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Description

FIELD OF THE INVENTION

[0001] This invention relates to a spherical joint of a
hydrostatic piston machine having a cylinder block with
a plurality of cylinders, in which are slidably mounted pis-
tons in load engagement with a reaction member via
transmission members, each transmission member be-
ing connected to at least one of the elements constituted
by a piston and by the reaction member via the spherical
joint, the latter comprising a ball recess and a ball pivot
comprising a convex spherical surface having a symme-
try axis which is a longitudinal axis of the transmission
member.
[0002] This machine can be a hydraulic motor or a hy-
draulic pump of the axial piston type. The reaction mem-
ber is for example a swash-plate of which the inclination
with respect to the cylinder block can be adaptable so as
to change the active cylinder capacity of the machine, or
fixed. The transmission members can be piston rods hav-
ing spherical joints at both ends so that each transmission
member is pivotably coupled to a piston at one end and
to a sliding plate at the other end, in a sliding motion of
the sliding plate on the reaction member in relative rota-
tion. Alternatively, the transmission members can have
the spherical joints at one end only. For example, each
transmission member can be connected to a piston by a
spherical joint at one end while being connected at the
other end to a slipper, sliding on the swash plate. In this
case, the transmission members and the slipper are fixed
together so as to be part of a same rotating part. In an-
other example, each transmission member can form an
axial extension of a piston, said axial extension cooper-
ating with the reaction member via a spherical joint.

BACKGROUND OF THE INVENTION

[0003] A generally known arrangement of a joint cou-
pling for a hydrostatic piston machine has a ball pivot
imbedded in a ball recess. In order to minimize the con-
tact pressure between the ball pivot and the ball recess,
both spherical surfaces of the ball pivot and the ball re-
cess are manufactured in strict tolerances of their diam-
eters which involves high manufacturing costs. Further-
more this arrangement is not adequate to reduce signif-
icantly the contact pressure between the spherical sur-
faces. In fact, especially due to technological reasons, in
order to permit a circulation of fluid between the cylinders
and the swash plate in any relative angle of inclination
of the swash plate and the cylinder block, the ball pivot
ends at a planar surface and the ball recess ends at a
rotational recess, which is generally cylindrical, so the
contact areas and consequently the most loaded areas
of both spherical surfaces are on an edge, either on the
circular edge of the rotational recess of the ball recess
or on the circular edge of the planar surface of the ball
pivot. Contact loads on edges are thus unfavourably high

and consequently damages can occur due to unaccept-
able stresses.
[0004] An arrangement of a joint coupling for a hydro-
static piston machine is known by EP0763657 and has
a ball pivot of the axial extension of a piston imbedded
in a spherical ball recess of a slipper, the bottom of which
presents a conical surface continuously connected to the
spherical surface. Although this arrangement partially
decreases the contact pressure between the ball pivot
of the piston and the ball recess of the slipper, accuracy
requirements and costs for the manufacture of this ar-
rangement are as high as in the previously known ar-
rangement. In this case when tolerances are large, the
diameter of the contact area can be reduced and loads
consequently increased. Moreover, this arrangement be-
comes less efficient as the angle of inclination of the slip-
per axis with respect to the piston axis increases, as a
consequence of the eccentric influence of a force applied
from the piston towards the contact circle defined by the
intersection of the spherical surface of the ball pivot and
the conical surface of the ball recess in the slipper. When
this angle of inclination is increased, the axial force trans-
mitted from the piston to the transmission member is con-
siderably off-centred with respect to the joint surface of
the ball recess. Accordingly, the contact area on the an-
nular surface around the circle defined by the intersection
of the spherical surface of the ball pivot and the conical
surface of the ball recess is no longer complete, but is
limited to a portion of this annular surface. Resulting
stresses are consequently increased.
[0005] US 6024010 discloses another known arrange-
ments of joint couplings for an axial piston machine have
a spherical ball recess, which receives a shoe (or slipper).
In a first embodiment, the functional surface of the shoe
is created by a substantially spherical surface having a
radius of curvature equal or slightly smaller than that of
the recess, a top portion of said substantially spherical
surface having a larger radius of curvature. In a second
embodiment, this functional surface has a generatrix
formed by two eccentric arcs of circles, having a radius
smaller than the radius of the recess and intersecting on
an axis of symmetry at the top portion. US 6168389 dis-
closes a joint coupling for which the functional surface of
the shoe (or slipper) is created by the rotation of a part
of an ellipse around an axis of rotation of the shoe (or
slipper).
[0006] The disadvantage of the arrangements of US
6168389 and of the second embodiment of US 6024010
is an unacceptably large radial clearance on both sides
of the contact area between the respective functional sur-
faces of the ball recess and of the shoe (or slipper), which
prohibits an application of these arrangements for a
transmission of a radial force by means of the joint cou-
pling if the axial force is not sufficient to keep the two
adjacent surfaces in contact, in which case the radial
clearance allows the shoe to move in the radial direction.
Consequently, impacts due to vibrations may occur and
damage the machine. In the arrangement of the first em-
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bodiment of US 6024010, the disadvantage is that there
is still an edge effect because the intersection of two
spheres the centers of which are on the same axis is an
edge.
[0007] Further known arrangements of joint couplings
for an axial piston machine are known from EP1148237
and DE10314654.

SUMMARY OF THE INVENTION

[0008] The invention seeks to substantially overcome
the above mentioned disadvantages of the prior art.
[0009] This is achieved using the spherical joint of a
hydrostatic piston machine according to claim 1.
[0010] Advantageously, at least a portion of the con-
tinuous generating line of the ending rotational surface
is an arc of a circle, the radius of which is smaller than a
radius of the convex spherical surface.
[0011] Advantageously, at least a portion of the con-
tinuous generating line of the ending rotational surface
has a curvature defined by subtracting coordinates of a
curve such as a logarithmic curve from coordinates of an
arc of a circle. In this case, it is advantageous that the
continuous generating line of the ending rotational sur-
face has a curvature defined by subtracting coordinates
of a curve such as a logarithmic curve from coordinates
of an arc of a circle of which the radius is the radius of
said spherical surface.
[0012] Advantageously, the ending rotational surface
is connected to the convex spherical surface on a con-
necting circle and a connecting line between any point
of this circle and a centre of the spherical surface defines
with the axis of symmetry an angle in the range of 20°
up to 40°. In this case, advantageously, the connecting
circle is defined in a plane which is perpendicular to said
axis of symmetry.
[0013] Due to the absence of sharp edge, the choice
of said angle, which allows the determination of the po-
sition of the contact area of the ball recess on the ball
pivot, and also due to the curved shape of this contact
area on the ball pivot, the arrangement allows a radial
clearance between the ball pivot and the ball recess,
which is between 2 and 3 times larger than that of the
present known arrangements for the same applications.
Thus tolerances on the dimensions of the parts can be
increased and consequently manufacturing costs can be
reduced.
[0014] Moreover the arrangement of the spherical joint
according to the invention for a hydrostatic piston ma-
chine decreases by between 2 and 2,5 times the contact
pressure of the joint coupling due to the fact that, what-
ever is the tilt angle of the axis of the transmission mem-
ber with respect to the axis of the piston or to the axis of
the reaction member, the axial force transmitted from the
piston is always applied on a contact area which is sub-
stantially annular with a curved profile defined by the gen-
erating line, said curved profile being for example an arc
of circle or nearly an arc of circle. At the same time, due

to the absence of sharp edges, this arrangement elimi-
nates edge pressures on an end of a contact surface
between the ball pivot and the ball recess, and conse-
quently a lubrication of the contact surfaces is improved
and the friction and wear of the joint coupling are signif-
icantly reduced.
[0015] According to a second embodiment (not
claimed except in combination with the first embodiment),
the invention proposes a spherical joint of a hydrostatic
piston machine having a cylinder block with a plurality of
cylinders, in which are slidably mounted pistons in load
engagement with a reaction member via transmission
members, each transmission member being connected
to at least one of the elements constituted by a piston
and by the reaction member via the spherical joint, the
latter comprising a ball recess and a ball pivot comprising
a convex spherical surface having an axis of symmetry
which is a longitudinal axis of the transmission member,
wherein at least one of the elements constituted by the
ball recess and by the ball pivot has an end wall which
is deformable under the loads acting on the spherical
joint due to the working of said machine, so as to provide
for an ending rotational surface having a curvature which
is different from an initial curvature of said surface.
[0016] Advantageously, said deformable end wall is
adjacent to a rotational recess formed in the ball pivot
and/or in a space adjacent to the ball recess.
[0017] Advantageously, at least a most deformable
portion of said deformable end wall has a thickness in
the range of 5% to 20% of the diameter of said convex
spherical surface.
[0018] Advantageously, said deformable end wall has
a thickness that varies along said wall while increasing
as the diameter of the rotational recess increases.
[0019] Advantageously, said rotational recess has a
maximum diameter in the range of 30% to 65% of the
diameter of said spherical surface.
[0020] When the fluid pressure force on the piston is
transmitted to the spherical joint and when, consequent-
ly, the axial component of said force is applied on the ball
pivot, the arrangement according to the second embod-
iment of the invention allows for a deformation of the de-
formable wall so that the contact area between the ball
recess and the ball pivot moves from a circular edge to-
wards an annular area formed on the modified ending
surface, said modified surface being a substantially ro-
tational which medium diameter is substantially the di-
ameter of the rotational recess arranged to constitute the
deformable wall.
[0021] Thus, the position of the contact area, which is
the most loaded area of the spherical joint, is well defined.
Consequently the arrangement of the spherical joint ac-
cording to the second embodiment of the invention de-
creases 2 up to 2,5 times the contact pressure on the
joint coupling generated by the axial force generated by
the piston. This contact pressure does not depend on the
inclination of the axis of the transmission member with
respect to the axis of the piston, or with respect to the
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axis of the reaction member.
[0022] Furthermore the contact pressure in the loaded
area decreases as a consequence of the elastic defor-
mation of the wall between the rotational recess and the
adjacent spherical surface. As the surface of the thus
deformed wall is continuously connected to the spherical
surface of the ball recess or the ball pivot as the case
may be, this arrangement also eliminates edge pressures
on an end of a contact surface between the ball pivot and
the ball recess. Therefore, lubrication of the contact sur-
face is improved and friction and wear of the joint de-
crease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Examples of an arrangement of a spherical joint
for a hydrostatic piston machine of this invention are il-
lustrated on attached figures 1 to 6, wherein:

FIG. 1 is a longitudinal cross-section of an internal
part of a swash plate type axial piston machine,
where a force is transmitted from a piston onto a
swash plate by means of a piston rod and a bearing
plate.
FIG. 2 is a longitudinal cross-section of an arrange-
ment of an internal part of an axial piston machine
of the bent axis design.
FIG. 3 is a longitudinal cross-section of an arrange-
ment of an internal part of a swash plate type axial
piston where a force is transmitted from a piston onto
a swash plate by means of a slipper.
FIG. 4 is an enlarged fragmentary view of a spherical
joint of an axial piston machine according to the first
embodiment of the invention according to FIG. 3.
FIG. 5 is an enlarged diagrammatic view showing a
possible shape for the generating line of an ending
rotational surface, in a variant which does not corre-
spond to the claimed invention.
FIG. 6 is an enlarged diagrammatic view showing a
possible shape for the generating line of an ending
rotational surface, in a variant of the claimed inven-
tion.
FIG. 7 is an enlarged fragmentary view of a spherical
joint for an axial piston machine showing a first pos-
sible arrangement according to the second embod-
iment, wherein a rotational recess is created in a
space adjacent to a convex spherical surface of a
ball pivot, and which does not correspond to the
claimed invention.
FIG. 8 is an alternative solution of the arrangement
of the spherical joint illustrated on FIG. 7, which does
not correspond to the claimed invention.
FIG. 9 is a detail of the rotational recess from FIG. 8.
FIG. 10 is an enlarged fragmentary view of a spher-
ical joint applied in an axial piston machine, showing
a second possible arrangement according to the sec-
ond embodiment of the invention, which does not
correspond to the claimed invention, and wherein a

rotational recess is created in a space adjacent to a
ball recess.
FIG. 11 is a graph of a relative value of a contact
pressure and a relative value of a force in a contact
area as functions of an angle (β).
FIG. 12 is a graph of a contact pressure as a function
of an angle (β) for different radial clearances in a joint.

DESCRIPTION OF THE PREFERED EMBODIMENTS

[0024] Figure 1 shows a hydrostatic piston machine
comprising a housing (not shown), a cylinder block (10)
in rotational engagement with a shaft (11). Pistons (2)
are reciprocally and slidably mounted in cylinders (1) of
the cylinder block. During the rotation of the cylinder
block, the cylinders are alternatively connected to fluid
main ducts (not shown) via a distribution plate (12). The
force generated by the fluid pressure inside the cylinders
(1) is transmitted from the pistons (2) through transmis-
sion members (4) onto a reaction member (5). Therefore,
the pistons are in load engagement with the reaction
member.
[0025] In the example shown, the reaction member (5)
is a control member having an axis Ar making a constant
or variable angle (α) with respect to the axis of rotation
Ac of the cylinder block (1). This angle determines the
value of the strokes of the pistons (2) and the displace-
ment volume of the machine. The pistons (2) and the
transmission members (4) have through holes (13) on
their respective axes for lubrication and hydrostatic bal-
ance of the machine.
[0026] In a swash plate type axial piston machine illus-
trated on FIG. 1, the reaction member (5) is a swash plate
and the transmission member (4) for each piston is a
piston rod. A first spherical joint (3) connects the piston
(2) with the connecting rod (4). A second spherical joint
(3a) connects the piston rod (4) with a sliding plate (14)
which slides on a surface of the swash plate (5) via a
bearing plate (15) as the cylinder block rotates.
[0027] In a bent axis type axial piston machine as il-
lustrated on FIG. 2, the rotation axis of the cylinder block
(10) is bent with respect to the rotation axis of the reaction
member (5), the angle formed between these axes can
be fixed or variable (in which case the cylinder block is
inclinable) and determines the value of the strokes of the
pistons and the displacement volume of the machine. In
this example, the piston (2) is an integrated part of the
transmission member (4). More precisely, the transmis-
sion member forms an axial extension of the piston, said
axial extension cooperating with the reaction member (5)
via a spherical joint (3).
[0028] In the swash plate type axial piston machine
illustrated on FIG. 3, each transmission member (4) is
linked to a corresponding piston by a spherical joint (3)
at one end while being linked at the other end to a slipper
(4a), sliding on the swash plate (5). The transmission
members (4) and the slipper (4a) are fixed together so
as to be part of a same rotating part.
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[0029] The invention is applicable to the spherical
joints (3, 3a) of these three examples.
[0030] The first embodiment of the invention is de-
scribed herein-below in reference to FIGS. 4 to 6.
[0031] As it can be seen on FIG. 4, a spherical joint (3)
comprises a ball recess (32) and a ball pivot (31). The
ball recess essentially has a spherical shape, its edge
32a being somewhat flared. The nominal value of radius
(R1) of the ball recess (32) which essentially has a spher-
ical shape is equal to the nominal value of radius (R1) of
the ball pivot (31) and their real values are different due
to a necessary radial functional clearance and manufac-
turing tolerances.
[0032] According to the invention the ball pivot (31)
consists of a convex part (31a), which is substantially
spherical. As seen on the drawing, a portion (31b) of the
outer surface of this part can depart from a sphere, while
being flattened so as to locally have the shape of a cyl-
inder based on a circle, in order to facilitate the mounting
of the convex part (31a) into the ball recess (32). Never-
theless, on most of its surface, the ball pivot has a spher-
ical surface, which means that this surface is mostly
formed on a sphere having a radius R1 and for which the
longitudinal axis (6) of the transmission member (4) is a
symmetry axis.
[0033] This spherical shape is also altered at the outer
end of the ball pivot. More precisely, a circle of diameter
(d) is defined by the intersection of the sphere of radius
R1 with a cone, the summit of which is the centre (Cs)
of the sphere, the axis of which is the longitudinal axis
(6) of the transmission member (4) and the generatrix of
which heads towards the outer end of the ball pivot (31)
(opposite to the piston) and defines with said axis (6) an
angle (β).
[0034] Beyond the said circle of diameter (d) the con-
vex surface (31a) of the ball pivot (31) departs from the
sphere of radius R1, while having an ending convex ro-
tational surface (33) which has a curvature different from
the curvature of said sphere.
[0035] As shown on FIG. 5, this ending rotational sur-
face (33) can have the generating line thereof formed by
an arc of a circle (33a) with a radius (R2), which is slightly
smaller than the radius (R1).
[0036] As shown on FIG. 6, the ending convex rota-
tional surface (33) can also have its generating line
formed by a curve (33a) which is determined from an arc
of a circle (33b), the radius of which is equal to the radius
(R1), while subtracting the coordinates of a modifying
curve (33c) starting at zero on the above-mentioned cir-
cle of diameter (d), so that the distance between the gen-
erating line (33a) and the center (Cs) of the sphere of
radius R1 decreases from R1. For example, this modify-
ing curve can be determined as a logarithmic function or
any other mathematical function providing a smoothly
increasing Y-axis coordinate, with Y-axis perpendicular
to the ball pivot axis. In the meaning of the invention,
such other mathematical function is considered as a
curve such as a logarithmic curve.

[0037] Whatever the exact shape of the ending rota-
tional surface (33), it is continuously connected to the
convex spherical surface (31a) without forming any sharp
edge.
[0038] When a loading force is applied on the spherical
joint of the hydrostatic piston machine according to this
invention, a contact between the ball recess (32) and the
ball pivot (31) occurs on an annular surface having the
diameter (d) of the above mentioned circle as its medium
diameter, where: 

[0039] The width (w) of this annular contact area de-
pends firstly on the value of the loading force, secondly
on the materials in which the contacting surfaces of the
ball pivot (31) and the ball recess (32) are formed and
thirdly on real geometric dimensions of the joint coupling
(3), which real dimensions are determined from spheres
having the radius R1, taking manufacturing tolerances
into account. The value of the axial loading force decreas-
es, when angle (β) increases, as a consequence of an
influence of hydrostatic pressure on a surface bounded
approximately by the medium diameter (d) of the contact
area. Besides, the contact force increases proportionally
with the value: 1/cosβ.
[0040] FIG. 11 shows the variation of relative values
of loading forces F/F0, where F0 is a loading force by

β=0° versus the angle(β) of the contact area (curve 2),
and the variation of relative values of contact forces
pH/pHMIN, where pHMIN is the minimum value of the con-

tact force, versus this angle (β) (curve 1). In this example,
these characteristics are determined firstly for both parts
of the spherical joint manufactured from steel and sec-

ondly for the following ratio:  where D
is the diameter of the piston (2).
[0041] The intersection of both curves on FIG. 11 de-
fines the value of angle (β), which is the best compromise
to get the contact force and the loading force as low as
possible and consequently to get a low value of the fric-
tion in the spherical joint.
[0042] The invention allows for a radial clearance, hav-
ing a value which can be as big as twice the usual value
for generally known hydrostatic piston machines. The
value of the friction coefficient in the spherical joint of the
invention is positively influenced by a presence of pres-
surized fluid in the contact area and consequently the
lifetime of the connection is also improved. For a spher-
ical joint (such as 3 on FIG. 1) connecting a transmission
member to the corresponding piston, such a pressurized
fluid shown by arrows (p) in FIG. 4 is directly obtained
from the fluid under pressure in the cylinder (1) in which
said piston slides, going through a through hole (2a)
formed in the bottom part of said piston. For a spherical
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joint (such as 3a on FIG. 1) connecting a transmission
member to the reaction member, such a pressurized fluid
can be obtained from the fluid under pressure in the cyl-
inder (1), in which the piston corresponding to said trans-
mission member slides, via the through hole (2a) of the
bottom part of said piston and via the through hole (13)
of this transmission member. Values of the Hertz - contact
pressure for two different values of a radial clearance
between the ball recess (32) and the ball pivot (31) as a
function of the angle (β) of the contact area are illustrated
on FIG. 12. The most advantageous area of the angle
(β) of the contact area, deducted from both FIG. 11 and
12, lies between 20° and 40°.
[0043] Moreover the double clearance allows larger
tolerances on the dimensions of the parts and conse-
quently production costs can be reduced.
[0044] The second embodiment (not part of the present
invention) is described herein-below in reference to
FIGS. 7 to 10.
[0045] As seen on FIG. 7, a spherical joint (3) according
to the second embodiment of the invention comprises a
ball recess (32) of diameter D2 formed in a first part con-
sisting of a cylindrical piston (2) with a diameter D and
an axis (6a), and a ball pivot (31) with a diameter D1 and
an axis (6) formed in a second part consisting of a slipper
(4) of a hydrostatic piston machine as illustrated on FIG.
3. The axis (6) is an axis of symmetry of the globally
convex spherical surface (31a) of the ball pivot and a
longitudinal axis of the transmission member 4 provided
with the said ball pivot. Although diameters D1 and D2
have the same nominal value, thereafter D1, D2 is slightly
larger than D1 due to necessary functional clearance and
tolerances.
[0046] In this joint coupling a rotational recess (7),
which is coaxial with the slipper, is created in the ball
pivot (31) in a space adjacent to the convex spherical
surface (31a) so that an end wall of the ball pivot is an
elastically deformable wall (8) formed between said ro-
tational recess (7) and the adjacent part of the convex
spherical surface (31a).
[0047] This wall can thus be deformed under the loads
acting on the spherical joint due to the working of the
hydrostatic machine, so as to provide for an ending ro-
tational surface (33) having a curvature which is different
from the initial curvature of said surface. The initial cur-
vature is the curvature of this surface under no load, com-
monly the curvature of the sphere having the diameter
D1.
[0048] The above-mentioned diameter dr of the rota-
tional recess (7) is the maximum diameter thereof. In the
example shown, this rotational recess essentially has the
shape of a cylinder based on a circle of diameter dr. The
end wall (8) delimits the recess (7) due to the curvature
of said end wall, the diameter of the recess progressively
decreases along said wall, starting from the said cylin-
drical surface. The thickness (t) of the wall (8) varies
along the end wall (7) as the diameter of the recess varies.
More precisely, this thickness increases as the diameter

of the rotational recess increases, this variation being
preferentially proportional or substantially proportional.
The deformability of the end wall (7) is at its maximum
where the thickness is minimum, the thickness of at least
a most deformable portion of said deformable end wall
being in the range of 5% to 20% of the diameter of the
convex spherical surface.
[0049] The rotational recess (7) advantageously forms
part of a lubrication through hole such as hole (13) of
FIG. 1. To this aim, a through hole (8a) of small diameter
is machined coaxial with the axis (6) in the wall (8). Said
small diameter is for example in the range of 10% to 30%
of diameter dr.
[0050] When the spherical joint (3) of the hydrostatic
piston machine according to the invention is loaded by
an axial force transmitted from the fluid pressure applied
on the piston (2), the contact area between the ball recess
(32) and the ball pivot (31) occurs approximately around
a circle of diameter dr of the contact area of the rotational
recess (7), where: 

where (β) is the angle defined by the axis (6) of the ball
pivot (31) and a generatrix of a cone, the summit of which
is the centre (Cs) of the convex spherical surface (31a)
and the intersection of which with the convex spherical
surface (31a) forms a circle of diameter dr.
[0051] The width (w) of this annular contact area de-
pends firstly on the value of the fluid pressure (p) applied
on the piston (2), secondly on the materials in which the
contacting surfaces of the ball pivot (31) and the ball re-
cess (32) are formed and thirdly on real geometric di-
mensions of the joint coupling (3), which real dimensions
are determined from spheres having the radius R1, taking
manufacturing tolerances into account. The value of the
axial loading force decreases, when angle (β) increases,
as a consequence of an influence of hydrostatic pressure
on a surface bounded approximately by the medium di-
ameter (dr) of the contact area.
[0052] Tribological parameters of both adjoining parts
(the ball pivot and the ball recess) are very important. In
fact, a part of the force transmitted is also supported by
a border surface of the wall (8), which is bounded by a
diameter smaller than the diameter dr of the contact area
as a consequence of the creation of the rotational recess
(7) and of the elastic deformation of the wall (8) when an
axial load is applied.
[0053] Value of axial loading decreases if the above-
mentioned angle (β) increases, as a consequence of the
influence of hydrostatic pressure on the surface bounded
approximately by the medium diameter (dr) of the contact
area. Besides, the contact force increases proportionally
with the value 1/cosβ.
[0054] As for the first embodiment of the invention, the
variation of a relative value of a loading force F/F0, where
F0 is a loading force by β=0°, and the variation of a relative
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value of a contact pressure pH/pHMIN, where pHmin is
the minimum value of the contact pressure pH, versus
the angle (β) of the contact area, are illustrated on FIG.
11. These characteristics do not take acount of the influ-
ence of the elastic deformation of the wall (8) under load
and consequently the contact pressure will be even low-
er. These characteristics are determined for both parts
of the spherical joint manufactured from steel and for the
following ratio: 

[0055] The intersection of both curves on this figure
defines a value of angle (β), which is the best compromise
to get the contact pressure and the loading force as low
as possible, and consequently a low value of friction in
the spherical joint. The value of the friction coefficient in
the spherical joint is favourably influenced by the pres-
ence of oil pressure in the contact area and consequently
the lifetime of the connection is also improved.
[0056] As for the first embodiment, referring also to
FIG. 12, the most advantageous area of the angle (β) of
the contact area lies between 20° and 40°. This corre-
sponds approximately with a percentage relation of the
diameter (dr) of the rotational recess (7) to the first diam-
eter (D1) of the ball pivot (31) in range 30% up to 65%.
[0057] Although nominal values of diameter (D1) of the
ball pivot (31) and diameter (D2) of the ball recess (32)
are equal, diameter (D2) is bigger than diameter (D1)
due to functional clearance and production tolerances.
With the arrangement of the spherical joint according to
the second embodiment of the invention, values of pro-
duction tolerances can be about two-times bigger than
values of tolerances of existing spherical joints used for
the same applications at the present time. Thus produc-
tion costs can be reduced. Furthermore, the values of
Hertz-contact pressure will be substantially lower in com-
parison with existing spherical joints and consequently
lifetime of parts can be improved.
[0058] FIGS. 8 and 9 show another example for the
second embodiment, where the rotational recess (7) is
also formed is the ball pivot (31) of a slipper (4), while
being coaxial with the slipper. This rotational recess (7)
is created in the slipper by machining or any other ap-
propriate means from the head portion of the ball pivot
before the wall (8) is pressed down in the position shown
(which is its initial position in the meaning of the inven-
tion), for example with a tooling of an adapted shape
during heat treatment of the slipper during a plastic state
to form a spherical surface of diameter D1. In this exam-
ple, the rotational recess (7) has a maximum diameter
dr and forms an enlarged part of the through hole (13) of
the slipper.
[0059] FIG. 10 shows still another example for the sec-
ond embodiment, wherein the rotational recess (7) is cre-
ated in a space adjacent to the contact area of the spher-

ical surface 32’ of the ball recess (32), which belongs to
the piston (2) of diameter (D). In this example, the rota-
tional recess (7) of nominal diameter (dr) is coaxial with
the axis (6a) of piston (2) and is created so that an elas-
tically deformable wall (8) is formed between the said
rotational recess (7) and the adjacent part of the spherical
surface (32a). Towards the inner end of the piston direct-
ed toward the bottom of the cylinder in which said piston
slides, the rotational recess (7) is extended by a cavity
opening on said inner end, so that the piston is substan-
tially hollow.
[0060] A through hole (8a) of a small diameter is coaxial
with the axis (6a) between the ball recess (32) and the
rotational recess (7). Said small diameter is for example
in the range of 10% to 30% of diameter dr.
[0061] In the examples shown on FIGS. 7 to 10, the
ball pivot (31) belongs to a slipper (4), although, as indi-
cated above, such a ball pivot according to the invention
can also be formed at either end of the piston rod 4 of
FIG. 1, or at the end of the transmission member 4 of
FIG. 2 which is away from the cylinder 1. In the examples
of FIGS. 8 to 10 also, the thickness of the deformable
end wall (8) advantageously varies along said wall as
described in reference to FIG. 7.
[0062] In addition to these described application pos-
sibilities, it is possible to utilise the arrangement of the
spherical joint according to the invention for radial piston
machines. Moreover the spherical joint according to in-
vention can be advantageously used for a fluid pressure
actuated piston of a servo control of the displacement of
a hydrostatic piston machine. Advantageously the servo
control pistons can be connected to the swash plate of
a hydrostatic piston machine by connecting rods having
one or preferably two spherical joints according to the
invention, which are similar to the piston rods connecting
the cylinder block to the swash plate of the machine.

Claims

1. A spherical joint of a hydrostatic piston machine hav-
ing a cylinder block with a plurality of cylinders (1),
in which are slidably mounted pistons (2) in load en-
gagement with a reaction member via transmission
members (4),
each transmission member being connected to at
least one of the elements constituted by a piston and
by the reaction member via the spherical joint (3),
the latter comprising a ball recess (32) and a ball
pivot (31);
the ball recess (32) essentially having a spherical
shape;
the ball pivot (31) comprising, on most of its surface,
a convex spherical surface (31a);
a nominal value R1 of a radius of the ball recess (32)
being equal to a nominal value of a radius of the
convex spherical surface (31a) of the ball pivot (31);
the convex spherical surface (31a) having an axis of
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symmetry (6) which is a longitudinal axis of the trans-
mission member (4);
the spherical joint being characterised in that
a circle being defined by an intersection of the sphere
of radius R1 with a cone, a summit of which is a
centre (Cs) of the sphere, an axis of which being a
longitudinal axis (6) of the transmission member (4)
and the generatrix of which heading towards an outer
end of the ball pivot (31) opposite to the piston, and
defining with said axis (6) an angle (β), the ball pivot
(31) has a convex ending rotational surface (33)
which departs from the convex spherical surface
(31a) radially inside said circle while being continu-
ously connected therewith, and is created by a rota-
tion of a continuous generating line around the axis
of symmetry (6),
the ending convex rotational surface (33) having a
curvature different from the curvature of said sphere.

2. A spherical joint of a hydrostatic piston machine ac-
cording to claim 1 characterised in that, at least a
portion of the continuous generating line of the end-
ing rotational surface (33) is an arc of a circle the
radius (R2) of which is smaller than a radius (R1) of
the convex spherical surface (31a).

3. A spherical joint of a hydrostatic piston machine ac-
cording to claim 1 or 2 characterised in that, at least
a portion of the continuous generating line (33a) of
the ending rotational surface (33) has a curvature
defined by subtracting coordinates of a curve (33c)
such as a logarithmic curve from coordinates of an
arc of a circle (33b).

4. A spherical joint of a hydrostatic piston machine ac-
cording to claim 3 characterised in that, the con-
tinuous generating line of the ending rotational sur-
face (33) has a curvature defined by subtracting co-
ordinates of a curve (33c) such as a logarithmic curve
from coordinates of an arc of a circle (33b) of which
the radius is the radius (R1) of said spherical surface.

5. A spherical joint of a hydrostatic piston machine ac-
cording to anyone of claims 1 to 4, characterised
in that, the ending rotational surface (33) is connect-
ed to the convex spherical surface (31a) on a con-
necting circle and in that a connecting line between
any point of this circle and a centre (Cs) of the spher-
ical surface defines with the symmetry axis (6) angle
(β) in the range of 20° to 40°.

6. A spherical joint of a hydrostatic piston machine ac-
cording to anyone of claims 1 to 5, characterized in
that the ball recess (32) has an end wall (8) which
is deformable under the loads acting on the spherical
joint due to the working of said machine, so as to
provide for an ending rotational surface (33) having
a curvature which is different from an initial curvature

of said surface.

Patentansprüche

1. Kugelgelenk einer hydrostatischen Kolbenmaschi-
ne, die einen Zylinderblock mit mehreren Zylindern
(1) aufweist, in dem verschiebbar angebrachte Kol-
ben (2) über Übertragungsglieder (4) mit einem Re-
aktionsglied in Lasteingriff stehen,
wobei jedes Übertragungsglied mit mindestens ei-
nem der durch einen Kolben und durch das Reakti-
onsglied gebildeten Elemente über das Kugelgelenk
(3) verbunden ist,
wobei das Letztere eine Kugelausnehmung (32) und
einen Kugelzapfen (31) umfasst,
wobei die Kugelausnehmung (32) im Wesentlichen
eine Kugelform aufweist, wobei der Kugelzapfen
(31) am größten Teil seiner Oberfläche eine konvexe
Kugelfläche (31a) umfasst,
wobei ein Nennwert R1 eines Radius der Kugelaus-
nehmung (32) gleich einem Nennwert eines Radius
der konvexen Kugelfläche (31a) des Kugelzapfens
(31) ist,
wobei die konvexe Kugelfläche (31a) eine Symme-
trieachse (6) aufweist, die eine Längsachse des
Übertragungsglieds (4) ist,
wobei das Kugelgelenk dadurch gekennzeichnet
ist, dass
ein Kreis durch einen Schnittpunkt der Kugel mit dem
Radius R1 mit einem Kegel definiert ist, dessen Spit-
ze ein Mittelpunkt (Cs) der Kugel ist, dessen Achse
eine Längsachse (6) des Übertragungsglieds (4) ist
und dessen Mantellinie in Richtung eines äußeren
Endes des Kugelzapfens (31) gegenüber dem Kol-
ben gerichtet ist und mit der Achse (6) einen Winkel
(β) definiert,
der Kugelzapfen (31) eine konvexe Endrotationsflä-
che (33) aufweist, die von der konvexen Kugelfläche
(31a) radial im Inneren des Kreises abgeht, während
sie durchgehend damit verbunden ist, und durch ei-
ne Rotation einer durchgehenden Erzeugungslinie
um die Symmetrieachse (6) erzeugt wird,
die konvexe Endrotationsfläche (33) eine Krüm-
mung aufweist, die sich von der Krümmung der Ku-
gel unterscheidet.

2. Kugelgelenk einer hydrostatischen Kolbenmaschine
nach Anspruch 1, dadurch gekennzeichnet, dass
mindestens ein Abschnitt der durchgehenden Er-
zeugungslinie der Endrotationsfläche (33) ein Kreis-
bogen ist, dessen Radius (R2) kleiner als ein Radius
(R1) der konvexen Kugelfläche (31a) ist.

3. Kugelgelenk einer hydrostatischen Kolbenmaschine
nach Anspruch 1 oder 2, dadurch gekennzeichnet,
dass mindestens ein Abschnitt der durchgehenden
Erzeugungslinie (33a) der Endrotationsfläche (33)
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eine Krümmung aufweist, die durch Subtrahieren
von Koordinaten einer Kurve (33c), wie einer loga-
rithmischen Kurve, von Koordinaten eines Kreisbo-
gens (33b) definiert ist.

4. Kugelgelenk einer hydrostatischen Kolbenmaschine
nach Anspruch 3, dadurch gekennzeichnet, dass
die durchgehende Erzeugungslinie der Endrotati-
onsfläche (33) eine Krümmung aufweist, die durch
Subtrahieren von Koordinaten einer Kurve (33c), wie
einer logarithmischen Kurve, von Koordinaten eines
Kreisbogens (33b), dessen Radius der Radius (R1)
der Kugelfläche ist, definiert ist.

5. Kugelgelenk einer hydrostatischen Kolbenmaschine
nach einem der Ansprüche 1 bis 4, dadurch ge-
kennzeichnet, dass die Endrotationsfläche (33) mit
der konvexen Kugelfläche (31a) an einem Verbin-
dungskreis verbunden ist und dass eine Verbin-
dungslinie zwischen einem beliebigen Punkt dieses
Kreises und einem Mittelpunkt (Cs) der Kugelfläche
mit der Symmetrieachse (6) einen Winkel (β) im Be-
reich von 20° bis 40° definiert.

6. Kugelgelenk einer hydrostatischen Kolbenmaschine
nach einem der Ansprüche 1 bis 5, dadurch ge-
kennzeichnet, dass die Kugelausnehmung (32) ei-
ne Endwand (8) aufweist, die unter den aufgrund
des Arbeitens der Maschine auf das Kugelgelenk
einwirkenden Belastungen verformbar ist, um eine
Endrotationsfläche (33) bereitzustellen, die eine
Krümmung aufweist, die sich von einer anfänglichen
Krümmung der Fläche unterscheidet.

Revendications

1. Joint à rotule d’une machine hydrostatique à pistons
ayant un bloc-cylindres avec une pluralité de cylin-
dres (1), dans lequel sont montées, de manière cou-
lissante, des pistons (2) en prise en charge avec un
élément de réaction via des éléments de transmis-
sion (4),
chaque élément de transmission étant raccordé à
au moins l’un des éléments constitués par un piston
et par l’élément de réaction via le joint à rotule (3),
ce dernier comprenant un évidement de rotule (32)
et un pivot de rotule (31),
l’évidement de rotule (32) ayant essentiellement une
forme sphérique,
le pivot de rotule (31) comprenant, sur la majeure
partie de sa surface, une surface sphérique convexe
(31a) ;
une valeur nominale R1 d’un rayon de l’évidement
de rotule (32) étant égale à une valeur nominale d’un
rayon de la surface sphérique convexe (31a) du pivot
de rotule (31) ;
la surface sphérique convexe (31a) ayant un axe de

symétrie (6) qui est un axe longitudinal de l’élément
de transmission (4) ;
le joint à rotule étant caractérisé en ce que :

un cercle étant défini par une intersection de la
sphère de rayon R1 avec un cône, dont un som-
met est un centre (Cs) de la sphère, dont un axe
est un axe longitudinal (6) de l’élément de trans-
mission (4) et dont la génératrice se dirige vers
une extrémité externe du pivot de rotule (31) à
l’opposé du piston, et définissant, avec ledit axe
(6), un angle (β),
le pivot de rotule (31) a une surface de rotation
d’extrémité convexe (33) qui s’éloigne de la sur-
face sphérique convexe (31a) radialement à l’in-
térieur dudit cercle tout étant raccordée, en con-
tinu, avec ce dernier, et est créée par une rota-
tion d’une ligne génératrice continue autour de
l’axe de symétrie (6),
la surface de rotation convexe d’extrémité (33)
ayant une courbure différente de la courbe de
ladite sphère.

2. Joint à rotule d’une machine hydrostatique selon la
revendication 1, caractérisé en ce qu’au moins une
partie de la ligne génératrice continue de la surface
de rotation d’extrémité (33) est un arc de cercle, dont
le rayon (R2) est inférieur à un rayon (R1) de la sur-
face sphérique convexe (31a).

3. Joint à rotule d’une machine hydrostatique selon la
revendication 1 ou 2, caractérisé en ce qu’au moins
une partie de la ligne génératrice continue (33a) de
la surface de rotation d’extrémité (33) a une courbure
définie en soustrayant les coordonnées d’une cour-
be (33c) telle qu’une courbure logarithmique, des
coordonnées d’un arc de cercle (33b).

4. Joint à rotule d’une machine hydrostatique selon la
revendication 3, caractérisé en ce que la ligne gé-
nératrice continue de la surface de rotation d’extré-
mité (33) a une courbure définie en soustrayant les
coordonnées d’une courbe (33c) telle qu’une courbe
logarithmique, des coordonnées d’un arc de cercle
(33b) dont le rayon est le rayon (R1) de ladite surface
sphérique.

5. Joint à rotule d’une machine hydrostatique selon
l’une quelconque des revendications 1 à 4, carac-
térisé en ce que la surface de rotation d’extrémité
(33) est raccordée à la surface sphérique convexe
(31a) sur un cercle de raccordement et en ce qu’une
ligne de raccordement entre l’un quelconque des
points de ce cercle et un centre (Cs) de la surface
sphérique définit avec l’axe de symétrie (6), l’angle
(β) dans la plage de 20° à 40°.

6. Joint à rotule d’une machine hydrostatique selon

15 16 



EP 1 750 009 B1

10

5

10

15

20

25

30

35

40

45

50

55

l’une quelconque des revendications 1 à 5, carac-
térisé en ce que l’évidement de rotule (32) a une
paroi d’extrémité (8) qui est déformable sous les
charges agissant sur le joint à rotule en raison du
travail de ladite machine, afin de fournir une surface
de rotation d’extrémité (33) ayant une courbure qui
est différente d’une courbure initiale de ladite surfa-
ce.
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