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ELECTRIC MOTOR AND STATOR THEREFOR

This invention relates to a stator for electric motors
wherein a resinous insulating cover is attached to a stator

5 core and coils are wound on the insulating cover covering
the stator core.

A three-phase brushless dc motor includes a stator in
which portions of a stator core on which coils are to be
wound are covered by a resinous insulating cover and coils

10 constituting respective phases are wound on the insulating
cover, for example. In this construction, the insulating
cover has a circular groove-like concave portion formed in
an end surface thereof. Coils of each phase are constituted
by a single magnetic wire. A part of each magnet wire

15 "between the coils is referred to as "intercoil wire"
throughout the description. Intercoil wires of all the
three-phase coils are inserted into the concave portion en
bloc. Consequently, there is a pos;ibility of occurrence of -
dielectric bréakdown between the different phases.

20 Therefore, an object of the present invention is to
provide a stator for the electric motor wherein an
insulation performance can be improved between the intercoil
wires of the coils of the different phases, and an electric
motor provided with such a stator.

25 The present invention provides a stator for an electric
motor comprising a stator core, a resinous insulating cover
attached to the stator core so as to cover the stator core,

coils of a plurality of phases wound on the insulating cover
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formed in the insulating cover to extend abreast in a
direction of disposition of the intercoil wires so that the
5 intercoil wires of the coils of the different phases are
inserted therein respectively, the concave portions
including those adjacent to each other and having respective
bottoms stepped therebetween.
According to the above-described construction, the
10 intercoil wires of the different coils are inserted into the
respective concave portions. The concave portions include
those adjacent to each other and having respective bottoms
stepped therebetween. Consequently, the intercoil wires are
displaced axially with respect to the stator core.
15 Furthermore, the intercoil wires are isoclated from one
another by side walls of the concave portions. Consequently,
the insulation performance between the intercoil wires can
be improved to a large extent.
In the above-described construction, the insulating
20 cover preferably has opposite end faces. The intercoil
wires of the coils of the plurality of phases are preferably
located at both sides of the opposite end faces of the
insulating cover. The plurality of concave portions are
'preferaﬁly formed 1in at least one of the end faces of the
25 1insulating cover so that the intercoil wires of the coils of
the different phases are inserted therein respectively.
Thus, the intercoil wires of the coils of the plurality of

phases are dispersed at the opposite end faces of the



Thereforé, an object of the present invention is to provide 20 a stator

for the electric tPr wherein an insul ati on performnce can be
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conprising a stator core, a resinous insulating cover attached to the
stator core so as to cover the stator core, coils of a plurality of

phases wound pnstb&tingulcatiery covensagiiaaheg, thet Onstkasiayorco@re, ahdle
coils including intercoil wres :
accordingly, the stator can be rendered smaller in size as
compared with the construction in which the intercoil wires
of the plurality of phases are localized upon one of the end
5 faces of the insulating cover.

Each concave portion preferably extends along a
circumference of the insulating cover and has a side wall
formed with a notch into which the intercoil wire is
inserted. Furthermore, at least one of the concave portions

10 preferably has a or the bottom located at approximately the
same level as a termination of the wound coil.
Consequently, the intercoil wires can easily be inserted
into the concave portions when the coils are wound on the
stator core. Furthermore; the insulating cover preferably

15 has a plurality of polygonal pillar-shaped or cylindrical
terminal insertion sections integrally formed to correspond
to positions of a beginniﬁé and a termination of each coil
of each phase. Each terminal insertion section preferably
has a groove into which the beginning or the termination of

20 each coil of each phase is inserted.

The concave portions preferably have respective side
walls whose heights are varied stepwise. Furthermore,
distances between bottom faces of the respective concave
portions and the stator core are preferably decreased

25 gradually from the inner circumferential side toward the
outer circumferential side of the stator core. Since the
bottom faces of the concave portions are successively

lowered, the intercoil wires of the different phases are
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prevented from coming into contact with each other at
crossing portions when the coils are disposed along the
bottom faces of the concave portions. Consequently, the
insulation performance between the intercoil wires can
further be improved. Furthermore, the insulating cover
preferably includes a plurality of bobbin portions on which
the coils are wound and each bobbin portion has a groove
formed so as to correspond to a beginning of the wound coil
and into which a magnet wire constituting said wound coil
is inserted.

The invention will be described, merely by way of
example, with reference to the accompanying drawings, in
which:

FIG. 1 is a partial longitudinal section of a stator of
the electric motor of a first embodiment in accordance with
the present invention;

FIG. 2 is a partial longitudinal section of a lower
cover and a stator core of the motor;

FIG. 3 is a partial longitudinal section of an upper
cover and the stator core;

FIG. 4 is a partial longitudinal section of the lower
cover and the stator core viewed from a different angle;

FIG. 5 is a partial plan view of the.upper cover;

FIG. 6 is a partial plan view of the upper cover
showing wound phase W coils;

FIG. 7 is a partial plan view of the upper cover
showing wound phase V coils;

FIG. 8 is a partial plan view of the upper cover



t her ebetweén sot'hat said bottons are | ocated at respective | evel s
diffeﬁﬁggméﬁgs each ot her. According to the above-descri bed

constr eplased | ntercoil wires of the different coils are inserted
AR T
t hose

ﬁ” i ve concave portions. The condayg:™ |_ude

adj acent to each o4 her and haﬁe $§§§§@?ﬁVéibmm¢ ns
st epped t herebetween so that said bottons are Iocateéwath?ACEPespec Ive

| evel s different fromeach other. Consequently, the 15 intercoil wres
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concave portions. XHnseubhtd yperspective view of the stator;
FIG. 10 is a perspective view of the stator viewed from
a different angle;

5 FIG. 11 is a perspective view showing crossed portions
of intercoil wires of different phase coils;

FIG. 12 is an exploded perspective view of the upper
and lower covers and stator core;
FIG. 13 is a partial perspective view of the lower

10 cover;

FIG. 14 is a schematic partial longitudinal section of
the electric motor;

FIG. 15 is a partial perspective view of the upper
cover and stator core of the.electric motor of a second

15 embodiment in accordance with the present invention;

FIG. 16 is a partial plan view of the upper cover;

FIG. 17 is a partial bottom view of the lower cover;

FIG. 18 is a partial longitudinal section of the upper
cover and stator core;

20 FIG. 19 is a partial longitudinal section of the stator
of the electric motor of a third embodiment in accordance
with the present invention; and

FIG. 20 is a partial perspective view of the upper
cover and stator core.

25 A first embodiment of the present invention will be
described with reference to FIGS. 1 to 14. 1In the
embodiment, the present invention is applied to an electric

motor for directly driving an agitatof and a rotatable tub
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di spersed at Rigseppoter erebelr f bype bfushless dc motor. Referring first
to FIG. 14, the overall construction of the three-phase
outer rotor type brushless dc motor 21 is schematically

5 shown. The motor 21 comprises a generally annular stator 22
(see FIG. %) and a rotor 23 disposed for rotation outside
the stator 22 so as to cover the same.

The rotor 23 comprises a generally short cylindrical
cup-shaped rotor yoke 24 and a rotor magnet 25 mounted on an

10 inner circumferential surface of the rotor yoke 24 so as to
be opposed to an outer circumference of the stator 22. A
shaft 26 is fixed to a central bottom wall of the rotor yoke

24. The shaft 26 is rotatably mounted on suitable bearing
means (not shown). The stator 22 is mounted on a motor

15 mounting plate 27 of the washing machine by a plurality of
screws 28 one of which is shown in FIG. 14.

The construction of the stator 22 will be described in
detail. A stator core 1 of the stator 22 comprises a
plurality of, for example, three arcuate unit cores combined

20 to one another into the annular shape. Each unit core is
formed by stacking laminations of steel sheets. The stator
core 1 includes an annular portion 30 and a plurality of
teeth 31 radially projecting from an outer circumference of
the annular portion 30. The stator core 1 is covered by

25 upper and lower covers 2 and 3 at axially (vertically, in
FIG. 12) opposite sides thereof respectively. Each of the
upper and lower covers 2 and 3 is made of an electrically

non-conductive synthetic resin (insulating resin). These
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two covers 2 and 3 constitute an insulating cover in the
invention.
The upper cover 2 includes a generally cylindrical wall
rib 2a and a plurality of bobbin portions 2b (see FIG. 5)
5 radially projecting from an outer circumferential surface of
the wall rib 2a, as shown in FIGS. 1 and 12. The wall rib
2a constitutes an annular portion corresponding to the
annular portion 30 of the stator core 1 and the bobbin
portions 2b constitute teeth portions corresponding to the
10 respective teeth 31 of the stator core 1. Each bobbin
portion 2b has a generally U-shaped section. The teeth 31
of the stator core 1 are covered by the bobbin portions 2b
respectively when the upper cover 2 is pushed in at the
axial upper side of the stator core 1 to be attached
15 thereto, whereupon an upper half of the stator core 1 is
covered by the upper cover 2 except inner and outer
circumferential surfaces thereof, as shown in FIG. 6.
Reference symbol "1a" designates a plurality of teeth of the
stator core 1 on which coils 4 constituting phase U are
20 wound, as shown in FIGS. 1 and 8. Regarding the plurality
of teeth 31 of the stator core 1, reference symbol "1b"
designates a plurality of teeth of the stator core 1 on
which coils 5 constituting phase V are wound, as shown in
FIGS. 4 and 7. Reference symbol "1c" designates a plurality
25 of teeth of the stator core 1 on which coils 6 constituting
phase W are wound, as shown in FIGS. 2 and 6.
The lower cover 3 also includes a generally cylindrical

wall rib 3a and a plurality of bobbin portions 3b radially
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section prefeéggégitutes an annular portion corresponding to the annular

portion 30 of the stator core 1 and the bobbin portions 3b

5 constitute teeth portions corresponding to the respective

teeth 31 of the stator core 1. Each bobbin portion 3b has a

generally U-shaped section. The lower cover 3 is pushed in

at the axial lower side of the stator core 1 to be attached

thereto such that the wall rib 3a and bobbin portions 3b of

10 the lower cover 3 are placed opposite the wall rib 2a and

bobbin portions 2b of the upper cover 2 respectively and

such that the teeth 31 (1a to 1¢) of the stator core 1 are

covered by the bobbin portions 3b respectively. As a

result, a lower half of the stator core 1 is covered by the

15 lower cover 3 except inner and outer circumferential
surfaces thereof, as shown in FIG. 10.

The coils 4 constituting phase U are wound on the

bobbin portions 2b and 3b of the upper and lower covers 2

and 3 covering the phase U teeth 1a of the stator core 1

20 respectively, as shown in FIG. 8. These phase U coils 4 are

composed of a single magnet wire 4f. More specifically,

reference symbol "4s" designates a beginning of the magnet

wire 4f. The magnet wire 4f is wound on one of the teeth 1a

from the beginning 4s. Upon completion of winding, an

25 intercoil wire 4a is extended in the direction of arrow A in

FIG. 8, disposed at an upper end side of the upper cover 2.

The magnet wire 4f is then wound on the subsequent tooth 1a

located in the direction of arrow A relative to the tooth 1a
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so that the magnet wire 4f is wound on all the teeth 1a to

constitute the phase U coils 4. Reference symbol '"4e"
5 designates a termination of the magnet wire 4f. Regarding
each tooth 1a, the magnet wire 4f is wound in the direction
of arrow B as shown in.FIG. 9.
The coils 5 constituting phase V are wound on the
bobbin portions 2b and 3b of the upper and lower covers 2
10 and 3 covering the phase V teeth 1b of the stator core 1
respectively, as shown in FIG. 7. These phase V coils 5 are
composed of a single magnet wire 5f. More specifically,
reference symbol "5s" designates a beginning of the magnet
wire 5f. The magnet wire 5f is wound on one of the teeth 1b
15 from the beginning S5s. Upon completion of winding, an
intercoil wire 5a is extended in the direction opposite to
arrow A in FIG. 7, disposed at a lower end side of the lower
cover 3. The magnet wire 5f is then wound on the subsequent
tooth 1b located in the direction opposite to arrow A
20 relative to the tooth 1b on which the magnet wire 5f has
been wound. The winding operation is repeated in the same
manner as described above so that the magnet wire 5f is
wound on all the teeth 1b to constitute the phase V coils 5.
Reference symbol "5e" designates a termination of the magnet
25 wire 5f. Regarding each tooth 1b, the magnet wire S5f is
wound in the direction opposite to arrow B as shown in
FIG. 10.

The coils 6 constituting phase W are wound on the
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bobbin portions 2b and 3b of the upper and lower covers 2
and 3 covering the phase W teeth 1¢c of the stator core 1
respectively, as shown in FIG. 6. These phase W coils 6 are
composed of a single magnet wire 6f. More specifically,
reference symbol "6s" designates a beginning of the magnet
wire 6f. The magnet wire 6f is wound on one of the teeth 1c
from the beginning 6s. Upon completion of winding, an
intercoil wire 6a is extended in the direction opposite to
arrow A in FIG. 6, disposed at a lower end side of the lower
cover 3. The magnet wire 6f is then wound on the subsequent
tooth 1¢ located in the direction opposite to arrow A
relative to the tooth fc on which the magnet wire 6f has
been wound. The winding operation is repeated in the same
manner as described above so that the magnet wire 6f is
wound on all the teeth 1c to constitute the phase W coils 6.
Reference symbol "6e" designates a termination of the magnet
wire 6f. Regarding each tooth 1c, the magnet wire 6f is
wound in the direction opposite to arrow B as shown in
FIG. 10.

The upper cover 2 has a concave portion 7 formed on an
upper end surface thereof to extend along the cylindrical
wall rib 2a at an inner circumferential side of the rib, as
shown in FIG. 1. The concave portion 7 is defined by the
wall rib 2a of the upper cover 2, an annular bottom plate 7a
integrally formed on the wall rib 2a and a cylindrical wall
rib 7b integrally formed on the bottom plate 7a. An upper
surface of the bottom plate 7a is located approximately at

the same level as the terminations of the wound phase U
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constituting said wound coil is inserted. f The invenLion w il be
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farther away from the stator core 1 than an upper end

surface of the wall rib 7b.
The wall rib 2a has a plurality of upwardly open
5 notches 7c. The notches 7c are disposed to be opposed to
the teeth 1a for phase U respectively, as shown in FIG. 9.
The intercoil wire 4a of each phase U coil 4 is inserted
through the notch 7c¢ into the concave portion 7 and drawn
outward or toward the subsequent tooth 1a side through the
10  adjacent notch 7c¢, held on the bottom plate 7a.

The lower cover 3 has a first concave portion 8 formed
to extend along the cylindrical wall rib 3a at an inner
circumferential side of the rib, as shown in FIG. 2. The
concave portion 8 is defined by the wall rib 3a of the lower

15 cover 3, an annular bottom plate 8a integrally formed on the
wall rib 3a and a cylindrical wall rib 8b integrally formed
on the bottom plate 8a. An underside surface of the bottom
plate 8a is located approximately at the same level as the
terminations of the wound phase W coils 6. A lower end

20 surface of the wall rib 3a is located farther away from the
stator core 1 than a lower end surface of the wall rib 8b.

The wall rib 3a has a plurality of downwardly open
notches 8c. The notches 8c are disposed to be opposed to
the teeth 1c¢ for phase W respectively, as shown in FIG. 10.

25 The intercoil wire 6a of each phase W coil 6 is inserted
through the notch 8c into the concave portion é and drawn
outward or Foward the subsequent tooth 1c side through the

adjacent notch 8c, held on the bottom plate 8a.



FIG 4 is-a-partial _|ongitudinal section of the | ower cover and the

stator core viewed froma different angle; FIG 5 is a parti al
pl an V|emﬂb$SM£ﬂhH§&ﬂk %Fr 20 FIG 6 is a partial plan view of
t he upper - wound phase Wcoils; FHG—71s
partial pl upper cover sfipwi ng V\pgﬂ"&“%ﬁ‘é%%r W%@EE@]
FIG 8is a p vi ew of the upper cover shohing RBBLAREDwoun
phase U coils; FIG 9 is a perspective view of “the stator;
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9 formed at an inner circumferential side of the first
concave portion 8 to be juxtaposed therewith on an underside
end surface of the lower cover, as shown in FIG. 4. The

5 concave portion 9 is defined by the wall rib 8b of the
concave portion 8, an annular bottom plate 9a integrally
formed on the wall rib 8b and a cylindrical wall rib 9b
integrally formed on the bottom plate 9a. A bottom face of
the bottom plate 9a is locatéd farther away from the stator

10 core 1 than that of the bottom plate 8a of the first concave

portion 8, and a lower end surface of the wall rib 8b is

located farther away from the stator core 1 than a lower end
surface of the wall rib Sb.

The wall ribs 3a and 8b are formed with a plurality of

15 downwardly open notches 9c¢ and 9d respectively. These
notches 9c¢c and 9d are disposed to correspond to the
respective teeth 1b, as shown in FIG. 10. The level of a
bottom face of each notch 9¢ is set to be approximately
equal to that of a bottom face of each notch 9d. The bottom

20 faces of the notches 9¢ and 9d are located farther away from
the stator core 1 than that of the bottom plate 8a, as
understood from FIG. 4. The intercoil wire 5a of each phase
V coil 5 is inserted through the notches 9c and 94 into the
concave portion 9 and drawn outward or toward the subsequent

25 tooth 1b side through the adjacent notches 94 and 9c¢, held
on the bottom plate 9%9a, as shown in FIG: 10.

The upper cover 2 is formed with a horizontal seating

face 2c as shown in FIG. 5. The seating face 2c has six
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integrally formed hollow rectangular pillar-shaped terminal
insertion sections 10 to 15. The terminal insertion
sections 10-15 may be cylindrical. The three terminal
insertion sections 10, 11 and 12 are disposed to be opposed
to the positions of the beginnings 4s, Ss and 6s of the
magnet wires 4f, 5f and 6f respectively and to be in the
vicinity of the bobbin portions 2b. Upwardly open grooves
10a to 12a are formed on upper end surfaces of inner and
outer circumferential side walls of the terminal insertion
sections 10-12. The width of each of the grooves 10a-12a is
set to be approximately equal to a diameter of each of the
magnet wires 4f, 5f and 6f. The beginnings 4s-6s of the
magnet wires 4f-6f are inserted into the grooves 10a-12a
respectively as shown in FIGS. 6-8.

The other three terminal insertion sections 13, 14 and
15 are disposed to be opposed to the positions of the
terminations 4e, 5e and 6e of the magnet wires 4f, 5f and 6f
respectively. Upwardly open grooves 13a, 14a and 15a are
formed in upper end surfaces of inner and outer
circumferential side walls of the terminal insertion
sections 13-15. The width of each of the grooves 13a-15a is
set to be approximately equal to the diameter of each of the
magnet wires 4f, 5f and 6f. The terminations 4e-6e of the
magnet wires 4f-6f are inserted into the grooves 13a-15a
respectively as shown in FIGS. 6-8.

External connecting terminals (not shown) are inserted
into the terminal insertion sections 10-12, and common

connecting terminals (not shown) are inserted in the
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these connecting terminals comprises a poke-in terminal, for

example. The connecting terminals break through an
insulating coating of the magnet wires 4f, 5f and 6f to be
electrically connected to core wires thereof when the
external and common connecting terminals are inserted into
the terminal insertion sections 10-12 and 13-15,
respectively.

The procedure for assembly of the stator 22 will now be
described. First, the upper and lower covers 2 and 3 are
fitted with the stator core 1 from the axially opposite
sides thereof to be attached thereto, respectively, as shown
in FIG. 14. The phase U coils 4 are then wound. More
specifically, the beginning 4s of the magnet wire 4f is
pushed into the grooves 12a of the terminal insertion
section 12, and the external connecting terminal 1is
inserted into the terminal insertion section 12, as shown in
FIG. 8. Consequently, the beginning 4s of the magnet wire
4f is held by the external connecting terminal.

Subsequently, the magnet wire 4f is wound on the initial

r

an
he

tooth 1a so that the phase U coil 4 is constituted. The

winding of the magnet wire 4f is carried out by an automatic
winding machine (not shown).

The winding machine is moved in the direction of arrow
A in FIGS. 8 and 9 when the magnet wire 4f is wound up on
the initial tooth 1a to constitute the phase U coil 4. The
magnet wire 4f is wound on the subsegqguent tooth 1a to

constitute the phase U coil 4 after the intercoil wire 4a
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that the magnet wire 4f is successively wound on the
plurality of teeth 1a to constitute the phase U coils.4.
5 Upon completion of the winding of the magnet wire 4f on the

last tooth 1a, the termination 4e of the magnet wire 4f is
inserted into the grooves 13a of the terminal insertion
section 13 and then, the common connecting terminal is
inserted into the terminal insertion section 13 so that the

10 termination 4e is held by the common connecting terminal.
The constitution of the phase U coils 4 is completed.

The phase W coils 6 are subsequently wound. More
specifically, the beginning 6s of the magnet wire 6f is
pushed into the grooves 10a of the terminal insertion

15 section 10, and the external connecting terminal is
inserted into the terminal insertion section 10, as shown in
FIG. 6. Consequently, the beginning 6s of the magnet wire
6f is held by the external connecting terminal.
Subsequently, the magnet wire 6f is wound on the initial

20 tooth 1c so that the phase W coil 6 is constituted.

The winding machine ;s moved in the direction opposite
to arrow A in FIGS. 6 and 10 when the magnet wire 6f is
wound up on the initial tooth 1a to constitute the phase U
coil 6. The magnet wire 6f is wound on the subsequent tooth

25 1c to constitute the phase U coil 6 after the intercoil wire
6a has been inserted into the concave portion 7, hung on the
wall rib 3a. The above-described operation is repeated so

that the magnet wire 6f is successively wound on the



general ly annul ar stator 22 (see FIG 9) and a rotor 23 di sposed

6 for

The rotor

surface of the

TR Ses a enerally short cylindrical TTHIS SHEED HASBERN ¢
yoke 24 and awsﬁﬁ edrpunt ed on an i nner circBEP RS ial

10

15

20

25

rotation outside the stator 22 so as to cover—the—sane

so as to bg opposed
1

plurality of teeth 1c¢ to constitute the phase W coils 6.
Upon completion of the winding of the magnet wire 6f on the
last tooth 1c¢, the termination 6e of the magnet wire 6f is
inserted into the grooves 14a of the terminal insertion
section 14 and then, the common connecting terminal is
inserted into the terminal insertion section 14 so that the
termination 6e is held by the common connecting terminal.
The constitution of the phase W coils 6 is completed.

The phase V coils 5 are wound upon completion of the
constitution of the phase V coils 6. The beginning 5s of
the magnet wire 5f is pushed into the grooves 11a of the
terminal insertion section 11, and the external connecting
terminal is inserted into the terminal insertion section
11, as shown in FIG. 7. Consequently, the beginning 5s of
the magnet wire 5f is held by the external connecting
terminal. Subsequently, the magnet wire 5f is wound on the
initial tooth 1b so that the phase V coil 5 is constituted.

The winding machine is moved in the direction opposite
to arrow A in FIGS. 7 and 10 when the magnet wire S5f is
wound up on the initial tooth 1b to constitute the phase V
coil 5. The magnet wire 5f is wound on the subsequent tooth
1b to constitute the phase V coil 5 after the intercoil wire
5a has been inserted into the concave portion 8, hung on the
wall rib 3a. The above-described operatioh is repeated so
that the magnet wire 5f is successively wound on the
plurality of teeth 1b to constitute the phase V coils 5.
Upon completion of the winding of the magnet wire 5f on the

last tooth 1b, the termination 5e of the magnet wire 5f is

or



5 to an outer circunference of the stator 22. A shaft 26 is fixed to a
central bottomwall of the rotor yoke 24. The shaft 26 is rot at ably

Tount 6 19&=§“a§‘§’4@“ﬁ°““’eﬁ[ ing prate 27 of the washi ng Eﬁ;@
pl uralltm\ﬂn \Mnﬁ one of which isqghown in FIG 1 . ACED he
construc ator 22 will be described in detail. A stator
core 1 of the stator 22 conprises a plurality of, for exanpl e, three
arcuate unitinse@tadnbhoed the oneoanesharsd nbd the téemanadl damséapéon
Each unit core is fornmed by stacking 15 |am nations of steel sheets. The
stator core &eiciclamletSamnd then, the common connecting terminal is
inserted into the terminal insertion section 15 so that the
termination 5e is held by the common connecting terminal.
5 The constitution of the phase V coils 5 is completed.
According to the above-described embodiment, the
concave portions 8 and 9 are disposed abreast on the lower
end surface of the lower cover 3. The intercoil wire 5a of
the phase V coils 5 is inserted in the concave portion 9,
10 and the intercoil wire 6a of the phase W coils 6 is inserted
in the concave portion 8. Since the intercoil wires 5a and
6a are displaced axially with respect to the stator core 1
and isolated from each.other by the wall rib 8a, the
insulation performance between the intercoil wires 5a and 6a
15 of the coils 5 and 6 constituting the different phases can
be improved. Consequently, the dielectric breakdown can
reliably be prevented between the intercoil wires 5a and 6a.
Three concave portions need to be formed abreast on the
end face of either one of the upper and lower covers 2 and 3
20 when the intercoil wires 4a, 5a and 6a of the three-phase
coils 4, 5 and 6 are concentrated on either the upper or
lower cover side. This construction results in large-sized
upper and lower covers. In the foregoing embodiment,
however, the intercoil wires 4a of the phése U coils 4 are
25 disposed at the upper cover 3 side and the intercoil wires
5a and 6a of the phase V and W coils 5 and.6 are disposed at

the lower cover 3 side. Conseqguently, since the three

concave portions need not be formed abreast, the covers 2



annul ar portion 30 and a plurality of teeth 31 radially projecting

from an olt &r "circunference of the annular portion 30. The stator core
lisc I d Il ower covers 2 and 3 at gxbakly{yvertically,
in FIGOHl &hﬁ%BHﬂﬂéﬁm?ges thereof 20 respectively. FabiSSHEER&AFIHEN
and | owe Hgmﬂnmmw 3 is made 9k an electrical | y_non- REANGED ve
synt het i ating resin). These two covers 2 and 3
constitute an insulating cover in the invention. The upper
cover 2 incl gdas3acgangeablryveyitenadrireal veahy ebdeZed 2argedsazelyral ity
of bobbin portions 2b (see FIG 5) radially projecting froman outer

circunferential sThkeacd wéumhberealt/lial bconcave portions 7, 8 and 9 are
provided in the above-described embodiment. The notches 7c¢
are formed in the wall rib 2a defining the concave portion
5 7. The notches 8c are formed in the wall rib 3a defining
the concave portion 8. The notches 94 are formed in the
wall rib 8b defining the concave portion 9. Since the
intercoil wires 4a, 6a and 5a of the coils 4, 6 and 5 are
circumferentially drawn along the concave portions 7, 8 and
10 9 respectively, the length of each of the intercoil wires
4a, 5a and 6a is reduced, and the length of each of the
magnet wires 4f, 5f and 6f of coils 4, 5 and 6 is also
reduced. Consequently, the resistance of each magnet wire
is lowered and accordingly, the electric characteristics of

15 the motor can be improved.

The bottom plates 7a and 8a of the concave portions 7
and 8 are located approximately at the same levels as the
terminations of the phase U and W coils 4 aﬁd 6 wound
respectively. Accordingly, the intercoil wires 4a and 6a of

20 the phase U and W coils 4 and 6 are easily inserted into the
concave portions 7 and 8 respectively. Consequently, since
the assembly efficiency and the process efficiency are
improved, a shortening of lead time, an improvement in the
product quality and a reduqtion in the production cost can

25 be achieved.

The terminal insertion sections 10 to 15 are provided
on the upper cover 2. The connecting terminals are inserted

in the terminal insertion sections 10 to 15 after the



2a, as shown .i.n. FI.GS. 1 and 12. The wall rib 2a constitutes an annul ar
portion corresponding to the annul ar portion 30 of the
st at Of; and t he bobbin portions 2b constltute teeth.po 8RS

7

correspondlng %ede teeth 31 of the stator HE ErHASEE@ﬁ
bobbi n portlonLﬂH rally U-shajpgd section. The

the stator cor d by the bobbin portions

beginnings 4s, 5s and 6s and terminations 4e, 5e and 6e of

the magnet wires 4f, 5f and 6f constituting the three-phase
coils 4, 5 and 6 have been inserted in the grooves 10a to
15a of the terminal insertion sections 10 to 15,

5 respectively. Since the beginnings 4s, 5s and 6s and
terminations 4e, 5e and 6e of the magnet wires 4f, S5f and 6f
are easily connected and held in this construction, the
assembly efficiency and the process efficiency can further
be improved.

10 The terminal insertion sections 10 to 15 are disposed
to correspond to the beginnings 4s, 5s and 6s and
terminations 4e, 5e and 6e of the magnet wires 4f, 5f and 6f
respectively. Since the beginnings 4s to 6s and
terminations 4e to 6e of the magnet wires 4f to 6f are

15 easily inserted into the grooves 10a to 15a of the terminal
insertion sections 10 to 15 respectively, the ends of the
magnet wires 4f to 6f can further easily be treated.
Furthermore, the terminal insertion sections 10 to 15 are
formed integrally on the upper cover 2. This construction

20 reduces the number of parts and the number of assembly steps
as compared with the case where separate terminal insertion
sections are mounted on the upper cover. Consequently, the
production cost can further be decreased.

The heights of the wall ribs 3a and 8b of the

25 respective.concave portions 8 and 9 are varied stepwise in
the foregoing embodiment. Accordingly, the winding machine
is moved in the winding of the magnet wires 5f and 6f

constituting the phase V and W coils 5 and 6 so that the



5 2b respectively when-the upper cover 2 is pushed in at the axial
upper side of the stator core 1 to be attached thereto, whereupon an

upper aI Replakdr core 1 is covered by the upper cquer .. excopt
|ﬁﬁer ccfins BOG 285 nferential surfaces thereof, as sﬁ@@ﬁﬁ&ﬁﬂﬂkQBﬁﬁﬁ
n amw“ ﬂ!\ designates a plurghity 10 of teetH of t REPISi@ihr

Refere _ :
core 1 4 constituting phase U are wound, as shown in

FIGS 1 and 8. Regarding the plurality of teeth 31 of the stator core
, reference syhokoilb'wiessghat end 6a arpl Uredétyedf itrees hthé idemesdaéor
core 1 on which coils 5 constituting phase V are wound, as shown in
FIGS. 4 and POT{5i0RE &9 eAdd s§mbblunaco riethgnawed la phlrsl 8by aoi dt Set h

of the respectively. Consequently, since the intercoil wires 5a

and 6a can easily be inserted in the respective concave
5 portions 9 and 8, a further shortening of lead time, a
further improvement in the product quality and a further
reduction in the production cost can be achieved. |
The bottom of the concave portion 9 is located farther
away from the stator core 1 than that of the concave portion
10 8. Since the concave portions 8 and 9 are thus stepped
axially with respect to the stator core 1, the intercoil
wires 5a and 6a can reliably prevented from contacting in
their crossing portions when disposed along the bottom faces
of the concave portions 9 and 8 respectively. Consequently,
15 the insulation performance between the intercoil wires 5a
and 6a can further be improved and the dielectric breakdown
can reliably be prevented.
The bottom face of eéch notch 9c¢ is located farther
away from the stator core 1 than that of the bottom plate 8a
20 of the concave portion 8. Since the intercoil wires 5a of
the phase V coils 5 are positioned by the bottom faces of
the notches 9c¢, the intercoil wires 5a can further reliably
be prevented from contacting with the intercoil wires 6a.
FIGS. 15 to 18 illustrate a second embodiment of the
25 present invention. The identical parts are labeled by the
same reference symbols in the second embodiment as in the
first embodiment. Referring first to FIG. 18, the bottom

plate 7a of the upper cover 2 has a plurality of grooves 74



stator core 1.on whi-ch-coits -6 constituting phase Ware wound, as
shown in FIGS. 2 and 6. The | ower cover 3 also includes a
nerally cy I'lIthhaec&dsBmINeplaced rib 3a and a plurality of bobbin portions

ge

3b radlally pr from an outer circunferential [Syf

wall rib 3a a ‘ggﬁﬁgN
a -

n FIGS. 1 aqd 12. The wall rip 3a qgg%
n annul ar correspondi ng to the annul ar port rom-36-e+--t
stator core 1 and t he bobbin portions 3b constitute teeth portions
correspondi ngnto which Hée dsyestdoid whetels Ab off tie gitisy Tocd s Exote
bobbin 25 portion 3b has_a generally U-shaped section. The |ower cover
3 is pushed iimsgrtade axPaly| ener ofi duelt gheoveat d8 ddy eshowp. Each of

the wall ribs 2a and 3a of the upper and lower covers 2 and
3 has a plurality of grooves 7e formed in the outer

5 circumferential surface thereof to extend axially with
respect to the stator core 1. Only one of the grooves 7e is
shown in FIG. 16. Each groove 7e is disposed in the
vicinity of a proximal end of the corresponding tooth 1a as
-shown in FIG. 15. Each intercoil wire 4a of the phase U

10 coils 4 is inserted into the groove 7d of the concave
portion 7 and then drawn out of the groove 7d to be inserted
into the groove 7e so that the magnet wire 4f is wound on
the subsequent tooth 1a.

The bottom plate 8a of the lower cover 3 has a

15 plurality of grooves 8d only one of which is shown in
FIG. 17. The bottom plate 9a of the concave portion 9 also
has a plurality of grooves 9e only one of which is shown in
FIG. 17. The intercoil wires 5a and 6a of the phase V and W
coilé 5 and 6 are inserted in the grooves 9e and 8d.

20 Furthermore, each of the wall ribs 3a and 2a of the
lower and upper covers 3 and 2 has a plurality of grooves 8e
formed in the outer circumferential surface thereof to
extend axially with respect to the stator core 1. Only one
of the grooves 8e is shown in FIG. 17. Each groove 8e 1is

25 disposed in the vicinity of a proximal end of the
corresponding tooth 1c. Each intercoil wire 6a of the phase
W coils 6 is inserted into fhe groove 8d of the concave

portion 8 and then drawn out of the groove 8d to be inserted



be attached thereto such that the wall rib 3a and b_obbi n portions 3b
of the I ower cover 3 are placed opposite the wall rib 3b and
This Sheet Has Been Replaced bobbi n portions 2b of the upper cover 2

respect that the teeth 31 (la to 1c) of hlfgg S%g&a
1 are c E"}ﬁmm Lt he bobbin portiagns 3b respectively.] As apggs| ?;)

| ower stator core 1 is covered by the | ower—ctover—3-except!

into the groove 8e such that the magnet wire 6f is wound on

the subsequent tooth 1c. Each of the wall ribs 3a and 2a of

the lower and upper covers 3 and 2 further has a plurality

of grooves 9f formed in the outer circumferential surface

5 thereof to extend axially with respect to the stator core 1.

Only one of the grooves 9f is shown in FIG. 17. Each groove

9f is disposed in the vicinity of a proximal end of the

corresponding tooth 1b. Each intercoil wire 5a of the phase

V coils 5 is inserted into the groove 9e of the concave

10 portion 9 and then drawn out of the notches 94 and 9c to be

inserted into the groove 9f so that the magnet wire 4f is
wound on the subsequent tooth 1b.

Each of the grooves 7d, 84 and 9e has a depth set in a

range of about one fifth to two thirds of a diameter of each

15 of the magnet wires 4f, 5f and 6f. Each of the grooves 7e,

8e and 9f has a depth set at about one half of the diameter

of each magnet wire. The other construction of the motor in

the second embodiment is the same as in the first

embodiment. Accordingly, the same effects are achieved in

20 the second embodiment as in the first embodiment. In the

second embodiment, particularly, the grooves 7d, 8d and 9e

are formed in the bottom plates 7a, 8a and 9a of the concave

portions 7, 8 and 9 respectively. The intercoil wires 4a,

5a and 6a are inserted in these grooves 74, 8d and 9e

25 respectively. Since the intercoil wires 4a, S5a and 6a are

positioned and guided by the grooves 7d, 84 and 9e

respectively, the length of each intercoil wire can be

rendered minimum. Consequently, the resistance of each



5 inner and-outer.-circunferential surfaces thereof, as shown in FI G
10. The coils 4 constituting phase U are wound_on the bobbin
portions 2phiagidet h pper and | ower covers 2 and 3| qQWELIIY
phase U tee Al o tor core 1 respectively, as shownyseR
8. These ph%ﬂ,mg,mﬂ" m re conposed @B a single magnet [ .
speci fically, nbol "4s" designhates a begi nning of the
magnet wire 4f. The nagnet wire 4f is wound on one of the teeth |a

from t he beghaemgtiwinponscdmpyeriesh and asicorAdinglYan ihe ePdAF Lt HitCe
4a is extended in the direction_ 15 of arrow Ain_ FIG 8, disposed at an
upper emjgi&@@ﬁaq%%raﬁﬁéps of the motor can further Dbe "improved.

Furthermore, since the length of each magnet wire can be
uniformed of equalized, the resistance of the magnet wires

5 4f, 5f and 6f can be maintained at a constant value. This
results in further improvement in the motor electric
characteristics and the coils 4 to 6 can reliably be
prevented from loosening.

The grooves 7e are formed in the upper cover 2 and the

10 grooves 8e and 9f are formed in the lower cover 3. Parts of
the magnet wires 4f to 6f corresponding to first turns of
the respective §hase coils 4 to 6 are inserted in the
grooves 7e, 8e and 9f respectively. In this construction,
siﬁce the parts of the magnet wires from which the wires are

15 wound are positioned, a normal or regular winding of the
magnet wires 4f to 6f can easily be carried out.
Consequently, a further shortening of lead time, a further
improvement in the product quality and a further reduction
in the production cost can be achieved and the coils 4 to 6

20 can reliably be prevented from loosening.

FIGS. 19 and 20 illustrate a third embodiment of the
invention. The identical parts are labeled by the same
reference symbols in the third embodiment as in the first
embodiment. Referring first to FIG. 19, each bobbin portion

25 2b of the upper cover 2 has a groove 2c formed in an upper
face of a proximal end thereof. Each bobbin portion 3b of
the lower cover 3 also has a groove 3c formed in an upper

face of a proximal end thereof. Each of the grooves 2¢ and



cover_ 2. The_nagnet. wi.re 4f is then wound on the subsequent tooth | a
| ocated in the direction of arrow A relative to the toQgkhebas

onwhitghkheRgBeh Wdifdf hasbeenwound.  Thewi ndi ngoper at i gnTHIS SHEEE HASORERN: |

in the arjips described above so that the 20 loagneRERHAGEDAf |
wound H I mFUmth la to constitutegthe phase U coils 4.
Ref ere A designates a term nation of the magnet wire 4f.

Regardi ng each tooth |la, the magnet wre 4f is wound in the direction
of arrow B asScshuaw Bndedp®h9set at one had foofs thecohsamedieimgo fheasehv
are wound on the bobbin 25 portions 2b and 3b of the upper and | ower
covers 2 andm@anservihge. TheheoPhesecynisdetict bonfofhshst satorois the

respectively, as shown _ ' )
third embodiment is the same as in the first embodiment.

Accordingly, the same effects are achieved in the third
5 embodiment as in the first embodiment. 1In the third
embodiment, particularly, a part of each magnet wire serving
as a first turn is inserted in the grooves 2c and 3c. Parts
of each magnet wire serving as an upper stage are wound so
as to be caused to fall between the parts of each magnet

10 serving as a lower stage (regular or normal tight winding).
Thus, since the first turn of each coil is positioned, each
magnet wire can easily be wound into the regular winding.
Consequently, the motor electric characteristics can be
stabilized and the product quality can be improved.

15 In the third embodiment, each of the bobbin portions 2b
and 3b has the single groove 2¢ or 3¢ formed in the end
thereof at the side where the winding of the magnet wire is
initiated. However, two or more such grooves may be formed
abreast in the entire area of each bobbin portion, instead.

20 In the first to third embodiments, the magnet wires are
wound so that the phase U, W and V coils 4, 6 and 5 are
constituted in this order. However, the magnet wires may be
wound so that the phase W, V and U coils 6, 5 and 4 are
constituted in this order. What is essential is that the

25 magnet wires needs to be wound so that the phase W coil 6 is
constituted prior to the phase V coil 5. Furthermore, the
lower cover 3 has the three wall ribs 9b, 8b and 3a in the

foregoing embodiments. The wall rib 3a located at the outer



in FIG 7. These-phase V.coils 5 are conposed of a single magnet
Sf. Mre specifically, reference symbol "5s” deS|gnates[?n

wi ndi ng,

a begi nithin eeffHaiB@n Re@o&t wire 5f. The magnet w

9
on one of the te
an |nte

10

15

20

'EHISfSHLET W
begi nni ng 5s. Upon conpl.et] O“REPLACE
W sextendzeglnthe direction :

circumferential side extends from the stator core 1 farther

than the wall rib 8b located between the wall ribs 9b and
3a. The wall rib 8b extends from the stator core 1 farther
than the wall rib 9b located at the inner circumferential
side. However, the inside wall rib 9b may extend farther
than the wall rib 8b, and the wall rib 8b may extend farther
than the outside wall rib 3a, instead. Furthermore, the
upper cover 2 has the two wall ribs 7b and 2a in the
foregoing embodiments. The wall rib 2a located at the outer
circumferential side extends from the stator core 1 farther
than the wall rib 7b. However, the wall rib 7b may extend
farther than the wall rib 2a, instead. Additionally, the
present invention is applied to the outer rotor type
brushless dc motor in the foregoing embodiments. The
invention may be applied to inner rotor type brushless dc
motors having a rotor disposed inside a stator.

The foregoing description and drawings are merely
illustrative of the principles of the present invention and
are not to be construed in a limiting sense. Various
changes and modifications will become apparent to those of
ordinary skill in the art. All such changes and
modifications are seen to fall within the scope of the

invention as defined by the appended claims.



opposite to arrow Ain FIG 7, disposed at a |ower end side of 5 the

| oner cover 3. The magnet wire 5f is then wound on the subsequent
tooth I'b |Iu|m “rectlon opposite to arrow A relative to the
tooth Ib mnmm“ et wire 5f has been woundg=Ehe. wi ndi ng
operation i*s Fepbated in the same mannejg as descri GH@U@EE

the magnet wire 5f is wound on all the 10 teeth Ib to |

phase V coils 5. Reference synbol "5e" designates a termnatl ‘
magnet wre HE ®egeMdi ng each tooth I'b, the nagnet wire 5f is wound in
the direction opposite to arrow B as shown in FIG 10. The

coils 6 constituting phase Ware wound on the bobbin
1. A stator for an electric motor comprising:
a stator core;
5 a resinous insulating cover attached to the stator core
so as to cover the stator core;
coils of a plurality of phases wound on the insulating
cover attached to the stator core, the coils including
intercoil wires respectively; and
10 a plurality of concave portions formed in the
insulating cover to extend abreast in a direction of
disposition of the intercoil wires so that the intercoil
wires of the coils of the different phases are inserted
therein respectively, the concave portions including those
15 adjacent to each other and having respective bottoms stepped

therebetween.

2. A stator according to claim 1, wherein the
insulating cover has opposite end faces, wherein the

20 intercoil wires of the coils of the plurality of phases are
located at both sides of the opposite end faces of the
insulating cover, and wherein the plurality of concave
portions are formed in at least one of the end faces of the
insulating cover so that the intercoil wires of the coils of

25 the different phases are inserted therein respectively.

3. A stator according to claim 1, wherein each concave

portion extends along a circumference of the insulating

This Sheet Has Been Replaced




15 portions 2b- and 3b- of -the upper and | ower covers 2 and 3 covering

t he phase VVteet core 1 respectively, as shown o in

FIG 6. These ph lm !m !Emtconposed of a singl e magnet wire 6f .
More specifically,~re | "6s" designates Tk | of the
magnet wire 6f. The nmagnet wire 6f is wound 20 on

fromthe beginning 6s. Upon conpletion of w nding; re
6a is extended in the direction opposite to arrOM/A in FIG
di sposed at acovmerartchas de side wall hEotmedrwitivea ﬂotdhelnagn@hlmhrbhéf

I's then wound on the subsequent tooth 1c located in the direction
opposite to afrbercobl wire|hs|imsentede tooth | c on which the magnet wire
6f has been

4. A stator according to claim 1, wherein at least one
5 of the concave portions has a or the bottom located at
approximately the same level as a termination of the wound

coil.

5. A stator according to claim 1, wherein the

10 insulating cover has a plurality of polygonal pillar-shaped
or cylindrical terminal insertion sections integrally formed

to correspond to positions of a beginning and a termination

of each coil of each phase and each terminal insertion
section has a groove into which the beginning or the

15 termination of each coil of each phase is inserted.

6. A stator according to claim 1, wherein the concave
portions have respective side walls whose heights are varied
stepwise.

20

7. A stator according to claim 1, wherein distances
between bottom faces of the respective concave portions and
the stator core are gradually decreased from the inner

circumferential side toward the outer circumferential side

25 of the stator core.

8. A stator according to claim 1, wherein the

insulating cover includes a plurality of bobbin portions on

This Sheet Has Been Replaced




wound. The winding operation is repeated in the sane manner as
descri bed above so that the magnet wire 6f is wound on all the teeth

1c to constitute the s 6. Reference synbol . ﬂ”HSS” "6e"
desi gnates a teu“]uﬁﬂﬂcﬁ Jﬂﬂ magnet wire 6f. Regardin “€EEHABCHMEIQ
1c, the magnet in the gigrection oppbsite. BELAFEBW B
as shown in FIG 10
which the coils are wound and each bobbin portion has a
groove formed so as to correspond to a beginning of the

wound coil and into which a magnet wire constituting said

wound coil is inserted.

9. A stator according to claim 1, wherein the stator
core includes an annular portion and a plurality of teeth
radially projecting from an outer or inner circumference of
the annular portion, wherein the insulating cover comprises

10 two covers covering the stator core at axially opposite
sides thereof, wherein each of the two covers includes an
annular portion corresponding to the annular portion of the
stator core and a plurality of teeth portions corresponding
to the teeth of the stator core, and wherein the concave

15 portions are formed on end faces of the annular portions of

the covers.

10. An electric motor comprising:
a stator including a stator core, a resinous insulating
20 cover attached to the stator core so as to cover the latter,
coils of a plurality of phases wound on the insulating cover
attached to the stator core, the coils including intercoil
wires respectively, and a plurality of concave portions
formed in the insulating cover to extend abreast in a
25 direction of disposition of the intercoil wires so that the
intercoil wires of the coils of the different phases are
inserted therein respectively, the concave portions

including those adjacent to each otheg_anq having respective

This Sheet Has Been Replaced




The upper cover 2 has a concave portion 7 formed on an upper 5 end

surface thereof to extend along the cylindrical wall rib 2a at an

I nner circunfe he rib, as shown in FIG .T 1. The concave
portion?isdm m Wm rib 2a of the uppéer %\&;E

annul ar bottom plate t7aw n |1y forged on t he LA -
cylindrical wall rib 7b integrally formed 10 on the bottomTp )

upper surface of the bottom plate 7a is | ocated approxi mtely

sane | evel dottmnd ertrapped dilerebetwsderiheandbund phase U coils 4. An upper
end surface of the wall rib 2a is |located farther away fromthe_stator

core 1 than an a raopperretatakkd acelativaetoather satpr and including

a2 permanent magnet.

5 11. An electric motor according to claim 10, wherein:
the stator core includes an annular portion and a plurality
of teeth radially projecting from an outer circumference of
the annular portion;

the insulating cover includes two covers covering the
10 stator core at axially opposite sides thereof;
each of the covers includes an annular portion
corresponding to the annular portion of the stator core and
a plurality of teeth portions corresponding to the teeth of
the stator core respectively;

15 the coils of the plurality of phases comprise three-

phase coils;
two of the concave portions into which the intercoil
wires of the coils constituting two of the three phases are
inserted are formed on an axial end face of the annular

20 portion of one of the covers, and the intercoil wires of the
coils constituting the other phase are disposed on an axial
end face of the annular portion of the other cover; and

the rotor comprises an outer rotor disposed in opposite

relation to an outer circumference of the stator.

eet Has Been Replaced
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15 The wall rib 2a has a plurality of upwardly open notches 7c.

The notches 7c are di sposed to be opposed to the teeth I a for _ph
respectively, as shown in FIG 9. The intercoil wre —Fﬁks@ﬂﬁaadﬂspﬁéﬁé‘b
Ucoil 4 is inserted through the notch 7c into t he concavegpioiGion 7
and drawn outward or toward the subsequgmt 20 tooth |la rough the
adj acent notch 7c, held on the bottom pl ate 7a. The | ower
cover 3 has a first concave portion 8 fornmed to extend al ong the

cylindrical wall rib 3a at an inner ABSTRACTunferential side of the rib,

as shown in FIG 2. The concave 25 portion 8 is defined by the wall rib
3a of the | ower cover 3,ELECTRIC MOTOR AND STATOR THEREFOR

A stator for a brushless dc motor includes a stator

5 <core (1), a resinous insulating cover (2, 3) attached to the
stator core (1) so as to cover the stator core (1), coils

(4, 5, 6) of a plurality of phases wound on the insulating
cover (2, 3) attached to the stator core (1), the coils (4,

5, 6) including intercoil wires (4a, 5a, 6a) respectively,

10 and a plurality of concave portions (7, 8, 9) formed in the
insulating cover (2, 3) to extend abreast in a direction of
disposition of the intercoil wires (4a, 5a, 6a) so that the
intercoil wires (4a, 5a, Sa) of the coils (4, 5, 6) of the
different phases are inserted therein respectively. The

15 concave portions (7, 8, 9) include those adjacent to each

other and having respective bottoms stepped therebetween.

Designated figure: FIG. 1
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an annul ar bottomplate 8a integrally forned on the wall rib 3a and a
cylindrical wall rib 8b integrally forned on the bottom pl ate 8a. An

undersi de surface of the bottomplate 8a is | ocated

approximately at the sane level as the term nations of th @Hmbﬁﬂﬁ”“‘*SBtﬁy
Wcoils 6. Alower end surface of the wall rib 3a is |ochte

4a
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farther away fromthe stator core 1 than a | ower

wall rib 8b. 5 The wall rib 3a has a plur
not ches 8c. The notches 8c are disposed to b
for phase Wrespectively, as shown in FIG 10. Th

end surface of t he

ality of downwardly open
e opposed to the teeth 1c
e intercoil wre 6a

of each phase Wcoil 6 is inserted through the notch 8c into the
concave portion 8 and drawn outward or toward the 10 ubsequent tooth Ic
side through the adjacent notch 8c, held on t he bat THi% $HERTe: SABEEN
The | ower cover 3 further has a second congave portion (9 REPIOYgrEd at &n
i nner circunferential side of thF irqt |44 3
. 9a
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portions 8 to be juxtaposed therewith on an underside end surface 15 of

the I ower cover, as shown in FIG 4. The concave portion 9 I s defined
by the wall rib 8b of the concave portion 8, an annul ar bottom pl ate
9a integrally formed on the wall rib 8b and a cylindrical wall rib 9b
integrally formed on the bottom plate 9a. A bottomface of the bottod
plate 9a is located farther away 20 fromthe stator cdreus IHEER HARBEDY
the bottom plate 8a of the first concave portion 8, and REPAMEED end
surface of the wall rib 8b is located farther away fromthe stator
core 1 than a | ower end surface of the wall rib 9b. The wal |
ribs 3a and 8b are formed with a plurality of b

FIG. 6
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25 downwardly open notches 9c and 9d respectively. These notches 9c

and 9d are disposed to correspond to the respective teeth 1b,. as
shown in FIG 10. The level of a bottomface of each notch 9c is set
to be approximtely equal to that of a bottom face of
12 each notch 9d. The bottom faces of the notchdS ¥ - !

[ ET 1 2
farther away fromthe stator core 1 than that of the hottgﬁfgﬁéﬁggﬂﬁﬁﬁ

FIG. 7
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8a, as understood fromFIG 4. The intercoil wire 5a of each phase V
coil 5 is inserted through the notches 9¢c and 9d into 5 the concave

portion 9 and drawn outward or toward the subsequent tooth | b side

t hrough the adjacent notches 9d and 9c, held on t he bottom pl ate 9a,
as shown in FIG 10. The upper cover 2 is foroped with a

hori zontal seating face 2c as shown in FIG 5. TheHSeEENGIASABEEN2¢ has
six integrally 10 forned hollow rectangul ar pill ar-|shape8ERe¥GEDnal

i nsertion sections 10 to 15. The term nal insertion sections I0- may
be cylindrical. The three termnal insertion sections 10, 11 and 12

are di sposed to be opposed to the positions of the

This Sheet Has Been R
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begi nni ngs 4s, 5s and 6s of the magnet wires 4f, 5f and 6f 15
respectively and to be in the vicinity of the bobbin portions 2b.
Upwar dl'y open grooves |0Oa to 12a are forned on upper end
i nner and outer circunferential side walls of the
sections 10-12. The width of each of the grooves
approxi mately equal to a dianeter 20 of each of the
and 6f. The begi nni ngs 4s-6s of the magnet wires 4f-6f are inserted
into the grooves | Ca- 12a respectively as shown in FIGS. 6-8.

The other three termnal insertion sections 13, 14 and 15 are di sposed
to be opposed to the positions of the term nations

This Sheet Has Been Replaced




25 4e, 5e and 6e of the magnet wires 4f, 5f and 6f respectively.

Upwar dly open grooves 13a, 1l4a and 15a are fornmed in upper end

surfaces of inner and outer circunferential side walls of the t erm nal
i nsertion sections 13-15. The width of each of the '

13 grooves 13a-15a is set to be approximately egual to a dianeter
of each of the magnet wires 4f, 5f and 6f. The term nati.ons. 4e-6€ . ... S—
. THIS SEHEET HAS BEEN
REPLACED
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of the magnet wires 4f-6f are inserted into the grooves 13a- 15a

respectively as shown in FIGS. 6-8. 5 External connecting term nals
(not shown) are inserted into the term nal insertion sections 10-12,
and common connecti ng termnals (not shown) are inserted in the
termnal insertion sections 13-15, respectively. ngag@ﬁﬁ;ﬁ’gjmtw
connecti ng termnals conprises a poke-in termnal,| for exgRlS )}ue
10 connecting termnals break through an insul ating coatiig—of—tte
magnet wires 4f, 5f and 6f to be electrically connected to core Wi res
t hereof when the external and common connecting termnals are inserted
into the termnal insertion chtions Sm-32 and 1%—15,

a

3a
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respectively. 15 The procedure for assenbly of the stator 22 will now

be described. First, the upper and | ower covers 2 and 3 are fitted
with the stator core 1 fromthe axially opposite sides thereof to be
attached thereto, respectively, as shown in FIG 14. The phase U coils

4 are then wound. More specifically, the beginning 20
wire 4f is pushed into the grooves 12a of the '
section 12, and the external connecting
termnal insertion sections 12,
begi nni ng 4s of the nagnet
term nal

& 29 35 29 g (FIG. 12
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25 Subsequently, the magnet wire 4f is wound on the initial tooth | a

so that the phase U coil 4 is constituted. The w ndi ng of t he magnet
wire 4f is carried out by an automati c w ndi ng rmachi ne (not shown).
14 The wi nding machine is noved in the direction of arrow A
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in FIGS. 8 and 9 when the magnet wire 4f is wound up on the initial
tooth la to constitute the phase U coil 4. The nagnet wire 4f I s wound
on the subsequent tooth la to constitute the phase U 5 coil 4 after the

intercoil wire 4a has been inserted into the concave por tji-efeds..
on the wall rib 2a. The above-descri bed operation i s repdat'®8 ssgEr iS BEEN
the magnet wire 4f is successively wound on the plurality—af f8&tacks i
to constitute the phase U coils 4. Upon conpletion of the winding ©
the magnet wire 4f on the 10 last tdoth la, the term nation 4e of the

magnet wire 4f is inserted I nto tlhe grooves 13a of the term hal
%Mmﬁgconﬂécting termnal is

—_—

i nsertion section 13 and
inserted into the

This Sheet Has Been Replac
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termnal insertion section 13 so that the termnation 4e is held by
the comon connecting termnal. The constitution of the phase 15 U coils
4 is conpleted. The phase Wcoils 6 are subsequently wound.

Mor e specifically, the beginning 6s of the nagnet w re-8f_is pushed
into the grooves 10a of the term nal insertion section 1Q
external connecting termnal is inserted into the term na

sections 10, as shown in FIG 6. Consequently, the begi nn
magnet wire 6f is held by the ext er nafd %Pnnecting term nal .
Subsequently, the nagnet wire quis Q@ on the initial tooth 1c so

that the phase Wcoil 6 is constit

Ta 2b
FIG. 18
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4
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The” mnndlng machine is noved in the direction opposite to 25 arrow A in

FIGS 6 and 10 when the magnet wire 6f is wound up on
tooth 1c to constitute the phase Wcoil 6. The magnet y iBReWONHER
on the subsequent tooth 1c to constitute t he phase Wcpi [ 6 artrer-ttes
intercoil wire 6a has been inserted 30 %9 JUL 1oy/
15 into the concave portion 7, hung on the wall rib 3g. he

.o ABSTRACT

ELECTRIC MOTOR AND STATOR THEREFOR

A stator for a brushless dc motor includes a stator

5 core (1), a resinous insulating cover (2, 3) attéched to the
stator core (1) so as to cover the stator core (1), coils

(4, 5, 6) of a plurality of phases wound on the insulating
cover (2, 3) attached to the stator core (1), the coils (4,

5, 6) including intercoil wires (4a, 5a, 6a) respectively,

10 and a plurality of cohcave portions (7, 8, 9) formed in the
insulating cover (2, 3) to extend abreast in a direction of
disposition of the intercoil wires (4a, 5a, 6a) so that the
_interco?l wires (4a, 5a, 6a) of the coils (4, 5, 6) of the
different phases are inserted therein respectively. The

15 concave portions (7, 8, 9) include those adjacent to each

other and having respective bottoms stepped therebetween.

FIG. 1
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above- descri bed operation is repeated so that the nagnet wire

.successivel y wound on the plurality of teeth 1c to const,

phase Wcoils 6. Upon conpletion of the winding 5 of the ma

the last tooth 1c, the term nation 6e of the magnet wre '
inserted into the grooves 14a of the_ termnal insertion pectien,J4 gy

t hen, the common connecting terfmdal is inserted into th ef nal

i nsertion section 14 so that the term pation 6e is held pylLthe—ecommpr—
connecting terfinal. 10 The constitution 4f e phase Wcoils 6 is

conpl et ed. The phase V coils 5 far e \ | et+emof—Tthe

. B

Ta : 1a(3D




: rragjnet W re 5f is pushed into the grooves 1la of the term nal
dinsertion section 11, and the external connecting termnal is 15 inserted

into the termnal insertion section 11, as shown in FIG ""7,‘:‘"}
Consequently, the beginning 5s of the magnet wire 5f is hel dREi“‘LALb‘y.. .
external connecting term nal. Subsequently, the magnet wifre 51 IS
wound on the initial tooth Ib so that™ the phase V coil S5 g gL w9/
constituted. 20 The wi ndi ng nmachine is noved in the direction
opposite to " Tarrow A in Fl G 7 ane, M t he magnet Wi re—5f—s—woured
up on the initial togl'ahlbtcd i tijHe phase V cqdil 5. The
magnet wire 5f is wound on|t8ea |dyhdqe 1 3] Ib to constitute
\ \ bGD
N
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t,he‘)phase V coil 5 after the intercoil wre 5a has been inserted 25 into

the concave portion 8, hung on the wall rib 3a. The bove- described. ..
operation is repeated so that the nagnet wire 5f is S(;QEH% I” E@EW‘
on the plurality of teeth Ib to constitute the phase [~ s

conpl eti on of the wi nding - 3 ; 29JU;. 1;&, |

FIG. 6



of ihe.nagnet wire 5f on the last tooth 1b the term nation 5e

magnet wire 5f is inserted into the grooves 15a of the
i nsertion section 15 and then, the conmon connecting
inserted into the termnal insertion section 15 so
5e is held by the conmmon connecting term nal.
phase V coils 5 is conpleted.
enbodi nent, the concave
paral l el with each

3. The 10
concave

5

ot her on the | ower end surface
intercoil wre 5a of the phase V coils 5 i
portion 9, and the intercoil wire 6a of t

The | ALY
- 4 According to tHe jabove-
portions 8 and 9 are dispg

of the
t er m nal
termnal is
As ] REhe
g

. »

sdd a in |
RIS ol
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inserted in the concave portion 8. Since the intercoil wres 5a and 6a

are displaced axially with respect to the stator core 1 and isol ated
fromeach other by the wall rib 8a, the insulation 15 ol
the intercoil wires 5a and 6a of the coils 5 and 6 ¢BabL

di fferent phases can be inproved. Consequently, theldfe e
breakdown can reliably be prevented - 5 hetween the intégr 0'2I9 %{'ﬁ%
6a. Three concave portions need to be forned general’l y Tn
parallel with one another on the end face of either one jof
and | ower covers 2 and 3 when the intercoil wres 4a, 53
t hree-phase coils 4, 5 and 6 are concentrated on

tra,

FIG. 8



either the upper or |ower cover side. This construction results I n

| ar ge- si zed upper and | ower covers. In the foregoing 25 enbodinent,
however, the intercoil wires 4a of the phase U coils 4--af-e-di-spased
the upper cover 2 side and the intercoil wires 5a ARBPLACENENTeSHPRF
V and wcoils 5 and 6 are disposed at the | ower coyef™3~side:

i -6 - N
Consequently, since the three concave™ ° 29 JuL 99/

D



portions need not be formed generally in parallel wth one another,

the ¢overs 2 and 3 .can be prevented from bei ng rendered ~large-sized.

The circunferential concave portions 7, 8 and 9 are provided... 5 in the
above-descri bed enbodi nent. The notches 7c are forned in‘the wall -rib.
2a defining the concave portion 7. The notches 8c are fornmed in the

wall rib 3a defining the concave porttgh - 8. The notches 9d are' forned .
in the wall rib 8b defining the concave portion 9. Sinceithe intercoil ¥
wires 4a, 6a and-5a of 10 the coils 4, 6 and 5 are circunferentially

drawn al ong the concave portions 7, 8 and 9 respectively, the length

of each of the

10
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intercail wres 4a, 5a and 6a is reduced, and the I ength of each of
the magnet wires 4f, 5f and 6f of coils 4, 5 and 6 is al so r educed.
Consequently, the resistance of each magnet wire is 15 |owered and
accordingly, the electric characteristics of the Dt QA= e oy Ty
i nproved. The bottom plates 7a and 8a of the co %Pg..%ﬁiﬁ%h&%ﬂ
and 8 are |located approxi mately at8the same |evels as| tfie"term nati ons
of the phase U and Wcoils 4 and 6 wound respectively. 20 cggrﬂbmg‘{)‘gﬂ,
the intercoil wires 4a and 6a of the phase U and W coj | and 6 are
easily inserted into the concave poQEi qgs 7 and 8 respektivety-
Consequently, since the asgenbly

3a




effici ency and the process efficiency are inproved, a shortening of
|l ead tinme, an inprovenent in the product quality and a 25 reduction in

the production cost can be achieved. The term nal_inserti-on--
sections 10 to 15 are provi ded on t he upper cover Z.BEP{QA(Q@ME,@&&}{EET
termnals are inserted in the terngnal I nsertion segtirefs—10-t0I5

after the beginnings 4s, Z 29 JuL NE:)

PFIG. 12




5s and 6s and terninations 4e, 5e and 6e of the magnet wires 4f, 5f
and 6f constituting the three-phase coils 4, 5 and 6 have been

inserted in the grooves 10a to 15a of the term nal insertion sections
10 to 15, respectively. Since the beginnings 4s, 5s 5 and 6s and

term nations 4e, 5e and 6e of the nmagnet wres 4f, 5f _and 6f are
easily connected and held in this constiucti on, t he e

ef ficiency and the process efficiency can further be %ﬂﬁWTSHEET
The terminal insertion sections 10 to 15 are disposed to |1 correspo

t he begi nnings 4s, 5s and 6s and term nations 4e, 29 JuL vy,

26
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5e and .6e of the magnet wres 4f, 5f and 6f constituting the

t hree-phase coils 4, 5. and 6 have been inserted in the grooves
15a of the terminal insertion sections 10 to 15, resp
the beginnings 4s, 5s and 6s and 15 termnations 4e
the magnet wires 4f, 5f and 6f are easily connected an eld in L@bf
construction, the assenbly effiéiéﬂcy and the process i@f%HBV can
further be inproved. The7terninal i nsertion secti 10 t

di sposed to correspond to the !beginnings 4s, 5s and 6s \an

termnations 4e, 20 5e and 6e of ftheypgagnet wyges 4f, 5f
respectively. Since the beg{nni ngs 42ato gs and terginations 4e to 6e
of the nagnet Tc

FIG. 17



wi.res 4f to 6f are easily inserted into the grooves 10a to 15a of the
t he ends of the

termnal insertion sections 10 to 15 respectively,

magnet wires 4f to 6f can further easily be treated. 25 Fur

termnal insertion sections 10 to 15 are forned
upper cover 2. This construction reduces the
nunber of assenbly steps as conpared W -
termnal insertion sections are moynted

22
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19 * .- on the upper cover. Cbnsequently, the production cost can

tuither=be decr eased. The heights of the wall rib nghgmgmggypﬁkﬁmq
t he respective concave portions 8 and 9 are varied st Se——the

f or egoi ng 5 enbodi nents. Accordingly, the w nding- nachlne | HHWﬁgg'@9%€e
wi ndi ng of the magnet wires 5f and 6f constituting the phas n

coils 5 and 6 so that the intercoil wires 5aland 6a are Inserted._ inta

t he concave portions 9 and 8, hung on the wall ribs 8b} and 3a,

respectively. Consequently, since the intercoil 10 w res
easily be inserted in the r&EEIR Ra\Agd ATOR.

This invention relates to a stator for electric motors

wherein a resinous insulating cover is attached to a stator core
5 and coils are wound on the insulating cover covering the stator
- core.

A three-phase brushless dc motor includes a stator in which
portions of a stator core on which coils are to be wound are
covered by a resinqus insulating cover and coils constituting

10 respective phases are wound on the insulating cover, fo.r example.
In this construction, the insulating cover has a circular
groove-like concave portion formed in an end thereof. Coils of
each phase are constituted by a single magnetic wire. A part
of each magnet wire between the coils is referred to as “intercoil

15 wire” throughout the description. Intercoil wires of all the
three-phasel colils are inserted into the concave portion en bloc.
Consequently, there is a possibility of occurrence of dielectric
breakdown between the different phases.

Therefore, an object of the present invention is to provide

20 a stator for the electric motor wherein an insulation performance
can be improved between the intercoil wires of the coils of the
different phases, and an electric motor provided with such a
stator.

The present invention provides a stator for an electric

25 motor comprising a stator core, a resinous insulating cover
attached to the stator core so as to cover the stator core, coils
of a plurality of phases wound on the insulating cover attached

to the stator core, the coils including intercoil wires

o Fpar soS — |
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portions-9 and 8, a further shortening of lead time, a furtheg-y .. ...‘_;.-;.-'.;.?_-(;;““S‘ﬁ‘E?
Lnprovenent. in the product quality and a further reduction inj-;_-oyh&id T
production cost ‘can be achi eved. The .bottom of the ¢o cave

portion 9 is located farther away 15 fromthe stator core 1jthai< bati %09

t he concave portion 8. Since - the concave portions 8 and P fre thus
stepped axially with respect to the spjator core 1, the iptercorr Wres—
5aand 6a can reliably prevented fromcontacting in thei L_crossing

portions when.

9 and 20 8respeEELv¥BYY and @gggﬁaﬁ%@; ét{}ﬁceéwgb_ 1 oRsPeo HREABIF @ he

between the intercoil wres ba ba ¢ ur r be 1 nproved

10

15

20

25

insulating cover to extend generally in parallel with each other
in a direction of disposition of the intercoil wires so that the
intercoil wires of the coils of the different phases are inserted
therein respectively, the concave portions including those which

are adjacent to each other and have respective bottoms stepped

therebetween so that said bottoms are located at respective

di sposed al ong the bottom faces of the concave portions

levels diffe

According to the above-described construction, the
intercoil wires of the different coils are inserted into the

respective concave portions. The concave portions include those

which are adjacent to each other and have respective bottoms

stepped therebetween so that said bottoms are located at

respective levels different from each other. Consequently, the

intercoil wires are displaced axially with respect to the stator
core. Furthermore, the intercoil wires are isolated from one
another by side walls of the concave portions. Consequently,
the insulation performance between the intercoil wires can be
improved to a large extent.

In the above-described construction, the insulating cover
preferably has opposite end faces. The intercoil wires of the
coils of the plurality of phases are preferably located at both
sides of the opposite end faces of the insulating cover. The
piurality of concave portions are preferably formed in at least
one of the end faces of the insulating cover so that the intercoil
wires of the coils of the different phases are inserted therein
respectively. Thus, the intefcoil wires of the coils of the

Plurality of phases are dispersed at the opposite end faces of



and t-he dielectric breakdown can reliably be prevent ed. #ATA A g
face -of each notch 9c is located farther away . fromthe Aﬁﬁm §Hb
than that of the bottomplate 8a of the 25 concave portion §. Since the
intercoil wires 5a of the phase V coils 5 are -positiongd |byd 4 RETHIIGo m
faces of the notches 9c, the intercoil wires 5a can furnther reliably

be prevented from contacting with the Bntercoil wires 6a. '

10
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the insulating cover. Consequently, the insﬁ'ating cover and
accordingly, the stator can be rendered smaller in size as
compared with the construction in which the intercoil wires of
ﬁhe plurality of phases are localized upon one of the end faces
of the insulating cover. |

Each concave portion preferably extends along a
circumference of the insulating cover and has a side wall formed
with a notch into which the intercoil wire is inserted.
Furthermore, at least one of the concave portions preferably has_
the bottom located at approximately the same level as a
termination of the wound coil. Consequently, the intercoil
wires can easily be inser.;ted into the concave portions when the
coils are wound on the stator core. Furthermore, the insulating
cover preferably has a plurality of pol_ygpnal pillar-shaped or
cylindrical terminal insertion sections integrally formed to
correspond to positions of a beginning and a termination of each
coil of each phase. Each terminal insertion section preferably
has a groove into which the beginning or the termination of each
coil of each phase is inserted.

The concave portions preferably have respective side walls
whose heights are varied stepwise. Furthermore, distances
between bottom faces of the respective concave portions and the
stator core are preferably decreased gradually from the inner
circumferential side toward the outer circumferential side of
the stator core. Since the bottom faces of the concave portions
are successively lowered, the intercoil wires of the different
phases are prevented from coming into contact with each other

at crossing portions when the coils are disposed along the bottom




20 ) . FIGS. 15 to 18 illustrate d second enbodi nent IR
Lnventioh. The identical parts arel abel edby thesane referenc Aviaasla
in the second enbodinent as in the first enbodi nment. Ref efring f%rft
to FIG 18, the bottom plate 7a of the upper cover 5 2 has h pl HdPETyY87
grooves 7d into which the intercoil wires 4a of the phapel U coils 4
are inserted. Only one of such grooves 4 7d is shown. Each of the wall
ri bs 2a and 3a of the upper and | ower covers 2 and 3 hab—a—pli-ality
of grooves 7e fornmed in the outer circunferential surface thereof to

extend axi al fgcestdf tlle ceppave porthenstatGonseqeedtlynl fhenénshalahion
grooves 7e i s shown

10

15

20

25

performance between the intercoil wires can further be improved.

-Furthermore, the insulating cover preferably includes a
plurality of bobbin portions on which the coils are wound and

‘each bobbin portion has a groove formed so as to correspond to

a beginning of the wound coil and into which a magnet wire
constituting said wound coil is inserted.

The invention will be described, merely by way of example,
with reference to the accompanying drawings, in which:

FIG. 1 is a partiai longitudinal section of a stator of the
electric motor of a first embodiment in accordance with the
preseht invention;

FIG. 2 is a partial longitudinal section of a lower cover
and a stator core of the motor;

FIG. 3 is a partial longitudinal section of an upper cover
and the stator core;

FIG. 4 is a partial longitudinal section of the lower cover
and the stator core viewed from a different angle; |

FIG. 5 is a partial plan view of the upper cover;

FIG. 6 is a partial plan view of the upper cover showing
wound phase W coils;

FIG. 7 is a partial plan view of the upper cover showing
wound phase V coils;

FIG. 8 is a partial plan view of the upper cover showing
the wound phase U coils;

FIG. 9 is a persPective.view of the stator;

FIG. 10 is a perspective view of the stator viewed from a

different angle;



in FI.G 16. Each groove 7e is disposed in the vicinity of X
end of the corresponding tooth la as shown in FIG 15. Riwgﬁiﬁki~fﬁéﬁEET

wire 4a of the phase U coils 4 is inserted into - the grfoqve 7

concave portion 7 and then drawn out of the 15 groove 7d|tg Qpﬁkn§pﬁ¢gﬂ
into the groove 7e so that the nagnet wire 4f is wound ¢n

subsequent tooth |a. The bottom pl ate 8a of the Ifov

a plurality of grooves 8d only one of which is shown in FIG 17. The

bott om plate 9a of the concave portion 9 also has a plurality of
grooves 20 9e oRL§.ohk 1d aWpedspertiv@wiew EhGwihg. crdbsednpertions Vot es
5a and 6a of the phase V and Wcoils 5 and 6 are inserted in the
intercoil wires of different phase coils;
FIG. 12 is an exploded perspective view of the upper and
lower covers and stator core;
5 - FIG. 13 is a partial perspective view of the lower cover;
FIG. 14 is a schematic partial longitudinal section of the
electric motor;
FIG. 15 is a partial perspective view of the upper cover
and stator core of the electric motor of a second embodiment in

10 accordance with the present invention;

FIG. 16 is a partial plan view of the upper cover;

FIG. 17 is a partial bottom view of the lower cover;

FIG. 18 is a partial longitudinal section of the upper cover
and statof core;

15 FIG. 19 is a partial longitudinal section of the electric
motor of a third embodiment in accordance with the present
invention; and

FIG. 20 is a partial perspective view of the upper cover
and stator core. |

20 A first embodiment of the present invention will be
described with reference to FIGS. 1 to 14. In the embodiment,
the present invention is applied to an electric motor for directly
driving an agitator and a rotatable tub of a full automatic
washing machine, for example, a three-phase outer rotor type

25 brushless dc motor. Referring first to FIG. 14, the overall
construction of the three-phase outer rotor type brushless dc
motor 21 is schematically shown. The motor 21 comprises a

generally annular stator 22 (see FIG. 9) and a rotor 23 disposed



grooves 9e

formed 25

with respect to the stator core 1. Only one of the grooves

in FIG 17.
end of the
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and 8d. ' Furthernore, each of the wall REMCE%,@W %ET

of the | ower and upper covers 3 and 2 has a plurality]o

in the outer circunferential surface thereof t

Each groove 8e is disposed in the vicinity
correspondi ng tooth 1c. Each itntercoil

S

for rotation outéide the statér 22 so as to cover the same.

The rotor 23 comprises a ge.nerally short cylindrical
cup-shaped rotor yoke 24 and a rotor magnet 25 mounted on an inner
circumferential surface of the rotor yoke 24 so as to be opposed
to an outer circumference of the stator 22. A shaft 26 is fixed
to a central bottom wall of the rotor yoke 24. The shaft 26 is
rotatably mounted on suitable bearing means (not shown). The
stator 22 is mounted on a motor mounting plate 27 of the washing
machine by a plurality of screws 28 one of which is shown in FIG.
14.

The construction of the stator 22 will be described in detail.
A stator core 1 of the stator 22 comprises a plurality of, for
example, three arcuate unit cores combined to one another into
the annular shape. Each unit core is formed by stacking
laminations of steel sheets. The stator core 1 includes an
annular portion 30 and a plurality of teeth 31 radially projecting
from an outer circumference of the annular portion 30. The
stator core 1 is covered by upper and lower covers 2 and 3 at
axially (vertically, in FIG. 12) opposite sides thereof
respectively. Each of the upper and lower covers 2 and 3 is made
of an electrically non-conductive synthetic resin (insulating
resin). These two covers 2 and 3 constitute an insulating cover
in the invention.

The upper cover 2 includes a generally cylindrical wall rib
2a and a plurality of bobbin portions 2b (see FIG. 5) radially
projecting from an outer circumferential surface of the wall rib
2a, as shown in FIGS. 1 and 12. The wall rib 2a constitutes an

annular portion corresponding to the annular portion 30 of the



2 1 - . wire 6a of the phase wcoils 6 is inserted int
of the concave portion 8 and then drawn out of the groove-
“inserted into the groove 8e such that the magnet wire 6f

the subsequent tooth 1c. Each of the wall ribs 3a and 5

t.he aroove 8d

i mm(:},rwmgﬁga"r |
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and upper covers 3 and 2 further has a plurality of d |
in the outer circunferential surface therdof to externd |axially with
respect to the stator core 1. Only one - of the grooveqd 9f is shown in

FIG 17. Each groove 9f is disposed in the vicinity

c N

al-—end
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of the corr SHRK Agredodnd the bobbin portions 2b constitute teeth portions

corresponding to the respective teeth 31 of the stator core 1.

Each bobbin portion 2b has a generally U-shaped section. The

teeth 31 of the stator core 1 are covered by the bobbin portions

5 2b respectively when the upper cover 2 is pushed in at the axial

upper side of the stator core 1 to be attached thereto, whereupon

an upper half of the stator core 1 is covered by the upper cover

2 except inner and outer circumferential surfaces thereof, as

shown in FIG. 6. Reference symbol “l1a” designates a plurality

10 of teeth of the stator core 1 on which coils 4 constituting phase

U are wound, as shown in FIGS. 1 and 8. Regarding the plurality

of teeth 31 of the stator core 1, reference symbol “1b” designates

a plurality of teeth of the stator core 1 on which coils 5

constituting phase V are wound, as shown in FIGS. 4 and 7.

15 Reference symbol “1c” designates a plurality of teeth of the

stator core 1 on which coils 6 constituting phase W are wound,

as shown in FIGS. 2 and 6.

The lower cover 3 also includes a generally cylindrical wall

rib 3a and a plurality of bobbin portions 3b radially projecting

20 from an outer circumferential surface of thewall rib 3a, as shown

in FIGS. 1 and 12. Thewall rib 3a constitutes an annular portion

corresponding to the annular portion 30 of the stator core 1 and

the bobbin portions 3b constitute teeth portions corresponding

to the respective teeth 31 of the stator core 1. Each bobbin

25 portion 3b has a generally U-shaped section. The lower cover

3 is pushed in at the axial lower side of the stator core 1 to

be attached thereto such that the wall rib 3a and bobbin portions

3b of the lower cover 3 are placed opposite the wall rib 3b and



10" Each intercoil wire 5a of the phase V coils 5 is inser{feg—tnt-o-- t.he
groove 9f so that the magnet wire 4f is wound on the subse JEEPILACEMEMTOSEEET

I b. Each of the grooves 7d, 8d and 9d has a depth E@
P net
haghgogg;‘?ﬁgs

of about one fifth to two thirds of a dianeter- of each of {h
wires 4f, 5f and 6f. Each of the grooves 7e 8e and 9e

at about one half of the dianeter of eachBmagnet wre} ! :
construction of the notor in the second enbodi ment is| the same as in
the first embodi ment. Accordingly, the sane effects are achtevet-+n

t he second dubddinmportdonisn 2bhef zce fipper eavedi erespedhlvely stdbiuch
enbodi nent, particularly, the
that the teeth 31 (la to lc) of the stator core 1 are covered
by the bobbin portions 3b respectively. As a result, a lower
half of the stator core 1 is covered by the lower cover 3 except
5 inner and outer circumferential surfaces thereof, as shown in
FIG. 10.

The coils 4 constituting phase U are wound on the bobbin
portions 2b and 3b of the upper and lower covers 2 and 3 covering
the phase U teeth la of the stator core 1 respectively, as shown

10 in FIG. 8. These phase U coils 4 are composed of a single magnet
wire 4f. More specifically, reference symbol “4s” designates
a beginning of the magnet wire 4f. The magnet wire 4f is wound
on one of the teeth la from the beginning 4s. Upon completion
of winding, an intercoil wire 4a is extended in the direction
15 of arrow A in FIG. 8, disposed at an upper end side of the upper
cover 2. The magnet wire 4f is then wound on the subsequent tooth
la located in the direction of arrow A relative to the tooth la
on which the magnet wire 4f has been wound. The windingoperation
is repeated in the same manner as described above so that the
20 magnet wire 4f is wound on all the teeth la to constitute the
phase U coils 4. Reference symbol “4e” designates a termination
of the magnet wire 4f. Regarding each tooth la, the magnet wire
4f is wound in the direction of arrow B as shown in FIG. 9.
The coils 5 constituting phase V are wound on the bobbin
25 portions 2b and 3b of the upper and lower covers 2 and 3 covering
the phase V teeth 1b of the stator core 1 respectively, as shown
in FIG. 7. These phase V coils 5 are composed of a single magnet

wire 5f. More specifically, reference symbol “5s” designates



grooves 7d, 8d and 9e are formed in the bottom plates 7a, REa and - 9a of

t he concave portions 7, 8 and 9 respectively. The intercg PLACE"\IW? )

5a and 6a are inserted in these grooves 7d, 8d and 9e get ﬂESHﬁET

Since the intercoil wires 4a, 5a and 6a are 25 positiorned ic‘ﬁq%ﬁj ded by
e t

t he grooves 7d, 8d and 9e respectively, ‘the length qf a¢%¢0i
Wi re can be rendered m ni num Consequéntly, the resijstlance of each
magnet wire is | owered and accordingly, the electri¢ characteristics

of the notor can - .
a beginning of the magnet wire 5f. The magnet wire 5f is wound

on one of the teeth 1b from the beginning 5s. Upon completion

of winding, an intercoil wire 5a is extended in the direction

opposite to arrow A in FIG. 7, disposed at a lower end side of

5 the lower cover 3. The magnet wire 5f is then wound on the

subsequent tooth 1b located in the direction opposite to ar.row

A relative to the tooth 1b on which the magnet wire 5f has been

wound. The winding operation is repeated in the same manner as

described above so that the magnet wire 5f is wound on all the

10 teeth 1b to constitute the phase V coils 5. Reference symbol

“5Se"” designates a termination of the magnet wire 5f. Regarding

each tooth 1b, the magnet wire 5f is wound in the direction
opposite to arrow B as shown in FIG. 10.

The céils 6 constituting phase W are wound on the bobbin

15 portions 2b and 3b of the upper and lower covers 2 and 3 covering

the phase W teeth 1lc of the stator core 1 respectively, as shown

in FIG. 6. These phase W coils 6 are composed of a single magnet

wire 6f. More specifically, reference symbol “6s” designates

a beginning of the magnet wire 6f. The magnet wire 6f is wound

20 on one of the teeth lc from the beginning 6s. Upon completion

of winding, an intercoil wire 6a is extended in the directidn

opposite to arrow A in FIG. 6, disposed at a lower end side of

the lower cover 3. The magnet wire 6f is then wound on the

subsequent to_oth lc located in the direction opposite to arrow

25 A relative to the tooth lc on which the magnet wire 6f has been

wound. The winding operation is repeated in the same manner as

described above so that thée magnet wire 6f is wound on all the

teeth lc to constitute the phase W coils 6. Reference symbol



22 - further be inproved. Furthernore, since the |len
magnet wire can be unifornmed or equalized, the resistancgj

PLAGEMENT ShEEl‘

magnet wires 4f, 5f and 6f can be nmintained at a constart vatue:
results in further inprovenent in the notor electric = 5]c ar t&fslgwcs

and the coils 4 to 6 can reliably be prevented fromil
The grooves 7e are formed in the upper colér 2 and the grio
Of are formed in the |ower cover 3. Parts of the magnet
corresponding to first turns of the respective
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ing.

wires 4f to 6ff -

“6e” designates a termination of the magnet wire 6f. Regarding
each tooth 1lc, the magnet wire 6f is wound in the direction
opposite to arrow B as shown in FIG. 10.

The upper cover 2 has a concave portion 7 formed on an upper
end surface thereof to extend along th.e cylindrical wall rib 2a
at an inner circumferential side of the rib, as shown in FIG.
1. The concave portion 7 is defined by the wall rib 2a of the
upper cover 2, an annular bottom plate 7a integrally formed on
the wall rib 2a and a cylindrical wall rib 7b integrally formed
on the bottom plate 7a. An upper surface of the bottom plate
7a is located approximately at the same level as the terminations
of the wound phase U cqils 4. An upper end surface of the wall
rib 2a is located farther away from the stator core 1 than an
upper end .surface of the wall rib 7b.

The wall rib 2a has a plurality of upwardly open notches
7c. The notches 7c are disposed to be opposed to the teeth la
for phase U respectively, as shown in FIG. 9. The intercoil wire
4a of each phase U coil 4 is inserted through the notch 7c into
the concave portion 7 and drawn outward or toward the subsequent
tooth la side through the adjacent notch 7c, held on the bottom
plate 7a.

The lower cover 3 has a first concave portion 8 formed to
extend along the cylindrical wall rib 3a at an inner
circumferential side of the rib, as shown in FIG. 2. The concave
portion 8 is defined by the wall rib 3a of the lower cover 3,
an annular bottom plate 8a integrally formed on the wall rib 3a
and a cylindrical wall rib 8b integrally formed on the bottom

plate Ba. An underside surface of the bottom plate 8a is located
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10 "phase coils 4 to 6 are inserted in the grooves 7e, 8e &g rron crror
[e'spgct ively. In this construction, since the parts of the iﬁmi’ﬂﬂ SHEET
wires fromwhich the wires are wound are positioned, a nor mal or _
regul ar wi nding of the nmagnet wires 4f to 6f can easily e GaBL T edyy
out. Consequently, a further shortening of lead tine, 15 g further
i nprovement in the product quality and a fd&dther reducg i T
production cost can be-achieved and the coils 4 to 6 can reliably be

prevented from | ooseni ng. FIGS. 19 and 20 illustrate a third
enbodi nent of appsoximatphyert ithve sFhe Jaiml asathe srarminad Tonser €y wonad

sane reference. 20 synbols in the third enbodinent as in the first
enbodi ment . PhaseW c%/ils 6. A lower end surface of thewall ri}?b 3a J{S located

farther away from the stator core 1 than a lower end surface of
the wall rib 8b.

5 The wall rib 3a has a plurality of downwardly open notches
8c. The notches 8c are disposed to be opposed to the teeth lc
for phase W respectively, as shown in FIG. 10. The intercoil
wire 6a of each phase W coil 6 is inserted through the notch 8c
into the concave portion 8 and drawn outward or toward the

10 subsequent tooth lc side through the adjacent notch 8c, held onl
the bottom plate 8a.

The lower cover 3 further has a second concave portion 9
formed at an inner circumferential side of the first concave
portions 8 to be juxtaposed therewith 6n an underside end surface

15 of the lower cover, as shown in FIG. 4. The concave portion 9
is defined by the wall rib 8b of the concave portion 8, an annular
.bottom plate 9a integrally formed on the wall rib 8b and a
cylindrical wall rib 9b integrally formed on the bottom plate
9a. A bottom face of the bottom plate 9a is located farther away
20 from the stator core 1 than that of the bottom plate 8a of the
first concave portion 8, and a lower end surface of the wall rib
8b is located farther away from the stator core 1 than a lower

end surface of the wall rib 9b.

The wall ribs 3a and 8b are formed with a plurality of

25 downwardly open notches 9c and 9d respectively. These notches
9c and 9d are dispos.ed to correspond to the respective teeth 1b, .
as shown in FIG. 10. The level of a bottom face of each notch

9c is set to be approximately equal to that of a bottom face of



Referring first to FIG 19, each bobbin portion 2b of thEREP°§E§
2 has a groove 2c forned in an upper face of a proxinal el
Each bobbin portion 3b of the |ower cover 3 also hagy 4 groove 3c
formed in an upper face of a proximal end thereof. 25 Hadh (& Gdie Tgivoo
2c and 3c has a depth set at one half of the ~dianmet gr lof each magnet
wire. The other construction of the mtor in the thijrd enbodrment 1
the sane as in the first enbodi nent. Accordingly, tHe same effects ar¢
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each notch 9d. The bottom faces of the notéZes 9c are located
farther away from the stator core 1 than that of the bottom plate
8a, as understood from FIG. 4. The intercoil wire 5a of each
phase V coil 5 is inserted through the notches 9c¢ and 9d into
the concave portion 9 and drawn outward or toward'the éubsequent
tooth 1b side through the adjacent notches 9d and 9c¢c, held on
the bottom plate 9a, as shown in FIG. 10.

The upper cover 2 is formed with a horizontal seating face

2c as shown in FIG. 5. The seating face 2c has six integrally.

formed hollow rectangular pillar-shaped terminal insertion
sections 10 to 15. The terminal insertion sectioné 10-15 may
be cylindrical. The three terminal insertion sections 10, 11
and 12 are disposed to be opposed to the positions of the
beginningé 4s, 5s and 6s of the magnet wires 4f, 5f and 6f
respectively and to be in the vicinity of the bobbin portions
2b. Upwardly open grooves l0a to 1l2a are formed on upper end
surfaces of inner and outer circumferential side walls of the
terminal insertion sections 10-12. The width of each of the
grooves 1l0a-12a is set to be approximately equal to a diameter
of each of the magnet wires 4f, 5f and 6£. The beginnings 4s-6s
of the magnet wires 4f-6f are inserted into the grooves 1l0a-
1l2a respectively as shown in FIGS. 6-8.

The other three terminal insertion sections 13, 14 and 15
are disposed to be opposed to the positions of the terminations

4e, 5e and 6e of the magnet wires 4f, 5f and 6f respectively.

. Upwardly open grooves 13a, l4a and 15a are formed in upper end

surfaces of inner and outer circumferential side walls of the

terminal insertion sections 13-15. The width of each of the



23 third enbodinent as in the first enbodinment. In the third

enbodi nent ,

first turn is inserted in the grooves 2c and 3c. Parts of 't
W re serving as an upper stage are wound so as to be causgd 5 to._\f_a'_lvl_m. _
between the parts of each magnet serving as a |ower stage] | O4WehuPa? dr
normal tight winding). Thus, since the firlst turn of| elach coil is
posi ti oned, each magnet wire can easily be wound i ntpp the regular
wi ndi ng. Consequently, the notor electric characteriktics.can he

particularly, a part of each nagnet wire serv | l%fﬁl"iyﬂ‘l'mﬂ
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stabilized amradvespiddudbagial ey ttarbe approximately egual to a diameter
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of each of the magnet wires 4f, 5f and 6f. The terminations 4e-6e
of the magnet wires 4f-6f are inserted into the grooves l3a-
15a respectively as shown in FIGS. 6-8.

External connecting terminals (not shown) are inserted into'
the terminal insertion sections 10-12, and common connecting
terminals (not shown) are inserted in the terminal insertion
sections 13-15, respectively. Each of these connecting
terminals comprises a poke—in terminal, for example. The
connecting terminals break through an insulating coating of the
magnet wires 4f, 5f and 6f to be electrically connected to core
wires thereof when the external and common connecting terminals
are inserted into the terminal insertion sections 10-12 and 13-15,
respectivély.

The procedure for assembly of the stator 22 will now be
described. First, the upper and lower covers 2 and 3 are fitted
with the stator core 1 from the axially opposite sides thereof
to be attached thereto, respectively, as shown in FIG. 14. The
phase Ucoils 4 are then wound. More specifically, the beginning
4s of the magnet wire 4f is pushed into the grooves 12a of the
terminal insertion section 12, and the external connecting
terminal is inserted into the terminal insertion sections 12,
as shown in FIG. 8. Consequently, the beginning 4s of the magnet
wire 4f is held by the external connecting terminal.
Subsequently, the magnet wire 4f is wound on the initial tooth
la so that the phase U coil 4 is constituted. The winding of
the magnet wire 4f is carried out by an automatic winding machine

(not shown).




10 " be inproved. In the third enbodi nent, each of

portions'2b and ~ 3b has the single groove 2c or 3c for ﬂl_.ﬂ(ﬁ_ﬁewenqu
t her eof at t he side where the wi nding of the magnet wijrg |s I’r‘rr*t*_ 4
However, two or nore such grooves may be forned generally ijn ibggel
with each other in the entire area of each bobbin partion, 4

In the first to third enbodi nents, the nagnet4 wires are woyn st hat

the phase U, Wand V coils 4, 6 and 5 are constituted in this order.
However, the nagnet wires nmay be wound so that 20 the hase W—V—and—-

coils 6, 5 and 4 areheonshiifgeflabRih8i s moved in the diréction of arrow A= =

in FIGS. 8 and 9 when the fnagnet wire 4f is wound up on the initial
tooth la to constitute the phase U coil 4. The magnet wire 4f
is wound on the subsequent tooth la to constitute the phase U
5 coil 4 after the intercoil wire 4a has been inserted into the
concave portion 7, hung on the wall rib 2a. The above-described
operation is repeated so that the magnet wire 4f is successively
wound on the plurality of teeth la to constitute the phase Ucoils
4. Upon completion of the winding of the magnet wire 4f on the
10 last tooth la, the termination 4e of themagnet wire 4f is inserted
into the grooves 13a of the terminal insertion section 13 and
then, the common connecting terminal is inserted into the
terminal i_nsertion section 13 so that the termination 4e is held
by the common connecting terminal. Theconstitution of the phase

15 U coils 4 is completed.

The phase W coils 6 are subsequently wound. More
specifically, the beginning 6s of the magnet wire 6f is pushed
into the grooves 10a of the terminal insertion section 10, and
the external connecting terminal is inserted into the terminal

20 insertilon sections 10, as shown in FIG. 6. Consequently, the
beginning 6s of the magnet wire 6f is held by the external
connecting terminal. Subsequently, the magnet wire 6f is wound
on the initial tooth lc so that the phase Wcoil 6 is constituted.

The winding machine is moved in the direction opposite to

25 arrow A in FIGS. 6 and 10 when the magnet wire 6f is wound up
on the initial tooth lc to constitute the phase W coil 6. The
magnet wire 6f is wound on the subsequent tooth lc to constitute

the phase W coil 6 after the intercoil wire 6a has been inserted



order. What is essenti
that thé phase Wcoil
Furt her nore,

in the foregoi ng enbodi nents.

circunferenti al
wal |

al is that the magnet wires need to
6 is constituted prior to the phase

extends fromthe stator

core 1 farther

than the wall
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the |lower cover 3 has the three wall ribs J Ob 8b nd 3a
The wall rib 3a 25 located a} @ﬁeo%ﬁt'@w
side extends fromthe sta{gr core 1 fargher than the
rib 8 |ocated between the wall ribs 9b and 3a. {The wall rib 8b

+0-9b |l aocated at

e s

t he i nner circunfeﬂentlal si de
into

€ concave portion 7, hung on the wall rib 3a. The
above-described operation is repeated so that the magnet wire
6f is successively wound on the plurality of teeth 1lc to
constitute the phase W coils 6. Upon completion of the winding
of the magnet wire 6f on the last tooth lc, the termination 6e
of the magnet wire 6f is inserted into the grooves l4a of the
terminal insertion section 14 and then, the common connecting
terminal is inserted into the terminal insertion section 14 so
that the termination 6e is held by the common connecting terminal.
The constitution of the phase W coils 6 is completed.

The phase V coils 5 are wound upon completion of the
constitution of the phase V coils 6. The beginning 5s of the
magnet wire 5f is pushed into the grooves lla of the terminal
insertion section 11, and the external connecting terminal is
inserted into the terminal insertion section 11, as shown in FIG.
Consequently, the beginning 5s of the magnet wire 5f is held
by the external connecting terminal. Subsequently, the magnet

wire 5f is wound on the initial tooth 1b so that the phase V coil

The winding machine is moved in the direction opposite to
arrow A in FIGS. 7 and 10 when the magnet wire 5f is wound up
on the initial tooth 1lb to constitute the phase Vv coil 5. The
magnet wire 5f is wound on the subsequent tooth 1b to constitute

the phase V coil 5 after the intercoil wire 5a has been inserted

5
10
15
7.
5 is constituted.
20
25

into the concave portion 8, hung on the wall rib 3a. The

above-described operation is repeated so that the magnet wire
5f is successively wound on the plurality of teeth 1lb to

constitute the phase V coils 5. Upon completion of the winding



24 - . However, the inside wall rib 9b may extend fart her..t.han.the wall

rib 8b, and the wall rib 8b may extend farther than the o {lﬁi]qg‘u»w
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rib 3a, instead. Furthernore, the upper cover 2 has the S
7b and 2a in the foregoing enbodi ments. The wall 5 rib pa I@ aLA ? @t ,t he
outer circunferential side extends from the stator cprg A‘f \" h&r” t han
the wall rib 7b. However, the wal | rib1sb may extend|f e
wal | rib 2a, instead. Additionally, the present inveption is applled
to the outer rotor type brushl ess dc notor in the fokegerhg

enbodi nent s.
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Tee the magnet wire 5f on the last tooth lby-the termination 5e
of the magnet wire 5f is inserted into the grooves 15a of the
terminal insertion section 15 and then, the common connecting
terminal is inserted into the terminal insertion section 15 so
that the termination 5e is held by the common connecting términal.
The constitution of the phase V coils 5 is completed.

According to the above-described embodiment, the concave
portions 8 and 9 are disposed generally in parallel with each
other on the lower end surface of the lower cover 3. The
intercoil wire 5a of the phase Vcoils 5 is inserted in the concave
portion 9, and the intercoil wire 6a of the phase W coils 6 is
inserted in the concave portion 8. Since the intercoil wires
5a and 6a are displaced axially with respect to the stator core
1 and isolated from each other by the wall rib 8a, the insulation
performance between the intercoil wires 5a and 6a of the coils
5 and 6 constituting the different phases can be improved.
Consequently, the dielectric breakdown can reliably be prevented
between the intercoil wires 5a and 6a.

Three concave portions need to be formed generally in
parallel with one another on the end face of either one of the
upper and lower covers 2 and 3 when the intercoil wires 4a, 5a
and 6a of the three-phase coils 4, 5 and 6 are concentrated on
either the upper or lower cover side. This construction results
in large-sized upper and lower covers. In the foregoing
embodiment, however, the intercoil wires 4a of the phase U coils
4 are disposed at the upper cover 2 side and the intercoil wires
5a and 6a of the phase V and W coils 5 and 6 are disposed at the

lower cover 3 side. Consequently, since the three concave



10 “i-nvention may be applied to inner rotor type brushl egs—de—sotors

having a rotor disposed inside a stator. The f on REPLACEMST SHEED
and drawi ngs are nerely illustrative of the principlleg™ofTHe™ presept
i nvention and are not to be construed in a limtingl|s n?ﬂﬁ%ﬁ”ﬁ‘ﬁﬂs
changes and e o
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in the art. Al such changes and nodifi cati ong —f-ad
wi thin the scope of the invention as defined by the apperded clains.

15 nodifications will becone apparent to tHo ordinary

=)

portions need not be formed generally in parallel with one another,

the covers 2 and 3 can be prevented from being rendered
large-sized.

The circumferential concave portions 7, 8 and 9 are provided
in the above-described embodiment. The notches 7c are formed
in the wall rib 2a defining the concave portion 7. The notches
8c are formed in the wall rib 3a defining the concave portion
8. The notches 9d are formed in the wall rib 8b defining the
concave portion 9. Since the intercoil wires 4a, 6a and 5a of
the coils 4, 6 and 5 are circumferentially drawn along the concave
portions 7, 8 and 9 respectively, the length of each of the

intercoil wires 4a, 5a and 6a is reduced, and the length of each

~ of the magnet wires 4f, 5f and 6f of coils 4, 5 and 6 is also

reduced. Consequently, the resistance of each magnet wire is
lowered and accordingly, the electric characteristics of the
motor can be improved.

The bottom plates 7a and 8a of the concave portions 7 and
8 are located approximately at the same levels as the terminations
of the phase U and W coils 4 and 6 wound respectively.
Accordingly, the intercoil wires 4a and 6a of the phase U and
W coils 4 and 6 are easily inserted into the concave portions
7 and 8 respectively. Consequently, since the assembly
efficiency and the process efficiency are improved, a shortening
of lead time, an improvement in the product quality and a
reduction in the production cost can be achieved.

The terminal insertion sections 10 to 15 are provided on
the upper cover 2. The connecting terminals are inserted in the

terminal insertion sections 10 to 15 after the beginnings 4s,



1. Astator for an electric notor conprising:
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5s and 6s and terminations 4e, 5e and 6e of the magnet wires 4f,
5f and 6f constituting the three-phase coils 4, 5 and 6 have been
inserted in the grooves 10a to 15a of the terminal insertion
sections 10 to 15, respectively. Since the beginnings 4s, 5s
and 6s and terminations 4e, 5e and 6e of the magnet wires 4f,
5f and 6f are easily connected and held in this construction,
the assembly efficiency and the process efficiency can further
be improved.

The terminal insertion sections 10 to 15 are disposed to
correspond to the beginnings 4s, 5s and 6s and terminations 4e,
5e and 6e of the magnet wires 4f, 5f and 6f constituting the
three-phase coils 4, 5. and 6 have been inserted in the grooves
10a to 15a of the terminal insertion sections 10 to 15,
respectivély. Since the beginnings 4s, 5s and 6s and

terminations 4e, 5e and 6e of the magnet wires 4f, 5f and 6f are

easily connected and held in this construction, the assembly

efficiency and the process efficiency can further be improved.

The terminal insertion sections 10 to 15 are disposed to
correspond to the beginnings 4s, 5s and 6s and terminations 4e,
5e and 6e of the magnet wires 4f, 5f and 6f respectively. Since
the beginnings 4s to 6s and terminations 4e to 6e of the magnet

wires 4f to 6f are easily inserted into the grooves 10a to 15a

of the terminal insertion sections 10 to 15 respectively, the

ends of the magnet wires 4f to 6f can further easily be treated.
Furthermore, the terminal insertion sections 10 to 15 are formed

integrally on the upper cover 2. This construction reduces the

number of parts and the number of assembly steps as compared with

the case where separate terminal insertion sections are mounted



attached to the stator core, the coils including intercoil Wres .
respectively; and 10 a plurality of concave porti gﬁﬁp&d@ aﬂ]@ﬁ'@‘
i nsul ati ng cover to extend generally in parallel w olHer—+h
direction of disposition of the intercoil wires so that {the i ntercaoi
wires of the coils of the different phases are inserted 0 6HG W
respectively, the concave portions includil®y those whichl {15 are adjac
to each other and have respective bottons stepped t herebet ween so t ha
said bottons are | ocated at respective level s diffefent fromeach—
ot her. on the upper cover. Consequently, the production cost can

!
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further be decreased.
The heights of the wall ribs 3a and 8b of the respective
concave portions 8 and 9 are varied stepwise in the foregoing
5 embodiments. Accordingly, the winding machine is moved in the
winding of the magnet wires 5f and 6f constituting the phase V
and W coils 5 and 6 so that the intercoil wires 5a and 6a are
inserted into the concave portions 9 and 8, hung on the wall ribs
8b and 3a, respectively. Consequently, since the intercoil
10 wires 5a and 6a can easily be inserted in the respective concave
portions 9 and 8, a further shortening of lead time, a further
improvement in the product quality and a further reduction in
the production cost éan be achieved.
The boftom of the concave portion 9 is located farther away
15 from the stator core 1 than that of the concave portion 8. Since
the concave portions 8 and 9 are thus stepped axially with respect
to the stator core 1, the intercoil wires 5a and 6a can reliably
prevented from contacting in their crossing portions when
disposed along the bottom faces of the concave portions 9 and
20 8 respectively. Consequently, the insulation performance
between the intercoil wires 5a and 6a can further be improved
and the dielectric breakdown can reliably be prevented.
The bottom face of each notch 9c is located farther away
from the stator core 1 than that of the bottom plate 8a of the
25 concave portion 8. Since the intercoil wires 5a of the phase
V coils 5 are positioned by the bottom faces of the notches 9c,
the intercoil wires 5a can further reliably be prevented from

contacting with the intercoil wires 6a.



2. "A stator according to claim1, wherein the insulati ngREﬂA(c]@[\&}‘{T@ﬁEﬂ\
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opposite end faces, wherein the |nterc0|l wres of the —~corts-of—the
plurality of phases are |located at both sides of the ¢p quhg %p

faces of the insulating cover, and wherein the pluralit concave| |.
portions are forned in at Ieast one of t he end face dL_LhethsuLaL‘n
cover so that the intercoil wres of t4fe coils of the different phase
are inserted therein respectively 3. A

to claim1, wherein conc
FI s 5 to f%

illustrate a second embodiment of the present
invention. The identical parts are labeled by the same reference
symbols in the second embodiment as in the first embodiment.
Referring first to FIG. 18, the bottom plate 7a of the upper cover

5 2 has a plurality of grooves 7d into which the intercoil wires
4a of the phase U coils 4 are inserted. Only one of such grooves
7d is shown. Each of the wall ribs 2a and 3a of the upper and
lower covers 2 and 3 has a plurality of grooves 7e formed in the
outer circumferential surface thereof to extend axially with

10 respect to the statér core l. Only one of the grooves 7e is shown
in FIG. 16. Each groove 7e is disposed in the vicinity of a
proximal end of the corresponding tooth la as shown in FIG. 15.
Each intercoil wire 4a of the phase U coils 4 is inserted into
the groove 7d of the concave portion 7 and then drawn out of the

15 groove 7d to be inserted into the groove 7e so that the magnet
wire 4f is wound on the subsequent tooth la.

The: bottom plate 8a of the lower cover 3 has a plurality
of grooves 8d only one of which is shown in FIG. 17. The bottom
plate %9a of the concave portion 9 also has a plurality of grooves

20 9e only one of which is shoﬁn in FIG. 17. The intercoil wires
5a and 6a of the phase V and W coils 5 and 6 are inserted in the
grooves 9e and 8d.

Furthermoré, each of the wall ribs 3a and 2a of the lower
and upper covers 3 and 2 has a plurality of grooves 8e formed

25 in the outer circumferential surface thereof to extend axially
with respect to the stator core 1. Only one of the grooves 8e
is shown in FIG. 17. Each groove 8e is disposed in the vicinity

of a proximal end of the corresponding tooth 1c¢. Each intercoil



26 portion extends along a circunference of the insgkat-Rg-cOuer . ..

and has a side wall forned with a notch into which the inf Gﬁf"*‘;‘\jf‘ NP
is inserted. 5 4. A stator according to claim1, er BT rat-t-ew
one of t he concave portions has the bottom | ocated appL exivaiel v
t he ~ same level as a termnation of tgei\ wound coi |l . QPH%L\”%,,) :

wire 6a of the phase W coils 6 is inserted ss&e.the groovle” éd
of the concave portion 8 and then drawn out of the groove 8d to
be inserted into the groove 8e such that the magnet wire 6f is
wound on the subsequent tooth lc. Each of the wall ribs 3a and
5 2a of the lower and upper covers 3 and 2 further has a plurality
of grooves 9f formed in the outer circumferential surface thereof
to extend axially with respect to the stator core 1. Only one
of the grooves 9f is shown in FIG. 17. Each groove 9f is disposed
in ﬁhe vicinity of a proximal end of the corresponding tooth 1b.
10 Each intercoil wire 5a of the phase V coils 5 is inserted into
the groove 9f so that the magnet wire 4f is wound on the subsequent

tooth 1b.

Each of the grooves 7d, 8d and 9d has a depth set in a range
of about one fifth to two thirds of a diameter of each of the
15 magnet wires 4f, 5f and 6f. Each of the grooves 7e, 8e and 9e
has a depth set at about one half of the diameter of each magnet
wire. The other construction of the motor in the second
embodiment is the same as in the first embodiment. Accordingly,
the same effects are achieved in fhe second embodiment as in the
20 first embodiment. In the second embodiment, particularly, the
grooves 7d, 8d and 9e are formed in the bottom plates 7a, 8a and
9a of the concave portions 7, 8 and 9 respectively. The intercoil
wires 4a, 5a and 6a are inserted in these grooves 7d, 8d and 9e
respectively. Since the intercoil wires 4a, 5a and 6a are
25 positioned and guided by the grooves 7d, 8d and 9e respectively,
the length of each intercoil wire can be rendered minimum.
Consequently, the resistance of each magnet wire is lowered and

accordingly, the electric characteristics of the motor can




5. Astator according to claim1, wherein the insulating COVET —as—a—
plurality of polygonal pillar-shaped or cylindrical @%Aﬁﬁs’iﬁ“ééﬁﬂﬁbﬁ
sections integrally formed to correspond to posi tiong pf a beginniNg
and a term natioon of each coil of each phase and eacp |eguw 08l 1499

I nsertion sections has a groove into which t he begi npinhg or the

termi nation of each coil of each phase is 225 |nserted. A
stator according to claim1, wherein the concave poriions have
respective side walls whose heights are varied st epwi se.

further be improved. Furthermore, since the length of each
magnet wire can be uniformed or equalized, the resistance of the
magnet wires 4f, 5f and 6f can be maintained at a constant value.
This results in further improvement in the motor electric

5 characteristics and the coils 4 to 6 can reliably be prevented
from loosening.

The grooves 7e are formed in the upper cover 2 and the grooves
8e and 9f are formed in the lower cover 3. Parts of the magnet
wires 4f to 6f corresponding to first turns of the respective

10 phase coils 4 to 6 are inserted in the grooves 7e, 8e and 9f
respectively. In this construétion, since the parts of the
magnet wires from which the wires are wound are positioned, a
normal or regular winding of the magnet wires 4f to 6f can easily
be carried out. Consequently, a further shortening of lead time,

15 a further improvement in the product quality and a further
reduction in the production cost can be achieved and the coils
4 to 6 can reliably be prevented from loosening.

FIGS. 19 and 20 illustrate a third embodiment of the
invention. The identical parts are labeled by the same reference

20 symbols in the third embodiment as in the first embodiment.
Referring first to FIG. 19, each bobbin portion 2b of the upper
cover 2 has a groove 2c formed in an upper face of a proximal
end thereof. Each bobbin portion 3b of the lower cover 3 also
has a groove 3c formed in an upper face of a proximal end thereof.

25 Each of the grooves 2c and 3c has a depth set at one half of the
diameter of each magnet wire. The other construction of the
motor in the third embodiment is the same as in the first

embodiment. Accordingly, the same effects are achieved in the



20 -+ - 7. A stator according to claiml, wherein dis : MM%ET

bottom faces of the respective concave portions and the st

are gradual ly decreased fromthe inner circunferential sidég toward the
outer circunferential side of the stator core. 25 80 406t ai%sP
according to claim1, wherein the insulating cover ing¢l yides a .
plurality of bobbin portions on which the22oils are wpund and each

bobbi n portion has a groove forned so as to -

| third embodiment as in the first embodiment. In the third
embodiment, particularly, a pért of each magnet wire serving as
a first turn is inserted in the grooves 2c and 3c. Parts of each
magnet wire serving as an upper stage are wound so as to be caused
5 to fall between the parts of each magnet serving as a lower stage
(regular or normal tight winding). Thus, since the first turn
of each coil is positioned, each magnet wire can easily be wound
into the regular winding. Conseqﬁently, the motor electric
characteristics can be stabilized and the product quality can

10 be improved.

In the third embodiment, each of the bobbin portions 2b and
3b has the single groove 2c or 3c formed in the end thereof at
the side where the winding of the magnet wire is initiated.
However, two or more such grooves may be formed generally in

15 parallel with each other intheentire area of each bobbinportion,

instead.

In the first to third embodiments, the magnet wires are wound
so that the phase U, W and V coils 4, 6 and 5 are constituted
in this order. However, the magnet wires may be wound so that

20 the phase W, V and U coils 6, 5 and 4 are constituted in this
order. What is essential is that the magnet wires need to be
wound so that the phase Wcoil 6 is constituted prior to the phase
V coil 5. Furthermore, the lower cover 3 has the three wall ribs
9b, 8b and 3a in the foregoing embodiments. The wall rib 3a

25 located at the outer circumferential side extends from the stator
core 1 farther than the wall rib 8b located between the wall ribs
9b and 3a. The wall rib 8b extends from the stator core 1 farther

than the wall rib 9b located at the inner circumferential side.
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However, the inside wall rib 9b may extend farther than the wall
rib 8b, and the wall rib 8b may extend farther than the outside
wall rib 3a,

instead. Furthermore, the upper cover 2 has the

two wall ribs 7b and 2a in the foregoing embodiments. The wall
rib 2a located at the outer circumferential side extends from
the stator core 1 farther than the wall rib 7b. However, the
wall rib 7b may extend farther than the wall rib 2a, instead.
Additionally, the preseht invention is applied to the outer rotor
type brushless dc motor in the foregoing embodiments. The
invention may be apﬁlied to inner rotor type brushless dc motors
having a rotor disposed inside a stator.

The foregoing description and drawings are merely
illustrative of the principles of the present invention and are
not to be construed in a limiting sense. Various changes and
modifications will become apparent to those of ordinary skill
in the art. All such changes and modifications are seen to fall
within the scope of the invention as defined by the appended

claims.
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1. A stator for an electric motor comprising:

a stator core;

a resinous insulating cover attached to the stator core so
as to cover the stator core;

coils of a plurality of phases wound on the insulating cover
attached to the stator core, the coils including intercoil wires
respectively; and

a plurality of concave portions formed in the insulating

cover to extend generally in parallel with each other in a

direction of disposition of the intercoil wires so that the
intercoil wires of the coils of the different phases are inserted
therelnrespectlvely,theconcaveportlons1nclud1ngthoseuhggh
are adjacent to each other and have respective bottoms stepped

therebetween so_that said bottoms are located at respective

eve different .

2. A stator according to claim 1, wherein the insulating
cover has opposite end faces, wherein the intercoil wires of the
coils of the plurality of phases are located at both sides of
the opposite end faces of the insulating cover, and wherein the
plurality of concave portions are formed in at least one of the
end faces of the insulating cover so that the intercoil wires
of the coils of the different phases are inserted therein

respectively.

3. A stator according to claim 1, wherein each concave
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direction of disposition of the interco that th Tt EeTTon
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respectively, the concave portions including those which |2 ar adj ace

to each other and have respective bottonm26st epped t her t
said bottons are | ocated at respective | evel s differgnt from each

ot her: and arotor rotatable relative to the stator—amdTTctudiTg
a portion extends along a circumference of the insulating cover

and has a side wall formed with a notch into which the intercoil

wire is inserted.

4. A stator according to claim 1, wherein at least one of

the concave portions has the bottom located at approximately the

same level as a termination of the wound coil.

5. A stator according to claim 1, wherein the insulating
cover has a plurality of polygonal pillar-shaped or cylindrical
terminal insertion sections integrally formed to correspond to
positions of a beginning and a termination of each coil of each
phase and each terminal insertion sections has a groove into which
the beginn.ing or the termination of each coil of each phase is
inserted.

6. A stator according to claim 1, wherein the concave
portions have respective side walls whbse heights are varied

stepwise.

7. A stator according to claim 1, wherein distances between
bottom faces of the fespéctive concave portions and the stator
core are gradually decreased from the inner circumferential side

toward the outer circumferential side of the stator core.

8. A stator according to claim 1, wherein the insulating
cover includes a plurality of bobbin portions on which the coils

are wound and each bobbin portion has a groove formed so as to
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correspond to a beginning of the wound coil and into which a magnet

wire constituting said wound coil is inserted.

9. A stator according to claim 1, wherein the stator core
includes an annular portion and a plurality of teeth radially
projecting from an outer or inner circumference of the annular
portion, wherein the insulating cover comprises two covers
covering the stator core at axially opposite sides thereof,
wherein each of the two co-vers includes an annular portion
corresponding to the annular portion df the stator core and a
plurality of teeth portions corresponding to the teeth of the
stator core, and wherein the concave portions are formed on end

faces of the annular portions of the covers.

10. A n electric motor comprising:

a stator including a stator core, a resinous insulating
cover attached to the stator core so as tb cover the latter, coils
of a plurality of phases wound on the insulating cover attached
to the stator core, the coils including intercoil wires
respectively, and a plurality of concave portions formed in the
insulatihg cover to extend generally in Earaliel with each other
in a direction of disposition of the intercoil wires so that the
intercoil wires of the coils of the different phases are inserted
therein respectively, the concave portions including those which
are adjacent to each other and have respective bottoms stepped

therebetween so that said bottoms are located at respective

levels different from each other: and

a rotor rotatable relative to the stator and including a
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11. An electric motor according to claim 10, wherein:

the stator core includes an annular portion and a plurality
of teeth radially projecting from an outer or inner circumference
of the annular portion;

the insulating cover comprises two covers covering the
stator core at axially opposite sides thereof;

each of the covers includes an annular portion cdrresponding
to the annular porticn of the stator core and a plurality of teeth
portiqns corresponding to the teeth of the stator core
respectively;

the coils of the plurality of phases comprise three-phase
coils; . _

two of the concave portions into which the intercoil wires
of the coils constituting two of the three phases are inserted
are formed on an axial end face of the annular portion of one
of the covers, and the intercoil wires of the coils constituting
the other phase are disposed on an axial end face of the annular
portion of the other cover; and

_ the. rotor comprises an outer rotor disposed in opposite

relation to an outer circumference of the stator.

wrverme]




20 portion of the other cover; and : the rotor conprises an outer

rotor disposed in opposite relation to an outer circunf ey
stator. vicre ! SHEET
U R . .
29 U 4 OCT Tyyy
Mg oG

L
e

ELECTRIC MOTQR AND STATOR THEREFOR

A stator for a brushless dc motor includes a stator core

5 (1), a resinous insulating cover (2, 3) attached to the stator
core (1) so as to cover the stator core _(1), coils (4, 5, 6) of

a plurality of phases wound on the insulating cover (2, 3)
attached to the stator core (1), the coils (4, 5, 6) includ_ing
intercoil wires (4a, 5a, 6a) respectively, and ablurality of

10 concave portions (7, 8, 9) formed in the insulating cover (2,

‘3) to extend generally in parallel with each other in a direction

of disposition of the intercoil wires (4a, 5a, 6a) so that the
intercoil wires (4a, 5a, 6a) of the coils (4, 5, 6) of the_
different i:hases are inserted therein respectively. The concave
15 portions (7, 8, 9) include those which are adjacent to each other

and have respective bottoms stepped therebetween so that the

bottoms are located at respective levels different from each

other.

20 Designated figure: FIG. 1



