HYDRAULI C VELL PACKER The present invention relates to hydraul iQalZZZ%L\_S
actuated, retrievabl.e well packers for sealing the annulus between a tublng
string and the bBbore of a surrounding casing of an oil- or gas well. In the
course of {reating and preparing subter- ranean oil and gas wells for
productia@bga wel I packer along with a production seal unit are run into
‘the well on a work string, with the packer being set against a casing bore.
10 During run-in, the packer is mechanically |ocked in the unset condition
by shear pins. . The shear pins support the weight of the packer along with
t he hang wei ght of other conmponents such as a sw vel shear sub, blank pipe,
sand screen, polished nipple, tail screen, sealing unit and sunp 15 packer.
The shear pins safely support the conbi ned wei ght of the downhol e

equi pnrent, ~and are rated to yield to a*® -2- preset shearing force to
separate and rel ease the production seal unit after the packer has been
set. The packer may be set in the sealing/anchoring configuration by
application of hydraulic pressure applied through the work string. The 5
packer may be rel eased fromthe set configuration and retrieved fromthe
wel | by appropriate mani pul ati on of the tubing string and a specially

desi gned rel easing tool. The purpose of a packer is to support production
tubing and equi pnent such as a screen or safety valve 10 adjacent to a
producing formation and to seal the annulus _, '

. HYDRAULIC WELL PACKRER

The present invention relates to hydraulically

actuated, retrievable well packers for sealing the annulus
between a tubing string and the bore of a surrounding

"casing of an oil or gas well.

| In the course or treating and preparing subter-
ranean oil and gas wells for production, a well packer along
with a production seal unit are run into the well on a work
String, with cthe packer being set against a casing bore.
.10 During run-in, the packer 1is mechanically locked in the
-unset condition by shear pins. The shear pins support the

- weight of the packer along with the hang weight of other

~ components such as a swivel shear sub, blank pipe, sand
screen, polished nipple., tail screen, sealing unit and sump

15 packer. 'The shear pins safely support the combined weight

' of the downhole equipment, and are rated to yield to a



betmeen the outside of the production tubing and the inside of the well
casihg to prevent noverment of fluids through the annul us past that .

| ocat i on. The packer is provided with slip anchor nenbers havi ng opposed
camm ng surfaces which 15 cooperate with conpl enentary opposed wedgi ng
surfaces, whereby the slip anchor nenbgrs are extendable radially_Jto

gri ppi ng engagenent agai nst the wel| T&sing bore in response to relative

axi al nmovenent of the wedging surfaces. The packer al so carries annul ar
resilien %;5‘?3 V&h@b 2 Eé%ﬂ&' YelBhS s%ﬁld SAIRAIE Nt
agai nst ?ﬁegagrghb 1%? casing 1n response ?o axFé ression

forces. geadl updithaAfEEy cpRe! patkblire haec tiderf S@PNeNthe aehe&eh#%@nchor
slips and the sealing elenents may be effected either hydraulicall'y or

mechani caeky in?%the sealing¥dmchdtingaocenfigasabten bt appd ivedtlicsh aghi nst
the well casing bore, it should nmaintain sealing engagenent upon renoval of
t he hydrhyﬂiraudd.crrepheaSuae sappliedf dheough thBe Moxkhvetring. s @menti al
that the packer remain locked in its set and engaged configuration
whil e 5v\PPﬁ§P§ndmﬁg vhe aredgased framuthe sedssgoafigyation and

externall nal ly fromthe formation . a ni ation of the 5
Tubing SFPERGeNEd cEFaM Eheo ML, by oRPPERBEIAES, ﬂﬁ%ﬁaﬁm OF 488 ot her
hand, it si rahl e t he b trievable from the well
approprlsbﬁiﬁghl Eﬁﬂ(ﬂ9 fatﬁgé%{ﬁi*ﬁ é?%i e regﬁ§§19ﬁ5t§58k9r to be
rel eased and unsealed fromthe well bore. In sonme arrangenents, the

The purpose of a packer is to support production

tubing and equipment such as a screen or safety valve s
10 adjacent to a producing formation and to seal the annulus
between the outside of the production tubing and the inside
of the well casing to prevent movement of fluids through the
annulus past that location. The packer is provided with
slip anchor members having opposed camming surfaces which
15 cooperate with complementary opposed wedging surfaces,
whereby the slip anchor members are extendable radially into
gripping engagement against the well casing bore in response
to relative af}al movement of the wedging surfaces. The Y,
packer also carries annular resilient seal elements which
20 expand radially into sealing engagement against the bore of
the well casing in response to axial tompressiOn forces.
Longitudinal movement of the packer components which set the

anchor slips and the sealing elements may be effected either

hydraulically or mechanically.

25 After the packer has been set and sealed against
'~ the well casing bore, it should maintain sealing engagement

upon removal of the hydraulic or mechanical setting force.



10 packer.may be rel eased from set engagenent by a straight pull upwardly
on the work string.*.I n sone packer assenblies, the sealing el enents and
anchoring slips*are fixed in a set configuration by a pressure responsive

| ocking device. Such clanping or 15 holding devices limt
| ongi t udi; naL novenent of the setting conpor@ats which m ght otherw se
Irel ease the packer pre- maturely. Such unwanted | ongitudinal novenent

may be induced by a variation in tubing string |length due to tenperature
vari ations, Mpreﬁwm.r edte iisn ensenblal f they bhes packert regadpndiattkednin

the tubing strjing, or by surge 20 forces applied across the packer durin
pressure testi ..Iﬁeﬁydﬁﬂﬂlcﬁmg998 twﬂﬂ&# %Pnthghééﬁt|m9$ﬂﬁﬁiﬁﬂ rRg

oo sabj 'ezf R p[ﬁ!gfi%ﬁﬁ'sgci?ﬁ?%hg%?é { Ppdrkad oAbRRRRHLY heor
e b rosalt ofttdn %ﬁrf o EEont §p8. FEEREEAN! rdARCT %ﬂ?@?ﬁt e1th,' 82 - the
el ements may mayynbF”éi?ﬁﬁﬁel¥n&“r9380§geeakoo%gA v er :§#§§@¥ ﬁgnts

I nstances; where the piston is nounte ove

interrupt theacket! Ndogngnge GRePHaREN {Pei9agkel rabdet %awrﬁw%ager
well 5 casing bore. - If sealing engagenent Is inpaired

destroyed, it benyrdtrievdbleal from ithieowall cby oappebprdatiec n&ﬁﬁll[ﬂ.dl.ation of
connection between the tubing string and the well bore.
the tubing string to cause the packer to be released and
unsealed from the well bore. In some arrangements, the
10 packer may be released from set engagement by a straight

pull upwardly on the work string.

In some packer assemblies, the sealing elements and

_ anchoring slips are fixed in a set configuration by a
pressure responsive locking device. Such clamping or

15 holding devicesllimit longitudinal movement of the setting
components which might otherwise release the packer pre-
~maturely. Such unwented_ longitudinal movement may be
induced by a .yariatron in tubing string length due to
temperature variations,. by an increase in downhole fluid
pressure acting upwardly:oh the tubing string, or by surge

20 forces applied across the packer during pressure testing.

'In hydraulically 'actuatedh'packers, the setting
piston is constahtly exposed'to such'pressﬁre fluctuations.
The annular piston seals are subjected to buffeting surge
forces which are transmitted through the setting cylinder or

25 other hydraulic pressure . responsive setting tool. As a

- result of such buffeting forces, the annular piston seal



In some packer assenblies, the annular sealing 10 el enents are nounted
onto a separate nandrel which is fitted about the main packer nmandrel in
.an arrangenent which mnimzes the transm ssion of nechanical forces

whi ch act to unset the anchoring engagenent or interrupt the sealin
engagenent between t-he sealing elenents and the well bore. 15 In or art
hydraul i cal | y actuated pi stons havinjqﬁ'separate mandrel , the piston is

| ocat ed above the sealing elenents, with the hydraulic force devel oped by

t he pi stgfe,pgégg r@&: etonld rg}eﬁk{ﬂurﬁﬁ.ﬂg@?§n tdka alaaK.ar ﬁ-egigkggl e for

el enent s. t, a redtice eve orce renalns 20 av

setting %i‘@téﬁc kaly SihPSome ASt@nces ! Whdr@ Phe! pastonaneNRBUnitegWhi ch
the annul ar sealing elenents are interposed between the setting piston and
t he anchaboeéi pghes packerquisedlEnteldmenittdpr aintersupt sthes seadingd

| eakage. 25 QO her prior art packers have included setting
appar at uengagementar bptweenhi thepr packerboandnweithet supproundindg umwedilons
and packer setting sequence control.  -5- Under certain operating

condi t5 op8Sipgendane> sheadifng sgaking pi esgagementur & almpairedof orhe

String 1SPEROYRBY M nax [Be MEERTERkE. O mmoaERla b6, chsbaye: toR

he pins, ' I K d g unni | _
onst fuct PERLSH; Foghgetton; Hothiar 58 ubldP Ariind o gnd AR Moo o
Were shgar pins are the prinary :

In some packer assemblies, the annular sealing: v

10 elements are mounted onto a separate mandrel which is fitted
about the main packer mandrel in an arrangement which
minimizes the transmission of mechanical forces which act to
unset the anchoring engagement or interrupt the sealing
engagement between the sealing elements and the well bore.

15 In prior art hydfaulicaliy actuated pistons having a
separate mandrel, the piston is located above the sealing
‘elements, with the hydraulic force developed by the piston
being applied: first to compress the annular sealing ‘.\’
elements. As a result, a reduced level of force remains

20 avaiiable for setting the anchor slips. Another limitation
of the arrangement in which the annular sealing elements are
interposed between the setting piston and the anchor slips

is the requirement of elabo:ate piston seals to avoid

leakage.

25 | " Oother prior art packers have included setting
apparatus with shear pins which provide both weight

supporting functiOns'and'packer'setting seqﬁence control.



connection <between the packer. and the running tool, frictional
engagenent bet ween the packer and the well bore 10 in a deviated well can
cause ‘the pins to be sheared prematurely. Another linmitation of the use of
shear pins.,as the primary.connection between the packer and the running
tool is that after the pins have been shearggl, upward and down- 15 ward
forces cannot be applied to the packer to determne if the packer is
properly set and to pressure test the packer. Accordingly, it is the

princi pal obj edndeft tderiminecoperatdmg ocondipdonsde prematerewshsartng bef
set and | ocked in sealing engagement within a well bore, in which an 20
annul ar settinkh@i PABF ICaN AGQUF 2R Asresndy afethn %t@étiaﬂeapécﬁéppping

seal i ng el enment anchor sl j s hav een et and seal ed against the well
bore. A relat eﬂéogp'@ctt‘miqglesf- Yadt W ’p‘?%v‘i‘HePérﬁel rﬁﬁqavéﬁl 8 HF-&EI s
packer in which th ton,.i,s .25 Iocke Y e

caused by hydrﬁﬁPlg g %bﬁg g&?%ﬁqeﬁaQ§ﬁa i%?’ﬁ%&cgﬁeﬁ égb Qﬁg shear

seal ed. AIOLHE! MUSC! RcddErbRUENy] O pACREEY i SPunhTRLEloy may

hydraul i ¢ packer run an single trip in-a

and whi ch can Qﬁcéﬁhtﬁh‘:drGBE'tru‘é%'ibesdura'sngthBat tubing® string 1870UkGlered
object of the invention is to provide an inproved hydraulic packer in which

the force devethpedghy e @wellaibdwe pi Siwler@nsheazpppinsl agerl thet praniary
t he annul ar seal s and the anchor slips. _

‘connection between the _packer and the running tool,

frictional engagementfbetweeh the packer and the well bore

10 in a deviated well can cause the pins to be sheared

. prematurely.

Another limitation of the use of shear pins as the
primary connection between the packer and.the running tool
is that after the pins have been sheared, upward and down-

15 ward forces cannot be applied to the packer to determine if

- the packer is properly set and to pressure test the packer.

‘Accordingly, it is the principal .object of the

N present invention to provide a packer which can be set and
. locked in sealing engagement within a well bore,lin which an

.20 annular setting piston is locked against displacement after

the packer sealing elements and anchor slips have been set

and sealed against the well bore.

A related object of the invention is to provide an
- improved hydraulic packer in which the: setting piston is
25 locked to avoid premature wear caused by hydraulic pressure

surges after the packer has been set and sealed.
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A related object of this invention is to provide an 10 inproved -hydraulic
packer in which the piston setting nechanism is positioned between *
+the expandable sealing elenents and the anchor slips. Yet anhother object
of the invention is to provide an inproved hydraulic packer in which the
sealing el ements 15 and anchor slips_gre nounted directly onto t henagacker
mandrel in an arrangenent that does not enploy a separate mandrel. Another
object of this invention is to provide a hydraulic packer in which the

nunber and size gfpns€Rés DY 6£d the SEavehBEoAClet 8 pRiciide 248
reduced. Anot her object of this invention is to provide a hydraulic packer
havi ng aAngesved! & M C?akatGMﬁiwelﬁmrbéS%ﬁxi nandfl sébe jmacker and
whi ch is nmechanically decoupled with respect to handling forces applied

t hrough s2mgle tubpndmstai weldndoxs vand wihdich can7beA sel chydrabliet of
the invention is to provide an inproved hydraulic well packer having a-
shear sy wring BhatehuRng packer presetting, in which the shear screw
| ock is substantially isolated with respect. to the weight of .the 5 well

onl y Do shear od | BASERRn PR L. 3H CLEVBRLIPR, A8 AER RS AR 76 1 or ce
devel opeg byoddl " Bl YL’ pREREE i RRESR""¢hd NECHER divdIbLS By N9
the actuating piston. can be .gpp;ied equally _toﬁjset the

annular seals and the anchor slips.

A related object of this invention is to provide an
10 improved hydraulic packer in which the ‘piston setting
" mechanism is positioned between the expaﬁdablé sealing

elements and the anchbr slips.

Yet another object of the invention is to provide

an improved hydraulic packer in which the sgaling elements

15 and anchor slips are mounted directly onto the packer
mandrel in an arrangement that does not empioy a separate

mandrel.

Another object of this invention is to provide a
hydraulic packer in which the number and size of seals

20 required to seal the actuating piston are reduced.

Another object of this 1hvehtion is to provide a
hydraulic packer having a shearable lock which prevents
premature setting of. the packer ‘and which'is mechanically
decoupled with respect to handling forces applied through

25 the tubing string and service tool.



10 . <The foregoing objects are achieved according to a preferred
efbodi nent of the present invention in which a hydrau-lic packer has a
hydraul'i c actuator assenbly nmounted between annul ar packi ng seal elenents
and anchor..slips. In the preferred enbodi ment, the annul ar packing seal

el ement s,¥zl® hydraulic actuator assenbly andsanchor slips are nounted
directly for sliding novenent al ong the packer mandrel. Equal setting

forces are applied to the annul ar seal elenents and the anchor slips by an
annul ar setting cylinderAwmedlated mabjedcid ofrthei daventiomlisitenpegeideat an
agai nst 20 the packer mandrel, and by .an annul ar piston which is seal ed

agai nst the packeproviedrbydzauligawedil packen havingca ssheangscyewndieck for
The hydraulic force agglied a%éinst the piston is transnmtted to the anchor

slips through PY¥eVentindc@3ckes prasetiing, (i whichcthe shear $rsewnlegk
h . Addi t | | ]y, t Setfi | i nd [ i call
Festral ned 1 on ExFURSEBREIPLING IHaRAteH, hEhoERERBEE: to the uRLgEE 58 the
SoPow | o deccuneht o etkel a6 HLOGuEEIbH SRR CBbnokeeN'CES the
through the pa k€RNd'ela @Rfchh@aet Ehﬂgngﬁdpi-gﬂﬂﬁraad f&bfbﬁboﬁﬁgget@r €he

5 locked against relative nmovement to prevel remature setting” t .

packer prior &gplieatieati of @f hpataullic FH@I_‘@ELK?- mapahveabgea Oby
hydraul ic pressure into the pressure chanber within the setting cylinder,

the pressure introduction of hydraulic pressure through the tubing

| string.

—

10 The foregoing objects are achieved according to a
preferred embodiment of the present invention in which a
hydrau-lic packer has a hydraulic actuator assembly mounted
‘between annular packing seal elements and anchor slips. 1In
the preferred embodiment, the annular packing seal elements,

15 hydraulic actuator assembly and anchor slips are mounted
directly for sliding movement along .the packer mandrel.
Equal setting forces ére applied td' the annular seal
eleménts.and tpé aﬁchor slips by an annular setting cylinder °

| which 1is mohn;éd for slidéable sealing engagement against

20 the.packer mandrél; énd by an annular pisﬁon which 1is sealed

: against fhe packer .mandrel énd against the bore of the

' setting cylinder.

The hydraulic force applied against the piston is

~ transmitted to the anchor slips through a tubular wedge
25 which is initially locked to the-piston=b§ a shear screw.
Additionally, the setting «cylinder is mechanically

restrained from extension'by the blocking engagement of a



<

10 forces are increased until the shear strength of the shear screwis
overcone. As the shear screw shears, the setting cylinder.is released and
‘ext ends agai nst the annul ar packing seal’, while the piston dri'ves the top

wedge into engagenent with the anchor slips. 15 According to an
i nportant feature of the invention, asgihe setting cylinder extendggknto
engagenent with the annul ar packing seal, and the annular piston is

driven toward the tubular top wedge, the transfer lug is driven by the .

setting ¢ransfer ilid sGppoptiedr oil othé otubdlakowedde. 20Aaeokddhgt [t -
piston. Wen the transfer lug falls into the annular slot, the piston and

slip setthig apndemente, nthéashealk! wdriew ks t dgectplefowithnmespedt
novenent and cannot thereafter be displaced axially with respect to each

ot her. Ateom#chpnicali impacinfoncres transmitted hrowgh Lbecpackeninue
to nove i ndependently of, the piston in _response to the lication of
hydr aul i @aﬁﬁg reaﬂﬁt hFRet %Mu@%r Fnﬂecgﬂgk‘igﬁe Weage oAk e

has, t he sane .surface arga as_the head of. t.he

oTutond IHEERET ddRd terszl?ma ¢ Ve, * €3, "BrelBntcl blindtie |
% | _ Bns _
D g, BBl e A pAgke? | Bradk® R dFp1cRELLAC bF! Hydflurdd {1 N9

enbodi neghesiaaddle i nterl ocki ng engagenent of the transfer |ug between the
pi ston and the tubul ar wedge, and by a ratchet slip which is interposed
bet ween the tubul ar wedge and a slip housing ' :

Upon application of hydrauiic pfessure into the
pressure chamber within the setting cylinder, thé pressure o/
10 forces are increased until the shear strength of the shear
screw is overcome. As the shear screw shears, the setting
cylinder is released and extends against the:annular’packing
seal, while the piston drives the top wedge into engagement
with the anchor slips.

15 According to an 1mpo£téht feature of the'inventioﬁ,
aé the setting cylindér exténds intolengagement with the
annular packing seal, and the annular .piston is driven _
toward the tubular top wedge, ﬁﬁe t:ansfe:.lug is driven by 'QJ
the setting cylinder into an annular élot fqrmed about the

20 neck of the piston. When the transfer lug falls into the
annular slot, thé piston énd slip éetting wedge become
mechanically linked together for concuirent 'movement and
cannot thereafter be displaced axially with respect to each
other. According to this arrangement, the setting cylinder

25 can continue to move independently of the piston in response
to the application of hydraulic pressure within the pressure
chamber. Because the head of the setting cylinder has the



cylinder whi.ch is attached to the setting cylinder. That 10 is, the
ratchet slip permt’s ext'ensiion nmovenent of the setting cylinder relative to
the pi'ston and tubul ar wedge, but its teeth are oriented for biting
engagenent _into the slip housing bore in response to retraction novenent.
The advanjage of this arrangenent is that the-piston is |ocked 15 agai nst
't he anchor slips and the slip housing so that the seals nounted on the

pi ston head whi ch engage the nandrel and the setting cylinder cannot be
dragged . agai nsamehesuxface ardascasi thecyhpaderofortheinpiaton,ouequal but
prematurely in response to hydraulic pressure fluctuations inposed after 20
the sealing el ORRAsttehd setding sifi |°p’§er$avérseeﬁppééﬁdanﬂggéaggd thai reanular
wel | casing bore. The novel features of the invention are set. forth with

particularity H?qH*9§ﬂ§§¢%.athEh?h§EﬁFPEns%FPF'b€§FHﬁ§§$%ﬁ%¥ﬁood from
the follow ng description when read in 25 conjunction with the acconpanying

drawi ngs. Figures 1A 1 k et i e

in quarter section of a%&?‘%g’cé@ Sgo%z\% L#%e{toiné néagl#rggl ng %'i%the prﬂeose

i nvention insga ugati ru n th

Figure 1A i1l ugl(régc{rg\gitgh p‘?)ee?@ép%rt :lcl)in g?e pac F| gurd(;l(‘;nlel_{m by the

I Tustrating t HetErd Raein@" etigdgiinglit KYE arter ﬁ&hﬁsisrl | Lug! rBétweehnetive

| ower portion of the packer; Fi'gures 2A and 2B taken together "form a
| ongi tudi - nal pdister rarddl the ebibebapf wedgeskandebipody iragchet fskiprwisich is

t he preseht i nvention showi ng the various parts of the
. interposed between the .tubular wedge and a slip housing
\_ : . ¢cylinder which is attached to the setting cylinder. That
10: is, _the ~ratchet slip permits extension movement of the
setting cylinder relative to the piston and tubular wedge,
but its teeth are oriented for biting engagement into the
slip housing bore in response to retraction movement. The
advantage of this arrangement is that the piston is locked
is against the anchor slips and the slip housing so that the
 seals mounted on the piston head which engage the mandrel
"and “the setting cylinder cannot be; dragged against the
mandrel and setting'cylinder bore and worn out prematurely
~ o .in response to‘hydraulic pressure fluctuations imposed after

20 the sealing elements and anchor slips have been set and

~sealed against the well casing bore.

The novel features of the invention are set forth
Hwith particularity in the claims. The invention mill best
be understood from the following description when read in

25 conjunction with the accompanying drawings.

Figures 1A, 1B and 1C taken together form a longi-

tudinal view in quarter section of a well packer constructed



packer at relative positions after the packer seals and 10 anchor slips
have been extended for sealing and anchori ng engageneht agai nst the bore of -
a well casing; and, Figures 3A, 3B and 3C taken together form-a |ongi-
tudinal viewin half section of the hydraulic packer of the present
invention showi ng the various parts ofjphe packer at 15 relative pgitions
after the sealing elenents and anchor slips have been retracted in
preparation for retrieval of the packer fromthe bore of a well casing. In
t he descacgordinghitd €hél presehtkdnvertdon cimweoakednfigargtdion tie be
specification and drawings with the 20 sane reference nunerals,

respecti vany.imhe dniwikar wedlnmasingsswithy Rigunsl dAadd vstmatdng ti ons
of certain parts have been exaggerated to better illustrate details and

f eat ur es the urRpem\RRrtLAn ofs Parkey n FigargeiBglddustratisethe o
i nt | and ext | ' | d the, 25 desi jon. T ref t
t hr caded™iA RECRbRA: Abs thi Fackat d 20t oF MRS G oL BRELEREING [th Nt i on

in t'hesf A of .a idor au(léi'.c wel la gkgr 10 i s ‘'shown generally in Figures 1A,
1B and’ 1E°¥STBREFLonQf the & Fhcludes a central, tubul ar. mandrel 12
having a generally cylindrical bore 12A. 5 - Connected to the

upper section OfF&%\gkies pﬁﬁkﬁhd”&ﬁrﬂkéﬁ fol@fnétP rotth y%%@; 31~

internal ly threade connector I14A 1n which an external
mandrel aad RAlldw Ofn 1841 £Sseptiend df & ﬁiﬁﬁé@'eémﬁﬂa?ing'r%é festibrdd has
a J-lug coupling box 14B, a polish bore 14C and a J-Tug _
of the present invention showing the various parts  of the
packer at relative positions after the packer seals and \J/
10 anchor slips have been extended for ' sealing and anchoring

engagement against the bore of a well casing; and, -

Figu_res 3A,'l_38 and 3C taken ._-together. form a longi-
tudinal view in half sect:l.én of the hydraﬁlié packéﬁ_ of the
preseht 1nvention. .show;ng the .va.r_iou_s pa_rté of the _éa&ke_r at

15 relative posi_tioné after the sealiné eleménts .z.md. ahchor:
| slips havé been 'retracted.in_ preparat_ion' for retr_:"ieval of

the packer from the bore of a well _cas;LnQ.

In tl';e description which follows, like parts are

marked throughout the specification and drawings with the
20 same reference numerals, respectively. The drawings are not
necessarily to scale and the proportions of certain parts
have been exﬁggerated to better il]_.u_strat_e details and
features of the inven:t:l.on. As used _hére':l_n‘, the designation

S refers to 1nterr_1$l and external. O-ring éeal_s__ and the

25 designation T refers {:o a threéded union.

Apparatus constructed according to the present



10 16 for coupling engagenent with a running tool such as a production seal

unit and a supporting tubing string (not illustrated) for |owering the
runni ng tool and packer into a well bore and directing hydraulic operating
fluid into the packer bore 12A. 15 The Ilower end of the packer

mandrel . 12B is connected to a tubular bottdd-sub 16 by a rel ease coupling
assenblyhig a stop ring 20, a shifting sleeve 22 and a shear sl eeve 24
which are interconnected to ernlt rel ease_ and retrleéﬁgeof t he packer from

a wel | ‘bore, a wdexF he formnef achyfrandds weldePacksr }Qiptsshown
string, d

b.yt Lh?e?ﬂehcemﬁﬁm l\é\ﬁ%’é Rgug%tﬁlt 8%':{# Q%Ed cg{'lt Eﬁ{aﬂggnﬁgl‘owﬁl}?g géégéhe
within e we al '

downwardly thr &dﬁ‘f‘ﬂ% és' nfg%% 2%%55‘}% %’3‘?#% gl gan%‘gg%g)(tae rally

pol i shed ni ppl g d np packer, for exanple. The central
passage of the ééér %§§e§3§?aé§§E|| as the polished bore 14C and bottom

-12- sub bore 16A are concentric with and forma continuation pf the

tubular borg of the tubbgfinéttedd- tdhetheCkappht | BEdidsn arofinnthar packer
packi ng seal assenbly 26 and ‘a slip anchoring assenbly 28, both radially 5

extendabl e as desdrdbdiberei bopt sub cnengagenghearbointefnanyr rdhrreided box
wel | casing.: "Additionally, the packer includes a hydraulic actuator
assenbly 30 corarmecten| A nbanwadciboa. extermad lyhcthreaded mmandyel cend

bet ween t he annul ar
portion 12A is engagedlin a threaded union. The top sub 14
has a J-lug coupling box 14B, a polish bore 14C and a J-lug
10 16 for coupling engagement with a running tool such as a
production seal unit and a supporting tubing string (not
'=illustrated) for lowering the running tool and packer into a
-~ well bore and directing hydraulic eperating fluid into the

packer bore 12A.

15 - The 1ower end of the packer mandrel 12B is
 connected to a tubular bottom sub 16 by a release coupling
assembly 18, a step ring 20, a shifting sleeve 22 and a
shear sleeve 24 which are interconnected to permit release

) and retrieval of the packer from a well bore, as discussed
.éo in further_detail nereinafter,_“The tubing string, which may
be a well production string, for example, may be attached by
threaded engagement onto the bottom sub and continued below

the packer within the well casing by means of additional
tubing elements extended downwardly through the casing bore

25 for supporting a sand screen, polished nipple, tail screen
‘and sump packer, for example. The central passage of the

- 'packer bore 12A as well as the polished bore 14C and bottom



seal assenbly 26 and the slip anchor assenbly. 28. 10 The. sea
assehbly 26 is nounted directly onto the external - sufface of the packer
mandrel 12 and resides between the | ower connecting end shoul der 14D of
the top sub and the upper annul ar face 30A of the hydraulic actuator
assenbl y. The seal assenbly 26 |nclug%f an upper packing 15 end glenent
26A, a center packing elenent 26B and ower end packi ng el enent 26C. The
upper end packi ng el enent 26A is fixed agai nst axial upward novenent

| ati t t t I f
rel a 'veos;&? hgsfgai%&) J@Fhe 1 J&J% ngeaesﬁa £ W lcdheLheEBIoANBE! ar

ace 14D ape, er and net hod of 20 nounting the

seal e|e”EHé5tuBﬁiﬂﬂeSotB b?etﬁ%akdﬁiﬂﬁﬂﬁﬁt jray be varied as known in
the art while still providing a seal assenbly that nmay be expanded radially

for exanple to selectively engage a well bore surroundi ng the packer 10.
The slip anchor asthebl paéRernclodemnclydes alan y annudars| packdnghoseal3?
which are mounted for radial novenent through windows 34 forned in a
tubul ar saspemblyi 36 3MA \&i skiphanaherdngosaemiy 28 psbabhnapddaliyri ed,
t he -13- tubular slip carrjer_36.is EaEVIde Wwith an ro rlate

cor respor@xhgndabier ag desrrihedhereinafter ifRgage p %2 BEPnQE a
f d. E ft h . I
Surfaces $SREO é‘é&iﬁsegxéaa“ Finds' DheRteamaatly. SR oRdkex) Hpcafids, "
h d
R 8 LT TR o Uiy 3E ol T L i
about and onto the packer mandrel 12 between the annular

seal assembly 26 and the slip anchor 8SSembly'28. ' -\

10 . The seal assembly 26 is mounted directly onto the
external Hsurfaﬁe of the packg: mandrel 12 and resides
between.the lower connecting end shoulder 14D of the top sub
and the upper annular face 30A of the hydraulic actuator
assembly. The seal assembly 26 includes an upper packing

15 end element 26A, a center packing element 26B and a lower
end packing element 26C. The upper end packing element 26A
is fixed against axial upward movement relative to the
packer mandrel 12 by engagement against the'lbwér annular \J
face 14D of the top sub. The shape, number énd'ﬁethod of

20 Mounting the seal elements included in the'séal assembly 26
may be varied as known in the art'while”éfill providing a
seal assembly that may be expandéd'radiélly-fdr ékample to |

selectively engage a well bore surrounding the packéf 10.

| The slip anchor assembly 28 includes a plurality of
25 slip anchors 32__wh1ch are mounted for radial movement
through windows 34 formed in a tubular slip carrier 36.

While the number of anchor slips 32 may be varied, the



t he anchor «slip. The coil spring 3B biases the anchor slips 32 radially

inwardly, relative to the wall of the slip 10 carrier 36, thereby
mai ntai ning the gripping surfaces 32A, 32B retracted in the absence of
forces displacing the anchor slips radially outwardly. Each of the

grippi ng gurfaces 32A, 32B has horizontal | y-Jo3+ented gripping edges which
‘provi de gripping contact in each direction of |ongitudinal 15 novenent of

t he packer 10. The r|pp|n surfaces 32A, 32B, including the horizontal

gri ppi ng edges, ‘APB ARdi %189 QAR o 3<,50mi§r PrPYidede with hn@n cappropriate

e s 32{‘?;3‘5% oRkssBpdiog MRiyret "8E° Wik ESth G SHAER S, o8 :”Cﬁggemws
30 2

Sasenbl y 20 whi 8R i531d, FoRUFLRL RS obaty 28 0¥t {URLKBE LN API9% 1pcrudes
and the internahpbace G0f gbudh® GhiBpfAsT s ol WadAe ABEEMDLLedct 1vely,

features a spread r cone 42 which ownwardl'y wthin the"s

carrier bpre536¢oamdibhba upsle ext@ndVeadi 41 T r ¢diricugH | aneewa@adiistb@ with .
slip carrier. he spreader cone 42 and slip carrier flange 36B have nmating

shoul ders whi chtHef wad 1 hef | thet sifi padantr ew edenbediveieine the - pdiredr sdadows
cone 42 upwardly relative to the slip carrier 36. The spreader cone 42 has

a downwar dly fachpnfiningstaomoilaspringi 3§ whichc oesideshi b asrgeessal32E of
conpl ementary to the upwar dly facing, sl|lanted upper cam surface 32C of the

anchor 5 S|Ip 3bhe anchor slip. The coil spring 38 biases the anchor slips

' 3z radially inwardly relative to the wall of the slip

~ 10 carrier 36, thereby maintaining the gripping surfaces_32A,

'32B retracted in the absence of forces displacing the anchor

slips radially outwardly. Each of the gripping surfaces

32A, 32B has horizontally oriented gripping edges which

provide gripping contact in each ditection'of longitudinal

"15 movement of the packér 10. The gfipping surfaces 32A, 32B,

N including the horizontal gripping edges, are radially curved

" to conform with the cylindrical internal surface of the well

casing bore against which the slip anchor members 32A, 32B

U o may engage. =

20 The hydraulic actuator assembly 30 is coupled to
the slip anchor assembly 28 by a tubular top wedge assembly
40 which extends between the external surface 12E of the
mandrel, and the internal bore 36A of the slip carrier. The
wedge assembly 40 features é spreader cone 42 which extends
- 25 downwardly within the slip carrier bore 36A and fits under
an inwardly directing flange 36B of the slip carrier. The
spreader cone 42 and slip carrier flange 36B have mating

‘'shoulders which define the limit of axial movement of the



*

A |l ower spreader cone 44 is positioned between the external packer nmandrel
surface 12E and the lower bore 36A of the slip carrieéer anmd features .an
upwardly facing frusto- conical wedgi ng surface 44A generally’conpl enentary
to the 10 downwardly facing cam surface 32D on the slip nmenber 32. The

| ower cone 44 is connected to a tubul af bottom wedge 46, which i S
received within an annular pocket ﬁ8 defi ned between the annul ar stop
ring 20 and the external packer surface 12E. Longi tudi nal travel of the

tubul ar Rehldlek> ¥EREE 445 upwdrdly efeitile fﬁdaptﬁé'nalzga cWaley €56l s

conpressi on forces transmtted through the anchor slip 32 upon being

engaged Imhd hsprwader seonedan e #2dowhwatldyr facinglofrustvesnical
illustrated in Figures 1A, 1B.and 1C, the tubular bottom .wedge 46 is

fully retediiny sutface 42hewhichnis ageperatly/tomplémentaxyuctd | §he as
the top wedge assenbly 40 is driven into engagenent with the slip anchor
32, the apsandly ifacings slaptedcuppeti samy synfacel 32C ©f khe pprchor
cones engage. and. slip along the sloping cam surfaces- 32C, 32D, .

r espec®i %}? 32:The | ower cone 44 is 25 bl ocked agai nst further downward
nmoverment relative to the slip carrier by the stop riing 20.- Referring now in

Dol o o et hehPReE§orspef Gld o4 #ERUh IS meopdi RS
norl1on St Pppedsy WA h sderacacyan S Pl 9HA %08, s
internal dZ ItHé 5E3p SarbiRri&idPfédtufes an upwardly facing frusto-
conical wedging surface 44A generally complementary to the o/
. 10 downwardly facing cam surface 32D on the slip member 32.
The lower cone 44 is connected to a tubular bottom wedge 46,
which lis received within an annular_ pocket 48 . defined
- bef;ween the annular stop ring 20 and the external packer
sﬁrface 12E. Lon_gitl.x_.dina_'l travel of the fubul_a_r bottom
15 wedge 46 is limited by the stop ring 20, which reacts
compression forces transmitted through thé anchor slip 32
upon being engaged by thé upper spre__adex:___c_one_ 42. In the
run-in positiqn as'.illustrated in Figures 1A, 1B and 1C, the °
tubular botto;;l wedge 46 1is fully retracted within the
20 annular pocket 48, and consequently, as the top wedge
assembly 40 is driven into engagement with the slip anchor
32, the anchor slip 32 is displaced radially outwardly as
the spreader cones engage and slip along the 'sloéing cam
surfaces 32C, 32D, respectively. The lower coné 44 1is

25 blocked against further downward movement relat.{ve' to the

slip carrier by the stop ring 20.

Referring now in particular to Figure 1B, the



mounted for slideable. novenent along the packer mandrel surface 12E, and
i.s al so disposed i.n slideable, sealing engagement against the internal
cylindrical bore 54 of a force transmitting setting cylinder 56. The
setting 10 cylinder 56 has an annul ar head portion 56H which rides in

seal i ng gggagenent agai nst the external nmamk®t surface 12E, with the
“interface being sealed by an internal Oring seal S. The annulus 58

bet th ti | inder b 54 t I drel f 12E
def ines ' a varPnPRuEYs etusPa  esBRI. A0r SIS Pec IR FREr adPrEe

{udinal :n§8ZLQE#&%F@ﬁiﬁtﬁ%&%%a%dlsﬁpi‘?ﬁ?ﬁﬁ 29?@'%%@?5 oSoyF cEabaaF! dgnk
Ludi nal movereht 8P ¢HE : - S

mandrel 12 | FECFSeePoR 22800 (RESSR \BNRA U C Phe LaRpEVRIERH, bBES H0R
by engagerent g5 idanel {age1asti N GRRECRRK A9 AT 16 SEUEEIGH BB of

Hydraulic fluid punped down the tubing string a Into the packer bore
enters the [@ esher mandaelebybfarn hivtginaleooring’ aaaldisn) SEhéi pyspont s063s
25 According to an inportant feature of the preferred enbodi nent,
the pi ston 50 mednpedt ofiori nklideable Stovenentcmlong! Ithe opacken omandrel
top wedge assenbly 40 by one or_nore shear pins . Preferably, a total

of six shear pFWstace. 152Eg4 andhadsd phse ﬁﬁﬂ??gééln})aﬁma% usealiag
bi ston and (heeRERIRBAAE. A9RINGh boiatesnal, ool tndrical” Boresi of "k
. force transmitting setting cylinder 56. The setting

— 10 cylinder S6 has an annular head portion 56H which rides in
sealing engagement against_the;egternal mandrel surface 12E,

with the interface being sealed by an internal O-ring seal

S. The_aﬁnulus Sazbetween the setting cylinder bore 54 and

extérnal mandrel surface 12E defines a variable wvolume

15 pressure chamber 58 for directing hydraulic pressure against

" the piston head SOH and'sétting cylindér head 56H. Longi-

tudinal movement of the pistoh"so is limited in retraction

by a snap ring 60 which .1s' ' 'r'eceived within an external

- annular slot 12D machined into the mandrel 12. Retraction

",p of the setting cylinder 56 is likewise limited by engagement

of the setting cylinder head 56H against the snap ring 60.

Hydraulic fluid pumped down-the'tubing'string and into the

packer bore enters the pressure chamber 58 through one or

“more radial setting ports 62.

25 According to an. important feature of the preferred
embodiment, the piston 50 and piston link portion 52 are
‘mechanically coupled to the top wedge assembly 40 by one or

more shear pins 64. Preferably, a total of six shear pins
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includes a tubul ar extension 40A which is joined to a slip 5 receiver 66.
The slip receiver 66 has a tubular link portion 68 whi'ch -5 radially .of fset*
fromthe mandrel 12. The tubular slip receiver link portion 68 has a
cylindrical bore 68A in which the tubular piston Iink portion 52 is
received in tel escopi ng engagenment. -ika this arrangenent, 10 the Rt p
receiver link portion 68 rides in overlapping, surface-to-surface
engagenment agai nst the external surface 52A of the piston [ink portion 52.
The sl i 64 pcspamed | imka psymmetrigails pattiern ,orre i lizrditd i pkopbdei on 52

by the shear screws 64. 15 The setting cylinder 56 is initially
rest r ai ried Presiateamingdn Igvelc of ocRNAgCERFag8hERAGEN abeturenertheg 70
carried within a radial bgre 69 formed.in the tybular sidewall. of the S|Ip

recei versqtrmﬁ)d?i#'ﬁ?ﬁ"%nd gh PuSBPaP’eQHPp hdhe FPer e %d?ﬁl%%'!r']
hr ead T 20 6
recer vor SR « Bt | b kﬂﬂerwh%r%si’éﬁﬁgﬁf iatneaeséﬂﬁ
h :
rggZ: \r%gd] ccoertgill F?géjltg t?ﬁéea%#i gerre %‘tk'%ﬁe é}gf‘?}a‘% tgyleFlr'} g'G fmfl ocked

from extgyiet {bih 2§ rﬁﬁiéﬂe i ”t‘b&iaiiypﬁfﬂ(ﬁ& S¢2ont! ﬂ?@”h&n@é}}’

engagenent of the slip housing against the lug 70. The setting pi ston 50,
t oget herrhe tfublapi sl3p PRIV 1 Aile bokebac sl e th oGPl IAdr eshBNSI ON

away fromthe snap ring 60 by the connection of the shear -17- screw 64

ont 0 t hebote p68aceinewhidienthen, tubuléri pistorkelink portion 52 is

received in telescoping engagement. In this arrangement, = -

10 the slip receiver link portion 68 rides in OVerlapping, ~
surface-to-surface engagement against the external surface
52A of the piston link portion 52. The slip re;eiifer link
portion 68 is locked onto the piston link pdrtiori 52 by the

shear screws 64.

15 The .s_etting cylinder 56 is initially restrained
from extension by the blocking engagement of a transfer lug
70 carried within a radial bore 69 formed in the tubular
sidewall of the slip receiver link portion 68. A tubular
slip housing 72 is connected by a threaded union T to the

20 setting cylinder 56 and surrounds the slip receiver and
bottom wedge extension 40A. The upper end of the slip
hodsing 72 ﬁas a radial bore 74 in which the head of the lug
70 is received. According to this arrangement, the setting
cylinder 56 is blocked from extension against the annular

25 packing seal elements 26 by engagex’nent"of the slip housing
against the lug 70. The setting piston 50, together with
the piston extension, are likewise blocked against extension

away from the snap ring 60 by the connection of the shear



by engagenent of the lug 70 against the slip housing 72. The slip housing
%2 and setting cyl t.nder” 56 -are prevented from extension toward the anchor
slips 28 by engagenent of 5 the setting cylinder head 56H agai nst the snap
ring 60. Thus, the setting piston and setting cylinder are
,nechanic,lty | ocked agai nst extensi on novemdf= which would tend to
prematurely set the packing seal elenents and the anchor slips by the

bl ocki ng and | ocki ng action of the snap lo ring, the shear screw and the
transfer |ug. Skrew|64 ootei the solipsreceiver ngxtension. s Wkl Hpblocked

defining a pocket in which an annul | ocki lip /6, I ved. . Th
| ocking slip Y iengagemeste©fnd a;:‘-‘llgcabn?‘l‘éawﬁﬁ ﬁg&rﬁgfév?}%’f%@e 12.

led theretg | arty ol _
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locking slip 76 in.relation to the sloping surface 66A of the slip receiver
is sinilar to fhessontHe/ct settdng f upgston ofande tsattinmge aydimdewr are
slip engagement. The upwardly facing buttress threads 76A permt ‘the slip

housi ng 72 t o methiéwicapdyr diockedit agatnsbr exdenmianencvemente whiigh would
housing is prevented by the wedging action and biting engagenent as the

| ocking slip 7eend togecprematigrely geapimesmap&é@gs@e@f egdements and the

recei ver. The locking slip 76 is-biased for wedgi ng no t - al
- anchor sgips %y the blocking and.g%cfing\ggqunabgnghghgnap

N~ 10’ring, the shear sétew and the transfer lug.

_ The slip receiver 66 has a sloping conical surface
~ 66A defining a pocket in which an annular lockiﬁg slip 76 is
received. The locking slip 76 is positioned internally of
,__the slip housing 72 and is coupled thereto by coarse,
15 upwardly facing buttress threads 76A which engage and bite
into the bore of the slip housing 72, thereby preventing
downward retraction of the siip housing relative to the slip
receiver 66, thle permitting upward exténsion’of the slip
housing again;£ the annular packihg assembly 26. The
' 20 construction éhd function bflthe lockihg.slip 76 in relation
‘to the sloping surface 66A of the Siip receiver is similar
to.the construction and'fhnction bf the top wedge.and anchor
slip engagement. 'The ﬁpwardiy facing.buttress threéds 76A
'permit the slib housing 72 to ratchet upwafdly,'but downward
'25'movemént of the slip hoﬁSinQ is preQentedtby the ﬁedging
action and biting engagement as the locking Siip 76 is urged
aloﬁg the sloping sufface 66A of the siip receiver. The

.’lobking slip.76 is biaséd'fbr wedging mo#ement éiong the
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-18- sl oping surface 66A by a wave spring 78.. The | ocking action of the
slip ring 76 agai nst downward novenent of the slip housing 72 relative to
the slip receiver 66 prevents downward novenent since such 5 novenent
woul d cause the buttress threads to wedge the slip ring even tighter into
engagenent agai nst the slip housing 723g- Consequently, once the s@#ting
cylinder 56 has been driven wupwardly and fully extended into
conpressi ve engagenent agai nst the annul ar seal elenments 26, the slip 10
housi ng 7#1opingcsuefaceo66ad byga nmive aiprirg or8 af ter the hydraulic
driving pressure has been renoved Alignment of the slip housing 72 during
extension and retraction is provided by an anti-rotation ‘bolt 80 which is
received within a Tbegileekiag ackiompadhi the sskiphirtegi Mé eseinst: op
wedge extension 40A. Referring now to Figures 2A and 2B, .th acker
conponent30¥RRard, meyement pf | the,s 10Ug{ngosi2 | Gﬁ.]_'altﬁr_."t%net%etthe

posi tion, ' packer seal el eqent _assemyl is radially ext.ended, and
Phe anchorLtp; HESSELYBE® 6 PERveRtE;  Anknhirl’ BRYshent s suriy
bore ofg %&%Jgﬁﬁis Wt lcdule .Ofkﬁ]ét Rﬂi:t%k%”%lﬁ:‘éaéé‘%é é&?ét tRBIEA1¢f the
shear screws ‘1s overcome, with the result that each shear screw Sévers

into two piggeevedd t fgtEFBintoe'diyadanehtt bga1n8e Rild 0@11&:%0%%&&{922 52

to nmove downwardly relative to the slip recé€iver |ink portion 68.
the pi stom2li nkcpasegaentdyyovenceowher settihge dybirsder 1569 Hasi benshed

into an annul ar pocket 52B machined into the external surface of the

driven upwardly and fully extegded into compressive
engagement agaihst the ahnular-seql elements 26, fhe slip o/

10 housing 72 is sécurely locke& againét retréctioﬂ after the
hydraulic driving pressure has been removed. Alignment of
the siip housing 72 during extension and ‘retraction is
provided by an anti-rotation bolt 80 which is received
within a longitudinal slot 40B which is machined into the

15 top wedge extension 40A.

Referfing now tq Figures 2A and_ 2B, _thg packer
components are shown in ﬁhq fully éxtended, set position.
In the set'position, tha.packer seai element assembly 26 is ‘\~)
radially extended, and the anchor slips .32 are _:adial}y

20 extended for engagément agéinst thé bore of a welljcasing.
| At the onset of éxtension, the shear strength of the shear
screws 64 1is overcome, with thb result that eaéh shear screw
severs into two pieéés, GAA and 643,:theréby permitting the
piston 1link portidh 52 td move downwardly felat;ve-to the

25 slip receiver link portion 68. As the piétqn link portion
52 moves doﬁnwétdly, thé tfanéfer lug 70 is éushed.into-an

annular'poéket 52B machined into the external surface of the



tubul ar niston link g portion 52. The transfer lug 70 is driven into the
annul ar pocket 52B:.by & sl oping bore surface 74 formed cn the upper end of
the slip housing 72. At the sanme time, the extgnded position of the slip 5
housing 72 is maintained by the annular ratchét slip 76. The anti-rotation
bolt 80 twavels along the slot 40B as the slip housing 72 is extended

~upwar dl y*=" The pigt9q.| ifkHY then, 52, 9es . theueslépanéfgsi € .?é’l&s
ug IS

and becomes nechanically ~coupl ed " tHereto as the “fransfer

driven into the apnykar :§ket -BéBanniher phBRetr 308! 8y hUS16Riny lkAded i e
t he annul ar slot 52B, the piston and top wedge assenbly becOne permanently
l'inked together forfeenedCUhr €Ak UBYEREBhd cZUpRB 8XtensbaBigl t/e anchor
slips 32, the tubular wedge assenbly 40, slip receivef 66 and piston 15

l'ink portion 52 becone rigidly secured-in place, with the result that the

pi ston head 50H i s bl ockegtaghensambotgie,t tHenaktendedr pbeat ionhicEh thaowhd p
ot herwise be . caused . by hydraulic surges applied to the pressure chanber ~
58. The packer seasiagsal ys2maintainedstbpi theedaragal awst rlaticheit ngl2p 76.
forces by the | ocking action of the ratchet slip 76. The forces of
conpression trarBheét antiithobagbhonhkofitp s¥edgavadserdllongiCthnds bt paaBchsr the
assenbly 28 is reacted through the bottom wedge assenbly 46 and stop ring
20. The stop ri$ipR0 Heusingked2onis tentegndader upwadddly .12 LUThelr ipist@s link
| ock pins 90. Referring now to Figures 3A, 3B and 3C,_ the relative
positions of thePPEEkeR chAporrgdgesreti@owliponreceiver 66, and becomes

mecbagically coupled thereto as the transfer lug 70 is

N~ 10 driven into the annular slot S2B. After the transfer lug 70
| is loaded into the annular slot 52B, the piston and top
wedge assembly bécome permanently linked together for con-

| current movement; Upon extension of the anchor slips 32,
thg_fubular wedge assembly 40, slip receiQer 66 and piston

15 link portion 52 become rigidly secured in place, with the
reéuit that the piston head SO0H is blocked against longi-
ﬁudinal e#cursions .whicn would otherwise be caused by
hydrauliclsurges applied to thé pressure chamber S58. The
packer ée;l assembly 26 is also stabilized against buffeting

| 50 forces by the locking action of the ratchet slip 76.

‘The forces of compression transmitted through the
top.wedge assembly.4q and slip anchor assembly 28 is reacted
through the bottém_we&ge assembly 46 and stop ring 20. The

'stop ring 26 is locked oﬁto the packer mandrel 12 by drive-

25 lock pins 90.

Referring now to Figures 3A, 3B and 3C, the

~relative positions of the packer components are shown upon



-20- release and radial retraction of the packer seal assenbly 26 and the
anchor slip assenbly 28 which is acconplished to pernit retrieval of .the
packer 10 fromthe well bore. In this enbodinment, the packer-is rel eased
fromthe set con- 5 figuration by a straight pull of the tubing string 18
upwardly with the mandrel 12 relative t@gthe outer packer seal asggybly 26
and anchor slip assenbly 28. Such relative |ongitudinal notion by the
mandrel 12 is prevented by the hold down collar 20 which is secured by | ock
pins 90 tpel@akewendesdéiaB obtthetpanker fhedpakckerassaly assembdadasd
connection to the shear sleeve 24. The shear sleeve 24-is connected at its
| ower end &yda the eadebounisdisr amsembhe 128 twaichulds 18ccomplidishedndid y,
the shear sleeve 24 is anchored onto the shifting sleeve 22 by a set of
shear 15 spesmétgzengimvail et hthe gemKesoud if@oras§gﬁ=blt~3plﬂ8 bere. 1In
intentionally released. The shear screws 82 are suffi- ciently strong to
prevent inEBiErﬁ@@PQiﬂ%ﬁﬁamiﬁ%tEFFSEEIMﬁn&#&ﬁ@sﬁétﬁéémt?ﬂ?p&@keﬁqmnmkel
and the outer packer assenbly 28, which m_ght _otherw se di sengage a

t hr eaded 2BLGWRAELPRONDY ATR e%ﬁ%%’é’ck@?‘ 10 R8s BRen RIS SEERG | e
R RN R TSR R R R T A
Oropped L guieblEnBRl o78! bheadnby b iy hEkUALRYZ6" O ls G Focl
setti ﬂgad?%/%‘gﬁ%?ﬁéd\%gﬂ {.-.,%%%gcr%hgggumaamf 19 4k Hienaiked B9 e Peen
hold down collar 20 which is secured by lock pins _90 to <

10 lower end 12B of the packer mandrel, and by a threaded
connection to the shear sleeve 24. The shear sleeve 24 is
connected at its lower'end"by'é'threéded dhioﬁ T onto the

bottom sub 16.  Additionally, the shear sleeve 24 is

anchored onto the shiftmg sleeve 22 'by 2 set of shear

15 screws 82, until the hold down coupling assembly 18 is
intentionally released.  The shear screws 82 ére suffi-

ciently strong to prevent.inadvértent relative rotational

movement between the.packer mandrei and the oﬁﬁér packer

assembly 28, which might otherwise disengage a threaded

20 c¢onnection.

After the packer 10 has been completely set, the

' mechanism used to plug the tubing string so that.fhe piston
chamber can be pressurized is removed. For example, a ball
(not illustrated) may be droppéd'thréugh the bofe of the

25 tubing string and into the service seal unit to direct flow
through the setting port 62. For example, such a ball
Set;ing device may be flowed up the tubing string if the

packer 10 has been set in a producing well. Otherwise,



-21- means may be provided for disposing of such a ball, or other plugging
means, either up or.down the well. After the mechanical plug has been
renoved, the packer 10 may be released froma set configuration by a 5
straight upward pull on the tubing string which acts through a rel easing
tool, thrpygh the top sub- 14 and packer nmandzpt 12. The hol d down system
joining the mandrel 12 to the rel ease coupling assenbly 18 nust first be
unl ocked. This is achieved in the initial stage of the straight pull in 10
whi ch t he sheadneansemeysbeaproydded famdisprsing L pswahcanbaiheapr other
fragments 82A and 82B, and permtting the shifting sleeve 22 to retract

| ongi t udi nal | yPLEEgiRGeMmegnshe edtder A&k down |%Rkt-end of the
shifting sleeve 22 is seal ed agai nst an external annul ar shoul der 16B of

the 15 bottom.sub 16. A ' 84 i fj i t i I | ot F
maghi nedoi n? 21 f Ee eXterﬁilréggu;#ﬁge "b?ét??fgfél%%\g%% EIEEB] Oneélnguree%“ro‘;seé)' %%e
ker - drel ' 84 _j1S < | ' '
oA of tho ol BRGKeE® S fiall e bR ORRo 4 Seto/Eofi¥LGhFRRICRT Y OB
col lar untils aggpatght -ﬁ%&%@-d‘ Pl ion &MY ibidyg osebingewRiekehctBNEnRoubh

to cause separation of the shear screws 82. Upon severance of shear screws
82, the shiftiagrelleasdind? ticol) eghisugiet thet tbpngubidicadnd packeki wandrel

the packer mandrel 12. An 25 annul ar boss 22A bl ocks radi al
di spl acement .ol2the Thep hold) Séwantsystemi g alinsirigic tleupranditgl all@ngtohdhe
stop rlhg release coupling assembly 18 must first be unlocked. This
U . is achieved in the initial stage of the straight pull in
10 which the shear screws 82 are severed and separated,
producing shear fragments 82A and 82B, and permitting the
shifting sleeve 22 to retract longitudinally relative to the
shear sleeve 24. The lower end of the shifting sleeve 22 is
sealed against an external annular shoulder 16B of the

.15 bottom sub 16.

A snap ring 84 is confined within ah annular slot

12F machined into the external surface of the lower end 12B

\ - of the packer-mandrel. The snap ring 84 is engaged by a
_:sleeve extension portion 20A of the hold down collar 20, and
20 blocks extension of the hold down collar until a certain
forqg: level is applied through the packer mandrel 12 to
cause separation of the shear screws 82. Upon severance of
shear_screws-az, the shifting sleeve 22 is free to retract
léngitudinally relative to the packer mandrel 12. An

25 énnulaf boss 22A blocks radial displacement of the snap ring
ﬂ.84 until it is displaced upwardly along the stop ring

extension 20A. An annular slot 22B is formed internally



ext ensi on 20A. An annul ar slot 22B is fornmed internally Wi thin the
shifting sleeve 22 for receiving the snap ring 84. As the''shifting sleeve
22 is retracted upwardly, the lock pins 90 are overcone and severed, the
shear screws 5 82 are overcone and severed, and the hold down extension
20A di spl aces the snap ring 84 out of the mandrel slot 12F and i nf@the
shifting sleeve slot 22B, as shown in Figure 3C. Because the | ower wedge
assenbly 4Giichieonitest eHiby:agt Bneaded 1mi 88roveeelivand 0t fle dawaC Oty 20,
the | ower 10 spreader cone 44 and anchor slip 32 are retracted relative to
each otherg84wi th the support provided by the canm ng surface 44A being

r enoved. Li kewi se, the upper wedge assenbly 40 is retracted along with
the mandrel by the engagenent of the snap ring 60 against the setting
cylinder 15 head 56Ms atrhk bghefyaggnesiteefe t b2 |isckretna@fedgaigiairdlie, slip
receiver 66. As the upper and | ower spreader cones of 42, 44 are retracted,
t he anchor tBei pock2 pdines dfD\ere rawiizddme | andir sikyebgdt héheoshiearsisoremy | Ngs
38. As the nmandrel 12 retracts 20 relative to the outer hydraulic actuator
assenbl y 382 ane owercagecanfindevenedd B3dA ibpahaildsdbwomextensicner20deal

el ement agssenbly 26, thereby permitting the packer seal elenments to
retract ra@t8PLJCBEt toe SRRy Tid %\#tﬁughé’zcé’éﬁ%gﬂﬁi@@l shet 12F agad he
packer mandrel is retracted 25 upwardly, the snap ring 60 is displaced

al ong wi t htREo &i‘ﬁ |Sf}itfc"eﬁg%g%%e?%% §é9t¥‘i r?gﬂ%ylﬁdémwgaoﬂ%esﬁ.igwet H€-same

time, Because the lower wedge assembly 46 4is connected by a
threaded union onto the. hold down collar 20, the lower \J

10 spreader cone 44 and anchor slip 32 are retracted relative
to each other, with the support provided by the camming
surface 44A being removed. Likewise, the upper wedge
assembly 40 is retracted along with the mandrel by the
engagement of the snap ring 60 against the setting cylinder
head 56H, and by engagement of the lock pin 90 against the

o)
(V4]

slip receiver 66.

As the upper and lower spreader cones of 42, 44 are

retracted, the anchor slips 32 are driven radially inwardly o/

by the compression springs 38. As the mandrel 12 retracts

20 relative to the outer hydraulic actuator assembly 30, the
setting cylinder head 56A separates from the packer seal
element assembly 26, thereby permitting the packer seal
elements to retract radially out cf engagement with the
casing tore. That is, as the packer mandrel is retracted

25 upwardly, the snap ring 60 is displaced along with it, until
it engages the setting cylinder head 56H. At the same time,

the bolts 80 engage the shoulder of slip receiver 66,



the bolts. 80 engage the shoul der of slip receiver 66, -23- thereby
permtting full retractiion of the spreader cone 42. It will thus be
apparent that i-n this preferred enbodinent, the annular packing seal

el enents 26, the hydraulic actuator assenbly 30 and the anchor slip
assenbly :5 28 are nounted directly onto the2packer mandrel 12. Equal
setting Fofces are ‘applied to the annular seal elenents and the anchor
slips by the annular setting cylinder and setting piston which are nounted

for slideabl e thereby, permibhing Sydinsetrpetisaief theisRreader |GRRG| H2-
i nternmedi ate the 10 sealing elenents and the anchor slips. The shear screw

Copor o7 TSN R bR 0 Bk rocerses
rochent ol | bl . ERET. bbGH bR HARKIAG, IR Bl 15, , ene
| ocked agai ”S}hﬁf;}l raiuir’z? Ho¥agERE ta%s%iﬁ:g?c‘tsd”gﬁét £h8J an og?‘é&ﬁ]%pééé’émﬁ%

appl i cation of-*h IC pressure. ause the hea settl

cylinder has i@ SAEEmdUnteer ¥ fecEty t HRtBChelpddierUnahaten. 12qual EQual
opposite setting forces are applied against the annul ar packi ng el-enents

and the anchorsetttirtg fogeest are Jappliéd ety etheupanullaxdisenlofeléments and
transfer lug into the annul'ar piston slot, the piston and slip setting

wedge becone rdwhaanchotyslipgelyt thet banular sething ylndew candtsahtiing
cannot thereafter be displaced axially wth

piston which are mounted for slideable sealing engagement

U against the packer mandrel at a location intermediate the

10 éealing elements agd the anchor slips. The shear screw 64

which locks the setting piston and setting cylinder together

in cooperation with the transfer lug 70 are decoupled with

respect to mechanical impact forces transmitted through the

packer mandrel.

15 | In the preféired:embodiment, the setting cylinder
'énd.fubulaf.wedge ate'locked.against relative movement to
prevent presetting the 'packer prior. to application of
hydraulic pressure. Because the head of the setting
cylinder has the same surface area as the head of the
20 piston, equal but opposite setting forces are applied
against the annular packing elements and the anchor slips,
respectively. Moreover, upon loading of the transfer lug
into the annular piston slot, the piston and slip setting
wedge become mechanically 1linked together for concurrent
25 movement and cannot thereafter be displaced axially with
respect to each other. The advantage of this arrangement is

that the piston and anchor slips are locked together with



respect to each other. The advantage of this arrangenent is that the piston
and anchor slips are |ocked together with the slip ‘housig so that the :
seals S nounted onto the piston-head cda#rot be dragged agai'nst the
mandrel and setting cylinder bore and worn our prematurely in response to
hydraulic pressure fluctuations. 5 The shear screw 64 anf
transfer | ghe76ldre ronsiogedonithlaitn taed ssals Gedannteade adia i the qyis taer

56, thereby preventing inadvertent contact with well bore obstructions.

Li kewi se, 5epd pFarpAtangei tdraggad AGRiInFTat &GebeTandrad nand sewking
sealing elenments 26, therehy mnimzing the 10 effect of |eaky piston :
seal s. ByCVééaderg CRESpi 3E8n PRFBw P¥e nRFPMPEEKREY sell s respenset oo
nunber and. si.ze it the sealin _suLfa es required for an effective fluid
seal are rBYGEBYLik:PELTSHGRY I-LREUBELOBS i nvention provides a 15
hydraulically set well packer which may be set and released in stages, with

t he packer effective separately | aocked .and unlocked in each of the sfages
of settihg and rel egi‘\é, S géﬁe‘EFFéﬂl 4 Eedzgrans_f%g_ A/ @re enclosed

within and shielded by the setting cyvlinder 56, thereby
preventing inadvertent contact with well bore obstructions.
Likewise, the ziston and its seals are located béiow the
main packer sealing elements 26, thereby minimizing the

10 effect of leaky piston seals. By locating the;piston below v/
the main packer "séals, the total numbei: and size .of the
sealing surfaces required for an effective fluid seal are

reduced.

Accordingly, the present invention provides a

15 hydraulically set well packer which may ke set and released
in stages, with the packer effectively separately locked and
unlocked in .each. of the stages of setting and release,

respectively.

20
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1. . "A hydraulic well packer conprising, in conbination: a tubular
body mandrel having a I'ongitudinal flow passage; 5 . a sea
assenbly nounted onto said body mandrel; an anchor slip asse y

nmount ed onto said body mandrel; a hydraulic actuator asse
10 said body mandrel, said actuator assenbt®5+ncl uding fi ml,mm!rmﬁﬂmmﬁ
movabl e. Bgfice transmitting neans engagable with said seal * ass My sa
said anchor slip assenbly, respectively; one of said force transmtting
means having 15 first CdM second |ink portions disposed in

over | appi ng engagenent with each other; a shearable |ock rel easably
securing said. overl appi,ng |i nk. portions ethery an tr f

carried by one of sai d ¥ nk 20 (NQXékgu%ﬁg eﬂégbabP§°§§5in?@aﬁgﬁgﬁﬁﬁnn in
force transm {4 MRAG, N blocking relation for preventing

| ongi t udi nal F%%ﬁgkeng%}'of said first and second force transmtting neans

rel ative to each other prior to release of said -26- shearabl e | ock
said transfer |ug being novapl eubil2Brs Holyp! MEKEPELPAREVIMY &0 1dhgitudinal

unbl ocki ng position relative to said other force transmtting neans in
response to r €llewspasisage;
5 o _ a seal assembly mounted onto said body

mandrel;

N an anchor slip assembly mounted onto said body

mandrel;

a’ hydraﬁlic actuator assembly mounted onto

10 said body mandrel, said actuator assembly including first
and second movable force trensmitting means engagable with

- said _.seel assembly and said anchor slip assembly,

respectively;

one of said force transmitting means having
15 first and second 1link portions disposed in overlapping

engagement with each other;

a shearable lock releasably securing said

‘overlapping link portions together{ and,

- a transfer lug carried by one of said link

20 pertions and engagable against said other force transmitting
means in blocking relation for preventing longitudinal
~displacement of said first and second force transmitting

means relative to each other prior to release of said



sai d shearabl e | ock and | ongitudinal dlsplacenenp—gL_sald 5 first .and
second |ink portions relative to each other. 2. A hydraulic . well packer :

as defined in claim1, said other link porti on hiﬂum"ﬂumumm)un
receiving said transfer lug as it noves into sai tlon sald
transfer lug interlocking said f|r§£5 and ‘second tink £0 por £

together in said unbl ocking position. 3. A hydraulic well packer as
defined in claim1, said first and second force transmtting- nmeans

i ncl udi ngsaBatabilled’ 16ER | O'maid Nt £Ans BbrS luipbb8ingeaidviblld epomdyIId
al ong sai d packer mandrel and a setting cylinder nmounted for slidable,

seal i ng ebjagking pusdtglomitb par keiblackiing, pesitisal relatdwve toersdiayi ng
a bore defining a pressure chanber in which said annular piston is received
in slidabbéhegeafongeerkyrarsmitting means in4 responselr &d i cekebsepafker
as defined in claim1, said hydraulic actuator assenbly being nDunted onto

sal d bodysmﬁidr%heeéah/ben lagkl sedl lengiindinal sdisplarements| pf skl y.
: A hydraulic ac s defjped in ¢laiml, 25 cl a snap
i ng oA Aea i etant dL Lk ot bl opecreRatLie e fasawggw Td first
and second force -27- transmtting nmeans, said snap ring being engagabl e
by said first and con r Liting t | m of
extension and ret actﬁ%ﬁﬂx%%hghggt&3+%e§ F?E a8 d@?T%EéiiﬁrEiéiﬂnf,
said other link portion having a pocket for receiving said
transfer lug as it moves into said unblocking positioh, said
transfer 1lug interlocking said first and second 1link N

10 portions together in said unblocking position.

3. ‘A hydraulic well packer as defined in claim

said first and second force transmitting means
including an annular piston mounted for slidable;'sealing
15 engagement along said packer mandrel and a setting'cylinder
~mounted for slidable, sealing engagement along said packer
mandrel, said..sett:l.ng cylinder having a bore d_e.fining a ’
pressure chamb;r in which said annular piston is received in ~

slidable, sealing engagement.

26 4. A hydraulic well packer as defined in claim 1,
said hydraulic actuator assembly being mounted onto said.
body mandrel between said seal assembly and said anchor slip

‘assembly.

5. A hydraulic well packer as defined in claim 1,
25 including a snap ring mounted onto said mandrel and

projecting radially between said first and second force.



respectlvely 5 6. A hydraulic well packer as—def+ned—in-claim—
1,. one of said forge transnlttlng nmeans |nclud|ng a tubul ar_ wedge nount ed
onto salid mandrel body and engagable with said slip act uaU I' a "HIIH“]I
the other one of said force transmitting neans having a s

engagabl e with said 10 seal assenbly. 7. _A7hydraulic well packer as®
defined kEri"claim 1, including a | ocking slip disposed between said first
and second force transmtting neans, said | ocking slip having ratchet

t hreads engagegrsigsmistingemeanssi dsd1d cenaparinglbeingt engageble fy said
permtting extension novenent of said first and second force transmtting
means rel ati vefirsteaendot decond wovabler fesce ntranseittiag rganggiat the
ext ensi on novenent. 8. A hydraulic wel]l packer as defined in claimi1, 20
said first and-iebbndoffor cextenmiant t iaRA neZRLrASHHIAS| nROYRMERty| P hereety
mount ed for slidable, sealing engagenent al ong said packer mandrel and a
setting cyhluﬁﬁsPﬁEﬁ%%ﬁ Yor slidable, sealing nmovenent al ong said packer
mandrel, respectively, said setting cylinder having a bore defining a 25

pressure chamber in_vvh!ghpacédh9agg iri M%Ti”gﬁ%{:g%&’%ffbéé ﬁfi‘bi:faiﬂ 1,

seal i ng engagenent, sai havin w port connecting t

flow passage qf, éagﬁ pgikﬂy de;szg eltraﬁsma%uldb fhashsorm&mamen aV tibezhe

pressure chanber aul1c we packer  as defined in claiml,
wedge mounted onto said mandrel body and engagable with said

slip actuator assembly, and the other one of said force
\ transmitting means having a setting head engagable with said

1o'seal assembly.

7. .. A hydraulic well packer as defined in claim 1,
including a locking slip disposed between said first and
second force transmitting means, said locking slip having
ratchet threads engaged against one of said force trans-

15 mitting means for permitting extension movement of said
first and second force transmitting means relative to each
~other, while preventing reversal of said extension

movement. .

- 8. A hydraulic well packer as defined in claim 1,

20 said first and second force transmitting means comprising an
annular piston mounted for slidable, sealing engagement
along said packer mandrel and a setting cylinder mounted for
slidable, sealing movemeht along said packer mandrel,
_respectively, said setting cylinder having a bore defining a
25 pressure chamber in which said annular piston is received in
- slidable, sealing engagement, said packer mandrel having a

flow port connecting the flow passage of said packer mandrel



i ncludi ng a tubul ar wedge nounted onto.said mandrerl-

said slip actuator assenbly, said tubular 5 wedg “‘ to o
of said force transmtting nmeans by said first an$L“\ ﬂﬁmw E |t i ons and
by said shearable lock. 10. A hydraulic well pack

r as def¥ned i*n cl ai

said first and second force transmttiggJaeans including an 10 annglar
pi ston nounted for slidable, sealing engagenent along said packer

mandrel and a setting cylinder nounted for slidable, sealing engagenent
al ong saiih pEL6wr commdnetationd with isa)d \Presmirdachambarbore defining a

pressure

chanber in which said annular piston is received in slidable,

seal i ng engagenent, said first and second |ink portions, said shearable

| ock and said tran9fer hugy@mam}hﬂ:ﬂﬁi&ﬂpa¢k¢#rﬂ%a¢€f$@96ihg c}Biimddr, bore

bet ween sai d_ packer mandrel and :said setting gllnder A hydraul i

wel | packERchadpngdar Sublas "’E@Qﬁgéﬂ%teq Hn

conpri si

one resil
non- i ntser
sai d séa

®oFaid Omangreq.,,e PPdycagsdn
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means 'ncﬁydéggdafﬁtgtagﬂ@/égccnd.link portions and by said shearable

10

15

20

25

lock.

10} A hydraulic well packer as defined in claim 1,
said first and second force transmitting means including an
annular piston mounted for slidable, sealing engagement
along said packer mandrel and a setting cylinder mounted for
slidable, sealing engagement along said packer mandrel, said
setting cylinder having a bore defining a pressure chamber
in which said annular piston 1is received in slidable,
sealing engagement, said first and second link portions,
said shearable lock and said transfer 1lug being disposed
within said setting cylinder bore between said packer
mandrel and said setting cylinder.

11, . A hydraulic well packer adapted to be set
against the bore of a  well casing comprising, in

combination:
a body mandrel;

seal means including at least one resilient
annular seal element, movable generally radially between a
non-interfering retracted position to an-extended-configura4_

tion in which said seal means is engagable against a-well

body and engagable with

ne

im1l

15
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anchor slips, said ana?or slips being,movabl e generally radially between a
retracted, non-interfefing position and 5 an extended position in which
sai d anchor slips are engagabl e against a well casin ) Al |
actuating neans nounted onto said body mandrel incfu&"iﬂ“anugnﬂ“ﬂgnuﬂlinder
movabl y smount ed for slidable, sealing engage@ent agai RSt csat 0 mandr el
10 and éﬁéagable agai nst sai d seal means, an annul ar piston novably nounted
for sealing engagenent agai nst said packer nandrel and agai nst the bore of
sai d setting cgashagr bome@reby defining a variabl e volume pressure chamber

for receiving hydraulic fluid; 15 | i nk nmeans coupled to said
annul ar piston, said setting cylinder and said slip nmean

n, ( _ ?nc ol ; -%iist £
| ock nmeans rel easably securlﬁgﬁgﬂ 09 "R £BC 3|&QQﬂuﬁeup§F§? ﬁ,?an&,
second | ock magaéré r:ﬁggg %’/i ﬁ%éfqdl 'éljfc @nssj_gp%@nq)eqﬁgﬁgméqs o %!r%lly

set;ing'cy1ind_ : ont1gudrnal "dr'spl acenent “of sald Setting
cyl i nder el al by he153iKb @bt 3 Rt Ubd 0! nbA-iakeaTeringpesitish and

| ock nmeans, sald seco ans bel ng novable to an unbl ocki'hg position
relative to sahf Sehitended/! ipsEitoony YAONwhdlchnsasafd of anehdrfi siipsoclare
means, said second |ock neans inter- |ocking said |ink nmeans and said
annul ar pi st onehggglabdie iagainstve’ ¥EKPO casing bore; -30- said

unbl ocki ng position. 12. In a hydraulic well packer of the kind having

hYdraulic actuating means mounted onto said _

body mandrel 1ncluding a settihg cylinder movably mounted

\J . for slidéble, sealing engagement against said body mandrel
10 and'engagable against said seal means, an annular_piston

movably moﬁnted for sealihg engagement against said packer

‘mandrel and against thé bore 6f saiq setting cylinder

thereby defining a variable volume pressure chamber for

receiving hydtaulic fluid;

15 : - link means coupled: to said annular piston,

said setting cylinder and said anchor slip means;

first lock means releasably securing said link

means to said annular piston; and,

_ second lock means carfied by said link means

2o and engaged against said setting cylinder for preventing
1ontigudinal displacement of said setting cylinder relative
to said annular piston prior to release of said first lock
means, said second lock means being moyable to an unblocking
position relative to said setting cylinder only upon release
o5 of said first lock means, said second lock means inter-

locking said link means and said annular piston together in



a seal assenbly and an anchor slip assenbly npvably nounted onto a body
mandrel for sealing the annulus between the 5 packer ‘%and 4 he bore of a

wel | casing, and including a hydraulic actuat | nﬁly nount ed

onto said body mandrel and coupled to said seaﬂlmmnmmn chor slip

assenblycﬁﬂr gﬁ%ggding sai d anchor sl i-30assenbl y ahd 'sai"d Seal assagply

I nto seal %ﬁ genent against the bore of a 10 well casing, the *

i mpr ovenent conprising first and second tubular |inking nmeans i nterposed
n

bet ween Said upbleeking pesdfden.assenbly and a sel ected one of said seal
assenbly and said anchor slip assenbly, said first and second tubular |ink

T T B2 A ST Bk o
i mecr 4088 AendS 6 A M b E°RTLR gk, i1 pfend ©
rel ation gl %DOBEEelﬁ' %ﬁéﬁd?&ls%ﬁaﬁgﬁiﬁw gﬂ?(‘;-a:ﬁﬁhms betweelt thé

hydraul ic wel'l pac constructe nd arrange ruse and operatlon
subst any i pddieRS IR CRiHWdbdYeei BEW &N WETET UHALAP, t AP CIAEVIMNY a

dramnnm&hydraulic actuator assembly movably mounted onto said body
mandrel and coupled to said seal assembly and anchor slip
éssembly for extending said ahchor slip assembly and said
seal assembly 1nto sealing éngagemeﬂt against the bore of a ;J
10 well casing, fhe' improvemeht comprising .first_ anﬂ second
tubular linkihg means interposed between said hydraulic
actuator assembly and a selécﬁed one 6f said seaL_éssembly
and said anchor slip assembly, said fi:st aha second tubular
link meahs being disposed in telescoping engagemént with
15 each other, and including a first shearable lock feleasably
securing said first and second link means together, and
including a transfer lug carried by one of said link means
and engagable_with said other link means in interlocking

relation only dpon release of said shearable lock. e

20 13. A hydraulic well packer constructed and
arranged for use and operation substantially as described

herein with reference to the accompanying drawings.




