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1
ELECTRICAL MACHINE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This specification is based upon and claims the benefit of
priority from GB Patent Application Number 1710403.5
filed on 29 Jun. 2017, the entire contents of which are
incorporated herein by reference.

BACKGROUND

Technical Field

The present disclosure concerns electrical machine appa-
ratus.

Description of the Related Art

Electrical machines, such as generators and motors, may
include a stator, a rotor, a magnet arrangement, and an
electrical conductor (often referred to as ‘windings’). In
some examples, the magnet arrangement may be permanent
magnets that are mounted on the rotor and the electrical
conductor may be mounted on the stator. Where such an
electrical machine operates as a generator, the rotor may be
rotated and the moving magnetic field generated by the
magnet arrangement induces a current in the electrical
conductor to provide an electrical output from the electrical
machine. Where such an electrical machine operates as a
motor, electricity may be supplied to the electrical conductor
to generate a magnetic field that attracts/repels the magnet
arrangement and thus causes the rotor to rotate. The magnet
arrangement mounted on the rotor may generate thermal
energy during operation that may be detrimental to the
operation of the electrical machine.

SUMMARY

According to a first aspect there is provided electrical
machine apparatus comprising: a rotor having a longitudinal
axis and being arranged to rotate about the longitudinal axis
in a first circumferential direction, the rotor defining one or
more conduits for receiving fluid therein, the one or more
conduits including an inlet and an outlet; and a fluid guide
defining a first aperture arranged to direct fluid in a second
direction towards the rotor, the second direction having a
positive circumferential component in the first circumferen-
tial direction.

An orientation of the first aperture may have a positive
circumferential component in the first circumferential direc-
tion.

The fluid guide may comprise one or more vanes posi-
tioned within the first aperture. The one or more vanes may
be oriented to direct fluid in the second direction.

The second direction may have a radial component.

The rotor may comprise a radial turbine arranged to direct
the fluid into the inlet of the one or more conduits.

The electrical machine apparatus may further comprise a
stator. The radial turbine may define an aperture arranged to
direct fluid towards a gap between the rotor and the stator.

The rotor may comprise a radial compressor arranged to
receive the fluid from the outlet of the one or more conduits.

The rotor may comprise a turbine positioned at the outlet
of the one or more conduits of the rotor.

The fluid guide may define a second aperture arranged to
exhaust the fluid from the electrical machine apparatus.
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The fluid guide may be a casing of the electrical machine
apparatus.

According to a second aspect there is provided a gas
turbine engine comprising electrical machine apparatus as
described in any of the preceding paragraphs.

The gas turbine engine may further comprise a core
engine casing and a vane. The core engine casing and the
vane may define a conduit for providing fluid to the first
aperture of the fluid guide.

The gas turbine engine may further comprise a compres-
sor, a turbine, and a shaft connected to the compressor and
to the turbine. A first portion of the shaft may extend
downstream from the turbine. The electrical machine appa-
ratus may be mounted directly on the first portion of the
shaft.

According to a third aspect there is provided a system
comprising a gas turbine engine and electrical machine
apparatus as described in any of the preceding paragraphs.

The skilled person will appreciate that except where
mutually exclusive, a feature described in relation to any one
of the above aspects may be applied mutatis mutandis to any
other aspect. Furthermore except where mutually exclusive
any feature described herein may be applied to any aspect
and/or combined with any other feature described herein.

DESCRIPTION OF THE DRAWINGS

Embodiments will now be described by way of example
only, with reference to the Figures, in which:

FIG. 1 illustrates a plan view of electrical machine
apparatus according to a first example;

FIG. 2A illustrates a cross sectional side view of electrical
machine apparatus according to a second example;

FIG. 2B illustrates a plan view of the electrical machine
apparatus illustrated in FIG. 2A;

FIG. 3Aillustrates a cross sectional side view of electrical
machine apparatus according to a third example;

FIG. 3B illustrates a cross sectional front view of the
electrical machine apparatus illustrated in FIG. 3A through
section A-A;

FIG. 4Aillustrates a cross sectional side view of electrical
machine apparatus according to a fourth example;

FIG. 4B illustrates a front view of the electrical machine
apparatus illustrated in FIG. 4A through section A-A;

FIG. 5 illustrates a cross sectional side view of electrical
machine apparatus according to a fifth example;

FIG. 6 illustrates a cross sectional front view of an
electrical machine apparatus according to a sixth example;

FIG. 7 illustrates a cross sectional side view of a gas
turbine engine comprising an electrical machine apparatus
according to an example; and

FIG. 8 illustrates a schematic diagram of a system com-
prising an electrical machine apparatus according to various
examples.

DETAILED DESCRIPTION

In the following description, the terms ‘connected” and
‘coupled” mean operationally connected and coupled. It
should be appreciated that there may be any number of
intervening components between the mentioned features,
including no intervening components.

FIG. 1 illustrates a plan view of electrical machine
apparatus 10 according to a first example. The electrical
machine apparatus 10 includes a rotor 12 and a fluid guide
14. The electrical machine apparatus 10 may be configured
to operate as an electrical generator or as an electrical motor.
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In some examples, the electrical machine apparatus 10
may be a module. As used herein, the wording ‘module’
refers to a device or apparatus where one or more features
are included at a later time and, possibly, by another manu-
facturer or by an end user. For example, where the electrical
machine apparatus 10 is a module, the electrical machine
apparatus 10 may only include the rotor 12 and the fluid
guide 14, and the remaining features (such as a magnet
arrangement, a stator, and electrical windings for example)
may be added by another manufacturer, or by an end user.

The rotor 12 may comprise any suitable ferromagnetic
material (such as iron, nickel, or cobalt for example) and
may have any suitable shape (for example, the rotor 12 may
have a circular cross sectional shape or a polygonal cross
sectional shape). The rotor 12 has a longitudinal axis 16 and
is arranged to rotate about the longitudinal axis 16 in a first
circumferential direction 18. The rotor 12 defines a conduit
20 for receiving fluid therein and includes an inlet 22 and an
outlet 24.

The fluid guide 14 may comprise any suitable structure
for directing the flow of fluid. For example, the fluid guide
14 may be a component of the electrical machine apparatus
10, and in some examples, may be a static component of the
electrical machine apparatus 10, such as a casing of the
electrical machine apparatus 10. The fluid guide 14 defines
a first aperture 26 that is arranged to direct fluid in a second
direction (represented by arrow 30) towards the rotor 12.
The second direction has a positive circumferential compo-
nent (represented by angle 32) in the first circumferential
direction. Consequently, the first aperture 26 may be con-
sidered to ‘swirl’ the fluid to the rotor 12 about the longi-
tudinal axis 16.

In operation, the rotor 12 rotates about the longitudinal
axis 16 in the first circumferential direction 18 and a magnet
arrangement mounted on the rotor 12 generates thermal
energy which flows into the rotor 12. The fluid guide 14
directs fluid to the rotor 12 in the second direction and the
fluid enters the conduit 20 via the inlet 22. The fluid then
flows along the conduit 20 and exits the rotor 12 at the outlet
24.

The electrical machine apparatus 10 may provide several
advantages. First, thermal energy may be transferred from
the rotor 12 to the fluid flowing through the conduit 20. This
may advantageously cool the rotor 12 and may prevent the
electrical machine apparatus 10 from being damaged by
relatively high operating temperatures. Second, the swirl of
the fluid from the first aperture 26 to the rotor 12 may
advantageously reduce the windage drag experienced by the
rotor 12. Where the fluid is provided from a high pressure
source and has a higher rotational velocity than the rotor 12,
the swirl of the fluid may provide a beneficial windage effect
on the rotor 12. Third, the electrical machine apparatus 10
may reduce the relative total temperature of the fluid flow to
the rotor 12 as the relative velocity difference between the
fluid and the rotor 12 is reduced by the swirl of the fluid.

FIGS. 2A and 2B illustrate a cross sectional side view and
aplan view respectively of electrical machine apparatus 101
according to a second example. The electrical machine
apparatus 101 is similar to the electrical machine apparatus
10 and where the features are similar, the same reference
numerals are used.

The electrical machine apparatus 101 includes a shaft 34,
a rotor 12, a magnet arrangement 36 mounted on the rotor
12, a stator 38, a first bearing 40, a second bearing 42, and
a casing 14.

The shaft 34 is arranged to rotate about the longitudinal
axis 16 in the first circumferential direction 18. The rotor 12
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and the magnet arrangement 36 are mounted on the shaft 34
and are thus also arranged to rotate about the longitudinal
axis 16. The magnet arrangement 36 may be an arrangement
of permanent magnets, or may be an elongate electrical
conductor (which may be referred to as ‘windings’) that is
arranged to function as an electromagnet (for wound field or
induction), or may comprise a plurality of ferromagnetic
laminations (where the electrical machine 101 is a switched
reluctance motor).

The casing 14 has a first end member 44 and a second end
member 46 that extend perpendicular to the longitudinal axis
16. The first end member 44 of the casing 14 is mounted on
the shaft 34 by the first bearing 40, and the second end
member 44 of the casing 14 is mounted on the shaft 34 by
the second bearing 42. The casing 14 is thus static relative
to the shaft 34. The stator 38 is mounted on the casing 14
between the first end member 44 and the second end member
46 and 1s also static relative to the shaft 34, the rotor 12 and
the magnet arrangement 36. The stator 38 may comprise an
arrangement of permanent magnets, or may comprise an
elongate electrical conductor (which may be referred to as
‘windings’) that is configured to function as an electromag-
net, or may comprise a plurality of ferromagnetic lamina-
tions (where the electrical machine 101 is a switched reluc-
tance motor).

The first end member 44 of the casing 14 defines a
plurality of first apertures 26 that are arranged in a ring
around the longitudinal axis 16. The plurality of first aper-
tures 26 are arranged to receive fluid from a source of fluid
and the casing 14 thus provides a fluid guide for the
electrical machine apparatus 101. As illustrated in FIG. 2B,
the orientation of the first apertures 26 has a positive
circumferential component (represented by angle 32) in the
first circumferential direction. The orientation of the first
apertures 26 also has an axial component (that is, the first
apertures 26 also extend along the longitudinal axis 16).
Consequently, the plurality of first apertures 26 are arranged
to direct fluid in a second direction (represented by arrow
30) towards the rotor 12 where the second direction has an
axial component and a positive circumferential component
in the first circumferential direction.

The second end member 46 of the casing 14 defines one
or more second apertures 48 for exhausting fluid from the
electrical machine apparatus 101.

The rotor 12 defines a plurality of conduits 20 for receiv-
ing fluid therein and each conduit 20 includes an inlet 22 and
an outlet 24. The rotor 12 comprises a turbine 50 positioned
at the outlets 24 of the conduits 20. The turbine 50 is
arranged to receive fluid from the conduits 20 and is
arranged to provide torque to the shaft 34 in the first
circumferential direction 18 (and thus provide additional
power to the shaft 34). In some examples, the turbine 50 is
formed from a plurality of angled holes in the rotor 12.

FIGS. 3A and 3B illustrate a cross sectional side view and
a cross sectional front view (through view A-A in FIG. 3A)
respectively of electrical machine apparatus 102 according
to a third example. The electrical machine apparatus 102 is
similar to the electrical machine apparatus 10, 101 and
where the features are similar, the same reference numerals
are used.

The electrical machine apparatus 102 is similar to the
electrical machine apparatus 101 in that the shaft 34, the
rotor 12, and the magnet arrangement 36 are arranged to
rotate about the longitudinal axis 16 in a first circumferential
direction. The rotor 12 may or may not comprise a turbine
at the outlets 24 of the conduits 20.
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The electrical machine apparatus 102 differs from the
electrical machine apparatus 101 in that the casing 14
defines one or more first apertures 26 that extend radially
inwards and are located between the first end meniber 44 and
the stator 38. The casing 14 comprises a plurality of vanes
52 that are positioned within the one or more first apertures
26 and are oriented to direct fluid in a second direction
towards the rotor 12. The second direction has a radial
component 37 (inwards towards the longitudinal axis 16)
and a positive circumferential component 32 in the first
circumferential direction 18.

The rotor 12 includes a radial turbine 54 that extends from
the left hand side of the rotor 12 (as illustrated in FIG. 3A)
and is arranged to direct the fluid received from the one or
more first apertures 26 into the inlets 22 of the one or more
conduits 20. The radial turbine 54 includes a plurality of
radially aligned vanes 56 that are arranged to extract work
from the fluid and thus reduce the temperature of the fluid.
In some examples, the vanes of the radial turbine 54 may not
be wholly radial, and the radial angle of the vane may vary
along the radius of the vane.

FIGS. 4A and 4B illustrate a cross sectional side view and
a cross sectional front view respectively of electrical
machine apparatus 103 according to a fourth example. The
electrical machine apparatus 103 is similar to the electrical
machine apparatus 102 and where the features are similar,
the same reference numerals are used.

The electrical machine apparatus 103 is different to the
electrical machine apparatus 102 in that the radial turbine 54
defines one or more apertures 58 that are arranged to direct
fluid towards a gap 60 between the rotor 12 and the stator 38.
The one or more apertures 58 provide a bleed part way
through the expansion process in the radial turbine 54 to
bleed partially cooled and expanded fluid to flood the gap 60
between the rotor 12 and the stator 38. The rotational
velocity of the fluid exhausted from the one or more aper-
tures 58 may be controlled to be half the rotational velocity
of the rotor 12 to minimise windage heat generation in the
gap 60 between the rotor 12 and the stator 38. For example,
one or more circumferential components (such as one or
more vanes) in each of the one or more apertures 58 may be
provided to achieve the desired rotational velocity of the
fluid.

FIG. 5 illustrates a cross sectional side view of electrical
machine apparatus 104 according to a fifth example. The
electrical machine apparatus 104 is similar to the electrical
machine apparatus 103 and where the features are similar,
the same reference numerals are used.

The electrical machine apparatus 104 is different to the
electrical machine apparatus 103 in that the rotor 12 com-
prises a radial compressor 62 that extends from the right
hand side of the rotor 12 and is arranged to receive the fluid
from the one or more outlets 24 of the respective one or more
conduits 20. The radial compressor 62 is arranged to
increase the pressure of the fluid leaving the rotor 12 and
may thus allow the rotor 12 to operate at a lower fluid
pressure. The radial compressor 62 may thus increase the
turbine expansion ratio of the radial turbine 54.

The electrical machine apparatus 104 also differs from the
electrical machine apparatus 103 in that the casing 14
extends axially across the stator 38 and thus houses the stator
38. The casing 14, the stator 38 and the second end member
46 define the one or more second apertures 48 for exhausting
fluid from the electrical machine apparatus 101. The one or
more second apertures 48 extend radially through the casing
14 and are axially aligned with the outlet of the radial
compressor 62. In some examples, the one or more second
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apertures 48 may not be wholly radial (they may have a
circumferential component and/or an axial component for
example). Furthermore, the one or more second apertures 48
may not be wholly axially aligned (or may not be aligned at
all) with the outlet of the radial compressor 62.

FIG. 6 illustrates a cross sectional front view of an
electrical machine apparatus 105 according to a sixth
example. The electrical machine apparatus 105 is similar to
the electrical machine apparatus 10, 101, 102, 103, 104 and
where the features are similar, the same reference numerals
may be used.

The electrical machine apparatus 105 includes a rotor 12
and a stator 38 that define a gap 60 there between. Starting
from the radially innermost part, the rotor 12 includes a
thermally conductive member 64 that defines a plurality of
conduits 20, a ferromagnetic member 66 (backing iron for
example), a magnet arrangement 36, and banding 68. The
thermally conductive member 64 is coupled to the ferro-
magnetic member 66 and the magnet arrangement 36 is
coupled to the ferromagnetic member 66 by the banding 68.

The thermally conductive member 64 may comprise any
suitable material. In some examples, the thermally conduc-
tive member 64 may comprise the same material as (and
may be integral to and part of) the ferromagnetic member
66. In other examples, the thermally conductive member 64
may comprise a different material to the ferromagnetic
member 66 and may comprise a light and thermally con-
ductive material with a low magnetic permeability such as
aluminium.

The thermally conductive member 64 may be manufac-
tured as a complete ring, or may be manufactured from
folded sheet metal. The folding may be designed to mini-
mise windage friction on the inner surface of the thermally
conductive member 64 by closing any gaps. For example,
the folded sheet metal of the thermally conductive member
64 may define conduits 20 having triangular cross sectional
shapes. This may also advantageously increase the available
surface area of the thermally conductive member 64 for heat
dissipation.

It should be appreciated that any of the electrical machine
apparatus 10, 101, 102, 103, 104 may have the structure
illustrated in FIG. 6.

FIG. 7 illustrates a cross sectional side view of a gas
turbine engine 70 comprising electrical machine apparatus
10, 101, 102, 103, 104, 105 according to an example. The
gas turbine engine 70 has a rotational axis 72 and comprises
an air intake 74, a propulsive fan 76, a nose cone 77, a
compressor 78, combustion equipment 80, a turbine 82, a
shaft 84, a tail cone 86, a core engine casing 88, a turbine
outlet guide vane 90, a first exhaust nozzle 92, and a second
exhaust nozzle 95. A nacelle 94 generally surrounds the gas
turbine engine 70 and defines the air intake 74, the first
exhaust nozzle 92 and a bypass duct 93. The second exhaust
nozzle 95 is defined by the core engine casing 88 and the tail
cone 86.

The core engine casing 88 and the turbine outlet guide
vane 90 define a conduit 96 for providing fluid from the
bypass duct 93 to the one or more first apertures 26 of the
fluid guide 14. Where a casing of the tail cone 86 is separate
to the casing 14 of the electrical machine apparatus 10, 101,
102, 103, 104, 105, the tail cone 86 additionally defines the
conduit 96.

The shaft 84 is connected to the compressor 78 and to the
turbine 82 and includes a first portion 98 that extends
downstream from the turbine 82. The electrical machine
apparatus 10, 101,102, 103, 104, 105 is mounted directly on
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the first portion 98 of the shaft 84 (in other words, the first
portion 98 may be the shaft 34 illustrated in FIGS. 24, 2B,
3A, 3B, 4A, 4B, and 5).

It should be appreciated that the gas turbine engine 70
may have any number of compressors, turbines and inter-
connecting shafts. Furthermore, the gas turbine engine 70
may additionally comprise a gearbox in the powertrain
between the shaft 84 and the propulsive fan 76.

FIG. 8 illustrates a schematic diagram of a system 110
comprising an electrical machine apparatus 10, 101, 102,
103, 104, 105 and a gas turbine engine 112.

In some examples, the electrical machine apparatus 10,
101,102, 103, 104, 105 may be arranged to receive electrical
energy from an accessory gearbox of the gas turbine engine
112 and function as an electrical motor. The electrical
machine apparatus 10, 101, 102, 103, 104, 105 may be
arranged to provide torque to a propulsive fan mounted on
an aircraft, vessel, or vehicle.

In other examples where the gas turbine engine 112 is the
same as the gas turbine engine 70, the electrical machine
apparatus 10, 101, 102, 103, 104, 105 may be arranged to
receive electrical energy from the electrical machine appa-
ratus 10, 101, 102, 103, 104, 105 of the gas turbine engine
70 and function as an electrical motor. The electrical
machine apparatus 10, 101, 102, 103, 104, 105 may be
arranged to provide torque to a propulsive fan mounted on
an aircraft, vessel, or vehicle.

It will be understood that the invention is not limited to
the embodiments above-described and various modifications
and improvements can be made without departing from the
concepts described herein. For example, the casings 14 of
the electrical machine apparatus 101, 102, 103, 104 may not
be dedicated electrical machine casings and may instead be
formed from structures of a gas turbine engine (such as a tail
cone of a gas turbine engine for example).

In other examples, the electrical machine apparatus 10,
101, 102, 103, 104 may be mounted within a gas turbine
engine having a single exhaust nozzle.

Except where mutually exclusive, any of the features may
be employed separately or in combination with any other
features and the disclosure extends to and includes all
combinations and sub-combinations of one or more features
described herein.

I claim:

1. Electrical machine apparatus comprising;

a rotor having a longitudinal axis and first and second
axial ends, the rotor being arranged to rotate about the
longitudinal axis in a first circumferential direction, the
rotor defining one or more conduits for receiving a fluid
therein, the one or more conduits extending between
the first and second axial ends of the rotor in a direction
of the longitudinal axis and including an inlet and an
outlet; and

a fluid guide defining a first aperture arranged to receive
the fluid from a high pressure source and to direct the
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fluid in a second direction towards the rotor such that
the fluid enters the one or more conduits via the inlet
and exits the one or more conduits via the outlet, the
second direction having a positive circumferential
component in the first circumferential direction to
provide the fluid with a higher rotational velocity than
the rotor and swirl the fluid to the rotor about the
longitudinal axis so that thermal energy is transferred
from the rotor to the fluid flowing through the one or
more conduits and the swirl of the fluid to the rotor
reduces windage drag of the rotor.

2. Electrical machine apparatus as claimed in claim 1,
wherein an orientation of the first aperture has a positive
circumferential component in the first circumferential direc-
tion.

3. Electrical machine apparatus as claimed in claim 1,
wherein the fluid guide comprises one or more vanes posi-
tioned within the first aperture, the one or more vanes being
oriented to direct fluid in the second direction.

4. Electrical machine apparatus as claimed in claim 1,
wherein the second direction has a radial component.

5. Electrical machine apparatus as claimed in claim 1,
wherein the rotor comprises a radial turbine arranged to
direct the fluid into the inlet of the one or more conduits.

6. Electrical machine apparatus as claimed in claim 5,
further comprising a stator, the radial turbine defining an
aperture arranged to direct fluid towards a gap between the
rotor and the stator.

7. Electrical machine apparatus as claimed in claim 1,
wherein the rotor comprises a radial compressor arranged to
receive the fluid from the outlet of the one or more conduits.

8. Electrical machine apparatus as claimed in claim 1,
wherein the rotor comprises a turbine positioned at the outlet
of the one or more conduits of the rotor.

9. Electrical machine apparatus as claimed in claim 1,
wherein the fluid guide defines a second aperture arranged to
exhaust the fluid from the electrical machine apparatus.

10. Electrical machine apparatus as claimed in claim 1,
wherein the fluid guide is a casing of the electrical machine
apparatus.

11. A gas turbine engine comprising electrical machine
apparatus as claimed in claim 1.

12. A gas turbine engine as claimed in claim 11, further
comprising a core engine casing and a vane, the core engine
casing and the vane defining a conduit for providing fluid to
the first aperture of the fluid guide.

13. A gas turbine engine as claimed in claim 11, further
comprising a compressor, a turbine, and a shaft connected to
the compressor and to the turbine, a first portion of the shaft
extending downstream from the turbine, the electrical
machine apparatus being mounted directly on the first por-
tion of the shaft.

14. A system comprising a gas turbine engine and elec-
trical machine apparatus as claimed in claim 1.

I S I
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