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Description

[0001] The invention relates generally to coils for elec-
tric machines, and more particularly to a technique for
winding rectangular Litz coils without risk of damage as-
sociated with edge-wise bends.
[0002] Rectangular coils such as field winding coils for
electric machines are traditionally wound with the planar
surface of the wider faces perpendicular to the orientation
or radial direction of the coil slots in order to minimize AC
losses associated with slot leakage. These traditional coil
winding techniques result in turns having difficult edge-
wise bends of the coil conductor(s). Such coil winding
techniques also present challenges when winding coils
using insulated conductors. See, for example, DE 44 14
527 and US 1,406,092.
[0003] It would be advantageous to provide a tech-
nique for winding coils for electric machines that over-
comes the disadvantages described above associated
with traditional coil winding techniques for electric ma-
chines.
[0004] Various aspects and embodiments of the
present invention, as defined by the appended claims,
are thus provided.
[0005] Various features, aspects, and advantages of
the present invention will become better understood
when the following detailed description is read with ref-
erence to the accompanying drawings in which like char-
acters represent like parts throughout the drawings,
wherein:

Figure 1 is a perspective view illustrating one portion
of a coil assembly for an electric machine according
to one embodiment of the invention;

Figure 2 is a diagram illustrating a plurality of the coil
assemblies shown in Figure 1 configured together
with a tooth portion of an electric machine to provide
coils stacked in the radial direction of the tooth ac-
cording to one embodiment of the invention;

Figure 3 is a pictorial view illustrating a complete coil
assembly according to one embodiment of the in-
vention; and

Figure 4 illustrates a wind turbine including a medium
speed electrical generator that employs the coil as-
sembly depicted in Figure 3, according to one em-
bodiment of the invention.

[0006] While the above-identified drawing figures set
forth alternative embodiments, other embodiments of the
present invention are also contemplated, as noted in the
discussion. In all cases, this disclosure presents illustrat-
ed embodiments of the present invention by way of rep-
resentation and not limitation.
[0007] Litz wire is a special type of wire used in elec-
tronics. Litz wire consists of many thin wires, individually

coated with an insulating film and twisted together, fol-
lowing a carefully prescribed pattern into several levels.
The combined conductor has greater surface area than
a solid conductor and, because of the twist pattern, the
magnetic current flowing in the strands are in directions
such that they have a reduced tendency to generate an
opposing e.m.f. in the other strands. The skin effect pow-
er losses associated with high frequency applications are
therefore reduced. The ratio of distributed inductance to
distributed resistance is increased relative to a solid con-
ductor, resulting in a higher Q factor at these frequencies.
[0008] Litz wire is used to make inductors and trans-
formers for high frequency applications where the skin
effect is more pronounced and proximity effect can be
an even more severe problem. Litz wire is one kind of
stranded wire, but, in this case, the reason for its use is
not the usual one of avoiding complete wire breakage
due to material fatigue.
[0009] The present inventors recognized however, a
technique for winding rectangular stranded wire coils
such as Litz coils that avoids the risk of damage associ-
ated with edge-wise bends. The technique along with
associated winding structures according to particular em-
bodimens are described below with reference to the Fig-
ures.
[0010] Turns of solid core rectangular wire used to form
coils within electric machine rotor or stator slots are tra-
ditionally wound in an edge-wise fashion such that the
wide faces of the solid core rectangular wire are perpen-
dicular to the radial orientation of the slot to minimize AC
losses from slot leakage. Such traditional coil turns result
in difficult edge-wise bends of the conductor, and chal-
lenges with winding coils with insulated conductors, as
stated above.
[0011] Looking now at Figure 1, a perspective view il-
lustrating one portion of a coil assembly 10 for an electric
machine is depicted according to one embodiment of the
invention. According to one aspect of the invention, the
coil assembly 10 shown in Figure 1 utilizes a rectangular
stranded wire cable that could be, for example, a Litz
cable 12 to reduce AC losses. The stranded/Litz coils
constructed from the rectangular stranded/Litz cable 12
have turns oriented in the wider face-wise direction via
wider face-wise bends, thereby removing the need for
more traditional edge-wise bends, as described in further
detail below with reference to Figure 2. Stranded/Litz ca-
ble 12 is configured as two rows of coils 14, 16. Row 14
has an inner-most layer 18, an outer-most layer 20, and
an end lead 22, while row 16 has an inner-most layer 24,
an outer-most layer 26, and an end lead 28. The present
inventors recognized that use of stranded/Litz cable 12
advantageously reduces AC losses from eddy and cir-
culating currents due to slot leakage, radial fringe fields
and proximity effects within the slots of an electric ma-
chine regardless of the orientation of the turns. Using this
benefit, coils 14, 16 are wound with the wider planar face
surfaces of the rectangular cable oriented in the radial
direction of the electric machine coil slots, as opposed
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to the traditional tangential orientation.
[0012] The two rows of coils 14, 16 are formed, accord-
ing to one embodiment, by starting from one of the inner-
most layers 18, 24 and winding the first row 14 in one
direction and the second row 16 in the opposite direction
subsequent to completion of the first row 14. All bends
are then made in the easy-turn (face-wise) direction of
the rectangular cross-sectioned cable 12 to facilitate
easy manufacture with pre-insulated turns. According to
one embodiment, a single cross-over turn is the only turn
that is common to both inner-most layers 18, 24 and is
the only cross-over turn required for the coil assembly 10.
[0013] Figure 2 is a diagram illustrating a plurality of
coil assemblies 10 positioned around a rotor or stator
tooth 40 of an electric machine. This structure provides
coil turns formulated from a rectangular Litz cable com-
prising face portions 42 and side or edge portions 43.
Planar surfaces of the wider face portions 42 of the Litz
cable are oriented in the radial direction 44 of the tooth
40 while continuing to reduce AC losses from eddy and
circulating currents due to slot leakage, radial fringe fields
and proximity effects within the slots 46 of the electric
machine according to one embodiment of the invention.
[0014] Figure 3 is a pictorial view illustrating a complete
coil assembly 10 according to one embodiment of the
invention. Coil assembly 10 is constructed according to
one embodiment using a gentle edge-wise bend 48 at
the beginning of the inner-most stranded/Litz cable turns
18, 24 described above. Subsequent coil turns are con-
structed without using further edge-wise bends to con-
struct each individual row 14, 16 in succession. Use of a
single slight edge-wise bend advantageously reduces
the risk of damage to a stranded/Litz cable insulated with
mica tape or other insulation caused by multiple edge-
wise bends.
[0015] Coil assembly 10 advantageously is construct-
ed without use of joints to manufacture multi-turn coils
14, 16. Coil assembly 10 further advantageously pro-
vides a structure having both coil leads 22, 28 exiting the
coil assembly 10 via the outer rows/layers 20, 26. The
coil winding techniques and structures described above
according to particular embodiments, provide for low loss
AC coils without high manufacturing costs to allow pro-
duction of high performance machines at low costs.
[0016] Coil assembly 10 is useful in applications such
as generator/motor applications where AC losses are an
issue. Such applications can include, without limitation,
tooth-wound electric machines for high torque density
applications such as medium speed wind generators.
Figure 4 illustrates a wind turbine 50 including an epicy-
clic gear transmission unit 52 housed with and supported
by a nacelle 54 in which a gear transmission unit 52 acts
to transmit torque from rotor blades 56 and rotor hub 58
to a medium speed electrical generator 60 that employs
coil assembly 10. A wind turbine tower 62 supports the
gear transmission unit 52, nacelle 54, rotor blades 56,
rotor hub 58 and generator 60.
[0017] The construction techniques described above

with reference to particular embodiments further provide
a practical way to manufacture coils for applications with
potential for high AC losses using standard design/man-
ufacturing processes. Although AC losses can be re-
duced by using stranded/Litz cables, manufacturing of
coils using known coil designs becomes more challeng-
ing, especially while maintaining dielectric integrity of the
turns. The structures and techniques described above
with reference to particular aspects of the invention over-
come these challenges.
[0018] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art.

Claims

1. A coil assembly (10) for an electric machine, the coil
assembly (10) comprising a stranded wire cable (12),
characterised in that the stranded wire cable (12)
is configured with no more than one crossover turn
interconnecting a first plurality of turns overlapping
along a radial direction (44) of the coil assembly (10)
and a second plurality of turns overlapping along the
radial direction (44) such that the first plurality of turns
and the second plurality of turns abut each other
along an axial direction of the coil assembly (10);
wherein
the stranded wire cable (12) is a rectangular Litz ca-
ble comprising a pair of opposing wide planar faces
(42) and a pair of narrow planar faces (43) orthogonal
to the wide planer faces (42); and
each overlapping turn is bent in a wide planar face-
wise direction to generate the overlapping coil turns.

2. The coil assembly according (10) to claim 1, wherein
the no more than one crossover turn is an inner-most
turn (18,24) common to the first plurality of overlap-
ping turns and the second plurality of overlapping
turns.

3. The coil assembly (10) according to any preceding
claim, wherein the electric machine comprises a
wind turbine electrical generator (60).

4. The coil assembly (10) according to any preceding
claim, wherein the first plurality of turns is wound in
a first direction and the second plurality of turns is
wound in a direction opposite to the first direction.

5. An electric machine (60) comprising at least one of
a rotor tooth (40) or a stator tooth (40); and
a coil assembly (10) as defined in any preceding
claim.
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Patentansprüche

1. Spulenbaugruppe (10) für eine Elektromaschine,
wobei die Spulenbaugruppe (10) ein Drahtlitzenka-
bel (12) umfasst, dadurch gekennzeichnet, dass
das Drahtlitzenkabel (12) mit nicht mehr als einer
Überkreuzwindung konfiguriert ist, die eine erste
Vielzahl von Windungen, die entlang einer radialen
Richtung (44) der Spulenbaugruppe (10) überlap-
pen, und eine zweite Vielzahl von Windungen, die
entlang der radialen Richtung (44) überlappen, ver-
bindet, sodass die erste Vielzahl von Windungen und
die zweite Vielzahl von Windungen entlang einer axi-
alen Richtung der Spulenbaugruppe (10) aneinan-
der angrenzen; wobei das Drahtlitzenkabel (12) ein
rechteckiges Litzenkabel ist, das ein Paar gegenü-
berliegende breite plane Seitenflächen (42) und ein
Paar schmale plane Seitenflächen (43) rechtwinklig
zu den breiten planen Seitenflächen (42) umfasst;
und
jede überlappende Windung in einer Richtung der
breiten planen Seitenflächen zum Erzeugen der
überlappenden Spulenwindungen gebogen ist.

2. Spulenbaugruppe (10) nach Anspruch 1, wobei die
nicht mehr als eine Überkreuzwindung eine innerste
Windung (18, 24) ist, die der ersten Vielzahl von
überlappenden Windungen und der zweiten Vielzahl
von überlappenden Windungen gemeinsam ist.

3. Spulenbaugruppe (10) nach einem der vorherge-
henden Ansprüche, wobei die Elektromaschine ei-
nen Windturbinenstromgenerator (60) umfasst.

4. Spulenbaugruppe (10) nach einem der vorherge-
henden Ansprüche, wobei die erste Vielzahl von
Windungen in einer ersten Richtung gewickelt ist und
die zweite Vielzahl von Windungen in einer Richtung
gewickelt ist, die der ersten Richtung entgegenge-
setzt ist.

5. Elektromaschine (60), umfassend zumindest einen
von einem Rotorzahn (40) oder einem Statorzahn
(40); und eine Spulenbaugruppe (10) nach einem
der vorhergehenden Ansprüche.

Revendications

1. Ensemble de bobine (10) pour une machine électri-
que, l’ensemble de bobine (10) comprenant un câble
à fils métalliques torsadés (12), caractérisé en ce
que le câble à fils métalliques torsadés (12) est con-
figuré avec pas plus d’une spire de recouvrement
interconnectant une première pluralité de spires se
chevauchant le long d’une direction radiale (44) de
l’ensemble de bobine (10) et une seconde pluralité
de spires se chevauchant le long de la direction ra-

diale (44) de sorte que la première pluralité de spires
et la seconde pluralité de spires s’appuient l’une sur
l’autre le long d’une direction axiale de l’ensemble
de bobine (10) ; dans lequel :

le câble de fils métalliques torsadés (12) est un
câble de Litz rectangulaire comprenant une pai-
re de larges faces planaires opposées (42) et
une paire de faces planaires étroites (43) ortho-
gonales aux larges faces planaires (42) ; et
chaque spire chevauchante est recourbée dans
une direction de face planaire large pour générer
les spires de bobine chevauchantes.

2. Ensemble de bobine (10) selon la revendication 1,
dans lequel la pas plus d’une spire de recouvrement
est la spire la plus intérieure (18, 24) commune à la
première pluralité de spires chevauchantes et à la
seconde pluralité de spires chevauchantes.

3. Ensemble de bobine (10) selon l’une quelconque
des revendications précédentes, dans lequel la ma-
chine électrique comprend une génératrice électri-
que d’éolienne (60).

4. Ensemble de bobine (10) selon l’une quelconque
des revendications précédentes, dans lequel la pre-
mière pluralité de spires sont enroulées dans un pre-
mier sens et la seconde pluralité de spires sont en-
roulées dans un sens opposé au premier sens.

5. Machine électrique (60) comprenant au moins l’une
ou l’autre d’une dent de rotor (40) ou d’une dent de
stator (40) ; et
un ensemble de bobine (10) selon l’une quelconque
des revendications précédentes.
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