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[57] ABSTRACT

A safety valve for installation down hole in the pro-
duction string of an oil well includes a housing having
a valve head disposed in fixed relation thereto. An ac-
tuator sleeve is disposed within the housing and coop-
erates with the housing structure to define a flow pas-
sage through the valve mechanism. The actuator
sleeve is moveable linearly within the housing between
open and closed positions and carries a valve face that
is engageable with the valve head in the closed posi-
tion thereof to interrupt the flow of fluid through the
flow passage of the valve.

The actuator sleeve is moveable to the closed
position thereof upon reduction of the rate of flow
through the valve below a predetermined minimum
and, once closed, is maintained in the closed position
by pressure upstream of the valve. The safety valve
includes selectively actuatable means for modifying
the pressure responsive means and thereby allow
formation pressure to move the actuator sleeve to the
open position thereof.

25 Claims, 10 Drawing Figures
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LOW FLOW SAFETY VALVE WITH PRESSURE
LOCK

FIELD OF THE INVENTION

This invention relates generally to control valves
used in well installations, and more particularly to a
down hole safety valve mechanism having a facility for
interrupting the flow of production fluid in the event
the rate of fluid flow falls below a predetermined mini-
mum and for preventing automatic reopening of the
valve mechanism in the event formation pressure con-
ditions should subsequently increase to a level that
would again establish a normal rate of flow.

BACKGROUND OF THE INVENTION

In order to provide maximum protection to the envi-
ronment and to insure against loss of lives and damage
to property in connection with the development of off-
shore oil fields, it is necessary to install a down hole
safety valve in the well that is capable of closing off the
production string of the well in the event well operating
conditions should become undesirable or dangerous.

Most wells drilled at the present time incorporate ve-
locity sensitive safety valve mechanisms capable of
shutting in the well in the event velocity should exceed
a predetermined maximum. This condition of course
may occur in the event of failure of surface valves of
the production system of the well, in the event of rup-
ture of a production flow line or in the event of any
other failure that might allow a relatively unrestricted
flow of fluid through the tubing string.

It is desirable to provide a safety valve mechanism
that will stop the flow of production fluid through a
well production system in the event the velocity of flow
should fall below a predetermined minimum rate. A de-
crease in velocity may represent the development of an
undesirable condition in the formation produced by the
well or might indicate the existance of an abnormal
condition in the down hole production equipment of
the well. It is desirable, therefore, to cause production
of fluid to cease in the event any abnormal condition
is sensed and to maintain the well production equip-
ment in a safe closed position, even though operating
conditions may be restored, in order that tests may be
performed to determine the cause of the abnormal flow
condition.

If a velocity sensitive safety valve should automati-
cally close, even for an instant, responsive to the devel-
opment of excessive flow in a well production system,
it may be desirable to provide a secondary safety valve
mechanism that is sensitive to the decrease in flow
caused by closure of the velocity sensitive system. This
feature would, of course, allow a safety valve mecha-
nism to shut in the well, even though the velocity sensi-
tive valve might not be sufficient, acting alone, to com-
pletely shut in the well and maintain the well system
under a safe closed condition until the well production
system may be repaired or otherwise restored to the
proper operating condition thereof.

It is therefore a primary object of the present inven-
tion to provide a novel safety valve mechanism for a
down hole well environment which is effective to close,

thereby completely shutting in a production system of
the well, in the event the rate of flow of production
fluid through the valve mechanism should fall below a
predetermined minimum level.
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It is also an object of the present invention to provide
a novel safety valve mechanism for a down hole well
environment which includes a pressure sensitive mech-
anism that effectively retains the valve mechanism in
the closed position thereof after being closed respon-
sive to the development of a condition of abnormally
low fluid velocity.

It is an even further object of the present invention
to provide a novel safety valve mechanism for a down
hole well environment that includes a selectively actu-
atable mechanism for conditioning the safety valve
mechanism for pressure sensitive reopening movement.

Among the several objects of the present invention is
noted the contemplation of a novel safety valve mecha-
nism for a down hole well environment including
means for insuring positive, but selective reopening of
the valve mechanism after closure thereof.

It is an even further object of the present invention
to provide a novel safety valve mechanism for a down
hole well environment that effectively prevents reclos-
ing of the valve mechanism after being selectively re-
opened.

It is another object of the present invention to pro-
vide a novel safety valve mechanism for a down hole
well environment that causes pressure differential
across a flow restriction to be automatically modified
to prevent automatic closure of the valve mechanism as
a reopening procedure is being conducted.

It is also an important object of the present invention
to provide a novel down hole safety valve mechanism
that is of simple nature, reliable in use and low in cost.

Other and further objects, advantages and features of
the invention will become obvious to one skilled in the
art upon an understanding of the illustrative embodi-
ment about to be described and various advantages, not
referred to herein, will occur to one skilled in the art,
upon employment of the invention in practice.

SUMMARY OF THE INVENTION

The present invention is directed to the provision of
a down hole safety valve mechanism that is maintained
in an open or flowing condition thereof by a resultant
force developed by pressure differential caused by the
flow of fluid across a choke bean, which resultant force
is greater than the force developed by a compression
spring urging the valve mechanism toward the closed
position thereof. The valving mechanism of the safety
valve may comprise a valve head, maintained in sta-
tionary relation to the housing structure, and a valve
face, carried at the lower extremity of an actuator
sleeve assembly or mandrel and being disposed: for en-
gagement with the stationary valve head.to interrupt
the flow of fluid through the valve mechanism. The ac-
tuator sleeve assembly may be urged by a compression
spring toward the closed position thereof and may be
maintained in the open position by a resultant force de-
veloped by the flow of production fluid across a choke
element carried within the mandrel. Upon the develop-
ment of an abnormally low flow rate, the actuator
sleeve assembly or mandrel will be moved to the closed
position thereof by the compression spring.

In the closed position of the valve mechanism, the ac-
tuator sleeve assembly becomes pressure sensitive in a
manner causing the valve mechanism to be maintained
in the closed position thereof responsive to the devei-
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opment of a net closing force developed by formation
pressure down-stream of the valve mechanism and act-
ing against differential surface areas. Means may be
provided for selectively modifying the pressure sensi-
tive nature of the actuator sleeve by balancing the pres-
sure responsive surface areas and thereby conditioning
the valve mechanism for reopening responsive to for-
mation pressure.

A mechanism may also be provided to prevent the
valve assembly from moving immediately to a reclosed
position, subsequent to opening, if the rate of flow
across the choke bean is insufficient to produce a force
of a magnitude necessary to overcome the force of a
valve closing compression spring that urges the valve
mechanism toward the closed position thereof at all
times.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above recited
advantages and objects of the invention are attained, as
well as others, which will become apparent, and can be
understood in detail, more particular description of the
invention, briefly summarized above, may be had by
reference to the specific embodiment thereof which is
illustrated in the appended drawings, which drawings
form a part of this specification. It is to be understood,
however, that the appended drawings illustrate only
typical embodiments of the invention and therefore are
not to be considered to be limiting of its scope, for the
invention may admit to other equally effective embodi-
ments.

In the Drawings:

FIG. 1 is a pictorial representation illustrated par-
tially in section of a subsurface earth formation having
a well bore extended therethrough and being lined with
a well casing including a production tubing containing
a down hole safety valve mechanism constructed in ac-
cordance with the present invention.

FIG. 2 is a fragmentary sectional view of the well cas-
ing structure of FIG. 1, illustrating a typical landing
nipple and showing wire line emplacement and re-
trieval apparatus having a safety valve mechanism con-
structed in accordance with the present invention con-
nected to the lower extremity thereof.

FIGS. 3A and 3B are sectional views of the upper and
lower portions, respectively, if the safety valve mecha-
nism of the present invention, illustrating the moving
parts in the normal fluid producing positions thereof.

FIG. 4 is a fragmentary sectional view of the valve
mechanism of FIGS. 3A and 3B, illustrating the valving
mechanism thereof in the fully closed position.

FIG. 5 is a sectional view taken along line 5—5 in
FIG. 4.

FIG. 6 is a sectional view of the lower portion of the
safety valve mechanism of the present invention illus-
trating the moveable parts of the valve mechanism in
the disarmed and flowing condition thereof.

FIG. 7 is a sectional view of the lower portion of the
valve mechanism of the present invention showing the
condition of the moveable parts of the valve mecha-
nism in the disarmed and closed position thereof.

FIG. 8 is a sectional view of the lower portion of the
safety valve mechanism of the present invention illus-
trating the moving parts thereof in the armed and
closed position thereof immediately preceeding open-
ing movement of the valve mechanism.
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FIG. 9 is also a sectional view of the lower portion of
the valve mechanism of this invention illustrating the
moveable parts thereof in the armed and opening con-
dition.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Now referring to the drawings and first to FIG. 1, an
earth formation is illustrated at 10 having a well bore
12 drilled therein which is lined with a well conduit 14
that may be cemented in place in conventional manner.
Production tubing 16, typically referred to in the indus-
try as a tubing string, extends through the well casing
14 and is sealed with respect to the well casing by a
packer 18 located a convenient distance above the pro-
duction zone of the earth formation. The tubular con-
duit 16 is open at its lower extremity to production
fluid flowing through perforations in the casing 14 and
conducts the production fluid upwardly through the
tubing string in conventional manner.

For the purpose of shutting off the flow of production
fluid through the tubing 16 in the event production
flow in the tubing should increase or decrease abnor-
mally, it will be desirable to provide a safety valve
mechanism that is responsive to predetermined de-
crease in the flow of production fluid to close and ef-
fectively shut off the flow of fluid. According to the
present invention, such safety valve mechanism may
conveniently take the form illustrated in the drawings
where a safety valve mechanism is depicted generally
at 20 that may be installed and removed by conven-
tional wire-line equipment, illustrated generally at 22.
It will be convenient to install the safety valve within
the tubing string at a level where the temperature is
high enough to prevent solidification of paraffin which
might otherwise cause fouling of the moveable valve
parts. :

With reference now to FIG. 2, the wire-line appara-
tus 22 is shown to include a landing nipple 24 that may
be provided with externally threaded extensions 25 and
26 that receive internally threaded extremities of the
production tubing 16. An annular landing shoulder 28
may be defined within the lower extension 26 of land-
ing nipple 24 for engagement by an annular shoulder
30 formed on a wire-line tool 32, thereby preventing
the wire-line tool from descending below the level es-
tablished by annular shoulder 28. Wire-line tool 32
may be provided with locking detents 34 adapted to be
received within an annular locking groove 36 defined
within landing nipple 24. Wire-line tool 32 may also be
provided with a packing 38 of annular configuration for
engagement with the cylindrical surface 40, defining a
portion of the receptacle for the wire-line tool. As is
typically the case, wire-line tool 32 may also be pro-
vided with a fishing neck 42 at the upper extremity
thereof that may be engaged by appropriate installation
and retrieval apparatus of conventional nature.

While the particular wire-line installation and re-
trieval apparatus 32 is illustrated in FIG. 2, it is to be
understood that the particular configuration illustrated
is not intended to limit the present invention. It is in-
tended to be obvious that any suitable wire-line tool of
conventional nature may be employed within the spirit
and scope of the present invention. The wire-line tool
32 may be provided with a lower externally threaded
extremity 44 adapted for threaded connection to inter-
nal threads 46 formed within the upper sub 58 of an
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“upper housing section 60 of the safety valve mechanism

20, thereby effectively supporting the safety valve in
depending relation from the wire-line tool 32.

Referring now to FIGS. 3A and 3B which depict the
upper and lower portions of the valve mechanism of the
present invention, respectively, the safety valve mecha-
nism, illustrated generally at 20 may comprise an outer
housing, illustrated generally at 52, that is of generally
tubular configuration. The internal threads 46 of the
upper sub may establish threaded connection to a wire
line tool such as illustrated at 32 in FIG. 2, generally re-
ferred to as a setting mandrel, or may establish connec-
tion of the safety valve mechanism to a section of tub-
ing carried by the wire line tool or setting mandrel de-
pending upon design parameters of the production sys-
tem of the well.

The housing structure 52 may be defined by an upper
housing section 60 and an intermediate housing section

62 that are joined by a coupling element 64 having an
intermediate thickened wall section and having upper
and lower threaded extremities 66 and 68 for threaded
engagement with the upper and intermediate housing
sections, respectively.

The intermediate housing section 62 may be pro-
vided with an externally threaded lower extremity 70
that may be threadedly received by internal threads 72
defined within a lower housing section 74. The lower
housing section may likewise be provided with internal
threads 76 adapted to receive an externally threaded
extension 78 of a lower sub 88, defining the lower ex-
tremity of the valve mechanism. A plurality of pas-
sages, such as shown at 82 and 84 in FIG. 3B, may be
bored or otherwise formed in the lower sub 80 and may
communicate pressurized production fluid from the
formation into the tubular valve housing 52.

It will be desirable to provide a valving mechanism
that is capable of interrupting the flow of fluid through
the safety valve structure in the event the rate of flow
of production fluid through the valve assembly should
decrease below a predetermined minimum rate. One
suitable means for accomplishing closure of the valve
mechanism, responsive to predetermined decrease in
the rate of production fluid flow, may conveniently
take the form illustrated in FIGS. 3A and 3B, where a
valve actuator assembly, also referred to as a “‘man-
drel”, illustrated generally at 86, may be disposed for
reciprocal movement within the housing structure 52
and may carry a valve face element at the lower ex-
tremity thereof for valving engagement with a valve
head carried in fixed relation to the valve housing. The
valve face element and the head portion of the valve
structure are described in detail hereinbelow. The
valve actuator assembly 86 may comprise an upper tu-
bular section 88 having an enlarged flange portion 90,
disposed at the lower extremity thereof and provided
with internal threads 92, for engagement with the ex-
ternally threaded portion 94 of a lower tubular section
9. -

An urging means for imparting a force to the valve
actuator assembly 86 and urging the same towards a
position causing the valving assembly to close, may
comprise a compression spring 98 disposed about the
upper tubular seéction 88 and interposed between
shoulders 160 and 102 defined, respectively, by the
lower extremity of the coupling element 74 and the
upper annular surface of the enlarged flange portion 90
of the upper tubular section 88.

10

20

25

35

40

45

65

6

It is well known that most wells produce a quantity
of particulate matter such as sand gains or other abra-
sive matter along with the production of both gaseous
and liquid production fluids. It is, therefore, appropri-
ate to provide a mechanism for preventing the sand or
other abrasive material from causing erosion of any
sealing surfaces and to prevent sand and other foreign
matter from settling on top of sealing elements and in-
terfering with the sealing function thereof. One suitable
means for protecting the valve mechanism from the
abrasive or interference problems created by produc-
tion of sand along with the well fluid, may conveniently
take the form of a thin walled tubular element 104 pro-
vided with a lower internally threaded extremity 106
and being received by an externally threaded upper ex-
tremity 108 of the upper tubular section 88 of the valve
actuator assembly. The thin walled tubular element
104 may be adapted to receive a smler thin walled
sleeve 110 which may depend from the upper sub 58
and may be disposed concentrically and in spaced rela-
tion within the outer thin walled section 104. This ar-
rangement provides a substantial dead fluid space or
gravity barrier to prevent sand gains or other abrasives
it production fluids from contacting any sealing sur-
faces of the valve mechanism or settling on top of a pis-
ton, to be described hereinbelow, and interfering with
the sealing ability of sealing elements carried by the pis-
ton. This particular arrangement has been found to
provide a substantial protection against surface galling
and seal failure.

For the purpose of interrupting the flow of produc-
tion fluid in response to a decrease in the rate of flow
below a predetermined minimum, the lower tubular
section 96 of the valve actuator assembly or mandrel
86 may be provided with a lower externally threaded
extremity 112 disposed in threaded engagement with
internal threads 114 provided on a valve face element
116 having an enlarged or flared lower portion 118 de-
fining an internal annular sealing surface 120 and a ta-
pered seat shoulder 122.

A stationary valve head portion of the valving mecha-
nism, illustrated generally at 124 in FIG. 3B, may com-
prise a valve head base structure 126 formed integrally
with or disposed in fixed relation to the structure of the
lower sub 80. The valve head portion 124 may be pro-
vided with an annular resilient seal element 128 that
may be sandwiched between upper and lower retainer
rings 130 and 132 to form a seal assembly. The seal as-
sembly may be retained in assembly with the base por-
tion 126 of the valve head by a retainer post element
134 having external threads received by internal
threads defined within a blind bore 135 of the post. The
annular seal element 128, along with the retainer ring
130 and 132, may be disposed relative to the valve face
portion 116 as to be received in sealing engagement
within the annular generally cylindrical seal surface
120 to the extent that an annular tapered surface 136
defined on the upper retainer ring 130 may move into
abutting relation with the tapered annular surface 122,
thereby defining a secondary or metal-to-metal seal.
Moreover, it should be noted that the annular sealing
element 128, which, for example, may be composed of
a wear resistant material, such as polytetraflu-
oroethylene, may be compressed slightly as a force is
applied by the head portion 116 of the actuator sleeve
through the tapered surfaces 122 and 136, thereby
causing the outer periphery of the sealing element to
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expand slightly and develop tighter sealing contact with
the surface 120. As the mechanical force urging the
face portion into engagement with the head portion re-
laxes, the elastic memory of the seal material will con-
tract the outer periphery of the seal element back to
the original slight interference fit with the cylindrical
surface 120.

As indicated above, the valve actuator assembly or
mandrel 86 is normally urged downwardly by the com-
pression spring 98 to a position closing the valving as-
sembly. It is desirable, therefore, that velocity sensitive
means be provided to maintain the mandrel in an upper
position thereof against the force developed by the
compression spring in order to maintain the valving
mechanism in the open position thereof to allow nor-
mal flow of fluid through the safety valve. In accor-
dance with the present invention, such means may con-
veniently take the form of a choke bean 138 having a
restricted flow orifice 140 defined therein. In the open
position of the valving mechanism, fluid flows upwardly
from the formation through the flow passages 82 and
84 into a valve chamber 142 and, if the valving mecha-
nism is open, production fluid will flow through the re-
stricted orifice 140 in the choke bean 138, thereby de-
veloping a pressure differential across the choke bean,
which develops a resultant force of sufficient magni-
tude to overcome the force developed by the compres-
sion spring 98. The resultant force urges the mandrel
86 upwardly to the open position thereof, illustrated in
FIG. 3B.

The choke bean 138, although typically composed of
an extremely hard and wear resistant material, will be-
come worn after a period of time, because of the abra-
sive action of sand and other foreign matter being car-
ried along with production fluid flowing through the or-
ifice 140. It is desirable, therefore, to provide a choke
bean structure that may be readily replaced without
difficulty. An upper choke retainer element 142 may
be received in abutment with the lower annular surface
of the lower tubular section 96 of the mandrel and may
provide downstream support for the choke bean. A
threaded retainer element 144 may be received by in-
ternal threads formed within the face portion 116 and
may provide upstream support for the choke bean. The
choke bean may be removed from the face portion 116
simply by unthreading the retainer element 44 and ex-
tracting the choke bean from engagement with the
upper retainer element 42, Access may be gained to the
threaded retainer 144 and choke bean 138 simply by
unthreading the lower sub 80 from the lower housing
section 74. Replacement or repair of other portions of
the valving assembly can logically be accomplished in
similar manner without complete disassembly of the
safety valve mechanism.

As explained above, if the rate of flow of production
fluid through the valving mechanism should decrease
below a predetermined minimum level, determined by
the magnitude of the force necessary to compress the
spring 98, the force developed by pressure differential
across the choke bean 138 will be insufficient to over-
come the compression of the spring 98 and the spring
will drive the mandrel 86 downwardly, causing the face
portion 116 of the valving mechanism to move the seal
surface 120 into receiving relation with the annular
sealing element 128, as shown in FIG. 4, and the flow
of production fluid through the valving mechanism will
be effectively interrupted.
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It will be desirable, upon closure of the valving mech-
anism, to cause the valving mechanism to remain in the
closed position thereof to prevent further flow of pro-
duction fluid even though conditions may be effectively
restored for establishment of normal flow. For exam-
ple, formation pressure may decrease momentarily due
to development of some unusual well condition and the
valve may close. If the valve mechanism were capable
of being opened responsive to restoration of normal op-
erating pressure, the valve would reopen and produc-
tion flow would begin without allowing production per-
sonnel to detect the abnormal pressure condition and
a dangerous well condition could develop. It is, there-
fore, desirable to construct the valving mechanism in
such manner that it will remain open responsive to fluid
flowing above a predetermined minimum velocity and,
after becoming closed, responsive to decrease in veloc-
ity below a predetermined minimum rate of flow, the
valve mechanism will be maintained in the closed posi-
tion thereof responsive to formation pressure. In other
words, the valve mechanism is desired to be velocity
sensitive in the open condition thereof and is desired to
be pressure sensitive in its closed position.

As illustrated in FIG. 4, the area of the mandrel that
is acted upon by formation pressure and develops a
force tending to move the valving mechanism to the
open position thereof is illustrated by dimension Al
The area of the valving mechanism acted upon by for-
mation pressure and developing a force tending to
close the valve mechanism is illustrated by dimension
A2. As shown in FIG. 4, the area A2 is substantially

larger than the area Al defining a resultant area R,

which, when acted upon by the formation pressure, will
produce a net or resultant force acting downwardly
upon the mandrel and tending to maintain the valving
mechanism closed. As long as the formation pressure
is greater than pressure within the tubing downstream
of the valve element, the valve mechanism, after be-
coming closed, will not reopen even though formation
pressure should subsequently increase to a normal
pressure or to a pressure greatly exceeding normal
pressure.

In wells that are produced by formation pressure, it
is obvious that the formation pressure will always ex-
ceed pressure downstream of the valve mechanism, be-
cause the well would require pumping for production
if pressure conditions were otherwise. After the valving
mechanism has become closed, it will not be possible
for pressure conditions to develop that will automati-
cally open the valve and allow production to be re-
sumed.

Once the valve mechanism has become closed, there-
fore, it will be necessary to institute a particular re-
opening procedure for opening the valve and placing
the production system of the well back on flow. This
feature allows production personnel to detect unusual
well conditions and conduct tests to determine the rea-
son for the abnormal flow condition.

After the valving mechanism has closed, thereby
shutting in the well, and after tests conducted by pro-
duction personnel indicate that normal production can
be resumed, it will be desirable to institute a reopening
procedure to open the valving mechanism and place
the production system back in operation. One suitable
means of accomplishing the valve reopening procedure
can effectively be accomplished by selective altcration
of the pressure responsive areas of the valve actuator
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assembly or mandrel 86, to allow formation pressure to

open the valve and allow resumption of flow across the
choke bean 138. One suitable means for selectively al-
tering the pressure responsive areas of the mandrel may
conveniently take the form of a piston 146 the annular
area A3 of which is larger than the area R (difference
in areas Al and A2), illustrated in FIG. 4, thereby
changing the net of the pressure responsive areas of the
mandrel and aliowing formation pressure, acting upon
the piston, to develop a resultant force on the mandrel
86 acting upwardly and opposing the force developed
by the compression spring 98. If the resultant force, de-
veloped by pressure acting upon the piston 146, is suffi-
cient to overcome the force developed by the spring
98, the spring will be compressed and the mandrel 86
will be moved upwardly, thereby causing the valve face
portion 116 to move upwardly relative to the head por-
tion 124, breaking the seal and allowing the flow of
production fluid to be resumed through the orifice 140.
The piston element 146 may be provided with inner
and outer annular sealing elements 148 and 150 re-
spectively, which may conveniently take the form of
O-rings or any other suitable sealing devices, for en-
gagement with sealing surfaces 152 and 154 defined on
the lower tubular section 96 and lower housing section
74, respectively.

It will be necessary for the piston element 146 to be
physically connected to the lower tubular section 96 of
the mandrel in order to add the surface area of the pis-
ton to the mandrel. A means for achieving interlocking
of the piston with the mandrel may conveniently take
the form of a plurality of spring fingers that may, if de-
sired, be formed integrally with the piston 146. Each of
the spring fingers may include locking portions 154
thereof disposed for locking engagement within an an-
nular groove 156 defined in the lower tubular section
of the mandrel. The spring fingers 152 will ordinarily
be urged radially outwardly away from locking engage-

‘ment within the annular groove 156, but may be

cammed inwardly to establish such locking engagement
by a plurality of cam elements 158 defined on the fin-
ger elements, which cam elements may engage an an-
nular cam surface 160 defined by a reduced diameter
portion 162 defined within the lower housing section
74.

Upward movement of the piston element 146, rela-
tive to the lower housing section 74 of the safety valve
mechanism, may be limited by a tapered annular sur-
face 164, also defined by the reduced diameter portion
162 of the housing, which may be engaged by an annu-
lar tapered surface 166 defined on the upper surface of
the piston element. Downward movement of the piston
element relative to the moveable lower tubular section
of the mandrel 96 may be limited by an annular en-
largement 168 defined on the mandrel, which enlarge-
ment is engaged by the piston as the piston is urged
downwardly by application of pressure upstream of the
valving mechanism. As the piston element is caused to
move downwardly, relative to the lower tubular portion
of the mandrel, assuming the valve mechanism to be

- disposed in the closed position thereof, the cam portion

" 158 of the spring fingers 152 will be caused to engage
the annular cam surface 160, defined by the annular
restricted portion 162 of the lower housing section.
This causes the spring fingers to be urged from the nor-
mally outward position thereof to a position urging the
locking portions 154 of the spring fingers radially in-
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wardly. As the piston moves downwardly, relative to
the mandrel, slightly before the lower extremity of the
piston reaches engaging relation with the annular en-
largement 168 on the lower tubular portion 96 of the
mandrel, the locking portions 154 of the spring fingers
will be urged into the annular groove 156. The piston.
will continue to move downwardly thereafter, until its
downward movement is stopped by the annular en-
largement 168.

As fluid pressure conditions are then reversed by
bleeding pressure from above the valve mechanism,
formation pressure, acting across the piston, will de-
velop a resultant force of sufficient magnitude to over-
come . the force developed by the compression spring
98. When this occurs, the mandrel 86 will be urged up-
wardly, thereby causing the valve mechanism to open
and allow flow to again be resumed through the re-
stricted orifice 140 of the flow bean. As the mandrel is
moved upwardly, a sufficient distance to allow the cam
portion 158 of the spring fingers to clear the cam sur-
face 169, the spring fingers 152 will move radially out-
wardly, thereby releasing the locking portion 154 of the
spring fingers from the annular shoulder 170 defined by
the groove 156, thereby releasing the piston from the
mandrel. The unlocking movement of the spring fingers
is caused partly by the inherent spring nature thereof
and partly by outward forces on the fingers that are
caused by interaction between an annular shoulder
170, defined by the locking groove 156 and tapered
cam surfaces 155, defining the upper extremities of
each of the spring fingers. If a condition of normal flow
has resumed thorugh the orifice 140 at the time the pis-
ton 146 is released from the mandrel, a force devel-
oped by pressure differential across the flow bean will
be of sufficient magnitude to overcome the compres-
sion of spring 98 and will thereby maintain the mandrel
in its upper or normal flow position. Normal flow will
continue through the safety valve mechanism until such
time as flow is again reduced below the predetermined
minimum rate, whereupon the compression spring 98
will again urge the valve mechanism to its closed posi-
tion and the valve mechanism will remain closed there-
after because of its pressure sensitive nature until such
time as the reopening procedure is selectively insti-
tuted.

It is obvious that if a condition of normal flow has not
developed across the flow bean 138 at the time the pis-
ton 146 is released from its locked engagement with the
lower tubular section 96 of the mandrel, the mandrel
will automatically move again to its closed position and
the reopening procedure must again be reinstituted to
open the valve mechanism and put the flow system of
the well back in normal operation. One suitable means
for preventing reclosing of the valve mechanism, imme-
diately following release of the piston 146 from the
mandrel, may conveniently take the form of a restric-
tion modifying pin 172 that may be provided with a
threaded portion 174 adapted to be received within an
internally threaded blind bore 176 defined in the re-
tainer post element 134, The pin 172 may be disposed
centrally of the retainer post 134 and may be adapted
to be received within the restricted orifice 140 of the
choke bean 138 upon movement of the valve face ele-
ment into closing engagement with the valve head 124.
The restricted orifice 140 of the choke bean is likewise
maintained in accurate alignment with the pin 172 by
an upper guide surface 178 defined by an internal an-
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nular flange 180 on the coupling element 64 and by an
internal guide surface 182 defined by the piston 146.
The guide surfaces 178 and 182 effectively center the
mandre! 86, relative to the housing 52 of the valve 20,
and accurately guide the mandrel as it reciprocates
within the valve housing responsive to pressure and
flow conditions.

As indicated above, after the piston element 146 has
been released from its connection with the mandrel,
the compression spring 98 will tend to force the man-
drel downwardly causing reclosure of the valve mecha-
nism, because conditions of fluid flow across the choke
bean 138 will not at this time have reached a sufficient
velocity to develop a pressure differential across the
choke of sufficient magnitude to develop a resultant
force that is capable of stopping spring urged down-
ward movement of the mandrel before it moves to its
completely closed position. During downward move-
ment of the mandrel by the compression spring, after
having been released from the piston 146, as the valve
face portion 116 nears valve closing engagement with
the head portion 124, the choke modifying pin 172 will
enter the restricted orifice 140 of the choke bean,
thereby restricting the flow of fluid through the orifice.
The pin 172 is of such size, relative to the orifice, that
flow of fluid is allowed to continue through the orifice,
but such flow will be substantially restricted, as com-
pared with the unrestricted dimension of the orifice.
The restricted flow condition caused by insertion of the
pin into the orifice logically develops a condition of ex-
tremely high differential pressure across the choke
bean 138 and thereby develops a resultant force of
large mangitude acting through the choke bean 138 on
the mandrel structure 86. Before the face portion of the
valve can reach a sealed and closed relationship with
the head portion of the valve mechanism, the mandrel
will be suddenly subjected to an upward force that
stops the downward movement of the mandrel and
thrusts it upwardly against the compression of the
spring 98. As the mandrel is thrust or kicked upwardly
by the large upward force developed when the orifice
140 is restricted by the pin 172, a condition of flow will
again be developed across the choke bean 138 and a
resultant force will again be induced through the choke
bean structure to the mandrel which force opposes the
bias of the compression spring 98. The compression
spring, after the mandrel has been kicked upwardly a
short distance from the upper extremity of the pin 172,
will tend to return the face portion of the valve mecha-
nism to the closed position, but, because of the now ex-
panded condition of the spring, will not cause the man-
drel to accelerate downwardly as rapidly as when the
mandrel is first released from the piston 146 and the
spring 98 is compressed to its maximum extent.

During the period of time the mandrel is thrust up-
wardly by the large magnitude force developed by se-

vere restriction of the choke bean by the pin 172 and’

then reverses direction and again starts moving down-
wardly responsive to the force of the compression
spring 98, toward the closed position thereof, a condi-
tion of flow from the formation through the flow pas-
sages 82 and 84 and through the restriction 140 of the
choke bean will develop that will generally be sufficient
to develop a pressure differential across the choke bean
of sufficient magnitude to overcome the spring 98 and
urge the mandrel upwardly to normal operating posi-
tion thereof.
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The choke bean 138 may be oscillated a few cycles
by the mandrel relative to the choke restricting pin
172, with less rebounding of the mandrel during each
succeeding cycle, responsive to a lower rate of acceller-
ation of the mandrel as it starts moving downwardly
under the force developed by the spring 98. After a few
cycles of oscillation, a normal flow condition will be de-
veloped across the choke bean which produces a pres-
sure differential developing a resultant force of suffi-
cient magnitude to compress the spring 98 and urge the
mandrel upwardly to its normal operating position.
OPERATION

Referring now to FIGS. 6, 7, 8 and 9 various operat-
ing conditions of the safety valve mechanism of this in-
vention are depicted. In FIG. 6 the valve mechanism is
illustrated in the normal operating position thereof,
which is referred to as the *‘disarmed-flowing position.
In this condition the valving mechanism is maintained
in its open position and the valve opening piston is dis-
connected from the mandrel.

In FIG. 7, the valving mechanism is depicted in the
closed position that it achieves, after having been
closed by the compression spring 96, responsive to the
development of a flow condition of insufficient veloc-
ity. This position is referred to as the “disarmed-
closed” position; the mechanism being disarmed be-
cause the valve opening piston is disconnected from the
mandrel.

In FIG. 8, the safety valve mechanism of this inven-
tion is depicted in the “armed-closed” position with the
valving mechanism being maintained in the closed posi-
tion thereof while the piston mechanism has moved
downwardly into latched position with the mandrel,
thereby substituting the surface area of the piston for
the differential areas of the mandrel for subsequent
pressure sensitive opening movement of the valve
mechanism. _

In FIG. 9, the safety valve mechanism is depicted in
the ‘““‘armed-opening” position with the valving mecha-
nism in the open position thereof and the piston ele-
ment disposed in latched or assembled relation with the
mandrel. In this particular position the mandrel has not
been moved to the uppermost position thereof by the
piston and the reduced dismeter portion of the lower
housing section maintains the spring fingers in latched
engagement with the latching groove of the mandrel,
causing the upper tapered cam surfaces 155 of the
locking portion 154 of spring fingers to engage the an-
nular shoulders 170 defined by the annular 156,
thereby causing the mandrel to be urged upwardly. As
the cam portions 158 of the spring fingers 152 move to
a position clearing the annular restricted portion 162 of
the lower housing section, the spring fingers will be
caused to move radially outwardly partly by the inher-
ent spring nature of the fingers and partly by the out-
ward force developed on the fingers by interaction be-
tween the annular shoulder 170 and the tapered cam
surfaces 155 defining the upper extremities of the
spring fingers, whereupon the spring fingers, and the
piston 146 formed integrally therewith, will be released
from connection with the mandrel.

For a more detailed description of the operational
concepts of the present invention and with reference
particularly to FIG. 6, where the valving mechanism is
disposed in the ‘‘disarmed-flowing” condition, a condi-
tion of normal flow exists and fluid flowing from the
production zone of the well will enter the valve cham-
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ber portion 142 of the housing through a plurality of
flow passages 82 and 84. The production fluid then
flows from the valve chamber and into the tubular con-
duit defined by the valve actuator assembly or mandrel
86, through the restricted orifice 140 in the choke bean
138. The restriction to flow caused by the orifice 140
develops a pressure differential across the choke bean
that induces a resultant force, acting upwardly on the
choke bean and mandrel, that compresses the spring 98
and maintains the face portion 116 of the valving
mechanism in the open position thereof relative to the
stationary valve head portion 124.

The same pressure differential, acting across the
choke bean 138, also acts across the piston element
146 and develops a resultant force acting upwardly on
the piston and retaining it in engagement with the an-
nular stop surface 164. The spring fingers, connected
to or formed integrally with the piston 146, will be dis-
posed with the latching portions 154 thereof above the
annular latching groove 156 of the mandrel. The piston
element, with its spring fingers and the mandrel, in this
particular condition will be freely moveable elements
that are completely disconnected from one another and
will be moveable relative to one another. The piston is
pressure sensitive while the mandrel is velocity sensi-
tive when the valve mechanism is in the disarmed-
flowing position.

With reference now to FIG. 7, the valving mechanism
and the mandrel of the safety valve of this invention is
depicted in the closed position thereof, but disarmed
because the piston, and the spring fingers carried by the
piston, are in disconnected relation with the mandrel.
Assuming that the velocity of fluid flowing through the
valve mechanism and through the restricted orifice of
the choke bean should become decreased below a pre-
determined operating rate for any condition whatever,
the resultant force produced by the pressure differen-
tial across the choke bean 138 will become insufficient
to overcome the pressure of the spring 98 and the
spring will expand, thereby urging the mandrel down-
wardly and causing the face portion 116 of the valving
mechanism to move into sealed relationship with the
sealing element 128, carried by the stationary portion
124 of the valving mechanism, thereby completely in-
terrupting the flow of fluid and ceasing production of
the well. As explained above, in connection with FIG.
4, in the closed position, the valve mechanism becomes
pressure sensitve and the area Al, subjected to forma-
tion pressure, being smaller than area A2, also sub-
jected to formation pressure, will cause a resultant
force to be induced to the face portion 116 of the valve
mechanism and to the mandrel, which resultant force
causes the face portion and the mandrel to be urged to-
ward the closed position thereof. The valving mecha-
nism, in the disarmed and closed position thereof, as
illustrated in FIG. 7, will be pressure sensitve and will
be urged to the closed position by formation pressure.
Regardless of how high formation pressure should be-
come, the valve mechanism will not reopen, but, rather
will be more tightly closed.

In the disarmed and closed position, the piston ele-
ment 146, also being pressure sensitive, will be urged
upwardly by the same pressure differential that exists
across the valve mechanism, thereby causing it to en-
gage and be restrained against further upward move-
ment by the tapered stop surface 164. Again, as in FIG.
6, the spring fingers 152 will be disengaged from the
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annular locking groove 156, thereby allowing move-
ment of either the mandrel or the piston independently
of one another. Of course, in this particular position the
mandrel will not be capable of upward movement re-
sponsive to formation pressure because of the net
downward or closing force induced thereto by forma-
tion pressure acting upon the annular areas Al and A2
as described above.

With reference now to FIG. 8, the valving mechanism
of the safety valve is depicted in the armed and closed
position thereof with the piston 146 interlocked with
the mandrel 86, because of the locking portions 154 of
the spring fingers 152 being urged, by interaction be-
tween the cam portion 158 of the spring fingers and the
internal restricted portion 162 of the lower housing
section, into latching engagement within the annular
groove 156.

When it is desired to reopen the valving mechanism
to again reestablish production through the tubing
string to which the safety valve is associates, pressure
may be injected into the tubing string above the valve
mechanism to the extent that formation pressure is
overcome. When this condition occurs, the pressure
sensitive piston 146 will be driven downwardly by the
downward resultant force developed across the piston
by the difference between the tubing pressure above
the valve mechanism and formation pressure below the
valve mechanism. As the piston is shifted downwardly
the cam portions 158 of the spring fingers 152 will en-
gage the tapered cam surface 160 of the internal re-
stricted portion 162 of the lower housing section 74
and will cause the spring fingers 152 to be urged radi-
ally inwardly. As the piston element 146 nears its low-
ermost position of movement, relative to the lower tu-
bular portion 96 of the mandrel, the locking portions
154 will snap into the annular groove 156. The piston
element 146 will continue to be driven downwardly
until it shoulders against the annular enlargement 168
defined on the lower tubular portion 96 of the mandrel.
The mandrel and the piston element 146 will remain in
the position illustrated in FIG. 8 until such time as pres-
sure above the valve mechanism is reduced below the
level of formation pressure.

As fluid pressure above the valving mechanism is
bled off to a level below formation pressure, the annu-
lar area of the piston 146, now interconnected with the
mandrel by virtue of the latching engagement of the
spring fingers 152 with the latching groove 156, be-
comes added to the mandrel. In other words, the area
of the piston provides a new resultant area which is the
difference between the areas A3 and R and thereby
causes the development of a net upward force acting
upon the mandrel due to formation pressure. If pres-
sure is balanced across the piston element 146, the
mandrel will be subject only to the downward: force
produced by the compression spring 98 and tending to
move the mandrel toward the closed position. The pis-
ton element therefore modifiers the pressure sensitive
nature of the valving mechanism when the piston is
connected to the mandrel by the spring fingers 152.

After pressure above the valve mechanism has been
reduced to a level below formation pressure, a pressure
differential will exist across the piston 146, tending to
urge the piston, and the mandrel connected thereto,
upwardly against the bias of the compression spring 98.
When the resultant force acting upon the piston 146
becomes sufficiently great to overcome the compres-
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sion of the spring 98, the spring will be compressed and
the mandrel will begin to move upwardly. As bleeding
of fluid pressure above the valve mechanism is contin-
ued, the mandrel continues to be moved upwardly by
the resultant force produced by increasing pressure dif-
ferential across the piston 146, until the piston and the
mandrel move slightly above the position illustrated in
FIG. 9. After upward movement of the mandrel has oc-
curred, sufficiently to cause the cam portions 158 of
the spring fingers to clear the tapered cam surface 160,
the spring fingers will be urged radially outwardly, par-
tially by the inherent spring nature thereof and partially
by a resultant force developed by interaction between
the cam surfaces 155 and the annular shoulder 170 de-
fined by the annular groove 156 on the lower tubular
section of the mandrel.

After the locking portions 154 of the spring fingers
have disengaged from the annular locking groove 156,
the mandrel 86 will be subjected only to the downward
force of the compression spring, which will be offset to
some extent at this time by a condition of flow that is
developing through the restricted orifice 140 of the
choke bean 138 and which develops a resultant force,
acting upwardly and opposing the force of the com-
pression spring. As explained above, the resultant force
acting upwardly through the choke bean on the man-
drel will be insufficient to overcome the compression
98 because the spring, as the mandrel is released from
its connection with piston 146, will compressed to its
maximum extent. The mandrel therefore will be accel-
lerated downwardly at a very rapid rate and will tend
to urge the face portion 116 of the valving mechanism
into closed relation with the annular sealing element
128 carried by the stationary head portion 124,

The valving mechanism will not be allowed to fully
close, however, because the pressure differential modi-
fying pin 172 will enter the restricted orifice 140,
thereby further restricting the orifice to the flow of
fluid and greatly increasing the magnitude of differen-
tial pressure across the choke bean 138. This substan-
tially increases the upward resultant force, acting upon
the mandrel 82, which results in the mandrel being sud-
denly subjected to an upward thrust that drives the
mandrel upwardly against the compression of the
spring 98. As this occurs, a condition of flow will again
exist through the orifice 140 of the choke bean and, if
the rate of flow across the choke becomes sufficient to
produce a pressure differential of sufficient magnitude
to develop the necessary resultant force to overcome
the bias of the spring 98, the spring will be compressed
by the resultant force and the mandrel will be driven
upwardly to its normal operating position, as illustrated
in FIG. 1.

If the condition of flow existing across the flow bean
is insufficient at this time to fully overcome the com-
pression of the spring 98, the mandrel, with the valve
face portion 116 connected thereto, will be urged
downwardly at a lower rate of accelleration toward its
closed position, where the pin 172 will again enter the
orifice 140 and develop a pressure differential across
the choke bean that again thrusts the mandrel against
the compression of spring 98. The mandrel may oscil-
late a few cycles until a rate of flow is developed
thorugh the orifice 140 that is of sufficient magnitude
to develop a resultant force that overcomes the com-
pression of the spring. When this occurs the mandrel
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will be urged by the resultant force to its fully open po-
sition as illustrated in FIG. 6.

The piston 146, after becoming released from the
mandrel and being sensitive to pressure, will be moved
upwardly by a resultant force developed by pressure
drop across the choke bean 138 until it shoulders out
against the annular stop surface 164 in the manner
shown in FIG. 6. After the reopening procedure has
been fully accomplished, the valve mechanism will dis-
posed in the disarmed-flowing condition, illustrated in
FIG. 6 and the piston 146 will be disposed in its dis-
armed condition, also illustrated in FIG. 6. The safety
valve mechanism of this invention will remain in the
disarmed and flowing condition until such time as the
velocity of fluid flowing through the restricted orifice
140 again decreases to an unacceptable minimum level
which allows the force induced by the compression
spring 98 to overcome the resultant force acting upon
the flow bean 138 and cause downward movement of
the mandrel to the disarmed and closed position, illus-
trated in FIG. 7, where it will remain until such time as
a reopening procedure is instituted in the manner ex-
plained above.

In view of the foregoing, it is apparent that I have
provided a novel safety valve mechanism that will serve
effectively to stop the flow of production fluid through
a well production system in the event the velocity of
flow should fall below a predetermined minimum rate.
The valve mechanism of my invention, after being
closed, will not be opened even though well conditions
may be resumed that would otherwise result in normal
production flow. The valve mechanism will remain
closed until such time as a specific reopening proce-
dure is instituted to cause selective opening of the valve
mechanism. This particular feature allows production
personnel to be aware that a condition of undesirable
flow rate has developed causing the well to shut in.

After the valve mechanism of my invention has be-
come closed, responsive to conditions of abnormally
low rate of flow, the valve mechanism is pressure sensi-
tive, but is urged to closed position thereof by a resul-
tant force produced by formation pressure acting upon
differential areas of the valve actuating mechanism.
Regardless how high pressure upstream of the valve
mechanism may increase, the valve mechanism will al-
ways be subjected to a net downward resultant force
tending to maintain the valve mechanism in the closed
position thereof. Automatic resumption of production
of the well will be effectively prevented after the valve
mechanism has closed.

When it is desired to reopen the valve mechanism
and again place the production system of the well on
stream, I have provided a mechanism that effectively
changes the pressure sensitive nature of the valve
mechanism by modifying the areas that are subjected
to differential pressure existing across the valve mecha-
nism. After the pressure sensitive nature of the valve
mechanism has been selectively modified, the valve
mechanism may be selectively opened, responsive to
formation pressure, and production through the tubing
string, with which the safety valve mechanism is associ-
ated, may be resumed under conditions responsive
solely to the velocity of fluid flowing through the valve
mechanism.

Safety valves manufactured in accordance with the
present invention are extremely safe and reliable and
are capable of operating over extremely long periods of
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time without the development of any discernable wear.

It is therefore apparent that the present invention is
one well adapted to attain all of the objects and advan-
tages, hereinabove set forth, together with other advan- 5
tages, which will become obvious and inherent from a
description of the apparatus itself. It will be understood
that certain combinations and subcombinations are of
utility and may be employed without reference to other
features and subcombinations. This is contemplated by 10
and is within the scope of the present invention.

As many possible embodiments may be made of this
invention without departing from the spirit or scope
thereof, it is to be understood that ali matters, herein-
above set forth or shown in the accompanying draw-
ings, are to be interrupted as illustrative and not in any
limiting sense.

What is claimed is:

1. A safety valve apparatus comprising:

an inner member movable between longintudinally

spaced positions within an outer member, said
members defining a flow passage;
valve means for closing said flow passage in one posi-
tion of said inner member, said flow passage being
open in the other position of said inner member;

means operable under normal flow conditions for
maintaining said inner member in said other posi-
tion;

means for shifting said inner member to said one po- 3,

sition when the flow of fluids falls below a predeter-
mined minimum rate;

pressure sensitive means operable upon closure of

said valve means and being responsive to upstream
pressure for retaining said inner member in said 35
one position; and

second pressure sensitive means normally being dis-

posed in inoperative relation to said pressure sensi-
tive means and being selectively operable to com-
bine with said pressure sensitive means and allow 40
upstream pressure acting thereupon to develop a
resultant force urging said inner member toward
said other position.

2. A safety valve apparatus as recited in clalm 1

wherein said pressure sensitive means comprises sur- 45

face areas surrounding said flow passage and sub-
ject to the difference in the pressures of fluids up-
stream and down stream of said valve means.

3. A safety valve apparatus as recited in claim 1,
wherein said pressure sensitive means comprises: 50

hydraulically operable means responsive to a greater

fluid pressure upstream of said valve means for
overcoming said shifting means of said pressure
sensitive means and for moving said inner member
toward said other position to open said alve means.
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4. A safety valve apparatus as recited in claim 1,
wherein:

said second pressure sensitive means selectively mod-
ifies the physical dimension of said pressure sensi-
tive-means and cooperates with said pressure sensi-
tive means to develop said resultant force and
causes said valve means to be urged away from said
one position thereof responsive to pressure differ- .
ential of greater magnitude upstream of said valve
means than downstream thereof.

5. A safety valve apparatus comprising:

18

an inner member movable longitudinally within an
outer member between spaced positions, said
members defining a flow passage and having coen-
gageable means for closing said flow passage in one
of said positions, said flow passage being open in
the other of said positions;

means operable under normal conditions of fluid
flow ‘for maintaining said inner member in said
other position;

means for shifting said inner member to said one po-
sition when the flow of fluid falls below a predeter-
mined minimum rate;

means providing an upwardly facing transverse sur-
face on said inner member subject to the pressure
of fluids upstream of said coengageable means;

means providing a resultant downwardly facing trans-
verse surface on said inner member subject to the
pressure of fluids downstream of said coengageable
means, so that when said inner member is in said
one position an excess of upstream pressure over
downstream pressure develops force to retain said
coengageable means engaged; and

means normally disposed in inoperative relation to
said resultant surface providing means and being
selectively operable to increase the physical dimen-
sion of said downwardly facing surface means,
thereby allowing an excess of upstream pressure
over downstream pressure acting upon said inner

" member to develop a force urging said inner mem-
ber toward said other position.

6. A safety valve apparatus as recited in claim 5,

wherein said last mentioned means comprises:

piston means movable relatively along said inner
member between an active posmon and an inactive
position;

selectwely operable means for connectmg said piston
means in force-transmitting relationship to said
inner member in said active position; and

said piston means having a transverse pressure area
of larger size than said resultant surface subject to
the difference in pressures of fluids upstream and
downstream of said coengageable means, so that
when said piston means is connected to said inner
member an excess of upstream pressure over
downstream pressure forces said piston means and
said inner member toward said other position to
disengage said coengageable means.

7. A safety valve apparatus as recited in claim 6, in-

cluding:
means for disconnecting said piston means from said

inner member in said inactive position.
8. A safety valve apparatus as recited in claim 7, in-

cluding:

means for transmitting force on said piston means to
said outer member in said inactive position.
9. A safety valve apparatus as recited in claim 8, in-

cluding:

means for locking said connecting means during
movement between said active and inactive posi-
tions.

10. A safety valve apparatus as recited in claim 5§, in-

cluding:

means for preventing return movement of said inner
member to said one position after said inner mem-
ber has been urged away from said one position by
said excess of upstream pressure.
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11. A safety valve apparatus as recited in claim §,
wherein:

said means for preventing return movement of said
inner member to said one position comprises
means for increasing pressure differential acting
across said inner member sufficiently to develop a
resultant force of sufficient magnitude to oppose
said return movement.

12. A safety valve mechanism comprising:

valve elements being movable between an open posi-
tion where fluid is allowed to flow and a closed po-
sition where the flow of fluid is blocked;

flow responsive means for maintaining said valve ele-
ments in the open position thereof responsive to
normal rate of flow through said valve mechanism;

means for shifting valve element toward the closed
position thereof when the flow of fluid falls below
a predetermined minimum rate;

pressure responsive means operable upon closure of
said valve elements for inducing a resultant force
that maintains said valve elements in the closed po-
sition thereof; and

means for selectively reversing the pressure respon-

sive nature of said pressure responsive means for
causing pressure responsive movement of at least
one of said valve elements toward the open posi-
tion thereof.

13. A safety valve mehanism as recited in claim 12
wherein said valve elements define first and second
pressure responsive areas, said first pressure responsive
area being greater than said second pressure responsive
area and being responsive to upstream pressure to de-
velop a resultant force urging said valve elements to-
ward the closed position thereof.

14. A safety valve mechanism as recited in claim 12
wherein said means for selectively reversing the pres-
sure responsive nature of said pressure responsive
means comprises:

third pressure responsive area means being disposed

in disconnected relation with said second pressure
responsive means during conditions of normat op-
eration and being selectively connectable to said
second pressure responsive means whereby the
conbined areas of said second and third pressure
responsive area means is greater than the area de-
fined by said first pressure responsive area means
and upstream pressure acting upon said pressure
responsive areas develops a resultant force urging
said valve elements toward the open position
thereof.

15. A safety valve mechanism as recited in claim 12
wherein said third pressure responsive area means
comprises:

a pressure responsive piston element being movable

responsive to said valve elements; and

locking means for selectively locking said piston ele-

ment to at least one of said valve elements.

16. A safety valve mechanism as recited in claim 12
wherein one of said valve elements is stationary and the
other of said valve elements is movable between said
open and closed positions:

said movable valve element having first and second

pressure responsive areas defined thereon in the
closed position of said valve elements and being re-
sponsive to upstream pressure for developing a re-
sultant force acting upon said movable valve ele-
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ment and urging said movable valve element to-
ward the closed position thereof; and

said means for selectively reversing the pressure re-
sponsive nature of said pressure responsive mearns
being third pressure responsive area means being
normally disposed in inoperative relation to said
first and second pressure responsive area means
and being selectively operable to combine said
third pressure responsive area means with said sec-
ond pressure responsive area means and thereby
cause upstream pressure acting upon said pressure
responsive areas to develop a resultant force urging
said movable valve element toward the open posi-
tion thereof.

17. A safety valve mechanism as recited in claim 16:

said means for selectively reversing the pressure re-
sponsive nature of said pressure responsive means
being a pressure responsive piston element nor-
mally disposed in movable relation to said valve el-
ements;

locking means for selectively connecting said piston
element to said movable valve element; and

said piston element being movable by pressure down-
stream of said valve elements to a position causing
locking actuation of said locking means.

18. A safety valve mechanism as recited in claim 12:

one of said valve elements being stationary;

valve actuator means being disposed for movement
between open and closed positions thereof and de-
fining flow passage means;

the other of said valve elements being carried by said
valve actuator means; and

means restricting said flow passage means and being
responsive to a predetermined rate of flow through
said flow passage for maintaining said valve actua-
tor means and said other valve element in the open
positions thereof.

19. A safety valve mechanism as recited in claim 12:

means for causing said flow responsive means to de-
velop a pressure differential inducing a force acting
upon said valve elements that prevents full closure
of said valve elements subsequent to being opened.

20. A safety valve mechanism as recited in claim 12,
including:

means for preventing return movement of said valve
elements to the closed position thereof subsequent
to being moved toward the open position thereof
by said pressure responsive means.

21. A safety valve mechanism as recited in claim 12,

including:

means for automatically increasing pressure differen-
tial across said valve elements upon movement of
said valve elements toward the closed position sub-
sequent to being moved toward the open position
thereof by said pressure responsive means and
thereby inducing a resultant force to said valve ele-
ments to stop said closing movement and urge said
valve elements toward the open position thereof.

22. A valve mechanism, comprising:

a valve housing;

an actuator element being movably disposed within
said housing and cooperating with said housing to
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define flow passage means through said valve
mechanism;

a first valve element being disposed in stationary rela-
tion with said housing;

a second valve element being carried by said actuator
element and being movable to a closed position
thereof by said actuator element for sealed relation
with said first valve element to interrupt the flow of
fluid through said flow passage means;

means urging said actuator means toward said closed
position thereof;

means restricting said flow passage means and being
responsive to a predetermined rate of flow through
said flow passage means for overcoming said urging
means and maintaining said second valve element
in an open position thereof, said urging means
urging said second valve element to the closed po-
sition thereof at flow rates below said predeter-
mined rate of flow; .

pressure responsive means, responsive to excess of
upstream pressure over downstream pressure for
maintaining said second valve element in the
closed position thereof; and

means for selectively reversing the pressure respon-
sive nature of said pressure responsive means to fa-
cilitate movement of said second valve element

22

away from said closed position responsive to excess
of upstream pressure over downstream pressure.
23. A valve mechanism as recited in claim 22, includ-

ing:

5 means for preventing reclosing movement of said
second valve element subsequent to movement of
said second valve element away from sealing rela-
tion with said first valve element.

24. A valve mechanism as recited in claim 22; includ-

10 Ing ) '

means for automatically increasing the restriction of
said restriction means upon movement of said sec-
ond valve element toward the closed position
thereof and developing sufficient differential pres-

15 sure across said restriction means to overcome said
urging means and prevent reclosing movement of
said second valve element.

25. A valve mechanism as recited in claim 24
wherein

20 said restriction means comprises a choke element
having a restricted orifice; and

said means for automatically modifying the restric-
tion means carried by said valve mechanism and
being operative to enter said restricted orifice and

25 further restrict the same.
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