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Patented Mar. 13, 1956 United States Patent Office 

1. 

2,737,894 
AXALTYPE PUMP WTH STATIONARY 

CYLNDERS 

Walter Ferris, Milwaukee, Wis, assignor to The Oilgear 
Company, Milwaukee, Wis., a corporation of Wis 
consin 

Application August 15, 1952, Serial No. 304,477 
16 Claims. (Cl. 103-5) 

This invention relates to multiple piston axial type 
pumps for pumping liquid at high pressures, the liquid 
usually being employed to energize hydraulic motors. The 
pump includes a cylinder barrel or block in which the 
pistons and cylinders are arranged in one or more circular 
rows about a central axis and are usually parallel to each 
other and to the axis. In a pump embodying the inven 
tion, the cylinder block is non-rotatable, such as by being 
fixed to or forming part of the main frame, and the 
pistons are reciprocated by a driving plate or cam which 
is inclined to and fixed for rotation with a drive shaft 
the axis of which coincides with the axis of the cylinder 
block. However, certain features of the invention may 
also be embodied in conventional types of axial pumps 
in which the cylinder barrel or block is rotatable and 
the pistons are reciprocated by a driving plate or cam 
which is mounted in the casing and is inclined at an angle 
to the axis of the cylinder barrel. 
The present invention has as an object to provide a 

pump capable of discharging a larger volume of liquid 
at high pressures than the pumps which were heretofore 
commercially available. 
Another object is to provide a pump in which the flow 

of liquid to and from each cylinder is controlled by a 
separate valve, and the several valves are operated in 
timed sequence with the strokes of the corresponding pistons. 
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Another object is to provide a pump having each cyl 
inder ported during the greater part of its stroke through 
a mechanically actuated valve of ample capacity to take 
the maximum flow, but ported during the end portions of 
each stroke only through auxiliary valves especially adapt 
ed to prevent shocks at the opening and closing of dis 
charge port. 

Another object is to provide a pump in which a sepa 
rate valve controls each cylinder and each valve will not 
connect its cylinder to the discharge port until after the 
piston in its cylinder has created a pressure higher than 
the pressure in the discharge port. 

Another object is to provide a machine of the above 
type with improved means for transmitting motion be 
tween the shaft and the pistons. . r : 

Other objects and advantages will appear from the de 
scription hereinafter given of a pump in which the inven 
tion is embodied. 
The invention is exemplified by the pump shown in 

part schematically in the accompanying drawings in which 
the views are as follows: 

Fig. 1 is in part an elevation of and in part a longi 
tudinal vertical central section through a pump in which 
the invention is embodied, the plane of the view being 
indicated by the line 1-1 of Fig. 2. 

Fig. 2 is a transverse vertical section taken on the line 
2-2 of Fig. 1 but drawn to a larger scale. 

Fig. 3 is a transverse vertical sectional view illustrat 
ing the trunnions for a counterweight and also for a wob 
ble plate which effects reciprocation of the pumping pis 
tons in response to rotation of a drive shaft, the view 
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being taken on the line 3-3 of Fig. 1 but drawn to ap 
proximately the same scale as Fig. 2. 

Fig. 4 is a sectional plan view taken through the pump 
ing portion of the pump on the irregular line 4-4 of 
Fig. 2. 

Fig. 5 is a sectional plan view taken through the other 
end portion of the pump on the line 5-5 of Fig. 3. 

Fig. 6 is an end view of the pump with a cover plate 
removed and illustrates the mechanism for shifting the 
valves which control the main flow of liquid to and from 
the pump cylinders, the view being taken on the line 
6-6 of Fig. 1 but drawn to approximately the same 
scale as Fig. 2. 

Fig. 7 is a view showing two check valves through 
which liquid may flow to and from a cylinder when the 
valve which controls the main flow of liquid to and from 
that cylinder is closed, the view being taken in the same 
plane as Fig. 1 but drawn to a considerably larger scale. 

Fig. 8 is a view illustrating how each piston is con 
nected to the wobble plate which effects reciprocation of 
the pistons, the view being taken in the same plane as 
Fig. 1 but drawn to approximately the same scale as 
Fig. 7. 

Fig. 9 is a diagram of the hydraulic circuit in the pump 
ing portion of the pump, only four of the pistons and the 
valves associated therewith being shown. 

Fig. 10 is a view of the front face of the wobble plate, 
the view being taken on the line 10-10 of Fig. 1 but 
drawn to a larger scale. 

Fig. 11 is a rear face view of an element which engages 
the front face of the wobble plate and functions both as 
a hydraulic thrust bearing and as a valve, the view being 
taken on the line 11-11 of Fig. 1 but drawn to approxi 
mately the same scale as Fig. 10. 

Fig. 12 is a section taken through a part of the thrust 
bearing shown in Fig. 11 and through a rocker which 
Supports the thrust bearing and is tiltable to vary the 
displacement of the pump, the view being drawn to ap 
proximately the same scale as Fig. 11 and taken in the 
plane indicated by the line 12-12 of Fig. 5 and also 
indicated by the line 12-12 of Fig. 11. 

Fig. 13 is a developed face view of a liner through 
which forces are transmitted between the arcuate face of 
the rocker and a driving head through which rotation is 
transmitted from the drive shaft to the rocker and the 
wobble plate, the view being indicated by the arcuate line 
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13-13 of Fig. 12. 
Fig. 14 is a section taken on the line 14-14 of Fig. 13. 
Fig. 15 is a transverse sectional view showing a part 

of the mechanism for tilting the rocker and for also tilt 
ing in the opposite direction a counterweight which is 
provided to neutralize the unbalanced centrifugal forces 
in the rocker and the wobble plate, the view being taken 
on the irregular line 15-15 of Fig. 1 but drawn to ap 
proximately the same scale as Figs. 2-6. 

Fig. 16 is a longitudinal vertical sectional view showing 
the rocker and a part of the tilting mechanism, the plane 
of the view being indicated by the line 16-16 of Fig. 5 
and by the line 16-16 of Fig. 15. 

Fig. 17 is a section through a mechanism for applying 
Spring force to the counterweight, the view being taken 
on the line 17-17 of Fig. 5. 

Fig. 18 is a section taken on the line 18-18 of Fig. 17. 
Fig. 19 is a section through the driving head and cer. 

tain adjacent parts taken on the irregular line 19-19 of 
Fig. 15 and showing the hydraulic motors for tilting the 
rocker and the counterweight. 

Fig. 20 is a longitudinal vertical section through the 
portion of the pump which is shown in elevation in Fig. 1, 
the view being taken on the irregular line 20-20 of Fig. 5 
and showing a part of the mechanism for controlling the 
hydraulic motors shown in Fig. 19. 
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Fig. 21 is a fragmentary pian view taken on the irregu 
1ar line 21—21 of Fig. 20. 

Fig. 22 is a transverse section taken on the line 22-22 
of Fig. 20. 

Fig. 23 is a vertical transverse section taken on the line 
23-23 of Fig. 20 but drawn to a larger scale. 

Fig. 24 is a diagram of the hydraulic circuit in the driv 
ing portion of the pump. 

Fig. 25 is a diagrammatic view of the piston recipocat 
ing mechanism. 
The pump illustrated is so large and the scale of the 

drawings is necessarily so small that some clearances and 
the sizes of some parts had to be exaggerated and some 
features, such as sealing means and bearings for rotating 
parts, had to be omitted. 

General arrangement 
The pump has the greater part of its mechanism ar 

ranged within a casing 1 which has an end head 2 rigidly 
attached to and closing its front end and a cylinder block 
3 closely fitted in and rigidly attached to its rear end por 
tion. Casing it is adapted to be mounted upon a reservoir 
4 which has not been shown in connection with casing 1 
but has been shown schematically in Fig. 9. 
A drive shaft 5 extends through casing 1 upon approxi 

mately the horizontal centerline thereof and is rotatably 
supported by a bearing 6 carried by end head 2, by a bear 
ing 7 carried by cylinder block 3 at the front end thereof 
and by a bearing 8 carried by cylinder block 3 at the rear 
end thereof, bearings 7 and 8 being spaced apart by a 
spacer tube 9 arranged upon shaft 5. 

Cylinder block 3 has a plurality of cylinders 10 formed 
therein in a circular row concentric with shaft 5. A pis 
ton 11 is fitted in each cylinder 10 and is connected by a 
connecting rod 12 to a non-rotating thrust member or 
wobble plate 13 which is rockably supported at its center 
upon a stationary hollow ball 14 the center of which is on 
the axis of shaft 5 and through which shaft 5 extends 
with sufficient clearance to prevent the shaft from con 
tacting the ball. As shown, ball 14 is provided with an 
annular flange 148 which is rigidly secured to the front 
end of cylinder block 3. Wobble plate 13 is provided 
with an annular split bearing 138 which is closely fitted 
therein and has an internal spherical surface comple 
mentary to and closely fitted upon ball 14 to rock thereon. 
The means for lubricating ball 14 has not been shown as it 
forms no part of the present invention. 

Rotation of wobble plate 13 is prevented by a universal 
joint the ring 15 of which has wobble plate 13 pivotally 
connected thereto at diametrically opposite points by two 
pins 16 as shown in Figs. 1 and 3. Ring 5 is pivoted at 
points spaced 90 from pins 16 upon two pins 17 (Figs. 
3 and 5) arranged in the bifurcated ends of two arms 
18 each of which is slidably supported in a bracket 19 
carried by casing . The extended axes of pins 16 and 17 
pass through the center of ball 14. 
Wobble plate 13 is restrained from axial movement 

against the thrust of pistons 11 by a rocker 20 which is 
arranged within a driving head 21. As will presently be 
more fully explained, rocker 20 and driving head 21 are 
fixed for rotation with shaft 5 and are restrained from 
axial movement. The forces which prevent axial move 
ment of wobble plate 13 are transmitted through a hold 
up element 22, which has been shown as engaging the 
flat front face of wobble plate 3 and which is arranged in 
a recess 23 extending into rocker 20 from the flat rear 
face thereof, and through a plurality of piston shoes 24 
each of which is associated with a connecting rod 12 and 
bears against the flat rear face of rocker 20 radially out 
ward from element 22. The front face of rocker 20 and 
the rear face of driving head 2 are cylindrcal and are 
accurately machined to radii struck from the center of ball 
14. Concavo-convex liners (not appearing in Fig. 1) are 
closely fitted between the cylindrical surfaces to transmit 
axial forces from one to the other and to permit relative 
radial movement therebetween. 
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4. 
The arrangement is such that rocker 20 may be swung 

about the center of ball 14 either upward or downward in 
respect to Fig. 1 to accurately adjusted positions at one 
side or the other of the neutral position shown in Fig. 1. 
Swinging rocker 20 away from its neutral position causes 
its rear face to be inclined to the axis of shaft 5 and 
to gyrate about the shaft axis as the shaft and rocker 20 
rotate. Since shoes 24 bear against the rear face of rock 
er 20, gyration of that face causes wobble plate 13 to 
pivot upon pins 16, ring 15 to pivot upon pins 17 and 
wobble plate i3 to wobble upon ball 14, thereby effecting 
reciprocation of pistons 11. 

The pumping mechanism 
Cylinder block 3 is cylindrical and is closely fitted in 

a bore 25 formed in the rear end portion of casing 1. As 
shown in Figs. 1, 2 and 4, each of cylinders 10 has a piston 
valve 26 associated therewith and the several valves are 
arranged in a circular row concentric with the row of 
cylinders 10. Each valve 26 is preferably fitted in a ported 
sleeve which is arranged in a bore formed in cylinder 
block 3 but in order to simplify the drawings each valve 
26 has been shown fitted for reciprocation in a bore 27 
which is formed in cylinder block 3 and has three annular 
grooves or ports 28, 29 and 30 formed in its wall. Each 
port 28 communicates through a passage 31 (Fig. 2) with 
one of the cylinders 10. Each port 29 communicates 
through a passage 32 with an annular passage 33 which is 
formed in the wall of the bore 25 in casing 1 and com 
municates with a passage 34 (Fig. 4) by means of which 
the pump may be connected to one side of a hydraulic 
circuit. Each port 30 communicates through a passage 
35 with an annular passage 36 which is formed in the wall 
of bore 25 and communicates with a passage 37 (Fig. 4) 
by means of which the pump may be connected to the 
other side of the hydraulic circuit. 

Valves 26 may be made large enough to permit cylin 
ders 10 to be filled with liquid from an adjacent reservoir 
in response to retraction of pistons but the size of 
valves 26 and the forces required to reciprocate them may 
be considerably reduced if the pump is supercharged at a 
pressure, such as 35 p.s. i., which is relatively low but 
is high enough to obtain the necessary velocity of the 
liquid passing through the valves 26 on the intake side 
of the pump. 
As shown schematically in Fig. 9, liquid for Super 

charging the pump may be supplied by an auxiliary pump 
40 which draws liquid from reservoir 4 and discharges it 
through a channel 41, a selector valve 42 and either a 
channel 43 into passage 33 or through a channel 44 into 
passage 36. Since the pump may be employed in a differ 
ential hydraulic circuit, a low pressure relief valve 45 is 
connected to channel 41 and discharges into reservoir 4 
so that whenever liquid is returned to the main pump in 
excess of the liquid required to fill cylinders 10, the ex 
cess liquid may be exhausted through relief valve 45. 

Since the pressure required to supercharge the main 
pump is low, supercharge pump 46 may be of a constant 
displacement type and the liquid discharged by it in excess 
of the liquid required to fill cylinders 10 may be exhausted 
through relief valve 45. But preferably the Supercharge 
pump is a "constant pressure' pump. That is, a pump 
which will discharge liquid at a predetermined maximum 
rate until it creates a predetermined pressure and then it 

65 

70 

will automatically reduce its dispiacement until it is deliv 
ering just enough liquid to maintain that pressure Sub 
stantially constant, such as the Supercharge pump shown 
in Patent No. 2,484,337. 

Selector valve 42 includes a body 46 which is fastened 
to casing 1 and has an axial bore 47 and three annular 
grooves or ports 48, 49 and 5 formed in the wall of bore 
47. Port 48, is connected by channel 4 to pump 40, port 
49 is connected by channel 43 to passage 33 and port 50 
is connected by channel 44 to passage 36. Communica 
tion between port 48 and ports 49 and 50 is controlled by 
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a valve plunger 51 which is fitted in bore 47 and has two 
ducts 52 and 53 extending into it from its opposite ends 
and then extending radially cutward into communication 
with ports 49 and 50 respectively. 
The arrangement is such that, when high pressure is 

created in passage 33, liquid will flow therefrom through 
channel 43, port 49 and duct 52 to one end of bore 47 
and will shift plunger 51 into the position shown and 
plunger 51 will open port 50 to port 48 so that liquid can 
flow from pump 40 through channel 41, selector valve 
42 and channel 44 into passage 36 and, when high pres 
sure is created in passage 36, liquid will flow therefrom 
through channel 44, port 50 and duct 53 to the other end 
of bore 47 and will shift plunger 51 into its other position 
and plunger 51 will open port 49 to port 48 so that liquid 
can flow from pump 40 through channel 41, selector valve 
42 and channel 43 into passage 33. 

Port 48 in valve 42 is also connected by a passage 54 
to an annular passage 55 which extends around cylinder 
block 3 and has been shown as being formed in part in 
casing 1 and in part in cylinder block 3. Passage 55 is 
thus continuously supplied with Supercharging liquid. 
The mechanism for shifting valves 26 has been shown 

in Figs. 1, 4 and 6 as being arranged within a cylindrical 
housing 58 which is attached to the rear end of cylinder 
block 3 and is closed at its rear end by a cover plate 59. 
Each of valves 26 has a universal joint 60 fixed to its rear 
end and connected by linkage 61 to one of the several arms 
62 of a valve actuator 63 which is journaled as by means 
of bearings 64 upon a tubular cam 65 which is fixed upon 
the rear end portion of shaft 5. The axis of the outer 
periphery of cam 65 is inclined to the axis of the inner 
periphery thereof so that actuator 63 is inclined to the 
axis of shaft 5. 

Actuator 63 is pivoted at diametrically opposed points 
on its horizontal center line to a ring 66 by two pins 67. 
Ring 66 is pivoted at diametrically opposite points on its 
vertical center line upon two pins 68 carried by two arms 
69 which are supported in two brackets 70 carried by 
housing 58. The arrangement is such that, when shaft 5 
is rotated, cam 65 will cause actuator 63 to pivot upon 
pins 67, ring 66 to pivot upon pins 68 and actuator 63 to 
wobble about the intersection of the axes of shaft 5 and 
pins 67. 
Cam 65 is fixed upon shaft 5 in such a position that, 

when rocker 20 is adjusted to cause wobble plate 13 to 
be inclined to the axis of shaft 5 as previously explained, 
the plane of valve actuator 63 will be spaced 90' from 
the plane of wobble plate 13. The arrangement is such 
that, when the pump is pumping liquid and any piston 11 
is at either end of its stroke, the valve 26 associated with 
the cylinder containing that piston will be in its closed 
position and will be blocking the port 28 leading to that 
cylinder as shown in Fig. 1. Instantly thereafter, both 
the piston and the valve start to move but the piston will 
be moving at its slowest speed while the valve will be 
moving at its highest speed so that the valve will quickly 
open port 28. The piston will accelerate and the valve 
will decelerate until the piston is at half stroke at which 
time the valve will be fully open as shown in Fig. 4. 
Then the piston will decelerate and the valve will accel 
erate until the piston reaches the other end of its stroke 
at which time the valve will have closed port 28 as 
shown in Fig. 1. 

In Fig. 25 driving head 21 has been shown in the same 
position as in Fig. 1 but rocker 20 has been shown as 
having been swung downward in respect to Fig. 1 so that 
its rear face is inclined to the axis of shaft 5 and will 
gyrate about the shaft axis when shaft 5 and rocker 20 
are rotated. The thrust of pistons 11 holds piston shoes 
24 against the rear face of rocker 20 and thereby main 
tains wobble plate 13 parallel to the rear face of rocker 
20. Two diametrically opposite points at which piston 
shoes 24 contact the rear face of rocker 20-have been 
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6 
indicated at A and B, point A being the contact point 
farthest from cylinder block 3 and point B being the con 
tact point nearest to cylinder block 3. 

With rocker 20 in the position shown in Fig. 25, the 
upper piston designated 11* is at the end of its out 
stroke and its shoe 24 is in contact with the rear face 
of rocker 20 at point A. Cylinder block 3 contains an 
odd number of cylinders so that no two pistons are dia 
metrically opposite each other but, for the purpose of 
this explanation, a piston 11y has been shown diametri 
cally opposite piston 11* in Fig. 25 with the shoe 24 of 
the lower piston 11y in contact with the rear face of 
rocker 20 at point B, in which position piston 11y is at 
the end of its in-stroke. v 
When shaft 5 is rotated in the direction indicated by 

the arrow on Fig. 25, driving head 21 and rocker 20 
will rotate with it and the rear face of rocker 20 will 
slide across the faces of the several piston shoes 24. Dur 
ing the first half-revolution of rocker 20 from the posi 
tion shown in Fig. 25, its rear face will move the shoe 
24 of upper piston 11* rearward or inward harmonically 
until point B comes into alinement with that shoe at 
which time piston 11 will have been moved to the end 
of its in-stroke or into a position corresponding to the 
position of piston 11y shown in Fig. 25. 

During the next half-revolution of rocker 20, its rear 
face will permit the shoe 24 of piston 11 to be moved 
forward harmonically. If the pump is supercharged as 
shown, piston 11* will be moved forward or outward by 
the supercharge pressure. If the pump is not super 
charged, piston 11* will be drawn forward or outward 
by wobble plate 13. . In either case, piston 11x will be 
moved forward or outward harmonically until point A 
comes into alinement with the shoe 24 of that piston at 
which time piston 11X will have made a complete recipro 
cation and will be in the position shown in Fig. 25. Con 
tinuous rotation of rocker 20 will cause continuous re 
ciprocation of the piston. 

All of the pistons 11 are reciprocated in the same man 
ner, the pistons whose shoes 24 are in contact with that 
half of rocker 20 which is the far half in respect to Fig. 
25 being forced progressively rearward or inward and 
the pistons whose shoes 24 are in contact with that half 
of rocker 20 which is the near half in respect to Fig. 25 
being moved progressively forward or outward. 
As each piston 11 starts to move inward or rearward 

in its cylinder, the valve 26 associated with that cylin 
der will move in a direction to connect its port 28 to its 
port 29 and, as each piston 11 starts to move outward or 
forward in its cylinder, the valve 26 associated with that 
cylinder will move in a direction to connect its port 28 
to its port 30. The inward moving pistons will discharge 
liquid from their cylinders through passages 31, ports 
28, valve bores 27, ports 29 and passages 32 into annular 
passage 33 and thence through passage 34 to one side of 
an external circuit. The cylinders containing outward 
moving pistons will be supplied with liquid through pas 
sages 31, ports 28, valve bores 27, ports 30 and passages 
35 from annular passage 36. Part or all of the liquid 
required to fill the cylinders may be supplied to passage 
36 through passage 37 from the external circuit or a 
part or all of the liquid required to fill the cylinders may 
be supplied to passage 36 through passage 44, selector 
valve 42 and passage 41 from supercharge pump 40. 

If rocker 20 is swung upward from its neutral posi 
tion, the pump will function in the above described man 
ner except that the movement of the pistons will be re 
versed, the pistons will discharge liquid into annular 
passage 36 and the cylinders will be supplied with liquid 
from annular passage 33. 
When the pump is creating a high pressure and a piston 

starts to move inward, the liquid in the cylinder con 
taining that piston is initially under a low pressure if the 
pump is supercharged, or it is under a negative pressure 
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and the cylinder may not be completely filled with liquid 
if the piston has to draw liquid into its cylinder from a 
reservoir, but the discharge passage 33 or 36 contains 
liquid at the high pressure. Therefore, if each valve 26 
opened the associated cylinder to the discharge passage 
at the instant that the piston in that cylinder started to 
move inward, the high pressure in the discharge passage 
would cause liquid to flow therefrom into the cylinder 
and cause a shock with resultant noise and energy loss. 
These shocks in pumps now in use often disintegrate the 
metal in the port walls. 

In order to eliminate such shocks and noise, each 
valve 26 is so proportioned that it does not open the asso 
ciated cylinder to the discharge passage until after the 
piston in that cylinder has moved inward far enough to 
create in its cylinder a pressure approximately as high 
as the pressure in the discharge passage and each cyl 
inder is provided with an outlet check valve 73 through 
-which the piston may discharge liquid before the valve 
26 opens. 

If the pump is reversible as shown, each valve 26 must 
be so proportioned that it will not open its port 28 to 
either its port 29 or its port 30 until after it has moved 
a predetermined distance in one direction or the other 
from its neutral position. In that case, it is preferred 
to provide each cylinder 10 with an inlet check valve 72 
:through which, as the piston in that cylinder moves out 
ward during the first part of intake stroke, liquid may 
flow to the cylinder until the valve 26 associated with that 
cylinder has moved far enough to connect that cylinder 
to the passage 33 or 36 which at that time is the inlet 
passage. If such a check valve be not provided, the cyl 
inder is temporarily starved at the beginning of the in 
stroke, and gas may be formed in the liquid in the cyl 
inder. 

While any suitable type of check valve will suffice, 
check valves 71 and 72 preferably are so constructed that 
each may be readily inserted into and removed from cyl 
inder block 3. As shown in Fig. 7, the check valves 71 
and 72 for each cylinder 0 are arranged, respectively, 
in two bores 73 and 74 formed in cylinder block 3 at 
the rear of that cylinder. Check valve 71 includes a body 
75, which is threaded into bore 73 and has an axial bore 
76 formed therein, and an annular valve seat 77 the open 
ing through which is concentric with bore 76 and com 
municates with cylinder 10. Bore 76 has a valve plunger 
78 fitted therein and urged against valve seat 77 by a 
spring 79. Body 75 also has formed in its outer periphery 
intermediate its ends a cannelure 80 through which liquid 
may flow to check valve 72 as will presently be explained. 
The inner part of bore 73 between body 75 and valve seat 
77 communicates through a passage 31 with an annular 
passage 82 which is formed in casing 1 and extends 
around cylinder block 3. Suitable means are provided for 
Subjecting the spring end of plunger 78 to the pressure 
prevailing in passage 82, such as a groove 83 formed in 
the periphery of plunger 78. 
As shown in Figs. 1 and 9, annular passage 82 is 

adapted to be connected to either passage 33 or pas 
Sage 36 under the control of an automatic selector valve 
84 which is fitted in a bore 85 formed in a valve body 
86 attached to casing 1. Bore 85 has three annular 
grooves or ports 87, 88 and 89 formed in the wall thereof. 
Port 87 is connected to passage 82 by a passage 90, port 
88 is connected to passage 33 by a passage 91 and port 
89 is connected to passage 36 by a passage 92. Valve 84 
has two ducts 93 and 94 extending into it from its oppo 
site ends and then extending radially outward into com 
munication with ports 83 and 89 respectively. 
The arrangement is such that, when high pressure is 

created in passage 33, liquid will flow therefrom through 
passage 91, port 88 and duct 93 into the left end of bore 
85 and will move valve 84 against the right end of bore 
85 in which position valve 84 will connect passage 82 to 
passage 33 through passage 90, valve body 86 and pas 
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sage 91 and, when high pressure is created in passage 36, 
liquid will flow therefrom through passage 92, port 89 
and duct 94 into the right end of bore 85 and will move 
valve 84 against the left end of bore 85 in which posi 
tion valve 84 will connect passage 82 to passage 36 
through passage 90, valve body 86 and passage 92. 

Referring again to Fig. 7, check valve 72 includes a 
body 95 which is threaded into bore 74 and has a bore 
'96 extending into it from its inner end and a smaller bore 
'97 extending farther into it from the end of bore 96. A 
valve plunger 98 is fitted in bore 96 and is urged by a 
spring 99 against the shoulder formed at the junction of 
bores 96 and 97, thereby normally preventing flow of 
liquid from one bore to the other. 

Valve body 95 also has two cannelures 100 and 101 
formed in its peripheral surface and spaced from each 
other. Cannelure 100 communicates with cylinder 10 
through a passage 102 and it communicates with the op 
posite ends of bore 96 through two sets of holes 103 and 
104 respectively. Cannelure 101 communicates with bore 
97 through a plurality of holes 105 and it is connected 
to supercharge passage 55 by a passage 106 which is in 
tersected by bore 73 in the plane of cannelure 80. 
The arrangement is such that the supercharge pres 

sure, which is constantly maintained in passage 55, ex 
tends through passage 106, cannelure 101 and holes 
; (35 into bore 97 and tends to move plunger 98 to 
open position but any pressure in cylinder 10 extends 
therefrom through passage 102, cannelure 106 and holes 
583 into the spring end of bore 96 and assists spring 
99 in holding plunger 98 in its closed position. When 
piston 11 is retracted, the pressure in cylinder i0 will 
drop until the force exerted upon plunger 98 by spring 
99 and by any pressure in cylinder 9 is less than 
the force exerted upon plunger 93 by the Supercharge 
pressure. Then the preponderance of force exerted upon 
plunger 98 by the supercharge pressure will move 
plunger 98 to its open position and liquid will flow 
from supercharge passage 55 through passage 106, can 
helure 1.01, holes 105, bore 97, holes 164, cannelure 100 
and passage 162 into cylinder í 9 and will fill cylinder 
i0 with liquid as fast as piston 11 is retracted. 

Referring now to Fig. 9 and assuming that the pump 
is adjusted to cause the pistons i to discharge into 
passage 33 as previously explained, the pistons 11 which 
are moving inward but are not near either the inner or 
the outer ends of their strokes are represented by the 
piston it and the cylinder containing that piston and 
the valves associated therewith are indicated by their ref 
erence numerals with the exponent “a” added thereto. 
The pistons which are near the inner ends of their strokes 
are represented by the piston 1 ib and the cylinder con 
taining that piston and the valves associated therewith 
are indicated by their reference numerals with the ex 
ponent "b" added thereto. The pistons which are 
moving outward but are not near either the inner or 
the outer ends of their strokes are represented by the 
piston ic and the cylinder containing that piston and 
the valves associated therewith are indicated by their 
reference numerals with the exponent "c' added thereto. 
The pistons 11 which are near the outer ends of their 
strokes are represented by the piston 1d and the cylinder 
containing that piston and the valves associated there 
with are indicated by their reference numerals with the 
exponent "d" added thereto. 

During the in-stroke of a piston ; as indicated by 
the large arrow thereon, it will discharge liquid from its 
cylinder 6 through passage 31, valve bore 27, pas 
sage 328 and discharge passage 33 to the external cir 
cuit as indicated by the small arrows on those passages. 
At the same time, each piston 11° is being refracted, as 
indicated by the large arrow thereon, and liquid is 
being returned from the external circuit into passage 
36. Since pump 40 is maintaining pressure in passage 
36 as indicated in Fig. 9 and as previously explained, 
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the pressure in passage 36 will cause each cylinder 100 
to be supplied with liquid through passage 31, valve 
bore 27 and passage 35C from passage 36 as indi 
cated by the small arrows on those passages, valves 
26 and 26 being at this time open wide enough to 
permit liquid to flow freely from cylinder 10 to pas 
isage 33 and into cylinder 100 from passage 36. 

Just before each piston 15 reaches the end of its in 
stroke, the valve 26 associated with that piston closes, 
as indicated by the position of valve 26b, and the piston 
continues to move inward as indicated by the full arrow 
on piston 11b. After valve 26b closes, piston 11b, will 
discharge liquid from its cylinder 10b through check valve 
71°, passages 81°, 82 and 90, valve body 86 and pas 
sages 91 and 33 to the external circuit, as indicated by 
the full arrows on those passages, until the contact point 
B (Fig. 25) on the rear face of rocker 20 comes into 
alinement with the shoe 24 on that piston at which 
time the piston is at the end of its in-stroke as previously 
explained. 

Each piston 11 starts to retract, as indicated by the 
dotted arrow on piston 11, the instant that contact 
point B moves out of alinement with the shoe 24 of 
that piston. At the end of the in-stroke, some liquid 
at pump pressure remains in the cylinder and, if the 
cylinder were opened to the intake the instant that the 
piston started to retract as is the case in conventional 
pumps, the energy required to compress that liquid to 
pump pressure would be wasted. In the present case, 
the valve 26 associated with that cylinder remains closed 
until shaft 5 has rotated through a predetermined an 
gular distance. During that time, the pressure in the 
cylinder reacts against the inclined rear face of rocker 
20 and, the instant that contact point B on the rear face 
of rocker 20 moves beyond the axis of the shoe 24 of 
the piston in that cylinder, the liquid in the cylinder 
expands and assists in rotating shaft 5, thereby regen 
erating a large part of the energy required to compress 
to pump pressure the liquid remaining in each cylinder 
at the end of the instroke of the piston in that cylinder. 
As soon as the liquid remaining in cylinder 11b has 

expanded to such an extent that the pressure in cylinder 
11 is enough less than the Supercharge pressure to per 
mit check valve 72b to open, liquid will flow from 
supercharge passage 55 through passage 106b, check valve 
72 and passage 102b to cylinder 11 and keep it filled 
with liquid until shaft 5 has rotated through an an 
gular distance great enough to cause valve actuator 63 
to open valve 26 and thereby permit the cylinder to 
be filled with liquid from passage 36 as explained above 
and as shown in Fig. 9 by the arrows which indicate 
the flow of liquid into cylinder 10. 

Just before each piston 11 reaches the end of its out 
stroke, the valve 26 associated with that piston closes, 
as indicated by the position of the valve 26d, and the 
piston continues to move outward as indicated by the 
dotted arrow on piston 11d. After valve 26d closes, liquid 
is supplied to cylinder 10d from supercharge passage 55 
through passage 102d, check valve 72d and passage 106d, 
as indicated by the dotted arrows on those passages. 

Each piston 11 starts to advance, as indicated by the 
full arrow on piston 11d, instantly after it reaches the 
end of its out-stroke but valve 26d is closed at that in 
stant so that piston 11d cannot discharge liquid from cylin 
der 10d until after it has created therein a pressure some 
what higher than the pressure in passages 33 and 82. 
Then check valve 71d will open and piston 11d will dis 
charge liquid from its cylinder 10d through check valve 
71d, passages 81d, 82 and 90, valve body 86 and passages 
91 and 33 to the external circuit, as indicated by the small 
full arrows on those passages, until piston 11d has ad 
vanced a short distance and then valve 26d will open 
and permit the piston to discharge liquid into passage 
33 as explained above and as shown by the discharge of 
liquid from cylinder 10. 

0. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

75 

10 
The piston and wobble plate assembly 

Pistons 11 may be retracted either by supplying liquid 
to cylinders 10 at a sufficiently high pressure or by con 
necting pistons 11 to wobble plate 13 by suitable linkages 
such as the connecting rods 12. As shown in Fig. 8, 
each piston 11 has a spherical head 109 fixed to its outer 
end and fitted into a socket 110 formed upon one end of 
a short push rod 111 having a spherical head 112 formed 
upon its other end. Head 112 is fitted in a spherical 
socket 113 which has a shank 114 formed integral there 
with and rigidly secured in wobble plate 13. An annular 
socket 115 is fitted upon the outer spherical surface of 
socket 113 and is connected to a sleeve 116 which en 
closes head 109 and socket 110 and has an annular in 
ward flange 117 on its rear end. Flange 117 is engaged 
by a spring 118 which urges an annular spherical socket 
119 against the rear face of head 109 and thereby pre 
vents separation of ball and socket joint 109-110 and 
separation of ball and socket joint 112-113. 
The arrangement is such that piston 11 may be drawn 

outward or forward by a retraction force transmitted 
thereto through its head 109, socket 119, spring 118, 
flange 117, sleeve 116 and sockets 115 and 113 from 
wobble plate 13, and piston 11 may be forced inward or 
rearward by a pumping force transmitted thereto through 
its head 109, rod 111, head 112 and socket 113. The 
pumping force is transmitted from rocker 20 to socket 
113 partly through wobble plate 13 and partly through a 
shoe to be presently described. 

In order to provide hydraulic thrust bearings in the 
ball and socket joints and to provide liquid for lubrica 
tion and other purposes, a recess 120 is provided be 
tween head 109 and socket 110, such as by flattening the 
end of head 109, and piston 11 is provided with an axial 
duct 121 which extends from recess 120 through piston 
11 into communication with cylinder 10 (see Fig. 7) so 
that liquid can flow from cylinder 10 into recess 120. 
A recess 122 is similarly provided between head 112 and 
socket 113 and is supplied with liquid through a duct 
123 which extends through ball 112 and rod 111 into 
communication with recess 120. 
When pressure prevails in cylinder 10, liquid spreads 

over the spherical mating surfaces of the heads and the 
sockets and forms lubricating films therebetween. The 
area of each film into which pressure can extend should 
be limited and this may be accomplished by making socket 
110 relatively short and by providing a suitably drained 
limit groove 124 in head 112. Any pressure in cylinder 
10 will extend through duct 121 into recess 20 and 
through duct 123 into recess 122 so that the pressure in 
recesses 120 and 122 is the same as in cylinder 10. The 
pressure in the recesses will extend therefrom into the 
films of liquid between the mating surfaces of the balls 
and sockets. The film pressure at the edge of each re 
cess will be the same as the pressure in the recess and 
will be substantially zero at edge of socket 110 and at 
the edge of groove 124. The liquid in each of recesses 
120 and 121 acts as a liquid bearing between the ball 
and its socket and the area of each recess and the area 
of the film of liquid are such that the greater part of the 
pumping force is transmitted through the liquid in the 
recesses and the films containing pressure and only a small 
part of the pumping forces is transmitted through the 
films which have little or no pressure therein. 
The pressure in the recess and in the film of liquid 

between each head and its socket tends to move the head 
away from its socket but the area of each recess and 
the area of the film containing pressure are so propor 
tioned that the force exerted by the liquid upon each 
head is slightly less than the force exerted upon the inner 
end of the piston by the liquid in the cylinder. 
A part of the pumping force required to advance piston 

11 on a working stroke is transmitted from rocker 29 
to socket 113 through the shoe 24 of that piston. Shoe 
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24 is arranged between the annular flat rear face of 
rocker 20 and the spherical head of a hold-up piston 
126 which is fitted in an axial bore 127 formed in the 
shank 114 of socket 13. Piston 126 is hollow and has 
a spring 28 arranged therein to urge piston 126 against 
shoe 24 and shoe 24 against rocker 20. The contacting 
surfaces of rocker 20 and shoe 24 are made flat and 
Smooth and the contacting surfaces of shoe 24 and piston 
126 are made spherical and smooth to provide substan 
tially liquid tight joints therebetween. 
Shoe 24 is made annular to provide therein a pressure 

chamber 129, the interior of piston 126 is connected to 
chamber 129 through a passage 36 formed in the head 
end of piston i26 and bore 27 communicates through 
a passage 13i with recess 22 so that chamber 29 is 
continuously supplied with liquid at the pressure prevail 
ing in cylinder 10. 
When drive shaft 5 and rocker 20 are rotated, the rear 

face of rocker 26 will slide across the front faces of the 
several non-revolving shoes 24 and the liquid in the cham 
bers 129 will provide liquid bearings between the shoes 
and the rocker. Also, liquid will seep from chambers 29 
and provide a lubricating film between rocker 20 and the 
shoes. When rocker 20 is inclined to the axis of drive 
shaft 5 and is rotated, each piston will be progressively 
advanced during one-half of each revolution and will be 
progressively retracted during the other half of each rev 
olution as previously explained. Each piston as it ad 
vances will create pressure in its cylinder and, since the 
same pressure prevails in chamber 129, that part of the 
pumping force which is transmitted from rocker 20 
through shoe 24 is nearly all transmitted through the 
liquid in chamber 129 and only a small part thereof is 
transmitted through the film of liquid between the face 
of the shoe and the rear face of rocker 20. 

Preferably, the area of each hold-up piston 126 is only 
about one-half the area of a pumping piston 11 so that 
only about one-half of the total pumping force is trans 
mitted through the shoes 24. The other part of the total 
pumping force is transmitted from rocker 20 through ele 
ment 22 and wobble plate 13 to the shanks 114 of sock 
ets 13. Element 22 functions both as a hydraulic thrust 
bearing and as a valve, as will presently be explained, and 
it is supplied with liquid from cylinders 0. 

It has previously been explained that the interior of 
each hold-up piston 126 is supplied with liquid at the 
pressure prevailing in the associated cylinder. As shown 
in Fig. 8, the interior of the piston 126 in each shank 14 
communicates with a passage 133 which extends through 
the wall of shank 4 and communicates with one end of 
a passage 34 which extends approximately radially in 
ward therefrom and then extends axially through the 
front face of wobble plate 13 into communication with 
element 22. 

The driving and hold-up mechanisms 

The outer ends of the several passages 134 are ar 
ranged in a circular row concentric with the axis of wob 
ble plate 13 as shown in Fig. 10. Element 22 is fixed 
for rotation with rocker 29 and is provided with two arcu 
ate grooves or ports 4 and 442 in axial alinement with 
the front ends of passages 34. Since wobble plate 13 
is non-rotatable, rotation of element 22 with rocker 20 
will cause the several passages 134 to register successively 
first with one and then with the other of ports 141 and 142. 

Preferably, gi'eoves 4 and 42 are formed in the rear 
face of element 22, a narrow annular wear plate is at 
tached to element 22 and provided with two arcuate 
ports in registry with ports i4 and 42, and a narrow 
annular wear plate is attached to the rear face of wobble 
plate 3 and has a hole extending therethrough from the 
end of each passage 34. But in order to simplify the 
drawings, the wear plates have been omitted and element 
22 has been shown in Fig. 1 as having a narrow annular 

O 

25 

30 

40 

50 

60 

65 

70 

12 
boss 143 formed upon its rear face and ports 141 and 142 
formed in boss 143. 
While element 22 is fixed for rotation with rocker 20, it 

is free to move axially within recess 23 and it is urged 
against wobble plate 13 by a hold-up motor 144 and a 
plurality of hold-up motors 1448, each of which com 
municates with port 141 through a hole 145, and by a 
hold-up motor 146 and a plurality of hold-up motors 
46 each of which communicates with port 142 through 
a hole 147 so that motors 144 and 144a are energized by 
liquid at the pressure prevailing in port 141 and motors 
146 and 146 are energized with liquid at the pressure 
prevailing in port 142. Hold-up motor 144 is arranged in 
element 22 at the center of port 141 and motors 144 are 
arranged between motor 144 and the ends of port 141. 
Likewise, hold-up motor 146 is arranged in element 22 
in the center of port 142 and motors 146 are arranged 
between motor i46 and the ends of port 142. 
As shown in Fig. 12, hold-up motor 144 includes a cyl 

inder 148 which is formed in element 22, a piston 149 
which is fitted in cylinder 148 and a spring 150 which 
urges piston 149 against the bottom of recess 23. Piston 
j49 has formed in its head end a hole 151 through which 
liquid may flow to other holdup motors as will presently 
be explaincd. Since motor 146 is identical to motor 144 
and motors i44a and 46a are exactly like motor 144 
except that hole 5 is omitted from the pistons thereof, 
they have not been shown in detail. 

Before explaining more fully how pressures are main 
tained in ports 145 and 142, it should be explained that 
driving head 2 has its body portion fixed for rotation 
with drive shaft 5, as by being keyed or splined thereto, 
that it has a circular front fange 21 formed integral with 
the body portion, and that it includes an annular shell 21 
which is fixed to fiange 2ía concentric with shaft 5 and ex 
tends around rocker 20 and ring 15 as shown in Fig. 3, 
The rear end portion of shell 25b has two pins 152 ar 

ranged therein at diametrically opposite points and the 
inner ends of pins 152 are supported in two diametrically 
opposed webs 21c shown as being formed integral with 
shell 2b. Pins 152 are arranged upon a common axis 
which extends through the center of ball 14. 

Rocker 20 has two arms 20 fixed thereto at opposite 
rides thereof and journaled, respectively, upon the two 
pins 152. When driving head 21 is rotated in response 
to shaft 5 being driver, rocker 20 will be rotated in 
synchronism with head 21 through pins 152 and arms 
20a. Rocker 20 is adapted to pivot upon pins 52 to 
change putmp displacement as will presently be explained. 
As shown in Fig. 11, the adjacent ends of ports 14 

and 2.42 are spaced from each other and the unbroken 
surfaces of the spaces between the adjacent ends of the 
two ports cooperate with the front face of wobble plate 
3 to form seals between the two ports. Element 22 is 

fixed for rotation with rocker 20 in such a position that 
a line passing through the axis of shaft 5 and through 
the centers of the spaces between the adjacent ends of 
ports 141 and 142 is at right angles to the common axis 
of pins 152. With element 22 in that position, one of 
the ports E4 and 42 always registers with the passages 
34 which communicate with the cylinders 10 containing 
inward moving pistons and the other one of the ports 
{41 and 42 always registers with the passages 134 which 
communicate with the cylinders 10 containing outward 
moving pistons 11. Consequently, one of the ports 141 
and 142 is continuously supplied with liquid at pump 
pressure and the other one of the ports 141 and 142 is 
continuously supplied with iiquid at Supercharge pressure. 
The arrangement is such that a force proportional to 

pump pressure is transmitted from rocker 20 to wobble 
plate 13 íhrottgh one-half of eement 22 and a force 
proportional to the Supercharge pressure is transmitted 
frorin rocker 23 to wobble plate E3 through the other 
half of element 22. The greater part of those forces are 
transmitted to wobble plate i3 through the liquid in 
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ports 141 and 142. Element 22 thus functions as a 
hydraulic thrust bearing through which forces are trans 
mitted from rotatable rocker 20 to non-rotatable wobble 
plate 13 and it also functions as a valve for connecting 
one set of hydraulic motors 144 or 146 to the cylinders 
10 containing inward moving pistons and for connecting 
the other set of hold-up motors 144 or 146 to the cylin 
ders 10 containing outward moving pistons. 
The front face of rocker 20 and the rear face of the 

body portion of driving head 21 are arcuate and have 
the radii thereof struck from the axis of pins 152. Rocker 
20 has two curved liners 153 and 154 (Figs. 5, 12 and 
13) arranged upon its arcuate front face at opposite sides 
of shaft 5. Preferably, each of the two liners engages 
a liner arranged upon the arcuate rear face of head 21 
but in order to simplify the drawings the liners on head 
21 have been omitted and liners 153 and 154 have been 
shown as engaging the arcuate rear face of head 21. 
As shsown in Figs. 12 and 13, liner 153 has an elon 

gated pressure chamber 155 formed in its front face 
and a drainage groove 156 extending around chamber 
155 and spaced outward a short distance therefrom. A 
hole 157 extends through liner 153 at the center of cham 
ber 155 and a hole 157 extends through liner 153 at 
each end of chamber 155. Since liner 154 is identical 
to liner 153, it has not been shown in detail and a descrip 
tion thereof is deemed unnecessary. 

Liner 153 is urged against the arcuate rear face of driv 
ing head 21 by a hold-up motor 158 and two hold-up 
motors 158a which are arranged in rocker 20 at one 
side of shaft 5 with motor 158 concentric with the hole 
157 in liner 153 and each of the motors 158 concentric 
with one of the holes 157 in liner 153. Likewise, liner 
154 is urged against the arcuate rear face of driving head 
21 by a hold-up motor 159 and two hold-up motors 159 
which are arranged in rocker 20 at the other side of 
shaft 5 with motor 159 concentric with the hole 157 in 
liner 154 and each of the motors 159a concentric with 
one of the holes 1578 in liner 154. 

Hold-up motors 158, 158a, 159 and 159a are identical 
and, as shown in Fig. 12, each includes a cylinder 160 
which is formed in rocker 20, a hollow piston 161 which 
is fitted in cylinder 160 and has a hole 162 extending 
through its head end, a sealing member 163 which is 
arranged between piston 161 and liner 153 or 154, and 
a spring 164 for urging piston 161 against sealing mem 
ber 163 and member 163 against liner 153 or 154. The 
mating surfaces of piston 161 and member 163 are made 
flat and smooth and the mating surfaces of member 163 
and liner 153 or 154 are made spherical and smooth to 
provide substantially liquid tight joints therebetween. 

Sealing member 163 has two recesses 165 and 166 
formed in its opposite faces concentric with hole 162 and 
a hole 157 or 157 and connected to each other by a 
hole 167 so that cylinder 160 and recesses 155, 165 and 
166 are interconnected and any pressure therein will cause 
liquid to seep from chambers 155 and recesses 165 and 
166 and form lubricating films between the mating sur 
faces of the piston, the sealing member, the liner and the 
driving head. The arrangement is such that the greater 
part of a force transmitted from driving head 21 to rocker 
20 is transmitted through the liquid in chamber 155, the 
liquid in recesses 165 and 166 and the liquid in cylinder 
160 to rocker 20 and only a small part of the force trans 
mitted through the films of liquid between the metal 
parts. 

Hold-up motor 158 communicates through a passage 
168 with the hole 151 in the piston 149 of hold-up motor 
144, as shown in Figs. 5 and 12, so that the pressure 
prevailing in port 141 will extend therefrom through hole 
145, motor 144, hole 151, passage 168, motor 158 and 
hole 157 into the pressure chamber 155 in liner 153 and 
from chamber 155 through holes 157s into motors 158a. 
so that the force transmitted from driving head 21 to 
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rocker 20 through the liquid in pressure chamber 155 
and through motors 158 and 158a is proportional to the 
pressure in port 141. 

Likewise, hold-up motor i59 communicates through a 
passage 169 with the hole 151 in the piston of hold-up 
motor 146, as shown in Fig. 5, so that the pressure pre 
vailing in port 142 will extend therefrom through hole 
147, motor 146, hole 151, passage 169, motor 159 and 
hole 157 into the pressure chamber 155 in liner 154 and 
from chamber 155 through holes 157 into motors 159 
so that the force transmitted from driving head 21 to 
rocker 20 through the liquid in pressure chamber 155 and 
through motors 159 and 159a is proportional to the pres 
sure in port 142. 
The front face of driving head 21 engages a spacer 

block 175 (Figs. 5 and 20) the front face of which is 
engaged by a hold-up block 176. Blocks 175 and 176 
are rigidly secured to each other and to head 21 and 
substantially form parts of head 21 but are made separate 
ly therefrom for convenience in manufacture. As shown 
in Figs. 5 and 23, block 176 has a plurality of hold-up 
motors 177 (three being shown) arranged therein at one 
side of shaft 5 and an equal number of hold-up motors 
178 arranged therein at the other side of shaft 5. Hold 
up motors 177 and 178 react against an annular abutment 
179 which is carried by end head 2 and extends around 
shaft 5. 

Hold-up motors 177 and 178 are alike and, as shown 
in Fig. 5, each includes a cylinder 180 which is formed 
in block 176, a hollow piston 181 which is fitted in cylin 
der 180 and has a spherical outer end, an annular sealing 
member or shoe 182 which is arranged between abut 
ment 179 and the spherical outer, end of piston 181, and 
a spring 183 which is arranged within piston 181 and 
urges piston 181 against shoe 182 and shoe 182 against 
abutment 179. The mating surfaces of abutment 179 
and shoe 182 are made flat and smooth and the mating 
surfaces of shoe 182 and the head end of piston 181 are 
made spherical and smooth to provide therebetween 
joints which are substantially liquid tight but liquid will 
seep between piston 181 and shoe. 182 and between shoe 
182 and abutment 179 and form lubricating films there 
between. 
When cylinder 180 is supplied with liquid under pres 

sure, piston 181 will urge shoe 182 against abutment 
179 and a hold-up force will be transmitted from abut 
ment 179 through the liquid in cylinder 180 and through 
spacer block 175 to driving head 21. Shoe 182 has 
been mentioned as being annular but it may be of any 
shape providing that it has an opening extending there 
through of such size that a large part of the hold-up 
force is transmitted through the liquid in the opening in 
the shoe to thereby limit the force which is transmitted 
through the films of liquid between abutment 179 and 
shoe 182 and between shoe 182 and piston 181. When 
the pump is driven, driving head 21 and blocks 175 and 
176 will rotate, shoes. 182 will slide around upon abut 
ment 179, and the liquid in the openings through shoes 
182 will act as liquid bearings between abutment 179 
and shoes 182. 

In order that the several hold-up motors on each side 
of shaft 5 may be connected to each other, each piston 
181 has an annular groove 184 formed in its outer 
peripheral Surface and connected to its interior by suit. 
able holes formed in its side wall. As shown in Fig. 23, 
the grooves 184 in the pistons 181 of hold-up motors 
177 are connected to each other by a passage 185 formed 
in hold-up block 176, and the grooves 184 in the pistons 
181 of hold-up motors 178 are connected to each other 
by a passage 186 formed in hold-up block 176. As 
shown in Fig. 5, one of the hold-up motors 177 is con 
nected to the pressure chamber 155 in liner 153 by a 
passage 187 formed in spacer block 175 and in the body 
portion of driving head 21, and one of the hold-up 
motors 178 is connected to the pressure chamber 155 in 
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liner 154 by a passage 188 formed in spacer block 175 
and in the body portion of driving head 21. 
The arrangement is such that pressure will extend 

from the pressure chamber 155 in liner 53 through 
passage 187 into the cylinder 180 of one motor 177 and 
from that cylinder through grooves 184 and passage 185 
into the cylinders 180 of the other two motors 177. 
Likewise, pressure will extend from the pressure chamber 
155 in liner 154 through passage 188 into cylinder i80 of 
one motor 178, and from that cylinder through grooves 
184 and passage 186 into the cylinders 130 of the other 
two motors 178. Since the pressure in the chamber 
155 in liner 153 is the same as the pressure in the port 
141 in element 22 and since the pressure in the chamber 
155 in liner 154 is the same as the pressure in the port 
142 in element 22 as previously explained, the pressure in 
motors 177 will be the same as the pressure in port 141 
and the pressure in motors 178 will be the same as the 
pressure in port 142. 

Counterveight and stroke change mechanism 
When the pump is at zero stroke, the rear face of rocker 

20 is at right angles to the axis of shaft 5 and an equal 
amount of the weight of rocker 20 is at opposite sides of 
the axis of shaft 5 so that the centrifugal forces set up in 
rocker 20 by rotation thereof are balanced. But when 
rocker 20 is swung about the axis of pins 152 from its 
Zero strike position to effect reciprocation of pistons 11, 
more of the weight of rocker 20 is on one side of the 
axis of shaft 5 than on the other side thereof so that 
unbalanced centrifugal forces are set up in rocker 20 
by rotation thereof. - 

In order to counterbalance the centrifugal forces in 
rocker 20, the pump is provided with a counterweight 200 . 
which, as shown in Figs. 1, 3 and 5, extends around driv 
ing head 2 and has two arms 200 fixed to opposite sides 
thereof and journaled upon pins 152. When rocker 20 
is swung upon pins 152 in one direction to change pump 
displacement, counterweight 200 is swung upon pins 152 
in the opposite direction, as will presently be explained, 
and the mass of counterweight 200 is so proportioned 
and located that the unbalanced centrifugal forces in 
rocker 20 are neutralized by the unbalanced centrifugal 
forces in counterweight 200. 
When rocker 20 and counterweight 200 are swung in 

opposite directions from their neutral position and are ro 
tated, the unbalanced centrifugal forces in each tends 
to swing it farther from its neutral position. In order to 
relieve the stroke changing mechanism from at least a 
part of each of the forces tending to move rocker 20 and 
counterweight 200 farther from their neutral positions, 
the pump is provided with two tensioning devices 201 
which oppose movement of counterewight 200 away from 
its neutral position. 
As shown in Figs. 17 and 18, each device 201 includes 

a housing 202 which engages the flange 21 of driving 
head 21 and extends around an opening 203 formed in 
flange 2i. Housing 202 has two spring chambers 204 
and 205 formed therein and a pair of lugs 206 formed 
thereon and extending through opening 203. Lugs 206 
are connected by a pin 207 to the central portion of the 
front end of a lever 208 the other end of which is bifur 
cated and has a roller 209 arranged therein upon a pin 
210. Roller 209 is fitted in an annular bushing 21 
which is fixed in and extends through the radial flange 
of counterweight 200. 

Each of spring chambers 204 and 205 has a spring 
212 arranged therein between two annular spring retail 
ers 213 and 214. Retainer 213 normally engages the 
front end of the spring chamber and it is engaged by 
a block 215 which is slidable in the front end of the spring 
chamber. Retainer 214 normally engages the rear end 
of the spring chamber and it is engaged by a block 2 i6 
which is slidable in the rear end of the spring chamber. 
Block 215 is connected by a bolt 217 to a clevis 218 
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which engages block 216 and extends through the open 
ing 203 in driving head 21. The two clevises 218 are 
connected by two pins 219 to the front end of lever 208 
at opposite sides of pin 207. 
The arrangement is such that, when counterweight 

200 is swung in one direction or the other about the axis 
of pins 152, rollers 209 will cause levers 208 to pivot 
upon pins 207. Each lever 208 will compress the spring 
212 in one spring chamber against the front end of that 
chamber and will compress the spring 212 in the other 
spring chamber against the rear end of that chamber 
and the combined forces exerted by the springs 212 will 
tend to return counterweight 200 to its neutral position 
and will thereby oppose centrifugal forces which tend to 
move counterweight 200 and rocker 20 farther from 
their neutral positions. 
The present invention is especially applicable to very 

large pumps in which the centrifugal forces set up in 
the rocker and in the counterweight are very high. When 
the pump is running at full stroke, the masses of the 
rocker and the counterweight are at their maximum radii 
and the centrifugal forces are so great that a stroke 
changing device of ordinary size could not return the 
rocker and the counterweight to their zero stroke posi 

Even if an over-size stroke changing device were 
provided, it would be impossible to reduce the pump 
stroke if the stroke changing device should fail to operate. 
It therefore is highly desirable to make the tensioning 
devices 201 strong enough to overcome the centrifugal 
force moments of the rocker and the counterweight so 
that the stroke changing mechanism has to help the cen 
trifugal forces to compress springs 212 during an increase 
in pump stroke. Then should the stroke changing mech 
anism fail to operate, such as by failure of the supply of 
power thereto, the energy stored in springs 212 would 
return the rocker and the counterweight to their zero 
stroke positions. 

Rocker 20 is adapted to be swung in either direction 
upon the axis of pins 152 by motion transmitted thereto 
through two convex racks 225 (Figs. 5 and 16) which are 
fixed to opposite sides thereof, and counterweight 200 is 
adapted to be swung in the opposite direction about the 
axis of pins 152 by motion transmitted thereto through 
two concave racks 226 (Figs. 5, 15 and 16) which are 
fixed to opposite sides thereof in alignment with the two 
racks 225 respectively. 
The two racks 225 and 226 on each side of shaft 5 

mesh with a pinion 227 and with a pinion 228. The two 
pinions 227 are fixed upon opposite ends of a shaft 229 
which is journaled in driving head 2 and has a pinion 
230 fixed to or formed thereon. The two pinions 228 are 
fixed upon opposite ends of a shaft 231 which is journaled 
in driving head 21 and has a pinion 232 fixed to or formed 
thereon. Pinion 232 meshes with a pinion 233 arranged 
upon a shaft 234 carried by driving head 21. 

Pinion 230 meshes with a rack 235 shown in Fig. 19 
as being formed integral with a piston rod 236 which is 
slidable in driving head 2 and in hold-up block 176. 
Piston rod 236 has a piston 237 fixed thereon and fitted 
in a cylinder 238 which is formed in spacer block 175 
and forms with piston 237 and rod 236 a hydraulic motor 
for rotating shaft 229. Pinion 233 meshes with a rack 
239 shown in Fig. 19 as being formed integral with a pis 
ton rod 240 which is slidable in driving head 21 and in 
hold-up block 176. Piston rod 240 has a piston 241 
fixed thereon and fitted in a cylinder 242 which is formed 
în spacer block 175 and forms with piston 241 and rod 
24 a hydraulic motor for rotating shaft 231. 
The arrangement is such that, when liquid is supplied 

to the rear ends of cylinders 238 and 242 and causes 
pistons 237 and 241 to move forward, shafts 229 and 231 
will be rotated in a direction to cause pinions 227 and 
228 to move racks 225 and rocker 20 in one direction 
and to move racks 226 and counterweight 200 in the oppo 
site direction and, when liquid is supplied to the front 
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ends of cylinders 238 and 242 and causes pistons 237 
and 241 to move rearward, shafts. 229 and 231 will be 
rotated in the opposite direction and thereby reverse the 
movements of rocker 20 and counterweight 200. 

Liquid for operating motors 236-238 and 240-242 is 
supplied thereto under the control of a pilot valve 250 
which, as shown in Fig. 20, is arranged within spacer 
block 175. Liquid is supplied to pilot valve 250 under 
the control of a selector valve 251 which, as shown in 
Fig. 23, is arranged within hold-up block 176. 
As shown in Fig. 24, pilot valve 250 is provided with 

two end heads or pistons 252 and 253 and with two inter 
mediate heads or pistons 254-255 and is fitted in the bore 
of a sleeve 256 which is arranged within spacer block 
175. Sleeve 256 has two annular grooves or ports 257 
and 258 formed in the wall of its bore and normally 
covered, respectively, by pistons 254 and 255 which have 
been shown as being of the same width as the ports so 
that the ports are partially opened in response to a slight 
movement of valve 250. 

Port 257 communicates with the rear or right ends of 
cylinders 238 and 242 through a channel 259, and port 
258 communicates with the front or left ends of cylinders 
238 and 242 through a channel 260. Sleeve 256 has 
formed in the wall thereof between ports 257 and 258 a 
plurality of holes 261 which communicate with a channel 
262 through which motive liquid is continuously supplied 
to the space between pistons 254 and 255 as will presently 
be explained. The space between pistons 252 and 254 
communicates with an exhaust channel 263 through holes 
264 formed in the wall of sleeve 256, and the space be 
tween pistons 253 and 255 communicates with an exhaust 
channel 265 through holes 266 formed in the wall of 
sleeve 256. 
The arrangement is such that, when pilot valve 250 is 

moved a very short distance downward in respect to Fig. 
24, liquid can flow from channel 262 through sleeve 256 
and channel 260 to the front or left ends of cylinders 238 
and 242 and move pistons 237 and 241 rearward or to 
ward the right and, when pilot valve 250 is moved a very 
short distance upward in respect to Fig. 24, liquid can flow 
from channel 262 through sleeve 256 and channel 259 to 
the rear-or right ends of cylinders 238 and 242 and move 
pistons 237 and 241 forward or toward the left. 
As shown in Figs. 23 and 24, selector valve 251 is 

fitted in a sleeve 270 which has two annular grooves or 
ports 271 and 272 formed in the wall of the bore thereof 
and which is fitted in a bore 273 formed in spacer block 
176. Port 271 communicates through suitable holes in 
the wall of sleeve 270 with an annular groove 274 which 
is formed in the wall of bore 273 and is connected by a 
channel 275 to one of the hold-up motors 177. Port 272 
communicates through suitable holes in the wall of sleeve 
270 with an annular groove 276 which is formed in the 
Wall of bore 273 and is connected by a channel 277 to 
one of the hold-up motors 178. 
Valve 251 has a cannelure 278 formed therein inter 

mediate its ends and two ducts 279 and 280 extending 
axially into it from its opposite ends to points short of 
cannelure 278 and then extending radially outward into 
communication with ports 271 and 272 respectively. 
Cannelure 278 communicates with channel 262 through 
Suitable holes formed in the wall of sleeve 270. Move 
ment of valve 251 in either direction is limited by one or 
the other of two stops 281 and 282 which close opposite 
ends of sleeve 270. 

It has previously been explained that pump pressure 
prevails in one set of hold-up motors 177 and 178 and 
that supercharge pressure prevails in the other set of hold 
up motors 177 and 178. When pump pressure prevails in 
motors 178, liquid will flow therefrom through channel 
277, groove 276, port 272 and duct 280 into the end of 
sleeve 270 which is the upper end in respect to Fig. 24 
and the liquid will move valve 251 downward in respect 
to Fig. 24 against stop 281 to close port 272 and to open 
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port 271. Then liquid will flow from motors 177 through 
channel 275, groove 274, port 271, cannelure 278, channel 
262 and holes 261 into the space between pistons 254 
and 255 of pilot valve 250. When pump pressure prevails 
in motors 77, liquid will flow therefrom through chan 
nel 275, groove 274, port 271 and duct 279 into the end 
of sleeve 270 which is the lower end in respect to Fig. 24 
and the liquid will move valve 25 upward in respect to 
Fig. 24 against stop 282 to close port 27 and to open 
port 272. Then liquid will flow from motors 178 through 
channel 277, groove 276, port 272, cannelure 278, chan 
nel 262 and holes 261 into the space between the pistons 
254 athd 255 of pilot valve 250. Pilot valve 250 is thus 
always supplied with liquid at supercharge pressure and, 
consequently, stroke change motors 236-238 and 
240-242 are always operated by liquid at supercharge 
pressure. 

Pilot valve 250 may be operated in any suitable manner. 
For the purpose of illustration, it has been shown in Fig. 
20 as having its upper end in respect to the drawing in 
engagement with a follow-up lever 290 intermediate the 
ends thereof, valve 250 being held against lever 290 by 
centrifugal force when the pump is operating. The rear 
end of lever 290 is pivoted to one end of a crank 291 
(Figs. 16, 20 and 21) having the other end thereof fixed 
upon one end of a shaft 292 which is journaled in a 
bearing 293 carried by driving head 21. A crank 294 
has one of its ends fixed to the other end of shaft 292 
and its other end provided with a roller 295 to engage 
an arcuate cam 296 which is fixed to rack 226. Roller 
295 is held in contact with cam 296 by a spring 297 
shown as being arranged between crank 291 and the an 
nular shell 21b of driving head 21. 
The front end of lever 290 is urged by a spring 298 

against the radially outward end of a rod 299 which is 
slidable in block 176 and has its inner end in engagement 
with the substantially horizontal arm 300 (Figs. 20 and 
23) of a lever which has a bifurcated substantially vertical 
arm 301 and is pivoted by a pin 302 to a support 303 car 
ried by block 176. Arm 301 straddles shaft 5 and has its 
radially inward ends connected by bolts 304 to a ring 
305 which encircles shaft 5 and is movable longitudinally 
thereof to effect variations in pump displacement. Bolts 
304 connect the ends of lever arm. 301 to ring 305 in such 
a manner that the ends of arm 301 are positively moved 
in synchronism with ring 305 and lever 300-301 can 
pivot upon pin 302. 
The arrangement is such that, when ring 305 is moved 

rearward along shaft 5, lever 300-301 will pivot upon 
pin 302 and will cause rod 299 to raise the front end of 
lever 290 which will permit pilot valve 250 to be moved 
radially outward by centrifugal force. Moving valve 250 
outward will cause counterweight 200 and cam 296 to be 
swung downward in respect to Figs. 1 and 16 and cam 
296 will permit spring 297 to move the rear end of lever 
290 radially inward as fast as the front end of lever 290 
is moved outward so that adjustment of the pump will 
cease as soon as movement of ring 305 ceases. Move 
ment of ring 305 forward along shaft 5 will cause the 
parts to move in substantially the above described man 
ner but in the opposite directions. 
Any suitable mechanism may be employed for moving 

ring 305 along shaft 5 such, for example, as the mech 
anism shown in Figs, 5, 20 and 22. As shown, ring 
305 engages the rear end of a sleeve 310 which is slid 
able in two bushings 311 and 312 closely fitted in end head 
2. Rotation of sleeve 310 and bushing 311 is prevented 
in any suitable manner such as by means of a key 313 
(Fig. 20) which prevents sleeve 310 from rotating in 
bushing 311 and a pin 314 (Fig. 5) which prevents bush 
ing 311 from rotating in end head 2. Sleeve 310 has 
journaled thereon a worm wheel, 315 having teeth on 
only a part of its outer periphery and in mesh with a 
worm 316 which is fixed upon a shaft 317 journaled in 
bearings 318 carried by end head 2. Worm wheel 315 
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has fixed there in a pin 39 which extends into a helical 
Sct 325 formed in sleeve 30. 
The arrangement is such that, when worn 356 is 

rotated in one direction or the other, worn wheel 3 i5 
will be rotated in one direction or the other and pin 359 
will move along slot 320 and, since slot 326 is forined 
diagonally in sleeve 310, pin 359 will move sleeve 3:5 
forward or rearward depending upon the direction of ro 
tation of worm 36. 
The driving, hold-up, counterweight aid stroke chalig 

ing mechanisms are not claimed herein but are ciaii:ied in 
application Serial No. 321,476 filed November 19, 1952. 
The pumping mechanism described herein may be no lified 
in various ways without departing from the Scope of the 
invention which is hereby claimed as follows: 

I claim: 
1. In a pump having an intake channel and a dis 

charge channel the combination of a cylinder block 
having formed therein a plurality of cylinders and an 
equal number of valve bores each having a center port 
communicating with one of said cylinders and two end 
ports communicating with said intake and discharge 
channels respectively, a piston fitted in each cylinder, 
piston operating means for effecting intake and dis 
charge strokes of said pistons, a main valve fitted in 
each of said bores to control communication between 
said center port and said end ports, valve actuating 
means driven in unison with said piston operating means 
for causing each main valve to connect a cylinder to 
said channels alternately and so timed that each main 
valve connects a cylinder to said discharge channel only 
after the piston in that cylinder has made a predeter 
mined part of its discharge stroke, said cylinder block 
also having formed therein a plurality of passages each 
communicating with one of said cylinders and with 
said discharge channel, and a check valve arranged in 
each of said passages to permit flow of liquid there 
through from a cylinder to said discharge channel and 
to prevent flow in the opposite direction. 

2. In a pump having an intake channel and a dis 
charge channel the combination of a stationary cylinder 
block having formed therein a plurality of cylinders 
and an equal number of valve bores each having a cen 
ter port communicating with one of said cylinders and 
two end ports communicating with said intake and dis 
charge channels respectively, a piston fitted in each 
cylinder, piston operating means for effecting intake and 
discharge strokes of said pistons, a main valve fitted 
in each of said bores to control communication between 
said center port and said end ports, valve actuating 
means driven in unison with said piston operating means 
for causing each main valve to connect a cylinder to 
said channels alternately and so timed that each main 
valve connects a cylinder to said discharge channel only 
after the piston in that cylinder has made a predeter- 5, 
mined part of its discharge stroke, said cylinder block 
also having formed therein a plurality of passages each 
communicating with one of said cylinders and with 
Said discharge channel, and a check valve arranged in 
each of said passages to permit flow of liquid there 
through from a cylinder to said discharge channel and 
to prevent flow in the opposite direction, 

3. In a pump having an intake channel and a dis 
charge channel the combination of a stationary cylinder 
block having a plurality of cylinders arranged therein 
in at least one circular row and parallel to each other, 
a piston fitted in each cylinder, piston operating means 
for effecting intake and discharge strokes of said pistons, 
said block having formed therein adjacent to each of 
said cylinders a valve bore having a center port com 
municating with that cylinder and two end ports com 
municating with said intake and discharge channels re 
spectively, a main valve fitted in each of said bores to 
control communication between said center port and 
Said end ports, valve actuating means driven in unison 
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with said piston operating means for causing each main 
valve to connect a cylinder to said channels alternately 
and so timed that each main valve connects a cylinder 
to said discharge channel only after the piston in that 
cylinder has made a predetermined part of its discharge 
stroke, said cylinder block also having formed therein 
a plurality of passages each communicating with one 
of said cylinders and with said discharge channel, and 
a check valve arranged in each of said passages to per 
mit flow of liquid therethrough from a cylinder to said 
discharge channel and to prevent flow in the opposite 
direction. 

4. In a pump having an intake channel and a dis 
charge channel the combination of a stationary cylinder 
block having a plurality of cylinders arranged therein, 
a piston fitted in each cylinder, a drive shaft, piston 
operating means driven from said shaft for effecting 
intake and discharge strokes of said pistons, said block 
having formed therein adjacent to each of Said cylinders 
a valve bore having a center port communicating with 
that cylinder and two end ports communicating with 
said intake and discharge channels respectively, a main 
valve fitted in each of said bores to control communica 
tion between said center port and said end ports, valve 
actuating means driven from said shaft for causing 
each main valve to connect a cylinder to said channels 
alternately and so timed that each main valve connects 
a cylinder to said discharge channel only after the piston 
in that cylinder has made a predetermined part of its 
discharge stroke, said cylinder block also having formed 
therein a plurality of passages each communicating with 
one of said cylinders and with said discharge channel, 
and a check valve arranged in each of said passages to 
permit flow of liquid therethrough from a cylinder to 
said discharge channel and to prevent flow in the op 
posite direction. 

5. In a pump having an intake channel and a dis 
charge channel the combination of a cylinder block 
having formed therein a plurality of cylinders and an 
equal number of valve bores each having a center port 
communicating with one of said cylinders and two end 
ports communicating with said intake and discharge 
channels respectively, a piston fitted in each cylinder, 
piston operating means for effecting intake and dis 
charge strokes of said pistons, a main valve fitted in 
each of said bores to control communication between 
said center port and said end ports, valve actuating 
means driven in unison with said piston operating means 
for causing each main valve to connect a cylinder to 
said channels alternately and so timed that each main 
valve connects a cylinder to said discharge channel only 
after the piston in that cylinder has made a predeter 
mined part of its discharge stroke, said cylinder block 
also having formed therein a plurality of passages each 
communicating with one of said cylinders and with 
said discharge channel, a check valve arranged in each 
of said passages to permit flow of liquid therethrough 
from a cylinder to said discharge channel and to pre 
vent flow in the opposite direction, and variable dis 
placement constant pressure pump for Supplying liquid 
to said cylinders and capable of supplying liquid thereto 
at a rate at least as great as the rate at which liquid 
is discharged from said cylinders by said pistons. 

6. In a pump having an intake channel and a dis 
charge channel the combination of a cylinder block 
having formed therein a plurality of cylinders and an 
equal number of valve bores each having a center post 
communicating with one of said cylinders and two end 
ports which function as intake and discharge ports and 
communicate with said intake and discharge channels 
respectively, a main valve fitted in each of said bores 
to control communication between said center port and 
said end ports, a piston fitted in each cylinder, piston 
coperating means for effecting intake and discharge 
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strokes of said pistons, valve actuating means driven 
in unison with said piston operating means for causing 
each main valve to connect a cylinder to said discharge 
channel during the discharge stroke of the piston in 
that cylinder and to connect that cylinder to said intake 
channel during the greater portion of the intake stroke 
of that piston so that said intake port is closed during 
the first part of the intake stroke of that piston, said 
cylinder block also having formed therein a plurality 
of passages each communicating with one of said cylin 
ders and with said intake channel, and an intake check 
valve arranged in each of said passages to permit liquid 
to flow therethrough from said intake channel and to 
prevent flow in the opposite direction. 

7. In a pump having an intake channel and a dis 
charge channel the combination of a cylinder block 

O 

having formed therein a plurality of cylinders and an 
equal number of valve bores each having a center port 
communicating with one of said cylinders and two end 
ports which function as intake and discharge ports and 
communicate with said intake and discharge channels 
respectively, a main valve fitted in each of said bores 
to control communication between said center port and 
said end ports, a piston fitted in each cylinder, piston 
operating means for effecting intake and discharge strokes 
of said pistons, valve actuating means driven in unison 
with said piston operating means for causing each main 
valve to connect a cylinder to said discharge channel dur 
ing the discharge stroke of the piston in that cylinder and 
to connect that cylinder to said intake channel during 
the greater portion of the intake stroke of that piston 
so that said intake port is closed during the first part 
of the intake stroke of that piston, said cylinder block 
also having formed therein a plurality of passages each 
communicating with one of said cylinders and with said 
intake channel, and an intake check valve arranged in 
each of said passages to permit liquid to flow there 
through from said intake channel and to prevent flow 
in the opposite direction, and variable displacement con 
stant pressure pump for Supplying liquid to said cylinders 
and capable of supplying liquid thereto at a rate at 
least as great as the rate at which liquid is discharged 
from said cylinders by said pistons. 

8. In a pump having an intake channel and a dis 
charge channel the combination of a stationary cylinder 
block having a plurality of cylinders arranged therein 
in at least one circular row and parallel to each other, 
a piston fitted in each cylinder, a drive shaft, piston 
operating means driven from said shaft for effecting 
intake and discharge strokes of said pistons, said block 
having formed therein adjacent to each of said cylinders 
a valve bore having a center port communicating with 
that cylinder and two end ports communicating with 
said intake and discharge channels respectively, a main 
valve fitted in each of said bores to control communica 
tion between said center port and said end ports, valve 
actuating means driven from said shaft for causing 
each main valve to connect a cylinder to said discharge 
channel only during an intermediate portion of the dis 
charge stroke of the piston in that cylinder and to con 
nect that cylinder to said intake channel only during 
an intermediate portion of the intake stroke of that pis 
ton so that said valve is closed during the end portions 
of both strokes of that piston, said block having formed 
therein a plurality of discharge passages each connecting 
one of said cylinders to said discharge channel and a 
plurality of intake passages each connecting one of said 
cylinders to said intake channel, a check valve arranged 
in each of said discharge passages with its outlet to 
ward said discharge channel, and a check valve arranged 
in each of said inlet passages with its inlet toward said 
inlet channel. 

9. A reversible pump comprising a housing having 
two main channels and an auxiliary channel arranged 
therein, said main channels being interchangeable as in 
take and discharge channels, pumping mechanism ar 
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ranged within said housing and including a plurality 
of pistons and cylinders and means for effecting intake 
and discharge strokes of said pistons, a mechanically 
actuated main valve associated with each cylinder for 
connecting that cylinder first to one and then to the 
other of said main channels to enable said pistons to 
discharge liquid into one and to be supplied with liquid 
from the other of said main channels, means driven 
in unison with said pumping mechanism for operating 
said main valves, means for adjusting said pumping 
mechanism to divert the liquid discharged by said pis 
tons from one to the other of said main channels, each 
of said main valves being adapted to connect the cylin 
der associated therewith to the main channel which 
at that time is the discharge channel only after the 
piston in that cylinder has made a predetermined part 
of its discharge stroke, a discharge check valve associ 
ated with each cylinder and having its inlet connected 
to that cylinder and its outlet connected to said aux 
iliary channel to enable the piston in that cylinder dur 
ing the first part of its discharge stroke to discharge 
liquid through said check valve into said auxiliary chan 
nel, and a selector valve operable in response to the 
liquid discharged by said pistons being diverted from 
one to the other of said main channels for automatically 
connecting said auxiliary channel to said other main 
channel. 

10. A reversible pump comprising a housing having 
two main channels and an auxiliary channel arranged 
therein, said main channels being interchangeable as 
intake and discharge channels, pumping mechanism ar 
ranged within said housing and including a plurality 
of pistons and cylinders and means for effecting intake 
and discharge strokes of said pistons, a mechanically 
actuated main valve associated with each cylinder for 
connecting that cylinder first to one and then to the 
other of said main channels to enable said pistons to 
discharge liquid into one and to be supplied with liquid 
from the other of said main channels, means driven 
in unison with said pumping mechanism for operating 
Said main valves, means for adjusting said pumping 
mechanism to divert the liquid discharged by said pis 
tons from one to the other of said main channels, each 
of said main valves being adapted to connect the cylin 
der associated therewith to the main channel which at 
that time is the discharge channel only after the piston 
in that cylinder has made a predetermined part of its 
discharge stroke, a discharge check valve associated with 
each cylinder and having its inlet connected to that 
cylinder and its outlet connected to said auxiliary chan 
nel to enable the piston in that cylinder during the first 
part of its discharge stroke to discharge liquid through 
said check valve into said auxiliary channel, a selector 
valve operable in response to the liquid discharged by 
said pistons being diverted from one to the other of 
said main channels for automatically connecting said 
auxiliary channel to said other main channel, a source 
from which liquid is supplied to said cylinders, and 
a second selector valve operable in response to the 
liquid discharged by said pistons being diverted from 
one to the other of said main channels for automatically 
connecting said source to said one channel. 

11. A reversible pump comprising a housing having 
two main channels and an auxiliary channel arranged 
therein, said main channels being interchangeable as 
intake and discharge channels, pumping mechanism ar 
ranged within said housing and including a plurality 
of pistons and cylinders and means for effecting intake 
and discharge strokes of said pistons, a mechanically 
actuated main valve associated with each cylinder for 
connecting that cylinder first to one and then to the 
other of said main channels to enable said pistons to 
discharge liquid into one and to be supplied with liquid 
from the other of said main channels, means driven 
in unison with said pumping mechanism for operating 
said main valves, means for adjusting said pumping 
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mechanism to divert the liquid discharged by said pis 
tons from one to the other of said main channels, each 
of said main valves being adapted to connect the cylin 
der associated therewith to the main channel which at 
that time is the discharge channel only after the pisto; 
in that cylinder has made a predetermined part of its 
discharge stroke, a discharge check valve associated with 
each cylinder and having its inlet connected to that 
cylinder and its outlet connected to said auxiliary chan 
nel to enable the piston in that cylinder during the first 
part of its discharge stroke to discharge liquid through 
said check valve into said auxiliary channel, a Selector 
valve operable in response to the liquid discharged by 
said pistons being diverted from one to the other of 
said main channels for automatically connecting said 
auxiliary - channel to said other main channel, an aux-- 
iliary pump for supplying liquid to said cylinderS aid 
capable of supplying liquid thereto at a rate at least 
as great as the rate at which liquid is discharged from 
said cylinders by said pistons, and a second selector 
vaive operable in response to the liquid discharged by 
said pistons being diverted from one to the other of said 
main channels for automatically connecting Said aux 
iliary pump to said one channel. 

i2. A reversible pump comprising a housing having two 
main channels and an auxiliary channel arranged therein, 
said main channels being interchangeable as intake and 
discharge channeis, pumping mechanism arranged within 
said housing and including a plurality of pistons and cyl 
inders and means for affecting intake and discharge 
strokes of said pistons, a mechanically actuated nain valve 
assicciated with each cylinder for connecting that cylinder 
first to cine and the to the other of said main chaniels to 
enable said pistons to discharge liquid into one and to be 
supplied with liquid from the other of said main channels, 
rise:ns driven in unison with said pumping mechanism for 
operating said main valves, means for adjusting said 
prising mechanism to divert the liquid discharged by 
said pistons from one to the other of said main chaniels, 
each of Said main valves being adapted to connect the 
cylinder associated therewith to a main passage only dur 
ing asl intermediate porticn of a stroke of the piston in 
that cylinder so that said inhain valve is closed during the 
end pertions of both strokes of that piston, a discharge 
check valve associated with each cylinder and having its 
intet connected to the cylinder and its outlet connected to 
said auxiliary channel to enable the piston in the cylinder 
during the first part of its discharge stroke to discharge 
liquid through said check valve into said auxiliary chan 
re, a selector valve operable in response to the liquid 
discharged by said pistons being diverted from ore to 
the other of said main channels for automatically connect 
ig said auxiliary channel to said other main channel, a 
source from which liquid is supplied to said cylinders, 
a; it take check valve associated with each cylinder and 
having its outlet connected to that cylinder and its inlet 
ccrinected to said source to permit liquid to flow into that 
cylinder from said source during the first part of the in 
take stroke of the piston in that cylinder, and a scosid 
selector valve operable in response to the liquid discharged 
by said pistons being diverted from one to the other of 
said main channels for automatically connecting Said 
source to said one channel. 

3. A pump comprising a housing having a drive shaft 
inorinted therein and two main channels arranged therein, 
a piurality of cylinders arranged in said housing in a 
circular row concentric with said shaft, a piston fitted in 
each cylinder, a wobble plate driven by said shaft for 
effecting intake and discharge strokes of said pistons, said 
housing having formed therein adjacent to each of Said 
cylinders a valve bore having a center port connected to 
the adjacent cylinder and two end ports connected to 
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said two main channels respectively, a piston valve fitted 
in each eof said beres to control communication between 
Said center port and said end ports and to connect the 
adjacent cylinder to said main channels alternately, a sec 
old Wobble plate driven by said shaft and connected to 
said waves to effect reciprocation thereof in timed rela 
tion to the strokes of said pistons in response to rotation 
if said shaft, said piston valves being so constructed that 
each valve connects a cylinder to a main channel only 
afi: the piston in the cylinder has made a part of a 
stiroke, and a plurality of passages arranged in said hous 
ing with each passage communicating with one of said 
inai channels and with one of said cylinders and has 
arranged therein a discharge check valve through which 
liquid can be discharged from the cylinder into a main 

inel diring the first part of a discharge stroke of the 
;?iston i?n that cylimder. 

14. A pump according to claim 13 in which said hous 
iing has formed therein a plurality of passages each of 
which coimmunicates with one of said main channels and 
with one of said cylinders and has arranged therein an 
intake check valve through which liquid can flow into 
: that cylinder during the first part of an intake stroke of 
the piston in that cylinder. 

15. A pump according to claim 13 in which said piston 
waives are so constructed that each valve connects one of 

g only an intermediate portion cf each stroke of 
the piston in that cylinder and is closed during the end 
portions of the strokes of that piston and which has an 
auxiliary channel in addition to said main channels, said 
housing having formed therein a plurality of passages each 
{f which communicates with one of said cylinders and 
with said auxiliary channel, a discharge check valve ar 
ranged in each cf said passages to enable the piston in 
the cylinder communicating with that passage to discharge 

in cine main channel exceeding the pressure in the other 
main channel for connecting said auxiliary channel to the 
main channel containing the higher pressure. 

16. A pump according to clain 15 and including a 
sorce for supplying liquid to said cylindei's, a Selector 
valve responsive to the pressure in one of Said main chan 
nes exceeding the pressure in the other main cha; nei 
for cornecting said source to the main channel containing 
the lower pressure, said housing having formed therein 
a plurality of passages each of which continunicates with 
said source and with one of said cylinders, and an intake 
check valve arranged in each of said passages to prevent 
flow through that passage from the cylinder communicat 
ing therewith and to permit liquid to flow therethrough 
from said source to that cylinder during the end portions 
of the intake strokes of the piston in that cylinder. 
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