
COIL WINDING METHODS AND STRUCTURES FOR A SLOTLESS
STATOR IN A MOTOR CROSS-REFERENCE TO PRIORITY
APPLICATION [0001] This application claims the benefit
o f U.S. Provisional Application No. 60/877 ,373 ,
filed December 28, 2006, which is incorporated herein
by reference in its entirety.. FIELD OF THE INVENTION
[0002] This invention relates to stators for
electrically powered motors. In particular, the
invention relates to methods for forming a polyphase
field winding from a plurality o f 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 [0003] 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 o f
coil windings in the field winding for a polyphase,
e.g., three phase, motors. Each coil winding is formed
of an insulated conductor, e.g., a wire, which extends
back and forth along the length of the stator.
Alternating current through the coil windings creates
a rotating electromagnetic field in the hollow portion
of the cylindrical stator. A rotor in the stator is
turned by the rotating field.[0004] A stator coil
winding is conventionally formed by winding 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 b e included in a
stator. Known topologies and methods for winding coil
windings are disclosed in: U.S. Patent Nos .
3,813,267; 5,197,180; 5,425,165; 5,619,085; 5,714,827;
6,355,993, and 6,791,224. There is 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 [0005] Novel coil
winding topologies and methods for winding coils to
form the field winding, for a slotless stator in 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 is
coaxial to the stator and return ring. Electromotive
force, applied to the coil windings o f the stator,
drive the rotor at a speed and torque dependent on the
power of the applied electromotive force. The
electromotive force is 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. [0006] The coil winding topologies
disclosed herein are also applicable for use as a
stator in an electrical generator. The winding methods
form multiple coil windings, e.g., three (A, B , C),
for a polyphase, e.g.,three-phase, slotless stator.
The stator coil windings 



may b e used in a small motor for a blower in a sleep
apnea treatment device. [0007] A method is 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 coil group by winding an
insulated wire for each coil winding around a mandrel
such that each turn o f the wire is 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 is 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
insulated wire from a trailing edge of each coil
winding a distance substantially equal to five times
the width o f one o f the completed windings to
position the wires at a leading edge of each of coil
winding in the second coil group,- forming the second
coil group by winding the insulated wire for each coil
winding around a mandrel such that each turn of the
wire is 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 winding direction o f the
second coil group is the same as or opposite to a
winding direction of the first coil group and a 



separation between adjacent coil windings in the first
coil group is a distance substantially equal to the
width of one o f the completed windings; removing the
mandrelfrom 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 from the first coil group interleave
between coil winding segments of the second coil
group, and wrapping the single layer web into a
cylinder to form the field winding. [0008] A
poly-phase field winding, such as a three-phase field
winding, for a slotless stator is 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
is wound around a mandrel such that each turn of the
wire is adjacent a next turn of the wire and a gap
between adjacent coil windings on the mandrel in the
first coil group is substantially equal to a width of
a coil winding in the first group; the second coil
group including a second spiral winding of the
insulated wire for each coil winding, wherein the wire
is wound around a mandrel such that each turn o f the
wire is 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, a gap between adjacent coil windings on the
mandrel in the second coil group is substantially
equal to a width of a coil winding in the second
group, and a winding direction o f the second coil 



group is opposite to the first coil group, and a
cylindrical web including the first coil group and the
second coil group collapsed such that coil winding
segments from the first coil group are interleaved
between coil winding segments of the second coil
group.[0009] A method is disclosed for making a
three-phase field winding for a slotless stator
including a three coil windings, said method
comprising: forming a coil group o f the three coil
windings by winding an insulated wire for each coil
winding around a mandrel such that each turn of the
wire is 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
is a distance substantially equal to the width of one
of the completed windings; removing the mandrel from
the wound coil group; collapsing 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 coil 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 coil winding are on opposite sides of the
cylinder. [0010] A method is disclosed for winding a
field for a electromagnetic polyphase device
comprising: spirally winding a plurality of insulated
conductors about a mandrel to form a first group of
coil windings, wherein 



the wound coils in the first group is immediately
adjacent on the mandrel at least one o f the other
wound coils in the first group; shifting a length of
the conductors axially along the mandrel a distance
substantially equal to a width o f the wound coils in
the first group,- starting at the distance
substantially equal to the width of the wound coils
from the first group froma trailing edge o f the first
group of coil windings, spirally winding a second
group of coils in a same winding direction as used for
the first group, wherein the wound coils in the second
group formed are immediately adjacent on the mandrel
at least one of the other wound coils in 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 [0011] FIGURE 1 is a schematic diagram of a
first arrangement of three coil windings wrapped in
two coil groups on a mandrel . [0012] FIGURE 2 is a
schematic diagram o f the coils shown in Figure 1 with
the mandrel removed and the coil windings collapsed in
a single layered web. [0013] FIGURE 3 is a schematic
cross-sectional diagram of an end view of a web of
coils shown in Figure 2 arranged in a single layered
cylindrical web. 



[0014] FIGURE 4 is a schematic diagram of an end view
o f a cylindrical web shown in Figure 2 mounted in a
flux return ring to form a stator.[0015] FIGURE 5 is a
schematic diagram of an electrical three-phase coil
arrangement representing the first coil winding
arrangement shown in Figures 1 to 4 . [0016] FIGURE 6
is a schematic diagram o f a second arrangement of
three coil windings each having a single coil group
and wrapped around a mandrel . [0017] FIGURE 7 is a
schematic diagram o f the second arrangement o f coil
windings with the mandrel removed and the coils
collapsed to a single layered web. [0018] FIGURE 8 is
a schematic cross-sectional diagram o f an end view of
a web o f coil windings from Figure 7 , and shaped
into a cylinder. [0019] FIGURE 9 is a schematic
cross-sectional diagram o f an end view o f a
cylindrical coil web o f Figure 8 mounted in a flux
return ring. [0020] FIGURE 10 is a schematic diagram
of an electrical three-phase coil arrangement
representing the second coil winding arrangement .
[0021] FIGURE 11 o f a third arrangement o f three
coil windings wrapped in two coil groups on a mandrel
. [0022] FIGURE 12 is a schematic diagram o f the
third arrangement o f coil windings with the mandrel
removed and the coils collapsed into a double layered
web.[0023] FIGURE 13 is a schematic cross-sectional
diagram o f an end view of a web of coil windings o f
Figure 12 arranged in a doubled layered cylinder.
[0024] FIGURE 14 is a schematic cross-sectional
diagram o f 



an end view o f the double- layered cylindrical coil
winding web o f Figure 13 mounted in a flux return
ring. [0025] FIGURE 15 is a schematic diagram o f an
electrical three-phase coil arrangement representing
the third coil winding arrangement . [0026] FIGURE 16
is a schematic cross-sectional diagram o f an end view
o f a web o f coil windings o f Figure 12 arranged in
a single layer cylinder. [0027] FIGURE 17 is a
cross-sectional diagram o f an end view o f the
single-layered cylindrical coil winding web o f Figure
16 mounted in a flux return ring. [0028] FIGURE 18 is
a schematic diagram o f a fourth arrangement o f three
coil windings wrapped in two coil groups on a mandrel
. [0029] FIGURE 19 is a schematic diagram o f the
coils shown in Figure 18 with the mandrel removed and
the coil windings collapsed in a single layered web.
[0030] FIGURE 20 is a schematic cross-sectional
diagram o f an end view o f a web o f coils shown in
Figure 19 arranged in a flux return ring.[0031] FIGURE
21 is a schematic diagram of an end view of a
cylindrical coil web shown in Figure 2 mounted in a
flux return ring to form a stator. DETAILED
DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS [0032]
FIGURE 1 is a schematic diagram of a first arrangement
10 o f three coil windings (A, B , C ) wrapped in two
coil groups 12, 14 (Al, Bl and Cl, and A 2 , B2 and C2
) on a mandrel 16. Conductive insulated wires are
coiled around the mandrel to form the groups of each
coil 



winding. Strips of adhesive tape 18 are applied to
opposite sides o f the coil groups to temporally hold
the coils together. The tape assists in maintaining
the distances between the coils and coil groups after
the mandrel is removed and as the arrangement 10 is
collapsed into a web (see Fig. 2 ) . [0033] The
racetrack shaped cross-section o f 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.
[0034] The wall sections 20 of the mandrel tend to
have a common length and b e longer than the top and
bottom sides. The wall sections 20 are used to form
the straight segments 24, 26 (see Fig. 2 ) of the coil
winding that are to b e arranged in a cylinder and
face the rotor in a motor. The wall sections 20 have a
width substantially the same as the length of the
stator coil segments to b e formed.[0035] 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, i.e., the distance
between opposite wall sections 20, determines the
width of the end turn sections o f the coils 28. The
end turns must have a length sufficient to span the
gap between connected coil groups, e.g., A l and A 2 ,
when the coils are flattened into a web. Accordingly,
the width o f the mandrel must be sufficient so that
the end turns have 



their needed lengths . [0036] When formed into a
stator, the coil segments 24, 26 are arranged in a
cylinder of the stator. The coil segments are parallel
and adjacent the rotor. The coil segments are arranged
on an inside 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 in a continuous
conductive wire having an insulating sheath. The width
of the end turn sections, e.g., the distance between
opposite wall sections 20, is sufficient to allow the
end turns to span the distance between the connected
coil groups with the coil is folded. [0037] Each coil
group 12, 14 is formed by winding the wires in a tight
spiral where each turn o f the wire is adjacent the
next in each coil winding. The ends at the start turn
of each winding is indicated by SA, SB and SC
respectively. The ends at the last turn of each
coilwinding is indicated by EA, EB and EC,
respectively. Automatic coil winding mechanisms, which
are well known in the art, may b e used to
automatically wind the wires around the mandrel . The
wires of each winding are first wound in a first
direction (winding directions indicated by arrows) to
form a first group 12 of a coil. The first coil group
comprises a predetermined number of turns o f 



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. [0038]
A separate wire is used to form each coil winding. A s
shown in figure 1 , three insulated wires (A, B , C )
are wound around the mandrel . The wires are initially
wound in a first direction to form the fist group 12 o
f coils . Each coil group (Al, Bl, Cl) 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 o f turns in each coil group is
substantially the same. [0039] The separation between
adjacent coil groups, e.g., the gap (G) between a
trailing edge of coil group A l and a leading edge of
coil group Bl, may b e the width (w) of a coil
segment. This gap allows a coil segment to b e seated
in the gap with no overlapping coils when the coils
are flattened into a single layer web (See Fig. 2).
[0040] A fter the first group of coil windings (Al,
Bl, Cl) has been wound and before the next group (A2,
B2 , C2) of coil windings is wound, the conductive
wires extending from each completed coil group 12 are
shifted axiallyalong the mandrel. The axial shift
moves the conductive wires from the trailing edge o f
a completed first coil group, e.g., Al, to a leading
edge o f a second coil group, e.g., A2, to b e wound.
For a three-phase coil with two coil groups, the
distance of the axial shift is five (5) times the
width (w) of a coil winding segment. 



The axial shift will b e different for polyphase coil
windings having other than three phases and different
numbers of coil groups. In general, the axial shift
from a completed coil group 12 to a new coil group 14
is twice the number of coil groups times the number o
f coil windings, minus one. This axial shift algorithm
will provide on the mandrel coil windings that can be
folded into a single layer sheet. [0041] The
conductive wires for each coil (A, B , C ) are wound
first in one direction, e.g., clockwise, to form a
first coil group (Al, Bl, and Cl) and then in another
opposite direction, e.g., counter-clockwise, to form a
second coil group (A2, B2 , Cl). The winding direction
is indicated by arrows in the figures . Additional
coil groups can be formed by alternatively winding the
coils in clockwise and counter-clock wise directions
around the mandrel. The winding of groups of coils is
repeated by reversing the winding direction until the
desired number of groups of coils has been formed.
[0042] The mandrel is removed from the wound coils
after the winding is completed. As the mandrel is
removed, the adhesive tape 18 retains the position o f
the coil groups such that the wires remain
side-by-side in their respective coil group and the
gaps remain between the coil groups. The adhesive tape
is typically two strips oftape on opposite sides o f
each of the coil segments 24, 26. A first strip of
adhesive tape is secured to the surface of the mandrel
with the adhesive surface facing outward to receive
the wound coil. The second strip of 



tape is applied to the coil segment after the winding
process is completed and is typically applied to
overlie the first tape strip. [0043] FIGURE 2 shows
the coil winding after removal of the mandrel. The
coils are flattened into a single layered web 30. To
ensure proper overlapping o f coil segments, a
segment, e.g., Al', on a first side o f the coil is
shifted axially towards a position in a gap between
selected segments, e.g., Cl and A 2 , on an opposite
side o f the coils. The coil segments are arranged in
the web such that the segments (e.g., Al, Bl, Cl, Al',
A 2 , Bl', B2, Cl', C2, A 2 ', B2 ' and C2 ') are in
parallel and do not overlap. The coil segments 24, 26
(Al, Bl, Cl, Al', Bl' and Cl') are the portions of the
web that will form the stator sections adjacent the
rotor. The coil segments 24, 26 will b e arranged in
the stator such that they are parallel to the
rotational axis of the rotor. [0044] The coils
segments 24, 26 are arranged such that the winding
direction (see arrows on segments in 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 in the same winding
direction on the mandrel. Similarly, each pair o f
adjacent segments Bl', B2; Cl', C2 ; A 2 , Al'; B2 ',
Bl, and Cl, C2 ' have the same winding direction. A s
the coil is flattened into the web, the coil segments
formed on one side of the mandrel, e.g., the segments
identified with a prime ("'")in the reference numbers
shown in Figure 2 , are interleaved with the coil
segments, e.g., without a prime 



reference number, formed on the opposite side o f 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 in
opposite directions so that when the coil segments are
interleaved the winding directions are the same for
adjacent coil segments from the same coil . [0045] The
direction of electric current through a coil segment
depends on the winding direction of the segment .
Positioning coil segments from the same coil such that
adjacent segments have the same winding direction
ensures that the current direction is the same through
adjacent segments . [0046] The coil segments 24, 26 do
not overlap when collapsed into a web. The end turn
portions of the coil join the segments (Al to Al', Bl
to Bl', and Cl to Cl'). The end turn sections will
partially overlap when the web is formed. The
overlapping is incidental to the flattening process
and does not constitute overlapping of the coil
segments. [0047] The coil segments (Al, B l 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 A l will fit in the gap between
segments A2 ' and B2 ', and the segment Bl will fit
between the segment between segments B2 ' and C2 '
when the web is rolled into a cylinder.[0048] FIGURE 3
is a cross-sectional view o f the web segments of the
web 30 formed into a stator field winding 



31. The web is rolled into a cylindrical shape without
overlapping coil segments. The coil segments (Al, Cl')
at the ends of the web interleave with other coil
segments arid do not overlap these other segments. The
segments are arranged in the cylindrical stator field
winding 31, such that a coil segment from a first
group (Al, Bl, Cl) is adjacent a coil segment from the
second group (A2, B2 , C2 ) o f the same coil. The
inner diameter o f the cylindrical web is
substantially the diameter of the interior diameter o
f the stator. The stator segments are parallel to the
axis of the cylinder. The rotor (see rotor represented
by the North and South poles in Fig. 4 ) fits
coaxially in the cylindrical stator field winding 31
formed by the web 30. [0049] The coil segments from
each of the coil windings (A, B , C ) are arranged in
the stator such that current flows in one direction on
one side of the stator and in an opposite direction on
the other side o f the stator. The direction in 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 A 2 have a first winding
direction (See Fig. 2 ) and segments A l and A 2 ' on
the opposite side of the stator have an opposite
winding direction. Accordingly, the current direction
through segments Al' and A 2 is the same and opposite
to the current direction in segments A l and A 2 '.
Similarly, the current direction for segments C2 ' and
Cl is the same and opposite to the current direction
for segments C2 and Cl' 



on the other side o f the stator. Further, the
currentdirection for segments Bl and B2 ' is the same
and opposite to that for segments Bl' and B2 .
Accordingly, current flows in one direction on one
side o f the stator cylinder and in an opposition
direction on the opposite side o f the cylinder.
[0050] FIGURE 4 shows the cylindrically shaped stator
field winding 31 inserted into a ferromagnetic ring 32
that provides a magnetic flux 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 o f
the stator) to minimize 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 o f 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 b
e included in a motor or generator having a rotating
rotor represented by rotor poles North (N) and South
(S) . [0051] FIGURE 5 is an electrical schematic
diagram showing the conductive paths of the stator
field winding 31 of Figure 4 . Each coil group, e.g.,
Al, is represented as a resistor 34 to reflect the
slight resistance of each winding in each conductive
coil group. The coil groups (Al, A2 ) are connected in
series in their respective coil winding. The three
coil windings (Al & A 2 ; Bl B2 , and 



Cl & C2) are connected to a common terminal 36, e.g.,
a center tap. The opposite ends of each winding have a
terminal 38 connected to a phase terminal of the
powersource for the motor. The ends of each winding is
corresponding to the first winding turn are labeled
SA, SB and SC on Figure 5 (see also Fig. 1 ) to
indicate the location of the start of the coil in the
schematic diagram. The last turn EA, EB and EC,
respectively, o f each winding is also indicated in
Figures 5 and 1 . [0052] FIGURE 6 is 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 o f adhesive
tape 18 on opposite sides 20 of the mandrel secure the
coil segments 24, 26 (Fig. 7 ) . The gap (G) between
adjacent coils is substantially equal to the width (W)
of a coil segment. [0053] FIGURE 7 shows the coil
windings 40 after the mandrel is removed and after the
coil has been flattened into a web 44 . The initial
turns of each winding are labeled SA, SB and SC,
respectively, and the last turn o f each winding are
labeled EA, EB and EC, respectively. The adhesive tape
may or may not be removed when the coil is flattened
to a web. A s the coil is flattened, the coil segments
24 (Al', Bl' and Cl') from one side of the mandrel are
shifted axially to interleave in the gaps (G) between
the coil segments 26 (Al, Bl and Cl) from the opposite
side of the mandrel. [0054] The interleaving coil
segments 24, 26 do not 



overlap. The segments 24 from one side of the mandrel
are seated in the gaps (G) between the segments from
the other side of the mandrel. The flatten segments
form a single layered web 44. The end turn sections
28connecting the coil segment in series in each coil
winding may overlap as they are folded into the web.
The end turns may b e 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
segments 24, 26. [0055] 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 o f the coil
winding. The separate terminal 48 is coupled to a
respective phase of a power source for the motor. The
common terminal 46 may b e connected to ground .
[0056] FIGURE 8 is a schematic cross-sectional view o
f the web 44 formed into a cylinder for a stator.
FIGURE 9 is an schematic cross-sectional view o f the
web 44 shown mounted on the inner surface o f a flux
return ring 32. The end coil segments (Al, Cl') fit in
the gaps (G) between Bl' and Cl' and between A l and
Bl, respectively. The two coil segments for each
winding are on opposite sides o f the cylinder. For
example, segment A l is on the opposite side of the
cylinder for segment Al'. The winding direction for A
l is opposite to that for Al' (see winding arrows in
Fig. 7 ) . In each coil, current flows in one
direction on one side of the cylinder, e.g., 



through segment Al, and in an opposite direction on
the opposite side of the stator cylinder, e.g.,
through segment Al'. Accordingly, current flows in
each coil in one direction on one side of the stator
cylinder and in an opposition direction on the
opposite side of the cylinder.[0057] FIGURE 10 is an
electrical schematic diagram o f the three-phase
stator winding shown in Figure 9 . The coil windings
for each phase are labeled A , B and C , respectively.
The power terminals 48 (SA, SB and SC) for each
winding are connectable to a respective phase of a
three-phase power supply. The common terminal 46 is
also connectable to the power supply, such as via a
ground connection. The first turns of each winding are
labeled SA, SB and SC, respectively. The last turn of
each winding connected together and are labeled EA, EB
and EC. [0058] FIGURE 11 is a schematic diagram of a
further coil winding arrangement having three coil
windings (A, B and C ) each arranged in a first coil
group 52 and a second coil group 54. The coil groups
are each wound in the same winding direction, e.g.,
clockwise (see arrows on coils). [0059] Each coil is
formed by winding an insulated wire around the mandrel
16. The start of each wire is indicated by SA, SB and
SC, respectively. The terminal end of each wire is
indicated by EA, EB and EC, respectively. The three
wires that form the three coil windings o f a
three-phase field winding are first wound together
around the mandrel to each form the first coil group
52 . The coil group is spirally wound and tightly 



packed such that each turn of a wire is positioned
adjacent the preceding turn of the wire on the
mandrel. Further, the completed coil windings (Al, B l
and Cl) in the first group are adjacent each other
such that there is no gap between the coil windings A
l and Bl, and between Bl and Cl. The starting position
on the mandrel for coil windings Bl and Cl is a
distance W and 2 X W , respectively, from the start of
winding coil winding Al,where W is the width of a
completed coil winding. The coil windings in each
group preferably each have a common width (W) . [0060]
After completion o f the winding process of the first
coil group 52, the coil wires are shifted from the
trailing edge of each winding in the first group
axially along the mandrel to start the leading edge of
each coil of the second coil group 54. The axial shift
is 5 X W , or more generically twice the combined
width of the coils in a group minus the width (W) o f
one coil winding (w) in a group. After the axial
shift, the coil wires are wound around the mandrel to
form the second coil groups 54. The winding direction
is in the same direction as used to wind the first
coil groups 52. [0061] FIGURE 12 is a schematic view o
f a further winding arrangement 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 56. The coil
segments (Al', Bl' and Cl') 24 from the first coil
group are interleaved form the coil segments (Al, Bl,
Cl and A 2 , B2 and C2 ) 26 from the first and 



second coil groups 27, 29. The coil segments in the
web 56 are side-by-side along the length of the web
56. The winding directions (see arrows) of adjacent
three sets o f coil groups, e.g., Al, Bl and C l vs.
Al', Bl' and Cl', are reversed. The winding direction
reverses four times along the length of the web 56.
[0062] FIGURE 13 is a cross-sectional end view of the
web 56 wrapped into a double layered stator cylinder
58. The layers of the cylinder each include two sets
of the threecoil groups. The outer layer includes coil
groups segments Al, Bl, C l of the first coil group 27
and segments Al', Bl' and Cl' of the second coil group
29. The inner layer includes coil groups segments Al',
Bl', Cl' of coil groups 29 and segments Al, Bl and C l
o f coil group 27. The overlapping coil segments,
e.g., A l and A2, have the same winding direction (see
Fig. 11) so that the current direction is the same
through overlapping 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 o f 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. [0063] FIGURE 14 is a cross-sectional end
view o f 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 in 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
minimize the depth of the ring and avoid electrical
interference with the stator segments 24, 26 that are
parallel to the axis of the ring 60 and an axis o f
the rotor inserted in the cylinder. [0064] FIGURE 15
is a schematic diagram o f the coil winding
arrangement 50 having three coil windings (A, B and C
) each arranged in a first coil group 27 (Al, Bl and
Cl) and a second coil group 29 (A2, B2 and C2) . The
startof the first winding turn is labeled SA, SB and
SC, respectively, for each coil winding. The last
winding turn is labeled EA, EB and EC, respectively,
for each coil winding. [0065] FIGURE 16 is 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 is formed of coils (A, B and
C ), each arranged in two or more coil groups, such as
A l and A 2 . The coils are wrapped on a mandrel and
formed in a web in the same manner that is described
above in connection with Figures 11 and 12 . The
segments of the coils are flattened to form the web 62
such that the segments do not overlap. [0066] FIGURE
17 is a cross-sectional end view of the stator
cylinder 64 mounted on the inside surface of a
ferromagnetic flux return ring 66. The cylinder may b
e glued to the ring, and the ring and cylinder may b e
coated with sealants and other coatings well know in
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
interference with the stator segments that are
parallel to the axis of the ring 66 and an axis of the
rotor inserted in the cylinder. [0067] The web 60 is
arranged such that coils segments formed on the same
side of the mandrel from two groups of the same coil,
e.g., A l and A 2 , are arranged opposite to each
other in the cylinder 64. The current direction is the
same through each o f these opposite segments, due to
the manner in which the coil is wound on the mandrel
.Similarly, the opposite segments, e.g., Al' and A 2
', o f the same coil are arranged at positions in the
cylinder 64 separated by 90 degrees from the position
of the coils segments A l and A2 . Current flows in
the same direction through the opposite segments Al'
and A 2 ', which is opposite to the current direction
through the segments A l and A2 . The arrangement of
coil segments in cylinder 64 is suitable for a
four-pole rotor represented by the four poles (NSNS)
shown in Figure 17. The polarity o f a four pole rotor
is North-South-North-South, where each of these poles
is separated by 90 degrees. In contrast, the stator
cylinders shown in Figures 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
N S in Figures 4 , 9 and 14. [0068] The single layered
web, such as web 62, formed by 



the coil wrapping and flattening patterns shown in
Figures 11 and 12 can b e 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, A 2 and A3)
should b e wound on a mandrel if the corresponding
rotor has six poles. To form stator coils to b e used
with rotors having more than four poles, the winding o
f the stator coils on a mandrel and the flattening of
the wound coils into a web may use the same procedures
described above in connection with Figures 18and
19.[0069] FIGURE 18 is a schematic diagram o f a
fourth coil winding arrangement 70 of three coil
windings (A, B , C ) wrapped in two coil groups 12, 14
(Al, B l and Cl, and A 2 , B2 and C2) on a mandrel 16.
The fourth coil winding arrangement is similar to the
three coil winding shown in Figure 1 , except that the
second coil group (A2, B2 and C2) is wound in the same
direction as the first coil group (Al, B2 and C2) . In
contrast, the second coil group (A2, B2 and C2) of the
first coil winding arrangement 10 is wound in an
opposite direction to the coil winding direction of
the first coil group (Al, B l and Cl) . The fourth
coil winding arrangement is suitable for use as a
stator field winding for a four pole rotor, whereas
the first coil winding arrangement is suitable for use
as a stator field winding for a two pole rotor. [0070]
The fourth coil winding arrangement 70 includes two 



groups of three coils (Al, Bl and C l - 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 is
placed on each side o f coils to hold them together.
Coils A1-A2, B1-B2, and C1-C2 form a three phase field
winding unit for a stator to b e used with a four pole
rotor. For rotors having more than four poles, the
number o f 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 formed of three coil groups all wound around
the mandrel in the same direction. [0071] Each coil
group 12, 14 is formed by winding the wires in a tight
spiral where each turn o f the wire isadjacent the
next in each coil winding. The ends at the start turn
of each winding is indicated by SA, SB and SC
respectively. The ends at the last turn of each coil
winding is indicated by EA, EB and EC, respectively.
Automatic coil winding mechanisms, which are well
known in the art, may b e used to automatically wind
the wires around the mandrel . The wires of each
winding are first wound in a first direction (winding
directions indicated by arrows) to form a first group
12 o f a coil. The first coil group comprises a
predetermined number o f turns, e.g., 25 to 250, of
the wire. 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. 



[0072] A separate wire is used to form each coil
winding. A s shown in figure 1 , three insulated wires
(A, B , C ) are wound around the mandrel . The wires
are wound in the same winding direction to form the
first coil group (Al, Bl and Cl) 72 of coils, the
second coil group (A2, B2 and C2), and (if the rotor
has more than four poles) subsequent coil groups (An,
Bn and Cn - not shown) . Each coil A , B , C
corresponds to a separate insulated wire being wound
about the mandrel. Each coil group, e.g., Al, Bl and
Cl, has substantially the same number of windings such
that the width of each coil group and the number of
turns in each coil group is substantially the same.
Similarly, the width and number of turns for each coil
in one coil group is preferably the same for all coil
groups in the coil winding. [0073] The separation
between adjacent coil groups, e.g., the gap (G)
between a trailing edge of coil group A l anda leading
edge o f coil group Bl, may b e the width (w) o f a
coil segment. This gap allows a coil segment to b e
seated in the gap with n o overlapping coils when the
coils are flattened into a single layer web (See Fig.
19) . [0074] A fter the first group o f coil windings
(Al, Bl, Cl) has been wound and before the next group
(A2, B2 , C2 ) o f coil windings is wound, the
conductive wires extending from each completed coil
group 72 are shifted axially along the mandrel. The
axial shift moves the conductive wires from the
trailing edge o f a completed first coil group, e.g.,
Al, to a leading edge o f a second coil 



group, e.g., A 2 , to b e wound. For a three-phase
coil with two coil groups, the distance o f the axial
shift is five (5) times the width (W) o f a coil
winding segment. [0075] The axial shift will b e
different for polyphase coil windings having other
than three phases and different numbers o f coil
groups. In general, the axial shift from a completed
coil group 72 to a new coil group 74 is twice the
number o f coil groups times the number o f coil
windings, minus one. This axial shift algorithm will
provide windings that can b e folded into a single
layer web o f coils . [0076] FIGURE 19 shows the coil
winding (shown in Figure 18) after removal o f the
mandrel. The coils are flattened into a single layered
web 76. To ensure proper interleaving o f coil
segments . During the flattening process, a segment,
e.g., Al', on a first side o f the coil is shifted
axially towards a position in a gap between selected
segments, e.g., C l and A 2 , on anopposite side of
the coils. The coil segments are arranged in the web
such that the segments (e.g., Al, Bl, Cl, Al', A2,
Bl', B2, Cl', C2 , A 2 ', B2 ' and C 2 ') are in
parallel and do not overlap. The coil segments 24, 26
(Al, Bl, Cl, Al', Bl' and Cl') are the portions o f
the web that will form the stator sections adjacent
the rotor. The coil segments 24, 2 6 will b e arranged
in the stator such that they are parallel to the
rotational axis o f the rotor. [0077] FIGURE 20 is a
cross-sectional view o f the web segments o f the web
7 6 formed into a cylindrical stator 



field winding 78. The web is rolled into a cylindrical
shape with interleaved coil segments. The coil
segments (Al, Cl') a t the ends o f the web interleave
with other coil segments (A2', B 2 ' and C2 ') and do
not overlap these other segments. The segments are
arranged in the cylindrical stator field winding 78,
such that a coil segment from a first group (Al, Bl,
Cl) is adjacent a coil segment from the second group
(A2, B2 , C2) o f the same coil. The inner diameter o
f the cylindrical web is substantially the diameter o
f the interior diameter o f the stator. The stator
segments are parallel to the axis o f the cylinder.
The four pole rotor (see rotor represented 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 o f
the coil windings (A, B , C ) are arranged in the
stator such that current flows in the same direction
on opposites side o f the stator. [0078] FIGURE 21
shows the cylindrically shaped stator field winding 78
inserted into a ferromagnetic ring 80that provides a
magnetic flux return path. An arbor may b e 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 o f 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 b e
included in a motor or generator having a rotating
four pole rotor represented by rotor poles North (N) ,
South (S) , North (N) and South (S) . [0079] While the
invention has been described in connection with what
is presently considered to b e the most practical and
preferred embodiment, it is to b e understood that the
invention is not to b e limited to the disclosed
embodiment, but on the contrary, is intended to cover
various modifications and equivalent arrangements
included within the spirit and scope of the appended
claims .WHAT IS CLAIMED IS: 1 . A method for making 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 coil group by winding an
insulated wire for each coil winding around a mandrel
such that each turn of the wire is 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 is 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
insulated 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 coil
winding in the second coil group; forming the second
coil group by winding the insulated wire for each coil
winding around a mandrel such that each turn of the
wire is 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 windings in the first coil group is 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 from the
first coil group interleave between coil winding
segments of the second coil group, and wrapping the
single layer web into a cylinder to form the field
winding. 2 . The method of claim 1 further comprising
mounting the cylinder on an inner surface of an
annular magnetic flux return ring. 3 . The method of
claim 1 wherein the interleaved coil winding segments
in the web include adjacent coil winding segments from
the same coil winding. 4 . The method of claim 3
wherein wrapping the web positions pairs of adjacent
coil winding segments from the same coil winding on
opposite sides of the cylinder. 5 . The method of
claim 1 wherein wrapping the web 



includes interleaving coil winding segments from one
end of the web with coil winding segments from an
opposite end of the web. 6 . The method of claim 5
wherein the coil winding segments from opposite ends
of the web are interleaved such that the segments are
adjacent a coil winding segment from the same coil
winding.7 . The method of claim 1 further comprising
electrically connecting an end of each coil winding to
a common terminal and connecting an opposite end of
each coil winding to a terminal connectable to a
respective phase of a three phase power supply. 8 .
The method of claim 1 wherein a winding direction of
the second coil group is opposite to a winding
direction of the first coil group. 9 . The method of
claim 1 a winding direction of the second coil group
and a winding direction of the first coil group are in
the same directions. 10. A three-phase field winding
for a slotless stator 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 is wound around a mandrel
such that each turn of the wire is adjacent a next
turn of the wire and a gap between adjacent coil
windings on the mandrel in the first coil group is
substantially equal to a width of a coil winding in
the first group; 



the second coil group including a second spiral
winding of the insulated wire for each coil winding,
wherein the wire is wound around a mandrel such that
each turn of the wire is adjacent a next turn of the
wire, wherein each coil winding in the second coil
group andthe first coil group has substantially the
same coil width when completed, a gap between adjacent
coil windings on the mandrel in the second coil group
is substantially equal to a width of a coil winding in
the second group, and a cylindrical web including the
first coil group and the second coil group collapsed
such that coil winding segments from the first coil
group are interleaved between coil winding segments of
the second coil group. 11. A three-phase field winding
as in claim 10 further comprising an annular magnetic
flux return ring and the cylindrical web is mounted on
an inner surface of the ring. 12. A three-phase field
winding as in claim 10 wherein the interleaved coil
winding segments in the web include adjacent coil
winding segments from the same coil winding . 13 . A
three-phase field winding as in claim 12 wherein pairs
of the adjacent coil winding segments from the same
coil winding are on opposite sides of the cylinder.
14. A three-phase field winding as in claim 10 the
wherein coil winding segments from one end of the web
are interleaved with coil winding segments from an
opposite 



end of the web. 15. A three-phase field winding as in
claim 14 wherein the coil winding segments from
opposite ends ofthe web are interleaved such that the
segments are adjacent a coil winding segments from the
same coil winding. 16. A three-phase field winding as
in claim 10 wherein an end of each coil winding is
connected to a common terminal and an opposite end of
each coil winding is connected to a terminal
connectable to a respective phase of a three phase
power supply. 17. A three-phase field winding as in
claim 10 wherein a winding direction of the second
coil group is opposite to a winding direction of the
first coil group. 18. A three-phase field winding as
in claim 10 wherein the second coil group is wound in
the same direction around the mandrel as the first
coil group. 19. A method winding a field for a
electromagnetic polyphase device comprising: spirally
winding a plurality of insulated conductors about a
mandrel to form a first group of coil windings,
wherein the wound coils in the first group is
immediately adjacent on the mandrel at least one of
the other wound coils in the first group; shifting a
length of the conductors axially along the mandrel a
distance substantially equal to a width of the wound
coils in the first group; starting at the distance
substantially equal to the width of the wound coils
from the first group from atrailing edge of the first
group of coil windings, 



spirally winding a second group of coils in a same
winding direction as used for the first group, wherein
the wound coils in the second group formed are
immediately adjacent on the mandrel at least one of
the other wound coils in 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 . 20. A method as in claim 19 further
comprising mounting the cylinder on an inner surface
of a magnetic flux return ring, wherein the coil
segments are parallel to a center axis of the
cylinder. 21. A method as in claim 19 wherein the
plurality of insulated conductors is three. 22. A
method as in claim 19 wherein the coil segments formed
on a first side of the mandrel in a first group
overlap with coil segments formed on the first side of
the mandrel in the second group. 23 . A method as in
claim 22 wherein the coil segments formed on a second
side of the mandrel in a first group overlap with coil
segments formed on the second side of the mandrel in
the second group.24. A method as in claim 19 wherein a
first of the layers of the cylinder are formed by coil
segments of the first group and a second of the layers
of the cylinder 



are formed by coil segments of the second group. 25. A
method 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
coil windings by winding an insulated wire for each
coil winding around a mandrel such that each turn of
the wire is 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 is a distance substantially equal to the
width of one of the completed windings ; removing the
mandrel from the wound coil group; collapsing 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 coil 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 coil winding are on opposite
sides of the cylinder.26. A method as in claim 25
further comprising mounting the cylinder on an inner
surface of a magnetic flux return ring, wherein the
coil winding segments are parallel to a center axis of
the cylinder. 27. A method as in claim 25 wherein the
coil 



segments do not overlap when collapsed to the web and
interleaved between coil segments. 28. The method of
claim 25 further comprising electrically connecting an
end of each coil winding to a common terminal and
connecting an opposite end of each coil winding to a
terminal connectable to a respective phase of a three
phase power supply. 


