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(54) Variable displacement lubricant vane pump

(57) A variable displacement lubricant vane pump
(10) is provided with a pump rotor (20) rotating around a
rotor axis (21) and with a rotor body (24) provided with
vane slits (25) wherein shiftable rotor vanes (26) are ar-
ranged. A shiftable control ring (30) is provided wherein
the slidable vanes (26) are rotating, the control ring (30)
being actuated to control the eccentricity of the control
ring (30) with respect to the rotor axis (21). A metal pump

housing (12) including two parallel sidewalls (16, 17) is
provided which axially cover the rotor body (24), the rotor
vanes (26) and the control ring (30).

The control ring (30; 30’) is provided with a control
ring body (31; 31’) made out of the same plastic material
with a thermal expansion coefficient aP of 65% to 150%
of the thermal expansion coefficient aM of the housing
metal.
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Description

[0001] The present invention refers to a mechanical
variable displacement lubricant vane pump for providing
pressurized lubricant for an internal combustion engine.
[0002] The mechanical lubricant pump is directly driv-
en by the engine and comprises a pump rotor rotating
around a rotor axis. The pump rotor is provided with a
rotor body with radial vane slits wherein numerous shift-
able rotor vanes are provided. A shiftable control ring is
provided which radially surrounds the pumping cavity
which is separated by the vanes into numerous rotating
pumping chambers. The control ring is actuated so that
the control ring can be shifted in a radial direction to con-
trol the eccentricity of the control ring with respect to the
rotor axis. By controlling the control ring eccentricity the
volumetric performance of the pump can be varied with-
out changing the rotational speed of the pump. A pump
housing is provided including two parallel sidewalls which
are axially covering the rotor body, the rotor vanes and
the control ring.
[0003] The hydraulic efficiency of the pump is highly
dependent on the hydraulic leakage of the pumping
chambers which is dependent on the axial clearances
between the static housing sidewalls of the pump housing
on one side and the rotor body, the vanes and the control
ring at the other side. Mechanical lubricant pumps of the
state of the art use aluminium for the pump housing and
steel or sintered steel for the control ring, the vanes and
the rotor body. Since the thermal expansion coefficient
of the these materials are different, the axial clearances
between the housing at one side and the control ring, the
vanes and the rotor body on the other side increase up
to 100 mm and more at typical lubricant working temper-
atures of combustion engines of 100°C and more. These
clearances lead to serious hydraulic leakage and back-
flow which cause a reduced hydraulic efficiency of the
pump. Additionally, very tight and precise mechanical
clearances are to be realized in production of the me-
chanical lubricant pump which causes relatively high pro-
duction cost.
[0004] Before this background, it is an object of the
invention to provide a variable lubricant vane pump with
high hydraulic efficiency and reduced production cost.
[0005] This object is solved with a variable lubricant
vane pump with the features of claim 1.
[0006] According to main claim 1, the control ring body
is made out of a plastic material, whereby the complete
pump housing is made out of steel or metal, and prefer-
ably is made of aluminium. The thermal expansion coef-
ficient aP of the control ring plastic material is between
65% and 150% of the thermal expansion coefficient aM
of the housing metal, steel or aluminium. The difference
of the thermal expansion coefficients of the control ring
material and the pump housing material is significant low-
er than the thermal expansion difference between steel
and aluminium or can even be close to zero so that the
increase/decrease of the axial clearance between the

pump housing and the control ring caused by a temper-
ature increase/increase is much lower than in the state
of the art material pairings, or can even be close to zero.
[0007] As a result, the axial clearance between the
sidewalls of the pump housing at one side and the control
ring at the other side is reduced significantly, especially
at common lubricant working temperatures of, in practice,
100°C and more. The axial clearance at a working tem-
peratures of around 100°C can be reduced to, for exam-
ple, less than 100 mm so that the hydraulic efficiency of
the pump can be increased significantly especially at lu-
bricant working temperature. As another result, the me-
chanical clearances to be realized in the production of
the pump could be higher so that the production cost can
be reduced significantly.
[0008] Preferably, the control ring is provided with a
separate sliding ring at the inner circumferential of the
control ring body, whereby the sliding ring material is dif-
ferent of the control ring body material. The control ring
body material can be selected to provide a low thermal
expansion coefficient difference with the metal pump
housing material. The sliding ring material is chosen to
provide good mechanical properties to provide good lu-
bricational and frictional conditions. The sliding ring ma-
terial could be plastic with a low friction coefficient with
respect to the material of the vane head. Preferably, the
sliding ring material is metal which provides a low-friction
pairing with the vane heads and provides high wear re-
sistance. The axial extension of the sliding ring can be
different, and preferably can be less than the axial ex-
tension of the control ring body which guarantees a small
clearance between the control ring body and the pump
housing.
[0009] The sliding ring can be rotationally fixed to the
control ring on body, for example by overmolding, press-
fitting, clamping etc. According to a preferred embodi-
ment, the sliding bearing is provided with a radial distance
to the control ring body so that the sliding ring is rotatable
around the center of the control ring so that the sliding
bearing can rotate together with the pump rotor vanes.
[0010] Preferably, the shiftable rotor vanes are made
of plastic, preferably of the same plastic as the control
ring body. The vane plastic is chosen to provide a rela-
tively low difference between the thermal expansion co-
efficient of the vane material and the thermal expansion
coefficient of the housing metal. This constitution allows
a relatively small axial clearance between the vanes and
the pump housing so that the hydraulic efficiency of the
pump is improved due to a reduced backflow between
the rotating pump chambers defined by the control ring,
the pump housing, the pump rotor and the rotor vanes.
[0011] According to a preferred embodiment of the in-
vention, also the rotor body is made out a same plastic
material, and preferably made out of the same plastic
material as the control ring and the vanes. The rotor body
supports the rotor vanes and, if given, a support ring
which axially supports the inner radial end of the vanes.
Also the axial clearance of the rotor body with respect to
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the sidewalls of the pump housing has a relevant impact
on the backflow and on the hydraulic pump efficiency.
Using the same plastic material for the rotor body there-
fore also increases the hydraulic efficiency of the pump
and can help to reduce production costs.
[0012] Preferably, the plastic material of the control
ring, the vanes and, if given, the rotor body is fiber-rein-
forced plastic material. A fiber-reinforced plastic material
has good mechanical characteristics, has low weight and
provides a good long term mechanical stability.
[0013] The following is a detailed description of an em-
bodiment of the invention with reference to the drawings,
wherein

figure 1 shows a cross section in a transversal plane
I-I of a variable displacement lubricant pump,

figure 2 shows a longitudinal cross-section in a com-
plex longitudinal plane II-II of the pump of figure 1,
and

figure 3 shows a second embodiment of a control
ring of the variable displacement lubricant pump of
figure 1.

[0014] Figures 1 and 2 show a variable mechanical
displacement lubricant vane pump 10 which is directly
driven by an internal combustion engine 50 so that the
rotational speed of the pump 10 is always proportional
to the rotational speed of the engine 50.
[0015] The pump 10 comprises a pump housing 12
consisting of a housing body 14 and a housing cover lid
15. All parts of the pump housing 12 including the housing
body 14 and the housing cover lid 15 are made out of
aluminium. As can be seen in figure 1, a rotor 20 is ar-
ranged inside the housing 12. The rotor 20 consists of a
metal rotor shaft 22, a ringlike rotor body 24 holding nu-
merous rotor vanes 26, a circular base disk 27 and a
shiftable support ring 28. The ringlike rotor body 24 and
the base disc 27 are integral with each other and are
made of a fiber-reinforced plastic material. The rotor 20
rotates around a rotor axis 21. The rotor body 24 is pro-
vided with numerous radial slits 25 in which the rotor
vanes 26 are provided radially shiftable with respect to
the rotor body 24. The vanes 26 are made of the same
fiber-reinforced plastic material as the rotor body 24.
[0016] The pump rotor 20 including the vanes 26 is
radially surrounded by a shiftable control ring 30 which
is not rotatable but is radially shiftable with respect to the
pump housing 12. In the embodiment shown in figures 1
and 2, the control ring 30 is defined by a single monolithic
control ring body 31 which is made of the same fiber-
reinforced plastic material as the rotor body 24.
[0017] The pump housing 12 provides two parallel
sidewalls 16, 17 which axially close and cover the pump
cavity defined by the rotor body 24 and the control ring
30. Inside the pump cavity, the rotor body 24, the rotor
vanes 26 and the control ring 30 together define numer-

ous rotating pumping chambers which are rotating in anti-
clockwise direction in figure 1. One sidewall 17 is provid-
ed with an inlet opening 18 and with an outlet opening
19 through which the lubricant flows into the rotating
pumping chambers and flows out of the rotating pumping
chambers, respectively. A control chamber 40 is hydrau-
lically connected to the outlet opening 19 and pushes the
control ring 30 via a control ring plunger 32 against the
spring force of a counter-acting preload spring 34 into a
low pumping volume position/direction of the pump.
[0018] The thermal expansion coefficient aP of the fib-
er-reinforced plastic material of the rotor body 24, the
vanes 26 and the control ring 30 is very close to or even
almost identical with the thermal expansion coefficient
aM of the aluminium of the pump housing 12. As a result,
the axial control ring clearances C1 between the control
ring 30 and the respective sidewalls 16, 17, the axial vane
clearances C2 between the vanes 26 and the respective
sidewalls 16, 17 and the axial rotor body clearances C3
between the rotor body 24 and the sidewalls 16, 17 is
not changing significantly over a temperature range be-
tween -30°C and up to 140°C. Even at a temperature of
100°C the clearances C1 to C3 remain below 100 mm.
[0019] In figure 3, an alternative embodiment of the
control ring 30’ is shown, whereby the control ring 30’ is
defined by a control ring body 31’ made out of a fiber
reinforced plastic material and a separate metal sliding
ring 29. The sliding ring 29 is rotationally fixed to the
control ring body 31’ by overmolding, press-fitting or
clamping. Alternatively, the sliding ring 29 could also be
provided rotatable with respect to the control ring body
31’.

Claims

1. A variable displacement lubricant vane pump (10)
for providing pressurized lubricant for an internal
combustion engine (50), comprising
a pump rotor (20) rotating around a rotor axis (21)
and being provided with a rotor body (24) provided
with vane slits (25) wherein shiftable rotor vanes (26)
are provided,
a shiftable control ring (30; 30’) wherein the slidable
vanes (26) are rotating, the control ring (30) being
actuated to control the eccentricity of the control ring
(30) with respect to the rotor axis (21), and
a metal pump housing (12) including two parallel
sidewalls (16, 17) axially covering the rotor body
(24), the rotor vanes (26) and the control ring (30;
30’),
whereby the control ring (30; 30’) is provided with a
control ring body (31; 31’) made out of a plastic ma-
terial with a thermal expansion coefficient aP of 65%
to 150% of the thermal expansion coefficient aM of
the housing metal.

2. The variable displacement lubricant vane pump (10)
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of claim 1, whereby the control ring (30’) is provided
with a separate sliding ring (29) at the inner circum-
ference of the control ring body (31’), the sliding ring
material being different of the control ring body ma-
terial.

3. The variable displacement lubricant vane pump (10)
of claim 2, whereby the sliding ring material is a met-
al.

4. The variable displacement lubricant vane pump (10)
of claim 2, whereby the sliding ring material is a plas-
tic material.

5. The variable displacement lubricant vane pump (10)
of one of the preceding claims 2-4, whereby the slid-
ing ring (29) is rotable with respect to the control ring
body (31’).

6. The variable displacement lubricant vane pump (10)
of one of the preceding claims, whereby the vanes
(26) are made of plastic, preferably of the same plas-
tic as the control ring body (31).

7. The variable displacement lubricant vane pump (10)
of one of the preceding claims, whereby the rotor
body (24) is made of plastic, preferably of the same
plastic as the control ring body (31).

8. The variable displacement lubricant vane pump (10)
of one of the preceding claims, whereby the com-
plete pump housing (12) is made of aluminium.

9. The variable displacement lubricant vane pump (10)
of one of the preceding claims, whereby the plastic
material of the control ring (30) and the vanes (26)
is a fiber-reinforced plastic material.
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