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An Electric Motor

The present disclosure relates to an electric motor.

Electric motors typically comprise a rotor assembly, a stator assembly and a frame which
holds the components together. The stator assembly is typically mounted to the frame
using the iron stator core. This allows the positioning of the stator core relative to other
components of the motor, such as the rotor assembly, to be carefully controlled.
However, using the stator cores in a structural role to achieve accurate positioning of the
motor’s components requires the stator cores to be made very robust and to a very high
tolerance. This can result in stator cores that are bulky, heavy and expensive to
manufacture. In addition, the requirement for such stator cores to include mounting
features, for example through holes and/or cut away portions can give rise to magnetic
“pinch points” where high levels of magnetic saturation can occur during operation of the
motor. This can reduce the efficiency and performance of the motor.

Accordingly, an improved electric motor is required which goes some way to alleviate the
problems discussed above.

This disclosure provides an electric motor comprising: a stator assembly; a rotor
assembly; and a support body. The stator assembly comprises a plurality of stator
elements, and the rotor assembly comprises a shaft to which is mounted at least a first
and a second bearing mounted either side of a permanent magnet. The support body
comprises an elongate central part, and first and second bearing seats positioned axially
at opposite ends of the elongated central part to each other, and the elongate central
part defines a plurality of openings each configured to receive one of the plurality of stator
elements.

In one aspect, the present disclosure refers to an electric motor comprising:

a stator assembily;

a rotor assembly; and

a support body;

the stator assembly comprising a plurality of stator elements, and the rotor assembly
comprising a shaft to which is mounted at least a first and a second bearing mounted
either side of a permanent magnet,

wherein the support body comprises an elongate central part, and first and second
bearing seats positioned axially at opposite ends of the elongated central part to each
other, and wherein the elongate central part defines a plurality of openings each
configured to receive one of the plurality of stator elements.

As a result, the support body acts as a cartridge containing the rotor assembly, and into
which the individual stator elements of the stator assembly can be slotted. This allows
the stator assembly to be made smaller, removing their need to take on a structural role
within the motor, whilst at the same time maintaining a high level of control over the
relative positioning of the rotor and stator assemblies. This cartridge-like package
therefore enables the rotor and stator assemblies to be made smaller and lighter, and
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as such the overall size and weight of the motor can be minimised. What is more, the
stator assembly can be manufactured as a number of stator elements, which are then
slotted into the support body. This makes the manufacture of the motor far easier,
particularly when the cartridge-like package allows for the stator assembly to be made

smaller.

The first bearing may be mounted to the first bearing seat, and the second bearing may
be mounted to the second bearing seat, such that the permanent magnet may be
positioned within the elongate central part of the support body. Accordingly, the magnet
is perfectly positioned with the stator elements surrounding it. By having both the rotor
assembly and the stator assembly fixed to the support body, tight control over their

relative positioning can be achieved.

The support body may be substantially cylindrical.

Each of the plurality of openings may comprise a slot in a side wall of the support body
which extends axially along the elongate central part. The slots may extend along the
elongate central part from the first bearing seat to the second bearing seat. As such,
the slots allow for axially longer stator elements to be slotted through, and therefore a
greater degree of interaction between the magnet and the stator assembly can be

achieved.

An inner diameter of the support body at the bearing seats may be smaller than an
inner diameter of the support body at the elongate central part. Accordingly, this may
allow for a larger and more powerful magnet to be housed within the support body.
Alternatively, it may allow for a larger cavity within the support body around the
magnet, and therefore allowing for better cooling of the magnet while the electric motor

is in use.

Each stator element may comprise a c-shaped stator core comprising two pole arms,
and the width of each opening may be substantially similar to the width of a stator core
such that the both pole arms of a stator core extend at least partially through an

opening. Both pole arms of each stator core are therefore able to extend through the
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opening of the support body. This allows the pole faces to positioned close to the

magnet of the rotor assembly

Each stator element may comprise a stator core, and the length of each opening is
between 10% and 100% longer than the length of each stator core. Each stator
element can be positioned within an opening such that there is a gap extending axially
between each end of the stator core and the respective end of the opening.
Accordingly, air is able to pass through the gaps, and provide cooling around each
stator element, and also to components positioned within the support body, for

example the magnet.

Each stator element may further comprise a bobbin fixed to the c-shaped stator core,
and the bobbin extends partially through the opening. This allows for an efficient use of

space, and the diameter of the motor can be minimised.

An outer diameter of at least one of the bearing seats of the support body may provide
a mounting point for a further component of the electric motor. The further component
may be one of a shroud for an impeller, an outer casing, and a winding termination
block. Mounting another component to the outer diameter of a bearing seat will allow
for tight control over positioning of the component relative to the bearings, and
therefore the rotor assembly. This may be particularly important when the component is
an impeller shroud which needs to surround an impeller on the rotor assembly at close

proximity.

The support body may comprise at least one reinforcing member at each of the
plurality of openings. This may allow for the support body to be made of a lighter
material, while still providing the necessary level of structural support to the rotor and
stator assemblies, as well as any other components mounted to the support body
either directly or indirectly. Use of a lighter material for the support body may result in a
lighter motor, and, depending on the material used, may also reduce the cost of the

motor.

Each of the stator elements may be fixed to the at least one reinforcing member.

Accordingly, the stator elements are fixed to the part of the support body that provides
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the greatest structural support, and any movement of the stator elements during

operation of the motor, which could reduce the efficiency of the motor, is minimised.

The disclosure further provides a compressor. The compressor comprises an electric
motor as described in any one of the previous statements, and wherein the rotor

assembly further comprises an impeller.

In another aspect, the present disclosure refers to a compressor comprising the electric

motor as disclosed herein, wherein the rotor assembly further comprises an impeller.

In order that the present invention may be more readily understood, embodiments of the
invention will now be described, by way of example, with reference to the following
accompanying drawings, in which:

Figure 1 is an electric motor;

Figure 2 is a cross section through the electric motor of figure 1;

Figure 3 shows a support body and two stator elements from the electric motor of Figure
1;

Figures 4A and 4B show an axial view of the support body and stator elements during
assembly;

Figure 5 shows an alternative embodiment of a support body;

Figures 6A and 6B show an axial view of the support body of Figure 5 and stator
elements during assembly;

Figure 7 shows a compressor; and
Figure 8 shows a further embodiment of a support body.
The electric motor 1 of Figures 1 and 2 comprises a stator assembly, a rotor assembly

3, and a support body 2. An outer casing 4 surrounds the stator assembly, rotor assembly
3 and support body 2.
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The stator assembly comprises four stator elements 5, each stator element 5
comprising a c-shaped stator core 52 and a bobbin 51 fixed to the c-shaped stator core
52. Each of the stator elements 5 are fixed to the support body 2, the details of which

will be described in more detail below.

The rotor assembly 3 comprises a shaft 31, bearings 32 and 33, and a magnet 34. The
bearings 32, 33 are mounted at either end of the magnet 34. The magnet 34 is a

permanent magnet of the sort typically used in brushless permanent magnet motors.

The support body 2, which can be seen more clearly in Figure 3, is cylindrical in shape
and comprises an elongate central part 21, and first and second bearing seats 22, 23
positioned axially at each end of the elongate central part 21. The elongate central part
21 defines a number of openings 24, each of which is configured and has the
appropriate dimensions for receiving one of the stator elements 5. The openings 24
extend axially along the elongate central part 21 between bearing seat 22 and bearing
seat 23. Figure 3 shows two stator elements 5, and the arrows A show how the stator
elements slot through the openings 24 in the elongate central part 21 of the support
body 2. The openings 24 allow the stator elements to extend into a cavity 25 inside the
support body 2. In particular the pole arms of the c-shaped stator core of the stator
element extend partially through the opening 24. The support body 2 is made of a
metal such as steel. This makes the support body very strong, but also quite heavy. If it
is important to minimise the weight of the electric motor, then other materials may be
chosen to form the support body instead, for example plastic. The stator elements 5
are fixed to the support body 2, and may be bonded by adhesive, or alternatively

welded thereto.

The bearing seats 22, 23 provide a mounting point for the bearings 32 and 33.
Accordingly, when assembled, the rotor assembly 3 is mounted to the support body 2
such that the outer race of bearing 32 is fixed to the internal circumference of bearing
seat 22, and the outer surface of bearing 33 is mounted to the internal circumference of
bearing seat 23. The shaft 31 extends through the support body 2, and the magnet 34
is positioned inside the cavity 25 within the elongate central part 21. The relative
positioning of the c-shaped stator cores 52 and the magnet 34 can therefore be tightly

controlled, as both the stator assembly and the rotor assembly are fixed to the support
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body 2. When completely assembled, pole faces on the c-shaped stator cores will be
positioned in close proximity to the permanent magnet such that there is good
magnetic interaction between the two allowing the performance and efficiency of the

electric motor 1 to be maximised.

The inner diameter of the support body 2 at the bearing seats 22, 23 is smaller than the
inner diameter of the support body 2 at the elongate central part 21. This allows for
enough space to be available in the cavity 25 to fit the shaft 31 and magnet 34, and
also to provide an air gap between the stator elements 5 and the magnet 34. However,
in alternative embodiments, this difference in inner diameter of the support body may

not be required.

Figure 4A is a representational view along the rotary axis of the motor during an
assembly step in which the four stator elements 5 that make up the stator assembly are
introduced through the slots 24 on the support body 2. The arrows A indicate how the
stator elements 5 are inserted through the slots 24 in a radially inward direction. Each
stator element 2 comprises a c-shaped stator core 52 comprising two pole arms having
a pole face 54 at the end of each of the arms. A bobbin 51 is fixed to the c-shaped

stator core 52, and a winding 53 is wound around the bobbin 51.

Figure 4B shows the stator elements 5 assembled onto the support body 2. The shaft
31 and magnet 34 of the rotor assembly are also in position inside the cavity 25 of the
support body 2. With these components in place, it can be seen that there is a tight
clearance between the pole faces 54 of the stator elements 5 and the magnet 34. The
radial position of the stator elements 5 is set based on contact between the stator
elements and the support body 2. In addition, the position of the shaft 31 and magnet
34 of the rotor assembly 3 is set based on contact between the rotor assembly 3 and
the support body 2. As a result, the clearance between the pole faces 54 of the stator
elements 5 and the magnet 34 of the rotor assembly 3 is tightly controlled as it
depends on tolerances of few components. The clearance can therefore be made
smaller without the risk of the stator core pole tips or faces contacting the magnet. This

can improve the performance of the electric motor.
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An alternative embodiment of a support body 102 is shown in Figure 5. Similar to the
support body 2 shown in Figure 3, the support body 102 comprises an elongate central
part 121, and first and second bearing seats 122, 123 positioned axially at each end of
the elongate central part 121. Inside the elongate central part 121 is a cavity 125. The
elongate central part 121 defines a number of openings 124, each of which is
configured to, and has the appropriate dimensions for receiving on of the stator
elements 5. In this embodiment, the support body 102 is formed of plastic. This makes
the support body much lighter than the metal support body of Figure 3. However,
plastic is not as strong as metal, and so support body 102 has reinforcing members in
the form of ribs 126 that are positioned either side of each opening 124. These
reinforcing members, or ribs 126, strengthen the structure of the elongate central part
121 of the support body 102, and also provide a mounting part to which stator elements
5 can be mounted when in position. Due to the tight tolerances desired for the
clearance between the stator elements and the magnet, it is extremely important that

the structure of the support body is as rigid and stable as possible.

The opening 124 is longer than the length of the stator core in each stator element 5.
As a result, a gap G is provided through which air is able to enter the cavity 125 around
the stator element 5. When the motor is in use, air is able to enter the cavity 125 to cool
the magnet positioned therein. To achieve a good level of cooling airflow through the
cavity 125, the length of each opening is preferably between 10% and 100% longer
than the length of each stator core. Each stator core 5 can be positioned in its
respective slot/opening so that there is space provided at each end, to allow air to pass

in and out of the cavity 125 around the stator core 5 at either end of the opening 124.

Figures 6A and 6B show similar representations of the same assembly step as shown
in Figures 4A and 4B, but with the alternative embodiment of the support body 102
instead. Figure 6A is a representational view along the rotary axis of the motor during
an assembly step in which the four stator elements 5 that make up the stator assembly
are introduced through the slots 124 on the support body 102. The arrows B indicate
how the stator elements 5 are inserted through the slots 124 in a radially inward
direction. As before, each stator element 5 comprises a c-shaped stator core 52
comprising two pole arms having a pole face 54 at the end of each of the arms. A

bobbin 51 is fixed to the c-shaped stator core 52, and a winding 53 is wound around
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the bobbin 51. Reinforcing members in the form of ribs 126 are positioned on either
side of the slots 124 along the longitudinal edges thereof. These reinforcing ribs can

help to align the stator elements 5 as they are inserted through the slots 124.

Figure 6B shows the stator elements 5 assembled onto the support body 102. The
shaft 31 and magnet 34 of the rotor assembly are also in position inside the cavity 125
of the support body 102. With these components in place, it can be seen that there is a
tight clearance between the pole faces 54 of the stator elements 5 and the magnet 34.
The radial position of the stator elements 5 is set based on contact between the stator
elements and the support body 102. In addition, the position of the shaft 31 and
magnet 34 of the rotor assembly 3 is set based on contact between the rotor assembly
3 and the support body 2. As a result, the clearance between the pole faces 54 of the
stator elements 5 and the magnet 34 of the rotor assembly 3 is tightly controlled as it
depends on tolerances of few components. The clearance can therefore be made
smaller without the risk of the stator core pole tips or faces contacting the magnet. This
can improve the performance of the electric motor. The ribs 126, in addition to
providing structural support to the elongate central portion 121 of the support body 102,
also provide a useful mounting portion to which the stator elements 5 can be fixed
when in position in the slots 124. For example, adhesive may be provided between the

ribs 126 and the stator elements 5 to form a bond between them.

Figure 7 shows a compressor 200 comprising the support body 2 of Figure 3. The slots
and stator assembly are not shown, for clarity. The rotor assembly comprising a shaft
31, a magnet 34, and bearings 32, 33 are positioned inside the cavity 25 of the support
body 2. The bearings 32, 33 are mounted to the inside surface of the bearing seats 22
and 23 respectively. An impeller 231 is mounted to an end of the shaft 31 which
extends outside of one end of the support body 2. An outer can or outer casing 204 is
positioned around the outside of the compressor 200. It is supported by the supporting
body 2 by being mounted via hub 205 to the outside surface of the bearing seat 22. An
air inlet (not shown) is provided in the outer casing 204 to allow air to be drawn in by
the compressor during use. Mounted to the outer surface of the other bearing seat 23
is a shroud 206 which surrounds the impeller 231. The outer casing 204 is also
mounted to shroud 206. Air passages (not shown) are provided to allow air to be drawn

through the compressor 200 by the impeller 231. The hub 205 as acts as a winding
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termination block to which windings of the stator elements 5 (not shown) can be

connected in order to receive current thereto.

Figure 8 shows a further embodiment of a support body 302. The support body 302
has many of the same features as the support bodies 2 and 102 previously described.
For instance, an elongate central part 321, and first and second bearing seats 322, 323
positioned axially at each end of the elongate central part 321. A number of openings
324 are provided in the elongate central part 321, and reinforcing members 326 are
positioned along each side of the openings 324. In addition to these features that are
common between all the support bodies, the support body 302 is formed as a single
piece with an integrated shroud 336. The shroud 336 is held apart from the bearing
seat 323 by struts 340. This provides an annular air channel through which air can

pass.

Whilst particular embodiments have thus far been described, it will be understood that
various modifications may be made without departing from the scope of the invention

as defined by the claims.
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CLAIMS

1. An electric motor comprising:
a stator assembily;
a rotor assembly; and
a support body;
the stator assembly comprising a plurality of stator elements, and the rotor
assembly comprising a shaft to which is mounted at least a first and a second
bearing mounted either side of a permanent magnet,
wherein the support body comprises an elongate central part, and first and second
bearing seats positioned axially at opposite ends of the elongated central part to each
other, and wherein the elongate central part defines a plurality of openings each

configured to receive one of the plurality of stator elements.

2. The electric motor of claim 1, wherein the first bearing is mounted to the first
bearing seat and the second bearing is mounted to the second bearing seat, such that

the permanent magnet is positioned within the elongate central part of the support body.

3. The electric motor of claim 1, wherein the support body is cylindrical.

4, The electric motor of claim 1, wherein each of the plurality of openings comprises
a slot in a side wall of the support body which extend axially along the elongate central

part.

5. The electric motor of claim 4, wherein the slots extend along the elongate central

part from the first bearing seat to the second bearing seat.

6. The electric motor of claim 1, wherein an inner diameter of the support body at
the bearing seats is smaller than an inner diameter of the support body at the elongate

central part.

7. The electric motor of claim 1, wherein each stator element comprises a c-shaped
stator core comprising two pole arms, and a width of each opening is similar to the width
of a stator core such that the both pole arms of a stator core extend at least partially

through an opening.
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8. The electric motor of claim 7, wherein each stator element further comprises a
bobbin fixed to the c-shaped stator core, and the bobbin extends partially through the

opening.

9. The electric motor of claim 1, wherein each stator element comprises a stator
core, and a length of each opening is between 10% and 100% longer than a length of

each stator core.

10. The electric motor of claim 9, wherein each stator element is positioned within an
opening such that there is a gap extending axially between each end of the stator core

and the respective end of the opening.

1. The electric motor of claim 1, wherein an outer diameter of at least one of the
bearing seats of the support body provides a mounting point for a further component of

the electric motor.

12. The electric motor of claim 11, wherein the further component is one of a shroud

for an impeller, an outer casing, and a winding termination block.

13. The electric motor of claim 1, wherein the support body comprises one or more

reinforcing members at each of the plurality of openings.

14. The electric motor of claim 13, wherein each of the stator elements is fixed to one

or more reinforcing members.

15. The electric motor of claim 1, wherein the plurality of stator elements are fixed to

the support body by one or a combination of adhesive and welding.

16. A compressor comprising the electric motor of claim 1, wherein the rotor

assembly further comprises an impeller.
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