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(54) Variable capacity lubricant vane pump

(57)  Avariable capacity lubricant vane pump (10;10’)
for lubrication of an internal combustion engine (12) is
provided with radially slidable vanes (24) arranged in
vane slits (22) of a rotor ring (20), the vanes (24) defining
pump chambers (30) therebetween, a capacity control
ring (26) surrounding the vanes (24) and being pivotable
around a pivot axis (28) thereby varying the volume of
the pump chambers (30), a first and a second hydraulic
control chamber (36,38), both control chambers being in
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part defined by the control ring (26) and thereby pivoting
the control ring (26), and a preload spring (34) preloading
the control ring (26) in one direction, wherein the first
control chamber (36) and the second control chamber
(38) are arranged on different sides with respect to the
pivot axis (28) and act against each other. This vane
pump is very failsafe because, if the control valve (16)
cannot be actuated, a high pump pressure at the pump
outlet is set.
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Description

[0001] The present invention refers to a mechanically
driven variable capacity lubricant vane pump for lubrica-
tion of an internal combustion engine, and in particular
refers to a pressure controlled pump in which at least to
different set pump delivery pressures can be controlled
by the pump itself.

[0002] Since the rotational speed of ainternal combus-
tion engine driving the lubricant pump can vary with a
factor of ten or more, the pump chamber volume has to
be variable in a similar range to provide a constant lubri-
cant pressure.

[0003] Variable capacity lubricant vane pumps which
can control two different set pump delivery pressures are
known in the state of the art. In WO 2006/066405, a vane
pump with a pivotable capacity control ring is dislosed.
The control ring position is determined by two control
chambers which directly act against the capacity control
ring and both are arranged on one single side with respect
to the pivot axis. Both control chambers act in the same
direction against the spring power of a preload spring
preloading the control ring into a high pump chamber
volume direction. The two pressure chambers are sep-
arated from each other by one single sliding sealing el-
ement.

[0004] Itis an object of the invention to improve a var-
iable capacity lubricant vane pump with two different set
pump pressures.

[0005] Thisobjectis, accordingtotheinvention, solved
with a lubricant pump with the features of claim 1.
[0006] The lubricant pump according to the invention
is provided with a first and a second control chamber
being arranged on different sides with respect to the pivot
axis, and therefore act against each other. As a conse-
quence, the first control chamber is acting against the
preload spring and the second control chamber is acting
in parallel with the preload spring and, if activated, is sup-
porting the preload spring. The preload spring pushes
the control ring in a high pump chamber volume direction.
Since the two control chambers do not need to share one
side of the control ring, the circumferential size of both
control chambers can be increased significantly. This
gives more freedom for the construction of the pump, and
in particular for dimensioning and placing the two control
chambers.

[0007] The pressure leakage via the control chambers
can be reduced when the pump is driven in the higher
pump volume constellation. During the high pump vol-
ume constellation of the pump, both control chambers
are provided with the pump delivery pressure. Both
pumping chambers preferably are separated from each
other by a pivot bearing in the pivot axis. When the pump
is driven in the higher volume constellation, the pressure
on both sides of the pivot bearing is equal so that no
lubricant leakage can appear in the first control chamber,
so that the pump pressure cannot exceed a maximum
value.
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[0008] When the second chamber is not provided with
the pump pressure, lubricant leakage via the pivot bear-
ing can appear but is not dangerous because the pump
is driven in the low pressure state anyway so that an
undesired overpressure does not exceed the maximum
allowable pump delivery pressure for the combustion en-
gine.

[0009] In a preferred embodiment of the invention, the
pivot bearing in the pivot axis constitutes a sealing be-
tween the two control chambers. As already explained,
the two control chambers can be separated from each
other by the pivot bearing. This is very simple and space
effective solution. The sealing between the control cham-
bers needs not to be perfect because in the high pressure
state of the pump, both control chambers are provided
with the pump pressure at the pump outlet port.

[0010] In a preferred embodiment of the invention, the
two control chambers have a different circumferential ex-
tend around the control ring. The two set pressure levels
of the pump are determined by the spring force of the
preload spring, the effective surfaces of the two control
chambers and the respective moment arms with the two
pressure levels of the pump are in particular determined
by the circumferential extend of the control chambers
around the control ring.

[0011] According to a preferred embodiment of the in-
vention, the first control chamber is in fluidic connection
with a pump outlet port and is pushing the control ring in
a high pump chamber volume direction, preferably
against the spring force of the preload spring. The fluidic
connection between the first control chamber and the
outlet port can be realized by one or more bores in the
control ring separating the pump outlet port and the first
control chamber. The term "fluidic connection with a
pump outlet" does not necessarily mean a direct and
short connection with the pump outlet itself. The term
includes every fluidic connection with the pressurized
part between the pump outlet port and the lubricant outlet
of the internal combustion engine, as every port which
gives information about the lubricant pressure before, in
or after the engine.

[0012] According to another preferred embodiment of
the invention, the second control chamber is in fluidic
connection with the pump outlet port as well, and a control
valve controls the fluidic connection of the second control
chamber to atmospheric pressure.

[0013] The control valve can either be a simple on/off
valve closing and opening a fluidic line between the sec-
ond control chamber and the atmospheric pressure, or
can be realized as a 3-way valve connecting the second
control chamber to either the pump outlet port or to at-
mospheric pressure.

[0014] If a simple on/off valve is used, the most simple
construction can be used, i.e. a valve which is biased
into the closed position by a spring and is open when
actuated by an actuator. These kinds of valves are the
most simple and least expensive valve. In addition, a
simple on/off-control valve being biased into the closed
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position is failsafe as well, because, if opening of the
valve is not possible, the pump automatically is running
in the high pressure state.

[0015] In case the control valve is a simple on/off-con-
trol valve connecting the second control chamber to at-
mospheric pressure, a throttle valve is arranged between
the pump outlet port and the second control chamber.
[0016] Two preferred embodiments of the present in-
vention are described with reference to the figures,
wherein

figure 1 is a cross-sectional view on the variable ca-
pacity lubricant vane pump,

figure 2 is showing first embodiment of the variable
capacity lubricant vane pump including an on/off-
control valve controlling the second control chamber,
and

figure 3 is showing a second embodiment of the var-
iable capacity lubricant vane pump including a 3-way
control valve.

[0017] Infigures 2 and 3, two different lubricant pumps
10; 10’ are shown which provide an internal combustion
engine 12 with a lubricant, i.e. oil. The lubricant finally
flows from the combustion engine 12 into a oil sump 13
which is under atmospheric pressure. From the oil sump
13 the lubricant is sucked via the inlet port 40 into the
pump unit 14. The vane pumps 10; 10’ provide the lubri-
cant with a constant pumping pressure. The lubricant
pumps 10; 10’ comprise a variable capacity lubricant
vane pump unit 14 and a control valve 16; 16’ controlling
the pumping pressure of the vane pump unit 14 ata pump
outlet port 18.

[0018] The vane pump unit 14 is mechanically driven
by the combustion engine 12 so that the vane pump unit
14 is driven within a large rotation speed interval. There-
fore, the pump chamber volume of the vane pump unit
14 can be varied in a wide range, as well. The control
valve 16; 16’ is for selecting one of two set pump delivery
pressures at the pump outlet port 42.

[0019] The pump unit 14 comprises a rotor ring 20 with
numerous vane slits 22 wherein radially slidable vanes
24 are arranged. The vanes 24 are surrounded by a ca-
pacity control ring 26 which is pivotable around a pivot
axis 28. The rotor ring 20, the vanes 24, the control ring
26 and not shown sidewalls define numerous pump
chambers 30 therebetween, In one sidewall a circular
inlet port 40 and a circular outlet port 42 are provided.
The size of the pump chambers 30 can be varied by piv-
oting the control ring 26 around the pivot axis 28. In the
pivot axis 28 a bearing pin 32 is arranged forming a pivot
bearing 31.

[0020] The position of the control ring 26 is determined
by three elements, i.e. a preload spring 34, a first control
chamber 36 and a second control chamber 38.

[0021] The first control chamber 36 and the second
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control chamber 38 are provided on different sides with
respect to the pivot axis 28 and, therefore, act against
each other. The two control chambers 36, 38 are sepa-
rated by the bearing pin 32 so that the two control cham-
bers 36, 38 are directly adjacent to each other.

[0022] The bearing pin 32 in the pivot axis 28 forms a
pivot bearing 31.

[0023] The control ring 26 is provided with two pres-
sure equalization bores 44, 45 which directly provide the
first control chamber 36 with the pump pressure at the
outlet port 42.

[0024] Inthefirstembodiment of the invention, the sec-
ond control chamber 38 is connected with the pump pres-
sure via a throttle valve 48, as shown in figure 2. In ad-
dition, the second control chamber 38 can be connected
to the oil sump 13 being under atmospheric pressure.
[0025] The fluidic connection between the second con-
trol chamber 38 and the atmospheric pressure of the oil
sump 13 is opened and closed by the control valve 16
which is a simple on/off valve. The control valve 16 is
closed in its non-actuated position by a preload spring,
as shown in figure 2. When the valve actuator 17 is not
active, the second control chamber 38 is provided with
the pump pressure, as well.

[0026] The circumferential extend of the first control
chamber 36 is larger than the circumferential extend of
the second control chamber 38 so that identical pres-
sures in both control chambers 36, 38 lead to a higher
torque caused by the first control chamber 36 compared
to the torque caused by the second control chamber 38.
When the control valve 16 is not activated the second
control chamber is provided with the pump delivery pres-
sure. The second control chamber 38 then supports the
preload spring 34 so that a higher set pump pressure is
adjusted. When the control valve 16 is activated in its
open position, the control chamber 38 is provided with
atmospheric pressure. In this case, the first control cham-
ber 36 acts only against the preload spring 34 so that the
pump chambers 30 become smaller which leads to a
reduced set pump pressure.

[0027] The vane pump 10 is failsafe with respect to the
control valve 16 because, if the actuator 17 fails to work,
the control valve 16isin the closed position and the higher
set pump pressure is selected.

[0028] In the second embodiment shown in figure 3,
the control valve 16’ is designed as a 3-way valve which
alternatively connects the second control chamber 38
with the pump outlet port 42 or the oil sump 13 being
under atmospheric pressure. In this embodiment, the
throttle valve 48 of the first embodiment can be omitted.
[0029] The control valve 16’ connects the second con-
trol chamber 38 with the pump pressure, when the control
valve 16’ is notactuated, and connects the second control
chamber 38 with the atmospheric pressure of the oil sump
13, when the control valve 16’ is actuated by the actuator
17.
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Claims

Variable capacity lubricant vane pump (10;10’) for
lubrication of an interval combustion engine (12),
with

radially slidable vanes (24) arranged in vane slits
(22) of arotor ring (20), the vanes (24) defining pump
chambers (30) therebetween,

a capacity control ring (26) surrounding the vanes
(24) and being pivotable around a pivot axis (28)
thereby varying the volume of the pump chambers
(30),

a first and a second hydraulic control chamber
(36,38), both control chambers (36, 38) being in part
defined by the control ring (26) and thereby pivoting
the control ring (26), and

a preload spring (34) preloading the control ring (26)
in one direction,

characterized in that

the first control chamber (36) and the second control
chamber (28) are arranged on different sides with
respect to the pivot axis (28) and act against each
other.

The variable capacity lubricant vane pump (10;10’)
of claim 1, wherein a pivot bearing (31) in the pivot
axis (28) constitutes a sealing between the two con-
trol chambers (36,38).

The variable capacity lubricant vane pump (10; 10°)
of claim 1 or 2, wherein the two control chambers
(36,38) have different circumferential extents around
the control ring (26), and, preferably, the circumfer-
ential extent of the second control chamber (38) is
shorter than that of the first control chamber (36).

The variable capacity lubricant vane pump (10; 10°)
of one of the preceding claims, wherein the preload
spring (34) pushes the control ring (26) in a high
pump chamber volume direction.

The variable capacity lubricant vane pump (10; 10°)
of one of the preceding claims, wherein the first con-
trol chamber (36) is in fluidic connection with a pump
outlet port (42) and is pushing the control ring (26)
in a low pump chamber volume direction.

The variable capacity lubricant vane pump (10,10’)
of one of the preceding claim, wherein the second
control chamber (38) is in fluidic connection with the
pump outlet port (42) and a control valve (16,16’)
controls the fluidic connection of the second control
chamber (38) to atmospheric pressure.

The variable capacity lubricant vane pump (10) of
one of the preceding claims, wherein the second
control chamber (38) is in fluidic connection with the
pump outlet port (42) via a throttle valve (48).
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8.

The variable capacity lubricant vane pump (10) of
one of the preceding claims, wherein the control
valve (16) is an on/off-vaive opening or closing the
connection between the second control chamber
(38) and atmospheric pressure.

The variable capacity lubricant vane pump (10’) of
one of claims 1 - 7, wherein the control valve (16°)
is a 3-way switching valve connecting the second
control chamber (38) either with the pump outlet port
(42) or with the atmospheric pressure.
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