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RELATED APPLICATIONS

[0001]  This application is a continuation in part of US Application Serial No.
11/595,596 filed on November 9, 2006 and having the title Downhole Lubricator Valve.

FIELD OF THE INVENTION

[0002] The field of the invention relates to downhole barrier valves such as,
among other applications, a valve for forming a downhole lubricator that allow a string to
be made up in a live well by isolation of a lower portion of it and more particularly to
features regarding such valves relating to locking them, assembling them and component

fabrication techniques.

BACKGROUND OF THE INVENTION

[0003]  Lubricator valves are valves used downhole to allow long assemblies to be
put together in the well above the closed lubricator valve with well pressure further below
the closed lubricator valve. These valves are frequently used in tandem with sub-surface
safety valves to have redundancy of closures against well pressures below. Valves are

also used downhole for other isolation purposes.

[0004]  Lubricator assemblies are used at the surface of a well and comprise a
compartment above the wellhead through which a bottom hole assembly is put together
with the bottom valve closing off well pressure. These surface lubricators have limited
lengths determined by the scale of the available rig equipment. Downhole lubricators
simply get around length limitations of surface lubricators by using a lubricator valve
downbhole to allow as much as thousands of feet of length in the wellbore to assemble a

bottom hole assembly.
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translate the ball for the purpose of locking open a ball that normally rotates between

open and closed on its own axis. Another feature is a method of manufacturing parts that
must be longitudinally split so that they retain the original bore dimension despite the
wall removal occasioned by longitudinally splitting the part. Yet another feature is the
ability to assemble components to a given overall dimension so as to accurately set

preload on biased seats that engage the ball.

{0007] In one embodiment, the annular piston that actuates the valve is replaced
with at least one rod piston and the space made available with this change allows the
addition of a seal to prevent leakage under high differential pressure conditions from the

uphole to the downhole direction.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a section view of the entire lubricator valve;
[0011] FIG. 2 is a larger view of the top end of the valve of FIG. 1;

[0012] FIG. 3 is a larger view of the middle of the valve from FIG.
1showing the ball open;

{0013]  FIG. 4 is an alternate view to FIG. 3 showing the ball closed;
{0014] FIG. 5 is a larger view of the lower end of the valve of FIG. 1;
[0015]  FIG. 6 is a perspective view of the section views shown in FIGS. 4 and 5;

{0016] FIG. 7 shows the top end of the valve in FIG. 1 during assembly to get

proper spacing of internal components;



[0010]FIG 1 is a section view of the entire lubricator valve;
[0011]FIG_2 is a larger view of the top end of the valve of FIG 1I;
[0012] FI GW820W/13504r ger view of the middl e of the val PETUSHP/RIT632

| showi ng the ball open; [0013]FIG 4 is an alternate viewto FIG 3
showi ng the ball closed; [0014]FIG 5 is a larger view of the | ower
end of the valve of FIG 1; [0015]FIG 6 is a perspective view of the
section views shown in FIGS. 4 and 5; (0016jFIG 7 shows the top end
of the val ve[(0a7)FI GFIGL 8dshows thedswandikdyoftiee gite inrFIGET deNBCASSENBIY to get

i nternal conponents; .. WO %009/ 134544PCl YUS2009/ 037622
prorggr spacing of internal components;

[0018] FIG. 9 is a perspective of the cage that surrounds the ball and is
longitudinally split.

[0019] FIG. 10 is a section view of the embodiment showing the use of rod
pistons and an additional lower seal to deal with issues of ball distortion under high

differential pressures;

[0020]  FIG. 11 is an enlarged view of an upper seal around a sleeve that support
the upper ball seat;

[0021] FIG. 12 is a force diagram of the FIG. 1 design showing a condition of a

differential force in an uphole direction;

[0022] FIG. 13 is the view of FIG. 12 with a differential force in a downhole
direction and leakage from ball distortion under high differential pressures;

[0023]  FIG. 14 shows a differential in the uphole direction using a seal on the

sleeve above the ball;

[0024] FIG. 15 is the view of FIG. 14 with a differential in a downhole direction
showing how leakage is reduced or eliminated under high differentials in a downhole
direction and showing an additional seal on the OD of the lower sleeve to assist with

sealing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0025]  FIG. 1 illustrates the layout of the main components to show their position
relative to each other with the ball 10 in the center and in the closed position. Sleeve 12 is
above ball 10 and sleeve 14 is below ball 10. These sleeves respectively form seats 16
and 18 that are held against ball 10 by a cage 20. Cage 20 is shown in perspective in FIG.
9. A slide 22 extends through cage 20 and registers with ball 10 to rotate it between the

open and closed position on trunnions 24. A piston 26 is responsive to control line
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other FIGS. will now be used to bring out additional details and explain the basic

operation.

[0026] FIG. 6 can be used to appreciate how the ball 10 is rotated 90 degrees
between the closed position shown in FIG. 6 and the open position shown in section in
FIG. 3. Piston 26 operates like many pistons known in the art and used in downhole
valves. A pair of control lines (not shown) are run from the surface to opposing piston
face areas on piston 26 to urge it to move in opposed directions. The piston 26 is secured
to the slide 22 for tandem movement. Slide 22 has an upper ring 32 and a lower ring 34
connected by arms 36, one of which is visible in FIG. 6. Looking at FIG. 9 it can be seen
that the cage has longitudinal slots 38 and 40 that accept the arms 36 of slide 22.
Referring to FIGS. 1 and 6 it can be seen that slide 22 is at the end of its uphole stroke as
it has contacted the mandrel 42. Ball 10 has opposed angled exterior slots 44 one of
which is partially in view in FIG. 6. The slots 44 are parallel to each other on opposed
flats 46 better seen in FIG. 1. Flats 46 on ball 10 abut arms 48 and 50 of cage 20 as best
seen in FIGS. 6 and 9. Holes 52 and 54 accept trunnions 24 that extend into ball 10 to
allow it to rotate on its own axis. Cage 22 does not move but when slide 22 is moved by
piston 26 the result is rotation of ball 10 on its own axis. This happens because arms 36
have inwardly facing pins (not shown) that register with slots 44 in ball 10 off center
from trunnions 24 to induce rotation of ball 10.

[0027]  To better see this movement, FIGS. 3 and 4 need to be compared. FIG. 4
shows the ball 10 in a closed position and upper ring 32 close to mandrel 42 but not in
contact. This is because, optionally, a snap ring 56 registers with slot 58 on sleeve 12 to
hold the ball 10 in a closed position until enough pressure is exerted on piston 26 to pop
the snap ring 56 out of groove 58 until it registers with groove 66 to define the open
position of FIG. 3. Again, in FIG. 4 during normal opening and closing of the ball 10, the
only moving part except ball 10 shown in that FIG. is slide 22 with ring 56. FIG. 3 shows
the fully open position of ball 10 with ring 56 registering with groove 60. Slide 22 may
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shoulder 72 on which a spring 74 is supported. Spring 74 pushes on ring 76 that is

attached to sleeve 14 with a thread 78. A screw 80 locks the position of ring 76 after that
position is initially determined in a procedure that will be explained below. In essence,
spring 74 is a preload spring on an assembly that begins with ring 76 and extends to the

upper end of the valve shown in FIG. 2.

[0029]  Referring to FIG. 2 a spring 114 is used to push on ring 86 and through the
other parts described before downwardly on sleeve 12 to insure engagement of seat 16
with respect to the ball when pressure above the ball 10 is applied. Conversely, sleeve 14
is biased uphole by spring 74 to ensure a similar engagement of the ball and seat when
pressure below the ball is applied. As those skilled in the art will appreciate the assembly
of parts from shoulder 84 at the upper end to shoulder 118 at the lower end each have
their own tolerance and the adjustment available for the position of ring 76 on thread 78
is fairly minimal. As a result, the total dimension of the parts between shoulders 84 and
118 can be determined and the position of ring 76 necessary to give the right preload to
the assembled parts also determined before final assembly of top sub 82 and bottom sub
70. FIGS. 7 and 8 show this technique.

[0030] Instead of assembling top sub 82 and spring 114 to mandrel 42 an upper
gauge 122 is assembled to mandrel 42. When fully threaded on, a shoulder 124 hits ring
86 in nearly the exact spot that shoulder 84 from top sub 82 would normally engage it. At

the same time at the lower end in FIG. 8 instead of putting on bottom sub 70, spring 74 or
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art will appreciate that the scope of the invention is significantly
broader and as outlined in the clains which appear below. W claim
1. A downh¥P2%W4p4& conprising: a housing having a pad§%g2009/037622

t her et hr ough: a ball having a bore therethrough rotatably
nounted to rotate, without translation, on its axis to align and

m salign said bore with said passage; sai d passage defined by
opposed sl eeves that remain in contact with said ball as it rotates;
and at [008%st bEG: 0dl apadditionalreeah 2 blhasrbean bddid pit Bloeks pressard flom

sai d housin ere said rod piston bare is isolated fromsaid passage
and said fIS%"%\Wﬁ%E}SW gegl%&r?}ﬁlgé@’q ﬂ“ plocgnyar wets g%s_sgag]izgo l‘%ﬁ&p‘%%rf’on
l'i nked t 0ofiahélohailié of Ribe IRMAkOHE 208 FeflBRY BIFERkialMokding 3h hallalo! thatSikifla

pi ston receiving actuation pressure through said housing, said

act uat i onPgisaned diflsreptid presprepiste §@mb‘ég ithe pesserepmpasagas 206/t seal 18.
sel ect | ve xaeh RdiMelal palk Hish@nbORLARe Wil PRRYSEH f&ﬁl&%& fefhg'vln
I I s for aligning and

turn actuate said ba "N opposed rectio

m sal i gni A@ovdisplading Hoeve Idnwsnifiimbzlll 10nit thastme thealowabde pissuftiwill/gdtve

o e by ASH, 5384 doh LSS o5 SR P B 5B
schematically by arrows 220. At this point seal 16 holds the high uphole oriented
pressure differential in the manner described before for FIG. 12. Again, even if temporary
distortion of ball 10 occurs to let pressure into annular space 202 the deformation is
elastic rather than plastic and the ultimate job of sealing against uphole oriented
differential pressures falls to seal 16. Once the internal space 204 of the ball 10 is
equalized with the pressure from downhole, regardless of the mechanism by which that
occurs, the ball 10 is uniformly loaded against seat 16 and as a result even with high

uphole differential pressures, there is no leakage uphole past seal 16.

[0038] FIG. 15 is now contrasted with the same situation as shown in FIG. 13.
Only this time there is a seal 216 outside of tube 14 and seal 200 is still there above ball
10 and outside sleeve 12 although it is not shown in FIG. 15. A buildup of downhole
oriented differential pressure is shown by arrows 220. This differential pressure force at a
predetermined level gets past seal 16 temporarily and into annular space 202 and into the
ball 10 in space 204. Now the annular space is sealed with seal 216 so pressure in space
204 represented by arrows 222 equalizes with the pressure on ball 10 represented by
arrows 220 so that ball 10 is uniformly loaded on seat 18 and seat 18 holds the downhole
oriented differential pressure from getting in passage 206. In essence the performance of
the assembly under a differential pressure from downhole in FIG. 14 is the same as when
the differential is in the opposite direction as shown in FIG. 15. The only difference is
which seal holds the differential. In both cases the ball 10 elastically deforms to equalize
ball pressure through the annular space 202 and the ball goes right back to its spherical
shape once equalization of pressure takes place. This is to be contrasted with the

downhole oriented pressure differential situation of FIG. 13 where leakage continued as
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said pistons are symTetrl cally arrayed around sai d passage. 4 The
valve of claim1l, wherein: said ball is disposed in sai

ai d
housi ng deVPAPHE344 ur r oundi ng annul ar space with r es p&&H/ 58008817422

ball further defined by an upper sleeve and a | ower sleeve in sealing
contact with said ball; said annul ar space is seal ed between said
housi ng and at | east one of said sleeves. 5. The valve of claim4,
wherein: said annul ar space is sealed with a first seal against said
upper sl eeqwliz@ionMidnatdlapgencihd chetiath 19, distdsrmdeinder the differeatialds iffdvated by

esi | 1 ent IBEA R PR EEn o R R R tie TRl Messiregm o A rstc.
wher ei n: said bore in said ball equalizes with pressure from
dovvnhol e agpiodg]t sk ahothat hspedrerf t}&q}rdsebﬂh{/exﬁlb@ SE&asAdtited BR6 RORrPdeep
Zg:MC,i] h];: ;St t’ﬁggsl ofatﬂe Viﬁeé gsselgg ly shavevrsl In'll IF C?St IS9e e a%gglglingtogrZ%Svgysrs%bjfe(r:toth
such high differential forces that its shape distorted in the annular passage that
surrounded it and what resulted were wear locations on the surrounding wall that
defeated the seals that surrounded annular piston 26 or in extreme cases could distort the
piston shape to a sufficient extent to cause it to seize in its bore and become immovable.
To counteract this effect noticed when the valve assembly depicted is in very deep
applications that involve very high hydrostatic pressures on an annular piston 26, the
design was changed to use rod pistons 224 which is in pieces and is exposed to
connections 68 and 64 to which a control line (not shown) is connected. Preferably the
rod pistons are arrayed symmetrically about the central axis of the valve assembly so that
any moment that one such rod piston created can be canceled by another rod piston
disposed 180 degrees from it. Any number of rod pistons can be used although an even
pairing for symmetry is preferred. The use of rod pistons eliminates the distortion issues
at high differential pressures such as existed with annular piston 26. It also makes room
to add the seal 216 whose purpose was discussed above. It marks a first for downhole ball
valves that are actuated with a rod piston assembly and makes the design useful for very
high differential pressure installations where annular pistons can fail under differentials

that can exist at differentials above 10,000 PSI. Of course the rod piston design can also

be used at lower differentials instead of the annular design with good results.

[0040] While the preferred embodiment has been set forth above, those skilled in
art will appreciate that the scope of the invention is significantly broader and as outlined

in the claims which appear below.
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8. The valve of claim4, wherein: said annular space is seal ed
agai nst both sleeves. 9. The valve of claim8, wherein: said annul ar
space is sealed with a second seal against said | ower sleeve. 10. The

val ve of claim9, wherein: said | onwer sl eeve conpri ses,
adj acent wp Hg,ﬂer end, a seat with a lower resilient seal that
engages sal dball. 11. The valve of claim 10, wherein: said

bore in daid Baddwrgleatalveesomyrisingor essure from uphol e agai nst sai d
ball when said,bal.l ﬁl oses said as&rgge as said second seal and said

lower resilieAto8%ng having 2passqse diezes _$1Fom uphol e. 12. The val ve of
claim7, wher Qiball havhgl a ®BRUhALHSRRE SotaabBaANRABFIR! WRRER nShEANSS -

13. The valve of claim 12, wherein:

on its axis to align and misalign said bore with said passage;

said passage defined by opposed sleeves that remain in contact with said ball as it
rotates; and

at least one rod piston mounted in a rod piston bore in said housing where said rod
piston bore is isolated from said passage and said rod piston is actuated in opposed
directions said rod piston linked to said ball for simultaneous movement with said ball,
said piston receiving actuation pressure through said housing, said actuation pressure
isolated from pressure in said passage for selective actuation of said rod poston in
opposed directions to in turn actuate said ball in opposed directions for aligning and
misaligning of said bore in said ball with said passage.
2. The valve of claim 1, wherein:

said at least one rod piston comprises an even number of rod pistons.
3. The valve of claim 1, wherein:

said pistons are symmetrically arrayed around said passage.
4, The valve of claim 1, wherein:

said ball is disposed in said housing defining a surrounding annular space with
respect to said ball further defined by an upper sleeve and a lower sleeve in sealing
contact with said ball;

said annular space is sealed between said housing and at least one of zsaid sleeves.
5. The valve of claim 4, wherein:

said annular space is sealed with a first seal against said upper sleeve.
6. The valve of claim 5, wherein:

said upper sleeve comprises, adjacent a lower end, a seat with an upper resilient
seal that engages said ball.
7. The valve of claim 6, wherein:

said bore in said ball equalizes with pressure from downhole against said ball
when said ball closes said passage as said first seal and said upper resilient seal contain

pressure from downhole.
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sai d annul ar space is sealed with a second seal against said | ower

sl eeve. 14. The valve of claim 13, wherein: said | ower sleeve
conpri ses, adjacent an upper end, a seat with a |ower resilient seal
t hat engages said ball. 15. The val ve of claim 14, wherein:

o2 4 borl D SGREL MLy L1 pressure Tromuphole againt
sai d | ower r eshidiaamilarspade is suatediagaipstddivleves. om uphol e.

9. The valve of claim 8, wherein:

said annular space is sealed with a second seal against said lower sleeve.
10. The valve of claim 9, wherein:

said lower sleeve comprises, adjacent an upper end, a seat with a lower resilient -
seal that engages said ball. |
11. The valve of claim 10, wherein:

said bore in said ball equalizes with pressure from uphole against said ball when
said ball closes said passage as said second seal and said lower resilient seal contain
pressure from uphole.
12. The valve of claim 7, wherein:

said annular space is sealed against both sleeves.
13. The valve of claim 12, wherein:

said annular space is sealed with a second seal against said lower sleeve.
14. The valve of claim 13, wherein:

said lower sleeve comprises, adjacent an upper end, a seat with a lower resilient
seal that engages said ball.
15. The valve of claim 14, wherein:

said bore in said ball equalizes with pressure from uphole against said ball when
said ball closes said passage as said second seal and said lower resilient seal contain

pressure from uphole.
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