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3,345,916 
HIGH EFFICIENCY HYDRAULIC APPARATUS 

Jaromir Tobias, Box 141, RD. 2, Rhiuebeck, 
N.Y. 12572 

Filed Nov. 17, 1965, Ser. No. 508,249 
11 Claims. (Cl. 92—58) 

ABSTRACT OF THE DISCLOSURE 
A high ef?ciency hydraulic pump or motor of the type 

in which a cylinder block having radially extending cylin 
der bores rotates about a central pintle shaft and wherein 
hydraulic ?uid communicates from the pintle shaft to 
the cylinder bores through passages extending radially 
inwardly from the bores to an axial aperture in the block 
in communication with the pintle shaft discharge, said 
passages being characterized by the axial dimension of 
such passages at their radial innermost ends being in ex 
cess of the diameter of the cylinder bores and the trans 
verse extent of said radial innermost ends ‘being less than 
the diameter of said bores, said transverse and axial 
dimensions, respectively, increasing and decreasing as said 
passages approach said cylinder bores. 

This invention relates to a hydraulic device, and more 
particularly to a hydraulic pump or motor device of the 
radial piston type. i 
More particularly, this invention relates to an ultra 

high efficiency radial piston hydraulic pump or mot-or. 
Still more particularly, this invention relates to an 

improved hydraulic pump or motor device of the type in 
which a iblock containing radial cylinder bores rotates 
about a pintle shaft having side discharge areas, the com 
bination having improved conduits communicating be 
tween the pintle shaft and the cylinder bores, to increase 
the operating e?iciency of the device without any material 
increase in the size or weight of the pump or motor. 

It is known to provide a hydraulic pump or motor 
wherein the cylinder block containing an odd number of 
radially extending cylinder bores rotates about and draws 
?uid from a plurality of ports formed on the lateral faces 
of the pintle shaft. The bores slidably receive piston mem 
here which oscillate radially within the bores under the 
in?uence either of an eccentric reaction ring bearing 
against the radial outward end portions of the pistons or, 
alternatively, by a cam track and follower connection 
between the pistons and some stationary component. i 

All such pump and motor devices have heretofore been 
used primarily in special ‘applications where the loss of 
ef?ciency experienced in their use has been more than 
o?set by the special advantages which inhere in the use 
of hydraulic pump and motor systems. 
More particularly, hydraulic systems are especially 

useful in that a single, in?nitely variable hydraulic pump 
may, by appropriate connections, be utilized to drive one 
or more reversible hydraulic motors at positions remote 
from the pump, eachof the motors also being in?nitely 
variable. However, as previously noted, due to the great 
power wastage inhering in the use of such hydraulic 
systems, their use in situations where high power applica 
tions are encountered has been heretofore considered 
impractical. As an example of an application known to 
be theoretically possible but heretofore considered im 
practical by reason of e?iciency losses may be noted the 
utilization of a single hydraulic pump to feed four hydrau 
lic motors, each located at a different wheel of an automo 
bile, for instance. 
With the foregoing in mind, it is an object of the pres 

ent invention to provide a high ef?ciency hydraulic pump 
or motor device. 
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A further object of the invention is to provide a novel 

hydraulic pump or motor of greatly improved efficiency 
by reason of a novel porting arrangement whereby the 
high losses heretofore inherent in hydraulic pumps and 
motors, occurring in the course of transfer of the ?uid 
from the pintle shaft to the cylinder chamber, are ob 
viated. 
A further object of the invention is the provision of a 

hydraulic pump or motor device of the type described 
wherein the increase in e?iciency is achieved without sig 
ni?cant increase in over-all size. 

Brie?y stated, the drastic increase in e?iciency ob 
tained through the use of my device is predicated upon 
the provision of passages within the cylinder block con 
necting the cylinder bores to the pintle shaft discharge 
area, the passages having a cross-sectional area approxi 
mately equal to the cross-sectional area of the cylinder 
chambers. 

Ordinarily it might be expected that such an arrange 
ment could be accomplished only through the use of a 
cylinder block of increased diameter and a pintle shaft of 
increased diameter, to permit the radial inner ends of the 
larger cross-sectioned passages to open onto the interior 
of the cylinder block without interference one with respect 
to the other. However, by the novel arrangement herein 
after described and claimed, the desired increased area 
passageways are provided without increasing the diameter 
‘of the block or the pintle shaft by, instead, elongating the 
axial dimension of the block at its junction with the pintle 
shaft. The passages leading from the pintle shaft to the 
cylinder chambers are axially elongated at the junction 
with the pintle shaft to exceed the diameter of the cylin 
der chambers. The transverse or lateral dimension of the 
passages at said junction is considerably less than the 
diameter of the cylinder chambers, such narrowed trans 
verse dimension permitting the formation of a plurality 
of passages without any increase in the diameter of the 
pintle shaft discharge area or the block. By thus increas 
ing the axial, and decreasing the transverse dimension, 
there are preferably de?ned passages which have a cross 
sectional area generally equal to the cross-sectional area 
of the cylinder bores. The axial extent of the passages 
progressively decreases and the transverse extent of the 
passages progressively increases at progressive, radially 
outwardly disposed portions of the passages, the radial 
uppermost end of the passages preferably merging 
smoothly into the cylinder bores. By thus increasing the 
transverse dimension, the cross-sectional area at all points 
of the passage is approximately equal to the cross-sec 
tional area of the cylinder chambers. 
From the foregoing it will be understood that the 

' arrangement noted is adaptable for use‘ in hydraulic 
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‘pumps or motors of any type wherein radially moving 
pistons draw ?uid from a pintle shaft, whether the out 
ward and inward movement of said pistons is governed by ' 
an eccentrically disposed reaction ring, a cam and fol 
lower arrangement or any other means. 

While the invention will be described in conjunction 
with a reaction ring type arrangement, it is not limited in 
its utility to such a ring. 
To attain these objects and such vfurther objects as 

may appear herein or be hereinafter pointed out, I make 
reference to the accompanying drawings, forming a part 
hereof, in which: a ' 

FIGURE 1 is a vertical sectional view through a 
hydraulic pump or motor in accordance with the inven 
tion; 
FIGURE 2 is an offset section taken on the lines 

2—2 of FIGURE 1; 
FIGURE 3 is a horizontal section taken on the lines 

3-3 of FIGURE 2; 
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FIGURE 4 is a section taken on the lines 4—4 of 
FIGURE 2; 
FIGURE 5 is a perspective view of a solid geometric 

?gure corresponding to the outline of the passages linking 
the cylinder ‘bores to the pintle shaft, better to illustrate 
the shape of such passages. 

Referring now to the drawings, there is illustrated a 
hydraulic pump or motor assembly 10, including a ?xed 
frame 11 carrying a ?xed, generally centrally disposed 
pintle shaft 12 which is mounted on ?xed supports (not 
shown) carried by the frame. The frame 11 includes 
side wall portions 13 and 14, providing mounting means 
for the housing 15 of the hydraulic pump or motor. 
As will be readily understood, the constructions of the 

pump and the motor are in all respects identical and, 
therefore, no distinction between these devices need be 
made. 
The housing 15 may include laterally directed guide 

rods 16 and 17, integral with or separately attached to 
the housing. The guide rod 16 is slidably disposed within 
an aperture 18 formed in the side wall portion 14. An 
aperture 19 is formed within the side Wall portion 13. 
An adjustment wheel 20 is rotatably mounted within the 
aperture 19, the wheel 20 including an internally threaded 
boss 21. The guide rod 17 is externally threaded, as at 
22, the boss 21 being complementally threaded over the 
portion 22. 
Thus it will be evident that by rotation of the wheel 

20, a lateral movement will be induced in the threaded 
portion 22 of the rod 17, to cause a lateral movement 
of the entire housing 15 between the walls 13 and 14. 

It will be understood that the means for effecting the 
lateral adjustment of the housing shown in the illus 
trated embodiment is for purposes of exempli?cation only, 
and that other lateral shifting means may be employed. 
Similarly, as is well known, it is possible to maintain 
the housing in ?xed position and obtain the necessary 
eccentricity by shifting the pintle shaft relative to the 
stationary housing. 
The inner surface 25 of the housing 15 de?nes an 

annular raceway forming, in essence, one component of 
a roller bearing structure, an annular reaction ring 26, 
spaced from the surface 25 forming another component 
of the bearing. Between the reaction ring 26 and the 
annular surface 25 are disposed a plurality of cylindrical 
bearing members 27, which are maintained in spaced 
apart condition within the housing by the shallow, out 
wardly directed bearing sockets or recesses 28 formed 
in the outer surface of the reaction ring 26. Any suitable 
anti-friction means may be interposed between the hous 
ing and the ring where relative rotation between these 
parts is desired. 

In certain applications it is not necessary to provide 
a rotating reaction ring, and in such instances the re 
action ring may comprise a portion of the housing. 
Usually, in such devices the pistons carry rollers or like 
anti-friction devices. 

Within the reaction ring 26 there is disposed a rotary 
block member 29 which is freely rotatably mounted for 
movement about the pintle shaft 12. The block 29, which 
is ?xed against axial movement with respect to the pintle 
shaft, is provided with radially directed keyway slots 30, 
31, providing a driving connection with the tubular drive 
shaft member 32. 
The drive shaft member, which may be an output shaft 

in the case of a motor, or an input shaft in the case of 
a pump, includes a pair of axially directed teeth 33, 34, 
meshing respectively with the slots 30, 31, thus to. com 
municate rotary movement of the shaft to the block 29. 
The block 29 incorporates the usual radially extend 

ing cylinder chambers 35. While the number of such 
chambers is not limited, it is common practice to provide 
an odd number, the illustrated embodiment incorporating 
nine. 

The pintle shaft is hollowed to de?ne axially extending 
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4 
input and output passageways 36, 37, respectively, the 
passageways terminating at their innermost ends in out 
wardly open discharge ports or chambers 38, 39, sepa 
rated from each other by diametrically opposed lands L. 
The block incorporates a central, axially extending bore 

or aperture 40 which is rotatably mounted over the pintle 
shaft. Preferably the block 29 is axially enlarged in the 
area adjoining the pintle shaft, the axial dimension of 
said block at the shaft preferably exceeding the axial 
dimension of the block at a point displaced from the 
shaft. 
The axially elongated nature of the block in the area 

adjacent the shaft is sufficient to permit the block com 
pletely to span the length of the discharge ports or cham 
bers 38, 39, the axial extremities 41, 42 of the bore por 
tion 40 being, of course, completed annuli and forming 
sealing connections with the pintle shaft 12 in the un 
broken cylindrical areas to either side of the discharge 
ports or chambers. 
The block 29 incorporates a series of radially extend 

ing passages linking the cylinder bores with the central 
bearing aperture 49 of the block, to provide a fluid path 
between the ports or chambers 38, 39 of the pintle shaft 
and the cylinder bores. 

It has been determined by me that an inherent source 
of ef?ciency loss in previously known hydraulic devices 
of this type lies in the inability of passages heretofore 
known to provide a full, free and uninterrupted com 
munication between the pintle shaft and the cylinder 
bores. Thus, it is an important feature of the present 
invention that the passages remedy the de?ciency noted. 
In order to accomplish this result without enlarging the 
over-all size, and particularly the diameter of the hydrau 
lic pump or motor, the passages P of the present inven 
tion are axially elongated and transversely constricted 
at the portion of the block adjacent the bore 40. 
As best seen in FIGURE 3, the passage P at said 

bore de?nes an elongated con?guration in which the 
lengthwise dimension 50 exceeds the diameter 51 of the 
cylinder bores 35 by a considerable margin and the 
widthwise 0r transverse dimension 52 is less than the 
diameter 51 of the cylinder bore. Optionally but prefer 
ably, the total cross-sectional area of the passageway P 
at the bore 41) is equal or approximately equal to the 
cross-sectional area of a cylinder chamber 35. 

In FIGURE 5, for purposes of illustration, there is 
shown a solid geometric con?guration which approxi 
mates the preferred shape of the passage. 
As best seen from FIGURES 1 and 5, the passages P 

taper angularly outwardly so as progressively to increase 
the transverse dimension of said passages as the passages 
approach the radial innermost ends of the cylinder bores 
35. Similarly, as best seen in FIGURES 2 and 5, the 
axial dimension of the passages P is progressively re 
duced as the passages approach the radial innermost ends 
of the cylinder bores. Thus it will be seen that the outer 
most portions of the passages are preferably circular in 
section and the innermost portions comprise elongated, 
quasi-elliptical con?gurations. 

It will be readily understood from the foregoing that 
the precise shape of the passages at the pintle-adjacent 
portion of the block may vary considerably, without 
departing from the spirit of the present invention. It is, 
however, an essential feature that said passages are axially 
elongated and transversely diminished at the pintle 
adjacent portion and converge axially and diverge trans 
versely at progressive, radially disposed portions of the 
passages. 
By the above disclosed arrangement, it is possible to 

provide a large number of cylinder bores without over-all 
size increase since, by reason of the fact that the passages 
are transversely diminished at the pintle-adjacent por 
tion, a large number of such angularly-spaced-apart 
passages may open onto the bore without any mutual 
interference. Similarly, the transversely constricted 
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nature of the passages at the bore does not diminish the 
cross-sectional area of the passages by reason of the 
elongated nature of the passages at the bore. 
Each of the bores includes a piston member 55, the 

outermost ends 56 of which may be of domed or parti 
spheroid con?guration. The innermost ends 57 may be 
?at or, for improved suction purposes, may incorporate 
a concavity 58. The reaction ring 26 may be provided 
with an annular concave track 59, within which the domed 
portions 56 of the pistons may ride during the operation 
of the device. 

Preferably, and in accordance with known practice, the 
angular extent of the lands L is approximately equal to 
or slightly exceeds the transverse dimension 52 of the 
passages at the pintle-adjacent portions thereof, the lands 
being disposed so that preferably only one of the passages 
is completely isolated from communication with the 
chambers 38, 39 at any one time. 
The operation of the device is in all respects conven 

tional and need not be elaborated upon. In general, where 
the device is used as a motor, hydraulic ?uid under pres 
sure is fed to one of the passages 36 or 37, the other of 
said passages communicating with the reservoir. The 
block will, in such case, be rotated and the drive shaft 32 
may be connected to any device to be driven. 

It will be recognized further that, in accordance with 
known principles, lateral adjustment of the housing 15, 
through the operation of the turn wheel 20 or any other 
suitable eccentricity inducing device, will vary the eccen 
tricity of the reaction ring with respect to the rotating 
block and, thus, vary the stroke of the pistons, thereby 
controlling the torque and speed applied to the output 
shaft. Also in accordance with known principles, the 
operation of the eccentricity in an opposite direction will 
reverse the direction of rotation of the block. 
When the device is to be used as a pump, a rotary 

force is applied to the input shaft 32, thus to forcibly 
rotate the block 29, causing hydraulic ?uid from a res 
ervoir to be sucked into one of the lines 36, 37, the 
other said line carrying the ?uid under pressure. 
From the foregoing it will be appreciated that there 

is provided a hydraulic pump or motor device of greatly 
increased e?iciency, thus enabling devices of the hy 
draulic type to be substituted in applications heretofore 
considered uneconomical. Further, the highly desirable 
result is achieved without materially increasing the size 
of the device. 

It will be readily recognized that the block may com 
prise an integral structure containing both the passage 
containing components and the cylinder bores. Alterna— 
tively, and in some instances preferably, in order to 
facilitate the construction of the passages, it may be de 
sirable to fabricate the block structure of two or more 
components, including an inner annulus containing the 
passages and an outer annulus containing the cylinder 
bores, the two being thereafter integrated into a ?uid 
tight unit. 
The illustrated embodiment discloses only one form 

of the invention and is included for purposes of compli 
ance with the patent laws. Many variations and modi 
?cations of the illustrated embodiment’ may be made 
without departure from the spirit of the invention. Ac 
cordingly, the invention is to be broadly construed with 
in the scope of the appended claims. 

Having thus described the invention and illustrated its 
use, what is claimed as new and is desired to be secured 
by Letters Patent is: 

1. In a rotary hydraulic device such as a pump or 
motor, a generally cylindrical pintle shaft having an 
axially elongated, recessed circumference portion de?n 
ing a ?uid supply area, a cylinder block having a central 
bearing aperturerotatably received on said shaft, the 
axial dimension of said aperture being in excess of the 
length of said recessed portion, said aperture being dis 
posed in registry with said area, a plurality of radially 
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6 
extending cylinder bores formed in said block, and axial 
ly elongated ?uid passages extending between said bores 
and said aperture, the axial dimension of said passages 
at said aperture being greater than the diameter of said 
bores, the transverse dimension of said passages at said 
boresbeing greater than the transverse dimension of said 
passages at said aperture. 

2. A hydraulic device comprising a pintle shaft, cir 
cumferential ?uid supply ports on said shaft, a cylinder 
block assembly having a central bearing aperture rotat— 
ably mounted over said shaft, with said aperture overly 
ing said supply ports, a plurality of angularly spaced 
apart, radially extending cylinder bores formed in said 
block assembly and radially extending ?uid supply pas 
sages connecting said bores and said aperture, the area 
of any cross section through said passages taken perpen 
dicular to the axis of said bores being substantially equal, 
the axial dimension of said passages at said aperture be 
ing greater than said dimension at said bore. 

3. A device in accordance with claim 2 wherein said 
cross-sectional area of each of said passages is substan 
tially equal to the total cross-sectional area of the piston 
bores fed by said passages. 

4. In a hydraulic device of the type wherein a cylinder 
block having radial cylinder bores rotates about a pintle 
shaft, said shaft including circumferential ?uid supply 
means, the improvement which comprises said ?uid sup 
ply means being of a length in excess of the diameter of 
said bores and said block having ?uid passages radially 
extending between said supply means and said bores, the 
upper end of said passages adjacent said bores being cir 
cular in section and of a diameter substantially equal to 
the diameter of said bores, the transverse and axial di 
mensions of sections through said passages, taken normal 
to the axis of said bores, respectively decreasing and in 
creasing as said sections are taken respectively further 
from said bores. 

5. In a hydraulic device of the radial piston type which 
includes a pintle shaft having a circumferential discharge 
area, the improvement which comprises a cylinder block 
having a central bearing aperture, a plurality of angular 
ly-spaced-apart, radially extending cylinder bores and ?uid 
passages connecting said aperture with said bores, the 
axial dimension of said passages at said aperture exceed 
ing the transverse dimension of said passages at said 
aperture, said transverse dimension of said passages grow 
ing progressively larger and said axial dimension of said 
passages growing progressively smaller as said passages 
approach said bores. 

6. A cylinder block in accordance with claim 5 wherein 
the cross-sectional area of said passages, taken in a di 
rection normal to the axis of said bores, is substantially 
a constant throughout the length of said passages. 

7. A device in accordance with claim 6 wherein said 
cross-sectional area of said passages substantially equals 
the cross-sectional area of said bores. 

8. A hydraulic device comprising a pintle shaft having 
laterally open ?uid supply ports, a block assembly having 
a central bearing aperture rotatably mounted over said 
shaft, said aperture being of a length in excess of, and 
overlying, said ?uid supply ports of said shaft, said block 
including an axially enlarged boss portion adjacent said 
aperture and a generally cylindrical portion outwardly of 
said boss portion, the axial dimension of said cylindrical 
portion being less than that of said boss portion, a plu 
rality of angularly spaced-apart cylinder bores extending 
radially from the outer periphery of said cylindrical por 
tion toward said shaft, and ?uid supply passages in said 
boss portion linking said ‘aperture and said bores, the 
axial dimension of said passages at said aperture being 
greater than the axial dimension of said cylindrical por 
tion of said block, the transverse dimension of said pas» 
sages at said aperture being less than the diameters of 
said bores, said axial dimension of said passages becom 
ing progressively shorter and said transverse dimension 



3,345,916 
7 . 8 

of said passages becoming progressively longer as said 1,983,261 12/ 1934 Zorzi __________ __ 230-177 X 
passages approach said bores. 2,205,913 6/1940 Stacy ____________ __ 103-161 

9. A device in accordance with claim 8 wherein said 2,273,468 2/1942 Ferris ___________ __ 103_161 
passages are generally elliptical in section. 2,510,247 6/1950 parenti __________ __ 230_177 

10. A device in accordance with claim 8 wherein the 5 3,034,451 5/1962 Sullivan et a1_ _____ _‘ 103_161 
cross-sectional area of said 1passages at any point along 3,044,412 7/1962 Orshansky _______ __ 1O3_161 
the length t ereof is genera y equa. __ , 

11. A device in accordance with claim 10 wherein the 3,211,105 10/1965 Bush et all ________ n 130 161 

cross-sectional area of said passages is generally equal to FOREIGN PATENTS 
the cross-sectional area of said bores. 

583,396 12/1946 Great Britain. 
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