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RADIAL PISTON MACHINE 

BACKGROUND OF THE INVENTION 

There are many known ?uid handling devices which 
have reciprocating pistons in a ?uid handling body for 
drawing a ?uid into and for expelling ?uid from the 
body. Such devices also have piston shoes which are as 
sociated with the pistons. Such ?uid handling devices 
are disclosed, for example, in my US. Pat. Nos. 
3,223,046; 3,270.685; 3.277.834; 3,304,883 and in 
many other patents. 
However, in those devices the piston shoes slide 

along guide means at their axial ends and they were piv 
otally connected to the pistons. 
The guides for the piston shoes create a certain 

amount of friction between the neighboring faces 
which reduces the efficiency of the device. The ma 
chining of the piston-piston shoe connection is complex 
and expensive and, most of all, the piston-piston shoe 
connection takes up space either on the piston or on 
the piston shoe, for an engagement means which holds 
the pivotable piston and piston shoe together. There 
fore, only a portion of the cross‘sectional area of the 
piston can be utilized for transmitting force from the 
piston to the piston shoe or from the piston shoe to the 
piston during the high pressure stroke of the device. 
The other portion of the cross-sectional area of the pis 
ton is needed for the retaining means or the retaining 
member, which partially embraces either the piston 
shoe or the piston for keeping them together. If a piston 
shoe or the like has a cross-sectional area greater than 
that of the piston, its radial length must be increased 
which in turn reduces the stroke and thereby the power 
of the device having a ?uid handling body ofa given di 
ameter. The limited portion of the cross-sectional area 
ofthe piston can presently be used for the transmission 
of power from the shoe to the piston or from the piston 
to the shoe during a high pressure stroke reduces the 
maximum power transfer at the same ratio as the ratio 
of the cross-sectional area utilized for the power trans 
fer to the cross-sectional area of the piston. Conse 
quently the pressure which could be generated in the 
known devices is limited by the utilized cross-sectional 
area and therefore, the pressure and power output of 
conventional devices are limited. 

SUMMARY OF THE INVENTION 

It is an object of the invention to overcome the draw 
backs of the heretofore used ?uid handling devices by 
reducing the friction, the machining problems and to 
increase the pressure, power and efficiency. The inven 
tion contemplates: 

a. the provision of recesses in the ?uid handling body 
for reception of all or parts of the respective piston 
shoes; 

b. the provision of a self-centering seat on each pis 
ton shoe which may include a hollow cone for the 
reception of the respective piston; 

c. the provision of substantially hemispherical convex 
and concave seats of constant radii on the pistons 
and piston shoes; 

d. the provision of retaining wall means or wall mem 
bers adjacent to the recesses of the ?uid handling 
body for the prevention of escape of the piston 
shoes from the respective recesses; 
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2 
e. the provision of spaces between the ends of the pis 
ton shoes and the respective walls for complete 
elimination of friction at the tangential, peripheral 
and axial ends of the piston shoes; 

f. the provision of enlarged recesses for ?oating pis 
ton shoes each of which centers itself on the re 
spective piston head for pivotal movement with re 
spect thereto during the pressure stroke of the pis 
ton and piston shoe for the prevention of expensive 
and accurate machining ofa fixed piston shoe con 
nection; 

g. the provision of wall members on the ?uid han 
dling rotary body for partially embracing the ends 
of an associated rotary actuator member for the 
piston shoes for the purpose of lengthening the pis 
ton strokes and thereby a higher rate of ?uid ?ow, 
greater power and high efficiency of the device; 

h. the provision of an annular groove in the actuator 
member for partial reception of a wall member of 
the ?uid handling body, again for the purpose of 
lengthening the piston stroke and of thereby in 
creasing the power, the rate of ?uid ?ow and effi— 
ciency of the device; 

i. the provision ofa recess extension radially inwardly 
into the ?uid handling body beyond the adjacent 
end of the respective cylinder for the reception and 
movement of an extended portion of the piston 
shoe radially inwardly beyond the adjacent end of 
the respective cylinder in the ?uid handling body 
to thus achieve a long piston stroke, a high rate of 
?uid ?ow, greater power and high efficiency to the 
device; 

j. the provision of ?uid receiving and ?uid containing 
balancing recesses in the pistons and piston shoes. 
which recesses extend over more than 60 percent 
and, if desired, up to about 90 percent of the cross 
sectional areas of the associated pistons in order to 
substantially reduce the friction between the pis 
tons and the piston shoes as well as between the 
outer faces of the piston shoes and the actuator 
means to which the piston shoes conform for the 
further purpose of achieving a higher pressure and 
thereby a higher power output in a ?uid handling 
device of a given size and ?ow~through volume 
whereby the power, efficiency and pressure of the 
?uid handling device are substantially increased. 

The ability of the ?uid handling device of the invention 
to achieve higher ?uid pressures due to greater quanti 
ties of displaced ?uid as a result of longer piston 
strokes, greater power and efficiency in a given size are 
not the only improvements because at the same time 
the device of the invention is simplified so that it is eas 
ier and less expensive to build and its parts can be mass 
produced whereby some of SUlCl'l parts may be pro‘ 
duced simultaneously in a single operation. 
Additional details and features of the invention will 

be explained in the following description of certain em 
bodiments which are illustrated in the accompanying 
drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an axial sectional view of a ?uid handling 
device which embodies one form of the invention; 
FIG. 2 is a cross-sectional view of the structure 

shown in FIG. 1; 
FIG. 3 is an axial sectional view of a ?uid handling 

device which embodies another form of the invention; 
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FIG. 4 is a cross sectional sectional view of the struc-’ 
ture shown in FIG. 3; 
FIG. 5 is a sectional view of portions of a modi?ed 

piston and piston shoe; and 
FIG. 6 is a fragmentary axial sectional view of a fur 

ther embodiment of the fluid handling body. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIGS. 1 and 2 the ?uid handling body 9 has cylin 
ders 47 wherein the pistons 2 reciprocate during opera 
tion of the device. The pistons are associated to piston 
shoes 1 which engage the piston heads during the pres 
sure strokes of the respective pistons. Each piston head 
is formed as a half ball or as a half mound bar with an 
axis normal to the axis of the piston. In any case the pis 
ton head face has a constant radius, about the same as 
the associated piston shoe seat of the piston shoe 1. 
Consequently the piston shoe has a seat face which 
conforms to the piston head at least during the high 
pressure stroke of the piston. The piston shoe’s seat 
face has therefore also a constant radius and thereby 
either the form of about a half hollow ball or of a half 
hollow cylinder. The seats of each piston head and of 
the associated piston shoe are complementary to each 
other. The piston shoe seat 44 may extend into a ta 
pered, conical, or inclined face or faces serving the pur~ 
pose of centering the piston shoe on the respective pis 
ton head,.if-the piston and piston shoe are forced to 
ward each other. 
The fluid handling body 9 has recesses 4 for the re 

ception of portions of or entire piston shoes. Securing 
walls 3 flank the recesses to prevent escape of the pis 
ton shoes. The piston shoes 1 have enlarged extensions 
45 with walls 5 which would touch the walls 3 of the re 
cesses 4 if the piston shoes would become separated 
from the respective pistons during rest or during a low 
pressure operation of the device. The walls 3, 5 prevent 
escape of piston shoes from the respective recesses 4. 
As soon as ?uid pressure is applied to the outer end of 
a piston 2, the piston moves toward the associated pis 
ton shoe and abuts directly against the piston shoe seat 
44 or against the aforementioned face, taper or cone 
and slides therelong until it reaches a position of 
smooth engagement between the seats of the piston 
shoe and the piston head. The piston shoes are secured 
in axial direction against escape from the recesses 4 by 
confining walls 29 and 31 of the housing. A space 46 
is provided between the walls 5 of the elargements 45 
and the walls 3 of the recess 4 as well as between the 
axial ends of the piston shoes 1 and the walls 29 and 31. 
Thus, due to provision of the above described secur 

ing wall means 3, 29 and 31 the escape of a piston shoe 
from the corresponding recess 4 is prevented. The 
spaces 46 prevent contact between walls 3, 5, 29, 31 
during each high pressure stroke of the device. If some 
friction is permissible, the space 46 can be narrowed 
accordingly. The piston shoes 1 have pressure balanc 
ing recesses 7 which receive ?uid through passages 8 
and prevent the generation of high friction between the 
inner faces of the piston shoes 1 and the outer face or 
guide face 6 of the actuator means 11. The actuator 
means 11 effects the high pressure strokes of the pis 
tons 2 and piston shoes 1 when the actuator means 11 
is actuated by the drive means 12 and key means 13. 
The pistons 2 perform intake strokes under the action 
of ?uid supplied by supercharger pump means 17. An 
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4 
inlet valve 14 and an exit valve 15 is associated with 
each cylinder 47 of the ?uid handling device. Thus, 
there is provided an inlet valve 14 and an exit valve 15 
for each recess 4 of the ?uid handling device. 
While in the embodiment of FIGS. 1 and 2 the body 

of the ?uid handling drive is a stator, the body of the 
?uid handling device of FIGS. 3 and 4 is a rotor. 

In FIGS. 3 and 4 the ?uid handling rotor 40 is rotat 
able on the shaft 13 and is received in a housing 28 hav 
ing end walls 29 and 32. Cylinders 26 are provided in 
the rotor 40 for the reception of portions of the pistons 
2 Fluid is passed through the end wall 32 via ports 33 
and 34. One of the ports 33, 34 is the inlet port and the 
other the outlet port. The ?uid ?ows through passages 
38 and 39 of a control body 36-37 into and out of the 
cylinders 26. The rotor 40 has recesses 23 for piston 
shoes 1. The piston shoes have outer faces 21 which 
slide along the inner face 22 of an actuator means 28 
which compels successive pistons and shoes to perform 
inward strokes. The piston shoes perform outward 
strokes either by centrifugal force during rotation of 
the rotor 40 or by compressed fluid entering the cylin 
ders 26 and 47. Walls 46 bounding the recesses 23 pre 
vent the escape of piston shoes tangentially of the re 

~ cesses because the piston shoe extensions 45 are so 
long that they cannot move over the walls 46 of the re 
cesses 23. The escape of the piston shoes 1 axially and 
out of recesses 23 is prevented by the securing wall 
means 29 and 31 disposed at the axial ends ofthe reces 
ses 23. The wall means 29 may have a thrust bearing 30 
for the rotor 40 and the wall means 29 and 31 may have 
radial bearings for the shaft 13 and rotor 40. The piston 
shoes have outer recesses 41 for admission of ?uid 
from the cylinders 26 through passages 8 of pistons 2. 
The cylinders 26 have walls 25 which extend to their 
outer ends for guiding and sealing the pistons 2. 
An important feature of the device of FIGS. 3 and 4 

is that a large piston stroke and thereby a high rate of 
?uid ?ow and big power is assured. This is assured by 
the extensions 24 which form part of the recesses 23 
and extend radially inwardly into the rotor 40 beyond 
the outer ends 25 of the cylinders 26 for the reception 
of the inward extensions 92 of the piston shoes 1 so that 
the extensions 92 of the piston shoes can enter the 
rotor 40 beyond the outer ends of the cylinders 26. In 
order to demonstrate the difference between the provi 
sion and the absence of the extensions 24, the upper re 
cess 23 in FIG. 4 is shown without such inwardly ex 
tending extension. Actually however, the upper recess 
23 would also have the extension 24, because, other 
wise, the stroke of the pistons could only be short and 
thereby the rate of ?ow and the power of the device re 
duced. The semispherical piston head 49 is comple 
mentary to the hollow semispherical piston shoe seat 
48 and abuts thereagainst so that the force can be 
transmitted from the piston to the piston shoe or from 
the piston shoe to the piston, while at the same time the 
piston shoe 1 can pivot upon the piston head relative 
to the respective piston 2 during operation of the de 
vice while the outer face of the shoe 1 and its balancing 
recess 41 slide along the inner actuator face of the sta 
tionary or rotary actuator means (ring or housing) 28. 
The recess 41 is provided in the piston head to elimi 
nate or reduce friction between the piston shoe and the 
housing. The piston shoe portion above the piston head 
is kept as short as possible in order to provide a long 
piston stroke and thereby a high rate of ?uid ?ow. 
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The cross sections through the recesses 4, 23 and 
through the piston shoes 1 normal to the axes of the pis 
tons 2 may be of cylindrical or rectangular con?gura 
tion. Consequently the recesses 4 or 23 are either cylin 
ders or cubes. In FIGS. 1 to 4 the recesses 4 and 23 are 
shown in the form of cubes, meaning axially extending 
rectangular recesses through the ?uid handling 9 or 
rotor 40. This configuration is prefered, because it is 
less expensive in production than a cylindrical configu 
ration. A cylindrical configuration requires individual 
production of each recess 4 or 23 while a rectangular 
recess 4 or 23 can be pressed or cut at the same time 
through a number of axially aligned and stacked ?uid 
handling bodies 9 or 40. The outer configurations of a 
large number of piston shoes complementary to such 
rectangular recesses can be produced at the same time 
by pressing, material extrusion or drawing. These con 
figurations make therefor the piston shoes especially 
inexpensive. 
FIG. 5 shows that the ?uid receiving and ?uid con 

taining pressure balancing recess 148 in the head of the 
piston 2 may have a cross-sectional area almost the size 
of the cross-sectional area of the piston 2. ln praxis the 
area of the recess 148 is about 60 to 90 percent of that 
of the piston 2. Thereby the friction between the piston 
2 and the piston shoe 1 is very substantially reduced. 
Such large sizes of balancing recesses 148 of 90 percent 
of the cross-sectional area of the piston 2 can be 
achieved only by the novel forms of the piston 2 and 
piston shoe 1. The elimination of holding means be~ 
tween pistons 2 and piston shoes 1 by the arrangement 
of the invention renders it possible to use the whole 
cross-sectional area of the piston for the transfer of 
forces from piston to piston shoe or from piston shoe 
to piston, which was not possible to such an extent 
heretofore, because heretofore a portion of the cross 
sectional area of the piston head or of the piston shoe 
was needed for the provision of a holding means for 
keeping the piston connected with the piston shoe dur 
ing the operation of the device. 
The utilization of the whole cross-sectional area of 

the piston for the described power transfer by resorting 
to large balancing recesses 148 and 41 insures a very 
pronounced increase of the pressure ?uid in the ?uid 
handling device with little friction between the piston 
and the piston shoe. The pressure in actually built de 
vices was increased to over 10,000 Psi with good effi~ 
ciency and with accordingly increased power of the de 
vice without any increase in the size of the rotor, ?uid 
ing handling body or piston. 
FIG. 6 shows that the ?uid handling body 91 may be 

a rotor surrounded by a rotary actuator ring 28 how 
ever, the body 91 and ring 28 could also be stationary 
if so desired. The FIG. 6 further shows that the ?uid 
handling body 91 may be a double or multi-cylinder 
group device for one or more ?ows of ?uid through its 
cylinder groups 147 and 247. The recesses 23 for the 
reception of piston shoes 1 (not shown) are then 
?anked by walls 83 and 84 secured to the ?uid handling 
body 91 and/or by a wall or walls 82 integral with the 
?uid handling body 91. In order to obtain a large piston 
stroke and thereby a high rate of ?ow the actuator ring 
28 may be provided with an annular groove 81 for re 
ception of a portion of the wall 82 and the walls 83 and 
84 may extend radially outwardly partially beyond the 
inner face of the actuator ring 28. Recesses or exten 
sions can be provided radially on the ?uid handling 
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body 9, 40 or 91 or on the actuator means 11, 28 pe 
ripherally of the piston shoes 1 for preventing their es 
cape out of the recesses 4 or 23 in response to very long 
piston strokes. The said extensions may then temporar 
ily extend into said recesses. The latter are not shown 
in the figures because they may be provided in any suit 
able portion of the means whereon they are provided. 
The ?uid handling device of the invention produces 

a high pressure, insures long piston strokes, high rate of 
?ow of ?uid, good efficiency and great power and is 
easy to build, inexpensive in production and very reli 
able in operation for long periods of time because fric 
tion is eliminated or reduced to a considerable extent. 
What is claimed is: 
1. In a radial piston machine, a combination compris 

ing a housing; a ?uid handling body member provided 
in said housing and having substantially radially extend~ 
ing cylinders; an actuator member provided in said 
housing and having an endless guide surface, one of 
said members surrounding the other of said members; 
pistons reciprocably mounted in said cylinders and de 
?ning with said body member variable-volume working 
chambers remote from said guide surface, said cham 
bers forming part of the respective cylinders and having 
inlets for admission and outlets for evacuation of a ?uid 
medium; piston shoes associated with said pistons and 
slidable along said guide surface in response to rotation 
of one of said members relative to the other of said 
members to thereby reciprocate said pistons in the re 
spective cylinders, at least a portion of each of said 
shoes having a polygonal cross sectional outline and 
said body member having polygonal recesses receiving 
said portions of said shoes with sufficient clearance to 
at least temporarily afford to said portions of said shoes 
the freedom of limited tilting movement in at least two 
different directions so as to enable said shoes to follow 
said endless guide surface of said actuator member 
while the machine is in operation, said pistons and said 
shoes being provided with normally abutting comple 
mentary curved surfaces having constant radii of curva 
ture so as to enable said shoes to pivot on the respective 
pistons; and confining means for retaining said portions 
of said shoes in the respective recesses. 

2. A combination as de?ned in claim 1, wherein said 
clearances suffice to allow said portions of said shoes 
to move with respect to said housing at least temporar 
ily in the radial, axial and circumferential directions of 
said body member. 

3. A combination as de?ned in claim 1, wherein said 
recesses and said portions of said shoes are rectangular, 
as considered in planes which are normal to the axes of 
the respective pistons. 

4. A combination as defined in claim 1, wherein said 
portions constitute enlarged extensions of the respec 
tive piston shoes, as considered in the radial direction 
of the associated pistons. 

5. A combination as defined in claim 1, wherein said 
curved surfaces are substantially hemispherical sur 
faces, one thereof being convex and the other thereof 
being concave and said concave surfaces having coni 
cal extensions. 

6. A combination as defined in claim 1, wherein at 
least one of said complementary curved surfaces has a 
recess having a cross-sectional area slightly less than 
the cross-sectional area of the respective piston. 

7. A combination as defined in claim 1, wherein the 
distance between said guide surface and said body 
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member varies. as considered in the circumferential di 
rection of said guide surfaces. and the maximum dis~ 
tance between said body member and said guide sur 
face is less than the length of said portions of said 
shoes. as considered in the axial direction of said pis 
tons. said length being greater than that of the maxi 
mum stroke of a piston. 

8. A combination as defined in claim 1, wherein said 
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8 
?uid handling body has a ring-shaped wall adjacent to 
said recesses and said guide surface has an annular 
groove for said wall. 

9. A combination as de?ned in claim 1, wherein the 
depth of said recesses, as considered in the axial direc 
tion of said pistons. exceeds the length of maximum 
strokes of said pistons. 


