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FI ELD OF THE | NVENTI ON [ 0001] The field of this invention is control
systens fwodovesbmsBe val ves and, nore particul arly, for Psuhseokacwssaf ety
val ves where the systemis tubing pressure insensitive. BACKGROUND OF THE
| NVENTI ON [ 0002] Subsurface safety valves are used in wells to close them
off in the event of an uncontrolled condition to ensure the safety of
surface personnel and prevent property danage and pol lution. Typically

t hese val ves conprise a ure el enent and is
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position. A hollow tube called a flow tube is act uat ed downwar dly agai nst
the flapper to rotate it to a position behind the tube and off its seat.

Thi s ilaveessr i badhvadZt Aadapen position. Wien the flow tube is retracted the
flapper is urged by a spring nounted to its pivot rod to rotate to the

cl osedTppd OF MR RSrI@Nsi m | arly shaped seat. [0003] The flow tube is
operat ed by a hydraulic control systemthat includes a control line from
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of fset the hydrostatic pressure in the control line, friction | osses on the

pi sto e conponents to be noved in an opposite
di rectﬁ%ﬁﬁ@ﬁﬁﬁﬂgfﬁgﬁ; m}ﬂ%& up and away fromthe flapper so that the
fl apper can swi ng shut. [0004] Normally, it is desirable to have the
flapper 4@ a Stbsuéasepokity vatyes pret uﬁ@devemllsap dlegel them ofbdie $he evenhef an
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in a deep set safety valve application, has
pivotally mounted t0 rotate 90 degrees between an open and a closed position. A hollow tube
called a flow tube is actuated downwardly against the flapper to rotate it to a position behind the
tube and off its seat. This is described as the open position. When the flow tube is retracted the
flapper is urged by a spring mounted to its pivot rod to rotate to the closed position against a

15  similarly shaped seat.

[0003] The flow tube is operated by a hydraulic control system that includes a control
line from the surface to one side of a piston. Increasing pressure in the confrol line moves the
piston in one direction and shifts the flow tube with it. This movement occurs against a closure
spring that is generally sized to offset the hydrostatic pressure in the control line, friction losses

20 on the piston seals and the weight of the components to be moved in an opposite direction to

 shift the flow tube up and away from the flapper so that the flapper can swing shut.

[0004] Normally, it is desirable to have the flapper go to a closed position in the event of
failure modes in the hydraulic control system and during normal operation on loss or removal of
control line pressure. The need to meet normal and failure mode requirements in a tubing

25 pressure insensitive control system, particularly in a deep set safety valve application, has
presented a challenge in the past. The results represent a variety of approaches that have added
complexity to the design by including features to ensure the fail safe position is obtained

regardless of which seals or connections fail. Some of these systems have overlays of pilot



presented a challenge in the past. The results represent a variety of
approaches that have added conplexity to the design by including features
t o ensur ewbhelis183saf e position i s obtained regardl essPofi/ushéochesal s or

connections fail. Some of these systens have overlays of pilotpistons and
several pressurized gas reservoirs while others require multiple contro
lines fromthe surface in part to offset the pressure from control l'ine
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15  attached claims.

SUMMARY OF THE INVENTION

[0006] A system isolates a control system for a downhole tool from the internal pressures
in the tubing in which the tool is mounted. Opposed seals are used on a moving component in the
tool so as to offset pressure induced forces regardless of the internal operating pressure of the

20  tool. In a particular application to a subsurface safety valve the control system can be isolated
from tubing pressure by offset seals between the passage and the flow tube or around exposed

portions of the operating piston for the flow tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  FIG. 1 is an elevation view of a subsurface safety valve in the closed position

25  showing the seal placement;
[0008]  FIG. 2 is a detailed view of the upper seal placement; and

[0009] FIG. 3 is a detailed view of the lower seal placement.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] FIG 1 is an elevation view of a
subsurface safety valve in the closed position show ng the seal placenent;
[ 0008] FIv@o 2810/0563det ai | ed vi ew of the upper seal placeceus20006408€©009]
FIG 3 is a detailed view of the |ower seal placenent. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT [0010] FIG 1 is an overall view of a
subsurface safety valve S showing a flapper 10 in a closed position agai nst
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(not shown) is connected at connection 18 and when pressurized the
oper at i 160X st FIG20 is é@pbjﬂ‘ég Vg™ aby sutguﬁwafeméalag&@pwm pilaprsn 190 p s

| inkeqd at, 22.t0 th W .t 6 | 24
s coprideson, Hihaard tvaeiv Tt fRETE EREEY yfdd BRtiEy PR e
pr essddlertivd ceaaeGiithOthe 18appsr rlenﬁ)vaﬂ;emmgtﬂhe \puﬂmsmrcbntrsl I11ns t(ndmehdvm) ais

operating problem the closure spring 24 raises the operating, pi ston 20
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axi s . ate the piston 20 from pressure I n passage 14 an
upperclssind sptthg 24 Sshoammenseﬂl 5 de@whetrdemovérhent fof ahe pisthen 26 Widn theagpigd 30

pref erably nount ed recess.in the body.30. Another seal. 32 i, shown in
El G sty o onegion Hhis SORYo40" AbrRSY 5%t et 81 opaang prifluto Bl s g
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opposi ng an fsetting forces so that the pressure level in the passage 14

hizds  nadlostsftee flapper tifgofrbate backegaibst ikbdeahtR thhetd 4 pivot srongl@Gopsheyay agound
|nsen3|t|ve to bi ng pressure allows the closure spring 24 to be snaller
becaulB8URHEfEEst t have to conpensate for a material net force on the flow
tube 16 from passage 14. All the closure spring 24 needs to respond to in a

si ngl e ljooetjconts molaﬁefﬁteqmtsmoe‘ﬁmegre@sura& p@sidect dardiiet adal 8 iy stwswria in
the control line (not shown). Wth seals 28 and 32
FIG. 2 between the flow tube 16 and the body 30 preferably mounted in a recess in the body 30.
Another seal 32 is shown in FIG. 3 again between the body 30 and the flow tube 16. Ideally the
15 seals 28 and 32 are identical so that internal pressure in passage 14 creates opposing and
offsetting forces so that the pressure level in the passage 14 has no effect on the flow tube 16.
Making the flow tube 16 pressure insensitive to tubing pressure allows the closure spring 24 to
be smaller because it doesn’t have to compensate for a material net force on the flow tube 16
from passage 14. All the closure spring 24 needs to respond to in a single line control system
20 connected at 18 is the hydrostatic pressure in the control line (not shown). With seals 28 and 32
disposed as shown, the piston 20 whether it is one or more rods or an annular piston, is not
exposed at all to pressure in passage 14. A an alternative to seals 28 and 32 between the flow
tube 16 and the body 30 opposed substantially identical seals can be placed on the piston 20 so
that pressure in passage 14 reaches the piston 20 but there is no net pressure effect because there
25  are offsetting forces on a pair of substantially identical seals on the piston 20. Alternatively seals
that generate opposing forces that cancel themselves can be positioned between the flow tube 16
and the body 30 as well as on piston 20 so that if the seals 28 and 32 fail, the tubing pressure in
passage 14 is still retained and the piston 20 no exposed to such pressure will then be in pressure

balance from tubing pressure in passage 14. Those skilled in the art will appreciate that the body

30 30 will have a different configuration to accommodate seals on the piston 20. In essence some



di sposed as shown, the piston 20 whether it is one or nore rods or an
annul ar piston, is not exposed at all to pressure in passage 14. A an
al ternat iwe 20w/semBs 28 and 32 between the fl ow tube 16Ppramastéve/obmdy 30
opposed substantially identical seals can be placed on the piston 20 so
that pressure in passage 14 reaches the piston 20 but there is no net
pressure effect because there are offsetting forces on a pair of
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Those skilled in the art wll further appreciate that the body 30 can

conf ithanr eah bousdd| lnmsala@bosvédh@ hemttd rsy@dmviiston 20hizompontrgl Bae p@smwusmgvm o)

that a t ne.system can sed to off et ontr | 1.0

hyar oo eB et I Rlirme e b e AR HantRr b Al B e R oo EE poninl e
used 18¥% Hyd)saitic PResliretdng ctigfihdtdn TUBS SR B4 @M smglé o9 Gh@l%hfr@l lihd §8tem.
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vol unme of chapber 34 with a sljght
moving the flow tube 16 Alternatlvely, chamber 34 can be initially charged with a high enough
pressure on assembly that will offset hydrostatic pressure in the control line at the expected depth
of use of the safety valve. Another option to offset hydrostatic on the back end of the piston 20 is
20  to run a second control line which will offset the hydrostatic pressure in the control line going to

connection 18.

[0013]  While the preferred application is a subsurface safety valve other tools that have a
control line system to actuate a piston to in turn move a component in a downhole tool can also
benefit from sealing around the component to be ultimately operated by the piston of the control

25  system that is in turn operated by applied control line pressure. Some examples can be other
types of valves such as a ported sleeve actuated by a sliding sleeve or a ball type valve triggered

remotely by surface applied hydraulic pressure, for some examples.

[0014] The above description is illustrative of the preferred embodiment and various

alternatives and is not intended to embody the broadest scope of the invention, which is



pressure buildup that is not significant in aiding the closure spring 24 in
closing the valve by noving the flow tube 16. Alternatively, chanber 34 can
be initiavbopoohasged with a hi gh enough pressure on asseglus2alaac408s | |

of fset hydrostatic pressure in the control |line at the expected depth of
use of the safety valve. Another option to offset hydrostatic on the back
end of the piston 20 is to run a second control line which will offset the
hydrostatic pressure in the control line goipg to conn i on . [.0013]

Whi | edetarminsdefrem el cladps iappendsa belovy @Hd%rgPﬁfrch%lvglaﬁ’%ﬁlgf?‘%clgﬁ‘i?&eﬁﬁ’ﬁf&{‘y £8%1 s
thatfp%xgk%ﬂ§ontrol line systemto actuate a piston to in turn nove a
conpoftent i n"a downhol e tool can also benefit from sealing around the

conponent to be ultimately operated by the piston of the control system
that is in turn operated by applied control |ine pressure. Sone exanpl es
can be other types of valves such as a ported sleeve actuated by a sliding
sl eeve or a ball type valve triggered renotely by surface applied hydraulic
pressure, for sone exanples. [0014] The above description is illustrative
ofc the preferred enbodi mrent and various alternatives and is not intended to
enbody the broadest scope of the invention, which isdetermned fromthe

cl ai s appended bel ow, and properly given their full scope literally and
equivalently.l claim 1. A downhole tool operable with hydraulic pressure,
conprising: a housing having a passage threrthrough between connections for
nounting to a tubing string and at | east one control system connection for
delivery of hydraulic pressure; a novable elenent in said passage exposed
to pressure therein; an actuation systemresponsive to the pressure
delivered to said control system connection for selectively noving said
novabl e el enent; seal s di sposed between sai d novabl e el enent and said
housing to put said novable elenent in pressure balance from pressures in
sgj d passage. 2. The tool of claiml1, wherein:

15

20



said seal s are spaced apart and said control systemfurther conprises a
connect i QRobheiRkd;movabl e el ement between said seal s. %CTE&?OOPBQJO of claim
2, wherein: sald control system conprises a piston that 1's I1solat eg from
pressure in said passage due to said seals. 4. The tool of claim 2,

wherein: said control system conprises a closure spring acting on said
connection and isolated frompressure in said passage due to said seals. 5.
The tOPJ;Ia%f' claim2, wherein: said seals are nounted to said housing and
sai d novabl'e conponent noves respectively to said seals which are fixed. 6.
The tobl of Acloainholk,tocitupesbie wihhgdaelid pressuee, tomptigidgt o sai d novabl e
conponent ang engage,i n said housing. 7. The tool of claim?2, wherein: said
Tovabl & conbARIHE BEYPE ASESsagS AIGHATGR PREHE SANRSSTIORS ST JROEing e Whingor
rotati &Hngﬁn@atfl&%?@ﬁé RSN ERekrh BodRbRoPRR J8GRrP YL RRIrRAId MBssBfessur e
application to said control” system connection;” said seals are nounted to

ei ther or batovakle dlenpusimgidpaisagsicapddedp prgbwire erefine t ool of claim 7,
wherein: said cont.rol systemfurthe onprises .operating,pisto

connect ed (8 SERAIPH cotebdotoiEntos i resare, FRRRELAN; % Seablepl vyvtem o
Pi st oNncdineridy B8 Sl@iveR Hiaiifg B sReabR clchiatt ool of claim 8, wherein: said
pi ston has a portion that would be exposed to said passage if said seals
cont acti ng ssalsddispesgd thebeespepaid traovakla elemgntd agd seidohpusingst putpsadd grpviablej n

press uélgmgl%l ift ?Jgeess&rg bgl%ﬁéeaﬁgmpprrgs%ﬁ}érs % jea{id Béssilgeeaﬁ one of said

10 2. The tool of claim 1, wherein:

said seals are spaced apart and said control system further comprises a connection to said
movable element between said seals.
3. The tool of claim 2, wherein:

said control system comprises a piston that is isolated from pressure in said passage due

15  to said seals.

4. The tool of claim 2, wherein:

said control system comprises a closure spring acting on said connection and isolated
from pressure in said passage due to said seals.
5. The tool of claim 2, wherein:

20 said seals are mounted to said housing and said movable component moves respectively

to said seals which are fixed.
6. The tool of claim 1, wherein:

said seals are mounted to said movable component and engage in said housing.
7. The tool of claim 2, wherein:

25 said movable component comprises a flow tube mounted for reciprocal motion for
rotation of a flapper mounted in said passage by selective pressure application to said control
system connection;

said seals are mounted to either or both said housing and said flow tube.
8. The_tool of claim 7, wherein:
30 said control system further comprises an operating piston connected to said flow tube

between said seals, said seals isolating said piston from pressure in said passage.



sails contacting said flow tube fail. 10. The tool of claim9, wherein:
said portion of said piston conprises identical spaced seals exposed to
passage pwvosuwreE6isB at | east one of said seal s contacti rgTABRE@064986 t ube
fail. 11. The tool of claim?7, wherein: said seals are nounted in grooves
in said flow tube. 12. The tool of claim1ll, wherein: said seals are
nmounted in grooves in said housing. 13. The tool of claim1, wherein: said
actuation system conprjses a piston in a bore in said housing having a
firstQSidénﬁﬁnPﬂgﬁﬁ% C4ti on with said control systen1co%nectio% and a

second si dg;f il%%ﬁ%s O RtidRT thAN S YeWtBo&daBREN palsapdiiflsdi® Yl Bontdcing The

tool of clal , Wherein: said piston conprises at [east one seal to

i sol adaéd Poesshereereto &ali;d passage from said variabl e vol une chanber. 15. The
tool of claim 14, erein: sai.d piston . conprises a pair of ced seal.,s of
Subst ant | aPtgPUERAr g At o Rr e PR, ESRaf wRRre i RS A 5BH S,
Msght sa18 @6Magitigdafd fidwRibekRil. The tool of claim 14, wherein: said chanber is
charged with sufficient pressure to offset hydrostatic pressure at said

cont ril. sybheteokefimiaint 9.0erdir.  The tool of claim 14, wherein: the
e s or PIEPERSH 5P sl sRPHCesR: |-l GREERAR oL Bk WL el bfhrt Il 1O
chanbgrleast one of said seals contacting said flow tube fail.
11. The tool of claim 7, wherein:
10 said seals are mounted in grooves in said flow tube.
| 12. The tool of claim 11, wherein:
said seals are mounted in grooves in said housing.
13. The tool of claim 1, wherein:
said actuation system comprises a piston in a bore in said housing having a first side in
15  flow communication with said control system connection and a second side exposed to a variable
volume chamber in said housing.
14. The tool of claim 13, wherein:
said piston comprises at least one seal to isolate pressure in said passage from said
variable volume chamber.
20 15, The tool of claim 14, wherein:
said piston comprises a pair of spaced seals of substantially equal diameter to offset any
pressﬁre in said passage that might reach said piston.
16. The tool of claim 14, wherein:
said chamber is charged with sufficient pressure to offset hydrostatic pressure at said
25  control system connection.
17. The tool of claim 14, wherein:
the hydrostatic pressure at said control system connection from a first control line is

offset by a second control line connected to said variable volume chamber.
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