HYDRAULI CALLY SET WELL PACKER The present invention relates to well packers
that are hydraulically set or anchored at a downhole location within a well
bore by.fluid pressure acting upon one or nore pi stons.gjw ure on

t h§-pihs- 5 ton(s) generates sufficient force to conpress packing €l enents
stablish a fluid barrier and to radially expand slips which anchor

t heNgagker at the desired downhole | ocation. Hydraulically set well packer
have been used 10 in the oil and gas industry for many years. Exanples of ’
sueh prior packers are shown in U S Patent Nos. 3,112,796, 3,136, 364,
3,189,095 and 3, 221, 818. Hydraulically set well packers are generally
installed within the bore of a casing string which was 15 previously
cenented in place to define the well bore. Such packers are attached to a
producti-on-t ubing ~strifg at” the wel'T- surface and | owered to the desired
downhol e | ocation within the bore of the casing string. During this tine
period, the casing string is generally filled 20 with a fluid such as
drilling mud, salt water, or com pletion fluid. Movenent of the tubing
'string and attached wel |l packer into {he casing bore causes the fluid to be
di spl aced therefrom This fluid displacenent in turn tends to generate a

difference in fluid prepsHfsofdOSsY 25t RESEt PAGRER! St on whi ch may
prematurely set the,well packer before it reaches the desired downhol e

location. U S. Patenghd\ascesedd 2inmdén tBod 3beBadesnto3wadll, falkers?
i d pres ol ohe MR LERERy e ElorcrnFisste e i ctifalodsinnol o
| ocati on. Receddematiddtin & bedll isovecdyt flghdfpresshvevactiomits first
posi tion SuBlaaClind dY Wk L 'EEStERs L O Fi8i865080sRPE! bhORNENEE -
5 ton(s) generates sufficient force to compress packing
elements which establish a fluid barrier and to
radially expand slips which anchor the packer at the
desired downhole location. '
Hydraulically set well packers have been used
10 in the o0il and gas industry for many years. Examples
of such prior packers are shown in U. S. Patent Nos.
3,112,796, 3,136,364, 3,189,095 and 3,221,818.
Hydraulicaliy set well packers are generally
installed within the bore of a casing string which was
15 previously cemented in place to define the well bore.
Such packers are attached to a production tubing string
at the well surface and lowered to the desired downhole
location within the bore of the casing string. During

this time period, the casing string is generally filled

20 with a fluid sSuch as drilling mud, salt water, or com=-
pletion f£fluid. Movement of the tubing string and attached
well packer into the casing bore causes the fluid to be
displaced therefrom. This fluid displacement in turn
tends to generate a difference in £fluid pressure across

25 the setting piston which may prematurely set the well
packer before it reaches the desired downhole location.
U. S. Patent Nos. 3,112,796; 3,136,364 and 3,221,818
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allows fluid communication with the associated piston to set each well
packer. As shown in the prior art patents, shear pins, snap.rings, a
‘ather devices are frequently used to 10 rel easably engage various
conponrent s of each wel'l packer to its mandrel. These devices. preve :
undesired nmovement of the conponents whick @oeld result in setti ng of the .
packer before it reaches the desired downhol e | ocation. These prior art

i ces, especi al [disstigme ¥yariguss sliddngosdeeves sbdichieAsgllayrer cheased ting

She ed by cont actplfg%\eﬁe&ohhezmhl pe@%%ﬁ&eamt&hethan% g%UtJ.QfeE E%%S' ng
string, The present inventi ses. a_hy drau I.cal

whi ch can be used 4% ¥orFSa P&F&g °U§PPF@r &FaéleﬁwnhépeePGBaPPGﬁnm thin
the wel | bore. .|napdalilcilsausetheo Bheft an speeviedEzon .me(ér amke&abbms.%n

wel | packer,” far r a downhol ocati,on a
wel | bore, haV|ngEg nan%PéF& gngg h% agﬁ ﬁ&seﬁgﬁgﬁgspaﬁ&t&ﬁehwbﬁﬁ 25
means carried on ieldowst §iusd grumunicadgiibndiwizh lhheeassbeddited piston

t her et hr ough, CO”EB'§E@9eaEh weglsgggk gr on the exterior of the mandrel
nmeans; b. a setting sleeve surro a portion of 30 t he

mandrel means and IongltudlﬁﬁlF?nglé&btéerQraprvértheaﬁeotSe sheagapd nisor
adj usting the Str@hﬁpoilhg SQhH'BﬂhékeaégacQs arQ'?F@ﬁg@ﬁ%@g gkbﬁaQby
n

di sposed on the e of the mandre ans Reratlvely
engagi ng t he éettFﬁgeéﬁée ¥. engagg. Vér1°uﬁh6°EB€RPH§SeP§n8ﬁF§ Wedlapasherng

means p05|t|oned hetmtenmhhdrehoulmhésandebhees prevent undesired
movement of the components which could result in setting
of the packer before it reaches the desired downhole
_ location. These priof art devices, especially shear
15 pins, are sometimes accidentally released or sheared
by contact between the well packer and the inner wall
- of the casing string.
The present inveﬂtion discloses a hydraulically
 set well packer which can be used to form a fluid
20 barrier at a downhole location within the well bore.
. In particular, the invention provides a
“hydraulically set well packer, for forming a flﬁid'
barrier at a downhole location within a well bore,
having a mandrel means with packing elements and anchoring
25 means carried on its exterior and a longitudinal bore
extending therethrough, comprising:
a. a shoulder on the exterior of the mandrel
means; ' | '
o b. a setting sleeve surrounding a portion of
30 | the mandrel means and longitudinally slidable
relative thereto; .
C. means for adjustzng the stroke of the settlng

| sleeve; _
4. piston means slidably disposed on the exterior
35_._ of the mandrel means and operatlvely engaging

the setting sleeve;



setting sleeve; and f. means for releasably | ocking. t he setting 5
slegve to the mandrel neans until the fluid pressure within the nmandrel
eeds a preselected value. In the draw ngs: .Figures 1A 1E are

q;a partlally in 10 section and partially in el evation with portions
br oke ay, showing a well packer Jp=<or to installation within a well

bore. gure 2 is a cross-sectional view taken along tie line 2-2 of Flgure
1D. 15 - e. Iilgurgadawng ®lenmeses end amalhodigyg meeays al ong the |

3-3 of .[Figure 1D ogslirtei thé%%S SHREIdHNAlged ewd align al ong the line
4-4 of Figure 1E. gures are draw ngs, partially 1n 20 section and

partially in eIevaﬁaﬁtknqtﬁ%ﬁﬁﬁqmn%FQNCMen away, show ng the well packer

of Figures LA-dB anhg{sedop tﬂél@éélﬂaltiprl%dﬁnfgoélfé htediligng. Figure 6 is
S.an isonetr.ic. dravvun of. t he- e sub é\%d_‘and col | et. fI{:L ers attached

theretS. 25 - sleevys §ig é: s wtdl, the tion and
partially in el evatgrassude maﬂmror’tﬂméammlmm\mqrsrmmetgis ke rel easabl e
| ocki ng means |n |tsresecll tJ! Oeﬂ Vel | - packer 20 is shown in Figures
LA-1E prior 30 "to S IOH\M% in a well bore. The various com
ponents and el enent@ i Kizawindsse packer 20 are attached to and carried

by mandrel means 2k fQig wfa@'&gﬂﬁﬁqu ¥ e ﬂ%ﬁ}] mandrel means

21 consists"of varlous sections concentri each 35 other
by agpy ofechion RN RAF Heat tith Rlevation 4§ By PAH PRAXSRNdr el  neans
21 are i dealy,f istbwiham &}élf!@-packer prior to installation within

a well bore.
- Fzéure 2 is a cross-sectional view taken along
tue line 2-2 of Figure 1D.

15 _ Figure 3 is a cross-sectional view taken along
the line 3-3 of Figure 1D.

Figure 4 is a cross-sectional view’taken along
the line '4~-4 of Figure 1E.
Figures 5A-5E are drawzngs, partxally in
' 20 section and partially in elevation with portions broken
away, showing the well packer of Figures 1lA-1B anchored
within the bore of a casing string.
_ Figure 6 is an isometric drawing of the end
- subassembly and collet fingers attached thereto.

25 _ Figure 7 is a drawing, partially in section
and partially in elevation with portions broken away,
showing the releasable'locking means in its second
position. '

Well packer 20 is shown in Figures 1A-1E prior

30 to inStallatibn within a well bore. The various com-
ponents and elements which comprise packer 20 are
attacred to and carried by mandrel means 21. For ease
of manufacture and assembly, mandrel means 21 consists

of various sections concentrically engaged with each

35 other by appropriate threaded connections. The various
sections of mandrel means 21 are identified by an alpha-
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betic designation follow ng 21. Mandrel nmeans 21 is. basically a |ong,
cylindrical tube with bore 26 extending therethrough. T.hreads. 7
provi ded on the extreme end of 5 nandrel section 2la to prOV|de me
attachi ng wel | ‘packer 20 to a production tubing string (not shown)
23 is engaged by threads 25 to the exter+oé of nmandrel neans 21. A3-w
explained later, coll.ar 23 provides a first shoul der 24 on the exterior of
10 andrel neanbeticfdesugaatnoanﬁhblbﬂgn9e21 padardred meande2dedsred

dowrhol e | ocatio sLi se QIPELSE NG BhI arsse ps
32 and slip exp a§85E@§§% éSEgég sa?%gﬁgglgarngdéonL?%eggﬁter?o%gg%nd§hé

mandr el neans thh%FﬁFﬁFangy 15 of shear pins 34 rel easably engage
expander .cone 33.to0. nandrethﬂeaas 21 uﬁélbraﬁieédpaﬁkeneZQxhaaméeaﬁhedfthe
desi red downhol e - Io gntergi g gs 35.are_di spased gg Mﬁen sl Lp
carrier 31 ané nﬂﬁﬂ E? nﬁﬁﬁ ioq 2fft EPnBFOYFEBSTSARANECF | PEFAEASHR BRI 24
cooperate to 20 phtkier 2betboagproadiuctionvuehing etrupge(nstlphewabnbly_30
during the setti pagk | .85 4Qei L da [ on
t he exterior of sy %EIQS £ ggiagga g §ﬁ?§£ﬁs g? g tha§%¥g?§ég.8geal
assenbly 40 conpmiséseénmﬁaéit?b5|OASZBIIllhgsexmlampﬁg hataryi agslay,

plastic (TEFLCN)QEWBQS@EHHQ é'Eﬂ§s€3shéﬁﬂdéﬁchhnGneEEQEEkEeﬂﬂor yerious
alternative acker %i asse éieg can be, satisfactorily_used with_the
S

present inve 9|oﬁanEB meRRH ﬂﬁlysﬁolFsathaﬁbP9 UP%&OB@G B8R 3B the
exterior of nandaeltnsaﬂssiieadaawﬁnbléoleeahlaﬁsen} bly 40. Lower slip

assenbly 50 conprises slip carrle 52.and slLi xpander e _53.
A plurality of shear pins §BP?£|§ 8b?§58ﬂ§§§e§8x6¢ﬂﬁﬁfgt8 gépaﬁérgﬁggr
_pins 56 rel easabB¥, endapge §2|pndaslxpresgandeuaqdnel335aneaailéab13hear

pins 54 and 56 p&§¥§géd5bhptﬁérék@ér?&raBQ £XRAPe nERAE 22.7TRMpTRYEAG Ly

| ongitudinally towa
15 of shear pins 34 releasably engage expander cone 33 to

mandrel means 21 until after packer 20 has reached the
desired downhole location. Internal slips 35 are
dispdsed bétween slip carrier 31 and mandrel means 21.
Internal slips 35 and first shoulder 24 cooperate.to'
20 limit the longitudinal movement of upper slip assembly
. . 30 durlng the setting of packer 20.

Seal assembly 40 is slidably carried on the '
exterior of mandrel means 21 adjacent to upper slxp
carrier 30. Seal assembly 40 comprises antl-extruslon

25 rings 41, wire mesh rings 42, plastic (TEFLON)Zbackup
rings 43, and packing elements 44. Various alternative
packer seal assemblies can be satisfactorily used with
the present invention. :

- Lower slip assembly 50 is slidably disposed on

30 the exterior of mandrel means 21 adjacent to seal assem-

| bly 40. Lower slxp-assembly 50 comprises slip carrier
51, slips 52 and slip expander cone 53. A plurality of
shear pins 54 releasably engage expander cone 53 and
shear pins 56 releasably engage slip carrier S1 to mandrel

35 means 21. Shear pins_54 and 56 prevent slip carrier 51
and expander cone 53 from moving longitudihally towards
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" required setting strok . packer -

each other until after packef 20 has reached the desired downhol e | ocation.
As shown in Figures 5A and SB, such |ongitudinal novenent causes stips, 652

to d radially - - and--to anchor-packer 20. with. -the. inner:wall
-of ¢ g. 5 string 100. Upper slip assenbly 30 and | ower S|Ip assem bly
50 co i se means for anchoring paclser 20 at the desired downhol e | ocati on.

Mandrel .section 21a is attached to section 21c by adapter sub 21b. Mandrel
section 2£&cmabmm@r hhm;lOafwamnpaakpanéntha@amehﬂheﬂgtheaﬂﬂsamddpacklng\‘J

elenents) 0 ag usly ri_b el tions 21b

and 21c s % aﬁ%%éﬁéﬁgion %ég% %gngqgﬁgsgcsgbnuglgg %gﬁbtlons 21d

. and 2le odcﬂmuﬂm@&ngﬂomONBmHQtGGausgsaﬁdleg a2e tol edpoing daﬁp@déd The 15
length. OfaEEPQk?Bniﬁ%&'ﬁﬁc&EQ 9. &%EECEEQ &anQ% &aﬂaabkbksgghgﬂrigﬁnds

. sl eeve
mandr els s SEEIiGgs 189, 5283125&19n&5239béﬂd3psaPéngPFGG'ﬁ&PPya§Fﬁ@able

relative %qyngndeahp&aeasmaansFQbrea&ehailﬁqnp&@ﬁb&rQOZQt ¥ad assenbly,
setting sleeve 0 .has_f secti.ons 80a, 80h, 80c and 80d concentrically
attached £§%& 89H8P°8? tRFE%48} connecti ons. First section 80a abuts

| ower slip assenblyMEﬁdrEdrsEc&aOMIGﬂaB&s attachadhed E@c&ﬂ@ﬂﬂd section 80b
O Be s 215285, haplle, LECaded PRARADIY bctcheet00sH0R.a3d 000 Nave

sufficien ow si gn1f|cant variation € CO Iength of
secti a0s Beinasempopenisciaac mnsh@ela@ﬁgtandopashu-ngnglgm@m)8o to be

adj usted be ﬁeiQ”BBéﬁhQ ebtagngkbv&ongqgeaegeéhbéase”nhhaielFor exanpl e, °
one or nore packlngégaﬁggn%i s 44 coul d be renoved and threads 81 adjusted
..S

to accomB&StE°PRe PSKE A8qary extessien RetwegsAcker 20. Such a

change ni ghhdalewseeaabhe2¢aaaganeebltaohecatlaoanat 2wei o sAdah pins 54 and
56 engage men dre nﬁ ﬁo lSet SELews 82 _.are, provi.déd t preyent undesired
poge 803

rotation §%s rgpgt c3F§ SELERB YSSBSRPF -t hd 6r oper

15 length of mandrel section 2l¢ is selected to be compatible
with the required setting stroke of wéll-packe: 20.
_ Setting sleeve 80 surrounds mandrel sections
21b, 2lc, 214 and 2le and is longitudinally slidable
relative to mandrel means 21. For ease of manufacture
20 and assembly, setting sleeve 80 has four sections'SOE,'
80b, 80c and 804 concentrically attached to each other
by threaded connections. First section 80a abuts lower
slip assembly 50. First section 80a is attached to second
'section 80b by acme threads 81. The threaded portions of
25 sections 80a and 80b have sufficient length to allow
significant variation in the combined length of sections
802 and 80b which allows the length of setting sleeve
80 to be adjusted to accommodate alternative packer seal
assemblies. For example, one or more packing elements
30 44 dbuld be removed and threads 81 adjusted to accommodate
the change in stroke required to set well packer 20.
Such a change might also require changing'the location
at which shear pins 54 and 56 engage mandrel means 21.
Set screws 82 are provided to prevent undesired rotation
35 of section 80a relative to section 80§ after ﬁhé'proper
- length of setting sleeve 80 has been determined. '

L



'Iength of . setting sleeve 80 has been determ ned. As will be exp
| ater, fluid pressure frommandrel bore 26 can be applied to pist
60, 61 and .62 to s|lide setting sleeve 80 |ongitudinally towards. -
shoul der *2.4. '. This noverent. of setting sleeve 80 radially expands sli p'
32 and 52 and conpresses packing el ements. 44 4 hereby formng a fluid

barrier with the inner wal:!l of casing string 100 as - shown in Figures 5A and.
5B. Piston means 60 incl udess pHstIobe igxp Xl mgderidttas| £ latifdgdmekdurset ti ng

sl'seve 80 by the 10 enga nt, het eGt | Qh, gnd _80q.. r
section 21d is sléﬁﬂ%l@a’ﬂfrg%btsbe%%yﬁ%ﬁ%pi%s% %ﬁﬁr@% p%ﬁ%ébsr{\%p&#erisco'
seal s 64 carried 6y gndtéh ta rglidle fsethingmelaswe 40ildngitudimadilh t he

05 P T S e, SO o P 8 A 00

63 forma 15-statig- arrier. Wt R y_of sefting, sleeve 80.
El astoneri ¢ séal Slgrva St Hadiadlly smadefdRs ¥ AHISHAT GEIRISTFSS

of mandrel secti Qacklithqngldniits) APy Wokniaid iLrE M id) Bdreriasi de
- dianeter of setting,sleeve 80 ad entfther.et 0. Vari agﬂ eoevol u 20 fluid
chanber 66 is prdW ARG A Sasing A 3T RPWRSR

. section 80c. Pistrdgudesy 523 and (BB 4 s Rlstdmmezancs 6l imdiddesl fiss tond

enl ar ged out si de _di r | 4 Y ' ' ®l] C S

partially defi ne.%a%ﬁeg#g%ﬂn%}%%rﬁ%é%éﬁ% fszé% se&%eeg%ﬁsj ﬁ(ﬁ%l@e :
through mandrng <gagsmenty hetwaemEettians dfymnhiits bdtandsresrieion
bore 26 and vari ahle 0l iR YRGS s ed Wil BN slom 4P b3 adiglddeo-

through setting sleeve 80 to comunicate flulds between the exterior of
setting sleeve SMREFLF 13R2LS At FRLFIQDHPBPISIRP aing fosi IR A ARFakke
Piston neans 61 ifl@dibdarridr ESHHHE €itEd bR mdMir 1) néieis i Zhl

g;z: io(r)lnrlzgg 6_3 Wl’.llhaset-lg%setr%.réerslecafseaéf r.::6aflrrainedd 5y|ps:i.é Ic:S Ogiergg baei V\Poernm rra:?ndrel_
15 static fluid barrier with the interior of setting sleeve
80. Elastomeric seals_67 ére carried by enlarged out-
side diameter portion 28 of mandrel section 21d and form
a movable fluid barrier with the inside diameter of
setting sleeve 80 adjacent thereto. Variable volume
20 £luid chamber 66 is provided between mandrel section
214 and setting sleeve section 80c. Piston ring 63
with its elastomeric seals 64 and 65 and enlarged outside
diameter portion 28 with its elastomeric seals 67
partially define variable volume chamber 66. Ports 68
25 extend radially through mandrel section 214 allowing
£luid communication between mandrel bore 26 and variable
volume chamber 66. Port means 122 extend radially
through setting sleeve 80 to communicate fluids between
the exterior of setting sleeve 80 and the side of piston
30 ring 63 opposite chamber 65. ' | |
' . Piston means 61 is similar in design to piston
means 60. An identical piston ring 63 with elastomeric
seals 64 and 65 is disposed between mandrel section 2le
and setting sleeve section 80d. Piston ring 63 is
35 operatively secured to setting sleeve 80 by the threaded
connection between setting sleeve sections 80c and 80d.




¢
" and“§etTing. sl eeve section 80d. Piston ring 63 is 35 operatively secured to
setting sl eeve 80 by the threaded connection between setting sl eeve

s- "i? 80c and 80d. -7- Enlarged outside dianeter portion 29-of : " '
ety section 21e carries el astoneric seals 69 which forma novable fluid

. be wi th the inside dianeter of7sett|ng sl eeve ..80 adjacent .thereto
ari abl e volune fluid chanber 70°5 between nandrel means 21 and setting

sl eeve 80chaPaLE! BLLYHE" hDEe Dy ShAFLOGR! b5 SPHEnBAeRNdabRiOR PISION )

ring 63 a rrc sea means extends ra y through
mandr el sé¢E|oarziesaﬁﬂa%EQM%ﬁ+@a§%®l$Iﬁ?dwhéﬁheéﬂme@mm@Wabb?e 26 and

variable 19, ;a%afﬁéi:uwﬂtﬁhaﬁ@einzme &’Qérﬁeﬁ@ﬁ%flgét@ nglléadéal ly
t hrough setting sl eeve, 80 t nicate f UIdS ﬂ erior of
- setting sF@e@@JﬁﬁeﬁﬁthﬁﬁeE?de FEHak g voinme 68 %eg Eﬁa er 70.

o Fl ange 72beawaé@vmdmdr@n mé&nsnzbrand Qétﬁﬁngssleemg g80ebye section 80d

near its extre | o 0 e n a rried on the
i nsi de d.@ﬂﬁ?b &eghﬁgg75 ﬁgg?ge g %D%%%F% ??U|§dbé$r§§r with the
out si de dpﬁsaenrrnﬁgn&mdand gsbastomegie sephseh?.t hRortoneaftadloneric sea

rings 74 3*§?33$ g% %g%fntﬁpgugﬁtﬁ%ggrgia%gégiogf2§£e§¥3 section 80d and

forma nova i 65 W I anet er rotective
cyl i nder @@mmﬁwh%@h%stﬁé¥é@obe¢%ée$u%ébﬁéﬁlo$°§¢ogéc@ﬂéevé§+ﬁh36r 90 will

be deggripetumét £luid ena;moéetml Bért means 121MaR€ERH PRADE1D _
termnates wth end sy or  mandr.el  secti Mandr el secti oh

2le is enﬁ%ﬁ%ﬂg%ys?ﬁFéﬁﬂss eYS gﬂetPng?ﬁﬁuﬁiﬁﬁﬁ?egEBF&EnBe§Uﬁ§§senbly 21f..
Protecti veheyéxveeiopPOofssevgbagdsbygetr8r 8adand?che Eha@eovfspiletdnanet er of

end SUbas§lﬂ?|¥33gbpg§{te E%Qibgé gée i nserted through appropriately
Flange 72 is- prov;ded on the interior of

15 setting sleeve section 80d near its extreme lower end.
Elastomeric seal rings 73 are carried on the inside
diameter of flange 72 and form a movable fluid barrier
with the outside diameter of mandrel section 213

~adjacent thereto. Elastomeric seal rings 74 are carried

20 on the outside diameter of sleeve section 8od and form
a movable fluid barrier with the inside diameter of
protective cylinder 90 adjacent thereto. The function
of protective cylinder 90 will be described later in
more detail. ' '

25 Mandrel means 21 terminates with end sub—
assembly or mandrel sectxon 21f. Mandrel section 21e
is engaged by threads 91 to the inside dzameter of end
subassembly 21f. Protective cylinder 90 is engaged by
threads 92 to the outside diameter of end subaséembly

30 21£. Pins 93 are inserted throﬁgh appropriately

sized holes 97 in protective sleeve 90 and end sub-
assembly 21f to prevent undesired rotation and pbssible
disengagement of threads 91 and 92. Elastomeric seals
94 are carried by end subassembly 21f to form a static

35 fluid barrier with the outside diameter of mandrel.
section 2le adjacent thereto. Elastomeric seals 95 are



‘sized holes 97 in protective sleeve 90 and end sub- assenbly 21f t
undesired rotation and possi bl e di sengagenent of threads 91 and 92: _
Elastonerlc seal s 94 are carried-by end subassenbly 21f to formakStagfc 35
fluid barrier wth tHe outsi de di ameter of mandrel section 2le adj acent" ,
thereto. Elastonmeric seals 95 are carri~e8 by end subassenbly 21f to for

a static fluid barrier withh the inside diameter of protective cyllnder 90

adj acent ther et o. cBradednbyi endegnbagsenmbly 33fahg GSrmoapstatéct §luid

paxtially. def|neb$§E&§Q|%1%ﬁ|HHE ih!kgeSdQQﬁgﬁﬁf 86 9509&&%99e”§9m§n§3r
bet ween nmandrel means 21 and settlng sl e ve 80. pl ur g gXIb|$
d ﬂ % siffon hi n

collet fingers 118%aR8IRGPREd LHRERE reF §é§9?851§1Fe9
vari.abl e-.voliune..f.bgi ¢opperace . €6. pEteXamlg define ﬁaﬁza&megeosuﬁéOfauEd

ttached t d 1 | d Il et
eed 151 19 nodh EhalBRN0 8" oF 15U HRERATEY BefbbeRIahALER ey 2B, 1"
83 is provided onanfesetsiag dilesveeBOof setting sl eeve section 80d

di sposed within variable vohuggu}ﬁlggylgfcgggggﬁ 260 PFE|§¥nﬁSEgS§183ahé

‘sized to receive collet heads 111 therein eX| e co ers 110 wth
_their respective EgFPRed ﬁéaﬂaﬁéfeénaeSﬁhBPaﬁlﬁeé§§sP8§1§F60F§ewh§5h§ f or

rel easably |OCkInﬁaﬁﬁhblagvsl&ﬁéef&ﬁ;ﬁocﬁaﬁﬂée|9EeanF13i1bEé0E691é¥efiheeVe
90 prevents 28 direct ;ﬁ tact bg%wegn cgllet Eln ers r the end of
setting steeve98095h3 9 8hSt PRERAFBRS PR PARERS mSFnEaé ng*2087¢hi | e

| oweri ng packer ZeubEssemb&ylBhﬁeandlzhreaﬂsdamly GoipescHead LR& ésterior
of mandr el SeCt'Ogaﬁﬁﬁngﬁt&ﬁeﬁhgaaﬂﬁebf”EQEﬁ %$1¥§taggn§8k'iéof'”ﬂﬁhﬁé%%

First cylinder as a first i on as sh whi €
coll et heads 111 ERg8§Ed8Wi LH P§§E$§393°an§h§ iasdde gegmemen af skowAngn

Figure 7 which a'BQ&@VEOEé@&zéhnﬂﬂasdiégosed within variable volume
15 £luid chamber 96. Annular recess 83 is sized to receive
‘collet heads 111 therein. Flexible collet fingers 110
with their respective collet head 1lll and annular recess
83 provide means for releasably locking setting sleeve
80 to mandrel means 21. -Protecﬁive sleeve 96 prevents
20 direct contact between collet fingers 110 or the end
of setting sleeve 80 and any obstructions in the bore
of casing 100 while ldwéring packer 20.
First cylinder 112 is slidably disposed on the
exterxor of mandrel section 2le between mandrel means 21
25 and collet finger 110. First cylinder 112 has a first
position as shown in Figure 1lE which holds collet
heads 11l engaged with recess 83 and a second position
as shown in Figure 7 which allows collet fingers 110
to flex and disengage collet heads 11l from recess 83.
30 Second cylinder 113 is slidably disposed within the
portion of mandrel bore 26 defined by mandrel section 2le.
Second cylinder 113 is radially adjacent to first
cylinder 112. A plurality of slots 114 extend longitud-
inally through a portibn of mandrel section 2le. A
35 heavy duty shear screw 115 is slidably positioned within
each slot. Shear screws 115 and slots ll4 provide

—_ e e e - - veras e



to flex and di sengage collet heads 111 fromrecess 83. 30 Second,cylinder
Is slidably disposed within the portion of mandrel bore 26 defi ned, by
| section 2le. Second cylinder 113 is radially adjacent to first
er 112. A plurality of slots 114 extend longitud- inally through a
portion of mandrel section 2le. A3% heavy duty shear screw 115 is
slidably positioned within each slot. Shear screws:115 and slots 114
provi de m&aﬂ@mfcﬁnmnergmg:sft rqiztlla'g.demddﬂ Tre te treendias i or of

mandr el sec on it t of nmandr el
r > ! ear o] nél;flﬁ:%% %&P bet \ﬁqn r{a%z‘ A

section 21% ™ 6 1S T nst first.cylinder 112 and
mandrel sethé o:mtser:a:]; ©f G‘%@@szﬁﬁ%ﬁlﬁblﬂ]éfl r%{e%ﬁllﬁlﬁﬂe‘r BB inits

- first posigioniidd rﬁé%éxnfﬁré% f&jﬁzrﬁbmmﬂdﬂ%ﬁ(mﬁnwepfswrd cyl i nder
- 11310forma novable flud barrier.wth t: g]%#.ama.ter of mandrel -
secti orp Zl%lio‘i%c"'é-’rﬂteatsr‘?é? FeCuLe it ’d‘ BantEction between
10 first Cﬁ/ijg’&lqroslﬂiﬁ.dind Seenimg syl i hoare Jcﬂakr:séd)ttm 11ﬂme attmr fdwi d
conmmuni catl n bet r’g_qn%r I r chanber 96
durlngthe esﬁlng oc& E%O‘ﬁ%nZ%gures ‘}A%'eeé/ﬁ EL %0 I s shown
prior 15 twitimsthe Ilan‘-ﬂ&ﬁ Wiameterras ledﬁei‘ea%ﬁq‘blmone L%i]'@c%mandar d-

wel | conplgt fol-b& echiy %tﬂ’éﬁ“t&%ﬁfwx Ehdc@idededun threads 22 to
a production tubing stri ng at [1e wel | . surface (not. shown) and | owered

t hr ougi® bdrie sty FHlgRdaF FREE Y st B 424 tkhsing 100,
Bal | 102 |aslmna1ai:1df et d ¢ion theewedd maHdree bare t3e 4ndi ng string

into rrandrel re 26 .after_wel cke hsbee | owered. to the desired
| bcat i on. VATAHER AP FTid RS TG WS FRERA bore 26 -
i medi at elof paaker @®5 | owering wel | packer 20. Ball 102 cooperates with
In Figures 1A-E, well packer 20 is shown prior
15 to installation within bore 101 of casing: 100. Using

standard well compietion techniques, well packer 20
can be attached by threads 22 to a production tubing
string at the well surface (not shown) and lowered
through bore 101 to the desired downhole -location

20 within casing 100. Ball 102 is gener;liy”dropped'from
the well surface via the tubing string into mandrel
bore 26 after well packer 20 has been lowered to the
desired location.- Alternatively, ball 102 may be
inserted into mandrel bore 26 immediately prior to

25 lowering well paéker-zo;- Ball 102 cooperates with'
second cylinder 113 and o-rings 117 to form a barrier
against downward fluid flow through mandrel bore 26.
Upward fluid flow can lift ball 102 ocut of engagement .
with second cylinder 113 to maintain fluid pressure

30 egualized between the interior and the exterior of
mandrel means 21. _

When packer 20 is.at its desired loc-tion,
increased fluid pressure from the well surface is
supplied to mandrel bore 26 via the production tubing

35 string. As the fluid pressure above ball 102 increéses,
the shear value of pin 116 is selected to release




second cylinder 113 and o-rings 117 to forma barrier againsf-doééé%ld -
fluid flow.through nmandrel bore 26. Upward fluid flowcan lift b 102. out
of engagenent. with second cylinder 113 to maintain fluid pressure 30 - -
equallzed‘betmeen the interior and the exterior of mandrel neans 21. Wen
packer 20 is at its desired |ocation, mq_rg_ gsed fluid pressure fromthe .
wel | surface is suppIJed to mandr el bore 26 via the production tubing 35

string. As the fd 3.1 R eltnvefﬁaa{ maliZ dINFeRASen 21Re belTRAte val ue of
plh_&16 is selecte el ease -10- first cylinder, 112 rTon1 ndr.el

section 21ebefor@‘§’n>¢’-‘6’tﬁi’er¢°&?fﬁ5’(ﬁ%ﬁ Lofveldl IPasa%erLF%fsve. SPERFH g
pin 116 allows figix 1qsd iadeswsl 2 rastl cyaﬁmaéncwmmd&rd Ektorid aplimder

dommmardly fran th flrst 0si tian tg their
second posi f T oh A J‘r@’!ﬂyﬂ?ﬁ%’%{iﬁ? %%ﬁ%ﬁgﬁ jOE} %yl i nder -
112 from behi rsd csmldvet :Jmétiszw l&ndcaltheds fdesandy pefs idyldneta sf ishps™s 110.
Wi | e second cyll =5 | it I
(#Jéz gsabgsvﬂe i@@@é@&m& Frd ) yAaTRE L i g

pressure in nandre IS communi cative wth v r|able

vol ume fluid charfirem behind caideds haadsdrkls B Aldors FHexdns £F
respectively. deglﬂgywixﬁyéﬁytyxbpwessure causes piston neans 60, 61 and

62 to apply force to 15 se sl eeve, 80. val.ue .of pin 11

sel ected to be higher thang'{g'ilzl'%ilsée é’rﬂ?‘ e Jéié%s’ géta{ |’T‘Fg i é‘e e s%ﬁfqr}%
“protective cylg ngmrsi%ficaf,t emcu:;éasaiberfl‘lﬂﬁ e s itro marsirsselc ok A ti-on.
Setting sleeve 8 rﬁaga Jﬂﬂ# Vs 24
because col | et Z%bf%l%lr%ge%%‘\éhl ar ,_CQWQ-_I ree ﬂa%%tel)z;e?‘g@@f Jd‘{l%ml?a]'%%@?
pressure wthin rfdndidelchamhers 659 it rand P ia msrrta Hi& am@s&ur@‘éauses
sufficient forcedd A IRfgdttively. This increased fluid pressure

causes piston means 60, 61 and 62 to apply force to
15 setting sleeve 80. The shear value of'pin 119 is selected
to be higher thah_pin 116 and releases setting sleeve 80
from protective cylinder 90 after cylinder 113 has moved
Eo its second position. Setting sleeve 80 can now move
longitudinélly towards first shoulder 24 because collet
20 fingers 110 are free to flex radially inward. As fluid
pressure within mandrel bore 26 is increased further,
this pressure causes sufficient force to be applied to
setting sleeve 80‘to shear pins 56, 54 and 34 which allows
" compression of packing elements 44 and radial expansion '
25 of slips 52 and 32. This continued ﬁovement of setting
sleeve 80 anchors packer 20 within casing 100 and forms
~a £luid barrier therewith as shown in Figures 5A-5SE. -
By continuing to increase the fluid pressure
~above ball 102, sufficient force is applied to shear
30 heavy duty screws l1ll5 after packer 20 is'éet. Second
cylinder 113 and ball 102 are then pumped out of the
lower end of mandrel means 21 as shown in Figure SE.
Unrestricted flow can occur in either direction through
mandrel bore 26 after removal of ball 102 and second
'35 cylinder 113.

Alternative embodiments may include the attach-

- WY LA 4



- am- - o eame e . . - - - - 1

setting sleeve 80 to shear pins 56, 54 and 3.4 which allows conpression of
Skipg el enents 44 and radi al expansion 25 of .slips 52 and 32. This _
hed novenent of setting sleeve 80 anchors packer 20 within casing 100 ,
brhs a fluid barrier therewith as shown in Figures 5A-5E." By-~ .

contjwding to increase the fluid pressure above ball 102, sufficient force

i s®¥pplied to shear 30 heavy duty=-sélews 115 after packer 20 is set. Second

cylinder 113 and ball 102 are then punped out of the | ower end _of mandrel

means 21 @enshovinadditiignad BEStoR: BEANSC£Ad tol BRNEaRloREANS Flei ther ™

di rect i on gy et ranpdistonbaeanbmakt e hadedalfoef waalll phegeaad second 35

cyl i nder 113._ALterna%%ée:engpdiNﬁgts may igcluge t he attach- -11- nent

of additi GRAIFIIEAIFEEAS SEG T8 IERAFES - nedRECIERISTENSeRr a pi ston means
- Fay- be addahdrel sadtipackads - pégton mdngi §icandeseittd ngosdeeveVat ching

sets of. mandrel..seGtl 21d, ...RisSt.an _rHisn ~and. ipng...sleeve 5

sectioé 8 %gggﬁ?bgﬁégggnt%gagggghggeggbaggﬁs?%%r%egﬁgib%fR%é?%ﬁed, end

subassenbly 21f canIfedgsdrrdedend shbawsenblyt 2déhmam bef modidiedel | tool s

thereto, sWCh1asuathanditRachinBRkeod! oWkl §&126R00150khe2eR e lshich
conpl eti ons, |& ngg be necgssary tQ.attach additional 10 _joints of
product i o#St Bpi-AGE-G9eRAPRIBaSSe ity SEFeePn of @&r SEBesWS3drt . such

addi t i onakowpilghiohel owtwably bacheresBariyt tonythacheaddsaivnaQ i Ncrease the
wal | i ck o] ect |, 21d _a 2le.and their ,respective
threa gd 3%%%%3t?52§28§§bt388 tﬁgin%T%@ %gF|SBQSEEFmg§§ ﬁ&%;_nultiple
mandr el nmdanorderntoushppackesycht rddpitivonlnwaights beliomgwelldeve and
aSSOC|ategaeggpoggnt§tmggydbgenggggbggyb¥°othrgggeoghgh% qgndrel neans.
Al so, the well packer can be_used wt anchoan% feans ot her t han slip
assenbl i e§hagkaRgs of mandrel sections 21d and 2le and their '
respective threaded connections. -
1s ' The well paéké: may have multiple mandrel
means. In such packers, the piston means, setting sleeve
and 'associ;t'ed components would be carried by only one of
the mandrel means. Also, the well packer can Ee used
with anchoring means other than slip assemblies 30 and
20 - 50. | |




“20 - 50. - 12 - C L S CLAIM5 1. A hydraulically set we
packer, for formng a fluid barrier at a downhole |location within a
¥bore,’having a.mandrel neans wth packing el enents and anchoring neans
.carried on its’exteri'or and a |ongitudinal bore 5 extending therethroughs '
conprising: a. a shoulder on the exteriarief.the
setting sleeve surrounding a portion of the mandrel neans
“longitudinally slidable 10 . rel ative the H H“Em H
adjusting the stroke of the setting sleeve;, d. pis
di sposed on the exterior of the mandrel geagssand operatively 15
engagi ng the setting sleeve; e. the packing el ements and anchoring means
posi tioned between the.shoul.der..and. the.setting. sleeve; and f..neans. for
rel éasabl y. 1 'ocki ng:the set fi-ngA2bydraulicallysisesvweld packesndfor #Oaming
until the fluid A ¢igdkey \9&?%9 fige a”ﬁBWhﬁleorl%c@&@.%ﬁd%:.%hﬁ.he%eLﬁq_tle@:ore,
val ue. 2. The we packer of claim1l, wherein the rel easabl e | ocki ng, neans
conprises an annbﬁ&#nSeéegénQEeﬂoﬂﬁéﬂslWléhpBFFFéﬁgoﬁlﬁﬁén§§tPPﬂgaﬂ &g
flexible collet tieagsr %a%lrtl@aheel H@st Q&t@&&‘é&eLa.nﬁeanion%J.(tQHhﬁtath@n t he

end of each finger, and nmea reI asabh% apglng the collet heads with
‘the.annul ar r Sce&Xtesding, P 5885 s wherein the 30

rel easabl e engagi ng neans aoshoudder anf ithet expeirider of the mandrel
' mearns;

b. a setting sleeve surroundirng a portion of the
'~ mandrel means and longitudinally slidable
10 relative thareto; o
c. means for adjustlng the stroke of the settlng
sleeve; ' ' '
d. piston means slidably disposed on the
exterior of the mandrel means and operatlvely
15 . - engaging the setting sleeve;
e. the packing elements and anchoring means
positioned between the shoulder and the setting
~ sleeve; and '
f. means for releasably locking the setting
20 sleeve to the mandrel means until the £1luid
pressure within the mandrel bore exceeds a
‘preselected value.
2. The well packer of claim 1, wherein the
releasable locking means comprises an annular recess
25 formed in a portion of the setting sleeve, flexible
collet fzngers attached to the mandrel means, a collet
head on the end of each finger, and means for releasably
engaging the collet heads with the annular recess.
3. The well packer of claim 2, wherein the
30 releasable engaging means comprises: a first cylinder
| _slldably_dlsposed on the exterior of the mandrel means
' between the mandrel means and the collet fingers; the

first cylinder having a first position which holds the

«N



sI'Tdably disposed on the exterior of the mandrel means between the mandr el

means and the collet fingers; the first cylinder having a first padsition

whi ch hol ds et heads engaged with:the annular recess and °*

_a gesond pos“m“ "m"mﬁlmmmﬁ the collet fingers to flex and di sengage the -
\| Bf) heads from tthe Mansul-&r recess; a second cylinder disposed within the

] the 5 mandrel neans adjacen@3to the first cylinder; neans for

connetting the first cylinder.to the second _cylinder; and neans for slidin

the seconcaldethdwadsRIGAREHAIE Bhsh 208YIedt 18599 afthdr el neans when

fluid pre &mg&yl&xt&ewmmwalﬂwsem&wadmem@@&@ aed eteasal ue. . 10

4. The well packer of clain1 1- gﬁel 3? nnectln means_further
conprlses§94ﬂ4h§QWQiﬂ%ﬁ Sl qﬁﬂ t he mandr el

| oreans; ’fh%%écﬁind:)dﬁﬁdﬂemrﬁimdﬂmyﬂhme:hequmexf dtheopposi t € si des of

the | ongi t ud] JM thin each
slot a é‘la}na eOantg'neail rét cyll r%‘ ljcfi' 3}35\% ,%%q&eg The wel |
packer of Qdmaﬂﬂnwmeslfﬁ-l‘t% cé?lli-‘-dtdﬁgf rPéhr‘Fé’*q Gi’r#;-rﬂdéﬁeﬂs«‘ a shear pin

rel easabl y, 3 Giianad E&ieélﬂcﬁlngcwﬂé‘%@cdda idyA ifddedt RAFildudinaand 20 a bal |
di sposed wthin the bore of the mamcid nmean and en glng t he second

cyl i nder 38R Fosraqh &S WG mengre SWe The wel |
packer of wgltdif Zheéhaanarel md:rtee@xc&@d aﬂwep&tetmméd) vdlmgmndrel neans

and 25 surrounding the I Ieas k|n ans e well acker of
clai m®, wherein t he “set |eng ; é’\?e tr er%tadﬁbrl se}‘ere’ﬂ € section and
a second sennemting means fiurdthesrctompriseas ta pluwrgdcrty of dfortdie- anchori ng

means. and ¢Jag 390 U1 € ShlWAIAP B | ohe WARRL Meldbd 41° @St ON Teans;

flrst cylinder and second cylinder disposed on opposite
sides of the longitudinal'sloté, and a'Shear'5crew

15 slidably disposed within each slot and attached to the
first cylinder and second cylinder.

5. The well packer of claim 4 wherein the
sliding means further comprises a shear pin releasably
securing the first cylinder in its first position, and

20 a ball disposed within the bore of the mandrel means
and engaging the second cylinder to block fluid flow
in one direction therethrough.

o _ 6. The well packer of claim 2, having a
protective sleeve attached to the mandrel means and

25 surrounding the releasably locking means.

7. The well packer of claim 1, wherein the
setting sleeve further comprises: a first section and
a second section with the first section abutting a
portion of the anchor;ng means and the second sectzon

30 operatively engaged with the piston means; the first
and second sections attached to each other by a threaded
connection; and the threaded connection allowing adjust-

ment of the length of the setting sleeve to accommodate
variations in the length of the mandrel means and packing

35 elements carried thereon.

‘8. The well packer of claim 7, wherein the
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the threaded co

packi ng 35-el enent
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nne ust- nment of the |length of € setting
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eseon 8. The well packer of claim?7, wher

eleasable Iocklng nmeans comyfrises: an annul ar recess forned

t he setting sleeve; flexible Qollet fin ers attached to

t he
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9.

The wel | packerﬂﬁe(ﬂxrsn:hynunaenﬂhuyxngeawﬁﬂnstrpayﬂxidnnwnﬂthIhdidxntlon

of the setting
nmeans, a coll et

RN S atdaisd g L deka

annul ar recess @& csec:bndg msxtmn@'ufqh & ove dﬂ:saatdoﬁ.]lqh:kﬁir@etﬁaa tsetting
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t he
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ol let fingers, the first cylinde havwg¥i'a flrst position

in the well bore whlle 1o erlng the w
therethrouqh. _
9. The well packer of claim 1, including an

pac er

annular recess formed in a portion of the setting sleeve,

flexible collet fingefs attached to the mandrel means,
a collet head on the end of each finger, the collet
heads and annular recess providing said means for
releasably locking the setting sleeve to the mandrel
means, and means for releasing' engagement between the
collet heads and the annular recess.

10. The well packer of claim 9, wherein the
engagement releasing means comprises: a first cylinder
slidably disposed on the extefio: of the mandrel means
between the mandrel means and the collet fingers, the
first cylinder having a first position which holds the
collet heads engaged with the annular recess and a
second position which allows the collet fingers to flex
and disengage the collet heads from the annular recess,

a second cylinder disposed within the bore of the mandfél
means adjacent to the first cylinder, means for connectzng
the first cyllnder to the second cylinder, and means for

slzdlng the second cylinder longitudinally with respect
to the mandrel means when fluid pressure within the
mandrel means exceeds a preselected value.



Aad

colTet heads engaged with the annul ar recess and a second position which

al the collet fingers to flex 30 and di sengage the collet heads from
t ul ar recess, a second cylinder disposed within the bore. of the”
ma means adj acent to the first cylinder, neans for connecting the

firsp cylinder to the second cyli ndﬁr and neans for sliding .the-second
cylinder longitudinally with respéc 535 to the - rrandrel neans when fluid

pressure within the mandrel rgﬁlps exceeds @ %rﬁs ectfqg: \ﬁ% 11. They
&fﬁfﬁ: S

- wel |l packer of cl aikh-10,They i sihg a pro éctlve eeve attached to
the mandrel ,@{: dwmvmg slleeviee @ttaced dice 4 MANSFEd ng t he
e@e to the ma

setting 1le ndr £ Tk sacflye 1l rpcki ng of
claim 11, meRR®idh HEt RS Y d;mteeve e%nrst heorr Yor ri sestyaafl rst section and

‘a° second s@ed | sweindy $leeve o tgtﬁ:tmaé}ﬁirﬁut“ﬁ -a portion of the anchoring

means and the seconjgZ secltﬂé)q\,é;wrfgdwjg{ N AAIGEIE VLT ) vtltaa:-em:ston means, 10
the first and second sections attached to each othe

connect i onthensetting Mkesk]l THHRT i HPRAHIRE hg %o‘fltfs%/?‘reﬁ"ﬁ ngrghe | ength
of the set}jng, sl&eyts t4ecEionmpiie eth/eirﬁms‘orssectu.dmeabtemgmg of the

mandr el MeAns DE R H e LRI S UL Y "B second

section operatlvely engaged with the piston means,

10 the first and second sectlons attached to each other
by a threaded connect;on, and the threaded connection
allowing adjustment of the length of the setting sleeve
to accommodate varzatzons in the length of the mandrel
means and packing elements carrled thereon.
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