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(54) SALIENT POLE ROTORS AND METHODS FOR WINDING ROTOR COILS THEREON

(57) The present invention relates to salient pole ro-
tor for an electrical machine, e.g., a motor or generator.
The rotor comprises a plurality of salient poles (1), each
pole having a pole body (2) and an integral pole tip (4).
The rotor further comprises a rotor winding with a plurality
of coils, each coil having a plurality of turns and being
positioned on the pole body (2) of a respective salient
pole (1). Each pole body (2) includes a coil winding part
(2A) having an outer profile around which the turns of the
respective coil are wound in-situ. Each turn includes two
substantially straight axially-extending sides and an inner
profile that differs from the outer profile of the coil winding
part (2A).
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Description

TECHNICAL FIELD

[0001] The present invention relates to salient pole ro-
tors for electrical machines (e.g., motors and generators),
and in particular to salient pole rotors with integral pole
tips and where rotor coils can be wound on the pole bod-
ies in-situ.

BACKGROUND ART

[0002] With reference to Figures 1 to 3, a salient pole
rotor 100 for an electrical machine has a plurality of poles
102 that project radially outwardly from the rotor core
104. Each pole 102 has a pole body 106 and a pole tip
108 (or shoe). The pole tips 108 can be integral with the
respective pole body 106 or fixedly secured to the pole
body using pole screws.
[0003] The rotor winding includes a plurality of coils
110, each coil being located on a respective pole body
106 and supported by the pole tip 108 to ensure that they
are firmly held against the pole during normal service
conditions. Only one coil 110 is shown in Figures 1 to 3
for simplicity. But it will be readily understood that the
rotor will include multiple coils. If the rotor has integral
pole tips, and the coils are constructed as conductive flat
strips, the coils are typically made of segments that are
positioned around each pole body and then brazed to-
gether. However, if the rotor has separate pole tips, the
coils can be pre-formed remote from the rotor (i.e., as a
completely separate manufacturing process) and mount-
ed on the pole bodies before the pole tips are fixedly
secured to the pole bodies.
[0004] A so-called ’strip-on-edge’ coil is formed from a
plurality of turns of a conductive strip 112, typically cop-
per, wound on edge, i.e., so that the narrow surfaces of
the strip are orientated substantially parallel to the axis
of the pole body 106 and its broad surfaces are facing
each other. Suitable insulation is typically provided be-
tween each turn of the coil (i.e., inter-turn insulation 114)
and between the coil and the surrounding parts such as
the pole tip 108, the pole body (i.e., back insulation 116),
and clamping parts below or beside the coil (not shown).
[0005] Brazing the coil segments on the pole bodies
can be costly because the insulation can be damaged
by the brazing heat and thus precautions against such
damage are needed. There is also a need for the coils
and the adjacent area of the poles to be cleaned carefully
after the brazing process has been completed. On the
other hand, using separate pole tips, which allow pre-
formed coils to be located on the pole bodies, places
significant physical restrictions on the rotor design. In par-
ticular, there is a limit on the force that can be applied to
the pole screws, which in turn limits the operating speed
and/or diameter of the rotor and hence the torque that
can be provided by the electrical machine.
[0006] Accordingly, there is a need for an improved

design of salient pole rotor and an improved method of
forming coils in-situ on pole bodies with integral pole tips.

SUMMARY OF THE INVENTION

[0007] The present invention provides a salient pole
rotor for an electrical machine (e.g., a motor or genera-
tor), the rotor comprising:

a plurality of salient poles, each pole having a pole
body and an integral pole tip; and

a rotor winding with a plurality of coils, each coil hav-
ing a plurality of turns and being positioned on the
pole body of a respective salient pole;

wherein each pole body includes a coil winding
part having an outer profile around which the
turns of the respective coil are wound in-situ; and

wherein each turn includes two substantially
straight axially-extending sides (i.e., where the
sides of each turn are substantially parallel to
each other) and an inner profile that differs from
the outer profile of the coil winding part.

[0008] The term ’turn’ is used herein to define a loop
of electrically conductive material (e.g., a conductive strip
- see below) that extends around the pole body.
[0009] The coil winding part of each pole body can in-
clude an undercut extending along at least part of a side
surface and at least part of an end surface of the pole
body. In particular, each pole body can include two sub-
stantially planar axially-extending side surfaces (i.e., sur-
faces that are orientated substantially parallel to the lon-
gitudinal axis of the rotor) and two end surfaces. The end
surfaces of each pole body can have any suitable shape.
In one arrangement, the end surfaces are curved. Each
curved end surface can optionally include a substantially
planar end surface (i.e., a surface that is orientated sub-
stantially perpendicular to the longitudinal axis of the ro-
tor) with curved transition surfaces between the substan-
tially planar end surface and the side surfaces. Such an
end surface is to be considered to be a curved end sur-
face for the purposes of the present invention.
[0010] The undercut can be provided in the form of a
continuous shaped channel or recess that extends into
the outer surface of the pole body and can have any
suitable width, length and depth - it typically being the
case that the depth of each channel or recess will vary
along its length to define a particular profile for shaping
each turn of the coil as it is wound in-situ around the coil
winding part. The shaped channel or recess can extend
from a first point on an end surface of the pole body to a
second point on a side surface. The width of each un-
dercut will be sufficient to receive the turn and where
appropriate the components of the coil winding apparatus
necessary for gripping or manipulating the conductive
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material that is bent around the pole body to form the
turn. In some arrangements, the width of the undercut
can exceed the minimum width needed to physically re-
ceive the coil and can actually extend along a significant
proportion of the pole body.
[0011] The coil winding part of each pole body can in-
clude two undercuts, namely a first undercut extending
along part of a first side surface and part of a first end
surface and a second undercut extending along part of
a second side surface and part of a second end surface.
The first undercut will define a particular profile for shap-
ing each turn of the coil as it is bent around the first end
surface and the second undercut will define a particular
profile for shaping each turn of the coil as it is bent around
the second end surface. The outer profile of the coil wind-
ing part of each pole body can therefore be defined by
the shaping profile of each undercut and any interposing
parts of the outer surface of the pole body. There will
preferably be a significant difference between the inner
profile of each turn of the wound coil and the outer profile
of the coil winding part to the extent that there is a delib-
erate and appreciable deviation between the two profiles
for the purpose of over-bending the conductive material
during the in-situ winding process and not merely a minor
or immaterial deviation that might be characterised by
normal engineering tolerances or manufacturing imper-
fections, for example.
[0012] A suitably-located undercut provided in the pole
body can also have the function of lowering the stresses
at the transition from pole body to pole tip which occur
due to the rotation mass of the respective wound coil
pressing against the overhanging part of the pole tip.
[0013] It will be readily understood that the coil winding
part is the part of the pole body around which the turns
of the coil are wound in-situ during a winding process,
i.e., it acts as a mandrel. The coil winding part can be
located substantially adjacent the pole tip or substantially
adjacent the base of the pole body where the pole body
joins the rotor core. As described in more detail below,
after each turn of the coil has been wound around the
coil winding part, the partially-wound coil - comprising
the just-formed turn together with any previously formed
turn(s) - can be moved axially along the pole body (i.e.,
radially with respect to the rotor axis) to free up the coil
winding part and to allow another turn to be wound around
it. To free up the coil winding part, the partially-wound
coil can be moved towards the base of the pole body or
towards the pole tip depending on the location of the coil
winding part. In some arrangements, the partially-wound
coil can remain stationary on the pole body if the con-
ductive material feeding apparatus is adapted to feed the
conductive material to the desired location and the coil
winding part extends along a sufficient extent of the pole
body to allow multiple turns to be wound around it.
[0014] Each pole body can further include a coil mount-
ing part on which the respective coil is at least partially
mounted in use. Each wound coil is typically positioned
adjacent the respective pole tip so that it is as close as

possible to the air gap between the rotor and the stator.
When the winding process has finished, the fully-wound
coil can be moved axially along the pole body to a final
mounting position. The coil mounting part can have an
outer profile that differs from the outer profile of the coil
winding part. For example, the coil mounting part can be
defined by part of the pole body that does not include
any undercut(s). Additionally or alternatively, at least one
of the end surfaces can have an outer profile in the coil
mounting part that differs from its outer profile in the coil
winding part. For example, at least one end surface can
have different curved profiles in the coil winding part and
the coil mounting part.
[0015] Each coil is preferably a so-called ’strip-on-
edge’ coil having a helical structure with a plurality of
turns stacked along the axis of the pole body. Each coil
is wound in-situ on the respective pole body and includes
a plurality of turns of a continuous conductive strip (e.g.,
copper) wound on edge so that the narrow surfaces of
the strip are orientated substantially parallel to the axis
of the pole body and its broad surfaces are facing each
other. Forming the coils in-situ around the coil winding
part of the pole body means that the rotor can utilise
integral pole tips and it also avoids the additional costs
that can arise from brazing coil segments on the pole
body.
[0016] Inter-turn insulation is normally provided be-
tween the broad surfaces of adjacent turns of each coil.
Insulation is also normally provided between each coil
stack and the respective pole body (so-called back insu-
lation) and the pole tip so that the coils are electrically
insulated from the rotor. The back insulation can be po-
sitioned on the pole body before the coil winding process
is started and will typically not extend onto the coil winding
part such that the turns are wound directly around the
outer surface of the pole body as opposed to being wound
around the outer surface of any back insulation. Howev-
er, in some arrangements, the turns can be wound
around an interposing component forming part of the pole
body at least during the winding process, that interposing
component optionally being back insulation or a remov-
able member, and where the outer surface of the inter-
posing component defines a particular profile for shaping
each turn of the coil as it is wound in-situ around the coil
winding part.
[0017] Axial movement of the partially-wound coil
along the pole body after each successive turn is wound
around the coil winding part can move the coil onto the
pre-positioned back insulation.
[0018] In some arrangements, there may be one or
more voids between the wound coil and the pole body.
The void(s) can preferably be filled with insulation mate-
rial, non-insulation material, or a combination thereof.
[0019] The inner profile of each wound coil can corre-
spond substantially to the outer profile of the coil mount-
ing part of the respective pole body. When mounted, each
wound coil is typically spaced apart from the respective
pole body only by the thickness of the back insulation
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that electrically insulates the coil from the rotor. But in
some arrangements ventilation channels may be provid-
ed between the coil and the back insulation such that the
coil is spaced farther apart from the pole body at certain
locations. The turns of each coil can also be staggered
to provide ’finned’ areas for cooling.
[0020] In one arrangement, the back insulation that
electrically insulates the wound coil from the rotor can
have an outer profile that corresponds substantially to,
or complements, the inner profile of the coil, e.g., to com-
pensate for any variation in the bent conductive material.
The inner profile of the back insulation can correspond
substantially to the outer profile of the pole body and can
optionally be used to fill any undercut(s) in the outer sur-
face of the pole body or any other void(s) between the
coil and the pole body.
[0021] In one arrangement, part of the coil can be
mounted on the coil winding part, with the remainder of
the coil being mounted on a coil mounting part. In partic-
ular, once a coil has been formed in-situ on the pole body
by the winding process, the fully-wound coil (typically to-
gether with the back insulation) can be moved along the
pole body to its final mounting position. This can mean
that in its final mounting position the coil covers the coil
winding part of the pole body. Any undercut(s) or other
void(s) between the pole body and the respective coil (or
between the pole body and the back insulation that elec-
trically insulates the coil from the rotor) can be filled with
one or more parts which can be of a suitable insulation
material, non-insulation material, or a combination there-
of, so that the coil is properly supported, cooled and in-
sulated.
[0022] The present invention further provides a salient
pole rotor for an electrical machine (e.g., a motor or gen-
erator), the rotor comprising:

a plurality of salient poles, each pole having a pole
body and an integral pole tip;

wherein each pole includes a coil winding part
having an outer profile around which the turns
of a respective coil are wound in-situ, the outer
profile being defined at least in part by a remov-
able member.

[0023] The removable member can be in abutment
with the outer surface of the respective pole body, and
in particular with an end surface thereof. The removable
member defines a particular profile for shaping each turn
of the coil as it is wound in-situ around the coil winding
part. In other words, the conductive material is bent
around the outer surface of the removable member dur-
ing the winding process.
[0024] A removable member can be located at both
ends of each pole body. In particular, a first removable
member can be located at a first end of the pole body
and a second removable member can be located at a
second end of the pole body.

[0025] The outer surface of each removable member
will define a particular profile for shaping each turn of the
coil. The outer surface of each removable member can
be asymmetric to define a suitable over-bend.
[0026] When the winding process is completed, each
removable member can be removed from the pole body.
During the winding process, each turn can be moved
axially along the pole on to a support of insulation mate-
rial, non-insulation material, or a combination thereof to
free up the coil winding part of the pole. The fully-wound
coil (optionally together with any support or back insula-
tion) can be moved axially towards the pole tip once each
removable member has been removed from the pole
body. Any void(s) between the coil and the pole body can
be filled with insulation material, non-insulation material,
or a combination thereof. The wound coil can be centred
on the respective pole body or appropriately positioned
before the filling takes place. Material can be supplied
into the void(s) as a foam or similar material that can be
subsequently cured or hardened.
[0027] Unless specifically stated, the following descrip-
tion is applicable to both aspects of the present invention
defined above.
[0028] During the coil winding process, as each turn is
wound around the coil winding part of the respective pole
body, it is bent to take on the shape that is defined by
the outer profile of the coil winding part. For example, if
the coil winding part includes one or more undercuts, the
conductive material is forced into each undercut such
that the axially-extending sides of the turn are not parallel
but follow the shaped profile of each undercut. The con-
ductive material can be forced into each undercut by the
application of a winding force. The winding force can in-
clude one or more of a tensioning force (i.e., a force ap-
plied along the longitudinal axis of the conductive mate-
rial), a side force (i.e., a force towards the pole body or
generally perpendicular to the conductive material) which
acts to bend the conductive material in the same plane
as the bending is to take place, and a bending moment.
If the outer profile of the coil winding part is defined at
least in part by one or more removable members, each
turn will take on the shape that is defined by the outer
profile that includes the removable member profile.
[0029] In its final desired shape, the axially-extending
sides of the turn are substantially straight and parallel.
The outer profile of the coil winding part is selected to
effectively over-bend each turn as it is wound around the
coil winding part in such a way that each turn adopts the
final desired shape only after the winding force is re-
leased. The outer profile of the coil winding part is also
selected to avoid plastically deforming the axially-extend-
ing sides of the coil. Each turn retains the shape that is
defined by the profile of the coil winding part, and which
deviates from the final desired shape, until the winding
force is released. In this retained shape, the axially-ex-
tending sides of each turn are not substantially parallel
but are deliberately over-bent inwards to an extent that
is determined by the outer profile of the coil winding part.
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After the winding force is released, the turn will assume
its final desired shape where its axially-extending sides
are substantially parallel as a result of natural spring
back. This means that the turn is no longer engaged with
any undercut(s) in the coil winding part, for example, and
the coil can move without hindrance along the axis of the
pole body towards the pole tip or the pole body base, as
appropriate, to allow the next turn to be wound around
the coil winding part.
[0030] The winding process continues until the desired
number of turns have been formed. Each fully-wound coil
has an appropriate number of turns according to the rotor
design.
[0031] Sometimes the axially-extending sides of the
turn may end up not being substantially parallel as a result
of natural spring back when the winding force is released.
In particular, natural spring back may result in one of the
sides of the turn being angled away from the pole body
side surface. In this case, the turn can optionally be bent
elastically away from the pole body and then one or more
additional bending moments can be applied to the con-
ductive material at one or more locations to plastically
bend it back towards the pole body. The turn will then
assume its final desired shape with substantially parallel
axially-extending sides.
[0032] The rotor can have any suitable number of poles
circumferentially spaced around the centre line.
[0033] The present invention further provides a meth-
od of winding a coil on a salient pole of a salient pole
rotor for an electrical machine (e.g., a motor or genera-
tor), the salient pole having a pole body and an integral
pole tip, the method comprising the step of:

winding conductive material (e.g., a conductive strip)
around a coil winding part of the pole body in-situ to
form a coil having a plurality of turns positioned on
the pole body;

wherein the coil winding part has an outer profile;
and

wherein each turn includes two substantially
straight axially-extending sides and an inner
profile that differs from the outer profile of the
coil winding part.

[0034] If each pole body includes one or more under-
cuts, each undercut extending along at least part of a
respective side surface and at least part of a respective
end surface of the pole body, the method can further
comprise the step of forcing the conductive material into
each undercut as it is wound around the pole body to
form each turn. After each turn of the coil has been wound
around the coil winding part, the partially-wound coil can
move axially along the pole body to free up the under-
cut(s) for the next turn to be wound.
[0035] As described above, the outer profile of each
coil winding part can be defined at least in part by the

outer surface of one or more removable members that
are in abutment with the pole body (typically a respective
end surface) during the winding process. The method
can further comprise the step of removing the member(s)
after the respective coil has been wound. Any void(s)
between the coil and the respective pole body (e.g., aris-
ing from the removal of the member(s), or for any other
reason) can be filled with insulation material, non-insu-
lation material, or a combination thereof. After each turn
of the coil has been wound around the coil winding part,
the partially-wound coil can move axially along the pole
body to free up the removable member(s) for the next
turn to be wound.
[0036] The outer profile of the coil winding part is se-
lected to over-bend the conductive material to provide
each turn of the coil with its final desired shape after an
applied winding force is released and preferably without
plastically deforming the parts of the coil that are be lo-
cated adjacent the side surfaces of the pole body when
the coil is properly mounted for use.
[0037] The conductive material is preferably wound
under tension, i.e., a tensioning force is applied along
the longitudinal axis of the conductive material. Addition-
ally or alternatively, one or both of a side force and a
bending moment is applied to the conductive material as
it is wound around the pole body, typically when the con-
ductive material is being bent around the end surface of
the pole body or the outer surface of a removable mem-
ber, for example.
[0038] The conductive material can be conductive strip
(e.g., copper) that is preferably wound on edge so that
the narrow surfaces of the strip are orientated substan-
tially parallel to the axis of the pole body and its broad
surfaces are facing each other. Applying the tensioning
force to the conductive strip prevents the thickness of the
inner part of the conductive strip from increasing as a
result of it being bent around the end surfaces of the coil
winding part.
[0039] The winding process can be carried out until
each coil has the desired number of turns stacked along
the axis of the pole body.
[0040] A conductive material feeding apparatus can be
provided. In one arrangement, the conductive material
feeding apparatus remains stationary and the rotor is ro-
tated relative to the stationary conductive material feed-
ing apparatus. The rotor can be supported on a suitable
platform or support during the coil winding process that
optionally allows for lateral movement between the rotor
and the stationary conductive material feeding appara-
tus. In another arrangement, the rotor remains stationary
and the conductive material feeding apparatus is rotated
relative to the rotor.
[0041] The conductive material (e.g., conductive strip)
can be supported on a spool and supplied to the conduc-
tive material feeding apparatus. The conductive material
feeding apparatus can include one or more of:

• a tensioning device to selectively apply the tension-
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ing force to the conductive material,
• a straightening device to straighten the conductive

material,
• a knurling device to knurl or texture at least one of

the outer surfaces of the conductive material to pro-
vide a larger convection area, and

• a flattening device to flatten the conductive material.

[0042] A coil winding apparatus can be provided to
control the bending of the conductive material around the
coil winding part of the pole body. The coil winding ap-
paratus can include one or more of:

• guides for guiding the conductive material (e.g., in
the case of a conductive strip to maintain the con-
ductive strip in the ’on edge’ orientation as it is wound
around the pole body and prevent it from twisting),

• rollers, clamps or other devices to apply the side
force and/or the tensioning force to the conductive
material, and

• rollers, grippers or other devices to grip the conduc-
tive material and/or apply a bending moment to the
conductive material at one or more locations.

DRAWINGS

[0043]

Figure 1 is an end view of the salient pole rotor;

Figure 2 is a radial cross section of the salient pole
rotor of Figure 1;

Figure 3 is an axial cross section of the salient pole
rotor along line A-A of Figure 2;

Figure 4 is a cross section through a salient pole of
a salient pole rotor according to the present inven-
tion;

Figure 5 is a cross section through an alternative
salient pole of a salient pole rotor according to the
present invention;

Figure 6 is a cross section through the salient pole
of Figure 5 along line B-B;

Figure 7 is a cross section showing an alternative
end surface for the salient pole of Figure 5;

Figure 8 is a cross section through the salient pole
of Figure 5 showing one end surface and undercut
in more detail;

Figures 9 to 11 are cross sections showing the indi-
vidual turns of a coil being wound in-situ on the sa-
lient pole of Figure 5;

Figure 12 is a cross section showing a fully-wound
coil on the salient pole of Figure 5 in its mounting
position;

Figure 13 is a side view of the fully-wound coil of
Figure 12;

Figure 14 is a cross section showing an alternative
fully-wound coil on the salient pole of Figure 5 in its
mounting position;

Figures 15A to 15C show steps in a coil winding proc-
ess not according to the present invention for com-
parative purposes;

Figures 16A to 16C show steps in a coil winding proc-
ess according to the present invention;

Figures 17A to 17D show steps in an alternative coil
winding process according to the present invention;

Figure 18 is a cross section through a salient pole
of an alternative salient pole rotor according to the
present invention that uses removable members to
define the outer profile of the coil winding part;

Figure 19 is a cross section through the salient pole
of Figure 18 showing one of the removable members
in more detail;

Figure 20 is a cross section through the salient pole
of Figure 18 after the void between the coil and the
pole body has been filled;

Figure 21 is a cross section through the salient pole
of Figure 19 along line C-C;

Figure 22 is a detail view of a removable member
and a tool that provides side support as the conduc-
tive strip is being wound;

Figure 23 is a cross section through the salient pole
of Figure 19 showing a coil support member;

Figure 24 is a cross section showing an alternative
removable member with a non-slip groove in its outer
surface;

Figure 25 is a cross section showing an alternative
removable member with a two-part construction;

Figure 26 is a cross section showing alternative coil
support members.

Figure 27A shows a cross section of a conductive
strip after bending without a tensioning force being
applied;

9 10 
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Figure 27B shows a cross section of a conductive
strip after being with a tensioning force being applied;
and

Figure 28 is a schematic diagram of a conductive
strip feeding apparatus.

[0044] Figure 4 shows a cross section through a pole
1 of a salient pole rotor according to the present invention.
The salient pole rotor forms part of an electrical machine,
e.g., a motor or generator (not shown). The pole 1 in-
cludes a pole body 2 that extends radially outwardly from
the rotor core and a pole tip 4 that is integral with the pole
body.
[0045] The pole body 2 includes a coil winding part 2A
and a coil mounting part 2B. In Figure 4 the coil winding
part 2A is defined by a region at the base of the pole body
2, adjacent the point where the pole body 2 meets the
rotor core 6. An alternative pole 1’ is shown in Figure 5
where the coil winding part 2A is defined by a region
adjacent the pole tip 4.
[0046] Figure 6 is a cross section through the coil wind-
ing part 2A of the pole body 2 along line B-B. The outer
profile of the pole body 2 includes two substantially planar
axially-extending side surfaces 8A, 8B (i.e., surfaces that
extend parallel to the rotor axis) and two curved end sur-
faces 10A, 10B. Figure 7 is a cross section through an
alternative pole body 2’ where each curved end surface
includes a substantially planar end surface 10C (i.e., a
surface that extends perpendicular to the rotor axis) and
curved transition surfaces 10D, 10E.
[0047] The coil winding part 2A extends peripherally
around and axially along part of the pole body 2 and in-
cludes two undercuts 12A, 12B which are formed as shal-
low channels or recesses in the outer surface of the pole
body 2. Similarly, the coil mounting part 2B extends pe-
ripherally around and axially along the remaining part of
the pole body 2. With particular reference to Figure 8,
the undercut 12B extends from a first point P1 on the
curved end surface 10B to a second point P2 on the side
surface 8B. Only part of the other undercut 12A is shown
in Figure 8 but would similarly extend between corre-
sponding first and second points. The depth of each un-
dercut 12A, 12B relative to the outer surface of the re-
mainder of the pole body 2 varies between the first and
second points P1, P2 as shown in Figure 8 to define a
particular profile for shaping each turn of the coil as it is
wound in-situ around the coil winding part 2A. The outer
profile of the coil winding part 2A of the pole body 2 is
defined by the solid line and includes the interposing parts
of the side surfaces 8A, 8B as well as the shaping profiles
defined by the undercuts 12A, 12B. The dashed lines in
Figure 8 indicate the outer profile of the remainder of the
pole body, i.e., the coil mounting part 2B. It can therefore
be seen that the outer profiles of the coil winding part 2A
and the coil mounting part 2B, as defined respectively by
the dashed and solid lines, are different.
[0048] Each coil 16 includes a plurality of turns of a

continuous conductive strip (e.g., copper) wound on edge
so that the narrow surfaces of the strip are orientated
substantially parallel to the axis of the pole body 2 and
its broad surfaces are facing each other. Each coil 16 is
therefore a so-called ’strip-on-edge’ coil.
[0049] Each turn is wound directly around the outer
surface of the pole body 2. Figure 9 shows a first turn T1
wound around the coil winding part 2A of the pole body
2. (It will be readily understood that Figures 9 to 11, in
particular, are not drawn to scale and are intended only
to illustrate the steps of the coil winding process. In par-
ticular, the relative position of each turn, the spacing be-
tween adjacent turns, and the spacing between each turn
and the pole body, is not intended to be indicative of an
actual pole.) In Figure 9, the first turn T1 has been formed
by bending the conductive strip around the coil winding
part 2A and the winding force has been released such
that the first turn has assumed its final shape with its
axially-extending sides substantially parallel as a result
of natural spring back and is no longer positioned within
the undercuts 12A, 12B - see the description below for
further detail. After the winding force has been released,
the first turn T1 is moved axially along the pole body 2
towards the rotor core and on to the back insulation 14
that is pre-positioned on the pole body. This movement
of the first turn T1 frees up the coil winding part 2A to
allow a second turn to be bent around it. Figures 10 and
11 show second and third turns T2, T3 being wound
around the coil winding part 2A of the pole body 2, re-
spectively. The coil winding process is continued until
the coil has the desired number of turns. Although Figures
9 to 11 show a coil winding part 2A located adjacent the
pole tip 4, it will be understood that the coil winding part
can be located adjacent the base of the pole body 2 such
that each formed turn is moved axially along the pole
body towards the pole tip, or at any intermediate position
such that each turn is moved axially along the pole body
towards either the base or the pole tip as appropriate.
The inter-turn insulation has been omitted from Figures
9 to 11 for reasons of clarity. The inter-turn insulation can
be inserted between adjacent turns as they are formed
during the winding process, but is preferably inserted into
the fully-wound coil as a separate step because it leaves
more space for forming the conductive strip on the coil
winding part 2A. Movement of the turns along the pole
body during the winding process should therefore ensure
there is sufficient space between adjacent turns to allow
for the insertion of the inter-turn insulation.
[0050] The coil winding part 2A is defined by the width
of the undercuts 12A, 12B which is sufficient to receive
a single turn of the conductive strip and any tools or equip-
ment needed to bend, grip or manipulate the conductive
strip during the winding process. But in an alternative
pole body, the coil winding part could extend along a
significant proportion of the pole body, i.e., there could
be a very small coil mounting region or actually no coil
mounting region at all. This would avoid the need to move
the coil along the pole body after each turn has been
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formed if the conductive strip feeding equipment can flex
the conductive strip feed to the right location.
[0051] In Figures 12 and 13 the fully-wound coil 16 is
shown in its final mounting position. In particular, the coil
16 and the back insulation 14 have been moved towards
the pole tip 4 such that the coil is positioned on the coil
winding part 2A and on part of the coil mounting part 2B
of the pole body 2. In other words, the coil 16 can be
mounted over the coil winding part 2A of the pole body
2 once the winding process has been completed. Such
coil positioning takes account of the fact that the in-situ
winding process is often most conveniently carried out if
the coil winding part 2A of the pole body 2 is adjacent
the pole tip 4 where there is best clearance from the ad-
jacent pole body, and that the coil 16 often needs to be
positioned adjacent the pole tip 4 for support against ro-
tational forces and to be as close as possible to the air
gap of the electrical machine. The coil 16 is typically in
abutment with the pole tip 4 and is electrically isolated
from it by insulation.
[0052] Figure 13 shows how one of the curved ends
of each turn defines an angled transition between adja-
cent turns such that the turns are stacked along the axis
of the pole body 2 with the axially-extending sides and
the other curved end of each turn lying in the same plane.
The angled transition is formed by moving the coil axially
along the pole body 2 or by suitable feeding of the con-
ductive strip during the winding process.
[0053] Figure 14 shows how alternate turns of each
coil 16 can be staggered to provide cooling fins on the
outer surface or cooling channels between the coil and
the back insulation 14, for example.
[0054] Inter-turn insulation 18 is shown in Figures 12
to 14 between the individual turns of the coil 16.
[0055] The undercuts 12A, 12B can be left unfilled (i.e.,
so that there are voids between the back insulation 14
and the pole body 2 in the coil spacing part 2A) or filled
with a suitable material, e.g., an insulation material and/or
a non-insulation material. In one arrangement, the back
insulation can be shaped to fill the voids.
[0056] The process of winding each turn around the
coil winding part of the pole body will now be described.
[0057] For comparative purposes, Figures 15A to 15C
show a conductive strip 20 being bent around a pole body
2" without undercuts. In Figure 15A, the conductive strip
20 is shown bent around one curved end surface and a
tensioning force (represented by the arrow TF) is being
applied along the longitudinal axis of the conductive strip
to tension it. The axially-extending sides of the turn are
parallel and lie against the side surfaces of the pole body
2". Figure 15B shows the conductive strip 20 after the
tensioning force has been released. It can be seen that
the conductive strip 20 springs away from the side of the
pole body 2". In Figure 15C, the conductive strip 20 is
shown bent around both curved end surfaces to form a
complete turn and the tensioning force has been re-
leased. The axially-extending sides of the turn are par-
allel when the tensioning force is being applied, but when

the tensioning force is released, the sides naturally spring
away from the pole body 2" such that they are not parallel
but are bowed outwardly as shown. It will be readily un-
derstood that such bowed sides are not substantially
straight or parallel as in the present invention.
[0058] Figures 16A to 16C show a conductive strip 20
being bent around the coil winding part 2A of a pole body
2 with undercuts 12A, 12B. Figure 16A shows the con-
ductive strip 20 starting to be bent around the curved end
surface 10A. Figure 16B shows how the conductive strip
20 is forced into the undercut 12A by the application of
a winding force comprising one or more of a side force
(represented by the arrow SF), a tensioning force that is
applied along the longitudinal axis of the conductive strip
(represented by the arrow TF) and a bending moment
(represented by arrow BM). In Figure 16C the conductive
strip 20 is shown bent around both curved end surfaces
10A, 10B to form a complete turn and the winding force
has been released. It will be understood that the conduc-
tive strip 20 would also have been forced into the under-
cut 12B by the application of winding force as it is bent
around the curved end surface 10B. Because the con-
ductive strip 20 is forced into the undercuts 12A, 12B,
the axially-extending sides of each turn are initially not
parallel but follow the shaped profile of the undercuts.
Once the winding force is released as shown in Figure
16C, the axially-extending sides of the turn naturally
spring away from the pole body 2 but because the con-
ductive strip 20 has effectively been over-bent by being
forced into the undercuts 12A, 12B so that the sides are
bent inwardly by the outer profile of the coil winding part
of the pole body 2, the sides of the turn become parallel
and are not bowed outwardly. The natural spring back
moves the sides of the turn away from the pole body 2
and out of the undercuts 12A, 12B. Consequently, there
is no interference when the turn is moved axially along
the pole body 2 to free up the coil winding part 2A so that
the next turn can be bent around it.
[0059] Sometimes the axially-extending sides of the
turn may not be substantially parallel after natural spring
back. Figures 17A to 17E show how, in this case, each
turn can optionally be bent elastically away from the pole
body 2 and then bending moments (represented by ar-
rows BM1 and BM2) can be applied to the conductive
strip 20 at separate locations to plastically bend it back
towards the pole body 2. The bending moments can have
different magnitudes and are applied such that the turn
assumes its final desired shape, with parallel axially-ex-
tending sides.
[0060] Figure 18 shows a cross section through an al-
ternative pole 1" of a salient pole rotor according to the
present invention. The salient pole rotor forms part of an
electrical machine, e.g., a motor or generator (not
shown). The pole 1" includes a pole body 2"’. A first re-
movable member 30A is located at a first end of the pole
body 2’’’ and a second removable member 30B is located
at a second end of the pole body. The removable mem-
bers 30A, 30B define a coil winding part of the pole having
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an outer profile around which the conductive strip 20 is
bent. As shown in Figure 19, each removable member
30A, 30B has an asymmetric outer profile to over-bend
the conductive strip 20 to compensate for natural spring
back.
[0061] There is a void 32 between the turn defined by
the bent conductive strip 20 and the pole body 2"’. Once
the coil winding process has finished the removable
members 30A, 30B are removed from the pole body 2’’’.
The void 32 then additionally includes the space previ-
ously occupied by the removable members. The coil is
centred on the pole body 2’’’ and the void 32 is filled with
a suitable material 34, e.g., an insulation material, non-
insulation material, or a combination thereof. The fully-
filled void shown in Figure 20.
[0062] Figure 21 shows how each turn can be moved
axially along the pole body 2’’’ and onto a coil support
member 34 to free up the removable members 30A, 30B
and allow the next turn to be bent around them. The coil
support member 34 is formed from a suitable material,
e.g., an insulation material, non-insulation material or a
combination thereof. When the coil winding process has
finished, and the removable members 30A, 30B have
been removed, the fully-wound coil 16 can be moved
axially towards the pole tip 4’. The coil support member
34 can also be moved with the coil, or can remain sta-
tionary relative to the pole body 2"’.
[0063] The coil support member 34 can have include
internal voids or spaces as shown in Figure 23.
[0064] Figures 24 and 25 show different removable
members 30A’ and 30A", respectively. Both have curved
outer surfaces like the removable members 30A, 30B
shown in Figures 18 and 19. Removable member 30A’
shown in Figure 24 includes an anti-slip groove for re-
ceiving the conductive strip 20 during the winding proc-
ess. Removable member 30A" shown in Figure 25 has
a two-part construction and provides full side support to
the conductive strip 20 during the winding process to pre-
vent it from flexing. Similar support can be provided by
a tool 36 like the one shown in Figure 22, for example.
[0065] Figure 26 shows two coil support members 34A,
34B arranged one on top of the other. The radially outer
coil support member 34A can be positioned on the pole
body 2’’’ after the removable members (e.g., removable
members 30A, 30B) have been removed. The radially
inner coil support member 34B would be the support
member onto which the partially-formed coil is moved
during the winding process. In Figure 26, the coil 16 is
shown in its final mounting position adjacent the pole tip
4’ as described in more detail above. The coil 16 is biased
towards the pole tip 4’ by a suitable biasing means (e.g.,
a spring stack 38) which is electrically isolated from the
coil by suitable insulation.
[0066] If the conductive strip 20 is wound around the
various coil winding parts defined above without applying
a tensioning force along its longitudinal axis, the thick-
ness of the conductive strip will increase at the inner edge
(i.e., the edge adjacent the pole body) as it bends around

the curved end surfaces and the thickness of the con-
ductive strip will decrease at the outer edge (i.e., the edge
furthest away from the pole body). This is shown in Figure
27A where the dashed lines indicate the thickness of the
conductive strip 20 before bending. It can be seen that
after bending the inner edge 20A of the conductive strip
20 is thicker than it was before bending and the outer
edge 20B is thinner than it was before bending. This extra
thickness at the inner edge 20A of the conductive strip
20 is undesirable because it increases the overall size
of the coil. The increased thickness at the inner edge of
the conductive strip 20 can be avoided if a tensioning
force is applied while it is bent around the pole body 2.
This is shown in Figure 27B where again the dashed lines
indicate the thickness of the conductive strip before bend-
ing. There is no increase in the thickness of the inner
edge 20A of the conductive strip. But it can be seen that
there is a decrease in the width of the conductive strip
and an overall reduction in its cross-sectional area. This
must be taken into account when providing support
against radial acceleration. The resulting increase in coil
resistance can also lead to an increase in localised heat-
ing and a reduction in current, hence a lower torque.
[0067] An example of a conductive strip feeding appa-
ratus 40 is shown in Figure 28. The conductive strip feed-
ing apparatus 40 remains stationary and the salient pole
rotor 22 is rotated relative to it. The rotor 22 can be sup-
ported on a suitable platform or support (not shown) dur-
ing the coil winding process. In another arrangement that
is not shown, the rotor remains stationary and the con-
ductive strip feeding apparatus is rotated relative to the
rotor. During the coil winding process, the rotor 22 can
move laterally and the conductive strip feeding apparatus
can remain stationary, the conductive strip feeding ap-
paratus can move laterally and the rotor 22 can remain
stationary, or the coil can remain stationary on the pole
body and the conductive strip feeding apparatus can feed
the conductive strip to the right location.
[0068] The conductive strip 20 is supported on a spool
42 and supplied to the conductive strip feeding apparatus
40. The conductive strip feeding apparatus 40 includes
a tensioning device (not shown) to selectively apply the
tensioning force to the conductive strip 20. A straighten-
ing device 44 straightens the conductive strip 20 and a
knurling device 46 knurls or textures at least one of the
outer surfaces of the conductive strip to provide a larger
convection area. A flattening device 48 flattens the con-
ductive strip 20 before it is wound around the salient rotor
pole of the rotor 22 under the control of a coil winding
apparatus (not shown).
[0069] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A salient pole rotor for an electrical machine, the
rotor comprising:

a plurality of salient poles, each pole having a
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pole body and an integral pole tip;

wherein each pole includes a coil winding
part having an outer profile around which
the turns of a respective coil are wound in-
situ, the outer profile being defined at least
in part by a removable member.

2. A salient pole rotor according to Clause 1, wherein
a removable member is located at both ends of each
pole.

3. A salient pole rotor according to Clause 1 or
Clause 2, wherein the part of the outer profile that is
defined by the removable member is defined by an
outer surface of the removable member.

4. A salient pole rotor according to any preceding
Clause, wherein the outer surface of the removable
member is asymmetric.

5. A method of winding a coil on a salient pole of a
salient pole rotor for an electrical machine, the salient
pole having a pole body and an integral pole tip, the
method comprising the step of:

winding a conductive material around a coil
winding part of the pole body in-situ to form a
coil having a plurality of turns positioned on the
pole body;

wherein the coil winding part has an outer
profile; and

wherein each turn includes two substantial-
ly straight axially-extending sides and an in-
ner profile that differs from the outer profile
of the coil winding part.

6. A method according to any preceding Clause,
wherein each pole body includes an undercut ex-
tending along at least part of a side surface and at
least part of an end surface of the pole body, and
wherein the method further comprises the step of
forcing the conductive strip into the undercut as it is
wound around the pole body to form each turn.

7. A method according to any preceding Clause,
wherein after each turn has been wound around the
coil winding part, the partially-wound coil moves ax-
ially along the pole body to free up the undercut.

8. A method according to any preceding Clause,
wherein the outer profile of each pole body is defined
at least in part by an outer surface of a removable
member, and wherein the method further comprises
the step of removing the removable member after
the respective coil has been wound.

9. A method according to any preceding Clause,
wherein after each turn has been wound around the
coil winding part, the partially-wound coil moves ax-
ially along the pole body and onto a coil support
member to free up the removable member.

10. A method according to any preceding Clause,
wherein the removal of the removable member
leaves a void between the coil and the respective
pole body that is filled with insulation material, non-
insulation material, or a combination thereof.

11. A method according to any preceding Clause,
wherein a winding force is applied to the conductive
material as it is wound around the coil winding part
of the pole body.

12. A method according to any preceding Clause,
wherein the winding force includes one or more of a
tensioning force, a side force, and a bending mo-
ment.

Claims

1. A salient pole rotor for an electrical machine, the rotor
comprising:

a plurality of salient poles, each pole (1) having
a pole body (2) and an integral pole tip (4); and
a rotor winding with a plurality of coils (16), each
coil (16) having a plurality of turns and being
positioned on the pole body (2) of a respective
salient pole (1);

wherein each pole body (2) includes a coil
winding part (2A) having an outer profile
around which the turns of the respective coil
(16) are wound in-situ; and
wherein each turn includes two substantial-
ly straight axially-extending sides and an in-
ner profile that differs from the outer profile
of the coil winding part (2A).

2. A salient pole rotor according to claim 1, wherein
each pole body (2) includes an undercut (12A, 12B)
extending along at least part of a side surface (8B)
and at least part of an end surface (10B) of the pole
body (2).

3. A salient pole rotor according to claim 1 or claim 2,
wherein the coil winding part (2A) of each pole body
(2) is adjacent the respective pole tip (4) or adjacent
a base of the pole body (2).

4. A salient pole rotor according to any preceding claim,
wherein each pole body (2) further includes a coil
mounting part (2B) on which the respective coil is at
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least partially mounted in use.

5. A salient pole rotor according to claim 4, wherein the
coil mounting part (2B) has an outer profile that dif-
fers from the outer profile of the coil winding part (2A).

6. A salient pole rotor according to any preceding claim,
wherein there is a void between the coil (16) and the
pole body (2) that is filled with insulation material,
non-insulation material, or a combination thereof.

7. A salient pole rotor according to any preceding claim,
wherein each coil (16) is positioned adjacent the re-
spective pole tip (4).

8. A salient pole rotor according to any preceding claim,
wherein each coil (16) is a strip-on-edge coil with a
plurality of turns stacked along the axis of the pole
body (2).

9. A salient pole rotor of claim 1, wherein the outer pro-
file is defined at least in part by a removable member
(30A, 30B).

10. A salient pole rotor according to claim 9, wherein the
removable member (30A, 30B) is located at both
ends of each pole (2).

11. A salient pole rotor according to claim 10, wherein
the part of the outer profile that is defined by the
removable member (30A, 30B) is defined by an outer
surface of the removable member.

12. A salient pole rotor according to claim 11, wherein
the outer surface of the removable member (30A,
30B) is asymmetric.

13. A method of winding a coil (16) on a salient pole (1)
of a salient pole rotor for an electrical machine, the
salient pole (1) having a pole body (2) and an integral
pole tip (4), the method comprising the step of:

winding a conductive material around a coil
winding part (2A) of the pole body (2) in-situ to
form a coil (16) having a plurality of turns posi-
tioned on the pole body (2);

wherein the coil winding part (2A) has an
outer profile; and
wherein each turn (4) includes two substan-
tially straight axially-extending sides and an
inner profile that differs from the outer profile
of the coil winding part (2A).

14. A method according to claim 13, wherein each pole
body (2) includes an undercut (12A, 12B) extending
along at least part of a side surface (8A, 8B) and at
least part of an end surface (10A, 10B) of the pole

body (2), and wherein the method further comprises
the step of forcing the conductive strip into the un-
dercut as it is wound around the pole body (2) to form
each turn.

15. A method according to claim 14, wherein after each
turn has been wound around the coil winding part
(2A), the partially-wound coil moves axially along the
pole body (2) to free up the undercut (12A, 12B).
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