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(54) A ROTARY PISTON PUMP

(57) Invention relates to a rotary piston pump com-
prising a housing (1, 2) with inlet and outlet orifices for
the pumped fluid, inside the spherical piston chamber
the two rotor halves (9, 10) of the rotary piston are con-
nected together by a universal-joint spider, where rota-
tion axes of said rotor halves are at an angle in relation

to each other and where the universal-joint spider is in-
cluded in the disk element (13) between the rotor halves
(9, 10). The spider arms (15) of the universal-joint are
formed by semi-axles (18), which are connected to the
spherical part in the centre of the disk element (13).
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Description

Technical Field

[0001] Present invention relates to a positive displace-
ment pump, more precisely to a rotary piston pump,
where the rotary piston i.e. rotor is formed on the principle
of a universal-joint or Hooke’s joint.

Background Art

[0002] The state of the art includes many known rotary
piston pumps and rotary piston internal combustion en-
gines with a similar design.
[0003] In order to fully understand the following spec-
ification it should be mentioned right at the beginning that
the universal-joint or the Hooke’s joint or the cross-joint
comprises two opposing universal-joint forks (yokes)
having intersecting axes of rotation, where said forks are
connected by a universal-joint spider (also called trun-
nion cross), where on spider arms (i.e. on the ends of
two crosswise shafts forming said cross) there are four
bearings, two for each fork. In the present invention forks
of the universal-joint are formed by two opposing rotor
halves of the rotary piston and the universal-joint spider
is included in the disk element between said rotor halves.
[0004] From patents US2204760 (published on
18.06.1940) US2727465 (published on 20.12.1955) and
US5171142 (published on 15.12.1992) rotary piston
pumps are known comprising in the spherical piston
chamber of the pump housing two rotor halves, which
are connected by the universal-joint spider included in
the disk element between said rotor halves.
[0005] The closest known solution from the prior art
having the design of the rotary piston pump similar to the
present invention is known from the international patent
application WO2009/053764A1 (published on
30.04.2009). This solution comprises housing, in the
spherical piston chamber of the housing two rotor halves
of the rotary piston connected by a universal-joint spider,
where said universal-joint spider is included in the disk
element between the rotor halves and where the rotation
axes of said rotor halves are at an angle to each other
and where the spherical piston chamber is divided by
said disk element between the corresponding opposite
faces of the rotor halves, the spherical wall of the piston
chamber and the sides of the disk element into four mu-
tually separated spatial compartments having changing
volume due to the rotation of the rotor.
[0006] In those designs the main source of the prob-
lems are the bearings at the ends of the spider arms of
the universal-joint spider, whose operating resource
ends or which fail usually before other components of
the pump. Dependent on the type of the bearings used,
the arm of the spider could be also damaged due to the
failure of the bearing so that a new bearing cannot be
used on that arm.
[0007] Usually this leads to the replacement of the

pump as a whole. But in fact other components of the
pump are fit to go on operating. In addition the rotary
piston of the pump is usually made from stainless steel
and processing of stainless steel is refractory, especially
if the spherical outer surface of the piston is considered.
The rotary piston is located in the pump housing in the
spherical piston chamber, whereas manufacturing of
said chamber in such a way that it has a fit that the rotary
piston can rotate in the chamber freely but sits in the
chamber sufficiently snugly to pump fluid medium, is also
problematic, time consuming and relatively expensive.
[0008] Therefore there is a need for a construction,
where in the universal-joint spider included in the disk
element of the pump, bearings of the spider arms and
the spider arms themselves can be easily reparable
and/or replaceable when needed. This would enable to
fully use the whole operating recourse of other compo-
nents of the pump and essentially reduce the costs re-
lating to the pumping of fuels, oils, water and sewage.
[0009] Present invention is directed at solving the
above described problems.

Summary of invention

[0010] Present invention provides a rotary piston pump
comprising pump housing with inlet and outlet orifices
and in the spherical piston chamber of the pump housing
two rotor halves connected by a universal-joint spider.
The rotation axes of the rotor halves are at an angle in
relation to each other.
[0011] The universal-joint spider is located in the disk
element between the rotor halves, where the spherical
pump chamber (i.e. piston chamber) is divided by said
disk element between the corresponding opposite end
faces of the rotor halves, the spherical wall of the pump
chamber and the sides of the disk element into four mu-
tually separated spatial compartments having changing
volume due to the rotation of the rotor.
[0012] The distinctive feature of the invention is that
the spider arms of the universal-joint spider included in
the disk element are formed as semi-axles which are
connected by their corresponding end into the spherical
part at the centre of the disk element, where on the other
end of each semi-axle there is a bearing of the spider
arm of the universal-joint spider.
[0013] In the first preferred embodiment of the inven-
tion each bearing of the spider arm at the end of each
semi-axle of the universal-joint is formed as a so called
sleeve bearing comprising an inner bearing sleeve, which
is located rotatably in the outer bearing sleeve in the joint
of the corresponding rotor half.
[0014] According to the invention both inner and outer
bearing sleeves are replaceable.
[0015] Preferably the outer bearing sleeves are ceram-
ic bearing sleeves.
[0016] Most preferably both inner and outer bearing
sleeves are ceramic bearing sleeves.
[0017] Preferably the ceramic bearing sleeves are
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mounted by means of an adhesive joint.
[0018] Optionally the bearing sleeves can be mounted
by means of a snap ring (retaining ring).
[0019] The bearing sleeves made of metal are prefer-
ably mounted by means of an interference fit - it means,
that the inner bearing sleeve is mounted by means of an
interference fit onto the spider arm of the universal-joint
spider and the outer bearing sleeve is mounted by means
of an interference fit into the joint of the rotor half (i.e. at
the end of the prong of the fork.)
[0020] In the second preferred embodiment the bear-
ings at the end of the semi-axles of the universal-joint
are needle roller bearings. The needle roller bearings are
used for example for pumping the fluid medium with lu-
bricating properties, such as oils, fuels, etc.
[0021] In the preferred embodiment the semi-axles of
the universal-joint are connected to the spherical part at
the centre of the disk element by an interference fit.
[0022] In another preferred embodiment the semi-ax-
les of the universal-joint are connected to the spherical
part at the centre of the disk element by a threaded joint.

Brief description of drawings

[0023] The present invention is below described in de-
tail with the help of an exemplary embodiment with ref-
erences to the accompanying schematic drawings, in
which:

Figure 1 shows an axonometric exploded view of the
rotary piston pump according to the present inven-
tion;
Figure 2 shows an axonometric exploded view of the
rotary piston of the rotary piston pump according to
Figure 1;
Figure 3 shows an axonometric view of the rotary
piston of the rotary piston pump according to Figures
1 and 2 as viewed from the side of one of the rotor
halves; and
Figure 4 shows an axonometric view of the rotary
piston according to
Figure 3 as viewed from the side of the other rotor
half.

Description of embodiments

[0024] For the sake of clarity and simplicity of the draw-
ings, bearings and seals of the axles of the rotor halves
are omitted, also the fixation means of the pump housing
and other components thereof are omitted.
[0025] The following references are made mainly to
Figure 1. The housing of the rotary piston pump consists
of two housing halves 1 and 2, comprising two concave
spherical surfaces 3 and 4, which form a part of the spher-
ical piston chamber, when the housing halves are mount-
ed together. On the outer side of the housing halves 1
and 2 there are the corresponding covers 5 and 6, which
comprise exit and inlet orifices for the medium to be

pumped. The surfaces of the covers 5 and 6 facing the
corresponding housing halves 3 and 4 are spherical and
form the rest of the spherical piston chamber in the pump
housing.
[0026] The pump housing is split at the plane of the
rotation axes of axles 11 and 12 of rotor halves 9 and 10
of the rotary piston. The bearings and seals of the axles
11 and 12 are not shown in drawings. One of the axles
of the rotor halves is connected to the drive motor of the
pump, which is usually an electric motor (not shown).
[0027] The following references are made mainly to
Figure 2. The rotary piston consists of the two rotor halves
9 and 10, which are connected by a universal-joint spider
included in the disk element 13. Both rotor halves 9 and
10 comprise two coaxial joints 14. Inside each of the joints
14 there is a spider arm 15 with a bearing.
[0028] The universal-joint spider is formed into the disk
element 13 as follows. In the centre of the disk element
there is a spherical part 16. Four holes 17 into the spher-
ical part 16 are made - each hole is intended for fixing
into it the corresponding end 19 of semi-axle 18 for form-
ing one corresponding spider arm 15 of the universal-
joint spider. In the embodiment as shown in the drawings
each semi-axle 18 is fitted into the corresponding hole
17 in the spherical part 16 of the disk element 13 by
means of an interference fit. But also a threaded joint can
be used, which enables easier replacement of the semi-
axles during repairs.
[0029] The pairs spider arms 15 are in pairs coaxial to
each other - the axes of said pairs of arms are mutually
perpendicular and said axes are positioned in the imag-
inary centre plane of the disk part of the disk element 13.
[0030] In each semi-axle 18 the other end of it forms
a spider arm 15. The two coaxial semi-axles 18 with their
arms 15 on the opposite sides of the spherical part 16
are intended to be connected by means of a bearing into
one of the joints 14 of one rotor half and the other two
coaxial semi-axles 18 with their arms 15 on the opposite
sides of spherical part 16 are intended to be connected
by means of a bearing into one of the joints 14 of the
other rotor half.
[0031] As can be seen from Figure 2, the disk element
13 includes cutouts 20 and 21 made for the semi-axles
18. The cutout 20 receives the cylindrical part of the semi-
axle 18 and the cutout 21 receives the joint 14 of the
corresponding rotor half 9 or 10. The joint 14 is placed
into the cutout 21 by means of a loose fit.
[0032] The bearing of the spider arm 15 comprises two
sleeves in the embodiment of the drawings - an inner
bearing sleeve 22 and an outer bearing sleeve 23. The
inner bearing sleeve 22 is fixed onto the spider arm 15
and the outer bearing sleeve 23 is fixed into the joint 14
of the corresponding rotor half.
[0033] When operating the bearing sleeve 22 can ro-
tate inside the bearing sleeve 23.
[0034] When the bearing sleeves made of metal are
used, the corresponding inner bearing sleeve 22 is fixed
onto the spider arm 15 by means of an interference fit
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and also the outer bearing sleeve 23 is fixed into the joint
14 of the rotor half by means of an interference fit.
[0035] When ceramic bearings are used, where one
or both of the bearing sleeves 22, 23 being made of ce-
ramic material, said bearing sleeves are fixed by means
of an adhesive joint. The ceramic bearing sleeves are
used for example when pumping abrasive medium.
[0036] When needle roller bearings are used, said
bearings are fixed into the joint 14 and onto the spider
arm 15 by means of a fit specified by the bearing manu-
facturer.
[0037] The rotor halves 9 and 10 of the rotary piston
have the same design and they have symmetrical shape
in relation to their corresponding axles 11 and 12. On the
side of the axles 11 and 12 the rotor halves 9 and 10
have a spherical shape corresponding to the shape of
the concave spherical surfaces 3 and 4 in the housing
halves 1 and 2. The end faces 24 of both rotor halves 9,
10 have a cuneiform shape, where the imaginary crest
of the cuneiform shape is parallel to the imaginary com-
mon axis of the coaxial pair of joints 14 of the correspond-
ing rotor half 9, 10.
[0038] The end face 24 includes a spherical concave
part 25, the shape of which corresponds to the spherical
part 16 in the centre of the disk element 13. The imaginary
centre point of the spherical concave part 25 is located
on the rotating axis of the axles 11, 12 of the correspond-
ing rotor halves 9, 10 and at the same time also the im-
aginary axis of the pair of the coaxial joint 14 of the cor-
responding rotor half 9, 10 runs through said centre point.
[0039] As can be seen from Figures 3 and 4, the end
faces 24 of the rotor halves 9 and 10 comprise recesses
correspondingly shaped to receive the joint 14 and the
semi-axle 18. The perimeter of the disk element 13 cor-
responds to the diameter of the spherical piston chamber
and said disk element is placed into said chamber by
means of a loose fit.
[0040] When the rotary piston is rotating, the distance
between the sides of the disk element 13 between the
rotor halves 9 and 10 and the end faces 24 of the rotor
halves 9 and 10 are constantly changing. Thus making
the volumes of the spatial compartments on both sides
of the cuneiform end face 24 of the corresponding rotor
halves 9 and 10 change, wherein said spatial compart-
ments are confined by the spherical inner surface of the
piston chamber, the corresponding side of the disk ele-
ment 13 opposite to the corresponding end face 24 and
a part of the end face 24.
[0041] Thus four spatial zones with changing volumes
are formed due to the rotation of the rotary piston, which
are used to suck the medium to be pumped into the piston
chamber when the volume of the corresponding zone is
increasing and which are used to force the medium to be
pumped out of the piston chamber when the volume of
the corresponding zone is decreasing.
[0042] In order to simplify repairs of the pump accord-
ing to the invention, especially to simplify the replacement
of the bearings, the semi-axles 18 comprise two cutouts

26 preferably on the opposite sides of the semi-axle 18
in order to allow the bearing sleeve 22 or the needle roller
bearing to be removed from the spider arm 15.
[0043] Also in the embodiment, where the semi-axles
18 are fixed into the holes 17 of the spherical part 16 of
the disk element 13 by means of a threaded joint, those
cutouts 26 can be used to unscrew or tighten said thread-
ed joint of the semi-axles.
[0044] The present invention is not limited to the ex-
emplary embodiments described above, but in the scope
of the accompanying claims several other embodiments
are possible.

List of reference numbers

[0045]

1, 2 housing half
3, 4 spherical concave surface
5, 6 cover
7, 8 orifice
9, 10 rotor half
11, 12 axle of the rotor half
13 disk element
14 joint of the rotor half for the bearing
15 spider arm
16 spherical part at the centre of the disk element
17 hole for connecting semi-axle at the centre of the
disk element
18 semi-axle
19 end of the semi-axle
20, 21 cutout in the disk element
22 inner bearing sleeve
23 outer bearing sleeve
24 end face
25 spherical concave part
26 cutout in the semi-axle

Claims

1. A rotary piston pump comprising pump housing hav-
ing inlet and outlet orifices for the medium to be
pumped, said housing comprising in a spherical pis-
ton chamber of the pump housing two rotor halves
of the rotary piston connected by a universal-joint
spider, wherein the rotation axes of the rotor halves
are at an angle in relation to each other and said
universal-joint spider is included in the disk element
between said rotor halves, wherein the spherical
pump chamber is divided by said disk element be-
tween the corresponding opposite end faces of the
rotor halves, the spherical wall of the pump chamber
and the sides of the disk element into four mutually
separated spatial compartments having a changing
volume due to the rotation of the rotor, character-
ized in that spider arms of the universal-joint spider
included in the disk element are formed by semi-
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axles inserted into the spherical part at the centre of
the disk element, wherein at the other end of each
semi-axle there is a bearing of the universal-joint spi-
der arm.

2. The rotary piston pump according to claim 1, char-
acterized in that the bearing at the end of each semi-
axle of the universal-joint spider comprises an inner
bearing sleeve, which is located rotatably in the outer
bearing sleeve in the joint of the corresponding rotor
half.

3. The rotary piston pump according to claim 1, char-
acterized in that said inner and outer bearing
sleeves are replaceable.

4. The rotary piston pump according to claim 2 or 3,
characterized in that said outer bearing sleeves are
ceramic bearing sleeves.

5. The rotary piston pump according to claim 2 or 3,
characterized in that both inner and outer bearing
sleeves are ceramic bearing sleeves.

6. The rotary piston pump according to claim 1, char-
acterized in that each bearing at the end of the semi-
axle of the universal-joint spider is a needle roller
bearing.

7. The rotary piston pump according to any of the pre-
ceding claims 1 to 6, characterized in that the semi-
axles of the universal-joint spider are fitted into the
spherical part of the disk element by means of an
interference fit.

8. The rotary piston pump according to any of the pre-
ceding claims 1 to 6, characterized in that the semi-
axles of the universal-joint spider are connected into
the spherical part of the disk element by means of a
threaded joint.
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