H GH TEMPERATURE WELL PACKER 4 Background of the
Invention 1. Field of the Invention The present invention concerns a high
tenperature well packer- and.is divided fromour co-pending application No.
8114515 The packer of the invention is particul arly adapted for use in

T tenperature wells where steamis injected into an undergrou?gi ) 1'
for tion to ennance the recovery -of -hydrO'calr gons. but can al so 1512qu
hi g/ " pressure/ high tenperature geothermal wells. 2. Description of the
Prior Art For many years pa V. e a seal between a
tubing string and a casing g?‘&i&]i P%‘?ﬁgﬁwqﬂé\g Pﬁ%ﬂ General ly,

formation fluids enter the bore of the casing string bel ow the packer and
are direct edBa¢gkgrowndo oifhahel Ingentdoa t hrough the tubing string by the
packer. Thus, the casing above the packer is protected fromthe formation

fluids. Also, the,wel 5?1e§<§ efnd OTheAL Qlndy 15 confi ni ng the formation
fluids to the tub?’h st-m-rrgﬁ‘fre—use—o'%'pﬁe rs and tubing is even nore
i nportant while |'ﬁ}lecnwﬁﬂfghiweﬁpéiapuﬂe‘fbﬂﬂf‘fb?eéshﬁéhstféd‘hﬁ’?ﬁ?ﬁuﬁe well

hydr ocar bon or. CLOYE! rile-.ewxgy dipandenr Pesavionel | s.
U. S. Patent %élggzﬁ §5d ainédra{ 385,366 to c Q Eili %ton show gagker

- usi ng asbest¥s. r Bh&4515  orThe E%ﬁ?‘eiﬁ'néfér Weghi‘?‘éﬁ‘béﬁé’f’urjt? ATt FBrarLly

U S. Patent fyfpPealfod dOSHS higKi ttlemﬁeahsuﬁe felpensaierosteae Hisgh
tenperatures found in geothermal wells. gfd ? U, S. Patent A‘\p | i gtlon
Seri al Blunbe'#“\%&tﬂgl & o @“Jo'é‘é‘{)ﬁrﬁr"ﬁ PTfatioy; o sanaY g

el ast oneri c y@éevetly b ﬂf}ﬁi:&ﬁfhiﬂbbhs wibiug: e anspubpdcwmeq)ltmohlgh

el enents. The reinf astoneric nater.i p grarkealy inproved
wear char act%’r‘?%ﬁ’ﬁg%ﬁaﬁg‘ eﬁ’fbp 4B\ S80S n’f"élsg' lr"ﬁ%éling through a wel |

conduit. Various pat emaMpd¢edofnthbM| on, including U S
Patent 2,143,106 Lo A L. Freed| a | L9WRN iaC
FBrfnany el apdeicerdl Hulv ol Eh LAY iy DAL o

material with met gas we ese patents
show nor teasdalh path@mduantgping string and a casing string within a

10 well bore. Generally, formation rluids enter the bore of

the casing string below the packer and are directed in flow
to the welli surtrace through the tubing string by the packer,
Thus, the casing above the packer is protected from the
tormatinn rluids, Also, the well is easier to control by
15 confining the IOrmation.fluids to ﬁhe tubing string.
The use of packers and tubing is even more important
while injecting high temperature and pressure steam into
a hydrocarooﬁ formatinn or in recovering energy from deep
geothermal wells. U.S. ratents 3,330,357 and 3,385, 366 to
20 T, L. Eiliston show packers using asbestos rings to form a
seal under high_temperature conditions. U.S. Patent
4,050,517 discluses flexible seals to compensate Ior the
high temperatures found in geothermal wells,
Pending U.5. Patent Application Serial Number 961,139

to Josepn L, Pearce et al discluses using elastomeric

® material reiniorced witn wire iiesh in pumpdown piston
elements. the reinfbrced elastoimeric material dispiays
markealy improved wear characteristics while the pumpdown
element is moving throﬁgh a well conduit. Various patents

30 cited in this application, including U.S. Patent 2,143,106

to A. L, Freedlander, disclose reinforcing elastomeric

material with metal for use in oil and gas wells, '
None of these patents show nor teach a packer having



2 a sealing unit or anchoring nmeans in accordance with the present . L '53
i nvention. Summary of the Invention The present invention discloses a ' _;2
packer for formng 5 a seal with the inner wall of a casing string disposed™™@
within a well *bore, conprising nmeans for connecting the packer to a tubing
string disposed within the casing string,2mandrel neans having a
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string inter mpiresent hén¥rasien.t he casing string, neans for releasing the
packer fromthe inner wall of the casing string, a sealing unit attached to
the exterior of.the nmandrel neans having a first position in-which the

sealing 15 urBYmBarypfyshesdmventkomd position in which the sealing unit
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packer having a seali uni_t oneric _materi reinforc W re
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~ mandrel means having a first position in which the sealing

15 unit is relaxed and a second position in which the sealing
unit is longitudinally compressed and radially expanded to
contact the inner wall, and the sealing unit comprising a
center element made from elastomeric material and end
elements of elastomeric material and wire mesh.

20 One object of the present invention is to provide a
well packer having a sealing unit with elastomeric
material reinforced by wire mesh.

Another object of the present invention is to provide
a well packer which can form a seal between casing and

25 tubing while subjected to high pressure and temperature.

A further object of the present invention is to
provide a well packer having a single set of slips which
can withstand differential pressure in either direction.

Still another object of the present invention is to

30 provide a sealing unit having an arraynof packing elements

' comprising a center element, a plurality of end elemenfs
disposed on either'side of the center element, and one or
more concaved reinforcing discs at each end of the array.

. - ) Another object of the present invention is to provide

35 a packer which can be either hydraulically or mechanically
set and released by upward tension on the tubing string.
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- 35'..a packer which can be either hydraulically or nechanically set and -
eased by upward tension on_the tubing string. 3 Astill fnrther
yect of the present invention is to provide a packer having a sealing
t with the geonetric shape of the packing el enents - all owi ng sel ecti ve,
ngi - tudi nal conpression of the center elenent and end el enents. 5-
Addi ti onal objects and advantages of the present in- vention wll be =
readi |y apparemnd $thir§§@ﬂﬁ$nrﬂbihmanﬁdthes@mqﬁenﬁlimwenniunctsomdm1ﬂwfkd
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drawi ngs, partially Tn 10 section and g
hydraul|c%ﬂﬁP?nRQthﬁfP@ﬁ@%&&ﬂﬂ%ﬂm¢ %n&léﬁmhﬂﬂ1aeﬁﬁqwtmeslhgnsé&ns and

. sealing Ufﬂddirihl h@dnﬁ PeESH OO | tHe a8ehbBrPadshlerts é:ga\’e% ié ﬂ&t | g]c“sas' ng.

Fl GURES C, artlall I n section an
th (ri‘llg.tgli)n show ‘%@etﬁ?/ﬁ?'iuppé §é{) W{‘ﬁagﬁé afcrdie r@rﬂ%ﬁﬁ‘é and the
e ey h e ML DeoPdamadly '“’%mm”gr?“seﬁa“#%‘e%‘ffoﬁaﬁﬁﬁlﬁgl' 20"
t an rtia | -
:P2|f33:2% & ré&ﬂﬁh G%%mF?Héuﬁﬁi%ﬂﬂ %fégtggﬁcQ€P &% ¢t he sealing unit in
its third position as the packer is renoved .froma casing string. FlIGURE 4

is a crosg.geqti la}fénisghogg L'ci! Ee,ﬁ—%%’qﬁ-ﬁ E' gure 1A. 25 FIGURE 5 is

a Cross s re 1B showing the slip means in
nore detail. FIFGOURESi3Aa Byoendsdrianm dokeingsgngartim B b Figure 1B

: on '
oxpanagr  posctorbland BErr1 ARGy CANT Lt S 7° slbotd A BHuIRE R
12 are sché& c of 'the present invention with the anchoring means
and sealing unit in their first position as the packer is
lowered into a casing string -
- FIGURES 2A, 2B, and 2C, partially 'in section and par-

15 tially in elevation, show the hydrau’ic set packer with,
the anchoring means and the sealing unit in their second

" position forming a seal with the inner wall of the casing
'string
FIGURES 3A, 3B, and 3C, partially in section and par-

20 tially in elevatien, show the hydraulic Set'backer with
‘the sealing unit in its third position as the packer is
removed from a casing string.

FIGURE 4 is a cross section taken along line 44 of
Figure 1A.

25 FIGURE 5 1is a cross section taken along line 5- 5 of

'~ Figure 1B showing the slip means in more detail.

FIGURE & 1s a cross section taken along line 6-6 of
Figure 1B showing the collet fingers and camming surfaces
of the lcwer or second expander ring and the-collet

30 support ring.. -

: FIGURES 7, 8, 9, 10, 11, and 12 are schematic
drawings, partially in section, showing various arrays of
center e1ements, end elements, and backup rings or rein-
forcing discs which can be used on the sealing unit of the

35 present invention.

)

FIGURE 13 is an enlarged sectional view of the second .



drawi ngs, -partially in.section, showi ng various arrays of center elenents, ;Vg/
-end el enents, and backup rings or rein- forcing discs which can be used on\ “

the sealing unit of the 35 present invention. FIGURE 13 is an enlarged
sectional view of the second or |ower expander ring. FIGURE 14 is a
:cross sectiion taken along line 14-14 of Rigure 13. FIGQURE 15 is a cross

'seCtion taken ] - 5 f. Figure 13. FIGURES 16A, B, and C aré '
o e Expghddr orafe

driawi ngs, partially 1n's irtially in elevation, show ng a
mechanical |y set p&@IGIREflE hksperesewss megttion thkant Bdomgcidmend hebbhs

and the seali i orin their first position. 10 Description of the
Preferred Enbcr?g.i lr?e;réur‘lg:fi;?'rin to the drawi ngs and particularly Fiqures 1A

1B, and 1C, wel| pdH&IRBOL? siateaskess Satibliony takeRgatengrildneastialS 1B,
and 1C shoy pagkerigtdaMid, sealing unit 30 and slip nmeans 50 each Ln thEir
respéctive”15 first. positlo This is the nornmal condition in whic acker
20 woul d appear pﬂziédhﬁqxik&’iﬁstépﬁe%i%?%i YiREH» WRAFE15dil¥y dbwer ed
by tubing strise@tdbd Hrlgatteaboyeiof ed st ivh stshoginBaekalecinically
conpri ses a mandr el ans_22 which has . a_ 20 | on itud#ﬁgl | ow passage_ 23

t her et hr ough. S€ongi Lt pERE aEC 55 0ts WIRER PR W IF Bhthfe 2BGROTHIE ubi ng
21 and comunimeanss ahdiithé roeabbhgwupdck@act) 1 theingf2is tMpadridiioreans
22 includes an adapter sub 22a which has threads 24 forned on one end to
previ de a neans for con- 25 necting packer 20 to tubing string 21.

Various webl Cesksiptizddiaf ctizé Pubifegredu|Bmbipdimenthed t o nandrel neans

oyl in- drical and dsteizitl (7L Cher QFRNIALS dHa MEKELod1a80T SRUHRSY

for anchoringlpackR8, 2md oG hewehhepagielr &0 als attached to tubing
string 21. Figures 1A, 1B, and 1C show packer 20 with
sealing unit 30 and slip means 50 each in their respective

15 first position. This is the normal condition in which

| packer 20 would appear prior to being installed in a well
and while being lowered by tubing string 21 through the
bore of a casing string. |
Packer 20 comprises a mandrel means 22 which has a

20 longitudinal flow passage 23 therethrough. Longitudinal
passagé 23 is concentric with the bore of tubing 21 and
communi¢ates fluid from below packer 20 to tubing 21.
Mandrel means 22 includes an adapter sub 22a which has
threads 24 formed on one end to provide a means for con-

25 necting packer 20 to tubing string 21. Various well tools
or additional tubing could be attached to mandrel means 22
at its lower end 22b. |

The major components of packer 20 are generally cylin-
drical and carried on the exterior of mandrel means 22.

30 Means for anchoring packer 20 to the inner wall of a
casing string'includes piston housing 41 which 1s engaged
by threads 42 to the exterior of adapter sub 22a. Lateral
ports 43 and longitudinal ports 44 formed in adapter sub
22a communicate fluid from longitudinal flow passage 23 to

35 the interior of piston housing 41. Plugs 45 are threadedly

engaged from the exterior of adapter sub 22a into lateral

t

.



., &asing string includes piston housing 41 which is engaged by:threads.42 to
e exterior of adapter sub 22a. Lateral ports 43 and |ongitudinal ports 44
Jrmed in adapter sub 22a communicate fluid from | ongitudinal f1'ow passage -
'to 35 the interior of piston-housing 41. Plugs 45 are threadedly
ngaged fromthe exterior of -adapter 5sub 22a into | ateral 5 ports:43.°
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oyl ingci cal and qarrled on the exteriol oof, Jlandr el s 12203 .33y FRn ' u9s 54
mandrel means 22 anchoring packer 20 to the inner wall of
casing 25. Since piston housing 41_1s engaged by threads
42 to adapter sub 22a, the location of piston housing 41
relative to mandrel means 22 rémains fixed while running,

20 setting, and pulling packer 20.

- The end of piston 46 opposite piston seals 47 is
engaged by screws 51 to upper or first expander ring 52.
Shoulder 49, formed on piston 46, abuts first expander ring
52. Slip means 50 is expanded radially by moving first

25 expander ring 52 and second or lower expander ring 53
longitudinally towards each other. Each expander ring is
generally .cylindrical and carried on the exterior of
mandrel means 22. Four lugs 54 are threaded into holes in
the outside diametef of first expander ring 52. Guide

30 lugs 54 on first expander ring 52 are spaced radially 90°
from each other. _?wo lugs'54, spaced radially 180° from
each other, are attached by threads to the exterior of
second expander ring 53. )

Housing means 55 is generally a cylinder surrounding
35 mandrel means 22. Expander rings 52 and 53 are partially
disposed within the ends of housing 55 between the exterior
of mandrel means 22 and the inside of housing means 55.

within &



expander ring 52 are spaced radially 900 from each other. Two | ugs 54,
spaced radialty 1800 from each ot her, are attached by threads to the
exterior of second expander ring 53. Housing neans 55 is generally a
cylinder surrounding 35 mandrel neans 2% Expander-.rings 52 and 53 are

partially di i 4.0 Nds «f ' bek atd of
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t apered caMmigy a5id fsoEl b7ablowhageld midied enovenesti pedadiyed:o each
Frusto-coni cal ,surfaces 58 are fornmed on the inside dianmeter of.slip 10

nmeans _50 nea®®®&her end thereof. Camni ng surfaces 57 and frusto-conig¢gl
surfaces 58 are gEwsil éypandehi mgngTHa%fbr@aPﬁﬁe_@nﬁmgeW?ergggs

52 and 53 towar each, o0 S ] f d

pr.oj ecting slqrb%n%n%oég'iéfgﬁr&y%% r %%%%#é mgagﬁ: ,g%.&#Smoﬁﬁcs}%V\gres
g);pand;ar ri ggtﬁ&'acse:beﬁzﬁ s@nmfbﬁnﬁidglﬁrésﬂl%,i‘liiigeaﬁ&ai‘&te@rﬁﬁ nﬁli_arface

: is for o] ' .59 | f
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col l et fingerandErustongenigaio SpriAses 2 tﬁ@?egﬁ.nef@qéﬂ |t gﬁgﬁgrt ring

60 is shown r e ¢ nerisdl @ 2dismb b
fingers 59. 'Sljﬁfee%ifbepé/’ fboeneRite JrEaNpdndeneringsdSl 53 vowavHset

adi'al |y 1200 A RERERGCEHPFS: CRTTHING FUREABES, 3Tt oDy The ooPrs
fingers 59. ﬂ@g@@tiﬁgeﬁi@m&mcﬁﬂ neald 2511y firem memndirell aneans @R -
second expan er.rlqg 53 to

15 Lower expander ring 53 1s best shown in Figures 13,

| 14, and 15. Camming surface 57 is formed on the exterior
of éollet fingers 59. The six collet fingers 59 can flex
inwardly. Threaded holes 160 are machined in two opposing

_ collet fingers 59-for lugs 54 to be secured thereln.

20 Collet support ring 60 is shown secured by releasable
means to the inside diameter of collet fingers 59. The
releasable means comprises three shear pins 61 spaced
radially 120° connecting collet support ring 60 to three
of the collet fingers 59. A large recess 62 1s machined

25 in the inside diameter of second expander ring 53 to
facilitate inward flexing of collet fingers 59.

First expander ring 52 has an enlarged inside diam-
eter 63 opposite a portion of its camming surface 57.
Shoulder 64 is formed by enlarged inside dlameter 63. As
30 will be explained later, shoulder 64 and collet support
ring 60 comprise g portion of'the means for releasing
packer 20 from the inner wall of casing string 25.
Sealing unit 30 is carried on the exterior of mandrel
" means 22 longitudinally adjacent to second expander ring

35 53. Sealing unit 30 comprises a first or upper support
ring 31 which is releasably secured to mandrel 22 by shear
screws 32. A second or lower support ring 34 is releasably

the outsi.de diamster of first expander ri n'g 52. Guide 30 lugs 54 on first @



‘facilitate inward flexing of collet fingers.59. First expander ring 52 has
an enlarged inside diam eter 63 opposite a portion of

Shoul der 64 is formed by enlarged inside dianmeter 63. As 30 will be

pl ai ned | ater,
t he nmeans for

Sealing unit 30 is carried on the exterior of mandrel neans 22
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20

25

30

35

for improved support of the packing elements, each support
ring has a concaved surface 38'fa¢ing a similar convex
surface 39 on'the.backup rings 33. Sealing element 30 is
shown in Figure 1B in its first, relaxed position.
‘Referring generally to Figures 2A, 2B, and 2C, packer
20 is shown anchored to the inner wall of casing 25 by
slip means 50{ Sealing unit 30 is shown in its second
position forming a fluid tight seal between casing 25 and
mandrel means 22. Thus, any flulid entering casing 25
below packer 20 is directed by sealing unit 30 to flow to
the well surface through longitudinal flow passage 23 and
tubing string 21. In the same manner, if a high temper-
ature fluid is injected from the well surface to an under-
grdund formation, sealing unit 30 prevents the high temper-
ature fluid from contacting the inner wall of casing 25
above packer 20. |
Setting tool 70 is shown disposed within the upper |
portion of longitudinal flow passage 23. Fishing neck 71
is provided on setting tool 70 so that tool 70 can be
raised and lowered by conventional wireline techniques
Ehrough tubing 21. Adapter sub 22a has a reduced inside
diameter portion 72 which forms a tapered shoulder for
tool 70 to rest on. O-rings 76 are carried on the exterior

Its canm ng surface

shoul der 64 and coll et support ring 60 conprise-a pérpion
rel easi ng packer 20 fromthe inner wall of casing string

rings or

d t1ght seal under



mandr el neans 22. -Thus, any fluid entering casing 25 bel ow packer 20 is
directed by sealing unit 30 to flowto 25 the well surface through

| ongi tudi nal f1ow passage 23 and tubing string 21. In the same manner, -if
hi gh tenper- ature fluid is injected fromthe well surface to an under-
ground forration, sealing unit 30 prevenBs the high tenper- ature f|UId
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internedhﬁ%e t he ePSS thereof. Slots 77 and 20 groove 78 are sized to

allow fl tbing 21 to _
. Longitudinal slots 77 are machined in the circum-

ference of tool 70 from the end opposite o-rings 76. Slots
77 connect with groove 78 machined in the outside diameter
of tool 70 intermediate the ends thereof. Slots 77 and

20 groove 78 are sized to allow fluid within tubing 21 to
communicate with ports 43 and 44 when tool 70 is resting on
shoulder 72. An increase in fluid pressure within tubing
21 can thus be communicated to variable volume fluid
chamber 48. The increased fluid pressure causes piston 46

25 o move in one direction relative to mandrel means 22.

' Internal slip means 80 are disposed between the inside
diameter of first expander ring 52 and the exterior of
mandrel means 22. Internal slip means 80 consists of a
ring 81 with a longitudinal slot 82 fcrmed therein. An en-

30 larged wedge 83 is formed on one end of ring 8l1. Spring

| 84 1is disposed around the circumference of ring 81. One

end of spring 84 rests on the end of piston 46 and the
other on wedge 83. Spring 84 biases internal siip means
80 in the one direction away from piston 46. Gulde screw

35 35 is secured to the inside diameter of first expander ring
52 and rides in slot 82 to prevent rotation of slip means
80 relative to expander ring 52. The exterior of mandrel




. comuni cate with ports 43 and 44 when tool 70 is resting on shoul der-72. An
hncrease in fluid pressure within tubing 21 can thus be communicated to
ariabl e volume fluid chanber 48. The increased fluid pressure causes
iston 46 25 to nove in one direction relative to.nmandrel neans 22.
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Al terhati Leg§, force can be preselected o release support ring 31

from mandrel means 22 as.compared_to support ring 34 by

installing fewer screws 32 than screws 35. Alternatively,

screws 32 can be selected from material having a lower

shear value as compared to screws 35. -

20 As best shown in Figures 2B and 2C, movement of piston

46 in one direction relative to mandrel means 22 causes the
- upper and lower expander rings to move towards each other.

Camming surfaces 57 cooperate to radially extend slip means

50. from mandrel means 22. Serrated, dlamond shaped teeth

25 90 are formed on‘'the outside diameter of slip means 50 and
engage the inside diameter of casing string 25. With the
anchoring means in its second position as shown in Figufe
2B, packer 20 resists movement in either direction within

- the bore of casing 25 .

30 After teeth 90 are set or engaged with casing 25,
‘increased fluid pressure within chamber 48 will cause
mandrel means 22 to continue in the one direction relative
to internal slip means 80. This continued movement causes
force to be applied to upper support ring 31 which abuts

35 Ilower expander ring 53. The pressure applied to variable
volume chamber 48 is preselected to cause screws 32 to

shear into two portions 32a and 32b as shown in Figure 2C.'




screws 32:can be selected frommaterial having a | ower shear val ue as
conpared to screws 35. 20 As best shown. in Figures 2B and 2C
novenent of piston-46 in one direction relative to mandrel neans 22 causes
the upper and*l ower expander rings to nove towards each other. Canmi ng
surfaces 57 cooperate to radially extendl slip means 50 from mandrel neans
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?;f[ﬁoéﬁgﬁéarggﬂgé agi%ﬁglﬁégfdéoagé/or exafiuoroS%gggaenéﬂéaég Z used
reinforced with wire mesh. Vinylidene fluoride 1s some-
times referred to as VITON and hexafluoropropylene is
sometimes referred to as FLUOREL. VITON is a registered
trademark belonging to E. I. DuPont De Nemours & Co., Inc.

20 FLUOREL 1s a registered trademark belonging to 3M Co.
After some high temperature tests, center element 37 would

" still be in a liquid or near liquid state when packer 20'
was removed from the test facility. However, sealing unit
30 withstood high differential pressures in either di-

25 rection when end elements reinforced with wire mesh were
used. As will be later explained, the geometry of the end
elements 36 and metal backup rings 33 results in increasing
the differential pressure capabilities of sealing unit 30
and allowing selective compression of the packing elements.

30 . The present invention includes means for releasing
‘packer 20 from the. inner wall of casing string 25 by merely
applying a preselected amount of upward tension to tubing
string 21. In Figures 3A, 3B, and 3C, packer 20 is shown

- belng pulled from the casing (not shown) by tubing string

35 21 When a preselected amount of tension is applied to
tubing string 21, screws 35 will shear into two portions
35a and 35b. Mandrel means 22 is then free to slide
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59. Collet fingers 59 can then flex inwardly releasing
second expander ring 53 from behind slip means 50.
' As shown 1n Figure 3B, first expander ring 52 has been
lifted by first shoulder 95 from behind slip means 50.
Lugs 54 on expander 52 are at the top of guide slots 56a.
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- 35

- Lower expander ring 53 has dropped from behind slip means

50. Lugs 54 on expander ring 53 are resting at the bottom

of guilde

slots 56b.

Each slip means 50 is connected to.the other by three
garter springs 100a, 100b, and 100c. The garter springs

surround
within a

mandrel means 22. Each garter spring is disposed
separate hole in the body of each slip means 50.

Garter springs 100a, 100b, and 100c provide a means for

'biasing slip means 50 inwardly away from casing 25. The

body of slip means 50 is formed from a segment of a cyl-
inder. The radius,of'the outside diameter of slip means 50
is preferably selected to match the radius of the inner
wall of casing 25. The cross section of slip means 50 is
generally rectangular with lips projecting from each end to
retain slip means 50 within housing 55.

‘A third shoulder 98 is formed near end 22b of mandrel

means 22.

Second support ring 34 has a matching shoulder

T

STORAEILY 36 e it AUTRFo AP alan Yacre Fyioibaens,

»



shoul der 95. When mandrel neans 22 has noved a presel ected distance
“relative to slip nmeans 50, second shoul der 97 will 15 nove collet support
ring 60 fromunderneath collet fingers 59. Collet fingers 59 can then flex
inwardly rel easi ng second expander ring 53 from behind slip neans 50. As
shown in Figure 3B, first. expander ri n§-352 has been lifted by first

shoul der 95 fgomdaidIdos! 1 Hs AR d=0 di?aﬁné-tlélﬁ 54waane>s|a&tm 32 @ 36 the
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- pressure is an important step 1n releasing packer 20 from
casing 25. |
As previously mentioned, packer 20 of the present in-
vention is particularly adapted for use with high temper-
20 ature and pressure fluids. Center element 37 and end
‘elements 36a, 36b, 36c, and 36d form a direct seal between
mandrel means 22 and the inner wall of casing 25. Sealing
unit 30 thus prevents the hot fluids from contacting the
inner wall of c¢asing 25 above packer 20. Variable volume
25 chamber 48 is filled with fluid while setting packer 20.
This fluid within chamber 48 acts as a buffer to protect
piston seals 47 from the hot, possibly corrosive fluids
flowing through longitudinal flow passage 23.
One important feature of the present invention is that
“ 30 the packing elements of seal unit 30 can be easily changed
to form various arrays for use with different well fluids.
Third shoulder 98 is preferably a c-ring or snap ring which
can be quickly removed from an annular groove near end 22b
of mandrel 22. Shear screws 35 can be removed allowing
35 second support ring 34 to slide off mandrel means 22.
Backup rings 33, end elements 36, and center element 37 are
sized to be slidzble over the exterior of mandrel 22.




_10.-neans 50 results in piston 46 and piston seals 47 becom ng di sengaged

from pi ston housing 41. Variable volune fluid chanber 48 is now opened at:

{ end whi ch establishes a communication flow path through ports 43 and 44
qualize fluid pressure between the exteriar of packer 20 and-longi- 15

@k nal flow passage 23. . EquaI|2|ng6@ny difference in pressure is an

ortant step I n rel easi ng packer from casing 25. As previously
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exterior &FC ures 7-12 show various arrays of packing
el ement s Kﬁréhmééﬁ lBres ReRFatned| Wy thddy sagim %%ékeiementn%;%nrd@e wn
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tradey®r kthe elastomeric material when sealing unit 30 is compressed.
Figure 8 shows an alternative end elements 113 made
. from asbestos rings reinforced with wire. End elements 113
also includes the unigue cross section of the pféSent in-
vention when sealing unit 30 is relaxed. The cross section
20 of end elements 113 is partially elliptical with the major
axis of the ellipse slanted towards the centerline of
center element 110. The cross section of end elements 113
is further defined by their inside and outside diameters
being parallel cylindriéal surfaces. As the packing array
25 shown in F*gure 8 compressed, the axis of the cross
section of end elements 113 will move towards a less acute
anglé. AlSo, backup rings 112 are COncaved to match the
exterior of end elements 113. Metal backup rings 112 are

flexible and will deform to maintain close contact with end -
30- elements 113 as the array is compressed. The combination _
of the unique cross section and matching concave, flexible 'y

backup rings results in first compressing the center

element and then the end elements.

) Another alternative array is shown in Figure 9. This
35 array comprises a center element 114 made from vinylidene
. fluoride or heXafluorcpropylene copolymer. At high temper-

atures these compounds exhibit charécteristics of moré



bel ongi ng-to DuPont) or hexafl uoropropyl ene copolyner ( FLUOREL, a

regi stered trademark belonging to 3M Co.). End.elenents 111 are preferably
reinforced with wire mesh 10 .005 inches in dianmeter and forned into a .
weave pattern-.125 to .135 inches square. Six to twenty |ayers of the wire\..
mesh are contained within each end el enelht 111. Metal backup rings 112 are °
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115 are preferably reinforced by wire . I nches_1n diameter forne |nto a
square mésh G%HSQQ)Qﬁ@ﬁ??n%hésséﬂea@§(ﬁ?nQ%EheéP@ﬁﬁﬁﬁ 110 or 11 End

element 119 1is preferably formed from laminated, ribbon
packing made out of carbon. This packing is sometimes re-
ferred to as GRAFOIL, a registered trademark.of Union
. Carbide Corporation and disclosed in U.S. Patent 3,404,061.
20 Carbon packing element 119 is reinforced with wire mesh.
Figure 12 shows the final array of the present in-
- vention comprising a center element 120 made from the same
‘material as ring 116. End elements 117 and 119 are used in
combination withicenter element 120.

25- An alternative means for anchoring packer 130 incorpo-
rating the present invention to the inner wall of a casing
string is shown in Figures 16A, 16B, and 16C. Packers
which are mechanically set by rotating tubing at the well
surface are well known. U. S. Patent 3,385,366 discloses

30 a packer which is mechanically set by J-slots engaging a
lug, drag springs rubbing against the inner wall of a
casiﬁg string, and rotating the tubing. U.S. Patent
3,385,366 is incorporated by reference for all pufposes.

Mandrel means 22 is essentially the same in both

35 packer 20 and 130. The various components carried on the
exterior of mandrel means 22 between first expander ring'
52 and third shoulder 98 are identical and have been given

L3}



S 18 to 36 layers per section. Asbestos cord and/or 5-ceranic fibers are
ersed throughout the wire mesh. Figure 10 discloses another packing

;' having nul- tiple end el ements. Two rings 116 of virgin polytetra-

N ‘dor et hyl ene (commonly referred to as TEFLON, a registered. trademark
bel'ongi ng to DuPont) are disposed onl®ither side 10 of center elenent 110.
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Bow springs 134 are sized to rub against the inner wall of
a casing string (not shown). When mandrel means 22 is
rotated to the right, bow springs 134 limit the rotation of
carrier 132 by dragging against the inner wall of the

20 casing. Left-hand acme threads 131 thus cause carrier 132
and first expandér ring 52 to -move longitudinally in the
one direction relative to mandrel means 22. This longitu-
dinal movement results in expander rings 52 -and 53'moving
towards each othér radially projecting slip means 50 and

25 compressing sealing unit 30 as previously explained.

For packer 130, rough surface 86 is'preferably.a
triple left-hand thread having the same pitch as threads
131. The teeth on the inside diameter of wedge 83 are

~machined to match rough surface 86. Therefore, internal
30 slip means 80 will make one revolution around mandrel means
22 in unison with spring carrier 132.

Top sub 136 is engaged by threads to adapter sub 22c¢.
O-ring sleeve 137 is secured on the inside diameter of
packer 130 between top sub 136 and adapter sub 22c¢. Top

35 ,sub 136 has lugs 138 which project into the bore of packer
130.

. The running tool used to install and set packer 130




t he sane .nunber. - In packer 130 adapter sub 22c is used instead of adapter
sub 22a. Adapter sub 22c is attached to and forns a portion of mandrel

means 22. The outside dianeter of adapter sub 22c 5 has |left-hand acne
threads 131 f-orned thereon. Spring carrier 132 is rotatably secured to ths=
exterior of nmandrel means 22 by engageﬁ:&nt with acnme threads 131. Boss 133

~wel ded t t
o oo B e e gt sttt oy e bty

. La}" o nt_of spring
carrier 132 foonsedr 334 13@-$%0FOWQPQEQ%)¥3ﬁaW%ﬁt Bf Feip 2% PHandre
means 22. Spiifdd sl It adidkehf g8n6Qr 2oy |dteingalnekt Bhowree bawslot

drag springs 134 extending radiall herefrom  Scre 135, ar.

attach bow sp@negelidss c'g?r r?%;e§§é, tlé(n&%‘qqqgf eﬁ%ﬁnﬁ&?’ F’I%réJSD%Z %rb OB her

as_a singke isQledlviend 41Nidnd BoNespr segewb34 42 sSheairtsleabea@éihslr&Mts

inner wall of a ca5| ring.(not shaown). e 2 ted
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expl ai ne roug sur 6 Is pref era a tri
| ef t - hand thﬂeacittaaﬁwl Heo€emenpi 9é'h asslt%éh%% drei. ﬁée '1%‘6?1 tRetor

i nsi de di anetgh, afzeneptm @t aéﬁegﬁghgw%@ﬂa«mm r 0ggk 1wl Ak afre

Qﬁ&?&?r&ahgéi%%%rﬁrsom FRE SR Py ClartaTi ekt 300, 95 PR | RS ams o
by threads t@ji3datryr dnpadEeéméhti Rt e.exgs 1B78i s Retatddromf Heubimsgde
136 has gs (398 AT br ey BRFCF REoBnE IRARDr L Sacker T130° Eﬁ%&%ﬁlﬁ%ﬁﬁaggb
tool used toiisngtrelnsmitkedttpackéate3@op sub 136 by lugs 138
_ Polished sleeve 146 is attached to the end of J-slot
mahdrel 139 opposite threads 140. _Preferably, the exterior
of polished sleeve 146 has a smooth, honed surface to form
20 a fluid tight seal with o-rings lh7lgn the inside diameter
of o-ring sleeve 137. '
_ Packer 130 is attached to J-slot mandrel 139 as shown
in Figure 16A and run into the bore of a casing string (not
shown) by a tubing string (not shown) attached to threads
-25 140. When packer 130 has been lowered to the desired depth
intermediate the ends of the casing string, the tubing
string is rotated to right. Rotation of the tubing string
is transmitted to J-slot mandrel 139, top sub 136 by lugs
_ 138, and mandrel means 22 by adapter sub 22c threadedly en-
€ 30 gaged with top sub 136. Bow springs 134 drag against the
inner wall of the casing string minimizing rotation of
spring carrier 132. Since spring g¢arrier 132 does not
rotate freely, left-hand acme threads 131 cause spring
carrier'132 to move in.one direction longitudinally with
35 Eespect to mandrel means 22. As previously explained for
packer 30, this longitudinal movement in one direction
results in first expander ring 52 moving towards second




. 16_conprises J-slot mandrel 139 disposed within the bore.of t.op sub 136.

ot mandrel 139 has threads 140 at one end for attachment to a tubing

itng (not shown). J-slot mandrel 139 is releasably secured to top sub

by shear 5 sleeve 141 and shear screws 142. Shear sl eeve 141 .prevents

cker 130 from di sengagi ng fromJ-sl-ot mandrel 139 while being installed

I N the casing. Shear sleeve 141 has an internal -shoul der- 143 spaced =y
| ongi t udi azbRRdEroMiNg AT HEagPEAdECEes i rarRfhSexradiiad 1yt from ot b3
mandrel 139n4réie mdnsSPeei ng between shoul ders 143 and 144 allows for

limted | ongitudi nal novenment of J-slot nmandrel 139 relative to top sub 136

wi t hout sheari A§ré@canst 34are Rreferedvadlsrtnwel Fhathefdarerior of
mandrel 188urdeehnotturkdd 6 ethé zplgher sprdagegtiries h1 30w 1138 bR B+ on

of tubing: 15 (nqt _shown) connected by . threads 140 jo J:sl ot ndrel 139 is
transn?tt%ﬂs?éeﬁoﬁﬁﬂgt%ﬂpé%ﬁfl§%aﬂ§ @égs .pqﬁﬁigﬂﬁﬁysp8§? 2146 is
attached thrthdsefdrafing sStotghusdrface3BCommmbitiereddsada tH: iPrsifde abl vy,
t he exterj of _polish egye_ 146 ! t n urf tQ f.orm 20
2 T d tPoRpetel of viags By catd mat e e b DER 8, PR el P e
137. Packeimt30ainecatsilar mave olateroa lnwidpelmek3es a80 showhhien ofiegur e 16A .
and run i@RPﬁEggoggre of a casing string (not shown)by a tubing string (not

e

shown) at to threads 25 140. Wen packer 130 has been lowered to

the dk8ired depfiremisdrimdreansthe dndSigllthensasey thei Agnethevalbing o
string isak0 e Q tagL f bi Stgi X rafpgrtted to
J-sl ot na%grgﬁélgigaﬁﬁfgﬁﬁfﬁgé %yggﬁgs@ﬁggﬂigugﬁgn%éngﬁggﬁ?'22 by .
adapt er shptaded; koeddelleth-to0ep8aes Wiuas thif sim the. shentspanigon s

drag agai ggt thsgié:@nqmsﬂzal |aoprébeleatery a?tcrdrng &F Nt hE168 2el a:trielw of
ot 1 PanceBBRb e 0a Hie FUHIE LN S0 Sos L GD MR YR 139 die
di recisonfhdngi bngdiagsl |91y thhePhs FOSpach tthaTarul Phg n@AdSplace As
preVi°“5l¥e§iB£2iﬂ%ié‘§b'1n its second position. When the tension
is released from J-slot mandrel 139,. internal slip means 80
locks expander rings 52 and 53 in position relative to each
other. After packer 130 is set J-slot mandrel 139 is re-
20 leased from lugs 138 and the tubing spaced out as required.
The foregoing description of the present invention is
only an explanation of some of the preferred embodiments.
Various changes and modifications will be readily apparent
to those skilled in the_aft without departing from the
25 séope of the invention which is defined in the claims.




packer 30, thi's | ongitudinal nmovenent in one direction resurtsnfit+st
eXpander ring 52 noving towards second 17 expand ect
skip nmeans 50 radially frommandrel neans 22. Threaamﬂuwﬂuiﬁ"um ng bl y
sized such that after fourteen turns to the right spring carrae

be dis- 5 engaged from mandrel neans 22. As preV|oust not ed, threads
form ng rough surface 86 and threads on thed s de di aneter of wedge 83 are
mer’ched. allowing this rotation to sinmultaneously nove internal slip neans
80 in the one direction. 10 After slip means 50 initially engages the

inner wall of tCELAGMS ng string, J-slot mandrel 139 is |owered and rotated
to the left to engage lugs 138 in the short portion of J-slots 145. A

| ect ed t f t t d
Jsiot mandrel 139 té L@@?fyféﬁgﬁéé‘mé bl o phOOIAAEL 30
pl ace sealing u Tt 3%@?&&%“ BBEPE&%& Wien the tension is rel eased
ern

fromJ-sl ot nan ansn§b | ocks expander rings 52 and

53 in position elat { ef | S
i e 81\%%ﬁ£e%@?rom#§é§n o heh HHen b & PEh el sbring
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mandrel 139 is re- out as

regiuired. The fgregoided 4ESIHipttRE @ésghglgwyﬁﬁg.lnventlon is only an

expl anation of some of the preferred enbodi nments ar i ous changes and

modi fications wpl ! baahadl nedRar BAYihe BNAvRHRIUd bl NFL16R 9étaswlgteh0ut

departing fron1the 25 scope of the inventon which is defined in th

clai ns. %o Farolvlld% fIuid & ofhdhiBation Amasugn {ike ﬁ@éma@g a seal
wi th the inner
c. a sealing unit attached to the exterior of the_
mandrel means; | |
d.  the sealing unit comprising an upper support
10 ring and a lower'support ring with backup rings
and elaétomeric material disposed between the support
rings; |
e. the sealing unit héving a first position in which
the support rings are releésably secured Qt.fixed_
15 locations on the mandrel means and spaced longitudinally
from_each'other with.the elastomeric material rélaxed;
f; the sealing-unit having a second position in
which the upper support ring is released from its
fixed location on the mandrel means and the lower
20 support ring has been moved towards the upper support
e . ring by the mandrel means compressing the elastomeric
material therebetween; |
- the sealing unit having a third position in

which both the upper and lower support rings are

.;27



of a casing string, conprising: a. means for connecting the packer .to a
ty ‘g string disposed within the casing string; 5 mandr el means
g a longitudinal flow passage to provide fIU|d-ggﬁﬁﬁﬁTE§rroﬁ—%hLaug
acker C. a sealing unit attached to the exteJﬂM’ ndr e
s; d. the sealing unit conprising an upper sup ,ﬂﬂ’”;ﬂ@

| ower support ring with backup rings and el astoneric natéria T
bet ween the support rings; e. the seal« g wit having a first p05|t|on i Nl
whi ch the support rings are rel easablly secured at fixed 15 |ocations on the
mandr el means and spaced longitudinally fromeach other with the
el astoneric reflesised ritrexetheir fiied pesitigonmionhdhengaadredond
position in which the upper support ring is released fromits fixed

| ocati on on mkansaadde|theassabibdgt haitowan X1 idppoverrthg has been noved
t owards the upper support ring by the mandrel means conpressing the
el astoneri ¢ extemiar tdferdveinandred. meanise widdl ithe welashamergea third
position in which both the upper and | ower support rings are =~ - 19 -
rel eased fromateailalf ined@¥®i ti ons on the mandrel neans and the sealing
unit can slide over the exterior of the mandrel neans with the el astoneric
material 1%el bxed; mgams faomanchoringchibel pgcker gexkdietbnnpe inner wal
of the casing string and noving the_ | ower support ring
towar ds t he Wpher ofuibber casing prhring and @@Mhﬂg;thﬁtlenerts second
position; i. nmeans for releasing the packer fromthe inner 10 wall and
novi ng t he s%ﬁppﬁgtuﬁhp&($QW%?4%|?hepB§PPFbﬁuHP°rtt?kpénﬁhéﬁiﬁg means

further conprisin
) the seallng unit in its second positions;

&

i. means for releasing the packer from the inner

10 wall and moving the sealing unit to its third position;
Je thé anchoring'meahs further comprising a
cylindrical housing slidably mounted on the exterior
of the‘mandrel means;

k. a pluralitj of radial openings in the housing;

15 1. slips, disposed within the openings, having a
first position retracted within the housing and a
second positibn partially extendéd through the openings;
m, lan upper slip expander ring and a lower slip
expander ring slidably carried on the exterior of

20 the mandrel means near opposite ends of the housing;

h. camming surfaces on each expander ring for
engaging a matcﬁingvsurface on the slips; 3
" Oe the lower expander ring abutting the upper

support ring of the sealing unit;



cylindrical housing sli-dably mounted on the exteri C : nmeans;

K. a pluratity of radial openings in the housi ngﬂ"'lm'"!lmﬂ![’ lii sposed.-
wi thin the openings, having a first position retracttedcw thim e +fousi ng
slip expander ring and a |l ower slip expanhder ring slidably carried on the
exterior of 20 the mandrel neans near oppositggeads of the housing; n.
cadhri ng surfaces on each expander ring for engaging a matching surface on

t he sli ps; 2 o. t he | ower expander ring abutting
the upper support rin he seal.in

of % nit; * C L. _M.S _ * -%?- p.
rrﬁansbf or NoVi ngp‘t hemg?lﬁg_r prﬁ'f?a'éﬁngqiﬂbe t@ﬁfﬁsefﬁgm&&ﬁ%a ‘H’é?‘r_ ?ng
ol ease the uppetie bpuPe Broptid Bl RERERYS ek BT Ll Lot oo
to allow the ﬂiéﬁiég gﬂggggth%é gyghégéé;before t he upper support ring

is released from mandr means; - an ‘the nmeans for noving the

upper expander 1 ng {f SPRLAENGELIGRG % d e TBALE ok nECARDA dieEe

sealing unit to tTts sécon osition after I ps ge e inner

wey!l . 2. PaCKEg 3r6h Ak HBInbRaTed rméanw%ffégog%s@&%%efdowvvi ng the

upper slip eXpander- ring conprises: a. a. housi ng secured to the

o a vari abl e Tale P U8 BRatso Uy T he JAoE RaL eTRAREugereln
partially definggdyr H@pPbstORing is released from the mandrel
means; and
r. the means for moving the upper éxpander ring
io‘applying force to the mandrel means to move fhe

sealing unit to its second position after the slips

have engaged the inner wall.

2. A packer as claimed in claim 1,.wherein the
means for moving the upper slip expander ring

15 comprises: |
a. a. piston housing secured to the exterior of the
mandrel means and a piston'means slidably disposed
therein;

b. a variable volume fluid chamber within the

la_‘.,

20 piston housing and partizally defined by the piston

means;

%

¢c. ports communicating the longitudinal flow
passage of the mandrel means with the fluid chamber;

and

|

and a second position partially extended through the openings; m an-upper



'-ans; C. ports conﬁunicating t he | ongi t udi nal flom;passage of the
A\drel nmeans with the fluid chanber; and d. one end of the piston neans
jagi ng the upper expander ring. 3. A packer as claimed—n—ctaiml

dErein the neans for novi ng the upper slip expander rj
a’spring carrier rotatably secured to the exterior of m mﬁnmﬂﬁm b

the spring carrier engaged with the upper i p-expande
springs extending fromthe sprlng carrier and engageable with the inner
wal | of the casing strlng, . the means for connecting the packer to the

otae the Bandr ot Eﬁk%éuﬂhékspi‘éjt% el Shelable HAE BBgRL 10, O

t he mandr el aged with matching threads on the interior of the
spring carr?gﬁgméggggqﬁﬂgtatlon of the mandrel neans is translated into

| ongi tudi.nal novenent of .the spring.carrier. 20 4. A packer as clainmed -

in claiml,,2 or 3 Whele5l raé herdEReg L8 c'fl.%.liﬂfisl ng th Gedpri ses; a.

“the cammn surfacgs on 't he | ower expander rrng forne% on . |nmardly flexibl e

collet fingg gt?of:bmov:&%oéd)l‘? Porsﬁ.li ar%a?{?falb%%%dl sposed -22-

bet ween the c ngers ndre col | et support ;
ring pr%vqubﬁgriggsqollet flngers fron1erX|ng I nwardly when the slips are

-

a. a spring carrier rotatably secured to the ¥
exterior ef the mandrel means; | |
b. the spring carrier engaged with the upper slip
expander rlng, |

10 ©- springs_extending from the-sprihg carrier and
engageable with the inner wall of the casing string;
d. the means for connecting the packer te the
tubing strihg including a lug to allow rotation of
the tubing string to rotate the mandrel means; and

15 €. threads formed onithe exterior of the mahdrel
means and engaged with matching threads on the interior
of'the spring carrier whereby rotation of the mandrel
means is translated into_longitudinal movement of

"the spring carrier.

1 1)

'20. 4. A packer as claimed in claim 1, 2 or 3 wherein

«3

the means for releasing the packer comprises;
2. the camming surfaces on the lower expander
ring formed on inwardly flexible collet fingers;

25 1. a collet support ring releasably disposed



"in-their secohd position; 5 d. a first shoul der on-the_exterior of the

~ mandrel neans engageable with the inside dianeter he upp xpander
ring; e. a second shoul der on the exterior of t I'[#IW ans
engageable with the collet support ring; 10 f. : the Fi 17 LW nd
shoul der s-spaced | ongitudinally fromeach other allow nd up ﬂﬂﬁenent of
the mandrel means with the slips in their seégnd position to renbve the

dgkl et support ring frombelow the collet Tifigefs releasing the |over
expander ring from 15 contacting the slips and to renove the upper expander

ori f tacting th l i ps, d. 0. he | ' ' f th
%ﬂgre[o%éﬁg Gebaben, thee TRk ShRePTEl fry”aps HeRs TTHETRR, O "¢
i fti t [ it its third, 20. Lt f O ' d
Sl e e i
T ively. 5, _ Ly e, fgscribe
“with reference fo"gRTSaLT %”%&rg% " % g¥acp 8% S %33 0 15, in
f Fi AN | . ' Fig. X . ( [ d i . The text
o the spaci 11 it BReES SRaRd BabLahl D A rol beonyl ng t he. aapi i cants.
1 Qi |t i pt. . ( i t ' ' [ |
0k Pead e chrbi ng Ty SRR fon (HHATERAEEY O UE ke ahapbhoul!

ig?pected on tHSeQES”EEEEg@;ﬁfEEJ?%ﬁ“%néf&hSQde diameter of the
E . upper expander ring;. _ '
e. a second shoulder on the exterior of the mandrel
means engageable with the collet support ring;

10 f. 4he first and second shoulders spaced longitudinally
from each-other allowing upward movement of the mandrel
means with the slips in their second position to
remove'the collet support ring from below the collet
fingers releasing fhe lower expander ring from

15 contacting the slips and 1o remove the upper expander
| ring from contacting the slips; and '
-4 the longitudinal movement of the mandrel means
.releasing-the lower support ring of the sealing
unit and shifting'the sealing unit to its third

20 position before the first and second shoulders engage

the upper expander ring and collet .support ring

i .

respectively.

5 A well packer substantially as hereinbefore
_ described with reference to and as illustrated in
25 Figs. 1 to 6 and 13 to 15, in any of Figs. 7 %o 12,
6r in Fig,.16 of tﬁe accompanying drawings.
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