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FLUID OPERATED PUMP WITH BUILT-IN
‘GOVERNOR

Clarence J. Coberly, Los Angeles, Calif., assignor
‘to Roke Corporation, Reno, Nev., a corporation
of Nevada '

Application March 29, 1941, Serial No. 385,874
24 Cla,lms. (CL 121—157) .

My invention relates to a fluid operated motor pump piston compresses the gas in the pocket
and, more particularly, to such a device having a and strikes solid well fluid in the pump cylinder.
reciprocating motor piston in which the rate of Such fluid operated pumps are ordinarily oper-
reciprocation of the motor piston is automatical- ated at relatively great depths in oil wells, and,
Iy maintained below a predetermined maximum 5 accordingly, a large volume of operating fiuid
regardless of changes in the working load on under high pressure is confined in the supply
such piston. tubing between the well pumping mechanism

In certain respects my invention is an improve- and the operating pump on the surface of the
ment on the device disclosed in my earlier Pat-  ground which supplies the operating fiuid. Due
ent No. 2,134,174, issued October 25, 1938, to 10 to the compressibility of this large volume of op-
which reference is hereby made. erating fiuld, and due to the expansion of the

Alhough my invention is of particular utility ~ supply tubing under the high pressure of the
In the oil industry in combination with a pump  operating fluid exerted thereon, a large amount
for pumping oil from a well, and for the pur- of energy is stored in the system under these
pose of illustration is described in connection 15 operating conditions. If for any reason the
with such use, it will be apparent to those skilled *° pumping load on the fiuid operated pump de-
in the art that it is susceptible of other and dif- creases, due to the presence of gas in the well
- ferent uses, and, consequently, I do not intend liquid, failure of the pump valve to seat properly, -
to be limited to the particular use described. or due to any other cause, the operating fiuid

In the oil industry it is common practice to use 20 in the supply fubing expands as a resulf of the re-
& fluid operated pump in bumping oil from a lease of the energy of compression stored therein,
well, such a pump generally comprising a cou- and the supply tubing contracts due to the re-
pled motor and pump combination set in the well lease of the energy of expansion stored therein,
at the level from which it is desired to pump the causing an increased rate of flow of operating
oil. In such a pumping device, the motor is nor- 28 fluld to the fluid operated pump. This condition
mally actuated by admitting operating fluid, such occurs even when a positive displacement sur-
as oil, under relatively high pressure alternately face pump is used on the ground surface to con-
to opposite ends of & motor piston to reciprocate vey operating fluid downwardly through the sup-
the same, the reciprocation of the motor piston ply tubing, and such surface pump is operated
being suitably communicated to & pump piston 30 at a constant speed. As will be appreciated, an
in the pump end of the device so as to pump oil increase in the rate of flow of operating fluid
from the well. In order to conduct operating delivered through the supply tubing will cause
fluid alternately to opposite ends of the motor the fluid operated pump to run at increased -
piston, a main valve mechanism is ordinarily speed, which becomes excessive if the rate of fiow
employed, such as is shown in my said Patent 35 of operating fluid is substantially increased, as is
No. 2,134,174, It is a primary object of my pres-.  true under the conditions described. Thus, when
ent invention to provide such a main valve mech- the pump load decreases, the fluid operated
enism in an improved form as described herein- pump will run at excessive speed until the pump
after. " load is raised by removing.the gag from the pump

In pumping oil from a well, the well oil fre- 40 or.otherwise rectifying the condition. The pump
quently confains mixed therewith or in solution may thus race for & portion of a stroke or for &
therein varying quantities of natural gas pro- - number of successive strokes, and in any event
duced from the well together with the oil, the the pump will operate at excessive speed until
quantity of such gas depending upon local condi- all of the energy of compression stored in the op-
tions for particular wells. Furthermore, it is 45 erating fluid and energy of expansion stored in
common experience in the oil industry that the  the supply tubing are released, or until the pump
quantity .of gas in the oil of a particular well load is again applied to the fluid operated pump.
frequently varies within wide limits at different ‘When a fluid operated pump runs at excessive
times during production from the well. Since speed, it may be very‘harmful to certain parts
displacement type pumps are most commonly 50 of the pumping equipmeént. This is particularly
used to pump oil, considerable difficulty has been - true when the pump cylinder is only partially
experienced, particularly in pumps of the fluid “filled with well fluid, in which case the pump
operated type as described above, with gas piston will move at extremely high speed dur-
pockets forming in the pump cylinder, thus re- ing the first part of its stroke while it is com-
ducing materially the pumping load until the 55 pressing the gas therein and will then strike the
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liquid therein while moving at high velocity.
This introduces a hydraulic shock load which
results in abnormal stresses on the parts of the
pump and may cause considerable damage in the
form of excessive wear, scoring, seizing, or break-
age of the parts. To prevent uneven operation
of the pumping equipment, and to prevent such
racing, various expedients have been used, one of
which is to provide a flow governor in the oper-
ating fluid supply line which will reduce the flow
of operating fluid to the fluid operated motor in
response to a reduction in pump load, such a
device being shown in my Patent No. 2,119,736,
issued on June 7, 1938, to which reference is
hereby made for the purpose of illustration.
Such flow governors are separate articles of

2,311,157

to changes in the rate of fluid flow for regulat-

- ing the rate of such fluid flow.

10

18

equipment and must necessarily be attached in

the operating fluid supply line at a point above
the pumping equipment, thus increasing the cost
of the pumping installation-and, because the gov-
ernor must perforce he located at a point rela-
tively remote from the motor cylinder, increasing
the hazards of the pump racing due to the nor-

20

mal time lag in the operation of the flow gov- '

ernor.
It is therefore another important object of my
invention to provide a fluid operated pump which
has mechanism therein for controlling the flow
of operating fluid to the motor cylinder and
maintaining the rate of such flow below a pre-
determined maximum. I prefer to accomplish
this by building such a flow governing device di-
rectly into my.main valve mechanism, so as to
obviate the provision of a separate flow governor,
which is another object of the invention.

25

30

35

A further object of my invention is to provide

a fluid flow governor mechanism in a well and
immediately adjacent the motor cylinder of a
fluid operated pump for controlling the flow of
operating fluid to the motor cylinder, so as to
reduce the time lag normally incident to the use
of a fluid flow governor with such pumpmg mech-
anism.

It is a further object of my mvention to pro-
vide a main valve mechanism for a fluid oper-
ated pump, adapted to convey operating fluid
alternately to opposite ends of the motor piston
of the pump, and which is adapted to maintain
the flow of operating fluid to the motor cylinder
below a predetermined maximum rate when the
pumping load on the pump drops below a prede-
termined value so as to prevent racing of the

. pistons thereof,

Another object of my invention is to provide a
main valve mechanism for a fluid operated pump,
adapted to convey operating fluid alternately to
opposite ends of the motor piston, and to control
the discharge of spent operating fiuid from the
motor piston, and which is adapted to maintain
such discharge of spent operating fluid below a
predetermined maximum when the pumping load
on the pump drops below a predetermined value
so as to prevent racing of the pistons of the de-
vice.

Another object of my invention is to provide
a novel type of movable main valve for a fluid
operated pump, the movement of which has novel
characteristics providing smoother and more effi-
cient operation of the valve.

As my invention may be used in connection
with hydraulic equipment other than pumps such
as are described hereinabove, still another object
of my invention is to provide in a valve device
-for directing a fluid flow a mechanism responsive

Other objects and advantages will be evident
from the following specification and the draw-
ings, which are for the purpose of illustration
only and in which: _

Fig. 1'is a vertical sectional view of the motor
and main valve of my invention.

PFig. 2 is a vertical sectional view of my inven-
tion, carried downwardly from the lower end of

Fig. 1.

Fig. 3 is a vertical sectiona] view of my inven-
tion, carried downwardly from the lower end of .
Fig. 2. )

Fig. 4 is a cross-sectional view taken on the
line 4—4 of Fig. 1.

Fig. 5 is a cross-sectional view taken on the
line 5—5 of Fig. 1.

Fig. 6 is a cross-sectlonal view taken on the.
line 6—6 of Fig. 1.

Pig. 7 is a cross-sectlonal view taken on the
line 1--1 of Fig. 1.

Fig. 8 is a cross—sedtional view - taken on the
line 8—8 of Flig. 1.

Fig.9is a cross-sectlonal view taken on the line
9—9 of Fig, 1.

. Fig. 10 is a cross-sectional view taken on the
line 10—10 of Fig. 1.

Fig. 11 is a cross-sectional view taken on the
line (1—I11 of Fig. 1. )

Fig. 12 is a cross-sectional view taken on the
line 12—12 of Fig. 1.

Fig. 13 is a view showing the outer surface of
the main valve of my invention prOJected onto
a vertical plane.

Fig. 14 is a vertical sectional view of my inven-

. tion, showing the main~-valve in one position of

40

45

50

operation.

Fig, 15 is'a vertical sectional view of my in-
vention, showing the main valve in another posi-
tion of operatio }1

Fig. 16 is a vertical sectional view of my in-
vention, showing the main valve in another posi-
tion of operation.

Fig, 17 is a vertical sectional view of my in-
vention, showing the main valve in another posi-
tion of operation. .

Fig. 18 is a vertical sectional view of my in-
vention, showing the main valve in another posi- -
tion of operation,

Fig. 19 is a vertical sectional view of my ln-

- vention, showing the main valve in another posi-

656
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tion of operation,

Fig. 20 is a vertical sectional view of my inven-
tion, showing the main valve in another position -
of operation.

Fig. 21 is a-graph showing the operation of my
invention under normal operating conditions.

Fig. 22 is a graph showing the operation of my
invention when the pump cylinder contains only
about 30% solid fluid.

Fig. 23 is a graph showing the operation of my
invention when the pump cylinder contains no
solid fluid but 100% gas.

Referring to the drawings Figs.. 1, 2, and 3
show a fluid operated pump 25 having an upper
fitting 26 by which the fluid operated pump is
secured to the lower end of a fluid supply tubing
21 by which operating fluid under relatively high
pressure is delivered to the motor section of the
fluid operated pump. The fitting 26 has an in-
ternally threaded portion 28 adapted to receive )
the upper threaded end of a valve body 29. The
valve body 29 has.an axial minor bore 30 formed
in the upper part thereof, which is separated by

f
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a circular channel 3! from g major bore 32 ax-
ially formed in the lower portion of the va.lve
body 29.

Substantially intermediate between the ends
of the minor bore 30 is an upper circular channel

33 which intersects the upper ends of primary

fluid passages 34, as hest shown in Fig. 4, such
fluid passages extending within the wall of the
valve body 29 to the lower end thereof. Spaced
below the channel 3{ in the major bore 32 is a
fluted annular channel 35 the flutes of which in-
tersect with the upper ends of secondary fluid
passages 36, as best shown in Fig. 6, each of
which extends longitudinally to the lower end of
the valve body 28, the secondary fluid passages 36

being spaced between the primary fluid passages
34. :

Connecting the circular channel .31 with the

exterior of the valve body 29 is a motor discharge
port 31, and an upper valve discharge port 38 is
provided in the wall of the valve body 29 to con-
nect between the exterior thereof and the in-
terior of the major bore 32. Extending upwardly

10

15

20

from the bottom of the valve body 28 is a valve .

exhaust passages 39, best shown in Figs. 1, 11 and
12, the exhaust passage being disposed between
two of the secondary fluid passages 36. Connect-
ing the upper end of the valve exhaust passage 39
with the exterior of the valve body 29 is a lower
valve exhaust port 40.

The lower end of the valve body 29 is provided
with a threaded portion 41 to which is threaded
the upper end of g motor cylinder 42. The motor
cylinder 42 is provided at its upper end with a
counterbored axial chamber 43 in which is dis-
posed a plug body 84 held in fluid-tight engage-
ment with the lower end of the valve body 29 and
in fluid-tight engagement with the upper end of
a motor cylinder liner 45 when the parts are as-
sembled as shown in Fig, 1. Mounted in the up-
per part of the plug body 44 is a valve liner 46
having an upper sleeve portion 47 extending up-
wardly within the major bore 382 of the valve body
29 to a point a short distance below the fluted an-
nular channel 35, there being an annular space
48 formed within the major bore 32 around the
upper sleeve portion 471 of the valve liner 46. The
;valve liner 48 is provided with an axial bore 49
therethrough, in which is formed an . annular
channel 50 communicating through a plurality of
upper liner ports 5! with the annular space 48
with the parts in the position shown in Fig. 1.
Below the channiel 50 in the bore 49 of the valve
liner 47 is an annular channel $§2 which com-
municates through a plurality of intermediate
liner ports 53 with the annular space 48. A
shoulder or collar 84 is formed on the valve liner
48 in a position to rest upon the upper end of the
plug body 44, the outer periphery of the collar
54 making a fluid-tight fit with the lower end of

25

30

35

40

45

50

3

the major portion 63 thereof and has an ex-
ternal  surface 64 which forms a substantially
fluid-tight sliding fit in the minor bore 30- of
the valve body 29. The major portion 63 of the
valve member 60 has an external surface €5
which forms a substantjally fluid-tight sliding
fit with' the major bore 32 of the valve body 29,
the major portion of the valve member extend-
ing downwardly into the annular space 48 be-
tween the major bore and the external surface
of the valve sleeve 41. The uppermost part of
the minor portion 61 of the valve member 60
is reduced in diameter to provide an annular
channel 65¢ therearound in which are upper in-
let ports 66, and in the major portion 63 are lower
inlet ports 67 which communicate with an an-
nular channel 68 formed on the exterior of the
valve member. Formed on the external surface
of the minor. portion 6f of the valve member
60 is an annular channel 6§39 which, when the

-Valve member is in the position shown in Fig, 1,

communicates between the circular channel 33
and the motor discharge port 31. As best shown
in Fig. 13, connecting with the annular chan-

-nel §5¢ and consequently with each of the upper

inlet ports. 66 is a-short vertical channel 7! formed
in the outer surface of the minor portion 61 of
the valve member 60, the channels 11 being of
varying lengths. Slmilarly formed, in the outer
surface of the minor portion 61 are a set of
vertical channels 12 communicating with the an-
nular channel 89, and formed in the external sur-
face of the major portion €3 of the valve mem-
ber 60 are vertical channels 713 also communi-
cating with the annular channel 69. Likewise,
vertical channels 148 are formed in the major
portion §3 of the valve member 66 and communi-
cate with the lower inlet ports 61. The chan-
nels comprising each of the sets of vertical chan-
nels 71, 72, 13, and T4 are of varying lengths,
as illustrated in Fig. 13, for a purpose to be de-
scribed hereinafter.

Formed in the bore of the major portion 63
of the valve member 60 is an annular channel
15 communicating with the lower inlet ports 67.
Also formed in the major portion 63 is a helical
passage 16 of relatively small cross-sectional area
which communicates between the annular chan-
nel 16 and a wide annular channel 71 therebe-
low. In between the threads of the lower end
of the helical passage 76 is an upper governing

- port 18 which communicates with a circular chan-

55

60

the major bore 32. In the bore 42 of the valve -

liner 46, below the annular channel 52, is formed
a lower annular channel 55 which communicates
through a plurality of lower liner ports 56 in the
wall of the valve liner 46 with an annular space
87 surrounding a lower reduced portion 58 of
“the collar 54, the space 57 communicating
through an opening 59 in the lower end of the
valve body 29 with the valve exhaust passage 39.
Slidable within the valve body 29 is a main
valve member 80 which is of tubular form and
which has an upper minor portion 61 which is

65

70

separated by an annular shoulder 62 from g lower ™

major portion 83. The minor portion 6{ of the

"valve member 60 is of a smaller diameter than 75

nel 79 formed on the exterior surface of the
major portion 63 of the valve member 60. At
the lower end of the wide annular channel i1
is & circular channel 88 which communicates with
the annular-space 48 below the valve member
60 through valve passages 81, and which also
communicates through a lower governing port
82 with a circular channel 83 formed in the outer
surface of the major portion 63 of the valve
member. Formed in the outer surface of the
upper sleeve portion 47 of the valve liner 46,
above the upper liner port 54, is an annular chan-
nel 84, and communicating between one of the
secondary passages 36 and the mtenor of the
major bore 32 of the valve body 29 is an cuter
governing port 165. :

Slidable within the bore of the valve liner 46
in fluid-tight relation therewith, and movable
within the bore of the valve member 60 in spaced
relation thereto, is a pilot rod 86, the lower end
of which is connected to the upper end of & mo-
tor piston 87 adapted to be reciprocated with-
in the motor cylmder liner 45 of the motor cyl-




4

Inder 42. A cavity 88 formed in the lower end-
of the plug body 44 constitutes a continuation
of the bore of the cylinder liner 45, and is pro-
vided with an inwardly tapered wall portion 89
having an annular channel 90 formed therein
which intersects the lower ends of a plurality
of vertical passages 92 formed in the plug body
44, each of the vertical passages 92 being axially
aligned with the primary passages 34, the upper
end of each of the vertical passages 92 register-
ing with the lower end of one of the primary
passages 34. The cavity 88 above the annular
channel 90 forms a dashpot chamber for holding
a body of fluid to stop the upward movement of
the power piston 81 with a cushioning effect, as
is well known in the art. As will be noted, the
secondary fluid passages 36, which lead down-
wardly from the fluted annular channel 35, con-
nect with fluid passages 93 having the form of
grooves in the external face of the plug body
44, the lower end thereof communicating with the
axial chamber 43.

The lower end of the motor cylinder 42 is
connected by threads 95 to an intermediate plug
96 which has an upwardly extending tubular pro-
jection 97, the upper end of which engages the
lower end 98 of the cylinder liner 45 in fluid-
tight engagement. In the upper end of the tu-
bular projection 97 is a dashpot cavity 99 for a
purpose similar to that of the cavity 88, the up-
per end of the dashpot cavity 99 communicating
through lower motor cylinder ports 108 with an
annular space 101 around the tubular preojection’
87 and within the motor. cylinder 42, the upper
end of which communicates through longitudi-
nal passages 102 formed between the motor cyl-
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inder 42 and the cylinder liner 45 with the lower

end of the axial chamber 43.

The lower portion of the intermediate plug 96
is provided with external threads {04, to which
is threaded the upper end of a pump cylinder
105 having a cylinder liner {06 therein, similarly
to the motor cylinder 42 with its liner 45 therein,
vertical longitudinal passages 107 being provided
between the pump cylinder and the cylinder liner.
Disposed between the lower end of the intermedi-
ate plug 96 and the upper end of the cylinder
liner 1086 of the pump cylinder 105 is an upper
pump valve device 108 which includes an upper
discharge valve 118 and an upper inlet valve til.
The upper discharge valve 110 is housed in a
chamber 112 formed in the lower end of the in-
termediate plug 96, which communicates through
upper discharge passages 113 with the exterio
of the intermediate plug 96, the upper discharge
valve including- spring-held ball members (14
adapted to open ‘upwardly to permit a flow of
fluid from the upper end of the cylinder liner 106
therethrough and through the upper discharge
passages {13, but preventing a reverse flow, The
upper inlet valve {l{ is disposed in a chamber
115 provided in a valve cage (I8, and includes
spring-held ball members {7 adapted to open
downwardly to permit a flow of fluid into the
upper end of the cylinder liner 106 through an
upper inlet passage 118 formed in a valve ring

mediate plug 96 and the upper end of the valve
cage 116,

An intermediate piston rod ! ZI extends down-
wardly from the lower end of the motor piston
87 through the intermediate plug 96 and the up-
per-pump valve device 108, and has its lower
end connectgg.,to a pump piston 122, the pump
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piston being reciprocable in the cylinder liner
106, .-

The lower end of the pump cylinder 105 is
provided with internal threads 123 by which vhe

- same is connected to a lower plug 124, Between

the upper end of the lower plug 124 and the lower
end of the cylinder liner 106 is disposed a lower
pump valve device 125 which includes a lower
discharge valve (26 and a lower inlet valve 121,
the lower discharge and inlet valves 126 and (21,
respectively, being similar in construction to the
upper discharge and inlet valves {10 and {1, re-
spectively. The lower discharge valve 126 com-
municates with the lower end of the cylinder liner
106 and with a lower discharge passage 128
formed in the lower plug 124, which in turn com-
municates with the exterior of the plug. The
lower inlet valve 27 communicates between the
interior of the lower end of the cylinder liner
106 and with a space {29 between the exterior
of the lower pump valve device 125 and the pump
cylinder 105, the space in turn communicating
with vertical inlet passages 130 formed in the
lower plug 124.

The lower end of the lower plug 124 is con-
nected by external threads to a lower inlet fit-
ting 131 provided with a lower conical end 132
in which an inlet opening 133 is formed. The"
conical end 132 of the inlet fitting 131 is adapted -

‘to seat in an inlet seat 134 carried by a bottom

hole fitting 135 suitably threaded to the lower
end of a production tubing 136 which extends-
upwardly through the well to the surface of the
ground and is adapted to convey pumped fluid
therethrough. I prefer to connect to the lower
end of the fitting 135 a liner {47 having a lower

‘open end and which may extend as far as de-

sired below the fitting into the well, although it
will be understood that this liner may be omitted
if desired.

Threaded into the lower end of the lower plug
124 is a tubular closure member 138 having its
lower end closed. A lower piston rod 139 is suit-
ably connected to the lower end of the pump pis-
ton 122 and extends downwardly through the
lower pump valve device 125 and the lower plug
124 into the interior of the tubular closure mem-
As will be noted, the pilot rod 86, the
motor piston 87, the intermediate piston rod 121,
the pump piston 122, and the lower piston rod
(39 are provided with axially aligned and com-
municating longitudinal passages (41, 142, (43,
(44, and 145, respectively, so as to prov1de ﬁuid
‘communication therethrough with the interior of
the tubular closure member 138 so as.to balance
the fluid pressure on the upper and lower ends
of the rods.

As shown in Figs. 1 and 4, the upper end of the
pilot rod 86 is provided with a plurality of cir-
cumferentiaily spaced \upper vertical' channels
146, and also formed therebelow in the external
surface of the pilot rod is a set of lower vertical

- channels 148, as best shown in Figs. 1 and 12,
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for a purpose to be described hereinafter.

During operation, operating fluid, such as, for
example, oil, under relatively high - pressure is
conveyed through the fluid supply tubing 271 and
the upper fitting 26 to the. interior of the valve
body 28, from whence it is conveyed through the
main valve member 60, as will be desecribed here-

Inafter, alternately to opposite ends of the motor
_piston 81, causing the same to reciprocate in the

cylinder liner 45. Reciprocation of the motor
piston 87 is communicated through the inter-
mediate piston rod 121 to the pump piston $22,
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causing the same to reciprocate similarly in the
cylinder liner 106. In the position shown in
Fig. 2, the motor piston 87 is substantially at the
upper end of its stroke, and as it moves down-
wardly to the position shown in Fig, 17, in which
it is substantially at the lower end of iis stroke,
it carries with it the pump pistén 122, and wfell
fluid flows upwardly through the liner 137, the

inlet opening 33, the lower inlet fitting 131 the -

vertical inlet passages 130, the space 128, the
longitudinal passages 107, and the upper inlet
_ bassages {8, through the upper inlet valve iif,
angd into the upper end of the cylinder liner 106
above the pump piston {22 as the same moves
downwardly. During such downward movement
of the pump piston {22, fluid in the cylinder liner
{86 therebelow is expelled therefrom through the
lower discharge valve 126 and the lower discharge
passage- 128 directly info the production tubing
{36, from whence it flows upwardly therethrough
to the surface of the ground. During downward
movement of the pump piston §22, obviously, the
upper discharge valve ({8 and the lower inlet
valve {27 will both remain closed. When the
motor piston 87 starts its upward stroke from the
position shown in Fig. 17 to that shown in Fig. 2,
- it carries with it the pump piston {22, and well
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fiuid from the space 12¢ will be drawn inwardly

through the lower inlet valve [27 into the lower .

end of the cylinder liner {06 below the pump
piston 122, and at the same time fluid in the
cylinder liner {86 above the pump piston {22 will
be expelled therefrom through the upper dis-
charge valve {i¢ and the upper discharge pas-
sages 183 into the production tubing {38, from
whence it fiows upwardly to the surface of the
ground. Thus, it will be understood that & sub-
stantially continuous flow of pumped fluid is
created in the production tubing §36¢ during recip-
rocation of the pump piston §22.

The operation of the main valve member 60
will now be described, but as it operates differ-
ently under.different well conditions its normal
operation under normal well conditions will first
be described. By “normal well conditions” I
mean the normal situation when the pump cyl-
inder liner 106 is filled with substantially solid
fluid, i. e., when there is little or no gas mixed
with the liguid entering the cyhnder liner 108
from the well.

With the parts in the position shown in Fig. 1,
the main valve member 60 is in substantially its
uppermost position, and the motor and pump
pistons 87 and 122, respectively, and the pilot rod
86 have reached substantially the upper end of
their upward strokes.
are aligned with the fluted annular channel 35

and fully open, and there is an unrestricted flow

of operating fluid from the interior of the valve
body 29 through the lower inlet ports 67, the
.fluted annular channel 35, the secondary fluid
passages 36, the fluid passages 93, the axial
chamber 43, the longitudinal passages 102, and
the lower motor cylinder ports (00 into the cyl-
inder liner 45 below the motor piston 87, tending
to cause the same to move upwardly. The upper
end of the motor piston 87 is open to the rela-
tively low fluid pressure in thé production tubing
136, the same being called “discharge pressure”
hereinafter, through the annular channel 90, the
vertical passages 92, the primary fluid passages
34, the circular-channel 33, the annular channel

69, and the moter discharge port 37, and during

upward movement of the motor piston spent

The lower inlet ports 67

30

35

40

45

50

55

60

65

70

%5

B

operating fluid thereabove may thus exhaust’
into the production tubing.

As the pilot rod 86 has substantially reached
the upper end of its upward stroke, as shown in
Fig. 1, the lower vertical channels {48 therein
span the lower annular channel 55 and the annu-

Jar channel 52 to open the annular space 48

beneath the main valve member 60 to discharge

- pressure through the intermediate liner ports 53,

the annular channel §2, the lower vertical chan-
nels 148, the lower annular channel 55, the lower
liner ports 56, the annular space 57, the opening
59, the exhaust passage 39, and the lower valve
exhaust port 40. Since the pressure exerted by
the operating fluid on the upper end of the minor
portion 62 of the valve member 60 is substantially
greater than the pressure exerted on the lower
end of the major portion 62 of the: valve member
by the discharge pressure in the production tub-
ing 138, the valve member, as shown in Fig. 1, is
about to move downwardly. The valve member
60 then moves downwardly at a relatively high
rate of speed to the position shown in Fig. 14, at
which time the downward speed thereof is mate-
rially reduced, the initial phase of the downward
movement of the valve member being graphieally
represented by the portion {56 of the chart illus-
trated in Fig. 21. v

As the valve member 68 moves downwardly
from the position shown in Fig. 1 to the position
shown in PFig. 14, the lower inlet ports 67 therein
pass out of registry with the fluted annular
channel 35, thus shutting off the flow of operat-
ing fluid to the lower end of the power piston 87.
Similarly, the annular channel 68 formed on the
exterior of the valve member 60 passes out of
registry with the circular chaanel 83, thus shut-
ting off the exhaust flow of spent operating duid
from the upper end of the motor piston 87.

When the valve member 80 reaches the posi-
tion shown in Fig. 14, the lower end thereof
has just closed the intermediate liner ports §3
so as to shut off the open exhaust of fluid
therethrough from the lower end of the annular
space 48. However, just prior thereto down-
ward movement of the valve member 68 has
caused the annular channel 68 to register with
the upper valve discharge port 38, so as to
maintain the annular space 48 below the valve

member in communication with the discharge

pressure through the valve passages 8i, the
circular channel 80, the wide annular channel 71,
the helical passage 16, the anrular channel 75,
the lower inlet ports 67, the annular channel 68,
and the upper valve discharge port 38. Since
the helical passage 16 -is relatively long and is
of restricted cross-sectional area, fluid from the
space 48 below the valve member 60 exhausts
slowly, and, consequently, the valve member 60
moves slowly until it reaches the position shown
in Fig. 15, this slow phase of its movement being
graphically illustrated by the portion 151 of
the chart shown in Fig. 21,

During the relatively slow downward move-
ment of the valve member 60 between the posi-
tions shown in Pigs. 14 and 15, the flow of oper-
ating fluid to the upper end of the motor piston
81 is started and increased gradually to prevent
fluid shock which would otherwise occur if the
full volume of operating fluid were suddenly -
delivered to the motor piston. This gradual in-
crease in the volume of operating fluid delivered
<0 the upper end of the motor piston 87 is con-
trolled by the varying-length vertical channels -
11, best shown in Fig. 13, which, as downward
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movement of the valve member 60 progresses,
successively open restricted fluid communica~
tion between the operating fluid and the circu-
lar channel 33, and, consequently, the upper end
of the motor piston. Consequently, the motor
piston 87 accelerates gradually in ifs initial
downward movement, as graphically indicated
by the portion 160 of the chart of Fig. 21. Sim-
ilarly, during this same portion of movement
of the valve member 60, the lower side of the
motor piston 87 is gradually opened to exhaust
pressure by the varying-length vertical channels
13 successively registering with the fluted an-
nular channel 35. It will thus be understood
that during the first portion of this slow phase
of the downward movement of the valve member
60 the flow of operating fluid to the upper end
of the motor piston 87 is metered by the vertical
channels 71, and the discharge from below the
motor piston is simultaneously metered by the
vertical channels 73.

As soon as the vertical channels T{ start to
register with the upper circular channel 33 and
operating fluid flows therethrough to the upper
end of the motor piston 81 to start the down-
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stroke thereof, the pilot rod 86 also moves down- -

wardly to take the lower vertical channels 148
therein out of registry with the annular chan-
nel 52, as shown in Fig. 15, thus shutting off
all communication between the annular channel
52 and the lower annular channel 55 during the
remainder of the downstroke of the valve mem-
ber 60. However, upon the valve member 60
reaching the position shown in Fig. 15; the cir-
cular channel 19 registers with the outer govern-
ing port 65, and the lower end of the valve
member 60 is thus additionally opened to dis-
charge pressure through the upper governing
port 18, the outer governing port 165, the second-
ary passage 36, the fluted annular channel 35,
the vertical varying-length channels 73, the
‘shallow annular channel 69, and the motor dis-
charge port 37. Since the cross-sectional area.
of this fluid path is large relative to that of
the path through the helical passage 76, the valve
member 60 increases its downward rate of move-
ment until it reaches the position shown in Fig.
16, this phase of downward travel of the valve
member being graphically represented by the
portion 152 of the chart shown in Fig. 21. Aswill
be noted from Fig. 21, however, the downward
speed of the valve member 60 during the portion
152 is not as great as the speed of its initial
travel represented by the portion 159, which is
due to the difference in lengths and cross-sec-
tional areas of the passages and ports through
which the fluid exhausts from the annular space
48 in the two portions of travel of the valve
member, respectively.

It is to be noted that on the downstroke of
the valve member 60, although the vertical chan-
nels 11 initially register with the circular chan-
nel 33 simultaneously with the initial registry
of the vertical channels 73 with the fluted annu-
lar channel 35 so as to simultaneously throttle
the initial flow of operating fluid to the upper
end of the motor piston 81 and the initial dis-
charge of spent operating fluid from below the
motor piston, the annular channel 65¢ on the
upper end of the valve member €0 opens to the
circular channel 33 before the annular channel
69 opens to the fluted annular channel 35, due
to the fact that the vertical channels Tl are
shorter than the vertical ehannels 13, as best
shown in PFig. 13.
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As soon as the annular channel 65a registers
with the circular channel 33, a substantially
uninterrupted flow of operating fluid can flow
to the upper end of the motor piston 87, and
thus the vertical channels 13 continue to throttle
the flow of spent operating fluid from beneath
the motor piston after a free flow of operating
fluid is permitted to flow to the upper end of the
motor piston. This continued throttling of the
spent operating fluid through the vertical chan-
nels 13 only continues, of course, until the valve
member 60 has moved downwardly sufficiently to
permit the annular channel 63 to register di-
rectly with the fluted annular channel 39, at
which time, as shown in Fig. 16, the circular
channel 33 is fully open to operating fluid
through the annular channel 65a and the upper
inlet ports 66, and the fluted annular channel
35 is fully open to discharge pressure through
the annular channel 69 and the motor discharge
port 31. .

When the valve member 60 reaches the posi-
tion shown in Fig. 16, it will be noted that the
circular channel 79 has passed downwardly out
of registry with the outer governing port 1689,
and, consequently, fluid from the annular space
48 must again exhaust through the helical pas-
sage 16 and the upper valve discharge port 38,
which, due to the relatively small cross-sectional
area of this path of flow, produces a small amount
of end movement of the valve member at the
same rate as represented by the portion 151 of
the graph of Fig. 21. ‘This slow end action of the
valve member is designed to protect it against
undesirable hammering, and for the purpose of
simplification has been omitted from the graphs
of PFigs. 21 and 22, although it will be understood
that it will be present under all conditions of
operation where the valve member completes its
stroke. So far as a general understanding of
the action of the valve member 60 is concerned.
however, the valve member may be regarded as
remaining substantially in the position showa in
Fig. 16 until it starts its upstroke, this stationary
phase of the valve member’s action being shown
by the portion §53 of the chart of Fig. 21. As
will be noted, when the valve member 60 reaches
the position shown in Fig. 16, operating fluid un-
restrictedly flows to the upper end of the motor
piston 87 from the upper fitting 26 through the
annular channel 65¢ and the upper inlet ports
68, through the circular channel 33, the primary
fluid passages 34, the passages 92, and through
the annular channel 90 into the upper end of the
cylinder liner 46. In this position, also, the lower
end of the motor piston 87 is unrestrictedly opened
to exhaust pressure through the lower motor cyl-
inder ports 100, the longitudinal passages 102, the
axial chamber 43, the fluid passages 93, the sec-
ondary fluid passages 36, the fluted annular chan-
nel 35, the annular channel 69, and the motor
discharge port 37. 'The motor piston 87 then
completes its downward stroke, graphically rep-
resented by the portion 154 of the chart of Fig.
21, reaching the piston shown in Fig. 17.

When the motor piston 87 and pilot rod 86
approach. their lower position, shown in Fig. 17,

" the upper longitudinal channels 146 in the pilot

rod register with the annular channel 50 in the
upper sleeve portion 47 of the valve liner 46, so
as to open fluid communication between the op-
erating fluid in the supply pipe 27 and the lower
end of the space 48 through the annular chan-
nel 50, the upper liner ports 51, the wide annu-
lar channel 71, the circular channel 80, and the
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valve passages 8i. Since the cross-sectional area
of the lower end of the valve member 68 is
greater than that of its upper end, and since the
valve member 60 is so designed that when in this
position the total upward force exerted by the
operating fluid thereon exceeds the total down-
ward force exerted thereon by the operating fluid
and the discharge pressure, the admission of
operating fluid beneath the valve member 60
- causes the same to move upwardly at a relatively
high rate of speed to the position shown in Fig.
18, this first phase of the upward movement of
the valve member being graphically illustrated
by the portion {55 of the chart shown in Fig, 21.
It will be understood that the area ratio between
the pressure ends of the valve member 60 which
includes the areas open to exhaust can be altered
to. vary the actlon of the valve member as de-
sired.

Upon its arrival at the position shown in Fig.
18, the lower end of the valve member €8 has
just closed the upper liner ports §{, but consid-~
erably previous thereto the annular channel 75
has opened fluid communication between the op-
erating fluid and the annular space 48 through
the helical passage T8, the wide annular channel
77, the circular channel 88, and the valve pas-
sages 8. Thus, closure of the upper liner porés
§{ does not stop the upward movement of the
valve member 68, but due to the restricted cross-
sectional area of the helical passage 76 the flow
of operating fiuid to the under side of the valve
member is retarded, and, consequently, the valve
membher moves relatively slowly to the position
shown in PFig, 19, this,second phase of the up-
ward movement of the valve member being
graphically illustrated by the portion {56 of the
chart of Fig. 21. It is to be noted that the dis-
tance the valve member 66 must travel on its
upstroke during which the lower inlet ports 67
are out of communication with the upper valve
discharge port 38 and with the operating filuid
above the valve liner 46 is very small. This is
an important feature, as occasionally the pilot
rod 86 may move upwardly slightly so as to move
the upper Iongitudinal channels {46 therein out
of registry with the annular channel 56, which
stops the flow of operating fluid to the lower end
- of the annular space 48 through the upper liner

ports 5i, and if the annular channel 15 has not :

then been raised to communicate with the oper-
ating fluid above the valve liner 46 and the
channel 68 has been cut off from the upper valve
discharge port 38, the valve member 60 may stop
on dead center. This tendency is reduced in my

device by providing only a small travel of the

valve member 60 during which the lower inlet
ports 67 are out of fluid communication with
" either the upper valve discharge port 38 or the
operating fluid above the valve liner 46. If the
pilot rod 86 moves upwardly slightly so as to
move the upper longitudinal channels 146 out
of registry with the annular channel 50 while
the lower inlet ports 6T are still in fluid com-
munication with the upper valve discharge 38
through the annular channel 68, since fluid com-
munication still exists between the lower end of
the space 48 and the discharge pressure through
the helical passage 16, the fluid from below the
valve member will slowly exhaust therethrough,
permitting the valve member to move down-
wardly to the lower end of its stroke, following
which it will again start its upstroke, and since
by the time the valve member reaches the lower
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moved the motor piston to the lower end of its
stroke, a normal upstroke of the valve member
can he performed. Similarly, if the pilot rod
moves upwardly slightly so as to move the upper
longitudinal channels 146 out of registery with
the annular channel 58 after the upper end of
the annular channel 75 has moved above the
upper end of the valve liner 46, operating fiuid is
then in direct communication with the lower end
of the valve member through the helical passage
16, and it can complete its upstroke at the rate
indicated by the portion 51 of the graph of Fig.
21, The same feature to reduce the tendency
of the valve member 60 to stop on dead center
is provided in the downstroke of the valve mem-
ber 60 when the lower inlet ports 61 move down-
wardly out of communication above the valve
liner 46 with the operating fluid and before the

‘annular channel 68 registers with the upper

valve discharge port 38, the tendency of the valve
member to stop on dead center being thus re-
duced to a minimum.

During the relatively slow upward movement
of the valve member 68 between the positions
shown in Figs. 18 and 19, the flow of operating
finid to the lower end of the motor piston 87 is
started and increased gradually to prevent fluid
shock which would otherwise accur if the full
volume of operating fluid were suddenly de-
livered to the motor piston. This gradual in-
crease in the volume of operating fluid delivered
to the lower end of the motor piston 87 is con-
trolled by the varying-length vertical channels
14, best shown in Fig. 13, which progressively
register with the fluted annular channel 25, to
meter the flow therethrough as described above
in connection with the vertical channels Tf upon
the downstroke of the valve member.  Conse-
quently, the motor piston 87 accelerates grad-
ually in its initial upward movement, as graph-
ically represented by the portion 16! of the
chart-shown in Fig. 21. Simultaneously with the
initial registry of the vertical channels 78 with the
fluted annular channel 35,the vertical channels 72

5 register with the circular channel 33 to gradual-

1y open the upper end of the motor piston 87 to
discharge pressure simultaneously with the

" initial admission of operating fluid to the lower
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end of its stroke operating fluid will again have 78

end of the motor piston. Since the vertical
channels 14 are shorter than the vertical chan~
nels 12, on the upstroke of the valve member 60
the annular channel 69 fully registers with the
circular channel 33 to permit uninterrupted dis-
charge from the upper end of the motor piston
87 while the vertical channels T4 are still throt-
tling the flow of. operating fluid therethrough
to the fluted annular channel 35 and to the lower
end of the motor piston.

When the valve member 60 reaches the posi-
tion shown in Fig. 19, the circular channel 83
and the lower governing port 82 register with the
outer governing port 165, and the lower end of
the valve member 60 is thus additionally opened
to operating fluid through the lower inlet ports
617, the fluted annular channel 35, the secondary
passage 36, the outer governing port 165, the
lower governing port 82, and the valve passage
81, and thereupon the valve member continues
its upward movement at an increased rate of
speed until it veaches the position shown in Fig.
20. This phase of upward movement of the
valve member 68 is graphically illustrated by the
portion 157 of the chart shown in Fig. 21.

‘When the valve member 60 reaches the position
shown in Fig. 20, the upper end of the motor
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piston 87 is unrestrictedly opened to discharge
pressure from the primary fluid passages 34, the
circular channel 33, the annular channel 69, the
circular channel 3{, and the motor discharge
port 31. Also, the lower end of the motor piston
81 is unrestrictedly opened to operating fluid
through the lower motor cylinder ports 100, the

longitudinal passages 102, the axial chamber 43,

the fluid passages 93, the secondary fluid passages
36, the fluted annular channel 35, and the lower
inlet ports 61. Consequently, from the position
shown in Fig. 20 the motor piston 81 moves up-
wardly to the position shown in Fig. 1. When
the valve member 60 has moved upwardly to the
position shown in Fig. 20, it will be noted that the
upper end of the valve member has not yet en-
gaged the fitting 26 and that the annular chan-
nel 83 has just’' moved out of registry with the
outer governing port §65. Consequently, in this
position operating fluid can still flow to the lower
end of the valve member 60 through the helical
passage 16, which causes a slight further end
movement of the valve member at a reduced rate
of speed which is the same as that indicated
by the portion 156 of Fig. 21, and which provides
a small amount of upward end movement of the
valve member similar to the lower end movement
thereof described hereinabove. So far as a gen-
eral understanding of the operation of the valve
member 68 is concerned, the valve member may
be regarded as remaining substantially station-
ary in the position shown in Fig. 20, as graphical-
ly indicated by the portion 158 of the chart of
Fig. 21, the remaining upward movement of the
motor piston being represented by the portion
159 of the chart. When the parts reach the po-
-sitions shown in Fig. 1, a complete cycle of oper-
ation has been completed, and a new cycle starts,
as described hereinabove.

In the operation of a fluid operated pump, such
as described herein, it is desirable to maintain
the flow of operating fluid to the motor piston
at a substantially uniform rate. If, however, the
pump load is suddenly decreased, the rate of flow
of operating fluid normally would increase, as
pointed out hereinabove, with an attendant ex-
cessive increase in the speed of the motor and
pump. To prevent this condition occurring, my
invention includes governing means adapted to
operate in response to a decrease in pump load
to maintain the flow of operating fluld to the
motor piston 87 below a predetermined maximum
rate, so ‘as to prevent undesired acceleration of
the moving parts, and the operation of such gov-
erning means is now described.

The governing means of my favention includes
the upper and lower governing ports 78 and 82,
respectively, and the outer governing port {65
communicating between one of the secondary
fluid passages 38 and the annular space 48, as
shown in Mg. 10.

‘When the pump cylinder liner 106 ahead of the
pump piston {22 contains only about 309% well
Hauid and the balance gas, the governing action
of my device is as foilows: The valve member
60 moves downwardly from the position shown
in Fig. 1 to the position shown in Fig. 14 at a
rapid rate, this portion of its movement being
illustrated graphically by the portion 182 of the
chart of Fig. 22, which action is exactly the same
as the action thereof shown by the portion 150 of
Fig. 21. The valve member 60 then continues
its downward movement =t a slow rate, this
portion of its travel being illustrated by the por-
tion 183 of the chart of Fi;;. 22, which action is
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exactly the same as the action thereof shown by
the portion 151 of Fig. 21. At the beginning of
the slow downward movement of the valve mem-
ber 60, in which it is in the position shown in Fig.
15, the vertical channels Tt begin to register with
the circular channel 33 to permit an initial re-
stricted flow of operating fluid from the supply
pipe 27 to the upper end of the motor piston
87, and simultaneously during this portion of
the movement of the valve member 60 the verti-
cal channels 73 successively register with theé
fluted annular channel 35 {o permit a restricted
flow of spent operating fluid to exhaust from
below the motor piston 81. After the vertical
channels 713 begin to register with the fluted an-
nular channel 35 and the annular channel 65a
is fully open to the circular channel 33, the cir-
cular channel 79 registers with the outer gov-

erning port 165. Since the pump cylinder liner

106 below the pump piston 122 is filled largely
with compressible gas, the force needed to move
the pump piston downwardly to compress this
gas is relatively small compared with the force
required to move the pump piston when it is en-
gaging solid liquid, and, consequently, even a
restricted flow of operating fluid to the upper end
of the motor piston 87 is sufficient to start the
downward movement of the motor and pump pis-
tons at a greater rate of speed than would be the
case if the pump piston were engaging solid
liguid. The increased rate of speed of this initial
downward movement of the motor piston 87 is
graphically illustrated by the portion 166 of the.
chart shown in Fig. 22, which can readily be com-
pared with the initial downward movement of
the motor piston under normal conditions by re-
ferring to the portion 160 of Fig. 21. Due to this
increased initial velocity of the pump piston 122,
and due to the fact that the discharge from below
the pump piston is throttled by the restricted
cross-sectional areas of some of the vertical
channels 13 communicating with the fluted an-
nular channel 35, fluid pressure quickly builds up
in the secondary passages 36, and this rise in
fluid pressure is communicated to the lower end
of the valve member 60 through the outer gov-
erning port 165 and the upper governing port 18,

‘which prevents further downward movement of

the valve member until the fluid,pressure there-
below is reduced, as the valve member is so de-
signed that a predetermined rise in pressure
therebelow will stop its continued downward
movement, due to the difference in areas of its
upper and lower ends, and due to the fact that
fluid under such increased pressure is supplied
from the secondary passage 36 through the outer
governing port to the bottom of the annular
space 48 faster than it can exhaust through the
helical passage 76. It is also to be noted that
the proper relation must be maintained in de-
esign between the cross-sectional area of the
outer governing port 165, the helical passage 16,
the annular channel 79, the port 18, the wide an-
nular channel 77, the annular channel 80, and
the parts 81, as the outer governing port (85
must admit fluid to the lower end of the valve
member 60 faster than the helical passage 16
will permit it to exhaust through the upper
valve discharge port 38.

Thus, the valve member 60. under such oper-
ating conditions, will remain stationary, as
graphically illustrated by the portion 164 of the
chart of Fig. 22, and the motor piston 87 will

~move at slightly increased but controlled velocity,

as indicated by the portion 167 of Fig. 22, until
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the pump piston strikes solid iquid. When this
occurs, the downward rate of movement of the
pump piston 122, and the motor piston connected
thereto, is materially reduced, and consequently
the fluid discharge pressure in the secondary
passages 36 drops due to the reduction in speed
of the pistons, thus allowing the fluid beneath
the valve member 60 in the annular space 48 to
exhaust into the secondary passages 36 through
the outer governing port 165 to permit the valve
member to resume its downward movement from
the position shown jin Fig. 15 to that shown in
Fig. 16, which movement is represented by the
portion 168 of the graph of Fig, 22, and which is
exactly the same as the corresponding valve
movement under normal conditions as repre-
sented by the portion 152 of the graph of Fig. 21.
During the movement of the valve member 60
from the positionr shown in Fig. 15 to that shown
in Fig. 16, the annular channel 69 registers with
the fiuted annular channel 85 to open fully the
discharge from the lower end of the pump piston
i22. Prior to the governing or metering action
through the vertical channels 13, the annular
channel 65z has registered with the circular
- channel 33 to open the upper end of the power
piston 87 to operating fluid, as described herein-
above in connection with the operations shown
in Fig. 21. As soon as the pump piston {22 hits
solid liquid in the pump, the balance of the stroke
of the motor piston 87 is at a velocity reduced
below normal, as indicated by the portion 169 of
the graph of Fig. 22, the change in speed of the
piston from high veloeity to low velocity being
gradual as the valve member is in the throttling
or controlling position shown in Fig. 15 when the
pump piston strikes solid liquid and the valve has
to open before the piston can assume normal
speed under load, which, plus the compression of
the gas below the pump piston, tends to round
off the curve shown in Fig. 22 and make g grad-
ual transition from governed high speed to low
speed of the piston. As soon as the valve mem-
ber 60 reaches the position shown in Fig. 16,
it remains substantially stationary until the mo-
tor piston 87 completes its downward stroke,
this portion of the action of the valve member
being represented by the portion {71! of the

" graph of Fig. 22, .
The same type of governing action takes place
upon the upward movement of the valve mem-
ber 60, as is shown by Fig. 22, but is accom-
- plished in a slightly different manner. When the
pump cylinder liner 106 above the pump piston
122 is similarly filled with a mixture of gas and
fluid, the upward movement of the valve mem-
ber 60 is the same as the upward movement
" thereof under normal conditions of operation
as shown in Pig, 21 until the valve member
reaches the position shown in Fig. 19. When
the valve member 60 reachés the position shown
in Fig. 19, the upper end of the motor piston 87
is fully open to exhaust pressure by registry of
the annular channel 69 with the circular chan-
nel 33, but operating fluid is still metered through
the vertical channels T4 which have just started
. to register with the fluted annular channel 35,
- thus throttling the flow of operating fluid to the
lower end.of the motor piston 871, as described
hereinabove. and the circular channel 83 of the
. Jower soverming - port 82 has lust registered with
the outer governing port (68. As will also be
noted from Fig. 19; the motor piston 87 has start-
ed its upward movement, and the vertical chan-
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channel 50. Due to gas in the pump cylinder
above the pump piston 122, the fluid pressure of
the operating fluld in the secondary passages 36
remains relatively low as the flow is throttled
through the vertical channels 74 until the pump
piston strikes solid liquid, and while the pressure
in the secondary passages iIs thus relatively low,
operating fluid which ‘would be normally sup-
plied to the lower end of the valve member 60
through the helical passage 16 is permitted to
‘discharge from the wide annular channel 11
through the lower governing port 82, the circular
channel 83, and the outer governing port 165
into the secondary passages 36, thus keeping the
full pressure of the operating fluid off the lower
end of the valve member 60 which causes it to
remain stationary, as illustrated by the portion
172 of the chart of Fig. 22. As the valve mem-
ber 60 thus hangs up until the pump piston 122
again strikes solid liquid, the flow of operating
fluid to the lower end of the motor piston 81 is
metered through the vertical channels 74 while
the valve member remains stationary. As soon
~as the pump piston strikes solid liquid, the fluid
pressure in the secondary passages 36 rises due
to a decrease in the throttling action of the ver-
tical channels 74 because of the resulting lower
pump piston speed, and, consequently, the dis-
charge of operating fluid from the lower govern-
ing port 82 stops, and operating fiuid then flows to
the lower end of the valve member 60 from the
secondary passages 36, causing the valve mem-
ber 60 to resume its upward movement repre-
sented by the portion 1713 of the graph shown in
Fig. 22. ‘The upstroke of the motor piston 87 is.
the same as the downstroke, as shown in Fig.
22, when the proportion of gas and liquid on
both ends of the pump piston .122 is the same.
Fig. 23 graphically illustrates the operation
of the motor piston 87 and the valve member
60 in the special case when the pump is oper-
ating at zero efficiency, i. e., when the pump is
not pumping any fluid from the well. This
curve assumes that the fluid operated pump has
been operating at zero efficiency for a sufiiclent
length of time so that the stored energy of com-
pression of the operating fluld and the stored
energy of expansion of the supply tubing have
been entirely released, and, therefore, the pis-
tons will operate at the normal number of
strokes per minute as determined by the rate
of flow of operating filuid delivered through the
supply tubing to the fluid operated pump by the
surface pump. This condition of zero efficiency
may be caused by the upper and lower inlet
valves 1il and 121, respectively, becoming
clogged with foreigen material so that they will
not unseat, or may be caused by other operat-
ing conditions. Under these conditions of op-
eration, the valve member 60 performs its first
two functions, illustrated by the -portions 80
and 181 of the graph of Fig. 23, normally, as
-will be seen by a comparison with the chart of
Fig. 21, but hangs up and remains in the throt-
tling position shown in Fig. 15 and graphically
Indicated by the portion 182 of Fig. 23 for the
remainder of the downstroke of the motor pis-
ton 87. The valve member 60 hangs up due to .
the normal pressure drop in the passages due to
fluid friction therein, which pressure drop is
sufficient to cause the valve member to hang up
so0 long as no fluid is being pumped by the pump
piston 122. ' If any fluid, even gas, is being dis-
charged by the pump piston 122, then the valve

nels {46 are out of registry with the annular 76 action will generally resemble the action there-
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of illustrated in Fig. 22. At the end of the
downstroke of the motor piston 87, the valve

member 60 then resumes substantially normal
operation for its first two functions, as graphi-

cally indicated by the portions 183 and 184 of

Fig. 23, on the start of the upstroke of the mo-
tor piston, but hangs up in the throttling posi-
tion shown in Fig. 19 and graphically shown by
the portion i85 of Fig. 23 for the balance of the
upstroke of the motor piston. It will there-
fore be appreciated that under such conditions
of operation the piston motion is almost exactly
normal and the energy of the operating fluid,
which would normally be used to operate the
fluid operated pump to lift well liquid, is all
consumed in the throttling action of the valve
member 6. '
It will be appreciated that the conditions of
operation graphically illustrated by Figs. 21, 22,
and 23 are not mutually exclusive or typical, but
are merely examples of the operation of my in-
vention -under selected different operating con-
ditions. The movement of the valve member 66
under other operating conditions may vary sub-
stantially, but in every case will be such as to
meter the flow to the motor piston 87 on the
upstroke of the valve member and to meter the
flow from the motor piston on the downstroke of
the valve member, to prevent racing of the pis-
tons. Those skilled in the art will readily
understand that the flow governing action of
my valve construction occurs whenever the
pump piston 122 strikes gas instead of solid
liquid, and that the upward or downward move-
ment of the valve member 68 stops until the
pump piston strikes solid liquid, thus providing
an automatic throtiling action to maintain the
flow of operating fluid to the motor piston 87
below a predetermined maximum rate, thus pre-
venting racing of the pump with the attendant
danger of damage to the moving parts. It will
thus be apparent that the number of strokes per
minute of my pump will be maintained below a
predetermined maximum, regardless of the pres-
ence of gas in the pump liner {86 and regard-
less of the amount of such gas, in spite of the
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ing said valve member at a materially reduced
uniform rate of speed from said first point {o a
second point at which said valve has fully opened

_ said passage; and means for moving said valve
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" primary and secondary positions;

normal tendency of the pistons to speed up un- -

der such circumstances. It will also be appre-
ciated that any sudden increase in the speed of
the prime mover in the surface pump supplying
the operating fluid will likewise fail to cause the
piston 87 to race, as any momentary increase in
the rate of flow from whatever cause will be
governed in the same manner as described here-
inabove.

Although I have described my invention as ap-

- plied to a fluid operated pump, in which it may
be used to particular advantage, it is to be un-
derstood that my device may be used in other
capacities without departing from the spirit of
my invention. Consequently, I do not intend to
be limited to the particular construction de-
scribed, but desire to be afforded the full scope
of the following claims.

T claim as my inventicn: .

1. A valve mechanism for a fluid motor of the
character described having a motor piston oper-
able in a motor cylinder and having & passage for
supplying operating fluid to one end of said eylin-
der, including: a valve member movable between
primary and secondary - positions to open said
passage: means for moving said valve member at
g relatively high rate of speed from said vrimary
position to a first point at which said valve mem-

§0

member from said second point to said secondary
position at a materially increased rate of speed.
2. A valve mechanism for opening a passage
adapted to carry a flow of fluid, including: a
valve member movable between primary and sec-
ondary positions to open said passage at a point
intermediate said primary and secondary posi-
tions; throttling means associated with said
valve member for gradually opening said passage
as said valve member approaches said point so
as to meter the flow of fluid through said throt-
tling means; means for moving said valve mem-
ber between said point and said secondary posi-
tion; and means for maintaining said valve mem-
ber in said metering position when the rate of

flow of fluid through said throttling means tends

to rise above a predetermined maximum.

3. A valve mechanism for opening a passage
adapted to carry a flow of fluid, including: a valve
member movable between primary and secondary
positions to open said passage at a point inter-
mediate said primary and secondary positions;
throttling means assorciated with said valve mem-
ber for gradually opening said passage as said
valve member approaches said point so as to
meter the flow of fluid through said throttling
means; means for moving said valve member be-
tween said point and said secondary position; and
means for stopping said valve member in said
metering position when the pressure of said fluid
in said passage drops below a predetermined
minimum and retaining said valve member in
said metering position until the pressure of said
fluid in said passage rises above a predetermined
maximum.

4, A valve mechanism for a fluid motor of the
character described having a motor piston oper-
able in a motor cylinder and having a passage
for exhausting spent operating fluid from one end
of said eylinder, including: a valve member mov-
able between primary and secondary positions to
open said passage at a point intermediate said
throttling
means associated with said valve member for
gradually opening said passage as said valve mem-
ber approaches said point so as to meter the ex-

haust flow of spent operating fluid through said

throttling means; means for moving said valve

. member between said second point and said sec-
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ondary position; and means for stopping’ said
valve member in said metering position when the
pressure of said exhausting operabing fluid rises
above a predetermined maximum and retaining
said valve member in said metering position until
the pressure of said exhausting operating_fluid
drops below a predetermined minimum.

5. A valve mechanism for a fluid motor of the
character described having a motor piston oper-

- able in 2 motor cylinder and having a passage for
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ber is shout to open said passage; means for mov- 75

supplying operating fluid to one end of said cylin-
der, including: a valve member movable between
primary and secondary positions to onen said
passage at an intermediate point between said
positions; means for moving said valve member
at a relatively high rate of speed from said pri-
mary position to a first point at which said valve
member is about to open said passage; means for
moving said valve member at a materially re-
duced rate of speed from said first point to said
intermediate point; throttling means associated
with said valve member for gradually opening
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said passage as sald valve member moves from
sald first point to said intermediate point so as
to meter the flow of operating fluid through said
passage; means for moving said valve member
from said intermediate point to said secondary
position at a materially increased rate of speed;
and means for maintaining said valve member
in said metering position between said first point
-and said intermediate point when the rate of flow
. of operating fluid through said throttling means
tends to rise above a predetermined maximum.

6. In a fluid operated motor device, the com-
bination of: a motor cylinder having a motor
piston therein; a fluid passage communicating
with one end of said motor cylinder; a valve mem-
ber in the line of said fluid passage and movable
between primary and secondary positions to open
fluid communication through said fluid passage;
means for moving said- valve member between
said primary and secondary positions; and means
for controlling said movement of said valve mem-
ber in response to variations in fluid pressure in
"said fluld passage between said valve member
and said motor cylinder.

7. In a fluid operated motor device, the com-
bination of: a motor cylinder having a motor
piston therein; & fluid passage communicating
with one end of said motor cylinder; a source of
operating fluid under pressure; a valve member
movable between primary and secondary posi-
tions to alternately connect said- fluid passage
with said operating fluid under relatively high
pressure or with a point of discharge at relatively
low pressure, said valve, member being of the dif-
ferential area type having a small face continu-
ously subjected to the pressure of said operating
fluld and having a large face alternately sub-
Jected to the pressure of said operating fluid:

throttling means for metering the flow of fluid’

through said passage as said valve means ap-

‘11

erating fluild under pressure; a valve member
movable between primary and secondary posi-

. tions to alternately connect said fluid passage
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and port means for connecting said fluid passage
-with said large end of said valve member in both
of said metering positions.

8. In a fluid operated motor device; the com-
bination of: a motor cylinder having a motor
piston therein; a first fluid passage communicat-

- ing with one end of said motor cylinder; & sec-

ond fluid passage communicating with the other
end of said motor cylinder; a source of operating
fluid under pressure; a valve member movable
. between primary and secondary positions and

constructed and arranged so that when in said.

primary position it connects said first fluid pas-
sage with said operating fluid under relatively
high pressure and said second fluid passage with
& point of discharge at relatively low pressure,
and when in said secondary position it connects
said first fluld passage with said point of dis-
charge and connects said second fluid passage
with said operating fluid, said valve member be-
ing of the differential area type having a small
- face continuously subjected to the pressure of
said operating fluid and having a large face al-
ternately subjected to the pressure of said oper-
ating fluid; throttling means for metering the
flow of fluid through said passages as said valve
means approaches said primary and secondary
positions; and port means for connecting one of
said fluid passages with said large end of said
valve member in both of said metering positions.
9. In a fluid operated motor device, thé combi-
nation of: a motor cylinder having a motor pis-
ton therein; a fluid passage communicating with
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~ne end of sald motor cylinder; a source of op- 75

with said operating fluid under relatively high
pressure or with a -point of discharge at relatively
low pressure, said valve member being of the
differential area type having a small face con-
tinuously subjected to the pressure of said oper-
ating fluid and having s large face alternately
communicating with said ‘operating fluid and
said low pressure discharge point through g re-
stricted fluid flow passage; throttling means for
metering the flow of fluid through said passage
as said valve means approaches said primary and
secondary positions; and port means for con-
necting said fluid passage with said restricted
flow passage in both of said metering positions.

10. In a fluid operated motor device, the com-
bination of: a motor cylinder having a motor pis-
ton therein; a first fluid passage communicating
with one end of said motor cylinder; a second
fluid passage communicating with the other end
of said motor cylinder; a source of operating
fluid under pressure; a valve member movable
between primary and secondary positions and
constructed ‘and arranged so that when in said
primary position it connects said first fiuid pas-
sage with said operating fluid under relatively
high pressure and said second fluid passage with
a point of discharge at relatively low pressure,
and when in said secondary position it connects
said first fluid passage with said point of dis-
charge and connects said second fluid passage
with said operating fluid, said valve member be-
ing of the differential area type having a small
face continuously subjected to the pressure of
said operating fluid and having a large face al-
ternately communicating with said operating
fluid and said low pressure discharge point
through a restricted fluid flow passage; throttling
means for metering the flow of fluid through said
passages as said valve means approaches said pri-
mary and secondary positions; and port means
for connecting one of said fluid passages with
said restricted flow passage in both of said
metering positions.

11. In a valve device, the combination of: a
housing having an inlet and a discharge port;
a first passage in said housing; a second passage
in said housing; valve means in said housing
adapted to move between primary and secondary
positions so as to alternatively connect said first
passage with said inlet and sald second passage
with said discharge port or to connect said first
passage with aid discharge port and said second
passage with said inlet; and means for connect-
ing said first passage with said inlet before said
second passage is connected with said dis-
charge port.

12. In a valve device, the combination of: a
housing having an inlet and a discharge port; a
first passage in said housing; a second passage in
said housing; valve means in said housing adapt-
ed to move between primary and secondary po-
sitions so as- to alternatively connect said first ..
passage with said inlet and said second passage
with sald discharge port or to connect said Arst
passage with said discharge port and said second
passage with said inlet; means for connecting
said first passage with said inlet before said sec-
ond passage is connected with said discharge port;
and means for connecting said first passage with
said discharge port before said second passage
is connected to said inlet, . - ’

13. In a valve device, the combination of: a
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housing having an inlet and & discharge port; a
first fuid passage in said housing; a second fluid
passage in said ‘housing; a valve member mov-
able between a primary position in which said
valve member connects said first passage with
said inlet and connects said second passage with
said discharge port and a secondary position in
which said valve member connects said first pas-
sage with said discharge port and connects said
second passage with said inlet; throttling means
for metering a flow of fluid through said second
passage at is opens to communication with said
discharge port through said valve member; and
means for causing said valve member to open
communication between said first passage and
said inlet before it opens communicaiion between
said second passage and said discharge port, so
that when said valve member is in said metering
position communication will be fully open be-
tween said inlet and said first passage.

14. In a valve device, the combination of: a
housing having an inlet and a discharge port;
a first fluid passage in said housing; 2 second
fluid passage in said housing; a valve member
movable between a primary. position in which said
valve member connects said first passage with
said inlet and connects said second passage with
said discharge port and a secondary position in
which said valve member connects said first pas-
sage with said discharge port and connects said
second passage with said inlet; throttling means
for metering a flow of fluid through said second
passage as it opens to communication with said
inlet through said valve member; and means for
causing said valve member to open communica-
tion between said first passage and said dis-
charge port before it opens communication be-
tween said second passage and said inlet, so that
when said valve member is in said metering
position communication will be fully open be-
tween said discharge port and said first passage.

15. A valve mechanism for a fluid motor of
the character described having a motor piston
operable in a motor cylinder and having s first
passage for supplying operating fluid to one end
of said cylinder and a second passage for supply-
ing operating fluid to the other end of said
c¢ylinder, including: a valvé movable from a pri-
mary position to a secondary position to open
said first passage, and movable from said sec-
ondary position to said primary position to open
said second passage; means for moving said valve
member at a relatively high rate of speed from
said primary position to a first point at which
said valve member is about to open said. first
passage; means for moving said valve member
at a materially reduced rate of speed from said
first point to a second point at which said valve
member has fully opened said first passage;
means for moving said valve member from said
second point to said secondary position at a
materially increased rate of speed; means for
moving said valve member at a relatively high
rate of speed from said secondary position to
a third point at which said valve member is about
to open said second passage; means for moving
said valve member at a materially reduced rate
of speed from said third point to a fourth point
at which said valve member has fully opened said
second passage; and means for moving said valve
member from said fourth point to said primary
position at a materially increased rate of speed,
to complete a cycle of operation of said valve
member

'16. A valve mechanism for opemng a passage

5
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adapted to carry a flow of fluid, including: a
valve member alternately movable in either of
two directions between primary and secondary
positions to open said passage at a zone inter-
mediate said primary and secondary positions;

- thottling means associated with said valve mem-
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ber for gradually opening said passage as said
valve member approaches said zone in either of
said directions so as to meter the flow of fluid
through said throttling means; and means for
maintainirg said valve member in said metering
position so long as the rate of flow of fluid
through said throttling means tends to rise above
a predetermined maximum,

17. A valve mechanism for opening & passage
adapted to carry a flow of fluid, including: a valve
member movable between primary and secondary
positions, said valve member opening said pas-
sage at anintermediatezone of movement between
said positions; throttling means associated with
said valve member for gradually opening said
passage as said valve member passes through
said zone to meter the flow of fluid through said
throttling means; and means for maintaining
said valve member in said metering position so
long as the pressure of fluid in sald passage varies
from & prescribed value.

18. A valve mechanism for opening a passage
adapted to carry a flow of fluid, including: a
valve member movable between primary and sec-
ondary positions, said valve member opening said
passage at an intermediate zone of movement
between said positions; throttling means asso-
ciated with said valve member for gradually open-
ing said passage as. said valve member passes
through said zone to meter the flow of fluid
through said throttling means; means for main-
taining said valve member in said metering po-
sition so long as the pressure of fluid in said
passage varies from a preseribed value; and
means for completing the movement of said valve
member between said positions when the pres-
sure of fiuid in said passage returns to said pre-
scribed value.

18, In s fluid operated motor device, the com-
bination of: a motor cylinder having a motor pis-
ton therein; a first fluid passage communicating
with one end of said motor cylinder; a second
fluid passage communicating with the other end
of said motor cylinder; a valve member. .movable
between primary and secondary positions, said
valve member when in said primary position
opening said first passage to a source of operating
fluid under pressure and said second passage to
a low pressure discharge, said valve member when
in said secondary position opening said first pas-
sage to said discharge and said second passage
to said source; means for moving said valve mem-
ber between said primary and secondary posi-
tions; and means for controlling said movement
of said valve member in response to variations
in fluid pressure in one of said fluid passages be-
tween said valve member and said motor cylinder.

- 20. In & valve mechanism for opening a pas-
sage adapted to carry a flow of fluid, including:
a source of operating fluid under pressure; a
point of disckharge at relatively low pressure; a
valve member movable between first and second
operating positions to alternately connect said
fluid passage with said operating fluid under re-
latively high pressure or with said point of dis-
charge, said valve member being of the differen-
tial area type having a small face continuously
subjected to the pressure of said operating fluid
and having a large face alternately subjected to
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the pressure of said operating fluid; and means
for controlling said movement of said valve mem-
ber in response to variations in fluid pressure
in said fluid passage. :

21, In a valve mechanism for opening a pas-
sage adapted to carry a flow of fluid, including:
‘a source of operating fluid under pressure; a
point of discharge at relatively low pressure; a
valve member movable between first and second
operating positions to alternately connect said
fluid passage with said operating fluid under rel-
atively high pressure or with said point of dis-
charge, said valve member being of the differen-
tial area type having a small face continuously

subjected to the pressure of said operating fluid

-and having a large face alternately subjected to
the pressure of said operating fiuid; and port
means for connecting said fluid passage with said
large face of said valve member as said valve
member approaches each of said positions,

22, In a valve device, the combination of: a
housing having an inlet port and a discharge
port; a first passage in said housing; a second
passage in said housing; valve means in said
housing adapted to move between primary and
secondary positions so as to alternately connect
said first passage with said inlet port and said
second 'passage with said discharge port or to
connect said first passage with sald discharge
port and said second passage with said inlet port,
said valve means being so constructed and ar-
ranged that it connects sald first passage with
said inlet port before said second passage is con-
nected with said discharge ‘port; throttling
means for alternately gradually opening said sec-
ond passage to said inlet port or said discharge
port to meter & flow of fluid through said second
passage; and means for controlling the operation
of said valve member in response to variations in
fluid pressure in said second passage.

23. In g valve device, the combination of: a
valve housing having an inlet adapted to be
connected to a source of operating fluid under
relatively high pressure, and having first and
second exhaust ports adapted to be connected to
a point at relatively low pressure; a valve mem-
ber in said housing and of the differential ares
type having a small end adapted tc be subjected

()
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to the fluid pressure in said inlet and a large end
adapted to be opened to said low pressure to move
said valve member from a primary position to a
secondary position; movable auxiliary valve
means adapted to open fluid communication be-
tween said large end and said first exhaust port
to permit a first zone of movement of said valve
member from said primary position toward said
secondary position; means adapted to open fluid
communication between said large end and said
second exhaust port to permit a completion of
said movement of said valve member from said
primary position to said secondary position; and
means for returning said valve member to said
primary position in the event that said auxiliary
valve means closes fluid communication between
said large end and said first exhaust port during
said first zone of movement of said valve mem-
ber. .

24. In a valve device, the combination of: a
valve housing having an inlet adapted to be con-
nected to a source of operating fluid under rela-
tively high pressure; a valve member In sald
housing and of the differential area type having
a small end adapted to be subjected to said inlet
pressure and a large end adapted to be alter-
nately subjected to said inlet pressure to move
said valve member from a primary position to a
secondary position; first port means communi-
cating with said large end and adapted to be
opened to fluid communication with said inlet
to admit operating fluid to said large end fo cause
a first zone of movement of said valve member
from said primary position toward said second-
ary position; second port means adapted to be
subsequently opened to fluid communication with
said inlet to admit operating fluid to said large
end to complete said movement of said valve
member to said secondary position; movable aux-
iliary valve means adapted to open said com-

- munication between said first port means and

said inlet; and means for returning said valve
member to said primary position in the event that
said auxiliary valve means closes fluid communi-
cation between said first port means and said
inlet during sald first zone of movement of said
valve member. .
CLARENCE J. COBERLY.
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