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57 ABSTRACT 
Structure including a body having a power cylinder, a 
reversing valve cylinder and a pilot valve cylinder, a 
power piston in the power cylinder and reversing and 
pilot valves axially moveable in the reversing and pilot 
valve cylinders respectively. The body defines an inlet 
port for connection to a fluid pump, and one or more 
outlet ports for connection to a fluid reservoir. Recip 
rocatory movement of the power piston is controlled 
by the reversing valve which in turn is controlled by 
the pilot valve. Operation of the pilot valve is con 
trolled by a pair of piston operated check valves. 

1 Claim, 1 Drawing Figure 
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1. 
FLUID PRESSURE OPERATED RECIPROCATORY 

MOTOR 

BACKGROUND OF THE INVENTION 
This invention is in the nature of an improvement on 

reciprocatory fluid motors of the type disclosed in U. 
S. Pat. No. 3,165,978, issued Jan. 19, 1965, to me and 
Jan Boers. The motor disclosed in the patent operates 
very satisfactorily, but the piston and piston rod struc 
ture thereof is somewhat difficult and expensive to pro 
duce with the accuracy required. 

SUMMARY OF THE INVENTION 
An important object of this invention is the provision 

of a fluid pressure operated reciprocatory motor having 
reversing control mechanism that is more simple and 
inexpensive to produce than heretofore, and which is 
highly efficient in operation and durable in use. To this 
end I provide structure including a body having therein 
a power cylinder, and a plunger rod equipped piston 
axially moveable in the power cylinder, the plunger rod 
extending outwardly through a bore in the body. Re 
versing and pilot valve cylinders or chambers have axi 
ally moveable reversing and pilot valves or spools re 
spectively therein. Fluid passages connect the reversing 
and pilot valve cylinders with fluid inlet and outlet 
ports, and other fluid passages interconnect the pilot 
and reversing valve cylinders and power cylinder. A 
pair of passages connect opposite ends of the power 
cylinder each to a different end of the pilot valve cylin 
der, each of these passages having a check valve 
therein. The power piston is provided at its axially op 
posite ends with portions that mechanically impart 
opening movements to each check valve at the end of 
each reciprocal movement of the power piston, to per 
mit movement of the pilot piston in a direction to cause 
reversing movement to be imparted under fluid pres 
sure to the reversing valve. Each check valve is opened 
by fluid pressure responsive to mechanical opening of 
the other check valve, so that fluid is discharged from 
one end of the pilot valve cylinder through the mechan 
ically opened check valve and supplied to the opposite 
end of the pilot valve cylinder through the fluid pres 
sure opened one of the check valves. 

DESCRIPTION OF THE DRAWING 
The single FIGURE of the drawing is a hydraulic dia 

gram, some parts being shown in side elevation, and 
some parts being shown in section. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Body structure, indicated generally by the numeral 1, 
defines a power cylinder 2, a reversing valve cylinder 
3, and a pilot valve cylinder 4. A power piston 5 is axi 
ally slideably mounted in the power cylinder 2 and is 
provided with an axially projecting piston or plunger 
rod 6 that extends through a bore 7 in the body struc 
ture 1. Although not shown, the piston rod 6 may be as 
sumed to be adapted for connection to any suitable de 
vice requiring reciprocatory or oscillatory movement. 
Opposite ends 8 and 9 of the power cylinder 2 are dia 
metrically reduced for reception of hub portions 10 
and 11 of the piston 5, the bore 7 having a diametrically 
enlarged bore portion 12 that opens into the portion 8 
of the power cylinder 2 and which is adapted to loosely 
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2 
receive a tubular cam member 13 welded or otherwise 
rigidly mounted on the end of the piston rod 6 adjacent 
the hub portion 10 of the piston 5. The cam member 
13 is formed to provide a frusto-conical cam surface 14 
for a purpose which will hereinafter become apparent. 
A boss 15 projects axially outwardly of the piston hub 
portion 11 and is provided with an axially outwardly 
projecting pin 16. 
The body structure 1 is formed to provide a fluid inlet 

port 17 from which a fluid passage 18 extends to the 
longitudinally central portions of the reversing valve 
cylinder 3 and the pilot valve cylinder 4. A pair of fluid 
passages 19 and 20 extend from the reduced end por 
tions 8 and 9 respectively of the power cylinder 2 to the 
reversing valve cylinder 3 in spaced relationship to the 
inlet passage 18 and at opposite sides of the inlet pas 
sage 18. In like manner, a pair of fluid passages 21 and 
22 extend from opposite end portions of the reversing 
valve cylinder 3 to the longitudinally central portion of 
the pilot valve cylinder 4 in spaced relation to diametri 
cally opposite sides of the inlet passage 18 longitudi 
nally of the pilot valve cylinder 4. A pair of outlet pas 
sages 23 and 24 communicate with the reversing valve 
cylinder 3 and with outlet ports 25. The passage 23 is 
disposed to communicate with the cylinder 3 between 
the adjacent ends of the fluid passages 19 and 21, the 
passage 24 communicating with the cylinder 3 interme 
diate the adjacent ends of the fluid passages 20 and 22. 
Likewise, a pair of outlet passages 26 and 27 extend 
from the pilot valve cylinder 4 to outlet ports 28, the 
passage 26 communicating with the cylinder 4, in 
spaced relation to the adjacent end of the passage 21 
and the adjacent end of the cylinder 4, the passage 27 
communicating with the cylinder 24 in spaced relation 
to the adjacent end of the passage 22 and the adjacent 
end of the cylinder 4. Although not shown, it may be 
assumed that the outlet ports 25 and 28 may be a single 
outlet port adapted for connection to a fluid reservoir 
not shown, a plurality of outlet ports 25 and 28 being 
shown for the purpose of convenience. 
A spool-like reversing valve 29 is mounted in the re 

versing valve cylinder 3 for axial sliding movements 
therein, and comprises a central valve piston 30 of rela 
tively short axial length and a pair of cooperating valve 
pistons 31 and 32 of relatively long axial length adja 
cent opposite ends of the valve 29. The valve pistons 31 
and 32 cooperate with the central valve piston 30 to de 
fine the opposite ends of respective grooves 33 and 34 
each having an axial length substantially equal to the 
axial length of one of the valve pistons 31 and 32. At 
its opposite ends, the reversing valve 29 is formed to 
provide axial bosses 35 that are adapted to engage adja 
cent ends of the cylinder 3 to limit axial movement of 
the reversing valve 29 in opposite directions. The pis 
ton 30 is formed to provide a central annular groove 
30a. 
An elongated spool-like pilot valve, indicated gener 

ally at 36, is disposed for axial sliding movements in the 
pilot valve cylinder 4, and comprises a central piston 37 
of relatively short axial length, a pair of axially rela 
tively long pistons 38 and 39, and end bosses 40 at the 
opposite ends of the valve 36 and adapted to engage 
adjacent end walls of the pilot valve cylinder 4 to limit 
axial movement of the valve 36 in opposite directions. 
The valve 36 is similar to the valve 29, except that the 
piston 37 is devoid of a central annular groove like the 
groove 30a of piston 30. The pistons 37 and 38 define 
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opposite ends of a circumferential channel 41, the pis 
tons 37 and 39 defining opposite end walls of a circum 
ferential channel 42. It should here be noted that the 
central pistons 30 and 37 of both valves 29 and 36 have 
an axial length slightly greater than the width or diame 
ter of the inlet passage 18, the pistons 30 and 37 being 
disposed to pass over the inlet passage 38 during axial 
movements in their respective cylinders 3 and 4. The 
annular groove 30a insures continuous flow of fluid 
through the passage 18 during movement of the piston 
30 over the passage 18. 
The body structure 1 is formed to provide a pair of 

fluid passages 43 and 44 that extend from opposite 
ends of the pilot valve cylinder 4 each toward an oppo 
site end of the power cylinder 2. Preferably, and as 
shown, the passage 43 extends from the end of the pilot 
valve cylinder 4 adjacent the valve piston 39 toward the 
enlarged bore portion 12 of the power cylinder 2, the 
passage 44 extending from the pilot valve cylinder 4 ad 
jacent the valve piston 38 toward the diametrically re 
duced portion 9 of the power cylinder 2. A check valve 
45 is interposed in the fluid passage 43 and comprises 
a casing 46, a ball valve element 47, and a coil com 
pression spring 48 that yieldingly urges the ball valve 
element 47 into seating engagement with a valve seat 
portion 49. As shown, a passage portion 50 extends 
from the valve seat 49 to the enlarged bore portion 12, 
and contains a valve actuator 51 having a portion pro 
jecting radially inwardly into rolling or sliding engage 
ment with the piston rod 6 within the enlarged bore 
portion 12. 
A second check valve 52 is interposed between the 

end portion 9 of the power cylinder 2 and the adjacent 
end of the fluid passage 44, and comprises a valve body 
53 defining a valve seat 54 from which extends a pas 
sage portion 55 to the interior of the power cylinder 2 
in axial alignment with the pin 16 on the piston 5. A 
valve ball element 56 is urged into seating engagement 
with valve seat 54 by a coil compression spring 57 that 
has abutting engagement with a screw plug 58 that is 
screw threaded into the body structure 1 to form an 
abuttment for the spring 57 and to secure the valve 
housing 53 in the body structure 1. A cross-passage 59 
in the valve housing 53 provides communication be 
tween the fluid passage 54 and the passage portion 55 
when the valve ball element 56 is in an open position. 

OPERATION 
For imparting reciprocatory movement to the piston 

5 and piston rod 6, it is assumed that the inlet port 17 
is in communication with the discharge of a source of 
fluid pressure, such as a pump, not shown, and that the 
outlet ports 25 and 28 are connected to a fluid reser 
voir, also not shown, from which the pump receives 
fluid. With the pilot valve 36 and reversing valve 29 po 
sitioned as shown in the drawing, fluid under pressure 
moves through the inlet passage 18, groove 34, and 
through fluid passage 20 to the end portion 9 of the 
power cylinder 2 to move the piston 5 and piston 6 in 
a direction from the right to the left with respect to the 
drawing, and as shown by the arrow on the piston rod 
6. Fluid under pressure is also contained within the 
upper portion of the passage 18, circumferential 
groove 42, fluid passage 22 and the right-hand end of 
the reversing valve cylinder 3 to hold the reversing 
valve 29 in its position shown. Fluid is contained under 
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4. 
pressure in the fluid passage 44 and the end of the pilot 
valve cylinder 4 adjacent the pilot valve piston 38. 
However, fluid in the opposite end of the pilot valve 
cylinder 4 and in the passage 43 is prevented from dis 
charge by the check valve 45, so that the pilot valve 36 
is hydraulically locked in place. 
As the piston 5 approaches the end of its movement 

toward the left with respect to the drawing, the frusto 
conical cam portion 14 of the cam member 13 engages 
the adjacent end of the actuator 51 and moves the same 
radially outwardly to move the valve ball member 47 to 
a valve open position away from seating engagement 
with the valve seat 49. At the same time, the check 
valve 52 is opened due to pressure of fluid in the adja 
cent end 9 of the power cylinder 2 so that fluid under 
pressure moves the pilot valve 36 toward the opposite 
end of the pilot valve cylinder 4. During this movement 
of the pilot valve 36, fluid in the opposite end of the 
cylinder 4 and in the passage 43 moves axially inwardly 
of the enlarged bore portion 12, and through the fluid 
passage 19, circumferential groove 33 in the reversing 
valve 29, and passage 23 to the adjacent outlet port 25. 
As the pilot valve 36 noves to the right, the piston 37 
crosses the adjacent end of the inlet passage 18 and, 
when the pilot valve 36 is moved to its limit of move 
ment to the right with respect to the drawing, the piston 
37 is disposed so that the circumferential groove 42 is 
in register with the adjacent ends of the passages 22 
and 27, the circumferential groove 41 being in register 
with the adjacent ends of the inlet passage 28 and fluid 
passage 21. Fluid under pressure then flows through 
the passage 18, circumferential groove 41, and fluid 
passage 21 to the end of the reversing valve cylinder 3 
adjacent the piston 31 of the reversing valve 29. The 
opposite end of the reversing valve chamber 3 being ex 
posed to the outlet passage 27, fluid under pressure will 
move the reversing valve 29 to the right with respect to 
the drawing until the center piston 30 moves across the 
inlet passage 18, the piston 31 closing off the outlet 
passage 23, and the circumferential groove 33 coming 
into register with the inlet passage 18 and fluid passage 
19. At the same time, the circumferential groove 34 
moves into register with the adjacent ends of the fluid 
passage 20 and outlet passage 24 so that the right end 
power cylinder portion 9 is in communication with the 
reservoir not shown. Fluid under pressure, moving 
through the fluid passage 19 into the power cylinder 
portion 8 imparts movement to the power piston 5 and 
piston rod 6 toward the right with respect to the draw 
ing. In view of the fact that the fluid passage 20 is in 
communication with the outlet passage 24, so that a 
minimum fluid pressure exists in the adjacent end of 
the power cylinder 2, the check valve 52 closes to es 
tablish a fluid lock in the passage 44 to prevent move 
ment of the pilot valve 36 in the opposite direction until 
the valve ball element 56 is unseated by engagement 
with the pin 16. As soon as the valve ball element 56 
is unseated, fluid under pressure in the opposite end 
portion of the power cylinder 2 will move through the 
check valve 45 to move the pilot valve 36 toward the 
opposite end of the pilot valve cylinder 4 to cause re 
versal of the reversing valve 29 and reverse movement 
to be imparted to the power piston 5 and piston rod 6. 

With the above arrangement, there is no dead-center 
relationship of any of the moving parts, and the motor 
can be stopped and restarted with the piston 5 in any 



3,800,665 
5 

position longitudinally of the power cylinder 2. Fur 
ther, pressure of the check valve springs 48 and 57 is 
not critical, it being only necessary that these be strong 
enough to close their respective valve ball elements 
against pressure of fluid being moved toward the outlet 
ports 25. - 

If it is desired that the above-described motor utilize 
a piston rod at both ends of the power piston 5, it is 
only necessary that the opposite end of the body struc 
ture 1 be provided with a bore and counter-bore similar 
to the bore 7 and enlarged bore portion 12, and to that 
a second check valve 45 be substituted for the check 
valve 52 at the lower end portion of the passage 44. 
The second piston rod would of course be provided 
with a valve actuator engaging cam member similar to 
the cam member 13. 
While I have shown a preferred embodiment of my 

fluid pressure operated reciprocatory motor, and 
briefly described a modified arrangement, it will be un 
derstood that the same is capable of further modifica 
tion without departure from the spirit and scope of the 
invention, as defined in the claims. 
What is claimed is: 
1. In a fluid pressure operated reciprocatory motor: 

a. structure including body means defining a power 
cylinder, a reversing valve cylinder, a pilot valve 
cylinder, and an axial piston rod receiving bore at 
one end of said power cylinder; 

b. a power piston axially movable in said power cylin 
der and having a piston rod in said bore axially 
movable with said piston; a chamber on each side 
of said power piston; 

c. said structure having inlet port means for connec 
tion to a source of fluid under pressure, outlet port 
means, and passage means connecting said inlet 
and outlet port means to said valve cylinders and 
connecting said reversing valve cylinder to said 
power cylinder; 
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6 
d. a pilot valve and a reversing valve axially movable 

in respective ones of said valve cylinders; 
e. said pilot valve having axially spaced valve pistons 
and intervening circumferential grooves for con 
trolling flow of fluid to and from said reversing 
valve cylinder; 

f said reversing valve having axially spaced valve pis 
tons and intervening circumferential grooves for 
controlling flow of fluid to and from said power cyl 
inder and to said pilot valve cylinder; 

g. said structure further having a pair of fluid pas 
sages each extending and communicating with a 
different chamber of said power cylinder to a dif 
ferent end of said pilot cylinder, said fluid passages 
being disposed to maintain a pressure balance at 
opposite ends of said pilot valve cylinder during 
movement of said power piston between opposite 
ends of said power cylinder; 

h. a pair of check valves one each connecting one of 
said fluid passages to the adjacent end of said 
power cylinder, each of said check valves including 
a valve element movable between valve open and 
closed positions, one of said valve elements being 
movable generally radially relative to said piston 
receiving bore, the other of said valve elements 
moving axially of said power cylinder; 

i. said bore having a diametrically enlarged portion 
opening into said power cylinder; 

j. a check valve actuator having a portion projecting 
into said enlarged bore portion and engaging said 
generally radially moving valve element; 

k. a cam at one end of said piston for engagement 
with said check valve actuator to move its respec 
tive valve element in a valve opening direction; 

l. and a pin projecting axially from the other end of 
said piston for engagement with said axially moving 
valve element to move the same in a valve opening 
direction. 
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