a dewil view of a locking ring sysiem.
FRR 6 i o detail viow of various compoenents of the locking ning system of FIG. 5.

FH3 74-D shews an example downhole tood in the running configuration that is
fluidically actuated and set from the wp-down.

FE3s. 8A-D shows the dowahole tool of FIGs. 7A-D in the sot conBiguration.

FiGs, 8A-D shows an example downhole ool in a runsing sonfiguration that is
fluidivally actuated and set ffom the botloar-up.

FiGis, 1040 shows the dowahole tool of FIGS. 9A-D in the set condiguration.

BETAILED DESCRIPTION

Thye present disclosurs encompasses & downhole ol for iselating &

porfion of & wellbore, An example configuration of an application of the downhole ool
ia iostrated I FIG 1 FIG 1 shows a wellbore 1 extending from a tervanean surface 2
A wellbore casing 3 extends along a least 2 portion of the welthore 1, The casing 3 may

~5

be cemented or otherwise sevured info plave within the wellbore 2. A downhole sysiem 4
extends into the weltbore | and includes o downhole ool 3, for example, extending from
s {ubufar working string, 2 wircline or other, The downhiole tool 3 may be a sealing tool
nperable o seal oy substantially seal against flow through a annulus 6 formed between
the dossshiole foof 5 and the wellhore casing 3 when the downhole toel 3 s placed in a set

configuration, Onee sel, the dowahole tool 5§ is operable to transwmit force appiied o the
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downhaole tool 3 in one direction through the rigid components of the downhole fool,
thus, bypassing a resiliont sealing eloment ¢ of the downhole wol &, fn the apposie
divection, the foree Is fransnitted fhrough resilient mamber § of the downhole tool £

FIGs, 2A-0 and 3A-C show an example downhole tool 10 may be used as the
downhole tool 3, shown iIn FIG 1. FlGs, 2A-C show a partiad cross-sectional view of 8
downhole tood 10 in an unsel o “nunning” configuration, and FiGs 3A-C show the
downhole tool 18 in a sel configwation.  The downhode ol 10 i maintained in the

ruming configuration when the downhole tool 10 is belng placed ima g desired focation
within the wellhore, The set configuration vepresents the downhole fool 10 affer being set
into position within the wellbore.  The downhele fool 10 shown In FEG 24-0 s a
wireline-acimiod ool However, in cerlain instances the downbole (ool may be adapted
o bhe actuated in other manpers, for oxample, foidically (hvdraulically andfo
fvdrostatically) actuated, mechanically actuated by manipelatiog 8 tubing coupled to the
downhole ol wmbor otherwise soctonied. Examples of fluidically actuatsd downhele
tools 16 are discussed in more detal with respect o FlGy, 7A-D, 84D, 9a-1) and 10A-
.

The downhole tools described herein could, in some instances, be 8 packer. In
other instmnges, the downhols tools could be configured as a frac piag for primaily
seating in one direction. In some instances, g frac plug may ioclude only one expansion
member, such a3 expansion member 260, on one side of a resilient sealing momber, such
as resiiiond sealing member 270, In still other instances, the downhole ols described
herein could be configured as a buidge plug by biocking the nternal passage of the
wsbubar mandrel, such as ubudar mandrel 20, deseribed below,

Referving again to FIGs. 2A-C and 3A-C, the downhole tou! 10 includes & whaelar
mandrel 20 that may be fonmed of a plurality of tubudar eloments coupled o cach othey,
for example, by threaded connections, welding, or other joining lechnique. Alternutely,
the tehular mandrel 20 may be a single unitary fubular body, subject o manufactoriag
requirements. The downhole fool 10 may also include o tubular housing 39 circumjacent
the whular mandre! 20 and slideable refative thereto. The tobular housing 30 may also be
formed from @ plurality of whbular portions connected, for sxample, by threaded

connections, welding, or other juining eelmique. The downbode tool 10 shown in FiQs.

L1y
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28-C and JA-C is vefemred to as being set from the “top-down,” hecause, when placing
the downhole tool 10 inte the set conligurstion, the tubular hoosing 30 i moved
downhole sad the whudar mandrel 20 is moved uphole.  With reference t6 FiGs, 2A-C
and 3A-0L 3 the uphede location (e, fowards the tervansan surfhee) is considersd 1o be
on the left side of the fgure, a8 indicated), the twbular housing 30 is moved in the
direction of amow 118 and'or the tubular mandrel 20 is moved in the dirsetion of arrow
120 when plecing the downhole ool 10 in the set configuration. Other Implamentations
may be comsidered 1 be set from “botiom-up™ {such as the dowahole tool 10 shown in
FiGs, DA and 10A-C), because, when placing the downhole tool 10 in the st
configeration. the fubolar housing 30 i3 moved uphole {fe., 1o the left side of the FiGs.
SA-D, and 10A-C) andfor (he tubular mandre! 20 is moved downhole (e, o the right
side of FIGs, 8A-D, and 10A-()

MNear 2 first end portion 40 of the twbalar housing 30, & slip ring 5C Is disposed
between the tubanler mandrel 20 and the tubudar bousing 30, In some implomentations,

o¢

the "§3p ring 30 may be wedge-shaped. The slip ring 50 includes an engaging portion 60
formed of a phurality of engaging members or teeth 70, A detafl view of the slip }.'i.ﬁg 34
is shown in FIG 4. According to some implemeniations, the teeth 70 are a phurality of
ssyrametrical sseth, The teeth 70 may form a saw tooth patiern and configurad to pernit
movement of the stp rdng 30 relative to the tubular mandrel 20 in one divestion bt
prevent movement of the slip ring 50 relative to the tobular wandrel 20 In an opposite
direction. The piumiity of agyrametrical teeth 70 may be formed from a phaalily of

ngs or one or more comtinucus helival threads foomed on the interior

15

comoal annular g

surface of the sHp ring 530, As shown, the asymmeﬁricai shape of the testh 70 may form g
saw tooth pattern having a vertical or substantially vertical side 90 and a sioped side 100
Hawever, the shape of the teeth 70 shown in FIG 4 s merely one oxample. Thus, the
teeth 70 may have other shapes. '

The sbip ring 50 may also include one or more slits (not showa; formed al an edge
of the siip ring 30, extending through the slip ring 50 and terminating at a Sstance along
the length of the slip ring. Alternating slits formed in the ship ving 50 may have an onigin

at opnosite edees of the slip ring 50 and have torminating ends within the slip xing 30

e

dex

sear opposite ends thereof  Alternstely or in addition, the slip slng 50 may include

6
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antiier slil extending entirely fwough the length of the slip ring 30 resubing in the slip

l’(a

YRR T

ring 3% having a “C” shape in profife.  The sl allow the slip ring 50 0 elastically

expand radially without vielding. A retaining ring 128, shown residing in 2 groove 130 i
the twbular housing 30, may be included to prevent the first rotaindng ving 58 fom being
removed from dovwnhole ool 1 during mvanufhotoring andfor assembly and o diive the
{ along the exterior surface of the tubuler mandrel 20

The configuration of the teeth 70 permis the siip ting 30 to move along the

.“1

gxiorior swrihee of the nbular mandrel 20 In the divection of amow 1S Howeven
movement of the slip ring 39 in the divection of arrow 120 canses the teeth fo “bite”™ info
the whbular wandvel 20 resoliing in an increase in friction that resisis movemsnt. Thus.
the orientation of the teeth 70 of the slip ring 50 defines the direction in which movement
of the slip ring 59 {s facilitated. As a geneval matier, the slip sing 530 i3 capable of moving
in & dirceticn corresponding o the side of the feoth 70 having a shallow angle (in this
case, side 100} and resists movement in & direction corresponding o the side of the teeth

S
%

T having o vertical or substantially vertical side (1o thiy case, side 901 A shallow angle

defined at an interface betwuen the slip ring 50 and the housing %0 also contribuies w the
ahitity of the glip ting 50 to grip the twbular mandrel 20 in one direction while moving
relative fo the whuler mandrel 24 in the opposite direction.

Comtinging along the downhole tool 10, a first slip 140 is retained around the
inbahr mandrel 20, sandwiching o frst wedpe ring 1530 between the finst slip 14G and the
fubular mandrel 28, The first slip 140, wedge ring 136, and slip ring 50 fom a stip
assombly 135, Simifar 1o the ship ring 34, the first slip 14¢ includey an engaging portion
160, As shown, the engaging portion 160 inchudes a plorality of engeging moembers or
teeth 170 disposed on an exierior surfacs of the fust slip 1L The teeth 170 may be
asynunetrioal in shape. Similar o the teeth 70, described above, the teeth 178 inchude &
sloped side 180 and a vertical or substantially vertical side 190, The testh 170 provide

r focking engagement with a wellbore casing when the first slip 140 s 1o an extended
position.  In the extended position, the first slip 140 resists movement of the downhole
ool 10 relative to the wellbore casing o a direction corresponding o avvow 120, The
seeth 178 may be formed from a pluraiity of adjscent comial anvuiar rings or one or more

continuous helical threads, The first slip 140 also includes a plurality of longhuding slits
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200 exsonding from an edge of the fi st ship 140 and ending at & location within the fist
siip 140 nesy an opposing edge of the fivst slip 144, Adjscent sy 200 extend from
apposing edges of the first ship 140, Additionally, the first slip 140 Inchudes another siit
210 extendmyg longitudinally tongh first slip 140 along an entire length thereof so that
the fipst slip 140 fhoms a O shepe in profile.  Shear pins 220 may be provided on
opposing sides of the olit 210 1o retain the first slip 140 in poshion in an unsey or “run”
configuration prior {0 setting the downhole tool 14 in position within the wellbore vasing.
(1t i3 noted that only one of the shear pios 220 Is Hiustrated In FEG 28 due o the partia]

oss~suchiong view §§res{tmled.} That s, the shear pins 220 temporacily X the first slip

E"

146 in position as the downhiole tool 10 is being i into the welibowe and prior to being

-~

placed into » desired location dovwnhole. The slits 200 and 210 facilitate outward radial

expansion of the firet silp 140 when the downhole tool 10 is placed in a sot configuration,
. the downhole wol 10 is Gxed within the wellbore casing, The first wedge ving 130

b

has a palr of wedge-shaped protrastons 230 that nest within wedge-shaped recesses 240
formed In the st slip 140, The Srst wedge ring 150 may include more or fewer wedge-
shaped protrusions exiending o corresponding wedge-shaped recesses formed i the

first stip 140,

Adiacent the frst slip 190 and first wedge ring 150 15 a sealing assembly 230 thai

ray be expanded Into sealing engagement with the wellbore casing when the downhole

tont 10 s placed in the set configration. In some implementations the sealing assombly

230 may be & packen  As shown, the swaling assembly 234 may include expansion

[+

members 268 and a resiliend sealing element 270, The expansion members 260 are
operable to oliminate or substantially reduce axial exirusion of the resilient scaling
cloment 270, Thus, the expansion members 263 are operable © provide a zero extrusion
gan for the sealing element 270 when deployed in the set configuration,

The downhole ool 10 alse includes a locking ring systemy 280 that includes a
socking ring 290 disposed between a portion 32 of the tubular houstng 30 and the tubuia
saandrel 20, The focking ring 290 has a through-slit {not shown) exiending an entire
fength of the locking ring 290 so that the locking ring 296 has 2 “C" shape in profile. The

focking ring 290 may also nclude a phuality of slis, similar {o the slits 208 desordbed

AT
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above with respect to the first sy 140, FIGe 5 and 6 show an example implermentation
of the locking ring systom 246,
Referring o FIGs. § and 6, the locking ring 290 includes a plurality of coarse

asymmetrical teeth 380 formed on an oxternal surface thereof and 2 finer ;:}E'umiii}-' of

asynunelivical teeth 316 formed on an inner sueface of the slip ring 240, The 264
sngage mating ssynunetrical teath 320 formed on an inner surface of the portion 12 of the

~

fubular Eem,f*lg 30, and the teeth 310 engage asymumetrical teoth 330 formed on an
exierior surface of the tubular mandrel 20, Any of the teeth 300-33¢ ¢ be forred i a
manier simiiar to the teeth 70, 170 described above. For example, the weth 300-330 may
he formed from a plurality of coaxial annular tings formed along the locking ting 296 on,
alternatively, from one or more continuous helieal thrsads, It should be apparont thw i

aih 300 or 318 are formed From one or more comtinuous helieal thread, the mating teeth
320 or 338 would alse be fonned from one or more continwous helicad threads. S‘imiiar.Ej,?,
if the toeth 380 o 318 ware formed from a phurality of coaxial rings, the mating teeth 320
or 38 would alse be formed from a plurality of coaxial rings.

fn the example implementation shown, & gap 340 1 Poemed between the mating
tecth 300 and 320, and the wecth 310 and 330 have rolative sizes such that two teeth 330
it info the space formed between adjacent teeth 3100 The implementation shown,
though, represents only one possible Implementation and is not meant o limit the scope
of the discionge, For example, the relative sives of toeth 310 and 330 way be such that
mere or loss then two teeth 330 may reside in the space formed between wliacens tecth
318,

Purther, the portien of the ubnlar mandeel 20, the portion 32 of the tubular
housing 30, and the locking ring 299 forming the locking ring system 280 have defiped
rigidities so that Jocking sing svstem 280 performs a rafcheting action as the portion 32 of
the nhula housing 30 and the whular mandrel 20 move relative to cach other ina
defined divection.  Particularly, as the fubular housing 20 moves i a divection ndicated
by arrow 3435 and as the whular mandrel 20 meves relative according 1o the direction
indivated by arrow 350, vortical or substantially vertical side 360 of teeth 220 engage

vortiond or substantially vertical side 370 of tecth 300, As the portion 33 of the fubunlay

housing 30 continues to move, the sloped poriion 380 of teeth 310 slip over the sloped
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portion 380 of the teeth 330, causing the locking ring 290 o expand into the gap 344 onsl

the locking ring 290 moves the distance of one of the teeth 330, When the locking ting
290 moves past a tooth 330, the teeth 310 fall back into the spaces formed between
ﬁ;.&en: taeth 330, permitting the locking ring 290 to radially contract, O the contrary,
when the portion 3% of the tnbular housing 38 is moved in a direction opposiie arraw 345,
stoped porlion 400 of the teoth 320 engage sloped portion 410 of teeih 300 cansing the
vertical o subslantially verticnl side 430 of teeth 310 to engage the werival or
substastially vertical side 430 of teeth 330, The interaction of sides 420 sud 430 prevent
the locking ring 290 from moving relative to the twhbular mandre! 20, Further, the wbular
mandrel 20 1 provented from sliding relative to the locking ring 290 due to the relative
vigidities of the twbular mandrel 20, the tbular housing 30 (e g, the portion 32}, and the
focking ring 290, Thus, a wall thickness of the locking ring 290, the tubular nuandrel 20,
and the portion 32 of the twbular housing 3¢ as well as the geometry of feeth 300-33 are
sized such that the locking ring 290 clastically deforms withont vielding te permuit
movement of the portion 32 of the wbular housing 30 refative to the mbudar mandrel 20
anly In 2 one divection. Consequently. the locking ring systemn 290 is adapted fo permit
movemen of the portion 32 of the tbular housing 38 relative to the inbular mandre] 20
in nne direction, while preventing relative movement i an opposite dirsetion

]

Additionally, the dovwnhole fool 10 may include pins $40 oxtending through
eperings 445 formed in the portion 32 of the tubular bousing 30 and info the through-slit
formed in the locking ring 296, The pins 440 prevent rotation of the locking sing 290
refative o the portion 32 of the {ubuiar hovsing 30 ag the portfon 32 of the wbuler
housing 30 and the tobular mandrel 20 move refative to each other, as deseribed above. A
rotational fendeney may be present when, for example, the weth pairs 30 and 320 andfor
310 and 330 sve formed from one or more continuous helical {hreads,

The downhole 1ool 10 also includes a second ship 450, The secound ship 450 may
he configured sindlar fo the first sHp 140 having slits 460 and 470 correspondding fo shits
200 and 210, respectively. The second slip 430 may or may not inchude shear pios,
similay {o shear ping 220, pmﬁded on opposing sides of the slit 470, Similar to the first
stip 148, the second sfip 450 also includes an engaging portion 80 that may nclade 2

plurality of engeging members or teeth 490, Teeth 490 may be asymmetrical in shape.

10
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Simtlar to leeth 17, the eeth 450 may be formed from a series of coaxial annular rings
formed on the external surface of the slip 430 or may be one or more cominuous helieal
threads. Also, the feefh 450 arve oriented in an opposite direction as the feth 170 formed
s the first slip 1400 Thus, movement of second slip 450 in the divection of arow 110
cuuses the teethi 496 o “bite” into the casing of the wellbore.

Acsveond wedge ning 300, similar to the first wedge ring 150, is disposed adjacent
the tubular hoosing 30 aad wibular mandrel 20, The second slip 439, second wedge ring
500, and locking ring system 280 form 2 second ship assembly 3035, Similar to the first
wedge ring 154, the second wedge ring 300 eindes two wedpe-shaped protrusions 310
that nest in wodge-shaped recesses 5320 formed i the second ship 450, More or fewer
wedge-shaped eofrusions 310 and corresponding wedge-shaped recesses 520 may be
wsed, A second ond portien 330 of the whular housing 30 is secured to the tubular
mandrel 20, such a3 by a threaded connection, welding, or other conmestion tochaigue.

-

Thus, the second end portion 536 of the tubuler housing 30 Is prevemted from moving
refative o the nbular mandrel 20,

The twhular housing 30 and the wbular mandrel 20 are temporartly held fixed
refative to each sther with one or more shear pins 340 or other devics, for example, unl
movement of e tubular howsing 30 and the tubular mandrel 20 relative 1o each ofher i
desired.  When the relative movement s desired, a force greafer than the shearing
sirength of the shear pins 340 is applied, causing the shesr ping 340 to brealt and the
tubudar housing 30 operable to move relative to the tnbular mandred 20

In operation, a wireline actuation too {(nof shown), coupled to the downhele toud
1, is actuated,  fn some implemenmtations, the wireline actuation tool may engage @
profile or other geometry of the tubular mandrel 20 and a profile or other geometry of the
ubalar bousing 30 o displace the whular mandre! 20 and the tubular housing 30 relative
0 zach othen  As explained above, the downhole tool 10 has a top-down set
configuration such that the wireline actuation ool applies & foree 1o the Wwbudar bousing
3 in the divection of arrow 110 and a force to the tubular mandrsl 20 in the direction ¢
arraw 120. This foree exceeds the strength of the shenr pins 540, causing thers 10 shear or
otherwise break, allowing the nbolar housing 30 (o move refative to the fubmlar mandrel

20, Beeanse the second end portion 530 of the rubular housing 30 i fixed to the tubular

11
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mandrel 20, as the {ubular § *musm-r 308 moves down the wibwlar mandrel 28, the wedge-
shaped protrusions 518 of the second waedge ring 500 foree the second siip 430 fo expand
outwardly and engage the Interior surface of the wellbore casing. As the sscond ship 456
is driven into the welthore casing, the seccand wedge ring 500 is prevented from gaveling
further along the tubnlar mandrel 20 due to engagement of the wedge-shaped profrusions

328 with the wedge-shaped recesses of the second slip 430, Further, the feeth of the
second ship 450 ave orlented so that the teeth 49 "bite™ into the interlnr wall of the
weithore vasing

Az the seeond slip 430 begins to expand and movement of thy seeond w:‘:dgtz sing

300 alang the tubular suandrel 20 beging o slow, the sealing assembly 230 is squeczed
between opposing shoulders 3530 and 560, The expansion members 268 and the restfient
scating element 278 are expanded radially outwards so that restiient sealing clement 270
alao engages the interior surface of the wellhore casing to form a seel. The Hrst slip 140
alge expandys radially outwardly as the first ship 1490 is pushed outwardly by the wedge-
shaped prowusions 230 of the first wedge ring 150,

The sHp ring 50 &3 also driven downwardly by the retaining ving 125 dat is

JEL

attached to the tubular housing 30, Thus, when the wbular mandrel 20 and tubular
housing 30 move relaiive to cach other, the refaining ring 123 contacts and drivey the shp
ring 30 along the exierior surface of the tubuler mandrel 20, The oriensation of the teeth
70 peraiits the slip ting 30 1o travel along the twbelar mandrel 20 in the divection of arrow
110 without binding.

in the sat configuration, relative movement between the tubular housing 3¢ and
the iunholar mandred 20 is resisted by the engagement portion 70, That is, movement of
the tnhular housing 30 relative o the tubuler mandrel 20 in the direction of arrow 120
camses the tecth 70 1o “bite” imto and engage the exterior surface of the tabalar mandrat
30, Further, refative moevement botween the fubular bousing 30 and the tubular sandrel
) s resisted by the first and sccond slips 140 and 450, Moreover, a force in the
direotion of avow 110 applied through the tubular mandrel 28 is fransmisied throogh rigid
slements of the downhols tool 18, thereby bypassing the resiliont sealing eloment 270

For the top-down set downhole too! 10 illustrated in FiGs. 2A-C and 3A-C, 2

force Hhrough the wwbuler mandrel 20 in the dircction of arrow 110 {le., compressive

fot
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loading} bypasses fhe rositiont seuling element 270, The comesponding foad path is
shown as arrow 5530 in TIQ 3A-C. As shown, the compressive loading passes fom the
tubuiar mandrel 20, through the locking ring system 280, and indo the second slip 450
When a compressive load applisd to the wbular mandrel 20, the tubular mandrel 26 and
the mubalar housiog 30 e provested from relative movement because the sitp ving 3¢
lockingly engapes the tubsler mandrel 20 via the teeth 70, The compressive load passes
through the Iocking ring system 280 as a result of the focking functipnality of the locking
ring systemn 280, deseribed above, The load iy fransmitted from the Jocking ring svstem
280, indn the second slip ring 450, and into the wellbore casing. As a rosult, & pressure
inorease to the restlient sealing elerment 270 and the formation of gaps betwesn the fus

and second siips 140 and 450 and the first wedge ring 130 and the second wedge ring
343, respectively, or between the first stip assembly 760 or the second stip assembly 770
and adiacent portions of the tubular housing 3¢ are avoided. Such Joading and mandrdd
movement may ocowr during load reversals impated o the working string, sweh as
working siring 4 10 FIG L duning wellbore operations. Downhole ool 10 also enjoys the

-

benefii of sigmficantly reduced movement of the mbular mandrel 20 when the resiliond
sealing element 270 experiences load andior pressare reversals, Further, the durability of
the resilient eloment 270 is bhuproved due o the reduced stress and movement of the
futndar mandrel 20, which nltimasely improves the long ferm soalability of the resilient
sealing cloment 279, incresses resistance to tubular Mandrel collapse, as well as increased
esistance 0 wellbors casing borst, OUn the other hand, tensile loading, {e, lvading the
iwbalsr mandrel 28 in the direction of arrow 128 (shown as foad pwth 360} passes from
the wbwdar mandrad 20, the second end portion 530 of the tubular housing 36, the second
slip 450, the second wedge 500, the sealing assembly 230, the {first wodge 150, and
through the fivst slip 140, Diwing tensile loading fo the tubular mandre 28, the mibula
mandre! 20 may move relutive o the $iip ring 5€. In the example shown, the movement
would be epbole wmovement, fe, fowards ihe terranean surfact. Once the movement
uphole movement of the tubular mandrel 20 ceases, the siip ring 59 again gops the
whuisr mwdvel 20, sreventing the tubular mandrel 20 from relurning o it oviginad

4

nosition prioy to the apgﬂica{ion of the tensiie loading.
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it ig noted that, i wellbore operations, the most significant loading dissction to
the wbular mandrel 20 after setting the downhole wol 10 ts generslly knows. Thus, the
downhole ool 10 used tn a particular application can be selested from one of aiop-down
set or boHomeup et Ope. An example bottorm-up set fype downhols tool ia desoribed
teiow with respect fo FlGs, 8A-D and 10A-C.

FIGs, 7A-1 and 8A-D illoctrade & frther tmplomontation of the downhole tool 10
ihat i hydrmulically sctuated. The downhole ool 10 showen in FiGs, 7A-D and 8A-D s
configured to be ser from the top-down,  This downhole ool 10 alse has & whelar
smandrel 20 and  tubulae housing 30 clreumyjacent the tubular mandrel 20, The downbole
wol 10 may be provided on a whular working suring for ruaning the downhole ool 10
inte posiiton downbole i the wellbore,

Firgt and second portions 600, 602 of the tubular howsing 30 wre coupled w the
shuler mandrel 280 such as by a treaded connection, welding, or my other cea&piirig

ng M includes » prossure sensi

L)

techiiue, The fvst portion 600 of the wbular housin

valve 618 disposed i a port 820, 1o some implementations, the pressure sensitive valve
ts @ rupture disk. The rupture disk may be configured to rupture wihen the rupture disk
sxperiences & desired pressure difference between an exterior of the downbole toud 10
and o pressure intevior of the rupture disk.  In some implomentations, the pressure
differental may be sek ccted o be 1300 to 2000 psi greater than an expected downbole

Fald

prossire. A piston member 630 of the tubular housing 3 adjacent the first portion 600 i
moveable relative 1o the frst portion 600, As shown, the piston member 630 overlaps ap
and of the first portfon 600, A first seal 640 is formed between the first portion 600 and
piston member 630 by one or more sealing members 650, According to some
implementations the one or more sealing members 630 may be one or mow o-ring &
oiher restliont sealing members. A second seal 460 is also formed belween an interior
surface of the fizst pogtion 600 and an exferfor surface of the twhular mandrel 28, The
second seal 660 may be formud by one or more sealing members 670, The scaling
members 870 may be similar to or different from the sealing members 630, A thivd wesl
S840 is formed between an interior surface of the piston member 630 and an exterior
surface of the mubnlar mandrel 20, The seal 680 may be formed from one or more sealing

members 699, which rmay be similar to or different from the sealing members 634 andior

14
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470, An aomulay channel 672 is formed between the first portion 600 and the tobudar
mandrel 20 and §8 in commuiication with the port 620, The anmuilar channe! 872 extends
i an ennular gap 674 bounded by the first portion 608, the pisms; member 630, and the
tnbolae mandre! 30, The asoular chasmed 672 1s sealed by the second, and third
sealy 644, 660, and 686,

An anmular chamber 700 s formed between the piston member 830 and the
whular mandrel 280 In some jmplementations, the annular chamber 700 hag a low
internal pressure. In some implementations, the annudar chamber 700 has zero pressure
or substantially zero pressure. The third seal 680 15 formed at a fiesy end 710 of the
annudar chamber 700 and a fourth seal 720 is formed af 3 second end 730 of the annular
chamber 700, The fourth seal 720 may be formed from one or more sealing membaers
746, shotlar {o or diffevent from the sealing neombers 630, 670, andior 90, Thus, the
shird and fourth seals 880 and 720 are operable to isolate the annolar chamber 700

The downhele wol 10 also includes 2 sealing assembly 730 Hanked on opposiis
3 P

Loy

u'

sides by & frst siip assombly 760 and » second slip assembly 770, The sealing asserubly
7540 and first and second slip assenblies 760 and 770 are provided on the tubakar mandrel
26, The frst snd second slip assemblies 760, 770 are substantiafly the same ws and
operate sindlarly 1o the first and second slip assemblies 155 and 503 with the exception
that, in the shown implamentation, the first slip assembly 780 includes a locking ring
systems 788 vather than the slip ving 30, Hewever, according to other implementations, &
slip ring similar to glip ring 30 may be used in place of the locking ring system 780,
This, the first slip assembly 760 ciudes a firsy slip 790, a wedge ring 830, and the
foeking ring systens 780. The second ship assembly 770 includes a second siip 810, a
secors! wedge ring 820, and a locking ring system 830, Likewise, the sealing assembly
750 may be similar to the sealing assembly 250, Thus, the sealing assenibly 750 may
inchede o rosiliont sealing clemern 840 with expansion members 830, 860 on upposing
sides thereof, glthough the expansion members 858, 868 may be emitied.

The focking ring system 780 corresponds essentially o the jocking ring system

.

284, ilastaied in FIGs, 24, 3A, §, and 6. Thus, the locking ring system 788 is adapied
o allow the fivst slip assembly 768 to move relative to the wubular mandrel 20 m the
direction of arvow 880 but noet in the divection of arrow 870,

15
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1w operation, the downhole tool 10 is placed into a desired position downhole. A
prossure 01 the wellbore is increased 10 a pressure that causes the pressare sensiive vajve
610 1o open. In the implementation shown, the downhole pressure is inoreassd fo a

3

pressurs desizned to rupture the ropture disk. Wellbore presswre is communieated

bkl

¥ »

shrough the presstre sensitive valve 610 into the port 620, through the awular channel
672 and into the amuular gap 674, The wellbore presswre acls on the surfice 875,
Because the pressure within the avmudar chamber 700 I8 zero or substantizlly zero, there
Hitle so ne resistancs 10 the piston member 430 moving in the diregtion of arrow 880
relative to fhe twbular mandrel 28 consequently, the first and second slip assemblies 760
and 70 are moved relative to the twhular mandrel 20, causing the associated slips o
adisdly expand and cngage the wellbore casing. The sealing assembly 750 i also
aotuated {0 form an avondar seal within the wellhore casing. The locking ring systoms
788, #30 of the frst and second slip assembilies 760 and 778, vespeotively, poxmit
movement of the {fubular bousing 30 clong the tubular mandrel 20 in the direction of
arrow €40 but not 1 the drection of arrow 870, Thus, the locking ring systoms 780, 838
lock the first and second slip assemblies 760, 770 and the sealing assembly 730 into
position when the downheole toal 10 is placed ip thy set configuration. FIG 8A-8D shows

the weltbore toot 10 in the set configaration,
A compression force applied to the twbular mandeel 20 is dirccied Bwough the

jocking ring system 838, through the second slip 818, and into the welibwwe casing,

w

P
et

thereby bypassing the resiliem sealing olement 840 of the sealing assembly 730, ay
Hustrated by the foad path 898, Conversely, a tensile force applied tuough the tebular
mandrel 20 passes through the second portion 602 of the fubular bousing 39, the second
sifp 819, the second wadge 820, the sealing assembly 780, the first wedge 899, and the
firat slip 700 into the casing wall, lustrated by load path 500,

Fi0s. 9A-D and 10A-C show avother implementation of the downhole tool 1D
that is Thaidically actuated, The downhole tool 10 of FiGs. 9A-D and 104-C iy similar to
the downhole 10 of FIGs. 7A-D and 8A-D except dhat the downhole tool 19 of FIGs, 24~

D and 10A~C is set from the bottom-up. A & resalt, the raicheting divection of the first

and second locking ring systems 78U and 830 is reversed. One or move porls B3 i

conymmication with the nferior 960 of the tubular mandrel 200 In some instances, a

i6



[y

]

n

(54}

WO 2010/027936 PCT/US2009/055502

pressure sensitive valve 610 may be disposed in the port 200 The post 620 is in
communication with snmalar passage 910, which is defined between the second portion
602 of the tbular housing 30 and an end 920 ¢f the piston mewmber 830, The annular
passage P10 may be isolated from the exterior of the downhole ool 10 and the anmular

channel 700 by seals 940, 930, The end 920 is sandwiched hetween the seond portion
G602 of the tubnlar housing 30 and the twbufar mandre The annelar chamber 700 &
defined between the piston member 630 and the exterior surface of the rubular mandrel
24

TFhus, when thald pressure is applied 1o the intevior of the fubular mandeel 20, the

pressure sensiive vaive 610 opens (G provided) and fhad pressure iy communicated {0
the end 920 of the piston member 630 via the one or more ports 620 and annular passage
$18. The piston member 630 sitdes relative o the fubular mandeel 20 in the divection of
arrone 870 {uphole towards the terransen surface}, thereby placing the downhiode ol 10
in the set configuration (shows In FIGs. 10A-D. A subseguent tensile toad 1o the tubular
siandre! 24 after the downhole dooi 10 has been placed i the set configuration fullows
ihe foad path 890 through the first locking ring svstem 7RO, the frst wedge 800, the first
ship 790, and im0 the wellbore casing, thus avoiding the resilient sealing clement 840, A
compressive foad applied o the tubnlar mandrel 20, on the other hand, passes throogh the

e

resiliont sending clement 840, as indicated by the load path 900, and through the sseond
siip 814,

A number of implementations have been descoribed.  Nevertheless, i will be
anderstood {hat various modifications may be made withowt departing fom the spirit and
scope of the disclosure. For example, although not shown, implementations on g wiveline
or fubing string and set from the bottonrup ave also within the scope of the presem

disclosure, Accordingly, other implementations are within the scope of the fuilowing

claims.
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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 wellbore 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.

18



7. 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 by a

wireline actuation tool.

8. The downhole tool of Claim I, 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 diverting 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
clement 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
portion adjacent the first side of the scaling 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.

10. 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.

19



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 downbhole 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 camried on the mandrel comprising 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 carried 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 carried 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 wellbore;

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.

20



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 mandre! 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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