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7 Claims.
1

This invention: relates generally to valves and
is more particularly concerned with controllable
back-pressure and/or reverse-circulation valves,
irrespective of their environment. However, the
valve is particularly useful in conmnection. with
well drilling and controlling operations, and I
have therefore described it in that environment,
without implying that its adaptability and use
is thereby limited.

The valve is.especially useful i in controlling cir-
culation through tubing or through a drill stem,
but since it may be fully described when put to
use in .connection with a drill stem, it will be
unnecessary to describe in detail its tubing adap-
tation. . In connection with its use with tubing,
it is adapted to be selectively operated to control,
at the lower end .of the tubing, the upward flow
of .0il from the production zone. When I later
describe the operation of the bottom valve to
control the upward flow of cn‘culatlng fluid
through a drill stem, it is obvious that this de-
scription may be- considered as apphcable to the
control of upward fiow of oil through a tubing,
and therefore the -description need not be re-
peated.

In descnbmg the .operation of the valve in con-
nection with a drill stem, I will assume a par-
ticular situation where so-called -“reverse-circu-
lation” represents the normal condition, but this
assumption is made solely for purposes of illus-
tration, and is not to be considered as limitative
on the broader aspects of the invention.

-In reverse-circulation, the clrculatmg fluid
from around the.outside of the drill stem enters
the stem bore at.the bottom of the string (ordi-
narily through passageways.provided through the
cutting tool) and thence passes upw ardly through
the stem bore to the ground .surface, where its
delivery is ordinarily valve-controlled. In this
type of circulation, the upward flow of fluid is
caused by pressure in the formation surrounding
the. .well hore. This pressure is, of course, un-
controllable from the ground surface. . Accord-
ingly, if it be .desired, for instance, to pull the
drill-string frenri the well (which involves break-
ing the. joints .of .the drill stem.as the “stands”
are -removed). it is obvicusly highly desirable to
shut off the -flow of circulation fluid -into the
itslower or tool end.

provide a valve at the bottom of the string where-
by :such a .shut-off :may be accomplished at the
will of the operator 4the wyalve being controlled
remofely fromthe ground surface.

: -Generally, I .provide an hydraulic control for
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2 ,
this. purpose, utilizing the fluid in. the pipe bore
as the control medium between .the ground sur-
face mechanism and the bottom valve mecha-
nism, thus avoiding the necessity of providing

. separate eontrol fluid .and. special cohductors

therefor.

- Under -eertain -well conditions, the operator
need merely aruust a-valve at the ground surface
to cause movement of the bottom valve from
cpen to closed position. If the boftom valve is
to. be reopened, there is then required the appli-
cation of downwardly directed fluid pressure
(that is, a pressure applied in the direction oppo-
site to that of the reverse-circulation pressure)
through the driil stem. Upon then relieving the
fluid column of the downward pressure, the bot-
tom valve is relatched in open position to allow
a restoration of reverse circulation.

In most cases, however, each time the bottom
valve is to be opened the control includes the
initial build-up of the downward pressure and
subsequent relief of that pressure, the pulsation
thus set up ﬁrst “ynlatching” the open bottom
valve and then leaving the bottom valve free to
go to “shut-offi” position. Then, when it be-
comes desirable or necessary to reopen the bot-
tom valve, a second adjustment of the surface
valve and a second pulsation of downwardly di-
rected fluid pressure causes a reopening and re-
1atch1ng of the bottom Va.lve :

Though, in its broader sense, the invention con-
templates an arrangement wherein there may be
provision for only one closing or one opening
cycle of operation during the life of a given in-
stallatlonv the invention also includes provisions
whereby a succession of. identical surface-valve
adjustments and downwardly directed pressure
impulses, alternately closes and opens the bottom
valve, thus making it possible for the operator
to.have full control of the hottom valve at all
times.

As a special (though not limitative) feature,
the arrangement i is such that during periods when
the bottom valve is in open condition, downward
circulation through the stem -bore and bottor
valve may be maintained.

This hydraulic type of remote control has, of
course, many advantages, as will be readily un-
dersfood by those skilled in the art, it being par-
ticularly noteworthy that when the drill string
is ;being lengthened or shortened in going into
or out.of the hole, respectively, there is no neces-
sity. of adding or removing lengths of control rod,
as -would be true were the valve to he controlled
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by movement of a sectional stem extending from
the valve to the ground surface.

The feature of being able, at will, to shut off
upward flow of fluld through a well pipe, with
the shut-off occurring at the bottom of the pipe,
has great significance in connection with certain
emergency situations, as well as in normal drilling
operations. The emergency may be of an opera-
tional character, or it may be a war emergency
wherein demand is made that flowing wells be
shut-off far beneath the ground surface. Here-
tofore such shut-off has been accomplished by
plugs which are depressed through the pipe bore
and anchored in position at the lower end of
that bore. This is not only a relatively slow,
expensive, and often unsure procedure, but, if it
be desired later to restore the well to service,
the situation is aggravated by the necessity for
retrieving the plug or otherwise clearing it from
the bore.

In contra-distinction to this, my device per-
mits g practically instantaneous shut-off at the
bottom of the pipe by the mere adjustment of a
ground-surface valve or the mere successive ap-
plication and relief of fluid pressure downwardly
through the pipe bore. Then, if the well is to
be restored to service, it is only necessary again
to adjust the ground-surface valve, or to create
a second operative pulsation in the pipe-con-
tained fluid, thus forcing re-opening of the bot-
tom valve. The valve is then again releasably
held in its open position and in a state of readi-
ness to be reclosed by actuation of the surface
valve or by a pressure pulsation, if and when the
occasion arises.

Other features of novelty and objects of the
invention will be made apparent in the following
detailed description, reference being had to the
accompanying drawings, in which,

Fig. 1 is an elevational view showing the posi-
tion normally occupied by my device in a drill
string;

Fig. 1la is 2 view similar to Fig. 1 except it shows
the position occupied by the device when it is
associated with tubing;

Fig. 2 is an enlarged, medial section, partly in
elevation, showing the condition of the valve
when it iz arranged for circulation upwardly
through the bore of the drill stem;

Fig. 3 is a view similar to Fig. 2 showing the
condition of the valve during the “indexing”
phase of operation, that is, while the valve has
been moved to a position such that its next posi-
tion must either be full open or fuil closed;

Fig. 4 is a view similar to Fig. 1 but showing
the valve closed against upward -circulation
through the drill stem hore;

Fig. 5 is gn enlarged, detached elevation of the
cam sleeve making up a part of the device;

Pig. 6 is a top plan view of Fig. 5;

Fig. 7 is a developed elevation of the cam sleeve;

Fig. 8 is an enlarged, detached elevation of the
valve actuating piston and plunger;

Fig, 9 is a top elevation of Fig. 8;

Fig. 10 is a section on line {8—Ii8 of Fig. 4;

Fig. 11 is a section on line {{—1{! of Fig, 4;

Pig, 12 is a detached, perspective view of a
spring pedestal; and

Fig. 13 is g section on the line {3—138 of Fig. 4.

In Fig. 1 I have illustrated the preferred loca-
tion of my improved valve in connection with
a drill string ${ which is made up, in the main,
of stands (8 of hollow drill pipe connected by
hollow teool joints {2. The drill stem is shown
as being positioned within well bore B, defined
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by “formation” F, the ground surface being in-
dicated at G. The valve {3 is ordinarily, but
not necessarily, coupled into the drill string {f
intermediate the lowest stand of drill pipe and
the cutting tool 14, the bore {5 of the drill stem
being in communication with bore {§ of valve
housing {3, and the housing bore 16 being in
communication with the cutting-tool bore {7, the
latter opening to well-bore B at 18.

At ground surface G, I have schematically
indicated a control system made up of pipe 19
ieading from stem bore {5 to valve 29; valve 20
being selectively operable to open pipe 18 to the
discharge or outlet 21 or to circulating pump 22.

Fig. 1la shows the housing {3 of my improved
valve as being attached by coupling 23 to the
lower end of tubing 16a which is made up of a
number of tubing lengths !!¢ coupled ftogether
as at 12a. The schematic arrangement of pip-
ing, valve and pump, is the same as described
in connection with Fig. 1. For purposes of il-
lustration, it will be assumed that, in Fig. 1 the
formation pressure is normally adapted to pro-
mote circulation of well fluigd upwardly through
opening {8 and the various bores of the valve
and drill stem to the piping system at the ground
surface, valve 20 normally being set so that de-
livery of this fluid is through outlet 21, and so the
pump is ineffective. In Fig. 1a, it is assumed that
formation pressure is causing upward flow of
production oil through tubing {0a to the piping
system at the ground surface, valve 20 being
normally set so that delivery is through outlet
pipe 21, and so the pump is ineffective.

It is to be understood, of course, that my im-
proved valve is useful in other operational situ-
ations, and therefore the invention is not to be
considered as limited by the particular choice
made for illustrative purposes. Similarly, the
fact that I shall hereinafter describe the detailed
operation only in connection with the showing
of Fig. 1, is not to be considered as limitative
on the invention, for the structure and opera-
tion may be exactly the same for the tubing-ap-
plied valve as for the drill-stem-applied valve.
The single difference is, that, in the case of Fig. 1
we are controlling circulating fluid during well
drilling operations, while in connection with the
showing of Fig. 1a, we are controlling the flow of
well fluid during the production stage.

For convenience of assembly, tubular valve
housing 13 is made up of sections 25 and 26
which gre threadably coupled at 27. The upper
end of section 25 is internally threaded at 28 for
connection to the lowermost drill stem stand {0,
while the lower end of housing section 26 is ex-
ternally threaded at 29 for detachable connec-
tion to cutting tool 14, or to whatever element of
the drill string may be positioned below the con-
trol valve. Of course, in the case of the tubing
of Fig. 1a, the threaded zone 29 may be omitted.

The bore 16 of the valve housing includes, in
housing section 25, a cylinder portion 30 and the
upper and lower by-pass chambers 31 and 32,
respectively, at opposite ends of the cylinder por-
tion 38. In housing section 26, the bore i6 in-
cludes a by-pass chamber 33, a major bore por-
tion 24, and a somewhat reduced diameter bore
portion 35, there thus being provided an annular
shoulder 36, adapted to support the spring pedes-
tal 37, shown in detail in Figs. 12 and 13. This
pedestal is made up of a central body portion
38 from which extend radial wings 39 adapted
to rest on shoulder 38 and to center the pedestal
within the bore portion 34, The inner ends
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of -wings 39 define a seeket 40 adapted to reeceive
and center thie lower .end of .spring 41 which is
hottomed. on "bady portion 88. -The purpose of
the spring will be presently described. . The open-
ings between wings 39 provide for:the.substan-
tially . unrestricted assage of fuid through .the
bore portions 34 and 38.

_ Immediately abave annular chamber 33, bore

l6 is. somewhat_restricted by ring 42 upeon. which
is fashioned the downwardly facing, annular and
conical valye seat 43.. The ring 42 is $hreadably
connected at 44 to housing section 26, being
serewed ‘home against fhe annular shoulder 45
of that housing section.. . The ring is ‘provided
with diametrically .opposite notches 46 (see Fig.
10). whereby the ring.may be screwed to and
ﬁom its _position -of assembly with section 26
by the use of a special wrench when sections 25
and 26 are: dasconneeted one from the other. "The
upper .end of ring 42 is.chamfered at 47 to pro-
vide an upwardly facine stop shoulder for a pur-
pose to be described.
. The yalve stopper, -generally indicated at 48,
compnses a,_circular. hea.d or. disk 49 haying an
annular, conical face adapted to. seal on com-
plementary seat 43.. The. head is clamped be-
tween shoulder B0 on valve stem B and the
ypper “end 52 of the cam sleeve 53, the stem
and sleeve belng threadably connected at 54 to
effect this. clampmg action.

Sleeve 63 Is ;prov1ded with a bore 55 adapted
to Teceive the upper end of spring 41 which
bears against the flange 58 of bearing member
57. The body. portlon 58 of member 57 nicely
fits the upper end of the spring, while the upper,
comcal t1p 59 1S recewed in a complementary
The comcal bearmg between tlp ‘59 .and the end
of stem B centers “the upper end of spring 41
and ‘acts as a pivot*to permit free relative rota-
tion between spring 4! and cam sleeve 53 during
certain stages of operation, namely, the rota-
tlonal 1ndex1ng of the vertically reciprocable valve
assembly “to - cause it to assume pre- -determined
positions ‘with- relation to the valve seat.

‘Cam sleeve 53 is provided with radial wings
61, both-at the bottom and near the top thereof
Whlch “ceriter the sleeve ‘within bore 34. The
space between the ‘wings allows practically unin-
terrupted flow -of ‘fluid upwardly or downwardly
between ‘heusing section 26 and the sleeve.

“The outer peériphery of sleeve -53 is provided
with a ‘cam slot or groove generally indicated
at 62, the particularities of which will be de-
scribed later. Threadably supported in section
26 and projecting radially into bore 34 and cam
slot 62, are ‘the cam lugs or follower pins 63
(see Fig. 11). =~ o
" .Abéve stem Bi is arranged a “floating” dart
or plunger generally indicated at 64 (Figs. 8 and
9) made up of a stem &5 carrying near its upper
end o piston 66 which is adapted, at times, to
have piston fit within cylinder 30, and at other
times to .occupy a non-fluid-interrupting posi-
tionin by-pass chambers 31 or 32. Piston head
66 is reinforced by conical, filler portions 68 ex-
tendmg to stem 65.

The dart or plunger 64 is provided with radial
wings 67, both above and below piston head 66,
which center the plunger within bore 18, even
durmg such times as piston 66 occupies by-pass
chambers 31 or 32. Dart stem 65 is axially aligned
w1th valve stem ‘31 and is, at times, adapted to
enga.ge “therewith. ~As will appear, plunger 64
1s, at tlmes vertlcally movable 1ndependent1y of
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6
valve stopper 48, at .other. times is:adanted to
engage the stem 51 to move stopper 48 down-
wardly, and, at still.other times, is adapted to
be thrust upwardly under the impetus of up~
ward movement-of stopper :48.

Cam groove §2. extends.continuously .areund
sleeve 53, preferably being made up.of three cam-
ming zones Z4, Z2-and Z3 (Figs. 5, 6 and 7). which
are identical in .gontour and. therefore. ar
adapted, one each, to receive, at equivalent peints
therealong, one of the :cam pins 83, the; la,tter
being spaced 120° apart. The three groove zones
being identical, ‘it ‘will be necessary to describe
only one in defail. Each groove zene (for in-
stance, zone Z1) includes a vertical leg or course
69, opening, with a flare 78 to.the lower end of
the sleeve, the flare heing provided only to facili~
tate assembly of the sleeve and gam pins, .since
the. pins. never. pass -out through the open ends
of courses §9- during operation. of the valve.
Above the upper-end of course 68 are fwo vertieal
courses 1{ -and I2 which are spaced 60° apart,
being located 30° distant from. opposite sides of
the center line of -eourse $9. Below courses T4
and ¥2 and spaced 60° from _course 69 and there-
fore 30° from course i, is g yertical course 13
which terminates in-a “latching” pocket 14, The
upwardly facing wall 75 -of this pocket fmms &
stop~shoulder, as. will :presen{ly appear.

Leading from th,,e_coq.rse 11-of zone Z3 to latch-
ing course 13 of-zene Zi,.is -an inclined course
16, the mouth 77 of course 1§ lying .directly
beneath course ¥4 .of zone Z3. Leading . from
latching course. I3 and opening to the side of
course 12 of zone Zl is an inclined course 18,
Leading from course 32 of zone Z{ to.course 89 of
Zone Zi, is an 1nchned course 19, the mouth 80
of the . latter course being disposed direetly
beneath course 2. An. mchned course ‘81 leads
from course §3of zone Z{ to course 11 of zone Zi,
the mouth 82 of course -8 .opening directly over
course 88 .of zone Zi{. Inchned course 16 of-zone
Zi opens to. latch1ng course 13 of zone Z2.

Now referring to Fig. 2, the va,lve is shown in
the condition prevailing during reverse.- clrcula-
tion, which is here, consuiered as normal cireu-
Iation. . That s, the. eireulating fluid is Howing
upwardly through the:drill stem. Cam pins-63
are in latching pockets 14 (positions A of Fig. 7
shoulders 75 -engaging fhe pins to limit upward
movement of sleeve. 53 under the influenee of
spring 41, whlch constantly is compressed in a
mahner tendmg 1o bias walve stopper.48 to
closed position agamst seat 43. .. With pins 63
thus holding : :sleeve 53 in a. relatlvely depressed
position, .valve stopper 48 is /eld spaced below
seat 48, the valve thus.being mamtamed in-open
condition to perm1t the upward flew of fluid, :as
indicated by the ArTOWS.

- At this tlme the kinetic energy-of the UpWar dly
ﬂowmg fluid  acts. against the under side -of
plunger or -dart 84 to hold .t m its. uppermost
posltlon (full-line position) the engagement of
the upper -ends 90 -of wings. 87 -with housing
shoulder 91a limiting the upward movement of
the .dart. Piston head 66 now lies in hy-pass
chamber 31, so there is ample space for the up-
wardly flowing fiuid to pass-around head 6¢ and
thence flow upwardly .through -the .drill stem.

If it now be.desired to close valve 4843, the
operator first .closes wvalve 20 which is “down-
stream” with relation to valve- 48-——43 “Phe fluid
column within.the dr111 stem and valve housing
3 thereupon beeo,mes sta,t1,c and dart 44 dreps
to the dotted. line position of Fie. 2, the dar
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éoming to rest when it engages the upper end of
valve stem 51, at which time piston head 66 lies
within the cylinder portion 30 of the housing
bore.

Pump 22 is then actuated to build up the fluid
pressure above head 66, forcing the latter down-
wardly through cylinder 30. The consequent
depression of dart 64 acts through stem 5{ to
depress valve head 48 and sleeve 53 against the
force of spring 4f. During the initial portion of
the depressive movement, cam pins 63, in effect,
leave pockets 74, traveling through courses 73.
The inclinations of courses 718 then cause a 30°
rotation of the cam sleeve through the engage-
ment of cam faces 18’ with pins 63, whereupon
continued depression of the sleeve causes, in ef-
fect, pins 63 to pass upwardly into vertical
courses 12 (Fig. 3).

The downward movement of the sleeve con-

tinues until ends 91 of dart-wings 67 ensgage
ring-shoulder 47. Cam pins 63 are now in posi-
tions B of Fig. 7. By this time piston head 66
has entered by-pass chamber 32, so downward
circulation may be promoted and maintained
through the entire length of valve housing 13
(see arrows in Fig. 3).
- When the operator subsequently relieves the
fluid pressure from above, spring 41 acts to urge
sleeve 53 and valve stopper 48 upwardly. Pins
83 first pass through vertical courses 712 and then
through ineclined courses 19 into vertical courses
69, the passage through the inclined courses ro-
tating the cam stem 53 through 30° due to the
engagement of cam faces 19’ with pins 63. With
the cam pins in courses 69, spring 4f is free to
urge valve stopper 48 to fully seated or closed
condition (¥Fig. 4) all upward circulation being
thereby shut off. Of course, the upward pres-
sure of the well fluid acts against the under side
of the cam sleeve and stopper 48 in a manner
tending to seat the valve stopper more firmly.
At this time the piston head 66 lies in cylinder
38 near its upper end, and pins 63 are at posi-
tions C in Fig. 7.

If, now, the operator wishes to return the
valve to latched-open position (Fig. 2) he first
applies downwardly directed fluid pressure to
head 66, the pressure being sufficient to over-
power spring 41. As sleeve 53 is pressed down-
wardly, pins 63 first pass through vertieal
courses 69 and then through inclined courses 81
into vertical courses 71; the sleeve being rotated
30° due to the engagement of pin 63 with the
cam faces 81’ of inclined courses 81. All parts
of the device are thus returned to the condition
of Fig. 3, except that pins 63 lie in courses Tl
instead of 72. They occupy positions D in Fig. 7.

When the operator subsequently relieves head
66 from downwardly directed fluid pressure,
spring 41 acts to lift the sleeve, eausing pins 63
first to travel through vertical courses Ti and
then through inclined courses 16 into vertical
courses 73; the passage of the pins through the
inclined courses giving a 30° rotation to the
valve stem due to the engagement of cam faces
16 with pin 63. Pins 63 thus find their way
into latching pockets 74 and, once more the de-
vice is returned to the condition of Fig. 2, with
valve 48 latched open and dart 64 movable up-
wardly to allow reverse circulation.

Thus, by alternately applying downwardly di-
rected fluid pressure and then relieving that
pressure, the shut-off valve 48 is caused to be
moved alternately from latched-open condition
to closed condition, and vice-versa. The step-
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by-step. indexing of the valve to bring about this
sequential action may be considered as being ac-
complished under remote control by successive
fluid-pressure pulsations sent down through the
drill stem fluid. )

It will be seen that, by following the above
procedure, an operator may easily and almost
instantly close or open fluid flow through a valve
located clear at the bottom of a well pipe,
whether it be drill stem or tubing, all to the ad-
vantageous ends spoKken of at the forepart of this
specification.

In some wells the formation pressure is of
such high and even value that it is feasible to
omit spring 41 from the valve assembly, pro-
vided the operator does not object to—or other
operational demands do not preclude—the move-
ment of an open bottom valve to closed position
the instant the surface valve is opened and then
closed. In this case, dependence is had solely on
the kinetic energy of the upwardly flowing fluid
to urge valve stopper 48 and sleeve 53 upwardly
in all phases of the operation described above
wherein the spring has been specified as the
source of the urging force.

With the spring omitted, the need for dart 64
ceases and therefore this element, also, may be
omitted under the conditions specified just
above. Then, assuming the valve is being held
open by virtue of engagement of cam’ pins 63
with shoulders 75, if occasion arises for closing
the bottom valve, the operator merely closes
surface valve 20. The fluid column becomes
static and the sfovper 48 and sleeve 53 drop by
gravity to cause a 30° indexing of sleeve 53 so,
when valve 28 is reopened, the kinetic energy of
the now moving fluid column elevates the valve
stopper to shut-off position, there being a 30°
indexing of the sleeve during its upward move-
ment. '

If the bottom value is to be re-opened, it is first
necessary to unseat stopper 48 by closing valve 20
and then creating preponderant downwardly di-
rected fluid pressure by operation of pump 21.
Once the bottom value is “cracked open,” stop-
per 48 will drop by gravity to the position of Fig.
3, the sleeve 53 being indexed through 30°.
Upon stopping pump operation and reopening
surface valve 2§, the kinetic energy of the up-
wardly flowing well-fluid elevates stopper 48;
sleeve £3 being indexed through an additional 30°.
It follows that stopper 48 is releasably held open
in the pesition of Fig. 2, and reverse-circulation
is restored.

While I have shown and described preferred
embodiments of rmay invention, various changes:
in design, structure and arrangement may be
made without departing from the spirit and scope
of my broader claims.

I claim:

1. In a device of the character described, a ver-
tically arranged valve housing having a bore
therethrough, a valve within the housing and in-
cluding a downwardly facing valve seat and a
valve stopper in the bore below the seat and mov-
able vertically through the bore to and from the
seat for respectively closing and opening the
valve, an extension carried by the stopper and
rotatable with respect to the housing, a stop mem-
ber carried by the housing, an upwardly facing
stop shoulder on said extension and vertically
alined and engaged with said stop member when
the housing and extension have been relatively
rotated to one position of angular relationship

6 and when the valve stopper is vertically spaced
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stiotiTder and stop. meni~
Ber; “when" so eigagéd, Iioldmg said stopper
against vpward vertical: movem ‘and g up=
wardly extenditie, aitgulay éaii f5ce on the extern-
sion above and engagesble Wit the stop: meniber
when the steppst is subsequeﬂtly' Vertlcally de-
pressed. said cam fade being effective; durimg
such: depr‘essi’on to: rotate the extension: wrth re-
lation o the housitig and thereby vertically dis=
aline the stop member: ané: stop shoulder, where-
by, tipon telief of depressive foree, the: stopper is
movable vertically upwardly info engagement
with the valve seat. -

2. In o device of. the’ chafacter’ descrrbed a
vertically  arranged valvé housing having’a bore
therethrough, a vélve within the héusing and in=
cluding a° downwardly . facing: valve seéat and .a
valve stopper in the boré below thie seat and mov-
able vertically through the bore torand fronr.the
seat for respectively tlosing dnd opening: the
valve, an extension carried by the. stopper and
rotatable with respeét to. the housing, - stop
member carried by the housing, an upwardly fae-
ing §top shouldér on said extension and vertically
alined: and engaged with said stop meémber whetr
the. héusing. and exténsiorr havé been. relatively
rotated to.-one position of angular. relationship
ard when . the valve stopper:is vertically spaced
betow the seat, said stop-shoulder and stop mem-
per, whién so. engaged, holding. said stopper
agamst upwatd. vertical movenient; an upwardly
extending, angular cam  face. on. the extension
above and engageable with . the: stop. member
when the stopper is subsequently vertically de=

Belovw thie seat, said 8o

pressed, said. cam face: being. effective,. during .-

such depressmn to rotate: in o given  direetion,
the extension with relation to- the housing and
thereby vertically dis-aline the stop:member and
stop shoulder, whereby, ubon relief: of depressive
foree,. the: stopper is moyvable vertically: upward
into: e‘ngagement with -the valve sedt, a'second
angtlar ¢am shoulder on the extension and: alined:
with. the said stop member when: the valve: is
closed and effective, when the stopper 1s subse~

quehtly depressed,.to further rotate the extension |

in said given direction with relation to:.the hous=~
ing, and a third angular cam shoulder on the:ex=~
tension and alined with- said: stop- member after
the stopper hds been:so- depressed. and eﬁeetlve,
upon subsequent upward movement of the stop~
per, to rotate the extensior in a manner to ver=
tically aline said stop shoulder with a:stop- mem-
ber on: the housing which stop member is-adapted
to halt subsequent upward movement of the-stop-
per before-it reaches said:seat. ... .

3. In a.device of the character descrlbed a ver-
tically arranged valve housing. having :a: bore
therethrough, a valve: within the housing and in-
cluding a downwardly facing valve seat and a
valve stopper i .the bore below the seat and mov-
able yvertically through the bore to and from the
segt for vespectively cloging  and opening the
valve, an extension carrled by the stopper and ro-
tatable with respect to the housing, 2 stop mem-
ber carr1ed by the housmg, an upwardlv facmg
almed and:. engaged w1th sald stop member When
the housmg and extensron have been relatively
rotated t0-.one posmon of angular relatronshlp
and when the valve stopper is vertically spaced
below the seat, said stop shoulder and stop mem-
ber, when so engaged, holding said stopper
against upward vertical movement, an upwardly
extending, angular cam face on the extension
above and engageable with the stop member
when the stopper is subsequently vertically de-
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pressed, “said cam face being effective, during
stieh dep1esswn te: rofate, in a given direction,
the extenmsion with relation to the housing and
thereby vertically dis-aline the stop member and
stop shoulder, whereby upon relief of depressive
fores, the stopper is movable vertically upward
into engagenient with the valve seat, a second
stop Inember on- the housing and in the trans-
verse plahe of and angularly displaced from the
first stop miember; a second angular cam shoul-
der on. the exterision and alined with the first
stop mieniber when the valve is closed and effec-
tive, when tHe stopper is subsequently depressed,
to further rotate the extension in said given di-
rection with. relation: to the housing, and a third
angular cam shoulder on.the extension-and alined
with the first stop member after the stopper has
been.so depressed: and effective, upon subsequent
upward movement of the stopper to further ro-
tate the extension: in said given direction: to am
extent verbtically alining said stop shoulder with
said second stop member.

4. TIn a device of the character described, a
vertically arranged valve housing having a bore
therethrough, ‘a valve within the housing and
including 4 downwardly facing valve seat and a
valve stopper in. the bore below the seat and

" movable vertieally through the bore to and from
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the seat for respectively closing and opening the

. valve; & spring applied between the housing and

stopper and urging said stopper towards said
seat, .an. extension carried by the stopper and
rotatable with . respect to the housing, a stop
member carried by the housing, an upwardly
facing stop shoulder on said extension and ver-
tically alined and engaged. with said stop mem-
per when the housing and extension have. been
relatively rotated to one position of angular re-
lationship and when the valve stopper is ver-

= tleally: spaced below the seat, said stop shoulder

and stop member, when so engaged, holding said
stopper against upward: vertical movement, and
an upwardly extending, angular cam. face on
the extension above and engageable with the
stop meniber when the stopper. is subsequeritly
vertically depressed, said cam face being ef-
fective, during such depression, to rotate the ex~
tension with relation to the housing and there-
by vertlcally dis-aline the stop member and stop
ghetilder,  whereby, upen relief of depressive
force, the stopper is movable vertically upward
irito éngagement with the valve seat, a plunger
movable vertically through the housing bore
above the valve seat, méans on the housing lim-
iting upwaird movement  of the plunger, said
plunger, a at its upward limit of movement, being
spacéd “Vertically “from the gtoppet, and said
plunger bemg movable downwardly to engage the
stopper in a manner whereby subsequent de~
pressmn of the plunger depresses the stopper
and a plston on sald plunger ‘and having plston
fit Wlth the housing “bore when the plunger is be~
tween it limits of Vertlcal movement, there be-
ing a pair of by~ passages in the housmg around
the p1ston Wthh are pos1t10ned to be effectlve,
ohe thn the plunger is at its upper limit of
movement and the other vvhen the stopper has
been deoressed by the plunger toa predeterrruned
extent,

5. In a device of the character described, a
vertically arranged valve housing having a bore
therethrough, a valve within the housing and in-
cluding a downwardly facing valve seat and a
valve stopper in the bore below the seat and

;. movable vertically through the bore to and from
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the seat for respectively closing and opening the
valve, a spring applied between the housing and
stopper and urging said stopper towards said
seat, an extension carried by the stopper and
rotatable with respect to the housing, a stop
member carried by the housing, an upwardly
facing stop shoulder on said extension and ver-
tically alined and engaged with said stop member
when the housing and extension have been rel-
atively rotated to one position of angular rela-
tionship and when the valve stopper is vertically
spaced below the seat, said stop shoulder and
stop member, when so engaged, holding said
stopper against upward vertical movement, an
upwardly extending, angular cam face on the
extension above and engageable with the stop
member when the stopper is subsequently ver-
tically depressed, said cam face being effective,
during such depression, to rotate, in a given di-
rection, the extension with relation to the hous-
ing and thereby vertically dis-aline the stop mem-
ber and stop shoulder, whereby, upon relief of
depressive force, the stopper is movable vertically
upward into engagement with the valve seat, a
second stop member on the housing and in the
transverse plane of and angularly displaced from
the first stop member, a second angular cam
shoulder on the extension and alined with the
first stop member when the valve is closed and
effective, when the stopper is subsequently de-
pressed, to further rotate the extension in said
given direction with relation to the housing, and
a third angular cam shoulder on the extension
and alined with the first stop member after the
stopper has been so depressed and effective, up-
on subsequent upward movement of the stopper,
to further rotate the extension in said given di-
rection to an extent vertically alining said stop
shouldér with said second stop member, a plunger
movable vertically through the housing bore
above the valve seat, means on the housing lim-
iting upward movement of the plunger, said
plunger, at its upward limit of movement, being
spaced vertically from the stopper, and said
plunger being movable downwardly to engage the
stopper in a manner whereby subsequent de-
pression -of the plunger depresses the stopper,
and a piston on said plunger and having a piston
fit ‘with the housing bore when the plunger is
between - its ‘limits of vertical movement, there
being a pair of by-passages in the housing around
the ‘piston which are positioned to be effective,
one when-the plunger is at its upper limit of
movement and the other when the stopper has
been depressed by the plunger to a predetermined
extent. :

6. In a device of the character described, a
vertically arranged valve housing having a bore
therethrough, a valve within the housing and in-
cluding a downwardly facing valve seat and a
valve stopper in the bore below the seat and mov-
able vertically through the bore to and from the
seat for respectively closing and opening the valve,
an -extension -carried by the stopper and
rotatable with respect to the housing, said ex-
tension being in the form of an axial sleeve de-
pending from the stopper, a helical compression
spring within the sleeve bore and interposed be-
tween a downwardly facing shoulder on the
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stopper and an upwardly facing shoulder on the
housing whereby the spring urges the stopper
towards said seat, a stop member carried by the
housing, an upwardly facing stop shoulder on said
sleeve and vertically alined and engaged with said
stop member when the housing and extension
have been relatively rotated to one position of
angular relationship and when the valve stopper
is vertically spaced below the seat, said stop
shoulder and stop member, when so engaged,
holding said stopper against upward vertical
movement, and an upwardly extending, angular
cam face on the sleeve above and engageable with
the stop member when the stopper is subsequently
vertically depressed, said cam face being effective,
during such depression, to rotate the extension
with relation to the housing and thereby vertically
dis-aline the stop member and stop shoulder,
whereby, upon relief of depressive force, the
stopper is movable vertically upward into engage-
ment with the valve seat.

7. In a device of the character described, a
vertically arranged valve housing having a bore
therethrough, a valve within the housing and in-
cluding a downwardly facing valve seat and a
valve stopper in the bore below the seat and mov~
able vertically through the bore to and from the
seat for respectively closing and opening the
valve, an extension carried by the stopper and ro-
tatable with respect to the housing, said exten-
sion being in the form of an axial sleeve depend~
ing from the stopper, a helical compression spring
within the sleeve bore, a rotational bearing be-
tween the upper end of the spring and a down-
wardly facing shoulder on the stopper, the lower
end of the spring engaging an upwardly facing
shoulder on the housing, all in a manner whereby
the spring urges the stopper towards said seat,
a stop member carried by the housing, an up-
wardly facing stop shoulder on said sleeve and
vertically alined and engaged with said stop
member when the housing and extension have
been relatively rotated to one position of angular
relationship and when the valve stopper is verti-
cally spaced below the seat, said stop shoulder
and stop member, when so engaged, holding said
stopper against upward vertical movement, and
an upwardly extending, angular cam face on the
sleeve above and engageable with the stop mem-
ber when the stopper is subsequently vertically
depressed, said cam face being effective, during
such depression, to rotate the extension with re-
lation to the housing and thereby vertically dis-
aline the stop member and stop shoulder, where-~
by, upon relief of depressive force, the stopper
is movable vertically upward into engagement
with the valve seat.

GRANVILLE S. KNOX.
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