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(57) Abstract: Electric coolant pump (8) comprising a pump housing (10) defining a pumping chamber (18) being filled with a coolant
during pump operation, with a radially inner pump Inlet (20), a radially outer pump outlet (22) and a pump volute (24) extending from
downstream of the pump inlet (20) to the pump outlet (22), and a motor chamber (26) being fluidically separated from the pumping
chamber (18) by a separation sidewall (16) extending substantially in a radial plane, an electric motor (28) with a static motor stator
(30) being arranged in the motor chamber (26), a rotatable motor rotor (32) and a motor electronics (34) being arranged in the motor
chamber (26) for energizing the motor stator (30), and a pump wheel (54) being arranged in the pumping chamber (18) and being co-
rotatably connected with the motor rotor (32), wherein the motor electronics (34) is arranged axially adjacent to a volute cooling sector
(56) of the pump volute (24) and in thermal contact with a cooling section (58) of the separation sidewall (16) being defined by the
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volute cooling sector (56) and wherein the volute cooling sector (56) of the pump volute (24) is provided with a radial width (W) to
axial height (H) ratio higher than 1.5.
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Electric coolant pump

The invention is directed to an electric coolant pump, preferably to an

electric coolant pump for a motor vehicle.

A motor vehicle electric coolant pump is typically provided to circulate a
coolant of a motor vehicle cooling circuit, primarily for cooling an internal
combustion engine of the motor vehicle. To avoid damage of the internal
combustion engine, the electric coolant pump has to be reliable and
failsafe. Electric coolant pumps are typically provided with an
electronically commutated electric motor with a motor electronics to allow
a simple electronic adaption of the pump performance to the present
cooling requirements of the engine. However, the motor electronics
generates significant heat during motor operation which has to be
efficiently dissipated to avoid an overheating of the motor electronics. The
overheating of the motor electronics can cause a malfunction or failure of
the electric motor and, as a result, of the cooclant pump.

An electric coolant pump for a motor vehicle is disclosed, for example, in
WO 2017/220119 Al. The coolant pump is provided with a pump housing
which defines a pumping chamber and a motor chamber. The pumping
chamber is filled with the coolant and comprises a radially inner pump
inlet, a radially outer pump outlet and a pump volute extending from the
pump inlet to the pump outlet. The motor chamber is fluidically separated
from the pumping chamber by & separation sidewall extending
substantially in a radial plane. The coolant pump is provided with an
electric motor with a static motor stator, a rotatable motor rotor and a
motor electronics for energizing the motor stator. The motor stator and
the motor electronics are arranged in the dry motor chamber. The coolant
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pump comprises a pump wheel which Is arranged in the pumping chamber
and which is co-rotatably connected with the motor rotor by an axially
extending rotor shaft so that the pump wheel is driven by the electric

motor.

The motor electronics is arranged axially adjacent to a volute cooling
sector of the pump volute. The motor electronics is in thermal contact with
the separation sidewall, in particular with a cooling section of the
separation sidewall being defined by the volute cooling sector, so that the
motor electronics is cooled by the coolant being pumped through the
volute cooling sector and flowing along the sidewall cooling section. No
additional cooling arrangements are provided for cooling the motor
electronics. However, the sidewall cooling section area is relatively small.
As a result, at least parts of the motor electronics being located radially
further outside with respect to the volute cooling sector cannot be cooled
efficiently which can cause a malfunction or even a failure of the electric

coolant pump.

It is an object of the invention to provide a cost-efficient and reliable

electric coolant pump.

This object is achieved with an electric coolant pump with the features of

claim 1.

The electric coolant pump according to the invention is provided with a
pump housing which defines a pumping chamber and a motor chamber,
both being fluidically separated from each other by a separation sidewall
extending substantially in a radial plane. The pumping chamber is filled
with a coolant during pump operation and comprises a radially inner pump
inlet and a radially outer pump outlet. Preferably, the pump inlet
substantially extends in an axial motor direction and the pump outlet
substantially extends in a radial plane so that the pump inlet extends
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substantially perpendicular with respect to the pump outlet. The pump
inlet and the pump outlet are fluidically connected by a pump volute
extending from downstream of the pump inlet to the pump outlet in a
radial plane. The flow cross section of the pump volute increases from the
pump inlet to the pump outlet to provide an efficient coolant discharge.

The electric coolant pump comprises an electric motor with a static motor
stator, a rotatable motor rotor and a motor electronics for energizing the
motor stator. The electric components, i.e. the motor electronics and the
electromagnetic motor stator, are sensitive to the coolant and, as a result,
are arranged in the dry motor chamber. The rotatable motor rotor is
magnetically driven by the motor stator. Preferably, the motor rotor is
permanent-magnetic so that no wear-prone sliding contacts are required
to electromagnetically magnetize the motor rotor. The motor electronics is
electrically connected with the motor stator and comprises several power
semiconductors for commutating the driving energy of the motor stator.
Preferably, the power semiconductors are arranged on a printed circuit
hoard made of a material with a high thermal conductivity.

The electric coolant pump Iis provided with a pump wheel being co-
rotatably connected with the motor rotor so that the pump wheel is driven
by the electric motor. The pump wheel can be provided integrally with the
motor rotor or, alternatively, can be co-rotatably connected with the motor
rotor, for example, by a rotor shaft. The pump wheel is arranged in the
pumping chamber for pumping the coolant from the pump inlet through
the pump volute to the pump outlet. Preferably, the pump wheel is located
in the radial center of the pump volute so that the coolant entering the
pumping chamber via the preferably axial pump inlet flows substantially
axially against the pump wheel and is accelerated radially outwardly by

the rotating pump wheel.
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According to the invention, the motor electronics is located axially
adjacent to a volute cooling sector of the pump volute. The volute coocling
sector defines a sidewall cooling section which axially separates the volute
cooling sector from the motor chamber. The sidewall cooling section is
cooled by the coolant flowing through the volute cooling sector.

The volute cooling sector is provided with a radial width to axial height
ratio higher than 1.5, i.e. the radial width is at least 1.5 times as large as
the axial height of the volute cooling sector. As a result, the volute cooling
sector defines a relatively large sidewall cooling section area for a
specified flowing cross section. This allows positioning the motor
electronics within the lateral extent of the sidewall cooling section in a
radial plane, i.e. axially adjacent to the separation sidewall within the
motor chamber and laterally within the lateral extent of the sidewall

cooling section.

The motor electronics is in thermal contact with the sidewall cooling
section so that the motor electronics can be efficiently cooled by the
coolant being pumped through the pump volute. Preferably, the printed
circuit board of the motor electronics is in direct contact with the sidewall
cooling section. Alternatively, the printed circuit board can be attached to
the sidewall cooling section by a heat conducting element with a high
thermal conductivity. In any case, there is no air gap between the motor
electronics and the sidewall cooling section. No complex and, a result,
expensive and error-prone cooling arrangements are required for cooling
the motor electronics. As a result, the electric coolant pump according to
the invention allows a reliable cooling of the motor electronics if the pump
is running and, as a result, a reliable pump operation.

Preferably, the entire motor electronics is arranged within the lateral
extent of the sidewall cooling section and in thermal contact with the
sidewall cooling section. Alternatively, at least power semiconductors of
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the motor electronics, preferably all power semiconductors of the motor
electronics, are in thermal contact with the separation sidewall cooling
section. Most of the heat generated in the motor electronics during the
motor operation is generated by the power semiconductors of the motor
electronics. As a result, normally, efficiently dissipating the heat generated
by the power semiconductors is sufficient for cooling the motor

electronics.

In a preferred embodiment of the invention, the volute cooling sector is
provided with a radial width to axial height ratio in a range of 2.0 to 2.2.
This allows a large sidewall cooling section area combined with a high

pump performance.

Preferably, the volute cooling sector extends over a volute angle of 70° -
90° starting at the pump outlet so that the volute cooling sector is located
close to the pump outfet. This allows an especially large sidewall cooling
section area, because the flow cross section of the pump volute and, as a
result, the sidewall cooling section area being defined by the cooling
sector increases from the pump inlet to the pump outlet. Preferably,
outside of the cooling sector, a substantial region of the pump volute is
provided with a radial width to axial height ratio less than 1.5, for

example, to reduce the radial extent of the pump.

In a preferred embodiment of the invention, at least the cooling section of
the separation sidewall is made of a material with a high thermal
conductivity, for example made of aluminum. Preferably, the thermal
conductivity of the sidewall cooling section material is higher than
10 W/(m-K), but at least, the thermal conductivity is higher than that of
plastic materials. This allows an efficient heat transfer from the motor
electronics via the sidewall cooling section into the coolant and, as a
result, an efficient cooling of the motor eiectronics.
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Preferably, all stator coils of the motor stator are in thermal contact with
the separation sidewall so that the at least one stator coll is cooled by the
coolant pumped through the coolant pump. This allows a compact and
reliable coolant pump not requiring any additional cooling means for
cooling the stator coil. Besides the motor electronics, the stator coil is
another significant heat source which has to be cooled sufficiently to avoid

a malfunction or failure of the electric motor.

In a preferred embodiment of the invention, the motor rotor is arranged in
a rotor chamber being fluidically separated from the motor chamber by a
separation can. The separation can extends through the air gap between
the motor rotor and the motor stator and is made of a material which is
permeable for the magnetic field generated by the motor stator. Since the
rotor chamber is fluidically separated from the motor chamber, the rotor
chamber does not have to be sealed against the pumping chamber. This
allows a simple co-rotatable connection of the motor rotor with the pump
wheel not requiring any complex sealing elements which are expensive
and liable to wear.

Preferably, the motor stator comprises a single stator coil being positioned
diametrically opposite to the motor electronics. As a result, the motor
stator extends substantially in a single lateral direction so that free space
is available close to the motor rotor at the diametrically opposite rotor
side. This allows positioning the motor electronics very close to the motor
rotor and, as a result, allows a compact electric fluid pump with an
efficient cooling of the motor electronics.

An embodiment of the invention is described with reference to the
enclosed drawings, wherein
figure 1 shows a schematic sectional side view of an electric coolant pump

according to the invention and
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figure 2 shows a schematic top view of a pumping chamber cover of the

coolant pump of figure 1.

The electric coolant pump 8 comprises a multi-part pump housing 10 with
a pumping chamber cover element 12, a motor chamber cover element 14
and a separation sidewall 16 substantially extending in a radial plane. In
the present embodiment of the invention, the separation sidewall 16 Is
made of a material with a high thermal conductivity, for example made of
aluminum. The pumping chamber cover element 12 and the separation
sidewall 16 define a pumping chamber 18 being filled with a coolant
during pump operation. The pumping chamber 18 comprises a radially
inner pump inlet 20, a radially outer pump outlet 22 and a pump volute 24
extending from the pump inlet 20 to the pump outlet 22 in a radial plane.
The pump inlet 20 extends substantially in an axial motor direction and
the pump outlet 22 extends substantially in a radial plane so that the
pump inlet 20 is arranged substantially perpendicular with respect to the
pump outlet 22. The flow cross section of the pump volute 24,
substantially defined by the product of its radial width W and its axial
height H, increases from the pump inlet 20 to the pump outlet 22. The
motor chamber cover element 14 and the separation sidewall 16 define a
motor chamber 26 being fluidically separated from the pumping chamber
18 by the separation sidewall 16.

The coolant pump 8 comprises an electric motor 28 with a static
electromagnetic motor stator 30, a rotatable permanent-magnetic motor
rotor 32 and a motor electronics 34. The motor stator 30 is provided with
a laminated stator body 36 and with an electromagnetic stator coil 38
being electrically connected with and energized by the motor electronics
34. The motor stator 30 and the motor electronics 34 are located in the
dry motor chamber 26. The motor electronics 34 comprises several power
semiconductors 40 being arranged on a printed circuit board 42. The
motor rotor 32 is located in a rotor chamber 44 being fluidically separated
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from the motor chamber 26 by a separation can 46. The motor rotor 32 is
co-rotatably fixed to a rotor shaft 48 being rotatable about an axis of
rotation R. The rotor shaft 48 is rotatably supported in the separation can
46 and in the separation sidewall 16 by two suitable shaft bearings 50,52.
The rotor shaft 48 axially extends from the rotor chamber 44 into the
pumping chamber 18.

The coolant pump 8 comprises a pump wheel 54 being located in the
pumping chamber 18 for pumping the coolant from the pump inlet 20
through the pump volute 24 to the pump outlet 22. The pump wheel 54 is
co-rotatably connected with the rotor shaft 48 so that the pump wheel 54
is driven by the electric motor 28. The pump wheel 54 Is arranged within
the pumping chamber 18 in such a way that the coolant entering the
pumping chamber 18 via the pump inlet 20 flows substantially axially
against the pump wheel 54 and is accelerated radially outwardly by the
rotating pump wheel 54.

The motor electronics 34 is located axially adjacent to a volute cooling
sector 56 of the pump volute 18. The volute cooling sector 56 extends
over a volute angle A starting at the pump outlet 22 and running in a
pump-inlet-facing circumferential direction of the pump volute 18. In the
present embodiment of the invention, the volute cooling sector 56 extends
over a volute angle A of 80°. The volute cooling sector 56 defines a
sidewall cooling section 58 which axially limits the volute cooling sector 56
towards the motor chamber 26. The sidewall cooling section 58 is cooled
by the coolant flowing through the volute cooling sector 56. The volute
cooling sector 56 is provided with a radial width W to axial height H ratio
higher than 1.5, i.e. the radial width W is at least 1.5 times as large as the
axial height H of the volute cooling sector 56. In the present embodiment
of the invention, the radial width W to axial height H ratio is in a range of
2.0 to 2.2.
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The motor electronics 34 is laterally positioned within the lateral extent of
the sidewall cooling section 58 and diametrically opposite to the stator coil
38. The printed circuit board 42 of the motor electronics 34 is in direct
thermal contact with the separation sidewall cooling section 58. As a

5 result, the motor electronics 34, in particular all power semiconductors 40
of the motor electronics 34, are efficiently cooled by the coolant being
pumped through the pump volute 18 during pump operation.
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CLAIMS

Electric coolant pump (8) comprising
a pump housing (10) defining
a pumping chamber (18) being filled with a coolant during pump
operation, with
a radially inner pump inlet (20),
a radially outer pump outlet (22) and
a pump volute (24) extending from downstream of the pump
inlet (20) to the pump outlet (22), and
a motor chamber (26) being fluidically separated from the
pumping chamber (18) by a separation sidewall (16) extending
substantially in a radial plane,
an electric motor (28) with
a static motor stator (30) being arranged in the motor chamber
(26),
a rotatable motor rotor (32) and
a motor electronics (34) being arranged in the motor chamber
(26) for energizing the motor stator (30), and
a pump wheel (54) being arranged In the pumping chamber (18)
and being co-rotatably connected with the motor rotor (32),
wherein the motor electronics (34) is arranged axially adjacent to a
volute cooling sector (56) of the pump volute (24) and in thermal
contact with a cooling section (58) of the separation sidewall (16)
being defined by the volute cooling sector (56) and
wherein the volute cooling sector (56) of the pump volute (24) is
provided with a radial width (W) to axial height (H) ratio higher than
1.5.
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Electric coolant pump (8) according to claim 1, wherein power
semiconductors (40) of the motor electronics (34), preferably all
power semiconductors (40) of the motor electronics (34), are in
thermal contact with the separation sidewall cooling section (58).

Electric coolant pump (8) according to any preceding claim, wherein
the volute cooling sector (56) is provided with a radial width (W) to
axial height (H) ratio in a range of 2.0 to 2.2.

Electric coolant pump (8) according to any preceding claim, wherein
the volute cooling sector (56) extends over a volute angle (A) of 70°

- 90° starting at the pump outlet (22).

Electric coolant pump (8) according to any preceding claim, wherein
the separation sidewall cooling section (58) is made of a material
with a high thermal conductivity.

Electric coolant pump (8) according to any preceding claim, wherein
all stator coils (38) of the motor stator (30) are in thermal contact

with the separation sidewall {(16).

Electric coolant pump (8) according to any preceding claim, wherein
the motor rotor (32) is arranged in a rotor chamber (44) being
fluidically separated from the motor chamber (26) by a separation
can (46).

Electric coolant pump (8) according to any preceding claim, wherein
the motor stator (30) comprises a single stator coil (38) being
positioned diametrically opposite to the motor electronics (34).



WO 2019/233597 PCT/EP2018/065164

-1/2~
14
6 38
B— 10 \
NN
A ;/
12 22 NI I
A 36
N N
-183N\ \
‘ -26-} 46
l I :.../
N
= 48
\ “m““\
\ 50
N 44 32 \
. 58
\
H 7S == 34
Fig.1 W 45 40



WO 2019/233597 PCT/EP2018/065164

-2/2-

Fig.2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/065164

A. CLASSIFICATION OF SUBJECT MATTER

INV. F04D29/58 HO2K9/22
ADD.

HO2K11/33

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO4D HOZK

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

TECHNOLOGY GMBH [DE])

the whole document

15 March 2006 (2006-03-15)

Y WO 2017/220119 Al (PIERBURG PUMP
28 December 2017 (2017-12-28)

paragraph [0027] - paragraph [0031]

1-8

Y EP 1 635 065 Al (DANA AUTOMOTIVE LTD [GB]) 1-8

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 February 2019

Date of mailing of the international search report

22/02/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mazagao Guerreiro, R

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/065164
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2017220119 Al 28-12-2017 CN 109154302 A 04-01-2019
WO 2017220119 Al 28-12-2017
EP 1635065 Al 15-03-2006  EP 1635065 Al 15-03-2006
GB 2417981 A 15-03-2006
US 2006057006 Al 16-03-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

