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Claims. 
This invention relates to improvements in hy 

draulic motors of the radial piston type and its 
principal object is to provide a highly efficient, 
hydrostatically and mechanically balanced, com 
pact motor unit having starting and operating. 
torque capabilities comparable to the more eff 
cient types of mechanical and electric transmis 
Sions. 
A further object is to provide a hydraulic rotary 

motor of the radial piston type wherein the hy 
drostatic pressures are balanced about the center 
of relative rotation of the main driving member of 
the motor. 
A further object is to provide supporting bear 

ings for the piston carrying rotor so arranged 
with reference to the cooperating parts that all 
the relatively rotating working parts are main 
tained in accurate alignment and in undistorted 
condition during varying conditions of power in 
put and output. 

Still another object is to provide a hydraulic 
motor of the radial piston type wherein viscosity 
losses and flow restriction losses, particularly at 
the valves, are reduced substantially to a mini 

Still another object is to provide in a hydraulic 
motor of the type referred to a more compact 
valve arrangement for feeding operating fluid 
medium to the piston cylinders and discharging 
said medium therefrom. 

Still another object is to provide, in a hydraulic 
motor of the type referred to, a compact and 
balanced arrangement of pistons, operating cams, 
bearings and driving shaft for the piston carrying 
rotor thereby reducing as much as possible the 
tendency for the piston carrying rotor to tend to 
become disaligned with the relatively rotating 
parts due to unbalanced mechanical stresses. 
Another object is to provide a hydraulic motor 

of the radial piston type wherein the mass of 
the rotor is always in dynamic balance about the 
axis of rotation of the rotor. 
Other objects include the provision of various 

inter-related methods of supporting the rotary 
and reciprocating parts of a hydraulic motor of 
the radial piston type whereby hydrostatic and 
mechanical losses are minimized and the forces 
imposed on the main rotating parts are most 
effectively utilized from the standpoint of torque delivery. 
Motors of the radial piston type of the present 

conventional designs are very inefficient and lack 
particularly good starting torque characteristics. 
This is an important deficiency inasmuch as these 

(C. 121-61) 
and mechanical transmissions wherein the power 
is more directly applied. It is an inherent char 
acteristic in hydraulic motors that these motors 
must operate in conjunction with hydraulic 

... pumps or generators of some sort and, since power 
has already been transformed once in such pumps 
Or generators, further loss must be minimized as 
much as possible in the motor if the total efficiency 
of the generator-motor unit is to be maintained 

0: high enough to compete with transmissions of 
the other types mentioned. Y., It is particularly important that when the pres 
sure power of the generator is weak the motor 
used in conjunction therewith must have an eff 
ciency comparable to ordinary geared transmis 
sions or the hydraulic motor is incompetitive from 
the standpoint of commercial utility. , 

In order to accomplish the above objects and 
approach as nearly as possible the ideal character 
istics mentioned above, provide first, an un 
usually rigid general structure, that is rigid 
enough to withstand the highest applied pres 
Sures and the greatest torque delivery and at the 
same time I reduce the frictional losses as much 
as possible both by the provision of adequate roll 
ing bearings and by the distribution of the load on 
these bearings such that a balanced condition is 
maintained at all times. One Outstanding char 
acteristic of the motor is the provision of a spe 
cially fitted drive shaft for the main rotor, which 
shaft will be certain to remain in alignment with 
the rotor under all conditions of increased torque 
at decreased motor speed as well as less torque at 
very high speeds without danger of collapse, de 
flection or distortion; of the parts, and excessive 
wear on the bearings. 
A further important characteristic is the com 

pact and balanced arrangement of multiple valves 
so arranged that at all times the film, spread of 
the hydraulic operating medium is confined with 
in reasonable limits and uniformly distributed 
about the working axis of the motor, thus reduc 
ing any tendency for the working fluid to distort 
either the valve carrying member or the rotor or 
the driveshaft operating inconjunction therewith. 
I have further provided a definite relationship 
between the valves and valve ports and the Oper 
ating cams for the pistons and also the mountings 
for the pistons by which during all operating con." 
ditions both hydrostatic pressures and mechand 
cal forces are in balance. 
Other objects and features of the invention will 

become apparent from the following description 
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2 
the preferred forms and arrangement of the parts, 

In the drawings: 'ri. 
Fig, 1 is a longitudinal central sectional view of 

One form of motOr; 
Fig. 2 is a transverse sectional view taken sub 

stantially along the line 2-2 on Fig. 1, portions 
of a driving flange, however, being removed for 
clearness of illustration of the reactance cams; 

Fig. 3 transverse sectional view taken along 
the line - of Fig. 1; 

Fig. 4 shows in cross-section (same plane as 
Fig. 2) the port arrangement of a pintle, which 
would operate in combination with my special 
can profile, shown in Flg. 8; and 

Figs. 5 to 10 show diagrammatically the basic 
Curves of my multi-sectional cans and the dead 
Center positions of radial pistons relative to the 
Cans; 

Fig. 11 is a left hand end elevation of the cyl 
inder barrel removed from the associated parts; 

Fig. 12 is a fragmentary sectional view taken 
on a plane indicated by the line 2-2 in Fig. 11; 

Fig. 13 is a fragmentary plan view of the barrel 
with the plungers removed as viewed from the 
plane 3-3 in Fig. 11; 

Figs, 14 and 15 are sectional views taken on 
planes indicated by the lines 4-4 and 5-5 
respectively, in Fig. 1; 

Figs, 16 and 17 are front and end elevations 
respectively of a plunger and cooperating rollers; 

Fig. 18 is a sectional view of a plunger with 
the thrust means and bearings removed and is 
take on a plane indicated by the line 8-8 in 
Fig. 16. in the illustrated embodiment of Figs. 1 to 3, 
f indicates the driving shaft which is adapted, 
by the use of suitable couplings or connections, to 
turn the spindle of an automatic machine tool or 
the driving shaft of an automobile or Diesel 
driven locomotive, for example. The shaft has 
an enlarged head 3 which is tapered and accu 
rately fitted to a Corresponding tapered bore of 
the piston carrying rotor 5 supported in the motor 
casing as will be hereinafter described. The ta 
pered head 3 is secured against rotation in the 
tapered bore by means of a feather key 4 and the 
tapered surfaces are drawn into stressed engage 
ment with each other by a suitable nut 6 threaded 
onto the shaft as at 2. The tapered connection 
of the shaft to the rotor insures the proper rigid 
relationship between the shaft and rotor and in 
sures the absolute axial alignment of the shaft 
and rotor during all working conditions, thereby 
minimizing any tendency of the shaft to become 
loose in the rotor and wobble; it being manifest. 
that any wobble, however slight, would, when 
once set up, render the entire unit useless in a 
short time. - 
The drive shaft is entirely supported by the 

rotor S. The rotor has hub portions 7 and a at 
its ends through the medium of which and of 
interposed bearings it is supported by a very 
rigid casing comprising generally cup-shaped end 
plates 9 and 20 having hub portions at 2 and 22 
respectively. The end plates 9 and 20 are rigid 
ly connected together by an annular casing mem 
ber 34, said casing parts being accurately aligned 
by suitable shoulders and bolted together in the 
conventional fashion (bolts not shown). The 
hub 2 of the casing part. 9 is relatively elon 
gated and rigidly carries a stationary pintle 23 of 
relatively large diameter at its region of support 
and inwardly therefrom t ward the interior of 
the casing, the pintle profecting into the rotor 
at one end and having a r duced diameter valve. 

y 

2,101,829 
portion at 24 in working contact with a comple 
mentary valve portion of the central bore 5’ in 
the rotor. Preferably the adjacent surfaces of 
the reduced diameter valve portion of the pintle 
and the valve portion of said bore of the rotor are 
slightly tapered (taper not shown) and are 
smooth fitted by lapping. These surfaces oper 
ate in very close relation to each other at all 
times, sufficient operating clearance, however, 
being assured by slight axial movement of the 
rotor on its bearings 7 with reference to the 
pintle, this movement being proportionate to the 
operating load on the motor, providing slightly 
greater clearance when the load is excessive than 
during lower load output, Considerable clear 
ance is provided as at 7' between the larger 
diameter portion of the pintle and the surround 
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ing portion of the rotor as well as at 7' between . 
the radial shoulder which connects the large and 
Small diameter portions of the pintle and the ad 
jacent surface of the rotor. A similar arrange 
ment is disclosed and claimed in my earlier filed 
Copending application, Serial No. 716,451, filed 
March 20, 1934. 
The bearings for the rotor comprise inner bear 

ing rings and Outer bearing rings 8, the inner 
rings being tightly fitted, as by press fit onto 
the rotor hubs and 7a and shouldered there 
against and the outer bearing rings being accu 
rately seated in suitable shouldered cylindrical 
Surfaces in the Casing parts 9 and 20. The anti 
friction bearing elements may comprise suitable 
balls T. The bearings are designed both to re 
sist radal load as well as axial thrust, wherefor 
the balls are deeply seated in the bearing races 
and the operating clearance between the balls 
and race channels is very slight. It will be noted 
that the balls are in radial alignment respec 
tively with the relatively larger portion of the 
pintle which projects into the clearance spaces 
7' and 7' of the rotor and with the tapered con 
nection between the drive shaft and the rotor. 
It will be further noted that the main bearing 
diameters are approximately equal to the over 
all axial length of the rotor portion embraced 
by the bearings, this relationship being impor 
tant to minimize deflection of the axial midpor 
tion of the rotor surrounding the reduced valve 
portion 24 of the pintle wherein the valve ports 
are located and to reduce the peripheral speed of 
the bearings at average speeds of operation of 
the motor. w 
Another highly important relationship, is be 

tween the axial spacing of the bearings and the 
maximum axial film spread of the working fluid 
at the pintle Valve portion, the actual axial ex 
tent of working contact between the valve por 
tion 24 of the pintle and the coacting surface 
of the rotor being determined by the maximum 
film spread of the working fluid at maximum 
pressure of the fluid in driving the motor. It 
will be noted that the bearings 7 are spaced 
a distance equal to about twice the length of 
the cooperating valve portion of the pintle and 
rotor, in other words, twice the maximum axial 
film spread at maximum fluid pressure, 

In the barrel 5, in the radial plane of the 
central portion of the reduced valve portion 24 of 
the pintle are a suitable number of radial cy 
lindrical bores 0, in which reciprocable pistons 

are carried. The pistons may, for greater 
economy and rigidity, be made each in one 
piece and at their Outer ends, each has a trans 
verse bore a, as better illustrated in Fig. 18, 
carrying relatively small needle roller bearings 
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2,101,829 
and a hardened cross pin 4 embraced and 

supported by the bearings in true parallelism with 
the axis of rotation. The Oppositely projecting 
ends of the cross pins 4 carry suitable hardened 
rollers 5 (pressed on the cross pins for ex 
ample) for contact with the surfaces of the 
operating cams which may be formed directly 
on axially spaced portions 33 and 33 of the 
casing member 4 in which event the member 
4 is of properly selected and treated steel suit 

able for use in heavy duty cams. The cam con 
tours, will be hereinafter more fully discussed, 
but comprise a plurality of separate Cam pro 
file sections subject to considerable modification, 
but each having both inwardly and outwardly 
tdirected surfaces operating as reaction members 
under the impelling force of the Working fluid on 
the pistons to turn the rotor, and also to effect 
the discharge of the used fluid medium from the 
motor. 
As shown in Fig. 3, the fluid medium is pref 

erably fed as through a main inlet 27 in the hub 
2 of the plate 9 into a manifold or distribution 
groove 25 between the pintle and said hub. From 
thence the fluid passes through radial openings 
30 in the pintle aligned with the distribution 
groove and into longitudinally extending bores 29 
circumferentially spaced within the body of the 
pintle and extending from the plane of the ra 
dial holes 30 to the middle of the reduced diam 

Radial inlet ports 
30’ are formed in the reduced portion of the pin 
tle for communication with the piston cylinders. 
through respective openings 9 in the inner wall 
of the rotor. The working fluid is thus fed to 
the cylinders at certain positions of these cylin 
ders about the axis of the pintle during rotation 
of the barrel 5. The position and number of the 
radial ports 30' is determined by the number of 
cam profile sections or lobes of the cams, that 
is to say, if there are four profile sections as ill 
lustrated in Fig. 2 in equally spaced circumfer 
ential relationship then there are four inlet ports 
30' identically spaced about the reduced end of 

5 the pintle. This distribution of inlet ports about 
the axis of the pintle results in that the positive 
hydrostatic forces of the fluid medium during 
film spread at the valve are always balanced on 
radially opposite zones of the coacting surfaces 
of the pintle and rotor and there is, at no time, 
any hydrostatic force applied in such manner 
as to tend to throw the rotor toward one or the 
other side of its axis as in prior motors of the 
radial piston type or to deflect the pintle. 

In prior motors of the hydrostatically bal 
anced type, having not more than two complete 
cam profile sections and therefore only two ef 
fective inlet and two effective exhaust ports at 
the valve, the film spread about the entire cir 
cumference of the valve cannot, without such 
clearance between the working surfaces as will 
too greatly reduce efficiency, be such as to fully 
lubricate the surfaces and maintain the pressures 
in hydrostatic balance on diametrically opposite 
surfaces of the valve at the same time. My ar 
rangement of valve ports, close together, accon 
plishes this, since at all times minimized posi 
tive pressure fluid film spread will be present as 
much as necessary for proper lubrication not 
withstanding unusually close working clearance 
between the pintle valve portion 24 and the wall 

5 

of the rotor bore 5'. 
It should be further noted that by the ar 

rangement of ports close together, the circum 
ferential film spread during operation of the 

motor is minimized between the working sur 
faces of the rotor and pintle (valve portion 24) 
and this is One of the . Outstanding advantages 
of my arrangement of cam profile sections and 
valve ports, wherein the valve ports are suff 
ciently close to one another to effect instan 
taneous fluid film spread on the entire periphery 
of the valve portion 24 of the pintle to imme 
diately effect hydrostatic balance and thus pre 
vent the locking effect of unbalanced hydro 
static pressure which would expand with various 
spread on the surface according to the Smooth 
ness or roughness of the adjacent hydraulically 
fitted surfaces at the bottom motor speed. 
The working fluid after operating to move 

the pistons radially outwardly is thereafter dis 
... charged through the cylinder ports 9 into short 
valve ports 3, and 32, which communicate di 
dectly with an enlarged central bore 28 in the 
pintle, which bore 28 has one end terminating in 
radial alignment with the said short exhaust 
ports and the other end open as at 26, as illus 
trated in Figs. 2 and 1 respectively, for connec 
tion with suitable piping to lead the fluid me 
dium from the motor. This valve and duct ar 
rangement provides for the free discharge of 
the operating fluid medium from the motor cyl 
inders without imposing any appreciable dead 
load on the motor during the discharge Opera 
tion. It is manifest that the larger and more 
direct the discharge openings and ducts for ex 
haust operating fluid are, the less drag or dead 
load will be imposed on the motor in ejecting 
the fluid. The present solution practically mini 
mizes both skin friction and viscous friction of 
the discharging fluid. 
In order that the wear on the pistons will be 

minimized I provide, on the rotor 5, a radial driv 
ing flange 8 which extends outwardly from the 
rotor 5 in the plane of the cylinders, and the cyl 
inder bores are extended outwardly through said 
flange, and form guideways 8a therein and pro 
vide slots 8' for the crosspins 4, as better illus 
trated in Figs, 11 to 15 inclusive. It will be seen 
that by this arrangement the pistons are fully 
supported in a uniform manner throughout their 
entire length both fore and aft in the direction 
of rotation of the rotors and there can be n0 pos 
sibility of the peripheral forces imposed on the 
cross pins by the cams enlarging or distorting the 
cylinder bores unnecessarily or wearing the adja 
cent surfaces of the pistons or in any manner de 
flecting the pistons transversely of their axes. 
Each cam is divided into pressure and exhaust 

portions, the circumferential extent of a given 
cam portion which acts On a piston to cause it 
to complete one pressure and One exhaust stroke, 
being herein referred to as a cam profile section. 
Otherwise stated each can comprises a connect 
ed series of convex and concave profiles. 

Referring now to the cam contours, the cam 
profile sections, illustrated in Fig. 2, each com 
prise an inwardly directed surface circumferen 
tially coextensive with the angular indication A 
and an outwardly directed, preferably identical, 
surface angularly coextensive with the arc indi 
cation B. The term "inwardly' is with refer 
ence to the direction of rotation of the rotor and 
the corresponding action of the piston in riding 
Over this surface. In other words, since fluid 
admitted at the ports 30' is acting to move the 
adjacent pistons outwardly the surface defined 
by the arc A. e. g. may be considered an outwardly 
directed surface, whereas since the ports 3 are, 
in the illustrated condition, acting to discharge 
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fluid rôm the adjacent piston cylinders the cam 
surface measured by the arc B e. g. may be said 
to be an inwardly directed surface. I contem 
plate considerable modification of these Cam sur 
faces, the essential differences, however, from prior practice being the provision of a greater 
number of complete profile sections including 
both inwardly and outwardly directed surfaces 
than tWO, The basic contours of the inwardly and Out 
wardly directed can surfaces are illustrated in 
Figs, 5 to 10, wherein the power applying and 
fluid discharge portions of the individual can 
profile sections are shown as meeting abruptly; 
however, it is understood that the meeting por 
tions of the curves would be rounded more Or less, 
depending upon the starting and running torque 
and speed requirements of the motor. In Fig. 
5, represents the rotor and the radial lines of 
symmetry 38-42 denote the dead center posi 
tions of the pistons' on the cams, as well as the 
separation lines of the cam sections. 

Figs. 6 and 8 illustrate that an uneven num 
ber of profile sections may be provided with, of 
course, the proper number of inlet and exhaust 
ports in the valve which number is twice the 
number of cam profile sections. Fig. 6 shows a 
quinquefoil arrangement of cans and Fig. 8 
shows a trefoil arrangement. The radial lines of 
symmetry -denoting the dead center positions of 
the pistons on the cams are indicated from 4 to 
2 on Fig. 6 and the cams of Flg. 8 are similarly 

divided. Each of the cams has twice as many 
dead center positions as its name calls for; a tre 

40 

foil six, a quatrafoll eight etc. 
The can arrangement according to Fig. 7 is 

characteristically different from the previously 
described cam forms in that there is a very short, 
relatively convex, cam surface only. The dead 
center positions on the cams are partially indi 
cated by radial lines 53 to 5. This form of cam 
is particularly adapted to motors designed for 
low speed and great torque. A motor with the 
piston arrangement of Fig. 2 and the can ar 
rangement of Flg. 7 would operate with very little 
vibration since the starting torque would be very 
gradual while the piston is moved from the line 
US counterclockwise toward the line 54, it being 
obvious that with the cross pin rollers at the 
position SS, the force component tending to drive 
the rotor in the direction of the arrow would be 
very small but increasing proportionately with 
the rotational angle as the rollers approach the 
position 54. Such a motor would approach the 
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torque characteristics of a series electro-motor 
with the starting torque increasing directly with 
the load. In like manner the starting torque 
characteristics of the motor with any of the 
other cam arrangements may be varied by the 
modification of the can contours. For example, 
the cam arrangement of Flg. 8 would approach 
more nearly a triangle with the rounded apices 
and the arrangement of Fig. 6 would approach 
more nearly a pentagon with rounded apices. 
In any case the driving torque will be exerted 

by the tangential component of each radial pis 
ton load. Since the pistons are all radial the 
piston load will be radial and this radial load will 
have a projected component into and gn the geo 
metrical tangent of the can curve in that par 
ticular point of the campath in which the center 
line of the piston intersects the can profile curve. 
The geometrical tangents of the cam curves will 
be perpendicular to the cam curve radii which 
pass through the center of curvature of each con 

2,101,829 
cave and convex portion of the cam. Thus in 
analyzing the torque characteristics of the motor 
with the different cams the actual tangential 
force and its torque may be graphically deter 
mined and illustrated. The torque naturally will 
be the product of the tangential force and the 
torque radius (instantaneous). 

It has been demonstrated that with the ar 
rangement of four cam profile sections and six 
pistons, as shown in Fig. 2, whenever the pistons 
are moving outwardly under the positive force 
of the fluid medium, the same mechanical force 
is applied to the pistons on opposite sides of the 
center of rotation of the rotor and that the hydro 
static forces which are set up by the film spread 
at the valve are balanced on opposite sides of 
the same center of rotation. These conditions 
obtain from the inward dead center positions of 
the pistons until the pistons are in their outermost 
dead center positions, (not shown) and there 
after any mechanical forces imposed by the action 
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of the relatively inwardly directed portions of the 
cams on the pistons in the fluid ejecting opera 
tion are likewise balanced about the axis of rota 
tion. These forces are, of course, rendered neg 
ligible by the free passages provided for discharge 
of the operating fluid but regardless of such free 
passages the forces, upon the discharging opera 
tion of the pistons, are balanced. The ratio of 
the number of cam profile sections to the number 
of pistons in the Fig. 2 arrangement is 2:3. The 
same ratio could be used for the cams of Figs, 5 
and 7. This identical ratio cannot be maintained 
for the cam arrangement of Fig. 8 e. g. but never 
theless by providing 12 pistons, the operative 
characteristics of the motor and balanced condi 
tion of forces will be the same as heretofore de 
scribed. In the Fig. 6 arrangement of cams One 
manner in which results comparable to those ob 
tained by the Fig. 2 arrangement could be ob 
tained would be by providing 20 pistons, in which 
event the above described balance and starting 
characteristics would be fulfilled. It may be found impractical to provide so great 
a number of pistons, as required for Figs. 6 or 8 
e.g., in a single series, wherefore I may divide the 
required numbers into appropriate groups and ar 
range the groups in axially offset relationship with 
reference to the pintle. For instance for the 
three section cam of Fig. 8 I may provide two 
groups of 6 pistons each and with a valve port 
arrangement according to Fig. 4 for each group of 
pistons (see also dotted line indication of valve' 
port arrangement on Fig. 8). In Fig. 8 the full 
radial lines 57, S8, 59, 80, 6 and 62 represent one 
group of pistons and the broken lines 57 to 62' 
the other group, the pistons of the two groups be 
ing turned exactly 30 with reference to each 
other-phase angle of 30 in other words. This 
results in that three pistons of one group (58', 
60’ and 2') are in maximum torque position 
with reference to the cam surfaces when the re 
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maining pistons of the same group are in exhaust . 
positions and all the pistons of the other group 
are in dead center positions. 

It will be clear from Fig. 8, assuming the valve 
ports of the valve for both groups of pistons are . 
as shown diagrammatically on this figure, that 
the rotor will turn in a clockwise direction, the 
pistons S8, 60' and 62 continuing to turn the 
rotor until the cylinder ports of the pistons 58, 
5 and 60 are aligned with the respective inlet 
ports 30'. The operation just described is the 
same notwithstanding whether all twelve pistons 
are in one plane or separated into groups sav of 
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three or of six pistons each in different planes 
along the rotor axis. 

Referring to Figs, 9 and 
basic characteristics of a two-lobe cam arrange 
ment embodying the principles of the present in 
vention. Fig. 9 shows the theoretical generation 
of the cam surfaces, the lines 70 and 7 indicating 
minor and major axes of the cam and the points 
72 disposed on the axis T equal distances from 
the axis 70 being the points of generation of the 
can arcs. These arcs 3 may intersect as at 4 
forming a dead center point of unstable equi 
librium for the pistons in their innermost posi 
tions on opposite sides of the axis 7, or, alter 
natively at the region of the intersection of the 
arcs 73, the corners may be: rounded as on arcs . 
74 for smoother operation of the motor. 

Fig. 10 shows the preferred arrangement of 
ports in the pintle and an exemplary arrange 
ment of pistons designated 75 to 80 inclusive. A 
four-port valve is recommended having intake 
ports 30' and exhaust ports 32 communicating 
with axial passages in the pintle as previously 
described. Also the port arrangement provides 
bridge portions at 32' between the inlet and ex 
haust ports. It will be seen that in the operation 
of a motor designed with this cam and the port 
arrangement and relationship thereto. shown, the 
motor will turn in a clockwise direction, pistons 6 
and 79 being in approximately maximum torque 
positions, pistons 77 and 80 being in exhaust po 
sitions and pistons 75 and 78 being momentarily 
on dead center at the juncture of the cam sur 
faces defined by the arcs 73. 

It will be seen that in all the above described 
arrangements of cams, the cam surfaces may be 
machined with standard machine tools and, af 
ter machining, be finished on a circular grinder 
and the rounded portions of the cams, where the 
arcs 3 defining the major portions of the cam 
surfaces meet, may be similarly simply formed. 
Such simple manufacturing methods would be 
impossible on prior forms of cams, say elliptical 
C3S, 

It will be noticed that by virtue of my novel 
cam profile arrangement, whereby there are a 
circular series of cam lobes in the basic curves, 
the rotating pistons of the motor will balance 
each other substantially in regard to their cen 
trifugal and tangential mass forces also. This 
dynamic balance is an additional feature of my 
novel improved hydro-motor, which is lacking in 
the motors of the prior art. The combined 
dynamic and hydrostatic balance of my motor al 
lows a greater maximum speed and more uni 
form rotation, together with less fluctuation of 
the driving power of the motor, than it is ob 
tainable with devices of similar nature of today. 
Since the upper speed ratio of my motor, when 
it is used in combination with a variable delivery 
pump, is substantially high, compared to the 
lower limit of the speed, I claim that due to the 
substantial dynamic balance of the pistons at 
any point of their rotating path results in a more 
silent and smooth transmission, when my motor 
is used in such a transmission. The improved 
combination of cams and pistons also results in 
reduced wall friction between the pistons and cyl 
inders under the fluctuation of the rotary mass 
forces, which in this case is substantially less than 
in the case of unbalanced piston arrangements. 

claim: 
1. In a high pressure rotary radial piston hy 

draulic apparatus, a casing, a barrel compris 
ing a rigid cylindrical portion having coaxial 
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S 
hub portions near the ends respectively, sets of 
anti-friction bearings mounted in the casing and 
on said hub portions respectively for support 
ing the barrel for rotation about its axis, said bar 
rel having a set of circumferentially spaced 
radial cylinders disposed between the planes of 
the sets of bearings, a radial flange On Said barrel 
in the plane of said cylinders and spaced axially 
of the barrel inwardly from the sets of bearings, 
said flange having radial guideways respectively 
aligned with the cylinders, plungers in said cyl 
inders having end portions extending radially 
outwardly therefrom and lying in the associated 
guideways respectively, said plunger end portions 
being coextensive axially of the barrel with the 

5 

O 

5 flange, crosspins mounted in the said end por 
tions of the plungers and extending parallel to 
the barrel axis and beyond the lateral limits of 
the flange, rollers on the respective ends of each 
crosspin and on their inner faces in substantially 
face to face abutting relation to the flange and 
associated plunger end portion, axially spaced 
parallel cam tracks surrounding the barrel be 
tween the planes of the bearings and having radial 
side walls extending radially of the flange along 
side the radial faces thereof and in substantially 
abutting relationship thereto, said tracks engag 
ing the plunger rollers for relatively rolling en 
gagement therewith for effecting rotation of the 
barrel, and valve means in valving cooperation 
with said cylinders. 

2. In a high pressure rotary radial piston hym 
draulic motor, a casing, a barrel comprising a 
rigid cylindrical portion having coaxial hub por-. 
tions at the ends respectively, sets of anti-fric 
tion bearings mounted in the casing and on Said 
hub portions respectively for supporting the bar 
rel for rotation about its axis, said barrel having 
a set of circumferentially spaced radial cylinders 
disposed between the planes of the sets of bear 
ings, a radial flange On Said barrel in the plane 
of said cylinders and spaced axially of the barrel 
from the sets of bearings, Said flange having flat 
parallel radial side walls and having radial guide 
ways, respectively aligned with the cylinders, 
plungers in said cylinders having end portions 
extending radially outwardly therefrom and lying 
in the associated guideways respectively, said 
plunger end portions being coextensive axially 
of the barrel with the flange and having flat lat 
eral faces lying in the planes of the radial side 
walls of the flange respectively, crosspins mounted 
in the said end portions of the plungers and ex 
tending parallel to the barrel axis and beyond 
the said lateral faces, rollers on the ends of each 
crosspin and on their inner faces in substantially 
face to face abutting relation to the flat lateral 
faces and radial side walls of the flange and as 
sociated plunger end portion, axially spaced par 
allel cam tracks surrounding the barrel between 
the planes of the bearings and having flat radial 
side walls extending radially of the flange along 
side the radial side walls thereof and in substan 
tially abutting relationship thereto, said tracks 
engaging the plunger rollers for relatively rolling 
engagement therewith for effecting rotation of 
the barrel, and valve means in valving coopera 
tion with said cylinders. 

3. In a high pressure rotary radial piston hy 
draulic motor, a casing, a barrel comprising a 
rigid cylindrical portion having coaxial hub por 
tions near the ends respectively, sets of anti-fric 
tion bearings mounted in the casing and on said . 
hub portions respectively for supporting the bar 
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6 
ing an axial valve bore and a set of circumfer 
entially spaced radial cylinders disposed between 
the planes of the sets of bearings and communi 
cating at their inner ends with said valve bore, a 
radial flange On said barrel in the plane of Said 
cylinders and spaced axially of the barrel from 
the sets of bearings, said flange having flat radial 
side walls and having radial guideways respec 
tively aligned with the cylinders, plungers in said 
cylinders having end portions extending radially 
outwardly therefrom and lying in the associated 
guideways respectively, said plunger end portions 
being coextensive axially of the barrel with the 
flange, thrust means carried by the said end por 
tions of the plungers and extending parallel to 
the barrel axis and beyond both lateral limits 
of the flange, axially spaced parallel reactance 
means surrounding the barrel between the planes 
of the bearings and having flat radial side walls 
extending radially of the flange alongside the 
radial faces thereof and in substantially abutting 
relationship thereto, Said reactance means en 
gaging the thrust means contiguous to the lat 
eral faces of the flange for effecting rotation of 
the barrel, the pitch diameter of said sets of bear 
ings defining a cylindrical surface of substan 
tially the same diameter as the cylindrical por. 
tion of the barrel, and valve means fitting in said 
barrel bore between the planes of the sets of 
bearings and in valving cooperation with said . 
cylinders and terminating between the planes of 
said bearings." 

4. In a high pressure rotary radial piston hy 
draulic motor, a casing, a barrel comprising a 
rigid cylindrical portion having coaxial hub por 
tions at the ends respectively, sets of anti-fric 
tion bearings mounted in the casing and on said 
hub portions respectively for supporting the bar 
rel for rotation about its axis, said barrel having 
a set of circumferentially spaced radial cylinders 
disposed between the planes of the sets of bear 
ings, a radial flange on said barrel in the plane 
of said cylinders and spaced axially of the barrel 
from the sets of bearings, said flange having flat 
parallel radial side walls and having radial guide 
ways respectively aligned with the cylinders, 
plungers in said cylinders having end portions 
extending radially outwardly therefrom and lying 
in the associated guideways respectively, said 
plunger end portions being coextensive axially 
of the barrel with the flange and having flat 
lateral faces lying in the planes of the radial 
side walls of the flange respectively, each plunger 
end portion having a bore extending parallel to 
the barrel axis, crosspins in Said bores of the said 
end portions of the plungers and extending par 
allel to the barrel axis and beyond the said lateral 
faces, rollers. On the ends of each crosspin and On 
their inner faces in substantially face to face 
abutting relation to the flat lateral faces of the 
associated plunger end portions respectively and 
the radial side walls of the flange, sets of capil 
lary needle rollers for mounting the crosspins in 
said bores respectively, said needle rollers being 
substantially coextensive axially of the associated 
crosspins with the portion of the crosspin lying 
between the associated rollers, axially spaced 
parallel cam tracks surrounding the barrel be 
tween the planes of the bearings and having 
flat radal side walls extending radially of the 
flange alongside the radial side walls thereof 

rs 

and in substantially abutting relationship thereto, 
said tracks engaging the plunger rollers for rela 
tively rolling engagement therewith for effecting 
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rotation of the barrel, and valve means in valve 
ing cooperation with said cylinders. 

5. In a radial piston pump or motor, a casing, 
a rotatable barrel, a reactance means, piston 
and cylinder assemblies carried by the barrel and 
cooperating with the reactance means, said bar 
rel having an axial valve bore and ports oper 
atively communicating the assemblies respec 
tively with said valve bore, a pintle mounted in 
the Casing and having a valve portion extending 
into the axial bore of the barrel and fitting said 
axial valve bore, said pintle valve portion having 
a plurality of circumferentially spaced high pres 
sure fluid ports and low pressure fluid ports suc 
cessively communicable with the ports of said 
assemblies as the barrel rotates, a plurality of 
circumferentially spaced ducts extending within 
and longitudinally of the pintle and connected 
respectively to different ports of one group of 
Said pintle ports and each being radially spaced 
throughout its length from the pintle axis, and 
a single duct of larger cross sectional area than 
said spaced ducts extending substantially axially 
within said pintle and being connected to all of 
the ports of the other group of pintle ports and 
extending alongside the first mentioned ducts. 

6. In a high pressure, rotary, radial piston hy 
draulic motor, a barrel comprising a rigid cylin 
drical portion having circumferentially spaced 
radial cylinders therein, valve means for the 
cylinders, anti-friction bearing means at oppo 
site sides of the plane of the cylinders and sup 
porting the barrel for rotation about its axis, a 
radial flange on said cylindrical portion in the 
plane of the cylinders, and having radial guide 
ways respectively aligned with the cylinders, 
plungers in the cylinders, each plunger having a 
portion reciprocable in and guided by an asso 
ciated guideway and substantially coextensive 
axially of the barrel with the flange, crosspins 
anti-frictionally mounted in the said portions of 
the plungers and extending parallel to the barrel 
axis beyond the lateral limits of the flange, rollers 
on the respective ends of each crosspin and hav 
ing their inner faces in substantially face to face 
abutting relation respectively to the lateral faces 
of said portions, axially spaced parallel reactance 
means surrounding the barrel and having side 
walls extending radially of the flange alongside 
the radial faces thereof and in substantially abut 
ting relationship thereto, said reactance means 
engaging the plunger rollers substantially con 
tiguous to the lateral faces of the flange for rela 
tive rolling cooperation therewith for effecting 
rotation of the barrel. 

7. In a high pressure, rotary, radial piston hy 
draulic motor, a barrel comprising a rigid cylin 
drical portion having circumferentially spaced 
radial cylinders therein, valve means for the cylin 
ders, anti-friction bearing means at opposite 
sides of the plane of the cylinders and supporting 
the barrel for rotation about its axis, a radial fange on said cylindrical portion in the plane of 
the cylinders, and having radial guideways re 
spectively aligned with the cylinders, plungers 
in the cylinders, each plunger having a portion 
reciprocable in and guided by an associated guide 
way and substantially coextensive axially of the 
barrel with the flange, Crosspin means mounted 
in said portions of the plungers and extending 
parallel to the barrelaxis beyond the lateral limits 
of the flange, sets of capillary needle rollers for 
rotatably mounting the crosspin means in t 
associated portions, said needle rollers being sub 
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plunger portions, axially spaced parallel reactance crosspin means substantially contiguous to the 
means surrounding the barrel and having side lateral faces of the flange for relative rolling 
walls extending radially of the flange alongside cooperation with said extending portions for 
and in substantially abutting relation to the effecting rotation of the barrel. 
radial faces thereof, and Said reactance means op- 5 
eratively engaging the extending portions of the e ELEK K. BENEDEK, 


