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Winding end turns in an electric machine are cooled by a coolant. Cooling Is improved by redirecting the coolant generally
tangentially through the winding end turns to improve heat transfer between coolant and windings.
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ABSTRACT

Winding end turns in an electric machine are cooled by a coolant. Cooling 1s
improved by redirecting the coolant generally tangentially through the winding end

turns to improve heat transfer between coolant and windings.
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WINDING END TURN COOLING IN AN ELECTRIC MACHINE

TECHNICAL FIELD

The technical field generally relates to the cooling of windings in an electric machine.

BACKGROUND

In an electric machine, it may be required to circulate a coolant around the windings
of the machine in order to remove heat resulting from the passage of an electric
current therein. As the coolant circulates around the windings, heat is removed and

the coolant is then sent through a heat exchanger before being recycled back to the

windings.

Because of the usually complex internal configuration of electric machines, it may be
difficult to circulate a coolant around winding end t.urns and obtain an optimum
coolant distribution. Each winding end turn may comprise, for instance, a multitude
of conductors. Depending on the design of the méchine, the coolant tends to simply

follow a path of least resistance outside the winding end turns and does not result in

optimal cooling.

Therefore, room for improvements exists in the cooling of winding end turns 1n an

electric machine.

SUMMARY

In one aspect, the present concept provides a cooling apparatus for an electric machine
having a plurality of winding end turns that are generally axisymmetric with respect to
one another, the apparatus comprising: a plurality of coolant input paths, each
communicating with a source of coolant and defined between a corresponding pair of
the winding end turns; a plurality of internal coolant paths defined tangentially relative
to the machine, each coolant input path substantially extending through a
corresponding one of the winding end turns and communicating with a corresponding
one of the coolant input paths; and a plurality of coolant output paths, each

communicating with a corresponding pair of the internal coolant paths.
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In another aspect, the present concept provides an apparatus for cooling radially-
disposed winding end turns of an electric machine, the apparatus comprising: means
for distributing coolant between pairs of adjacently-disposed winding end turns
formed by the winding end turns of the machine; means for directing the coolant from
between the pairs of winding end turns tangentially relative to a center of the machine
through the corresponding winding end turns of each pair; and means for redirecting

the tangential flow of coolant exiting the winding end turns to an outlet.

In a further aspect, the present concept provides a method of circulating a coolant 1n
an electric machine, the method comprising the continuous steps of: (a) providing a
coolant flow into a first set of interspaces defined between adjacent winding end turns
in the machine; (b) dividing the coolant flow into at least two branches, two said
branches of the coolant flow being directed tangentially relative to the machine
through one of the adjacent winding end turns; and (c) collecting the coolant branches

exiting said adjacent winding end turns in a second set of the interspaces defined by

the winding end turns.

Further details of these and other aspects of the present invention will be apparent

from the detailed description and figures included below.

DESCRIPTION OF THE FIGURES

Reference is now made to the accompanying figures depicting aspects of the improved

configuration and method, in which:

FIG. 1 is a schematic view of an example of a generic cooling system of an electric

machine;

FIG. 2 is an enlarged isometric view of an example of one end turn of a winding of an

electric machine;

FIG. 3 is a view similar to FIG. 2, showing an example of a winding end turn with an

example of a coolant splitter member of the present concept;

FIG. 4 is a schematic cross sectional view showing an example of axisymmetric

windings of an electric machine;



10

15

20

25

CA 02648794 2009-01-08

FIG. 5 is an isometric view of an example of a coolant splitter of the present concept,
the coolant splitter being provided inside a casing and shown with winding end turns
in cross section, some of the winding end turns being absent on a right side of the

fi gure to show details of the coolant splitter members;

FIG. 6 is an enlarged schematic view illustrating the flow of coolant through the

winding end turns using the coolant splitter ot FIG. 3;

FIG. 7 is a view similar to FIG. 6, illustrating the flow of coolant through winding end

turns if the coolant would have flown radially inwards;

FIG. 8 is a cross-sectional view of an example of an electric machine using the present

concept, which view is oriented as shown with line 8-8 in FIG. 4; and

FIG. 9 is a view similar to FIG. 8, which view is oriented as shown with line 9-9 ot

FIG. 4 and illustrates the flow of coolant at a position that 1s circumferentially

adjacent to what 1s shown 1n FIG. 8.

DETAILED DESCRIPTION

FIG. 1 illustrates an example of a generic cooling apparatus 12 for an electric machine
10. The coolant in this example is a liquid, for instance oil, which is circulated 1nside
the electric machine 10 using a network of channels and passages disposed therein.
The coolant removes heat from the machine 10, which heat generally results trom an
electric current circulating in a conductor. The coolant exits the electric machine 10

through an outlet at a higher temperature than when it came through the inlet of the
electric machine 10. The heated coolant is sent to a heat exchanger 14, which
removes the heat from the coolant. The coolant exits the heat exchanger 14 at a lower
temperature than its temperature at the inlet thereof. A pump 16 pushes the coolant
back into the electric machine 10 and a new cycle begins. It should be noted that

FIG. 1 is schematic in nature, and many routine details have not been shown, for

instance o1l filters, valves, etc.

FIG. 2 illustrates an example of a winding end turn W located in an electric machine.

A plurality of winding end turns of this type are provided in the stator S of the
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machine. The winding end turn W and the coolant are confined in a casing (not

shown) fitting over the side of the stator S. The coolant in the example circulates

radially outwards with reference to the center of the machine. The path of least

resistance being on the side of the winding end turn, the coolant tends not to pass
through gaps provided between the end turn layers, which results in less than optimal

cooling for a given coolant flow.

FIG. 3 illustrates how the coolant flows through a winding end turn 20 in the present
concept (the basic configuration of winding end turn 20 in FIG. 3 1s similar to that of
FIG. 2). The winding end turn 20 is part of a winding 22 provided in a stator 24 of the
electric machine 10. The illustrated winding 22 is a flat, ribbon like conductor, 1n
which the various layers are very close to one another.‘ The exteriof of each layer may
have an electrically insulating varnish or sheeting. This way, the layers of the winding
22 are not short-circuited in this example. Winding end turns may have conductors
shaped differently than what is shown and may also have any suitable configuration,
number of layers/turns, etc. It should be noted that in the figures, the space between

adjacent layers in a winding end turn 20 has been exaggerated for the purpose of

1llustration.

FIG. 3 shows a coolant splitter 26 provided on the side of the winding end turn 20.
The coolant splitter 26 redirects the flow of coolant, coming from the bottom ot the
figure in this example, through the illustrated winding end turn 20, which includes the
gaps and also a center opening between the innermost layer and the stator 24. The
coolant splitter 26 is inserted between two adjacent winding end turns 20. The second

winding end turn of the pair is not shown 1n FIG. 3.

FIG. 4 schematically illustrates an example of an electric machine 10 having a
plurality of axisymmetric winding end turns 20. This figure shows that each winding

end turn 20 is located between two other adjacent winding end turns 20.

FIG. 5 illustrates an example of a coolant splitter 30 that is provided within a casing
32 fitting over the end of the stator 24 of the electric machine 10. The casing 32 1s

configured and disposed to prevent the coolant inside the cooling circuit from leaking

Out.
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The illustrated coolant splitter 30 comprises a plurality of the coolant splitters 26, each
preventing the coolant from flowing outward between individual pairs of winding end
turns 20. Furthermore, a second coolant splitter 27 is provided between each of these
pairs of the winding end turns 20. The second coolant splitters 27 have a somewhat
inverted orientation with reference to the first coolant splitters 26. Both have a

portion that is somewhat parallel to the bottom of the casing 32.

Each of the first coolant splitters 26 has a second portion that is projecting
substantially perpendicularly, with reference to the first portion thereof, at a first radial
distance with reference to the center of the machine 10. Similarly, each of the second
coolant splitters 27 also have another portion that is that is projecting substantially
perpendicularly, with reference to the first portion thereof, but at a second radial
distance that is smaller than the first radial distance. The first coolant splitters 26 are
thus referred to as the outer coolant splitters 26 and the second coolant splitters 27 are
thus referred to as the inner coolant splitters 27. The outer and inner coolant splitters
26, 27 of the coOlant splitter 30 are disposed in an axisymmetric manner with

reference to the center of the electric machine 10.

As can be seen, the outer coolant splitters 26 and the inner coolant splitters 27 are, in
this example, circumferentially disposed in an alternating fashion so that an outer 26
is provided on the outer periphery between every two winding end turns 20. Likewise,
an inner 27 is provided on the outer periphery between every two winding end turns
20. This staggered configuration is repeated all around the circumference of the

splitter 30.

The double arrow A in FIG. 5 shows an example of a local coolant flow between two
adjacent winding end turns 20. The coolant can be supplied from an annular inner
chamber (not shown in FIG. 5) communicating with a source of coolant. The coolant
then enters an interspace 40 between the two adjacent winding end turns 20.
However, because the local coolant flow path is blocked by the outer coolant splitter
26, one half of the coolant goes through the winding end turn 20 at the right and the

other half goes to the winding end turn 20 at the left. The coolant thus tlows
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tangentially through the winding end turns 20. This internal path 1s considered to be

“tangential” since it is a substantially perpendicular to a center of the electric machine.

It should be noted that spacers or other items may prevent the coolant from flowing in
the axial direction of the stator 24, i.e. through the axial slot or slots in which the
windings 22 are provided. Depending on the design, some coolant may be able to

flow within the axial slot or slots but since most of the space is occupied, this can be

considered as negligible.

FIG. 6 schematically shows, in the radial plane of the machine, the coolant flow
through the winding end turns of FIG. 5. The multiple arrows shows the flow of
coolant at various locations, arrow A being one example thereof. The coolant flows
radially outward, as shown. However, the presence of the coolant splitters 26 prevent
the coolant from flowing radially outwards of the interspace 40 between two adjacent
winding end turns 20. As a result, one half of the flow depicted using arrow A goes to
the left and one half goes to the right, thereby creating the tangential flow. Once the
coolant is in the interspaces 40> on the other side of the winding end turns 20, the
coolant is prevented from going back toward the radially inner side of the machine 10
by the inner coolant splitters 27. The coolant then continues radially outward, as

depicted by the arrows A’.

FIG. 7 is essentially similar to FIG. 6, with the exception that the coolant flow is in the
other radial direction, i.e. from an annular outer chamber towards the center of the
machine. This figure may correspond, for instance, to the situation af the other end of
the stator 24 in the present example. In FIG. 7, the coolant from arrow A flows
radially inwards, as shown. However, the presence of the inner splitter 27 prevent the
coolant from flowing radially inwards out the interspace 40 between the two adjacent
winding end turns 20. As a reéult, one half of the flow depicted using arrow A goes to
the left and one half goes to the right, thereby creating a tangential flow through
winding end turns 20. Once the coolant is in the interspaces 40’ on the other side of
the winding end turns 20, the coolant is prevented from going back toward the radially
outer side of the machine 10 by the outer coolant splitters 26. The coolant then

continues radially inward, as depicted by the arrows A°.
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FIGS. 8 and 9 show an example of the resulting assembly in the machine 10 and the

flow of coolant at two immediately circumferentially adjacent positions. These two

- positions are depicted in FIG. 4. FIGS. s and 9 schematically show the core of the

stator 24, the winding end turns 20 and the covers 32 in which are provided

corresponding coolant splitters 30.

In FIG. 8, the coolant first enters in an annular channel 50 located on the inner side of
the machine 10. It should be noted that the coolant does not necessarily enters the
annular channel 50 only at one inlet. The coolant may enter, for instance coming from
an external pump 16 as shown in FIG. 1, using a plurality of inlets. Also, the annular
channel 50 can be segmented in independent sections, each on having its inlet. From
the channel 50, the coolant goes between each separate pair of adjacent winding end
turns 20, as shown for instance in FIG. 5. The coolant enters in the interspaces where
the outer splitters 26 are located. However, because the coolant is blocked by the
outer splitters 26, the coolant is forced to flow through the winding end turns 20. In
FIG. 8, the coolant enters the interspace between two adjacent winding end turns 20
one half flows at the right and one half flows through the one that is illustrated, atter
which is continues into an annular outer chamber 52. Depending on the design of the
electric machine, the chamber 52 can be common to only one pair or to more than one
pair of winding end turns. The general direction of the flow is shown in FIG. 8 with
the “into the page” symbol. From there, the coolant is channelled to another location
in the machine 10, in this case to the opposite side. It is also possible to send the
coolant back to the heat exchanger from that point. However, in the illustrated
example, the coolant enters an axially-extending channel 54, schematically shown 1n
FIGS. 8 and 9, that is provided through the stator 24. The coolant is sent to another
annular outer chamber 56, similar to the chamber 52. The coolant cannot flow
radially inward at half of the interspaces between the winding end turns 20 at the left
side in FIG. 8 because of the outer splitters 26. The coolant enters through half of the
interspaces. One half of the coolant goes through the illustrated winding end turn 20

(as indicated by the “into the page” symbol), the other half going to the adjacent
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winding end turn (not shown), and reaches an annular inner chamber 58 forming the

coolant outlet in the depicted example.

Although not depicted in the Figures, preferably the machine 10 includes a plurality of
coolant inlets ‘communicating with the pump 16 and a plurality of coolant outlets
communicating with the heat exchanger 14, thereby providing a number of fluidly

parallel coolant circuits through the various winding end turns 20 ot the machine 10.

" FIG. 9 is similar to FIG. 8 and illustrates the situation at a position that 1s immediately

adjacent to that of FIG. 8. The “out of the page” symbols are used since the coolant
flow from that direction if FIG. 9.

It should be noted that the opposite sides of the machine 10 do not necessarily need to
be identical. It is also possible to use external tubes or pipes to convey the coolant in
the axial direction. Still, the coolant splitters 30 can be aligned with each other, this
being different from what is shown in FIGS. 8 and 9.

There is also provided a method of circulating coolant through an electric machine
which preferably includes the steps of (a) providing the coolant into a first set of
interspaces separating winding end turns located in the electric machine; (b) dividing
in two the coolant circulating in the first set of interspaces, each half of the coolant
being circulated through a corresponding one of the winding end turns; and (c)
receiving the coolant coming out of two adjacent of the winding end turns from a

second set of the interspaces separating the two adjacent winding end turns.

The above description is meant to be exemplary only, and one skilled in the art will
recognize that changes may be made to the embodiments described without departing
from the scope of the invention disclosed. For example, although a machine having a
plurality of winding layers is shown, this is not required. Any suitable winding shape,
configuration, and material may be employed. The shape and configuration of the
splitter device can be any suitable, and need not be the same as that described and
shown in the figures. The flow of the coolant may be segmented in independent
machine sectors, each having a different flow direction, or may be arranged serially

between sectors. The coolant can be used only once through the machine before being
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discarded. The coolant is not necessarily oil or a liquid. The source of coolant and
associated elements can be located within the electric machine, and thus not be at the
exterior thereof. The coolant can be used at more than two areas or locations of the
electric machine before being sent to the heat exchanger or be discarded. Still other
modifications which fall within the scope of the present invention will be apparent to
those skilled in the art, in light of a review of this disclosure, and such modifications

are intended to fall within the appended claims.
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1S CLAIMED IS:

An electric machine comprising:
a stator;

a plurality of winding end turns that are mounted

to the stator and are generally axisymmetric
with respect to one another, with 1interspaces
between pairs of adjacent winding end turns,
the winding end turns each defined by layers of
winding, with spaces between the layers of each
sald winding end turn tangentially oriented
relative to the machine, the spaces of each of
the winding end turns communicating with the
interspaces on opposite side of the winding end

tcurn;

plurality of coolant 1nput paths, each
communicating with a source of coolant and each
defined in one of the interspaces extending
radially relative to a center of the electric
machine and between a corresponding pair of the

winding end turns;

plurality of internal coolant paths defined

tangentially relative to the machine, each
internal coolant path substantially extendiling
at least through said spaces defined between
the layers of a corresponding one of the
winding end turns and communicating with a

corresponding one of the coolant 1input paths;

and
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a plurality of coolant output paths, each
communicating with a corresponding palr of the

internal coolant paths.

2 . The electric machine as defined in claim 1, wherein
the coolant input paths and the coolant output paths are

generally radially extending with reference to a center

of the machine.

3. The electric machine as defined in claim 1, whereiln

the source of coolant 1includes an external coolant

supply.

4 The electric machine as defined in claim 3, whereiln

the coolant is a liquid.

5. The electric machine as defined in claim 1, wherein
the coolant from at least some of the coolant output
paths is sent to a second area of the machine for cooling
a second set of winding end turns, the electric machine
having second internal coolant paths through the wlinding

end turns of the second area.

6 . The electric machine as defined in claim 1, whereiln
the electric machine comprises a plurality of coolant

guides located between the winding end turns.

7. The electric machine as defined in claim 6, wherein
the coolant guides include first and second guides
alternately disposed in the interspace Dbetween the
winding end turns and projecting axilally with reference
tro a central axis of the machine, each first coolant

guide located at an end of a corresponding one of the
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coolant 1nput paths, and each second coolant guide
located at a begilinning a corresponding one of the coolant

output paths.

8 . The electric machine as defined in claim 7, whereiln
coolant guides are provided within a cover sealingly
engaged against the machine and enclosing the winding end

turns.

9. An electric machine comprising:

a stator;

a plurality of winding end turns mounted to the
stator and being generally axisymmetric with
respect to one another, with 1nterspaces
between pairs of adjacent winding end turns,
the winding end turns each defined by layers of
winding, with spaces between the layers of each
said winding end turn tangentially oriented
relative to the machine, the spaces 0f each of
the winding end turns communicating with the
interspaces on opposite side of the winding end

turn;

means for distributing coolant between palrs of
adjacently-disposed winding end turns formed by

the winding end turns of the machine;

means for directing the coolant from between the

palrs of winding end  turns tangentially

r—

relative to a center of the machine through

spaces defined between layers of the

corresponding winding end turns of each pair;

and
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means for redirecting the tangential flow of
coolant exiting the winding end turns to an

outlet.

10. The electric machine as defined in claim 9, wherein
the means for distributing the coolant includes means for

supplying the coolant from an external coolant supply.

11. The electric machine as defined 1in c¢laim 10,
wherein the means for directing the c¢oolant 1include a
splitter having guides 1interposed between the winding end

turns.

12. The electric machine as defined 1in claim 10,
further comprising means for sending the coolant to other

winding end turns located in another area of the machine.
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