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(54) Title: A VARIABLE-DISPLACEMENT LUBRICANT PUMP
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(57) Abstract: The invention refers to a variable-displacement lubricant pump (10) for providing pressurized lubricant for an in-
terna! combustion engine (70), comprising a rotor (14) with radially sfidable vanes (15) rotating in a shiftabie stator ring (13)
whereby the stator ring (13) being pushed by a first plunger (21) pushing the stator ring (13) into high pumping volume direction,
A pressure control system for controlling the lubricant discharge pressure of the pressurized lubricant is provided the control sys-
tem comprising a first control chamber (22) wherein the first plunger (21) is provided being axiaf iy movable and a first pressure
conduit (28a) connecting a pump outlet port (25) with the first control chamber (22). A movable outlet opening (42) in a side wail
(52) of the first control chamber (22) is provided the outlet opening (42) being movable with an axial projection and being con-
nected to a low pressure. The movable outlet opening (42) and the first plunger (21) are arranged so that the first plunger (21)
covers and thereby closes the movable outlet opening (42) depending on the first plunger position and the outlet opening position,
and the movable outlet opening (42) being actuated by a thermostatic element (54) aftected by the temperature of the lubricant.
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A variable-displacement lubricant pump

The present invention refers to a varlable-displacement lubricant vane
pump for an internal combustion engine, the pump comprising a rotor with
radially slidable vanes rotating In a shiftable stator ring, wherein the stator
ring can be pushed hy a first plunger pushing the stator ring in high

pumping voiume direction.

Variable displacement vane pumps of the state of the art are known from
WO 2005/026553 Al. The pump Is provided with a pressure control
system for controlling the discharge pressure of the lubricant. The
pressure control system comprises a first control chamber wherein a first
plunger is provided being axially movable. The first control chamber is
connected via a first pressure conduit with the pump outlet. The pressure
control system also comprises a separate control element which is realized
as a cylinder-piston-element which keeps the pressure of the pressurized
lubricant provided by the pump at a more or less constant ievel. This is
realized by opening and closing a control outlet of the control chamber,
thereby allowing the stator ring to move into a low pumping volume

direction or being pushed into a high pumping volume direction.

The pressure control is independent from other parameters, such as

s jubricant temperature or others.

It is an object of the present invention to provide a variable-displacement
fubricant vane pump with a pressure control which includes the lubricant

temperature as a parameter,

This ohject is solved with a varlable-displacement lubricant vane pump

with the features of claim 1.
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The variable-displacement lubricant vane pump according to claim 1 is
provided with a movable outiet opening in a side wall of the first control
chamber: The outlet opening is movable in an axial projection and is
connected to a low pressure, for example to ambient pressure. The low
pressure Is always lower than the pressure which is transferred by the
conduit from the pump outlet port side to the first control chamber. The
putlet opening is movable in axial direction or in a direction with an axial
component. The axial direction is the movement direction of the plunger.
The side wall Is a control chamber wall which guides the plunger, but is not
a front wall of the control chamber. The outlet opening can be connected
to a low pressure, for example to ambient pressure, i.e. to atmospheric

pressure, and is, e.g., connected to the jubricant tank.

The first plunger, which is connected to the shiftable stator ring and is
moving axially in the control chamber, can cover and thereby close the
movable outlet opening. The outlet opening is moved by a thermostatic
element which is affected by the lubricant temperature. This means that
the outlet opening position in the control chamber is dependent on the

temperature of the Jubricant.

When the fubricant temperature is low, the movable outlet opening is in a
position causing a low maximum pumping volume. When the {ubricant
temperature is high, the movable outlet opening is in a position which
causes a relatively high maximum pumping volume. This has the effect
that, when the lubricant and the internal combustion engine are cold, the
maximum pumping volume of the pump is limited to a relatively low value,
so that the energy consumption for driving the lubricant pump is lowered
as well, while the discharge pressure still is high epough to guarantee a

sufficient fubrication of the engine.
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When the {ubricant temperature Is exceeding a fixed value defined by the
thermostatic element and the end position of the outlet opening, the

maximum pumping volume is not limited anymore.

The thermostatic element is preferably provided with an electrical heating
element which allows to actively heat the thermostatic element for

reducing the pumping volume limitation time.

According to a preferred embodiment of the invention, the movable outlet
opening is provided in @ movable slider as a radial bore. The slider is
movable in the same direction as the first plunger or is movable in an
angle between 0° and less than 90° with respect to the axial moving axis

of the first plunger.

Preferably, the slider is provided with an axial conduit connecting the
radial bore with a low pressure, for example with the ambient pressure,

e.g. with the atmospheric pressure inside the lubricant tank.

According to a preferred embodiment of the invention, the slider is pushed
by a wax-element at a distal end and by a spring at the proximal end of
the slider. The wax-element pushes the slider towards the first plunger
against the spring force when the temperature is increasing. When the
temperature is decreasing, the spring force moves the slider away from
the first plunger against the retracting wax-element. This configuration is

technically simple, cost effective and very reliable.

Preferably, a second control chamber and a second plunger connected to
the stator ring are provided, both opposite the first controf chamber and
the first plunger. The second control chamber is connected by a pressure

conduit with the pump outlet.
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According to a preferred embodiment, the first plunger is pushed intc a

high pumping volume position by a preload spring.

According to a preferred embodiment, the effective surface area of the
first plunger is larger than that of the second plunger Preferably, the
effective surface area of the first plunger is between 40% and 70% larger

than that of the second plunger.

According to a preferred embodiment, a pressure throttie valve is provided
in the first pressure conduit. This throttle valve reduces the lubricant
consumption of the pressure controt system of the lubricant pump and is a

part of the pressure control system.

Preferably ancother discharge conduit between the first control chamber
and the amblent pressure is provided which is not affected by the movable
outlet opening and forms a second control circuit. The discharge conduit is
controlied by a pressure control valve which is open at a high {ubricant
pressure and is closed at a low lubricant pressure of the discharged
fubricant. This second control circuit is limiting the lubricant discharge

pressure to an absolute maximum pressure,

Preferably, the second control circult is acting as a backup system against
over pressure when the first control circuit established by the movable

outlet opening is in a low pumping volume position, and serves as the only

s control circuit when the first control circuit is in a high pumping volume

position.

One embodiment of the present invention is described with help of the

enclosed the drawings, in which:

figure 1 shows a pumping system including a variable-delivery vane pump,
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fiaure 2 shows the first control chamber including a movable shger

comprising @ movable outlet opening,

figure 3 shows the first control chamber of fig. 2 in a sectiona! view, and

figure 4 the movable slider aione.

In figure 1, a variable-displacement lubricant vane pump 10 as a2 part of a
pumping system 100 for supplying an internal combustion engine 70 with
a lubricant is shown. The pump 10 comprises a main body 11 having a

cavity 12 in which a shiftable stator ring 13 transiates.

The stator ring 13 encircles a rotor 14 having numerous vanes 15, which
can move radially in radial slits 16 formed in the ringlike rotor 14, which is
rotated in the direction indicated by arrow W. The pump main body 11 is
closed by two side walls of which one is not shown in the drawings. The
side walls, the vanes 15, the rotor 14 and the stator ring 13 enclose a few
pump chambers 74. One side wall is provided with a pump chamber inlet
opening 72 and with a pump chamber outiet opening 76.

The rotor 14 surrounds a shaft 17 connected mechanically to the rotor 14
and houses a floating ring 18 surrounding the shaft 17 on which the inner

ends of the vanes 15 are supported.

The shaft 17 has a fixed center C1 and the stator ring 13 has a movable
center C2. The distance between the centers C1 and C2 represents the
eccentricity E of the pump 10. The lubricant discharge performance of the
pump 10 can be varied, as required by the engine 70 downstream from

pump 10, by varying the eccentricity E.

As shown in Figure 1, the stator ring 13 is provided with a first plunger 21
housed in part in a first control chamber 22 and with a second plunger 19
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housed in part in a second control chamber 20, The plungers 19, 21 are
located on opposite sides of the center C2 of the stator ring 13, and have
respective front surfaces Al and A2 facing the control chambers 20 and
22, respectively. For reasons explained in detail below, the area of surface
A2 is larger than that of surface Al. More specifically, test and calculations
have shown that the area of surface A2 should be 1.4 to 1.7 times larger

than that of surface Al

A preload spring 22a inside the first control chamber 22 exerts a relatively
small pushing force on surface A2 to keep the system in a condition of
maximum eccentricity E when the system 100 is idie. The control
chambers 20 and 22 are formed in a main body 11 of the pump 10. The
main body 11 also comprises an intake port 23 for sucking the lubricant
from the lubricant tank 24 and a pump outlet port 25 for feeding lubricant
to the engine 70. A conduit 26 extends from pump outlet port 25 to supply

the engine 70.

As shown in Figure 1, the lubricant, which is supplied to the engine 70, is
conducted to the second control chamber 20 via a pressure conduit 27,
and the lubricant is fed to the first control chamber 22 via a pressure
conduit 28. More specifically, the lubricant in pressure conduit 28 is fed to
the first control chamber 22 via a conduit 28a through a throttie valve 29,
in which a calibrated pressure drop occurs as the lubricant flows through

it

The pressure conduit 28 is connected to a pressure control valve 30 by a
conduit 28b. The pressure control valve 30 can alternatively be connected
to the engine main oll gallery or to any other oil channel of the engine 70.
The pressure control valve 30 comprises a cylinder 31 housing a piston
32. More specifically, as shown in Figure 1, the piston 32 comprises a first
portion 32a and a second portion 32b connected to each other by a rod
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32¢. The piston portions 32a and 32b are egual in cross section to cylinder
31, whereas the rod 32¢ is smaller in cross section than the cylinder 31.

The cylinder 31 has an inlet port 33 connected hydraulically to the first
contro! chamber 22 by a conduit 34. The conduit 28b provides the
discharge pressure in conduit 28 fo the front surface A3 of portion 32a of
piston 32, The dash conduit in Figure 1 shows the situation when the
controf valve infet port 33 is closed by the second piston portion 32b.

When the delivery pressure pl increases along with an increase in the
rotating speed of pump 10, a higher force is exerted on surface A3 and
moves piston 32 against the preload force of a preload spring 36 to allow
iubricant flow from conduit 34 through valve inlet port 33 and through
conduit 35 into the tank 24 or, alternatively, into the pump inlet port 23.
At the end of conduit 35, the lubricant is at atmospheric pressure (p0).

The piston 32 is pretensioned by the suijtably dimensioned preload spring
36 designed to generate a force which only permits movement of piston
32 when the discharge pressure (pl)} on surface A3 exceeds a given value,
A return conduit 37 from the engine 70 to the tank 24 completes the

pumping system 100.

When the delivery pressure {pl) reaches a value capable of generating
sufficient force on surface A3 of portion 32a to overcome the spring force
of preload spring 36, the piston 32 moves into the open configuration
shown in Figure 1, in which the rod 32c¢ of piston 32 is positioned in an
open position at port 33, and thereby permits the lubricant to flow from
the first control chamber 22 through conduit 34 and conduit 35 into the
lubricant tank 24 or, alternatively, directly to the pump inlet or any other
iubricant condult with a low pressure, When the pressure controt valve 30
is open, the lubricant flows along conduit 28a and through the throttle

valve 29, so that a lower pressure (p2) is present in the first control
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chamber 22 compared to the discharge pressure (pl) in the second

control chamber 20.

The two different chamber pressures force the stator ring 13 to move into
the direction indicated by arrow F1 to establish a balanced eccentricity E

value which leads to a reduced lubricant flow to the engine 70.

If the discharge pressure (pl) exceeds a fixed pressure value (p*)
determined by the characteristics of the spring 36, the piston 32 begins to
move so that ubricant leaks through port 33. In other words, pressure
control valve 30 also acts as a pressure dissipating device to assist in
creating the desired pressure (p2) in the first control chamber 22. The
pressures (pl) and {p*) are equal at the end of the transient state.

The control is continued as long as permitted by piston 32, f.e, control is
taken over by the pressure control vaive 30 which is determined only by
the discharge pressure {(pl) and is totally unaffected by undesired internal

forces.

With the system 100 the discharge pressure (pl) is kept constant when
the lubricant is warm, even at high rotation speed of the rotor 14. When
the discharge pressure (pl) reaches a particular value (p*) which is
determined by the spring 36, the stator ring 13 begins to move in the
direction of arrow F1 to reduce eccentricity £ and therefore to reduce the
pump volume of the pump 10. Consequently, the discharge pressure
decreases and tends to falls below a value {p*) so that the piston 32
moves into an intermediate balance position reducing the size of the

control valve inlet port 33.

The pump volume remains constant at a given pressure value and, as
soon as the rotation speed increases, tends to increase the pumping
volume. When a given discharge pressure value (p*) is exceeded, the
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prassure control valve 30 opens the cantrol valve inlet port 33, and the
jubricant flows through the conduit 35 to the tank 24 so that the pressure
{p2) in the first control chamber 22 is jower than (pl) and the stator ring
13 moves in the direction of arrow F1 to reduce the pumping volume, and

therefore to reduce the lubricant flow rate to the combustion engine 70.

As long as the jubricant is cold, and, as a consequence, the movable outlet
opening 42 in a side wall 52 of the first control chamber 22 is not (totally)
covered and thereby closed by the first plunger 21, the control of the
pumping volume of the pump 10 is taken over by the thermostatic pump
volume control system 40 with the movable outlet opening 42. The
thermostatic pump volume control system 40 is shown in figures 2 and 3,

and limits the pump volume as long as the lubricant is cold.

The movable outlet opening 42 is the outlet opening of a movable slider
44 which is provided with a radial bore 46. The slider 44 comprises a slider
head 47 moving in a longitudinal opening 49 in the chamber side wall 52.
The open end of the radial bore 46 is the outlet opening 42. The radial
bore 46 leads into an axial conduit 48 in the slider 44 and the axial conduit
is connected to a discharge conduit 50 leading the discharged lubricant
into the lubricant tank 24 or, alternatively, to the pump inlet 23 or to

another port with low pressure,

The movable slider 44 s guided in an angle of approximately 5° - 10° with
respect to the axial moving direction of the plunger 21 so that the slider
44 and the outlet gpening 42 have a moving path with an axial projection.
The slider 44 is sealed with two circular sealing rings 62, 63 to reduce the
lubricant loss. Depending on the position of the first plunger 21, the first
plunger 21 leaves the movable cutlet opening 42 totally open, keeps it
totally closed by totally covering it or covers the outlet opening 42 only in

part.
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The axial position of the slider 44 and of the outlet opening 42 is
controlled by a thermostatic element in form of a bimetal spring or a wax-
element 54 at a distal {outside) end and by a counter acting spring 56 at
the proximal (inside) end of the slider 44, When the tubricant temperature
and the thermostatic element temperature are low, the slider 44 and its
outlet opening 42 are in a low pumping volume position at the right
(distal) end. This ieads to a relatively low pumping volume limitation
because the stator ring 13 is forced to move to the right because of the
low pressure in the first contro! chamber 22, In this position, the pressure

control valve 30 is not effecting the pressure control.

The thermostatic element 54 is provided with an electric heating element
60 which can be switched on to reduce the low pumping volume limitation

time,

When the iubricant and the thermostatic element 54 become warmer, the
slider 44 and its outlet opening 42 move to the {eft into a proximal
position which causes a principally higher pumping veolume and, as a
consequence, a higher pumping discharge pressure. In the left (warm)
end position, the pumping volume is not limited anymore by the movable
outiet opening 42, so that the stator ring 13 position and the pump
displacement is controlied by the pressure contro! valve 30 alone.

Principally the pressure control vaive 30 is always limiting the maximum
discharge pressure, but is, In practice, only active when the movable

outlet opening 42 is closed.

The thermostatic element 54 is washed by the lubricant or is in thermal
connection with the lubricant so that the thermostatic element 54 has

more or less the same temperature as the [ubricant,
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CLAIMS

A variable-displacement lubricant pump (10) for providing pressurized
lubricant for an internal combustion engine (70), comprising:

a rotor (14) with radially slidable vanss (15) rotsting in a shiftable
stator ring (13), the stator ring (13} being pushed by a first plunger
(21) pushing the stator ring {13} into high pumping volume direction,

a pressure control system for controlling the lubricant discharge
pressure of the pressurized lubricant, the control system comprising a
first control chamber (22) wherein the first plunger (21) is provided

being axially movablie,

a first pressure conduit {28a) connecting a pump cutlet port (25) with

the first control chamber (22),

characterized by

a movable outlet opening (42) in a side wall {52) of the first contro!
chamber (22}, the outlet opening (42) being movable with an axial
projection and being connecled to a low pressure,

the movable outlet opening (42} and the first plunger (21) being
arranged so that the first plunger (21) covers and thereby closes the
movabie outlet opening (42) depending on the first plunger position

and the outiet opening position, and

the movable outlet opaning {(42) being actuated by a thermostatic

element (54) affected by the temperature of the lubricant.
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. The variable~-displacement {ubricant pump {10) of ciaim 1, wherein the

movable outlet opening (42} is provided in a movable slider (44) as a

radial bore (46).

. The variable-~displacement {ubricant pump (10) of claim 2, whersin the

slider (44) is provided with an axial conduit (48) connecting the radial

bhore (46) with the ambient pressure.

. The variable-displacement lubricant pump (10) of ane of the preceding

claims, wherein the slider (44) is pushed by a thermostatic element
(54) at a distal end and by a spring (56} at the proximal end of the
slider (44).

. The variable-displacement {ubricant pump (10) of one of the preceding

claims, wherein a second control chember (20) and a second plunger
(19} are provided, both opposite the first control chamber (22) and the
first plunger (21}, the second control chamber (20) being connected by
a pressure conduit {27) with the pump outlet port (25).

. The variable-displacement lubricant pump (10) of one of the preceding

claims, wherein the first plunger (21) Is pushed by a preload spring

(22a).

. The variable-displacement iubricant pump (10) of one of the preceding

claims, wherein the effective surface area A2 of the first plunger (21)
is larger than the effective surface area Al of the second plunger (19).

. The variable~displacement lubricant pump (10} of one of the preceding

claims, wherein the effective surface area A2 of the first plunger (21)
is between 40% and 70% larger than that of the second plunger (19).
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9, The variable-displacement lubricant pump (10) of one of the preceding

claims, wherein a pressure throttle valve (29) is provided in the first

pressure conduit (28a).

10.The variable-displacement {ubricant pump (10} of one of the preceding
claims, wherein another discharge conduit (34) between the first
control chamber (22) and the fow pressure is provided, which is not
affected by the movable outlet opening (42) and is controlled by a
pressure control valve (30) which is open at a high delivery pressure

and is closed at a low delivery pressure.

11.The variable-displacement lubricant pump (10) of one of the preceding
claims, wherein an electrical heating element (60) for heating the

thermostatic element {(54) is provided,

12.The variable-displacement (ubricant pump (10) of one of the claims 2
to 11, wherein the slider {44) is provided with a sealing ring (62, 63).
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