1 62/-2092/ 01 DUAL STRI NG PACKER METHOD AND APPARATUS 5 The i nven@-i&@&878 .
rel a{gs to a nethod and apparatus -for.effecting the packing of the annul us
defined between one or nore tubing strings and the casing bore-of a
subterranean well. 10 . In a typical dual well string installatien, a
packer is lowered into and set within the |1 bore to close off the space
about both strings above an upper production zone, and another packer

beneat h the dual packer and the |l ower end of one of the strings (known as .
the "short 15 string”) is lowered with the other string (kHOW“5§§2b@9/bh0”9
string") to seal thereabout bel ow the upper zone but above the Tower

. production zone. Thus, oil or gas fromthe upper zone is produced through

the short string, and oi lpfy, SARINCPadRER HOPP D ApPaddudeRd through 20
the long string. As showT = : —414, 058, as .

wel | as on page 865 of the "1982-1983 borrposi te Catal 09ue- of Ol Field _

Equi pment ands Servi ces”, dual string packers of this type normally conprise
body neans on-which a packi ng el enment_ is supported and abqut 25 which

slip assenbly is carr¥ ,”i"(?gbtt‘r%‘r Tflates pg‘?ra.o’i"eﬁgﬂar éF‘g SPPAXGRS for
vertical ly w thigfgdet gy gpsciont tdf ovhe anfalby dedéned detweenhene
. packi ng el enent so 'that each /may be connected.as part . on ft I
strings. Odi nar‘?lfy meffe %‘nﬁf@/nﬁ%ﬁ’e’ﬁsi salé‘aapf'gﬁ t8E§§Lg0 ' ‘e’%ﬁor?rzfi }N;%
cl osed so that, sulbtexdengeachkasll.owered to the desired position, hydraul ic

fluid b [i _ 1 | Wi |
ud My Da@uRp 'e%ﬁfggg&l;éﬂe A8 mqf:étvrglﬁﬁ Cﬁ&ﬂfé&%ﬁ d sl ve

means on the means ausing relativ novenent bet
“sections of the dwdowared ey andmeByithinihadelde Qe derserft
sl '\p/ assenbly i neyy dgpat@ abofit both strings above an upper production
' zone, and another packer beneath the dual packer and the
lower end of one of the strings (known as the "short
15 string") is lowered with the other string (known as the
"long string") to seal therea'bout below the upper zone
but above the lower production zone. Thus, oil or gas
from the upper zone is produced through the short _string,'
- and oil or gas from the lqwef zone is produced through
20 'the long string. As ~é.ho"wn,-for example, in U.S. Patent
No. 3,414,058, as well as on page 865 of the "1982-1983
Composite Catalogue of Oil Field Equipment and Services",
dual string packer-s of this type noi'mal'l'y' comprise body
\/ .~ means on which a packing element is supported and about
' 25 which a slip assembly is carried, together with a pair of
- mandrels extending vertically within the body means and
through side by side holes in the packing element so that
each may be connected as a part of one of the well
strings. Ordinarily, one of the mandrels is adapted to be
30 temporarily closed so that, with the packer lowered to
the desired position, hydraulic fluid may be supplied
- through the one mandrel to fluid pressure responsive
means on the body means for causing relative vertical
~ .movement between sections of the body means ~above and
35 below the packing element and slip assembly in order to



nove them i nto engagerrent with-the well bore. See also U.S. Pat ent  Nos.
3,098,524; 3,211, 226: 3. 299, 959; 3,658,127 and 4, 505, 332. Packers of w
thi's type are not only expensive to 5 manufacture but also tinme consuning
to-install since the upper portions « of both "tubing strinngs nmust be
individually lowered -  into place. The _.provision of a separate body
upon which the packlng el ement is suppor%ed and about which the S|Ip '
assenbly. is carrled is aprime 10 factor is.raising the cost of
manuf act ur e such pri Qro ar cker tRerLMI &, S h pa r e
" characteri ze’&oﬁe gg?gdu %Oonerg%&? Sk pgggégg%ar ea 10ri5'8 € %ég gan% of- the
‘mandrel s tr@v&:snrﬁyﬂﬂnt boNgsof t3u92ﬁyﬂ&$' An?lieaaﬁtlcnﬁq293Aﬁﬁﬂj
passage area3f9§8a1§ybéﬂg &tgﬁg 33 obviously an undesired
limtation. the” use ahd uct|V|ty of the packer. According to one
aspect of the mv%ﬁ?k%ﬁs #%Hu l§trFﬁ§e REK emotf oPRlY HRXPeRSEY® Rl | s

‘conpri sess amphifaéthye Ofaut‘e&lséalthﬁeshéﬁ&ﬁﬁlﬁw iodriingda19l QRYeS e
conpri si ng from ‘the bottom u,I I c housing el enent; .a | ower

cone el ementYPPEH aRAALONS | B%pagQ°H‘e ngh ufHELg8ne B¥8hent®® a
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pr event axiafeductlon in fluid passage area for a tubing string. is
15 obviously an undesired -limitation on the = use and
producti#ityiof the packer. '

_Accérding to one aspect of the- inventiph, a dual
string packer for subterranean wells comprisés a
-plurality of vertically stacked cylindrical elements

20 comprising from the bottom up: -;-,hydraqlic ‘housing
element; a lower cone elgment} ah_ annular slip cage
element; an upper cone element, a first expander element,
an:.elastomerié' packing element; a second -expander '
element, and a receptacle'housing elément, all of the '\,/

25 elements being disposed in axially stacked,. abutting
rélatiohship; a plurality of 51ips radialiy shiftably

-~ mounted in the slip cage element in peripherally spaced
relation;. all of the elements except the annular slip
cage element having a f'j.rst pair of axi'ally extending

30 " parallel | bores therethrough;'- a pair of iandrels

_respectively rotatably and slidably mounted in the first
. pair of bores; means for securing one of the mandrels to

the receptacle housing to prevent axial displacement
relative thereto; means for securing the said one mandrel

35 to the hydraulic housing element to prevent axial



. 3 dirspl acenent relative thereto, thereby securing all of the elenents in
the \@xially stacked relationship; neans for securing the other mandrel to
at least one of the axially stacked el efrents, whereby the axially stacked 5
el ements may be run into a well on a tubing string secured to the said
other mandrel; all of ‘the axially stacked gl ements except the annular slip
cage and the hydraulic housing el enent having a second pair of parallel
hores extending therethrough; a pair of 10 continuous | ocking rods

et achabl y et P"%Mh oo e o ST e, e b Lo Lhe. Fop er ot

y secured to the top ends o rods_and.abuttjn of the
receptacl e housiify e} MRS ¢ gn FgF ﬁﬁgaﬂmﬁ %%nﬁﬁ# t%gPﬁgl?bd eans
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~end portions cooper e cylinder bores and the open end ortlons
bei ng abut t abl staaked helgmensm meﬂt t e | dpavulagnes ks cagee| ¥fbnth&nd

receiving the hgid,aBnds Khudiisy | 06kéMén€ 0dBaving el SSC§§b6n89| phiien; of
axially extending 25 W cker threads on each, gotto of the rods afbody

lock ring nountR#Fahkek meBPEeE e LHSH v ahBet Rk Eﬂ?% ent @ wi
threads; titer eidhtifidlid tidckinppoas drespemamvelpf slwablyonhsum;eaaunve

to the pisto but preventin relativye nm -
for 30 suppl yltﬁbe %"s‘g‘tﬂ%d Rq"lﬁgd qufg\l\%r?éreciil i ‘;L o1 56k e\én%be %%%&aéﬁ? nz,
t heseby apply|rqpcureduﬁwarﬂhéotcp EDdshefItherrodﬁeanﬂoabuﬁglngl&hsntopand
a downward foéfe k0 r é‘%%éfé’fé’t %'u%ﬁ&gusét L Olt%h %ﬁé%m’drd%%%rd

housi ng el enent an sal nandre e packer by expanding said 35
S|Ip el enent eumbv¢mem#a3fohb¢|éoéackﬁﬁgtéVénﬁﬁtthe receptacle housing;

15 abutment means J.n the receptacle hous:.ng for mov:Lng said
' locking rods downwardly with. the receptacle housing; the
hydraulic housing element h_avin'g two closed end cylinder
bores into which the bottom ends of the lo'ckirig ‘rods

- respectively project; ‘a péir of hollow pistons having

20 open and closed end portions, the closed end portions
' cooperating with the cylinder bores and the open end
portions being_abuttable with the bottom end of the lower
cone housing element and receiving the bottom ends of the

\_ loc'king- rods in telescopic ‘relation; axially _extending_
25 wicker threads on each bottom end of the rods; a . body
lock. ring mounted intermediate each ~piston and the
adjacent wicker .thfeads; thereby permitting downward
‘movement of the rods ,r_élativé to the 'pistons but

_ preventing upward relative movement; and means for
30 supplying pressured fluid to the cylinder bores below the .
pistons, thereby applying an upward force to the 1dwer
cone housing element and ~a downward force to the
receptacle housing through said hydraulic housing element

and . said ohe mandrel to set the packer by expanding said

'35 slip element and the elastomeric packing element.



.4 According to the second aspect of the invention, a retrievable packer
for ‘subterranean wells conprises radially expandabl e packi ng neans awti
radi al |y expandable slip nmeans disposed in axially stacked _
relationship; 5 fluid pressure - responsive = means for app! yi ng a
conpressive force to the packing nmeans dnd the slip means.to conpress sane
and set the packer; ‘a |ocking plate nounted above the packi ng means and

th i bl | at
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means; -ard =i ‘?ratc :fl nﬁ“ﬁgﬁﬁa’égﬁﬁgeé’ﬁl gswl OPUBTE 568t t om -
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u ]%%'c'u
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body; an amﬂnqagébIQ)mag@ hbgnbohgom portions of the continuous rod
te lock said packing: means and. the slip means in the
compressed cond:.t:.on, a piston sleeve surroundlng the
upper portion of the rod and sealably traversing the'
radlally expandable packing means; means for abuttingly
securing the plston sleeve_to the bottom surface of said
packing meahs;dsealing means.intermediate the_bore of the
piéton sleeve and the exterior of the rod, whereby an
annulus fluid pressure below the expanded packing element
in excess of the annulus fluid pressure above the packing
element w1ll produce upward movement of the plston sleeve

20

25

to further compress ‘the packlng means; and second
unldlrectlonal ratchetlng means engageable between the
piston sleeve and the upper portions of the rod to lock
the packing means in the further compressed condition.
According to the thir@ aspect of the invention there

30 .

is' provided a method of setting a packer in a
subterranean well, said packer cemprls1ng the followxnc
zkially stacked elements from the bottom up; a hydraulic p
hou51ng,'a lower cone boay an annular slip cage mouhting



4da radially shiftable slips; an upper cone body; a |ower expander body; a
radi@lly expansi bl e packing body; an-.upper expander body; a receptacle
body; and a retainer plate; each’of sai'd el ements except said annular slip
cage having -a first set of al'igned  jores extending therethrough;

conprising the steps of: 1) inserting a mandrel through the first set of
said aligned bores; 2) " securing said mandrel to-said hydraul i c housi ng
hor 10 ai‘é@iaﬂ?ﬁméﬁ'ﬁ'%bl%) slﬁ%ﬁ“rhﬁg upbet ”EBHée|bcId§z-S%d lower

receptacle for -axi al _co-novenen S|t|on|ngb€ fluid pressure
!

act uat ed plstoneﬁg?ﬁ%%ﬁ §£4¥rwﬁréaak? ustRB2a% i @4 cBAdY body; 5)
det achabl y couppeti egpandedokndyrdl y reeapeadlegbm@@tlanMSarméﬁwlmers
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~second set ores 1n sai ., sai

expander body, cagg oh@\)’(mda?ol &igatki Agtbodd, %h%@*?‘bm@o%amféﬁﬂﬁé@ﬁ

sai d upper Conetﬂéﬂétﬁﬁgu§ﬁbdcéﬁpﬁisiﬁﬁﬁtﬁeﬂghepefﬁf appl ying fluid

pressure to they ott % damﬁgdakéf)£ﬁ¥$6$W'Fﬂ¥eé%¥é¥|£@€ro@o@%1E0dy
S

upwar dly and sald hy rau ousi ng, sald nandtel,. aid receptacle
body and- said roallgﬂeﬁnVB¥ﬂ$y to concurrently radially expand said

~packing el ement2§0 secur@hg said ﬁhhaﬁeandorraaeasaydr@edldomwldﬂgy for

relatlve
10 axial comovement;

- 3) 'securing said mandrel to saiad receptacle_for axial
_  co-movement; _
N ' 4) positioning a fluid pressure actuated piston between
' said hydraullc housing and said lower cone body;
15 5) detachablv - connecting -a ‘downwardly extending
contlnuous rod at its upper end to said. retainer
- plate; said rod
- 20
o 25
\—
30



to said | ower cone body; and 7) effecting a wundirectional ratcheting
connection between the bottomend of said rod and sai-d | ower cone body,™
- thereby trapping the conpressive settlng 15 - f'orces in said expanded
packi ng body and said slips. tn accordaqie with the sinplest formof the
packi ng nmet hod and appar atus .enbodyi ng tthis invention, the packer is
~fabricated by the stacked assenbly of a plurality of generally cylindrical

bodi es. Thesg; lodiessiily t W n Akort) ekavgisedibynal | 635Ls0nen DY
accommodating a nandrel> A secon ore -acconmpdates a ing ro WhICh
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cylindrical éopamdalote epackihg b@ldtgr,l s ifd ohowdre brphndentp bodyhydsaid i C

housi ng el eng ) ) n Qﬂﬁﬂ; rﬂuﬁ slip cage el enent, an
upper cone g?é%%raC$ﬁgw%°§§ aigd% e eneﬁ%ﬂlan el a'st omeri ¢ packi ng

el ement, & s@bondamhmmwfbv es%!llf%c*efptfd'& e mef esaherpiston a

l ocking rod retai asrtab%s Qtldi}é”@éié)’l@fne%] Id&aearsowdll@da»aafyféﬁ@ly

mounted in the ca | ene er eral ce ation
Thus,  when theg?a:f‘g e’&l’é@’&?‘r‘%ﬁﬂ (I}P%"ﬁ%’rﬁ‘g ard?® Jc# d?)as’g‘gr?ﬂ ax‘i‘%ﬁklys%’t%cked
6 abutting rel atipeséppachs bypadyser thdg asdid | owodanddelntvaralgh tbe first

bore, and an. axi aJE xﬁggp%%??%ﬂ? rfa%d_% _ é},&d é%efdj‘eﬁgckt{%ahygigty%éf

housi ng el enent ce ta top,
"a 5 conpPession #rdinei@| akipeeand m@ﬁkl$ﬁﬁéﬂ rAowgwardly | relative second
expander el enent Sst@Csai g, 1§@§§ g@ﬁ@rm@@@ taﬁdelastonerlc packlng el ement -

Goncurr ently 1 he EEFRFIERA. PondPuaRE eEBRin: & HORR The SPRPECHIRR od

ncurren y e o] n e e wa
10 the sli p cabetveéemarhhe atm:l:tﬂngeer'@uotﬁ ssliidosrod adindl |seiglit Wawelty into
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housi ng. - orces in said expanded packing body and sald sllps.

- In accordance with the simplest form of the packing

method and apparatus embodying this 1nventlon, the packer
is fabricated by the stacked assembly of a plurality of

generally cylindrical bodies. These bodies. in turn are
20, traversed by at least one bore accommodating a mandrel. A
second bore-accémmodates a locking rod, which transverses
all the bodies except the uppermost and lowermost. -,
The various cylindrical'bodies or elements comprise
from the bottom up, a hydraulic housing element, a lower
25 cone elemeﬁt, an annular slip cage element, an tpper cone
element, a first expander element, an elastomeric packing -
- element, a second expander element, a réceptacle housing
element, and a locking rod retainer plate. A plurality of

slips are radially shiftably mounted in the cage element
30 in peripherally spaced relation. Thus, when the

‘aforedescribed elements are disposed in axially stacked



el enent which is concentric with the locking rod bore and 15 open only at
its ypper end. A piston having a closed bottom.end is inserted in the
‘cylinder bore and has an open uppér. and ‘concentrically disposed wth
“-respect to the |ocking rod bore. The upper end of the piston abuts the

| ower face of the |ower cone el enment under the 20 influence of fluid
pressure supplied to the cylinder bore and urges the | ower cone el enent
,_upvva{ dldy_. CoEcur_r-en_tIy, the hydraulic housing element is urging the mandrel
nmounted in the : r | t O e ERIHH 1Q¥; e S i
downward di rectarﬁc%&’é%ghf?riééng%/ﬁ%gﬁhlgg %& clonr]ectlgﬁe?ao ?ﬁggggcgh?g?fé
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slips disposed  in the slip cage el ement. The |ocki,ng of_ the_entige assenbl
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_oxerlrgf'SS t Hehe t epassoménie paickinge eemsayst avadiablyspngwazddy iiato 7
shearably conne .t heret o I i N odal $ - d 3 :
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provided witd Sepai GEip t HAR0S e 18medRY €BhEONGLgEOM¥uENCks Tipy aa@iandles
with the wicker threads on the pboftomend of the |qcking r nd with :
thgf}ds provi deRP R EEEY | HRER i R HRI tFRIFRATRY Jort &P%fwet%ﬂle%é’cﬁ%ati ng
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el enent . element which is concentric with the locking rod bore and

15 open only at its upper end. A piston having a closed
bottom'end-is_ihserted in the cylinder bore and has an
- open upper and conbentrically disposed'with respect to
the locking rod bore. The upper end of the piston abuts
the lower face of the lower cone element wunder the
20 influence of fluid pressure supplied to the cylinder bore
and urges the lower cone element upwardly. Concurrently,
the hydraulic housing element is urging the mandrel
mounted in the first bore traversing the aforementioned
R " elements in a downward direction. Such mandrel is also
25 connected' to _the receptacle. housing_ and ' moves such
housing downwardly, this effecting compfession' of the
elastomeric packing element and expansion of the radially

- shiftable slips'disposed in the slip cage element.
The locking of the entire assembly in its expandéd
30 or set position is accomplished.by a loucking rod which
' extends through the second bore provided in the various
axially stacked elements except'the retainer plate at the
top and the hydraulic housing at the bottom. Such rod is
detachably secured to the retainer plate which overlies
35 the top surface of the receptacle housing and is



The structure heretofore descrlbed contenplated a packer enpl oyi ng onIy a

si ngl e tubi
- packer is,

ng-string and a single 15 | ocking rod. The construction
‘however, uniquely suited for a dbal string packing el enen

wherein two nandrels havi ng a fl ow passage area of equal size to the
'separate tubing strings are respectively nounted in two bores di sposed in

side by sid
axially. st

e, parallel relationship 20 ‘and traversing all of th
acked elenments heretofore nentioned. Wth this
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tubi ng’ st ri RESERDIhel feFPIPEBERCAANdhE Pode APRky Fingt 29E1ESS cFhei ve to
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housi ng el erpext iton @ﬁarﬂhearlcamn tdiomea le leémentar d force on one of t he
mandrel s, which i e %% hg, t t nandrel
s, utlllzed to tﬂgﬁgnggga Xr% t’owﬁ&hrégﬁ g Q? t % he

packer employing only a single tublng strlng and a s1ngle

15 locklng rod. The constructlon of such packer is, however,

unlquely suited for a dual strlng packing element whereln

two mandrels having a flow passage area of equal size to

. the separate tubing strings are respectively mounted in

two bores disposed in side by side, parallel relationship

20 and traversing all of the axially stacked elements
heretofore mentioned. . - With this constructlon, it is
convenient and expedlent to employ two more parallel
bores through all the axially stacked elements except the .
retainer plate and the_hydfaulic'housing to respectively W/

~ 25 mount two locking rods with their axes lying in a plane '

perpendicular- to the plane defined by the axes of the
mandrel bores. Thus, the top portions of the two locking
rods are detachably secured to the retainer plate, while
the 1lower = portions are each: respectiVely connected

30 through a body lock ring to the upper hollow portions of -

- .two pistons which cooperate with two open top bores
formed in a hydraulic housing - element which are
concentric with the locking rods. Thus, the hydraulic

- force available to set the packer has been effectively
35



recep{acle housi ng and t hus move t he receptacl e and the abuttingly attached
| ockhizg rods downwardly to effect the necessary conpression of the axially
“stacked el enments to 15 produce the settlng of the packer. A renovabl e plug
i s sealably connected in the short string mandrel at a |ocation bel ow
conduits in the hydraulic housing which cognuni cate between the bore of the
short string mandrel and the fluid pressure chanbers defined by the open
top 20 bores fornmed in the hydraulic housing elenent. \Wen t he packer

construction n@ﬁmewsn@mchhh&el Rf\é‘égbbftﬁ.vle&yubbhhéedeﬁotoacdﬂﬁénﬁibhag

ong String | 3 YRS dndhishash (HIANY shrngt it ehenee oE- “BFEeetharare,

SE?cked ﬁlerenh&e sum?yasrbhathbdeaubuathaestbgthbepaokerahddyuetementsto
effect the [owgrl 0 Ltlon n [

al so shearam\M% ég a g%ep%%£§é5%%%'8%0§ﬁﬁe9 d ﬁ?kg goé?gu Qnﬁ %Eggn
The short: sﬁrlmg ¢mmdmdndn§l@0nnected 30 to the hydraullc cyllnder elenent

at its |ower end andgfndie FRGRAAC! & NOLNIRY ahvlehs_laapeheld ihhugne -
mai nt ai ni ng the above listed elenents.in their axjally stacked

rel ationship. ‘utidd@atigsor 1afnt | fhe t REessUBeAg §PﬂFnQQﬁ£ﬁﬂ&ne%PtotPﬁe

short string :eiulllrlcwdwlaigeeleme%& twe&e&moam aaﬂﬁ.th.anhhledbwhwagd
string above tgﬁashort nandrg a permt suc
‘to nove . downwarRFeupBh fquﬁ d°g majy FF@Iﬁt’l 6%”6’?‘ H8 819 ﬁl sm

‘Such packelOnapHmrHesﬂriygrabmdmeﬂifam@1&Maummén&reby1-pwm1nrmméntnt of -

the Iong tubin h d I

c 2ction to %hrsghéngr au%ﬂ% hgﬁ’g?ﬁ. @é%?&awﬁ%#{f %%eé%;bl%g the
ect ion to tmwﬁaﬂmﬁmnﬂg @mt thng ziovemthe rrereRtacie apddtée

Connect ed to Jhig 1@. detdichea %.Udmglg rpas BRAmwaRYaY 18 e@wridknel nto

engagenent with a s er. formed on th
necessary compression of the ax1ally stacked elements to .

_15: produce the settlng of the packer. A removable plug is
 sealably connected in the short strlng mandrel at a
location below conduits in ‘the hydraulic housing which
communicate between the bore of the short string mandrel

_ ‘and the fluid pressure chambers defined by the open top

20 Dbores formed in the hydraullc housing element.

N . When the packer construction embodylng this
inventionu is utilized for a dual string packer, both
'strings, may be inserted in the well at the same time.

O The long string is preferably releasably connected to one
25 of the axially stacked elements, such as the hydraulic
heuSing element, and functions to effect the lowering of
the packer into position. The long tubing string also
shearably mounts a shock absorption unit below the
hydraulic housing. The short string mandrel is connected
30 to the hydraulic cylinder element at its lower end and to
the receptacle housing at its upper end, thus maintaining
the above listed elements in their axially stacked
relationship. . More importantly, the tubing string
connected to the short string mandrel incorporates an
35 expansion joint in the tubing string above the short



retainer plate. The application of sufficient upward force to the Iang
tubing string will effect a shearing of the shearable means by whichw
"the retainer plate is secured to the receptacle housing. The rel ease of
‘the 15 -retainer plate fromthe receptad e housing pernits the detachable
‘connection of the-retainer plate to the upper ends of the |Iocking rods to
be rel eased and all tension forces relieved fromsuch rods; thus the

conpr essi ve ébr:‘:mg edrRlrielg Bo tae ac kpearmof £ dtmifnman'alreli nsé afiove 20 :
relieved. t | GO cte o the
long  string &%)llr;ki%nr%t?m?%gfl @‘g ?eg&es% dg?ug?@q%gut %l %gleéensgf}&é& ment - wi t h
the recept ach'%Clé?’éhﬁ‘ht and ef fects the novenment of the entire packer
assenbl age from t$echepbck@s may bd rreatidiylaneerivtdd t fironnthet well a

sl eeve pigtogyig 95§&%86’%méﬂeéffe€§5étfoné %&mer du%{}g,m@‘ucne ar‘af the

| ocking Tods or es qp r expa .
el enent s anraovgxﬂgnt, sherredthe esher @l ns @%ﬂ%&%l%ﬁt@r% pi ston
‘sl eeve is aXh&hJsjln@Déabineneoahm ahievie the @heah:abkengomd%tmnwmocfwet I's

assenbl ed, a al a d hetwee tipher t he |pcking rod
and the boreglq%‘fﬁtr? %#’ J‘g@ 25’1 \A%mq?ﬁ' enﬁé %ngn 9{?/ gfkﬁ #lﬁ

mount ed. Accoouhegted ahtyt i tieet hbong hetuleirta argtutips f i d tpm;ssmoe/dgbl ow
the expapgledygwarg} astﬁ%rl&g%%aédﬁé}& SLEERNES SHERA q@% forfled NBn"alHe

annul us pressure, above the expan d el .astoneric seal elenents, the piston
sleeve will Fetabperd RiARS di \Therh@PPldeadird o§i FYLLERiRRT e PRWRIGe
| oner expandeerekefBnthealongt ubbng t@mlxeqldm]amcéfﬂéw a dheatidid iqgnal 5.

d I .Th )
dor 1 onal - colfpr ERFOReREY cd s | B oot KhEnee 6 SEVahert e fheidng.

el ements by steupedvitsi obhef regtegteiclieg hm%‘ad; oﬁhEherQﬂmme ends Wfe t he
- I'ocking Iﬁdsré‘@éiﬂefqu%‘iedwr ghy IR IR LSS BErhli®s the
| detachable connection of the’ reta:.ner plate to the upper
ends of the 1ock1ng rods to be released and all tension
forces relieved from such rods; thus the compressive
- forces- _e_x:LstJ,n_g in the packed off e_lemen_ts are inétantly
20 relieved. Further' upward movement " of the mandrel
connected to the long string brings 'st'ill another
shoulde_r' into 'abutt.ing engagement with the receptacle
element and effects the movement of the entire packer
‘assemblage from the well. :
25 In accordance with the 1nvent10n, a sleeve plston is
alsposed “intermediate the upper end of each of the \/
locklng rods and the bores of the upper and lower
‘expander elements and the intermediate elastomeric
_ packing elements. Each piston slleeve:is'axial-ly _inovable
30 relative to the ‘locking rods in which it is '_assembled,_
and is seal-abiy engaged - between the periphery of the
locking rod and the bores of the elaqtome'ric' =éaling
elements within wh:Lch it is mounted. Accordlng Y anytlxﬂe
"'-‘that the. well annulus fluid pressure below the expanded
; 35 . e]_.a_stomerlc sealing elements exceeds

-
.
o
o



10 pi-ston sl eeves respectively and are operatively connected to the piston
sl eewes for a unidirectional |ocking action by conventional body |ock
rings. Thus, the packer has a further advantage of being nore tightly
conpressed into sealing engagenent with the well or casing bore in the 15
event of any buildup in annulus preﬁﬁure bel ow the expanded packi ng
el ement. Further objects and advantages of the invention will be readily
apparent to those skilled in the art fromthe follow ng detailed

description, ta#n yél LOomMMMOEs r&ééx‘i‘r@o ?649§e€ﬂ&eé§ aﬁ@&ﬁt Iél%tgﬁéﬁﬂgs

on which is shown a preferred enbodi ment nven 1B
and 1C col | ef83kc|8lementisosdie PisFon ﬁé&?vgemlllénba \f«pmeéf upwazdipmbl ed

packer enbodyi rghe hsxsewderi@ OPig¥iiiy thanekesantso Oi:htahelweéxﬁﬁﬁwr' n
" 25 their non-expande run-in gﬁ;ltlons 2B an C

|gur 2
.col l ectively Ea\hﬁ TRy €m1E?“?heaBaCRQ?lGF°FP§ures
1A - 1C but & akmmgneqdmnee ﬁnrdla [ds rjmphﬁmédimﬂherelahtwﬁetﬂct p&cking

sect.ional pl aney %tme@@re,fh%é dﬁqﬁl%%almcf%{?plf %f‘é%??gr‘fﬁ nd g%:ac§ rise

vertical section VI ews respec I Very si but
illustrating tmaqhxntﬁhﬁ1Qﬁastnmqﬂxnmvn@kxngtahementsrbyntheeprovxpaoded
or set positiorys 3Patch efn Bo@hn | p y
simlar to Fi glr?r es 2Ac &ﬂ&g E ééa%é oﬁﬂ Iqﬂ{sbtcra ﬁ‘eﬁ'e%\epne{]‘t?és g?éi‘#ﬂ!
packer in thelFqgﬁpéﬂﬂeﬂ‘d?XE%QGpGQW?WBHd1¥|QBF@sthEAuPR§¥ emsts ofpthesE

and 5F col hect wet;onS sQeRrsleist tt@%peat&wlgdaﬁapaképeﬁékxewéz}w ebnhbetgai or
- body conponent st acked

t he ver
rel ationship, %ﬁfﬁﬂqﬂ?ﬁﬁﬁg ﬁeﬁgeftgpﬁgé HH&dFGEEFﬁSn?gd °SHFP9eG°Fb?n
clarity of i.ll bt redriventiférgl eoddy slack epingged Thasl, e theewadker Mods i @n of

10 Figure 1B'further_advantage of being more tightly compressed into
' sealing engagement with the well or casing bore in the
15 event of any buiidup in annulus pressure below the

. expanded packing element. '
| Further objects and advantages of the invention will
be readily apparent to those skilled in the art from the
following detailed description, taken in conjuncfion with

20 the annexed . sheets of drawings, on which is shown a
preferred embodiment of the invention. S

Figures 1A, 1B and 1C ‘collectively represent a
vertical sectional view of an assembled packer embodylng

'\~/ this invention, with the elements of the packer shown in.

25 their non-expanded or run-in positions. '

Figures 2A, 2B and 2C collectively represent a
vertical sectional view of the packer of Figures 1A - 1C
but taken on plane at a 920° dlsplacement relatlve to the
‘sectional plane of Figures 1A - 1C. '

30 Figures 3A, 3B and 3C comprise vertical sectional
views respectively similar to Figures 1A, 1B and 1C, but
illustrating the position of the elements of the packer
in their expanded or set position. '

35



Figure 7 is an enlarged scale view of .a portion of Figure 1B. Figure 8 is
an enl arged scale view of a portion of Figure 1C. 15 Figure 9 is aw
“enltarged scal e view of ‘a portion of Figure 2C. Figure 10 is a sectional
view taken on the plane 10-10 of Figure 1B. Figure 11A is a | ongi tudi nal
sectional view of a 20 nodification of .this invention incorporating a
booster piston: steeve around . the upp&ﬂ ends of each of the |ocking rods
to inmpart an additional upwardly directed conpressive force to the

expandabl e pacKki elenen e RAN:] e heir. -
initially expandgg'% posi ?r 04% g%rgbl%@?“%?i rl!v:\;ea\'/ve ?m"?’& ef:gl?feggre 11A
“but showi ng sﬂmlmmtq:oﬁlgﬁrehe Zﬁ)dlﬂ edndoﬂﬁonémts ubbmsttwtmg:uthence of

a wel | a”““éﬁ%ﬂ@ﬁ%%“& %&P%& @%@%bﬁ%debﬁ”ﬁgis b8i8¥6RSS Of

. the annulus pressure a ove e expan efent 5. &lgure 12 is
a sectional vi ewRigresof 5P-he §Pane‘5q'2 f@rof Ei an® BFA cpddestidply a
packer § e@&f&vﬂ:ﬂﬁxﬁéﬁ%ﬂf@ Gy tli%eOfvxbW ofl 'El‘x@n{nla%BrCBHEEﬂ Seés a
plurality of 35 wvertical t acked enera ly. g grlca inentS'
12 whi ch, f&CmRCASHYS of0F ré’ﬁ%‘ﬁ ar §POWHan 3 n & EFLGdeHeﬁ&F@Bé ¥ive

vi ews 5A, S&tatiﬁecﬁDremEtaadsﬁEp Sunit ewpkhdetheetapgayi vetrimys and
necessarily .s matlc nd ar i_.ded nere ssi.st ,the reader to
under st and §°t so&ﬂ?‘tq:(?ﬁ)?r{? g’afdﬁﬁ'rl sf[ﬁ‘&if“ﬁgrﬁgéﬁ@r and their
verti cal relatlomwgqracﬁthe anhemlafbed sicadienniirey af t aepbotiom of t he .

packer, 1@r |ﬂgqﬁ%e gwords with Figure 5F, the first major body conponent of '
t he packer a dlraul | c housing 10. A gauge ring 12 is secured to the .

igure is an enlarged scale view of a portlon of \h)
Figure 1B.
Figure 8 is an enlarged scale view of a portion of
Figure 1C. -
15 . Figure 9 is an enlarged:scale view of a'portion of
'~ Figure 2C. o ' '

Flgure 10 is a sectional view taken on the plane
10-10 of Figure 1B. .
Figure 11A is a longitudinal sectional view of a
_'20' modification of this invention 1ncorporat1ng a booster
plston sleeve around the upper ends of each of the
locklng.rods to 1mpart an. addltlonal upwardly directed
compressive force to the expandable packing elements; the °
modified components are shown in their initially expanded N\
25 positien. | C ' _
| Figure 11B is a view similar to Figure 11A but
showing the position. of the modified components upon the
occurrence of a well annulus pressure below the expanded'
'~ packing elements in excess 0f the annulus pressure above
30 the expanded packlng elements. |
‘Figure 12 is a sectlonal view taken of the plane
12-12 of Figure 11A.
_ Essentially a packer 1 embodylng the method and
. apparatus of this invention comprises a plurality of
35 wvertically stacked, generally cylindrical body elements



10 bottomend of hydraulic housing 10 by external threads | O g provided on
the‘h@u5|ng A mandrel |ocking housiing 14 is secured wthin gauge ring
12 by "an internally proj ecti ng shoul der 12a (Figure 1C and 2C).

Hydraul i ¢ housing 10 and mandrel | ocking housing 14 15 are provided" with
two radially spaced nandrel bores 2a and 2b and these sanme nunerals will be
~applied to all corresponding aligned nandrel. bores provided in the other
.body conponents of the packer. In [err] . spaced relationship to the mandrel

bores 2a and 2(hithe ol @llaird tyouss Nd I3 tidrsS d¥OVdKiReh WA NekpPoded
cyl i nder bores_|0a ang 10b (FEi gure KC) |c:}ﬁdﬂ t e tend ntire ,ﬁgl}r‘ough'
the cylinder hBFEER§CEL¥E p¥ie ﬁre5 opetr’ + t REi r andppef -

‘Cylinder. boresekpaoded b&hs@eetu&epambmsﬂatdﬁuhdéﬁsaﬁiﬂy|suﬂémnkidmhnd

recei ving bore a n f 5 the ther body.el enent s of
t he packer %r écfk?? nigé)etidgvéggg gﬁ?g §E Thet %‘é s_ﬁ%‘%r .
body conponéntths maDOWebOdynGoapenentszeompribing ahgapgekerngnQZtheir

det achabl y . sec%eqﬂ_géé groov@dZ%éth P& igtleerad é/rspgﬁgg ee?ué&r a1g2a

engagi ng peri phera ower cone el enent Fovided Wit h

~the parallel t&benyoddoRs ofy thel RPACkeH, aPEo iR torthlee’cmmrgi& Ot the cRI gRrR)
bores 4a and 4Bf V\Mili'e akirst HAGHHOBESY e&bﬁﬁdhéﬁte%tﬂ rehe pheRegh ithea

| ower cone ele t t he e rin u end of | ower cone
el ement 20 35 Fﬁ@ 1§nqﬁ9b‘\ﬁér"gl -adt n ‘F?ﬁ:lFﬁB‘é Egrf‘-éces%’&%l% the 3
cooper at es10i t boatemerghdfof hgﬁrahlﬁer ihhweyialg ywpbgetbxsde_ml 3bheeads ed
“of the packer 409 Proi8ea’sy" EhEinE8ETh A Rahdte I°LoakPhe noREtRg 150
(Frgures 1B andsloﬁw@ﬂ-‘ﬂiesva-qmm aldangeof wyigvd pHet alby sapacedntemahlgwl ar
. slots 30a in i b@%l\“@' Eh%&ﬁle? whcthgﬁr%OF&eQ‘%&Oﬂéi |y mounted a -
plurality of d u e actlng slips 35
Hydraulic housing 10 and mandrel locklng housing 14
15 are provided with. two radially spaced mandrel bores 2a
‘and 2b -and these same numerals will be applied to all
-cbrrespdnding'aligned mandrei botes provided in the other
~body components of the packer. In 90° spaced felationship
to the mandrel bores. 2a and 2b, the hydraulic housing 10
20. is provided_With two cylinder bores 10a and 10b (Figure
- 20) which do not extend entirely through the cylinder
‘housing 10 but are open_'only at their wupper ends.
'Cylinder bores 10a and 10b are respectively coaxial with
U ' locking rdd_receiving bores 4a énd 4b providéd.in many of
| 25 the other body elements of the packer 1,
Proceeding upwardly, as shown in Figure 5E, the next
major body component is a lower cone element 20 to which
a gauge ring 22 is detachably secured by a plurality of.
peripherally spaced shear screws 22a engaging peripheral
30 groove 20c. Lower cone element 20 is provided with. the
- parallel tubing bores 2a and 2b and also with locking rod
receiving bores 4a and 4b, with all  of such bores
.extending entirely through the lower cone element 20 and
the gauge ring 22. The upper end of lower cone element 20
35 defines an upwardly facihg inclined surface 20a which



are provided only to facilitate assenbly of the slips and 10 are then _
renoved. As shown in nore detail in Figure 1B, each slip 35 is provaed
wi.th a downwardly facing inclined Surface 35b which cooperates with the
upwar dly facing inclined -surface 20a for med on the upper end of the |ower
.cone el ement 20. Each sl'ip elenment 35 igzalso 15 provided -with an
upwardly facing inclined interior surface 35c which cooperates with a
simlarly inclined, downwardly facing surface 40a provided on the bottom - »

end of the nses& &8 06s bagdynebagendfot he Backer. &Eﬂgmxauh eacone
elerrent 40 whjch is also sho Ln Figure 5D. .20 i ther theéo\aﬁ_ﬁéﬁg

‘el ement 20 n® 1?’ﬁe IHpERTEIRE efBretie 4N NLAYy; §L§Pat Fa8Re P age 30 .,
so that rel atonet PoveeEnthef néxvata fon el reTemetit Wivettl \paokear cGindoper.

cone el ement ;40 _w | | dially outward di splacenent of the slip
el ements 35 T‘% %l??vé%tfégbdf%ﬁxégsge ting of the packer 1. The I nt er nal”

threads 530b  aofbe amaprshmle@ageas?gjbctﬂmlgeatlﬂam&m glefiimesannul ar -
~slip cage 304a edef e d er

mount i ng. i P PAAEAEES gfaﬁéﬁPﬁe%E@ff RBaLels Popedndhlad B 3P 0Ly
abut dommrunyltacsngeswa Flderrltmb\ whiehd aze qenventdonaddy aauntad 20 and

-upwardly f acanglalsraqh@gr O puwvé dﬁetﬂﬁgt 39 jpianess consdfaﬁrrbatltéo 315uch
rings-are, however, % &abl respgctj v,esal on the c |n€r| cal ortlo 20f
and 40f of tAES|PRRYidY n’é?lt agi LAt aese and

hence dol@otarat ehéar eemoved. Ab4 shadwat i Me movendatabl . 1nclr:ugune aJBe,rnsnts

toward each other- ng, ¢ he; set t cker W gures
'5C and 5D, e?%e u%gie# %:%ne %I eérea\glcg%d h!'}gl%ﬁ lljapvva‘%zj @iae%( ndin a&m@
cylindrical poclinedS5suzfecee3finahich i cooperaites| yishl a:hgaed-lmmlder 40d

and reduced rdLafg! §hoaSkLA Wik thed NEASHmBE" Uit Ofppkk! Bh% ot

threads 40e -are nmount |n](? -
the lower cone element 20 Each slip element 35 is also

15 provided ' with an upwardly facing inclined interior .
surface 35¢ which. coope_rate_s with a. similarly' inclined,
doanard-ly facing surface 40a provided on the bottom end
of the next major body element of the packer, namely, the |

~ upper cone element 40 which is also shown in. Figure 5D.

20 Neither the lower cone element 20 nor the upper cone
element 40 is rigidly attached to the cage 30 so that
‘relative movement of lower cone element 20 upwardly
toward up'per cone element 40 will produce a radially
outward displacement of the sl:.p elements 35 to effect W

25 the setting of the packer 1. | | o |

The internal threads 30b and_' 30c provided
respectively at each end of the annular -slip'cage 30 are
employed for the securement thereto of lower and. upper'
mounting rings 33 and '34, (Figure 1B), the ends of 'which

30 respectlvely abut downwardly fac1ng shoulder 20b formed

~ on the ‘lower cone element 20 and upwardly facing shoulder
40b provided on the upper cone element 40. ‘Such rings
are, however, slidable respectively on the cylindrical,
portions 20f and 40f of the lower cone element 20 and the
35 upper cone element 40 and hence do not interfere with



thereon of a gauge ring 42 having internal threads 42a. Snugly nounted

"W ths the bore of the annul ar- gauge ring 10 42 is a force transmtting or
expander body 44. Upper cone el ement 40 and body 44 are provided wth
apertures. 2a and 2b, and 4a and 4b in alignnment with the other _
~correspondi ngly nunbered apertures in theldther packer body conponents.
Additionally, the top end surface to 15 force transmtting body 44 is.
provided with an upwardly facing inclined surface ‘44a which engages the
| ower, siniIarEF%%%ﬂYQuﬂPWﬁﬂﬁﬂﬁaﬂﬁ'québFﬁ@esﬁﬂﬁ@GGtBO&Quard eacbt okheul ar
el astoneri c sedurigee|theeHettdAngToE whRehakkee @f, 50b-of annul ar

el astoneric sealing el enent 50,is I nclined upwardly - and outwardly and

. 0
i s engaged by a sifd afPP¥Pnctfn JHRE bt 28E 688/ priie APPSR spaBer
body 60. It shalletheyd M dvhd bt dpweardly rektendingney b0hdsicspagesthbedy 60

are of substantiml | | g .nd . axipal i.ckness., _SealJ ng elenent an: _
expander botc?y' 64(5ﬁ4ar%e gg ég%’?%eglflgv%dggh\%aﬁ’ﬁyt ﬁ%'lszigﬁd a%é?‘{]lé%'s &ég -Eﬁ,g 4a
and 4b. The upw&dNced acdhameter acexd@urnafllypacthreadgd 60 gortien i néde.
upvardly and ouhuendlan anh:8aa30°306Ne atem bitphyyLAC! tBEY LR fmsaﬁgglgg 222
of an internediate or central el astoneric packi n§ body "52. "Packing 52
i s. provi ded 30 thgreen 1REf sangauge SFnSIﬂéné@NéQQWARtﬁiqR%_thﬁea@5a43a4b as
‘have been t her snigQiye ritRERIEd G tHIrC FHE Bl I L Ehé hanRbDEF HRdYe el f;ﬁgts |

of the packer. ,The, upper.surface of the,internedi ate_el astqnmeric” sea
body 52 islii ncl4;5ne’ds_a it gﬁaﬁfmﬁg'f)“éﬂd°§uc?f‘_%?3“‘_i?-‘ﬁcPPﬁ§d “Arr f HpRET
cooperates w t koaeserlEmerspat®randebody 44 -aife Grovided iwitlleapesahrés the

TRTEtively thi Aoocd. PR Hhd Chn, Bt DD Rl P e o itEbD i rathdsoc.
Central body p&eriresperdinglyr owmkerad t Bpepénresesisb the, diherdapackesb
which are resPB@BgVeéUmﬁ$ﬁQH@@JeAﬁh&QinQlﬁQﬂrgﬁﬂgnQQﬂg PE" O Fa N LEhe
prev}QUS|ylgeé%ggagjtransmitting body 44 is provided with an upwardly
facing inclined surface f44a. which engages the'_lowef,
similarly inclined downﬁardly ~facing surface 50a of a
'fi:st'annular elastoméfic seaiing'element 50. The upper
. face of 50b of annular élaétomeric-sealing element 50 is
20 - inclined upwardly and oﬁtwardly:'and is engaged by a
similarly inclined lower surface 60a prbvided on spacer
_ body 60. It should be noted that the central portions 60b
of spacer body 60 are of substantidlly diminished axial
'thickness. Sealing element 50 and expander body 60 are
25 both providéd with the axial apertures 2a, 2b, 4a and 4b.
' : The upwardly facing surface 60c of spacer body 60 is
inclined upwardly and outwardly and engages the similarly
inclined lower surface 52a of an intermediaté or'central
eiastomeric paéking body352; Packing body 52 is provided
30 with the séme set of aligned apertures 2a, 2b, 4a and 4b
o ~ as have been theretofore described in connection with the
‘other body elémenfs of the packer.
The upper surface of the ihtermediate-elastomeric
sealing body 52'is inc1ined as indicated at 52b and such
35 inclined surface coopéiates with a second_épace: element



‘conmponents. The upper inclined surface 620 of spacer 62 is in abutment with

a simlarly inclined dowwardly facing 10 surface 54a provided on ‘e
‘upper el astoneric packing el enent 54. Packing elenent 54 is provided with
axi al |y extending apertures 2a, 2b, 4a and 4b in the sane nmanner as the
conponent's previously desScribed. Addjtigﬁally, upper el astoneric. body

el ement 54 is provided with. an 15 upwardl'y facing inclined- surface 54b

which is in abutting engagenent with the simlarly inclined downwardly L
faci.ng SUffaﬁg ﬁﬁi‘cﬁf ﬁsh déﬁ{:iéaiféasﬁhét gcQPdé(léxﬁex(f'wr %ﬁf) R ce
transmttin e d in position a gauge rin avi ng
internal thiéﬁ&énGQSBeﬁhpbﬁra&r obpom; HRE ﬂ%%l?zénga %W%YP%&t%hh@l

threads 70a pefyirded wayt heokeyz\eﬁ &b Ot afdr %Qaep:{ﬁ@ifnéwu%b@g SR N
transmtting. - bod 46 are

tacle h th f
R T RGNy Sy O g e
previousl $ deagri2bed 4zoniudesbswhith are ﬂsx#éqmlvenyx&mﬂqhahmhrw&ehner

P00+ hs wi Phie aibaRboRA R ape iy | R B el Rl el O

secured to hcompngeﬁGSby one or nore axially disposed .shear screws 81 as

shown in dotted | ipRES AZ: ﬂi’ﬂé‘d Zégrggégl '395.: Qﬁtspggef SGEI’ W th '

t he sane mandrel apert res previ ousl escri bed .
. conponent s, Bhtltm§n‘ﬁotwb1%v@iec§w1t]%?q3h’r o&@lﬁ‘—%&f}éagé@%ﬁ??@%ﬁon%ﬁ%ﬁo t he

bores 4ailandsdprhedntsid Pioviaed eanPaReRipper NelgatdombRec! badRig Pl ate

- 80 is 35 prov ded ;Q dqyn rdly eni ng gores 80a % 80h mhlch 16 are
concentric mF fm Fﬁgﬂ gs \%1ﬂ? i#ﬁ%&%aa lﬁaEﬁﬂYiaﬁ OPgh Retathy the\ ;
other conpoestesdingxaperyurepl 2a, i2b,edaaldnd tdbr dadethd agdthe) gndausdu Ngs

are mounted Lp bepgs @é}ﬁp&%@sd’ pr%vmﬁrs‘i@tﬁsséﬁsga' ”gaé’c?fE{ézﬁ’éify,_ A

wi || be. apparent
: ~ upper elastomeric body element 54 is provided with an

v

15 upwardly facing inclined surface 54b which is in abutting .
- engagement with the similarly inélined downwardly facing
surface'46a of the ferce transmitting body 46 . (Figure
23). Force'transmitting body'46_is held in position by a
gauge ring 48 having ihternal threads-'48a which are

20 threadably'engéged.with external thfeads'70a'prcvided on
 the lower end ot a receptaele'housing 70. Both receptacle -
housing 70 and the force transmitting body 46 ‘are
provided with the same axial apertures 2a, Zb, 4a and 4b

as in the prev1ously described components. \,)
25 ' Lastly, a locklng rod retainer plate 80 is provided |
which overlles the top face 70b of receptacle ‘housing 70.
As will be descrlbed in more deta11 later, the retalner
plate 80 is secured to housing 70 by one or ‘more axially
' dlsposed shear screws 81 as shown in dotted lines in
305-Flgure 2A._Reta1ner plate 80 is prov1ded with the same
| mandrel 'apertures 2a and 2b as are  the prev1ously
described components, but is not provided with through
'passages c0rrespondihg to -the bores 4a and 4b found in
. the lower ccmponente; Instead, the retainer plate 80 is
35 provided with dowhwardly opening bores 80a and 80b which



that ~the body elenents heretofore nentioned nay be axially stacked
by béisng assenbl ed on one or nore holl ow mandrels. For a dual string
packer, the short string and long string nandrels LM and SM (Figures 1A, 1B
and 1C) are respectively disposed in the apertures 2a and 2b and such
mandrels are freely-rotatable in such boreké Axial novenents of the
mandrel s relative to the body conponents are, however, restricted in'a
manner to be hereinafter éS describ The ali ned rod_bores 4a a.g

enpl oyed to perff® FRECER Elﬁa¥§ b B RGhERE FOK BRF SAGERS |

(Figures 2A, 284bndp26)}'1@bd chinasthe | lothe at:empdaemtsbedAxaaélget aphabl. y

abuttingly secugg w Qngy us g
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bore. The packer eﬁbo ying t'hi's Tnvention pre has the short string
mandrel SM g sodescribed.

The alignhed rod bores 4a and 4b are employed to
permlt the free passage therethrough of locking rods L1

* and L2 (Figures 2A, 2B -and 2C) which, as will be later
. described, are detachably abuttingly secured to the
receptacle housing 70 by bushlngs 7 in retainer plate 80
and project downwardly through the entire assembly to end

" in an outwardly projecting position relative to the
bottom face 2zc of the gauge ring 22 secured to the lower
cone element 20. Locking rods L1 and L2 are employed for

20

25 - the purpose of locking the axially stacked body elements
s of the packer in a compressed position, resulting from
downward movement of the receptacle 70 concurrently with
upward movement. of the 1lower cone element 20. The
structure for effecting such setting movement will now_be'
3gp described in connection with the longitudinal sectional
~views of Figures 1A, 1B, 1C, 2A,_2B, 2C, 3A, 3B, 3C, 4a,
4B and 4cC. _ . | '
Referring flrst to flgures 1a, 1B and 1C, the -
connection . of the long string mandrel LM and the short
35 string mandrel SM to the packer body components will be-
'-deécribed. It is conventional to connect the upper end of
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5 connected to a tubing string (not shown) during the running and the
setting -of the packer, and a conventional expansion joint (not shown) is

i ncorporated in the tubing string to which the short string mandrel SMis
connected. Such  expansion .‘joint ° will permt t he downward 10

di spl acenent of the Short -string ggndrel which is required in the
~setting of the packer in the manner to be hereinafter described. Mandrels

LM and SM are of course respectively.inserted in the nmandrel bores 2a and . a

- 2b. For' thetpdr @ng @tridee mandrele IRakSthe ivEEtdiceerdd o4 @ubiﬁe tubI ng
.string connected to the l.ong strin éhiggmkel LM. such nanfrel shoul d
f

Cdet achabl y 8&%48g: dRat néY% HE RATERneht s °‘[’ﬁ’ée$a{:RE‘P .
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spaced, hor F20 I'nt erna &ooperat e w
axi al |y ext expangion: dodat t(aethsbewndr nﬁdlaﬁorperpéedpmryhef tubing ong

string mandiggh-jli tBh%§1chh%h50§ﬁo§Erb@ﬁlﬁ&nﬂﬁﬁhréylSﬁ §§Cééﬁﬂec£@d.the
hydraul i c hou5|ng 10 i nst, axi al énent, but is ree to rotate

a

rel ative toS8Gth h&XPARGL hdRdBY: o Wilde tBerMitpackbe 1, dP¥R¥RESr to

oper at e 1@ny ddlsplacemientt o«aifs cetw e csleskt 0 stmﬁgangnsﬁdrélg nvmﬂélel 81 whi ch
require rotation_of, t.he b|n strln The_ | ockin e nB an

it onal - PEREAEES B R Rt Eoa R s e pRekE rorn  FhecBaBfe B ke ,
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component s YeghledvaarhilenickCn hc! bfaret®BBELs 2a24hd gp. POSI!I ON

variations - acturin asse erances
conpensated = For the purpose o 1ower1ng the packer 1 1nto the

15 well by the fubing string connected to the long string
mahdrel'LM, such mandrel should be detachably connected
'~to ~any one’ of  the body-'components of the packer o
heretofore described. Preferably, as shown in Figure 1B
. and enlarged scale Qiew Figure 6, long-string.mandrel LM
20 is detachably secured to the hydrauiic.housing 10 by a
C-ring 11 which is mounted in a counter bore 2c formed in
.'the upper end of the mandrel - bore 2é traversing’ the
hydraulic housing 10. The C-ring 11 is provided with a
plurality of . vertically spaced; horizontal, internal \U/
25 teeth 1la which cooperate with similar axially extending
external teeth 3a fqrméd_on the periphery of the long .
‘string mandrel -LM. Thus, the long string mandrel LM is
secured to the “hydraulic housing 10 against  axial
movement, but is free to rotate relative to such housing,
30 hence reiative to the packer 1, in order to operate any
' other well tdols connécﬁed.to the long string mandrel LM
which require rotation.of the tubing string. _
Thé- locking .C-ring 11 performs an additional
function in permitting an adjustment of the exact axial
35 position of the_long string mandrel LM with respect to



A}

for by positioning the locking Cring 11 at a selected 5 position along the
lengldr of the mandrel threads 3a. It should be noted , however, that the
connection of the long string mandrel LMto the hydraulic housing 10 is
effective only so long as the hydraulic ‘housing 10 remains inits run-in .
position illustrated in Figures 1A, 10 1Bg and 1C. Wen such hydraulic
~housing 10 shifts downwardly, in a manner to be hereinafter described,
the restraint on the interally threaded CGring 11 is renoved (Figure 3C

fmd relative myye 4 lai;hei tﬂzﬂgpaéaﬂﬁoheﬂvsg@mogﬁat asw'ehm:easppa:éf,kéhm.ltua

ong string nmandrel LM can 15 occyr.. An _abutt.abl e engagenent of .t he ng
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40 The abut medndeid NBe3hdifla Ol HOREFUEN! SLHMAERe TRHHRUE ioln (6 hize!
re

cone el enent 4 ative to the long st'ri ng mandrel LM_but, during the
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the ‘abutnent Cd#fleSiv@€NGRARS e hehgomakacene! Ay@rdwiid fHvueing 10
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a manner that be : . _ _

' components with respect to the long string_mandrgl LM can

15 occur. | o _ .

o An abuttable engagement df the long string mandrel
. LM to the axially stacked bbdy eleménts_of pécker 1 is’

provided comprising a C-ring 3c (Figures 1B and 7)

mounted in an annular groove 3b provided on the exterior

20 of the long striﬁg mandrel LM at a position adjacent to

' the bottom end of a counter bore 2d provided in that

- portion of the mandrel bore 2a which traverses the upper

. cone element 40. The abutment C-ring 3c not only prevents

—/ upward movement of the upper cone element 40 relative to
25 the long string mandfel LM} but, during the unsetting ¢f

the packer by upward movement of the long-string mandrel

LM, the abutment C-ring 3c engages.the bottom face of the

lower force transmitting elément 44 and moves such
- element upwardly to permit upward'movement of the upper.

30 coﬁe element 40 to rerelease the slips. ' |
Additionally, the long string mandrel LM is provided

with two vertically spaced external shoulders 3d and 3e,

(Figure . 1A) both of which are located within a counter

bore 3e formed in that portion of,the'mandrel'bore_Za

35 which traverses the receptable 70. These shoulders are
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‘relative axial novenent wth respect to the hydraulic housing 10
second conneldtigRFeo®)t-he short string mandrel SMto the packer body
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(Figure 1A

15

2b in the various body components and is initially
secured to such . body. components by three connections

preventing_axial_movement of the short string mandrel SM

relative'to the particular body component, but permitting

_ unrestrlcted rotation of the short strlng mandrel SM with

20

25

30

respect to the ‘body component.

The flrst such .connection is within the gauge r1ng..'

12 which is in turn. threadably secured to the hydraulic
body 10. As best shown in Figures 1C and 8, gauge ring 12
overlies mandrel locking block - 14 having mandrel
apertures 2a and 2b. A spacer sleeve 16 is mounted in a

threaded counter bore 2d provided in that portion of

mandrel bore 2b that traverses the hydraulic housing 10.
Spacer sleeve 16 is backed out of threads 2d to abut a
lock ring 15 having an internal projection 15a engaging

~ an annular groove 5a in short string mandrel SM. Thus,
the short string -mandrel SM is effectively secured

against relative axial movement with respect to the
hydraullc housing 10. - '

The second connection of the short strlng mandrel SM
to the packer body elements is made to the receptacle 70.
The lower end of the bore 2b extending:through receptacle

1b'

0 sSuch- bod
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‘annular groove 5b is fornmed in the short string mandrel SM i medi ately
oppogiit e the counterbore 2h. A Cring 5¢c is engaged in this space to firmy
secur-e€ the short 5 string mandrel SM to receptacle 70 against axial
di spl-acenment, yet permt free rotational novenent of the short string
mandrel SM The third connection of the sg rt string mandrel SMto the

. packer body elenents is a rel easabl e conn lon to 10 the 1 ower cone

al ement 20 (Figure 6). A counterbore 2f is forned in the bottom and portion
of the mandr el re. 2 ' n r. h_the .l F,&one el ng. 20
‘Such counter .b%b?elsigﬂﬁf%%%gé‘%g ?%Trtélg'flg?glt;?a :;1%5] ?(l:ignpc_lqlbrea ﬂgnéﬁ a?' _
recess 5m f or mekhroxl athegRovehbyisf formedhdn tie shortgshmivgemasgiredd a
Cring 5f is i r o d o | V% ' Y, oppwar d_no: t of
the | ower coner%fe%e@ﬁetdg%éﬁha?gg%g{é? E: ggt %gus })élrx?’ l‘%tg r izrll'g' Vn%ngrg?x%rl\r/lg% |
renove the restii gngaged rimg thHs afparencte effigadya. gegesandde oshertt he
short string maidfiglg SMafldrd I Onsihe tooWafedeta @l TN 28gaSHER UBWARA
-movenent of the, ] ower cone el enent 20_re£at|ye to fhe hor? strin naﬂdrel
SM i s produced HFRIARSRANG R uRTIR Y nEEe SRR IORBL ReVERRaF Gf the
descri bed. The stdt rgEmimeenirdrefl t9 packer is produced by [err] 25 fluid
‘pressure activated C | Sy di W thet hydyr apl Le_.housin Oam
Wthin each of the-gggaﬁggﬁﬂiy $$ﬁé§%k or%g P§%a¥ﬂgﬁg sﬁﬁﬁ?g §a8§6?éh§%Ed
pi ston 25 (Fi i ehe@@acker hodjeralements is iadalelleasabde ceangiitdon to

rel ati onshi _ i | r i the [or gs -an b
wWth thei rPO cﬁggee'g'%%{]?ﬁé Eé(r)l%n}égﬁg Zt(gg(a#l&??%ossgd %I r?%gtnﬁ%%gg\%m\%afr §Q
po&L%ion and. Eormed bin t bhe pbPtiteRs ap8a paxdian iak| thebandredr hare 2b
shoul ders 10c MicHdeRtenagCdHribddlE EMéi NERIerDOESte 1@ ctiddit! OP9. TBRACH
remai ni ng portions of the c%l i_.nder, /bores dllsz%gsgd beio,w 3d5' t he | ower nost
position of th&EPEThs efifnediFRPgEd ediately adjacent to an

annular recess 5m formed on the periphery of the short

- 15 string mandrel SM and a C-ring 5f is inserted .in such
| 'ahnulai'groove;-Obviously, upward movement of the lower
cone element 20 with respect to the short string mandrel

SM will remove the restraint on C-ring 5f and hencé
effect a disconnection of the short string mandrel SM
20 from the lower cone element'20._Such upward movement of
| the lower cone element 20 relative to the'short-string
mandrel SM is produced by hydraulic actuation in a manner

to be hereinafter described.’ ' )

A : The setting movement of the packer is produced by a
' 25 fluid pressure activated mechanism disposed with the
hydraulic .housing 10. Within each of the open-top
cylinder bores 10a and 10b,“ a ICup-shaped piston 25
(Figure 2C) .is inserted in slidable and sealable
'relationship, The pistons 25 are inserted in the bores
30 10a and 10b with ‘their closed bottom portions 25a
disposed - in the ' downward 'position and such bottom
portions 25a respectively abut internal shoulders 10c and
10d provided in the cylinder bores 10a and 10b. The
remaining portions of the cylinder bores disposed below
' 35 the lowermost position of the pistons 25 define fluid



'presstjre ghanbers 10f which are suppl i ed with fluid. by con'_
in the hydraulic housing 10 and communicating with an annular ‘recess .

(Figure 3B) forned in the wall of bore 2b around a-plurality of * 5

peri pheral ly spaced radial ports 5g fornmed in the wall of *  short string
mandrel SM O-rings 86 and 87 seal theggnds of annular recess |0Oh. A

renovabl e plug P of conventional construction is inserted in the bore of

the short string mandrel. SMat a 10 1ocatioon below the ports 59 and fluid
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appar ent tha.t a Schit antsﬁill g%drau |c do ward force is exerted on the

short strimp Ee ofithegshoptostring; mandsehi f¥J2t & d
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Concurront | yoo PREPRESED EH | Elle M 450% [ERPYRID e eford BRea®y o
recept acl e Aandrel| 3 kol dhevdatitonhyend poxtioms t]@ﬁomefvlt(bmslcyldedem bed
connection tg,tde fd%’ranétibﬂg saeﬂrgké%gadeke% gegul ng@a%atfo%% ”pper

and | ower cone elenen ts noved t owar s eac
radially exnghet fy rsqqldé: }3‘3‘154-'?\‘30 Ob,and]gdrlves the pistons 25

15 wupwardly so that ~their top open ends . 25b engage the

~bottom face 204 of the lower cone element 20 and exert an

| upviard force on such 'lower cone element. In this manner,
sufficient force is exerted on the lower cone element 20 :

to effect a shearlng of the shear p:.ns 22a to permit the

20 lower cone element 20 to move upwardly, thus releasing
‘the C-ring 5f from engagement with the short string
mandrel SM and permitting the short string mandrel. SM to

. move downwardly, along with the hydraulic housing 10 _
From the forego:.ng description, it will be readlly_ W/ |

25 apparent that a: substantlal hydraulic downward force is
exerted ‘on the short string mandrel SM since it is
subject to the combined fluid pressure forces exerted in
‘the two cyl:.nder bores 10a and 10b and also to the fluid
pressure force exerted upon the removable plug P. Thus,

30 concurrently with the upwar'd'movem'ent'of- the lower cone
element 20, the receptacle 70 ‘is pulled downwardly by
virtue of its previously described .connection to the
short string mandrel SM and the result is that the upper
and lower cone elements 20 and 40 are moved towards each

35 other to radially expand the slips 35 into biting
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22 engagenent with the well conduit wall. Contenpdf-aneously; -theidownward-
forcesexerted by the receptacle 70 applies a conpressive force to the three
el astomeric seal elenents 50, 52 and 54, resulting in their radial :
expansion into 5 sealing engagenent with the wall of the well conduit
wi t hi n whi ch the packer is di sposed. Thus,54 he setting of the packer i's
conveniently and efficiently acconplished. To maintain the conpressive
feorces .on the I ower and upper cone elenents 20 and 40 and on the -

el astomeric 10 gifgddditter WK Sttio’werl%. %ﬁﬁt %qwa%% ﬁ\gg%ﬁgt achglbl

i nvention enpl oys one or npre |l-ocking rods 4a_and 4b which

connected at tHd1® qpyPRraxd fonce eReTtadibyethe necepraglesJo; Ppﬁd—éﬁlsngs 7,
and abuttingly W@ﬂr@yf&ée Ngo4théFittree dhhstombbecr geadt adkmeh?s

housi ng 70 for i.n the ward direction their | ower, ends,
rods 4 are effe%‘ﬂ \r/rg%{y nﬁédt &4 %ﬁt%‘hgﬂ%ﬁat?%‘ﬂ%ﬁ e¥xBapaiop,ints
surface 20d of Séml'ingvelengagemehenwd.tﬂow awanldldﬁecthena&elnt ebﬁtllulig
- .mechani sm 20 te -' H. i dir

rat cheting rrechanif'srﬁf\%"coﬂﬁ‘rsl sée'ssrkol\an% rdé'a fggf 5"#% %3%%%‘90 ends
of the | ocking ﬂt%lspaplﬁid mtmexgmlaa |and @ffa.@eﬂtéUc@cmmalsm.t o)
the maxi mum downver dpd rapde £isp! € Ccdiip f@ési\?&kf&ﬂcéé’dén‘lt?lhio%?:na&&ﬁper

25 ends of pistons 25 are counterbored as | ndicated at Figure 9

within such coliRR8%hHofene; eiRmentRk 20 ande 40s aRrAno8d hﬁc@ﬂ@émﬁép

fashi on onigt af&lhﬁd‘lr@m%rﬁ@ 503, EFD\driée 53 urﬁrds iRicikled @mblodlyd h 't'!‘ﬂs
connecti on between the w reads 4c on kl ng r(rﬂ)% he
ti

to_gnds of t het Pt ngp%PXt?e M SFstIB‘?l’ée %05 &0 ad nent
with the bot.t orwlsmli e Zih:taﬁhaﬁi@ |comarectEte o erherily ?i@,perc badtsoanetthleon

Siiectively, LIRS Plackosts nby' da st SBishlia V! £R85oBLSIIHEny
nove downwar dl yconrrﬁg)tegebyes(ﬁ-raim@d 4f (Figure 2A) to the receptacle
15 housing 70 for co-movement in the downward direction. At

'~ their lower ends, rods 4 are effectively connected in
-abutting relationship to the bottém'surfacé 20d of the

lower cone -element 20 by a unldlrectlonal ratcheting

mechanlsm. _

20 ~ _As best shown in Figure 9, the unidirecfional
ratcheting mechahism, comprises wicker threads 4c formed

' ‘on the bottom ends of the locking rods 4 and extending

-axially for a distance equivalent to the maximum downward.

o a travel distance of the locking rods 4. The open upper
25 ends of pistons 25 are counterbored as indicated at 25d

- {(Figure 9) and within such counterbore, a body lock ring

26 is mounted in conventional fashion on internal threads

25e to provide a unidirectional ratcheting connection

- between the wicker threads 4c on the locking rods 4 and

30 the top ends of the pistons 25. Since the pistons 25 are

| in abutting engagement with the bottom surface 20d of the

lower cone ‘element 20, the connection effectively is
between the locking rods 4 and the lower cone element.

Thus, as the setting of the packer progresses and the

35 locking rods 4 move downwardly, they are restrained
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: Séagalﬂ§t “upwar d return movenent by the body | ock rlngs 26 “and Eﬁéﬂpaek&r
z-1s_ effectively locked in its set position. The top ends of the |ocking mefds
" 4 are detachably secured to the retainer 80. Such top ends are provided 5 -
with external threads 4e which my have a zero pitch. These threads are
engaged by the split, internally thmseaded, cup-shaped bushing 7 which’
is mounted within the downwardly opening bores 20a and 80b forned in the:
retai ner 80, but retained agai nst downward novenent by 10 abutnent with - e

t he tog ._surfﬁﬁb ¥t rwl @Cf@t;:?fh' noviémens lbpnﬁhﬁsbbhy Lotk mngplbas'ehso is
secured in abu rel.ati ans e receptacle 7 t he
shear screwd ?q] ‘8%%' eﬁfsec%:éreg.yr W&é’c& Ed € Eﬁ’ér’rgﬁé’i{‘al ner.

| f an upward fonﬂmestappbndstafttherébakmng Yodspl &t @xr&€0dedlaghiabdyt o t he
receptacle 7 sheal .SCr. be ar, t _ i-ner
plate 80 to S%D?/&elthﬁd vvggdftg‘% Iﬁa\g}\%r dsrﬁrgger*r%t &#fe g*% k)tli}%tv%g%ael -ease
of the adk aIWJyth;pEKt—em}Q i r‘l@yfeﬁﬁsr oﬁet whichr geatedhaves af zexrde pisski-ng rods

4, thus rel egddy aéﬂréﬁssl U Sy fd%hé"n%prl‘i@v' ag.te%an
~ conpressive forces fromthe bod eI emants f the ck One_a dltlonal

‘connect i on ithyRafededHRr fbaReHh Puhdngn g7 rUH&ch a’er Pﬂﬁnﬁﬁﬁlamlfh%f‘acked
- body el Lelﬂe][\tﬁa@;dbbﬁ?amkyr oben@n@f rmfredeg 208 aﬁavmetd fc?]rrﬁeli‘d aEﬁUH:M-: (215 .
groove orned. i n of a.l ower, rt e | ocki rods

I i et B, SRR PRESLofe n SEREoRE. A hArd oy s R ORk e,
.bore 4mimnd dbnmne:w de:;il:h nthéetoppspofacenosf rehepbacée 28.afMhush psovi ded
I n the upper &pc 4% J%équ #Qﬁs nQO3OlSCsre|a&[% 49nd% rIeLEgN event

downwar d m)venm -4 "but” preven ovvnvvar nove

t he upper comletwhlmoteeﬂyh  tQf Itd@(mﬁfmlﬁ Wodw tde @hlelaﬂrg 4g

is enpl Oyedscféws PEEY Ehe Pél:‘x‘kﬁ’{tj?'% d ag¥ Q&Qjﬂdl@ﬂ sé@‘uretd1 o RATKES
should it be 35 necessary to pull_the packer hol e .and the
retainer. If an upward force ‘is appl ed to the retainer

»

15 plate 80 relatlve to the receptacle 70, the shear screws -
81 can be sheare_d to perniit the retainer plate 80 to move
upwardly and such tipwaxd movement will effect the release
of the axialiy "spli_._t bushings 7 from the threaded ends'of -
the locking rods 4, thus releasihg all tension on ‘such

. 20 rbds and removiriig the compressive forces from the body
elements of the packer. - '

One additional connectlon is. prov:l.ded between the
locking rods 4 and the axially stacked body_elements of _
the packer 1. --C-fings 4g are 'pi'ov_ided ih an annular W/

25 - groove 4h formed in the exterior of a lower. portion of
the 1locking fods 4.'The C-rings 4g can'move.downwardly_
with the locking rods 4 in a counter bore 4m and 4n
provided  in the top portion of the bores 4a and 4b
provided in the  upper cone element 40. Such locking

30 C-rings 4g- do not - prevent downward movement of the

~ locking rods 4 but prevent downward movement of the upper
cone -element 40_relative to locking rods 4.
' Locking C_-ring' 4g is employed to preven_t any
accidental presetting of the packer should it be _

35 necessary to pu.ll' the packer up the well hole and the | .



24 packer body el erent's become wedged or go through a tight: spbtizsgas FeFit:.
‘i npose a downwar d- force on the upper cone el enent- 40. The lockifig Gring 49
effectively prevents any rel ati ve downward novenent of the upper body 5
conponents of the packer relative to.the locking rods 4. The setting
operation of the packer has been cover_eddi' t he foregoing description. The
renovable plug P is renoved and all fl ui gr-essure Is relieved from

-€hanbers | O . To unset the packer, an upward force is applied to 10 the

| ong tubing . L h | Sp_C e f ch _upwar orce.gs.to .

shear bolts g? %E%Iél %%‘sl Flliéhégéﬁ nglgﬁé E’%?F%S %%I gf’o%ﬁ\ﬁﬁ‘fgiﬁ&‘ulal ?ﬁ%ﬁ‘si ng

10, Further upspet sovaseto limpoge tahcdewnwaxitrfcrce¢ Fogutbelppenr tdome ong
string mandreliemdht! 300 a 3 (1 nat Ny 1 y j

- shoul d 80c on % e rett:a:vr?ér 'gf%t gsgg%?h\g?%agit cg?i %rﬁ‘égy@gﬁéggmgﬁég%cse to

the retainer ptBYe Belatiwets dowpwardheMavemestt <farthensupperandathce

- pernits thesretampeheitat Of 86hé piEEr LB ve &4 Alle/ A dckilf roaert.acl e

70 and thus rel ease ﬁhe aggk(}g&g%é#égg%&abé%@ {1&%%&8$4\{%§d0p

threaded ends of t hEM¢oRR _ -
| ocki ng rods 4iandtheer fiotegoing c descedpedonl e srefiovablpaglarg tP rigd ax.
faci ng shoul defBEoEa andsayho L1888 BrisBol IS, Fertevaa Hom Fhalitilis.)
2f provided i nl@fie Tocupsetl dhr0 pankemycan t ipward eforceeis0 applded \to
phich, of foUreRe TENGStibEns RARasd M, PHE! O WM Aiitbdiieddl I AF! o
ydraulic cylinder 10"and alT I nternedi ate el enents upwar dl y.
Additional |y, UPS¥ER F0rcer tier tapihiedn reREks of2t e | BRLEase | ﬁéenﬂrﬂﬂge_l LM
brings the obebikgt strindd LMC frof hParaliBNEr Chousih® WA T AUherV th
t he downwar dl fagin shoul der 44 rqvi ded on, f{he | ower fqrce ,
transnmitting bYBERFALM™ ?f“?’ﬁ?s?rb?g%oﬁ?ges%ﬂg]p‘?‘?‘ég’%nfm' r @ 1 he
upper 35 cone korgenstiingo memidrelk! yLMel date t hengdgemer®5. with the
. 15 downwardly facing should 80c on the retainer plate 80.
The application of ah upward force. to the retainer plate
80 effects the shearing of shear pins 81 and hence
permits the retainer plate 80 to move upwardly relative
to the receptacle 70 and thus release the axially 'split
20 locking bushings 7 from the top threaded ends of the
locking rods 4. This removes all tension on the locking
rods 4 and permits the compressed elements of the packer
to relax, Further upward movement of the 1long string
w -~ mandrel LM brings the upwardly facing shoulder 3e into
' 25 engagement with the downwardly facing shoulder 2f
provided in the recéptacle 70 and moves the receptacle 70
upwardly which, of course, moves the short string mandrel
'SM and the interconnected hydraulic cylinder 10 and ‘all
 intermediate 'elements upwardly. ° Additionally, such
30 further upward travel of the long string mandrel LM
' brings the abutment C-rihg 3c on .the “mandrel into
engagement with the - downwardly fécing shoulder 44c
provided on the lower force transmitting block 44 and
this, of course, appiies an 'upward force to  the upper
35 cone element 40 to positively release the slips 35,



3 HekE "”odylng thi&: |nvent|on may incorporate several addltlanai

- desirabl e fedatures. For exanple, in the event that rel ease of thé packeP~5y
upwar d noverent of the |ong string mandrel LMis not ‘possible, for 5
what ever reason, the rel ease of the packer may be acconplished by
mlling off the top portions of both rels and the retainer plate
80, thus releasing locking rods 4. Awreline "fishing tool can then be
| owered into the bore of either the long string nandrel 10 LM or short

~string mandrel E@ k"emoayiﬁéetmag HivenicPaag! morPdeady been-
described. If the r

t..strin ed the_ retrieval-
i's acconpl i s*RYEH aﬁdgﬂ'ﬁt"ﬁéﬁa Ja?h'ffel%arﬁ rr%ﬂﬁﬁﬁéae?n ranﬁﬁ?’&? 187 0d 3n
proxl ded ‘on the ev%atr ezgxaa; releaderdf 1bhe spaglggmbydu@hasw amilrémentg :
wi t hin a. -cougter, bor m or ch traverses upper
cone el ement® ﬁ ¥ ?rfggchma%‘\?ée r?g‘{/er’h?ntma? HoFt éf?'i n °r’fandre|
SMwll bPi righahevebutm&or(} rithe 3mriedeasengadenthe \packehe mayebs or ce _
transmttingg f e up, rbccﬂme _ .
el enent ‘40 toééao"ﬁs#%l ve béoexgggfé.ﬁg QifJPV\@%g % ??ltg'\ggst h‘gfpac er body
el enents frcmméew |an¢\not1per rewreq:;/ Pl%fe& uri’eo. fdps releasing .

conveni entlym@ﬁﬁa ongad un aAp%ﬁ‘i:@h@x@f’oﬂ!hﬁﬂnéh't%dlnvéah' oene§uqcle 25
feature ri ses ng shock _absorb é} asse g'P 90 shear abl unt ed
it} bet ne

on the Iong PYeFea Peitheybgre, 'éh?}'a c&H5dNGyMa tom
end of the axMablry shcadkestiintly manarels s, t'.lhﬁe pcmircﬂfal( Pbgurtel PongShock

bsor ber 90 h di 30 I
oy ot | on Ao T BRndralc Bhs. Ak eRa e ER BeblEbBtae 15" HRE, Anarti n « he_
‘external surstcingf taadredg sSMi ndsmaneneaged) Shdwer rregrdévals iis turn

over| apped bycaSaLEN HP2hnl| A0uEAGRLO%- PGS I AbEntBACAEY i ough

a shear ring cage gagement Wt
annular groove 3n prov:l.ded on the exterior of the short

15 string mandrel SM and lying within a. counter bore 2m
formed in the bore 2b which jtrair'erses the upper cone
element 40 (Figure 'iA) . Such upward movement of short
- string mandrel SM will bring the abutment C-ring 3m into
engagement with the lower force transmitting block 44 and

20 exert an _upwa'rd'_-'f_orce on the upper cone element 40 to

' pos_ﬁi.tively’ release the slips 35 .and,r'etrie've the-packer
'bod_y elements from the v)vell.
Another - safety - feature may- be ‘conveniently o
1ncorporated in a packer embodylng this invention. Such W/
25 feature _co_mp_r:._ses a shock  absorbing assemblage 90 |
. shearably moun'ted on the long string mandrel LM at a a
substantial distance below the'_bottom_ end of the axially
stacked body elements of the packer (Figure 1C). Shock
_ absorber 90 compr:.ses a shear r:Lng 91 hav:.ng a radial

30 annular projection 9la engag:.ng a correspondingly shaped

| groove 3p provided in the external surface of the long '
string mandrel LM. Shear ring 91 is in turn overlapped
by an annular shear 'ring. cage 92. Bolts 93 are threaded
'through ca- she_ar ring cage 92 into engagement with the

35 surface of the line string mandrel LM so that the



38§t ane . of : be St ng -REndr el LI\?I" 'so. “that ' the 26
assquiage i s securedto the mandrel . ‘A shock absor ber case 94 is rounted
in sufrounding relationship to the shear*ring cage 92 and is provided with
axially extending slots (not shown) which surround the heads of the bolts 5
93. The upper end of the shock absorbing Ggse 94 has a radially inwardly
proj ecting portion 94a which abuts the top end of an annul ar el astoneric
shock absorber 95. Thus, in the event the long.string mandrel LM noves

rapidly upward'a/sééﬂﬁag\@ ig ts@au&@akeio e'us manihrdind 30 QﬁSéﬁura%sB%E?S or

relaxation of tensile forces on the |'ong tubing, string connected to
|l ong string marRR%8® PR i%hemoHBERdaHdhr BuFrewRding gelationshdp (Fe GBFtom

end of the |owegm Q:dgélwz‘l&rﬁild.d@rpﬁ:\&mde@(%&h tamuciyt ex¢@inddhgt he

compr essi on | ofSL7tR (RAE: BheFRL ¥HACK BEReNBR thAdm Bhc FheoPalte

| ong string .’marﬂB.eI Thé/ ixppelreramhlot)uthesehobkl rﬂso&ﬁa@kas& 09 £nhageaent

with the botto s 0
a0 DR e IO 0 09: 40 B S0P S ORI WA BhurdCne
af or edescri bed tqmngnducoforan i snnuﬂane@bmme,nlq rrsheekt cabserex h 95wo
mandrels or w t'h?dém @ Cend ' aRpdAd t ikR@ rP&'ﬁg oﬂﬁgaealofm héoves

i nvention heretofore described represents a pref erred e di ment but it
i s quite possi FaPIGLNaBRWaARALYT dQlatiupickar the nPagkepodfus eﬁ%ntfé-“d-\d t he
packer nourged mgs@rélgteraasdro@ Mmﬁomoafsetemullé bEoddees e thleent
of the short" Stg‘?f“g ? ﬁrew ousl| escri 1 I s, of._cour <=a§
necgssary that xgaﬁﬁ?%n SR GOTIS, 8 & %O °?ﬂ Bir& ipghy € ng
to permit the rkMyi thd chockarabsunkewntasé Sde willdr tcattaay thedmdtﬂﬂm
under e packefadebll iy | ¥hieRRESE dadgY Fing S15' | dHd Yprblent MU

of two | ocking Tods
upward travel of the long strlng mandrel LM while

15 -cushioning any impact forces by compre551on of the
- elastomeric shock absorber.
| Upward movement of the long string mandrel LM for
removal purposes brihgs case 94 into engagement with the
bottom of hydraulic housing 10 and shears shear rihg 91.
20 - It will also be readily apparent to those skilled in
~ the art that the aforedescribed construction is not
necessarily limited to use with two mandrels or with two
force transmitting rods. The embodiment of the invention
N - heretofore descfibed represents a preferred embodiment,
- 25 ‘but it is quite possible to have an effective packer with
' the body elements of the packer mounted on a single
mandrel,which of course would be the equivalent of the
short string mandrel SM previously described. It 'is of
course necessary that an expansion joint be_inéorporated
30 in the tubing st#ing to permit the requiréd downward
movement of the short string mandrel SM under the packer
setting fluid pressure forces.
Similarly, the employment of two locklng rods merely
represents a preferred embodiment. The body elements of
35



formng an
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mandrel;, w
expandlng S
‘expander el
el enent s,

’receptacle
shearably s
one or nore

- effecxlyely Tocked through the utilization of a si
n sumary,” the nethod 6f the invention may be describe
axially stacked assenbly of 5 radially expandable slip
d one or nore radially expandabl e packi ng el ements upon a
th the assenbly including upper and | ower cone elenents fo
I'i ps irnto engagenent with the wall of the mell conduit and
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G eRBhAdnb € PRERTAG, e PEleREL P2 BIQRIELIRIBLEERN ISR | o)
ends of theaf-o@hengort(mm @fd then s serdlagesase Itﬁcenﬁqnleisshmaszﬂtgoaas on
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hat nmechani.sm or effectin ease
secured to the top of the receptacle and detachably

secured to one or- more 1ock1ng rods extendlng downwardly

through the - assemblage and having a unidirectional _

ratcheting connection with the lower cone element. The
packer is set’ through the application of a hydraulic
force between the hydtaulic housing'and'the lower cone
element, which is transmitted by the mandrel to the

receptacle housing to effect .the compression of the

expandable packing'element(s) and- the relative movement
of the upper and lower cone elements to expand the élips.
The unidirectional ratcheting connection between the
bottom ends of the ldcking rods and the lower cone
element retains the body elements of the packer in their
compressed and set positions.'Upward movement: of another
mandrel will effect the release of the retainer plate

- from. the top:'ends of - the locking rods and hence the

30

release of compressive_forces'on the expanded elements of
the packer. . | |

The packer embodylng this 1nvent10n is wunique in
that the mechanism for effecting the release of.

'compressiﬁe forces on the ‘'expandable elements of the

35

packer is located.ehtirely at the top end of the packer.
Thus, in the event Of.a-complete failure of the packer to

N



conpressi‘¥g forces on-t he expatfdabl: fﬁehents*b é* packer  TRE el
entinety=at the top end of the.packer. 35 ThHus, ‘i n tHe eveht: of, et e
failure of the packer to 28 unset by upward nanlpulatlon of &'t her the

| ong string mandrel or the short string mandrel, the packer may still be
effectively renoved fromthe well by mlli off the retainer plate 80.
thus releasing. the forces on.the 5 |ockiig rods and exposi ng the mandrel
recei ving bores. Either of such bores may then be conveniently engaged by a

wireline tool t e r | 0

packer fromthe dh %{' Bge%"lc}%r |I;§ nowfé P%iét}r?eégg%& h%%BC%% jﬁgﬂéhes@d?l
shown a prefer rmembmxreme cﬁthm sstmmamimier dihe mm mayngtill
conpr essi ve . c r Nt eUPON
t-he occurrence 0 Sffé?ribﬁ%ﬁ %gﬂgyggsg%gﬁb iowﬁﬁﬁg'gyg p CS?EgE%e

el enent in excesetainefic RiAte afful uthps e LQAQATIRG o thie §Q5§‘P|ﬂed”&5 the
‘packi ng el enBnt1o&k{hd akoAdMaiS éﬁ%@éiﬁ@ Qhermm:ﬁim cheaawlﬁigrmbsbeen

d bed. Thus,, th d |
genoral 1y oyl BUFRGS O8] AUehnBPPEScRENCHREmBE CRIYSMEREDY HRSAHSd Y

di-sposed in verdiwbréyinéat&el teleffeushthebeeweaevameo&pmbe areshait i nof

t he upper cone ceptacle 70 previously
descri bed. Pacﬁ%h@aéﬁéﬁ%%t EﬁQ%%%Q&%%J§%8§QgF%Q§QE provi ded with aligned
bore hol es 2a and 2bR¢fegmeg 1apwarke® Figuess | biAi ndlBodknd| b2 tbezeards
104b - whi Chloargh féferpéa é%%ﬁ&ﬂ@'&ﬁ/ tl%seeﬁrﬁfer?éorp'vﬁi%r han

the di aneter of t oc I ng rods traverse such holes. In the
annyl us thus deaﬁ%‘alm%«eemw@ee&lérﬁ or f8¥cehe Inckingarsed 4 ¥od the

bores 104a and ¢ dabpéupa@hngieéméxﬁait@@an e durkdhct ©f a well
respectively nounte ext.erd or g%%each of, the sl.eeves 110 £ in

bad
sealably engageﬁnﬂfgﬂstﬁEeSﬁPéﬁ(§e¥ﬂﬂf 67PeoPsd RAcKing ¢igpen

excess of the well annulus pressure above the expanded
15 packing element. Similar numbers refer to elements which
have already been described. Thus,-the expandable packing

elements now 'comp:ise ‘three generally cylindrical
elastomeric elements 101, 102 and 103 which are disposed
_in verticallYistacked relationship between the upper end
20 of the upper cone element 40 and the lower end of the-
receptacle 70 previously described. Packing elements 101,
102 and 103 are each provided with aligned bore holes 2a
and 2b (Figure 12) and aligned locking rod holes-104a and
- 104b which afe, however, of substantially greater
' 25 diameter than the diameter of the locking rods 4 which
' traverse such holes. ' |
In the annulus thus deflned between the exterior of
- the locklng rods 4 and the bores 104a and 104b, a pair of
identical piston sleeves 110 are respectively mounted.
30 The exterior of each of the sleeves 110 is sealably
engaged with the interior surface of bores 104a and 104b
respectively. The interior bore of sleeves ' 110 are
sealingly engaged with the exterior of locking rods 4 by
O-ring seals 11l. Intermediate the bottom end portion of
-~ 35 piston sleeves 110 containing the O-fing 111 and the



respectiVer The interlor bore of sleeves 110 are sealingly enggged
with the exterior of locking rods 4 by Oring seals 111. Internedi ate te
bot t om end portion of 35 piston sleeves 110 containing the Oring 111 and.

the . . 29 upper end portion of such sleeves, the sleeve bore is recessed as
|nd|cated by I10a to nore readily pernijg sl'i dabl e nmovenent of the pi ston
sl eeves 110 with respect of the | ocking rods 4. 5 The | ower end of

each pi'ston sleeve 110 is provided with internal threads 110b and such
threads ar e uppeurénéngagedony ¢f beﬁahersﬁee;e\sa reheli Beeek 2. bdbe Bgoster

“between ¢ he BoRREnacor et te B, TI0ASES heRd, Feadll patadiof °or
- the upper calddéble memrememtng £ Itike psstomtaleede5|h10pw$thlwespbyt an
internally Q.J’f)jtq,f‘et dlr&lélln%?%djsl@a provided on a gauge ring 116 which is

t hreadably "secure ext'ernal threads 40e provided on the upper
end of tRe upper Thehdawezmend 4f €ach pist@hesieeveeclifnis provideds a

radial ly owyfway diﬂté&.‘r?d.’?¢€hf€ad§hQTbﬂe%ndljs%%h V!Hr%hdse“if‘&tin Wrn
abutting engagenent with a force transnmtting expan 120 which 15 a disc

shaped menb&N%3g8fkr REd HyPosheEr 81 G&Yreesr%aala'i*ﬂr 2B12nd TRekPRESESE bores
4a and 4b. 'El%éVHJféﬂﬁinﬁriih fﬁpﬂ@ﬂﬂrab@ftedobfeantiﬂaéﬁttkhﬁg 1ekenent

120 h d t 0 bLe with | '-
Gownwns ol y- MR 15 PP Kottt (5 JPortih orheo FORBERARETORa20f ¢ he
verti callly sek ks ctopstemdr sur face Mﬁbefsthélupﬂ:ef eorle1@8. 2hsert At
I ts upper er]:qbé;ea(;ﬂ‘lpl g_son r%lteaq_\ﬁ%dllq_ ?) 2139302 re ]1104 nd 1g§b as

y

the case ma ed in an ce- transn1 tlng oft! _
el enent 124 prtq&qmtlé;qoaﬁmgeelléﬁ@mpmymeﬁ andiat gengel ylpgoxmaeuhmhh bor €s

2a and 2b (0t SHWUMBabIESPRRSddrEd Y b 991%@' Ce¥tbiniie BHredndi | abky

nunbered bores in the other axially stacked
.provided on the upper €nd of the upper cone element 40

15 _ Sleeve retainer 112 has a radially outwardly
projecting . shoulder 112a which effects an abutting
'engagement'with a'fbrce transmitting expander 120 which

. is a disc shaped member traversed_by_a mandrel. bores 2a
and 2b and locking rod bores 4a and 4b. The top face of
. 20 expander or force transmitting _element 120 has an
inclined portidn 120a which is engagable with a similar
. downwardly facing inclined portlon 10l1a formed on the
lowermost one of the vertically stacked elastomeric seal _

members 101, 102 and 103. _ ' o/

.25 . At 1ts upper’ end, each plston sleeve 110 traverses a

bore 104a and 104b, as the case may be, provided in an

~upper force transmitting or expander element 124. Upper

expander element 124 is additibnally proVided with bores

- 2a and 2b (not shown) respecfively alignable with the

30 similarly numbered bores in the ether.axielly stacked
body elements of the packer. An axial 'space 105 is
provided between the top end of the pisten sleeve 110 and
the lower end of the receptacle'70; That portion of the
locking rods 4 traversing the space 105 is provided with

35 unidirectional ratche£ ‘or wicker threads 106, Wicker_



f e ' : : aX|aI space 105 ‘i's provided: bet ween

t he-tgp. - end of t he plston §Ieeve 110-and the lower end of the receptacle.
70. That portion of the locking rods 4 traversing the space 105 is provided
with 35 unidirectional ratchet . of wicker threads 106. W cker 30
threads 106 are in turn cooperative with ggconventional body |ock ring 108
which 'is nmounted within internal threads 110c provided in the extrene
wpper . end of piston sleeve 110. 5 The axial space 105 is provided
by an axiallyheeadsddd6gaarge innguiflcobpelraitdver wiithed Weonvent tonal

threads 1302 ahopls YA0ET S GgRPORRIBRS 16 laduli B ERAL,! NEgaR, 02

‘provided on the om of recept ac _ gauge ri

130 is 10 countbriesadsd léé’caPrImildeldo Ja:cdzmmxaemmeamrend)reé plston
transmtting og1@eRandgp menmber 124. The expander nenber has a downwardly
facing inclined surface _124a- which cooperates with a simlarly ingclined
upper face 13a of {The upkipdostPaFRstHiRerils sé’&]qvﬁ-@eél eR¥ntanp3axiaklyy a

15 general | y- cekitesidedalgatidRC oF i) €130t wh2bhi s "prviddd it diRt6rhdE
bottom end face_of recefggcle 70.,and the up mardlzofaC|n surface 30c whi ch

i s provided at HhF&aSne daf LRE ($RRSKs ePShatos RGNt thostE, of
‘course, provi decttarhlalrranﬁrehdbor'eeaZapm&éﬂ(rmt Mboi‘.ﬁoﬂndofodtheres

4¢ d 4b. |
iz end 4b. 10 ELLeaHs he PR MoShETOE 1, Meendulg? 6 shaw
produced by1Q heovavterbored diﬁm&hrd%bvdﬂbnacgommh@atec@p?am@em ﬁmcehe .

upwar d novenent. ,Qf, %ﬁtkggglgﬁpr e pa I@%Hﬁ ﬁy e @*ﬁég@érZthgeghe

mstgr heret of ore escri een set, pOSSI | e
for the wel | ab@® ud pé@@%ﬁi@dbél oﬁmm sdingldaesd ﬁesebe%ﬁﬁt hghich

expanded seal i Rpopled®RES with d0gimitaz03, meleneaedlptﬁ& fidded POIBRSSOEE i N
the the uppermost elastomeric sealing element 103. Lastly, a
15 'generally cylindrical spacer element 126 is mounted
intermediate the bottom end face of receptacle 70 and the
-upwardly facing surface 130c which is provided at the
lower end of the threads 130a. Spacer element 126 is, of
. course, provided with mandrel bores 2a and 2b (not shown)'

20 and rod bores 4a and 4b. .

' In Figure lla, the packing elements 101, 102 and 103
are shown in their positions occupied during the initial
setting of fhé packer produced by the concurrent downward

o . movement of the receptacle' 70 and the upward movement of

25 the lowé: cone 20 produced by the pistons 25 in the
manner heretofore described. Once the packer has been'
set, it is possible for the well annulus pressuré below
the set packer, hence below the expanded sealing elements
101, 102 and 103, to exceed the fluid pressure in the

30 well annulus above such expanded sealing elements. Under
such conditions,: the excess fluid pressure force is
applied to the piétdn -sleeve 110 and such .Sleeve is
forced upwardly to the position illustrated in Figure
11B. Thus, an additional compressive force is imparted to

35 the expanded sealing elements 101; 102 and 103 to further



30 wel | annulus above.such expanded sedling el ements.  Under™:such:ss

t ol

conditions, the "excess fluid pressure force is applied to the-pist:
sl eeve 110 and such sleeve is forced upwardly to the position illustrated
in Figure 11B. Thus, an additional conpressive force is inparted to 35 the
.expanded sealing el enments 101, 102 and3403 to . further 31 insure the

integrity of the seal of these elenents against the casing or well bore.
Such additional conpressive force is trapped within the sealing elenents

101, 102 3ABuré03théy integkityi Bf ealeOngkanat 6Fet tRgsactd Peméitd he body
dock ring 108_wnth'ﬁﬁspecr,to t he rf%cget t hreads 106. Thus, it.is. assured
that any i nBPBABEL FPP| GRELIPPOE VB HePBERt he set packer will have' no 5
adverse effect upach additdshalg conipeesisiyeb fiorgel lig nerfamsed tvibtldwunt of
conpr essi ve force. upon _the seal ing,el emgnts 101, 1 nd, 103. .Those
skilled in H]{g ar%%\nﬁr#’ un Léllr;gl\ei‘%% thg?ft hg'i;b?preg’éﬂt aS'i?o oP¥t hetR&al i ng
struct ur & avnidipecsiogal hmatahgtbdng castidn ngfelttheenbedys loeke! yimn
exenpl ary r g aRes at. ] Qﬁﬁg [ 4\ f.eGtagve mil.fd single
seal ing el e?rg?lt agrﬂhw%tb-%ggﬁ;: %S’rrber (?;at\ggelgl Fg‘rset%fgcsk(ei?lssbﬂ&n% e]?te%ﬁt S.
Moreover, s@ERUZEd| Ehatcpeiehnsraaseninséhuidipresjuretheloe theceet
el ements suglcRért Wikl eI ne0 a8ferfe astred©®Wipon" 188 nBafigqti on of
Fi gures 1-10. Accgrdl ly, th term"el astoneric seali 20 -elenent" or
"el ast omeri ¢PFEEEIRY 35% WL Lo ROFRRET n thfe ¥PARE P | FPRRERSSIYE i ncl ude
“a singl @d0sefbrog apenetheosealphyr alemgnts 1ol pl 192 samd krol3seal ing el ements -
separated by app pate . el S, onkf Sir will al e arent.,
to- those  skill gggg%n ss‘[lf%l'é'%(’%gr%é- ths o% :em;gl -gbéﬁgaéggai %2}53: ehe G
nodi fi cat i onepresentationnvaht ithe seglbngutstrtuaihireor ag peokprising _
acconmmodat i r gano [ Syl ' €, ur
‘mandr el recglﬁgigﬁgesb res mys%g?%ﬁgvi%ggg‘ggﬁsperrﬂ] pﬁé?gﬁ’y és%g‘%::g%“%?%i'onshi p
- rgpresentation._ The packerl will be effective with a

15 single sealing" elément or with any number of axially
stacked sealiné'elements. Moréover, such Sealing.elements
may be separated by metallic spacer elements such as the
elements 60 and 62 as shown in the modification of.
Figures 1-10. Accordingly, the term "elastomeric sealing
20 element" or "elastomeric packing element" empléyéd in the
claims is intended to include a single sealing element or
a pluraiity of axially stacked sealing elementsfseparated
by appropriate spacers, if desired. It will also be _
' apparent to . those skilled in the art that the I\
25 aforedescribed modifications of the invention may be
‘utilized for a packer accommodating more than two tubing
stringé; For example, three or four mandrel receiving
bores may be provided in peripherally spaced relationship
- about the axis of the axially stacked body elements of
30 the packer 'and""a single locking rod employed which is
coaxially disposed relative ‘to the body elements. The
described modificafioh merely represents a convenient
~ arrangement for a dual string packer which will
- adcommddaté two tubing string of‘thé'diametérs normally
35



about the axis of the axially stacked body el enents of 30 the packer and

a singte locking rod enpl oyed which is eoaxially disposed relative to the
body el ements. The described nodificatioh nmerely represents a conveni ent
-arrangenent for a dual string packer which “'#I accommodat e two t ubing
string -of the diameters normally 35 32 enployed in the size of wel! bore
illustrated in thay i'0$n M5 : 1A . Strin
packer. for subt rgjl’a%éan' V\eﬁli@c%?fgﬁ s(?ﬁgggﬁér/%%ﬁl?tﬁl@#s\?g%ﬁegl f‘? the
stacked cylindri &3% "% enents comprising fromthe bottomup: - a
‘hydraul i c housing elenent; a |ower cone elenent; an annular slip cage
el enent; an upper cone elenent, a first expander elenent, an elastoneric
packing elenent; - a second expander elenent, .and a receptacle housing
element, all 310 of the ‘elenents being disposed in axially stacked,
abutting relationship; a plurality of slips radially shiftably nounted in
‘the slip cage elenent in peripherally spaced relation; all of the

el ements except the annul ar slip-.cage elenent having a first pair of 15
axially extending parallel bores therethrough; a pair of nandrels
respectively rotatably and slidably nounted in the first pair of bores;
means for securing one of the mandrels to the receptacle housing to prevent
axi al . di spl &®ement rel ative thereto; means for securing the

15



20 said one.mandrel to the hydraullc hOUSIng ‘el éne
di spl acenent rel ative thereto, theéreby securin |l ~of the elene 8
~axially stacked rel ationship; means for securing the o to at
| east one of the axially stacked el enents, mher axi ally stacked
el ement’'s “may be run'into a well. onatgblng str # ‘é@z’ﬂ Hme sai d _
Q nular. slip .

other mandrel; all of the axially stacked el enents ®x
cage and the- hydraullc housi ng el enent having a second’ pair of parall el
bores exteggiarms:t herethrough; a pair of 30 continuous |ocking rods
-jrespectivel y stidably mounted in the second pair of bores; |ocking neans
" detachably secured to the top ends of the rods and abuttlng the top of the
receptacl e Hausi &g edeatnt stripgevepackEmnwiod nsubterragfearhe wellls

rel alive 10 Lhg iesep Z‘C'ﬁ‘fﬂﬁ\g oB5yePUILEPIY JERDRCA obbenapoeRioc! e

housing for ng s rods downwar recep acle
housi ng; 5t h@lle}t@ma:ﬂ i compuishngel Enemt thei rithm chpsedaenbydyanhiier bores

into which i %;Loemém&&of th%dechmereﬂéméﬁepesw Viinu Pl §eip @ pair

‘of hollom1p|ston avin ~ open and osed, end portions, the closed end
portions co&3geat tHeReREth BRe WP??\dSPnSor%Ee%ot he didietenBXPaRaeEns
bei ng abuttellleanewtth tdye b@l&ﬁﬁbﬁéﬂlﬁf packhiager edementqusiag séesnat and

recei ving the bot ds the.l ocki ng _r.ad tel.escopjc rel ati :
axi al 'y ext@ﬁﬁﬂﬁf tﬂ?@a&s 8W% iﬁbgl %# 4"'roﬁgf a body
| ock rild§ modnt ethe nkdmmemmstebeamb pdisposedd the adpatéyt sbacked,

;gref_ﬂz? o %?)'ix%h?:)ﬁ.ngﬂfg:'g‘ltcﬁ:ﬁg shﬁB‘MJ"‘QW;?%ﬂPér@W tl'i r?Qﬁlagﬂ(a“Ve

ons reven nove mean
for 15 supWﬁt@Wess@@@dteﬂw dllbo tthe cyBilhBer m%s edleBgnthe phst ons:

t hereby applw i@t iyardhdderd Dat{tsh | el 89“@}1@08§éﬂ8n€1568§8&pé“d a
downward force to the receptacle hou5|ng t hrough said hydraulic housing

el ement and t9% d2BRBLIABNGIEP t 6288t alfdentckKBRVEDI o fnafiliFfl Paix of

15 axially extending parallel bores therethrough; a pair of
maﬂdrels -respectively rotatably and _slidebly mounted in
the first pair of bores; ‘means for securing one of the
mandrels to the receptacle housing to preveht axial -
displacement 'r_elative thereto; means for securing the

20 said one mandrel to the hydraulic housing element to
prevent axial displacement. relative thereto, thereby -
securing all of the elements in the axially stacked_
relatﬁionsh'ip; means for securing the other mandrel to at
least one of the axially stacked elements, whereby the )

25 axially stacked elements may be run into a well on a
tubing string secured to the said other mandrel; all of
the axially stacked ‘elements ekcept the annular slip'cage'

- and the hydraullc hous:l.ng element hav1ng a second pair of
_ parallel bores extendlng therethrough; a pair of

30 continuous 'idcking rods respectively slidably mounted in
the second pair of bores; locking means detachably
secured to the top ends of the rods and abutting the top
of the receptacle housing element to prevent downward

_ movement of the rods relative to the receptacle housing;

35 abutment means. in the receptacle housing for moving said



20 stip el ement and the el astomeric packi n-gi"éi'*é‘s- It 7 i
acceeding to claim 1, wherein.the neans for supplying pressured fI uidito
the cylinders bores conprises renovabl & plug nea bore of
the said one mandrel and means including an adj ugﬁggﬁ“ l““l““g i'condui t
for supplying pressured fluid to the borggpf the Londé f'nandre

t her eby - supplenentlng the downward force exerted -on the 'said: one nandrel.
-y the hydraulic housing el enent. 3. Appar atus according to claim 2, :
further conpr |Bo<rlg:.ﬁ§) r@d:stdoemaranythiethatﬁeomecépﬁdceé hb’dsﬁ.hg;hy:ﬂéaul iC
housi ng el ene p d_t l'in res. 4.
Appar at us acc{)ﬁ o ané‘yé){& ?d\’?ﬁri‘% ’f‘ﬁgr i |§Pﬁ g‘ﬁ‘ggfabl e
connecti on bethmst b,atbowdnldmnd:lt% botem ngndsl eménﬂ;hean]:bd:kltng sanodsone

nmandrel to prgy, %@e ff\}@f r038§5. ITD&/E?;@_%. Oéft%?%?‘%w&%%mﬂg"&

t he shearabl e corinecti on I sConne by i veren -
the |ower TorRPeRudndg ‘é’r%ﬁﬁfgt engd; RAKtdPNsyy thei ¢leisedorend 5 portAgpsr at us

accordi ng to afdopdPLeiddwikal r&w@ewmnﬁfé& NB&HEs [ Gind" OBAEC!dpkN t Baasal d
~other mandrel to a,t | egst, one of t% axially stacked el emants&% ri.ses:
e e

set of axial | PIIEMAE RENG AbYtaRl e Wiy the, bardomyeod gt oveL; 4
ot her mandr el ;coné- homﬂm\eme”trﬁ: | aride roede iAdINGy wﬁecmaouﬂtbﬂaémden@&g&hbe

with the zero hr S - aid.other ndr el _at sel e axi al
posttion: ¢ hetotthd, BRe” Bl Fe 3B EAEn R 2Pt PREEBALAY, he
upper end tmltmr etheeedsu ngp téactC- bohgomhendd nof othei moday Iaclblodg '
engagenent betil%gp t Pt dBY el N | ou g
.elenment until t h %ﬁ% li caﬂdoum n@{ﬁ ementlglts s%%&ed%gmt%\%ar Ia 3&1@
pressur ed fl u,afijacent wicker threads, thereby permlttlng downward
‘movement -of the rods relative to the pistons but

preventing upward relative movement; -and means for
15 supplying pressured fluid to the cylinder.boreé below the

pistons, thereby applying an upwatd,force to the lower

cone housing element and 'a downward force to the

receptacle housing through-said hydraulic housing element

and said one mandrel to set the packer by expanding_said
20 slip element and the elastomeric packing'element.

2. Apparatus according to claim 1, wherein the means
for supplying pressuredV fluid. to the cylinders bores
_comprises removable plug means for séaling the bore of

o _ the said one mandrel; ‘and means including an adjustable
25 1length conduit for  supplying préssured fluid to the bore
of the said one mandrel, . thereby supplementing the
downward force exerted on the said one mandrel by the
hydraulic housing element. |
3. "Appafatus according to claim 2, further comprising
30 port means in the.saidaone mandrel and the hydranlic
housing ' element for supplying préssured-'fluid to the
cylinder bores. _ '
4, Apparatus according to any preceding claim, further
_ comprising a shearable connection between the lower cone
- ' 35 housing element and the said one mandrel to prevent
relative



A )

7-5'.5Appar at'us accordr ng to any precedi ng cI ai m further co

’q, *2 A

~shoulder on the said other nandrel engageabl € by Upwar d TOVETTe M.

of said other mandrel with the receptacl e housi ng chabl e
| ocki'ng nmeans, - thereby rel easing the setting force Hmaﬂwmaamﬁl "@ds to
‘rel ease the packer 7. Appar atus accoring to cla
conprising: 25 a fixed abut ment on the exterior of the- said ot he_r rmndrel
spaced above the shoul der;  the upper cone housi ng el enent. bore receiving
the said ot hegovEmstite! ocFaWHY 21MeRwsr HiridqCiraa-inhouKier shengagahl e by
the fixed abutnment to elevate_ihe. u gg F&)‘%age housing el enent to 30

pheE ’

rel ease the S9MPeFRhiReing dLsce Yofnihiab uRWATE, BRVEREN e | |

8. Appar at usf acter dileweiro ebaem Houbingheslememe i Prgiuded | bgd aad@ment:
ring on'the exierior of the said one mandrel engageable wi th the upper cone
el enent by 'u * noverent of the said one nandrel to unset the packer
in the B6 FeyentAppa#aaassa gcronding &bf @nyedobycedig dcnramrmhereﬁ.nt he
sai d ot her rfﬁﬁg p oleli_n a e cI

wherein the achaggs fd&ﬁ ééﬂﬁrrgegﬁgﬁ rt% gseésfdegthelrg%al qinr ealds on t he
top ends oftlﬁ?$%cﬂnﬁgQﬁxﬁheaaxeﬁélﬁeﬁtBQQ?QﬂﬁAQNQEFQheombpl%¢sthé

receptacl e angb@pf UnRdal 2y’ eéRtecabed N 2drd hepiepr etRrédi@s etd Ownld;
retai ner body havi ng downhwar dly g& )Pttres to- rec |ve t he threaded ends
I

“therein; an HFLBFIPLpAL tPAt e’??r amand 3?6 Bushi fg ERUINPEY LIPS each
bore and YEspRcteredl ﬁmqaw&le shrdadd lengaydtiealith headerd pitehevent.

hear abl @ mecF SRty Phg e PAHL; REeBodFIdr T e FodkpPabr e Foudmig: and._J

an- abut ment qomiteiar; t hehe5 rttmiraei]s.oenghgeabhg wietllentend: r chaw iy brady
wher eby an . counterbore in the upper end of the bore receiving the
. C-ring therein to maintaih locking engagement between the .
15 said other mandrel and the hydraul:r.c housing element
" until the hydraulic housing element is shifted downwardly
by the pressured fluid.
6. Apparatus accordlng to any precedlng clalm, further
‘comprising: a shoulder on the - said other mandrel
20 engageable by upward movement of said other mandrel with
~ the receptacle’ heusing to release detachable locking
means, thereby relea51ng the setting force on the locking
rods to release the packer. '

7. Apparatus according to claim 6, -furt_her comprising:, N

25 a fixed abutment on the exterior of ‘the said -other
‘mandrel spaced above the ‘shoulder;‘ the upper cone housing
elemeht bore receiving the said other mandrel _'having a

- downwardly fa’_cing' shoulder engagable by the fixed
- abutment to elevate the upper cone housing element to

.30 release the slip elements and permit removal of the
packer from the well. _ '

- 8. Apparatus according to claim 7, further comprising:
a fixed abutment ring on the exterior of the said one
‘mandrel engageable with the upper cone element by upward

'35 movement of the sa1d one mandrel to unset the .packer in

- the

B



upward . force on the mandrel having the abutnment sheaWans
and et eases the top ends of the locking rods fromthe body, there '
unsetting the packer. 10. . A " retrievable packer U"I nean
wel I's 20 conpri sing: radially expandal?;l e packin ,mmusﬂﬂ m{‘mdi ally
expandabl e slip nmeans di sposed in axially O acked rel &t inshi P, & :
pressure responsive neans for applying a conpressive force to the packing’

neans and the sdydhdmeabelSe COHRAGES HeAMEs AULLSE! bl NG RAKE mofehdfki B¢ 25
pl'ate nounted ahove t he packi ng means and the slip®neans; a cont nuous rod

det achabl y secur s Aharoenggedi-ate and ext endi ng downwardly through
the packing means argb;&ugﬁaiuss!éqtdfﬂsmﬁ;_Edinéinytlﬁiﬁé%é&fﬁé OBQEiniEggﬁﬁﬁhiingl
means conpri si st unidirectional _ ratchetin means engagabl e
with the bott o%eor#%?%b%qf? hgoc&)’rﬂq Mho3s FB’BPFBS‘F%gke§§FHnB$cH‘l’f&%agans
and the slipSnminsthe ttep cends esfedthendiockimg mods st an retaiver body
surrounding ! Renippaly PRLE! 0fop! dfe ched 20depeal bl Yakd At dd e o

radi al | y expandabl e, packi ng nmeans; means for uttingly ecuring the

_piston sleeve IR Shr theeMomdegls therpthrppghanthe sggtipigereans |
internedi ate thsodyoneaviing Eowevairdl ys lopeve baiest ke eskeiver tak thecaadd

wher eby an annul.us. fl.ui ressure hel.ow.t he expanded_ packi el nt-.in

excess of the aénél%%‘f ust%ﬁ%ueﬁa"pr"eaélsufé‘l\@/ e t,sl?é'l ackif egnélqgﬁfeng%elafieg

produce upwhfd busivinegtansfuntied dinsteachs beaee and  respekeivedymengageable

packing  means i @nd entecendennni refilagal (Al et RAMLEA0AGRe
of the r the

bet ween the piston sleeve and the_ upper gortlon od to'loc

padking neans impYeRent e hiethe drRf e skete Eby®i £P okhe 1peceptacAgphousdsy:

according to clstienxbYeur theemsconmdwtingy a thi nget$inéNg Bogpor ted waedr el
extendi ng through-ddeMACkilhsTHaNS ARA tAe SR LHRARS; o%n-do RAN%E  the
connecti ng Qe mandrel to one of _"the packing neans and the slip neans to

run the packer RadF ek fBEpIeallq » withyabhe yFatdddied nhody ofhexsnd en

claim 11l furtharpward force on the mandrel having the abutment shears
‘the shearable means and releases the top ends of the

locking rods from the'body,'thereby unsetting the packer.

10. A retrievable packer for subterranean wells

20 comprising: radially exparidabl_e packing means and

radially expandable slip means disposed in éxially

- stacked relationship; fluid pressure responsive means for?

applying a compressive force to the packing means and the

- slip means to compress same and set the packer; a locking

plate mounted above the packingimeans and the slip means;
a continuous,rod detachably secured to.said locking plate
and extending downwardly through the packing means and

. 25

. said slip means; and unidirectional ratcheting means
comprising first  unidirectional ratcheting ' means

30 engagable with the bottom portions of the continuoous rod
to lock said packing means and the slip means in the
compressed condition; a piston sleeVe  surrounding' the
upper portion of the rod and sealably traversing the
-Egdially expandablé-packing means; means for abuttingly

35 §§curing the piston sleeve to the bottom surface of said

L e »
\



éonprising abut nent neans bn the mandrel engageable with the-locking
to di sengage the locking plate fromthe rod by_upward meverent—of—the .

mandrel thereby releasing the packer. 20 13. A nethod of setting a p
in a subterranean well, said -packer npri si nﬂ“‘mml“;l“ui ax
stacked el enents fromthe bottom up; draulic co
body; an annular slip cage nounting radially Ehiftabl e S|IpS

upper cone
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means to run the packer into the well. _

12, Apparatus accordlng to claim 10 or claim 11 further

comprising abutment means on the- mandrel engageable. with

the locking plate to disengage the locking plate from the
"rod by upward movement of the mandrel thereby relea51ng

the packer.

and \‘/

13. A method of settlng a packer in a subterranean well,:

said packer comprising the - following axially stacked

elements . from the bottom up; a hydraulic housing; a lower,

cone . body; an annular 1slip: cage mounting radially

exPander body; a receptacle body; and a retainer plate;

. shiftable slips; an upper cone body; a lower expander
body; a radially expansible packing body; an upper

each of said elements except said annular slip cage

having a first . set of aligned Dbores extending

therethrough; comprising the steps of: '

1) inserting'a mandrel through the first set of said
aligned bores, -

2) ._securlng said mandrel to sald hydraullc hou51ng for
L, axial comovement ; :
-§Y“z?secur1ng said mandrel to sald receptacle for ax1a1

-rco-movement H

I



to said Iomer ‘cone body, and 7) effecting a undlrectlonal ratchéting
conrerti on between the bottom.end.of. said rod and—sait—towet , cone

body, thereby trapping the conpre55|ve Setting forces in sai m ﬁ

packi ng body and said slips. 14. A nethod accor di H‘I ‘Hl npr|5|ng,
.as step 5a, @ inserting a second 38 nandre bor es
in the elenents and detachably connecting the 2% second nandrel ‘to

"one of the aX|§IIy sta ked elenqus .to run the gacker iin the well. 15 A
packer = accor d’ng” ROFItIORINg £ Idnid pressurg eqhupkAei RASFORsPREVERR
descri bed and mnthsmaﬁehmﬂnaﬂﬂacahpuh&aguaad stihkopart conkabodgscri ption

ChecsThea anah {noGheRRERY oCORloRang o 1 4B AISHID,) Lokt eRa e L
“or drawi ngs: 35 continuous rod at 1ts upper end to said retainer -
plate,'sald rod transversing a second set of aligned
bores in said receptacle housing, said upper
expander body, said expandable packing body, said
lower expander body, said upper coneVbo&y and said
lower cone body;
6) applying fluid pressure to the bottom of said plston
'~ to thereby move said lower cone body upwardly and
.\,) - said hydraulic housing, said mandrel, and seaid
receptacle body and said rod downwardly to

10

15 concurrently radially expand said packing element

HK\ - - and said slips and move said rod downwardly relative
to said lower cone body; and
7) effecting a undirectional ratcheting connection
between'the bottom end of said rod and said lower
20  cone body, thereby trapping the compressive setting
forces in said expanded packing body and said slips.
14. A methed according to claim 13 comprising, as step
5a, . inserting a second mandrel through a-
bores in the elements and' detachably cohnecting the
x 25 second mandrel to one of the axially stacked'eloments to
e - run the packer in the well.
15, A packer according to claim 1 or claim 10
substantially as herein described and with reference to
any features of the particular description or drawings.
10 16. A method according to claim 13 substantially as

herein described and with reference to any features of
.the. particular description or drawings.. '
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