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W TH. METAL TO METAL SEALS TECHNI CAL FI ELD OF THE | NVENTI ON

This invention relates generally to actuators, and nore particularly
to a hydraulic fluid actuator with netal to metal seals. 5
BACKGROUND OF THE | NVENTI ON Actuators are used in a nunber of

i ndustries and applications, fromelevators and autonotive jacks to
construction equipnent and robots. Hydraulic fluid 10 actuators,
or fluid actuators, generally operate by converting fluid
pressure into |inear notion. Fl ui d actuators generally utilize a
| i quid, such as hydraulic oil, or a gas, such as air, as the
operating fluid for convertlng the fluid pressure into notion. 15

To illustrate the oper ati®BfPRALIG FLULR S&TUATOR| d actuator, the

operation of a surface contgakheprenbsesf@Eear, searsafety valve as used in
the oil and gas industry is described. A surface controlled
subsurface safety valve is

TECHNICAL FIELD OF THE INVENTION
This invention relates generally to actuators, and

more particularly to a hydraulic fluid actuator with metal ¢
to metal seals.

BACKGROUND OF THE INVENTION .
Actuators are used in a number of industries and

applications, from elevators and automotive Jjacks to

construction equipment and robots. Hydraulic fluid

10 actuators, or fluid actuators, generally operate by
converting fluid pressure into linear motion. Fluid
actuators generally utilize a ligquid, such as hydraunlic
0il, or a gas, such as air, as the operating fluid for
conVerting the fluid pressure into motion.

15 To illustrate the operation of a typical fluid
actuator, the operation of a surface controlled subsurface
safety valve as used in the o0il and gas industry is
described. A surface controlled subsurface safety valve is
generally located deep in a producing well as part of a

20 production tubing string. The subsurface safety valve acts
as a downhole flow control device to block well fluid flow
during emergency conditions. The subsurface safety wvalve
is generally controlled from the well surface by the
application of hydraulic pressure to the subsurface safety

25 valve.

Hydraulic pressure is communicated through a high
pressure line to a fluid actuator contained within the
subsurface safety valve. A biasing system contained within



generally located deep in a producing well as part of a 20 producti on

t ubi ng strbonpsthie subsurface safety valve acts aycaudosnassl e fl ow
control device to block well fluid flow during energency conditions.
The subsurface safety val ve is generally controlled fromthe well
surface by the application of hgpraullc pressure to the subsurface
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the flow of well fluid to the well surface.

Conventional fluid actuators are often prone to damage
due to contamination from the environment. For example, in,
the case of fluid actuators used in subsurface safety

15 valves, the high pressure/heat environment in addition to
the caustic chemicals found in the well can damage the
seals within the fluid actuator. Accordingly, the control
fluid may be contaminated with environmental contaminates
and the control fluid may leak from the fluid actuator.

20 Conventional fluid actuators often have seals
fabricated with plastics that are prone to wear during use.
Accordingly, the fluid actuator must be removed from
service and disassembled to replace the seals. Depending
upon the application, removal and replacement of the fluid

25 actuator can be extremely expensive,

SUMMARY OF THE INVENTION

Accordingly, a need has arisen for an improved fluigd

actuator. The present invention provides an improved fiuid
30 actuator that substantially eliminates or reduces problems
associated with prior methods and systems.

In accordance with one embodiment of the present
invention, an improved fluid actuator is provided. The
improved fluid actuator comprises a variable volume fluid

35 chamber having a first tube fixed therein. The first tube
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Tﬁﬁhﬁin@sbuiﬁgﬁb cooperate to form a seal between the piston 3
er nal % g gh i rst S%?ll surface, g a second
1L FReATHT S oG VY t8Rd 1gndhad irst position.

The piston second seallng surface and the first tube second.

sealing surface cooperate to form a seal between the piston
and the first tube when the piston is in a second position.
In a particular embodiment, the sealing surfaces of the
piston and the fist tube are formed from metal.

Technical advantages of the present invention comprise
providing a fluid actuator that blocks outside contaminates
entering the fluid actuator. Accordingly, contaminates are
not introduced into the control fluid system that controls
the operation of the fluid actuator. Another technical
advantage of the present invention is that the sealing
surfaces are not as easily damaged as seals used in
conventional fluid actuators.

A further technical advantage of the present invention
is that the seals may form metal-to-metal seals which are
beneficial for several reasons. First, the metal-to-metal
seals are not subject to damage as easily as seals made
from other materials. Second, the metal-to-metal sealing
surfaces have increased durability and have a longer
service life, thereby decreasing the cost associated with
the fluid actuator. A further benefit of metal-to-metal
seals is that the fluid actuator can be used in high
temperature/pressure conditions and in severe environments,
such as those found in o0il and gas downhole tool
applications.



second end is slidably disposed within the variable vol une fluid
chanber q?,ébg,gﬂgl y di sposed over the first tube. 5 Tiverrbdossdssend of

the piston forns a piston cavity having a first sealing surface and a
second seal ing surface. The pi ston first sealing surface and the

first tube first sealing surfaceg cooperate to forma seal between the
pi ston and the first tube when the piston is in a first position. 10

The piston Secor&heeafé&gu%a&f a&@ax?d”&i_jekhﬁlil nsd xtelalaeweapﬁslrent to seal i ng
surface cooperate tqQ forma eaI betwgen t ﬁ\éa ft(ﬂ g the first
tube when t9RepiStiddeds IR atR&cHFE posPPio ollowing L199reRrar

enbodi ment , géderiytdbonsy ahd faleismsaf the pi ston and the fist tube are
formed fromnetal. 15 Techni cal advantages of the present invention
conpri se providing a fluid actuator that bl ocks outside contam nates
enterisng t hBRIEDiRESERIBATON, OAKI PRAYINGSeont ani nates are not

I ntroduced into gdie O'Hdr%' &h ﬁt%ysﬁﬁ&éfé‘@éndi%rejfs the prébénoperation

of the fluid act uator Anot her techni cal advant age of the present
i nvention i bYeniiophand dihe ﬁ&vantage%ﬁ'-fnﬁ’a”&%g arreefq"F&nC&sl aBPVy"3d@raged as

seal s used 8 the fol@@ﬁﬂﬁﬁ“dd@ﬁﬂipﬁidﬂAﬂt&&éﬂaiﬁﬂébnjunctlon witA theét her
techni cal advant age .of t resent nven at _the seal S may

form net al - EGSHRHFYING,| TP arg Sgein g&#@flff%‘f'rﬁnc‘fe sBVEFER ¥ easons.

Fi rstl0 t he repat¢sdnt rletkel parts, eatlsiclre not subject to danage as easily

as seal s made  proudd O HIHBREELA! 51PP ke il MAL L FRLA!
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actuator. AchHfbiEdd hahirfaet BBRtetytwal®i dln accordapeal wikh that the

fluid actuator can be used | n hi gh t enper at ure/ pressure conditions
and in seveP&® Eﬁm_‘r’ﬁhrﬁgﬁﬁ such as those found - in oil and gas
downHidd e t ool FIGURRpgI i £t ronschematic drawing in section with

portions broken away illustrating a surface controlled
subsurface safety valve with a fluid actuater in accordance
with the present invention;

FIGURE 3 is an enlarged drawing in section with

20 portions broken away illustrating the fluid actuator of

FIGURE 2; and

FIGURE 4 is a drawing in section taken along lines 4-4
of FIGURE 2.

25 DETAILED DESCRIPTION OF THE INVENTION:
FIGURES 1 through 4 illustrate an improved fluid
actuator in accordance with the present invention.

Although the improved fluid actuator is described in terms
of a surface controlled subsurface safety wvalve, the
30 improved fluid actuator may be utilized in any number of
applications without departing from the scope of the
present invention. For example, the improved fluid
actuator may be used in pneumatic systems, and other

suitable hydraulic applications.
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a second position. The seals prevent outside contaminates

from entering the fluid actuator and commingling with a,

control fluid used in the operation of the fluid actuator.
Accordingly, the fluid actuator has a longer operating life
with greater reliability. .

FIGURE 1 is a schematic view of a typical producing
oil or gas well 30. The well 30 comprises a production
tubing string 18 and a casing 16 which extends from the
surface of the well 30 to an o0il and gas bearing rock
formation (not expressly shown) deep underground. A
packing material 26 is preferably located above the oil or
gas producing formation between the production tubing
string 18 and the casing 16 to direct the flow of formation
fluid or well fluids to the surface through the production
tubing string 18. The formation fluid or well fluid enters
the production tubing string 18 below the packing material
26 through perforations (not expressly shown) in the casing
16. A surface controlled subsurface safety valve 20 is
disposed within the production tubing string 18 as an
integral part thereof such that the well fluid must flow
through the subsurface safety valve 20. The subsurface
safety valve 20 is operated by a control system 10 which
typically comprises a hydraulic pump (not expressly shown)
to supply a high pressure control fluid (not expressly
shown), such as hydraulic fluid. The high pressure control
fluid is generally supplied to the subsurface safety valve
20 by a control line 12 and a connector 14.
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a cross section of the subsurface safety valve 20 of
FIGURE 2 taken along line 4-4 of FIGURE 2. The subsurface
safety valve 20 comprises a housing assembly 40 that has a
generally hollow, <cylindrical configuration with a
15 longitudinal bore 42 extending therethrough. As best
illustrated in FIGURE 2, the housing assembly 40 is
defined, in part, by an upper housing subassembly 44 and a
lower housing subassembly 46. The housing subassemblies 44
and 46 are concentrically joined with each other by a
20 threaded connection 48. Threaded connections 50 and 52 are
provided on opposite ends of the housing assembly 40 for
use in connecting the subsurface safety valve 20 within the
production tubing string 18.
The subsurface safety valve 20 also comprises a fluid
25 actuator 25 disposed within the. housing subassembly 44.
The fluid actuator 25 is coupled to the surface of the well
30 by a fluid passage 126 that is coupled to a connector 14
and a control line 12. As best illustrated in FIGURE 4,
the fluid actuator 25 comprises a variable volume fluid
30 chamber 124 formed within the wall of the upper housing
subassembly 44. For the embodiment shown in FIGURE 3, a
first tube 162 is a cylindrical tube disposed and secured
within the variable volume fluid chamber 124 by a bushing
165. The first tube 162 is fixed relative to the fluid
35 passage 125 and the variable volume fluid chamber 124. The
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shown) deep under ground. A packi ng material 26 is preferably
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and forms the first end 121 of the piston 100. A piston
cavity 123 is defined by the interior surface of the second
tube 151 and the interior surface of the guide 152. The

15 piston 100 further comprises a first sealing surface 140
and a second sealing surface 146 defined within the piston
cavity 123. The second tube 151 and the guide 152 allow
limited movement of the piston 100 in relation to the first
tube 162.

20 The sealing surfaces 140, 142, 144, and 146 may
individually, or in corresponding pairs, be manufactured
from metal that allows for metal-to-metal sealing of the
fluid actuator 25. It will be understood that the sealing
surfaces 140, 142, 144, and 146 may be manufactured from

25 other suitable materials without departing from the scope
of the present invention. For example, the sealing
surfaces 140, 142, 144, and 146 may be fabricated from a
ceramic material, composite material, plastic material, or
any other suitable sealing material.

30 The first tube 162 is disposed, in part, within the
piston cavity 123 of the piston 100. The piston 100 is
slidably disposed within the variable volume fluid chamber
124 and slides over the first tube 162 between a first
position and a second position. Seals 148 and 150 are

35 disposed on the exterior surface of the piston 100 and form



5 production tubing string 18 for maintenance and i nspection.

FI GURES 2, whpodidtha4 il lustrate various views of the PCYaisssirsssce safety
val ve 20 in accordance with one enbodi ment of the present invention.
FILGURES 2 and 3 are schematic drawi ngs in |longitudinal section with
portions 10 broken away of the subgurface safety valve 20. FIGURE 4 is
a cross section of the subsurface safety valve 20 of FI GURE 2 taken
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% 124 b gass 165. The first tube 162 is
fixed rel ati-98 %w?lﬁehqa’ls& é 38 ‘B{i}g‘sygfes 125 and the variable volume fluid
chantdr 124. Théne embodiment of a biasing system 119 comprises a
compression ring 102 and a support 106 disposed within the
annular area of the lower housing subassembly 46. The
compression ring 102 is coupled to the second end of the
piston 100. A spring system, which may comprise at least
20 one spring 104 may be disposed within the annular area
between the support 106 and the compression ring 102. The
sﬁrings 104 act on the compression ring 102 to provide the
biasing force to maintain the sleeve 120 in a non-extended
or first position. The support 106 may comprise a hinge
25 mechanism for a flapper type valve mechanism 108.
The solid lines in FIGURES 2 illustrate the sleeve 120
in a non-extended or first position. With the sleeve 120
in the first position, the flapper type valve mechanism 108
closes in response to pressure from well fluid flowing
30 through the production tubing string 18. The dotted lines
in FIGURE 2 illustrate the sleeve 120 in the extended or
second position. The sleeve 120 extends and forces open
the flapper type valve mechanism 108. With the flapper
type valve mechanism 108 open and the sleeve 120 fully
35 extended, a full bore passage 44 is provided through the
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pressure control fluid, such as hydraulic fluid, from the

15 control system 10 at the surface of the well 30 to the

subsurface safety valve 20 through the contreol line 12 and

the connector 14. The high pressure control fluid enters

the variable wvolume fluid chamber 124 and the piston cavity

123 through the fluid passage 126 and the internal passage

20 160 of the first tube 162. The high pressure control fluid

in the variable volume fluid chamber 124 and the piston

cavity 123 acts on the piston 100, forming a longitudinal

force on the piston 100, which compresses the springs 104

through the compression ring 102 and moves the piston 100

25 and the sleeve 120 to the second position. In the second

position, the second sealing surface 146 of the piston 100

and the second sealing surface 144 of the first tube 162

cooperate to form a seal between the piston 100 and the

first tube 162, thereby sealing the fluid system from

30 contamination when the fluid actuator 25 is extended, or in
the second position.

Although the present invention has been described with
multiple embodiments, various changes and modifications may
be suggested to one skilled in the art. It is intended

35 that the present invention encompass such changes and



any other suitable sealing material. 30 The first tube 162 is

di sposed, i@dWBflr7sWi thin the pi ston cavity 123 of t ,&i@*&gg 100.
The piston 100 is slidably disposed within the variable volune fluid
chanber 124 and slides over the first tube 162 between a first
position and a second position. Sealf 148 and 150 are 35 di sposed on
the exterior surface of the piston 100 9nd form

8 a Rk rhekresks t o] riablg vo | uid
chanber 124 qf .the uppe? Bguglh%% g&%ggge% @% \E%F(??Pt%‘ee Ruﬂe "fairﬂ%dl ment
|IlustratedClPﬁ@5p|ston 100 is connect ed to a sl eeve 120. 5

The sl eeve 120 is slidably disposed within the housing assenbly 40.
The sl eeve 120 has a generally hol | ow, cylindrical configuration.
A biasing system 119 s contained within an annul ar area forned
bet ween the inside di anmeter of the housing assenbly 40 and the
out si de 10 di aneter of the sleeve 120. The biasing system 119
provi des a biasing force that biases the sleeve 120 and the fluid
actuator 25 in the first position. For the enbodi ment shown
in FIGURE 2, the annular area is forned in t he | ower housi ng
subassenbly 46. 15 One enbodi nent of a biasing system 119 conpri ses
a conpression ring 102 and a support 106 di sposed within the

annul ar area of the | ower housing subassenbly 46. The .



conpression ring 102 is coupled to nd end of the pi ston 100.
A spring sysy8@ypi4y ch may conpri Sﬁmﬁl@gﬁiuﬂﬂﬁ u llone Spr poguisdfasssy be
di sposed within the annul ar area w0 support 106 and t he

conpression ring 102. The springs 104 act on the conpression ring 102 .
to provide the * biasing force to q$intain the sleeve 120 in a

non- ext ended or first position. he support 106 nay conpri se a hinge

25 mechanigir f ¢ @AddvpPges.t ype val ve nechani sm 108. The
solid lines T FTGORES Z i1fTustrate the sleeve 120 i n a non-extended

or first positiont- W dfereved eluks actuator; RORREIFIRGE position, the
fl apper type val vg veatilwleskol8e fluid dHaombez;in response to pressure from

well fluid flow n 0 rough. the paraduction_tubi strin ..., The
dotted lines g gf‘]ﬁsh %%f—fE g"’ﬁc{]d& eq-ttkﬁe SR g\ly’g%lé’(ﬁ’li gt #ﬁ'uéﬁlt ended
or 5 secbagb@gosithieofiirFhet e aompidBingt enfisraindséoiiges sopdace .
the fl apper e.v i ; . e val ve
mechani sm 10 }ég gngg.ﬁ%‘ﬁ% srs'e Ve %gscfu%i\%/g%%&? éllé)%ﬁgdlet(fr & Tu Igbore
passage 44 i§pr69i€R%F§rW%M@h t he

9 subsur f agepsadoRt Navdhy €a 20 st anldow Wekbnd| sé£h 10y RASSFace,

unr oSt o o0 T QUYL LRS! 00 LU B8 R LS ot (28
in thel® fabsdr chambeaf ahy ealidabPP dispesedi bedr béhewfirfhe thibasi ng *
system 119 agl8,Q0n ' 0o SOUPIRT 280" 1Y 40504 Roditiohle
wherein the piston first sealing surface and the first
tube first sealing surface cooperate to form a seal between
the piston and the first tube when the piston is in the
15 first position; and

wherein the piston second sealing surface and the

. first tube second sealing surface cooperate to form a seal

between the piston and the first tube when the piston is in
the second position.

20
2. The fluid actuator of Claim 1, wherein the piston’
further comprises a second tube and a guide.
3. The fluid actuator of Claim 1, wherein the first
25 and second sealing surfaces of the first tube are
fabricated from metal.
4, The fluid actuator of Claim 1, wherein the first
and second sealing surfaces of the piston are fabricated
30 from metal.
5. The fluid actuator of Claim 1, wherein the first

and second sealing surfaces of the first tube and the first

and second sealing surfaces of the piston are fabricated
35 from metal.



sl eeve 120 and the fluid actuator 25 in a non-extended or first

piton 100 SRPEE 1 7r st Seal ing sul({HE] ItlH]ﬂﬂllIl[ﬁﬂllof PR to. 160

cooperate to forma seal between he prston +100 and the first tube
162, thereby sealing the fluid actuator 25 from contam nati on.
The second position is reached by appﬂ@ing a high pressure control

fluid, such as hydra d . ntroI 0, at the
surface of the m%1| g%l 5#%& acgdé%oréﬁgsé??é%e ngib 58934 r ough t he
control |inacteater is dlSPOtSBé wbthlia’cta)rSUMMr’fb.eehsgﬁetma&s’lmee contr ol
fluid enters the variabl e vol une quid chanber 124 and the piston
cavity 123 through_the fluid pass 126 and the internal passage 20
160 of the first’tubebPfpsl mh@wagﬁrp@% 1@ Sonvhereir ghe piston jn the
vari alfl e voligneolpled whandgee*d4 and the piston cavity 123 acts on
the piston 100, form ng a | ongitudi nal force on the piston 100,

whi ch conpresses the springs 104 t hrough the conpression ring 102
and noves the piston 100 25 and the sleeve 120 to the second position.
In the second position, the second sealing surface 146 of the piston
100 and the second sealing surface 144 of the first tube 162
cooperate to forma seal between the piston 100 and the first tube
162, thereby sealing the fluid systemfrom 30 contam nati on when the .
fluid actuator 25 is extended, or in t he second position.

Al t hough the present invention has been described with mul tiple
enbodi ments, various changes and nodifications nmay be suggested to
one skilled in the art. It is intended 35 that the present invention
enconpass such changes and .



10 nodifications as fall within the scope of thefollovmng cl ai ns.

WO 99/ 04173 wo 99104173 I u \M] L . Aredrgsomvasss f | ui d
actuat or conpri sing: lﬂull \l I me fl UI d chanber;

a first tube fixed within the vari‘bl'e Vol une fluid 5 chanber the first: -
tube conprising a first sealing surfacg; and a second seal ing surface
di sposed on an outer surface of the first tube; a piston

gaw ng 3 first aaﬁ a zseCngfhmal i ﬂgoﬁurf@@e,controluh@ FB.Stéllﬂizﬂ‘Jdl%?b' y

t e var e voLune er and, s
i Shosed ovEEEBREOF Vetd e WLt bR dernre 8oty BePFORLSHY a sacond
posi tion; a cylihdrical tiwdyilsdwimd i axstirsdale ng ametkeac@anandnt he first
tube first %ﬁzac'sftﬁg %‘i%fn%ﬁ@r%ﬁh?@gaﬁgfl el gr Waﬁlst%%l t%%t indric a1t he

pi ston and t rst tubeé when e piston’is I'Ts p03|t|on
and S bod¥kher ei n the piston second sealing surface and the

first tube second sealidi0astidRne G0OPSESd Cwibnin PnR SBRAI1 of the
cylindrical body, the fluid actuator comprising:

a variable volume fluid chamber;

a first tube fixed within the wvariable volume

10 fluid chamber, the first tube comprising a first seaiing. ¢
surface and a second sealing surface;

a piston having a first sealing surface and a
second sealing surface, the piston slidably disposed within
the variable volume fluid chamber and slidably disposed

15 over the first tube, the piston movable between a first
position and a second position;

wherein the piston first sealing surface and the
first tube first sealing surface cooperate to form a seal
between the piston and the first tube when the piston is in

20 the first position; and

wherein the piston second sealing surface and the
first tube second sealing surface cooperate to form a seal
between the piston and the first tube when the piston is in
the second position; and

25 the piston coupled to the downhole effector.

9. The downhole tool of Claim 8, wherein the piston
further comprises a second tube and a guide.

30 10. The downhole tool of Claim 8, wherein the first
and second sealing surfaces of the first tube are
manufactured from metal.



bet ween the piston and the first tube when the piston is in t he

R v o DR it

3.. The fluid actuator of daim1* wherkird tHe ffirst 25 and second
sealing surfaces of the first tuhe are fabricated fromnetal.
4. The fluid actuator of Claiml, wherein the first and second
sealing surfaces; pf tHig MGHHdI1 @ob3PbECAI 2 30, wheredW TRLAk;
5. The fluid actuator of ﬁrgil%m 1 c)\/\/I%er ei’%i the ' st %r_lglg%%ond
seal i ng surpBEese6Prehgeriing PUREaGaRd afhethq msjiston areyfabzéeakedseal i ng

surfaces of fi-bg mesdpn are fabricated 35 fromnetal. WO

99/ 04173 12 6. The fluid actuator
of Claiml, wherein the fluid actuator is disposed within a subsurface
saf et y5 val ve. 12. The downhole tool of Claim 8, wherein the first

and second sealing surfaces of the first tube and the first
and second sealing surfaces of the piston are fabricated
from metal.

10 13. The downhole tool of Claim 8, wherein the . +
downhole tool is a. subsurface safety valve.

14. The downhole tool of Claim 8, wherein the
downhole effector is a sleeve.
15



7. The fluid actuator of Caim6, wherein the piston 5 is coupled to a

sl eeve. m 13 PCT/US98/14858. A
downhol e t‘ggl”m‘?gr CU“‘“LmI““lJHlIMH* wnhol e effector used in a

wel |, .t he downhol e t ool *cohpr'i si ng:s a cylindrical body having an.
I nside dianmeter and an out side dianeter which define a wall of the
cylindrical 5 body; a fl'urd actuator disposed within the wal
of the cyl{adrigalyfiedite khga fdty drAGtHATRLEPERRL SI NO:

a variabl e vqurreTIw?charrbg?' atety g?irs tube fixed within

the variabl e vol &aneuging aﬁsﬁi"af%h%%%‘?q_% Hengitydipapeatbdpri sing a first
seal | ng-h , syrfnge &adpatéﬁm?@osealaéﬂ@i&uraf @881 of dthe hlo_using fa

pi ston having a fjrst_sealing surface and a . . second sealing surface,
the piston égﬁaﬂ%jr\}' d"r%ep?slé’d%ﬂcfﬂ‘ﬁ&r COMREESING abl e vol ume fluid chanber
and sl8 dably di sposed MariabdeerolimeeffIsid taHeebeixhe pi st on novabl e bet ween
a first positio ; ng, i tjsQR: - vﬂﬁreinthe
piston first sealing %u??ggg zﬁggt_%égga 1;'J_J'cll'lﬂ?'lnr stthet u\i)aerlfa]brlset vsoee} |eng
surface coofduide ahampgrm andedlaving a Hirskepndhe Henood aEvblimg first

tube when thgphston is in 20 the first position; and

wherein the piston second sealing surface and the, _ .
a piston slidably disposed within the variable

10 volume fluid chamber and slidably movable over the first. ¢
tube, the piston movable between a compressed position and
an extended position, the piston comprising a first and a
second sealing surface; .
wherein the piston first sealing surface and the
15 first tube first sealing surface cooperate to form a seal
between the piston and the first tube when the piston is in
the compressed position; and
wherein the piston second sealing surface and the
first tube second sealing surface cooperate to form a seal
20 between the piston and the first tube when the piston is in
the extended position;
a sleeve coupled to the piston and slidably disposed
within the housing assembly;
a flapper type valve mechanism disposed within the
25 housing assembly, the sleeve acting on the flapper type
valve mechanism to move the flapper type valve mechanism
between an open position and a closed position;
a biasing system acting on the piston to bias the
piston in the compressed position, the compreésed position
30 of the piston corresponding to the closed position of the
flapper valve; and
wherein the fluid actuator is operable to overcome the
biasing system and move the piston to the extended
position, the second position of the piston corresponding
35 to the open position of the flapper valve.



first tube second sealing surface cooperate to forma seal bet ween

R AL o T

9. The downhol e tool of daim8, *whérekn 't hé pi*ston further .
conprises a second tube and a gui de. g 10. The downhol e t ool of
Claim8, wherein the first and #8cond sealing surfaces of the first
tube are manuf actured from netal .

14 11. The downhole tool of Claim8, wherein the first

and second seal i Nf surthec suosHr fare spdebd ¥akVe A ICdadBdlS, whereidm netal .

S 12¢ne Tﬂ&-stiowh%ébdﬂmtse@ilﬁ FuPr8cedhsr aink tthesti ¢she are and
second sealin rfaces, of the g st tube and the first and second
seal i ng sur f & %‘é Hrtuned SEEPoReERE: f abri cat ed from netal .

17. The subsurface safety valve of Claim 15, wherein
the first and second sealing surfaces of the piston are
manufactured from metal.

10 18. The subsurface safety valve of Claim 15, wherein, .
the first and second sealing surfaces of the first tube and
the first and second sealing surfaces of the piston are
manufactured from metal.

15 19. The subsurface safety valve of Claim 15, wherein
the piston further comprises a second tube and a guide.

20. The subsurface safety valve of Claim 15, wherein

the biasing system comprises at least one spring.
20



10 13. The downhole tool of Caim 8, wherein the

downhol e t \ subsurface safety val ve. wnhol e
tool of C gﬁ%%’,&u\?\%erei n the downhol e effector is ai'gf’é%;\}g“gfs

15 - 15. A subsurface safety valve, conprising: a
housi ng assenbly having a | ongitudi ng¥2axis; a fluid actuator

di sposed within a wall of the housing assenbly, the fluid actuator
conprising: 5 a variable volune fluid chanber;

a first tube fixed within the variable vol une fluid chanmber, and
having a first and a second sealing surface; a piston
slidably dispose ¥t hi n4t he variable 10 vol unme fluid chanber and

sl i dably novabl rthe first. tube, the piston novabl e between a
conpressed position 9 d an extended position, the piston conprising a
first and a second seal i ng surface; .~ wherein the

rface and the 15 first tube first sealing surface

piston first dali
. I bet ween the piston and the first tube when

cooperate to fi

the piston | t he conpressed position; and
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wherein the piston second sealing surface and the first tube second
seal i ng surfwegygfaeperate to forma seal 20 bet ween t hepdy 5do@iysaérd t he

first tube when the piston is in t he extended position; a
sl eeve coupl ed to the piston and slidably di sposed wi thin the housing .
assenbl y; _a flapper type v@lAg nechani sm di sposed within the 25
housi ng” assembl y, Fl & sl e@ve acting on the flapper type val ve
mechani smto nove_the flapner type val ve nechani sm bet ween an open
position and | 5O i on; a big@gp syQem acting on the
pi ston to bias Ijston in the conpresse sttion, the conpressed
position 30 TEEsE=pEsqQn correspondi ng ] CTIo3SEe R of the
fl apper val ve; wherein the ff hbl g, t O
overcone the ' AY system and novept ‘gfn d
position, the s nd posi pNJon ofothe pi st on r o0 the open
position of 4 fapper vhljve. ]
16 M. The spsurface saf ety v\q(/o’f 03 o A5, eiég
the first and s nd seal \iflg surfaces of thle fi%; uf —1
manuf actured frgmmetdd . b 17. Rheysubadirf val ve of
G aim 15, wherg \ /7
3~ 44 \ //5 / 144
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the first and-second sealing surfaces of the piston are
fromnetal . 10 18. The subsurface safety valve of ;
wher ei n POT first ambreesmoccranbropgrsochacamnol the WU

the first and second sealing surfacBE™BP!PHE piston are
fr om et BNTERNATEONAL APPLICA'I}%N

manuf act ur ed
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(57) Abstract

N
An improved fluid actuator is provided. The fiuid actuator (25) comprises a variable N
volume fluid chamber (124), A first tube (162) is fixed within the variable volume fluid

chamber (124). The first tube (162) has a first sealing surface (142) and a second sealing
surface (144). A piston (100) is slidably disposed within the variable volume fluid chamber
(124) and slidably movable over the first tube (162) between a first position and a second
position. The piston (100) comprises a first sealing surface (140) and a second sealing surface
(146). The piston first sealing surface (140) and the first tube first sealing surface (142) 162,
cooperate to form a seal between the piston (100) and the first tube (162) when the piston 160~
(100) is in the first position. The plston second sealing surface (146) and the first tube second 1
sealing surface (144) cooperate to form a seal between the piston (100) and the first tube (162) 1214
when the piston (100) is in the second position. 152—‘)
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