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This invention relates in general to fluid no 
tors and in particular to a fluid motor adapted to 
be positioned in a well bore for Operating a deep 
Well pump which may be associated with it. The 
pump preferably being of the double acting type. 
While this motor may be applied to pumps used 

for many purposes, it is particularly adapted to 
the Operation of deep oil well pumps. When uti 
lized for this purpose, the motor, having the 
pump associated With it, is Suspended from the 
lower end of a string of production tubing ext 
ending downwardly in the well bore. A string 
of pressure tubing, preferably disposed inside the 
production tubing, conducts a motive fluid from 
a surface pressure pump to the motor. The pro 
duction tubing Serving to conduct to the Surface 
the discharge of the pump and the exhaust fluid 
from the notor. 

It is an object of this invention to provide a, 
fluid operated motor of a highly simplified design 
Which consequently may be easily and economi 
cally manufactured and is comparatively free 
from mechanical breakdown in Operation. 

It is a further object of this invention to pro 
duce a fluid motor having but two moving parts, 
a piston and a control Valve, which is positive 
in operation and which cannot get on dead 
center. 

It is still another object of this invention to 
provide a fluid motor in which the two moving 
parts, a piston and a control Valve, are both dis 
posed in the piston Chamber Whereby the wear 
ing Surface is materially reduced under that of 
notors of a similar character Which require Sep 
arate chambers to receive the valves. 
The essence of this invention which renders 

the foregoing and other objects possible of ac 
complishment resides in the concepts and in the 
methods of closing off the supply of fluid from 
the supply port to the piston chamber while the 
valve is being shifted by the fluid under pressure; 
of discharging fluid from the Valve Space; of 
starting the piston in the reverse direction as 
the valve completes its movement relative to the 
piston; in carrying the Valve by the piston, and 
in the cooperative relationships which exist-be 
tWeen the various elements of the mechanism and 
their respective fluid passages as follows: 

1. Between fluid passages provided by the 
chamber wall and fluid passages provided by the 
piston. 

2. Between fluid passages provided by the 
chamber wail and, respectively, the valve and 
valve fluid paSSageS. 
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3. Between the piston fluid passages and, re 
Spectively, the valve and valve fluid passages. 
Other objects and advantages of this invention 

Will be made apparent in the description which 
follows and in the accompanying drawings. 
In these drawings: 
Fig. 1 is a diagrammatic View showing the mo 

tor of this invention attached to a pump. 
Fig. 2 is a vertical sectional view of the motor 

of this invention, showing the valve in if 1 con 
trol position. 

Fig. 3 is similar to Fig. 2, except that the valve 
is shown in its other or it2 control position. 

Fig. 4 is a horizontal sectional view taken on the 
line C-C-C of Figs. 2 and 3. 

Referring to Fig. 1, a method of connecting 
the motor of this invention to a pump is shown. 
A String of pressure tubing 45 communicating 
With a Source of operative fluid under pressure 
is threadably attached to the outside shell 38 of 
the motor. Shell 38 providing a passage to the 
motor Supply port as will be explained later. 
Motor piston chamber threadably engages one 
end of head 7, the opposite end of head 7 being 
threadably received by one end of connecting 
sleeve 46. Head 47 serves as shown to thread 
ably Connect sleeve 46 and pump 8 and to 
threadably receive the lower end of a string of 
production tubing 53. 
Motor piston rod 0 and pump rod 52 are con 

nected by rod connector 50. Rod connector 50 
provides Opening 32 in communication. With mo 
tor exhaust, as will be explained later, and with 
the discharge from the pump. Pump rod 52 is 
provided With a passage adapted to receive pump 
discharge. Opening 55 connects motor exhaust 
and pump discharge to space 54 between produc 
tion tubing 53 and pressure tubing 45. 

Surface high pressure pumps for supplying mo 
tive fluid and methods of installation and opera 
tion in the Well bore of fluid operated motor 
pumpS are matters which have been described in 
the patent literature and are well understood by 
oil field Workers. They will, therefore, not be 

P made subjects for discussion here. 
Referring to Fig. 2, a preferred construction of 

the motor is shown in detail. A cylindrical pis 
tOn Chamber 5 is closed at one end with a head 
6 and is provided at the other end with a head 7 
Which provides a gland 8 and a stuffing box 9 
adapted to receive the hollow piston rod O. The 
piston rod is attached to and substantially inte 
gral With the piston f. A sleeve control valve 
2 and the piston are telescopically assembled; 

the valve being retained in place on the piston 



2 
by heads 3a and 3b, head 3a, being threadably 
attached to the piston, as shown. It will be ob 
served that heads 4 and 5 provided by the valve 
and piston heads 3 and 4 are in slidable and 
Substantially fluid-tight contact with the inside 
chamber Wall. 
The piston, as shown, has formed therein a 

longitudinal primary passage 6, having pri 
mary, secondary, and tertiary and quaternary 
openings, designated as 7, 8, 9 and 20, respec 
tively; and also a longitudinal secondary passage 
2 having primary, secondary, tertiary and qua 
ternary openings designated as 22, 23, 24 and 25 
respectively; passage 6 connecting with the up 
per, and passage 2 connecting with the lower 
end of chamber 5. The piston further provides a 
longitudinal passage 26 connecting with a trans 
verse passage 27 and passage 28 connecting with 
exhaust by opening 32, formed in piston rod 0. 
Since passages 27, 26, 28 and opening 32 consti 
tute a passage leading to exhaust, hereinafter a 
Connection to passage 27 will be termed as a con 
nection to exhaust. 
Valve f2 provides primary and tertiary open 

ings 33 and 3 connecting respectively with an 
nular channels 29 and 34 and furthermore pro 
Wides a secondary passage 30 in the form of an 
annular channel in connection at all times with 
transverse passage 27. Channel 30 being wide 
enough to cover passage 27 with sleeve valve 2 in 
either One of its extreme positions. 
The piston chamber 5 has formed in its inside 

Wall primary and secondary channels 36 and 37 
and a supply port 35, channels 36 and 37 being 
axially equidistant from supply port 35. A shell 
attached to the chamber at 39 provides a chan 
nel for Conducting motive fluid to the chamber 
Supply port 35. 

It will be observed that piston heads 3a and 
3b serve to limit the travel of valve 2, the 

distance of travel being that required to bring 
into proper registration the various cooperating 
ports and openings, as will be explained later. 

It is also desired to point out that valve heads 
4 and 5 in slidable contact with the inner Sur 

face of chamber 5 Serve to define an annular 
passage 40. 
With valve 2 in the position relative to the 

piston, as shown in Fig. 2, but with the piston 
slightly lower down in the chamber than shown, 
it will be apparent that a passage is established 
leading from supply port 35 through annular 
passage 40, through valve opening 33 and pis 
ton opening 24 into piston passage 2 and thence 
to the lower end of piston chamber 5. With shell 
38 connected to a Source of operative fluid under 
pressure fluid Will flow through annular pas 
sage 42 to supply port 35 and thence through 
the passage as above described to the lower end 
of chamber 5 where it will act to force the pis 
ton in the upward direction. It should be noted 
that space 4 between valve head 4 and piston 
head 3a is connected with piston passage 2 by 
opening 23, consequently space 4 is filled with 
operative fluid under pressure whereby valve 2 
is effectively held in its control position. 
With the valve in the control position with re 

spect to the piston, as above described, it Will be 
clearly seen by referring to Fig. 2 that a passage 
for the exhaust of fluid from the upper end of 
chamber 5 is provided through piston passage 6 
and opening 20 into sleeve valve passage 30 which 
connects to exhaust. 
With piston f and valve 2 in the positions 

shown in Fig. 2 it will be apparent that Valve 

10 

20 

2 5 

40 

50 

55 

60 

65 

70 

75 

2,276,788 
head 5 has shut off the connection between sup 
ply port 35 and annular passage 40. Obviously, 
in this position no fluid can flow from supply 
port 35 to piston chamber 5; however, the full 
pressure of the operative fluid is applied against 
valve head 5 to move it in the upward direc 
tion. 
As shown in Fig. 2, chamber annular passage 36 

connects space 4 and piston opening 22 With 
piston in this position. Operative fluid pres 
sure acting against valve head 5 causes the 
valve to move upwardly forcing fluid from space 
4 through annular passage 36 and opening 22 
thence through piston passage 2 into the lower 
end of chamber 5 closed off from exhaust at this 
time whereby the piston is caused to move up 
Wardly, the upper end of chamber being open to 
exhaust. This movement of the piston continues 
until the valve has moved to the point where 
valve annular passage 30 connects opening 25 
With exhaust passage 27 whereby a passage is set 
up from space 4 through annular passage 36, 
piston opening 22 and passage 2 to opening 25 
then through valve annular passage 30, and, as 
already described, thence to exhaust. 

It should be pointed out in a general Way that 
in fluid motors of this character open exhaust 
passages must be maintained at all times as well 
as Supply passages if the various fluid operated 
parts are to continue in motion and the motor is 
not to stall. It is therefore necessary to pro 
vide a slight overlapping of openings 20 and 25. 

It will be seen that valve 2 in the course of 
its movement from control position #1 as shown 
in Fig. 2 to control position it2, as shown in Fig. 
3 first closes opening 20 thus closing the passage 
established for the exhaust of fluid from the 
upper end of chamber 5 and just before opening 
20 is completely closed valve passage 30 slightly 
laps opening 25 for reasons already stated. At 
this point openings 23 and 33 are closed, open 
ing 3 is slightly lapping opening 9 and not until 
valve 2 has substantially completed its move 
ment is opening 8 which is made narrow for this 
purpose connected to supply port 35. Opening 
8 is a starting port and provides in part a pas 
sage for the flow of fluid to start the piston in 
the reverse direction as will be explained later. 
It thus becomes apparent that the piston moves 
the valve into operative relation with Supply 
port 35 and passage 36, that at this point the 
supply of operative fluid is closed off from the 
piston chamber by valve head 5 and therefore 
the valve is maintained in operative relation with 
Supply port 35 and passage 36 until it has com 
pleted its movement. Obviously it is impossible 
for the piston or valve to get on a dead center. 
It will be noted that the movement of the piston 
due to valve movement in either direction is 
very slight, due to the fact that fluid is forced 
against the piston head during only 2 of the 
total movement of the valve, during the last Az 
of valve movement a passage to exhaust is pro 
vided, furthermore, the effective area of a valve 
head is much less than the Working area of a 
piston head and the total movement of the valve 
relative to the piston is Small. 

Referring now to Fig. 3 it will be noted that 
valve 2 is in control position #2, that is, it is 
in its extreme upward position and passages have 
been established for the exhaust of fluid from 
the lower end of chamber 5 and for the supply 
of fluid to the upper end of chamber 5 to effect 
the downward movement of piston f. 
In the position of piston and valve 2 shown 
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in Fig. 3 it is apparent that a passage for the 
supply of fluid has been established from supply 
port 35, through opening 8 and thence through 
piston passage 6 to the upper end of cham 
ber 5. As piston moves a slight distance in the 
downward direction valve head 5 will connect 
supply port 35 with annular passage 40; the 
passage for the Supply of fluid to the upper end 
of piston chamber 5 will then be from Supply 
port 35, through annular passage 40, through 
openings 3 and 9 and thence along piston pas 
Sage 6. It Will be noted that Supply port 35 is 
sufficiently wide to permit valve head 5 to pass 
it without being closed and that fluid pressure 
is maintained in space 44 through opening 8, 
thus holding Valve 2 in position. 
As shown in Fig. 3 a passage for conducting 

fluid from the lower end of chamber 5 to ex 
haust is set up as follows: through piston passage 
2 to opening 25, thence through valve passage 39 
to exhaust. 
With valve 2 in the position relative to piston 
as above described and shown in Fig. 3, the pis 

ton will travel downwardly until the fuid filled 
Space 44 is connected to piston passage opening 

by passage 37 and valve head 43 closes off 
Supply port 35 from the established passage lead 
ing to the upper end of chamber 5, the situation 
being entirely analogous to that shown in Fig. 2 
and already described. 

Fluid pressure acting against valve head 4 
moves valve 2 downwardly. During the first A 
of the Valve movement fluid from space 44 is 
forced through passage 37, and opening 7 along 
piston paSSage 6 and thence into the upper end 
of piston chamber 5 whereby the piston is moved 
downwardly a slight distance, at this time the up 
per end of piston chamber being closed off from 
exhaust and the lower end open thereto. As valve 
2 completes its movement, valve passage 30 con 
nects opening 20 to exhaust, whereby a passage 
from space 44 to exhaust is provided through 
opening 8 and along passage 6 to opening 20. 
With the piston in its extreme downward posi 

tion and With valve 2 having completed its 
movement valve 2 is now in a position with re 
Spect to the piston, as shown in Fig. 2 and with a 
passage to exhaust set up as previously described. 
However, valve head 4 has supply port 35 closed 
off from annular passage 40. Opening 23 being 
connected to supply port 35 fluid flows through 
opening 23 and passage 2? to the lower end of 
chamber 5 causing the piston to start moving in 
the upward direction. As valve head 4 passes 
Supply port 35 a Supply passage is set up as first 
described and the piston continues to move in 
the upward direction to the position shown in 
Fig. 2. Thus the cycle is completed. Obviously, 
With a continuous Supply of operative fluid the 
piston Will continue to reciprocate. 

It will be apparent that valve 2 in shifting 
from control position F2 to control position #1 
noves in a manner analogous to the shift from 
position 1 to position it2. In the course of the 
first A part of valve movement from position iF2 
to position #1 openings 25, 9 and 8 are closed. 
As the valve continues its movement, opening 20 
is connected to exhaust by passage 30, there be 
ing, as previously explained, a slight overlapping 
of openings 20 and 25, passage 30 being Sufi 
ciently wide to effect this; opening 24 registers 
With opening 33 and just before valve movement 
is completed opening 23 is connected to supply 
port 35. As explained with regard to opening 8, 
opening 23 is made narrow to insure that before 
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it is connected to supply port 35 valve movement 
will be substantially completed. 

Since openings 8 and 23 act as starting ports, 
there is therefore no possibility of the piston 
starting in the reverse direction from either one 
of its extreme positions before Valve movement is 
completed. g 

It should be noted that although for the sake 
of clarity a Somewhat lengthy and detailed de 
Scription of valve action has been given Walve 
movement is actually relatively rapid. The ra 
pidity of action, of course, being dependent on 
the rate at which motive fluid is supplied to the 
motor. 
Thus it will be seen that a motor, operative by 

oil as the motive fluid, has been produced, the 
valve action of which is rendered positive at all 
times by the foregoing described arrangement of 
passages and ports. By first Connecting the Space 
ahead of the valve to a piston chamber end closed 
off from exhaust and subsequently, in conse 
quence of valve movement, providing a connec 
tion to exhaust provision is made for the Com 
plete exhaust of fluid trapped ahead of the valve 
and the maintenance of live fluid pressure against 
the other end of valve throughout its entire course 
of travel without possibility of a connection be 
tween supply and exhaust occurring at any time. 
Obviously in a motor operated by an incompres 
sible fluid such as oil any fluid trapped ahead of 
the valve Would block its action. 
We Cain: 
1. In a fluid operated motor: a motor body 

providing a chamber; a piston slidable in said 

space, a port, opening through one end of said 
piston, another port opening through the oppo 
site end of said piston, one of Said ports Coop 
erating with a Suitable passage provided by the 
chamber at one extreme limit of piston traveland 
the other of said ports cooperating with another 
chamber passage at the opposite extreme limit 
of piston travel to set up a passage in each case 
for the discharge of fluid from Said Valve Space 
into that end of said chamber closed off from ex 
haust at that time. 

2. In a fluid Operated motor the combination 
of: a body providing a chamber and passages; 
a piston providing a valve space; a fluid operated 
valve slidably assembled in said space; said pis 
ton providing primary and Secondary longitudi 
nal passages opening through and extending back 
from opposite ends of Said piston, Said passages 
each providing: a primary opening adapted to 
cooperate with One of said chamber passages to 
conduct fluid from said valve space to end of said 
chamber closed off from exhaust during first part 
of valve shift, a secondary opening, valve con 
trolled and arranged to open as said valve reaches 
an extreme limit of travel, tertiary and quater 
nary openings arranged to cooperate with passage 
means provided by said valve to control the Sup 
ply and exhaust of fluid to and from said cham 
ber. 

3. In a fluid operated motor the combination 
of: a motor body providing a chamber and pas 
sages; a piston comprising two heads and a con 
necting body portion of reduced diameter there 
by providing a valve space; a sleeve-like valve 
providing Supply ports and an exhaust passage 
slidably assembled on said body portion between 
said two heads; said piston providing primary 
and secondary longitudinal passages opening 
through and extending back from opposite ends 
of said piston, said passages each having lateral 
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a piston head opposite to that end of the piston 
from which its respective passage extends, said 
opening being adapted to cooperate with a cham 
ber passage to conduct fluid from Said Valve 
space, a secondary opening through said piston 
body, valve controlled and arranged to open as 
said valve reaches an extreme limit of travel, 
a tertiary opening through said piston body 
adapted to cooperate with one of two Supply 
ports provided by said valve and a quaternary 
opening controlled by an exhaust passage formed 
in Said valve in communication with exhaust at 
all times, said piston providing a paSSage leading 
to exhaust having a lateral opening through said 
piston body covered by said walve exhaust pas 
Sage at all times. 

4. In a fluid operated motor: a motor body 
providing a chamber and passages in the Wall 
thereof and intermediate said passages a Sup 
ply port; a piston in said chamber providing a 
valve space and a longitudinal pasage opening 
through the first end of said piston and laterally 
through said piston adjacent its second end, 
another similar passage Opening through Said 
piston second end and laterally through said 
piston adjacent its first end; a fluid operated 
Valve slidable in said valve Space and providing 
means to control the Supply of fluid from said 
Supply port; One or the other of Said chamber 
passages being adapted as said piston approaches 
one or the other of its extreme limits of travel 
to connect one end of Said valve Space With the 
piston passage lateral opening in communication 
With the end of Said chamber closed off from 
exhaust at that time at substantially the same 
time that said fluid supply port registers with 
the other end of said valve Space and control 
means provided by said valve close off the com 
munication between said supply port and said 
chamber whereby the shifting of said valve is 
permitted and effected. 

5. In a fluid operated motor the combination 
of: a motor body providing a chamber and in 
its side fluid passage means adjacent each end 
and intermediate thereof a Supply port; a piston 
comprising two heads and a connecting body 
portion of reduced diameter thereby providing 
a valve space; a sleeve-like valve providing Sup 
ply ports and exhaust passage slidably assembled 
On said body portion between said tWO heads; 
said piston providing primary and Secondary 
longitudinal passages opening through and ex 
tending back from opposite ends of said piston, 
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openings as follows: a primary opening through said passages each having lateral openings as 

follows: a primary opening through a piston 
head opposite to that end of the piston from 
Which its respective passage extends, said open 
ing being adapted to cooperate with a chamber 
passage to conduct fluid from said valve space 
at extreme limits of piston travel, a secondary 
opening through said piston body, valve con 
trolled and arranged to open as said Valve 
reaches an extreme limit of travel, a tertiary 
opening through said piston body adapted to 
cooperate with a valve fluid supply port and a 
quaternary opening controlled by said valve ex 
haust paSSage; Said piston providing a passage 
leading to exhaust having a lateral opening 
through said piston body covered by said valve 
exhaust passage at all times; said valve con 
Structed With a flange adjacent each end thereof 
and adapted to cooperate with said chamber fluid 
Supply port to close off the supply of fluid to said 
piston chamber ends during the time fluid is 
Supplied to a valve space end to effect valve 
movement. 

6. In a fluid operated motor the combination 
of: a motor body providing a chamber, a supply 
port and two paSSage means; a piston slidably 
mounted in Said chamber, and providing a valve 
Space; a valve in said space; said piston pro 
Widing an exhaust passage and fluid passage 
means in alternate valve controlled communica 
tion. With said exhaust passage for conveying 
fluid to and from opposite ends of said chamber 
to actuate Said piston comprising a longitudinal 
paSSage opening through and extending from 
the end of the first piston head to and opening 
laterally through the second piston head and 
another longitudinal passage opening through 
and extending from the end of the second piston 
head to and opening laterally through the first 
piston head; as said piston approaches an ex 
treme limit of travel, one of said body passages 
is adapted to provide a connection between the 
lateral opening in communication with that end 
of chamber closed off from exhaust at that time 
and one end of said valve space whereby initially, 
a passage is established for the discharge of 
fluid from said valve space end into said cham 
ber end and subsequently in consequence of 
Valve travel a passage is provided leading to 

the complete shifting of said valve 
thereby being permitted and connection between 
Supply and exhaust prevented. 

GLEN KENNEDY. 
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