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(54) HYDROSTATIC RADIAL PISTON MACHINE

(57) Disclosed is a hydrostatic radial piston machine
which may be a motor and/or a pump. The machine is
configured to operate in the full displacement mode and
additionally in one or more reduced-displacement
modes.

To optimize the efficiency of the machine in the re-
duced-displacement modes the pistons can be retained
in their cylinder holes when they pass one of the deacti-
vated lobes.
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Description

[0001] The present invention relates to a hydrostatic
radial piston machine.
[0002] Hydrostatic radial piston machines ("ma-
chines") typically comprise a plurality of pistons pressed
against a cam body via rollers, wherein the cam body
has a plurality of lobes on its periphery.
[0003] The pistons are accommodated in cylinder
holes of an internal cylinder block and thus enclose work-
ing spaces. During a turn of a piston along the cam body,
the piston performs working strokes, whose number cor-
responds to the number of lobes of the cam body. The
cylinder block can rotate relative to the cam body, or the
cam body rotates relative to the cylinder block.
[0004] When the radial piston machine is used as a
motor, to which, e.g., a wheel of a mobile working ma-
chine is coupled in a rotationally-fixed manner, the motor
is towed along in an overrun operation, e.g., when the
mobile working machine rolls downhill.
[0005] In order to prevent the pistons from performing
braking and wear-inducing idle strokes, US 3,999,465
discloses a radial piston motor with magnets on the pis-
tons, via which all pistons can be retracted radially in-
wards into the associated cylinder holes and can be held
there. With this, the rollers of the pistons are lifted from
the lobes of the cam body. Then, the cam body of the
motor of US 3,999,465 can rotate freely in a towing op-
eration.
[0006] In addition, radial piston machines are known
that can operate in different displacement modes, e.g. a
motor with two different speeds. This can be achieved
by turning off the pressure supply to the pistons related
to only some of the lobes. These lobes are allocated in
a so called switchable group. A reduced displacement
mode is achieved by interrupting the pressure to each
piston in turn as it passes through the angular extent of
the lobes of the switchable group. Such a motor is dis-
closed by the applicant in RE 15199: "Radial piston motor
for integrated drives MCR-H" Edition 03.2017. For the
reduced displacement mode, both flanks of the lobes of
the switchable group are connected via a valve with con-
trol pressure. The corresponding pistons are towed
along, so that under control pressure they carry out brak-
ing and wear-inducing idle strokes in a disadvantageous
manner.

Summary of the Invention

[0007] It is an object of the invention to provide a hy-
drostatic radial piston machine comprising one group of
lobes which is always active and comprising at least a
further group of lobes, which can be activated and deac-
tivated in order to realize at least two different displace-
ment modes of the radial piston machine. The first group
is called active group and the second group is called
switchable group. In the reduced displacement mode the
machine shall have higher efficiency than current state

of the art.
[0008] This object is achieved by the subject-matter of
claim 1. Advantageous further developments are sub-
ject-matter of the dependent claims.
[0009] The hydrostatic radial piston machine compris-
es lobes arranged in a circumferential direction on a cam
body, each lobe comprising a lobe portion or flank of ris-
ing type and a lobe portion or flank of falling type. Pistons
are movable relative to the cam and guided in cylinder
holes or cylinder bores which are arranged in a cylinder
block radially or in a star-shaped manner. The lobes are
divided into an active group and at least one switchable
group in order to realize at least two displacement modes
of the radial piston machine. In more detail, the lobes of
the switchable group are switched on and activated in
the full displacement mode and switched off and deacti-
vated in the reduced displacement mode. The lobes of
the active group are active in each displacement mode.
According to the invention, each piston is individually pul-
lable into the cylinder block by magnetic force and can
be kept there in a retained position when the assigned
cylinder hole is in operative connection with a lobe of the
switchable group. Operative connection means that the
cylinder hole is arranged in an angular range or passes
through an angular range assigned to a lobe of the switch-
able group.
[0010] With this, all pistons are retracted into the cyl-
inder hole or cylinder block when passing over the deac-
tivated lobes. In this way, these pistons or their rollers
have only minimal or no contact with the deactivated
lobes. Therefore, the machine has higher efficiency in
the reduced displacement mode.
[0011] The pistons may have a radial distance or gap
even to the innermost portions of the lobes in the retained
positions of the pistons. In this way, the deactivated lobes
are not contacted in any way by the pistons or their rollers
in the retained positions of the pistons, thus the efficiency
of the machine is optimized. The gap can be provided to
account for manufacturing tolerances.
[0012] In a particularly preferred alternative there will
be no gap between the roller and the innermost point of
the piston lobe. This means that the roller will not have
any free stroke before it strikes the cam again. This will
keep noise down and reduce damage to the cam.
[0013] Preferably, a main valve is used to select the
displacement mode whose valve body is adjustable to a
full displacement position and a reduced displacement
position.
[0014] Preferably, the main valve is continuously ad-
justable between the two displacement positions to allow
a smooth transition between the two displacement
modes.
[0015] The main valve is preferably a 5/2-way valve,
which in the full displacement position connects the cyl-
inder holes being in operative connection with the lobes
of the switchable group with the working ports of the radial
piston machine, while in the reduced displacement posi-
tion it connects the cylinder holes being in operative con-
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nection with lobes of the switchable group with an interior
of a case or with a tank connection or with a leakage
connection.
[0016] In a preferred case of application, the radial pis-
ton machine is a motor, wherein the main valve is a speed
valve, since it serves for selecting a speed of the motor.
[0017] The pistons preferably are stepped pistons
which have a portion of larger diameter and a portion of
smaller diameter.
[0018] Preferably, the magnetic force is applied by
magnets.
[0019] Standard magnets can be active all the time as
the motor runs. This does not have a detrimental effect
on the efficiency of the motor - as well as resisting the
outgoing stroke, the magnets aid the return stroke of the
pistons, so the effect of having the magnets on all the
time as the motor runs is cancelled out over a full stroke
of each piston.
[0020] Preferably the magnet only has enough pulling
force to hold he piston in when it is very near.
[0021] According to a first embodiment, the magnets
are fixed to the respective piston.
[0022] In a further development of the first embodiment
with the stepped piston, the magnets are concentrically
accommodated in a blind hole or through hole of the por-
tion of smaller diameter.
[0023] Thereby, a diameter of the magnets should be
smaller than a diameter of the portions of smaller diam-
eter of the pistons.
[0024] A length of the magnets may correspond to ap-
proximately a length of the portion of smaller diameter.
[0025] The pistons also can be non stepped pistons.
[0026] In this case the magnets preferably have small-
er diameter than the non stepped pistons.
[0027] According to a second embodiment, the mag-
nets are fixed in the respective cylinder hole at the cyl-
inder block.
[0028] In a further development of the second embod-
iment, the magnets are concentrically accommodated in
a blind hole or through hole on one end face of the cylinder
hole and/or of the cylinder block.
[0029] Thereby, a diameter of the magnets should be
smaller than a diameter of the front end of the cylinder
hole and/or of the cylinder block.

Description of Figures

[0030] Two preferable exemplary embodiments of the
invention are explained in more detail in the following
with the help of schematic drawings, wherein the same
numerals are used to represent the same elements and
wherein:

Fig. 1 shows a hydrostatic radial piston machine ac-
cording to two embodiments of the invention;

Fig. 2 shows a schematic according to both embod-
iments of the invention;

Fig. 3 shows a section of a hydrostatic radial piston
machine according to the first embodiment; and

Fig. 4 shows a section of a hydrostatic radial piston
machine according to the second embodiment.

Detailed Description of Embodiments

[0031] Fig. 1 shows a hydrostatic radial piston machine
1 according to both embodiments of the invention. It has
a case 2 formed in sections by a cam body 4. The cam
body 4 is circumferentially circular and has six lobes 6a,
6b on its inner side, which are seen here as reductions
in the thickness of the cam body 4, i.e. as "valleys". Al-
ternatively, lobes 6a, 6b could also be regarded as moun-
tains. Thus, each lobe 6a, 6b has an angle range 8a, 8b
of 60°.
[0032] The radial piston machine 1 of the two embod-
iments described here is designed as a motor and has a
circumferential or rotating case 2 or cam body 4.
[0033] Accordingly, a stationary cylinder block 10 is
arranged in the interior of case 2, in which a number of
stepped cylinder holes 12 deviating from the number of
lobes 6a, 6b is formed. In the stepped cylinder holes 12,
the respective stepped pistons 14, 14a, 14b are radially
guided.
[0034] Fig. 3 shows a piston from Fig. 1, on which a
roller 16 is rotatably mounted. By applying pressure to
the two-part cylinder hole 12, the piston 14 is pressed
radially outwards, wherein its roller 16 rolls off the cam
body 4 and sets it in rotation.
[0035] Via an opening 20 of the cylinder hole 12, it is
alternately (in the way known from the prior art) connect-
ed to distributor holes 21 distributed around the circum-
ference and thus alternately to two working ports A, B
formed at the case 2.
[0036] Fig. 2 shows a schematic according to both em-
bodiments of the radial piston machine 1 according to
the invention. The group of permanently activated lobes
6a and the group of switchable lobes 6b are shown sep-
arately, each with the symbol of a hydraulic motor. The
group of permanently activated lobes 6a is always con-
nected via the distributor holes 21 to the two working
ports A, B of the machine, while the group of switchable
lobes 6b can be activated and deactivated via the dis-
tributor holes 21 and via a main valve 22.
[0037] The main valve 22 is designed as a 5/2-way
valve. Its valve body can have a full displacement position
y (shown in Fig. 2) and a reduced displacement position
z. The valve body is preloaded via a spring into the full
displacement position y (shown in Fig. 2). In this position,
the group of switchable lobes 6b is also connected to the
working ports A, B. In the reduced displacement position
z, which can be switched by a control pressure x, the
group of switchable lobes 6b is "short-circuited" and con-
nected to a leakage connection L or to the interior of the
case 2a (see Fig. 1). More precisely, the openings 20 (cf.
Fig. 1, Fig. 3 and Fig. 4) of all those cylinder holes 12
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which pass over an angle range 8b of a deactivated lobe
6b are connected to the leakage connection L or to the
interior (cf. Fig. 1). This applies to the lobe portions or
flanks of the rising type and to the lobe portions or flanks
of the falling type.
[0038] Fig. 3 shows a piston 14 passing over an inner-
most portion 24 of the cam body 4. Thus, the rotational
position of the cam body 4 shown in Fig. 3 is exactly the
transition between two lobes 6a, 6b. In the two embodi-
ments shown in Fig. 1, each transition between two lobes
6a, 6b always also means switching of the relevant cyl-
inder hole 12 or respectively of the relevant piston 14.
[0039] Piston 14 is designed as a stepped piston 14
and has a circular cylindrical portion of larger diameter
26 on the outer circumference, in which the rotating roller
16 is accommodated. Furthermore, the piston 14 has a
circular cylindrical portion of smaller diameter 28, which
is also on the outer circumference. A hole 29 is concen-
trically drilled into this portion 28, the diameter of which
corresponds to about half of the diameter of the portion
of smaller diameter 28 in the embodiment shown. A mag-
net 30 is inserted to fit precisely into this bore 29, which
is switched by a control unit (not shown) of the radial
piston machine 1 at each transition from a lobe 6a, 6b to
an adjacent lobe 6a, 6b. More precisely, each time the
piston 14 enters an angle range of a deactivated lobe 8b,
the magnet 30 draws the piston 14 radially inwards into
the cylinder block 10. This means that the piston 14 does
not carry out any wear-inducing and loss energy-gener-
ating idle strokes in the corresponding angle ranges 8b.
[0040] Fig. 4 shows a section of a cylinder block 10
according to the second embodiment of the radial piston
machine 1 according to the invention, in which a cylinder
hole 12 is shown without piston. It can be seen that a
hole 129 is drilled into an inner end face of the cylinder
hole 12, so that a portion of larger diameter of cylinder
hole 12 and a portion of smaller diameter of cylinder hole
12 and the hole 129 are formed to be circular-cylindrical
and are arranged concentrically to each other. A respec-
tive radial step is provided in between.
[0041] A magnet 130 is inserted to fit precisely into hole
129, via which the piston 14 (not shown in Fig. 4) can be
retracted in principally the same way as in the first em-
bodiment. Since the cylinder block 10 of the two embod-
iments shown is at rest, the magnet 130 of the second
embodiment of Fig. 4 also rests.
[0042] A lobe according to the invention is not neces-
sarily understood to be only a radially rising portion or
flank followed by a radially falling portion or flank of the
cam body in the direction of rotation. A lobe may also be
understood to be a radially falling portion or flank followed
by a radially rising portion or flank of the cam body in
either circumferential direction.
[0043] Further optionally, the pistons, cylinder holes
and rollers may be provided radially outside of a cam
body whose cam surface is on its outer periphery. Further
optionally, the cylinder holes may be provided as individ-
ual elements rather than in an integral cylinder body. Fur-

ther optionally, the pistons may bear directly on the cam
surface, rather than via rollers.
[0044] The machine of the invention may be a motor
and/or a pump. The machine is configured to operate in
the full displacement mode and additionally in one or
more reduced-displacement modes.
[0045] To optimize the efficiency of the machine in the
reduced-displacement modes, the pistons can be re-
tained in their cylinder holes when they pass one of the
deactivated lobes.

Reference Signs

[0046]

1 radial piston machine
2 case
4 cam body
6a activated lobe
6b switchable / deactivated lobe
8a angle range of an activated lobe
8b angle range of a deactivated lobe
10 cylinder block
12 cylinder hole
14 piston
14a activated piston
14b deactivated piston
16 roller
20 opening
21 distributor hole
22 main valve
24 innermost portion
26 portion of larger diameter
28 portion of smaller diameter
29 hole
30 magnet
129 hole
130 magnet
A working port
B working port
L leakage connection
x control pressure
y full displacement position
z reduced displacement position

Claims

1. Hydrostatic radial piston machine, comprising lobes
(6a, 6b) arranged in a circumferential direction on a
cam body (4), wherein pistons (14, 14a, 14b) are
movable relative to the cam body (4) and are guided
in cylinder holes (12), which are arranged in a cylin-
der block (10) radially or in a star-shaped manner,
wherein the lobes (6a, 6b) are divided into an active
group (6a) and at least one switchable group (6b) in
order to realize at least two displacement modes of
the radial piston machine, characterized in that
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each piston (14, 14a, 14b) is individually pullable into
the cylinder block (10) by magnetic force and can be
kept there in a retained position when the assigned
cylinder hole (12) is in operative connection with a
lobe (6b) of the switchable group.

2. Hydrostatic radial piston machine according to claim
1 having a main valve (22) for selecting the displace-
ment mode, comprising a full displacement position
(y) and a reduced displacement position (z).

3. Hydrostatic radial piston machine according to claim
2, wherein in the full displacement position (y) the
cylinder holes (12) in operative connection with lobes
(6b) of the switchable group are connected with
working ports (A, B) of the radial piston machine,
while in the reduced displacement position (z) the
cylinder holes (12) in operative connection with lobes
(6b) of the switchable group are connected with an
interior of a case (2) or with a tank connection or with
a leakage connection (L).

4. Hydrostatic radial piston machine according to claim
2 or 3, which is a motor, wherein the main valve (22)
is a speed valve.

5. Hydrostatic radial piston machine according to one
of the preceding claims, wherein the pistons (14,
14a, 14b) are stepped pistons which have a portion
of larger diameter (26) and a portion of smaller di-
ameter (28).

6. Hydrostatic radial piston machine according to one
of the preceding claims, wherein the magnetic force
is applied by magnets (30), which are fixed to the
respective piston (14, 14a, 14b).

7. Hydrostatic radial piston machine according to
claims 5 and 6, wherein each magnet (30) is accom-
modated in a hole (29) of the portion of smaller di-
ameter (28).

8. Hydrostatic radial piston machine according to claim
5 or 7, wherein a diameter of the magnets (30) is
smaller than a diameter of the portions of smaller
diameter (28).

9. Hydrostatic radial piston machine according to one
of claims 1 to 5, wherein the magnetic force is applied
by magnets (130), which are fixed in the respective
cylinder hole (12) at the cylinder block (10).

10. Hydrostatic radial piston machine according to claim
9, wherein each magnet (130) is accommodated in
a hole (129) of the cylinder hole (12) and/or of the
cylinder block (10).
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