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PISTON-TYPE MACHINE 

This invention relates to a piston-type machine and, 
particularly, to a machine in which a piston is recipro 
cated within a rotating cylinder. 
A piston-type machine has been known in which at 

least one piston has been mounted to reciprocate 
within a cylinder while the cylinder has been able to ro 
tate about a journal having an axis of rotation which in 
tersects the cylinder axis. Such machines have gener 
ally had channels in the journal for supplying and re 
moving a medium under pressure to the interior cham 
ber of the cylinder in which the piston reciprocates. 
However, this machine has had the disadvantage, 

among others, that lateral forces have been imposed on 
the piston during the transmission of power, or motion, 
to the piston or away from the piston. As a result, these 
lateral forces have created losses through mechanical 
friction and wear of the piston and cylinder. Further, a 
simple compensation of these forces by means of hy 
drostatic pressure has not been possible. 
Accordingly, it is an object of the invention to pro 

vide a piston-type machine which eliminates any signif 
icant lateral forces on the piston during operation. 

It is another object of the invention to permit rela 
tively small sliding movements between the piston and 
the drive for the piston in a piston-type machine. 

It is another object of the invention to compensate 
for a relative sliding motion between a piston and the 
piston drive means in a piston-type machine with a hy 
drostatic means. 

It is another object of the invention to provide a pis 
ton-type machine which can be used as a hydrostatic 
pump, a hydraulic motor, a compressor for gas or a 
motor driven by gaseous mediums. _ 

Brie?y, the invention provides a piston-type machine 
in which a reciprocating piston reciprocally mounted in 
a rotatable cylinder is allowed to slide on a plane sur 
face located on a rotatable means while the rotatable 
means rotates eccentrically relative to the cylinder. 

In one embodiment, a single piston is reciprocally 
mounted in a cylinder which is rotatably mounted on 
a journal or pivot pin while a rotatable annular housing 
is positioned about the piston and cylinder to rotate 
about an axis parallel to and offset from the axis of the 
journal by a selected eccentricity. The housing includes 
a flat supporting surface on which the end of the piston 
furthest from‘the journal bears. This supporting surface 
is perpendicularly disposed to the axis of the piston. 

In this form of construction, wherein the housing to 
gether with the cylinder rotates, and wherein the two 
turn about axes separated from one another by the se~ 
lected eccentricity, there occur, apart from an axial 
loading of the piston, only slight sliding movements be 
tween the piston and the supporting surface of the 
housing. Apart from the acceleration forces when start 
ing up, the only lateral forces acting on the piston are 
caused by friction between the piston and the support 
surfaces. These forces are kept to a minimum through 
an axial hydrostatic force equalization. 

In another embodiment, a machine includes a plural 
ity of pistons which are disposed radially of a journal 
and guided in an annular cylinder~block while a hous 
ing is provided in the form of a drum with a cylindrical 
part in which are formed ?at support-surfaces for the 
pistons. In this way, a light-weight and yet sturdy con 
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2 
struction of the housing is obtained which is suitable for 
transmitting large forces during operation. 

In this embodiment, the drum may be provided at 
one side with a shaft for the supply or the take-off of 
mechanical power, and can be installed in a fixed hous 
ing. Thewdrum is also provided at the opposite side with 
a hollow bearing-journal that surrounds the journal and 
that can likewise be installed in a ?xed housing. 

In addition, where a number of pistons are disposed 
radially of the journal, provision is made for a drive 
part with guideways situated perpendicularly of one an 
other in a plane perpendicular of the axis of rotation of 
the machine. This drive part is, on the one hand, con 
nected with the drum and, on the other hand, with the 
cylinder-block in such a way that radial movement of 
the cylinder-block relative to the drum occur, while a 
relative turning movement is prevented. 
By means of such a drive part, it is possible to avoid 

the occurrence of lateral forces between the cylinders 
and the piston upon rapid accelerations of the drum be 
cause such forces are then absorbed by the drive part. 
According to the invention, it is advantageous to 

make the cylinder-bores in the cylinders as continuous 
bores of the same diameter. Through this, the hydraulic 
losses, during the run-in and run-out of the pressure 
medium into or out of the cylinders, are reduced to a 
minimum. ' 

In another embodiment, the journal is formed with a 
spherical bearing surface which cooperates with a cor 
responding spherical bearing surface of the cylinder 
block. This provides a construction wherein any bend 
ing of the journal, under hydraulic forces having a one 
sided action, has no influence on the operation of the 
machine. In this case, the cylinder-block is divided in 
the axial direction, into at least two parts which are 
then connected with one another by means of lock 
rings. This allows installation of the cylinder-block in a 
simple way on the spherical surface of the journal. 

It is also possible to form the journal on a part that 
is adjustable perpendicularly of the axis of rotation of 
the machine. As a result, it is possible to change the ec 
centricity from one extreme value passing through 
zero, to the other extreme value. By this means, it is 
possible to select the eccentricity. Thus, during opera 
tion as a pump of constant rotary speed, it is possible 
to adjust the quantity pumped and direction in which 
it is pumped. 

In the case of a construction having a vertical journal 
it is possible, for the run-in or run-out of the medium 
under pressure, to provide sealing elements at the con~ 
nections of the channels in the displaceable part and in 
a fixed housing having the slidesurfaces. This allows a 
perfect connection of the channel to be obtained in 
each position of the displaceable part with the journal. 

It is also possible to provide the housing with a pro 
trusion which acts as a stop and prevent a lifting of the 
piston away from the respective surface. Such a lift-off 
might, for example, occur during a stoppage of the ma 
chine. 
Equalization-pockets for equalization of the hydro 

static pressure can be provided centrally in the slide 
surfaces of the piston. These pockets are each con 
nected through a bore in the piston with the ‘face of the 
piston turned ‘toward the journal. By a suitable and 
known dimensioning of the equalization pockets, per 
fect equalization of the forces acting on each piston can 
be obtained. In this way, there is obtained minimum 
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friction and wear of the pistons, and under certain cir 
cumstances perfect functioning of the piston-type ma 
chine is made possible. Because the hydrostatic instal 
lation eliminates friction at the sliding surfaces of the 
piston, the occurrence of disturbing lateral forces act 
ing on the piston is also avoided. 
Segment-like equalization pockets for hydrostatic 

pressure equalization can also be provided at the pe 
riphery of the journal along the control ports. These 
pockets are, in each case, connected by connecting 
holes with the channel of the other control port. Thus, 
by simple means and with suitable dimensioning of the 
equalization pockets, equalization of the forces acting 
on the journal is obtained, so that minimum friction 
and wear of the journal occur. 
The drum bearing can also be formed with segment 

like equalization pockets at the periphery. These pock 
ets are connected, by connecting holes, with a channel, 
situated at the same side, for the run-in or run-out of 
the medium under pressure. In this way, hydrostatic re 
lief of the drum bearings is obtained. 
These and other objects and advantages of the inven 

tion will become more apparent from the following de 
tailed description and appended claims taken in con 
junction with the accompanying drawings in which: 

FIGS. 1 and 2 diagrammatically illustrate a simpli?ed 
piston-type machine according to the invention with 
one cylinder; 
FIG. 3 illustrates an axial section through a first in 

dustrial form of construction of the machine of the in 
vention taken on line III—III of FIG. 6; 
FIG. 4 illustrates a view taken on line IV-IV of FIG. 

6; 
FIG. 5 illustrates a view taken on line V—V of FIG. 

4 of a journal according to the invention; 
FIG. 6 illustrates a view taken on line VI-VI of FIG. 

3; 
FIG. 7 illustrates a view taken on line VII-VII of 

FIG. 3 ofa drive part between a drum and cylinder ac 
cording to the invention; 
FIG. 8 illustrates an axial section similar to FIG. 3 of 

a further form of construction of the machine of the in 
vention taken on line VIII-VIII of FIG. 11; 
FIG. 9 illustrates a partial section taken on line 

IX——IX of FIG. 11; 
FIG. 10 illustrates a partial view taken on line X of 

FIG. 9; ' 

FIG. 11 illustrates a partial section taken on line XI 
of FIG. 8; and 
FIG. 12 illustrates a partial section taken on line XII 

of FIG. 8. 
Referring to FIG. 1, a piston-type machine comprises 

a cylinder 1 and a piston 2 which is able to move in re 
ciprocating manner in the cylinder 1 while being 
guided in a sealed manner. The cylinder 1 is mounted 
to pivot about a pivot-pin 3 which has channels 4, 5 for 
conducting a medium under pressure, e.g., hydraulic 
oil, in and out, respectively. The pin 3 has, as is known, 
a pair of recesses 6, 7 which are separated from one an 
other by a partition wall 8 and which are located within 
the plane of the cylinder 1. The cylinder 1 includes a 
cylindrical bore 10 in which the piston 2 is mounted 
and to which is connected a connecting bore 11. As 
shown, the diameter of the connecting bore 11 is sub 
stantially the same in size as the thickness of the parti 
tion wall 8, so that no short-circuit connection of the 
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4 
two recesses 6, 7 can occur because of the connecting 
bore 11. 
The piston 2 is, at the end farthest from the pivot-pin 

3, provided with a ?ange 12 which has a sliding surface 
13 that slides on a support surface 14 of a mobile part 
15 of a machine housing. This housing part 15 is 
mounted to pivot about a pivot-pin 16 which is shown 
by dash-lines. The axis A of the pivot-pin 3 of the cylin 
der 1 and the axis B of the housing part 15 are spaced 
apart by an eccentricity 2, so that, in operation, the pis~ 
ton 2 moves in the cylinder 1 with a stroke s equal to 
twice the eccentricity (2e). 
Referring to FIGS. 1 and 2, pairs of forces P —— P, as 

well as turning moment of torque M are imposed on the 
machine during rotation in the direction indicated by 
the arrow 11 when operating as a pump. 

In the case of the position shown in FIG. 1, the two 
forces P set in opposite directions are situated in one 
line. This means that the piston-type machine is in a 
dead-center position and takes no turning moment. 
With the position shown in FIG. 2, which is offset 90° 
in comparison with FIG. 1, a lever arm having the mag 
nitude of the eccentricity e is formed between the two 
forces P. When the machine rotates in the direction in 
dicated by the arrow n, the corresponding turning mo 
ment M = Re must be overcome and the machine oper 
ates as a pump. 

In comparison with previous machines of this kind, 
the machine shown in principle in FIGS. 1 and 2 has the 
advantage that, without special supplementary mea 
sures, the piston 2 is always loaded in a purely axial 
manner, so that no primary tilting moment or lateral 
forces occur. Apart from the acceleration forces, the 
only lateral forces acting on the piston 2 are produced 
by friction resulting from the relative sliding movement 
between the surfaces 13 and 14. As is explained in the 
following practical examples of construction, it is possi 
ble to reduce this friction by means of an axial hydro 
static equalization of forces to a negligibly small 
amount. 

Referring to FIGS. 3 and 6, the hydraulic piston-type 
machine includes a number of pistons 33 disposed radi 
ally ofa pivot-pin or journal 32 for use as a pump. Indi 
vidual cylindrical bores 30 for receiving the pistons 33 
are formed in an annular cylinder-block 31, which is 
mounted so as to rotate on the pin or journal 32. The 
pistons 33 which are guided in the cylinder bores 30 
each has a flange 34 that bears by means of a sliding 
surface 35 against a respective support or abutment 
surface 36 of a mobile housing part which is in the form 
of a drum 37. 
As shown in FIG. 3, the drum 37 is connected at one 

side with a shaft 38 which is rotatably mounted in a sta 
tionary housing 39. This shaft 38 serves to supply me 
chanical power. At the other side, the drum 37 con 
nects to a part 40 which has a hollow bearing-pin 40' 
thereon. The bearing pin 40' is mounted rotatably in a 
cover 41 which is fastened to the stationary housing 39 
as by bolts. The cover 41 is mounted about the journal 
32 and is secured thereto by bolts as shown. The shaft 
38 and the bearing in the cover 41 are situated on a 
common axis B, corresponding to the axis B of FIGS. 
1 and 2 while the journal 32, about which the cylinder 
block 31 is able to turn, has an axis A, which corre 
sponds to the axis A of FIGS. 1 and 2. 
Referring to FIGS. 4, 5 and 6, the journal 32 has 

channels which are connected to channels 44, 45 in the 
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housing cover 41 and provide for the input and output 
of the medium under pressure. The channels 42, 43 
correspond to the channels 4, 5 of FIGS. 1 and 2. 
As shown in FIGS. 4 and 5, the journal 32 is provided 

with recesses 46, 47 within the plane of the pistons 33 
which correspond to the recesses 6 ‘and 7 of FIGS. 1 
and 2, and which form control ports to transmit flow 
between the channels 42, 43 and bores 30. A partition 
wall 48 is also disposed between the recesses 46, 47 as 
above. 
The piston-type machine shown in FIGS. 3 to 6 oper 

ates in accordance with the principle that was ex 
plained by the aid of FIGS. 1 and 2. For example, when 
this machine operates as a pump, the drum 37 is turned 
by the shaft 38 so that the cylinder block 31 is caused 
to rotate on the journal 32. In this case, by means of the 
connection of the individual cylinder bores 30 with the 
recesses 46 or 47, the input and output of the medium 
under pressure is controlled. As shown in FIG. 6, with 
a suitable width of the separating wall 48 at the periph 
ery of the journal 32, the entire diameter of the bores 
30 can be used as a control cross-section. As a result, 
particularly low internal losses are obtained in the pis 
ton-type machine. It is noted that there is an absence 
of conduits to the individual bores 30 for the medium 
under pressure, which conduits would otherwise, be 
cause of the pulsating ?ow concerned, cause particu 
larly high losses of energy. 
Referring to FIG. 3, in order to obtain perfect hydro 

static compensation of the forces occurring in the pis 
ton-type machine, by means of which minimum friction 
and wear of the machine can be achieved, the pistons 
33 are provided at the sliding surfaces 35 with compen» 
sation pockets 50. Each pocket 50 is positioned con 
centrically of the axis of the piston 33 and is connected 
through a bore 51 with the end face of the piston 33. 
By means of a suitable choice of the area of the com 
pensation pockets 50, it is possible to obtain axial com~ 
pensation of the forces acting on the pistons 33., 

Referring to FIG. 4, the channels 44, 45 connect over 
connecting bores 52, 52' and 53, with compensation 
pockets 54, 54' and 55 respectively formed in the indi 
vidual bearings. In this way, with suitable dimensioning 
of the compensation pockets 54, 54’ and 55, it is possi 
ble to obtain hydrostatic compensation of the forces 
acting in these bearings independently of the direction 
in which the machine turns and of the direction in 
which the medium under pressure flows. As shown, the 
compensation pockets 54, 54' and 55 are formed at the 
periphery of the bearing concerned, for example, with 
two opposite compensation pockets in one bearing. 
Referring to FIGS. 4 and 5, in order to compensate 

for one-sided loading of the journal 32 by hydrostatic 
forces, segment-like compensation pockets 56 and 56' 
are provided in the periphery of the journal 32 and ex 
tend somwhat less than half of the periphery of the 
journal 32. The compensation pockets 56, 56' are con 
nected by means of connecting bores 57, 57’ with the 
channels 42 and 43 respectively, situated at the other 
side of the journal 32. These compensation pockets 56, 
56' allow perfect compensation of the hydraulic forces 
which would otherwise have a one-sided action on the 
journal 32. 

In the case of rapid accelerations or rapid retarda 
tions of the machine because lateral forces could occur 
between the pistons 33 and the cylindrical bores 30, 
caused by mass forces, since such forces can considera 
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6 
bly exceed the forces caused by friction between the 
pistons and support or abutment surfaces, the machine 
according to FIGS. 3 to 6 is provided with a drive part 
that serves to absorb these forces. This drive part 60, 
best seen in FIG. 7, has the form of a cardan cross, and 
consists of a plate in which two sets ‘of guideways are 
disposed, perpendicularly of one another. The ?rst is 
formed of two cut-outs 61 the other of two cut-outs 62. 
Two blocks 63 which are fastened to the drum 37 are 
piloted in the cut-outs 62 while two projections 64 from 
the cylinder block 31 are engaged within the cut-outs 
61. The drive part 60 is thus able-to permit radial move 
ments of the cylinder block 31 relative to the drum 37 
while preventing relative turning movements therebe 
tween. , . 

Referring to FIGS, 8 to 12, a further form of con 
struction of the piston-type machine is shown. The 
most important difference, in comparison with the ma 
chine of FIGS. 3 to 7 consists in that the eccentricity 
e, that is, the spacing between the axes A and B, can be 
varied and in that the journal 100 has a spherical hear 
ing surface 101. , 

Referring to FIGS. 8 and 12, the journal 100 is con 
nected to an adjusting part 102 in which a screw 103 
which can be operated by a hand-wheel is threadably 
mounted. In addition, the part 102 is piloted in a guide 
way 104 of the machine housing so as to be displaced 
only in the plane of the two axes A and B. The guide 
way 104 is formed in the stationary housing by three 
parts 105, 106 and 107. As shown in FIGS. 9 and 12, 
the adjusting part 102 is provided with channels 108 
and 109 which connect to the recesses 110 and 111 in 
the journal 100, and form control ports for the output 
from and the input into the cylindersiof the medium 
under pressure. 

Referring to FIGS. 9, 10 and 12, as the adjustment 
part 102 is movable, connecting parts 112 are disposed 
between the housing part 106 and the adjusting part 
102. These connecting parts 112 each includes a bore 
113 having an elongated mouth 114 and a plane sliding 
surface 114' at the end which cooperates with a plane 
sliding surface of the part 102. The connecting parts 
112 are sealingly guided in bores in the housing part 
106, and are pressed against the slide surfaces of the 
part 102 by means of springs 112' and also by the hy~ 
draulic pressure acting on their end faces. In this way, 
a perfect connection is retained between the channels 
in the housing‘ part 106 and in the adjusting part 102, 
for any position of the adjusting part 102. 

Referring to FIGS. 8 ane 9, the annular cylinder 
block 1 16 has cylindrical bores 117 which extend com~ 
pletely therethrough with a constant diameter. In addi 
tion, for installation reasons, the block 116 as split in 
the radial plane and the two halves of the cylinder~ 
block 116 are clamped tightly together by the lock 
rings 118. The cylinder block 116 is thus able to move 
freely to adapt to the spherical slidiing surface 101, so 
as to prevent binding of the pistons 115 in the bores 
when the journal 100 bends under a one-sided load. 
Pistons 115 are guided in the bores 117 and each has 
a sliding surface 115' for bearing against a support or 
abutment surface 126 on a drum 120 as above. The 
drum 120 has a shaft 121 which is mounted in the hous 
ing part 105. The drum 120 is fastened to a part 122 
similar to the above that has a hollow bearing-pin 123 
by which the drum 120 is supported in a bearing-bore 
in the housing part 106. 
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Referring to FIGS. 8 and 11, the part 122 is provided 
with an annular projection 124 which cooperates with 
a projection 125 on each piston 115 and forms a kind 
of stop that prevents a lifting of the pistons 115 away 
from the respective support or abutment surfaces 126 
of the drum 120. Such a lifting-off might, for example, 
become possible during a stoppage of the machine, and 
could make starting-up again dif?cult. 
Referring to FIGS. 8 ane 9, the machine is also pro 

vided with a hydrostatic pressure-compensation in a 
simple way. For this purpose, compensation pockets 
130, 130’, 131,131’ (FIG. 8) are formed in the hous 
ing in the bearing‘surfaces for the shaft 121 and pin 
123. Each bearing is provided with two segment-like 
bearing pockets 130, 130', 131 and 131’. The bearing 
pockets of one side are, in each case connected by con 
necting bores 132 and 132', with the channel 108 or 
109 situated at the same side, for the medium under 
pressure. As in the machine of FIGS. 3 to 6, provision 
is made for hydrostatic equalization of pressures to re~ 
sult in practical elimination of friction and of wear of 
the machine. 
For reasons of clarity and of simpli?cation, the drive 

part for connecting the cylinder block 116 with the 
drum 120 as discussed above with respect to FIGS. 3 
to 7 is not shown. Similarly, the projection for avoiding 
a lifting of the piston away from the support or abut 
ment surface as discussed with respect to FIGS. 8 to 12, 
is not shown in FIGS. 3 to 7. It is evident that these ele 
ments are not connected with the other characteristics 

of the form of construction under consideration and 
may be used independently of one another. Similarly, 
the hydrostatic pressure equalization for the cylinder 
block of the design according to FIGS. 8 to 12 by 
means of compensation pockets in the sliding surfaces 
101 can be the same as shown with the FIGS. 3 to 7. 
The same applies for the axial pressure equalization of 
the pistons 115. 
What is claimed is: 
1. A piston-type machine comprising 
a journal having a longitudinal axis and a spherical 
bearing surface, channels for the respective input 
and output of a medium, and control ports in the 
periphery thereof connected to said channels; 

a cylinder block movably mounted on said spherical 
bearing surface of said journal in the plane of said 
control ports, and cylinder block having an axis in 
tersecting said axis of said journal; 

at least one piston reciprocally mounted in said cylin 
der block for reciprocating radially of said journal, 
said piston having a ?at surface at an end thereof 
spaced from said cylinder block; 
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8 
a housing having a part rotatably mounted about an 

axis parallel to and spaced eccentrically from said 
longitudinal axis of said journal, said housing part 
including a ?at abutment surface slidably bearing 
said ?at surface of said piston thereof; and 

means for adjusting said journal relative to said hous 
ing to vary the eccentricity of said journal relative 
to said axis of said housing part from one extreme 
value to another about a zero eccentricity. 

2. A piston-type machine as set forth in claim 1 which 
further includes a stationary housing mounting said 
journal therein, said housing having an opening therein 
and said journal having a channel communicating with 
said opening of said housing; and a connecting part dis 
posed between said channel of said journal and said 
opening of said housing for conveying a medium there 
between, said connecting part having a slide surface 
abutting said journal about said channel. 

3. A piston-type machine comprising 
a journal having a longitudinal axis, channels for the 

respective input and output of a medium, and con 
trol ports in the periphery connected to said chan 
nels; 

a cylinder block rotatably mounted on said journal in 
the plane of said control ports and having a plural 
ity of bores therein; 

a plurality of pistons respectively mounted in said 
bores of said block for reciprocating radially of said 
journal, each piston having a ?at surface at an end 
projecting from said block; 

a drum rotatably mounted about an axis parallel to 
and spaced eccentrically from said longitudinal 
axis of said journal, said drum including a plurality 
of ?at abutment surfaces each slidably receiving a 
?at surface of a respective piston thereon; 

a shaft for rotating said drum; 
a drive part connected between said drum and said 
block to permit relative radial movements between 
said block and drum during rotation thereof; and 

a stationary housing about said drum and wherein 
said drum includes a hollow bearing pin surround 
ing said journal and rotatably mounted in said 
housing, channels in said housing connected to said 
channels in said journal; bearings about said shaft 
and said pin of said drum, each bearing including 
segment-like compensation pockets therein facing 
said respective shaft and drum; and connection 
bores extending through said housing from said 
channels in said housing to said pockets to deliver 
medium thereto for hydrostatic pressure equaliza 
tron. 

* * * * * 


