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Description

[0001] The invention relates to a vacuum pump com-
prising a housing having an inlet and an outlet and de-
fining a chamber within the housing, a rotor for rotational
movement about a rotational axis within the chamber,
and at least a first and a second vane received in respec-
tive first and second slots formed in the rotor. Moreover
the present invention concerns a production method for
manufacturing a vacuum pump of the aforementioned
type.
[0002] Vacuum pumps may be fitted to road vehicles
with gasoline or diesel engines. Typically, the vacuum
pump is driven by a cam shaft of the engine. Therefore,
in most vehicles the vacuum pump is mounted to an up-
per region of the engine. But also configurations where
the vacuum pump is mounted to a lower region of the
engine are known. In general, two different construction
types of vacuum pumps are known, one is the type in-
corporating a movable piston, and the other is the vane
pump. Nowadays, in particular vane pumps are broadly
established.
[0003] A vane pump of the aforementioned type typi-
cally comprises a housing having an inlet and an outlet
and defining a chamber within the housing. Moreover it
comprises a rotor for rotational movement about a rota-
tional axis within the chamber. This rotor usually is offset
with respect to a central axis of the housing, and typically
mounted adjacent, or contacting, an inner circumferential
wall of the chamber. The rotor drives at least one vane
to draw fluid through the inlet into the chamber and out
of the chamber through the outlet, so as to induce a re-
duction in pressure at the inlet. The inlet is connectable
to a consumer such as a brake booster or the like. The
outlet normally is connected to the engines crankcase,
thus the exhaust air is consumed by the engine, via the
P.C.V system.
[0004] Known in the art are so-called mono-vane
pumps or single vane pumps, comprising one single
vane, which extends in a radial direction through the
whole rotor, so as to project outward on both sides of the
rotor and to contact with both vane tips the inner circum-
ferential wall of the chamber. Mono-vane pumps having
a rigid vane in general have the drawback that the free-
dom in designing the profile of the chamber, which is
defined by the inner circumferential wall of the chamber,
is limited. The profile needs to be formed according to a
conchoid of a circle, such that the vane is able to rotate
while still contacting with both vane tips the inner wall
and to seal against the inner wall accordingly.
[0005] To meet such a drawback it has been proposed
in DE 40 19 854 to use a single vane which is split in
radial direction by a double L-shaped cut. Each tip of the
single vane can move independently on the other tip to
a certain extent and the profile of a chamber can be de-
signed with a higher degree of freedom. However, a
drawback of such a design is the sealing of both parts of
the vane against each other as well as the design of the

vane tip which is dependent on the split vane arrange-
ment.
[0006] Moreover, also multi-vane pumps are known
having a plurality of vanes which are provided in a radial
or non-radial manner in the rotor and movable independ-
ent from each other. With such a multi-vane pump the
inner circumferential wall and thus the chamber profile
can be designed with a great degree of freedom.
[0007] DE 300 46 76 discloses an engine, comprising
a chamber and a rotor within the chamber, as well as two
movable vanes. The rotor is centrally provided within the
chamber so as to form a rotary engine. Each vane can
move with its whole length into the respective recess in
the rotor and is provided with a spring, so that the vane
is biased into an extended position. This design has the
drawback that the rotor needs to be large to form two
sealing points so as to divide the chamber into sub-cham-
bers and to provide sufficient space, so that the vanes
can dive with their whole length into the rotor body. This
leads to certain restrictions.
[0008] An objective of the present invention is to pro-
vide a vacuum pump of the aforementioned type, provid-
ing flexibility with regard to the design of the chamber
profile, providing a relatively large chamber volume with
respect to the rotor and in particular having the ability to
start with low torque, even at lower temperatures.
[0009] This problem is solved by a vacuum pump with
the features of claim 1, in particular with the features stat-
ed in the introductory portion, wherein the first and sec-
ond slots in the rotor are substantially parallel to each
other and a length of each vane is larger than a length
of the respective slot.
[0010] The invention is based on the idea that having
two vanes which are movable independent from each
other allows the pump to start with low torque when oil
within the pump is still highly viscous. In this state, the
vanes do not need to displace the oil, as it is necessary
in rigid mono-vane pumps, much more the vanes can
retract slightly so as to slide over the oil. While there are
limitations with regard to the design of the chamber profile
in both, the mono-vane pumps known in the art and the
multi-vane pumps known in the art, the present invention
proposes to provide the vanes with a length which is larg-
er than a length of the respective slot. Thus, when re-
tracted and the vane tip is within the slot of the rotor, the
opposing foot end of the vane will protrude out of the
rotor. For any given rotor diameter, greater vane exten-
sion compared to the rotor diameter is possible by this
arrangement compared to a conventional multi-vane
pump which means that the proposed pump has a greater
chamber volume. Therefore, the overall size of the vane
pump is greatly reduced compared to a multi-vane pump
while still maintaining the low cold starting torque of the
multi-vane pump.
[0011] According to a first preferred embodiment, the
slots are formed as secants and symmetrical to each
other with respect to the rotational axis of the rotor. Thus,
the vanes are slightly spaced from each other. The rotor
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has a solid central portion which gaps the slots from each
other. The vanes do not extend in a radial direction of
the rotor which is beneficial in view of tilting or canting of
the vanes with respect to the slots. Thus, movement of
the rotor and the vanes is simplified.
[0012] Moreover, it is preferred that a length of each
vane is larger than the diameter of the rotor. Preferably
the length of each vane is larger than the diameter of the
rotor by 10 %, 20 %, 30 %, 50 % or more. In particular,
a value of approximately 30 % has proven in practice to
be beneficial. Due to such an arrangement, the efficiency
can be increased, since the volume of the chamber com-
pared to the volume of the rotor is large.
[0013] An aspect of the invention which also adds to
this fact is, when a ratio of the external vane length and
the radius of the rotor is in the range of 1.0 to 1.3. Pref-
erably, this ratio is in the range of 1.11. The external vane
length is the length of the vane which projects out of the
rotor at the maximum position. This is the effective wave-
length for displacing fluid. However, it is also important
that the vane has a certain length within the slot of the
rotor, to provide support and bearing for the external por-
tion of the vane. This helps to avoid tilting and canting
and reduces wear of the pump.
[0014] According to a particular preferred embodi-
ment, a center of gravity of each vane is offset towards
the respective vane tip. Each vane has a vane tip and a
vane foot, wherein the vane tip is permanently in contact
with the inner circumferential wall and sealing against it.
Due to the fact that the center of gravity is offset towards
the respective vane tip, the vane will be pressed against
the inner circumferential wall when the rotor rotates. This
is due to the centrifugal force. In mono-vane pumps this
is not necessary, since the vane is rigid and extends from
wall to wall. However, when multiple vanes are used,
each vane is movable independent from each other and
sealing between the vane tip and the inner circumferen-
tial wall needs to be ensured. In particular, when the slot
extends continuously through the whole rotor it is bene-
ficial when the center of gravity is offset towards the re-
spective vane tip, such that the vane will not move toward
the foot end of the vane by means of the centrifugal force.
[0015] In a preferred development of the invention, the
rotor comprises first and second bridges, each bridge
intersecting the respective slot for connecting the oppos-
ing portions of the rotor. When the slot is continuous, this
slot would split the rotor in two halves. Therefore, these
halves need to be connected. The bridges connect these
parts.
[0016] In such an embodiment it is preferred that the
vanes comprise respective recesses which correspond
to the bridges, such that the vanes are able to slide within
the slots. When the vanes have such a respective re-
cesses, it is also simpler to offset the center of gravity
towards the vane tip. It is beneficial when the recess is
formed at the foot end of the vane. Thus, the bridge pref-
erably is placed at a foot end of the respective slot.
[0017] Moreover, it is preferred when the bridges form

abutments for restricting the movement of the vanes.
When the slot is continuously formed and extending from
one side to the other side of the rotor, in theory it would
be possible that the vane moves to the wrong side, thus
to the foot end, and in such a condition, the pump would
not be able to induce any vacuum at the inlet. When the
bridges form abutments for restricting the movement of
the vanes, this condition is inhibited. This ensures that
the pump will function correctly, even if in a start condition
the vane tips are not in contact with the inner circumfer-
ential wall of the chamber.
[0018] Preferably, the abutments are formed such that
the center of gravity of each vane is always kept on the
same side of a radial plane through the rotor perpendic-
ular to the slots. Thus, the center of gravity of each vane
is always "on the correct side", which is the side such
that the vane is moved in the direction of the vane tip and
pressed against the inner circumferential wall with its
vane tip into a sealing contact. The abutments are formed
such that the center of gravity of each vane does not
cross this plane.
[0019] According to a preferred embodiment the vac-
uum pump comprises additional biasing means for bias-
ing at least the first or the second vane into an extended
position. This in particular is beneficial for startup of the
vacuum pump. When starting the vacuum pump, the ro-
tation speed of the rotor will be low and thus also centrif-
ugal forces on the vanes are low. Therefore, in the start-
up phase the vane tips might not be in sealing contact
with the inner circumferential wall and therefore no or no
substantial vacuum will be induced at the inlet of the vac-
uum pump. The biasing means acts such that at least
one, preferably both vanes are biased into the extended
position and biased against the inner circumferential wall,
such that the respective vane tips are in sealing contact
with the inner circumferential wall. A vacuum can be in-
duced also during the start-up phase.
[0020] Preferably, such biasing means comprises an
oil supply to the back side of at least the first or the second
vane. Alternatively the oil supply may be fed to at least
one of the abutments formed by the bridges of the rotor.
Normally, vacuum pumps are lubricated using an oil sup-
ply. This oil supply can be used to provide the vanes with
a biasing force to push them outward.
[0021] Alternatively or additionally a spring or the like
can be used.
[0022] In a further preferred development of the inven-
tion, the chamber comprises a chamber profile which has
a circular arc portion corresponding to a section in a range
of at least 90° to 135°, preferably at least 120° to 135°.
This is measured with respect to the rotational axis of the
rotor. The chamber profile is preferably formed such that
a ratio of the chamber volume and the rotor volume is
maximized and at the same time the vane tips are always
pressed with a sufficient force against the inner circum-
ferential wall to provide a sealing contact. When the two
vanes can move independent from each other, the cham-
ber profile can be designed as if it was a cam profile by
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specifying the blade extension at any given rotor angle.
The chamber profile can be specified so that the maxi-
mum vane tip to wall force is controlled within an accept-
able limit. Further, the chamber profile can be designed
so that the vanes are extended as quickly as possible
and stay out for as long as possible. By this embodiment,
the maximum possible volume may be swept. While mo-
no-vane pumps are restricted to a chamber profile which
is formed according to a conchoid of a circle, the present
invention is able to use any profile. Thus, it is preferred
that the chamber profile is different from a conchoid of a
circle. It is also possible that the chamber profile is asym-
metrically arranged, so that the vanes go out quicker than
they are arranged to go back into the slots, or vice versa.
[0023] Having a circular arc portion which along a large
section, preferably 120° to 135°, reflects the fact that the
vanes stay out for a long time, namely at least one third
of the whole revolution of the rotor.
[0024] In a further preferred embodiment, the chamber
profile comprises a widening portion, which may be a
substantially straight portion, corresponding to a section
in a range of 10° to 40°, preferably 25° to 35°. This wid-
ening portion is preferably in the area of the contact point
of the rotor and the inner circumferential wall. At this con-
tact point, the vane tip needs to slide fully into the rotor.
This widening portion helps to bring in the vane tip as
quickly as possible and out again as quickly as possible
thus resulting again in a large volume of the chamber.
Moreover, when the vane tips are moved out again quick-
ly, the center of gravity of the vane moves further away
from the rotational axis of the rotor, thus increasing the
centrifugal force and thus the tip to wall force. This is
beneficial for an effective sealing between the vane tip
and the inner circumferential wall.
[0025] According to a further beneficial embodiment,
the rotor is connected to a drive shaft by means of over
molding. The rotor itself preferably is formed of a low
density material, as e.g. a polymer, and the drive shaft
is formed out of a rigid material which can be connected
to a drive motor or the cam shaft of an engine. Moreover,
the rotor has a complex form having the two slots and
preferably bridges. Such a form can easily be manufac-
tured by means of molding. The process of over molding
is a very simple process for mounting the rotor directly
to the drive shaft and thus resulting in a cost effective
manufacturing of the vacuum pump.
[0026] Preferably, the drive shaft comprises a flattened
tang portion extending into a central solid portion of the
rotor. The rotor does not have a central slot as rotors
have which are used for mono-vane pumps. However,
the rotor has a substantially flat central solid portion which
spaces the two slots from each other. This solid portion
can be used for accommodating the tang of the drive
shaft. If the drive shaft has such a tang, a form-fitting
contact between the drive shaft and the rotor can be pro-
vided, and torque is easily transferred from the drive shaft
to the rotor.
[0027] In a second aspect of the present invention, the

object stated in the introductory portion is solved by a
production method for manufacturing a vacuum pump
according to any of the above described preferred em-
bodiments of a vacuum pump, comprising the steps of
providing a housing having an inlet and an outlet and
defining a chamber within the housing; providing a drive
shaft; over molding a rotor on the drive shaft, the rotor
having respective first and second slots, wherein the first
and second slots are substantially parallel to each other;
and providing a first and a second vane received in the
respective first and second slots, wherein a length of each
vane is larger than a length of the respective slots.
[0028] Moreover, it is preferred that the production
method comprises the step: forging a flattened tang por-
tion on the drive shaft before over molding the rotor.
[0029] This is a very simple production method which
leads to a low manufacturing cost vacuum pump. Re-
garding the preferred embodiments and benefits of the
vacuum pump, reference is made to the above-described
embodiments of the vacuum pump according to the first
aspect of the invention.
[0030] For a more complete understanding of the in-
vention, the invention will now be described in detail with
reference to the accompanying drawings. The detailed
description will illustrate and describe what is considered
as a preferred embodiment of the invention. It should of
course be understood that various modifications and
changes in form or detail could readily be made without
departing from the scope of the claims. It is therefore
intended that the invention may not be limited to the exact
form and detail shown and described herein, nor to an-
ything less than the invention as claimed herein after.
[0031] Any reference signs in the claims shall not be
construed as limiting the scope of the invention. The
wording "comprising" does not exclude other elements
or steps. The word "a" or "an" does not exclude a plurality.
The wording "a number of" items, comprising also the
number one, i.e. a single item, and further numbers like
2, 3, 4 and so forth. In the accompanying drawings:

Fig. 1 shows a top view of the vacuum pump with
opened housing;

Fig. 2 shows a perspective exploded view of the vac-
uum pump;

Fig. 3 shows a top view of a rotor of the vacuum
pump;

Fig. 4 shows a cut along Z-Z of Fig. 3;
Fig. 5 shows a cut of the rotor along X-X of Fig. 3;
Fig. 6 shows a perspective view of a drive shaft;
Fig. 7 shows a perspective view of a vane;
Fig. 8 shows a side view of the vane of Fig. 7;
Fig. 9 shows a schematic of a profile of the chamber;
Fig. 10 shows a graph of the position of the vane tip

dependent on the rotation of the rotor; and
Fig. 11 shows a cut perspective view of the chamber

without rotor.

[0032] Referring to drawing in Fig. 1 there is shown a
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vacuum pump, generally designated 1, which is intended
to be located adjacent to an automotive engine. The vac-
uum pump 1 comprises a housing 2 having an inlet 4 and
an outlet 6. The housing 2 is shown without cover plate
(see Fig. 2) thus leaving the view open to the inside cham-
ber 8 of the vacuum pump 1.
[0033] A rotor 10 is provided within the chamber 8. The
rotor 10 is placed close to the inner circumferential wall
12 of the chamber 8, so that the rotor 10 has a sealing
contact point 14 with the inner circumferential wall 12.
The rotor comprises first and second slots 16, 18, wherein
longitudinal axes AS1 and AS2 of the first and second
slots 16, 18 are arranged parallel to each other. The slots
16, 18 are arranged symmetrically about the rotational
axis AR of rotor 10. The slots 16, 18 are offset from each
other by an offset O, which is provided by a block portion
20 of the rotor 10.
[0034] Within the slots 16, 18 respective first and sec-
ond vanes 22, 24 are received. Both vanes 22, 24 can
slide along the axes AS1, AS2. The slots 16, 18 are formed
as secants and not in a radial direction. As also can be
seen in Fig. 1, a length LV of each vane 22, 24 (length
LV only shown with vane 24) is larger than the length LS
of the respective slot. In the exemplary embodiment in
Fig. 1, length LV is approximately 30 % larger than length
LS. Moreover the length LV of each vane 22, 24 is larger
than the diameter DR of the rotor 10. Preferably a ratio
of the external vane length LE and the radius RR of the
rotor 10 is in the range of 1.0 to 1.3.
[0035] With reference to Fig. 2, the vacuum pump 1 is
shown in an exploded view, so that the single items of
the vacuum pump can be seen. The housing 2 defines
the chamber 8 and comprises an inner circumferential
wall 12. This inner circumferential wall also defines the
profile of the chamber. Moreover, housing 2 has a bottom
wall 26, in which a through hole is formed (not shown)
through which the drive shaft 28 for rotor 10 protrudes in
an assembled condition. The drive shaft 28 is then re-
ceived in a block 30 by means of a press fit, which again
is received in a coupling 32 which comprises a corre-
sponding recess 34, in which the block 30 is seated. The
coupling 32 comprises formfitting means 36, by means
of which the vacuum pump 1 can be connected to a drive
motor, the cam shaft of an engine or the like.
[0036] The outlet 6 (see Fig. 1) is provided at an outside
of the housing 2 with a valve assembly 38, forming a
check valve, such that air can be pushed through the
outlet, but no air enters the chamber 8 through the outlet.
The inlet 4 is provided with a hose connector 40, such
that it can be connected to a brake booster or the like.
[0037] The vanes 22, 24 comprise respective vane tips
42, 44 which contact the inner circumferential wall 12
when in a working condition. Moreover, each vane 22,
24 comprises a recess 46, 48 formed at the opposite end
of the vane tip 42, 44 of the respective vanes 22, 24. The
structure of the vanes will be described with reference to
Figs. 7 and 8 in more detail.
[0038] The vacuum pump 1 comprises a cover 50 for

closing the chamber 8. The cover 50 can be screwed to
the housing 2 by means of screws 52, so that the chamber
8 is closed and sealed against the environment.
[0039] The rotor 10 comprises two bridges 54, 56
bridging the respective slots 16, 18. The bridges 54, 56
thus connect the central block portion 20 of the rotor 10
with two side portions 58, 60. The side portions 58, 60
are each provided with recesses 62 for weight reduction
reasons. The bridges 54, 56 are arranged at an axial end
of each slot 16, 18 and formed such that they act together
with the respective recesses 46, 48 of the vanes 22, 24
(see Fig. 2 in particular). The bridges 54, 56 form abut-
ments 64 for the vanes 22, 24 (see Fig. 3). The vanes
22, 24 are able to come into contact with the abutment
64 of the bridges 54, 56 with the bottom 47 of the recess
46, 48. Therefore, the vanes 22, 24 are restricted in the
movement into the direction of the bridges 54, 56. The
bridges 54, 56 do not have the same height HR as the
rotor 10, but have a reduced height HB. Therefore, above
and below the bridges 54, 56 there is a space for receiving
a fork end 70 of each vane 22, 24, which is formed by
two legs 72, 74 (see Fig. 7), which are spaced by the
recess 46, 48. These legs 72, 74 can slide above and
below the bridges 54, 56. Dependent on the length of the
fork end 70 it might happen that during a startup phase,
e.g. the first revolution, the fork end 70 contacts the wall
12. During normal operation such a contact is not pre-
ferred. In a preferred embodiment, the abutments 64 may
be provided with biasing means 65, as e.g. an oil supply
66, supplying oil for acting against the abutment 47 of
the vanes 22, 24.
[0040] The rotor 10 is attached to a drive shaft 28. The
drive shaft 28 comprises a cylindrical shaft portion 76
and a flattened tang portion 78. Flattened tang portion
78 is formed by forging, while a cylindrical pin is used as
the raw material for forming the drive shaft. The flattened
tang 78 is formed such that it can be received in the cen-
tral block portion 20 of the rotor as can be seen in Figs.
3 to 5. In particular the rotor 10 is formed on the drive
shaft 28 by means of an over molding process, such that
a formfitting attachment between the rotor 10 and the
tang portion 78 of the drive shaft 28 is achieved. This is
a very simple manner for mounting the rotor to a drive
shaft.
[0041] Due to the special design of the vanes 22, 24,
the center of gravity 80 is offset from the central axis AC
of the vanes 22, 24 into the direction of the vane tip 42,
44 (see Fig. 8). This is due to the recess 46, 48. Moreover
the legs 72, 74 are provided with an additional recess 82
thus again reducing the material at the fork end 70 of the
vanes 22, 24. The center gravity 80 is preferably but not
necessarily placed at such a point at the vanes 22, 24
that it does not cross a plane which is perpendicular to
the slots 16, 18. This plane is equal to plane X-X shown
in Fig. 3. When the vane 22 would be placed in slot 16
(see Figs. 1 and 2) the center of gravity 80 (see Fig. 8)
would not travel with respect to Fig. 3 to the left side
beyond plane X-X. Thus, when the rotor 10 is in rotation,
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the vanes 22, 24 will be pushed outwardly and the vane
tips 42, 44 into contact with the inner circumferential wall
12, due to centrifugal force. Preferred ranges of operation
are e.g. approximately 300-3500 RPM for camshaft ap-
plications and approximately 600-7000 RPM for sump
mounted applications.
[0042] Both vanes 22, 24 can move independent from
each other. Therefore, the chamber profile which is de-
fined by the inner circumferential wall 12 can be designed
with a high degree of freedom.
[0043] Now turning to Figs. 9 and 10 the chamber pro-
file 100 will be explained. Fig. 9 shows a schematic view
of the inner circumferential wall and the chamber profile
100. Moreover, the rotor 10 is shown which is rotatable
about the rotor axis AR and has two vanes 22, 24. Vane
22 is in the maximum extended position PE and vane 24
is almost completely retracted and almost in the retracted
position PR. As can be seen from Fig. 9, when the vane
tip 44 of the vane 24 is close to the contact point 14, at
which the vane tip 42, 44 completely retracts into the
respective slot 16, 18, the fork end 70 of the vane 22, 24
projects out of the rotor 10 at the opposite side of the
respective vane tip 42, 44. In the extended position (vane
22 in Fig. 9) the fork end 70 is within the rotor 10, however
to a relatively large extent, such that the fork end provides
a support or bearing for the vanes 22, 24 so that tilting
or canting is prohibited.
[0044] The chamber profile 100 (see also Fig. 10) is
designed such that the volume of the chamber 8 is max-
imized and such that the vanes 22, 24 are in the extended
position as long as possible. To achieve this, the profile
100 comprises a circular shaped portion SC which ex-
tends about 120° of a rotor revolution. This can be in-
ferred from Fig. 10 in which the position of the vane tip
42, 44 is drafted on the ordinate and the respective rotor
revolution on the abscissa. The circular portion SC is thus
shown as a straight line in the graph in Fig. 10. Moreover,
the chamber profile 100 comprises a widening portion
SW which is provided in the range of the contact point
14. This widening portion SW helps to bring out the vane
tips 42, 44 very fast at the beginning of a revolution and
bring them in at the end of the revolution. The widening
portion may be formed substantially planar or straight,
which also allows a slight depression or slight curvature
with a relatively large radius. Between the widening por-
tion SW and the circular portion SC two gradient portions
SG1 and SG2 are provided, in which the vane tips 42, 44
are moved outwardly. The gradient portions SG1 and SG1
are formed such that the force between the vane tips 42,
44 and the inner circumferential wall 12 quickly reaches
a desired value so that a sealing grade between the
vanes 22, 24 and the inner circumferential wall 12 is high.
Of course it is also possible to use a circular chamber
profile. In such an embodiment the present invention has
the advantage that the rotor diameter can be reduced i.e.
the maximum vane extension is larger, such that the
chamber volume is large with respect to standard vacu-
um pumps. A circular chamber profile 100 means that

the vanes 22, 24 are constantly gently accelerating radi-
ally in one or another direction. This chamber will not
package a given swept volume as efficiently but the cost
advantage may be more significant.
[0045] In fig. 11 such a chamber 8 with a substantially
circular profile 100 is shown. The chamber 8 is shown
without rotor 10; in the left upper corner of fig. 11 the rotor
10 placement is illustrated in Detail A. The inner circum-
ferential wall 12 forms a sealing contact point 14 with the
rotor 10, as described with respect to fig. 1 above. In the
embodiment of fig. 11 this contact point 14 is formed as
a slight depression 15 which has a circular profile to meet
the outer circumference 11 of the rotor 10. Around this
depression 15 the widening portion SW is provided. In
this portion SW the vanes 22, 24 are accelerated to move
fast into the extended position PE or the retracted position
PR, so that the vanes 22, 24 can stay extended for as
long as possible.

List of reference signs (Part of the description)

[0046]

1 vacuum pump
2 housing
4 inlet
6 outlet
8 chamber
10 rotor
11 outer circumference
12 inner circumferential wall
14 contact point
15 depression
16 first slot
18 second slot
20 block portion
22 first vane
24 second vane
26 bottom wall
28 drive shaft
30 block
32 coupling
34 recess
36 formfitting means
38 valve assembly
40 hose connector
42, 44 vane tip
46, 48 recess
47 abutment
50 cover
52 means of screws
54, 56 bridge
58, 60 side portion
62 recess
64 abutment
65 biasing means
66 oil supply
70 fork end
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72, 74 leg
76 shaft portion
78 flattened tang portion
80 center of gravity
100 chamber profile
AR rotational axis
AS1, AS2 longitudinal axis of vane
DR diameter of the rotor
HB reduced height
HR height of rotor
LE external vane length
LV length of vane
LS length of slot
O offset
PE extended position
PR retracted position
RR radius of the rotor
SC circular shaped portion
SW widening portion
SG1, SG2 gradient portion
X-X radial plane

Claims

1. Vacuum pump (1), comprising
a housing (2) having an inlet (4) and an outlet (6)
and defining a chamber (8) within the housing (2),
a rotor (10) for rotational movement about a rotation-
al axis (AR) within the chamber (8), and
at least a first and a second vane (22, 24) received
in respective first and seconds slots (16, 18) formed
in the rotor (10),
wherein the first and second slots (16, 18) are sub-
stantially parallel to each other, characterised in
that
a length (LV) of each vane (22, 24) is larger than a
length (LS) of the respective slot (16, 18).

2. Vacuum pump according to claim 1, wherein the
slots (16, 18) are formed as secants and symmetrical
to each other with respect to the rotational axis (AR)
of the rotor (10).

3. Vacuum pump according to claim 1 or 2, wherein the
length (LV) of each vane (22, 24) is larger than the
diameter (DR) of the rotor (10).

4. Vacuum pump according to any of the preceding
claims, wherein a ratio of the external vane length
(LE) and the radius (RR) of the rotor (10) is in the
range of 1 to 1,3, preferably approximately amounts
1,11.

5. Vacuum pump according to any of the preceding
claims, wherein a centre of gravity (80) of each vane
(22, 24) is offset towards the respective vane tip (42,
44).

6. Vacuum pump according to any of the preceding
claims, wherein the rotor (10) comprises first and
second bridges (54, 56), each bridge (54, 56) inter-
secting the respective slot (16, 18) for connecting
the opposing portions (58, 60) of the rotor (10).

7. Vacuum pump according to claim 6, wherein the
vanes (22, 24) comprise respective recesses (46,
48), which correspond to the bridges (54, 56) such
that the vanes (22, 24) are able to slide within the
slots (16, 18).

8. Vacuum pump according to claim 7, wherein the
bridges (54, 56) form abutments (47) for restricting
the movement of the vanes (22, 24).

9. Vacuum pump according to claim 8, wherein the
abutments (47) are formed such that a centre of grav-
ity (80) of each vane (22, 24) is always kept on the
same side of a radial plane (X-X) through the rotor
(10) perpendicular to the slots (16, 18).

10. Vacuum pump according to any of the preceding
claims, comprising biasing means (65) for biasing at
least the first or the second vane (22, 24) into an
extended position (PE).

11. Vacuum pump according to claim 8 and 10, wherein
the biasing means (65) comprise an oil supply (66)
to the abutment (47) of at least the first or the second
vane (22, 24).

12. Vacuum pump according to any of the preceding
claims, wherein the chamber (8) comprises a cham-
ber profile (100), which has a circular arc portion (SC)
corresponding to a section in a range of at least 90°
to 135°, preferably at least 120° to 135°.

13. Vacuum pump according to claim 12, wherein the
chamber profile (100) comprises a widening portion
(SW) corresponding to a section in a range of 10° to
40°, preferably 25° to 35°.

14. Vacuum pump according to any of the preceding
claims, wherein the rotor (10) is connected to a drive
shaft (28) by means of over moulding.

15. Vacuum pump according to claim 14, wherein the
shaft (28) comprises a flattened tang portion (78)
extending into a central solid portion (20) of the rotor
(10).

16. Production method for manufacturing a vacuum
pump (1) according to any of the above claims com-
prising the steps of:

- providing a housing (2) having an inlet (4) and
an outlet (6) and defining a chamber (8) within
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the housing (2);
- providing a drive shaft (28);
- over moulding a rotor (10) on the drive shaft
(28), the rotor (10) having respective first and
seconds slots (16, 18), wherein the first and sec-
ond slots (16, 18) are substantially parallel to
each other; and
- providing first and a second vanes (22, 24) re-
ceived in the respective first and seconds slots
(16, 18), wherein a length (LV) of each vane (22,
24) is larger than a length (LS) of the respective
slot (16, 18).

17. Production method according to claim 16, compris-
ing:

- forging a flattened tang portion (78) on the drive
shaft (28) before over moulding the rotor (10).

Patentansprüche

1. Vakuumpumpe (1), Folgendes umfassend:

ein Gehäuse (2), das einen Einlass (4) und einen
Auslass (6) aufweist und eine Kammer (8) in-
nerhalb des Gehäuses (2) definiert,
einen Rotor (10) zur Drehbewegung um eine
Drehachse (AR) innerhalb der Kammer (8), und
mindestens einen ersten und einen zweiten Flü-
gel (22, 24), die in einem entsprechenden im
Rotor (10) ausgebildeten ersten bzw. zweiten
Schlitz (16, 18) aufgenommen sind,
wobei der erste und zweite Schlitz (16, 18) im
Wesentlichen parallel zueinander sind,
dadurch gekennzeichnet, dass
eine Länge (LV) jedes Flügels (22, 24) größer
als eine Länge (LS) des entsprechenden Schlit-
zes (16, 18) ist.

2. Vakuumpumpe nach Anspruch 1, wobei die Schlitze
(16, 18) als Sekanten und in Bezug zur Drehachse
(AR) des Rotors (10) zueinander symmetrisch aus-
gebildet sind.

3. Vakuumpumpe nach Anspruch 1 oder 2, wobei die
Länge (LV) jedes Flügels (22, 24) größer als der
Durchmesser (DR) des Rotors (10) ist.

4. Vakuumpumpe nach einem der vorstehenden An-
sprüche, wobei ein Verhältnis der äußeren Flügel-
länge (LE) und des Radius (RR) des Rotors (10) im
Bereich von 1 bis 1,3 liegt und vorzugsweise etwa
1,11 beträgt.

5. Vakuumpumpe nach einem der vorstehenden An-
sprüche, wobei der Schwerpunkt (80) jedes Flügels
(22, 24) in Richtung der entsprechenden Flügelspit-

ze (42, 44) versetzt ist.

6. Vakuumpumpe nach einem der vorstehenden An-
sprüche, wobei der Rotor (10) eine erste und zweite
Brücke (54, 56) umfasst, wobei jede Brücke (54, 56)
den entsprechenden Schlitz (16, 18) schneidet, um
die entgegengesetzten Abschnitte (58, 60) des Ro-
tors (10) zu verbinden.

7. Vakuumpumpe nach Anspruch 6, wobei die Flügel
(22, 24) entsprechende Aussparungen (46, 48) um-
fassen, die den Brücken entsprechen (54, 56), so-
dass die Flügel (22, 24) innerhalb der Schlitze (16,
18) verschiebbar sind.

8. Vakuumpumpe nach Anspruch 7, wobei die Brücken
(54, 56) Anschläge (47) zur Bewegungseinschrän-
kung der Flügel (22, 24) ausbilden.

9. Vakuumpumpe nach Anspruch 8, wobei die An-
schläge (47) derart ausgebildet sind, dass der
Schwerpunkt (80) jedes Flügels (22, 24) immer auf
derselben Seite einer radialen Ebene (X-X) durch
den Rotor (10), senkrecht zu den Schlitzen (16, 18)
gehalten wird.

10. Vakuumpumpe nach einem der vorstehenden An-
sprüche, eine Vorspannungseinrichtung (65) zum
Vorspannen des ersten und/oder des zweiten Flü-
gels (22, 24) in eine ausgestreckte Position (PE) um-
fassend.

11. Vakuumpumpe nach Anspruch 8 und 10, wobei die
Vorspannungseinrichtung (65) eine Ölzufuhr (66) an
den Anschlag (47) des ersten und/oder zweiten Flü-
gels (22, 24) umfasst.

12. Vakuumpumpe nach einem der vorstehenden An-
sprüche, wobei die Kammer (8) ein Kammerprofil
(100) umfasst, das einen kreisförmigen Bogenab-
schnitt (SC) aufweist, der einem Teilstück in einem
Bereich von mindestens 90° bis 135°, vorzugsweise
mindestens 120° bis 135° entspricht.

13. Vakuumpumpe nach Anspruch 12, wobei das Kam-
merprofil (100) einen Verbreiterungsabschnitt (SW)
umfasst, der einem Teilstück in einem Bereich von
10° bis 40°, vorzugsweise 25° bis 35° entspricht.

14. Vakuumpumpe nach einem der vorstehenden An-
sprüche, wobei der Rotor (10) mittels Aufformen mit
einer Antriebswelle (28) verbunden ist.

15. Vakuumpumpe nach Anspruch 14, wobei die Welle
(28) einen abgeflachten Zapfenabschnitt (78) um-
fasst, der sich in einen mittigen, festen Abschnitt (20)
des Rotors (10) erstreckt.
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16. Produktionsverfahren zur Herstellung einer Vaku-
umpumpe (1) nach einem der vorstehenden Ansprü-
che, die folgenden Schritte umfassend:

- Vorsehen eines Gehäuses (2), das einen Ein-
lass (4) und einen Auslass (6) aufweist und eine
Kammer (8) innerhalb des Gehäuses (2) defi-
niert;
- Vorsehen einer Antriebswelle (28);
- Aufformen eines Rotors (10) auf der Antriebs-
welle (28), wobei der Rotor (10) einen entspre-
chenden ersten und zweiten Schlitz (16, 18) auf-
weist, wobei der erste und zweite Schlitz (16,
18) im Wesentlichen parallel zueinander sind;
und
- Vorsehen eines ersten und zweiten Flügels
(22, 24), die im entsprechenden ersten bzw.
zweiten Schlitz (16, 18) aufgenommen sind, wo-
bei die Länge (LV) jedes Flügels (22, 24) größer
als die Länge (LS) des entsprechenden Schlit-
zes (16, 18) ist.

17. Produktionsverfahren nach Anspruch 16, Folgendes
umfassend:

- Schmieden eines abgeflachten Zapfenab-
schnitts (78) an der Antriebswelle (28) vor dem
Aufformen des Rotors (10).

Revendications

1. Pompe à vide (1) comprenant :

un boîtier (2) ayant une entrée (4) et une sortie
(6) et définissant une chambre (8) au sein du
boîtier (2),
un rotor (10) pour un mouvement rotatif autour
d’un axe de rotation (AR) au sein de la chambre
(8), et
au moins une première et une seconde palette
(22, 24) reçues dans des première et seconde
fentes respectives (16, 18) formées dans le rotor
(10),
les première et seconde fentes (16, 18) étant
sensiblement parallèles l’une à l’autre, caracté-
risée en ce que
une longueur (LV) de chaque palette (22, 24) est
supérieure à une longueur (LS) de la fente res-
pective (16, 18).

2. Pompe à vide selon la revendication 1, dans laquelle
les fentes (16, 18) sont réalisées sous forme de sé-
cantes et sont symétriques l’une à l’autre par rapport
à l’axe de rotation (AR) du rotor (10).

3. Pompe à vide selon la revendication 1 ou 2, dans
laquelle la longueur (LV) de chaque palette (22, 24)

est supérieure au diamètre (DR) du rotor (10).

4. Pompe à vide selon l’une quelconque des revendi-
cations précédentes, dans laquelle un rapport de la
longueur de palette extérieure (LE) et du rayon (RR)
du rotor (10) est dans la plage de 1 à 1,3, de préfé-
rence est égal approximativement à 1,11.

5. Pompe à vide selon l’une quelconque des revendi-
cations précédentes, dans laquelle un centre de gra-
vité (80) de chaque palette (22, 24) est décalé vers
l’extrémité respective (42, 44) de la palette.

6. Pompe à vide selon l’une quelconque des revendi-
cations précédentes, dans laquelle le rotor (10) com-
prend des premier et second ponts (54, 56), chaque
pont (54, 56) coupant la fente respective (16, 18)
pour relier les parties opposées (58, 60) du rotor (10).

7. Pompe à vide selon la revendication 6, dans laquelle
les palettes (22, 24) comportent des évidements res-
pectifs (46, 48) qui correspondent aux ponts (54, 56)
de telle sorte que les palettes (22, 24) puissent glis-
ser au sein des fentes (16, 18).

8. Pompe à vide selon la revendication 7, dans laquelle
les ponts (54, 56) forment des butées (47) pour limi-
ter le mouvement des palettes (22, 24).

9. Pompe à vide selon la revendication 8, dans laquelle
les butées (47) sont formées de telle sorte qu’un cen-
tre de gravité (80) de chaque palette (22, 24) est
toujours maintenu du même côté d’un plan radial (X-
X) traversant le rotor (10) et perpendiculaire aux fen-
tes (16, 18).

10. Pompe à vide selon l’une quelconque des revendi-
cations précédentes, comprenant des moyens de
sollicitation (65) pour solliciter au moins la première
ou la seconde palette (22, 24) dans une position
étendue (PE).

11. Pompe à vide selon les revendications 8 et 10, dans
laquelle les moyens de sollicitation (65) compren-
nent une alimentation en huile (66) vers la butée (47)
d’au moins la première ou la seconde palette (22,
24).

12. Pompe à vide selon l’une quelconque des revendi-
cations précédentes, dans laquelle la chambre (8)
comprend un profil de chambre (100) qui présente
une partie d’arc circulaire (SC) correspondant à une
section dans une plage d’au moins 90° à 135°, de
préférence d’au moins 120° à 135°.

13. Pompe à vide selon la revendication 12, dans laquel-
le le profil de chambre (100) comprend une partie
s’élargissant (SW) correspondant à une section dans

15 16 



EP 3 426 924 B1

10

5

10

15

20

25

30

35

40

45

50

55

une plage de 10° à 40°, de préférence de 25° à 35°.

14. Pompe à vide selon l’une quelconque des revendi-
cations précédentes, dans laquelle le rotor (10) est
relié par surmoulage à un arbre d’entraînement (28).

15. Pompe à vide selon la revendication 14, dans laquel-
le l’arbre (28) comprend une partie tenon aplatie (78)
s’étendant dans une partie solide centrale (20) du
rotor (10).

16. Procédé de production d’une pompe à vide (1) selon
l’une quelconque des revendications précédentes
comprenant les étapes consistant à :

- prévoir un boîtier (2) ayant une entrée (4) et
une sortie (6) et définissant une chambre (8) au
sein du boîtier (2) ;
- prévoir un arbre d’entraînement (28) ;
- surmouler un rotor (10) sur l’arbre d’entraîne-
ment (28), le rotor (10) ayant des première et
seconde fentes (16, 18) respectives, les premiè-
re et seconde fentes (16, 18) étant sensiblement
parallèles entre elles ; et
- prévoir des première et seconde palettes (22,
24) reçues dans les première et seconde fentes
(16, 18) respectives, une longueur (LV) de cha-
que palette (22, 24) étant supérieure à une lon-
gueur (LS) de la fente (16, 18) respective.

17. Procédé de production selon la revendication 16,
consistant en outre à :

- forger une partie tenon aplatie (78) sur l’arbre
d’entraînement (28) avant de surmouler le rotor
(10).
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