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UNITED STATES PATENT OFFICE 
2,619,04. 

HYDRAULIC APPARATUS 

Ellis H. Born, Columbus, Ohio, assignor to The 
Denison Engineering Company, Columbus, 
Ohio, a corporation of Ohio 

Application September 14, 1946, Seria No. 697,042 

(C. 103-162) 4 Claims. 
1. 

This invention relates generally to hydraulics 
and is particularly directed to fluid pressure en 
ergy translating devices of the axial piston type 
which are capable of use either as pumps or no 
tors. 
An object of this invention is to provide a fluid 

preSSure energy translating device so constructed 
that objectionable noises, heretofore resulting in 
pumps of this character, will be eliminated, the 
mechanism to which this invention is directed, be 
ing such as to eliminate the noise regardless of the 
pressure at which the device is being operated. 
An object of this invention also is to provide a, 

fluid pressure energy translating device having 
means for causing the equalization of pressure be 
tween the piston chambers and the ports with 
which these chambers communicate immediately 
prior to communication therewith so that no shock 
Or Vibration, Which night cause noise, will result. 
This invention contemplates the building up or 
reduction of pressure in the piston cylinders as 
they approach the inlet and outlet ports to the 
end that the pressure in these chambers will be 
Substantially equal to the pressure existing in 
the ports approached thereby. 

In most devices of this character the pistons 
are mounted for reciprocation in a cylinder bar 
rel which has sliding engagement with a valve 
plate containing inlet and outlet ports. As the 
Cylinder barrel revolves, the piston chambers al 
ternately communicate With the inlet and outlet 
ports; during this communication the pistons are 
reciprocated by means, commonly termed swash 
plate or can means, disposed to provide an in 
clined track for engagement by the pistons. Due 
to the inclination of this track high and low 
points thereon are provided which register with 
the section of the valve plate between the inlet 
and outlet ports thus when the cylinder barrel 
revolves, the pistons pass over these high and 
low points which cause the direction of recipro 
cation of the pistons to reverse. By varying the 
inclination of the SWash plate or can means, the 
displacement of the pistons in the piston chain 
bers may be varied to vary the Volume of fiulid 
delivered by the device. 
An object of this invention is to provide means 

for equalizing the pressure in the piston cham 
bers, as they pass from the inlet to the outlet 
port or vice versa, with the pressures in these : 
ports approached thereby, the means being such 
as to be unaffected by the change of inclination 
Of the SWash plate or can means to vary the vol 
lume of the device. 
Another object of the invention is to provide 
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a fluid pressure energy translating device having 
a cylinder barrel and cam means for moving pis 
tons in the cylinder barrel, the cam means being 
inclined in two directions arranged Substantially 
at right angles to one another, the inclination in 
one direction serving to cause the pistons to move 
fluid into and out of the piston chambers while 
the latter are in communication. With the inlet 
and outlet ports, the other inclination serving to 
cause movement of the pistons in the piston 
chambers while the latter are moving from the 
inlet to the outlet port and Vice versa. 
A further object of the invention is to provide 

an axial piston pump or motor with a can Or 
swash plate so inclined as to cause the pressure 
in the piston chambers to increase while ap 
proaching the outlet or pressure port and de 
crease while anproaching the inlet or Suction 
port and to provide means in connection With 
Such ports to prevent the pressure in the piston 
chambers from exceeding that existing at that 
instant in the inlet and Outlet ports, the preS 
Sure in the piston chanbers thus being equalized 
to prevent shock or vibration when the piston 
chambers register with the ports. 
A fluid pressure energy translating device of 

the character mentioned in the foregoing object 
in which means are provided to cause an equal 
ization of pressure between the piston chambers 
and the inlet and outlet ports is shown in my 
Co-pending application Ser. No. 577,290, filed 
February 10, 1945, of which this application is a 
continuation in part. 

Further objects and advantages of the present 
invention will be apparent from the following de 
Scription, reference being had to the accompany 
ing drawings wherein a preferred embodinent 
of the invention is clearly ShoWn. 
In the dra WingS: 
Fig. 1 is a vertical longitudinal Sectional view 

of a fluid pressure energy translating device 
formed in accordance With the present inven 
tion. 

Fig. 2 is a horizontal longitudinal Sectional 
View taken on the plane indicated by the line 
I-II of Fig. i. 

Figs, 3 and 4 are developed views separately ill 
lustrating the effective can tracks produced by 
tilting the can member in two directions and the 
relation of the can tracks to the ports in the 
port plate. While these can tracks are shown 
Separately in the dra WingS, it should be under 
stood that the actual can track is a composite 
CurWe embodying both of the can tracks shown. 

Fig. 5 is a front elevational view of the valve 
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plate showing the same in a slightly indexed po 
sition. 

Fig. 6 is a fragmentary horizontal Sectional 
view of a modified form of pump Or motor en 
bodying the invention. 

Fig. 7 is a transverse sectional view taken 
through a still further modified form of punp 
embodying the present invention. 

Referring more particularly to the drawings, 
the numera 20 designates the pump or motor 
formed in accordance with the present invention 
in its entirety. In the form of the invention ill 
lustrated in the drawings, the pump or motor 
is provided with a body 2 f, a head 22, and an 
end cover 23 which are connected to form a hous 
ing 24. The head 22 has a central opening 25, 
Which Opening is enlarged at its Outer end to 
receive bearing means 26. In the instant pump 
the bearings rotatably support a sleeve 27 to which 
is pinned, for rotating movement therewith, the 
main shaft 28 of the pump. One end of the sleeve 
2l has a shoulder 30 formed thereon while the 
Opposite end is threaded to receive a lock nut. 
3. By adjusting the lock nut, the shoulder 30 
may be drawn into close engagement. with one 
of the bearing elements 26, the lock nut engag 
ing the other element to prevent undue Iongitu 
dinal movement of the sleeve. in the bearings. 
The main shaft 28 projects outwardly beyond the 
bearings and is provided with a key 32 to permit 
a pulley, a motor, or other driving device to be 
attached thereto. The outer end of the central 
opening is closed by a cover 33 having an oil 
Seal 34 disposed therein to prevent the escape of 
fluid around the shaft. 
At its inner end the head 22 has a short boss 

35, the inner end of which is faced for engage 
ment by a disc-like member termed in this appli 
cation the “valve plate' 36. The inner end of 
the boss 35 has a pair of openings 37 and 38 
formed therein, these openings communicating 
with passages extending to the opposite sides of 
the head 22 and terminating in finished pads 40 
and 4 to which threaded pipe connectors are 
bolted or otherwise secured, these connectors re 
ceiving the ends of inlet and outlet conduits 42 
and 43. The valve plate 36 has arcuate inlet and 
outlet ports 44 and 45, respectively, extending 
therethrough, which ports communicate with the 
inlet and Cutlet openings 37 and 38 formed in the 
head as is customary in devices of this character. 
The valve plate has a circular boss 46 formed on 
the face exposed to the interior of the housing 24 
and this boss is engaged by the inner end of the 
Cylinder barrel A. 
This barrel member has a plurality of piston 

chambers 48 disposed in a circular row around 
the axial center of the barrel and extending par 
allel thereto. The barrel is also formed with a 
central opening 50 having key slots or splines 
5 by which the barrel is connected for rotary 
movement with the inner end of the main shaft 
28. As in the above mentioned co-pending ap 
plication the cylinder barrel is provided with a 
skirt portion 52 extending beyond the end of the 
cylinder barrel and journalled in an antifriction 
roller bearing 53 supported in the body 2. The 
cylinder barrel and skirt may be formed inte 
grally or of two parts as illustrated which are 
fastened together with screws or other securing 
elements 54. From the foregoing it will be seen 
that when rotary movement is imparted to the 
Outer end of the shaft 28, the cylinder barrel will 
also be revolved to alternately register the piston 
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4. 
chambers with the inlet and outlet ports 44 and 
45 respectively. 
Communication between the inlet and outlet 

ports and the piston chambers registering there 
With is secured through small openings or ports 
55 formed in the end of the cylinder barrel. 
These ports 55 are arranged in a circle. having a 
radius equal to the radius of the arcuate inlet 
and Outlet ports so that registration or commu 
nication will be maintained throughout the full 
length of the inlet and outlet ports. This com 
munication will be interrupted when the piston 
chamber ports 55 move across the cut-off por 
tions or spaces separating the inlet and outlet 
portS. 
While the chambers register with the inlet and 

outlet ports, fluid is drawn into and expelled 
from the piston chambers 48 by pistons 56 dis 
posed for reciprocation therein. These pistons 
are of cylindrical form and are provided at their 
outer ends with. Spherical heads 5 on which 
bearing shoes are mounted for universal move 
ment. These bearing shoes have one flat surface 
60 for sliding engagement with the Smooth flat 
face 6 of a cam 62 supported in the end cover 
23. This sliding engagement is maintained by a 
disc 63 which engages shoulders 64 formed on the 
bearing shoes 58. The disc is resiliently urged 
toWard the can by a Spring-pressed plunger 65 
slidably positioned in the inner end of the main 
shaft 28; this plunger has a ball and socket con 
nection with the disc to permit relative move 
ment between these elements as the cylinder bar 
rel revolves. 
As in my co-pending application Ser. No. 

575,864, filed Feb. 2 1945, the flat surfaces of the 
bearing shoes have recesses formed therein, 
which recesses communicate by way of passages 
formed in the bearing shoes and the piston with 
the interior of the piston chambers. This ar 
rangement provides for the admission of fluid 
under the preSSure existing in the piston cham 
ber and the port With which it is communicat 
ing, to the recess formed in the bearing shoe 
Whereby a pressure-balanced condition will be se 
cured between the bearing shoes and the cam 
Surfaces. This preSSure balance minimizes wear 
and force necessary to effect the operation of the 
motor or pump thus increasing its efficiency. 
To effect, the Support of the can in the end 

COVer 23, the latter is provided with a plurality 
of rollers 66 disposed for engagement with an 
arcuate Surface 67 formed on the back of the cam 
62, this arcuate surface being struck from a cen 
ter. disposed on the axis of rotation of the cylin 
der barrel in a plane passing through the center 
of the universal joint between the pistons and 
the bearing shoes, this plane also passing through 
the center of the universal joint between the 
plunger 65 and the disc 63. With this arrange 
ment the cam will be adjusted about an axis 
passing through the axis of rotation of the cyl 
inder barrel in substantially parallel relation to 
the face of the valve plate. Since the axis of 
turning movement of the cam is disposed sub 
Stantially Symmetrically with the inlet and out 
let ports, the forces tending to disturb the ad 
justment of the cam will be equally divided and 
Will therefore offer a minimum resistance to the 
adjustment. To facilitate the assembling and 
dismantling of the device, the cam is resiliently 
held in engagement with the rollers 66 by a 
Spring pressed strip 68 carried by the end cover 
23. As shown in Fig. 1, the strip. 67 is bowed 
arcuately to offer minimum resistance to the ad 
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justment of the cam. This strip engages a pin 68, 
carried by a bifurcated yoke 70 secured to the 
rear Surface of the cam 62. A block is piv 
otally supported between the forked end of the 
yoke 70 and is similarly connected to the inner 
end of a stem 72 positioned for sliding movement 
in a packing gland 73 carried by the cover 23. 
Maximum angular movement of the cam by the 
stem is controlled with the adjusting Screw 74 
threadedly received in a second gland entering 
the end cover from the opposite side thereof. By 
adjusting the screw 74 the maximum angularity 
of the cam surface relative to the axis of rota 
tion of the cylinder barrel may be limited. In 
this manner the maximum Volume of the pump 
or fluid motor may also be varied by changing 
the piston displacement or the distance into and 
out of the piston chambers traveled by the pis 
tOnS. 
The outer end of the cover 23 is closed by a 

plate 75 which is secured thereto by ScreWS or 
other suitable fastening elements 76. 
From Fig. 2 it will be apparent that the face 

of the can 62 is also inclined sightly from One 
side to the other. This inclination is employed 
to provide a composite cam track which is traV 
ersed by the pistons. As shown in Fig. 4 the 
transverse inclination produces supplemental 
high and low points designated by letters A and 
B which are incorporated in the composite can 
track. When the device is used as a pump the 
supplementary high point A will be located in 
registration with the outlet port substantially at 
the central part thereof, while the low point B 
will be correspondingly located with respect to 
the inlet port. This inclination of the cam plate 
is maintained throughout all positions of adjust 
ment of the cam to vary the volume of fluid de 
livered by the pump. It is provided to cause 
the pistons to move into the piston chambers a 
slight distance when traveling across the cut 
off section between the inlet and outlet ports and 
to move outwardly of the piston chambers When 
traveling from the outlet port to the inlet port. 
The degree of inclination is so selected that the 
movement of the pistons into the piston chambers 
while traveling across the cut-off between the 
inlet and outlet ports will be Sufficient to raise 
the pressure of the fluid in such chambers to the 
maximum pressure for which the pump has been 
designed. The movement of the pistons out 
Wardly while the piston chambers are traveling 
across the cut-off between the outlet and inlet 
ports will therefore be sufficient to decrease the 
pressure in the piston chambers from such maxi 
mun to Substantially atmospheric pressure. It 
will thus be seen that as the cylinder barrel re 
Wolves and the piston chambers move across the 
cut-off between the inlet port and the outlet port, 
the second or supplemental inclination of the cam 
will cause movement of the pistons into the 
chambers thus increasing the preSSure on the 
fluid therein. As the piston chambers nove 
across the other cut-off, the pistons will be moved 
outwardly causing the pressure on the fluid in 
the chambers to fall. 
When the pump is operating at its maximum 

designed Working pressure the fluid pressure 
existing in the piston chamber immediately prior 
to communication between the piston chambers 
and the outlet port will be substantially equal. 
Therefore, when this registration or communica 
tion is established, no resulting shock will occur. 
It will be obvious from the drawing that, even 
though the volume of the pump is reduced 
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through the adjustment of the cam, the distance 
travelled by the piston into and out of the piston. 
chambers, while travelling across the cut-off sec 
tions, will remain the same. It is, therefore, 
essential to provide some means to prevent the 
pressure in the chambers from exceeding the 
pressure in the outlet port when the pump is 
not operating at its maximum rated design pres 
Sure. The means selected for effecting this 
purpose is similar to that shown in the co-pending 
application Ser. No. 647,872, filed Feb. 15, 1946, 
of which this application is also a continuation 
in part. As illustrated in Figs. 3 and 4, this 
means consists of a valved passage 77 extending 
between a port 78, formed in the cut-off section 
between the inlet and outlet ports and the out 
let port. The passage 77 contains a spring 
pressed ball valve 80 which is arranged to permit 
fluid flow from the piston chambers to the outlet 
port While the ports 55 are moving across the 
"cut-off. This ball valve precludes a reverse fiow 
of fluid, thus preventing the fluid pressure from 
driving fluid from the outlet port to the piston 
chambers before the pressure in the chambers 
reaches that in the outlet port. Communication 
between the piston chambers and the port 78 is 
maintained until communication is established 
between the piston chamber and the outlet port, 
therefore, if the pressure in the outlet chamber 
is below the maximum for which the pump has 
been designed, the fluid displaced by the pistons 
due to the Supplemental inclination of the cam 
Will flow through the passage 77 after the pres 
Sure in the piston chambers increases sufficiently 
to move the ball valve 80 off its seat. The pres 
sure in the piston chambers will therefore be pre 
cluded from exceeding the pressure in the outlet 
port. 
The action caused by the supplemental inclina 

tion when the ports 55 move across the cut-off 
between the outlet and inlet ports is just reverse 
of that above described. From Figs. 3 and 4 it 
Will be apparent that a valved passage 8 extends 
also from a port 82 in the cut-off between the 
outlet and the inlet to the inlet port. It Will be 
noted that the valve 83 in the passage 8 is re 
Versely arranged compared to valve 8) in the 
paSSage 77. This reverse arrangement is em 
ployed to prevent the inducement of a pressure 
in the piston chambers 48 lower than that exist 
ing in the inlet port. As soon as a piston cham 
ber 48 communicates with port 82 there will be 
a tendency for fluid to flow from the inlet port, 
through passage 8 to such chamber if the pres 
Sure in the latter is lower than that in the former. 
If Such a pressure relation does not exist, com 
munication will be prevented by the valve 83. 
Continued movement of the cylinder barrel after 
Such communication is established causes a re 
duction in pressure in the piston chamber which 
Will be compensated for by a fluid flow through 
passage 8. Thus when the particular piston 
chamber registers with the inlet port, the pres 
Sures then existing in these locations will be equal 
and all objectionable shock will be avoided. 
In the modified form shown in Fig. 6, cam 

plate 6 is mounted for rocking movement about 
a Substantially vertical axis produced by a projec 
tion 62 formed on the front face of a block 7, 
Which corresponds to the block to in the form 
first described. The casing of the fluid motor 
has a pair of piston chambers if and 2 located 
On Opposite sides of the vertical axis of the casing, 
these chambers receiving pistons 73. The out 
Wardly projecting ends of these pistons engage 
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the rear surface of the plate 6 and serve When 
one or the other of chambers if and 72 re 
ceives fluid under pressure, to effect rocking 
movement of the camplate 6 on the projection 
62. The fluid lines 4 and 5 extend from the 
chambers 7 f and 72, respectively, to the inlet 
and outlet ports of the pump. In the event the 
direction of rotation of the pump is reversed, so 
that the inlet and outlet ports are reversed, the 
port containing the highest pressure will be con 
nected with one of the piston chambers and 
72, and the corresponding piston chamber will 

receive fluid under high pressure from such port; 
this introduction of fluid Will cause the piston in 
Such chamber to move outwardly, in parting Sini 
lar movement to the cam plate 6. The proper 
supplemental inclination will thus be imparted to 
the cam plate to provide for the equalization of 
pressure between the piston chambers in the 
cylinder barrel and the inlet and outlet ports. 
It will be seen that through the provision of the 
piston chambers and pistons , f2, and 73, 
the pump may be designed for pressure equaliza 
tion in either direction of operation. With the 
mechanism shown and described, quiet, shockless 
operation of the pump will be secured for any 
desired pressure and either direction of rotation. 
The invention is applicable, as shown in Fig. 

7, to other types of fluid pressure energy trans 
lating devices. In this figure a pump 14 of the 
type shown in Patent No. 1931,969, dated Oct. 
24, 1933, to Hans Thoma, has been illustrated. 
This pump includes a driving shaft 75 jour 
nalled for rotation in a casing 76. The inner 
end of the shaft is provided with a driving flange 
77 having a plurality of Spaced socket members 
18. These socket members receive the ends of 

connecting rods, the opposite ends of which are 
connected for universal movement with pistons 
89, these pistons being disposed for reciprocatory 
movement in piston chambers formed in a cylin 
der barrel f8. This cylinder barrel is supported 
for sliding engagement with a valve plate 82 car 
ried by a head 83 which is formed with inlet and 
outlet passages 84 and 85, respectively, com 
municating with corresponding passages 86 and 
87 formed in arms 88 and 89 which are rigidly 

secured at corresponding ends to the head 83. 
The arms f88 and 89 are journalled for oscilla 
tory movement on a pair of aligned trunnions 
90 and 9. By moving the head about the axis 
formed by the trunnions, the angular relation 
between the cylinder barrel 8 and the flange 
77 Will be varied. The variation of this angle 

changes the displacement of the pump and thus 
varies the volume. The pump thus far described 
is of conventional construction. 

It will be noted from Fig. 7 that, in applying 
the invention to the type of pump shown in this 
figure, the axis formed by the trunnions is dis 
posed at a slight angle to the axis of rotation of 
the shaft 75. Normally in a pump of this type, 
the trunnions are arranged at right angles to the 
axis of the shaft and when the volume of the 
pump is being changed, the head and cylinder 
barrel are swung about the axis of the trunnions 
with the axis of the cylinder barrel moving in a 
plane coinciding with the axis of the shaft. 
When the volume of the pump shown in Fig. 7 is 
changed, the axis of the cylinder barrel moves 
in a plane inclined at an angle to the plane in 
which the axis of the shaft is located. Due to the 
inclination of the cylinder barrel in this manner 
the pistons are caused to move into and out of 
the chambers in the cylinder barrel during move 
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8. 
ment of the piston chamber ports across the cut 
off sections of the valve plate, the movement of 
the pistons into the piston chambers taking place 
during the travel of the chamber ports across 
the cut-off between the inlet and outlet port and 
the movement outwardly taking place during the 
travel of the chamber ports across the other cut 
off portion. These cut-off portions, as in the 
form of the invention first described, are made 
relatively long so that sufficient movement of the 
pistons will take place during the paSSage of the 
chamber ports across the same to permit a de 
sired increase of pressure when the piston cham 
bers are approaching the outlet port, and a de 
sired decrease of pressure when Such chambers 
are approaching the inlet port. In this manner 
the pressures obtaining in the piston chambers 
as they approach the inlet and outlet ports will 
conform substantially to the pressures obtaining 
in these ports. The valve plate will be provided 
with valved passages, as in the form first de 
Scribed, so that the pressure in the piston cham 
bers will be prevented from exceeding the pres 
Sure in the outlet port as they approach the 
same and from being lower than the pressure in 
the inlet port when they approach this port. 
This pressure equalization will eliminate shock 
and objectionable noise in the operation in the 
type of pump shown in Fig. 7. 
While the mechanism may be modified in many 

respects, it is intended to embrace all modifica 
tions which may be said to fall fairly within the 
following claims. 

I claim: 
1. A fluid pressure energy translating device 

comprising a cylinder barrel; a valve plate with 
Spaced inlet and outlet ports, said barrel and 
valve plate being disposed for relative rotary 
movement; piston means received for reciproca 
tory movement in the cylinder barrel; cam means 
for controlling the reciprocation of said pistons, 
Said cam means having a cam track disposed in 
a plane; and Supporting means for said cam 
means, Said Supporting means being mounted for 
pivotal movement about an axis extending at 
right angles to the axis of said cylinder barrel, 
Said Supporting means holding said cam with 
the plane of said track inclined with respect to 
the axis of pivotal movement of said supporting 
eaS. 
2. A fluid pressure energy translating device 

Comprising a cylinder barrel; a valve plate with 
Spaced inlet and outlet ports, said barrel and 
valve plate being disposed for relative move 
ment; valved passages extending from points on 
Said valve plate in the spaces between said ports 
to One or the other of said ports; piston means 
received for reciprocatory movement in said 
cylinder barrel; cam means for controlling the 
reciprocations of said pistons, said cam means 
having a piston engaging track disposed in a 
plane; Support means for said cam means 
mounted for pivotal movement about an axis ex 
tending at right angles to the longitudinal axis of 
Said pump, Said support means holding said cam 
means with the plane of said track inclined with 
respect to the axis of pivotal movement of said 
Support means; and means for imparting move 
ment to Said Support means. 

3. A fluid pressure energy translating device 
comprising a cylinder barrel; a valve plate with 
Spaced inlet and outlet ports, said barrel and 
valve plate being disposed for relative rotary 
movement; piston means received for recipro 
catory movement in the cylinder barrel; planar 
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cam means for controlling the reciprocation of 
said pistons; and mounting means for said cam 
means, said mounting means Supporting said cam 
means for movement about an axis extending 
parallel to the face of Said valve plate, the plane 
of the can means being inclined with respect to 
the axis of movement of Said cam means. 

4. A fluid pressure energy translating device 
comprising a cylinder barrel; a valve plate with 
Spaced inlet and outlet ports, said barrel and 
valve plate being disposed for relative rotary 
movement; piston means received for recipro 
catory movement in the cylinder barrel; means 
for controlling the reciprocation of said piston, 
Said means having piston engaging elements dis 
posed for movement in a path located on a plane; 
and mounting means for supporting said cylinder 
barrel and said piston reciprocation controlling 
means for relative adjustment about an axis ex 

10 

5 

10 
tending substantially normal to the axis of rota 
tion of said cylinder barrel, the plane of said path 
being inclined with respect to the axis of relative 
adjustment of said cylinder barrel and piston 
reciprocation controlling means. 

ELLIS H. BORN. 
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