SAFETY VALVE SEALI NG RI NG AND SEAL ASSEMBLY Thi s

|nw§§. ates to a sealing ring and seal assenbly which provide a
flul oza @Eﬁfegsure barrier and seal and alsb to a surface controlled
subsur f ace’ safety valve used in the oil and gas industry, in particular,

to a hydraulically operated valve with netal -to-netal sealy systens, which
utilize the sealing ring and/or seal* assenbly to,acconpBASHENEN 1@Bect i ve
fluid barrier. It is common practice to: conpleﬁe oil and gas
producing wells with safety systens including a subsurface safety val ve
controll ed fromthe weSAFETY fWAJVE,0 SEALINGf RINGUANDf $BAL| ASSEEBLYwel | t ubi ng
string. Cenerally, such a valve is controlled in response to fluid
pressure conducted to the valve froma renote |location at the well surface
via a snmall dianeter conduit (control line) permtting the well to be

selectively shut in as
This invention relates to a sealing ring and seal assembly

which provide a fluid and pressure barrier and seal and also to
a surface controlled subsurface safety valve used in the oil
and gas industry, in partic&lér, to a hydraulically operated
valve with metal-to-metal seal sys£ems, which utilize the
sealing ring and/or .seal assembly to accomplish an effective

fluid barrier.

It is common practice to complete oil and gas producing
wells with safety systems including a subsurface safety valve
controlled from the well surface to shut off fluid flow in the
well tubing string. Generally, such a valve is controlled in
response to fluid pressure conducted to the valve from a remote
location at the well surface via a small diameter conduit
{(control line) permitting the well to be selectively shut in as
well conditions reqdire. The surface controller is typically
equipped to respond to emergency conditions such as fire,
broken flow lines, oil spills, etc. Frequently, it is
necessary to conduct_wgli servibing operations through a
subsurface safety ;§1vgl The well servicing operations may
require extending a wireline tool string through the subsurface

safety valve. Examples of such services are pressure and
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well cgnditions require. The surface controller is typically equipped to

regdqnd Lo energency conditions such as fire, broken flow lines, oil

spi'lls, §tc. gFrequently, it is necessary o conduct wel | servi ci ng
operations through a subsurface safety valve. The well servicing
operations may require extending a wireline tool string through the

subsurf ace

sefmgier atal mee teStdnmgl. esAQl i 8 U6ha b ewdl T ese iy bc ML ISt dilitbs are

2 tenperature testing. Additional well servicing procedures are

requi red to rmdquiones daoaged idégenbiehagedquipwentle ddieimmemr.ocethess resul t
in periodic opening and closing of the safety valve. Subsurface safety
val ves are shmpwraeduner fesuléningpevisdipacpeninpsand, E6ss 086,013, 1882, G¥wty
4,344,602; 4,356,867, and 4,449,587. The present invention is shown in
one enbodi mRl¥g+ h SESBEHPSe spfetvaratves oane eshown hisn st ufdbowvienf ety
valve. U. S. Patent 3,860,066 teaches that a I|ongitudinally novable
operat or t ubdl«fy RAFRNMOINGShe 3086R1 ABS 7 aBdB82 033Ny i3 4Bi §02 pobpifi6, 85H7

fl apper type ggive closure neans within a subsurface safety val ve.
a

4,449,587. The present invention is shown in one
embodiment with a flapper type valve closure in the subsurface
safety valve. U.S. Patent 3,860,066 teaches that a
longitudinally movable operator tube may control the opening
and closing of ball, poppet, or flapper type valve closure
means within a subsurface safety valve.

For some well completions, it is desirable to install the
safety valve at deep depths. For these completions a small.
piston area is one way to minimize the effect of hydrostatic
fluid pressure from the control line leading to the well
surface. Pistons having a small cross section in comparison to
the cross section of the complete valve assembly have been used
in surface controlled subsurface safety valves (SCSSV).

Examples of such pistons are shown in:

U.S. Patent Title

2,780,290 Surface Controlled Subsurface Tubing
Pressure Shut-Off Valve

2,798,561 Blowout Preventer for Wells

4,049,052 Subsurface Annulus Safety Valve

4,161,219 p__is:t?an Actuated Well Safety Valve

4,444,266 Dée§ Set Piston Actuated Well Safety Valve

4,716,969 Hydraulic Valve Actuating Means for

Subsurface Safety Valve
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For sogre 'well conpletions, it is desirable to install the safety valve at

de%p .depths. For these conpletions a small _ piston area is one way to
nlz“‘iuagﬁfect of hydrostatic fluid ﬁressure fromthe control |ine
| eading to the well surface. Pistons having a small cross section in

conparison to the cross section of the conplete valve assenbly have been
used in surfacet ctag 03 ed sulssupshiazfecsalely Safeby (EG8SV). Exanpl es of
such pistons are shown in: U. S. Patent Title

2,780, 290 S {c PNt A 1784 . 8§Bsdisabesgaba ngubsurface safety valve
Pressure Shut-Off Val ve 2,798, 561 Bl owout Preventer for Wlls
4,049,052 hawinga fhrdrawniel y@ 198f achuaking means 4inghudimg £1lowjsraing
Actuated Well Safety Val ve 4,444, 266 DeepSet Pi ston Actuated Wl
Saf ety Val vevalves fhveh gigpe POSHQ}&P§9IPEtvafv€1¢@?ﬁa§?ﬁﬁﬁm&ﬂﬂﬁﬁqnnwlth
Subsur f ace Safet . Val ve

4,796, 705 g LN fex éﬁﬁuVéWethe Pogpipibliy AL zsﬁaa%@mg
di scl oses a sub ur f af et al
to t %’xe ?1(:11:1.dS contyro\i passageway.

U.S. Patent 4,796,705 discloses a safety valve with an
axially shiftable actuating sleeve operable to move a valve
head from a closed to an open position with a first and second
rod or spindle and cooperating cylinder. The second cylinder
has only abutting contact with the actuating sleeve and may be
utilized to effect the movement of the actuating sleeve in the
event of the failure of the primary cylinder. Latches are
disclosed which prevent return movement of the secondary
cylinder or secondary rod pistons, thus locking the valve head
in an open position.

U.S. Patent 4,378,931 teaches a surface controlled
subsurface safety valve which is operated by a reciprocating
hydraulic motor or piston mounied on the exterior of tﬁe safety
valve housing.

One important requirement of systems such as subsurface
safety valves and other systems such as packers and the like is
that the valve effectively séal so as to provide a fluid and
pressure barrier when negded. si5ce a tubing retrievable
safety valve cannot Sé aasily removed from the well bore for
routine maintenance, any failure of a fluid seal or

accumulation of debris within the safety valve can be very
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havi ng ¥a hydraul i c val ve actuating neans including flow sealing valves
whi gh. are_posi ti oned out of direct contam nation with the biasing fluid
for redu® ng ghe possibility of gas escaping to the fluid control
passageway. U S. Patent 4,796,705 discloses a safety valve with an
axially shiftable actuating sl eeve operable to nove a valve head froma
closed t0 an QPEAACY WiPRoMrEBL fAﬁtséaﬁiﬁ&CQy@texﬁ%daPé é&g@%@ %Dd.
utting contaci " with

cooperating cylinder. The second cylinder haS only a
the actuati ngasl1e@we apdndygbapoHt thé Z88et8t 8h e&ﬁvif@mﬁ@\/@%_@é i1 of
actuating sleeve in the event of the failure of the primary cylinder”
Latches are tfies@eaied Woittenptemestarséal nbabvesR twd®ndthel seapndal Vi o
cylinder or secondary rod pistons, thus | ocking the valve head in an open
posi ti on. deslir8d.Patrert sémé78nd3ftoteantestiheser fiieta Cord+mdt£0¢ seals
subsurface safety valve which is operated by a reciprocating hydraulic
mot or or pi stpoedurentledger {hfeextmpaned ofotdbastdmdyic i tker S Nbwever,
One inportant requirenment of systenms such as subsurface safety valves and
ot her syst enelasdomesicaghéeriabd anhd ¢tkerisontmetal henardalasdmatiavel v
seal so as to provide a fluid and pressure barrier when needed. Since a
t ubi ng retri oakisirdalsabroyidal veiguenadvantages |3s rveelved BYastdneer i) |
bore for
polymeric, and metal-to-metal seal systems have all been used
in 8CSsSV’s. Examples of metal-to-metal seal systems are shown

in:

U.S. Patent Title
4,452,310 Metal-to-Metal High/Low Pressure Seal
4,467,870 Fluid Pressure Actuator for Subterranean

Well Apparatus
4,475,598 Ball Valve Actuating Mechanism

4,527,630 Hydraulic Actuating Means for Subsurface
Safety Valve

4,583,596 Dual Metal Seal for a Well Safety Valve

U.S. Patent 4,452,310 discloses a metal-to-metal seal on
the inside of the cylinder which includes first and sécond
metal seals which are attached to the piston at the top of the
piston and which slide with the piston to open and close the
valve.

U.S. Patent 4,723,606 tééches,an operator tube and a valve
closure means which.can-Se cycléd open and closed with a
wireline tool.

U.s. Paten£ No. 4,945,993 discloses a surface controlled

subsurface flapper type safety valve with a metal-to-metal
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routi e mai ntenance, any failure of a fluid seal or accunulation of debris
wi £hin the safety val ve can be very 5

4 expehsivg to correct. Al sealing systéns are subject to failure
dependi ng upon the operating environnent and design of the seals. Oten
times a seal between two netal nenbers is desired. For sone environnents
these " et alah9sRE! s cafalhich! BlbcRs | AngeTel e GOmAEE D &) AL i C
mat eri al s; however, “elastoneric nmaterials and ot her non-netal,

non- el ast oMpehéroti@hieakheRr eMbdea vt die b ages as wel | .* El astoneri c,
polymeric, and netal -to-nmetal seal systens have all been used in SCSSV s.
Exanpl es of et gl. st oparealk Neal 45987 coB6 af EscludyE dr automot deS.cyRatRidr- -

Title 4,452, 310 Met al -t o- Met al Hi gh/ Low Pressure Sea
4,467,870 piskbni doBr endtir eifht sasesl iy [Hibj emvianeds held against the
Vel | Appar at us 4,475, 598 Bal | Val ve Actuating Mechani sm

4,527,630 rodHpgr ausealAnguptesgubkamspl ratSidys urif@celamp. The entirety
Saf ety Val ve '
of the sealing ring fits tightly against the rod.

There is a need for one or more continuocus seals between
the rod and the inside wall of the safety valve or some other
member which will prevent leakage of both hydraulic pressure
fluids and well fluids as well as pressure from above and below
the rod into the interface between the rod and the inside wall
of the safety valve and the bore. Leakage control is necessary
so that the rod will maintain sufficient pressure to shift
downward and upward, and then remain seated as desired, thus
facilitating the opening and closing of the valve.

A sealing ring is desired which will effectively seal
against fluid and pressure leakage in some type of well system
such as a safety valve or packer. Also desired is a seal
mechanism to retard fluid and ﬁressure leakage from within the
well.

What is desired is a dynamic seal which provides a
continuous seal which retards fluid and pressure leakage and
yet is unaffected by high teﬁperatures and pressures of a well
for a period of manyayéars. ”

The previocusly ligted patents are incorporated by reference

for all purposes in this application.
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4,583,496 Dual Metal Seal foﬂ a Wll Safety Val ve U S. Patent
4, 452,310 discloses a netal-to-netal seal on the inside of the cylinder
whi'ch ingludgs first and second netal seabs which are attached to the
piston at the top of the piston and which slide with the piston to open

and cl ose the valve. U S. Patent 4,723,606 teaches an operator tube
and a valve closure neans which can be cycled open and closed with a
wireline tool. U S. Patent No. 4,945,993 discloses a surface

control led  SUbSHd 366ddAPRGHy dntRensabehtekatiCa Wbbdl IndiBt fha | BoK Bt Siming

seal ing system ocks well flui romentering the I ne
when the valyesisifl AffbressurdIparrfatethiMe. c4nfB87s826a déé&i?ﬁtsssﬁ@eve

autonotive cylinder- piston rod unit with a sealing ring which is held
agai nst the pd,adi &ty vh 588 dRErFCe%ibe 13PRhEC8LEPBURESa CEPIPRAFNEaENt i TELY

of the seallng ring fits tightly against the rod. There is a need for

one or nore wad N Uisraiaalthd)elea@8hg sleeve portion has a least one lip
and wherein each lip has a smaller diameter than the diameter
of the sealing sleeve portion so that each lip can sealingly
engage the external surface of the cylindrical member and a
radially outwardly directed flange portion to retard fluigd
leakage around the sealing ring. Preferabiy, the sealing ring
forms a fluid and pressure barrier in the offset passageway and
a safety valve for downhole use in a well.

The present invention also relates to a tubing-retrievable
safety valve having a housing connectable with a well tubing
string and a bore therethrough for communicating well fluid
flow with the tubing string; a valve closure means mounted in
the housing for movement between a first open position and
second closed position, and an operator tube in the housing to
control movement of the valve:closure means between its first
position and its second position. The operator tube normally
moves in response to control fluid pressure acting on a rod
means and a spring biasing the operator tube to move in
opposition to the piston.. A"sealing ring is disposed in the
safety valve in contact with a housing means so as to be
stationary relative ég the rod means and to form a fluid and
pressure barrier between the rod means and the housing means

and which comprises a sealing sleeve portion which extends
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the rqd and the inside wall of the safety valve or sone other nenber which/
wi LI prevent | eakage of both hydraulic pressure fluids and well fluids as
wef | as goresgure from above and below the rod into the interface between
the rod and the inside wall = of the safety valve and the bore. Leakage
control is necessary so that the rod wll maintain sufficient pressure to

hift d d d t ' jred,,th
Faci |1 tati notit Dpehg Grs e ssrag Ero ka=pErh ctnd s EERAEHIRT, g i <
desired which v I wel LASt ' k [
Some ype oo FAEAT diaktiERe LIPTIR MhEeEn Rl E5 0 e s

a seal  mechan sid & y&dil Gdrtdod 8AY ergﬁlgmsrl ﬁ%ﬁséefr%ﬁ“ £ Naidfeter

wel | . What I's desired i's a dynam c seal which provides a continuous

seal which ref argls Jé&’ﬂﬁ\ga'ﬂeléﬁrﬁsPHEEibﬂagagehéﬂdeabfﬁtliﬁ soaf {esigd by
hi gh tenperatures and pressures of a well for a period of many years.

The previ ousdpgdded athdah:airnadr eylinarpesat edribiceeber EREerod Oindl bherein
purposes in this appllcaplon.
the sealing ring additionally comprises a radially outwardly
directed flange portion to retard flﬁid and.pressure leakage.
At least a portion of the rod means is suffiqiently smooth and
hard so as to slide within the bore of the sealing ring.

The safety valve may include a rod retainer and seal means
in contact with the housing means which has an upper static
seat and a lower static seat which contact to form a fluid and
pressure barrier with a spherical or angular surface on the rod
when the valve closure means is in the first position, and with
an adapter of the rod when the valve closure means is in the
second position.

The safety valve can include the sealing ring without the
rod retainer and seal means or can include the rod retainer and
seal means without the sealiné finq, or can include both the
sealing ring and the rod retainer and seal means.

The present invention also relates to a rod seal assembly
comprising a rod with an undercut to provide a reduced diameter
portion of a cylindrical memger below the undercut, an adapter
on said rod to assist in- forming a first fluid and pressure
barrier, a rod retainéfhénd seal means which is stationary
relative to the rod and which surrounds at least a portion of

the length of the rod and where at least a portion of the rod
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The pgesent invention relates to a rod seal assenbly conprising a rod, a
rog retainer and seal neans, the rod being novable relative to said sea
neans bgtweep a first and a second position, the seal neans surrounding at
lLeast a portion of the length of said rod, where at |east a portion of
said rod is sufficiently hard and snboth so as to slide through said rod

retainer and.seakryBaBic1?hid ohd IR 214523 19BANERPENLRICAD LoRer

static seat "an wer atic seat which forma first fluid and pressure

barrier, wagtgifesahfdr 98aagedts YN HOOVHeRE iAeFedHEdea tll RBEHET
portion of said rod bel ow said undercut and an adapter bel ow said reduced

di anet er pophkOAn GppErUBBSticasight Gl Stidkidr SRaltScCeBRA8CHHhABh contact
respectively with sard undercut of said rod and said adapter of said rod

in respectyekyrhhg Eirst apdid hendanendured Haaviileirowith af epRegacdlf bEst
fluid and pressure barrier; characterised in that a sealing ring is

di sposed ar gHgdlagasdrefade sai thseadd rand ithg: fadtaptey afsehendodl ui d

barrier and conprising a sealing sleeve portion which extends axially and
surrounds saedpeotivenhg,i andhatseal thg seald rij sjosgdc embaots theertdpanl sai d
rod retainer and seal neans, the rod being novable relative to said
seal i ng ri ngentheréng thedtopabf nghe| ved e gfarinegh agd sealdmeanbi ag BrEn§ohas
at least one lip wherein each lip of said sealing sleeve portion has a
smal | er di ahet skatipBArYhEedprhiee o dthas Fiad ,semc%g compEeseport F6ALEBIt hat
each lip sealingly engages the external surface of said rad. The
present invEher¥A BPES1PB| Yhach extends aXialdiy @ SUIERHREFe thse P a wel |

Val Ve ol 0ouRBeREARS CRBUSEBULTA SLreN RO PR o JE0REr SRS PaPd 11 ow

bosi on' whFBREBRPORECT] iR PREE (h GHGTE S ATts bt o RAF AGABeBRG BT

second pOSiELgnsggagggbgggg§e portion so that each lip sealingly engages
the external surface of the rod where the sealing ring forms a
second fluid and pressure barrier.

An example of safety valves according to the invention is
shown in the accompanying drawings, in which:

Figure 1 is a schematic view in section and elevation of a
typical well completion including a tubing-retrievable
subsurface safety valve with afflapper type valve closure means.

Figures 2A, 2B and 2C taken together form a longitudinal
view in section with portions broken away of the subsurface
safety valve and operator tube incorporating the present
invention showing the safety'valve.in its closed position.

Figure 3 is a drawing in longitudinal section with portions

broken away of the subsurface safety valve shown in Figures 2A,

2B and 2C in its closed position.
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7. flfuid fl ow therethrough, an operator tube in said housing neans to
shigt the valve closure neans from said second position to said first
posi tion,* rodsneans for noving said operater tube in response to control
ftuid pressure fromthe surface, said rod neans di sposed within said
housi ng means and offset fromsaid | ongitudi nal bore, wherein said rod
means conprises_the rod seal assenbly set ouyt above, wherein the rod

retai ner and seBt9WEAnt 18 ¢ P UM WSER t28Nd SREW & NEg theafiga dkag t htnapper

static seat Eng?iomervstgtig seat ntact to formsaid first fluid and
pressure balt i i tRAVSA HP et _ £834 rod when said val ve closure

nmeans is in said;first.positlo d th sai.d adapter of _said rpd when said
val've closure ngﬁ.%féssiﬁés%# 553} %g 5&§VtﬂSn?ngéﬁﬁcVF§§I99rtl°ns

i exarel o plogal chiay s ar e dnaacs pSILLOR) s PhevnelnLhe

acconpanyi ng awi ngs, I'gure

section and.glevalioiy ofnd rod.

Figures 6A, 6B and 6C show various views of the sealing
ring. |

Figures 7A, 7B, and 7C show various views of the sealing
ring with threaded joints.

Figure 8 is a drawing in section showing the combination of

sealing ring, rod means, and rod retainer and seal means.

In the following description, like parts are designated
throughout the specification and drawings with the same
reference numerals. The drawings are not necessarily to
scale. Portions of some parts have been exaggerated to better
illustrate details of the present invention.

Referring to Figure 1, weli éompletion 20 includes casing
string 28 extending from the well surface to a hydrocarbon
producing formation (not shown). Tubing string 21 is
concentrically disposed within casing 28 and extends from
wellhead 23 through producﬁi;n packer 22 which seals between
tubing string 21 and.?ééing 28. Packer 22 directs formation
fluids such as oil, gé%f'water, and the like into tubing string
21 from perforations (not shown) in casing 28 which admit

formation or well fluids into the well bore. For purposes of

_—
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typicat well conpletion including a tubing-retrievable subsurface safety
valsve with a flapper type val ve cl osure neans. Fi gures 2A, 2B and 2C
taken togethey froma longitudinal view i¥¥ section with portions broken
away of the subsurface safety valve and operator tube incorporating the
present invention show ng the safety valve in its closed position.

Figure 3 158 i0r auq L LANOH U] el el an bt hoar L,g0s - rgkeq avay of

t he subsurfacé safety valve’shown I 'gures Nt | osed

position: like, whether in the ligquigd orlgaseous sta%e. WelEiQEGQdé is a
drawi ng in section showmng the sealing ring of this invention around the

rod. Fiegdcfendly 83re0] 8468 Y| Sthdd) RIS UNchN nAY! bRy 1RtekgR
away showi ng an alternative enbodi ment of the sealing ring around the rod.
e Sn SESISIACIN SR SRS B LI SN]SR PN
joints. control valves 24a and 24b at the well surface control fluid
flow from tubing string 21. Wellhead cap 27 is provided on
wellhead 23 to permit servicing well 20 via fubing string 21 by
wireline techniques which include the installation and removal
of various downhole toocls (not shown) within tubing string 21.
Other well servicing operations which may be carried out
through tubing string 21 are bottom hole temperature and
pressure surveys.
Surface controlled subsurface safety valve 30 embodying the
features of the invention is installed in well completion 20 as
a part of tubing string 21 to control fluid flow to the well
surface via tubing string 21 from a downhole location. Safety
valve 30 is operated by control fluid conducted from hydraulic
manifold 25 at the well surface'via control line conduit 26
which directs the control fluid signal to safety valve 30.
Hydraulic manifold 25 generally includes pumps, a fluid
reservoir, accumulators, and control valves for the purpose of
providing control fluid pressure signals for holding valve 30
open or allowing valve 30 Fo Elo;e_when desired. Manifold 25
also includes appara;us'which functions in response to

temperature, surface line leaks, and other emergency conditions

under which well 20 should be shut in.

IMs&mmHmBmmR@mb
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Figurete8 is a drawing in section showi ng the conbination of sealing ring,
rog means, and rod retainer and seal neans. In the foll ow ng
descriptgon, Jike parts are designated throughout the specification and
drawings with the sane reference nunerals. The draw ngs are not
necessarily to scale. Portions of some parts have been exaggerated to

better illustrate details of the present invention. Referring to
Figure 1, well conpletion 20 jncludes casin string 28 extending fromthe
wel | surface to qﬁ?ﬂﬁdﬁ%?ﬁbﬁo 6P8388Fﬁg%#68ﬂﬁfiBﬁpgnﬁ?lgﬁoﬁh?$“q%bm?ﬁﬁs

SL1 IR0 21y SRS Rl SHCREP 54 Mo B RS PR BSOS L M
22, an ca Wtk ALYy ARAROER! SRTBLRG LR SUCER BB
casing 28 Wi AME tuni i BlnARCE1 WGk e1bW' ERrbBER ERE1NG' LePORG- 2 L0
pur poses of 0
When a predetermined pressure signal is applied to safety valve
30 through control line 26 from manifold 25, valve closure
means or flapper 31 is maintained in its first or open
position. When control pressure signal is released, valve 30
is allowed to move to its second or closed position.
Details for construction of the preferred form of valve 30
are shown in Figures 2A, 2B and 2C. Subsurface safety valve 30
has housing means 60 formed by housing subassemblies 61, 62,
and 63 which are suitably interconnected by threaded joints
65. Subassemblies 61, 62, and 63 could be interconnected by
welded joints or by a combination of threads and elastomeric
seals. Welding is sometimes unsatisfactory due to requirements
for heat treating before and after. Elastomeric seals in some
environments (high pressure, high temperature gas) have a
tendency to fail during pressure transients. Threaded joints
65 are preferred because they have mechanical strength
comparable to a welded connection and a metal-to-metal seal.
U.S. Patent 2,992,019 discloses threads and a metal-to-metal
seal system similar to threaded ﬁoint 65.
Threaded joint 6$vis_§ometimes referred to as a two-step
thread because the diame£er of threaded portion 65a is
substantially larger than threaded portion 65b. Depending upon

the type of materials used to manufacture housing means 60,
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this application, "fluid" includes oil, gas, water and the I|ike, whether
ingthe liquid or gaseous state. Well fluids frequently carry sand or other
debris which sytay accunul ate at |ocationsiién tubing string 21 having | ow
ftuid velocity. Flow control valves 24a and 24b at the well surface
control fluid flow fromtubing string 21. Wellhead cap 27 is provided on
wel | head 23 49, RQLY (s$CERHCEAE YWehdtrOo i fh il Sifd fihe? | Tl ne

t echni ques ﬁ%?g% fnplu_eathe_?nstal%ati%n and renojg% ]gg‘vé¥$%dgﬁ%éﬁ%hple
tools (not $RGWRE WnicheBskdbbRdastfrédged lso Q{J@rtwalde%ﬁrj\eﬁﬂ%s%%fsa“O”S
whi ch may be Carried out through tubing string 21 are bottom hol e

t enper at ur € rRRHKanRcAIS YEeehytMCY§ual to SHIdAEHASOUHA | A YWY R68 jon
safety valve 30 enbodying the features of the invention i's installed In

vel | conpl elhifORcA@iag maapar 5007 thbéddedtid v X5 tias GRHYAIuIdiyd flow to

the well surface via tubing string 21 froma downhol e | ocation. Safety
val ve 30 isdepdtrabde becaaser ot &1lbws ol cd Btk friamvagdraidh cegputit dlogd 25
at the well surface via control line conduit 26 which directs the contro

fluid signakesdigsdhet hiousling B88ans Hyalriawt i Ls neili ftoilwk 135 egasyertad |y i ncl udes
punps, a fluid reservoir, accunulators, and control valves for the purpose
of providi mgnadactulref pniddapsesbBlee signals for hol ding valve 30 open or
all owi ng valve 30 to cl ose when desired. Manifold 25

Housing means 60 can be generally described as a long thick
walled cylinder with longitudinal bore 67 extending
therethrough. The ends of housing subassemblies 61 and 63 may
be internally or externally threaded to provide means on
opposite ends of housing means 60 for connection with tubing
string 21. A lockout sleeve (not shown) could be incorporat;d
into safety valve 30 if desired to hold valve closure means 31
open. Lockout sleeves which can be shifted by wireline tools
to permanently or temporarily hold valve closure means 31 open
are known in the art.

Housing subassembly 61 has.threaded connection 29 to attach
control line 26 to safety valvé 30. Control fluid pressure
signals are communicated from the well surface via control line
26, threaded connection 29, drilled passageway 66, and offset
passageway 80. Passageway 80 is machined in the wall of
housing subassembly 61 pa;aliel with but offset from
longitudinal bore 67.

Operator tube 40 EB.SIidably disposed within longitudinal

bore 67 to shift valve closure means 31 from its second, closed

position as shown in Figure 2C to its first, open position as
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al so iencl udes apparatus which functions in response to tenperature,
sugface line | eaks, and other energency %Spditions under which well 20
shoul d be shyt in. 11 Saf ety
val ve 30 includes flapper type valve closure nmeans 31 nmounted on hinge 34
for swinging between its closed position schematically represented in

Figure 1 andnily PREPiRESEIEON dgerfA U Woi GB BehSthactbyl drbhow,
t hr ough tub?ﬁg étringlgg. v%entgnbredeternined pressure gignalris apgl?gd

to safety vabyg géfetHI0WIRoTDRG | oy ireriZhif seeriBALf abdighatyal ¥gackagure
means or flapper 31 is maintained in its first or open position. \Wen

control preggy ﬁj sbaabo) snial ﬁﬁ%gd,a vadstod0 inl @ ablepedtbA aPY&ngembhsE,
second or closed position. tails for construction of the preferred

form of val d¢spBsedr énshouning megus 680 DEFR Frdm2 ConGliibadihatebsntesy,

valve 30 has housing neans 60 fornmed by housing subassenblies 61, 62, and

63 whi ch ar movest apkyatoretgbantttiu taspndnseaded cpotrbd fB8idSpbassenbl i es

61, 62, and 63 could be interconnected by welded joints or by a

conbi nat i on fobmt bheadwel indurface onekiportion of rod means 90 is slidably
disposed in offset passageway 80.

Rod means 90 has two main components -- seal assembly 91
and cylindrical rod 100. Seal assembly 91 includes seat insert
g92. Seat insert 92 is a threaded rod.

The exterior of operator tube 40 and the interior of
housing subassembly 62 partially defines annulus 50
therebetween. Cylindrical rod 100 extends from the lower end
of housing subassembly 61 into annulus 50. Cylindrical rod 100
and seal assembly 91 are then threaded together to form rod
means 90 and partially disposed within offset passageway 80 of
housing subassembly 61.

Biasing means or spring 54 is carried on the exterior of
operator tube 40 in spring chaﬁber 53 which is a portion of
annulus 50. Biasing means 54 applies a force to slide operator
tube 40 longitudinally opposite from the force of control fluid
pressure in piston chamber 82 acting on piston means 90. When
control fluid pressure in chémher_sz is decreased below a
preselected value, spring.54 movés operator tube 490
longitudinally upwardwtq'allow valve closure means 31 to return

to its second, closed position. Spring 35 coiled around hinge

34 assists in moving flapper 31 to its closed position.
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seals. el ding is sonetinmes unsatisfactory due to requirenents for heat
treating before and after. Elastoneric seals in sonme environnents (high
pressure,t high tenperature gas) have a tk¥hdency to fail during pressure
transients. Threaded joints 65 are preferred because they have nmechani cal
strength conparable to a welded connection and a netal -to-netal seal.

U.S. Patent 2, 995p&dfsh selinses dyaadpeaadsigretakot a198Lakpr3ag! s5yssem
simlar to threaded joint 65. Threaded joint 65 is sonetinmes referred

to as a two-giefctiPrentdecalshdildeti ameties ektebtieededspent kenigRajés
substantially larger than threaded portion 65b. Dependi ng upon the type of
mat eri al s userkedwemntly f@oddirn housieng iedays ab@ilable subsurface safety
12 di aneter 65b and the |l ength of threaded portions 65a and 65b may be
i ncreased orvalkeesasetomprasaion MfespedngoiSit a8 kapansiohanifcapriheg ehyt h
equal to or greater than any other portion of housing neans 60. Threaded
joint 65 is preediuces dtdnsiqhml rfgyiceshdaaadditionl towdongiyudinal nfivroves.
with respect to desjgning housing nmeans 60 but is relatively easy to
Longitudinal force from spring 54 is transmitted to the
exterior of operator tube 40. Longitudinal force from rod
means 90 is transmitted to the exterior of operator tube 40.
Longitudinal force to shift valve closure means 31 to its
open position is initiated by supplying a preselected amount of
control fluid pressure to piston chamber 82. Rod means 90
converts control fluid pressure to a longitudinal force which
is transferred via rod 100. Belleville spring washers or some
other suitable spring 157 is positioned below load ring 106.
Longitudinal force on lcad ring 106 via springs 157 is
transferred to operator tube 40. The longitudinal force moves
operator tube 40 to open valve closure means 31.
At the same time as load ring 106 is applying longitudinal
force, longitudinal force is also being applied to spring 54
via thrust bearing assembly 120. Thus, torsional forces from
compressing spring 54 are isolated from rod means 90.
Longitudinal force to shift operator tube 40 in the
opposite direction to allow valve closure means 31 to move to
its closed position is supplied primarily by biasing means or
spring 54. First cogtrpl fluid pressure in rod chamber 82 is

decreased below a preselected value. Spring 54 can then

expand. Longitudinal force from expansion of spring 54 is
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manuf act ure and assenbl e. Housi ng means 60 can be generally descri bed
as & long thick walled cylinder with [ ongitudinal bore 67 extending

t her et hr cough. »The ends of housi ng subassenblies 61 and 63 nay be
internally or externally threaded to provide nmeans on opposite ends of
housi ng means 60 for connection with tubing string 21. A | ockout sleeve
(not shown) sl tedetd neps ot athbel mh0v$afBéarYﬁ§V@s§QmBiydf§6réﬁktfhggﬂd
val ve cl osure nmeans 31 open. Lockout sl eeves which can be shifted by
wireline tooting ti0§er Maneing yexpansdopondr spyihgl 84 yal v&d ct Dagir epgreans 31

open are known in the art. Housi ng subassenbly 61 has threaded
connecti on ZPntachs ddte haefitamlof] ifien2é #d taf eéyural opeBtofonivdlsd lug d
pressure signals are communi cated fromthe well surface via control |ine

26, threadedi®drireandroemitinmn.| | 8¢apisgagesenb by, 1andisbisees @rasaganay
80. Passageway 80 is nmachined in the wall of housing subassenbly 61
paral | el w tFBRIt4QfIREIr9G dRansoR§i fuamnbpraberakbr7forces @prexdioed thbe 40
is slidably disposed within | ongitudinal bore 67 to shift valve closure
means 31 fr GWRASIILHd, SRYIEGe 4 -position as shown in Figure 2Cto its
first, open positifon as ) )

Referring to Fig. 3, rod means 90 comprises a seal assembly
91 and either a cylindrical member, piston or rod 100. Rod 100
is partially disposed within a passageway offset from the
longitudinal bore and a seal assembly is secured to one end of
the rod. Rod 100 may contain an undercut to provide a reduced
diameter portion 242 of rod 100 below a spherical or angular
surface 243 and an adapter portion 234 to assist in forming a
fluid barrier.

Sealing ring 224 is shown around rod 100. Rod retainer and
seal means 226 surrounds at least a portion of the length of
rod 100. Adapter 234 seats against lower static seat 236 when
flapper 31 is closed and spherical or angular surface 243 seats
against upper static seat 238 when flapper 31 is open.

Referring to Figs. 6A, 6B and 6C, sealing ring 224 is
shown. Fig. 6A is a cross sectional view of sealing ring 224,
showing flange portion 233 which is directed radially outward
from sealing sleeve 228. Lip 232 has a smaller diameter than
the diameter of support sleeve portion 228 so that each lip 232

sealingly engages théﬂexternal surface of cylindrical member

160.

JE——
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13 ghown in Figure 8. Operator tube 40 is constructed fromtwo or nore
geperally hol | ow, cylindrical sections designated 40a and 40b. Rod neans
90, whigh nmay be a piston in a rod-pistgh arrangenent, disposed in
housi ng means 60 of fset from | ongitudinal bore 67, noves operator tube 40
In response to control fluid pressure fromthe well surface. A portion of
rod nmeans 90 is Big.dad yshaWsposend wiekf sét spatsagentyg 8024, witHathk

90 has two nmmi n conponents -- seal assenbly 91 and cylindrical rod 100.
Seal assenblwirgi dpedtutes FXdat lips@3R, $2anSeaporhient29? and asldwemdes.
rod. The exterior of operator tube 40 and the interior of housing

subassenbl y Sbeexg t328 |Rasiar iivegamimsidesdianatechbhapethe Lysidriri cal rod
100 extends fromthe | ower end of hou5|ng subassenbly 61 into annul us 50.
Oyl indrical dbametrr %diﬁ%aﬁ:’?&s@é’f%leftg!ﬂ Br aXiAbHY t AN asferir owRds KBE to
formrod neans 90 and partlall di sposed wi thin offset passageway 80 of
housi ng suba@geHt El%ﬁ. rod:’ ‘ng nmeans or spring 54 is carried on the
exterior of operator tube 40 |n spring chanber 53 which is a portion of
annul us 50. Biasing nmeans 54 applies a force to slide operator

Figs. 7A, 7B and 7C show sealing ring 224 with threaded
joints (“threads") 23S. Threads 235 may be optionally used to
facilitate interconnection between sealing ring 224 and at
least one stationary member within safety valve 30 or some
other valve or apparatus including but not limited to a packer,
although threads 235 are not required. Sealing ring 224 is-
attached to some stationary member so ring 224 is stationary
relative to rod or cylindrical member 100, so that sealing ring
224 does not move but rod 100 does.

It should be noted that sealing ring 224 may be used in
safety valve 30 or in some other type of apparatus such as a
packer or other tool or deviceé for use in the oil and éas.
industry.

Sealing ring 224 fits around cylindrical member , rod

or piston 100. Rod 100 fits within sealing ring aperture
225, and lip 232 of sleeve 228, having a smaller diameter than
the diameter of sleeve-gzé, and'ééalingly engages the internal
lip of sealing ring 524f.

At least a portion of cylindrical member 100 is

sufficiently smooth aﬁd hard so as to slide within the lips 232
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tube 40 |ongitudinally opposite fromthe force of control fluid pressure

i ngpi ston chanber 82 acting on piston neans 90. Wien control fluid
pressurq in ghanmber 82 is decreased bel ow a preselected value, spring 54
noves operator tube 40 longitudinally upward to allow val ve cl osure neans
3l to return to its second, closed position. Spring 35 coiled around hinge

34 assists igy adIGd lEipRer2231 t ehiikSsakesed RABEéMDAG can be

14 Qperator tube 40 could be designed to allow spring 54 to directly
contact a shmdaigrl isthdd dyexingr cae. cSuahvdesegp 68 métlodenidyluwsiaty j rbut
commerci ally avail abl e subsurface safety valves. Conpression of spring 54
and expansi arotoflispitiesy t9, apredanés torsingal af diffssion ackwhtioy, tam iron

| ongi tudi nal forces. Longi tudinal force fromspring 54 is transmtted
to the exteritoridsd agedriaiayr plasdngOwitbnharddinatals pr clerémbumfeuld neans 90
is transmtted to the exterior of operator tube 40. Longi tudi nal force
to shift valplatingurdianand @rUiog)t surépea hearttoveatmentianditihe blike.

supplying a presel ected amount of control fluid pressure to piston chanber
82. Rod nearylgipdrical member 100 may be made of hardened tool steel,

alternatively. A bare metal rod typically has a surface
hardness of Rockwell C 29-36. Preferably the cylindrical
member of this invention has a surface hardness Rockwell C of
at least 50 and most preferably of at least 75. A bare metal
rod with a Rockwell C hardness of 35 may be used for this
invention, but the mean time to failure (MTTF) or lifetime of
the rod might only be about ten (10) years whereas the MTTF.for
a rod with a Rockwell C of 75 approximates thirty (30) years.

Some surface treatments not only improve the life of
cylindrical member or rod but help inhibit corrosion as well.
The rod hardness helps to elastically deform lips 232 of
sealing ring 224 so that lips 232 fit sufficiently tight
against cylindrical member lodfﬁo form a pressure and fluid
barrier but not so tightly that cylindrical member 100 cannot
slide through sealing ring 224.

The cylindrical member or rod 100 should be sufficiently
smooth and round so as to slide within bore 225 of sealing ring
224. The smoothness of.c?lindriéal member 100 in combination
with the smoothness of the lips 232 of sealing ring 224
provides a better fluid barrier than would a rough surface.

The smoothness of cylindrical member 100 also reduces friction,
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converets control fluid pressure to a longitudinal force which is
transferred via rod 100. Belleville spring washers or some other suitable
spring 457 is positioned bel ow | oad ring8106. Longitudinal force on | oad
ring 106 via springs 157 is transferred to operator tube 40. The

| ongi tudi nal force noves operator tube 40 to open val ve cl osure neans 31.

At the same thiuge lawelrdand opagatdfgi sréppine neduin@memtisnal THeOIG@othness
| ongi tudinal force is also being applied to spring 54 via thrust bearing

assenbly 12@lsbhad lowsr sydnatirioat esedisexm 1 Qo e aesvien  lappieng 354 b3 &ay of

I solated fromrod neans 90. Longi tudinal force to shift operator tube
40 in the opeositioer dubectPohotd aldsed iadsit iclnosure masmid y3hndo fastert.o
its closed position is supplied primarily by biasing neans or spring 54.
First control fl8y ¢prepessirsalhyredathagifdre esign,dddeessed ing ovng 224
presel ected value. Spring 54 can then expand. Longitudinal force from
expansi on ofcaphiengised fgr different sizes of diameters of cylindripzl

applied to operator tube 40 via bearing assenbly 120 and load ring 106.
Duri ng expaf®smi®rof spPEng§°8410Pead ring 106

Preferably, sealing ring 224 is designed so as to fit a
subsurface safety valve rod with a diameter from about
one—fourth inches to about 2 inches {6-50mm), although the rod diameter
can vary for a packer or other tool or device.

Lips 232 conform to each cylindrical member 100 to provide
a fluid barrier. Space 240 in Fig. 4 or 5 remains between rod
100 and the inside of sealinqg sleeve portion 228 and rod 106,
although lips 232 contact rod 100 and conform to same.

This seal also acts as a hydraulic pressure barrier to keep
pressure from leaking. For nxample, hydraulic pressure from
control line 26 enters offset passageway 80 and pushes
cylindrical member 100 down through passageway 80 to conmpress
biasing means or spring 54 wiﬁﬁin'spring chamber 53. fhis
moves operator tube 40 at section 40a down so that section 40b
of operator tube 40 contacts surface 141 of valve closure means
or flapper 31 and pushes flapper 31 open. In the event that
the pressure from control line 26 leaks past cylindrical member
100 into passageway 80; pflindriéél member 100 will not push
adeguately through pgésqéeway 80 nor will it adequately
compress spring 54, which results in flapper 31 remaining

closed. Thus, it is important that a good barrier seal be
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contact®% the bottomof flange 41 to return operator tube 40 to its second
posktion. Bearing assenbly 120 isol ates pperator tube 40 and rod means 90
fromtorsional- forces generated by expansion of spring 54. Ref erri ng
to Fig. 3, rod neans 90 conprises a seal assenbly 91 and either a '
cylindrical nenber, piston or rod 100. Rod 100 is partially disposed

Wi thin a pascageshyw it isetpdssageivhe sbopgtiradhnall bedei call memeat ASSYHA YV
is secured to one end of the rod. Rod 100 contains an undercut to

provi de a retheatbugimmadersafetyi eal2d4230f rod 200 bel ow a spherical or
angul ar surface 243 and an adapter portion 234 to assist in formng a
fluid barrier. PressSSeesdiamg rfilngd824respséventead ofincm rbek Dy fResh netiawer
and seal neans 226 surrounds at |least a portion of the length of rod 100.
Adapt er 234 aydlaitrsinigzd hstenbeaecrsradi t08eat A23Bhehpresshngperomr labsrec| 0sed
and spherical or angular surface 243 seats against upper static seat 238
when f| appercydiindrisipdn member RePederhgases Fapd. beronss kews cdlarsetie nopll
ring 224 is shown. Fig. 6Ais a cross sectional view of sealing ring 224,
showi ng f | aRRESBHEG orFEXINIMTFitc ROV ES dPPRER R r BidPal 49 rnaktedingldy seal i ng
sleeve 223. Lip 232 has a snaller dianeter than__the di aneter of support

sl eeve port iYVaEss & aliav yadKe FHO38be BeaPs nyt yERRigean the iba alnsed

surface of cylindrical nggper . - . .
osition. A uld and pressure tight barrier is desired below

cylindrical member 100 in order to keep well fluids and gases
below cylindrical member 100 from leaking into the control line
26.

Thus, a first fluid and pressure barrier may be formed by
sealing ring 224 and rod 100. A second fluid barrier may be
formed by a rod retainer and seal means or metal sleeve 226 and
rod 100. Sleeve 226 is placed within passageway 80 in contact
with housing means 60 so as to be stationary relative to
cylindrical member 100 and which surrounds at least a portion
of the length of cylindrical member 100. _Preferably, sleeve
226 surrounds cylindrical memﬁér 100 partway down cyliﬁdrical
member 100. Cylindrical member 100 is provided with a
sphericai or angular surface 243. Cylindrical member 100 has
reduced diameter portion 242 below surface 243. Sleeve 226 has
upper static seat 238 and lower static séat 236 which may be
created by angular or stréight éﬁts in sleeve 226. Any
suitable undercut wiii_greate seats 236 and 238. There need
not be any specific configuration to create reduced diameter

portion 242. Spherical or angular surface 243 contacts upper
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16 ¢ Fig. 6B shows an end view of sealing ring 224, with sealing ring
aperture 225, lips 232, flange portion 233 and sl eeve 228. sleeve 228 has
a largersinsigde dianeter than the inside20dianeter of |ips 232, and extends
axially and surrounds the cylindrical rod 100. Figs. 7A, 7B
and 7C show sealing ring 224 with threaded joints ("threads") 235.

nd 7C ing ring 2: | joints (“threads’) 235
eal g 1ing BERanT ot L PesneoRe STATT orry TeEBar Wik LA Yt ve 30

sealing ring | east ohe stationary ne

or some ot e MR aQr RRBRLALYE EHGhWELDY Dilir Rle 1d4¥ theh t ae,&_l% X
al t hough th?@géé 235 are not required. Sealingl;ing 224 is $§¥%§ﬁe %%c

sone stati ORaht PEEDeres®ctadpesitybhadr ok oty NRSicalOhdiigs Y6 alrid/ & dd°
the ring 224, so that sealing ring 224 does not nove but rod 100 does.

I't shoul d be-etatigekrt lagid sealli ngansngr 22¥edwy 1% Usekddtt iSaigt Y sl 30 or

in sonme other type of apparatus such as a packer or other tool or device

for use in the end @afdoparator tube 40 contacts and fully opens flapper 31
when surface 243 contacts upper static seat 238. A fluid and
pressure barrier or seal is formed at upper static seat 238 and
lower static seat 236. This barrier or seal is preferably
metal to metal but may be other materia;s as well. These
barriers reduce the amount of electrolytic and chemical
corrosion to the rod 240 and seal assembly 91.

Rod means 90 preferably includes rod 100, most preferably
rod-piston 100, and seal assembly 91. Seal assembly 91 '
includes seat insert 92 and adapter 234. Adapter 234 has
adapter seat surface 239 which contacts lower static seat 236.
When the pressure from the control line 26 decreases, operator
tube 40 shifts upward because of spring 54. Adapter 234 of
cylindrical member 100 moves up to contact adapter seat surface
239 with lower static seat 236; forming a barrier to fiuids and
pressure. Thus, a first barrier may be formed by use of
{1} sealing ring 224 and (2) cylindrical member 100.

Or, as an alternative, a second barrier may be formed by
use of (1) rod retainer and seal means or sleeve 226 which has
upper static seat 23§ and.lower gtatic seat 236 and
(2) cylindrical membe;'or rod 100 which has spherical or

angular surface 243, reduced diameter portion 242, and adapter

234.
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I ndustgry. Sealing ring 224 fits around cylindrical nenber , rod

of piston 100. Rod 100 fits within sealing ring aperture 225, and lip 232
of “sleeve 228, having a smaller diameter2than the diameter of sleeve 223,
and sealingly engages the internal |ip of sealing ring 224. At | east
a portion of cylindrical nenber 100 is sufficiently snoboth and hard so as

to slide withingbe bbps 288 first barrier and second b i f
sealing ring 224. This surface hardeni ng can bes‘e acnconarirs eerany gr?yjf})ﬁxenegf

a variety of ygetBoqs)i BehUdhggrikgt22410t (1§ reyeithdical GRIMEKC Jx0ating, a
diffusion coating, an iron nitride coating, plating wwth hard netal s,

chroni unt gol gispbatireg, 1dbanbtl soatidy,2sUrdme erdirfied (ERIEHr Pod-tike

like. cylindrical menber 100 may be nade of hardened tool steel,

al ternativel g42A hareeldt ak (B tgpirvatd indmsamd sedlaceatzacdnedeestfe 226

Rockwel | C 29-16. Preferably the cylindrical nenber of this invention has

a surface hawdths3oRerksthti€ s¢at 236 and upper static seat 238 are used
in combination.

This invention need not be used in a safety valve but may
be used as a rod seal assembly in some other device or with
some type of cylindrical member 100 other than a rod.

Preferably, sealing ring 224 is made from the materials, or
a combination thereof, consisting of metals, elastomers,
polymers and advanced composites, although any suitable
material will work. Preferably, sealing ring 224 is metal
although elastomers, polymers, such as Teflon, a polymer
available from Dupont, and advanced composites could be used.
The metal seal may alsc be cocated with a thin layer of titanium
nitride/titanium carbide, diamond, gold, or other cecating to
improve the life of the seal by reducing friction or increasing
hardness. | |

Cylindrical member or rod 100 is preferably equal to or
greater than Rockwell C 35 and most preferably equal to or
greater thaﬁ 70 Rockwell C in hardness so as to not be too soft
and scratch easily. Cylindrical member or rod 100 may be made
of a metal such as staiqléss stéél: however, rod 100 may be
coated with ceramic éba@ing 101 as shown in Fig. 4. Ceramic

coating 101 preferably extends no further down rod 100 than the

upper edge of surface 243. Other coatings may be used as long
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at least 50 and nost preferably of at least 75. A bare nmetal rod with a
Rogckwel I C hardness of 35 may be used for this invention, but the nean
time tofailure (MITF) or lifetime of t rod m ght only be about ten (10)
years whereas the MITF for a rod with a Rockwell C of 75 approxinmates
thirty (30) years. Sonme surface treatnents not only inprove the life

o AL P g T SRR DB EOuR o Sy, S g

har dness helps form sealing ring

lips 232 fit é#ggﬂéaeggI3@tgdggicr@g@hgsgmggkhndrical menber 100 to forma
pressure andF1Uid  barrier but not sd tightly that cylindrical menber 100

cannot  slide thgoughe & ilg.NG,284. alterndbeveybhbEa ikéht BFELa 10/ng Od
100 should be sufficiently snooth and round so as to slide within bore 225

of sealing rifwy 22 of THigy snodisheesenof sphiidygi eahgnesbetad 0f) driye
conmbination wth the snoothness of the lips 232 of sealing ring 224

provi des a hsdieiorn 283 diniaH erast tapewed| ddger aRghandr tapered Tdker®@dviess

of cylindrical nmenber 100 al so reduces friction,

18 Lips 232 contact cylindrical member or rod 100 with space 240
between cylindrical member or rod 100 and sealing ring 224
wherein only lips 232 of sealing ring 224 contact cylindrical
member or rod 100.

The ratio of the thickness of flange portion 233 to the
thickness of lips 232 may vary from about 2 to 1 to about 10 to
1 although other ratios may work as well. As the diameter of
rod 100 increases, a thicker flange 233 and lips 232 may be.
used. As the diameter of rod 100 decreases, a thinner flange
233 and lips 232 may be used. )

As an exanple, for a one-half inch (12mm) rod, a ratio of the
thickness of flange portion 233 to the thickness of lips 232 is
preferably from about 4 to 1 toc about 7 to 1. One of ordinary
skill in the art can design séalinq ring 224 with appropriate
dimensions so as to substantially conform with the above
preferred tolerances.

It will become obvious to cne of ordinary skill in the art
to substitute other materials and parts for those disclosed
herein. Thus, variqus'mpdificagions are possible without
departing from the sébpe of the invention. For example,
features in one embodiment may be employed in other embodiments

of the invention.
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thus | ofvering operating pressure requirenents. The snoot hness also allows
cylisndrical nenber 100 to nove fl apper 31 by way-—of—operator—tube-40 to a

cl osed position nore easily and faster. By prop tg n II* cgiing t he
design, the sealing ring 224 can be used for diffe CH aneters
of cylindrical menber or rod 100. 423 Prefer ,J ing 224 is

designed so as to fit a subsurface safety valve r ter from
about one-fourth inches to about 2 inches (6-50mm, although the rod

di aneter can vary for a packer or other tool or device. ' Li ps 232
conformto egchrmgl i ndrical nmenber 100 to provide a fluid barrier. Space
240 in Fig. 4 or 5 remains between rod 100 and the inside of sealing

sl eeve porti an 228 andar sdfé&69, vakbd htmghidwnpel232seonnaet wedd 100 and
conformto sane. This seal also acts as a hydraulic pressure barrier to
keep pressuremprésihgaki ng. For exanple, hydraulic pressure from control
line 26 enters offset passageway 80 and pushes cylindrical nmenber 100 down
t hrough passagewd’80 E@uﬁéﬁﬁr@@§nstﬁ§¥ﬁQQ;QN%%$§lSPd§6?#nB°5§ wi thin spring
chanber 53. This _noves operator tube 40 at section 40a down so that
section 40b e&teppdrdt SherabRrawdRont acts surface 141 of val ve closure

means or flapper. 31 and_pushes flapper 31 open.. I.n the event . that the
pressure fron1coﬁprol Yﬁﬁgezﬁf?iﬁﬁ% %éﬁﬂs(ﬂﬂqﬁ%ﬁq &Elsﬁé§b§Pusiﬁg into
passageway 80, cylindrigcal wegbers 100 Wl N RUSH 1ongitudinal

bore; B

(c) said valve closure means having a'first position
which allows fluid flow through said longitudinal bore and
a second position which blocks fluid flow therethrough;

(d) an operator tube in said housing means to shift
the valve closure means from said second position to said
first position:;

(e) rod means for moving said operator tube in
response to control fluid pressure from the surface;

(£) said rod means disposed within said housing_
means and offset from said lohgitudinal bore, wherein said
rod means comprises a rod and a seal assembly and wherein
said rod has an undercut to provide a reduced diameter
portion of said rod below said spherical or angular
surface and has an adapter %o assist in forming a first
fluid and pressure bairier;

{g) a rod retainér and seal means'in contact with
said housing means soO as to be stationary relative to said
rod and thch surrounds at least a portion of the length

of said rod and where at least a portion of said rod is
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adequat®ly through passageway 80 nor will it adequately conpress spring
54, *which results in flapper 31 remaining closed. Thus, it is inportant

that a gobd berrier seal be 19
formed wi thin passageway 80 between cylindrical nenber 100 and the housing
of safety val ve 30. Pressure and flai ds are prevented from |eaking

frombelow cylindrical nmenber or rod 100. As the pressure from above

cylindrical J1pmbes; 0 AeareAses 3REcRRCOAESs! €5Ss11@ digh 8! tne Pressure,
spring 54 noves operator tube 40 longitudinally upward to allow valve

cl osure neansordl 4O gBldidd elthinek088E <888 hé&Rs; A fluid and pressure
tight barrier is desired below cylindrical nenber 100 in order to keep

wel | fluids and @ases sdifl awdcyeitadhbeabhn8esbel Méénd rioawideada nepgdrt o t he
control line 26. Thus, a first fluid and pressure barrier S
fornmed by seating geaty &2 aaidweodst8dicAssaetowdi¢h ucehbart ity faxm forned
by a rod retainer and seal neans or netal sleeve 226 and rod 100. Sleeve
226 is -pl acezhid tfinstpdlsdgenad fOeisaurenbarrieni vhtihoseihgnden®ie0 so
that cylindrical nenber 100 noves

of said rod when said valve closure means is in said first

position and with said adapter of said rod when said valve

closure means is in said second position, respectively:

(i) a sealing ring disposed in said safety valve
surrounding said rod and contacting the top of said rod
retainer and seal means s0 as to be stationary relative to
said rod and to form a second fluid and pressure barrier,
said sealing ring comprising a sealing sleeve portion
which extends axially and surrounds said rod in said
safety valve, wherein said sealing sleeve portion has at
least one lip, wherein each lip of said sealing sleeve
portion has a smaller diameter than the diameter of said

sealing sleeve portion so that each lip sealingly engages

the external cylindrical face of said rod.

2. A rod seal assembly comprising:

{a) a rod with an undercut to provide a redﬁced
diameter portion of said cylindrical member below said
undercut and an adagtéfﬁto assist in forming a first fluid
and pressure barrier; .

(b} a rod retainer and seal means which is
stationary relative to said rod and which surrounds at

least a portion of the length of said rod and where at
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relative to the sleeve 226 which surrounds at |east a portion of the

| ength of cylindrical nmenber 100. Preferably, sleeve 226 surrounds
cylindrical nmenber 100 partway down cylindrical nenber 100. Cylindri cal
menber 100 is provided with a spherical or angular surface 243.
Cylindrical nmenber 100 has reduces dian;ger portion 243 bel ow surface 243.
Sl eeve 226 has upper static seat 238 and | ower static seat 236 which may

be created ?gag@g |86r9 Oggégu%%%igggfj%ﬂs%kgggggg%%gt ¥g SHitable

underout w |T Create”seats ere nee e any specific
conf i gur at i 0 gufr €31 &1 eduserhdli AHiRARh 6! k8 ritdineEPhRAl sak10"
angul ar surface 3 contacts upper 20
static seat g38nhwhen pressure fromcontrol |ine 26 pushes cyLindrical
menber 100 downward. Surface 243 and upper static seat 238 are both
positioned on cyl&ndrigald nesdere ditheanGndoGeallemabner hantingeah oppas or

sl eeve 226, respectively, so that the end of operator tube 40 contacts and
;rl!é opgns stappersddt ahéna slvvear est243 oc amiaac whicppepnsaati tos€arm238. A

uid an

said first fluid and pressure barrier with said undercut
of said rod and said adapter of said rod; and

(d) a sealing ring disposed arocund said fod and
contacting the top of said rod retainer and seal means so
as to be stationary relative to said rod, which_comprises
a sealing sleeve portion which e#tends axially and
surrounds said rod, wherein said sealing sleeve portion
has at least one lip wherein each lip of said sealing
sleeve portion has a smaller diametér than the diameter of
said sealing sleeve portion so'that each lip sealingly
engages the external surface of said rod, where said

sealing ring forms a second fluid barrier.

3. A safety valve according to claim 1 or a rod
seal assembly according to claim 2, wherein said sealing
ring additionally comprises a radially outwardly directed
flange portion to retard fluid and pressure leakage

through said offset passageway in ‘said safety valve.

4. A safety valve according to claim 1 or 3 or a
rod seal assembly according to claim 2 or 3, wherein said
sealing ring is made of any one or more of the following

materials: metals, elastomers, polvmers and advanced
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pressure barrier or seal is forned at upper static seat 238 and |ower
static seat 236. This barrier or seal is preferably netal to netal but

may be ot°her Pmterials as well. These barriers reduce the anount of
electrolytic and chemi cal <corrosion to the rod 240 and seal assenbly 91.
Rod nmeans 90 I ncludes rod 100, angg preferably rod-piston 100, and

seal assenbly 91. Seal assenbly 91 includes seat insert 92 and adapter
234. Adapt ecotipbsiass.adapter seat surface 239 which contacts |ower static
seat 236. Wien the pressure fromthe control line 26 decreases, operator
tube 40 shifts upward because of spring 54. Adapter 234 of cylindrical
menber 100 noves up to contact adapter seat surface 229 with |ower static
seat 235, fér-ming a badr siadetyovBlupdscantdipg ebggry one of claims 1,
21 Thus the first barrier and second barrier are fornmed where
(1) sealing%iarg L2r, § ZpdcyerAdppEanPREnBeeopiing| & ANY qAeldE wit h
surface 243 and reduced di aneter portion 242, as well _as (3) rod retainer
and seal ne&Adigs g &8 &. 2%¥berein said rod retainer and seal means is

a metal sleeve.

|

6. A safety valve according to any one of claims 1

or 3 to 5 or a rod seal assembly according to any one of

claims 2 to 5, wherein said rod adapter has a threaded

seat insert which is removably secured to said rod.

7. A safety valve according to any one of claims 1
or 3 to 6 or a rod seal assembly according to any one of
claims 2 to 6, wherein said rod is at least partially

ceramic.

8. A safety valve for downhole use in a well
comprising: |

(a) housing means having a longitudinal bore
extending therethrough;

{(b) valve closure means mounted in said housing

means to control fluid flow through said longitudinal

bore;

(c) said valvezciosure means having a first position
which allows fluid flow through said longitudinal bore and
a second position which blocks fluid flow therethrough:;

(d) an operator tube in said housing means to shift
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with | dwer

conmdi nati on

be used ds

consi sting

static seat 236 and upper static seat 238 are used in

of netals, elastoners, polngfs and advanced conposites,

This invention need not be used in a safety val ve but
a Pod seal assenbly in sone other device. Preferably,
sealing ring 224 is made fromthe nmaterials, or a conbination thereof,

may

al though any suitable nmaterial will work. Preferably, sealing ring 224 is
metal al t hopgd A Asd RS Surd MR FroflshiaSsdebhaNpodi PobYMBs s&vdi | abl e

from Dupont

, and advanced conposites could be used. "The netal seal may
al so be coatedr-a¢ tdosti ¢4y | ayer of titanium nitride/titani um carbide,

di anond, gold, or other coating to inprove the life of the seal by
reduci ng frictiofepr ipgid®asimnshadodnessing saifybpadateal tapabes or rod

100 is pref

erably equal to or greater than Rockwell C 35 and nopst

preferably eggaponse oto apreatcdr flllvdd PeReckeefrof thehaudfisss: so as to not
and scratch easily. Cylindrical nenber or rod 100 may be nade

be too soft
of a netal

such @8) st saddsdsmeens ddwpveed widthifOsahg beusie@ated with
ceram c coating 101 as shown in Fig. 4. Ceramc coating 101 preferably

extends no figdmerab\ifFIRt HoEm §adct hengippéinadgbose, superetn 288id Ot her
coatings may be used as | ong '

rod means for moving said operator tube comprises an at -
least partially ceramic rod disposed within a passageway
offset from the longitudinal bore and a seal assembly
secured to one end of said rod to form a slidaﬁle first
fluid and pressure barrier in the passageway, wherein said
rod has an undercut portion to provide a reduced diameter
portion of said rod below said undercut and has an adapter
with a threaded seat insert which is removably secured to
said rod to assist in forming said first f£fluid and
pressure barrier;

(g) a metal sleeve in contact with said housing
means SO as to be stationary relative to said rod and_
which surrounds at least a pdrtion of the length of said
rod, at least a portion of said rod being sufficiently
hard and smooth so as to slide within the bore of said
metal sleeve:

{h) said metal sleeve having an upper static seat
and a lowexr static seéf.which contact to form said first
filuid and pressure bérfier with said undercut of said rod
when said valve closure means is in said first position
and with said adapter of said rod when said valve closure

means is in said second position, respectively;
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22 as ‘the coatings do not unduly scratch and scar and they can be

pol *shed to be sufficiently snooth. Referring to Fig. 5, an
alternative eftbodi nent of sealing ring 224 of Fig. 4 is shown. Sealing
ri-ng 224 has flange portion 233 which has tapered edge 227 and tapered

sl eeve 228. Lips 232 contact cylindricajgmenber or rod 100 with space 240
between cylindrical nmenber or rod 100 and sealing ring 224 wherein only
lips 232 of sealifng ridGd2h£A0A00 a¥ltbNdsbs8ing "BIRET aDspsish 100.
The ratio of the thickness of flange portion 233 ?o the thickness of lips
232 may varysdidsahwtit vhive kuir@oabdihglealio rddabhdosghtatfbsg réid 0s may

work as well. As the dianeter of rod 100 increases, a thicker flange 233
and |ips 23Zaompihesaiusaktalds dleevel ameter tof beodtdblonlecy eashstive t hi nner
flange 233 and lips 232 may be used. As an exanple, for a one-half

inch (12mm t®dsaid rnd argl tchdormhiac bressdofluidnged ppresowre®33 to the
thickness of lips 232 is preferably fromabout 4 to 1 to about 7 to 1.
One of ordi negyrier, said sealing ring comprising a sealing sleeve
| portion which extends axially and surrounds said rod in
said safety valve, wherein said sealing sleéve portion has
at least one lip, wherein each lip of said sealing sleeve
portion has a smaller diameter than the diameter of said
sealing sleeve portion so that each lip sealingly'engéges
the external cylindrical surface of said rod, wherein said
sealing ring also comprises a radially outwardly directed

flange portion to retard fluid and pressure leakage

through said offset passageway in said safety valve.

9. A rod seal assembly comprising:

{a) a rod which comprises an at least partially
ceramic rod and a seal assembly secured to one end of_said
rod to form a first fluid bafrier, said rod having an
undercut to provide a spherical or angular surface and a
reduced diameter portion of said rod below said undercut
and also having an adapter with threaded seat insert which
is removably secured to said rod to assist in forming said
first fluid barrier{_“

{b) a metal sléeﬁe which is stationary relative to
said rod and which surrounds at least a portion of the

length of said rod and where at least a portion of said

rod is sufficiently hard and smooth so as to slide within

This Sheet Has Been Replaced
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ski || i'n the art can design sealing ring 224 wth appropriate dinensions
so as to substantially conform with the above preferred tolerances.

23 T * A rod seal assenbly conpri sing: (a) a rod (100);
(b) a rod retainer and seal neans (226), the rod (100) being novable -
relative to said seal neans between a fhgst and a second position, the seal
means surrounding at |east a portion of the length of said rod (100), where

at | east a pakt heReOhrsakdar adehs siddici ently hard and snooth so as to
slide through said rod retainer and seal neans (226); (c) said

rod retainer angcseal saBanfmeta26318avé NGRhdRPLugdett istataal sed%8) and a
| oner static seat (236) which forma first fluid and pressure barrier; and
wher ei n sai édndod (boe)x bastin sederwhick H4F)tdat proovate saidddfdedtdi anet er
portion (242) of said rod bel ow said undercut and an adapter (234) bel ow
sai d reduced ldiidrendr ppestiioe, banrdenppitrh (£288) wnmtkdawteof 286) sbdt i c
seats contacting respectively with said undercut (243) of said rod and said
adapt er (234ndofsagdi adepleirnofespedt¥odiy the first and the second rod
position to formsaid first fluid and pressure barrier; characterised in
that a sealing Kidng (228pbp§antipbiedierduRPaking gy $4isPoses ing ring
(224) formng a second fluid barrier and conprising a Sealing_sleeve
portion (228F°RRfcKadsdt ERdsaadi aPPireahtPS (ki iR Fhistibdet®dd in t hat

said sealing,iing (224) goniacte,Lhe Lo of sald rod Jgplng and oo

form a second fluid and pressure barrier, which comprises
a sealing sleeve portion which extends axially aﬁd
surrounds said rod, wherein said sealing sleeve portion
has at least one lip, wherein each lip of said sealing
sleeve portion has a diameter-less than the diameter of
said sealing sleeve portion so that each lip sealiﬁgly
engages the external cylindrical surfaces of said rod,
wherein said sealing ring also comprises a radially
outwardly directed flange portion to retard fluid and
pressure leakage, where said gealing ring forms a secqnd
fluid and pressure barrier betwéen said rod and said

housing.

10. A safety valve for downhole use in a well
comprising:

{a) housing megﬁsﬂhaving a longitudinal bore
extending therethroughf

{b) valve closure means mounted in said housing

means to control fluid flow through said longitudinal

bore; .
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(100) béing novabl e relative to said sealing ring (224), wherein said
seal i ng sl eeve portion (228) of said sealing ring (224) has at |east one
lip (232) “wher®in each lip (232) of said sealing sleeve portion (228) has a
smal | er dianmeter than the dianmeter of sa%ﬁ seal ing sl eeve portion (228) 'so
that each |ip sealingly engages the exterhal surface of said rod (100).

24 2. A f et | 0), f d hal i wel | 28) .

conpri si ng: (29© %3¥8h%§%§%dg%%%%§i%%%¥g% %ﬁég;glgﬁggFuBéﬁé%lﬁﬁre

67 t endi : o | | 31

ot ed i n sardCfoaglakeLgluta Lo chrcith ob¥aE BRI AT RARE Saha

| ongi { udi nal 2bgeeohS Thosition whicH Bt MUKE SLASULELRANSL(RD) having

a first position which allows fluid flow through said ongi al bore

(67) and a seconddposi bpePa¥bi chud oGk sailduindukliQy hRgKE! *EBOHHEFt th

(d) an operator tube (40) in said housing neans t0 shift the valve closure

means (31) fralveatlloseconteNsSifidin a3 S aedohidl bsB@8bhi €8; said (e)
rod neans (90) for noving said operator tube (40) in response to control
fluid pressufergtoposheisnsface; (f) said rod neans (90) disposed

wi thin said housing nmeans (60) and offset fromsaid |ongitudinal bore (67),
wher ei n sai d rod{egansré@eamunpidrs envihg saddsepkrassenpliyeofncl ai m 1,
wherein the rod retainer and seal nmeans (226) is in contact with said
housi ng neanZegBonsanto t ¢entpplert stigt ipresesatre( 288 &hd koweacstati c seat
(236) contact to formsaid first fluid and pressure barrier with said
under cut (243) of f3ai d53Hd 1adPeansedisaicgedaishihosaié heassng31) is in
said first position . .

means and in a passageway offset from said longitudinal

bore:

(g) a8 sealing ring disposed in said safety valve in
contact with said housing means so as to be stationary
relative to said piston means of said safety valve and to
form a fluid barrier in the offset passageway in said
safety valve and which comprises a sealing sleeve portion
which extends axially and surrounds said piston, wherein
said sealing sleeve portion hgs at least one lip, wherein
each lip of said sealing sleeve'portion has a smaller
diameter than the diameter of said sealing sleeve portion
so that each lip sealingly engages the external surface of
said rod:

(h) at least a portion of said rod means being

sufficiently smoothiaﬁaihard being slidable within the

bore of said sealingtrihg.

11. A safety valve for downhole use in a well

comprising: . —_

This Sheet Has Beent Replaced
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and with said adapter (234) of said rod when said valve closure neans (31)
is"i'fh said second position, respectively. 3. A safety val ve
according“to ctaim2 or a rod seal assenbly according to claim1, wherein
said sealing ring (224) additionally conprises a radially outwardly
directed flange portion (233). 31 25 4

A safety valve according to claim2 or 3 or a rod seal assenbly according
to claim1 or 3, (@herehpusind mseahs rpvwinyg 4 Somdeudinany botre or nore of
the followwng materials: netals, elastoners, polyners and advanced
conposi t es. ©€xBending thexgthrgughi ve according to any one of clains 2, 3

or 4 or arod seﬁ$ assean% according to any one of clains 1, 3 or 4,

wherei n sai d rod'?ét ai YRIVArGLQR4Te Raans meted ia paid housdng. 6.

A safety vaIMe aCCﬁrding to ﬁgy one of clainms 2 to 5 or a rod seal assenbly
according t o"aRYSoh? TPUETAF nktuid flow Fhyoughesaid dengitydingapter (234)
has a threadggréeat Insert (92) which is renovably secured to said rod
(100). 7. " A safety valve according to any one of clains 2 to 6 or a

o8 (200 oo RRe SO A R et Fhodof] ol 050 pHEFEELR o1 ¢
according toykidhMPioWdeF Rl flow through said longitudinal bore and
a second position which blocks fluid flow therethrough;

{(d) operator tube in said housing means to shift the
valve closure means from said second position to séid
first position;

(e) rod means for moving said operator tube in
response to control fluid pressure from the surface;

(f) said rod means disposed within said housing
means and offset from said longitudinal bore, wherein said
rod means for moving said operator tube comprises a piston
partially disposed within a passageway offset from the
longitudinal bore and é seal assembly secured to one end
of said rod wherein said rod Bas an undercut to provide a
reduced diameter portion of said piston below said
undercut and an adapter to assist in forming a fluid
barrier;

{(g) a rod retainer_ané seal means in contact with
said housing means so'as to be stationary relative to said
rod and which surrouﬁds'at least a portion of the length
of said rod, said rod being slidable within the bore of

said rod retaining and seal means:

(h) saild rod retainer and seal means having an upper
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said rod (100) is disposed within a passageway (80) offset fromthe

| ondi t udi nal bore and wherein said sealing ring (224) also conprises a
radially dutwdrdly directed flange portion (233) to retard fluid and
pressure | eakage through said offset passageway in said safety valve. 9.
A rod seal assenbly according to clai mB2wherein said undercut (243)
provi des a spherical or angular surface and said_ sealing ring (224) is a

sub- stanti & |5 He AnE ROGIRPGS RGTAAGTWHEFRI Aedd) wrdesfrhPt i $R14 224) al so
i i all 1t Iy di ted fl ti 33) .t tard
FIUd and prsel e Red v capaocs: HEaRa! ERoTP | FELE 2B 5F or s o second

flurd and pressUePUdd s eER" 88b 310820818 POYSIA% saia valve

closure means is in said second position, respectively.
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