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1 APPLI CATION FOR PATENT Title: Annular Sea
I nventors: Kendall E. Keene and John C. Vicic FIELD
OF THE I NVENTION The field of this invention is
seal i ng annul ar spaces in well head or downhol e
applications and, nore particularly, where |ow
tenperature exposure to the seal assenbly is
antici pated. BACKGROUND OF THE | NVENTI ON Seal s for
annul ar spaces in downhol e applications have to
respond to a vari e@PMCmQE&Qg%ﬂENTi ons. During
production, the produced fluids can raise operating
TitlerarnbirSeds to 350 F or nore. On the other hand,
particularly in frigid climates and during shut in
InR&Hdr@d8erdhll BOKRREHE ARG, iR surrounding tenperature
around a wel |l bore seal can plunge to 35 F or even -
Iﬂtﬁ; OFI,ﬂﬁ A “ﬁﬁnular non-netal lic seal designs
&t n barriers on the top and the
bottom_ These devices or _rings often . followth
o on b el 36 FGuton s StbE AP seDs i weliead of Ssyghple
in section. The backup rings have a generally U shape
apphiratipessangdy mors| fagfirularlys Where Jo3 ieanpsFRtYIR 6Xpasyiede i gakassembly
and nore significant interference on the outside
is ahtwipatedr, as install ed. An exanple of the generally
U shaped design for the anti-extrusion ring in an

BAORGROUNSOF FHE IRVERFION U. S. Patent 4,496,162. In
a varration of this design, additional seal materi al
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temperatures to 350° F or more. On the other hand, particularly in frigid climates am_j
during shut in periods of no production, the surrounding temberature around a wellbore
seal can plunge to 35° F or even less. Traditional annular non-metallic seal deéigns
employ anti-extrusion barriers on the top and the bottom. These devices or rings often
follow the generally rectangular shape of the seal, when viewed in section. The backup
rings have a generally U-shape and feature slight interference on the inside diameter and

more significant interference on the outside diameter, as installed. An example of the

" generally U-shaped design for the anti-extrusion ring in an annular seal can be seen in

U.S. Patent 4,496,162. In a variation of this design, additional seal material has been
added to the inside dimension of the seal assembly to make a portion of the seal protrude
beyond the backup rings on the inside diameter dimension. Even though an increase in

the inside diameter interference reduced failures at low temperatures, the prior design

~ proved unreliable in exposure to even colder temperatures as experienced in shut in -




the inside dianeter interference reduced failures at
| ow tenperatures, the prior design proved unreliable
i n exposure to even col der tenperatures as experienced
in shut in 2 conditions in the harshest cold
climates. Additionally, the increase in inside
diameter interference made the seal significantly
nore difficult to install. &onpression packer seals
are generally illustrated in U S. Patents: 1,350,553,
copdifiony, in gh; hagshew goldgiimates. Additigrligdhe inpreaseria insidesdipmeter
invention, installation interference generated by the
intfsderesce mﬁieabx@d:aﬁi‘glﬁﬁd:angy argdiffiduitao idstadl. Comptlessise packes
being installed in and the seals relaxed ID being
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usedto activate the seal. The seal does not rer of
4%nggxternal axial load to function. The seal is
"assisted by pressure // during normal functionality.
Accordin t he present tio resents
upr oventhit i3y o s o Bfkafienes pperapei the sedls
environnents. In one feature, the backup ring desi
relized Q@ being darperdban the HP theyealiis beipg aéftall%f%m@né (HhG gegis axed ID
pronote its ability to act as an extrusion barrier. In
bemgetoaBer thevibe OPnthateal isdwing iestelladi ingisswed © detivae beexnal. The
pl aced in the seal body and di mensionally configured
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residual stored force to pronote the operation of the

duﬁﬁéhmﬂﬁifﬁﬁlf@ﬁdﬁah@ reduced tenperature environments.
hese and other features of the present invention
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th%lﬁqvﬁ%ggmaﬁa% ]{nwgﬁﬁq%ggf the ghckup ring EQS?SI{ has%eegv revised to allow

it to act as a spring to promote its ability to act as an extrusion barrier. In another

-development, resilient ring seals have been placed in the seal body and dimensionally

configured to be installed in their respective grooves with a residual stored force to
promote the operation of the seal assembly in reduced temperature environments. These
and other features of the present invention will be more apparent to those skilled in the art

from a review of the description of the preferred embodiment and the claims, which

appear below.

SUMMARY OF THE INVENTION

A seal assembly capable of low temperature service is disclosed. It features upper
and lower metallic backup rings that are specially shaped to act as a spring to keep the

sidewalls of such rings in contact with the inside and outside surfaces to be sealed to

. prevent extrusion of the seal material even in low temperature situations. Inner and outer




A seal assenbly capable of |ow tenperature service is
di scl osed. It features upper and |ower netallic
backup rings that are specially shaped to act as a
spring to keep the sidewalls of such rings in contact
with the inside and outside surfaces to be sealed to
prevent extrusion of the seal material even in | ow
tenperature situations. Inngr and outer 3 grooves are
provided. O-ring seals, used for the ID of the sea
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than the groove into which they will be installed. The
slightbagrester diemgiehthpn theigriasye $hto méichaetheyr gill beoinprlberbThe greater
sealing functionality in cold tenperature situations.
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Pryridesstared pRessit iogwomotpsaaking Bmctipmadity qodg\fepyperpjjee situations.
PREFERRED EMBODI MENT The seal of the present invention
is shown in Figure 1. The seal has a body 10 and an
upper backup ring 12 and a | ower backup ring 14. The
BRIEFDESCRIPTION OF THE DIRAWINIG or plastic. The
preferred enbodiment is netal. The details of ring 12

Wi | |F1Qﬁ'e 16SLEdchERhI vitht tﬁ@ﬁeféﬁgg Eﬁlb@tﬂlﬂ‘icﬂﬂoﬂtﬁ@f)retséiﬁ invention.

U

preferred enbodi ment uses an identical ring 14. The
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12 features inwardl ends 16 18 t
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under a residual force. In esse the per d 2
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force by the ends 16 and 18 At the
or plastic. The preferred embodiment is metal. The details of ring 12 will be described

with the understanding that the preferred embodiment uses an identical ring 14. The
invention does not require identical rings 12 and 14 and is funetional with only one of
such rings. Ring 12 features inwerdly looping ends 16 and 18 that can be snapped onto
the body 10 in a gripping engagement under a residual force. In essence, the upper end 20

of the seal body 10 is subjected to a compressive force by the ends 16 and 18. At the

- same time, the ends 16 and 18 arc forced into an interference fit in the annular gap in

which the seal is disposed. The ring 12 has a bend 22 that absorbs and stores a force as

ends 16 and 18 are pushed into the interference fit of the annular space in which they are

mounted. As a result, ring 12 acts as a spring due to the placement of bend 22. This

spring effect pushes the ends 16 and 18 away from each other and into contact with the
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same tinme, the ends 16 and 18 are forced into an
interference fit in the annular gap in which the sea
is disposed. The ring 12 has a bend 22 that absorbs
and stores a force as ends 16 and 18 are pushed into
the interference fit of the annular space in which
they are nounted. As a result, ring 12 acts as a
spring due to the placenment 4of bend 22. This spring

effect pushes_the ends 16 and 18 a frqm each of he
opgasing vl {Behieies SoammTyseac g éafosgﬁﬁ%smqy & ipigaged 10 close.

define the annul ar space that the seal assenbly is
Insgtaltatipwel efithe oing 13 4wto the| angulat $pacs esmsesfit tofebastically deformriviile

t he annul ar space causes it to elastically deform
tramdferdridg poteans fegérngy ivgo poid28. Byl desipe rthy/bulkbdthedendidg by By

design, the bulk of the bending by installation of
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be shaped to allow” pressure to enhance or” dim nish
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el astonmeric material having a Duroneter hardness of
thrpygdrtethadrady28out 85 to 90 and optionally with
-reinforcenent of preferably glass or carbon fibers.
Al t #hebedywH] cap beenadf of ¢ phistRT¢Eanciastdmericsnaerialhevingdy
10 conprises grooves 24 and 26 that respectively hold
Dubdm@ersieadiRsd peteraBl. abbdB 3 to@0ahl Wptiorallp edesreBiZoraditient of
34-respectively retain ring seals 36 and 38. Body 10
pre®d Ay SURPE darl: fileROALieddti®Y rdihiRRd POIS catn%eflﬁ&% STEJ"B’Ody

rings out to prevent extrusion. The grooves can
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ring can be :
12 and (134 and acts to force the rings out to prevent extrusion. The grooves can be square

cut, dovetailed or round bottomed. The latter form is preferred due to its ability to provide
a more nearly volume filled arrangement.

Rings 30 and 38 are the main sealiﬁg members. Optionally, only one ring can be
used on the outside diameter or more than two rings. The preferred material is about a 65
to 85 Durometer Arctic Nitrile to enhance low temperature performance. In the preferred
embodiment, there is radial interference on fings 30 and 38 when installed in the annular
gap to be sealed. Interference in the range of about 20-25% of the diameter of the ring 30
or 38 is preferred, with a minimum interference of at least about .015 inches. This
configuration minimizes diametral stretch. Additionally, rings 30 and 38 are pfeferably

shorter in circumference than their respective grooves 26 and 34 by about 6-20% to betier
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used on the outside dianeter or nore than two rings.
The preferred material is about a 65 to 85 Duroneter
Arctic Nitrile to enhance |ow tenperature performance.
In the preferred enbodinent, there is radial
interference on rings 30 and 38 when installed in the
annular gap to be sealed. Interference in the range
of about 20- 25@6of the dianﬁter of the ring 30 or 38

i.s preferred, w rference ,of at |east
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di ametral stretch. Additionally, rings 30 and 38 are
patiiedagy ibloyrer tmperatiwe andiions.unt er ence t han t hei r

respective grooves 26 and 34 by about 6-20%to better

5 Witladegart hetsida disbeteg oy 28 arfdd6, itisgrefered thatieybbeized so

annul ar space and during operation, particularly in

that ﬂl\w brel GRRA@ MRy @&Hﬁx’egdeﬂ Réhen Wstdlled ﬁ@@fh@utr&pbawe(g@ooves 24
di aneter rings 28 and it is preferred that they be
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preferred. This is achieved b maki ng
36 ahaug Brivés lonse thn the a@gvezslt(awhwh #gs wd&mowelds Fhe dpsgga the
than the groove into which it is to be nounted. The
oversirey avitht theringsstillsn thejr rodpettivergrooviendhe greatet isithe fohei against
respective grooves, the greater is the force against
backag Kugs 12 figist 4lahdpindurh4tha Rebater s thelkoredtibRe gf A8§EI2 drd 14 to
the stored force in rings 12 and 14 to force the
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surfaces that define the annular gap that the sea
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compression results in an axial wave pattern occurring in the respective groove as well as
some pushing of grooves 24 and 32 toward grooves 26 and 34 respectively. This wave

deformation in the axial direction along the circumference puts an additional axial force

against rings 12 and 14 to cause their respective ends, such as 16 and 18 to splay apart for

better contact with the walls that define the inner and outer surfaces to be sealed by the
seal assembly.
While the seal assembly has been illustrated for use in a static condition, the

design is workable in a dynamic situation. Those skilled in the art will appreciate that the

seal assembly can be mounted for support in a groove in the inner or outer body forming

the annular gap that the seal assembly is designed to close. The backup rings 12and 18
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some pushi ng of grooves 24 and 32 toward grooves 26
and 34 respectively. This wave deformation in the
axial direction along the circunference puts an
additional axial force against rings 12 and 14 to
cause their respective ends, such as 16 and 18 to
splay apart for better contact with the walls that
define the inner and outer &urfaces to be seal ed by

the se assembly.. Wiile t a h
can) (i opupPalsa o SFRotane Yo Fugs 28, 36 36, AR R LB o
is workable in a dynam c situation. Those skilled |n
of seplringsicappe pseép)artbfcm&fl@ o the ouiside diagreer. Aleatifely,OaR Opmore
mount ed for support in a groove in the inner or outer
seabtings ih@ronvagan béresed onlyl carthgyapide bathetontsidcatiameters snthinthe
is designed to close. The backup rings 12and 18 L 6

gmgaefb@i@ﬁﬁﬁgmally used wi t hout the seal rings 28, 30,
and 38. Alternatively any nunber of seal rings
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Al t er nat e or nore seal rings In groove can
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changes in the size, shape and naterials, as well as
spitiyofitheinyentignl s of the illustrated construction, may be
made wi thout departing fromthe spirit of the
invention. } CLAIMS 1. A seal assenbly for closing
of f an annul ar space between a first and second body
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and supported by at |east one of said first and second
bodi es, conprising: 5 an annul arly shaped body havi ng

an upper and a lower end; 5 said body conprising at

| east one first ring in a first groove, wherein the
first ring is resilient and di nensionally configured
relative to the first groove, whereby the first ring
has a residual stored forch%gNﬁgonnte t he operation

of Y the seal assenbly. 1 2. The assenbly of
claim1, wherein said first ring circunference is in ¢
the range of 8-15% greater than said groove in which

it is instalreg. 3. . The_assenbly of claiml, wherein

t He*rSFdlssembly foriclasingrokf avanaulag spage befweerm §est and sexdnd body
from6 to 20% shorter than the circunference of said
gAebsupppriediby afedst onesofisaisitfirst amd secohd biities, zes@rbinyg: Of

any preceding claim wherein said body further

conpr i aganmiarlyl shapdd K¢ haaageas u?jbé? dnd B IdAver @a@Nd groove >
di sposed on the opposite side of said body fromsaid

first edidBodyS@inthris i i & el i
installed i nﬁ%ﬁg)raﬁ%gﬁ?g? Etgdggﬁr%ﬁgéﬁ?%g |t%%a%1)\r?e’ Wherein
interf e Lt h said one of said first .and

secon dﬁ% g@%‘tgggt'%re\gfrlfte%tﬁ@ ﬁl?me%fonﬁ[ly F‘é"g&l“r%%ag?’e forfhe first
cross-sectional .di anmeter of said second ring. 5. The

= SORY PelsY Apefit AnE e eTidhal ek Prcs fo Bremtie Biieeration of
rings are nmade froma material having a Duroneter

hike §ebassemblyabout 56-85. 8 6. The assenbly of any
preceding claim further conprising: iY at |east one
backup ring mounted on one of said ends of said body

and

2. The assembly of claim 1, wherein said first ring circumference is in the range of

10

8-15% greater than said groove in which it is installed.

3. The assembly of claim 1, wherein the first riﬁg circumference is in the range of

from 6 to 20% shorter than the circumference of said groove in which it is installed.

_4. .The assembly of any preceding claim, wherein said body further comprises at
least one second ring in a second groove disposed on the opposite side of said body
from said first ring; said second ring, when said body is installed in the annular gap,
being in an interference fit with said one of said first and second bodies to an extent

of at least 20% of the cross-sectional diameter of said second ring.

'. 5. The assembly of claim 4, wherein said first and second rings are made from a

mater_ial h_aving a Durorﬁeter hardness of about 56-85.
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havi ng a rel axed di nensi on greater than the annul ar
gap between said first and 5 second bodi es so that
opposed ends on said backup ring nmust be conpressed to
be inserted in the annular g@p, said backup ring
further conprising a bend between said opposed ends
to store a force created by insertion of said backup
ring into the annular space and apply said force on
sai d opposed ends against said first and second

bgdi e il I NE ASS |y of ¢l.aim®6, wherein
o3 TP assdfoly:of any prkecdiIRER SHthel spadiinga ¢ b one. |

e of S@iﬁd fi r%} and second bodies, deforns in a

manner 251525 8nG Backpp piae mounted on one el sid endsef kaig bedyend
amgy fromeach other. 15 8. The assenbly of any

praieg ? flaxed imensignegredter thari e hhmisr gap bgtveen saidtfssttand
one of said first and second bodies with the snaller
diserond bodigs withat dppolsed leads srgsatd bdckigiihg divethe @iptesaEdio be
said deformation results in said first ring deformng
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precedi ng
annular space and apply said force on said opposed ends against said first and

second bodies.

7. The assembly of claim 6, wherein said first ring, when placed in contact with one

® L ]
e e
of said first and second bodies, deforms in a2 manner so as to force said ends of said
»
LEX ]
backup ring away from each other. . :..
. '.'. :
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8. The assembly of any preceding claim, wherein said first ring contacts the one of R IN
(X ] ]

said first and second bodies with the smaller dimension; said body having a

longitudinal axis and said deformation results in said first ring deforming into an

- undulating wave pattern in an axial direction paraltlel to said longitudinal axis.

20

9. A downhole assembly comprising a seal assembly as defined in any preceding

claim.




