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2222845 PACKER SEAL'.MEANS AND METHOD This invention relates to well tools
andnore particalarly to seal elements for use on nultiple packers for

wel | s; ~such as oil or gas wells, or the like. Dually conpleted wells are so
constriygted as to permt sinultaneous and separate production fromtwo
different pay zones. Early dual wells were provided;mrygracﬁqule string of
tubing and had a single well packer between the tmo-pé Zokke's.JThe | ower
zone produced through the tubing and thg upper zone produced through the

t ubi ng- casi ng annul us. -2- Dual conpletions were later inproved to nake
them easier to control, safer, and nore economi cal. For many years it has
been conmmon practice to provide a string of tubing for each of the two pay
. zones wWith a packer above each pay zone. Thus, such -a well has a single
packer between the zones and a dual packer above the upper zone. The short
string of tubing extends down through the upper packer -to conduct flow from
t he upper zone to the surface. The long string of tubing extends down

t hrough both packers and conducts flow fromthe | ower zone to the surface.

PACKER SEAL MEANS AND METHOD

N\

This invention relates to well tools and more particularly
to seal elements for use on multiple packers for wells, such as
oil or gas wells, or the like.

\

Dually completéd wells are so constructed as to permit
simultaneous and separate production from two different pay
zones. Early dual wells were provided with a single string of
tubing and had a single well packer between the two pay zones.
The lower zone produced through the tubing and the upper :zone

produced through the tubing-casing annulus.



In a sinmilar manner, a triple conpletion is constructed to ,produce from
three zones sinultaneously and has three packers (a single, a dual, and a
triple). Quadruple conpletions may be simlarly constructed with four
tubing strings and four packers: a single, a dual, a triple, and a <
quadrupl e. Quadruple conpletions are rare.. Triple conpletions are nuch‘F%ss
common than duals. 1n nmany cases, the seal elenents of dual packers have
successful | ypiel de oMp Ve tPERE2LETR Eatereimprioved dealdky. thémhéss beento
desirable to provide seals which would hold nmuch hi gher pressures w thout

| eaki Nng.contradt, Apptéeanandsmbaei kicohowiicalt.he Foxl Imasiyngyéass eilt piasr
patents whi ch .di scl ose dual packers, each being hydraulically actuated and
each habieen aamwdin apraeticel toeprodidposed tiringeaf upbdmgnio ¥ cewech cofl

el ements. 3,167, 127 3,288,218 - 3,381, 752 3,851, 705
4,413, 6the two pay 5oenég2with a pagksr2abogeueschppagntzarel 57, MArs whi ch

I ssued to Phillip S.. Sizer on January 26, 1965; U.S. Patent 3,288,218 which
| ssucd B FEND RS ob AbREkBcPacker  bgweans the,zanes ansh ‘a xa ki ch

| ssued %%c @@n% JVeE%AéSESSeP”zQﬁ¥.7’rﬁ26§ho¥tsséﬁ?#?"oéhéﬁ]1335

P

extends down thfough the upper pécker'to conduct flow from the
upper zone to the surface. The long string of tubing extends
‘down through both packers and conducts flow from the lower zone

to the surface. o/

In a similar manner, a triple cbmpletjon is éonstructed to
produce from three zones simultaneously and has three packers - °
(a single, a dual, and a triple). Quadruple completions may be
similarly consﬁrqcted with four tubing strings aﬁd four
packers: a single, a dual, a trible, and a qhadfuple.'

Quadruple completions are.rare.; Triple completibﬁs afe much

less common than duals.

In many cases, the seal elements of dual packers have
successfully held only moderate pressures without leaking. It
has been desirable to provide seals which would hold much

higher pressures without leaking.



whi ch issued to Marion Barney Jett, et al, on Decenber 3, 1974; U.S. Patent
4:413,677 which'issued to Donald H. Perkins on Novenber 8, 1983; U. S

Pat ent 4, 50S, 332 which issued to Aubrey CMIIs, et al, on March 19, 1985;
and U. $u‘Patent 4,512,399 to John C. Gano and Donal d H. Perkins on Apri

23, 1985, each ShOMla hydraulically actuated dual packer on which is
mounted a set of packer seals. This seal set.,consists of three elenents: a
central dual el enent between an upper and a Pomer end el enment. These seal

sets are obvi ousippyetdnknPuneaiti IB¥uPERNchE #3160 e St hellst Of 2

type whi ch has been known to at nmuch | ower pressur seened

reasonabl e. paterdts Wiidh eé?@&lb?&%ﬁk!?nphékéﬂs' ”BheﬁemﬂthYnf}rdﬁHﬂhc%qq|
sets, which inprovenent enabl es the seal elements to seal noré readil y an

hol d nmuch grediustext asndireadhf havingi al sehbralheseatlokdietmen tTHILS poseidovenent
t herefore overcones a probl em which obviously has existed for many years,
and does sobgitwesn upper canddlowenaendoslem@nts.i nprovenent can eliminate
many costly packer failures. Thus it fills a long-felt need in the oil and
gas industry. The present invention is directed toward i nproved seal neans

for multiple packers which conprises a_center sea
3,167,127 3,288,218 3,381,752 3,851,705

4,413,677 4,505,332 4,512,399

U.S. Patent 3,167,127 which issued to Phillip S. Sizer on
January 26, 1965; U.S. Patent 3,288,218 which issued to Carter
Young on November 29, 1966; U.S. Patent 3,381,,752 which issued
to Thomas L. Elliston on May 7, 1968; U.S. Patent 3,851,705
which issued to Marion'Barney Jett, et al, on December 3, 1974;
U.S. Patént 4,413,677 which issued to Donald H. Perkins on
November 8, 1983; U.S. Patent 4,505,332 which issued to Aubrey
C.Mills, et él, on March 19, 1985; and U.S. Patent 4,512,399 to
John C. Gano and'bohald H. Perkins on Apfil 23, 1985, each show
a hydraulically actuated dual packer on which is mounted a set
of packer seals. This seal set consists of three elements: a
central dual element between an upper and a lower cnd element.
These seal sets afe obviously well known and have been in use
for years, and are of a type which has been known to leak at

much lower pressure than has seemed reasonable.



el enent for use between an upper and a | ower end el enent,” the center

el enent being inproved in a manner providing neans which enables it to
function better with the end elenents to be better able to withstand great
differential pressures acting thereacross. Mre explicitly, seal elengpt
of this invention is provided with slits neans which are so arranged ttat
they enable the elastic material, of 4wki ch the seal elenent is nmade, to

Sealing poui Thé PRGRERY: ihie A o T P g EnorvEE BlEn! 8BRS Y el
casi ng. séﬁ] th@h%@ﬂeﬁh?%’vemené e%ﬁﬁ?%ﬂcﬁ]stﬂﬁeﬁtéeea' ¥@ﬁ mo’fgn

mnimze e I nterna tresses create ortion and

mor e unid¢udl BYPRAAT hbPd! h%cﬁngﬁlaqmntp%éésﬁr@tﬁmé\@ampafeakhaﬂd hol d
agai nst nuch’hi gher pressure differentials than previously thought

possi bl e K Gt OF e | NETRL 504 mpirlo veinelh eARiMET B CoWErdSmé 8 | pRELEBAWS such

means for perform ng such function and enhanci ng the sealing and hol di ng

abi |'i ty wifi chucébpistislychageekdsited Forl indiny pasdees S.and dées hepeher eepe
object of this invention to provide an inproved seal elenent for nultiple

packer s hittitche hadd iedopatocost. This improvement can eliminate many
costly packer failures. Thus it fills a longffeit-need in the

oil and gas industry.

The.present invention is directed toward imnremed.seal

means for multiple packers which comptiées a centetlseel

lement for use between an upper and a lower end element the
_center element belng 1mproved in a manner provxdzng means which
enables it to function better with the end elements to be
better able to withstand great differentiai ptessures acting
thereactoss. More explieitly,.seal element of this invention (W
is provided witn slits meene whichiare so arranged that they
~enable the elastic materiel, ofmwhieh the eeal element is made,
_to_respond_readily to longitudinal compressive fotces and
expand laterally to sealing.positiqn against the inner wall of

a surrounding pipe, such as well casing. At the same time,



<

mnimzing the internal stresses created therein by conpressing the el ement
lcongitudinally ‘to expand it laterally into sealing position.

Advant ageously, a seal elenent is provided in which the internal stresses
are supstantially evenly distributed therein. -6- The invention may
provi de a seal elenent stack of three elenents for use on nultiple packers,
the el enment stack conprising upper and |ower end elenents with a center

el enent di sposed between them the center” el enent being adapted for evenly
| oadi ng t Hdiesel sl etromeans oaveadf fechivet bonmisimdaedi ithesdalteamailnst hi gh

pressures. The invention may provide various ways of formng slits in
nul tipl e Sddesieherteatedchubsuchhdistorsionenndredhysshlend: moye v
i nt ernal strggses W || nor e, even stributed therein ,and will thus be

X b I i
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None of the prior art with which applicant is familiar
shows such means for performing such function and enhancing the
sealing and holding ability of such packer elements for

multiple packers.

It is therefore one object of this invéntion to provide an
improved seal element for multiple packers which has means for
minimizing the internal stresses created therein by compressing
the element longitudinally to expand it laterally into sealing

position.

Advantageously, a seal element is provided in which
the internal stresses are substantially evenly distributed

therein.



packers having slits therein which open into the bores for the mandrel s to
all ow slippage and thus permt internal stresses to becone nore-.evenly
distributed through the el enment. There nmay al so be provided seal elenents

of the character just described wherein the slits are closed at the eng§§
and do not open into the bores for the_nandrels. -7- The invention '
provi de met hods of making such seal elenenis having such slits for

m ni m zi ng andTBgeahycdtdoni pavi RFovnide nal sealcsiementestadkt ldr dilireepon

t he el enent bei ng expanded to sealing condition. The invention may also -
provi degiﬁf“f’F‘ﬁlse O, U] Herftel Lip ko R3ekers) ekheoeilgdeart] s¢ackel | packers.

O her o?%ec%s %nd advant ages wil | beﬁﬁne apparent fromreadi ng the
descr i p OR* W' &% 1R ik q‘?‘f%ﬁfnf‘s_'! o‘lgf’lr?fgg'ehé uééggaﬁgnrggﬁﬁa\mm?@tp .
ereings [ | view,of a. own_pa segl + Figu

2is a ?bnglggﬁgi #aelt%seecri iotg‘nea ’ Y/\%}ﬁ/\/cte&kmg rof W&e?gnéeél‘gzaaﬁpﬁagﬁgﬁ; k
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into a gwdl £galiRge high pressures.

The invention may provide various ways of forming slits
in multiple secal clements to enable them to be deformed such
that their internal stresses will be more evenly distributed '\/

therein and will thus be minimized.

Seal elements according to the invention may have

" slits therethrough which allow slippage of the seal material
such that the internal stresses spread evehly through the seal

element.

The invention may provide seal clements for multiple
packers having slits therein which open into the bores.fof'the K;)

mandrels to allow slippage and thus permit internalfstresses to

become more evenly distributed through the element.

There may also be provided seal elements of the character
just described wherein the slits are closed at the ends and do

not open into the bores for the mandrels.



Figure 4 is a viewsimlar to Figure 3 show ng the packer of Figure 3 with
its seal elenent's expanded to seal between the packer and the well casing;
-8- Figure 5 is a cross-sectional representation of a two-piece dual packer
seal ekgnment which enbodi es the present invention; Figure 6 is a

| ongi tudi nal sectional view taken along line 6--6 of Figure 5; Figure 7 is
a representation of the seal elenent of Eigures 5 and 6 with arrows

i ndi cating approxi mate directions of flow of the seal material as the seal
el ement is expandad; ihvgutdch inaya pepvadenmeithedd sofofa nakaiy enfch rs ¢4 B
seal elenent which enbodies the present invention; Figure 9 is a

repr esent &tiements ahaviiog socin of idsalf oseali ndmirzdmg emsb@Merngiy he present
invention; Figure 10 is a representation of another two-pi-ece seal elenent
whi ch enbcsti £Eribut hpgsdnterpadnsitsnssesgereated $heredgy atpan there kgment
dual seal el enent sinilgr to that of Fiqure 10, but of .one-piece

const ruct iBfANg; gxpanded; $o,sealdngncanditdOesent ation of a nodified form
of triple seal elenment which enbodies the present invention;

The invention may also provide multiple seal elements which

are easier to install on well packers.

Other objects and advantages will become apparent from

N\
reading thc'description which follows and from studying the
accompanying drawing wherein:
Figure 1 is a top view of a well known packer seal element;
Figure 2 is a longitudinal sectional view taken along
line 2--2 of Figure 1;
N

Figure 3 is a fragmentary longitudinal sectional view
showing a dual well packer with a set of three seal clements

thereon as it is being lowered into a well casing;

Figure 4 is a view similar to Figure 3 showing the packer
of Figure 3 with its seal elements expanded to scal between the

packer and the well casing;



-9- Figure 13 is a fragnentary representation of a nodifiéd.formof dual
packer el ement which enbodi es the present invention; Figure 14 j.s a view
simlar to that of Figure 13, but showing a slightly different nodification
in a dual seal elenent; and Figure 15 is a viewsimlar to that of Figure
14, but showi ng another slightly different nodification in a dual seal *
‘el ement. Referring nowto Figures 1 and 2,8it will be seen that a prior art
seal element E@guyel Isl YS! Al s sl éc SEsna Bl PEpPéseAtaRESn0bfaabYY -pliece
having an -outer cylindrical surface 22 and .upper and |ower faces 24 and 26.
These upptwabngakkeer sfeades lante i Orwieicin éibsdies cthe2prasdnsOinvention;
respectively. (Reference nuneral 28a identifies the circular |ine which
represents the inward limt of chanfer 28). A narrow bevel is fornmed on the
upper and lower corners as at 32 to protect the body and to provide a guide
surface for rEh@HUEg ©hdselaedomg itudinalesectivralteniew| takan 2dong dlise

provided with a_pair of | ongitudinal bores 38 and 40 as shown. (In sone
_ 6--6 of Figure §5; _

Figure 7 is a representation of the seal element of Figures
5 and 6 with arrows indicatihg approximate directions of flow

of the seal material as the seal element is expanded;

Figure 8 is a representation of a one-piece triple seal
element which embodies the present invention;

Figure 9 is a representation of another form of dual seal
element embodying the present invention;

Figure 10 is a representation of another two-piece seal
clement which embodies the present invention;

Figure 11 is a representation of a dual seal clement

similar to that of Figure 10, but of one-piece construction;

Figure 12 is a fragmentary representation of a modified
form of triple seal element which embodies the present

invention;



JMe®0689 s, " - 10 - cases, a seal elenment of this type nmay be
provided with @ pair of small bores 44 as shown in dotted |lines through
whi ch_communi cation tubes m ght extend in order to conduct fluid pressure
from beneath the packer to a location thereabove in order to supply such
fluid pressure to hold down buttons which are well known in the art of well
packers.) The seal elenent 20 is used ggenerally on dual packers for wells
and is used between simlar upper and lower-seal elenents which conform
thereto thus fOI&VEG d3sdsl aclfdpgmendagok . rephee s potionfof he medified
el enents, of course, is to forma seal or bridge between the dual mandrels
and the i frRF™vRf | dBpl; packen edemens whdicd) ramRpdiRs ttheEiptesent it wil
be seen that a prior art well packer 50 is provided with a pair of mandrels
52 and 54 Mot HBPeh is disposed a prior art seal elenent stack 56
conprising a central seal elenment 58, which may be identical to sea
.element 20 of Figures 1 and 2. Seal elenent 58 is di sposed between upper
and | ower end t$,6Q,. as o5 L n ' i dentycal. The
] $0F8 iéegs 3 v%*é‘%?’“}z&ﬁl%xe Seévﬁf; %gr{’g%pgf baE

end el ements are”provi at” their “outer “en Springs 62
which are JRlWiEds 1 81Q1ightly different modification in a dual seal

element; and

Figure'ls is a view similar to that of Figure 14, but

- showing another slightly different modification in a dual seal
element.
Referring now to Figures 1 and 2, it will be seen that a
prior art seal element 20 is illustrated. This scal element is
\/

made of a body 21 having an outer cylindrical surface 22 and
upper and lower faces 24 and 26. These upper and lower faces

are formed with chamfers 28 and 30, respectively. (Reference

numeral 28a identifies the circular line which

represents the in@ard limit of chamfer 28). A narrow

bevel is formed on the upper and lower corners as at 32 to
protect the body and to provide a guide surface for'running the
element into a well. The seal element 20 is also provided with

a pair of longitudinal bores 38 and 40 as shown. (In some



the polynmeric material and function to prevent the polynmeric material from:
bei ng extruded when subjected to differential pressures. Wereas the
center elenent 58 is chanfered on its upper and |ower sides as at 58a
and 58b, the upper and lower end el enents 60 are shaped to conformthergto.
This is cl eniegocd®en in Figure 3 in dagted lines. The dual packer 50 is
shown in Figure 3 as it is being run into the well through the casing 70.
In this condition, the seal elenents are rel axed, the packer being not as
yet actuated. The packer 50 is shown in Figure 4 in the actuated condition.
The nenber s@esdjaceerltébepadtebénthis tPpaamaybbenprovddadd: wdser
together, thus applying a longitudinal force to the el enment stack 56. This
| ongi t udi n& BT LEFRRELskareac4decas shewnninsdatitedoddinesdi nal | y. and
causes it tqQ expand laterally. As the el enent stack expands, it closes the
gap 72 bet \éEPLF% WRtRR  CopRuRkeatiaR, twRes Bighkeeriendy ipoorger t hi f]

| ongi tudi ngl force nusit, be.sufficientl reat to bujld up stresses within

t hegpol yme?ﬁ% ‘fﬁﬂi‘f?ﬁl E%)‘ff? hRTSBERT R Q%E'ﬁtb?t‘ﬁﬂiht Ei‘& PacHeTetCe&di ng t he

: B3| & PEREEoRSedi ng the
ne- ot oment O {10 Gl oaBoTd 1R, Splft o TGty fpth: B33 cpr os 62 1h

the end pressure to hold down buttons which are well known in

the art of well packers.)

.The éeal elémenf 20 is used generally on duai o
packers for wéils and is used between.similar upper and
lower seal elements which conform thereto thus forming a
seal element stack. The purpose of the seal elements,
of course, 1is to form a seal or bridge between the dual

mandrels and the inner wall of the well casing.

| Referring now to Figure 3, it will be seen that a
prior art well packer 50 is'provided with.a pair'of. |
.méndrels'sz and 54Iabout which is diéposed é b:ior art | ") |

seal element sfack 56 comprising a central seal element 
58, which'may be.identical to séal'element 20 of Figﬁres.
.i and 2. Seal elgment 58 is disposed bétween upper.and
lower end eleﬁents 60, as shown; the end élemeﬁts_being_
identicai. The end elements afe provided at fheir oﬁter
ends with garter type springs 62 which'ara molded ipto
the polymeric material and function to prévent_the |
pblymeric material from being éxtruded when subjected

to differential pressures. Whereas the center element 58 is



elements are in a ppsition to mninize extrusion of the end el enents into
the gap 72 between the packer and the inner wall of the casing above and
bel ow-the el ement stack. -12- Wiile the center el enent has been shown to
be chagfered.at 28 and 30 and the end el enents have been nmade to conform
with the upper and | ower surfaces of the center elenent, it is well known
to use center elenents together with end el enents which are not provided
with such chanfers. Center elenents are oftdd Softer than the end

el ements. | ahaodieriedh,ontits weper kamdnloweronkigesoagsataS8aahndedBbng the
el ement on dual packers but is also known to use simlar elenents with
packer s whi HRPEEv@ndorkoveianerdioe hemem &5 s60 spRe eshagedmipt comd oFic Kdved efia

of the dual e, there s been nmpre_difficuylt ith getting the dual
packers to gbé?.lﬁe_ 4$E}r$%PY% B ofilguEe 't‘ﬁd&%tﬁégsééﬂeghat an

| nproved seal element 100 is illustrated. The seal elenent 100 is in al
respects exactly like the seal elenent 20 of Figures 1 and 2 with one

exception. It Ykl ot edk LRty L Neh Gl 3! £TROE 190045 110 LW oG

an outer nenber an I nner” menber wo nenber s provi de "an

interface 195:Betyeen.denAsugioe calfng "PET MBADERI02E0ARIRYLY, 9

106 and the outer
seal elements are relaxed, the packer being not as yet actuated.

The packer 50 is shoﬁn }n Figure 4 in the actuated
condition. The members 66 adjacent the.end elements 60 have
been forced closer together, thus applying a longitudinal force
to the element stack 56. This_longitudinal force compresses
the seal element stack longitudinally and causes it to expand
laterally. As the element stack expands, it closes the gap 72
between the packer and the inner wall of the casing 70, and
this longitudinal force must be sufficiently great to build up
stresses within the polymeric material of the seal element
stack to a value exceeding the value of the pressufe

N differentials which are to be.wifhstood. Otherwise, the

elements will leak.

As seen in Figure 4, the garter type springs 62 in the end
~elements are in a position to minimize extrusion of the end
elements into the gap 72 between the packer and the inner wall

of the casing above and below the element stack.



menber has an inner edge 108. It is interesting to noté tHat- in thi's
Il1lustrated version, this interface 105 falls along the line 28a in Figure

1 which happens to be the line provided by - 13 - the runout of the
chanfer 28. It just so happens that this line 28a is in a suitable plaéy
for separating the seal elenent into two ers. This interface 105 i

provi des for élggpaﬁe bet ween the outer ed 106 of the core 104 and the
i nner edge 1981LF tHE sehermedsmentyohas begn |shewmote cee chamEguedsat and

6 that t elenepnt 1Q0 is shown with the two nenbers cross-hatched :
di fferen -'yanaefﬁg ﬁﬁg 5B&n eB8n & Legtentsnihaxe bagR madecte heorfermnvithul d

be nol d n pLege,i.n the. venti I, manner and, | ater cut into two

pi eces g'gléskr}]o gr %rai tl,O(ggEI %u%?} sdé’gn%r{'et VRSt em e beedtabdl Valdr
assenbl i b Qur or.at g I.ests, have, shown 't hat an

el enent q?u%?aggg%ﬁegfﬁfgx \(/é\/illglmeglggl t%&r%{atﬁeergé{ﬁ/mvﬂ$o enen ?n‘&ﬁ’tﬁgn i s
usual | y diee a6 e I G4 I RQHC Al t ot I n
expanded, has i n['?le.é-ggfiggt ?éggessr&%ﬁi g}]xagl;feetﬂr%t mﬁéﬁ?sﬁﬁ'ﬁ%ﬁg}a %g% Qfge" _
t her ef orsm e thghethenendNe 1ameatst.han they need to be. The ideal case,

obviously, would be to have the internal stresses as equal in value as
possi bl e t hroughout the el enent : ' '
. In additidn,'it is well known not only to use é dual
sealing eclement on dual packers but is also known to use

similar elements with packcrs which have more than two mandrels. QJ

Since most multiple patkérs_are of the dual type, there has

been more difficulty withléctting the dual'packefs to seél.

Refefring ﬁow tleigure 5, it will be:seen'thaf'an-improved
seal element 100 is illuétrated. :Thé.seal element 106"is in
all respeéts'exéctiy Iiké the séél element 20 of Figurés 1 and
2 with one exception. It will be.noticed that:thc seal element
100 is in two piéces; an 6uier member 102 and an inner mémber
104. Theﬁe two members provide an inferfaéc 105 betkeen.them,
as shown. The inner member has an outerxédge 106 5nd the outer
member has an inner edge 108. It is interesting to note that
in this illustrated version, this interface 105 falls along the ;

line 28a in Figure 1 which héppens to be the line pfovided by



body. Thus,‘by nore, evenly distributing these internal stresses, they can
be m nim zed. -Excessively high stresses can cause failure of the seal

el ement . - 14 - The slit 105 which separates elenent 100 into inner and
outer yrerbers is arcuate or curved and substantially follows an arc whose
center "substantially coincides with the center of the elenent and has a
radi us equal to about 50 to 70 percent ?ag of the radius of the elenent.
The uneven distribution of stresses wthin a dual seal elenent such as seal
el enent 100theyrbaoatplofi rdoe wiktdamfreas Rt tbt Fjysit es@. happefsguhat7 thasr ows
have been applied to indicate the approximte directions in which the

pol yneri c nhiBei dBaofist Ha & ewdriabley pleaespheX cseparat bngi kher gepli glement
expand and bridge the gap between the packer nmandrels and the inner wall of
the casing IRter §up memberset dhgdod tearfagh HYPIneides oEQESSLARPRERE

wel | distribputed. Looking now at the upper, half of_the seal. el enent 1QO,
it will be %&HeFﬂattgss releér&?ntm&(p%ﬁ?o‘shq £9re| 104 and othe lnngg Bgsﬁg

conpressed gitudinal ly, the pol jc material of the inner nmenber 104
i&ﬁl J)%;eg}e‘f”alol"%eL'J'pv'!'/a? e)}y;i?

can only expand ‘Spread to the upper right and the
upper left as indicated by the arrows 150 and

It will be noticed in Figures 5 and 6 that the element 100
is shown with the two members cross-hatched differently. This
has been done for contrast only since the element could be
molded in one piece in the conventional manner and later cut
into two pieces as shown, or it could be molded in two separate

pieces and later assembled, as shown in Figure 5.

Laboratory tests have shown that an element such as element
100 will seal more readily without leaking than is usually the
case. There is an indication that the seal element 20, when
expanded, has internal stresses which are not well distributed
and are thercfore much higher in some areas than they need to
\¢/ be. The ideal case, obviously, would be to have the internal
stresses as ecqual in value as possible throughout the eclement
body. Thus, by more evenly distributing these internal
stresses, they can be minimized. Excessively high stresses can

cause failure of the seal element.



151. = At .the sanme tine, the polyneric material of the ‘outer. member” 102 “nust
flbm/apprOX|nater in the directions shown in order for the stresses to be
di stributed substantially evenly therethrough. Thus, arrows 154 indicate
that -materials nust flowtoward the thin part of the el enent because

al t hough t he - 15 - elenent is at its thinnest there, the gap between
the elenment and the inner wall of the casiipgd s the sane as el sewhere

around t he pagker h fore, ,consi derabl e terial nmust flow in that
di rection and' ?hi 811 g ?Hg 3&9&& Hﬂﬁ?%ﬁ%cﬁéghﬁﬁt 169 bhH°1SBFeThé"§rrow

Soen 1 HUEe HBhpERIT 13 Al a“"' S el ad | oS ant 5108 FRL Ipgs"an
material gk tih s@rganf:b%umtmqwﬁ deJﬁ%i&{ng fntf Pﬁ‘ agn}ﬁgnggt g;.eal

while i medi ately adjacent this area he arrow

nust MoV e Lewer €l ¥nat hhBe a5 ¥FR 1kisTR quEUSeo ARSI Oatéef@e@ﬁycmg tREE |

elenment to flowin three confllctlng directions. vi ously

up abnorrof ¢lié¢ esa@suy bifi thlehe 1Ra@Rr. €l enent, since the gap between the
packer and the wall of the casing is the same aII the way around it, and

since the polymeric material is thin at the right side and the left side
due to the placenent of the
_ ‘The uneven distribution of stresses within a dual seal
element such as seal element 100 may be explained with respect
to Figure 7. In Figure 7, arrows have been applied to indicate.
- the approximate directions in which the polymeric material of b
the element may be expected to flow in order to expand and
bridge the gap between the packer mandrels and the inne:lﬁall
of the casing in order to effect a good seal and have the
stresses therein well distributed. Looking now at the upper
half of the seal element 100, it will be seen that as the
element expands laterally in response to being compressed
~longitudinally, the polymeric material of the inner member 104
can only expand generally upwardly and.spread to the upper
right and the upper left as indicated by the arrows 150 and :‘)
151. At the same time, the polymeric material of the outer
member 102 must flow approximately in the directions shown in
order for the stresses to be distributed substantially evenly

therethrough. Thus, arrows 154 indicate that materials must

flow toward the thin part of the element because although the



hol es 38 and 40 for, the packer nandrels. It is readily seen that

eonsi derable material nmust flowinto the thin areas from el sewhere. The
bulk of the material is in the area the arrows 150 and 158. Therefore,
sincei{he material has the tendency to flowin two or three directions at
once, It nmust take a long path inits attenpt to flowinto the areas where
needed. Thus it can be readily seen that the polyneric material in the area
- 16 - of the arrows 150 and 158 . rmust be‘cbﬁpressed nore to force it to

fl ow agai netlemesit sits vyl ts thimresentheref hthengepnbhetwerastbe tellement | |
be consi derably higher than the stresses in the polyneric -material at the

| eft and rpgdt tdieddgnngr tyal b| efrethe 1¢mshlsgsé%ntﬁﬂ Fapar as7elsemhergr esent s
a probleminasnuch as these uneven stresses uneyenly | oad the end el enments
60 seen | nATRURSL ARG RARKRT - o\ HRAT Ao So. PR 40T 3DLAIRALES LaamuSte E1OV

G Stri but caRe bty SRRt f0R AGLILH nkd HeLea FRG: B, thrcSERRvET ShEm Lhy
Concent 11 c®Bdsisbon cile, Ffr 7 IS, ARG AE S B Er  FRMe8E, Bhip BolFhelic,
;;p;ggezef‘g?g'fgﬁ‘l‘é?t m 36144 | SFENAFLY | S5 COEPR e eFipaRg! fudinal ly and
It is noted in Figure 7 that the arrow 158 shows the

material in this area flows in opposite directions, to the
right and left whiie immediately adjacent this area, the arrow
150 shows that the material must move upwardly at the same
time. Thus; there is a tendency for the element to flow in
three conflicting directions. This will obviously build up
abnormal stresses within the packer element, since the gap
between the packer and the wall of the casing is the same all
the way afound it, and since the polymeric material is thin at
the right side and the left side due to the placement of the
holes 38 and 40 for the packer mandrels. It is readily seen
Y that considerablc material must flow into the thin arcas from

elsewhere. The bulk of the material is in the area the arrows

150 and 158.. Therefore, since the ﬁaterial has the tendency to

fldw in two or three directions at once, it must take a long

path in its attempt to flow into the areas where needed. Thus

it can be readily seen that the polymeric material in the area



in ordef to cause the element to effect a seal between'the packer and the
casing, the fact that the element is formed in two pieces (outer. and inner
menmers 102 and 104) permits relative novenent between them ~ This relative
novenent occurs at the interface (see interface 105:in Figure 5) rather7~
than creating excessively high stresses in the seal elenment body. Thus,*fhe
pol ymeric material can nove in the apprdfi mate directi ons shown by arrows

156 rel abEvahieo dhrowsit E5S0€cs@ 058t HAs€Oobe t0thpredsiddwdi®™ "d £dfce it
polynmeric material to flow - 17 - nore readily toward the thin part of

the el entnt £1om agsinst | susht heruggte 104Consequent llyqnarkte tihte e ar ea,
nore or less, since the stresses in the ‘area of the arrows 156 are not
undul y hP§Resses ttheremmhkl benhconsiderablyr bigives dhan the sitrdnses in
through the seal elenent 100, _Thus, this seal elenent- not only readily
effects SHei podiyMeiq mateniaheaticthecheftgand right éﬁd’sﬁfe\ﬁé% Sigport to
the end elenent, enabling it to npre readil eal and to hold ai nst
pressur e 4EPERLe G 2S g?e?sl?egﬂg?yeuzderipiédﬂﬂ%ﬁ?qﬁﬁﬂ?tﬂﬁ? hent 100

| ubr T cantRRRAIASE S o TRt ARt Ken REEFFage HBFIERT foad Hd'dndtl o0l
elements 60 seen in the seal element stack of the Figures 3 and
4 so that the eleﬁen; cannot withstand as much pressure as it
could it the stresses_wcre_distributcd.évcnly. Another hroblcm
- may arise in that the end elements may not.c;pand evénly éboﬁt &J_

the packer and therefore, may not be in perfect concentric

position to hold high pressures.

Referriﬁg again to to Figure 7,_if thé'seal élement 100 as
illustrated is coméressed longitudihally and expanded laterally
in order to cause_the'element to_effect a seai_betWeen the
packer and fhe casing, the fact thét the clement is formcd in
two pieces (outer and inner membefs 102 and 104) bcrmi;s
relative movement between them‘ This rclati#e movcmcut OoCCurs &)
at the interface (see-interfacé 10S in Figure 5) rathgr.than
creating excessively high strésses in the seal element body.
Thus, the polymeric material can move in fﬂe approximate h
directions shown by arrows 156 rel#tive td the pqter.edge-of

the core 104 and thus permit the polymeric material to flow



i nner and-outer nenbers 104 and 102 so that slippage as just described wll
be ai.ded and the internal stresses created by the conpression of the

el ement” will be mnimzed. Referring nowto Figure 8, it will be seen that
a sealy etenent for a triple packer is illustrated and is indicated by the
reference nuneral 200. It nmay be readily seen that the problens relating
to the poor distribution of stresses in thq_pp}yperic material of this

el enent will not be so severe as the probl ens experienced with the dual

el ement s desméréedepiddvliyousdwarduthe f tiisi pert dhethei plemehenents adsobe
treated 18 in the sane manner as that described previously for the dual
el ement. Thatlohks ahensrdr@O04rato bexpand t towandi that| same aapAg, | PAES 202
203 and 204, ‘as shown or, the elenment nay be nolded in order to provide two
separate pi ektess,t sdnes erharemtnessrs nigﬂiMtﬂ?%dof)ytl‘ﬁeﬂé?\éﬁegé@ Algepart
205 and the inner nber being .indicated by the reference nuneral 210

Thus, when tWpdudyefdgh.s Qﬂnﬁﬂkixﬂﬁﬂﬂ%hgi?Eﬂiﬁ%f??sﬁﬁdaﬁﬁuﬁgﬁetSvgﬂbﬁnd

wel | cas: ng, A1 REESBRGad rerinahatt 1€ Freal FfEhent TEOT, | Buen ERSpC ERt e o

flhiade a_t t heésfenslla;\;.sn %;Ozdnlzyoc)’reaanadi 12y04¢2féenc9£ d;& iR Ef'ﬁlfl gé?l ki BhNtALZGel1
casing, but it lends even support to the end element, enabling
it to more readily seal anq to hold against pressure

differentials.

It is readilf understood that when the element 100 is
assembled on the packer, oil, or preferably.grease, or other
suitable lubricant, may be applied at the interface between the
inner and outer members 104'and 102 so that slippage as just
described will be aided and the internal stresses created by

the compression of the element will be minimized.

Referring now to Figure 8, it will be seen that a scal
-/ clement for a triple packer is illustrated and is indicated by
the reference numeral 200. It may be readily seen that the
problems relating to the poor distribution of stresses in the
polymeric matérial of this element will not be 56 severe as the
problems expérienced with the dual elements described

previously, but if desired, the triple elements can be treated



stresses created in the element in the sane manner as was' expl ai ned

her-ei nabove with respect to the dual elenent 20 or 100 shown in.Figures 1,
2, 6 and 7. Slits 202, 203 and 204 of elenent 200 are arcuate and follow a
pat h substantially along arcs having a center coincident with that of {ge
el ement and having radii equal to about_SP to 70 percent that of the

el ement. Referring nowto Figure 9, it w ? be seen that a dual elenment 300
i s illugtratler. safiéi sashereas 30Ati desemi bad prdkioudby of €rethe 18Qa
illustrated in Figures-5-7, with the exception that the element 300 is a
one pi eC2eMement RAvEnghar edgment 2001 pay did a3y Booly i @O6s hints 308, as
shown: It'vwlj_ be noticed that slit 302 opens into bore-309 and that slit
304 opeddINE L iRFE 498 WhPPeapde2P4op3ds istoWh AT Sothe Miemeut, may nbe
nmeet . Thegg{o e, the &Ienent remai.ns:in one piece. However, the slits 302
and 304,Mm% 110 order; togpgoxidessyo Separate Rigkes, | Uy 2Wtehat the

2L S e Rl Ul o ERE B b h G TR ML 5 AR e
00, TR AL TR i ca Tl K SR 21"

- Thus, when this element is compressed longitudinally and caused
to expand laterally in résponse thereto.in otdér.to séél |
between the.patker and.the well casing, tﬁe polymeric'material
from which it is molded will be able to slide at these siits o
(202, 203 and 204) in order to equalize or minimize the |
stresses created_in the element in the same mannet as was

explained hereinabove with'respect to the dual element 20 or -

100 shown in Figurés 1, 2, 6 and 7.

Slits 202, 203 and 204 of element 200 are arcuate and
follow a path Substantially along arcs having a center
‘coincident with that of the elemeht and having radii equal to

about 50 to 70 percent that of the eclement.

Referring now to Figure 9, it will bé seen that a dual
element 300 is illustrated. This element 300 is very much like
the element 100 illustrated inIFigures 5-7, with the'éxception

that the element 300 is a one piece element having arcuate



between slit ends .302a and 304a can be sized as desired, probably

.one-ei ghth tothree-eights inch (3 to 9 mlinmeters) should be suitable in
nost -cases. The slits 302, 304, 306 and 308 fornmed in elenment 300 are
arcudf e and foll ow substantially along arcs which have a center coincident
with that of the elenent and having radii equal to about SO to 70 percent

that of the elenent. Referring nowto Figure &0 it wll be seen that a
dual elenent 400 is illustrated and that thls elenent is veg much |ike t
el ement 1081ptevidfds| \3Uescitbheand b3A8 + ARecthewmn t hE ¥Will BE; HQ‘éFSﬂat‘é‘at

straight slits are provided in the el ement as at 4 404 sqo that
end of sli8&1462383cmpang oimr dore 30P andethat & bﬁeggﬁd°8f’"fhé"§f’i§ %64

410 and 1h38 af 3&@&“1%?@@%‘{ﬁ%e%riﬁm%vf%‘ﬁaié' 3888 P BB Eerio”

e TR ol LAY 0l 15085 TUSBERL it

102 0T SORRESHSILE SN N, s dausholy 680 sutriete

404 each STQﬁEaQBiQHdkffﬂé‘@%ﬁé@%éE“ékéﬁted by the longitudinal
compression and lateral expansion will be relieved or will be
distributed substantially evenly through the élement in the
manner explained earlier. Thus, this element will act almost
exactly like the element 100 described previously. The gap
between slit ends 302a and 304a can be sized as desired,

probably one-eighth to three-eights inch (3 to 9 milimeters)

should be suitable in most cases.

The slits 302, 304, 306 and 308 formed in element 300 are
arcuate and follow substantially along arcs which have a center
coincident with that of the element and having radii equal to

about SO to 70 percent that of the element.

Referring now to Figure 10, it will be secen that a dual
element 400 is illustrated and that this element is very much
like the element 100 previously described, but rather than the
slit being arcuate, straight slits are provided in the element

as at 402 and 404 so that one end of slit 402 opens into bore



a- broken |ine having two segnents, each segnent forning a 'chord of one-hal f
an arc having a radius equal to about 50 to 70 percent of the di-stance from
the center of the seal elenent to its outer edge. Referring nowto Figure
11, it will be seen that a dual elenent 500 is illustrated and that thi
element is very nmuch like the el ement- 40§ J ust described with the exceptlion
that the slits 502 and 504 do not intersect. Therefore the clenent renains
in one pf#@@cwhile one_emycof| the sbitadQ4sopens: imtd basieti. sdthe |
subst anti al | f0||OMIthe aih of ,a line forning a chord of. about one-hal f

an arc ePPRAFIE HAdRenf aH'%céHtﬁoFﬁéeFéFcﬁaﬁdr dhe anemALhARd il Sis
|t b 0t th bet t f the

Sl 1 OpRoRuurte ) cdfs 8" EE. e PhakhE, TlbR0SE AR i S L lebr
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500 per 'i\% Eoﬁ?ttesrf‘uncr{nﬁ'@f‘t i?” 8199&9% lehg é@%e%q)cde %dﬂlﬁﬂ% M r%g

and perfor fon 1n e sane nanhner. erring now

seal el egpgt Gk SmeRBErt s b?n?i&!kﬂﬁdbg‘ tt?l el Hee IHES dutfe PRI F4 Sas

This el enent favors very nmuch el.enment 20 Figure 8 but has straight

slits, SBﬁ'&uﬁﬁ sltieé §p2c§ndoﬁ04nanabeaseetoehcwee sdnie $ur§!ﬂi&16@£ dad
the slits 302 and 304_1n element 300_and perform that function

in the same manner.

| The slits 462'and 464'each substanﬁially'folldn the peth of ‘o
" a broken 11ne hav1ng two segments, each segment formlng a chord
of one-half an arc hav1ng a radius equal to about 50 to 70
pe:cent of the d1stance from the center of the seal element to

its outer edge.

Referr1ng now to ngure 11 it will be seen that“é dual
element 500 is 111ustrated and that this element is very much
11ke the element 400 Just descrlbed with the exceptlon that the
slits 502 and 504 do not intersect. Thercfore the clement

remains in one piece.



604 substantially follow the path of a line formng a chord of an arc
.ext-endi ng between adj acent hol es and having a center coincident with that
of the el enent and having a radius equal to about 50 to 70 percent of the
di st'&q ce bet ween the center and the outer edge of the elenent. The slits
602 and 604 of elenent 600 performthe sanme function as do the slits 202,
203 and 204 of el enment 200 of Figure-82§nd performthat function in the

T Tustrated i T gohbes 5585 pafS03) EREReR” 13 SLats 000 Athe GeRe L oo)
have al | l%%elrléﬁoé’ﬁge?a\‘.‘ht SE' 458" fﬁ;ﬁﬁnﬁh' C*&h*bﬁ-‘ﬂerdﬁ‘%b%ué &t lPJ‘Pfoﬁn

their ends opening Into at east one a mand 't may

desirabl e.arRSR8ctéd ¥ng f bbbReBRl LG aclk HoAEBNIEIS ﬂ&.&w&olﬁf‘di hm 1Pl 4
slits with closed ends thereinto. “Such elenents are illustrated in Figures

13, 14 angadsusRefqfidl Ngot 2bGUEUSE E3. 70t wrhbnbeoffeetmet lHdts tarte bestaden
el enment is indicated by the reference nunera 700. Elenment 700 is provided

with an atteatcerddrt JP2thevssglckbemednendadad tat ot@erardgeQ6. This
cl osed-end slit substantially follows a curved path along an arc having a

center coincident with that

The slits 502 and 504 formed in element 500 perform the
same function as do the slits 402 and 404 in element 400, and

perform that function in the same manner.

Referring now to Figure 12, a seal element 600 is seen to
be provided with three bores for mandrels. This element favors
very much element 200 of Figure 8 but has straight slits, such
as slics 602 and 604 instead of arcuate slits. Slits 602 ﬁnd
604 substantially follow the path of a line forming a chord of
an arc extending Between adjacent holes and having a center
coincident with that of the element and having a radius dqual
to about 50 to 70 percent of the distance between the center

W and the outer ecdge of the element.

The slits 602 and 604 of element 600 perform the same
function as do the slits 202; 203 and 204 of element 200 of

Figure 8 and perform that function in the same manner.



of the’

el ement and having a radius about 50 to 70 percent'that of the

element. It is readily understood that the slit 702 of elenent 700 w |

performthe sanme function as does the slit 105 of el enent 100 and wil |
performit in the described manner. In a simlar nmanner, elenent 800, s

in Figure 14, is provided with a closed-epngl slit 802 whi ch perfornms the

sane functlon I n substantially the sane way.

1T

an

and 806 whiHhe conadr gdemed tisnddssasisest hdre pabows and 8DBlustrat@d inThe
segnent.s, 804 and 806 of slit 802 each follow the path of a I[ine form ng

chord
mandr el
t he di

902. The slit 902 i's | ocated substant’ially para

ighrrs dnke h&FFaéne&P@eéﬁﬁeﬁ&qK;QQRMwQQPad?@%enioﬂoﬁeé $60)

a

Slit 802 has two segnents 804

ferdaflineen PRevaltech i Bl 3+ qm Wisly Bree ohed, BEage.
Anot her Jaaggcfn&f.:%mﬂ& g 932' i WD LPn 2 gthmnﬁ : £QE° cq-ond
ig ?' %e n%:‘» q“?(g erren 'S md?gl%t § by the

slit. |s seen 1 n

referemﬁﬁunuﬂpral190ﬂa§ndeth%s§kb%1bs'é¥¥é3¥ *fylfh@héeé E?PEMR ra

to a ane

tangente emdie POr €6 8e4mondedQ6 tdaNchold AN tw i €h ¢ 6 &d Newd §9 its cent er
coincident with that of the seal el enent

thereln;o. Such elements are illustrated in Figures 13, 14 and

1S.

Referring to Figure 13, it will Se seen that é dual seal
element is indicated by the reference numeral 700. Element 700
is provided with an arcuate slit 702 having closéd ehds as at
704 and 706. This closed-ehd slit subsiantially follows a
curve& path_aiong an arc having a center cqin;ident_with that
of the element and having a :adiUs about 50 to 70 percent that
of ;he element. It is readilx understood that the slit 702 of
element 700 wiil perform the samelfunction as does the slit 105

of element 100 and will perform it in the described manner.

In a similar manner, clement 800, seen ih Figure 14, is
provided with a closed end slit 802 which performs the same
function in sUbstantiaily the same way. Slit 802.has two
segments 804 and 806 which converge and intersect at the apex_

as at 808.

v



- than will

and having a radi us equal to approxinmately 30 to 50 percent of the distance
.between the center of the elenent and its outer edge, the length of the
sl ot being approximately equal to the distance between the centers of
adjaéggt holes for mandrels in the seal elenent. If the seal elenent 900 is
provided with a hole such as hole 44a for accommobdati ng a conmuni cati on
tube, and if hole 44a is Iocated as sho mhlch | ocati on |s substantially
equi val ent _of the Iocatlon ol e 44 n“3eal Btfz? EI ure } tg1
slit 902 withe #espantss 80 (806 %6 8154,802 gt 459 éPr’t o Rty of 2

f h f f b '
her ef nabovd 14 54 F-{‘icri#e?%‘oéﬁmé‘ o6 Thaft Rhe dip £°a, A5, SxsEhglracbetihen
of the s'ita A SHOMRALL. (0t SnARPLLES! 690 Uhb! sR2" LANMMEVI RO iralaquls ¥
ers |n mnimzing In ernal resses rn thneir pectlve seal

el ements. E'tuhe efbdean?&@@%h@é i@gpé&éﬁ CgF Pﬁeeaaeeaneel g@d wieRinO thie

el enments as enents are nol de ternatlve y, the slits can be

formed in thac@lredntthél{&d1 ol shéwt bynguitabbatevt edgg.means, such as
saws, drills, cutters, or the Iike. The foregoing description and dr awi ngs

of this |nvention

Another form of element embodying this invention and having

a closed-end slit is seen in Figure 15. In Figure 15, the

element is indicated by the reference numeral 900 and the slit

is indicated by the reference numeral 902.

The slit 902 is located substantially parallel to a plane
which is tangent to the bores 904 and 906 and is tangent to an
arc having its center coincident with that of thé seal eleﬁent
and having a radius equal to approximately 30 to 50 percent of
the distance between the center of the element and its outer
edge, the length of the slot being approximately equal to the
distance between the centers of adjacent holes for mandrels in

U the seal clement. :

[f the seal element 900 is provided with a hole such as
hole 44a for accommodating a communication tube, and if hole
44a is located as shown, which location is substantially
equivalent of the location of hole 44 in seal element 20 of

Figure 1, the slit 902 will very likely open into hole dda.



are explanatory and illustrative only, and variations in the si zes ‘and
shapes of the slits may be made within the scope of the invention.

- IMe(H0689 - 25 - CLAIM 1. A seal elenent for use on a
nul tiple packer for sealing between a plurality of mandrels, or sinilar
rod- |ike nmenbers, and the inner wall_ a well pipe, said seal elenment

conpri sing body neans of polyneric material having | ongitudinal holes
t her et hrough $bitr808@i wiidd pairdommdthel sams frapabienocdsbehay gdestormed
into sealing engagenent with the inner wall of said well pipe by being
expanded hatthe| oyhes sddssonde scy ibeidhenminahoee andgvilli parfprmsiitdin
seal elengnt having a |ongitudinal, axis parall el tg sai d | ongi tuydi na

t % iF|€

|
hol es;, saitf s¥afecFaXent HOMGVES » tl5ss zone esﬁ&htgaFéFSFQSGd

0oL ofn YL, BT B3, S G RS ShaiyRs
wherel n SilePERIR hiniWiliWg MY WrSdE8oE tReBP odpak SbeTSa1
elements. '

It is understood that the slits can be either molded into
the elements as the elements are molded, or aiternatively, the
slits can be formed in the elements after'molding by suitable

cutting means, such as saws, drills, cutters, or the like.

The foregoing description and drawings of this invention
are explanatory'andﬁillustrative:only, and variations in the
sizes and shapes of the slits may be made within the scope of

the invention.



(a) “a pllurality of arcuate slits exténding Iongrfadinall t hrough said
each said slit having a cross-section extending in a plane

perpendi cul ar to said longitudinal axis, and having first an

_body neans,

hol es™for

limtjng such extent, at |east one of its ends openi FN:ZJ int? g@"ﬁ@@jﬂ!”’m

sai d nmandrel s. JMe(C60689 26

arcuate slitgvgpedsBg | nto each of saidz®oles for said mandrels, and (c)

at |east one of said slits extending along a curved path | ocated at

hal f way out ‘between the center and outer edge of said elenent. 3.

seal elenent of claim2, wherein said slits each have their first end
openi ng i ntoCnAagM8f the holes for said mandrels but their second ends do
not intersect another slit or another hole, |eaving the elenment in one
The seal elenment of claim2, wherein each of said slits have

pi ece.

el ement

4.

their first and second ends opening into adjacent holes to separate the
i nt oli.nner Angeal: @lemargefor use on a multiple packer for

sealing between a plurality of mandrels, or similar rod-
like members, and the inner wall of a well pipe, said
seal element comprising body means of polymeric material
having longitudinal holes therethrough for receiving
said mandrels and capable of being distorted into
sealing engagement with the inner wall of said well pipe
by being expanded laterally in response to being
compressed longitudinally, said seal element having a
longitudinal axis parallel to said longitudinal holes,
said seal element having means for facilitating such
lateral distortion while minimizing the stresses created
internally of said seal element by such lateral

distortion.

2. The seal element of claim 1, wherein said means

fér minimizing internal stresses in said seal element

comprises: | |

(a) a plurality of arcuate slits extending
longitudinally through said body means, each said
slit having a cross-section extending in a plane
perpendicular to said longitudinal axis, and
having firét ahd second ends limiting such
extént, at least one of its ehds opening into one

of said holes for said mandrels.

| east

The

-



5._—-“Tﬁ€‘§§ar‘eFeﬁenI of claim1l1l, wherein said nmeans for,nininizing ' |

int? i said seal el enment conprises: (a) a plurality of
slit J@"ﬂﬁ@gﬂb sai d body nmeans and connecting said holes for said
mandrel §, &ac »0f each of said slits opening into a separate hole tﬁﬁ a

mandr el , said slits openi I nto each of said holes for

mandrel s, %&‘#%689 - % 27 - (b) said slits each
substantially following the path of a broken |ine having two generally
strai ght segnents, each segnent formng a chord of an arc having a radius
equal to about 50 to 70 percent of the distance fromthe center of the seal
elenment to its outer edge, (c) said slits separating the seal el enent
into inneqgmnd oukly dEWEedScubte slitdcopeAlng! eARBt e@bnClbd Balla Wherein
said nmeans for mnimzing internal stresses in said seal elenent conprises:
(a) a pluralitholds ogehersdid mandrgbs, sands f or med

(c) at least one of said slits extending along a
curved path located at least half way out_between

the center and outer edge of said element.

3. Th§ seal element of claiﬁ-z, wherein.said_slits

each-havé their first end qﬁening into qne of the holes
fdr said mandrels bﬁt theif second -ends do not intersect
andther slit or another hole, léaving the elemeht in one

piece.

4. The seal element of claim 2, wherein each of said
élits have their first'and second ends opening into
adjacent holes to separate the element into inner and

outer members.

5. Thé seal element of claim 1, wherein said means

for minimizihg intérnal étresses ih said seal elément_u

comprises: . _ _ _ o |

(a) a pluréiity of slits p;ssing throﬁgh:s#id body

| heans and cdnnecting said holes for s&id

mandrels, each eﬁd of each of said élits.opening
into a:séparéte hole for a mandrel, and_fwo of
said éi;ts 6peﬁing into each.of said holes for

mandrels,



thFBGbHTEaid body neans, each slit having one of its ends clos

ot her end openi.ng into one of said holes for said mandrels, of sai d
slits opening into each of said holes for mandrels, (b) the ﬂmﬂ(’ "”m
betmeeb?adjacent hol es substantially followng the path of a'lin I”ﬂ

chord about one-half an arc extendi ng between adjacent holes for
mandrel s and fqb ggradius equal to abgut_ 50 to 70 percent of the

di stance between the center of the seal elenent and its outer edge, (c)
said slits stopping short of intersecting at the JMe(50689

-28- md-point of the arc, leaving the seal elenent in one piece. 7.

The seal elenent of claiml, wherein said neans for mnimzing stresses in
said seal elenent include: (a) a plurality of straight slits passing
through sai d Oolly nesasd sadhbsoéaehi dubstaathalilggfoldowipgsithe gath

opening into separate ones of said holes for nmandrels,
of a broken line having two generally straight

segments, each segment forming a chord of an arc
having a radius equal to about 50 to 70 percent
of the distance from the center of the seal

element to its outer edge,

W, (e) said slits separating the seal element into inner
and outer members.

6. The seal element of claim 1, wherein said means

for minimizing internal stresses in said seal element

comprises:

(a) a plurality of generally straight slits formed
through said body means, each slit having one of
its ends closed and its 6ther end opening into
one of said holes for said mandrels, and two of

N said slits opening info each of said holes for
mandrels,

(b) the slits between adjecent holes substantially

following the path of a line forming a chord of
about one-half an arc extending between adjacent
holes for mandrels and having a radius equal to
about 50 to 70 percent of the distance between
the center of the seal elemeht and its outer
edge,

(c) said slits stopping short of intersecting at the



(b) sald slits substantially following along a path which is tangenti al
toJ i adi us which is equal about 50 to 70 percent. of the

di mnmmmwm"mé center of the seal elenent and its outer edge. 8.

The *sedl elemert 61 claiml, wherein said neans for mnimzing said :}
I nt er nal §P% %ﬁﬁiérlsaid seal eleqegh includes a plurality of arcuate™
slits pas @ ugh said body neansS,” the ends of said slits being cl osed,
said slits extending along a curved path |located at |east half way out-
bet ween the center and the outer edge of said seal elenent. 9. The seal.
el ement of claim1, wherein said neans for mnimzing said internal :
stresses in said seal elenent includes a plurality of slits passing through
JMeC60689 mid-point &% th& adfk holkavERdsthéhgegndelementi dnslits
being cl osed, said slits each substantially follow ng along the path of a
- broken Iine havi ond Wwiesgents, each segnent formng a chord of an arc
havi ng a radi'us equal to about 50 to 70 percent of the distance between the
center of the seal element and its outer edge, said arc being

7. The Séél.elémeht of claim 1,_Qherein said means
for-ﬁinimizing.stré$se§ in said seéi:element include:
(a) a plurality of straighf slits pgss;ng'thfough
said body means; éach of said-slits héving its
opposité ends.opening info'éeparAte dneé'of said
holes for mandrels, | | |
(b) said slits substantially following Along_a-path
o whiéh is'tangential to an arc having a.radius |
which.is edual about 50 to 70 percent 6f the
distance between the center of the seal elemenﬁ

and its outer edge.

8. Tﬁe seal elemént of claim l;lwﬁefein said means

for ﬁiniﬁiéing'said“inferhal stressés.in said seal _ ‘)
elemént includes.a plurality of arcuate slits.paésing

through said body means, the ends of said slitslbeing

closed, said slits extending along a Curved_path locgted

at leasf_half way out betweeh tﬁe-center an@ the outer

edge of said seal element.

9. The séal.eiement of claim 1, wherein said means
for minimizing séid internal stresses in said seal

element includes a plurality of slits'passing through



concentfic With said seal elenent. 10. The seal el enent of—etarmt,
wherein said neans for nmininmzing said internal stresses in ' \
el enent i.ncludes a plurality of straight slits passing throu m@ w)“““\“
means,, the ends of said slits being closed, said slits each |a l'ys *
folloﬁrhg a line which is tangent to an arc having a radius equal to about
30 to 50 per gpaloseleddre di stance betweepgthe center of the seal element and

its outer edge, said arc being concentric with said seal elenent. 11.
The seal elenent of any one of clains 1 to 10, wherein said body is forned

with two holes therethrough for mandrels. 12. The seal el enent of any
one of claims 1 to 10, wherein said body is formed with three holes
t her et hrough for mandrels. JMe050689 - 30 - 13. A sea

el enent st aclsafidgr basly meansaciter druds il saikd bl ks nbelng uckdsed, of
mandrel s and the inner wall of a well piﬁ sai d seal elenent stack

i ncl udi ng upFéddasditRveacnEuhstany Eoklpwing aleng cthecpakhnt

bet ween sai d %Pper and | ower end elenents, said
of a broken line having two segments, each segment

forming a chord of an arc having a radius equal to about
50 to 70 percent of thé distance between the center of
the seal element and its outer edge, said arc being

concentric with éaid seal element.

10. The seal element of claim 1,_wherein said means
for minimizing said internal stresses in said seal
element includes a plurality of sfraight slits passing
th:ough said body means, the ends of said slits being
closed, said slits each substantially following a line
which is tangent to an arc having a radius equal to
about 30 to 50 percent of the distance between the
center of the seal element and its outer edge, said arc

-~ being concentric with said seal element.

11. The seal element of any one of claims 1 to 10,
wherein said body is formed with two holes therethrough

for mandrels.

12. The seal element of any one of claims 1 to 10,
wherein said body is formed with three holes

therethrough for mandrels.



center seal elenent conprising body neans of polyneric material having

I ongamumt",’ﬁm’meret hrough for receiving a plurality ‘of mandrels and
capad orted into sealing engagenent with said well plpe by
bei ng expandeﬂ | &tetally in response to conpressing the seal el enent kf

| ongi t udi naphsgetigl seal el ement havigg_neans for facilitating such
| ateral distortion while mnimzing the stresses created internally of said

seal elenent by such distortion. 14. The seal elenment stack of claim 13,
wherein said neans for mnimzing internal stresses in said center sea
el enent conprises: (a) a plurality of arcuate slits in said body nmeans

and each having at | east one end thereof opening into one of said holes for
sai d mandr dl3s, (b)A sedeldmdrie staclatfor|uses opeai pgckarofeach of said

hol es for saird mandrels, and (C) ~sai-d slits each extending along a
curved patheaiing|bstﬂeém%ﬁnpluﬂalﬂww'Qinmam®mebetanéntheeloasrer to outer
edge of said elenent. - JMe(B0689 31 - 15. ‘The seal

el ement sta’@l%lofOfclaalmlﬂd, PiBfor eﬁihi%eﬁ%ﬁl element StaCk lnClUGlng

upper and lower end seal elements and a center seal
element between said upper and 1ower end elements, said
center seal element comprising body means of polymeric
material having.longitudinel'holes therethrough for
receiving a plurality of-mendrels and capable of being
diStorted into sealing engagement with said well pipe by
being expanded laterally in response to compressing the
seal element longitudinally, said seal element haVing
means for facilitating such lateral distortion while
minimizing the stresses created internally of said seal

element by such distortion.

14. The seal element steck of cleim'13,hwherein-said
means for minimizing internel stresses in said center &)
seal element comprises: |
(a) a plurality of arcuate slits in said body means
and each haVing at least_one end thereof opening
into one of said holes for said mendrels,'
{b) two of the arcuate slits opening into each of
said holes for_said_mandrels, and
(c) said slits each extending'along_a curved path
which is at least half-way out from between the

center to outer edge of said element.



slits have their ends opposite the holes for said nmandrels term nated-short
.of connecting.with one another, |eaving the center el enent in
16. @ The seal elenent stack of claim 14, wherein said ints pmm&ﬂl lm””"l
ends .opposite the holes for the mandrels connected with adjace
separé&e the center elenment into two pieces. 17. The seal el ement stack *
of clain113,JﬁQ8%6%%gsald nmeans for n1n ?1Z|ng I nternal stresses in said
center seal nent conprise: (a) urality of slits passing through
sai d body neans and connecting said holes for said mandrels, each end of
each of said slits opening into a separate hole for a nmandrel, and two of
said slits opening into each of said holes for mandrels, (b) said slits
each substantially follow ng the path of a broken line having two generally
strai ght segments, aaeh ssRQM¥lleretliditack QP Iclaim a4 Arvhexétndsagdabet ween
adj acent holes for mandrel s and having a radius equal to about 50 to 70
percent of tbkeitisshavee thedr tdrls eppositfe tthe dwales| foensabdd its outer
edge,

J mandrels terminated short of connecting with one

another, leaving the center element in one piece.

16. The seal element stack of claim 14, wherein said

U slits have their ends opposite the holes fpr the
mandrels connected with adjacent holes to separate the
center element into two pieces.

17.  The seél elemeﬁt stack of claim 13, wherein said

means for minimizing internal stresses in said center

seal element comprise:

(a) a plurality of'slits passing through said body
means and connecting said holes for said
mandrels, each end of each of said slits opening

N into a separate hole for a mandrel, and two of

said slits opening into each of said holes for
mandrels, | |

(b) said slits each substantially following the path
of a broken line having two generally straight
segments, each segment forming a chord of an arc
extending between adjacent holes for mandrels and
having a radius equal to about 50 to 70 percent
of the distance froﬁ the center.of-the seal

element and its outer edge,



¥

32 - (¢) said slits separating the seal
el e%ﬁﬁm 't ” d outer menbers. 18. The seal el enent stack of
cl ai d nmeans for mnimzing internal stresses in said
center seal elenent conprise: (a) a pluralityhof generall¥ straiggt 0,
slits for dﬁ#ﬁlsald body neans ch slit having one of its ends
cl osed angqﬁ¥%ﬂ%t er end openYng |nt03%ﬁe of said holes for said nmandrels,
and two of said slits opening into each of said holes, (b) the'slits
bet ween adj acent hol es substantially foll ow ng the path of aline formng a
chord of one half the arc having a radius equal to 50-70 percent of the-

di stance between the center of the seal elenent and its outer edge, (c)
sai d slits (st)oppi mpishaslitd sapExrsetidg MthéisédE 8ldmeAkNintb likged C.

| eavi ng the seal elenent in one piece. 19. ‘The seal element stack of any
one of clains 13 tandlQuterermembexsd center seal elenent is fornedymtr1tmo
hol es for mandrel s. 20. The seal el enent stack of any one of. clains 13

to 18, wherein said center seal elenent is forned mith

18. The seal element stack of claim 13} wherein-said

means for minimizing internal streSSes in.said center

seal element comprise°

(a) | a plurality of generally straight slits formed
through said body means, each slit having one of N
its ends closed and its-other.end opening'into _
one of said holes for said mandrels.'and two of

_ said slits opening into each of said holes,

(b) ‘the slits between adjacent holes substantially
following the path of a line forming a chord of
one half the arc having a radius equal to 50-70
percent of the.distance between the center of the
seal element.and its outer‘edge, |

(c) said slits stopping short of intersecting at the U

“.mid ~-point of the arc, leaving the seal element in

one piece.

19. The seal element stack of any one of claims 13 to
18, wherein said center seal element is formed with two

holes for mandrels.

20; The seal element stack of any one. of claims 13 to

18, wherein said center seal element is formed with



JMe(60689 . - 33 - three holes for nandrels. — A nethod
.of making a seal element for use on a multiple packer for se

plurality of mandrels and the inner wall of a well pipe, sai $|II|IH"“EI"HHI|I\EIII|
distortable into sealing engagenent with said well pipe by corprésstng"sdid
el emeit | ongitudinally, causing it to expand laterally, said el enment being
provi ded w t oMeR§0880B0or facilitating sug8® distortion while mnimzing the
internal stresses created in the seal elenment thereby, said nethod
conprising the steps of: (a) providing a seal elenent of a suitable
polymeric material, said seal elenment being of wafer-Iike shape having a

| ongi tudinal axis and having a plurality of holes extending |ongitudinally
t heret hrough for receiving a pIurallty of packer mandrels; and (b)

forning mean$hFReshprdeseforemandrelsor allowing the el enent to be distorted
into sealing position while mnimzing the lateral internal stresses
created therein by the |ongitudinal conpression and resultant |ateral

expansi on. 21. A method of making a seal element for use on a

multiple packer for sealing between a plurality of
mandrels and the inner wall of a well pipe, said element
being distortable into sealing engagement with said well

pipe by compressing said element longitudinally, causing

~ it to expand laterally, said element being provided with
means for facilitating such distortion while minimizing
the internal stresses created in the seal element
thereby, said method comprising the steps of: _
(a) providing a seal element of a suitable polymeric
material, said seal element being of wafer-like
shape having a longitudinal axis and having a
plurality of holes extending longitudinally
therethrough for raceiving a plurality of packer
Kv/ mandrels; and

(b) forming means in said seal element for allowing
the element to be distorted into sealing position
while minimizing the lateral internal stresses
created therein by the longitudinal compression

and resultant lateral expansion.

22. The method of claim 21, wherein the step of
forming said means in said seal element for minimizing

the internal stresses created therein as a result of



.22. ﬁ-n fugdiai m 21, wherein the step of forming said neans ih
sai d SH J H"mm!giﬂﬂ’n nimzing the internal stresses created therein as a
[

result - 34 - distorting it to sealing

position includes: (a) formng a plurality of slits in said seal ';E?d
i

el ement, each i aving at |east one_end thereof opening into one of
hol es for sgwﬂahﬂﬁﬁgels,g(b) each'h%ﬁe‘having two slits opening
thereinto, said slits each extending along a curved path which is |ocated
at least half way out fromthe center to the outer edge of said sea

el ement. 23. The met hod of claim 22, wherein said slits have their ends
opposite the ends which connect with said holes for said mandrel s

approachingdfgggrgghﬁri?ukotgggﬂyﬂa!y$ﬁ¥yyah&¥hé¥gyggging wi'th each ot her,

thus |eaving the seal’ element in a-single piece. - The nethod of claim
22, wherein(ahe stesrflingOaNplaraaiidysldd Siiftssaif el sdgfrent for

mnimzing the internal stresses created therein as a result of distorting
it into sealing poslé&inentineadtesliex haRdingd at least one end

therepf:opening_into one of said holes for said

mandreis,

(b) each hole havi;g_two slits-opening thereinto,
said_slits_each extending alqng_a curved path - s
which is located at least half way out from the ~
center to the outer edge of said seal element.

23. The'method of claim 22, wherein said slits have

thg;r ends opposite the ends which connect with said

- holes for said mandrels_approaching each other but

terminating short of connecting with each other, thus

léaving the seal element in a single piece.

24. ‘The method of claim 22, wherein the step of [\

forming said slits in said seal element for minimizing
the internal stresses created therein as. a result of
distorting it_into sealing position includes: extending
such slits until they intersect so that each pair of
slits thus connected td each othér connect between
adjacent mandrel holes, thus separating the seal element

into two pieces.

25, The method of claim 21, wherein the step of



STER ST TS Ont T they 1 ntersect so that each pair of slits th connected

Lo each other connect between adjacent nmandrel holes, thus se lﬂﬂl""ﬂ

‘seal element into two pieces. 25. The net hod of cIa|n121

st ep _of JMeC60689 - 35 - formng said neans in sald seal

Slenekr for mnimzing the internal stresses created therein as a result of
Istorting said seal elenent to sealin osition includes: (a) formng a

plurality of %EQ&Q%ﬁ?y strai ght int§'g§£§Tng t hrough said seal el enent,

each having at |east one end thereof opening into one of said holes for
said mandrels, and two such slits opening into each such hole, and (b)

each pair of said slits between adjacent hol es extendi ng al ong a path which
woul d cause themto converge at a point at |east hal fway out fromthe

Chnr o e SR konksfar S kastogeall eaoncihs o LA 115,
to their intgnsechténalhyerakkay dgebitedsehereinmas a xesult of
distorting said seal element to sealing position
includes:
\(a) forming a plurality of generally straight slits
passing'through said seal element, each having at
O least one end thereof opening into one of said
holes for said mandrels, and two such slits
opening into each such hole, and
(b) each pair of said slits between adjacent holes
extending along a path'which would cause them to

converge at a point at least halfway out from the

center of said element to its outer edge.

26. The method of claim 25, wherein the step of
forming said straight slits includes ending them prior
N to their intersecting, thus allowing the seal element to

remain in one piece.

27. The method of claim 25, wherein the step of
forming said slits includes extending said slits so that
each pair of slits between adjacent holes intersect to

thus separate the seal element into two pieces.

28. The method of any one of claims 21 to 27, wherein

the step of forming said means for minimizing said



rennLn_Lg_gQg_Qngg;_gr. The method of claim 25, wherein the step of . "~
formng said slits Tnctudes extending said slits so that each pair of slits %
bet\/\ﬁmlnm s intersect to thus separate the seal elenent into two
pi ec 'ﬂ"’rm’mt hod of any one of clainms 21 to 27, wherein the ste

of fofmhg 'sai"d feams for minimzing said 36 internal stresses creat¥®d

in said seal elenent as a result of saidggstortion is acconplished by
nmol di ng. 29. A seal elenent constructed and arranged for use
substantially as described herewith with reference to Figs. 5 5-7, 8, 9,
10, 11 or 12 of the acconpanying draw ngs. 30. A nmet hod of making a

seal elenent for use on a nultiple packer for a well, substantially as

described herein with reference to Figs. 5-7, 8, 9, 10, 11 or 12 of the
acconpanyi ngiRterRalsstresses created in said seal element as a result

N .

of said distortion is accomplished by molding.

29. A seal element constructed and arranggd for use

_substantially_as descr;bed herewith with reference to Figs.
5 5-7, 8, 9, i0, 11 or_lz of’the accompanying drawings.

30. _ A methodlof.making a seal element for use on a kf/
multiple.packer for a wel;, subétantially as.described
herein with referenCe'fo figs. 5-7, 8, 9, 10, 11 or 12 of

the accompanying.drawings.
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