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(54) ROTARY VANE PUMP

(67)  Theinvention relates to a rotary vane pump hav-
ing a cylindrical rotor (3) and a plurality of vanes arranged
in radially extending slots (8) in the rotor (3), the rotor (3)
having recesses (7) which extend at edges between a

plane lateral face (6) and the slots (8) of the rotor (3).
According to the invention, the recesses (7, 7°) have ei-
ther L-shaped cross sections or form a circular channel
on the lateral face (6) of the rotor (3, 3’).
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Description

[0001] The invention relates to a rotary vane pump ac-
cording to the preamble of claim 1.

[0002] A rotary vane pump is a positive-displacement
pump that in a simple form consists of vanes or blades
mounted to a rotor which rotates somewhat eccentrically
inside of an annular cavity which is formed by a pump
housing. The rotor is a metallic cylindrical body having
substantially plane lateral faces which slide on corre-
sponding inner faces of the pump housing. The vanes
are arranged in radially extending slots in the rotor and
are tensioned to maintain contact with the walls of the
pumping house while the pump rotates. Vanes are al-
lowed to slide into and out of the rotor and seal on all
edges, creating variable volume vane chambers that do
the pumping work. In the automotive industry, vane
pumps are used for power assisted power steering, su-
percharging and automatic transmission, for example.
[0003] DE 3441 076 A1 discloses a rotary vane pump
according to the preambile of claim 1 wherein the recess-
es are chamfers at edges between a lateral face and a
slot of the rotor. The chamfers are provided in order to
prevent break of the oil film which could cause seizing
between rotor and the pump housing.

[0004] In the course of time rotary vane pumps may
be damaged by small contamination particles inside of
the system. Such damages limit the pump to create
enough pressure.

[0005] The inventors of the present invention have
found that one reason for additional particle contamina-
tion is at follows. A lateral face of the rotor can touch the
pump housing. In case of a rotor which rotates around a
vertically arranged axis, this face would be a bottom face.
In particular under high pressure and with high velocity,
the touching can be so intensive that scoring at the lateral
faces of the rotor occurs. Such a scoring is associated
with certain dislocation of abraded rotor material at the
rotor surface in circumferential direction. At the trailing
edges of the rotor lateral face and the slots, dislocated
material gradually forms small spurs which can protrude
into the slots and which can hinder the free movement
of the vanes, or the moving vanes can break of the pro-
truding spurs or parts of it, which results in additional
contamination particles. Both effects limit the pump to
create enough pressure.

[0006] The objectoftheinventionisincrease the pump
life and to prevent unexpected pump damages without
raised system cost.

[0007] This object is solved by a rotary vane pump ac-
cording to claim 1.

[0008] The dependent claims state some preferred
embodiments of the invention.

[0009] According to the invention, the recesses have
either L-shaped cross sections or form a circular channel
on the lateral face of the rotor.

[0010] In contrast to the above mentioned state of the
art, the invention does not try to prevent wear, but wear
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is accepted and protruding spurs are accommodated
within the recesses. While such an effect may be occur
partly also in said state of the art, any chamfers have
limited capabilities to accommodate any spur material.
In contrast to this, the L-shaped or continuous recesses
according to the invention provide enough space for ac-
commodation of any spurs independently of the intensity
of scoring and the size of spurs.

[0011] That is, the invention makes the pump rotor
much more resistant against contamination by designing
the surface where the pump rotor and vanes come to-
gether to protect the vanes motion from damaged rotor
surface.

[0012] Realization of the invention is very inexpensive
in comparison with known solutions for wear prevention
like using expensive materials or any means for separa-
tion of contaminants.

[0013] In a radial direction of the rotor, the recesses
extend preferably substantially over these radial lengths
of the slots which guide and support the vanes, but with
the exception of a narrow ridge of e. g. 1-2 mm width at
the radial outer periphery of the lateral face of the rotor.
[0014] Each of the recesses has a depth, as seen in
the direction of the rotational axis of the rotor, of prefer-
ably at least 1 mm.

[0015] If the recesses have L-shaped cross sections,
each of the recesses preferably has a width, as seen in
a circumferential direction of the lateral face of the rotor,
of at least 1 mm.

[0016] If the recesses have L-shaped cross sections,
each recess extents preferably circumferentially be-
tween each corresponding slot and a radially extending
ridge whichis located circumferentially between two each
slots.

[0017] The rotary vane pump is particular suited as a
hydraulic pump of a power assisted power steering sys-
tem of a motor vehicle.

[0018] In the following an embodiment of the invention
is described in detail with reference to the drawings, in
which:

Fig. 1 is a sectional view of a rotary vane pump;

Fig.2 shows a perspective view and a plan view of a
new rotor design; and

Fig. 3 is a perspective view of another new rotor de-
sign.

[0019] As shown in Fig. 1, a rotary vane pump com-

prises a stator 1 which is an inner part of a pump body
or housing 2, a cylindrical rotor 3 which can rotate around
an axis which extends vertically along the plane of the
figure, as indicated schematically by an elliptical arrow,
an inlet 4 connecting to an inlet line, and an outlet 5 con-
necting to a pressure line.

[0020] The plane lateral faces of the rotor 3 and in par-
ticular a lateral face which is oriented downward as in
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Fig. 1, thus forming a bottom face, tends to be in a touch
condition with the stator 1 and to be damaged when work-
ing under high pressure. In Fig. 1, this critical area is
surrounded by a broken line and indicated by a broad
arrow.

[0021] It has been found that such damages are par-
ticularly frequently and critical in an outer circumferential
area of the rotor lateral face. On edges where the rotor
lateral face meets the slots, in the course of operation a
sort of burrs can occur which consistin small spurs which
form trailing prolongations in the form of scores or striae
at the rotor lateral face. Such spurs protrude into the slots
of the rotor 3 and can impede the sliding of the vanes
into and out of the rotor 3, thus the pump does not work
efficiently.

[0022] Instead to try to reduce scoring, the rotor 2 is
provided with recesses which are shaped and volumi-
nous enough to accommodate any spurs.

[0023] As shown in Fig. 2, within a circular area of a
lateralface 6 of the rotor 3 there are a plurality of recesses
7. Each recess 7 extents circumferentially between each
edge of a slot 8 and a straight ridge 9 of material which
has been left between two adjacent recesses 7.

[0024] Radially, eachrecess 7 extents between an ex-
terior curved ridge 10 of material which has been left at
the periphery of the lateral face 6 of the rotor 3 and an
interior boundary 11 which lies on a circle around the
rotational axis 12 of the rotor 3. The value of the radius
of said circle is a fraction of the radius of the rotor 3, which
fraction is in the shown rotor configuration about 4/5.
However, said radius can vary according to require-
ments. One such requirement is that the interior bound-
ary 11 of the recesses 7 should extent radially within a
circle which has a smaller radius than the distance be-
tween the rotation axis 12 and the radially inner ends of
the portions of the slots 6 which hold and guide the vanes.
[0025] Thus, eachrecess 7 has a L-shaped cross sec-
tion in the circumferential direction of the rotor 3, which
L-shape is open toward one of the slots 8 and the stator
1, respectively, and has a flat U-shaped cross section in
the radial direction of the rotor 3, which opens toward the
stator 1.

[0026] In Fig. 2, all recesses 7 are formed identically
or mirror inverted, and all recesses 7 have the same
depth of approximately 1 or 2 mm, for example. However,
the ridges 9 must not be located halfway between two
each slots 8 as shown in Fig. 2, but they can be located
anywhere between two each slots 8, and their depths
can vary.

[0027] Inthe embodiment of Fig. 2, each slot 8 has two
adjacent recesses 7, that is one leading recess 7 and
one trailing recess 7 with respect to relative rotation be-
tween the rotor 3 and the stator 1. However, in case of
a pump which rotates always in the same direction, re-
cesses 7 at the trailing edge would suffer.

[0028] The circumferentially extending curved ridge 10
must be provided to avoid short-circuit between cells of
the pump, and for this end a width of approximately 1 or
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2 mm, for example, would suffer.

[0029] The width of the radially extending ridges 9 is
not critical. In the shown embodiment, the width is ap-
proximately 1 or 2 mm, but the ridges 9 can be substan-
tially wider.

[0030] The ridges 9 can be so wide that the L-Form of
the recesses 3 which is rather stretched in Fig. 2 ap-
proaches a L-Form having legs with equal lengths. How-
ever, the narrower the ridges 9, the more volume is avail-
able to adopt any spurs or other material which otherwise
could restrict vane motion.

[0031] On the other side, the width of the ridges 9 can
be made zero. In this case, the rotor design would be as
shown in Fig. 3. Instead of a twenty-two separate recess-
es 7, this rotor 3 has eleven recesses 7' which extend
circumferentially from each slot 8 to the neighboring slots
8. That is, the recesses 7’ are contiguous from one slot
8 to the next slot 8.

[0032] The recesses 7’ of the embodiment of Fig. 3
form a circular channel around the rotational axis 12 of
the rotor 3. Width and depth of the channel can vary.
[0033] In this embodiment, because of the channel,
the complete circular area of the lateral face 2 of the rotor
3 where the vanes are supported by the slots 8 is kept
away from inner lateral faces of the stator 1, thus the
touch condition and the friction there between has less-
ened. This prevents deformation of the lateral face 2 of
the rotor 3 in its critical radial outer area.

Claims

1. A rotary vane pump having a cylindrical rotor (3, 3’)
and a plurality of vanes arranged in radially extend-
ing slots (8) in the rotor (3, 3), the rotor (3, 3’) having
recesses (7, 7’) which extend at edges between a
plane lateral face (6) and the slots (8) of the rotor (3,
3),
characterized in that
the recesses (7, 7’) have either L-shaped cross sec-
tions or form a circular channel on the lateral face
(6) of the rotor (3, 3").

2. Arotary vane pump according to claim 1,

characterized in that

in a radial direction of the rotor (3, 3), the recesses
(7, 7') extend substantially at least over that radial
lengths of the slots (8) which guide and support the
vanes, with the exception of a narrow ridge (10) at
the radial outer periphery of the lateral face (6) of the
rotor (3, 3’).

3. A rotary vane pump according to claim 1,
characterized in that
each of the recesses (7, 7°’) has a depth of at least
approximately 1 mm.

4. Arotary vane pump according to one of the proceed-
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ing claims, ch

aracterized in that

if the recesses (7) have L-shaped cross sections,
each of the recesses (7, 7°) has a width of at least
approximately 1 mm.

Arotary vane pump according to one of the proceed-
ing claims, ch

aracterized in that

if the recesses (7) have L-shaped cross sections,
each recess (7) extents circumferentially between
each corresponding slot (8) and a radially extending
ridge (9) which is located circumferentially between
two each slots (8).

Arotary vane pump according to one of the proceed-
ing claims, cha

racterized in that

the pump is a hydraulic pump of a power assisted
power steering system of a motor vehicle.

Amended claims in accordance with Rule 137(2)
EPC.

A rotary vane pump having a cylindrical rotor (3, 3’)
and a plurality of vanes arranged in radially extend-
ing slots (8) in the rotor (3, 3’) and tensioned to main-
tain contact with the walls of the pumping house while
the pump rotates, the rotor (3, 3’) having recesses
(7, 7’) which extend at edges between a plane lateral
face (6) and the slots (8) of the rotor (3, 3’), wherein
the recesses (7, 7°) have either L-shaped cross sec-
tions in the circumferential direction of the rotor (3,
3’) or form a circular channel on the lateral face (6)
of the rotor (3, 3),

characterized in that

in a radial direction of the rotor (3, 3), the recesses
(7, 7’) extend at least over that radial lengths of the
slots (8) which guide and support the vanes, with the
exception of a narrow ridge (10) of 1-2 mm width at
the radial outer periphery of the lateral face (6) of the
rotor (3, 3’).

A rotary vane pump according to claim 1,
characterized in that

each recess (7) extents between the ridge (10) an
interior boundary (11) which lies on a circle around
the rotational axis (12) of the rotor (3), wherein the
radius of said circle is a fraction of 4/5 of the radius
of the rotor (3).

A rotary vane pump according to claim 1,
characterized in that

each of the recesses (7, 7’) has a depth, as seen in
the direction of the rotational axis of the rotor (3, 3’),
of at least 1 mm.
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4.

A rotary vane pump according to one of the proceed-
ing claims,

characterized in that

if the recesses (7) have L-shaped cross sections,
each of the recesses (7, 7°) has a width, as seen in
a circumferential direction of the lateral face (6) of
the rotor (3, 3’), of at least 1 mm.

Arotary vane pump according to one of the proceed-
ing claims,

characterized in that

if the recesses (7) have L-shaped cross sections,
each recess (7) extents circumferentially between
each corresponding slot (8) and a radially extending
ridge (9) which is located circumferentially between
two each slots (8).

A power assisted power steering system of a motor
vehicle, comprising a rotary vane pump according
to one of the proceeding claims.
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