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o
(57) Abstract: The invention refers to an automotive electric liquid pump (10) with a pump housing (12) and a rotor (13) defining
the longitudinal rotor axis (17). The automotive pump (10) comprises · an electric motor (20) including stator coils (22) at one lon

o gitudinal end of the pump housing (12), · a power electronics chamber (50) with power semiconductors (56) for driving the stator
coils (22), the power electronics chamber (50) being arranged at the other longitudinal end of the pump housing (12), · a pump

o chamber (30) wherein a pump rotor (36) driven by the electric motor (20) is rotating to pump a liquid from a pump chamber inlet
(43) to a pump chamber outlet (45), and · a metal separation wall (40) in transversal plane, the separating wall (40) separating the
pump chamber (30) from the power electronics chamber (50).



Automotive electric liquid pu p

5 The present invention is directed to an electric automotive liquid pump.

An electric automotive liquid pump is used to pump a liquid, for example a

coolant or a lubricant, to an automotive engine or to other automotive

devices.

State of the art pumps are divided into three functional parts, namely a

10 motor section comprising an electric motor, a motor control electronics

section and a pumping section, whereby the motor section is provided

longitudinally in the middle between the motor electronics section and the

pumping section. This arrangement allows a short electric connection

between the motor electronics and the electric motor. The motor

s electronics comprise power semiconductors which have to be cooled to

avoid their overheating and destruction. I n state of the art pumps the

cooling of the power semiconductors is normally realized by the housing

which is cooled by the lubricant and by the environmental air outside the

pump housing. However, since the liquid pumping section is remote from

the motor control electronics section, the liquid itself can not help to cool

the power semiconductors sufficiently and efficiently.

I t is an object of the invention to provide an electronic automotive liquid

pump with an improved cooling of the power semiconductors.

The electric automotive liquid pump according to claim 1 is provided with a

5 pump housing and a rotor which defines the longitudinal axis of the pump.

The pump comprises an electric motor including stator coils and being

arranged at one longitudinal end of the pump housing, and not arranged

axially between two other sections. A power electronics chamber is

provided and defined in the pump housing, whereby the power electronics

0 chamber is provided with power semiconductors for electrically driving the



stator coils of the pump rotor. The power electronics chamber is arranged

at the other longitudinal end of the pump housing and s not arranged

between the other two sections. Between the power electronics chamber

at one longitudinal pump end and the electric motor arranged at the other

longitudinal pump end a pumping chamber is provided wherein a pump

rotor driven by the electric motor via a rotor shaft is rotating to pump a

liquid from a pump chamber inlet to a pump chamber outlet. In other

words, the pumping chamber comprising the pump rotor is arranged

between the power electronics chamber at one longitudinal side and the

electric motor at the longitudinal other side. The pumping chamber is not

necessarily arranged in the geometric longitudinal middle of the pump

housing.

The pumping chamber and the power electronics chamber are separated

by a metal separation wall which is lying in a transversal plane with

respect to the longitudinal axis. Since the separation wall defines one wall

of the pump chamber comprising the pumped liquid, the separation wall is

always cooled by the liquid with a high cooling performance. Additionally,

the total distance between the liquid in the pump chamber and the power

semiconductors is very short, and be as short as a few millimeters. Since

the maximum temperature of a coolant or a lubricant in an automotive

application never is higher than 120°C, this arrangement guarantees that

also the separation wall will, under normal circumstances, not become

warmer than 120°C. Since power semiconductors with a maximum

working temperature of 140°C up to 150°C are available, an overheating

of these power semiconductors can reliably be excluded.

According to a preferred embodiment of the invention the power

semiconductors are provided in heat-conduction connection with the

separation wall. This does not necessarily mean that the power

semiconductors are directly in contact with the separation wall. But it is

essential that the power semiconductors are connected with the



separation wall without an air gap between the semiconductor and the

separation wall.

Preferably the power semiconductors are connected to the separation wall

only by materials with good heat-conduction abilities, such as a metal, a

heat-conductive paste and/or a heat-conductive glue or adhesive.

According to a preferred embodiment of the invention, the pump chamber

inlet is realized as a recess the plane separation wall surface facing the

pump chamber. This feature leads to an increased total surface area so

that the heat exchange between the liquid n the pump chamber and the

separation wall is improved. Additionally, the liquid flowing into the pump

chamber through the pump chamber inlet leads to a increase of the

turbulences in the liquid close and adjacent to the separation wall which

also increases the heat exchange between the liquid in the pump chamber

and the separation wall.

Alternatively or additionally, the pump chamber outlet is realized as a

recess in the plane surface of the separation wall, with the same effects

and results as it is the case with the pump chamber inlet recess.

Preferably, the power semiconductors are arranged closer to the pump

chamber inlet then t o the pump chamber outlet. The region around and

exactly opposite to the pump chamber inlet is the coldest region of the

separation wall because of the increased total surface area, the increased

liquid turbulences in this region and the fact that the incoming liquid is

colder than the liquid flowing out of the pump chamber through the pump

chamber outlet. The incoming liquid is colder because the pressurized

liquid leaving the pump chamber is warmed by the thermodynamic effect

caused by the increased liquid pressure at the chamber outlet. As a result,

the cooling performance close to the pump chamber inlet is the highest

cooling performance available at the separation wall.

According to a preferred embodiment of the invention, a center recess or

pocket is provided in the radial center of the separation wall, whereby the



center recess is provided axially opposite to the rotor shaft and/or to the

pump rotor. This feature increases the total surface area of the separation

wall surface facing the pump chamber so that the heat exchange between

the liquid in the pump chamber and the separation wall is increased.

Preferably, the center recess is fluidically connected to the pump chamber

outlet. The liquid pressure the pump chamber outlet is higher than in the

pump chamber so that the liquid pressure in the center recess pushes the

opposite rotor shaft and/or the opposite pump rotor away from the

separation wall. As a result, a significant gap filled with the liquid is

generated, whereby the liquid in the gap is highly turbulent as long as the

rotor shaft and the pump rotor are rotating so that an intensive heat

exchange is realized in this area between the liquid in the pump chamber

and the separation wall. Preferably, the fluidic connection between the

pump chamber outlet and the center recess is realized by a connection

channel recess in the separation wall.

According to a preferred embodiment of the invention, the motor stator

coils are axially offset with respect to the motor rotor to pull the rotor

shaft and the pump rotor axially away from the separation wail. As a

result, a significant transversal gap filled with the liquid is generated as

long as the electric motor is electrically active, the gap being defined

between the rotor shaft and/or the pump rotor at one side and the

separation wall at the other side. This leads to a dramatically improved

heat exchange between the liquid and the separation wall in this area.

Generally, the liquid pump is realized as a positive displacement pump,

such as a screw compressor, a vane pump etc. Preferably, the liquid pump

is realized as a lubricant pump, and, according to another preferred

embodiment, the pump is a gerotor pump rotor.

One embodiment of the invention is described referring to the drawings

wherein



figure 1 shows a schematic longitudinal section of an automotive electric

liquid pump including a separation wall separating a pump chamber from a

power electronics chamber, and

figure 2 shows a cross section II-II of the pump of figure 1 showing the

surface of the separation wall facing the pump chamber.

Figures 1 and 2 show an automotive electric liquid pump 10 which is

realized as a lubricant pump for providing a pressurized lubricant for an

automotive internal combustion engine.

The pump 10 comprises a pump housing 12 which houses, seen in

longitudinal direction, three sections, i.e. an electric motor 20 at one

longitudinal pump end, a power electronics chamber 50 defining an

electronics section 52 at the other longitudinal pump end and a pump

chamber 30 defining a pump section 32 being arranged between the

power electronics chamber 15 and the electric motor 20. The pump 10 is

provided with a rotor 13 comprising a rotor shaft 15 defining a longitudinal

rotor axis 17. The rotor shaft 15 is rotatably supported by two roller

bearings 18, 19 at the housing 12. The housing 12 substantially comprises

a housing cylinder 20 which is closed by separate covers 14, 16 at both

longitudinal ends of the housing 12.

The electric motor 20 is a brushless DC motor which is electronically

commutated by a motor control electronics provided in the power

electronics chamber 50. The motor 20 is provided with a permanent

magnetic motor rotor 24 and with stator coils 22 which are electrically

driven by several power semiconductors 56 arranged in the power

electronics chamber 50.

A first transversal separation wal 26 separates the motor section from the

pump section 32 with the pump chamber 30. I n the pump chamber 30 an

inner pump rotor 36 and an outer pump rotor 34 are provided both

defining a gerotor pumping the lubricant from a pump chamber inlet 43 to

a pump chamber outlet 45.



A second transversal metal separation wall 40 separates the pump

chamber 30 from the electronics section 52 including the power

electronics chamber 50 fluid-tight. The separation wall 40 is provided with

a first plane surface 4 1 facing the pump chamber 13 and a second plane

surface 51 facing the power electronics chamber 50. The separation wall

40 is provided with several recesses at the first plane surface 4 1 which e

shown in figure 2 in plan view. The lateral pump chamber inlet 43 is

defined by a sickle-shaped inlet recess 42 and the lateral pump chamber

outlet 45 is defined by another sickle-shaped outlet recess 44.

The center of the second separation wall surface 5 1 is provided with a

center recess 46 which is fluidically connected to the pump chamber outlet

45 by a radial connection channel recess 48 in the separation wall 40. The

flu d pressure at the pump chamber outlet 45 is normally the highest of all

pump chamber regions. Since the center recess 46 is fluidically connected

with the pump chamber outlet 45, the high fluid pressure at the pump

chamber outlet 45 is also present at the center recess 46. As a result, the

rotor shaft 15 and the pump rotor 36 are pushed away from the second

separation wall 40 so that a significant gap 57 between the rotor shaft 15

including the pump rotor 36 at one side and the separation wall surface 4 1

facing the pump chamber 30 at the other side is always realized. This gap

57 is filled with the pump liquid which is a lubricant in the present

embodiment.

As can be seen in figure 1, the motor stator coils 22 are longitudinally

offset with an offset X with respect to the motor rotor 24. I f the stator

coils 22 are energized, the permanent magnetic motor rotor 24 and the

connected rotor shaft 15 including the pump rotor 36 are axially pulled

away from the second separation wall 40 separating the power electronics

chamber 50 from the pump chamber 30 so that the creation of the liquid-

filled gap 57 is caused. The liquid-filled gap 57 avoids a frictional contact

between the rotating parts of the rotor 13 and the separation wall 40, and



leads to an improved heat exchange between the liquid in the pump

chamber 30 and the separation wall 40.

The power semiconductors 56 are mounted to a printed circuit board 54

also comprising the control electronics for controlling the power

semiconductors 56. The power semiconductors 56 can be power MOSFETs

or any other kind of power semiconductors. The backside of the printed

circuit board 54 is connected with the separation wall 40 by a layer 55 of a

heat-conductive glue or adhesive so that a heat-conductive connection and

coupling is guaranteed between the power semiconductors 56 and the

metal separation wall 40.

As can be seen in figure 2 , the power semiconductors 56 are all provided

opposite and next to the pump chamber inlet 43 rather than to the pump

chamber outlet 45. Since the temperature of the liquid is generally lower

at the pump inlet 43, the arrangement of the power semiconductors 56

close to the pump chamber inlet 43 leads to an improved cooling of the

power semiconductors 56.



CLAIMS

Automotive electric liquid pump (10) with a pump housing (12) and

a rotor (13) defining the longitudinal rotor axis (17), comprising

an electric motor (20) including stator coils (22) at one longitudinal

end of the pump housing (12),

a power electronics chamber (50) with power semiconductors (56)

for driving the stator coils (22), the power electronics chamber (50)

being arranged at the other longitudinal end of the pump housing

(12),

a pump chamber (30) wherein a pump rotor (36) driven by the

electric motor (20) is rotating to pump a liquid from a pump

chamber inlet (43) to a pump chamber outlet (45), and

a metal separation wall (40) in transversal plane, the separating wall

(40) separating the pump chamber (30) from the power electronics

chamber (50) .

Automotive electric liquid pump (10) of claim 1, whereby the power

semiconductors (56) are provided in heat-conduction connection

with the separation wall (40).

Automotive electric liquid pump (10) of one of the preceding claims,

whereby the pump chamber inlet (43) is realized as a recess (42) in

the plane surface (41) of the separation wall (40).



4. Automotive electric liquid pump (10) of one of the preceding claims,

whereby the pump chamber outlet (45) is realized as a recess (44)

in the plane surface (41) of the separation wall (40).

5 . Automotive electric liquid pump (10) of one of the preceding claims,

whereby the power semiconductors (56) are arranged closer to the

pump chamber inlet (43) than to the pump chamber outlet (45).

6. Automotive electric liquid pump (10) of one of the preceding claims,

whereby a center recess (46) is provided in the middle of the

separation wall 40 and axially opposite to the rotor shaft ( 15) and/or

to the pump rotor.

7 . Automotive electric liquid pump (10) of claim 6, whereby the center

recess (46) is fluidically connected to the pump chamber outlet (45).

8 . Automotive electric liquid pump (10) of claim 1, whereby a

connection channel recess (48) in the separation wall (40) is

provided to connect the center recess (46) with the pump chamber

outlet (45).

9 . Automotive electric liquid pump (10) of one of the preceding claims,

whereby the motor stator coils (22) are axially offset with respect to

the motor rotor (24) to pull the pump rotor (36) axially away from

the separation wall (40).

10. Automotive electric liquid pump (10) of one of the preceding claims,

whereby the liquid pump is a lubricant pump.



Automotive electric liquid pump (10) of one of the preceding claims,

whereby the pump rotor (36) is of the gerotor-type.
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