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COIL WINDING METHODS AND
STRUCTURES FOR A SLOTLESS STATOR IN
A MOTOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO PRIORITY
APPLICATION

This application is a broadening reissue of U.S. patent
application Ser. No. 13/732,493, filed Jan. 2, 2013, now U.S.

Pat. No. 8,829,756, which 1s a continuation of U.S. patent
application Ser. No. 12/448,613, filed Jun. 26, 2009,
[allowed] now U.S. Pat. No. 8,362,669, which is the U.S.

National Phase of International Application. No. PCT/
US2007/026312, filed Dec. 26, 2007, which designated the

U.S. and claims the benetit of U.S. Provisional Application

No. 60/877,373, filed Dec. 28, 2006, each of which 1s
incorporated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

This mvention relates to stators for electrically powered
motors. In particular, the invention relates to methods for
forming a polyphase field winding from a plurality of coil
windings for a slotless stator for alternating current (AC)
and direct current (DC) electric motors and coil winding
topologies for such stators.

BACKGROUND OF THE INVENTION

Motors conventionally have an annular stator surrounding,
a cylindrical inner rotor, and an air gap between the stator
and rotor. The stator typically includes a field winding
formed from conductive coil windings. There are a plurality
of coil windings 1n the field winding for a polyphase, e.g.,
three phase, motors. Each coil winding 1s formed of an
insulated conductor, e.g., a wire, which extends back and
forth along the length of the stator. Alternating current
through the coi1l windings creates a rotating electromagnetic
field 1n the hollow portion of the cylindrical stator. A rotor
in the stator 1s turned by the rotating field.

A stator coil winding 1s conventionally formed by wind-
ing a conductive coil(s), e.g., wire, around a mandrel;
removing the mandrel from the wound coil(s); collapsing the
wound coil(s) to a web, and wrapping the web to form a
cylinder to be included 1n a stator. Known topologies and
methods for winding coil windings are disclosed 1n: U.S.
Pat. Nos. 3,813,267; 5,197,180; 5,425,165; 5,619,083;
5,714,827, 6,355,993, and 6,791,224. There 1s a long felt
need for slotless stator coil topologies and winding methods
that are relatively easy and inexpensive to perform, and
provide an effective field winding for a stator.

SUMMARY OF THE INVENTION

Novel coi1l winding topologies and methods for winding
coils to form the field winding, for a slotless stator 1n a
polyphase motor have been developed. The coil windings
are mounted on an inside surface of a flux return ring, and
form an annulus around a rotor that 1s coaxial to the stator
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and return ring. Electromotive force, applied to the coil
windings of the stator, drive the rotor at a speed and torque
dependent on the power of the applied electromotive force.
The electromotive force 1s typically a polyphase alternating
current (AC) voltage, such as a three-phase AC voltage. The
stator field winding includes a separate coil winding for each

phase of the AC voltage.

The coil winding topologies disclosed herein are also
applicable for use as a stator 1n an electrical generator. The
winding methods form multiple coil windings, e.g., three (A,
B, C), for a polyphase, ¢.g., three-phase, slotless stator. The
stator coil windings may be used i1n a small motor for a
blower 1n a sleep apnea treatment device.

A method 1s disclosed herein for making a poly-phase
field winding, such as a three phase field winding, for a
slotless stator including a plurality of coil windings arranged
in a first coil group and a second coil group, said method
comprising: forming the first coill group by winding an
insulated wire for each coil winding around a mandrel such
that each turn of the wire 1s adjacent a next turn of the wire,
wherein each coil winding 1n the first coil group has sub-
stantially the same coil width when completed and a sepa-
ration between adjacent coil windings 1n the first coil group
1s a distance substantially equal to the width of one of the
completed windings; after forming the first coil group,
axially shifting along the mandrel the msulated wire from a
trailing edge of each coil winding a distance substantially
equal to five times the width of one of the completed
windings to position the wires at a leading edge of each of
coll winding 1n the second coil group; forming the second
coll group by winding the insulated wire for each coil
winding around a mandrel such that each turn of the wire 1s
adjacent a next turn of the wire, wherein each coil winding
in the second coil group and the first coil group has sub-
stantially the same coil width when completed and wherein
a winding direction of the second coil group 1s the same as
or opposite to a winding direction of the first coil group and
a separation between adjacent coil windings 1n the first coil
group 1s a distance substantially equal to the width of one,
of the completed windings; removing the mandrel from the
wound first and second coil groups; collapsing the wound
first co1l group and the second coil group to a single layer
web such that coill winding segments from the first coil
group 1nterleave between coil winding segments of the
second coil group, and wrapping the single layer web 1nto a
cylinder to form the field winding.

A poly-phase field winding, such as a three-phase field
winding, for a slotless stator 1s disclosed comprising: a
plurality of coil windings including a first coil group and a
second coil group; the first coil group including a first spiral
winding of an insulated wire for each coil winding, wherein
the wire 1s wound around a mandrel such that each turn of
the wire 1s adjacent a next turn of the wire and a gap between
adjacent coil windings on the mandrel 1n the first coil group
1s substantially equal to a width of a coil winding 1n the first
group; the second coil group including a second spiral
winding of the insulated wire for each coil winding, wherein
the wire 1s wound around a mandrel such that each turn of
the wire 1s adjacent a next turn of the wire, wherein each coil
winding in the second coil group and the first coil group has
substantially the same coi1l width when completed, a gap
between adjacent coi1l windings on the mandrel in the second
coil group 1s substantially equal to a width of a co1l winding
in the second group, and a winding direction of the second
coil group 1s opposite to the first coil group, and a cylindrical
web 1ncluding the first coil group and the second coil group
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collapsed such that coi1l winding segments from the first coil
group are interleaved between coil winding segments of the

second coil group.

A method 1s disclosed for making a three-phase field
winding for a slotless stator including a three coil windings,
said method comprising: forming a coil group of the three
coill windings by winding an insulated wire for each coil
winding around a mandrel such that each turn of the wire 1s
adjacent a next turn of the wire, wherein each coil winding
in the first coil group has substantially the same coil width
when completed and a separation between adjacent coil
windings in the first coil group 1s a distance substantially
equal to the width of one of the completed windings;
removing the mandrel from the wound coil group; collaps-
ing the wound coil group such that coil winding segments
from a first side of the mandrel interleave between coil
winding segments from an opposite side of the mandrel, and
wrapping the single layer web into a cylinder to form the
field winding, wherein a coi1l winding segment on one end of
the web interleaves between coil winding segments at an
opposite end of the web and winding segments from the
same coll winding are on opposite sides of the cylinder.

A method 1s disclosed for winding a field for a electro-
magnetic polyphase device comprising: spirally winding a
plurality of 1nsulated conductors about a mandrel to form a
first group of coil windings, wherein the wound coils 1n the
first group 1s immediately adjacent on the mandrel at least
one of the other wound coils 1n the first group; shifting a
length of the conductors axially along the mandrel a distance
substantially equal to a width of the wound coils 1n the first
group, starting at the distance substantially equal to the
width of the wound coils from the first group from a trailing
edge of the first group of coil windings, spirally winding a
second group of coils 1n a same winding direction as used for
the first group, wherein the wound coils 1n the second group
formed are immediately adjacent on the mandrel at least one
of the other wound coils 1n the first group; removing the
mandrel and flattening the coil to form a single layered web
including coil segments from the first group interleaved with
coil segments from the second group, and wrapping the web
into a two-layered cylinder in which coils from the first
group are overlapped coils form the second group formed by
the same conductors.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a first arrangement of
three coil windings wrapped 1n two coil groups on a man-
drel.

FIG. 2 1s a schematic diagram of the coils shown 1n FIG.
1 with the mandrel removed and the coi1l windings collapsed
in a single layered web.

FIG. 3 1s a schematic cross-sectional diagram of an end
view of a web of coils shown 1n FIG. 2 arranged 1n a single
layered cylindrical web.

FIG. 4 1s a schematic diagram of an end view ol a
cylindrical web shown m FIG. 2 mounted 1n a flux return
ring to form a stator.

FIG. 5 1s a schematic diagram of an electrical three-phase
coil arrangement representing the first coil winding arrange-
ment shown 1 FIGS. 1 to 4.

FIG. 6 1s a schematic diagram of a second arrangement of
three coil windings each having a single coil group and
wrapped around a mandrel.

FI1G. 7 1s a schematic diagram of the second arrangement
of coil windings with the mandrel removed and the coils
collapsed to a single layered web.
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FIG. 8 1s a schematic cross-sectional diagram of an end
view ol a web of coil windings from FIG. 7, and shaped 1nto
a cylinder.

FIG. 9 1s a schematic cross-sectional diagram of an end
view ol a cylindrical coil web of FIG. 8 mounted 1n a tlux
return ring.

FIG. 10 1s a schematic diagram of an electrical three-
phase coil arrangement representing the second coil winding
arrangement.

FIG. 11 of a third arrangement of three coil windings
wrapped 1n two coil groups on a mandrel.

FIG. 12 1s a schematic diagram of the third arrangement
of coil windings with the mandrel removed and the coils
collapsed into a double layered web.

FIG. 13 1s a schematic cross-sectional diagram of an end
view ol a web of coil windings of FIG. 12 arranged 1n a
doubled layered cylinder.

FIG. 14 1s a schematic cross-sectional diagram of an end
view of the double-layered cylindrical coil winding web of
FIG. 13 mounted 1n a flux return ring.

FIG. 15 1s a schematic diagram of an electrical three-
phase coil arrangement representing the third coil winding
arrangement.

FIG. 16 1s a schematic cross-sectional diagram of an end
view ol a web of coil windings of FIG. 12 arranged 1n a
single layer cylinder.

FIG. 17 15 a cross-sectional diagram of an end view of the
single layered cylindrical coil winding web of FIG. 16
mounted in a flux return ring.

FIG. 18 15 a schematic diagram of a fourth arrangement of
three coil windings wrapped 1n two coil groups on a man-
drel.

FIG. 19 1s a schematic diagram of the coils shown 1n FIG.
18 with the mandrel removed and the coil windings col-
lapsed m a single layered web.

FIG. 20 1s a schematic cross-sectional diagram of an end
view ol a web of coils shown 1n FIG. 19 arranged 1n a tlux
return ring.

FIG. 21 1s a schematic diagram of an end view of a
cylindrical coill web shown in FIG. 2 mounted 1n a flux
return ring to form a stator.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

(L]

FIG. 1 1s a schematic diagram of a first arrangement 10 of
three coil windings (A, B, C) wrapped in two coil groups 12,
14 (A1, B1 and C1, and A2, B2 and C2) on a mandrel 16.
Conductive insulted wires are coiled around the mandrel to
form the groups of each coi1l winding. Strips of adhesive tape
18 are applied to opposite sides of the coil groups to
temporally hold the coils together. The tape assists in
maintaining the distances between the coils and coil groups
aiter the mandrel 1s removed and as the arrangement 10 1s
collapsed 1nto a web (see FIG. 2).

The racetrack shaped cross-section of the mandrel 16 has
generally straight sided opposite wall sections 20 and
crested top and bottom sides 22. The mandrel preferably has
a hexagon cross-section, but may have another polygon
cross-section, or have two opposite wall sections 20 and a
curved top and bottom sides 22.

The wall sections 20 of the mandrel tend to have a
common length and be longer than the top and bottom sides.
The wall sections 20 are used to form the straight segments
24, 26 (see FI1G. 2) of the coil winding that are to be arranged
in a cylinder and face the rotor 1n a motor. The wall sections
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20 have a width substantially the same as the length of the
stator coil segments to be formed.

The coil sections that lie on the top and bottom sides 22
of the mandrel form the end turn sections 28 of the coil
windings. The width of the mandrel, 1.e., the distance
between opposite wall sections 20, determines the width of
the end turn sections of the coils 28. The end turns must have
a length suflicient to span the gap between connected coil
groups, €.2., Al and A2, when the coils are flattened 1nto a
web. Accordingly, the width of the mandrel must be sufli-
cient so that the end turns have their needed lengths.

When formed into a stator, the coil segments 24, 26 are
arranged 1n a cylinder of the stator. The coil segments are
parallel and adjacent the rotor. The coil segments are
arranged on an 1inside cylindrical surface of the stator,
separated by an annular air gap from the rotor, and extend
the length of the rotor. The end turn sections 28 of the coils
connect adjacent straight coil segments 24, 26. The end turn
sections 28 are folded or otherwise arranged to be compact.
In a typical coil winding, the straight coil segments 24, 26,
and end turn sections 28 will alternate 1n a continuous
conductive wire having an insulating sheath. The width of
the end turn sections, ¢.g., the distance between opposite
wall sections 20, 1s suflicient to allow the end turns to span
the distance between the connected coil groups with the coil
1s folded.

Each coil group 12, 14 1s formed by winding the wires in
a tight spiral where each turn of the wire 1s adjacent the next
in each coil winding. The ends at the start turn of each
winding 1s indicated by SA, SB and SC respectively. The
ends at the last turn of each coil winding 1s indicated by EA,
EB and EC, respectively. Automatic coil winding mecha-
nisms, which are well known 1n the art, may be used to
automatically wind the wires around the mandrel. The wires
of each winding are first wound 1n a first direction (winding
directions 1ndicated by arrows) to form a first group 12 of a
coil. The first coil group comprises a predetermined number
of turns of the wire, for example 25 to 250 turns. The wire
turns are typically tightly packed together in a side-by-side
arrangement against the surface of the mandrel to form a
single layer of wound coils.

A separate wire 1s used to form each coil winding. As
shown 1n FIG. 1, three insulated wires (A, B, C) are wound
around the mandrel. The wires are 1nitially wound 1n a first
direction to form the first group 12 of coils. Each coil group
(A1, B1, C1) corresponds to a separate insulated wire being
wound about the mandrel. Each coil group has substantially
the same number of windings such that the width of each
coil group and the number of turns 1 each coil group 1is
substantially the same.

The separation between adjacent coil groups, e.g., the gap
(G) between a trailing edge of coil group Al and a leading
edge of coil group B1, may be the width (w) of a coil
segment. This gap allows a coil segment to be seated 1n the
gap with no overlapping coils when the coils are flattened
into a single layer web (See FIG. 2).

After the first group of coil windings (Al, B1, C1) has
been wound and before the next group (A2, B2, C2) of coil
windings 1s wound, the conductive wires extending from
cach completed coil group 12 are shifted axially along the
mandrel. The axial shift moves the conductive wires from
the trailing edge of a completed first coil group, e.g., Al, to
a leading edge of a second coil group, e.g., A2, to be wound.
For a three-phase coil with two coil groups, the distance of
the axial shift 1s five (5) times the width (w) of a co1l winding,
segment. The axial shift will be different for polyphase coil
windings having other than three phases and different num-
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bers of coil groups. In general, the axial shift from a
completed coil group 12 to a new coil group 14 is [the
number of coil groups times] twice the number of coil
windings, minus one. This axial shift algorithm will provide
on the mandrel coil windings that can be folded 1nto a single
layer sheet.

The conductive wires for each coil (A, B, C) are wound
first 1n one direction, e.g., clockwise, to form a first coil
group (Al, Bl, and C1) and then in another opposite
direction, e.g., counter-clockwise, to form a second coil
group (A2, B2, and C2). The winding direction 1s indicated
by arrows 1n the figures. Additional coil groups can be
formed by alternatively winding the coils 1n clockwise and
counter-clockwise directions around the mandrel. The wind-
ing of groups of coils 1s repeated by reversing the winding
direction until the desired number of groups of coils has
been formed.

The mandrel 1s removed from the wound coils after the
winding 1s completed. As the mandrel 1s removed, the
adhesive tape 18 retains the position of the coil groups such
that the wires remain side-by-side 1n their respective coil
group and the gaps remain between the coil groups. The
adhesive tape 1s typically two strips of tape on opposite sides
of each of the coil segments 24, 26. A first strip of adhesive
tape 1s secured to the surface of the mandrel with the
adhesive surface facing outward to receive the wound coil.
The second strip of tape 1s applied to the coil segment after
the winding process 1s completed and 1s typically applied to
overlie the first tape strip.

FIG. 2 shows the coil winding after removal of the
mandrel. The coils are flattened 1nto a single layered web 30.
To ensure proper overlapping of coil segments, a segment,
¢.g., Al', on a first side of the coil 1s shifted axially towards
a position 1n a gap between selected segments, e.g., C1 and
A2, on an opposite side of the coils. The coil segments are
arranged 1n the web such that the segments (e.g., A1, B1, C1,
Al', A2, B1', B2, C1', C2, A2', B2' and C2') are 1n parallel
and do not overlap. The coil segments 24, 26 (Al, B1, C1,
Al', B1' and C1') are the portions of the web that will form
the stator sections adjacent the rotor. The coil segments 24,
26 will be arranged 1n the stator such that they are parallel
to the rotational axis of the rotor.

The coils segments 24, 26 are arranged such that the
winding direction (see arrows on segments i FIGS. 1 and
2) are parallel for adjacent segments from the same coil
winding. For example, the web has adjacent segments Al
and A2 that were wound 1n the same winding direction on
the mandrel. Stmilarly, each pair of adjacent segments B1',
B2: C1', C2; A2, Al1'"; B2', B1, and C1, C2' have the same
winding direction. As the coil 1s flattened into the web, the
coll segments formed on one side of the mandrel, e.g., the
segments 1dentified with a prime (') 1n the reference
numbers shown in FIG. 2, are interleaved with the coil
segments, ¢.g., without a prime reference number, formed on
the opposite side of the mandrel. The interleaving of coil
segments positions segments from one coil group between
coil segments from another coil group. The coil groups are
wound 1n opposite directions so that when the coil segments
are 1nterleaved the winding directions are the same for
adjacent coil segments from the same coil.

The direction of electric current through a coil segment
depends on the winding direction of the segment. Position-
ing coil segments from the same coil such that adjacent
segments have the same winding direction ensures that the
current direction 1s the same through adjacent segments.

The coil segments 24, 26 do not overlap when collapsed
into a web. The end turn portions of the coil join the
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segments (Al to Al', B1 to B1', and C1 to C1"). The end turn
sections will partially overlap when the web 1s formed. The
overlapping 1s icidental to the flattening process and does
not constitute overlapping of the coil segments.

The coil segments (Al, B1 and B2' and C2') nearest the
ends of the web are separated from each other by a gap (G).
These gaps will receive the coil segments from the opposite
end of the web. In particular, segment A1 will fit 1n the gap
between segments A2' and B2', and the segment B1 will fit
in the gap between segments B2' and C2' when the web 1s
rolled 1nto a cylinder.

FIG. 3 1s a cross-sectional view of the web segments of
the web 30 formed into a stator field winding 31. The web
1s rolled into a cylindrical shape without overlapping coil
segments. The coil segment (A1, C1") at the ends of the web
interleave with other coil segments and do not overlap these
other segments. The segments are arranged 1n the cylindrical
stator field winding 31, such that a coil segment from a first
group (Al, B1, C1) 1s adjacent a coil segment from the
second group (A2, B2, C2) of the same coil. The inner
diameter of the cylindrical web 1s substantially the diameter
of the interior diameter of the stator. The stator segments are
parallel to the axis of the cylinder. The rotor (see rotor
represented by the North and South poles 1n FIG. 4) fits
coaxially 1n the cylindrical stator field winding 31 formed by
the web 30.

The coil segments from each of the coi1l windings (A, B,
C) are arranged 1n the stator such that current tlows 1n one
direction on one side of the stator and in an opposite
direction on the other side of the stator. The direction 1n
which the coil segments 24, 26 (FIG. 1) are wound on the
mandrel determines current flow direction. In coil A, for
example, segments Al' and A2 have a first winding direction
(See FIG. 2) and segments Al and A2' on the opposite side
of the stator have an opposite winding direction. Accord-
ingly, the current direction through segments Al' and A2 is
the same and opposite to the current direction 1n segments
Al and A2'. Stmilarly, the current direction for segments C2'
and C1 1s the same and opposite to the current direction for
segments C2 and C1' on the other side of the stator. Further,
the current direction for segments B1 and B2' 1s the same
and opposite to that for segments B1' and B2. Accordingly,
current flows 1n one direction on one side of the stator
cylinder and 1n an opposition direction on the opposite side
of the cylinder.

FI1G. 4 shows the cylindrically shaped stator field winding
31 inserted mto a ferromagnetic ring 32 that provides a
magnetic tlux return path. An arbor may be inserted into the
inner periphery of the cylinder formed by the coil web to
establish the msider diameter (ID) of the stator. Further, the
end turns 28 of the coil windings are arranged tightly on
opposite ends of each segment (at opposite ends of the
stator) to mimmize the overall stator height. The coils are
secured to the return path ring 32 using various means
including varnishing the coils to the inner periphery of the
ring or molding the coil to the ring. The web and return path
form a slotless stator. The cylindrical stator field winding 31
may be included 1n a motor or generator having a rotating
rotor represented by rotor poles North (N) and South (S).

FIG. 5 1s an electrical schematic diagram showing the
conductive paths of the stator field winding 31 of FIG. 4.
Each coil group, e.g., Al, 1s represented as a resistor 34 to
reflect the slight resistance of each winding 1n each conduc-
tive coil group. The coil groups (Al, A2) are connected in
series 1n their respective coil winding. The three coi1l wind-
ings (Al & A2; B1 & B2, and C1 & C2) are connected to
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of each winding have a terminal 38 connected to a phase
terminal of the power source for the motor. The ends of each
winding 1s corresponding to the first winding turn are
labeled SA, SB and SC on FIG. 5 (see also FIG. 1) to
indicate the location of the start of the coil 1 the schematic
diagram. The last turn EA, EB and EC, respectively, of each
winding 1s also indicated i FIGS. 5 and 1.

FIG. 6 1s schematic diagram showing a second coil
winding arrangement 40 on a mandrel 16. The three coil
windings (A, B and C) have a single coil group 42 all wound
in a single direction (see arrows) around the mandrel. Strips
ol adhesive tape 18 on opposite sides 20 of the mandrel
secure the coil segments 24, 26 (FIG. 7). The gap (G)
between adjacent coils 1s substantially equal to the width
(W) of a coil segment.

FIG. 7 shows the coil windings 40 after the mandrel 1s
removed and after the coil has been flattened 1nto a web 44.
The 1mitial turns of each winding are labeled SA, SB and SC,
respectively, and the last turn of each winding are labeled
EA, EB and EC, respectively. The adhesive tape may or may
not be removed when the coil 1s flattened to a web. As the
coil 1s tlattened, the coil segments 24 (A1', B1' and C1') from
one side of the mandrel are shifted axially to interleave in the
gaps () between the coil segments 26 (Al, B1 and C1)
from the opposite side of the mandrel.

The interleaving coil segments 24, 26 do not overlap. The
segments 24 from one side of the mandrel are seated in the
gaps () between the segments from the other side of the
mandrel. The flatten segments form a single layered web 44.
The end turn sections 28 connecting the coil segment 1n
series 1n each coil winding may overlap as they are folded
into the web. The end turns may be arranged such that they
do not excessively increase the length or area of the web
much beyond the area needed to form the stator coil seg-
ments 24, 26.

The coils (A, B and C) each form an electrical path having
a common terminal 46 at one end of each coil winding and
a separate terminal 48 for each coil, at an opposite end of the
coll winding. The separate terminal 48 1s coupled to a
respective phase of a power source for the motor. The
common terminal 46 may be connected to ground.

FIG. 8 1s a schematic cross-sectional view of the web 44
formed 1nto a cylinder for a stator. FIG. 9 1s an schematic
cross-sectional view of the web 44 shown mounted on the
inner surface of a flux return ring 32. The end coil segments
(A1, C1") fit 1n the gaps (G) between B1' and C1' and
between Al and B1, respectively. The two coil segments for
cach winding are on opposite sides of the cylinder. For
example, segment Al 1s on the opposite side of the cylinder
for segment A1'. The winding direction for Al 1s opposite to
that for Al' (see winding arrows in FIG. 7). In each coil,
current flows 1n one direction on one side of the cylinder,
e.g., through segment Al, and 1n an opposite direction on the
opposite side of the stator cylinder, e.g., through segment
Al'. Accordingly, current flows 1n each coil 1n one direction
on one side of the stator cylinder and in an opposition
direction on the opposite side of the cylinder.

FIG. 10 1s an electrical schematic diagram of the three-
phase stator winding shown 1n FIG. 9. The coil windings for
cach phase are labeled A, B and C, respectively. The power
terminals 48 (SA, SB and SC) for each winding are con-
nectable to a respective phase of a three-phase power supply.
The common terminal 46 1s also connectable to the power
supply, such as via a ground connection. The first turns of
cach winding are labeled SA, SB and SC, respectively. The
last turn of each winding connected together and are labeled
EA, EB and EC.
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FIG. 11 1s a schematic diagram of a further coil winding
arrangement having three coil windings (A, B and C) each
arranged 1n a first coil group 52 and a second coil group 54.
The coi1l groups are each wound in the same winding
direction, e.g., clockwise (see arrows on coils).

Each coil 1s formed by winding an 1nsulated wire around
the mandrel 16. The start of each wire 1s indicated by SA, SB
and SC, respectively. The terminal end of each wire 1is
indicated by EA, EB and EC, respectively. The three wires
that form the three coil windings of a three-phase field
winding are first wound together around the mandrel to each
form the first coil group 52. The coil group 1s spirally wound
and tightly packed such that each turn of a wire 1s positioned
adjacent the preceding turn of the wire on the mandrel.
Further, the completed coil windings (A1, B1 and C1) 1n the
first group are adjacent each other such that there 1s no gap
between the coil windings A1l and B1, and between B1 and
C1. The starting position on the mandrel for coil windings
B1 and C1 1s a distance W and 2xW, respectively, from the
start of winding coi1l winding Al, where W 1s the width of
a completed coil winding. The coil windings 1n each group
preferably each have a common width (W).

After completion of the winding process of the first coil
group 32, the coil wires are shifted from the trailing edge of
cach winding 1n the first group axially along the mandrel to
start the leading edge of each coil of the second coil group
54. The axial shift 1s 5xW, or more generically twice the
combined width of the coils 1n a group minus the width (W)
of one coil winding (w) 1n a group. After the axial shiit, the
coil wires are wound around the mandrel to form the second
coil groups 54. The winding direction is in the same direc-
tion as used to wind the first coil groups 52.

FIG. 12 1s a schematic view of a further winding arrange-
ment 50 after the mandrel 16 and the adhesive tape strips 18
are removed from the coil segments 24, 26. The coiled
windings are collapsed into a single layered web 356. The coil

segments (Al', B1' and C1') 24 from the first coil group are
interleaved form the coil segments (A1, B1, C1 and A2, B2

and C2) 26 from the first and second coil groups 27, 29. The
coil segments 1n the web 56 are side-by-side along the length
of the web 56. The winding directions (see arrows) of
adjacent three sets of coil groups, e.g., Al, B1 and C1 vs.
Al', B1' and C1', are reversed. The winding direction
reverses four times along the length of the web 56.

FIG. 13 1s a cross-sectional end view of the web 56
wrapped 1nto a double layered stator cylinder 58. The layers
of the cylinder each include two sets of the three coil groups.
The outer layer includes coil groups segments Al, B1, C1 of
the first coil group 27 and segments Al', B1' and C1' of the
first coil group 27. The mner layer includes coil groups
segments A2, B2, C2 of coil group 29 and segments A2', B2'
and C2' of coil group 29. The overlapping coil segments,
e.g., Al and A2, have the same winding direction (see FIG.
11) so that the current direction i1s the same through over-
lapping segments. Further, the coil segments, e.g., Al' and
A2', having an opposite winding direction and from the same
coil winding, e.g. A, are on the opposite side of the cylinder.
Accordingly, current flows in each coil winding in one
direction on one side of the stator cylinder and in an
opposition direction on the opposite side of the cylinder.

FI1G. 14 1s a cross-sectional end view of the stator cylinder
58 mounted on the inside surface of a ferromagnetic flux
return ring 60. The cylinder may be glued to the ring 60 and
the ring and cylinder may be coated with sealants and other
coatings well know 1n the art for forming a stator. Further,
the end turns 28 of the coil winding that forms the stator
cylinder are arranged along an inside surface of the web to
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minimize the depth of the ring and avoid electrical interter-
ence with the stator segments 24, 26 that are parallel to the
axis of the ring 60 and an axis of the rotor mserted in the
cylinder.

FIG. 15 1s a schematic diagram of the coil winding
arrangement 50 having three coil windings (A, B and C)
cach arranged 1n a first coil group 27 (Al, B1, and C1) and
a second coil group 29 (A2, B2 and C2). The start of the first
winding turn 1s labeled SA, SB and SC, respectively, for
cach coil winding. The last winding turn 1s labeled EA, EB
and EC, respectively, for each coil winding.

FIG. 16 1s a cross-sectional end view of a single layered
web 62 shaped into a cylinder 64 to form the field windings
for a stator. The web 62 1s formed of coils (A, B and C), each
arranged 1n two or more coil groups, such as Al and A2. The
coils are wrapped on a mandrel and formed 1n a web 1n the
same manner that 1s described above 1n connection with
FIGS. 11 and 12. The segments of the coils are flattened to
form the web 62 such that the segments do not overlap.

FIG. 17 1s a cross-sectional end view of the stator cylinder
64 mounted on the iside surface of a ferromagnetic flux
return ring 66. The cylinder may be glued to the ring, and the
ring and cylinder may be coated with sealants and other
coatings well know 1n the art for forming a stator. Further,
the end turns of the coil winding that forms the stator
cylinder are arranged along an inside surface of the web to
minimize the depth of the ring and avoid electrical interter-
ence with the stator segments that are parallel to the axis of
the ring 66 and an axis of the rotor iserted in the cylinder.

The web 60 15 arranged such that coils segments formed
on the same side of the mandrel from two groups of the same
coil, e.g., Al and A2, are arranged opposite to each other 1n
the cylinder 64. The current direction 1s the same through
cach of these opposite segments, due to the manner 1n which
the coil 1s wound on the mandrel. Similarly, the opposite
segments, e.g., Al' and A2', of the same coil are arranged at
positions in the cylinder 64 separated by 90 degrees from the
position of the coils segments Al and A2. Current flows 1n
the sane direction through the opposite segments Al' and
A2', which 1s opposite to the current direction through the
segments Al and A2. The arrangement of coil segments 1n
cylinder 64 1s suitable for a four-pole rotor represented by
the four poles (NSNS) shown 1n FIG. 17. The polarity of a
four pole rotor 1s North-South-North-South, where each of
these poles 1s separated by 90 degrees. In contrast, the stator
cylinders shown 1n FIGS. 4, 9 and 14 are configured for a
two-pole rotor having a single North Pole and a single South
pole, where both poles are separated by 180 degrees. These
two-pole rotors are represented by NS 1n FIGS. 4, 9 and 14.

The single layered web, such as web 62, formed by the
coil wrapping and flattening patterns shown i FIGS. 11 and
12 can be used to create field windings for stators to operate
with rotors having more than four magnetic poles. For rotors
having more than four poles, the number of groups in each
coil should equal one half of the number of poles. For
example, three coil groups (such as Al, A2 and A3) should
be wound on a mandrel it the corresponding rotor has six
poles. To form stator coils to be used with rotors having
more than four poles, the winding of the stator coils on a
mandrel and the flattening of the wound coils into a web may
use the same procedures described above 1n connection with
FIGS. 18 and 19.

FIG. 18 i1s a schematic diagram of a fourth coil winding
arrangement 70 of three coil windings (A, B, C) wrapped 1n
two coil groups 12, 14 (A1, B1 and C1, and A2, B2 and C2)
on a mandrel 16. The fourth coil winding arrangement 1s
similar to the three coi1l winding shown 1n FIG. 1, except that
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the second coil group (A2, B2 and C2) 1s wound in the same
direction as the first coil group (A1, B1 and C1). In contrast,
the second coil group (A2, B2 and C2) of the first coil
winding arrangement 10 1s wound 1n an opposite direction to
the coil winding direction of the first coil group (Al, B1 and
C1). The fourth coi1l winding arrangement 1s suitable for use
as a stator field winding for a four pole rotor, whereas the
first co1l winding arrangement 1s suitable for use as a stator
field winding for a two pole rotor.

The fourth coil winding arrangement 70 includes two
groups of three coils (Al, B1 and C1—Group 72, and A2,
B2 and C2—Group 74) wound on a mandrel 16 with each
coil being spaced by gap (G) approximately equal to the
width (W) of each coil. Adhesive tape 18 1s placed on each
side of coils to hold them together. Coils A1-A2, B1-B2, and
C1-C2 form a three phase field winding unit for a stator to
be used with a four pole rotor. For rotors having more than
four poles, the number of coil groups should be set to be
equal to one half of the number of pole counts. For example,
a stator for a six pole rotor should have a stator field winding
tormed of three coil groups all wound around the mandrel 1n
the same direction.

Each coil group 12, 14 1s formed by winding the wires in
a tight spiral where each turn of the wire 1s adjacent the next
in each coil winding. The ends at the start turn of each
winding 1s indicated by SA, SB and SC respectively. The
ends at the last turn of each coil winding 1s indicated by EA,
EB and EC, respectively. Automatic coil winding mecha-
nisms, which are well known 1n the art, may be used to
automatically wind the wires around the mandrel. The wires
of each winding are first wound 1n a first direction (winding
directions 1ndicated by arrows) to form a first group 12 of a
coil. The first coil group comprises a predetermined number
of turns, e.g., 25 to 250, of the wire. The wire turns are
typically tightly packed together 1n a side-by-side arrange-
ment against the surface of the mandrel to form a single
layer of wound coils.

A separate wire 1s used to form each coil winding. As
shown 1n FIG. 1, three 1msulated wires (A, B, C) are wound
around the mandrel. The wires are wound 1n the same
winding direction to form the first coil group (Al, B1 and
C1) 72 of coils, the second coil group (A2, B2 and C2), and
(1f the rotor has more than four poles) subsequent coil groups
(An, Bn and Cn—mnot shown). Each coil A, B, C corresponds
to a separate insulated wire being wound about the mandrel.
Each coil group, e.g., A1, B1 and C1, has substantially the
same number of windings such that the width of each coil
group and the number of turns in each coil group 1s sub-
stantially the same. Similarly, the width and number of turns
for each coil 1 one coil group 1s preferably the same for all
coil groups 1n the coil winding.

The separation between adjacent coil groups, e.g., the gap
(G) between a trailing edge of coil group Al and a leading
edge of coil group Bl, may be the width (w) of a coil
segment. This gap allows a coil segment to be seated 1n the
gap with no overlapping coils when the coils are flattened
into a single layer web (See FIG. 19).

After the first group of coil windings (Al, B1, Cl)has
been wound and before the next group (A2, B2, C2) of coil
windings 1s wound, the conductive wires extending from
cach completed coil group 72 are shifted axially along the
mandrel. The axial shift moves the conductive wires from
the trailing edge of a completed first coil group, e.g., Al, to
a leading edge of a second coil group, e.g., A2, to be wound.
For a three-phase coil with two coil groups, the distance of
the axial shift 1s five (5) times the width (W) of a coil

winding segment.
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The axial shift will be different for polyphase coil wind-
ings having other than three phases and different numbers of
coil groups. In general, the axial shift from a completed coil
group 72 to a new coil group 74 is [the number of coil groups
times] rwice the number of coil windings, minus one. This
axial shift algorithm will provide windings that can be
folded into a single layer web of coils.

FIG. 19 shows the coil winding (shown 1n FIG. 18) after
removal of the mandrel. The coils are flattened 1nto a single
layered web 76. To ensure proper interleaving of coil seg-
ments. During the flattening process, a segment, e.g., Al, on
a first side of the coil 1s shifted axially towards a position 1n
a gap between selected segments, e.g., B1' and C1', on an
opposite side of the coils. The coil segments are arranged 1n
the web such that the segments (e.g., Al', B1', Al, C1', Bl,
A2', C1,B2', A2, C2', B2, and C2) are in parallel and do not
overlap. The coil segments 24, 26 (e.g., Al, B1, C1, A1", B1'
and C1") are the portions of the web that will form the stator
sections adjacent the rotor. The coil segments 24, 26 will be
arranged 1n the stator such that they are parallel to the
rotational axis of the rotor.

FIG. 20 1s a cross-sectional view of the web segments of
the web 76 formed into a cylindrical stator field winding 78.
The web 1s rolled mto a cylindrical shape with interleaved
coill segments. The coil segment (Al') at the of the web
interleaves with other coil segments (B2 and C2) and does
not overlap these other segments. The 1inner diameter of the
cylindrical we 1s substantially the diameter of the interior
diameter of the stator. The stator segments are parallel to the
axis of the cylinder. The four pole rotor (see rotor repre-
sented by the North, South, North, South poles in FIG. 21)
fits coaxially in the cylindrical stator field winding 78
formed by the web 76. The coil segments from each of the
coil windings (A, B, C) are arranged in the stator such that
current flows 1n the same direction on opposites side of the
stator.

FIG. 21 shows the cylindrically shaped stator field wind-
ing 78 mserted into a ferromagnetic ring 80 that provides a
magnetic tlux return path. An arbor may be inserted into the
inner periphery of the cylinder formed by the coil web to
establish the insider diameter (ID) of the stator. Further, the
end turns 28 of the coil windings are arranged tightly on
opposite ends of each segment (at opposite ends of the
stator) to minimize the overall stator height. The coils are
secured to the return path ring 80 using various means
including molding. The web and return path form a slotless
stator. The cylindrical stator field winding 78 may be
included 1n a motor or generator having a rotating four pole
rotor represented by rotor poles North (IN), South (S), North
(N) and South (S).

While the mmvention has been described in connection
with what 1s presently considered to be the most practical
and preferred embodiment, it 1s to be understood that the
invention 1s not to be limited to the disclosed embodiment,
but on the contrary, 1s intended to cover various modifica-
tions and equivalent arrangements included within the spirt
and scope of the appended claims.

What 1s claimed 1s:

1. A method for making a poly-phase field winding for a
slotless stator including a plurality of coil windings arranged
in at least a first coil group and a second coil group, each of
the first coil group and the second coil group including a coil
winding formed from separate insulated wire corresponding
to each phase of the poly-phase field winding, said method
comprising;

forming the first co1l group by winding an insulated wire

for each coil winding 1 a first direction around a
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mandrel such that each turn of the wire 1s adjacent a
next turn of the wire, wherein each coil winding 1n the
first coil group has substantially the same coil width
when completed and a separation between adjacent coil
windings in the first coil group 1s a distance substan-
tially equal to the width of one of the completed
windings;
after forming the first coil group, axially shifting along the
mandrel the msulated wire from a trailing edge of each
coil winding a distance substantially equal to [the
number of coil groups multiplied by] swice the number
of coil windings minus one times the width of one of
the completed windings to position the wires at a
leading edge of each of coil winding 1n the second coil
group,
forming the second coil group by winding the insulated
wire for each coil winding in the same first direction
around the mandrel such that each turn of the wire 1s
adjacent a next turn of the wire, wherein each coil
winding in the second coil group and the first coil group
has substantially the same coil width when completed
and wherein a separation between adjacent coil wind-
ings 1n the second coil group 1s a distance substantially
equal to the width of one of the completed windings;

removing the mandrel from the wound first and second
coil groups;

collapsing the wound first coil group and the second coil

group to a single layer web such that coil winding
segments formed on a first side of the mandrel are
interleaved with the coil winding segments formed on
the opposite side of the mandrel, and

wrapping the single layer web into a cylinder to form the

field winding.

2. The method of claim 1, wherein each of the coil
winding segments from the first coil group 1s positioned
opposite a corresponding coil winding segment from the
second group.

3. The method of claim 1, wherein the 1nner diameter of
the cylindrical single layer web 1s substantially equal to the
interior diameter of a stator.

4. The method of claam 1, wherein the coil winding
segments are parallel to the axis of the cylinder.

5. The method of claim 1, further comprising coaxially
fitting a four pole rotor 1n the cylinder.

6. The method of claim 1, further comprising mounting
the cylinder in an 1nner surface of an annular magnetic flux
return ring.
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7. The method of claim 6, wherein the annular magnetic
flux ring 1s a ferromagnetic ring.

8. A [poly-phase] polvphase field winding for a slotless
stator, comprising;:

a plurality of coi1l windings arranged 1n a first coil group
and a second coil group, each of the first coil group and
the second coil group including a coil winding formed
from separate insulated wive corresponding to each
phase of the polyphase field winding;

a single layer cylindrical web including the first coil group
and the second coil group collapsed such that coil
winding segments formed on a {irst side of a mandrel
are 1nterleaved with the coil winding segments formed
on the opposite side of the mandrel, the coil winding
segments are arranged in parallel and do not overlap;
and

cach of the coil winding segments from the first coil group
1s positioned opposite a corresponding coil winding
segment from the second group,

wherein the plurality of coil windings are formed by
winding an nsulated wire for each coil winding 1n a
first direction around the mandrel such that each turn of
the wire 1s adjacent a next turn of the wire,

wherein each coil winding 1n the first coil group and the
second coil group has substantially the same coil width
when completed and a separation between adjacent coil
windings 1s a distance substantially equal to the width
of one of the completed windings, and

wherein a distance between each coil winding in the first
coil group and the related coil winding in the second
group formed from the same insulated wire 1s substan-
tially equal to [the number of coil groups multiplied by]
twice the number of coil windings in each group minus
one times the width of one of the completed windings.

[9. The polyphase winding of claim 8, further including a
four pole rotor coaxially fitted within the cylindrical web.]

10. The polyphase winding of claim 8, further comprising
an annular magnetic flux return ring mounted on an outer
surface of the cylindrical web.

11. The polyphase winding of claim 10, wheremn the
annular magnetic flux ring 1s a ferromagnetic ring.

12. The polyphase winding of claim 11, wheremn the
annular magnetic flux ring 1s secured to the cylindrical web
by molding.

13. A motor including a polyphase winding according to
claim 8.
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