
WO 2011/146005PCT/SE2011/050625 1 COOLING DEVICE FOR ELECTRIC MOTOR
TECHNICAL FIELD   The invention relates to a cooling device for electric
motor according to the 5preamble of claim 1. The invention also relates to
an electric motor. The invention also relates to a motor vehicle.
BACKGROUND ART    During drive electric motors are heated whereby cooling
is required in order 10 to divert the heat. Cooling of electric motor may
be effected by means of different types of cooling media such as e.g. air,
water or oil. US 6800971 B1 discloses a device for liquid cooling of a
stator for a start motor. The stator has a cooing channel formed between a
housing surrounding the stator and a synthetic resin coated jacket surface
of the 15 stator back of the stator, wherein cooing is intended to be
effected by means of a liquid cooling medium arranged to stream in the
cooling channel such that cooling is effected directly towards the
synthetic resin coated jacket surface of the stator back. The device has
metal end plates welded at the respective end of the stator back. 20EP
0434845 Al discloses a device for liquid cooling of a stator. The core of
the stator bears against a jacket provided with cooling channels in which
liquid is arranged to stream. At the end of the stator core sealing rings
are arranged. An adhesive having a sealing function exists between the
stator laminates. 



WO 2011/146005PCT/SE2011/050625 2 motor, and for protecting the electric
motor the current needs to be reduced wherein performance of the electric
motor is impaired. Further it is difficult to provide good contact between
the stator of the electric motor and cooling portions resulting in a
substantially impaired heat transfer 5 and thereby impaired performance due
to undesired temperature increase of the stator. OBJECT OF THE INVENTION
An additional object of the present invention is to provide a cooling
device for 10an electric motor which facilitates efficient cooling, compact
design of an electric motor, and cost efficient construction. SUMMARY OF
THE INVENTION These and other objects, apparent from the following
description, are 15 achieved by means of a cooling device for electric
motor, electric motor and a motor vehicle, which are of the type stated by
way of introduction and which in addition exhibits the features recited in
the characterising clause of the appended claims 1, 9 and 10. Preferred
embodiments of the cooling device are defined in appended dependent claims
2-8. 20According to the invention the object is achieved with a device for
cooling of 



electric motor, which electric motor comprises a stator with a jacket
surface/stator back cased with a heat conducting thermoset, wherein a
housing is arranged to surround the stator, wherein the device comprises at
least one cooling channel in which a liquid cooling medium is intended to
25 stream for cooling of the electric motor, wherein the housing is
arranged to run separated from the stator along a main part of the
thermoset cased jacket surface of the stator for forming of said cooling
channel between the housing  3 and said jacket surface, wherein the stator
winding of the stator is arranged to run along and axially project from and
turn outside of said jacket surface, wherein the stator including the
projecting stator winding is embedded with said thermoset, wherein said
cooling channel also is formed between the  5 housing and the thus
projecting stator winding. Hereby the cooling medium comes in direct
contact with the thermoset cased stator and cooling by means of the liquid
medium is effected directly towards the thermoset embedded coil ends, which
results in the fact that efficient cooling of the thermoset embedded is
facilitated. This results in that a temperature  10 transition from the
winding with the coil ends via the thermoset to the cooling medium is
required for diversion of the heat from the winding, wherein consequently
efficient cooling is obtained. Direct cooling is consequently effected on
the coil ends where it is hottest and where local points being hotter the
surrounding area, so called hotspots, arise, wherein efficient  15 cooling
is effected where it is hottest. Hereby it may be avoided that, with
maintained performance, the winding temperature becomes too high and
damages on the electric motor occur. By cooling directly on the heat
conducting thermoset good thermal contact between stator winding/coil ends
and the liquid cooling medium is  20 guaranteed. Further is facilitated,
due to the efficient cooling, reduction of the radial extension of the
cooling channel with maintained cooling effect and consequently reduction
of the radius of the electric motor including housing and thus obtaining a
more compact electric motor unit making space available during installation
in a vehicle. Due to the fact that the housing is  25 arranged to run
separated along a greater part of the thermoset cased stator the electric
motor may be formed as a so called frameless motor, i.e. an electric motor
without housing, wherein the electric motor is connected to a housing for
forming of cooling channel. Hereby an electric motor with a stator embedded
in said thermoset and rotor with fixed interface to rotor shaft may 30 be
manufactured separately by a supplier while the housing may be formed in
the vehicle which results in reduced costs for procurement and installation



4 of electric motor and consequently reduced costs in the overall
production of the vehicle. According to an embodiment of the device said
thermoset is constituted by a heat conducting epoxy. Epoxy with such
properties as liquid tight, heat  5 conducting, curing, heat sustainable
and adhesive constitutes an excellent thermoset for this purpose. Heat
conducting epoxy has good thermal conductivity and thereby efficiently
transports heat from the coil ends of electric motor to the housing which
is arranged to support the stator of the electric motor. The housing is
then arranged to be cooled with a suitable  10 cooling medium such as air,
water, oil or other suitable cooling medium. Further the epoxy also levels
out the temperatures on different locations in the winding.    According to
an embodiment of the device said liquid cooling medium is constituted
essentially by water. With water as a liquid cooling medium a very  15 good
cooling is obtained. According to an embodiment of the device the housing
is sealingly connected by means of sealing means to said thermoset at the
respective end area of the stator. Hereby leakage of the liquid cooling
medium is avoided.       According to an embodiment of the device said
liquid cooling medium is  20 arranged to stream essentially axially in said
cooling channel. According to an embodiment the device comprises support
elements arranged to run axially between the housing and the thermoset
cased stator forming axial cooling portions of said cooling channel. Hereby
is avoided that the housing bends and in that way reduces the space of the
cooling channel. 25Further control of the cooling medium is obtained by the
distribution of the cooling medium in cooling channel portions.  5
According to an embodiment the device comprises support elements arranged
to run circumferentially between the housing and the thermoset cased stator
forming circumferentially extending cooling channel portions of said
cooling channel. Hereby is avoided that the housing bends and in that 



5  way the cooling channel space is reduced. Further, control of the
cooling medium is obtained through the distribution of the cooling medium.
DESCRIPTION OF THE DRAWINGS A better understanding of the present invention
will be had upon the 10 reference to the following detailed description
when read in conjunction with the accompanying drawings, wherein like
reference characters refer to like parts throughout the several views, and
in which: Fig. 1 schematically shows a side view of a motor vehicle;
Fig. 2 schematically shows an axial cross sectional view of an electric
motor 15 according to an embodiment of the present invention; Fig. 3a and
3b schematically show an axial and a radial cross sectional view
respectively of an electric motor according to an embodiment of the present
invention;       Fig. 4 schematically shows a side view of a cross section
of a part of an 20 electric motor according to an embodiment of the present
invention; Fig. 5 schematically shows a view in the axial direction of
distribution of a part of an electric motor according to an embodiment of
the present invention.  WO 2011/146005PCT/SE2011/050625 6 DETAILED
DESCRIPTION OF EMBODIMENTS With reference to fig. 1, a side view of a motor
vehicle 1 is shown. The 



vehicle may be a heavy vehicle, such as a construction vehicle or a
military vehicle. The vehicle may be a wheeled vehicle or a tracked
vehicle. The 5 vehicle may alternatively be a car. The vehicle 1 comprises
at least one electric motor comprising a device for cooling of electric
motor according to any of the embodiments below. Fig. 2 schematically shows
a side view of an axial cross section of an electric motor 10 and fig. 3a
and 3b an axial and a radial cross sectional view 10respectively of an
electric motor according to an embodiment of the present invention. The
electric motor 10 comprises a rotor 20 and a stator 30, said rotor being
connected to a drive shaft 22 and arranged to rotate said drive shaft 22.
The rotor shaft 22 is arranged to run concentrically relative to the rotor,
wherein 15 the rotor is arranged to surround the rotor shaft 20. The rotor
20 is according to a variant built up by stacked rotor plates 20a. The
rotor 20 comprises magnets 24 being peripherally arranged at the rotor 20.
The stator 30 is arranged to surround the rotor 20, wherein the rotor shaft
22 and consequently the rotor 20 are concentrically arranged relative to
the 20 stator 30. The external surface of the rotor 20 is arranged adjacent
to and separated from the internal surface of the stator 30. The stator 30
is according to a variant built up by stacked stator plates 30a.The stator
30 comprises a stator winding 32 comprising a set of electrically
conductive wires 32a/conductors 32a, preferably copper wires, through which
a current 



25 is arranged to be conducted for driving of the electric motor 10. Said
conductors 10 may be of different thickness. Said stator winding 32 is
arranged to run axially such that the winding adjoins adjacently to the
rotor. The stator winding 32 is arranged to axially project form end
portions of the stator 30, turn outside the end portions and be
re-introduced through the end  WO 2011/146005PCT/SE2011/050625 7 portion,
wherein said projecting portion 32' of the stator winding 32 forms a so
called coil end 32'. Copper wires 32a of the winding 32 are according to a
variant arranged to run axially in compartments/recesses 34 of the stator
plates 30a and 5 conducted out from end portions of the stator 30 and back
into another compartment/recess 34 of the stator plates 30a. Said
electrically conducting wires/conductors 32a may be of different shape for
different filling of compartments/recesses. The stator 30 is embedded in an
adhesively liquid tight, heat conducting and 10 heat sustainable
thermosetting plastic, i.e. thermoset E, which preferably is constituted by
epoxy E. Hereby the stator 30 is externally cased with said themoset E.
Hereby the jacket surface 35, i.e. the so called stator back 35 of the
stator, of the stator cased with said thermoset E such that a thermoset
cased jacket surface 35 of the stator is formed. The stator winding 32 of
the 15 stator 30 is according to the present invention arranged to run
along and axially projecting from and turn outside of said jacket surface
35 of the stator 30. The stator 30 including the respective projecting
portion 32' of the stator winding 32, i.e. the respective coil end 32' is
consequently according to the present invention embedded with said
thermoset E. 20A housing 40 or casing 40 is arranged in connection to the
electric motor 10 to surround the electric motor 10 comprising the stator
30 of the electric motor. The housing 40 is arranged to run separated from
the jacket surface of the stator along a substantial part of the thermoset
cased jacket surface 35 of the stator for forming of said cooling channel
50 between the housing and 25said jacket surface 35. 



The housing is further arranged to run outside of said jacket surface 35 in
axial direction for forming of additional portions of said cooling channel
50. Said cooling channel 50 is thus formed also between the housing 40 and
the respective thus projecting portion 32' of the stator winding 32. The
cooling  8 channel 50 consequently has a portion running in connection to
the respective, with thermoset embedded, projecting portion 32'/coil end
32' of the stator winding, wherein cooling by means of the liquid medium is
effected directly towards the coil ends 32' embedded in thermoset, which
results in 5efficient cooling of the coil ends embedded in thermoset being
facilitated. The housing is according to this embodiment arranged to run
separated from the jacket surface 35 along substantially the entire
thermoset cased jacket surface 35 of the stator 30 forming said cooling
channel 50. The housing is consequently arranged such that a cooling
channel 50 is formed between the 10 housing 40 and the thermoset cased
stator 30 such that a cooling medium streaming in the cooling channel 50
will be in direct contact with the thermoset cased jacket surface 35 of the
stator 30, i.e. comes in direct contact with the thermoset E.    Due to the
fact that the stator 30 is cased with a liquid tight, heat conducting 15
thermoset, water may advantageously be used as a liquid cooling medium,
which facilitates efficient cooling. The housing 40 is sealingly connected
to said thermoset by means of sealing means 60 at the respective end area
of the stator 30. The sealing means 60 is according to a variant
constituted by seals, said seals according to a 20 variant being
constituted by 0-ring. The sealing means 60 is according to a variant
constituted by an adhesive material with sealing properties. The sealing
means 60 is according to a variant constituted by fitting means intended to
attend to that the surfaces between the stator embedded in epoxy and the
housing has a certain surface fineness and/or form 25 correctness. The
fitting means comprises a machining arranged in the surface of the epoxy
where the housing is intended to be arranged. Hereby sealing means in the
shape of an 0-ring is arranged in connection to said machining in order to
ensure sealing, wherein the 0-ring is arranged to be clamped and to seal
between the surface of the stator and the surface of the 30housing. 



9 The thermoset E is applied to the stator 30 and is allowed to cure
wherein the thermoset E adheres to the stator 30 such that the external
surface of the stator 30 is cased with said thermoset E. After the
thermoset E has solidified the housing 40 is applied such that said cooling
channel 50 is formed. As a 5 result of the housing 40 being applied
afterwards and separately surrounded along the major part of the thermoset
jacket surface 35 of the stator 30 the housing 40 may be formed differently
depending on application, e.g. shape of the outer side of the housing.
Hereby modularity is also obtained, wherein the same electric motor may be
used for many applications where only the 10housing is varied for a new
product.  Further a so called frameless electric motor may be produced by a
manufacturer of electric motor while the actual housing may be produced and
adapted to separately run along a substantial part of the thermoset jacket
surface, which reduces the cost for production of the vehicle. 15According
to an embodiment said liquid cooling medium is arranged to stream
essentially axially in said cooling channel via at least one inlet (not
shown). Fig. 4 schematically shows a side view of a cross section of a part
of an electric motor 10a according to an embodiment of the present
invention. This 20 embodiment differs from the electric motor according to
the embodiment in fig. 2 and fig. 3a-b in that radial support elements 52a
are arranged to run circumferentially between the housing and the themoset
cased stator 30 forming cooling channel portions 50a of said cooling
channel extending circumferentially. 25Fig. 5 schematically shows a cross
sectional view in the axial direction of distribution of a part of an
electric motor 10b according to an embodiment of the present invention.
This embodiment differs from the electric motor according to fig. 2 and
fig. 3a-b in that axial support elements 52b are arranged to run axially
between the housing and the thermoset stator 30  



10 forming axial cooling channel portions 50b of said cooling channel 50.
Hereby, according to an embodiment, the cooling medium could stream in an
axially running cooling channel portion 50b and turn at one end of the
electric motor and be conducted into another axially running cooling
channel portion 550b and stream against the stream of the cooling medium in
the earlier cooling channel portion. According to an embodiment said liquid
medium is arranged to stream essentially circumferentially in said cooling
channel via at least one inlet. The cooling channel 50 according to the
present invention has an extension 10 in radial direction being adapted
among others to cooling needs, size of electric motor, desired streaming
velocity of the cooling medium, temperature of the cooling medium etc. The
cooling channel may have any desired configuration comprising any suitable
form on channel portions.    With housing herein is intended an element
surrounding the electric motor, 15 where the housing may be of any suitable
material and where the term housing comprises the terms casing and
covering. The housing 40 is according to a variant arranged to support the
stator 30. According to a variant the stator 30 is arranged to be supported
by means of other unit of e.g. a vehicle and consequently fixedly arranged
separated from 20the housing 40, but sealingly connected to the housing 40.
The foregoing description of the preferred embodiments of the present
invention has been provided for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention
to the precise forms disclosed. Obviously, many modifications and
variations will be apparent to 



25 practitioners skilled in the art. The embodiments were chosen and
described in order to best explain the principles of the invention and its
practical applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with the various
modifications as are suited to the particular use contemplated.  WO
2011/146005PCT/SE2011/050625 11 CLAIMS 1. A device for cooling of electric
motor (10), which electric motor comprises a stator (30) with a jacket
surface/stator back (35), wherein a housing (40) is arranged to surround
the stator (30), the device comprising at least one 5 cooling channel (50)
in which a liquid cooling medium is intended to stream for cooling of the
electric motor (10), wherein the housing (40) is arranged to run separated
from the stator (30) along a main part of the thermoset cased jacket
surface (35) of the stator (30) for forming of said cooling channel (50)
between the housing (40) and said jacket surface (50), characterized in
that 10 the stator winding (32) of the stator is arranged to run along and
axially project from and turn outside of said jacket surface (35), wherein
the stator (30) including the projecting stator winding (32) is embedded
with said thermoset (E), wherein said cooling channel (50) also is formed
between the housing (40) and the thus projecting stator winding (32). 152.
A device according to claim 1, wherein said thermoset (E) is constituted by
epoxy.  3. A device according to claim 1 or 2, wherein said liquid cooling
medium is constituted by water.     4. A device according to any of claim
1-3, wherein the housing (40) is 20 sealingly connected to said thermoset
(E) by means of sealing means (60) at the respective end area of the stator
(30). 



5. A device according to any of claims 1-4, wherein said liquid cooling
medium is arranged to stream essentially axially in said cooling channel
(50).  6. A device according to claim 5, comprising support elements (52b)
25 arranged to run axially between the housing (40) and the thermoset cased
stator (30) forming axial cooling channel portions (52b) of said cooing
channel (50).  WO 2011/146005PCT/SE2011/050625 12  7. A device according to
any of claims 1-4, wherein said liquid medium is arranged to stream
essentially circumferentially in said cooling channel (50).  8. A device
according to claim 7, comprising support elements (52a) arranged to run
circumferentially between the housing (40) and the thermoset 5cased stator
(30) forming cooling channel portions (50a) of said cooling channel
extending circumferentially.  9. An electric motor (10) comprising a
cooling device according to any preceding claim.        10. A motor vehicle
(1) comprising at least one electric motor (10) according 10to claim 9. 


