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3,036,528 
HYDROSTATC DRVNG MECHANISMS 
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4. Claims. (C. 103-161) 
The invention relates to a hydrostatic driving mecha 

nism and can be constructed as a pump or as a motor or 
as a combination of a pump and a motor. 
Such hydrostatic driving mechanisms are already 

known, in which a plurality of pistons in the form of a 
star-shaped group are arranged to be radially movable in 
a cylinder housing which rotates about a central control 
plug containing Suction and pressure channels; the pistons 
are urged outwardly by centrifugal force with their heads 
against a circular regulating ring, the axis of which is 
eccentric and adjustable with respect to those of the 
cylindrical housing and the control plug. 
The invention is concerned with the problem of im 

proving such driving mechanisms and in particular relates 
to improving their running and vibration characteristics. 

According to the invention, an even number of piston 
groups are axially arranged together with the least pos 
sible Spacing so that each two piston groups are displaced 
by 180 one to the other, whereas the cylinder housings 
of the groups are secured against relative rotation and 
are radially movably connected together in the direction 
of their displacement. In this way, the rotary field of 
the motor or pump respectively lies over the whole cir 
cumference as regards such two associated groups. 
At the same time, the unbalance of the two associated 

groups, which is caused by the eccentric rotation of the 
pistons, is statically compensated. Should at least four 
of such groups be provided, a dynamic compensation is 
also given. The feature that the cylinder housings of 
the groups are secured against relative rotation and are 
radially movably connected together in the direction of 
their displacement ensures that no tilting movement of 
the cylinder housings on the control plug with a greater 
number of associated cylinder housings will result. 

Silent running and freedom from vibration of the driv 
ing mechanism are further improved in the region of the 
running surface of the control plug between the suction 
Space and the pressure space which is in communication 
with a source of a substantially constant pre-pressure 
which subjects the cylinder to a low fluid pressure before 
completion of the suction stroke preventing a return pulse 
occurring in the cylinder caused by the large pressure 
within the pressure space acting on the entrained air in 
the oil. It is to be noted that any pump operates with a 
volumetric efficiency, which is merely another expression 
for the phenomenon that the whole of the existing cylinder 
space is not completely filled during the suction stroke. 
In other words, the oil drawn by the pump from the reser 
voir is mixed with entrained air. A mixture of a liquid 
with air is a physical phenomenon and the degree of mix 
ing with air is dependent upon several factors, such as 
temperature, viscosity of the liquid and pressure. Nor 
mally as the revolving cylinder and piston move from the 
suction side to the pressure side, the oil within the pres 
sure side enters the incompletely filled cylinder spaces 
spasmodically causes a pulsing vibration. This has the 
result that the oil column within the cylinder undergoes 
oscillation. If vibrations of the machine driven by this 
pump occur in the same frequency range, the whole ma 
chine vibrates. This oscillation is prevented in the device 
of the invention by subjecting the cylinder to a small pre 
pressure before the cylinder communicates with the pres 
sure or discharge section of the pump. 
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2 
Due to the above-described features of the invention 

no interruption in the constancy of the pressure dissemi 
nation on the pressure side and in changing over from the 
suction side to the pressure side occurs. It may thus be 
established that the entrained air in the oil at a pressure 
of 15-30 ats. is completely absorbed, so that a constant 
pressure suffices for producing the pre-pressure. 
A pump constructed in particular as a gear pump pref 

erably serves as the source of this substantially constant 
pre-pressure and is driven by the driving shaft of the 
mechanism. 

Further improvements and preferred constructional 
features of the invention are explained below in conjunc 
tion with the accompanying drawing, in which one em 
bodiment of the invention is illustrated. 

In the drawings: 
FIG. shows a longitudinal section through a driving 

mechanism constructed in accordance with the invention 
taken along the line I-I of FIG. 2; 

FiG. 2 shows a transverse section through the mecha 
nisia on the line II-II of FIG. 1; 

FIG. 3 shows a transverse section on the line II-III 
of FIG. 1; 

FIG. 4 shows a partial transverse section on the line 
IV-IV of FIG. 1; 
F.G. 5 shows a partial transverse section on the line 

V-V of FIG. 1; 
FIG. 6 shows a partial section on the line VI-VI of 

FIG. 1, 
FIG. 7 is a sectional detail view of the cylinder hous 

ings coupling and 
FIG. 8 is a sectional detail view of the control rollers 

and grooves taken along VIII-VIII of FIG. 1. 
A control plug 2 is fitted non-rotatably in a housing 1. 
A bushing 4 formed with a series of radial ports is 

pressed into a drilling in a cylinder housing 3 and is se 
cured against rotation by means of a grub screw 5. This 
cylinder housing is arranged to be rotatable with the drill 
ing in its bushing 4 on the part 6 of the control plug 2 
shown to the left in FIG. 1. The end of the shaft of an 
electric motor (not shown) serving as a driving ma 
chine is shown at 8, This shaft drives a stub shaft 38 
by way of a non-slip flexible coupling 7, the stud shaft 
38 being rotatably mounted in a three-part gear pump 
housing 68, 70, 72 and driving the cylinder housing 3 by 
way of a non-slip flexible coupling 75. The three-part 
housing 68, 70, 72 is rigidly connected with the housing 
1 by means of threaded bolts 76 and securing keys 77. 
A gear wheel 79 is rotatably mounted in it on a spindle 
78 and forms one part of a gear wheel pump, its teeth 
meshing with those of a gear wheel 80 which is secured 
to the stub shaft 38. The gear pump formed by the two 
gear wheels 79 and 80 draws oil from a reservoir via a 
duct 81 and a connection 82, whereas the pressure duct 
is provided with the reference 83 and the pressure con 
nection with the reference 84. The pump serves to sup 
ply a constant pressure, such as 15 atmospheres, for ex 
ample. 
Two setting or volume regulating rings 10, 11 are 

pivotally arranged in the housing 1 upon a spindle 9. 
The construction of the two regulating rings, of which 
the regulating ring 11 is shown in FIG. 2, is the same 
for each. The eccentric position of their bores 12 with 
respect to the axis 13 of the cylinder housing 3 and the 
control plug 2 is displaced by 180. Whereas the axis 
14 of the bore in the regulating ring 11 lies a certain dis 
tance below that of the axis 13 (in FIG. 2), the axis 52 
of the bore in the regulating ring 10 (see FIG. 3) lies 
above the axis 13 by the same distance. 
A running ring 19 is rotatably mounted in the two 

regulating rings 10, 1 by means of two roller bearings 
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15, 16 and two flange rings 17, 18 and its inner surfaces 
20, 2i are inclined away from each other in a conical 
fashion. A series of pistons 22, 23 co-operates with 
each of these running surfaces 20, 21 and their rounded 
heads 24 lie against the corresponding running surfaces 
20, 21. The relative movement between the piston head 
and the inner ring is thus converted into a pendulum 
movement of the piston 22 and 24. Moreover, the pis 
tons are inserted obliquely in the cylinder body whereby 
the rolling path of the piston heads is widened. In the 
embodiment shown, 11 pistons 22 or 23 constitute each 
series of pistons and the two series together form a piston 
group. A piston group being mounted in a single cylin 
der housing. 
The pistons which are arranged in the cylinder body 

of the regulating ring 10 have references 25, 26. The 
construction and arrangement correspond with that of 
the pistons 22, 23. 
The pistons 25, 26 are arranged in the cylinder housing 

3 and are rotated about the axis of shaft 38 by the cylin 
der housing 3 which is driven by the electric motor (not 
shown). The pistons 22, 23 are arranged in a cylinder 
housing 27 which is connected with the cylinder housing 
3 by means of a non-slip coupling 28. The coupling 28 
is of a type which prevents relative rotation between the 
cylinder housings 3 and 27, but permits the cylinder 
housings to be relatively radially displaceable in the direc 
tion of displacement caused by the fluid force within the 
pressure section of the control plug 2. Coupting 28 may 
consist of a diametrical groove 90 formed in the end of 
housing 27 which reseives a diametrically extending 
tongue 92 defined in the adjacent end of housing 3. The 
tilting pressure described is avoided by these members 
of the cylinder body. A multi-ported bushing 51 is like 
wise pressed into the cylinder housing 27. The two cylin 
der housings 3, 27 are driven in the direction of the 
arrow 39. A suction space 30 and a pressure space 31 
are provided on the parts 6 of the control plug 2 in the 
region of the pistons 22, 23. In the corresponding way, 
the part 6 of the control plug includes a pressure space 
49 and a suction space 50 in the region of the pistons 25, 
26. The spaces 49, 50 are displaced by 180° with respect 
to the spaces 30, 31. 
The control plug also includes four drillings 32, 33, 

34, 35. The longitudinal drillings 32 and 35 form pres 
sure channels. As shown in FIG. 4, the control plug 2 is 
provided with two notches 53, 54 by which the drillings 
32 and 35 are connected with an annular space 55 pro 
vided in the housing 1. The drilling 56 establishes a 
connection between the annular space 25 and a pressure 
connection 57. 
The longitudinal drillings 33, 34 form suction chan 

nels. For this purpose, the control plug 2 is provided 
with two notches 58, 59 as shown in FIG. 5 by which the 
drillings 33 and 34 are connected with an annular space 
60 provided in the housing . A drilling 6 establishes a 
connection with a suction pipe 62. 

For further clarification, the suction channels are in 
dicated with S and the pressure channels with D. 

It is also possible to construct the two suction chan 
nels 33 and 34 and the two pressure channels 32 and 35 
separately from the control plug and so provide two com 
pletely separate pumps in the one unistructional unit. 
Two diametrically-opposed longitudinal drillings 36, 

39 are provided in the control plug 2 which communicate 
with an annular channel 64 provided on the plug 2 by 
way of two radial drillings 63, the annular channel 64 
being connected via a drilling 65 with a connection 66. 
In a manner not shown, this connection 66 is coupled with 
a pressure connection 84 of the gear pumps 79, 80. 
The longitudinal drilling 36 is provided in the region 

of the pistons 22, 23, and hence at the place where the 
suction space 30 passes into the pressure space 31, with 
a radial drilling 67 which merges into an axial groove 37 
extending to the running surface of the plug 2. In a cor 
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4. 
responding manner, the longitudinal drilling 39 is pro 
vided in the region of the pistons 25, 26, and hence at 
the place where the suction space 50 passes into the pres 
sure space 49, with a radial drilling 69 which merges 
into an axial groove 71 provided on the running surface 
of the plug 2. 

Radial drillings 73 are provided in the longitudinal 
drillings 36 and 39 but outside the region (the region) of 
the pistons 22, 23 and 25, 26, which connect with longi 
tudinal grooves 74. These longitudinal grooves 74 only 
serve for lubrication, whereas the longitudinal grooves 
37 and 71 serve to increase the silent running and vibration 
characteristics of the pump. By means of these grooves 
37 and 71, each cylinder is subjected to pressure before 
completion of the suction stroke from an independent 
pressure source (in the embodiment shown, by the pres 
sure delivered from the gear pump 79, 86), so that a re 
turn pulse of the pressure from the pressure chambers 
31 and 49 into the cylinder spaces communicating with 
the suction chambers 30 and 50, due to the incomplete 
filling and the compressability of the oil by entrained 
air, cannot occur, whereby the oil column is maintained. 

Regulation of the amount supplied by the pump is ef 
fected by pivoting the two regulating rings 10, 11 about 
the spindle 9 by means of the rollers 40 which engage in 
grooves 41 on control rollers 42 and 43. The two rollers 
42 and 43 are connected together by gearing and are 
driven together by means of a pinion 44 affixed to one 
of the roller shafts. In this way, it is ensured that the 
two regulating rings are always adjusted by the same 
amount with respect to each other. 
The concept of subjecting the operating spaces to a 

pre-pressure at the end of the suction stroke shortly 
before beginning the pressure stroke can also be em 
ployed for steplessly variable hydrostatic driving mecha 
nisms of other kinds. 
Whereas the mechanism of the embodiment can be 

driven up to a pressure of about 150 to 300 atmospheres, 
the pressure of the gear pump which supplies the drillings 
36 and 39 is approximately equal to 15 atmospheres. 

In FIG. 1, assuming the cylinder housings 3 and 27 not 
being radially displaceable, but rather rigidly connected 
together forming an integral unit, the triangles 45, 46, 
47, 48 indicate the pressure distribution which occurs 
on the edges of the pressure channels 31 and 49. It can 
thus be seen that the pressures in the triangles 46 and 47, 
acting at the geometrical centres of the triangles, form a 
tilting moment on the cylinder housings and control plug 
2. A second tilting moment is represented by the tri 
angles 45 and 48. The two moments are additive and 
would cause a marked tilting of the cylinder housings if 
the cylinder housings were not relatively radially dis 
placeable in the direction of the forces exerted in chan 
nels 3 and 49, thus no bending or tilting moment is ex 
erted on the cylinder housings but rather a purely radial 
force. 

In the embodiment, it is assumed that the pre-pressure 
is supplied by a gear pump 79, 80 which is driven from 
the machine which also drives the hydrostatic mechanism. 
It is also possible however to derive this pre-pressure 
from a quite independent pressure source, for example 
an independently driven pump. Instead of this, it is also 
possible to provide a pressure accumulator which sup 
plies the pre-pressure independently of operation of the 
hydrostatic mechanism. In the two latter possibilities, 
the pre-pressure is also maintained during stoppage of the 
machine. 

In the embodiment shown, four drillings 32, 33, 34, 35 
are provided in the control plug. Such construction would 
permit two separate pump systems if dual intake, outlet 
and annular chambers are provided. Or only two longi 
tudinal passages in control plug are necessary if it is 
desired to use common suction and pressure conduits for 
the various cylinder and piston groups. 
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What I claim is: 
1. In a hydraulic power transmission device, a housing, 

a valve pintle extending into said housing formed with 
longitudinal passages communicating with pressure and 
Suction channels opening on the periphery of the pintle, 
at least one pair of annular cylinder housings axially 
spaced in contiguous relation on said pintle radially dis 
placeable coupling means operatively interposed be 
tween said cylinder housings, pistons radially displace 
able in cylinders formed in each of said cylinder housings 
in two axially spaced annular rows, the cylinders of each 
housing selectively communicating with said channels, at 
least one pair of regulating rings, each ring carrying a 
ball bearing mounted race surrounding one of said cylin 
der housings, said pistons having rounded ends adapted 
to engage the inner periphery of said ball bearing race, a 
spindle supported in said housing spaced in parallel rela 
tion to the axis of said central pintle pivotally supporting 

- said regulating rings, means equally adjusting the angul 
lar displacement of said regulating rings around said 
spindle in opposite directions, said suction and said pres 
sure channels communicating with said cylinders of one 
cylinder housing being arranged diametrically opposed 
upon said pintle periphery to said Suction and said pres 
sure channels communicating with said cylinders of the 
other cylinder housing of said pair of cylinder housings. 

2. In a hydraulic power transmission device as in claim 
1, wherein the inner periphery of the race contacted by 
said pistons is formed by two conical surfaces converg 
ing inwardly and said two rows of pistons are relatively 
arranged slantingly diverging outwardly. 

3. In hydraulic power transmission device as in claim 
1 wherein said adjusting means for said regulating rings 
includes two rolls drivingly interconnected, said rolls 
being provided with helical grooves engaged by followers 
secured to said regulating rings diametrically opposite to 
said spindle. 

4. A hydrostatic power transmission comprising in com 
bination, a housing, a valve pintle extending into said 
housing formed with longitudinal passages communicat 
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ing with pressure and suction channels opening on the 
periphery of the pintle, an even number of separate, ad 
jacent annular cylinder housings rotatably supported on 
said pintle, radially reciprocable pistons mounted within 
cylinders defined in said cylinder housings, a regulating 
ring having an inner periphery engaged by said pistons 
cimcumscribing each of said cylindrical housings, means 
eccentrically adjusting said rings relative to the axis of 
said pintle whereby adjacent rings are eccentrically dis 
posed 180° to each other an equal degree from the pintle 
axis and radial displaceable coupling means interconnect 
ing adjacent cylinder housings transmitting torque there 
between and permitting radial displacement between said 
cylinder housings in the direction of primary radial forces 
imposed on said cylindrical housings. 
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