
EP 0 313 514 B1 DESCRIPTION The present invention relates to a process for
manufacturing a grooveless stator for electric motor and to the electric
motor comprising a stator manufactured according to the process, and more
particularly to a motor of which the rotor is provided with permanent
magnets. Usually, the stator and, especiatty, the yoke of an electric motor
of which the rotor is provided with permanent magnets has grooves, inside
which there is Located a copper winding. In this manner, the magnetic gap
of the motor is relatively small, which enables the magnetic permeance to
be high. Nevertheless, the flux density is limited by the saturation of the
iron at the edges of the teeth defining the grooves. Increasing the width
of the teeth enables the flux density to be increased, but this is at the
expense of the size of the grooves, and thus of the quantity of copper (the
wind- ing). The flux density is thus Limited by the necessary compromise
be-tween the width of the teeth and the dimen- sions of the grooves, which
must contain as much copper as possible. The appearance of high-energy
permanent magnets on the market has enabled grooveless stators to be
constructed. The winding, which has a cylindrical shape, is arranged in the
magnetic gap, which, of course, is thus Larger than that of a motor having
a grooved yoke. The radial thickness of the winding is lower than it would
be in a grooved yoke for the same quantity of copper, since the winding can
occupy all the cylindrical space between the yoke and the rotor. More-
over, the increase in the magnetic gap is compensated by the disappearance
of saturation problems at the ends of    the teeth, the magnetic flux being
constant over the entire extent of the magnetic gap, and it is possible to
use magnetic densities greater than those usually used. The elimination of
grooved yokes has enabled the Cogg- ing effect (variation in magnetic flux
in the gap due to the presence of the grooves) to be eliminated, to dec-
rease the manufacturing costs, to decrease wastage of the material and to
simplify the mounting of the yoke and of the winding. According to one of
the usual processes, the cylindrical winding is prepared on a cylindrical
support, the yoke is prepared, for example, with iron rings surrounded by
an aluminum bushing, the winding is introduced into the yoke and a
synthetic resin is injec- ted to fasten the winding to the yoke.
Frequently, as described elsewhere in the patent US-A-4,679,313, the
winding is mounted on a cylindrical insulating support, for example of
glass, which remains in the yoke with the winding, which unnecessarily
increases the magnetic gap. According to the construction of the winding,
the turns 



of the coils at the edges of peripheral ends of the winding pose certain
problems, for example when the winding is introduced into the yoke;
US-A-4,679,313 provides circular recesses in the inner surface of the yoke
to accommodate these and to enable the rotor to be put into position. For
the introduction of the winding into the yoke, and before the injection of
the resin, there is provided a cylindrical support of which the front end
has a conical projection around which the winding turns can be bent when
they are introduced into the yoke, before straightening them and
accommodating them in the circular recess of the yoke. Should the winding
be defective, it is almost impossible to replace it, since the aluminum
frame, the yoke and the winding form a single unit, the resin having made
the winding integral with the yoke. -2-    A process as described in the
preamble of claim 1 is known from the FR-A-2243512. According to this
process the shoulders of the winding are inclined outwards by only a small
acute angle. The cylindrical piece that is placed in the center of the
winding in the mold in order to determine the gap and the space of
therequired rotor has a diameter which is larger than the internal diameter
of the winding. The process is carried on by squeezing around the turns of
the winding a certain quantity of material composed of magnetic particles
and, if requested a binding agent can be applied to these particles. A band
of magne- tic material forming the yoke is wound edgewise around this core.
The stator that is obtained in this way com- prises molded material which
projects largely over the winding, and the yoke is outside the space
limited by this winding. Motors produced by similar processes are known
from the JP-A-58-222745 and JP-A-60-226750. In each case the shoul- ders of
the winding are bent back by only a small acute angle. Morevover, according
to the first publication the two shoulders are inclined outwards and the
yoke consists of a magnetic wire coiled up around the winding inside a
space that projects radially to a large extent the said shoulders. Then a
magnetic powder molded with a resin is inserted between the turns of the
magneticwire in order to form a frame that rises to a large extent above
the outer surface of the yoke. According to the second publication one of
the shoulders is inclined outwards, the other inwards, and again, the yoke
rises radially above the outer shoulder of the winding. The present
invention provides a process for manufacturing a grooveless stator which
enables the abovementioned disadvantages to be eliminated and in -3-  



particular to make the manufacture of a groovetess stator more simpte and
more economical. The process according to the invention is characterizedby
the characterizingclause of claim 1. The advantages of this process are as
follows: Thewindingis used to form a rigid unit, a kind of cartridge, which
does pratically not exceed the dimen- sions of the winding and which is
able to withstand certain mechanical stresses, in particular the assembly
of the yoke directly onto this cartridge. The turns of the coils atthe
peripheral ends of the winding form shoulders of which, depending on the
circumstances, at least one has a precise mechanical function, as will be
explained below. If the winding becomes -defective, the unit formed from
the winding and the yoke can easily be removed from the frame and replaced,
the external frame of the motor often being of aluminum provided with
cooling fins on its external surface. In the conventional designs, the
motor frame is integrally formed with the yoke, and they cannot be
separated easily. A preferred variant of the process is defined in claim 2.
The advantages of this variant are as follows: By bending back the turns of
the coils towards the out- side, two external shoulders are obtained which
enable the wire of magnetic material forming the stator yoke to be wound,
without the necessity of a mold or another mechanical means to maintain the
peripheral edges of the winding formed by the coiling of the wire of
magnetic material. The advantage of using the wire to form the yoke is that
losses by Foucault currents are avoided. This construction is particularly
economical and simple to carry out, since it avoids the previous
manufacture of the stator yoke (machining, cutting, connection etc.). The
fact that the winding is imbedded in resin as well as the insulating agent
surrounding the copper wire used for the winding makes this winding into a
rigid support 4-    which is suitable for the direct coiling of the wire
onto it, and ensures that there is no risk of the yoke coming into
inadvertent contact with a coil of the wind- ing, following a weakening of
the insulating Layer, and of causing short circuits. To Limit the noise of
the yoke, and to make it more compact, the unit thus obtained can be coated
with a synthetic resin, which at the same time results in a rigid unit.
Another variant for carrying out the invention is defined by claim S. The
advantages of this variant are as follows: 



The external shoulder of the rigid winding serves as a stop when the rings
of magnetic material are mounted, before they are connected by the
application of a synth- etic resin, the ease of manufacture which makes the
construction of the stator economical, the possibility, as seen above, of
replacing the unit formed from the winding and the yoke in the case of
defects. The invention also relates to. electric motors of which the stator
is manufactured by applying the process as claimed in claims 2 or 3, and
these motors are claimed, respectively in claims 4 and 5 The invention witt
be described in more detail with the aid of the attached drawing. Figure 1
is a diagrammatic side view of a cylin- dricat winding. Figure 2 is a
sectional view of the winding of Figure 1, inside the mold. Figure 3 is a
sectional view of the stator obtained after coiling of the wire around the
rigid winding. Figure 4 is a diagrammatic side view of a second winding.
Figure 5 is a sectional view of the winding of Figure 4, inside the mold.
-5-    Figure 6 is a sectional view of the stator obtained after having
threaded the rings onto the rigid winding. Figure 7 is a sectional view of
the stator mounted in the frame. In Figure 1, there is shown a cylindrical
wind- ing 1 of which the coils extend axially and in which the turns of the
coils 2, 3 have been bent back at the edges of the peripheral ends of the
winding in planes perpend- icular to the axis of the winding containing the
circular edges of the winding, and towards the outside, thus forming
external shoulders 2, 3. This winding 1 is formed on a cylindrical support
(not shown) in convent- ional manner. The winding is then introduced into a
mold 4 comprising a cylindrical part divided into two half-molds provided
with shoulders 6, 7 which are resp- ectively conjugate with the shoulders
2, 3 of the winding 1 and two rings 8, 9 closing the mold 4 at each end and
allowing a cylindrical piece 10 exerting a pres- sure P on the winding 1 to
be passed through and to push it against the mold 4. After having put the
winding I in position in the mold 4, a synthetic resin is injected at a
high tem- perature, the mold is allowed to cool, the piece 10 is withdrawn,
and the molding is removed from the press. A rigid unit 11 is thus
obtained, formed by the winding 1 and the resin in which the latter is
enveloped. Of 



course, the ends of the conductor for the connections of the windings with
control devices (electronic swit- ching, etc.) are left outside the rigid
winding 11, to carry out subsequently the connections with the corres-
ponding devices. Then, a wire 12 of magnetic materiaL, for example iron, is
coiled directly around the rigid unit 11 to form the yoke of the stator.
The wire 12 is coiled without difficulty, on the one hand because the
shoulders 2, 3 of the winding serve as lateral guides, and on the other
hand because the mechanical resistance    of the unit 11 is sufficient to
withstand the yoke thus formed without any other external aid. After having
finished the coiling of the wire 12, which is an iron wire which is readily
available commerciaLLy, of 0-30 mm diameter, for example, the yoke is
preferably coated with a resin which makes the yoke integral with the
winding and prevents noise. Before being coiled around the winding, the
iron wire can be coated with an insulating agent in order to reduce
Foucault currents. Nonetheless, tests have shown that, even if the wire is
not insulated, the contact between the coils of the wire is made on a small
surface, and Foucault currents are negtigibte. The value of this stator,
apart from the simp- licity. of the manufacturing process, is the low cost
of the constituent elements and the absence of losses by Foucault currents.
The stator thus obtained is then used for mount- ing a motor, for example
by connecting to it a rotor with permanent magnets, and mounting it in a
frame, prefer- ably of aluminum. The rigid unit thus obtained is intro-
duced into an aluminum frame provided with cooling fins and having an
internal shoulder against which one end of this unit comes to bear, whereas
a ring is pushed against the other end, this ring being connected to the
shoulder by threaded rods and screws which enable the ring to be driven
against the stator. In accordance with another variant of the pro- cess
(Figures 4 to 6), the winding 13 is formed as above, except that this time
the turns of the coils at the edges of the peripheral ends of the winding
are bent back at one of the ends towards the outside, forming an external
shouLder 14, whereas at the other end they are bent back towards the
inside, forming an internal shoulder 15. After the formation of this
winding 13, it is introduced into a mold 16, comprising a cylindrical part
17 formed from two semi-cylindricaL half-molds having a shoulder 18
conjugate with the. external    



shoulder 14 of the winding 13, a cylindrical pressure piece 19, a ring 20
closing the mold 16 at the side with the external shoulder and a piece 21
having a cylindrical projection 22 to surround, between it and the pressure
piece 19, the internal shoulder 15 of the winding 13. After the winding 13
has been put in position, a resin is injected inside the mold 16 at a high
temperature. After cooling, the pressure piece 19 is withdrawn and the
molding is removed from the press, thus obtaining a rigid unit 23
comprising the winding 13 enveloped in the resin.  Then, the stator yoke is
formed by. threading onto the unit 23 on the side with the internal
shoulder insuL- ated rings 24 of magnetic material. The shoulder 14 serves
as a stop for the Limit of travel, and after the yoke has been completed,
the rings 24 are connected by applying a synthetic resin. The stator is
mounted in the frame as described above. The value of the stators according
to the inven- tion, apart from the simplicity of construction and low cost,
is that if the winding is defective the unit formed from the winding
imbedded in the resin 11 or 23 respec- tively, and the yoke 12 or 24
respectively can be removed and replaced by another without having to
reconstruct the frame. The stator thus obtained is used for the assembly of
a motor having, for example, a rotor with permanent magnets. - 8 -    1
EUROPEAN PATENT APPLICATION [err] 88810648.1 (0313514) CLAIMS 1.     A
process for manufacturing a grooveless stator for   electric   motor,
essentially   comprising   a cylindrical winding (1; 13) and a yoke (12;
24) of magnetic material surrounding the winding (1; 13), which process
comprises the following steps : - the cylindrical winding (1; 13) is formed
by known means : - the return loops of the turns situated at the edges of
the peripheral ends of the winding (1; 13) are bent back thus forming
shoulders (2, 3; 14, 15), at least one (2, 3; 14) of these shoulders being
bent towards the outside; - a cylindrical piece (10; 19) is placed in the
center of the winding (1; 13); - the winding (1; 13) is introduced into an
appropriate mold (4; 16) and this mold is filled with molding material; -
after cooling, the cylindrical piece (10, 19) and the mold (4; 16) are
removed, which step produces a rigid winding (11; 23), and around the
winding there is mounted and secured the yoke (12; 24) of magnetic 



material, characterized in that : a) said edges of the peripheral ends of
the winding (1; 13) are bent back in the planes containing the circular
ends of the winding such that shoulders (2, 3; 14, 15) are formed which are
perpendicular to the axis of the winding;    b)  a  mold  (4;  16)  is
used  comprising  a cylindrical part (5; 17) provided with at least one
shoulder (6, 7; 18) which is conjugated with said external shoulder (2, 3;
14) of the winding (1; 13); c) a cylindrical piece (10; 19) is chosen which
has a diameter adapted to the internal diameter of the winding (1; 13),
said cylindrical piece exerting a pressure on said winding (1; 13) to push
it against the mold (4; 16); d) a synthetic resin is used as molding
material which is injected; e) said yoke (12; 24) is mounted in the space
beside said shoulder (2, 3; 14) bent back towards the outside such that its
external diameter is equal to the external diameter of said shoulder; f)
the unit thus obtained is fastened in the frame (25) of the motor. 2.
A process as claimed in claim 1, characterized in that - the return loops
of the turns at the edges of the two peripheral ends of the winding (1) are
bent back towards the outside, thus forming two external shoulders (2, 3);
- the yoke (12) is formed by coiling around the cylindrical surface  of
the  rigid  winding  (11)  and between the shoulders (2, 3) a wire of
magnetic material, such that it partly or completely fills the space
between the two shoulders (2, 3). 3.      A  process as claimed in claim 2,
characterized in that the unit (11, 12) thus obtained is coated with a
synthetic resin. 4.      A  process  as claimed in one of claims 2 or 3,
characterized  in  that  the  wire  (12)  of   magnetic material is coated
with an insulating agent before coiling it around the winding.    5.      A
process as  claimed in claim 1, characterized in that - the return loops of
the turns at one of the two edges of the peripheral ends of the winding
(13) are bent back towards the outside, forming an external shoulder (14),
and the return loops of the turns at the other edge of the winding are bent
back towards the inside, forming an internal shoulder (15); 



- the yoke is formed by threading rings of magnetic material (24), of which
the internal diameter is   approximately   equal   to  the  diameter  of
the cylindrical external wall of the winding (13), onto the rigid winding
(23) by the end with the internal shoulder (15) until a yoke of the desired
length is obtained, and the rings (24) are connected to one another and to
the winding (13) by imbedding them of synthetic resin; - the unit (23, 24)
thus obtained is fastened in the frame of the motor. 6.       An  electric
motor  comprising  a  grooveless stator manufactured according to the
process of claim 2, comprising a cylindrical winding (1) of which the
return  loops  of  the  turns  at  its  edges  of   the peripheral ends are
bent back towards the outside in planes containing the circular end of the
winding and which are perpendicular to the axis of the winding, forming two
external shoulders (2, 3), the winding (1) being  imbedded   in a synthetic
resin, forming a rigid unit (11), the stator yoke (12) being formed from a
wire of magnetic material coiled around the winding, and the yoke and the
winding being mounted in the frame (25) of the motor by mechanical means.
4 7.        A  motor  as  claimed in claim  6  and  manu- factured
according   to   the  process  of  claim  3, characterized in that the yoke
(12) is  coated  with  a synthetic resin. 8.        An  electric  motor
comprising  a grooveless stator manufactured according to the process of
claim 5, comprising a cylindrical winding (13) of which the return loops of
the turns at the edge of one of its peripheral ends are bent back towards
the inside in the plane containing the circular end of the winding and
which is perpendicular to the axis of the winding, forming an internal
shoulder (15), while the return loops  of the turns at the edge of its
other peripheral end are bent back towards the outside, in the plane
containing the other circular end of the winding and which is perpendicular
to the axis of the winding, forming an external shoulder (14), the winding
(13) being imbedded in a synthetic resin, forming a rigid unit (23), and
the yoke (24) being formed by rings of magnetic material which are threaded
onto the rigid winding and connected to one another and to the winding.    


