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Transverse flux machines have in the past been difficult to implement because
standard core lamination techniques do not easily permit the three dimensional
magnetic flux flow required in transverse flux machines. This difficulty is being
overcome by the use of sintered powdered iron cores. These may be formed by a
compression moulding technique.

Most transverse flux machine configurations disclosed hitherto are single phase
machines. An example is disclosed in US patent 5,773,910 (Lange). Proposals for
polyphase machines usually involve complex geometries which lead to difficulties in
manufacture. For example US patents 5,117,142 (Von Zueygbergk), 5,633,551 (Weh)
and 5,854,521 (Nolle).

It is therefore an object of the present invention to provide a polyphase
transverse flux DC motor which is simple to manufacture.

DISCLOSURE OF THE INVENTION

Accordingly in one aspect the invention consists in a polyphase transverse flux
dc motor comprising:

a rotor having a pluratity of permanent magnets circumferentially disposed and
separated by magnetically permeable material to provide alternating magnetic pole
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a first stator piece having a plurality of circunferentially di sposed and
spaced apart claw poles projecting in an axial direction, a second stator
pi ece conplenentary to said first stator piece and nounted coaxially in

facing relationship with said first stator piece such that. re is
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a rotor having alternating magnetic pole polarities at the periphery; and

a stator mounted co-axially with said rotor so as to provide at least one air gap
therebetween, said stator including;:

a first stator piece having a plurality of circumferentially disposed and spaced
apart claw poles projecting in an axial direction,

a second stator piece complementary to said first stator piece and mounted co-
axially in facing relationship with said first stator piece such that there is an axial
spacing therebetween and oriented about the common axis such that the claw poles of
the second stator piece circumferentially alternate with the claw poles of the first stator
piece,



formng a first stator piece having a plurality of circunferentially
di sposed and spaced apart claw poles projecting in an axial direction,
formng a second stator piece simlar and conplenentary to said first
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assembling the first and second stator pieces co-axially in facing relationship
with each other and spaced axially apart by said bridging cores with said second stator
piece oriented about the common axis such that the claw poles of said second stator
piece circumferentially alternate with the claw poles of said first stator piece;

each said winding or a selected set of said windings constituting the windings
for one of a plurality of motor phases such that in use when supplied with an exciting
current produce flux flow through those stator claw poles in the first and second stator
pieces which are proximate to the corresponding bridging core.

In yet a further aspect the invention consists in a polyphase transverse flux dc
motor including:

a rotor having a plurality of circumferentially disposed permanent magnets
separated by segments of high permeability material to form rotor poles,



Figure 3 shows a partial pictorial view of the periphery of the stator
indicating a representative flux path produced by a single w nding, Figure
4 shows a stator piece to which an electronics circuit board is nounted,
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In one preferred form of the invention the rotor 2 is located externally of the

stator 7 as indicated in Figure 1. As is mentioned later a variety of known rotor
configurations may be used. Rotor 2 as shown comprises an annular ring of axially



Each stator piece can be visualised as a circular plate 15 carrying at its
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per manent magnet 3B and into the nagnetic nmaterial piece 3A on the opposite
side of this magnet (segnent e, visible in Figure 5), passes through the
soft magnetic material piece in an axial direction and | eaves the soft
magnetic nmaterial piece to cross the air gap radially (segnent f) to the

cl osest pole on the | ower stator piece, travels through that pole (segnent
g) to the lower stator plate where it proceeds radially (segnent h) to
return to the bridging core 10 to conplete the flux circuit. In the case of




sinple geonetry which is relatively easy to fabricate. As opposed to sone
prior art proposals the stator geonetry allows for a notor having a single
air gap. In a notor according to the present invention the foll ow ng
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The stator must be formed in two pieces to allow the several internal windings

to be put in place during manufacture. The two pieces must be magnetically linked to
provide flux paths between the two and the bridging cores adopted to achieve this are
formed by providing on the inner face of one or both stator plate 15 raised "islands" 10
which on assembly of the two pieces abut with their opposite number on the facing
piece to provide a magnetic core about which a winding may be placed. The bridging
cores may be formed integrally with one of the stator pieces. Alternatively some
bridging cores can be formed integrally with one piece while the others are formed
integrally with the second piece. As a further alternative "half height" bridging cores
may be formed in each stator piece which during assembly of the stator are physically
brought together in series to complete the magnetic circuit. This alternative
construction is that shown in Figure 2. In this embodiment the stator pieces are similar



a second stator piece conplenentary to said first stator piece and nounted
coaxially in facing relationship with said first stator piece such that
there is an axial spacing therebetween and oriented about the commobn axis
such that the claw poles of the second stator piece ci r@a&n‘g@r@P{eh@g ébo
alternate with the claw poles of the fifst stator piece, a plurality o
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poles of the lower stator piece which are excited by winding 11.
In a two phase firing embodiment (refer to Fig 7), after commutation of motor
current through the windings of phase A and phase B, motor current is then

commutated to flow through the phase A and phase C windings to cause the radially



8. A pol yphase transverse flux do notor according to claim?7 wherein the
end portion of each claw pole of a respective stator piece extends axially
into the interclaw space of the opposite stator piece. 9. A polyphase
transverse flux do notor according to any one of the preced; |
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connected in either series or in parallel. However a parallel connection may have the
advantage in that it will reduce the radial force dissymmetry in the presence of air gap
dissymmetries.
In the embodiment illustrated and described three phases have been chosen with
two windings per phase and 10 poles per winding. This results in a stator having 60

poles and the rotor to use with the stator must have either 62 or 58 poles.
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direction; and

a stator mounted co-axially with said rotor so as to provide at least one air gap
therebetween, said stator including:

a first stator piece having a plurality of circumferentially disposed and spaced
apart claw poles projecting in an axial direction,

a second stator piece complementary to said first stator piece and mounted co-
axially in facing relationship with said first stator piece such that there is an axial
spacing therebetween and oriented about the common axis such that the claw poles of
the second stator piece circumferentially alternate with the claw poles of the first
stator piece,

a plurality of magnetically permeable bridging cores disposed about the stator
axis proximate to said claw poles and located between said first and second stator
pieces to provide magnetic flux paths therebetween,

at least one said stator piece being provided with regions of magnetic high
reluctance between the sites of said bridging cores, and

stator windings disposed about each bridging core each of which when supplied
with an exciting current produce flux flow through stator claw poles in the first and
second stator pieces which are proximate to the corresponding bridging core thereby
producing flux in said at least one air gap adjacent to said proximate claw poles, each
winding or a selected set of windings constituting the windings for one of a plurality
of motor phases which in use are electronically commutated to produce a flux in said

air gap which rotates about the stator axis.

2. A polyphase transverse flux dc motor comprising:

a rotor having alternating magnetic pole polarities at the periphery; and

a stator mounted co-axially with said rotor so as to provide at least one air gap
therebetween, said stator including;:

a first stator piece having a plurality of circumferentially disposed and spaced
apart claw poles projecting in an axial direction,
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spacing therebetween and oriented about the common axis such that the claw poles of
the second stator piece circumferentially alternate with the claw poles of the first stator
piece,

a plurality of magnetically permeable bridging cores disposed about the stator
axis proximate to said claw poles and located between said first and second stator
pieces to provide magnetic flux paths therebetween,

at least one said stator piece being provided with regions of magnetic high
reluctance between the sites of said bridging cores, and

stator windings disposed about each bridging core each of which when supplied
with an exciting current produce flux flow through stator claw poles in the first and
second stator pieces which are proximate to the corresponding bridging core thereby
producing flux in said air gap adjacent to said proximate claw poles, each winding or
a selected set of windings constituting the windings for one of a plurality of motor
phases which in use are electronically commutated to produce a flux in said at least one
air gap which rotates about the stator axis.

3. A polyphase transverse flux dc motor according to claim 2 wherein said rotor
comprises a plurality of permanent magnets circumferentially disposed around a
magnetically permeable return path, said magnets being magnetised in the radial
direction.

4. A polyphase transverse flux dc motor according to claims 1 or 2 wherein said
bridging cores are integrally formed as part of one stator piece.

5. A polyphase transverse flux dc motor according to claim 1 or 2 wherein some
bridging cores are integrally formed as part of one stator piece while the balance are
formed as part of the other stator piece.

6. A polyphase transverse flux dc motor according to claim 1 or 2 wherein
complementary halves of each bridging core are integrally formed as part of each stator
piece.
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8. A polyphase transverse flux dc motor according to claim 7 wherein the end
portion of each claw pole of a respective stator piece extends axially into the interclaw
space of the opposite stator piece.

9. A polyphase transverse flux dc motor according to any one of the preceding
claims wherein the number of motor phases (P) is selected from a series consisting 2,
3, ...,N, where N is an integer > 2; the number of windings per phase (W) is selected
from a series consisting 1, 2, ...M, where M is an integer > 1; the number of poles
associated with each winding (PW) is selected from a series consisting 2, 4, ...L, where
L is an even integer > 2; and the number of stator poles (SP) is equal to the product
P*WP*PW and the number of rotor poles is SP=W.

10. A method of making a stator for a polyphase transverse flux dc motor,
comprising the steps of:

forming a first stator piece having a plurality of circumferentially disposed and
spaced apart claw poles projecting in an axial direction,

forming a second stator piece similar and complementary to said first stator
piece, providing a plurality of magnetically permeable bridging cores disposed about
the stator axis proximate to said claw poles between said first and second stator pieces
to provide magnetic flux paths therebetween,

providing regions of high magnetic reluctance between the sites of said bridging
cores in either or both of the first or second stator pieces,

placing stator windings about each bridging core,

assembling the first and second stator pieces co-axially in facing relationship
with each other and spaced axially apart by said bridging cores with said second stator
piece oriented about the common axis such that the claw poles of said second stator
piece circumferentially alternate with the claw poles of said first stator piece;

each said winding or a selected set of said windings constituting the windings
for one of a plurality of motor phases such that in use when supplied with an exciting
current produce flux flow through those stator claw poles in the first and second stator
pieces which are proximate to the corresponding bridging core.

11.  In a polyphase transverse flux dc motor including:
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at least one stator winding per phase disposed such that when supplied with an
exciting current produce flux flow through stator poles which are proximate thereto to
produce a flux in said air gap adjacent to said poles, said windings in use being
electronically commutated to produce a flux in said air gap which rotates about the
stator axis,
the improvement defined by the relationship wherein the number of motor
phases (P) is selected from a series consisting 2, 3, ...,N, where N is an integer > 2; the
number of windings per phase (W) is selected from the series 1, 2 ...M, where M is an
integer > 1 the number of poles associated with each winding (PW) is selected from the
series 2, 4, ...L, where L is an even integer > 2; and the number of stator poles (SP) is
equal to the product P*WP*PW and the number of rotor poles is SPW.

12. A polyphase transverse flux dc motor substantially as hereinbefore described with

reference to the accompanying drawings.



