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The present invention relates to hydraulic vari 
able-speed power-transmission apparatus, and 
more particularly to improvements in the pump 
and motoriunits-of such apparatus. - 
One of the objects of the present invention is 

to provide an apparatus of the type indicated 
having variable-displacement pump, and motor 
units of the type in which radial cylinders and a 
reaction ring rotate in unison about eccentric 

s O axeS. 
Another object is to provide a pump or motor 

unit of the type indicated with piston-rods having 
rocker-bearings adapted to rock. On the reaction 
ring Surrounding the cylinders to compensate for 
the relative movement between the cylinders and 
ring during their rotation about eccentric axes. 
Another object is to provide a pump or motor 

unit of the type indicated with piston-rods pivot 
ally connected at one end to their respective pis 
tons and having: arcuate rocker-bearings at their 
opposite end concentric with their pivotal connec 
tion to the pistons and engageable with the ring 
tangentially. 
Another object is to provide. a motor or pump 

unit of the type indicated in which the contact 
faces of the reaction ring, and the contact faces 
of the rocker-bearings; of the piston-rods, are so 
formed as to cause: their points of tangential en 
gagement to a line with the: axes of their respec 
tive: cylinders in any, angular position of the pise 
to rods. . . . , 

... Another object, is to provide a novel forms of 
coupling" for connecting the cylinder-block and 
reaction... ring for rotation, as a unit about: eccen 
triciaxes; ; , . . . . . . . . . . . . . . 

Anothier object, is to provide a coupling of the 
type indicated having radial arms which connect 
the eccentric members for rotation and which 
rock on a fixed pivot for any particular adjust 
ment of the eccentricity. 
Another object is to provide a radial pump; or 

notor unit of the type indicated with:cooperating 
ported; valve-members. On the: cylinderblock and 
enclosing: casing for controlling the intake, and 
exhaust of motive fluid...' . . . . 
Another object is to provide a pump or motor 

unit. of the type indicated with means, operated 
by the notive fluid for applying at predetermined 
axial: thrust to the cylinder-block to hold the 
valve-members in engagement. 
Another object.is to provide a hydraulic power. 

transmission apparatus having, pump and motor 
units, in the same casing: cooperating: with th 
op20site. Sides of a single valve-annulus. . . . 
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of the type indicated which is of simple and com 
pact. construction, efficient in performing its in 
tended functions and adapted for use over long 
periods of time without requiring repair or re 
placement of its parts. 

Further objects of the invention are set forth 
in the following specification which describes. Sev 
eral forms of construction of the apparatus, by 
Way of example, as illustrated by the accompany 
ing drawings. In the drawings: 

Fig. 1 is a part-sectional elevational view. of a 
hydraulic variable-speed power-transmission ap 
paratus having pump and motor units incorporat 
ing: the novel features of the present invention; 

Fig. 2 is a part-sectional view on line 2-2 of 
Fig. 1, or on a corresponding line through the 
pump, showing the curved rocker-bearings at the 
ends of the piston-rods in tangential engagement 
with the flat-faces on the reaction-ring and illus 
trating the various angular positions of the pis 
ton-rods; 

Fig. 3 is a view similar to Fig.2 showing a modi 
fied form: of construction of the reaction ring as 
having a cylindrical interior. Surface for tangen 
tial engagement by, the rocker-bearings at the 
ends of the piston-rods; 

Fig. 4 is a transverse sectional view taken gen 
"erally on line 4-4 of Fig. 1 showing the coupling 
for connecting the motor shaft and reaction ring 
for rotation about eccentric axes; 

Fig. 5 is a diagrammatic view illustrating the 
automatic adjustment of the center of the cou 
pling resulting from manual adjustment of the 
eccentricity of the reaction ring with respect to 
the shaft; 

Fig. 6 is a transverse Sectional view on line 6-6 
of Fig. 1 showing the ported valve-plate on the 
casing and illustrating the relative positions of the 
Cooperating ports in the cylinder-block; and 

Fig. 7 is an enlarged sectional view on line.7-7 
of Fig. 1 showing the ball-and-socket connection 
of the piston-rod to its piston. 
The pumps and motors commonly used in hy 

draulic variable-speed power-transmission appa 
ratus comprise radial cylinders arranged in angul 
lar spaced relationship for rotation about a fixed 
axis and a reaction ring surrounding the cylin 
ders, with its axis eccentric to the axis of rotation 
of the cylinders. Pistons are provided in the 
cylinders and piston-rods extend between the 
pistons and the reaction, ring. The cylinder 
block and ring are rotated as a unit and due to 
the eccentricity of their axes the ring moves 
relatively of the cylinder-block during rotation 

Still another object is to provide an apparatus 55 through the same angular distance. Usually, 



2 
shoes are provided at the ends of the piston-rods 
Which bear against the ring and slide thereon. 
With Such a form of construction the shoes are 
Subject to excessive Wear and considerable energy 
is dissipated in the friction resulting from the 
sliding action of the shoes on the ring. It is 
preferable to positively couple the cylinder-block 
and reaction ring for rotation as a unit, but the 
usual types of couplings for connecting the mem 
bers for rotation about eccentric axes have recip 
rocating parts which produce vibration, especially 
where heavy loads are transmitted at high speed. 
Furthermore, the cylinder-blocks of such radial 
pump or motor units are usually mounted to 
rotate on ported pintles which control the intake 
and exhaust of motive fluid to and from the cyl 
inders. With motive fluid at pressures of the 
order of twelve-hundred pounds per square inch 
leakage is caused between the block and ported 
pintle, especially after the contacting parts be 
COle WO. 
The present invention relates generally to 

radial pump or motor units for use in hydraulic 
variable - Speed power - transmission apparatus 
having the usual radial cylinders and reaction 
ring, but provided With piston-rods adapted to 
rock. On the ring to materially reduce friction and 
Wear. For this purpose, each piston-rod is piv 
otally connected at One end to its piston and has 
a rigid rocker-bearing at its opposite end pro 
Vided With a curved periphery engageable with 
the interior of the reaction ring tangentially 
thereof. During rotation of the cylinder-block 
and reaction ring about eccentric axes the curved 
peripheries of the rocker-bearings at the ends of 
the piston-rods will rock on the ring to compen 
sate for the relative movement therebetween, 
The contacting surfaces of the rocker-bearings 
and the reaction ring may have any particular 
Contour to give a piston-stroke of the desired 
characteristics, but preferably the ring is pro 
vided with flat faces arranged equidistant from 
its axis. With one face opposite each cylinder and 
the periphery of the rocker-bearing of each 
pistOn-rod is curved to an arc concentric with its 
pivotal connection to the piston. With such an 
arrangement of contacting surfaces on the pis 
ton-rod and ring the line of tangential engage 
ment is always alined with the axis of the cylin 
der in any angular position of the piston-rod, 
The cylinder-block and reaction ring of the 

pump or motor unit are connected for rotation 
at the same angular velocity by means of a cou 
pling comprising radial arms pivotally connected 
at their inner ends and having articulate sliding E 
connections with the cylinder-block and ring. 
The arms of Such a coupling Will rotate about 
their pivotal connection as an axis and swing 
with respect to each other during rotation of the 
cylinder-block and reaction ring about eccentric 
axes. With such a coupling, however, the piv 
otal axis of the arms remains fixed for any par 
ticular adjustment of the eccentricity of the reac 
tion ring with respect to the cylinder-block and 
moves automatically to a new position when the 
eccentricity of the partS is adjusted. 
The cylinder-blocks of the pump and notor 

units are also provided with ports at one end 
Which communicate with the radial cylinderS and 
cooperate with the inlet and outlet ports in a 
valve-member in the casing. Each cylinder 
block is provided with horizontal cylinders in its 
end opposite the ports Which extend parallel to 
the axis of the block and communicate With the 
radial cylinders. Pistons in the horizontal cylin 
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2,381,741 
ders are operated by the motive fluid in the 
radial cylinders and cooperate with a suitable 
abutment to hold the ported end of the cylinder 
block engaged with the valve-member in the cas. 
ing. With Such a valving mechanism the hori 
ZOntal cylinders can be so designed as to apply 
an axial thrust to the cylinder-blocks propor 
tional to the pressure of the motive fluid but only 
slightly in excess of the force tending to separate 
the Walving surfaces. 

Fig. 1 of the drawings illustrates a hydraulic 
Variable - speed power - transmission apparatus 
Comprising an electric motor 2 having a multi 
Sectional casing 3 attached to its end-wall 4. 
The casing 3 comprises spaced annular sections 
5 and 6, an intermediate annular section 7, and 
a disk-like end-wall 8 which are held in assem 
bled relationship by horizontal bolts 9 extending 
through the end-wall 8 and Sections of the casing 
and Screwed into the end-wall 4 of the electric 
motor 2. The motor 2 and casing 3 have feet fo 
for mounting the assembly, preferably on a tank 

constituting a reservoir for the hydraulic mo 
tive fluid. The intermediate section 7 of the 
casing 3 is in the form of a diaphragm or septum 
5 which divides the casing into separate com 

partments f6 and 7. The septum S is formed 
at its center With an annular hub constituting a 
Valve-annulus 8 having an axial bore 9. The 
valve-annulus 8 is formed with arcuately-shaped 
cored valve-ports 22 and 23 extending axially 
therethrough, see Fig. 6, and its ends are finished 
to provide bearing-faces 20 and 2. The valve 
ports 22 and 23 may function either as suction 
or exhaust portS depending upon the direction 
in which the apparatus is operated and either 
port is adapted to be supplied with motive fluid 
from the reservoir through a supply-line com 
prising a conduit 24 and a check-valve 25, see 
Figs. 1 and 3. Each check-valve 25 is adapted 
to close automatically when the motive fluid in 
its corresponding port 22 or 23 is under pressure 
and to Open When Suction exists to make up for 
any fluid leakage which may have occurred dur 
ing operation of the apparatus. 4. 
A hydraulic pump 26 is mounted in the Com 

partment 6 and a hydraulic motor 2 is mounted 
in the compartment of the casing 3. The 
pump 26 comprises a composite shaft 28 journaled 
in an anti-friction bearing 29 in the bore 9 
of the Valve-annulus 8 and an anti-friction bear 
ing 30 in the end-wall 4 of the electric motor 2. 
The shaft 28 has an enlarged annular boss 3 
adjacent the bearing 30 providing a radial shoul 
der 32 and a cylindrical opening or chamber 33, 
See Figs. 1 and 4. A hollow stem or thimble 35 
is attached to the end of the boss 3 on the shaft 
28 by means of screws 36 inserted through its 
radial flange 34, the stem forming an extension 
of the shaft 28 and being journaled in the anti 
friction bearing 30 surrounding the end of the 
motor-shaft 3. As shown in Fig. 1, the interior 
of the hollow stern or extension 35 of the shaft 
28 is fluted for cooperation with the splines 38 on 
the motor-shaft 3 to connect the two shafts for 
rotation. 
Mounted on the shaft 28 between the shoulder 

32 and the valve-annulus 8 of the casing section 
is a cylinder-block 42, see Fig. 1, having a plu 

rality of radial bores 43, see Fig. 2. The cylinder 
block 42 is connected to the shaft 28 for rotation 
therewith by means of a key 44. A bronze valve 
plate 45, fixedly attached to the end of the cylin 
der-block 42 by brazing or other suitable means, 
is adapted to bear against the ported face 20 
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of the valve-annulus 8 on the intermediate cas 
ing-section T. Extending through the valve-plate 
45 and cylinder-block 42 are a series of ports 46, 
See Fig. 2, each of which is adapted to communi 
Cate with a cylinder-bore 43 and COOperate with 
the ports 22 and 23 of the valve-annulus 8 as 
indicated in Fig. 6. It is to be understood that 
a port 46 is provided for each cylinder-bore 43 
and the ports are positioned with respect to the 
axis of the Shaft 28 SO as to cause them to alline 
successively with the ports 22 and 23 in the valve 
annulus 8 during rotation of the cylinder-block 
42 relative thereto. One of the ports 22 and 23. 
in the Valve-annulus 8 will function as an Outlet 
from the plurality of cylinder-bores 43 while the 
other port functions as an inlet to the cylinder 
bores depending upon the direction in which the 
electric motor 2 rotates, the pump operating 
equally as Well in either direction of rotation. 

In the end-face of the cylinder-block 42 oppo 
site from the Valve-plate 45 are a series of hori 
Zontal bores. 47 having axes extending at right 
angles to the axes of the radial cylinder-bores 43. 
Each horizontal bore 47 communicates with its 
corresponding radial cylinder-bore, 43 by means : 
of a small port 48. A piston 49 is provided in 
eachhorizontal bore 47 for operation by the pres 
Sure of the motive fluid acting through the 'port 
48 leading from the corresponding radial cylin 
der-bore 43. The pistons 49, bear against the 
radial shoulder, 32 on the shaft 28 to apply a pre 
determined axial thrust to the cylinder-block 42 
which is proportional to and slightly in excess of 
the force applied by the pressure of the motive 
fluid tending to force the Valve-plate 45 aWay 
from the fixed Walve-annulus 8. On the casing 
section . . 

. Surrounding the cylinder-block 42 is a reac 
tion ring 52 mounted to rotate in a carriage 53. 
The ring 52 is generally of annular form and 
channel-shape in cross-section...'. As herein shown 
the ring 52 comprises three annular sections con 
nected together by a series of screws 54, see Fig.1. 
Abutting the inner sides of the channel-shaped 
ring 52 and held against relative rotation by the 
bolts.54 are a pair of annular guide-plates 55 de 
signed for a purpose as will appear later. An 
annulus or collar 56, attached to the side of the 
reaction ring 52 by means of screws 57, extends 
laterally therefrom or to the right as viewed in 
Fig.1. The annulus or collar 56 is positioned so 
as to surround the boss 3 on the shaft 28. 
The carriage 53, likewise is of . annular form, 

see Fig. 2, and channel-shaped in cross-section 
to enclose the ring in nested relationship. The 
reaction ring 52 is mounted to rotate on anti 
friction roller-bearings 58 and 59 positioned be 
tween the carriage and ring at opposite sides 
thereof, see Figs. 1 and 4. The carriage 53 is 
mounted to slide vertically in the casing-section 
5 to adjust the eccentricity of the axis of the ring 
with respect to the axis of the shaft 28. For this 
purpose the carriage 53 has flat vertical sides 60 
and 6 which slide on cooperating guide-members 
or ways 62 and 63 on the interior of the casing 
section 5, see Fig. 2. Integral with or attached to 
the top of the carriage 53 is a screw-threaded 
stem 64 which projects upwardly through a suit 
able opening in the casing-section 5 and through 
alined holes in spaced bearings 65 and '66 
mounted thereon. Positioned between the bear 
ings 65 and 66 is a handwheel 67 having an in 
ternally-threaded hub 68 which cooperates with 
the threaded stem 64. By rotating the hand 
wheel 67 theistem 64 may be moved-axially in One 
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direction or the other which, in turn, will move 
the carriage 53 vertically with respect to the cas 
ing-section 5 to adjust the eccentricity of the 
axis of the reaction ring 52 with respect to the 
axis of the shaft 28. 
The hydraulic motor-unit 27 is of a construc 

tion substantially identical with that of the pump 
26 but of opposite hand. For convenience of de 
scription the elements, of the motor are desig 
nated by different reference characters but sin 
ilar details of construction are indicated by the 
same characters as used in the description of the 
pump. The motor-unit comprises a shaft 72 
journaled in an anti-friction bearing 73 in the 
bore f 9 of the valve-annulus 8 with an axial ex 
tension if journaled in a ball-bearing 74 in the 
end-wall 8 of the casing 3. The shaft T2 has a 
boss 3 forming a shoulder 32 and a cylindrical 
chamber 33 at its end. The shaft-extension 7 
has a radial flange fastened to the end of the 
bOSs 3 on the shaft, 72 by screws 36 With its end 
projecting outwardly through the end-wall 8 of 
the casing 3 for connection with the apparatus 
to be driven. Mounted on the shaft 12 is a 
cylinder-block 78 having radial cylinder-bores 43 
and horizontal bores 47 identical with those de 
scribed with respect to the pump. 26. The cylin 
der-block 8 is connected to the shaft 72 by 
means of a key 44 and the radial bores 43 are 
connected to the horizontal bores by means of 
ports 48. At its inner end the cylinder-block 8 
has a valve-plate 45 brazed thereto and adapted 
to bear against the ported face 2 of the valve 
annulus 8 on the casing-section 6. The cylin 
der-block 78 and valve-plate 45 also are provided 
with a series of laterally-extending ports 46, one 
for each cylinder-bore 43, arranged to cooperate 
with the ports 22 and 23 in the valve-annulus 8 
in the manner previously described with respect 
to the pump, 
Surrounding the cylinder-block 8 is a ring 89 

mounted to rotate in a carriage 8. The ring 8) 
and carriage 8 are of a construction identical 
with that of the ring 52 and carriage 53 of the 
pump, being of channel-shape in Cross-section 
and nested one within the other. The ring 80 is 
rotatable in roller-bearings 58 and 59 positioned 
between the ring and carriage at opposite sides 
thereof with annular guide-plates 55 and a later 
ally-extending annulus Or collar 56 which Sur 
rounds the hub 3 of the shaft 72. The carriage 
8 also has flat sides 6 and 6 which slide on 
guide-ways 62 and 63 on the interior of the cas 
ing-section 6. The carriage 81 is adjustable with 
respect to the cylinder-block 78 by means of a 
handwheel 67 having its hub 68 in threaded en 

50 

65 

70 

s 

gagement with the screw-threads on a stem 64 
extending from the carriage and cooperating With 
spaced bearings 65 and 66. 
Mounted in each bore 43 of the cylinder-blocks 

42 and 78 of the pump and motor units 26 and 2 
is a flanged sleeve 85 which is fastened in place 
by brazing or welding it thereto, see Fig. 7. The 
sleeves 85 are of hardened steel or the like and 
constitute linings for the cylinders. A piston: 36 
mounted to reciprocate in each cylinder 43 has 
a close fit within the bore of the lining: sleeve 85. 
In accordance with the present invention the 

piston-rod for each piston 86 is adapted to rock 
on the reaction ring 52 or 80 during rotation of 
the cylinder-block 42 or 78 and ring 52 or 80 
about eccentric axes. Each piston-rod 87 has a 
ball-joint at one end for connecting it to the pis". 
ton and a rocker-bearing 89 at its opposite end 
provided with a curved face 90 for contact With 



4. 
the interior of the ring 52 or 80 tangentially there 
of, see Fig. 2. An integral spherical enlargement 
or ball 88 at the end of each piston-rod 8 is 
adapted to seat in a correspondingly-shaped semi 
Spherical socket 9 in its piston 86, being held in 
place by means of a ring 92 having a Spherical 
cavity overlying a portion of the ball, The ring 
92 is clamped in position on the piston 86 by 
means of a second ring 93 screwed into the skirt 
of the piston, see Fig. 7. 
The curved face 90 of the rocker-bearing 89 at 

the outer end of each piston-rod 87 and the co 
operating face on the interior of the reacticn ring 
52 or 80 may have any suitable contour-to give 
the desired piston-stroke and pressure character 
istics to the motive fluid. In the preferred form 
of construction illustrated in Figs. 1, 2, and 7 of 
the present drawings, the curved face 90 Cf each 
rocker-bearing 89 is of airculate contoll Concell 
tric to the pivotal axis of the piston-rod 8 at 
the center of the ball 88 and the reaction ring 52 
or 80 has a flat contact face 94 normal to a radio 
us of the ring and disposed opposite each cylinder 
43. With such a construction and arrangement 
of the piston-rods 87 and reaction ring 52 or 80 
the arcuate faces 90 of the rocker-bearings 89 will 
engage the flat faces 94 on the ring tangentially 
and the point of contact of each rocker-bearing 
will always aline with the axis of its cylinder in 
any angular position of the piston-rod, See the 
center line A-O in Fig. 2. In other Words, the 
line of force from the pivotal axis of the piston 
rod 87 to the point of tangential contact of the 
arcuate face 90 of each rocker-bearing 89 with the 
fiat face 94 on the ring 52 or 80 will always coin 
cide with a radius from the center of the cylinder 
block 42 or 78. 
To retain the piston-rods 87 in proper position 

while the pump and motor units 26 and 2 are 
idle the rocker-bearings 89 are provided with lat 
erally-projecting pins 96 which engage in arcuate 
slots 97 in the sides of the annular guide-plates 55, 
previously referred to, at opposite sides of the 
rings 52 and 80. The slots 97 are of such shape 
as to hold the arcuate faces 90 of the rocker-bear 
ings 89 in contacting engagement with the flat 
faces 94 of the rings 52 and 80 while permitting 
angular movement of the piston-rcds 87 to the 
various positions illustrated in Fig. 2. 

Fig. 3 shows a form of construction of the in- 5 
vention identical with that of FigS. 1 and 2 except 
as to the form of the contact faces on the ring 98 
which are engaged by the arcuate peripheries 90 
of the rocker-bearings 89. In this embodiment of 
the invention illustrated in Fig. 3 the interior of t 
the ring 98 is of cylindrical contour While the air 
cuate periphery 90 of each rocker-bearing 89 is 
concentric with the pivotal axis of its piston-rod 
87. With this form of construction the line of 
force from the pivotal axis of the piston-rod 81 to 
the point of tangential contact of the rocker-bear 
ing 89 on the ring 98 will always coincide With a 
radius from the axis of the ring as shown by the 
line B-Y in Fig. 3. It will be obvious, therefore, 
that with the form of construction illustrated in 
Fig. 3 a side thrust on the pistons 86 is engen 
dered, resulting in increased wear Over that which 
will result from the use of the improved construc 
tion illustrated in Fig. 2. It is to be understood, 
however, that other modified forms of contact 
surfaces may be provided on the rocker-bearing 89 
of the piston-rods 87 and ring 52 or 80 to give 
any desired characteristics. For example, the 
contact faces may be so formed as to give a cont 
stant flow-characteristic to the motive fluid 
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Whereby to avoid impulses caused by the usual 
harmonic motion of the piston. 
The present invention also contemplates the 

use of couplings of novel construction for con 
necting the shaft 28 of the pump 26 and the 
shaft 2 of the motor 27 to their respective re 
action rings 52 and 80. Each of the couplings 
comprises a plurality of radial rods or arms O, 
02 and 03, see Figs. 1 and 4, pivotally. con 

nected at their inner ends and having articu 
lated sliding connections with the boss 3 and 
annulus or collar 56 of the shaft 28 or 72 and 
ring 52 or 80. As illustrated in Fig. 4, the arm. 
f0l has a bearing-block O4 at its inner end 
While the other two arms O2 and f O3 have bi 
furcated ends or forks fo5 and f O6, the fork 
05 Straddling the block fo4 and the fork 06 

Straddling the end f)5. The inner ends of the 
arms of, fo2 and 103 are located in the cylin 
drical chamber 33 in the shaft 28 or 72 and 
pivotally connected by a single pin 07 extend 
ing through the bifurcated ends 05 and O6 and 
the bearing-block 04. 
To provide for an articulated sliding connec 

tion of the arms of, O2 and 93 with the shafts : 
28 and 72 and rings 52 and 80, the bosses 3 
Of the shafts are each provided with a plurality 
of bores 09 in which pins if f are journaled 
for rocking movement and the collars 56 of the 
rings are each provided with a plurality of bores 

0 in which similar pins f2 are journaled. The 
pins if and 2 are provided with transverse 
holes through which the arms Of, O2, and 103 
extend and the sides of the bores O9 and ?o 
are beveled to provide clearance to allow the 
arms to rock about the axes of the pins. Al 
though the couplings are shown in Fig. 4 of the 
drawings as comprising three arms O, O2 and 
03 with the pins f i? and 2 arranged 120 
apart around the boss 31 and collar 56, it is to 
be understood that the couplings may have a 
greater number of arms if desired. During ro 
tation of the shaft 28 or 72 its motion is trans 
mitted by the arms 0, 02 and iO3 of the cou 
pling to rotate the ring 52 or 80, the arms being 
caused to rock or Swing relative to each other 
during this rotation with the pins i? and 2 
rocking to permit this relative movement of the 
anS. .. 

The construction and arrangement of the 
present improved couplings eliminates the vibra 
tion that is present in the usual type of coupling 
employed to connect parts for rotation about 
eccentric axes. The elimination of vibration 
is due to the fact that the axis of the pivot 
pin 07 of each coupling remains Stationary 
during rotation of the Coupling at any particular 
adjustment of the eccentricity of the reaction: 
ring 52 or 80 with respect to the shaft 28 or 72. 
However, when the eccentricity of the reaction 
ring 52 or 80 is adjusted with respect to the 
axis of the shaft 28 or 72 the axis of the pivot 
pin 07 will be moved in the opposite direction 
from that of the axis of the shaft as indicated: 
diagrammatically in Fig. 5. In Fig. 5 the full 
lines indicate the relationship of the arms 10, 
02 and fo3 of the coupling for a Certain ad 
justment of the eccentricity of the reaction ring 
52 or 80 with respect to the shaft 28 or 2. 
Will be noted that the axis X of the pivot-pin 
0 is located below the axis o. of the shaft2. 
or 72 a distance equal to the eccentricity of 
the axis Y of the ring 52 or 80 above the axis. 
of the shaft. Also in Fig. 5, the dash-lines in 
dicate the relationship of the arms 0 , f O2 andf 
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OS and the position of the ring 52 or 80 at a 

point when the axis Y of the ring is adjusted 
toward the axis. O of the shaft, 28 or 12 to the 
position indicated by the reference character 
Y". When the reaction ring 52 or 80 is adjusted 
in the manner last described the axis X of the 
pivot-pin fo T will be shifted automatically to 
Ward the axis. Or of the shaft 28 or 72 to the 
position indicated by the reference character X. , 
It will be noted that the positions, inicated at 
X' and Y are always equi-distant from the 
axis O of the shaft 28 or 72 but at opposite 
sides thereof. After the eccentricity has been 

O 

once adjusted, however, the axis X of the pin 
f07 will remain fixed throughout the operation 
of the pump 26 or motor 27. ' 
To provide for drainage of any motive fluid 

which may escape from the cylinders 43 in the 
cylinder-blocks 42 and T8 the shafts 28. and T2 
have small axial passages 20, see Fig. 1, which 
communicate with the cylindrical chambers 33 
in the shafts and the bosses 3f have small radial 
passages f2, see Fig. 4, communicating with 
the- compartments f6 and T of the casing 3. 
Beside providing for the drainage of escaping 
motive fluid the passages 20 and f2l provide 
for circulating the motive fluid, preferably oil, 
to lubricate the pivot-pins 07, arms of, 102 
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and fo3 and rocking pins if f and f2 of the . 
couplings. The heads of the pistons 86 also are 
provided with axial passages 22, see Fig. 7, for 
supplying motive fluid to lubricate the balls 88 
on the piston-rods 87 as they rock in the sockets 
9t. in the pistons. One embodiment of the in 
vention having been described in detail the mode 
of operation of the apparatus is explained as 
follows: ". . . - - . . . 

For the purpose of the present description let 
it be assumed that the cylinders' 43 and connect 
ing passages in the pump 26 and hydraulic motor 
2T are filled with motive fluid and that the electric 
motor 2 is energized to turn in clockwise direction 
as viewed in Fig. 2. Rotation of the motor-shaft 
37 thus will rotate-the-shaft 28 and cylinder-block 
42 of the pump 26, in the same direction. The 
rotation of the shaft 28 will be transmitted to the 
reaction ring 52 by the arms of, 02 and 103 
which are slidably connected to the rockable pins 
lff and f2 in the boss 3 of the shaft and the 
collar 56 of the ring, see Fig. 4, so that the shaft 
and ring will rotate at the same angular velocity. 
Eduring this rotation of the cylinder-block 42 and 
reaction ring 52 about eccentric axes the arms of, 
82 and fog of the coupling will rock with respect 

to each other and slide axially in the pins if 
and fl2 in the hub:3t of the shaft. 28 and the col 
lar 56 of the ring 52. The oppositely-inclined 
bevels at the sides of the openings O9 in the boss 
3 and the openings ff0 in the collar 56, in which 
the pins. Eff and ff2 are journaled, will permit 
the arms to: rock angularly and the transverse 
holes in the pins. will permit the arms to slide 
axially. . 

Edue to the eccentricity of the axis of the ring 
52 with respect to the axis of the shaft 28 the 
distance. between the periphery of the cylinder 
block and the interior face of the reaction ring will 
increase progressively on one side of the pump. 
from minimuna to maximum while the distance 
between the periphery of the cylinder-block, and 
the interior face of the ring at the opposite side 
of the pump will decrease gradually from maxi 
mum to minimum. The pistons 86 in the cylin 
ders 43, thus will be moved successively through 
a Suction stroke during one-half of a revolution 
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to draw motive fluid into the cylinders through 
the intake port, 22 in the valve-annulus 8 and the 
ports.46 in the cylinder-block 42. During the sec 
and half-revolution, the pistons 86 will be moved inwardly in the cylinders 43 successively to deliver 
the motive fluid under pressure through the ports 
46 in the cylinder-block.42 and the port 23 in the 
valve-annulus 8. In other words, the pistons 86 
will be moved through a suction stroke at the left 
hand side of the pump.as viewed in Fig. 2, and 
moved through a pumping stroke at the right 
hand side of the pump. By reference to, Fig. 6 
it, will be noted that the ports 46 in the cylinder 
block. 42 for three of the cylinders, 43 are alined 
with the intake port 22 in the valve-plate 8 
while three other ports 46, are alined with the 
exhaust port 23, a seventh port being positioned 
between the intake and exhaust:ports. . . . ." 
Corresponding points on the shaft 28, and ring 

52 will, coincide with a vertical line through the 
axes. O and Y of the shaft and ring below the 
shaft, see Fig. 5. During. rotation of the shaft 
28 and ring 52 at the same angular. velocity 
through aquarter-revolution the point on the ring 
is gradually displaced vertically in advance of the 
corresponding point on the shaft due to the ec 
centricity of the axes. O and Y of the shaft, and 
ring. At the end of.a. quarter-revolution the dis 
placement, of the corresponding points on the 
shaft 28 and ring 52 will be equal to the eccentric 
ity of the axes O and Y of the shaft. and ring. 
During the second quarter-revolution the dis 
placement of the corresponding points. On the 
shaft 28, and ring 52 will diminish gradually until 
the points again coincide. with a vertical line 
through the axes, O and Y. During the third 
quarter revolution, the point on the shaft 28, is . 
displaced in advance of the corresponding point 
on the ring 52 until the displacement reaches, a 
maximum corresponding to the eccentricity of 
the axes, O and Y. During the fourth quarter 
revolution the displacement gradually diminishes 
until the corresponding points on the shaft 28 and 
ring 52 again coincide with the vertical line. Due 
to the gradually increasing and diminishing dis 
placement between thering 52 and cylinder-block 
42 during their rotation at the same, angular 
velocity a relative movement will take place be 
tween the contact faces of the piston-rods. 87 
and the interior of the ring 52. To compensate 
for such relative movement of the shaft 28 and 
ring 52 the arcuate peripheries 90 of the rocker 
bearings. 89 at the ends of the piston-rods 87 will 
rock on the fiat faces 94 on the interior of thering 
52. . . . 

Furthermore, due to the arcuate contour 90 of the rocker-bearings 89 on the piston-rods. 87 they 
will contact the flat faces 94 on the ring 52 tan 
gentially and the point of tangential contact of 
each piston-rod invariably will aline with the 
axis of its related cylinder 43 in any angular posi 
tion of the piston-rod, note the direction of force 
indicated by the line A-O in Fig. 2. As a result, 
the force for moving the pistons. 86 in the cylin 
ders 43 always will be applied in line with the axis 
of the cylinders to prevent cramping of the pis 
tons; and further to reduce the wear on the pis 
tons and cylinders to a minimum. The arcuate 
faces 90 of the rocker-bearings 89 on the piston 
rods 87 invariably will be maintained in contact 
with the flat faces 94 on the ring, 52...by the en 
gagement of the laterally projecting pins; 96 in 
the slots 97 in the guide-plates, 55. The curved 
slots 97 are of a contour, however, such as to per 



6 
mit rocking movement of the piston-rods 87 to the 
various angular positions shown in Fig. 2. 
The motive fluid under pressure in the cylin 

ders 43 at one side of the pump 26 will be caused 
to flow through the small ports 48 into the hori 
zontal cylinder-bores 47 to operate the pistons 49. 
Consequently the pistons 49 will be forced against 
the radial shoulder 32 on the boss 3 of the shaft 
28 to apply a predetermined axial thrust propor 
tional to and slightly in excess of the force pro 
duced by the motive fluid tending to separate the 
valve-plate 45 from the fixed valve-annulus 8. 
As a result, the valve-plate 45 of the cylinder 
block will be maintained in firm engagement with 
the valve-annulus 8, but with a force only slight 
ly in excess of that required to prevent leakage 
whereby to maintain the friction between the 
moving parts at a minimum. 
The motive fluid delivered under pressure from 

the pump 26 is conducted through the port 23 
in the fixed valve-annulus 8 and the ports 46 in 
the cylinder-block 78 at the right-hand side of 
the hydraulic motor-unit 27, as viewed in Fig. 2, 
and into the cylinders 43 thereof. The intro 
duction of the motive fluid into the cylinders 43 
of the motor 27 will apply pressure to the pistons 
86 to transmit force through the piston-rods 87 
to the reaction ring 80. Due to the eccentricity 
of the axis of the cylinder-block. T8 and ring 80 
a force-couple is produced which will cause ro 
tation of the ring 80 in counterclockwise direc 
tion. The connection of the hub 3 of the shaft 
72 with the collar 56 of the ring 80 by means of 
the arms of, 102 and 103 of the coupling will 
cause the shaft T2 and cylinder-block 87 keyed : 
thereto to rotate in unison with the ring 80. At 
the opposite or left-hand side of the hydraulic 
motor 27 the ports 46 communicate with the port 
22 in the valve-annulus 8 to exhaust the motive 
fluid from the cylinders 43 to cause it to flow 
back to the pump 26. 

During the rotation of the shaft 72 and the re 
action ring 80 the rocker-bearings 89 on the 
piston-rods 87 will rock on the ring in the man 
ner previously explained with respect to the pump 
26. The motive fluid in the cylinders 43 of the 
cylinder-block 78 will be transmitted through the 
Small ports 48 to operate the pistons 49 which 
bear against the annular shoulder 32 on the boss 
3 of the shaft 72 to apply a predetermined axial 
thrust to the cylinder-block T8 to maintain the 
valve-plate 45 engaged with the face 2 of the 
fixed valve-member 8. As in the case of the 
pump 26, the valve-plate 45 of the cylinder-block 
78 of the motor 27 is held in engagement with 
the face 2 of the fixed valve-annulus 8 with a 
force proportional to the pressure of the motive 
fluid, but only slightly in excess of that required 
to hold the valve-members engaged. 
The variable-speed, power-transmission ap 

paratus will continue to operate in the manner 
indicated, the pump 26 supplying motive fluid 
under pressure to the hydraulic motor 27 and the 
ports 46 in both of the cylinder-blocks 42 and 78 
cooperating successively with the ports 22 and 23 
and the fixed valve-annulus 8. The motive fluid 
exhausting from the motor 27 will flow through 
the port 22 which constitutes the intake for the 
pump 26. Any motive fluid escaping from the 
System due to leakage between the pistons and 
cylinders will be compensated for by the flow 
from the tank if through the check-valve 25 and 
conduit 24 connected to the port 22 in the valve 
annulus 8. 
The relative speeds of the pump and motor 
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are directly proportional to the volumetric dis 
placement of the cylinders, 43 in the cylinder 
blocks 42 and 78. For example, if the volumetric 
displacement of the cylinders 43 in the cylinder 
block. T8 of the hydraulic motor 27, is greater 
than the volumetric displacement of the cylin 
ders 43 in the cylinder-block 42 of the pump 26, 
then the motor 27 will rotate at a slower rate 
of speed than that of the pump 26. On the other 
hand, if the volumetric displacement of the cylin 
volumetric displacement. of the cylinder 43 of 
the pump 26 then the motor will rotate at a high 
er rate of speed than that of the pump. Usually, 
the volumetric displacement of the pump is reg 
ulated for a particular condition by adjusting the 
eccentricity of the ring 52 with respect to the 

For this purpose the hand 
wheel 67 may be rotated to slide the threaded 
stem 64 axially, and move the carriage 53 verti 
cally. The axis of the reaction ring 52 rotatably 
mounted on the carriage 53 thus can be adjusted 
with respect to the axis of the shaft 28. With 
the eccentricity of the pump 26 adjusted for a 
particular condition the eccentricity of the reac 
tion ring 80 of the hydraulic motor 27 may be 
adjusted with respect to its cylinder-block 78 to 
produce any desired variation in the speed of the 
motor within certain prescribed limits. 

It will now be observed from the foregoing 
specification that, the present invention provides 
a hydraulic variably-speed power-transmission 
apparatus having pump and motor units with 
piston-rods adapted to rock on the reaction rings 
to reduce friction and wear. It also will be ob 
served that the invention provides a novel form 
of coupling for connecting the cylinders and re 
action ring of the pump or motor unit for rota 
tion at the same angular velocity about eccentric 
axes. It will be observed still further that the 
present invention provides a novel form of valv 
ing mechanism in which the valve-surfaces are 
held in engagement with a predetermined axial 
force proportional to the pressure of the motor 
fluid but only slightly in excess of that required 
to maintain the valve surfaces engaged. 
... While a preferred form of apparatus incorpo 
rating the novel features of the present inven 
tion, and a single variation in the form of the 
contact surfaces on the piston-rods and reaction 
ring are herein shown and described by way of 
illustration, it is, to be understood that other 
modifications may be made in the form of the 
contact faces on the piston-rod and reaction ring 
and in the construction and arrangement of the 
parts of the apparatus without departing from 
the Spirit or scope of the invention. Therefore, 
Without limiting myself in this respect, I claim: 

l, In, a pump or motor unit, a rotor compris 
ing radial cylinders arranged in angular rela 
tionship and mounted for rotation about a fixed 
axis, pistons in said cylinders, a ring surrounding 
the cylinders with its axis eccentric to the axis 
of rotation of the cylinders, means for connecting 
the ring for rotation with the cylinders, and a 
piston-rod for each piston having one end piv 
otally connected to its piston; and a curved rock 
er-bearing at its opposite end engaging the ring 
tangentially on a single line of contact and rock 
able thereon without substantial sliding move 
ment. . . . . . '. . . . . . . " . . . . 

2. In a pump or motor unit, a shaft, a rotor. 
on said shaft comprising radial, cylinders ar 
ranged in angular spaced relationship for rota 
tion about the axis of the shaft, pistons in said 
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cylinders, a ring surrounding the cylinderS. with 
its, axis eccentric to the axis of the shaft, means 
for connecting the ring for rotation. With the 
cylinders, and a piston-rod for each piston, haw - 
ing one end, pivotally, connected to, its piston, and 
a curved rocker-bearing at its, opposite end en 
gaging the ring tangentially on a single line of 
contact, said rocker-bearing being curved in an 
arc concentric to the pivotal axis. Of the piston 
rod to adapt it. to the rock on the ring without 
substantial sliding movement. . . 

3. In a pump, or motor unit, a shaft, a rotor on 
said shaft comprising radial cylinders arranged 
in angular relationship, for rotation, about the 
axis, of the shaft, pistons in said cylinders, a ring 
surrounding the cylinders with its axis, eccentric 
to the axis of the shaft, means, for connecting 
the ring, for rotation with the cylinders, means 
for relatively shifting the ring and rotor to ad 
just the eccentricity of the axes of rotation, and 
a piston-rod for each pistoral having. One end piv 
otally connected to its piston and a curved rock 
er-bearing at its opposite end engaging the: ring 
tangentially on a single line: 0f . GOntact, Said 
rocker-bearing, being adapted to rock, On the 
ring without . Substantial sliding. In ovement to 
compensate for the relative movement of the 
cylinder and ring during their rotationa, about ec 
centric axes, 
: 4. In a pump or motor unit, a. shaft, a rotor on : 
said shaft comprising radial cylinders arranged 
in angular. relationship for rotation about the 
axis of the shaft, pistons. in said cylinders, each 
piston having a spherical socket, a ring Surround 
ing the cylinders with its axis eccentric to the : 
axis of rotation of the cylinders, means for Con 
necting the ring for rotation with the cylinders, 
and a piston-rod for each piston having a ball 
at one end rockable in the Socket in its pistOn 
and a curved rocker-bearing at its opposite end 
engaging the ring tangentially. On a single line of 
contact, said rocker-bearing being adapted to rock 
on the ring without substantial sliding movement 
to compensate for the relative movement of the 
cylinder and ring during their rotation, about : 
eccentric axes. . . . 

5. In a pump or motor unit, a shaft, a rotor. On 
said shaft comprising radial cylinders; arranged in 
angular relationships for rotation about the axis 
of the shaft, pistons, in said cylinders, a ring 
surrounding the cylinders with its axis eccentric 
to the axis of the shaft, means for connecting the 
ring for rotation with the cylinders, a piston 
rod for each piston having one end pivotally. Con 
nected to its piston and a curved rocker-bear 
ing at its opposite end engaging the citing tan 
gentially on a single line of contact and rockable 
thereon, without substantial sliding movement to 
compensate for the relative movement of the 
cylinder and ring during their rotation about 
eccentric axes, and means for connecting, the 
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On the ring tangentially. On a single line of con 
tact, each rocker-bearing being adapted to rock 
On one of the flat faces of the: ring without. Sub 
stantial sliding movement to compensate for the 
relative movement, of the cylinder and ring dur 
ing their rotation about eccentric axes. 

7. In a pump or motor unit, radial cylinders 
arranged in angular spaced: relationship for IO 
tation about a common axis, pistors in said cylin 
ders, a ring surrounding, the cylinders with its 
axis-eccentric to the axis of rotation of the cylin 
ders, means for connecting, the ring for rota 

15 

20 

4:0 

50 

60 

rocker-bearing of each piston-rod to the ring to 
maintain it, in engagement with the ring While 
permitting its rocking movement relative: theireto. 

6. In a pump or motor unit, radial. Cylinders 
arranged in angular spaced relationship for ro 
tation about a common axis, pistonSiira Said cylin 
diers, a ring surrounding the cylinders With its 
axis eccentric to the axis of rotation of the 
cylinders, means for connecting the ring for ro 
tation with the cylinders, said ring, having a flat 
interior face opposite each cylinder, and a piston 
rod for each piston having. One end pivotally con 
nected to its piston and a curved rocker-bearing 
at its opposite end engaging one of the flat faces 
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tion with the cylinders, said ring having a flat 
interior face opposite each cylinder, and a piston 
rod for each piston having one end pivotally 
connected to its piston and a curved rocker-bear 
ing at its opposite end engaging. One of the fiat 
faces on the ring, tangentially On, a Single line of 
contact and rockable thereOn. Without Substain 
tial sliding movement, each rocker-bearing hay 
ing its, face curved in an arc concentric to the 
pivotal axis of its piston-rod whereby, to cause 
said rocker-bearing to engage the flat face on the 
ring in a plane coincident with the axis of the 
cylinder at any angular position of the piston 
Od. 
8. In a pump or motor unit, a shaft, radial 

cylinders arranged in angular Spaced relationship 
for rotation about the axis of the shaft, pistons 
in said cylinders, a ring Surrounding the cylin 
des, with its axis eccentric to the axis. of rotation 
of the cylinders, means for connecting the ring 
for rotation with the cylinders, said ring having 
a flat face opposite each cylinder, a piston-rod 
for each. piston having one end pivotally con 
nected to its piston and a curved rocker-bearing 
at its opposite end engageable with one of the 
flat faces on the ring and rockable thereon to 
compensate for the relative movement of the 
cylinder and ring during their rotation about 
eccentric axes, said rocker-bearing having an 
arcuate face curved in an arc concentric to the 
pivotal axis of the piston-rod whereby to cause 
the rocker-bearing to engage the flat face on 
the ring in a plane coincident with the axis 
of the cylinder in any angular position of the 
piston-rod, and means for maintaining the aircu 
ate face of each rocker-bearing in engagement 
with the ring while permitting its rocking move 
ment relative thereto, 

9. In a pump or motor unit, a rotor comprising 
radial cylinders arranged in angular relationship 
for rotation about a common axis, pistons in Said 
cylinders, a ring surrounding the cylinders with 
its axis eccentric to the axis of rotation of the 
cylinders, a piston-rod for each pistOn extending 
between its piston and the ring, and a coupling 
having a plurality of radial arms for connecting 
the ring for rotation with the rotor, said arms of 
the coupling being pivotally, connected to each 
other at their inner ends on a common axis and 
having articulated connections with the rotor and 
ling. - 

10. In a pump or motor unit, a rotor compris 
ing radial cylinders arranged in angular rela 
tionship for rotation; about, a common axis, pistons 
in said cylinders, a ring. Surrounding the cylinders 
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with its axis eccentric to the axis of rotation 
thereof, means for relatively shifting the ring and 
rotor to adjust the eccentricity of their axes of 
rotation, a piston-rod for each piston extending 
between its piston and the ring, and a coupling 
having a plurality of radial arms for connecting 
the ring for rotation with the rotor and permits 
ting adjustment of their axes, said radial arms 
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of the coupling being pivotally connected to each 
other at their inner ends on a common axes and 
having articulated connections With the rotor and 
ring. 

ll. In a pump or motor unit, a shaft having a 
hollow boss forming a rim, pins mounted in the 
rim to rock on axes parallel to the axis of the 
shaft, a rotor comprising radial cylinders ar 
ranged in angular relationship on said shaft for 
rotation therewith, pistons in said cylinders, a 
ring surrounding said cylinders with its axis ec 
centric to the axis of the shaft, pins mounted in 
the ring to rock on axes parallel to the axis of 
the ring, said pins on the shaft and ring being 
Spaced in the Same angular relationship, a piston 
rod for each piston extending between its piston 
and the ring, and a coupling having a plurality of 
arms extending outwardly through the rockable 
pins in the shaft and ring to connect the latter for 
rotation as a unit, the inner ends of said arms 
being pivotally connected to each other on a 
common axis to permit relative SWinging move 
ment, thereof. 

12. In a pump or motor unit, a casing having 
a fixed valve-element with inlet and outlet ports, 
a cylinder-block mounted to rotate and slide. ax 
ially in the casing and having radial cylinders 
therein for receiving motive fluid, said cylinder 
block having an end-face in a plane parallel to 
the axes of the cylinders for engagement with 
the valve-element in the casing, said end-face 
of the cylinder-block having ports communicat 
ing with the cylinders and adapted to cooperate 
With the inlet and outlet ports in the valve-ele 
ment, a ring surrounding the cylinders, pistons 
in the cylinders, piston-rods extending between 
the pistons and ring, and expansible means op 
erated by the pressure of the motive fluid in the 
cylinders for applying an axial force to the cylin 
der-block to maintain its end-face engaged with 
the valve-element of the casing. 

13. In a pump or motor unit, a casing having a 
fixed valve-element with inlet and outlet ports, 
a cylinder-block mounted to rotate and slide ax 
ially, in the casing and having radial cylinders 
for receiving motive fluid, said cylinder-block 
having an end-face for engagement with the 
valve-element and having ports communicating 
with the cylinders adapted to cooperate with the 
inlet and outlet ports of the valve-element, the 
opposite end of the cylinder-block having axial 
cylinders communicating with the radial cylin 
derS, a ring surrounding the radial cylinders, pis 
tons in the radial cylinders, piston-rods extend 
ing between the pistons and ring, and pistons in 
the axial cylinders in the end of the cylinder 
block arranged to be operated by the motive fluid 
in the radial cylinders for applying an axial force 
to the cylinder-block to maintain its end-face 
engaged with the valve-element of the casing. 

14. In a pump or motor unit, a casing having 
a fixed valve-element with inlet and outlet ports, 
a shaft mounted to rotate in the casing and hav 
ing a radial abutment thereon, a cylinder-block 
keyed to the shaft and slidable axially thereon, 
said cylinder-block having radial cylinders for 
receiving motive fluid and axial cylinders in one 
end thereof communicating with the radial cylin 
ders, the opposite end-face of the cylinder-block 
being engageable with the fixed valve-element 
and having ports communicating with the radial 
cylinders adapted to cooperate with the inlet and 
outlet ports in the valve-element, a ring sur 
rounding the radial cylinders, pistons in the 
radial cylinders, piston-rods extending between 
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the pistons and ring, and pistons in the axial 
cylinders in the cylinder-block engageable with 
the radial abutment on the Shaft, said pistons 
in the axial cylinders being operated by the 
motive fluid in the radial cylinders for applying 
an axial thrust to the cylinder-block to maintain 
its end-face engaged With the valve-element of 
the Casing. 

15. In a pump or motor unit, a casing having 
a fixed valve-element with inlet and outlet ports, 
a shaft mounted to rotate in the casing and hav 
ing a radial abutment thereon, a cylinder-block 
keyed to the shaft and slidable axially thereof, 
said cylinder-block having radial cylinders for re 
ceiving motive fluid and axial cylinders at one end 
thereof communicating with the radial cylinders, 
the opposite end-face of the cylinder-block being 
engageable with the fixed valve-element and hav 
ing ports' communicating with the radial cylinders 
adapted to cooperate with the inlet and outlet 
ports in the Valve-element, a ring surrounding the 
radial cylinders, pistons in the radial cylinders, 
a piston-rod for each piston having one end piv 
otally connected to its piston and a curved rock 
er-bearing at its opposite end engageable with 
the ring tangentially thereof, radial arms piv 
otally connected at their inner ends and having 
articulated connections with the shaft and ring, 
and pistons in the axial cylinders in the cylin 
der-block engageable with the radial abutment 
on the shaft, said pistons in the axial cylinders 
being operated oy the motive fluid in the radial 
Cylinders for applying an axial thrust to the cyl 
inder-block to hold its end-face engaged with the 
Valve-element of the frame. 

16. In a device of the type indicated, a casing 
having a central Valve-element, said valve-ele 
ment having arcuate inlet and outlet ports ex 
tending therethrough, a pump unit in the casing 
located at one side of the valve-element and hav 
ing a cylinder-block mounted for rotation and 
axial sliding movement, a motor unit mounted 
in the casing at the opposite side of the valve 
element from the pump unit and having a cylin 
der-block mounted for rotation and axial sliding 
movement, said cylinder-blocks of the pump and 
motor units each having radial cylinders and 
axial cylinders communicating with the radial 
cylinders, the adjacent end-faces of the cylinder 
blocks being engageable with the opposite sides of 
the fixed valve-element and having ports com 
municating with the radial cylinders, said ports 
being adapted to cooperate with the inlet and 
outlet ports in the valve-plate, rings surrounding 
the cylinder-blocks, pistons in the radial cylin 
ders, piston-rods extending between the pistons 
and rings, and pistons in the axial cylinders in the 
cylinder-blocks, said pistons in the axial cylin 
ders of the cylinder-blocks being operated by the 
motive fluid in the radial cylinders and cooperat 
ing with abutments for applying axial forces on 
the cylinder-blocks to hold their adjacent end 
faces engaged with the opposite sides of the 
valve-element. 

17. In a pump or motor unit, a rotor compris 
ing radial cylinders arranged in angular relation 
ship for rotation about a fixed axis, pistons in said 
cylinders, a ring surrounding the cylinders with 
its axis eccentric to the axis of the rotor, means 
for connecting the ring for rotation. With the cyl 
inders, a piston-rod for each piston having one 
end pivotally connected to its piston and a curved 
rocker-bearing at its opposite end engaging the 
ring tangentially on a single line of contact and 
rockable thereon without Substantial sliding 
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movement, and pin-and-slot connections between 
the rocker-bearings and the ring for maintaining 
said bearings in engagement with the ring While 
permitting their rocking movement relative 
thereto. 

18. In a pump or motor unit, a rotor compris 
ing radial cylinders arranged in angular relation 
ship and mounted for rotation about a fixed axis, 
pistons in Said cylinders, a ring surrounding the 
cylinders with its axis eccentric to the axis of ro 
tation of the rotor, means for connecting the ring 
for rotation with the cylinders, a piston-rod for 

each piston having one end pivotally connected 
to its piston and a curved rocker-bearing at its 
opposite end engaging the ring tangentially on a 
single line of contact and rockable thereon. With 
out Substantial sliding movement, said ring pro 
vided with slots, and pins on the rocker-bearings 
of the piston-rods engaging the slots in the ring 
to prevent disengagement of said bearings from 
the ring while permitting them to rock relatively 

lO of the ring. 
CHRISTIAN E. GROSSER. 


