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(54) Electronically switched electric motor structure

(57) An electronically switched electric motor struc-
ture (100) comprising: a casing consisting of a front half
shell (12) and a rear half shell (11) able to contain the
various members of the motor, a stator unit (20) provid-
ed with stator windings (60) and mounted integral with
the casing, a rotor (30) disposed inside the stator unit
(20) and integral with a drive shaft (31), and control elec-
tronics (80) mounted on a circuit board (70) supported

by a rear insulating support (50) mounted in the rear part
of the stator unit (20). The rear insulating support (50)
comprises a closed rear flange (52) made of insulating
material, which has, in its front surface, a seat to receive
a bearing or bushing (58) able to support rotatably a rear
end (33) of the drive shaft (31), so that the electronics
(80) of the motor is insulated from the electrostatic
charges generated by rotation of the drive shaft (31).
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Description

[0001] The present invention refers in general to an
electronically switched electric motor structure, particu-
larly suitable to be employed for rotation of small-sized
fans and the like.
[0002] Such an electronically switched electric motor
has been described in European patent application EP
01126940.4 in the name of the same applicant. In such
a motor according to the prior art, the stator unit is sand-
wiched between two insulating supports and an elec-
tronic circuit board supported by the insulating support
disposed on the rear part of the stator is provided. Said
electronic circuit board has a plurality of electronic com-
ponents which serve to control the various operating
functions of the motor.
[0003] The drive shaft integral with the rotor and with
the armature subassembly is supported rotatably by two
bushings disposed in respective seats formed in the two
half shells of the motor casing. As a result the electronic
circuit board has a central through hole to allow the pas-
sage of the drive shaft.
[0004] Said arrangement presents some drawbacks.
In fact, the electronic components of the electronic
board are subject to electromagnetic disturbances due
to the electrostatic charges which are closed through the
drive shaft that passes through the board.
[0005] Furthermore, the fact that the stator unit is in-
sulated by two insulating supports, both open to allow
the passage of the rotor and of the drive shaft, leads to
difficulties in winding of the windings around the stator
poles especially when high-speed winding machines
are used. Furthermore, in the case of the stator being
made up of two separate subassemblies, there are fur-
ther difficulties in connection and assembly of the stator
subassemblies.
[0006] Furthermore, because of the excessive length
of the drive shaft, assembly of the whole motor structure
also proves complex. In fact at the time of closure of the
two half shells of the casing, the drive shaft must be per-
fectly centred on the two bushings of the half shells of
the casing.
[0007] The object of the present invention is to over-
come the drawbacks of the prior art by providing an elec-
tronically switched electric motor structure which is ex-
tremely reliable and able to reduce to a minimum the
interferences of electrostatic charges on the electronic
components of the motor.
[0008] Another object of the present invention is to
provide such an electronically switched electric motor
structure that is cheap and simple to make and to as-
semble.
[0009] These objects are achieved according to the
invention with the characteristics listed in appended in-
dependent claim 1.
[0010] Advantageous embodiments of the invention
are apparent from the dependent claims.
[0011] The electronically switched electric motor

structure according to the invention comprises a casing,
consisting of a front half shell and a rear half shell, able
to contain the various elements of the motor. A stator
unit, provided with stator windings, is mounted integral
with the casing. A rotor is disposed in the air gap inside
the stator unit and is integral with a drive shaft having
one end protruding out of the casing, for application of
a load. The motor further comprises control electronics,
mounted on a circuit board, supported by an insulating
rear support, mounted in the rear part of the stator unit.
[0012] The peculiar characteristic of the invention is
represented by the fact that said insulating rear support
comprises a closed rear flange made of insulating ma-
terial. Said flange has, in its front surface, a seat to re-
ceive a bearing or bushing able to rotatably support the
rear end of the drive shaft. In this manner, thanks to the
presence of the rear flange, the electronics of the motor,
mounted on the circuit board, remains insulated and im-
mune from the disturbances coming from the electro-
static charges generated by the rotation of the drive
shaft.
[0013] Furthermore the fact of providing for the rear
end of the drive shaft to be supported rotatably by the
bushing mounted in the rear flange of the insulating sup-
port, makes it possible to have various other advantages
compared with the prior art. In fact shorter drive shafts
can be made, it is not necessary to make through holes
for the drive shaft in the circuit board, nor is it necessary
to provide bushings or bearings in the rear half shell of
the casing. As a result assembly of the motor is consid-
erably simplified with a consequent saving in time and
production costs.
[0014] Further characteristics of the invention will be
made clearer by the detailed description that follows, re-
ferring to a purely exemplary and therefore non-limiting
embodiment thereof, illustrated in the appended draw-
ings, in which:

Figure 1 is an exploded axonometric view illustrat-
ing the electronically switched electric motor ac-
cording to the invention;
Figure 2 is an axonometric exploded view illustrat-
ing the rotor and the two stator subassemblies of
the electric motor according to the invention;
Figure 2a is a plan view of a preferred embodiment
of a lamination of the pole piece of the stator;
Figures 3 and 4 are two perspective views illustrat-
ing from the front and from the rear, respectively, a
rigid rear insulating support of the stator;
Figure 5 is an axial sectional view of the rigid rear
support of the stator, taken along the sectional
plane V-V of Figure 3;
Figure 6 is an axonometric view illustrating a front
rigid insulating support of the stator;
Figure 7 is an axonometric view taken from the rear,
illustrating the pole piece subassembly of the stator
assembled between the rigid rear support and the
rigid front support with the respective stator wind-
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ings;
Figure 8 is a view from the rear of the pole piece
subassembly of the stator of Figure 7;
Figure 9 is an axial sectional view taken along the
sectional plane IX-IX of Figure 8;
Figure 10 is an axonometric view, taken from the
rear, illustrating the entire stator unit assembled and
supporting a circuit board;
Figure 11 is a view from the rear of the stator unit
of Figure 10;
Figure 12 is an axial sectional view along the plane
of section XII-XII of Figure 11.

[0015] The electronically switched electric motor ac-
cording to invention is described with the aid of the fig-
ures.
[0016] In Figure 1 the electric motor according to the
invention, denoted as a whole with reference numeral
100, is shown exploded. The motor 100 comprises a sta-
tor unit 20 with the respective stator windings, a rotor 30
integral with a drive shaft 31, control electronics 80 for
operation of the motor, a power cable 3 to supply the
motor and a casing consisting of a front half shell 12 and
a rear half shell 11 able to contain the various members
of the motor.
[0017] The rear half shell 11 of the casing is greater
in size longitudinally than the front half shell 12. The two
half shells 11 and 12 are assembled, by means of fixing
rods 13, so as to generate therein a cylindrical space to
contain the motor members. The front half shell 12 has
an axial hole 14 through which the drive shaft 31 exits.
[0018] As shown in Figure 2, the main members of the
motor comprise a rotor 30 and a stator 20 consisting of
two subassemblies 22 and 23. The first stator sub-
assembly comprises a stator yoke 22 and a second sta-
tor subassembly comprises a pole shoe 23.
[0019] The stator yoke 22 comprises a plurality of lam-
inations, in the form of toroidal plates, stacked one on
top of the other, and held together by means of recessed
parts 24 provided on one face and opposed to protrud-
ing parts 24' provided on the opposite face, level with
the recessed parts 24. The stator yoke 22 has, on the
cylindrical outer surface thereof, external grooves 123
intended to engage one half inside the front half shell
12 of the casing and the other half inside the rear half
shell 11. In this manner the stator 20 is disposed axially
inside the casing 10 and is integral therewith.
[0020] In the inside edge of the laminations of the sta-
tor yoke 22 there are formed a plurality of rounded cusp-
shaped recesses 27 which, when put in register with
each other, form longitudinal seats inside the stator yoke
22.
[0021] The pole shoe 23 comprises a group of lami-
nations, stacked one on top of the other and held togeth-
er by means of recessed parts 25 provided on one face
and opposed to protruding parts 25' provided on the op-
posite face level with the recessed parts 25.
[0022] Each lamination comprises a plurality of poles

26 which protrude radially outward from respective pole
shoes 28 shaped as the arc of a circle so as to define
an axial hole 21 which forms the air gap destined to re-
ceive the rotor 30. The end of each pole 26 has a shape
complementary to the recess 27 of the laminations of
the stator yoke, so that the pole piece 23 can engage
inside the stator yoke 22.
[0023] The laminations which form the pole piece 23
are held together by bridges 29 which connect the ends
of the pole shoes 28 at least of the first front laminations
and of the last rear laminations. Instead, in the interme-
diate laminations separation holes 29' which separate
the ends of the pole pieces 28 are provided.
[0024] In Figure 2a a preferred embodiment of the
laminations of the pole shoe 23 is illustrated, wherein
the hole 21 of the air gap is defined by a suitably shaped
profile. As seen previously, the pole shoes 28 have
arched end edges 120, possibly connected to the bridg-
es 29, so as to form the circular hole 21 that defines the
air gap.
[0025] In this preferred embodiment, there are formed
in the arched end edges 120 of the pole pieces 28, re-
spectively, four circular sectors 121 (one for each pole
shoe) recessed radially outward with respect to the edg-
es 120 of the pole shoes. The inside diameter φ1 of the
sectors 121 thus proves slightly larger than the inside
diameter φ2 of the edges 120 of the pole shoes.
[0026] The recessed sectors 121 are disposed in di-
ametrically opposite positions and each recessed sector
121 is defined by an arc of a circle subtended by an an-
gle at the centre θ of about 30°.
[0027] This arrangement allows greater efficiency of
the motor, improving the start-up conditions thereof. In
particular, the recessed sectors 121 generate a reluc-
tance variation inside the air gap 21.
[0028] Therefore, once the current to the motor has
been interrupted, the rotor 20 will stop inside the air gap
21 in the position of least reluctance. Thanks to the par-
ticular design of the structure of the laminations of the
pole piece 23, that is to the provision of the recessed
sectors 121 in the pole shoes 28, the position of least
reluctance, wherein the rotor 30 will stop, coincides with
the most favourable position for start-up of the motor. In
this manner the conditions of uncertainty about the po-
sition of the rotor at the time of start-up are overcome.
[0029] The rotor 30 is substantially cylindrical in
shape, with an outside diameter smaller than the inside
diameter of the axial hole 21 in the stator 20 (that is to
say smaller than the smallest inside diameter φ2 of the
edges 120 of the pole shoes), so as to be able to be
positioned therein. The rotor 30 is a permanent-magnet
rotor, per se known and therefore not explained in fur-
ther detail.
[0030] Returning to Figure 1, the drive shaft 31 is in-
tegral with the rotor 30 and disposed axially therein so
as to define a front end 32 which protrudes forward from
the rotor 30 and a shorter rear end 33 which protrudes
rearward from the rotor 30.

3 4



EP 1 372 250 A2

4

5

10

15

20

25

30

35

40

45

50

55

[0031] The front part of the rotor shaft 31 engages in
bearings or bushings 15 fixed with a spring inside the
front half shell 12 of the casing, so that the front end 32
of the drive shaft can protrude forward and axially out of
the axial hole 14 of the half shell 12, so that a load can
be applied thereto. Outside the front half shell 12 of the
casing there is applied a flange 17 which has an axial
hole 18 able to receive the front end 32 of the drive shaft
31. A load, such as for example a fan (not shown), is
applied to the flange 17.
[0032] The stator 20 is sandwiched between a first rig-
id front insulating support 40 and a second rigid rear in-
sulating support 50.
[0033] As shown better in Figures 3, 4 and 5, the sec-
ond rigid rear support 50 comprises a central box-type
body 51 closed at the rear by a rear flange 52.
[0034] In the outward facing surface of the rear flange
52 there are formed guides 59 and pins 159 to guide,
return and block the wires of the stator windings.
[0035] In the inward facing surface of the rear flange
52 there is formed a circular seat able to receive a bear-
ing or bushing 58 able to rotatably support the rear end
33 of the drive shaft 31. The bushing 58 is retained in
its seat by a crown spring 55.
[0036] From the side walls of the box-type body 51
there protrude outward four jumpers or bridges 56 end-
ing in respective bulkheads 54 parallel to the respective
side of the box-type body 51. Each jumper 56 defines a
recessed seat 57 open at the front and closed at the
rear. Each bulkhead 54 has on its rear edge, in a central
position, a hook or tongue 53 protruding rearward there-
from.
[0037] As shown in Figure 6, the rigid front insulating
support 40 is substantially similar to the rigid rear insu-
lating support 50, except for the fact that the front sup-
port 40 has a box-type body 41 open at the front and at
the rear so as to define a through hole 42 for insertion
of the rotor 30.
[0038] From the walls of the box-type body 41 there
protrude respective bridges or jumpers 46 ending in
bulkheads 44 parallel to the side walls. Each jumper 46
has at the rear a recessed seat 47 in register with a slot
in the respective bulkhead 44.
[0039] As shown better in Figures 7-9, the pole piece
23 is sandwiched between the rigid front support 40 and
the rigid rear support 50, so that the poles 26 are re-
ceived in the seats 57, 47 of the jumpers 56, 46 respec-
tively of the rigid rear 50 and front 40 support and the
pole shoes 28 are received in box-type bodies 51, 41
respectively of the rigid rear 50 and front support 40 to
receive the poles of the pole piece.
[0040] At this point, by means of an automatic rewind-
ing machine, a conductor wire is wound on the jumpers
56 and 46 so as to form the stator windings 60. In fact,
in this manner, the windings 60 are disposed around the
stator poles 26. The ends of the conductor wire of the
windings 60 are guided in the guides 59 and blocked in
the pins 159 of the rear closure flange 52.

[0041] As shown better in Figures 10-12, the assem-
bly consisting of the pole piece 23 packed between the
two rigid insulating supports 40, 50 and the stator wind-
ings 60, is inserted in the stator yoke 22, so that the free
ends of the poles 26 engage in the recessed seats 27
of the stator yoke 22. At this point assembly of the stator
unit has been completed.
[0042] As is known, an electric motor with a perma-
nent-magnet rotor must have a start-up system to allow
rotation of the rotor to be started. Such a start-up system
can generally be provided by an electronic control, such
as, for example, the electronic control described in pat-
ent application EP 1 211 787 in the name of the same
applicant.
[0043] The electronics of the electronic control of the
motor, denoted as a whole by reference numeral 80, is
disposed on a board 70 intended to be fixed on the rear
face of the rear rigid insulating support 50. For this pur-
pose the circuit board 70 has four holes 73 able to re-
ceive, in a snap coupling relationship, the four hooks 53
of the rear rigid support 50. When the circuit board 70
is mounted, it abuts on the rear edges of the rectangular
bulkheads 54 of the rear rigid insulating support and re-
mains at a distance from the stator windings 60, so as
to isolate the electronics 80 from the windings 60 of the
stator 20.
[0044] Furthermore it should be noted that the rear
flange 52 of the rear rigid insulating support provides a
shield against the electrostatic charges coming from the
bushing 58 intended to support the rear end 33 of the
drive shaft. In this manner the electronics 80 is perfectly
insulated from the disturbances of the electrostatic
charges caused by rotation of the drive shaft 31.
[0045] The electronics 80 advantageously comprises
a Hall-effect magnetic sensor which detects the mag-
netic field produced by the permanent magnets posi-
tioned on the rotor 30, to detect the exact position of the
rotor 30. Said magnetic sensor can be positioned inside
the stator pack and facing the rotor 30, thus connected
by means of an electric cable to the board 70 wherein
the electronics 80 is provided.
[0046] In this manner, during rotation of the rotor 30
the alternation of the positive and negative pole in the
magnetic field generated by the permanent magnets
produces a train of pulses leaving the magnetic sensor
with the same frequency as the frequency of rotation of
the rotor.
[0047] Once the circuit board 70 has been mounted
on the rear support 50 of the stator unit, the entire unit
is disposed in the rear half shell 11 so that the external
grooves 123 of the stator yoke engage in respective in-
terior ribs of the rear half shell 11. Then the rotor 30 is
inserted at the front in inside the hole 21 in the stator
20, so that the rear end 33 of the drive shaft 31 engages
in the bushing 58 of the rear support 50. The front half
shell 12 is then closed on the rear half shell 11, so that
the front part of the drive shaft 31 engages in the bushing
15 of the front half shell 12. Finally the flange 17 is ap-
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plied in the front end 32 of the drive shaft which pro-
trudes outward from the front half shell 12.
[0048] The motor 100 also comprises an electric con-
nector connected to a supply cable 3 with a plug (not
shown) for connection to the mains supply to bring the
power to the various electronic components of the motor
100.
[0049] In the present description of the invention a
stator with salient poles provided with four poles dis-
posed in diametrically opposite positions has been
shown. Clearly the invention also relates to stators with
salient poles comprising a number of poles other than
four. In this case, accordingly, the rigid insulating sup-
ports 40, 50 will comprise a number of jumpers 46, 56
other than four and disposed in register with the poles
of the stator.
[0050] Numerous variations and modifications of de-
tail within the reach of a person skilled in the art can be
made to the present embodiment of the invention, and
in any case come within the scope of the invention as
set forth in the appended claims.

Claims

1. An electronically switched electric motor structure
(100) comprising:

- a casing consisting of a front half shell (12) and
a rear half shell (11) able to contain the various
members of the motor,

- a stator unit (20) provided with stator windings
(60) and mounted integral to said casing,

- a rotor (30) disposed inside said stator unit (20)
and integral with a drive shaft (31), and

- control electronics (80) mounted on a circuit
board (70) supported by an insulating rear sup-
port (50) mounted in the rear part of said stator
unit (20),

characterised in that
said rear insulating support (50) comprises a closed
rear flange (52) made of insulating material, said
rear flange (52) having, in the front surface thereof
facing towards the rotor (30), a seat to receive a
bearing or a bushing (58) able to support rotatably
a rear end (33) of said drive shaft (31), so that the
electronics (80) of the motor is insulated from the
electrostatic charges generated by the rotation of
the drive shaft (31).

2. An electric motor structure (100) according to claim
1, characterised in that said rear insulating sup-
port (50) comprises:

- a central containing body (51), covered at the
rear by said rear flange (52) and able to receive
the pole shoes (28) of the pole piece of the sta-

tor (20), and
- a plurality of jumpers (56) which protrude trans-

versally outwards from the side walls of said
central containing body (51), able to receive the
poles (26) of the pole piece of the stator (20).

3. An electric motor structure (100) according to claim
2, characterised in that said central containing
body (51) has a substantially parallelepiped box
shape and said jumpers (56) are four in number,
each protruding from a side wall of said box-type
containing body (51).

4. An electric motor structure (100) according to claim
2 or 3, characterised in that at the end of each
jumper (56) there is provided a bulkhead (54) com-
prising engagement means able to engage with
complementary engagement means (73) provided
on said circuit board (70), so that the circuit board
(70) abuts on the edge of said bulkheads (54) re-
maining at a distance from the stator windings (60).

5. An electric motor structure (100) according to claim
4, characterised in that said engagement means
of the rear insulating support comprise hooks or
tongues (53) able to engage, in a snap coupling re-
lationship, in holes (73) provided on said circuit
board (70).

6. An electric motor structure (100) according to any
one of the preceding claims, characterised in that
said bushing (58) is blocked in the seat of the flange
(52) of the rear support by means of a crown spring
(55).

7. An electric motor structure (100) according to any
one of the preceding claims, characterised in that
it comprises a front insulating support (40) disposed
in the front part of said stator unit (20) so as to com-
press said stator unit (20) between said front insu-
lating support (40) and said rear insulating support
(50).

8. An electric motor structure (100) according to claim
7, characterised in that said front insulating sup-
port (40) comprises:

- a central containing body (41), open at the front
and at the rear and able to receive the pole
shoes (28) of the pole piece of the stator (20),
and

- a plurality of jumpers (46), which protrude
transversally outward from the side walls of
said central containing body (41), able to re-
ceive the poles (26) of the pole piece of the sta-
tor (20).

9. An electric motor structure (100) according to claim
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8, characterised in that said windings (60) of the
stator are wound round said jumpers (56, 46) of said
rear support (50) and of said front support (40).

10. An electric motor structure (100) according to any
one of the preceding claims, characterised in that
said stator (20) comprises:

- a stator yoke (22) consisting of a plurality of
toroidal laminations stacked one on top of the
other, and

- a pole piece (23) consisting of a plurality of
stacked laminations comprising a plurality of
poles (26) protruding radially from respective
pole shoes (28) disposed along a circular path
so as to define a through hole (21) able to re-
ceive the rotor (30), the free end of said poles
(26) being engageable in special grooves (27)
formed in the inside edge of said stator yoke
(22).

11. An electric motor structure (100) according to claim
10, characterised in that at least some of said pole
shoes (28) are connected to each other by means
of connecting bridges (29) and some of said pole
shoes (28) are separated from each other by means
of separation slots (29').

12. An electric motor structure (100) according to claim
10 or 11, characterised in that said pole shoes (28)
have substantially arched end edges (120) wherein
there are formed recessed sectors (121) having an
inside diameter (φ1) slightly greater than the inside
diameter (φ)2) of said edges (120) of the pole shoes.

13. An electric motor structure (100) according to claim
12, characterised in that the number of said re-
cessed sectors (121) is equal to the number of poles
(26) of the pole piece (23).

14. An electric motor structure (100) according to claim
12 or 13, characterised in that each recessed sec-
tor (121) is defined by an arc subtended by an angle
at the centre (0) of about 30°.

15. An electric motor structure (100) according to any
one of claims 10 to 14, characterised in that the
outer ends of said poles (26) of the pole piece (23)
protrude outward from said front and rear supports
(40, 50) to be able to engage in said grooves (27)
of the inside edge of the stator yoke (22).

16. An electric motor structure (100) according to any
one of the preceding claims, characterised in that
a front part of said drive shaft (31) is rotatably sup-
ported by a bearing or bushing (15) disposed in said
front half shell (12).

17. An electric motor structure (100) according to any
one of the preceding claims, characterised in that
the front end (32) of said drive shaft (31) protrudes
forward from said front half shell (12) to engage in
a flange (17) able to support a load, such as a fan
or the like.

18. An electric motor structure (100) according to any
one of the preceding claims, characterised in that
said rotor (30) is a permanent-magnet rotor.

19. An electric motor structure (100) according to claim
18, characterised in that said control electronics
(80) comprises a Hall-effect electromagnetic sensor
able to detect the magnetic field generated by the
permanent magnets of the rotor (30).
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