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end of the force transpmitter;, and at least two seals sealingly
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‘direction &g%p%%gte with activating a downhol e tool, the actuator
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[0003] A tubing pressure insensitive actuator system for an electric surface controlled

subsurface safety valve includes a subsurface safety valve housing supporting a flow
tube, a flapper and a power spring, the housing having a force transmitter bore therein; a

force transmitter sealingly moveable within the force transmitter bore, the force
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[0505] Referring now to the drawi ngs wherein like elenents are _
nunbered alike in the several Figures: [0006] Figure 1 is a schematic

view of a twi@Bégssure insensitive el ectrically actugigasesaiband
actuation configuration; [0007] Figure 2 is a schematic view of an

alternate tubing pressure insensitive electrically actuated SCSSV and
actuation configuration; and [0008] Figure 3 is a schematic view of
anot her alternate tubing pressure insensitive electrically actuated

SCSSV and actuation configuration. DETAI LED DESCRI PTI ON [ 0009] Anopng
the chal | erfgagmifter %f@mgdfﬁgh@e ﬂreetwé@t(b?hagslrsftseqﬂefaépachﬂ@rgl@s% nd of the

el ectric sgh@b wansdliig, at%as%ﬁ'éedf tﬁ@&lanﬁ@{s%ﬂﬁgu QRGEAL Soilvio 12{%0 erable

unfriendly envi ronnent such as a e envi ronnent, are | t'ion
of an acti wamgnnisttiorhwith dhesfores trénsovittene |anbiotesngagement at the force transmitter

force transmissively engaged with the flow tube, the interengagement exposed to tubing
pressure during use; and at least two seals sealingly positioned between the housing and
the force transmitter, one of the seals isolating one end of the force transmitter from
tubing pressure and another of the seals isolating another end of the force transmitter

from tubing pressure.

[0004] A method for reducing force requirements of an actuator in a downhole
environment includes sealing a force transmitter within a housing to isolate ends of the
force transmitter from tubing pressure during use; and initiating an activator to urge the
force transmitter in a direction commensurate with activating a downhole tool, the
actuator generating enough force to activate the downhole tool other than to overcome

tubing pressure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Referring now to the drawings wherein like elements are numbered alike in the

several Figures:

[0006] Figure 1 is a schematic view of a tubing pressure insensitive electrically actuated

SCSSV and actuation configuration;

[0007] Figure 2 is a schematic view of an alternate tubing pressure insensitive electrically

actuated SCSSV and actuation configuration; and

[0008] Figure 3 is a schematic view of another alternate tubing pressure insensitive

electrically actuated SCSSV and actuation configuration.
DETAILED DESCRIPTION

[0009] Among the challenges in developing an actuator system for, for example, an
electric safety valve, or other tool intended to operate in an unfriendly environment such

as a downhole environment, are isolation of an activator of the actuator from wellbore



" fluids during use and issues relating to force generation density. In
order to avoid confusion in reading the instant disclosure, the term
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* [0014] Upon pressurization of chanmber 22 by source 26, the force
transmtter 16 noves farther into chanber 24 than is depicted in
Figure 1 angoconseessent|y urges the flow tube 40 agai nstpdiagbdoRBRes
val ve 42 causing the sane to open. The ESCSSV will remain in this
open condition while pressure on the chanber 22 is naintai ned. Upon
| oss of such pressure, the valve will close due to the action of a
power spring 44 in a way famliar to the art. [0015] In the event
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' [0019] Wi |

e preferred enbodi nrents have been shown and descri bed,

nodi fications and substitutions may be nmade thereto wthout departing
from the spwa foom2€ssgcope of the invention. Accordingly,pdtusBodiodsie

under st ood

that the present invention has been described by way of

illustrations and not limtation. CLAIMS: A tubing pressure
insensitive actuator system conprising: a housing having a bore

t her ei n;
the force t

a force transmtter sealingly noveable wthin the bore

ransmtter, defining.with the bore two, flujd chanbers the
two 11t q cHIMReIelSels R Bareh et oatan PO e PN Badhr BP%@? actigpfer
at each | ongilizedlamiih cemdct@herédiigh.f orce transmtter; _ an activator
in one or both of the two fluid chanbers and operatively connected to
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raessengstha yalok wdll sloss dud mabe safoetof a\palveespring 44 in a way familiar to

the art.

[0015] In the event that seal 20 fails while the valve 10 is in the downho}e environment,
tubing pressure will enter annulus 38. The pressure in annulus 38 is transmitted through
dogleg 36 and conduit 32 to chamber 24, Pressure in this chamber will cause the valve
10 to fail closed. Alternately, if seal 18 fails, pressure is directly transmitted to chamber
24 with the same result of biasing the valve 10 to a closed position. A failure of both

seals 18 and 20 will also result in a biasing of the valve to a closed position.

[0016] In another embodiment, referring to Figure 2, pressure source 26 of Figure 1 is
eliminated in favor of an activator 50 that is housed within chamber 22 or chamber 24.
The fluid in both chambers 22 and 24 must be of a nature that its volume is changeable
without a significant change in pressure thereof, Compressible fluids such as air may be
used as well as other fluids having the identified properties. The activator 50 may be an
electromechanical device such as a lead screw, solenoid, etc. and will be configured as a
push or a pull activator depending upon which chamber houses the activator 50. In the
event that the activator 50 is housed in chamber 22 in the illustrated embodiment, it will
be configured as a push activator and if the activator 50 is to be housed in the chamber
24, it will be configured as a pull activator. It is further to be appreciated that dual
activators may also be used in this embodiment where one is a pull activator and one is a

push activator. In other respects, Figure 2 is similar to Figure 1 herein.

[0017] Referring to Figure 3, another embodiment is illustrated. In this embodiment,
seals 18 and 20 remain but force transmitter ring seal 30 has been eliminated. This is

beneficial in that fewer seals equate to lower drag on the force transmitter 16 during



' 3. The systemas clainmed in claim1l wherein the housing further
defines a plurality of chambers fluidly connected to the bore. 4.
The system w® 220l in claim1l wherein the actuator syi@aR2000bd6ES
an activator. 5. The systemas clained in claim1l wherein the force
transmitter further includes a force transmtter ring seal. 6. The
systemas clained in claim5 wherein the one of the at |east two
seals and the force transmtter ring seal define, al ong wth the

force tran h 0 nnuI the an e| n flui
communi cat ‘{m&%%tntﬁgrﬁa% gl h‘i’s?’tfggégf 1L s 6]58 SJ
the force tﬂnaagm&tet Ercd @anaBkitted e cﬁt&ﬂm& lﬂﬁudly ?:omE&ﬁr@ Yied @Hézﬁ&r Cizatd’fﬂﬁ

1 erein the force trapsmtter includes an interengagenent
pnoclaim ApRer 2 Bue to the channel 52, pressure in chambers 22 and 24 is always equal.

tor atl OWTubmg pressure is isolated by seals 18 and 20 as in previously addressed embodiments.
In this embodiment, if either of the seals fails, tubing pressure is immediately transmitted
to both ends of force transmitter 16 such that it still maintains a balance of pressure and is
unaffected thereby. This embodiment will include one or more activators in either or
both of the chambers 22 and 24 which may push or pull as required to bias the force
transmitter against the power spring 46 and any differential pressure across the flapper
48. Additionally, it is to be noted that in the embodiment of Figure 3, the fluid in
chambers 22 and 24 need not be of a type that is volumetrically changeable without a
significant change in pressure as is required in at least one of the chambers for each of
Figures 1 and 2 but the embodiment of Figure 3 also allows the use of incompressible
fluids due to the ability of the system to move fluid from chamber to chamber. As in the
previous embodiments, the activator is housed within the fluid and is thereby protected
from potentially deleterious wellbore fluids. Further, it is noted that in the event that a
hold open device is to be used in the valve 10, it can also be disposed within on or both of

chambers 22 and 24 to protect the same from wellbore fluids.

[0018] With the embodiment of Figure 3, it is also to be appreciated that a plurality of the
illustrated systems could be used in conjunction with a single flow tube tt) have backup
actuation capability. This is because, due to balancing, the actuator system that is not
working does not create any significant load on the valve 10 but rather will act only as a
shock absorber to some extent. Such plural systems may also be used to gether if required

or desired for a particular application.

[0019] While preferred embodiments have been shown and described, modifications and
substitutions may be made thereto without departing from the spirit and scope of the
invention. Accordingly, it is to be understood that the present invention has been

described by way of illustrations and not limitation.



8. The systemas claimed in claim1 wherein the force transmtter

i ncludes a channel axially extending fromone force transmtter end
to an opposite force transmtter end through the force transmtter
thereby allowing fluid communication froma fluid chanber at one end
of the reR.transmtter to a fluid chanber at the other end of the
force transmtter. 9. The systemas clained in claim1l wherein the
housi ng further contains an activator disposed within a fluid

i sol ated frambisd prbgue idsensitihe acthbtor shsemsysibaisihas claimed in claim?9

wherein the fluid,is dielegtric fluid. 11. The systemas clainmed in
claim 10 whaPRPREPAEe? B8 fluid is air. 12, The system as |

claimed in glatddhswier &alindlNodcbleWwath@d the BoreRhd fotte Arab @it HeGiding Mikh the
LR T A M O I R
Syst emeAs 16gahdiBd ehdofthéforedrandi@itt@t N the activator is attached to the
housi ng. an activator in one or both of the two fluid chambers and operatively connected to the force
transmitter, the activator being isolated from tubing pressure; and
at least two seals sealingly positioned between the housing and the force transmitter, one of
the seals isolating one end of the force transmitter from tubing pressure and another of the seals

isolating another end of the force transmitter from tubing pressure, the housing, force transmitter and

seals forming a closed fluid system.
2. The system as claimed in claim 1 wherein the housing is a housing of a subsurface safety valve.

3. The system as claimed in claim 1 wherein the housing further defines a plurality of chambers

fluidly connected to the bore.
4. The system as claimed in claim 1 wherein the actuator system includes an activator.

5. The system as claimed in claim 1 wherein the force transmitter further includes a force

transmitter ring seal.

6. The system as claimed in claim 5 wherein the one of the at least two seals and the force
transmitter ring seal define, along with the force transmitter and the bore, an annulus, the annulus
being fluidly communicated to an end of the force transmitter opposite an end of the force transmitter

nearest the annulus.

7. The system as claimed in claim 1 wherein the force transmitter includes an interengagement
for a flow tube.
8. The system as claimed in claim 1 wherein the force transmitter includes a channel axially

extending from one force transmitter end to an opposite force transmitter end through the force
transmitter thereby allowing fluid communication from a fluid chamber at one end of the force

transmitter to a fluid chamber at the other end of the force transmitter.



15. The systemas clainmed in claim4 wherein the activator is
electric. 16. The systemas clainmed in claim4 wherein the activator
is electric-hydraulic. 17. The systemas clained in claim4 wherein
the activator is a notor and a |lead screw. 18. The syﬁtem as clainmed
in claym 4 wher el . act | [ noi 19. The system as.
cl ai rre%[ in ﬁka{y%lg a&%@?%%ﬁh;éﬁggéc va édlrg Ihlg%81n§dfﬁﬁlr11@}5 ALY %'CE‘F%“ Biposed
r eser vwithin affluid isolgedfemmellbrgdlgeld with one end of the force
transmtter. 20. A tubing pressure insensitive actuator system for
an electric surface controll ed subsurface safety valve conpri sing:

a subslft-f acEheswystemys dlaimed imelaigl hyheseipples iy dieldchinfluidibe, a f1 apper
and a power spring, the housing having a force tratr;lsn‘itteL borﬁ

t hereip; a force transmtter sealingly noveable within the
force F]ransTr’?etsP’g?m%?léﬁmefiﬁ‘éClF‘B‘rH)ew}ﬂeif‘aﬂ@‘?idﬁl@m%?‘iﬁiaﬁg with the bore

two fluid chanbers, one at each | ongitudinal end of the force

transmiter,, at | east,one, of .t.he chanbers cont ai ni .an electric .
activa %r i TReoy e slatmed 1 claim 4 Wherqn, the pelivatpris m jAgompmynication wil the
act i vafoote thasmiger. sol at ed from tubi ng pressure; an

i nterengagenent at the force transmtter force transm ssively engaged
with the flow tube, the interengagenent exposed to tubing pressure
dur i ngliuse; Thrspistem as claimed in claim 4 wherein the activator is in close proximity to the housing.

14. The system as claimed in claim 4 wherein the activator is attached to the housing.

15. The system as claimed in claim 4 wherein the activator is electric.

16. The system as claimed in claim 4 wherein the activator is electric-hydraulic.

17. The system as claimed in claim 4 wherein the activator is a motor and a lead screw.

18. The system as claimed in claim 4 wherein the activator is a solenoid.

19. The system as claimed in claim 4 wherein the activator is a pump and a fluid reservoir, fluid

pressure engaged with one end of the force transmitter.

20. A tubing pressure insensitive actuator system for an electric surface controlled subsurface
safety valve comprising:

a subsurface safety valve housing supporting a flow tube, a flapper and a power spring, the
housing having a force transmitter bore therein;

a force transmitter sealingly moveable within the force transmitter bore, the force transmitter
defining with the bore two fluid chambers, one at each longitudinal end of the force transmitter, at
least one of the chambers containing an electric activator in operable communication with the force
transmitter, the activator being isolated from tubing pressure;

an interengagement at the force transmitter force transmissively engaged with the flow tube,

the interengagement exposed to tubing pressure during use; and



at |east two seals sealingly positioned between the housing and the
force transmtter, one of the seals isolating one end of the force
transmtter fromtubing pressure and another of the seals isolating
anot her end of the force transmtter fromtubing pressure. 21. A

met hod for ‘rielgzl'égﬁ%gseglg &?mél??)ldél{l(?[{gﬁ %%t%veg{ o %rl uﬁid% %orcee}rag?mﬂ]ter orie of
envi ronment conp orce NSmtter w

housi nthet wals smlaang oeend@d of the Hercé mamttﬂaﬁmmt\lm@ pregsomm dnd binojerpofeths weads

during e ds beln nmuni cation with fluid
charrbe%sgﬁif P%gnﬁﬁpg%ngnnglcet Qg i eéérﬁmcttlolﬁ%g PreRng initiating an
activator to urge the force transnitter in a direction commensurate
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pressure and generating eno e to activate the down
ot her t¢maprsing: over cone t ubing pressure.

sealing a force transmitter within a housing to isolate ends of the force transmitter from

tubing pressure during use, respective ends being in communication with fluid chambers fluidly
connected with each other; and

initiating an activator to urge the force transmitter in a direction commensurate with
activating a downhole tool, the activator isolated from tubing pressure and generating enough force

to activate the downhole tool other than to overcome tubing pressure.



