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(54) Title: AN ARRANGEMENT FOR COOLING OF AN ELECTRICAL MACHINE

Fig 1

(57) Abstract: The present invention relates to an arrange-
ment for cooling of an electrical machine (3). The electrical
machine (3) comprises a rotor (5) rotatably arranged around a
rotation axis (4a), a stator (6) including a stator winding (6b)
arranged radially outside of the rotor (5), a housing (2) en-
closing the rotor (5) and the stator (6), at least one drain hole
(11) contigured to drain a cooling fluid from the housing (2),
at least one spraying device (8-10) configured to spray cool-
ing fluid on the stator winding (6b) and a pump (14) con-
figured to pump cooling tluid to the spraying device (8-10).
The arrangement comprises a control unit (18) which is con-
figured, when the electrical machine (3) is in operation, to re-
ceive information of the temperature in at least one position
of the stator winding (6b) and to control the pump (14) such
that it pumps a flow rate of the cooling fluid to the spraying
device (8-10) which is related to the estimated temperature of
the stator winding (6b).
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An arrangement for cooling of an electrical machine

BACKGROUND TO THE INVENTION AND PRIOR ART

The present invention relates to an arrangement for cooling of an electrical machine

according to the preamble of claim 1.

A power train of a hybrid vehicle may be powered by an electrical machine and a
combustion engine. The electrical machine works as an engine and provide power
during certain operating conditions such as during idling conditions, at low speeds and
accelerations of the vehicle. During certain operating conditions, the electrical machine
works as a generator where it supplies electrical energy to a battery. The electrical
machine is in an operation when it works as an engine or as a generator. The
combustion engine may power the vehicle independently during certain operating
conditions of the vehicle at the same time as the electrical machine does not work as
generator. During such operating conditions, the electrical machine is out of operation.
The electrical machine is heated when it is in operation, Conventional cooling of
electrical machines in hybrid vehicles may be performed by air or water led past an
external surface of a housing enclosing the electrical machine. A more effective

cooling method is to spray oil on the stator windings.

US 201170148229 shows an electrical machine including a rotor and a stator, which
are arranged in a housing. A number of cooling devices gencrates a coolant spray on
the stator during operation of the electrical machine. A surnp pan receives the supphied
coolant at a bottom portion of the housing. A coolant discharge is mounted at a lowest
point of the sump pan. The coolant discharge directs coolant to a coolant reservoir. A
coolant pump pumps coolant from the coolant reservoir to the coolant spray device. A
coolant overflow defines a highest coolant level in the sump pan. When the electrical

machine is not in operation, the pump feeds a coolant flow to the coolant spray device
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of a small guantity such that no coolant level is created in the housing. When the
electrical machine is in operation, the pump feeds a coolant flow of a larger guantity to
the coolant spray device such that a coolant level is created in the housing, which welts
the rotor. In this case, the rotor distributes the coolant in the housing, which results in
an effective cooling of the electrical machine. However, the electrical machine
receives relatively large drag losses during operation since the rotor rotates
continuously in contact with the coolant in the housing during operation of the

electrical machine.

SUMMARY OF THE INVENTION

The object of the invention 1s to establish an arrangement which provides an effective

cooling of an electrical machine in a manner such that unnecessary losses are avoided.

This object is achieved with the arrangement defined in the introduction, which is
characterized by the features defined in the characterising part of claim 1. The
temperature rise in an electrical machine 1s spbstantially confined to specific
components and especially to the stator winding. Thus, it is effective to cool the
electrical machine by injecting a cooling {luid on the stator winding. The cooling {luid
may be a suitable oil. The cooling demand of the stator winding varies during different
operation conditions. Generally, the cooling demand increases with the temperature of
the stator. The cooling of the stator winding depends on the flow rate of cooling fluid
to the stator winding. However, it requires more pump energy to supply a larger flow

rate Lo the stator windings than a lower flow rate.

The control unit may have access to stored information about suitable flow rates at
different temperatures of the stator winding. The control unit may receive information
of the temperature of the stator winding substantially continuously. In case the cooling
flow rate to the spraying device differs from a suitable flow rate at a specific
temperature of the stator winding, the control unit controls the pump such that the flow
rate 1s adjusts to the desired value. In this case, it is possible to provide an etfective
cooling of the stator winding when the electrical machine is high loaded and save

pump energy when the electrical machine is low loaded.

According to an embodiment of the invention, the pump is configured, when the

electrical machine is in operation, to provide a {low rate of the cooling fluid creating a
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cooling fluid level in the housing related to the temperature of the stator winding. The
drainage hole of the housing has a size which determines the flow rate of the coolant
fluid out of the housing. Thus, in order to create a cooling fluid level in the housing, it
is necessary to supply a larger flow rate to the housing than the flow rate leaving the
housing via the drainage hole. The outlet flow rate through the drainage hole increases
somewhat with an increasing cooling fluid level in the housing. Due to this fact, it is
possible to determine a relationship between flow rate of cooling fluid pumped to the

housing and cooling fluid level in the housing.

According to an embodiment of the invention, the pump is configured, at a first
temperature of the stator winding, to provide a flow rate creating a cooling flmid level
in the housing at which the cooling fluid covers at least a part of a lowest located
portion of the stator winding. It is many times difficolt to provide an effective cooling
of the lowest located portion of the stator winding. In this case, a very effective cooling
of the lowest located portion of the stator winding it is obtained since it has a part in
constant contact with the cooling {luid. It s possible to vary the size of the part ol the
stator winding covered by the cooling fhiid by adjustment of the cooling fluid level in

the housing.

According to an embodiment of the invention, the pump 1s configured, at a second
temperatare of the stator winding, to provide a flow rate creating a cooling {luid level
in the housing at which the cooling fluid comes in contact with the rotor. In this case,
the rotor will splash around the cooling fluid in the housing such that it comes in
contact with portions of the stator winding located at a higher level than the cooling
fluid level. In this case, substantially all portions of the stator winding receive a very
effective cooling by the cooling fluid. When the stator winding has a high temperature,
it 1s suttable o create such a cooling fluid level in the housing n order to increase the
cooling of the stator winding. When the temperature of the stator winding has been
lowered to a more ordinary temperature, it is many times possible to create a cooling
fluid level out of contact with the rotor in order to reduce drag losses of the clectrical

machine.

According to an embodiment of the invention, the pump is configured, at a third
temperature of the stator winding, to provide a flow rate creating substantially no
cooling fluid level in the housing. In case the temperatare of the stator winding

decreases, it is possible to reduoce the flow rate pumped to the spraying device. The
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reduced flow rate results in a lowered cooling fluid level in the housing. In case the
flow rate to the housing decreases to a level below the flow rate leaving the housing
via the drainage hole there will be no cooling fluid level in the housing. With such a

low flow rate to the housing, pump energy is saved.

According to an embodiment of the invention, said pump is able to adjust the cooling
fluid flow to the spraying device in a substantially stepless manner. In this case, it is
possible to adjust the cooling fluid Jevel 1o the housing with a high accuracy.
Alternatively, the control unit may control the pump such that it is restricled to provide

a number of flow rates of predetermined values.

According to an embodiment of the invention, the control unit is configured to countrol
the punip such that it pumps a flow rate to the housing in order to maintain a
temperature of the stator windings within a predetermined temperature range. In case
the temperature of the stator winding is higher than the highest temperature of the
temperatore range, the pump may provide a high flow rate to the housing creating a
cooling fluid level in contact with the rotor. In case the temperatare of the stator
winding is lower than a lowest temperature of the temperature range, the pump may

provide a low flow rate creating substantially no cooling fluid level in the housing.

According to an embodiment of the 1vention, it comprises a temperature sensor
configured to sense the temperature of stator winding in at least one position. In this
case, the control unit receives a reliable information about the temperature in at east
one portion the stator winding. Alternatively, the control unit is configured to receive
information about at least one operating parameter of the electrical machine and to
determine the temperature of the stator windings by means of this operating parameter.
The control unit may receive information about operating parameters of the electrical
machine such as torque and speed. By means of this information it ts possible to
determine the temperature of the stator winding and the cooling demand of the stator

winding.

According to an embodiment of the invention, the spraying device 1s configured to
spray cooling fluid on a portion of the stator winding arranged at an upper half of the
stator. It is many tirncs sufficient to spray cooling fluid on some upper portions of the
stator winding. The injected cooling {luid cools the upper portions whercupon the

cooling fluid {lows downwardly along the lower located portions of the stator winding.
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In practice, a part of the cooling {laid, which hits the upper portions of the stator
winding, bounces away from the stator winding. This cooling fluid may hit a wall of
the housing where it flows downwardly without taking up any heat from lower located
portions of the stator winding. In this case, there 1s a risk that the lowest located
portion of the stator winding receives an insufficient cooling. In such a case, it 1s
especially important to create a cooling fluid level in the housing in contact with at

lcast a part of the lower portions of the start winding.

According to an embodiment of the invention, the housing comprises at least one
further drainage hole configured to define a maximum cooling {luid level in the
housing. Such at least one further drainage is arranged at a specific level in the
housing. A surplus of cooling {luid above said level 1s drained out from the housing via
satd at least one drainage hole. Thus, such a drainage hole defines 2 maximum cooling
fluid level in the housing in a simple and reliable manner. It is possible to arrange
drainage holes at different high levels in the housing in order to accomplish further
cooling fluid levels in the housing. It is possible to arrange drainage holes at an

appropriate level for preventing the pump to run dry.

According to an embodiment of the invention, the control unit may be configured to
control the pump, when the electrical machine is not in operation, such that is pumps a
{low rate creating substantially no cooling {luid level in the housing. During times
when the electrical machine does not provide any torque, it is out of operation. During
such times, there i1s no cooling demand of the stator winding and is possible to pump a
minimurm fow rate to the housing creating substantially no coohing fluid level in the

housing.

According to an embodiment of the present invention, the arrangement may be
comprised in an electrical machine in a power train of a vehicle. In this case, the
electrical machine may work as a motor as well as a generator. The electrical machine
is in operation when it provides a torque. The vehicle may be a hybrid vehicle powered

by the electrical machine and a combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention is described below by way of an example

with reference to the attached drawings, on which:
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Fig. 1 shows an arrangement for cooling of an electrical machine and

Fig. 2 shows a cross sectional view in the plane A-A in Fig. 1.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTION

Fig. 1 shows a schematically jndicated hybrid vehicle 1 and a housing 2 enclosing an
electrical machine 3. A rotatable shaft 4 extends through a first sidewall 2a of the
housing 2 and a second sidewall Zb of the housing 2. A periphery wall 2¢ connects the
sidewalls 2a, 2b of the housing 2. The shaft 4 is rotatably arranged in relation to the
side 2a, 2b by means of bearings 2d. The electrical machine 3 comprises in a
conventional way a rotor 5 and a stator 6. The rotor 5 comprises a rotor core Sa
supported by a rotor hub 5b. The rotor hub 5b is fastened on the rotatable shaft 4 by
means of a splined connection. Alternatively, it may be arranged on a ring wheel of a
planetary gear. The rotor 5 and the shaft 4 rotates around a common rotation axis 4a.
The stator 6 comprises a stator core 6a, a stator winding 6b which is arranged on an
inside of the periphery wall 2¢ of the housing 2 and a mantle 6¢. A schematically
ndicated combustion engine 7 is also connected to the shaft 4. A cooling fluid, which
1s exemplified as a suitable oil, 1s supplied to the housing 2. The oil cools and
labricates the components in the housing 1. An oil channel 8 is arranged in a radial
space between the periphery wall 2¢ and a mantle 6¢ in the housing 2. Oil is supplied
with a positive pressure, via an inlet hole 10 in the housing 2, to the oil channel ¥. The
ol channel 8 comprises a number of outlet ducts 9 in the mante 6¢. Oil 1s sprayed, via
the outlet ducts 9, towards a nuraber of portions of the stator winding 6b located at an

upper half of the stator 6.

The housing 2 comprises a drainage hole 11 located at a lowermost position of the
housing 2. The drainage hole 11 1s, via a drain line 12, connected to an oil receiver 13.
A pump 14 pumps oil {rom the oil receiver 13, via an oil line 15, to the oil channel § in
the housing 2. The oil hine 15 comprises a thermostat 16. In case the oil has a lower
temperatare than a regulating temperatare of the thermostat 16, the thermostat 16
directs the oil to the housing 2 without cooling. In case the oil has a higher temperature
than the regulating temperature of the thermostat 16, the thermostat 16 directs the oil to
a cooler 17 before it is directed to the housing 2. A control unit 18 is configured to

control the speed of the pump 14 and the {low rate of the oil pumped to the housing 2.
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A temperature sensor 19 is configured o sense the temperature in at least one portion
of the stator winding 6b. The control unit 18 receives information from the temperature
sensor 19 about the temperature of the stator winding 6b. Furthermore, the control unit
18 receives information 20 about the torgue. The information 20 may also include
other operating parameters such as the speed of the electrical machine 3. The control
unit 18 is able to determine the temperature of the stator winding 6b by means of such
operating pararmncters. The control unit may also receive information from a second

temperature sensor 21 about the temperature of the oil pumped to the housing 2.

Fig. 2 shows a cross sectional view in a plane A-A in Fig. 1. It is here visible that the
housing 2 comprises a number of outlet ducts 9 arranged in different positions in an
upper part of the housing 2. Two further drainage holes 22a, 22b defines a maximum
ol level Liax in the housing 2. The maximum o1l level Luax 15 located at a higher level
than a lowest position of the rotor 5. Thus, the rotor Scomes in contact with the oil
when there is a maximum ot level Lua. in the housing 2. The oil level L in the housing
can be adjusted between a minimum oil level Ly, when there 1s substantially no oil
level in the housing 2 and up to the maximum oil level L. A further oil level L is
indicated in the figures in which the oil is in contact with a lower portion of the stator

winding 6b but out of contact with the rotor 5.

The electrical machine 3 is in operation when it works as a motor and powers the
hybrid vehicle 1. The electrical machine 3 is also in an operation when it works as a
generator and charges a battery in the hybrid vehicle 1. The electrical machine 3 15
heated when it is in operation and needs to be cooled. During conditions when the
hybrid vehicle 1 is running and the electrical machine 3 does not work as motor or as
generator, it 1s out of operation. In this case, the cooling demand of the electrical
machine is substantially negligible. In a hybnid vehicle 1, an electrical rmoachine may be
out of operation relatively {requently during conditions when the combustion engine 7
powers the hybrid vehicle 1 independently at the same time as the battery is not

charged.

Daring operation of the hybrid vehicle 1, the control unit 18 may receive information
from the temperature sensor 19 about the temperature of the stator winding 6b.The
control unit 18 has access to stored information 18a which defines a predetermined oil
{low to the hounsing 2 as a function of the temperature of the stator winding 6b. The

temperature of the stator winding 6b is strongly related to the cooling demand of the
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stator winding 6b. A suitable temperature of the stator winding 6b is within a specific
temperature range which, for example, may be 90° - 110°. The control unit 18 is
configured {o substantially continuously receive information 20 about the torque of the
electrical machioe 3. The information 20 may also include other operating parameters
such as the speed of the electrical machine 3. The control unit 18 may also determine
the temperature of the stator winding 6b by means of the information 20 about said
operating paramcters. The control unit 18 may also receive substantially continuously
information from the second temperature sensor 21 about the temperature of the oil
directed to the housing 2. The cooling capacity of the electrical machine 2 s also
related to the temperature of the oil. The control unit 18 receives substantially
continuously information 20 about the torque of the electrical machine 3. In case the
torque of the electrical machine 3 differs from zero, the control unit 18 notes that the
electrical machine 3 is in operation. In case the electric machine 3 is zero the contro]

unit 18 notes that the electrical machine is out of operation.

In case the electrical machine 3 is in operation and the temperature of the stator
winding 6b s lower than the lowest temperature in the above exemplified temperature
range, there is a low cooling demand of the electrical machine 3. The control unit 18
controls the pump 14 such that it provides a relatively low flow rate of oil, via the oil
line 15, to the housing 2. The low flow rate of oi enters, via the inlet hole 10, the oil
channel 8. The oil is sprayed, by the outlet duct 9, on a number of portions of the stator
winding 6b located at an upper half of the stator 6. The oil hits and cools said upper
portions of the stator winding 6b. Preferably, a relatively large part of the oil will be
remain on the stator winding 6b. This part of the oil flows downwardly along the stator
winding 6b and cools lower portions of the stator winding 6b. The oil is collected on a
bottom portion of the housing 2. The oil leaves the housing via the drainage hole 11. In
this case, the flow rate of oil to the housing 2 is lower than the flow rate capacity of the
drainage hole 11. Consequently, there will be substantially no oil level Ly in the
housing 2. The oil flows from the housing 2, via the drain line 12, to the oil receiver
3. Since the cooling demand is low, it is possible to direct a low {low rate of o1l to the

housing 2 and save pump energy.

In case the electrical machine 3 is in operation and that the temperature of the stator
winding 6b is within the above mentioned specific temperature range, thercis a
medium cooling demand of the electrical machine 3. The control unit 18 conirols the

pump 14 such that it pumps a medium flow rate of oil, via the oil line 15, to the
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housing 2. In this case, a higher cooling of the stator winding 6b is received due to the
higher flow rate of oil sprayed on the stator winding 6b. Also within this temperature
range, the cooling demand and the flow rate to the housing may vary with the
temperature of the stator winding 6b. Uunder all circumstances, the medium flow rate of
ol to the housing 2 is to be somewhat higher than the flow rate of ol through the
drainage hole 11. However, the outlet flow rate of oil through the drainage hole 11
increases somewhat with the oil level L in the housing 2. Due to this fact, it is possible
o determine a relationship between flow rate of o1l to the housing 2 and the oil level L
in the housing 2. In this case, a mediam oil level L 1s supplied to the housing 2 which
creates an oil level L at which the oil covers at least a part of a lowest located portion
of the stator winding 6b. When o1l is sprayed on portions of the stator winding 6b
located at an upper hall of the stator 6, there 1s a risk that portions of the stator winding
6b Jocated at a lower half of the stator winding and especially the lowest located
portion of the stator winding 6b receives a poor cooling. In this case, the cooling of the
lowest located portion of the stator winding 6b will be considerably increased since it
is more or less covered by oil. It is possible to adjust the flow rate of the oil and the oil
level L in the housing 2 sobstantially continnously in order to provide a desired

cooling of the stator winding 6b with a high accuracy.

In case the electrical machine 3 1s in operation and the temperature of the stator
winding 6b is higher than the highest temperature in the above exemplified
temperature range, there is a high cooling demand of the elecirical machine 3. The
control unit 18 controls the pump 14 such that it pumps a high flow rate of oil, via the
ol line 15, to the housing 2. The high flow rate of oil provides an effective cooling of
stator winding 6b. The high flow rate of oil to the housing 2 is considerably higher
than the o1l flow rate through the drainage hole 11. Consequently, a maximum oil level
Lmax 18 created in the housing 2. The maximum oil level Laax 18 defined by two further
drainages holes 22a, 22b. The total flow rate capacity of the further drainage holes 22a,
22b and the ordinary drainage hole 11 is larger the high flow rate pumped to the
housing 2. Consequently, the oil level in the hosing 2 will not be higher than the
maximum oil level Liax. The maximum o1l level Ly is located at a higher level than
the lowest portion of the rotor 5. Thus, the rotor 5 splashes the oil around in the

housing thus further increasing the cooling of the stator winding 6b.

The above mentioned cooling arrangement resulis in a more uniform temperature in

the stator winding 6b over time and driving modes that allow to better optimize the
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electrical machine 3 and give better vehicles characteristics. bmproved cooling
performance at high cooling demand. Since the control unit 18 controls the speed of
the purnp 14, the cooling performance is not affected by the speed of the vehicle 1. A
very effective cooling of the lowest located portion of the stator winding 6b is

obtained. No drag losses in the oil when there is a low or medium cooling demand.

The invention is in no way limited to the embodiment to which the drawing refers but
may be varied {reely within the scopes of the claims. It is possible to vary the flow rate
of oil to the housing in substantially arbitrary manuner in relation to the temperature of
the stator winding for accomplish an effective cooling of the stator winding 6b. The
electric machine may be connected to an electric powertrain in a purely electrically

powered vehicle.
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Claims

I. An arrangement for cooling of an electrical machine (3), wherein the clectrical
machine (3) comprises a rotor (3) rotatably arranged around a rotation axis (4a}, a
stator (6) incloding a stator winding (6b) arranged radially outside of the rotor (5), a
housing (2) enclosing the rotor (5) and the stator (6), at least one drain hole (11}
configured to drain a cooling fluid from the housing (2), at least one spraying device
(8-10) configured to spray cooling fluid on the stator winding (6b) and a pump (14)
configured to pamp cooling fluid to the housing (2), characterized in that the
arrangement comprises a control unit (18) which is configured, when the electrical
machine (3) is in operation, to receive information of the temperature in at least one
position of the stator winding (6b) and to control the purmp (14) such that it provides a
flow rate of the cooling fhuid to the housing (2) as a function of the temperature of the
stator winding (0b) and a flow rate creating a cooling {luid level (L) in the housing (2)

related to the temperature of the stator winding (6b).

2. Aun arrangement according to claim 1, characterized in that the pump (14) is

configured, at a first temperature of the stator winding {6b), to provide a flow rate
creating a cooling fluid level (L) in the housing (2) at which the cooling {luid covers at

least a part of a lowest located portion of the stator winding (6b).

3. An arrangement according to claim 1 or 2, characterized in that the pump (14) is

configured, at a second temperature of the stator winding (6b) which is higher than the
first temperature, to provide a flow rate creating a cooling fluid level (L) in the housing

(2} at which the cooling fluid comes in contact with the rotor (3).

4. An arrangement according to any one the preceeding claims, characterized in that

the pump (14) 1s configured, at a third temperature of the stator winding (6b) which is
lower than the first temperature, to provide a flow rate creating substantially no

cooling fluid level (L) in the housing (2).

5. An arrangement according to any one of the preceding claims, characterized in that

said pump (14} is able to adjust the flow rate in a substantially stepless manner.

6. An arrangement according to any one of the preceding claims, characterized in that

the control unit(18) 1s configured to control the pump (14) such that it pumps a {low
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rate to the housing (2} tn order to maintain a temperature of the stator winding (6b)

within a predetermined temperature range.

7. An arrangement according to any one of the preceding claims, characterized in that

it comprises a temperature sensor {15) configured to sense the temperature of the stator

windings {6b).

§. An arrangement according to any one of the preceding claims, characterized in that

the control unit (18} is configured to receive information (20) abount at least one
operating parameter of the electrical machine (3) and to determine the temperature of

the stator winding (6b) by means of this operating parameter.

9. An arrangement according to any one of the preceding claims, characterized in that

the spraying device (8-10) is configured to spray cooling fluid on a portion of the

stator winding (6b) arranged at an upper half of the stator (6).

10. An arrangement according to any one of the preceding claims, characterized in that

the housing (2) comprises at least one further drainage hole (19a, 19b) configured o

define a maximum cooling fluid level (L) 1n the housing (2).

11. An arrangement according to any one of the preceding claims, characterized in that

the control unit (18) is configured to control the pump (14), when the electrical
machine (3) is out of operation, such that is pumps a tlow rate to the housing (2) at

which substantially no cooling {luid level (L) 1s created in the housing (2).

12. A vehicle comprising an arrangernent according to any one of the preceding claims
I-11.
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