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(57) ABSTRACT

The present invention relates to a hydrodynamic machine,
especially a hydrodynamic retarder, including a bladed pri-
mary wheel and a bladed secondary wheel which are arranged
opposite of each other axially with respect to their blade
configurations such that they jointly form a working chamber.
The working chamber can be filled with a working medium
for one operating state in order to transmit torque from the
primary wheel to the secondary wheel by means of a circu-
latory flow of the working medium. The working chamber
can be emptied of the working medium for a non-operating
state in order to prevent a transmission of torque from the
primary wheel to the secondary wheel. A suction apparatus is
connected with a fluidic connection to the working chamber
in order to suck off working medium and/or air from the
working chamber for forming a negative pressure in the work-
ing chamber in the non-operating state.
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HYDRODYNAMIC MACHINE

CROSS REFERENCE TO RELATED

APPLICATIONS
[0001] This is a continuation of PCT application No. PCT/
EP2007/003898, entitled “HYDRODYNAMIC

MACHINE”, filed May 3, 2007, which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a hydrodynamic
machine, especially a hydrodynamic retarder.

[0004] 2. Description of the Related Art

[0005] In the case of hydrodynamic machines, and espe-
cially retarders, it is known in the art to take measures in order
to reduce the no-load losses. No-load losses shall be under-
stood to be losses which originate in the non-operating state
of the hydrodynamic machine in such a way that, uninten-
tionally, a residual torque is transmitted from the primary
wheel of the hydrodynamic machine to the secondary wheel
of'the hydrodynamic machine, and in a retarder from the rotor
to the stator, which brakes a respective connected drive appa-
ratus in an undesirable way. This leads to increased fuel
consumption in motor vehicles.

[0006] Known measures may be, for example, to axially
move apart the two blade wheels, which are rotor and stator in
the retarder, in the non-operating state in order to thus disturb
or prevent a circulatory flow of the residual working medium
in the working chamber. Other measures provide for intro-
ducing disturbing elements in the working chamber which
have the same purpose. Finally, efforts have been made to
suck the working chamber empty in the non-operating state,
which is the non-braking state in retarders, in order to produce
a negative pressure. External pumps, rotary pumps, or recip-
rocating piston pumps, or suction cylinders have been used
for this purpose.

[0007] Although the known measures could already con-
tribute to a reduction of the no-load losses, there is still room
for improvement. It is especially undesirable that additional
energy such as electrical power, is consumed by additional
measures or that the constructional efforts for these measures

are high.

[0008] Reference is hereby made to the following docu-
ments concerning the documented state of the art:

[0009] DE 512452 A

[0010] DE 26 14 476 Al

[0011] DE 677 160 A

[0012] DE 102 42 736 Al

[0013] DE 29903 829 Ul

[0014] What is needed in the art is a hydrodynamic

machine in which the losses in non-operating state can be
minimized, by a simple constructional configuration and a
low energy consumption.

SUMMARY OF THE INVENTION

[0015] The present invention provides a hydrodynamic
machine, which is arranged as a hydrodynamic retarder,
including a bladed primary wheel and a bladed secondary
wheel. The two blade wheels are axially disposed opposite of
each other with their blade configuration being such that they
form a working chamber with each other.
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[0016] The working chamber can be filled with a working
medium. In the operational state of the hydrodynamic
machine of the present invention, the working chamber is
filled with working medium so that a circulatory flow of the
working medium forms in the working chamber which trans-
mits torque or rotary power from the primary wheel to the
secondary wheel. In the arrangement of the hydrodynamic
machine of the present invention as a hydrodynamic coupling
or as a hydrodynamic converter, drive power is transmitted
from the primary wheel (then called pump wheel) to the
secondary wheel (then called turbine wheel). When forming
the hydrodynamic machine of the present invention as a
retarder, the primary wheel (then called rotor) is braked in
such a way that torque or drive power is transmitted to the
secondary wheel (then called stator).

[0017] In the non-operating state, which is also called the
non-braking state in the hydrodynamic retarder, the working
chamber is emptied, the working medium being guided out of
the working chamber. In this way, torque transmission or
drive power transmission from the primary wheel to the sec-
ondary wheel is to be avoided.

[0018] A suction apparatus is provided in accordance with
the present invention. The suction apparatus stands in a fluidic
connection with the working chamber in order to produce a
negative pressure in the working chamber in the non-operat-
ing state by suction of working medium and/or air. Negative
pressure means that the pressure in the working chamber is
lower than the ambient pressure, in particular, lower than the
pressure against which the suction apparatus works.

[0019] The suction apparatus in accordance with the
present invention is integrated in the hydrodynamic machine,
therefore, no external pump or external suction cylinder is
used if connected to the hydrodynamic machine.

[0020] The suction apparatus includes a blade wheel.
According to one embodiment, the blade wheel is formed by
the primary wheel or the secondary wheel. According to an
alternative embodiment, the blade wheel is arranged adjacent
to the primary wheel and/or the secondary wheel and is driven
by the primary wheel and/or the secondary wheel or a shaft
carrying the primary wheel and/or the secondary wheel.
[0021] Theblades of the blade wheel are arranged opposite
of'a duct in such a way that they generate a conveying effect
during rotation of the blade wheel. This conveying effect
ensures that a negative pressure is generated at the inlet end of
the duct. As a result, working medium and/or air is pumped
from the working chamber through the duct and out of the
same by the rotation of the blade wheel of the suction appa-
ratus.

[0022] The blades of the blade wheel are arranged behind
one another in the circumferential direction of the blade
wheel and the duct extends in the circumferential direction of
the blade wheel. Furthermore, the duct comprises at least one
interruption in the circumferential direction of the blade
wheel in order to increase the conveying effect. A single
interruption is provided in the circumferential direction and
the duct extends uninterrupted over the entire circumference
from one end of the interruption up to the other end of the
interruption, with the interruption extending over only a small
arc which has less than 30, 20 or 15° for example. The inter-
ruption may extend over less than 10° in the circumferential
direction.

[0023] Theblades of the blade wheel can be opposite of the
duct in the axial direction or in the radial direction relating to
the blade wheel or relating to the entire hydrodynamic
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machine. It is understood that other embodiments are also
possible. For example, a juxtaposition in a direction oblique
to the outside is possible, or an offset both in the axial direc-
tion as well as the radial direction.

[0024] The duct can be arranged in the housing of the
hydrodynamic machine of the present invention, which
encloses the primary wheel and/or the secondary wheel, or
the duct can be arranged by the same. The duct may be
arranged in the form of a side duct, for example, or in the form
of a duct laterally delimited by the housing, and may be
opened on one side opposite of the blades of the blade wheel
of the suction apparatus.

[0025] According to one embodiment, the blade wheel of
the suction apparatus is formed by the primary wheel or the
secondary wheel and the blades of the suction apparatus are
arranged on the rear side of the respective blade wheel averted
from the working chamber. It is also possible to arrange the
blades radially on the outside on the primary wheel and/or the
second blade wheel in such a configuration.

[0026] According to an alternative embodiment, the blade
wheel may be arranged as a separate component to the pri-
mary wheel and the secondary wheel, and may be driven by
the primary wheel or the secondary wheel, or a shaft of the
same. In another embodiment, the blade wheel may be driven
by the primary wheel and/or the secondary wheel, and/or a
driving shaft, and can be in an interlocking engagement with
such a shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above-mentioned and other features and advan-
tages of this invention, and the manner of attaining them, will
become more apparent and the invention will be better under-
stood by reference to the following description of embodi-
ments of the invention taken in conjunction with the accom-
panying drawings, wherein:

[0028] FIG.1illustrates an embodiment in accordance with
the present invention in which the blade wheel of the suction
apparatus is formed by the primary wheel of a hydrodynamic
machine, which in this case is the rotor of a retarder;

[0029] FIG. 2 illustrates another embodiment in accor-
dance with the present invention in which the blade wheel of
the suction apparatus is arranged separately from the primary
wheel and the secondary wheel of the hydrodynamic
machine, which in this case are the rotor and stator of a
retarder, and by which the shaft carrying the primary wheel is
driven;

[0030] FIG. 3 illustrates a top view in the axial direction on
the blade wheel of the suction apparatus of FIG. 2 and a
sectional view through profiles of the same;

[0031] FIG. 4 illustrates a top view in the axial direction on
a side duct, as can be arranged in the embodiments according
to FIGS. 1 and 2;

[0032] FIG. 5 illustrates an alternative embodiment of a
respective side duct.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Referring now to the drawings, and more particu-
larly to FIG. 1, there is shown a hydrodynamic retarder having
a revolving bladed primary wheel 1 (rotor) and a stationary
bladed secondary wheel 2 (stator). It is shown that rotor 1 is
axially displaceable away from stator 2 in order to reduce
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no-load losses in non-braking operation. It is alternatively or
additionally possible to arrange stator 2 axially displaceable
away from rotor 1.

[0034] Rotor 1 and stator 2, jointly form working chamber
3. Working chamber 3 can be filled with working medium via
inlet duct 16 in stator 2.

[0035] Inthe operating state (braking operations), working
chamber 3 is filled with working medium up to a desired
degree of filling and kept filled. In the non-operating state
(non-braking state), working chamber 3 is emptied again and
additionally blade wheels (1) and (2) are moved apart axially,
as explained above.

[0036] Rotor 1 and stator 2 are enclosed by housing 7, with
primary wheel 1 (the rotor) being arranged in a rotatable way
inhousing 7 and secondary wheel 2 (the stator) being inserted
in a fixed manner in housing 7.

[0037] Primary wheel 1 is supported and driven by driven
shaft 8. Shaft 8 can be driven by means of a pinion, which is
arranged in an integral manner with same.

[0038] Blades 5 are arranged on the rear side of primary
wheel 1, or on the side arranged opposite to the side carrying
the blade configuration of primary wheel 1, which blades are
opposite to duct 6 in the form of a lateral duct in housing 7.
Blades 5 form suction apparatus 4 which is used for generat-
ing a vacuum or a negative pressure in working chamber 3 in
the non-operating state. When primary wheel 1 revolves,
blade wheel 5 of suction apparatus 4, which is formed by the
rear side of primary wheel 1, moves over duct 6 and thus
produces a conveying effect in duct 6.

[0039] As is illustrated, blade wheel 5 also jointly forms
with duct 6 a toroidal working chamber, of which one axial
half'each is formed by housing 7 and blade wheel 5. Duct 6 is
advantageously provided in the circumferential direction at
one point with interruption 15, as can be recognized in FIGS.
4 and 5, which illustrate an axial top view of duct 6. As a result
of interruption 15, duct 6 is provided in an axial top view with
a horseshoe-like or sickle-like shape, with inlet end 6.1
behind interruption 15, as seen in the direction of rotation of
blade wheel 5 (see the arrow) and outlet end 6.2 of duct 6
before interruption 15, as seen in the direction of rotation of
blade wheel 5. Suction opening 13 is positioned directly in
inlet end 6.1, which stands in connection with working cham-
ber 3. Deviating from FIG. 4, a distance is provided between
inlet end 6.1 and suction opening 13, according to FIG. 5.
[0040] Pressure opening 14 is provided exactly in outlet
end 6.2 or at a distance to the same. Pressure opening 14
usually stands in a fluidic connection with the external work-
ing medium circuit (not shown) or a storage container. As is
indicated by pressure opening 14', which is shown with the
broken line and is arranged exactly in outlet end 6.2, two
pressure openings can be provided next to one another, e.g.
one with and the other without a distance to outlet end 6.2.
The same applies in an analogous manner to the suction
opening at the inlet end.

[0041] When blade wheel 5 revolves, it conveys pressure
medium or air from suction opening 13 to pressure opening
14 and out of pressure opening 14. This leads to a negative
pressure in suction opening 13, which results in working
medium or air being pumped from working chamber 3 into
duct 6 and out of outlet end 6.2. Working chamber 3 is thus
emptied completely or nearly completely of working
medium.

[0042] The flow cross section of duct 6 decreases continu-
ally and/or in a discontinuous way starting from inlet end 6.1
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to outlet end 6.2. Alternatively or in addition, the radial inner
wall of duct 6 can extend in an increasingly radial way further
inside starting with inlet end 6.1 or at suction opening 13 up
to outlet end 6.2 or up to pressure opening 14. In a similarly
additional or alternative way, the depth can also decrease
continually in the axial direction of duct 6, starting at inlet end
6.1 and/or suction opening 13 up to outlet end 6.2 and/or
pressure opening 14. It is thus achieved that a film forming
from working medium is capable even in the case of a partial
filling of the duct 6 with working medium to entrain air from
suction opening 13 or from working chamber 3 and convey
the same out through pressure opening 14. As a result, it is
possible to not only pump off working medium from working
chamber 3, but also air from working chamber 3.

[0043] FIG. 2 illustrates an embodiment in which blade
wheel 5 of suction apparatus 4 is arranged separate from
primary wheel 1 and secondary wheel 2. In the illustrated
embodiment, blade wheel 5 of suction apparatus 4 is driven
by shaft 8 carrying primary wheel 1 and is held on pin 9 on the
inside on the housing wall in housing 7.

[0044] This support of blade wheel 5 on pin 9 comes with
the advantage that blade wheel 5 is held with lower play in the
axial direction and/or radial direction in comparison with an
embodiment in which blade wheel 5 is held in an overhung
manner by shaft 8.

[0045] To ensure that blade wheel 5 is held securely on pin
9, it is pressed by means of pressure spring 10 on pin 9.
[0046] The arrangement of blade wheel 5 is such that blade
wheel 5 and primary wheel 1 enclose secondary wheel 2 (the
stator of the hydrodynamic retarder) in a sandwich-like way.
[0047] Blade wheel 5 is driven by shaft 8 in such a way that
driver 17, which is arranged in the illustrated embodiment in
acup-like way as seen in its cross section, is arranged between
blade wheel 5 and shaft 8, which driver is in interlocking
engagement with shaft 8 and blade wheel 5. In the illustrated
embodiment, driver 17 is screwed onto shaft 8 on the face side
and is used simultaneously for guiding pressure spring 10 in
the axial direction.

[0048] As is shown in FIG. 3, blade wheel 5 includes a
plurality of recesses 11 which are separated by webs 12 from
one another in the circumferential direction of blade wheel 5.
As a result of recesses 11, the working medium flows before
it reaches working chamber 3, see arrows in FIG. 2.

[0049] Webs 12 are arranged in such a way that they do not
disturb the inflow into working chamber 3 or the outflow out
of'working chamber 3 by the working medium and especially
support the same. Therefore, webs 12 have a fluting which
produces a pumping action on the working medium or the
flowing air. One example for such a profile is shown in sec-
tional view B-B. As can be seen, the webs are arranged in an
inclined way against the plane of a radial section through
shaft 8 or blade wheel 5.

[0050] Inthe embodiment, as shown in FIG. 2 and FIG. 3,
blade wheel 5 has blades which are rectangular when seen in
a cross sectional view in the axial direction. When seen in a
top view, blade wheel 5 has blades which are in a star-like
shape, as seen in FIG. 3. Alternatively, other blade shapes are
possible, e.g. such as are shown in the blade wheel 5 in FIG.
1.

[0051] Duct 6, which again has the shape of a semi-torus,
can be arranged in such a way as has been described with
reference to FIGS. 4 and 5.

[0052] As an alternative to the illustrated embodiment, duct
6 can also be arranged in such a way that it encloses the blades
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ofblade wheel 5 in the axial direction on both sides with a free
flow cross section, especially such that the blades, when seen
in the axial direction, are arranged in the axial direction
centrally in duct 6.

What is claimed is:

1. A hydrodynamic machine having an operating state and
a non-operating state, the hydrodynamic machine compris-
ing:

a primary wheel having blades and a secondary wheel
having blades, each of said primary wheel and said sec-
ondary wheel being arranged opposite each other axially
and said blades of said primary wheel and said blades of
said secondary wheel being configured to jointly form a
working chamber;

wherein said primary wheel and said secondary wheel are
configured for one of transmitting torque from said pri-
mary wheel to said secondary wheel by means of a
circulatory flow of a working medium in said working
chamber during the operating state and preventing a
transmission of torque from said primary wheel to said
secondary wheel by means of emptying said working
medium from said working chamber in a non-operating
state;

a suction apparatus being integrated in the hydrodynamic
machine, said suction apparatus including a revolvable
blade wheel having a circumferential direction, a plural-
ity of blades being arranged in the circumferential direc-
tion of said blade wheel and one of behind one another
on one of said primary wheel and said secondary wheel
and adjacent to one of said primary wheel and said
secondary wheel, and a shaft at least one of carrying and
driving at least one of said primary wheel and said sec-
ondary wheel, said blade wheel being driven by one of
said primary wheel, said secondary wheel, and said
shaft;

wherein said suction apparatus is in fluidic connection with
said working chamber, said suction apparatus being con-
figured to suck off at least one of a working medium and
air from said working chamber forming a negative pres-
sure in said working chamber in the non-operating state;
and

a duct having an inlet end opening into said working cham-
ber, said duct including at least one interruption in the
circumferential direction of said blade wheel, said
blades of said blade wheel being arranged opposite said
duct capable of producing a conveying effectin said duct
and generating a negative pressure at said inlet end.

2. The hydrodynamic machine of claim 1, wherein said
duct includes one single interruption in the circumferential
direction of said blade wheel.

3. The hydrodynamic machine of claim 1, further compris-
ing a housing, said housing enclosing at least one of said
primary wheel and said secondary wheel, said duct being a
lateral duct through said housing.

4. The hydrodynamic machine of claim 1, wherein the
hydrodynamic machine is a hydrodynamic retarder, said pri-
mary wheel being a rotor and said secondary wheel being a
stator.

5. The hydrodynamic machine of claim 1, wherein said
blade wheel is formed by said primary wheel, said primary
wheel having a rear and a radial outside, said blades of said
suction apparatus being arranged on one of said rear side of
said primary wheel and radially outside on said primary
wheel.
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6. The hydrodynamic machine of claim 1, wherein said
blade wheel is held in said housing, said blade wheel being
driven as a separate component by one of said primary wheel
and said secondary wheel.

7. The hydrodynamic machine of claim 6, said blade wheel
being driven by said shaft carrying and driving said primary
wheel by an at least indirect interlocking engagement
between said blade wheel and said shaft.

8. The hydrodynamic machine of claim 7, further compris-
ing a pin, said blade wheel being carried on said pin coaxially
to at least one of said primary wheel and said secondary
wheel.

9. The hydrodynamic machine of claim 8, further compris-
ing a pressure spring, said blade wheel being held in a rotat-
able manner on said pin, said blade wheel resting through said
pressure spring on one of said shaft carrying said primary
wheel and at least one of said primary wheel and said sec-
ondary wheel.

10. The hydrodynamic machine of claim 9, wherein said
blade wheel includes a plurality of recesses, said working
medium flowing through said plurality of recesses into said
working chamber in one of the operating state and transition
to the operating state.

11. The hydrodynamic machine of claim 10, further com-
prising fluted webs, said plurality of recesses being separated
from one another in the circumferential direction of said
blade wheel by said fluted webs, the fluting of said webs
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having one of'a flow-supporting and flow-promoting effect on
said working medium flowing through said recesses.

12. The hydrodynamic machine of claim 1, said duct fur-
ther comprising an outlet end having a pressure opening
arranged in one of said outlet end and in the area of said outlet
end and said inlet having a suction opening arranged in one of
said inlet end and in the area of said inlet end, said duct
extending in the circumferential direction of said blade wheel
directly in said housing and being interrupted at a predeter-
mined position, said outlet end being formed before said
interruption and said inlet end being formed behind said
interruption when viewed in the rotation direction of said
blade wheel, at least one of said working medium and air
being pumped by said revolvable blade wheel from said suc-
tion opening to said pressure opening and out of said pressure
opening.

13. The hydrodynamic machine of claim 12, said duct
further comprising a tapering flow cross section from said
inlet end to said outlet end.

14. The hydrodynamic machine of claim 13, wherein at
least one of said suction opening and said pressure opening is
arranged at a predetermined distance from at least one of said
inlet end and said outlet end.

15. The hydrodynamic machine of claim 1, wherein said
blades of said blade wheel are opposite said duct in at least
one of the radial direction and the axial direction of the
hydrodynamic machine.
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