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3,29Lti68 
HYDRAULEC AXliAL-PESTUN MACHKNE 

Georg ‘Wiggermann, Kresshronn, ?ea-many, assignor of 
one-half to Walter Reiners, Monchen Giadhach, Ger 
many 

Appiication May 23, 1960, Ser. No. 30,791, new Patent 
No. 3,162,142, dated Dec. 22, 1964, which is a division 
of application Ser. No. 661,128, May 23, 1957, now 
Patent No. 2,96%,286. Divided and this application 
Dec. 16, 1964, Ser. No. 457,884 
Claims priority, application Germany, May 29, 1956, 

W 19,144 
4 Claims. (Cl. 103-162) 

This application is a division of my copending applica 
tion Serial No. 30,791, ?led May 23, 1960, now issued 
as Patent No. 3,162,142, which in turn is a division of 
my application Serial No. 661,128, ?led May 23, 1957, 
now Patent No. 2,968,286. 
My invention relates to hydraulic machines of the 

axial-piston type, operable as pumps or motors, in which 
the reciprocable pistons are located in two multi-cylinder 
drums so arranged that the axial components of the piston 
forces compensate each other. The individual pistons are 
connected through respective ball joints with a driving 
disc mounted on the machine shaft which extends through 
the two cylinder drums and their respective valve faces. 

Hydraulic machines of this type afford a simple design 
of the journalling means for the rotating parts, particular 
ly for the driving disc; and since the machine shaft passes 
through the cylinder drums to the outside, it is readily 
available for directly coupling the hydraulic machine with 
the driving or driven machinery. 

It is an object of my invention to further improve axial 
piston machines of the above-mentioned type with re 
spect to construction and operation. More speci?cally, it 
is an object of the invention to simplify the journalling 
of the driving disc so as to reduce the manufacturing 
cost of the hydraulic machine as a whole and to minimize 
its space requirements. 
To this end, and in accordance with a feature of my 

invention, I provide for the two groups of pistons of 
both cylinder drums a single driving disc, preferably 
formed essentially of a single piece of material, and I 
journal this driving disc, together with the appertaining 
drive shaft of the hydraulic machine, by placing the disc 
directly into journal engagement with the stationary en 
closure assembly of the machine. More speci?cally, the 
twin driving disc, common to both groups of pistons, has 
either its periphery in journalling engagement with the 
housing structure of the machine, or the driving disc has 
two coaxial hubs journalled in bearing bores of the valve 
facc bodies or head members of the stationary assembly. 
According to another feature of my invention, both jour 
nailing means just mentioned are provided simultaneously. 

According to a further feature of the invention, the 
peripheral surface of the driving disc forms the inner 
race of a twin-type antifriction bearing whose outer races 
consist of two identical rings inserted and ?xed in the 
stationary machine housing. 
The housing structure of machines according to the 

invention can be given a subdivided design without detri 
ment to the operating qualities of the rotating parts, thus 
further simplifying the manufacture and assembling of the 
machine. According to another feature of my inven 
tion, therefore, I compose the machine housing of two 
identical half-portions which are ?anged together in the 
vicinity of the driving disc, preferably by means of an 
inserted annular bearing member for journalling the driv~ 
ing disc. 

According to still another feature, the two identical 
half-portions of the housing, each having a cylindrical 
bore into which a cylinder-head member is inserted, 
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have the axes of their respective cylinder bores extend 
at an obtuse angle to each other; and each head member 
has a planar valve face perpendicular to the cylindersbore 
axis and is provided with a shaft bore which extends in an 
inclined direction relative to that axis and is traversed by 
the machine shaft. 

According to another feature of the invention, the 
housing structure of the axial-piston machine comprises a 
middle portion which has axially aligned cylinder bores 
covered by the two flanged-on head members and into 
which, as the case may be, a stationary bearing member 
for journalling the driving disc is inserted. 

Further features of the invention relate to a design 
of the driving shaft as a torque-transmitting rod having 
reduced cross section along part of its length to act as 
a torsion spring, also to an improved articulate con; 
nection of the pistons with the driving disc particularly 
advantageous in machines according to the invention, and 
to improved means for passing the liquid operating medi 
um through the machine. 
The above-mentioned features of the invention and the 

favorable effects achieved thereby apply to axial-piston 
machines of constant delivery and uniform flow direction 
of the liquid operating medium, as well as, analogously, 
to hydraulic machines of controllable volumetric delivery 
and reversible ?ow direction. 
The foregoing and other objects, advantages and fea 

tures of my invention, the novel features being set forth 
with particularity in the claims annexed hereto, Will be 
apparent ‘from the embodiments illustrated on the drawings 
and described in the following. On the drawings: 
FIG. 1 shows an embodiment of an axial-piston ma 

chine according to the invention in longitudinal section. 
FIG. 2 illustrates a section along the line II—II in 

FIG. 1. 
FIG. 3 shows an embodiment of an axial-piston ma 

chine with a subdivided housing, also in longitudinal sec 
tron. 
FIG. 4 shows a longitudinal section of another em 

bodiment of an axial—piston machine of controllable de 
livery. 

FIG. 5 illustrates one of the head members which form 
the housing covers of the machine according to FIG. 4, 
seen from within the machine. 
FIG. 6 is a fragmentary longitudinal section through 

the left-hand end of a modi?cation of the axial-piston 
machine according to FIG. 4 and generally correspond 
ing to a view along line Vl-Vl of FIG. 4. 

FIG. 7 is a view onto the back of a tiltable control 
member appertaining to one of the head members of 
the same machine. 

FIGS. 8, 9 and 10 illustrate different modi?cations re 
soectively of -ball~type connections joining the pistons to 
the driving disc. 

Functionally similar components are denoted by the 
same respective reference characters in all illustrations. 
The machine illustrated in FIGS. 1 and 2 has a sta 

tionary enclosure assembly composed of a substantially 
cylindrical housing structure 1 and two cylinder-head 
members 2 of identical design. The two head members 
or cover members 2 are inserted from opposite sides into 
the cylindrical bore centrally traversing the housing struc 
ture 1 and are ?anged to the housing structure 1 and 
fastened thereto by screw bolts 2a. A twin driving disc 
3 is peripherally journalled in two bearing rings 5 which 
are stationarily mounted in the cylinder bore of housing 
structure 1 and are securely held in position by expansion 
rings 4- so as to be prevented from rotating. Each head 
member 2 forms a pintle 6 upon which a multi~cylinder 
drum 7 is rotatably mounted. Each cylinder drum 7 has 
a number of cylinder bores 8 uniformly distributed about 
the periphery and extending parallel to the drum axis. 
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Respective pistons 9 are reciprocably guided in the cylin 
der bores and are sealed against the cylinder walls. Each 
cylinder bore has a control port 10 which, in the proper 
rotational position of the cylinder bore, communicates 
with one of two control grooves 11 (FIG. 2) in a planar 
valve surface 12 of the adjacent head member 2. 
The two cylinder drums 7 are hydraulically parallel 

connected. That is, each of the two control grooves 11 
in each head member 2 is connected with the one axially 
opposite groove 11 of the other head member 2 through 
a radial channel 13 (FIG. 2) and a duct 14- which extends 
between the radial channels 13 in the longitudinal direc 
tion of the housing structure. The two ducts 14 are pro 
vided with respective openings 15 for connection to the 
pipes that supply and discharge the hydraulic operating 
medium. The gap in each radial channel 13 caused by 
the central bore of the housing structure can be su?i 
ciently sealed by accurate ?tting of the ?ange~connected 
head member 2 into the housing bore. As a matter of 
precaution, however, an annular groove is milled into 
each head member 2 around the channel 13, and an elastic 
gasket ring 16 of rubber or rubber-like material is in 
serted into the annular groove under slight compression. 
The pressure of the hydraulic medium obtaining in the 
channels then takes care of providing for a reliable seal 
at this location. 

For minimizing hydraulic losses, each channel 13 
merges with the control groove 11 in such a manner that 
the hydraulic medium ?owing in the groove has a direc 
tion and speed corresponding to the peripheral velocity 
of the cylinder ports 10 at the valve surface. 

For relieving the above-described peripheral bearing 
of the driving disc 3, the driving disc is provided with two 
hubs 17 on opposite axial sides. The hubs 17 are rotata 
bly guided in bearing bores of the respective head mem 
bers 2. The bores are coaxially aligned with the disc 
3 and the center bore of housing structure 1. 
The twin driving disc 3 is provided on both sides with 

a number of semispherical cavities or “pans” 18 uni 
formly distributed on a circle concentric to the disc. 
Fitted into each pan 18 is a spherical ring 19 capable of 
universal motion relative to the driving disc. The spheri 
cal rings serve as axial abutments for the respective re~ 
ciprocable pistons 9. 
The head members 2 are so designed and mounted 

within the housing structure 1 that the pintle axis 6 of 
each cylinder drum 7 is inclined to the common axis of 
housing structure and twin driving disc. The two pintle 
axes and the disc axis are located in the same geometric 
plane, the bisector of the angle between the two pintle 
axes being perpendicular to the disc axis. The inclined 
position of the pintle axis on each head member 2 causes 
the pistons to perform the desired reciprocating stroke 
during rotation of the cylinder drums. When the pistons 
are located in the upper position shown in FIG. 1, they 
are fully moved into the respective cylinder bores; and 
when the pistons, during 180° rotary motion of the cyl 
inder drums, reach the illustrated lowermost position, 
the pistons have performed a full outward stroke. As 
suming operation of the machine as a pump, the cylinder 
port 10 of any one piston, moving from the illustrated 
upper position to the lower position, is in communication 
with the groove 11 (FIG. 2) connected with the inlet 
or suction duct 14 for the hydraulic medium; whereas 
when the piston continues its movements and returns to 
the stroke-minimum position, the same cylinder port 10 
is in communication with the groove 11 communicating 
with the outlet or presure duct of the machine. 

There are equal numbers of spherical pans 18 on the 
two sides of the driving disc 3, and each pair of sphere 
center points de?nes a line parallel to the axis of driving 
disc 3 and the appertaining machine shaft. 

During operation, the liquid medium, supplied to the 
cylinders through the valve grooves 11, produces in each 
piston 9 an axial force which is directed toward the twin 
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driving disc 3 and which may be thought of as being 
composed of a transverse component and an axial com 
ponent acting upon the spherical joint. The axial com 
ponents of each pair of adjacent spherical joints are al 
ways located on the above-mentioned line parallel to 
the shaft axis; they have the same line of action but mu 
tually opposed directions and hence cancel each other. 
Consequently only‘ the transverse component of each pis 
ton force remains effective. With respect to each pair of “ 
pistons, these transverse components have the same di 
rection and the same magnitude and thus produce in the 
twin driving disc 3 the desired torque. The absolute 
magnitude of the torque is dependent upon the diameter 
and the number of the pistons as well as upon the in 
clination of the cylinder-drum axes. 
Each piston 9 has an annular shoulder abutting, in in 

timate area contact, against a flat and plane front face 20 
of the adjacent spherical ring 19. The annular abutment 
face of the spherical ring has an outer diameter equal 
or larger than the piston diameter, whereas the inner 
diameter of the abutment face is smaller than the piston 
diameter. Such dimensioning of the abutment diameters 
ermits relieving the abutment from hydraulic load by 

giving the piston 9 a longitudinal bore 21 through which 
the pressure of the hydraulic medium can become active 
up to the spherical ring 19. As a result, the piston force 
to be taken up by the annular abutment face 20 corre 
sponds only to the product formed by the difference of 
piston area minus abutment area multiplied by the hy 
draulic pressure. This force upon abutment face 20 can 
be increased, by increasing the inner diameter of the an 
nular abutment face, to the extent permissible by the re 
quired self-sealing pressure engagement between piston 
and spherical ring. 
The contour-constrained, universally movable joint be 

tween the pistons and the twin driving disc secures strict 
ly synchronous rotation of the two cylinder drums 7 
together with the twin driving disc, but the spherical joints 
are also designed to act as a positive power-transmitting 
coupling. To this end, each piston has a cylindrical and 
tubular extension 22 which protrudes, with somediamet 
rical clearance, into the cylindrical center bore of the 
spherical ring 19. The slight diametrical clearance is 
necessary for permitting the piston a slight transverse mo 
tion required as a compensation between the elliptic travel 
path of the piston and the circular travel path of the 
spherical rings. The diametrical clearance takes care of 
maintaining continuous pressure transmission between the 
abutment face 20 of the spherical ring and the adjacent 
piston. While during the pressure stroke, the abutting 
engagement of the pistons relative to the spherical rings 
and the driving disc is always maintained by the hydraulic 
pressure, the desired reliable abutting engagement during 
the suction stroke is secured by helical compression 
springs 23 mounted in the cylinder bores inside the hol 
low piston. The springs also maintain intimate contact 
between the cylinder drum 7 and the valve surface 12 
of the adjacent head member 2 in no-load condition of 
the machine. 

Instead of return spring 23, or together with such a 
spring, the pistons may be secured to the disc 3 by a 
device as illustrated in FIGS. 8, 9 or 10 and described 
below. 
The axial components of the piston forces produced 

in the two cylinder drums must completely balance and 
cancel each other under all operating conditions if the 
journalling of the driving disc is to be kept free of any 
undesired forces or tilting moments that are not directed 
transversely in the direction of the rotation to be pro 
duced or not transmitted by the driving disc, such elim 
ination of undesired forces being one of the main advan 
tages of the novel machine design. For further improv 
ing the reliability of such pressure and force equalization 
in each pair of mutually opposite cylinder bores of the 
respective cylinder drums, each two adjacent spherical 
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pans 18 are hydraulically interconnected through a bore 
24 of the driving disc 3. Any residual pressure differ 
ences can thus equalize themselves. 
The delivering capacity of the axial-piston machine de 

pends, among other things, upon the angle of inclination 
of the cylinder pintle axes relative to the rotation axis of 
the driving disc. To permit increasing this angle of in 
clination, the drive shaft 25 is made only as thick in the 
range of the cylinder drums as is suf?cient for transmission 
of the required torque. That is, the diameter of the 
driving shaft, where it passes through the cylinder drums, 
is smaller than would be needed if not only torque trans 
mission but also the great bending strength necessary in 
the known machines of this general type were required. 
Such reduction of the shaft diameter in machines accord 
ing to the invention is made possible by virtue of the 
fact that the twin driving disc 3 is independently journal 
led and supported against the stationary envelope struc 
ture of the machine, rather than being mounted on, and 
journalled by means of, the driving shaft. For connect 
ing the driving shaft to the twin driving disc 3 on the one 
hand, and to the driving or driven machinery outside of 
the hydraulic machine on the other hand, the two ends 
25a and 25b of the shaft have larger diameter than the 
intermediate shaft portion and are preferably pro?led to 
form keyways, such as the one shown at 250 in FIG. 1, 
for accommodating torque-transmitting keys or wedges. 
The shaft end 25b may also have milled-in teeth, com 
parable to those of a spur gear, which slidably engage 
mating teeth in the bore of the disc 3. 
For axially ?xing the shaft 25 in position, the shaft end 

25b located within the driving disc 3 is provided with a 
catch device. This device comprises two balls 25d and 
an intermediate helical compression spring 252 located 
in a transverse bore of shaft end 25b. The balls 25d 
engage an annular groove in driving disc 3. 
To permit inserting and removing the drive shaft 25, 

each head member 2 has a bore 26 in eccentric relation 
to the axis of shaft 25. The diameter of bore 26 is made 
just large enough to permit passage of the inner shaft 
end 25b and into engagement with the driving disc 3. 

Since the two head members 2 are of identical design, 
the hydraulic machine can readily be adapted to various 
operating conditions by having the driving shaft 25 enter 
from one or the other side as may be desired, or by using 
a longer driving shaft which passes through both head 
members 2 and protrudes on both sides out of the ma 
chine. This offers various possibilities of connecting the 
axial-piston machine to driving or driven machinery. 
The machine illustrated in FIG. 3 is to a large extent 

similar to the embodiment described above with reference 
to FIG. 1, particularly with respect to the design and 
arrangement of the driving disc, the pistons, their universal 
joint connections with the driving disc, and the cylinder 
drums. One of the essential differences, however, is the 
design of the stationary enclosure. According to FIG. 
3, the housing structure is composed of two identical half 
portions 27a and 27b whose respective axes form an 
obtuse angle with each other and which are ?anged to 
gether in the vicinity of the centrally located twin driving 
disc 30. The head members 28a and 28b, serving as end 
covers for the housing structure, are mounted on, and 
?anged together with, the cylindrical ends of respective 
housing portions 27a and 27b, the planar valve face of 
each head member being concentric and coaxial relative 
to the adjacent cylindrical housing portion. In the il 
lustrate-d embodiment, each cylinder drum 7 is journalled 
on a pintle 6 of the head member. However, this design 
also permits journalling the cylinder drums at their pe 
riphery in sliding or other journalling engagement with the 
bores of the respective housing half-portions 27a and 27b 
respectively. 
As explained above, the axial-piston machine accord 

ing to FIG. 1 has its twin driving disc provided with hubs 

15 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

75 

17 in journalling engagement with bearing bores of the 
respective head members 2. A prerequisite for such a 
design is an accurate alignment of the two bearing bores. 
Such alignment can readily be secured in a machine of 
the type shown in FIG. 1 because the bearing bores of the 
two head members 2 are concentric to the respective 
mounting ?anges of the head members thus causing no 
difficulty in manufacture. In contrast thereto, the twin 
driving disc 29 in the machine according to FIG. 3 is 
journalled only at its periphery and, for this reason, is 
provided with an antifriction bearing of extremely small 
space requirements. The .antifriction bearing consists of 
a twin-type ball hearing. The inner races for the bear 
ing balls are ground into the periphery of the twin driv 
ing disc 29. The outer races are formed ‘by two bearing 
rings 30 centered and fastened‘ by means of a supporting 
ring 31 Which is rigidly clamped between the respective 
?anges of the two housing portions 27a and 27b. Addi 
tional journalling of the driving disc by means of hubs 
guided in bores of the head members is not resorted to 
because the inclined position of the centering and ?ange 
faces of the head members 2 would make it dif?cult in 
manufacture to obtain the accurate concentricity and 
alignment of the hub bearings required for satisfactory 
operation. The machine according to FIG. 3, compared 
with that of FIG. 1, affords smaller housing dimensions 
and reduced weight and hence is preferable for many 
applications. 
The axial-piston machine shown in FIG. 4 incorporates 

further improvements over the machines described above 
with reference to FIGS. 1 to 3 and affords stopless varia 
tion of volumetric delivery and delivering direction. The 
twin driving disc 32 is peripherally journalled for coaxial 
rotation in the stationary machine housing structure 33. 
The housing structure is covered by respective head mem 
bers which, in this embodiment, are of composite con 
struction. Each head member comprises a rigidly 
mounted cover member as ?anged to the housing struc 
ture 33, and a displaceable control body 34!- seated in 
cylinder-shaped trough 35 of the cover member 36. The 
control body 34 is rotationally displaceable from a mid 
position toward both sides in a geometric plane deter 
mined by the center points of the spherical rings 19 and 
hence of the ball joints between the pistons and the driv 
ing disc, such displacing motion being about the cylinder 
axis of the trough 35' which extends perpendicular to the 
plane of illustration in FIG. 4. The permit passage of 
the driving shaft 25, each control body 34 has a conical 
opening 37 whose smallest diameter is just su?icient to 
permit passage of the thick shaft end 25b. The supply 
and discharge of oil or other hydraulic medium is effected 
at each of the two head members from two channels 33 
(FIG. 6) in the stationary portion 36 of the head mem 
her through two slots 39 (FIGS. 6, 7) of the displaceable 
control body 34 and thence through two approximately 
semicircular control grooves 40 in the valve face to the 
parts 1d of the cylinder bores 8. 

In practice, advantage can be taken of the possibility 
of operating the machine according to FIG. 4 by supply 
ing and discharging the hydraulic medium for both cylin 
der drums through only one of the two head members 
and the appertaining one displaceable control body 34‘. 
The slots 39 then serve only for relieving the inactive 
control Ibody 3d of hydraulic loading, and the channels 
38 of the adjacent cover portion as are then closed by 
means of a cover plate 69 (FIG. 6). 

In a twin machine of the type exempli?ed by FIG. 4, 
the two pintles for the cylinder drums must always occupy 
the same angular displacement relative to the machine 
taxis regardless of the adjusted amount of inclination. An 
other requirement to be met by such a design is the fact 
that the hydraulic equilibrium of forces at the cylindrical 
gliding surface on the back of control body 34 must re 
main as little affected as possible by the displacing forces. 
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The embodiment illustrated in FIGS. 4 and 7 satis?es both 
requirements as follows. 
The cylinder-shaped back of each control body 34 is 

provided with load-relieving grooves 41 (FIGS. 6, 7) 
which extend in the transverse direction and, in totality, 
form a spur gearing. Some of the grooves or tooth pro 
?les 41 are only partly milled into the control body 34 
so that the slots 39 remain framed within a continuously 
closed frame surface 41a which maintains a tight sealing 
engagement with the cylindrical trough surface in the 
stationary cover portion of the head member (FIGS. 4, 
6, 7). Two racks 45 (FIGS. 5, 6) are guided in respec 
tive grooves 43 machined into the cylindrical trough sur 
face of each head member. The two racks 45 are rigidly 
interconnected by a yoke portion 44 (FIG. 5) and are in 
meshing engagement with the grooves 41 of the control 
body 34. 
Two worm gears 46a and 46b are rotatably mounted 

in recesses of the respective two head members 36. Each 
worm gear has a bore in threaded engagement with a 
screw spindle 47 (FIGS. 4, 5) which is articulately linked 
with the yoke 44 of racks 45 by means of a pin 48 so as 
to be prevented from rotating about the spindle axis. 
Rotation of worm gears 46a'and 46b causes axial dis 
placement of the respective screw spindles 47, thus trans 
mitting the required displacing force to the pairs of racks 
45. The two racks 45 of each pair act upon the adjacent 
control ‘body 34 at locations symmetrical to the shaft axis 
of the machine. The worm gears 46a and 46b are con 
strainedly coupled with each other for synchronous op 
eration. To this end, a worm shaft 49, stationarily jour 
nalled on head members 36, is in meshing engagement 
with both worm gears 46a and can be turned by means 
of a hand wheel 50 or other control device. When as 
sembling such axial-piston machines of controllable de 
livery, the two displacement control devices must be ad 
justed for equal inclination of the respective cylinder 
drums. In the embodiment of FIG. 4, such adjustment is 
readily possible by removing from the worm shaft 49 a 
shoulder ring 51 which normally ?xes the shaft axially. 
Then the worm shaft can be pulled toward the right a 
slight amount out of the machine. As a result, the worm 
gear 46a is placed out of meshing engagement and, after 
removing a cover 52 (FIG. 4), can be individually turned 
the required equalizing amount. Subsequent axial shift 
ing of the worm shaft, caused simply by turning this shaft 
while worm gear 46b is kept arrested, again places the 
Worm gear 46a into threaded engagement with the worm 
shaft. After the worm shaft has reached its normal po 
sition it is again axially ?xed by attaching the shoulder 
ring 51. 

FIG. 8 illustrates a constrainedly operating pull-‘back 
device for the pistons and their universal junction with the 
twin driving disc, such a device being applicable with any 
of the embodiments previously described in this speci?ca 
tion. Only one pair of pistons cooperating with mutually 
aligned, adjacent spherical pans of the twin driving disc 
is illustrated. A spherical shell 53 is in gliding spherical 
area engagement with each pan 18. Lifting of the two 
shells 53 is prevented by respective calotte-shaped holder 
plates 54 likewise in spherical area engagement with the 
shells 53. The holder plates 54 of the two adjacent ball 
joints are connected and held together by means of a pin 
55 which traverses the connecting ‘bore 24 of the driving 
disc 3. Each spherical shell 53 has a ?at annular rim 
surface in face-to-face engagement with an annular shoul 
der of the adjacent piston 56. Each piston 56 has at its 
front a hollow cylindrical extension 57. A tubular rod 
71 passes through the piston and through a ?ller piece 73 
of light-weight material, for instance aluminum or other 
light metal. The rod member 71 has a ?ange portion 71a 
which rests against the end of the cylindrical extension 
57 and forms together therewith a peripheral groove into 
which a ring-shaped member 58, ?rmly joined with the 
spherical shell 53, is inserted. Suf?cient clearance is pro 
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vided between the cylindrical extension 57 and the ring 
member 58 to permit the kinematically necessary mini 
mum displacement of the piston structure relative to the 
appertaining spherical joint while nevertheless always 
maintaining at least a line engagement between extension 
57 and ring 58 for the required driving connection be 
tween the cylinder drum and the driving disc 3. The 
tubular rod 71 carries on its opposite end a screw nut 72 
for fastening the ?ller piece 73 to the piston. The ?ller 
piece 73 serves to reduce the dead cylinder space, which 
is particularly desirable for high-pressure pumping opera 
tion. 
The working pressure of the hydraulic medium to be 

delivered can propagate itself through the ‘bore 59 of 
the tubular rod 71 into the interior of the spherical shell 
53 and effects lubrication and hydraulic relief of all glid 
ing surfaces of the spherical piston joint. This also se 
cures hydraulic equalization of the pressure within the two 
cylinder spaces communicating with each other through 
the bore 24 of the driving disc 3 and through a number of 
bores 54a in plates 54. 
Another modi?cation of a universal-joint connection 

of two mutually opposed pistons with the common driv 
ing disc is illustrated in FIG. 9. The two pistons 60 have 
respective annular front faces abutting against corre 
sponding ring-shaped counter faces of spherical rings 61 
which are glidably seated in the spherical pans 18 of the 
twin driving disc 3. Each piston 60 has a ‘bottom por 
tion 62. A bushing 63 is ?tted into a mating bore of the 
spherical ring 61 and has a ?ange portion tightly abutting 
against the bottom portion 62 of piston 60. The center 
bore of bottom portion 62 is slightly larger than the cylin 
drical portion of bushing 63 to provide the kinematically 
necessary clearance. During operation of the machine 
the bushing 63 and the shoulder formed by the cylinder 
bottom portion 62 enter into radial engagement for the 
purpose of transmitting torque from the driving disc to 
the pistons, or vice versa. The bushing 63 thus holds the 
piston transversely against the spherical ring 61. A ball 
member 64, glidably seated in a spherical bore of bush 
ing 63, is connected with the corresponding ball 64 of the 
other bushing by a connecting rod 55 extending through 
the connecting bore 24 of the twin driving disc. This 
connection secures a reliable articulate attachment of all 
piston and joint components to the twin driving disc under 
any operating condition of the machine. 
For lubricating and hydraulically relieving all gliding 

faces of the spherical rings and for providing a hydraulic 
equalizing communication between each two adjacent cyl 
inders, the bottom portion 62 of the pistons and the 
spherical ring 61 are each provided with several bores 
62a and 61a through which the pressure of the hydraulic 
working medium in one cylinder can equalize itself to 
ward the adjacent cylinder whenever necessary. 
A further piston joint suitable in machines according 

to the invention is illustrated in FIG. 10. Spherical rings 
65 are seated in the spherical pans 18 of the driving disc 
in intimate area engagement therewith. The spherical 
rings 65 have planar front faces of annular shape abutting 
against the respective pistons 66. Each piston 66 has a 
bottom portion 67 whose inner side is provided with a 
centrally located spherical pan. Seated in each of these 
pans is a ball member 64 which is connected with the 
corresponding ball member of the other piston by means 
of_a connecting rod 55 that traverses the bore 24 of the 
drlving member, thus securing the pistons and spherical 
rings in sealed sliding engagement with the twin driving 
disc. A slight degree of transverse movability of the 
pistons must be provided for the reasons explained with 
reference to the modi?cations already described. For 
this purpose, the bottom portion 67 of each piston 66 has 
a spherical peripheral surface 75 which projects into the 
spherical pan 18 but has a slightly smaller diameter than 
the pan. During operation, the peripheral piston surface 
75 enters into radial line engagement with the spherical 
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pan 18 and is thus constrainedly entrained by the pan to 
transmit rotation. 

If desired, each piston 66 may be provided with a cylin 
drical extension similar to the one denoted by 22 in FIG. 
1, such extension protruding into a cylindrical center bore 
of ring 65 with slight diametrical clearance. Compared 
with such design, however, the modi?cation according to 
FIG. 10 has the advantage that the spherical rings 65 are 
not affected by the tangential forces that serve for driv 
ing the cylinder drum, because the spherical portion 75 of 
the piston is directly entrained and driven by the spherical 
pan 18 of the driving member 3. 
The required hydraulic equalizing communication of 

neighboring cylinder spaces, as well as the lubrication and 
hydraulic relief of the gliding surfaces on spherical rings 
65, is obtained by means of a plurality of bores 68 in 
the bottom portion 67 of each piston. 

It may be mentioned that the driving torques of the 
cylinder drums, even with highest delivery pressures, are 
relatively slight and for that reason do not represent an 
additional load of appreciable or wear-promoting magni 
tude. The connecting rods 55 described with reference 
to FIGS. 8, 9 and 10, may be made of a very thin high 
quality steel wire which, when assemblying the junction, 
is electrically heated at both ends and is then widened by 
hot upsetting. 

It will be obvious to those skilled in the art, upon study 
of this disclosure, that machines according to my inven 
tion may be modi?ed in various respects and may be given 
embodiments other than those particularly illustrated 
and described, Without departing from the essential fea 
tures of my invention and within the scope of the claims 
annexed hereto. 

I claim: 
1. A hydraulic machine of the axial-piston type, com 

prising a shaft, a stationary enclosure assembly having a 
housing structure around said shaft and having two axially 
spaced head members mounted on said housing structure, 
said head members having respective planar valve sur 
faces facing each other and inclined relative to the shaft 
axis, two multi~cylinder drums surrounding the axis of 
said shaft and rotatable on said respective valve surfaces, 
each drum having peripherally distributed cylinder bores 
parallel to the drum axis, said bores having respective 
ports adjacent to said valve surfaces to coact therewith, 
pistons reciprocable in respective bores, a single rotatv 
able disc structure coaxially connected with said shaft and 
journalled in said housing structure for rotation between 
said two cylinder drums, ball-joint means joining said re 
spective pistons of both said drums with said disc struc 
ture, said disc structure having coaxial hubs on opposite 
sides respectively and said head members having respec 
tive bearing bores in journalling engagement with said re 
spective hubs, each two of the cylinder bores and pistons 
of said respective cylinder drums being located in a radial 
plane of said disc, said disc having for each two of said 
pistons a pair of spherical pans which form part of said 
ball joint means and have their respective center points 
de?ne a line parallel to the disc axis, said disc having a 
hole between the pans of each pan pair, and said pistons 
and ball joint means having passages so- that said two 
cylinder bores hydraulically communicate with each other 
through said passages and said hole, each of said ball 
joint means having an exteriorly spherical ring movably 
engaging one of said pans for universal motion, said ring 
having a planar front face facing the adjacent piston, and 
said piston having an annular shoulder in abutting en» 
gagement with said front face and being slightly displace 
able in the plane of said front face, and each of said ball 
joints comprising a holder member located on the piston 
side of said ring and having spherical surface engagement 
in concentric relation to said pan, and connecting means 
extending through said hole of said disc and rigidly inter 
connecting the two holder members of said pair of pans. 
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2. A hydraulic machine of the axial-piston type, com 
prising a shaft, a stationary enclosure assembly having a 
housing structure around said shaft and having two axially 
spaced head members mounted on said housing structure, 
said head members having respective planar valve surfaces 
facing each other and inclined relative to the shaft axis, 
two multi-cylinder drums surrounding the axis of said 
shaft and rotatable on said respective valve surfaces, each 
drum having peripherally distributed cylinder bores paral 
lel to the drum axis, said bores having respective ports ad~ 
jacent to said valve surfaces to coact therewith, pistons 
reciprocable in respective bores, a single rotatable disc 
structure coaxially connected with said shaft and jour 
nalled in said housing structure for rotation between said 
two cylinder drums, ball-joint means joining said respec 
tive pistons of both said drums with said disc structure, 
said disc structure having coaxial hubs on opposite sides 
respectively and said head members having respective 
bearing bores in journalling engagement with said respec 
tive hubs, each two of the cylinder bores and pistons of 
said respective cylinder drums being located in a radial 
plane of said disc, said disc having for each two of said pis 
tons a pair of spherical pans which form part of said ball 
joint means and have their respective center points de?ne a 
line parallel to the disc axis, said disc having a hole be 
tween t‘he pans of each pan pair, and said pistons and ball 
joint means having passages so that said two cylinder bores 
hydraulically communicate with each other through said 
passages and said hole, each of said ball joint means having 
an exteriorly spherical ring movably engaging one of said 
pans for universal motion, said ring having a planar front 
face facing the adjacent piston, and said piston having an 
annular shoulder in abutting engagement with said front 
face and being slightly displaceable in the plane of said 
front face, and each of said ball joints comprising a holder 
member attached to said disc and having a spherical ‘sur 
face in concentric gliding engagement with said ring, said 
piston having a cylindrical part protruding into said ring 
in coaxial relation to said piston and ring, said cylindrical 
part having just sufficient clearance to maintain line en 
gagement with said ring in any operating position of said 
piston relative to said disc. 

3. A hydraulic machine of the axial-piston type, com 
prising a shaft, a stationary enclosure assembly having a 
housing structure around said shaft and having two axially 
spaced head members mounted on said housing structure, 
said head members having respective planar valve sur 
faces facing each other and inclined relative to the shaft 
axis, two multi-cylinder drums surrounding the axis of 
said shaft and rotatable on said respective valve surfaces, 
each drum having peripherally distributed cylinder bores 
parallel to the drum axis, said bores having respective 
ports adjacent to said valve surfaces to coact therewith, 
pistons reciprocable in respective bores, a single rotatable 
disc structure coaxially connected with said shaft and 
journalled in said housing structure for rotation between 
said two cylinder drums, ball-joint means joining said re 
spective pistons of both said drums with said disc struc 
ture, said disc structure having coaxial hubs on opposite 
sides respectively and said head members having respec 
tive bearing bores in journalling engagement with said re 
of said respective cylinder drums being located in a radial 
plane of said disc, said disc having for each two of said ball 
joint means a pair of spherical pans which form part of 
said ball joint means and have their respective center 
points de?ne a line parallel to the disc axis, said disc hav 
ing a hole between the pans of each pan pair, and said pis 
tons and ball joint means having passages so that said two 
cylinder bores hydraulically communicate with each other 
through said passages and said hole, each of said ball 
joints having an exteriorly spherical ring movably engag 
ing one of said pans for universal motion, said ring hav 
ing a planar front face facing the adjacent piston, and said 
piston having an annular shoulder in abutting engage 
ment with said front face and being slightly displaceable 
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in the plane of said front face, each of said pistons having 
a bottom portion with a central opening therein so as to 
form an annular inner shoulder adjacent to said ring, a 
slide plate located on the inner side of said annular shoul 
der in planar engagement therewith and displaceable rela 
tive to said piston in the plane of said engagement, said 
plate having a centrally located spherical recess on the 
plate side facing away from said disc, a spherical holder 
member in universally movable seating engagement with 
said recess, and a tension rod ?rmly connecting said holder 
member with said holder member of the adjacent ball 
joint and extending through said hole of said disc. 

4. A hydraulic machine of the axial-piston type, com 
prising a shaft, a stationary enclosure assembly having a 
housing structure around said shaft and having two axially 
spaced head members mounted on said housing structure, 
said head members having respective planar valve sur 
faces facing each other and inclined relative to the shaft 
axis, two multi-cylinder drums surrounding the axis of 
said shaft and rotatable on said respective valve surfaces, 
each drum having peripherally distributed cylinder bores 
parallel to the drum axis, said bores having respective 
ports adjacent to said valve surfaces to coact therewith, 
pistons reciprocable in respective bores, a single rotatable 
disc structure coaxially connected with said shaft and jour 
nalled in said housing structure for rotation between said 
two cylinder drums, ball-joint means joining said respec 
tive pistons of both said drums with said disc structure, 
said disc structure having coaxial hubs on opposite sides 

10 

15 

20 

25 

12 
respectively and said head members having respective 
bearing bores in journalling engagement with said respec 
tive hubs, each two of the cylinder bores and pistons of 
said respective cylinder drums being located in a radial 
plane of said disc, said disc having for each two of said 
pistons a pair of spherical pans which form part of said 
ball joint means and have their respective center points 
de?ne a line parallel to the disc axis, said disc having a 
hole between the pans of each pan pair, and said pistons 
and ball joint means having passages so that said two 
cylinder bores hydraulically communicate with each other 
through said passages and said hole, comprising an elon 
gated tensionally stressed connecting member extending 
through said hole of said disc and having its respective 
ends joined with the two joint-and-piston assemblies for 
attaching both movably to said disc. 
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