
2116603 SUBSURFACE SAFETY VALVE This invention relates to surface
controlled sub- surface safety valves used in oil and gas wells. Surface
controlled subsurface safety valves are commonly used in various types of
wells to provide down- 5  hole protection if a failure or hazardous
condition should occur at the well surface. U. S. Patent 3,703,193 to
George M. Raulins discloses a typical ball valve and equal- izing mechanism
used for this purpose. U. S. Patent 3,826,462 to Frank H. Taylor discloses
an alternative con- 10   figuration for a subsurface safety valve.  U. S.
Patent 3,865,141 to David E. Young discloses a flapper type sub- surface
safety valve which has a pressure equalizing system that enables reopening
the valve after closure while mini- mizing the risk of damage to the
flapper element and/or 15   operating tube. The present invention provides
a surface con- trolled subsurface safety valve having a ball type valve
closure means for controlling fluid flow therethrough, comprising: a
housing means with a longitudinal passageway 20   therethrough; an
operating sleeve and attached piston means slidably disposed within the
longitudinal passageway; the valve closure means disposed within the
longitudinal pas- sageway; means for communicating control fluid pressure
with the piston means; means for connecting the valve clo- 25   sure means
to the operating sleeve whereby longitudinal movement of the operating
sleeve causes longitudinal move- ment of the valve closure means within the
housing    -2- means; biasing means which generates a force opposing longi-
tudinal movement of the valve closure means in one direction; and the
biasing means causing longitudinal movement of a part of the valve closure
means in the other direction to 5   permit fluid flow therethrough after
any difference in fluid pressures on opposite sides of the valve closure
means have 



been equalized. Advantages of the present invention include having a ball
type valve closure means that can be reopened with a 10   minimum risk of
damage to the ball and its associated components, a pressure equalizing
system which will equalize any pressure differential across the closure
prior to ap- plying forces which will rotate the ball to its open position,
and which will protect the closure means from excessive 15   force without
regard to the amount of control fluid pres- sure supplied from the well
surface to the safety valve. Further, a valve actuator applies a relatively
constant, uniform force to rotate a ball type valve closure from its closed
to open position without regard to changes in con- 20   trol fluid pressure
or formation fluid pressure. In the drawings: FIGURE 1 is a schematic view,
partially in section and partially in elevation, of a typical well
installation having a surface controlled subsurface safety valve. 25
FIGURES 2A, B, C and D are drawings in longitudi- nal section showing a
subsurface safety valve with its valve closure means in its first or closed
position. FIGURES 3A, B and C are drawings in longitudainal section with
portions broken away showing the safety valve 30   of Figures 2A-D with the
valve closure means in its second or equalizing position. FIGURES 4A and B
are drawings in longitudinal section with portions broken away showing the
safety valve of Figures 2A-D with the valve closure means in its third 35
or open position. FIGURE 5 is a drawing, in longitudinal section,    -3- of
the upper mdvable valve seat which comprises a portion of the valve closure
means. FIGURE 6 is an end view of the upper movable valve seat shown in
Figure 5. 5             FIGURE 7 is a drawing, in longitudinal section, of 



a rotating sleeve which is slidably disposed around the ball member of the
valve closure means shown in Figure 4A. FIGURE 8 is a horizontal
cross-sectional view taken along line 8-8 of Figure 7. 10
FIGURE 9 is an isometric drawing of the pivot arm used to rotate the ball
member of the valve closure means shown in Figure 4A. FIGURE 10 is an
isometric view, with portions broken away, of the valve closure means shown
in Figure 2C. 15             FIGURE 11 is a horizontal sectional view taken
along line 11-11 of Figure 4A. A typical well installation having a surface
con- trolled subsurface safety valve 20 is shown in Figure 1. The well bore
is partially defined by casing string 21 20   which extends from wellhead
22 at the surface to a subsur- face hydrocarbon producing formation (not
shown). Tubing string 23 is disposed within casing 21 to conduct hydro-
carbon fluid flow to the well surface. Production packer 24 forms a fluid
barrier between the exterior of tubing 23 25   and the inner wall of casing
21 to direct fluid communica- tion from the producing formation to the well
surface via tubing 23. Valves 25 and 26 are provided at the well sur- face
to control fluid flow from tubing 23.  Safety valve 20 is releasably
secured within tubing 23 to block fluid 30   flow therethrough in the event
of damage to wellhead 22 or other hazardous conditions at the well surface.
U. S. Patent 3,826,462 discloses a locking mandrel and landing nipple which
can be used to install safety valve 20 within tubing string 23. 35
Fluid pressure is directed from the well surface to safety valve 20 via
small diameter conduit 27 to control    -4- the opening and closing of
safety valve 20.  Control mani- fold 28 contains the pumps, accumulators,
valves and sen- sors which are normally associated with a surface
controlled subsurface safety valve. 



5             Referring to Figures 2A-D, safety valve 20 is shown in its
first or closed position. Safety valve 20 is designed so that when the
pressure of control fluid within conduit 27 exceeds a preselected value,
safety valve 20 wilI open allowing fluid communication through tubing 10
string 23.  When control fluid pressure within conduit 27 decreases below a
preselected value, safety valve 20 will close blocking fluid communication
through tubing string 23. Safety valve 20 is defined by housing means 30
which has several subassemblies for ease of assembly and manufac- 15
ture.  Each subassembly is basically a hollow cylinder with matching
threads 31 on opposite ends thereof. Threads 31 allow each subassembly to
be concentrically aligned with and attached to adjacent assemblies.  The
resulting housing means 30 is a relatively long cylinder with a generally
uni- 20   form outside diameter and longitudinal passageway 32 extending
therethrough. 0-rings or seal rings 33 are pos- itioned adjacent to each
threaded connection 31 to provide a fluid barrier between the interior and
exterior of housing means 30. 25             Threads 35 are provided at the
extreme end of housing subassembly 30a for use in attaching safety valve 20
to a conventional locking mandrel (not shown). The lock- ing mandrel is
used to releasably anchor safety valve 20 within tubing string 23. Packing
means 34, carried on the 30   exterior of housing subassembly 30b,
cooperate with similar packing means (not shown) on the locking mandrel to
direct fluid communication from conduit 27 to opening 36 through the
exterior of the housing subassembly 30a. Various alter- native designs are
well known and can be used with the pre- 35   sent invention for
communicating control fluid from the well surface to opening 36. Packing
means 34 also blocks com-    -5- munication between control fluid and,
formation fluid within tubing string 23 and directs formation fluid flow
through longitudinal passageway 32. 



Operating sleeve 40 is slidably disposed within 5   housing means 30.  For
ease of manufacture and assembly, operating sleeve 40 consists of
subassemblies 40a, 40b and 40c.  Each subassembly is a hollow tube or
cylinder which abuts the adjacent subassembly and is concentrically aligned
therewith. The interior of operating sleeve 40 partially 10   defines the
principal flow path (longitudinal passageway 32) for formation fluids
through safety valve 20. Piston means 41 is attached to and forms a part of
the exterior of operating sleeve subassembly 40a. Piston means 41 and
operating sleeve subassembly 40a are 15   slidably disposed within housing
subassembly 30a.  Station- ary seal or o-ring 42 is carried on the inside
diameter of housing subassembly 30a and forms a fluid tight barrier with
the exterior of sleeve 40 spaced longitudinally from piston means 41.
Variable volume control fluid chamber 20   43 is partially defined by
stationary seal 42 and piston means 41. Opening 36 through the wall of
subassembly 30a communicates control fluid between control chamber.43 and
conduit 27. Chamber 43, opening 36, and conduit 27 coop- erate to provide
means for communicating control fluid 25   pressure with piston means 41.
Sleeve subassembly 40a abuts subassembly 40b at shoulder 44 within end 45
of subassembly 40b.  In the same manner subassembly 40b abuts subassembly
40c at shoulder 46 within end 47.  Ends 45 and 47 have enlarged inside 30
diameters to receive cylinders 40a and 40b respectively therein.  Ends 45
and 47 also have enlarged outside dia- meters as compared to the remainder
of sleeve 40.  This enlargement of ends 45 and 47 provides external
shoulders 48 and 49 for engagement with resilient means 50. Housing 35
subassemblies 30b and 30c surround resilient means 50 and the major portion
of cylinders 40b and 40c respectively.    -6- Housing subassembly 30b,
which is threadedly engaged with subassembly 30c, provides shoulder 51 on
the interior of 



subassembly 30b.  Shoulder 52 is provided in a similar manner on the
interior of housing subassembly 30c. Resil- 5   ient means 50 are disposed
between both shoulders 48 and 51 and shoulders 49 and 52 surround the
exterior of oper- ating sleeve 40.  Resilient means 50 oppose the forces
acting on operating sleeve 40 caused by control fluid pressure within
chamber 43. By installing additional 10   housing subassemblies such as 30c
and operating sleeve sub- assemblies such as 40b, the number of resilient
means 50 can be varied for the specific well installation. Upper movable
valve seat or first seat means 60 is attached by threads 61 to the end of
operating sleeve 15   subassembly 40c opposite from subassembly 40b.
Enlarged views of upper valve seat 60 are shown in Figures 5 and 6. Seat 60
is generally cylinderical with sealing surface 62 having a radius to match
the exterior of ball 70.  Surface 62 is preferably formed from a hard metal
to maintain 20   sealing contact with the exterior of ball 70.  When ball
70 is rotated so that its bore 71 is normal to longitudinal passageway 32,
ball 70 and sealing surface 62 cooperate to prevent fluid flow through
safety valve 20. Upper valve seat 60 also carries an annular seal 25   63
which contacts a matching seating surface 64 on the in- terior of housing
subassembly 30d adjacent thereto.  Pre- ferably, seal 63 and surface 64
will be formed from hardened metal. However, elastomeric material could be
used in either seal 63 or surface 64. Seal 63 and surface 64 plus 30
first port means 65 cooperate to provide safety valve 20 with means for
equalizing fluid pressure differences across ball 70. When operating sleeve
40 moves longitudinally in one direction, seals 63 and 64 disengage before
ball 70 35   starts to rotate.  When seals 63 and 64 are no longer in
contact, formation fluids can bypass ball 70 and enter    -7- longitudinal
passageway 32 above ball 70 through port means 



65.  Second port means 66 are provided in housing subassembly 30e to ensure
a fluid communication path through housing means 30 to ports 65.  This
feature allows any pressure dif- 5   ference across ball 70 and sealing
surface 62 to equalize before rotating ball 70 to align bore 71 with
longitudinal passageway 32.  Thus, increasing control fluid pressure in
chamber 43 above a preselected value will overcome the force of resilient
means 50 and slide operating sleeve 40 longi- 10   tudinally in the one
direction to open the equalizing flow path.  The equalizing flow path from
the exterior of hous- ing means 30 via ports 66 and 65 to longitudinal
passageway 32 is best shown in Figure 3B. Conventional ball type safety
valves as shown in 15   U. S. Patent 3,703,193 use the same longitudinal
movement of the operating sleeve to open both the equalizing passageway and
to rotate the ball member to its open position. Safety valves with this
conventional design are subject to damage from excessive control fluid
pressure forcing the operating 20   sleeve to attempt to rotate the ball
member before differen- tial pressure is equalizing there across. Control
fluid pressure in chamber 43 of the present invention can move ball member
70 longitudinally within housing subassembly 30e but does not rotate ball
member 70 to its open position. 25             Spacer ring 72 is slidably
disposed around the exterior of operating sleeve subassembly 40a on the
side of piston means 41 opposite from chamber 43. Shoulder 73 is formed on
the interior of housing means 30 and longitudinal- ly separated from spacer
ring 72 when safety valve 20 is in 30   its first or closed position.
Shoulder 73 and spacer ring 72 define the maximum length of travel of
operating sleeve 40 in the one direction within housing means 30.
Therefore, force generated by excessive control fluid pressure in chamber
43 is transmitted from piston 41 directly to hous- 35   ing means 30 via
spacer ring 72 and shoulder 73 and does not act upon ball member 70.
Various combinations of spa-    8- 



cer rings and shoulders are possible depending upon the desired length of
travel for operating sleeve 40. Also, the location of shoulder 73 and
piston 41 could be designed to eliminate the need for spacer ring 72. 5
Valve closure means 55 for safety valve 20 includes first seat means 60,
ball member 70 and a pair of pivot arms 74 connected therebetween.  Bore 71
extends radially through ball member 70 and is sized to be compati- ble
with longitudinal passageway 32. Flat surfaces 75 are 10   machined
parallel to each other on opposite sides of ball 70.  Two small openings 76
are drilled through opposite sides of ball 70 normal to their associated
flat surface 75 and bore 71. Each pivot arm 74 has a pivot pin 77
projecting therefrom and sized to fit within opening 76. 15   Boss 78 is
formed on the end of each pivot arm 74 project- ing from the same surface
as pin 77. Box 78 is sized to be received in annular groove 79 on the
exterior of upper movable valve seat 60. Notches 80 are cut in the end of
valve seat 60 for use in assembling valve seat 60, pivot 20   arms 74 and
ball member 70 as shown in Figure 10.  Valve seat 60 and pivot arms 74
provide means for connecting valve closure means 55 to operating sleeve 40
whereby long- itudinal movement of sleeve 40 causes longitudinal move- ment
of valve closure means 55 within housing means 30. 25             Valve
closure means 55 also includes rotating sleeve 81 which is slidably
disposed within housing subassembly 30e and surrounds ball member 70 and
valve seat 60.  Rotating sleeve 81 is a hollow cylinder with a pair of
rectangular slots 82 cut longitudinally through 30   diametrically opposite
sides of sleeve 81.  Pivot arms 74 are sized to slide longitudinally within
slots 82. A pair of rotating pins 83 project into the bore of sleeve 81
offset from slots 82 and the centerline of sleeve 81. An oblique slot 84 is
milled in each ball surface 75 off- 35   set from its associated opening
76.  Rotating pins 83 are sized to fit within their respective slot 84.
This con-    



-9- figuration results in rotation of ball member 70 around pivot pins 77
by longitudinal movement of rotating pins 83 with respect to pivot pins 77.
Such relative longitud- inal movement can occur by holding pivot arms 74
fixed 5   relative to housing means 30 and sliding rotating sleeve 81 or by
holding rotating sleeve 81 fixed relative to housing means 30 and sliding
pivot arms 74.  The amount of relative longitudinal movement is determined
by the length of slots 82 and pivot arms 74.  A similar pair of 10   offset
pins for rotating a ball member is shown in U. S. Patent 3,826,462.
Rotating sleeve 81 rests on disc 85.  For ease of assembly, sleeve 81 and
disc 85 are two separate pieces. Biasing means or coiled spring 88 is
disposed within housing 15   subassembly 30e between disc 85 and internal
shoulder 89 of housing subassembly 30f.  When operating sleeve 40 moves
longitudinally in the one direction, force is transmitted to ball member 70
by both the engagement of sealing sur- face 62 with the exterior of ball
member 70 and the 20   engagement of pivot arms 74 with openings 76.  Both
of these engagements tend to move ball member 70 longitudinal- ly in the
one direction but do not cause rotation of ball member 70.  However,
operating sleeve 40 does not directly contact rotating sleeve 81.  Biasing
means 88 applies force 25   to sleeve 81 via disc 85 which tends to hold
sleeve 81 abutting internal shoulder 99 of housing subassembly 30d. If
there is no difference in fluidpressure across the ex- terior of sealing
surface 62 and the exterior of ball member 70, longitudinal movement of
operating sleeve 40 in 30   the one direction will move ball member 70
longitudinally in the same direction.  Since biasing means 88 tends to hold
rotating sleeve 81 fixed relative to housing means 30, this longitudinal
movement results in relative move- ment between pins 77 and 83 causing
rotation of ball member 35   70 to align bore 71 with longitudinal
passageway 32. If a difference in pressure exists across sealing   



10- surface 62 and the exterior of ball member 70, this pressure difference
tends to prevent rotation of ball member 70 by maintaining contact between
surface 62 and ball member 70. If ball member 70 cannot rotate, forces
generated by long- 5   itudinal movement of ball member 70 in the one
direction are transmitted to rotating sleeve 81 by pin 83.  If this force
exceeds the force generated by biasing means or spring 88 to hold sleeve 81
against shoulder 99, sleeve 81 will move longitudinally in the one
direction within housing 10   means 30 compressing spring 88.  Thus, spring
88 limits the maximum differential pressure which can be present while ball
member 70 rotates relative to sealing surface 62. This feature protects
sealing surface 62 and ball member 70 from flow cutting which occurs when
ball valves are opened with 15   too high a difference in pressure. Spring
88 also limits the force which can be applied to pins 77 and 83.  As
previously noted, spacer 72 limits the length of travel of operating sleeve
40 in the one direction.  By properly selecting the length of spring 20
88, operating sleeve 40 will be stopped prior to "stacking" or making
spring 88 solid. Thus, the maximum force which can be applied to pins 77
and 83 is directly proportional to the spring constant for biasing means 88
times its displacement. The present invention allows safety valve 20 25
to be designed such that ball member 70 is never rotated open with an
excessive differential pressure nor are exces- sive forces applied to pins
77 and 83. A lower movable valve seat or second seat means 90 is positioned
within longitudinal passageway 32 abutting 30   the exterior of ball member
70 opposite from upper valve seat 60.  The primary purpose for lower valve
seat 90 is to block sand or other particulate matter from damaging valve
closure means 55.  Valve seat 90 is a generally cylindrical hollow tube
slidably disposed within disc 85, 35   biasing means 88 and housing
subassemblies 30e and 30f. Flange 91 is formed on the end of valve seat 90
which abuts  



ball 70.  Wiping or sealing surface 92 on the interior of flange 91 has a
radium compatible with the exterior of ball 70.  Flange 91 also provides
shoulder 93 on the exterior of valve seat 90.  A light coiled spring 94
surrounds the 5   exterior between shoulder 93 and disc 85.  Spring 94
main- tains wiping surface 92 in contact with ball member 70 as it rotates
and moves longitudinally within housing means 30.  Seal ring 95 is carried
on the interior of housing subassembly 30f and contacts the exterior of
valve seat 90. 10   Wiping surface 92 and seal ring 95 cooperate to prevent
sand or other particulate matter from accumulating around spring 88 which
might prevent spring 88 from contracting as de- signed.  Port means 66 in
housing subassembly 30e also eli- minate the need for any formation fluid
flow from below ball 15   70 while pressure differences in safety valve 20
are being equalized.  The equalizing flow path minimizes the oppor- tunity
for sand to accumulate around spring 88. -     In Figures 2A, B, C and D,
safety valve 20 is shown in its first or closed position. Formation fluid
20   flow through passageway 32 is blocked by the exterior of ball 70
contacting sealing surface 62 and annular seal means 63 contacting seating
surface 64 closing the equali- zing flow path. Resilient means 50 have
moved operating sleeve 40 in the other direction displacing control fluid
25   from chamber 43. Generally, when safety valve 20 is closed in a
producing well, a difference in pressure will quickly dev- elop across
sealing surface 62 which exceeds the safe op- erating limits for rotating
ball 70.. Safety valve 20 can 30   be reopened by applying control fluid
pressure from the well surface to chamber 43 via conduit 27 and opening 36.
When the force of control fluid pressure acting on piston means 41 exceeds
the force generated by resilient means 50, operating sleeve 40 will move
longitudinally in the one 35   direction as shown in Figure 3A.
Longitudinal movement of sleeve 40 in the one direction can continue until
spacer  



- 12 - 72 contacts shoulder 73 as shown in Figure 3B.  As previous- ly
explained  upper movable valve seat 60 provides a means for
connecting-operating sleeve 40 to valve closure means 55 whereby the
longitudinal movement of sleeve 40 causes 5 longitudinal movement of valve
closure means 55 within hous- ing means 30. Thus, longitudinal movement of
sleeve 40 in the one direction opens the equalizing path through port means
65 and 66. As previously noted, biasing means 88 and rotating sleeve 81
cooperate to prevent rotation of 10   ball 70 as long as the pressure
difference across sealing surface 62 exceeds a preselected safe value.
Biasing means or spring 88 generates a force which opposes longitudinal
movement of valve closure means 55 in the one direction. Operating sleeve
40 can overcome spring 88 allowing longi- 15   tudinal movement in the one
direction of rotating sleeve 81 away from shoulder 99 as shown in Figure
3B. The exterior of ball 70 and sealing surface 62 remain in sealing
contact as shown in Figure 3C until the difference in pres- sure
thereacross drops below the maximum safe value for 20   rotating ball 70.
By maintaining control fluid pressure in chamber 43 above a preselected
value, operating sleeve 40 moves longitudinally in the one direction its
maximum allowed length of travel and then remains fixed relative to housing
25  means 30.  After the difference in pressure drops below the preselected
value, biasing means 88 can move rotating sleeve 81 in the other direction
toward shoulder 99. As previously noted, pivot arms 74 can slide
longitudinally within slots 82 causing relative movement between pins 77 30
and 83.  This relative movement causes rotation of ball 70 to align bore 71
with longitudinal passageway 32 and fully open safety valve 20 as shown in
Figure 4A. The force applied to pins 77 and 83 is always limited to a safe
value by spring 88 during both longitudinal movement and 35   rotation of
ball 70. To close safety valve 20, control fluid pressure 



- 13 - in conduit 27 is released at the well surface. Resilient means 50
move operating sleeve 40 in the other direction causing piston means 41 to
displace control fluid from chamber 43. Movement of operating sleeve 40 in
the other 5 direction is transmitted to ball 70 by pivot arms 74. However,
movement of rotating sleeve 81 in the other direc- tion is prevented by
internal shoulder 99. Thus, pivot arms 74 can slide longitudinally in the
other direction within slots 82.  This longitudinal movement in the 10
other direction causes relative movement between pins 77 and 83 to rotate
ball 70 such that bore 71 is normal to passageway 32 as shown in Figure 2C.
Longitudinal movement of sleeve 40 in the other direction also causes
annular seal means 63 to contact seating surface 64 closing the 15
equalizing flow path. In summary, longitudinal movement of operating sleeve
40 in the one direction shifts safety valve 20 from its first position to
its second position. Biasing means 88 slides rotating sleeve 81 in the
other longitudinal 20   direction to shift safety valve 20 from its second
position to its third position. Longitudinal movement of operating sleeve
40 in the other direction shifts safety valve 20 from its third position
back to its first position. If desired, port means 65 could be eliminated
25   from operating sleeve subassembly 40c.  Annular seal 63 and and
matching seating surface 64 could then be replaced by suitably designed
stop shoulders. Eliminating the equalizing means in this manner would
significantly reduce the cost of manufacturing safety valve 20. Fluid
pressure 30   differentials across ball 70 can be equalized by pumping down
tubing string 23 from the well surface if port means 65 are not used.
Biasing means 88 will still protect ball 70 from its associated components
from excessive control fluid pressure and/or excessive fluid differential
pressure 35   thereacross even though port means 65 have been eliminated. 



-   14   - CLAIMS 1.  A surface controlled subsurface safety valve having a
ball type valve closure means for controlling fluid flow therethrough,
comprising: a. a housing means with a longitudinal passage- 5   way
therethrough; b. an operating sleeve and attached piston means slidably
disposed within the longitudinal passageway; c. the valve closure means
disposed within the longitudinal passageway; 10            d.  means for
communicating control fluid pressure with the piston means; e.  means for
connecting the valve closure means to the operating sleeve whereby
longitudinal movement of the operating sleeve causes longitudinal movement
of the 15   valve closure means within the housing means; f. biasing means
which generates a force opposing longitudinal movement of the valve closure
means in one direction; and g. the biasing means causing longitudinal
movement 20   of a part of the valve closure means in the other direction
to permit fluid flow therethrough after any difference in fluid pressures
on opposite sides of the valve closure means have been equalized. 2.  A
safety valve as defined in claim 1, further 25   comprising: a.  an
equalizing means which is opened by longi- tudinal movement of the
operating sleeve in the one direc- tion; and b.  the longitudinal movement
of the operating 30   sleeve in the one direction shifts the valve closure
means from its closed position to its equalizing position and the biasing
means moves a part of the valve closure means lon- gitudinally in the
opposite direction to shift the valve closure means from its equalizing
position to its open 



35   position.    -15 - 3.  A safety valve as defined in claim 2, wherein
the equalizing means further comprises: a.  an annular seal means formed on
the exterior of the valve closure means; 5            b.  a seating surface
formed on the interior of the housing means and engageable by the annular
seal means; c.  first port means extending through the opera- ting sleeve
and spaced longitudinally from the annular seal means; and 10            d.
the annular seal means engaging the seating surface when the valve closure
means is closed and longi- tudinal movement of the operating sleeve in the
one direc- tion disengaging the annular seal means from the seating surface
to allow fluid flow through the port means. 15            4.  A safety
valve as defined in claim 3, wherein the equalizing means further comprises
a second port means extending radially through the housing means near the
seat- ing surface. 5.  A safety valve as defined in claim 1, wherein 20
the valve closure means further comprises: a.  a ball member with a bore
therethrough; b.  a pair of pivot arms which engage the ball member on
opposite sides of its bore; c.  a rotating sleeve which engages the ball
member 25  offset from the pivot arms; d.  a first seat means attached to
the operating sleeve and contacting the exterior of the ball member; e.
the pivot arm engaged with both the first seat means and the ball member
whereby the operating sleeve, 30  first seat means, pivot arms and ball
member move longitud- inally within the housing means; f.  the rotating
sleeve slidably disposed between the housing means and the ball member; and
g.  the biasing means abutting the rotating sleeve 



35  whereby longitudinal movement of the rotating sleeve in the other
direction will rotate the ball to align its bore with    -16- the flow
passageway and allow fluid flow through the safety valve. 6.  A safety
valve as defined in claim 5, wherein the pivot arms each have a pivot pin
which engages the ball 5    member normal to its bore, and the rotating
sleeve has a pair of rotating pins which engage the ball member offset from
the pivot pins. 7. A safety valve as defined in claim 5, wherein the valve
closure means further comprises a second seat 10    means which contacts
the ball member opposite from the first seat means. 8.  A safety valve as
defined in claim 5, wherein the force used to rotate the ball member to
align its bore with the flow passageway is directly proportional to the 15
force generated by the biasing means and does not vary with control fluid
pressure. 9. A safety valve as defined in claim 1, wherein: the valve
closure means has a first position blocking fluid flow through the
longitudinal passageway, a second position 20    equalizing any fluid
pressure differential on opposite sides of the valve closure means, and a
third position allowing fluid flow through the longitudinal passageway;
means for con- necting the valve closuremeans to the operating sleeve
whereby longitudinal movement of the operating sleeve shifts the 25
valve closure means from its first position to its second position; means
for limiting the maximum distance of longi- tudinal movement of the
operating sleeve in the one direc- tion; said biasing means opposing
movement of the valve closure means from its first position to its second
posi- 30     tion; an equalizing passageway which is open when the valve
closure means is in its second position; and the biasing means causing the
valve closure means to shift to its third position after fluid pressures on
opposite sides of the 



valve closure means have been equalized. 35             10.  A safety valve
as defined in claim 9, wherein longitudinal movement of the operating
sleeve in one direc-    - 17 - tion shifts the valve closure means from its
first position to its second position and the biasing means moves part of
the valve closure means longitudinally in the other direc- tion to cause
shifting from its second position to its 5    third position. 11.  A safety
valve as defined in claim 10, wherein the equalizing passageway comprises:
a.   an annular seal means formed on the exterior of the valve closure
means; 10            b.   a seating surface formed on the interior of the
housing means and engageable by the annular seal means; c.   first port
means extending through the opera- ting sleeve and spaced longitudinally
from the annular seal means; 15           d.   the annular seal means
engaging the seating surface when the valve closure means is closed and
longi- tudinal movement of the operating sleeve in the one direc- tion
disengaging the annular seal means from the seating surface to allow fluid
flow through the port means; and 20            e.  a second port means
extending radially through the housing means near the seating surface. 12.
A safety valve as defined in claim 10, wherein- the valve closure means
further comprises: a.   a ball member with a bore therethrough; 25
b.   a pair of pivot arms which engage the ball member on opposite sides of
its bore; c.   a rotating sleeve which engages the ball member offset from
the pivot arms; d.   a first seat means attached to the operating 30
sleeve and contacting the exterior of the ball member; e.   the pivot arms
engaged with both the first- seat means and the ball member whereby the
operating sleeve, 



first seat means, pivot arms and ball member move longitud- inally within
the housing means; 35             f.   the rotating sleeve slidably
disposed between the housing means and the ball member; and    - 18 - g.
the biasing means abutting the rotating sleeve whereby longitudinal
movement of the rotating sleeve in the other direction will rotate the ball
to align its bore with the flow passageway and allow fluid flow through the
5   safety valve. 13. A safety valve as defined in claim 1 or 10, further
comprising means for limiting the maximum distance of longitudinal movement
of the operating sleeve in the one direction. 10           14.  A safety
valve as defined in claim 13, wherein the limiting means comprises: a. a
spacer ring disposed around the operating sleeve and engageable by the
piston means; and b. a shoulder formed on the interior of the housing 15
means and engageable by the spacer ring whereby longitudinal movement of
the operating sleeve is limited by engagement between the piston means,
spacer ring and interior shoulder. 15. A safety valve substantially as
herein described with reference to the accompanying drawings.    


