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This invention relates to a brushless DC motor,
which has a magnetic field winding on stator yokes,
a permanent magnet on a rotor, and rnio brush, and
particularly to a motor structure.

BACKGROUND ART

Conventional brushless DC motors known in-
clude a core type motor shown in Fig. 60 and a
coreless typs motor as shown in Fig. 51 to Fig. 57,

As shown in Fig. 50, the above core type motor
62 has a stator yoke 53 formed by layering elec-
tromagnetic steel plates which are punched out into
a certain form, and has a magnetic field coil 54
disposed in a slot section of the stator yoke 53 in
the insulated state.- A rotor magnet 56 is disposed
on a rotor 55. And, a motor section comprises the
stator yoke 53 and the rotor 55, and a circuit unit
section 57 consists of a circuit element and the
like.

The above corsless type motor 80 has a mag-
netic field coil 59, which is formed in the shape of
a ring by a self-fusing line, disposed in an air-core
type stator yoke 58 as shown in Fig. §1. The
magnstic field coil 59 is formed as shown in, for

- example, Fig. 52 and Fig. 53. And, a rotor 61 is

provided with a rotor magnst 63. And, the stator

. yoke 58 and the rotor 61 form a motor section, and

a circuit unit 76 consists of a circuit element and
the like.

In the motors 51 and 60 having the above
structures, asssmbling can be made by fitting from
one direction of a motor bearing supporter (boss).

The coreless type motor 60 is known de-

. Scribed in, for example, Japanese Patent Applica-

tion Laid-open Print No. 23754/1889. The brushless
DC motor 80 of this type has a rotor 61 consisted
of a cup-shaped rotor yoke 62, a ring-shaped rotor
magnet 63 adhered to the inner periphery of the
rotor yoke, and a shaft 65 fitted to the center of the
rotor yoke 82 with 2 bush 84 as shown in Fig. 54.
In the figure, 88 represents a turn table.

As shown in Fig. 65, a stator 87 comprises first
and second stator yokes 68, 69 made of a soft
magnetic metal plate, and a coil unit 70 disposed
between the stator yokes 68, 69. Both the stator
yokes 68, 69 have magnetic poles 68a, 69a formed

_ which are exiended from the center radially toward

outward and bent at right angles, and have rings
71, 72 integrally formed at the center along the
bent direction of the magnetic poles 68a, 69a. In
the figure, four poles are shown,

The first stator yoke 68 and the second stator
yoke 68 of the stator 67 are put together with the
coif unit therebetween, the ring 71 and the other
ring 72 are joined to be magnstically connected to
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form a magnetic circuit, keeping a certain gap from

the circumferential face of the rotor magnet 63 of
the rotor 81, and the magnetic poles 68a, 69a of
the first and second stator yokes 68, 69 are al-
ternately disposed in the circumferential direction.

Further, a sleeve 73 is fitted within the ring 71-
of the stator 67, and the shaft 65 of the rotor 61 is
supported in the sleeve 73 via a bearing 74. To the
bottom of the sleeve 73, a base plate 75 Is fitted to
support the stator 67, and a circuit board 76 is
fixed to the base plate 75. In the figure, 77 repre-
sents a magnetic pole sensing etement to detect a
magnetic pole of the rotor.

Besides, as a chucking magnet io adsorb and
fix a revolving work, a chucking magnet 79 mag-
netized as shown in Fig. 57 has been .used here-
tofore.

Furthermore, as brushless DC motors struc-
tured . using stator yokes which are formed by
bending a soft magnetic metal plate, for example,
Japansese Patent Application Laid-open Print No.
23754/1989 and Japanese Patent Application Laid-
open Print No. 214458/1890 are known. In such
motors, magnetic poles are formed in an asymmet-
rical shape to shift the rotor's static stable position
from the position of excitation torque 0, the mag-
netic poles of one stator yoke have a different
shape from those of the other stator yoke, and the
position of each stator is shifted to cause magnetic
unbalance to shift the rotor's stable position, there-
by eliminating a dead point of the motor revolution.

However, the above conventional brushless DC
motors have the following structural drawbacks re-
gardiess of the cora or coreless type.

1) A boss is disposed for a bearing at the center
of the motor, a relatively large hole is disposed
at the center of the circuit unit to avoid it, this
hole spoils a degres of freedom for arrangement
and an effective area for circuit parts, and there-
fore, the shaps of the motor body becomes
large.

2) As the circuit unit is disposed to be covered
by the motor section, when assembling is com-
pleted, removal of the circuit unit alone can not
be made. And, replacement, modification and
adjustment were difficult.

3) The end of the winding of the magnetic field
coil is connected to the circuit board by leading
around the magnetic field coil to wire, so that a
layer short or the like easily takes place due to
the breaking of wire or contact of windings dur-
ing operation, and in particular, the coreless
type has a drawback of causing a lot of troubles
In wiring and increasing work manhours..

And, In particular, the corsless type motor had
the following structural drawbacks.

1) As the stator has a structure to be fitted by
mutually putting together the rings of both the



type notor shown in Fig. 50 and a coreless type notor as shown in Fig. 51
to Fig. 57. As shown in Fig. 50. the above core type notor 52 has a stator
yoke 53 formed by |ayering electronagnetic sfkel plates which are punched
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2) As the slesve for supporting the bearing is
inserted in the fitted ring section, the number of
parts is increased, increasing assembling works.
3} In miniaturizing the motor, magnetic satura-
tion may be caused in the magnetic circuit ar-
ound the shaft,

‘4) As the turn table which is put on the rotor is
separately formed, the assembling work is in-
creased, and it is difiicult to secure the flatness
of the turn table. '
5) As the base plate is fitted at the bottom of the
slesve passed through the stator, to secure per-
pendicularity of the sleeve, processing precision
of the fitting part of the base plate is required,
and sufficient strength cannot be easily ob-
tained. As shown in Fig. 56, the stator 87 can be
fixed to the flat base plate 76 by screwing with a
screw 78, but a disposing space cannot bs
provided between the base plate 75 and the
stator 67, and it is difficult to dispose the circuit
board and the magnetic pole sensing element.
6) And, when assembling, a fitting position of
the magnetic pole sensing element has to be
determined every time, degrading the precision
of positioning and lowering efficiency of assem-
bling work.

7y The chucking magnet 79 for adsorbing and 39 to the projection, disposing a fitting hole in the
fixing a revolving work Is generally magnetized base plate to which a motor is attached, disposing
into upper and lower two poles, so that its a through hole in the stator yoke contacting to the
altraction force is weak, and when the chucking base plate, profruding a prejection to be inserted in
magnet does rict have a magnetic substance on the through hole and the fitting hole of the flange of
the bottom face, leakage flux flows Into the 35 the coil bobbin, and protruding a terminal pin to
stator yoke or rotor yoke, causing a drawback of bind the leading end of the magnetic field coil to
adversely effecting on the motor psrformance. the flange of the coil bobbin, disposing the through
Further, regardless of the core or coreless type hols of the terminal pin in the stator yoke and base
motor, there are following drawbacks in the motor plate, and attaching the circuit unit fo the base
characteristics. 40 plate from outside which is opposite of the stator.
1} As the excitation torque generated at the And, the terminal pin is disposed in plural
stable point position of the permanent magnet numbers on the same circumference with the shaft
rotor is relatively small, the start up is unstable at the center, and an interval between the adjacent
and can be self-activated only under a very terminal pins is at an equal pitch.
limited condition, and a large start torque cannot 45 Further, the terminal pin is supported by syn-
be obtained. thetic resin, and the supporting part is integrally
2) Since a magnetic balance has to be de- formed with the coil bobbin.
stroyed, a magnetic pols shaps becomes spe- And, a groove to guide the end of the magnsetic
cial, and leakage flux is increased, thus the field coil is characterized by disposing on the sup-
motor efficiency is lowered. 50  porting part of the terminal pin.
3) As the two stator yokes have different mag- ~ Besides, the terminal pins are disposed in plu-
netic pole shapes, two press molds are required, ral numbers on the same circumference with the
and management of paris becomes complicat- shaft at the center, and an interval between the
ed. adjacent terminal pins is at an equal pitch, and at
In view of the above, this invention is to solve 65  the supporting part of the terminal pins made of

the above drawbacks and aims to simplify the
connsction of the coit unit and the circult unit, and
makes it easy to replace the circuit unit alons and
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performance, and provides an inexpensive brush-
less DC motor having a high starting torque, pro-
viding starting ability in a wide range, having a high
motor efficiency and productivity.

SUMMARY OF THE INVENTION

To accomplish the above objects, the brush-
less DG motor of a first invention of this application
comprises a rotor having a ring- or segment-
shaped rotor magnset magnetized in plural poles in
the circumferential direction and having a shaft at
the canter of a rotor yoke, a stator having a pair of
stator yokes, which have magnetic poles formed by
bending a soft magnetic metal plate, put together
as opposed and the magnetic poles disposed al-
ternately in the circumferential direction with an air
gap next to the rotor magnet, a coil unit having a
magnetic field coil disposed on a synthetic resin
coil bobbin having a flange at ends and disposed
between the pair of stator yokes, and a circuit unit
having a magnetic pole sensing element for detect-
ing a magnetic pole of the rotor magnet disposed,
characterized by protruding a projection from the
flange of the coil bobbin and disposing a fitting
hole at a position of the stator yoke corresponding

synthstic resin, a groove to gulde the terminal of
the magnetic field coil is disposed.
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stator yoke 53 and the rotor 55. and a circuit unit section 57 consists of

acircuit element and the |ike.
magnetic field coil
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ternately magnetized in the circumferential direc-
tion with the shaft disposed at the center of the
rotor yoke, a stator having first and sacond stator
yokes, which have magnetic poles formed by
bending a soft magnetic metal plate, put together
to oppose each other to alternately dispose the
magnetic poles in the circumferential direction with
an air gap next to the rotor magnet, a coil unit
having a magnetic field coil disposed on a coll
bobbin having a flange at ends disposed between
the stator yokes, and a sleeve which is inserted in
the through hole disposed at the center of the
stator and supports the revolving shaft via a bear-
ing therein, characterized by disposing a flange at
one end of the bearing, forming a fitting projection
having a convex cross section at the fitting part of
the base plate to which the stator is fixed, and
fixing the stator to the base plate by placing the
fitting projection of the base plats between the
stator and the flange of the bearing.

In addition, a fitting part having a projection is
formed at both ends of the slesve, and a fitting
hole to which the fitting part is fitted is disposed in
the first and second stator yokes.

And, the fitting part of the sleeve and the fitting
holes of the first and second stator yokes are
polygonal or non-circular.

Further, the coil bobbin has a pin integrally
formed toward the circuit unit to bind the drawn
line of the magnetic field coil.

And, the turn table put on the rotor yoke is
integrally formed with the rotor yoke.

Besides, a fitting structure comprising a fitting
recess and a fitting projection to mutually fit the
rotor yoke and the turn table is disposed. -

And, as the chucking magnet for adsorbing and
fixing a revolving work is magnetized in many
magnstic poles or has plural segments in combina-
tion, a magnsetic path is formed in a shortest dis-
tance.

A cylindrical section is respectively formed at
the center of the first and second stator yokss in
the bent direction of the magnetic poles, and a
cutout section which is coaxially fit mutually and
positioned in the circumferential direction is dis-
posed on each cylindrical section .

And, the sleeve is integrally formed with one of
the first and second stator yokes, and a fitting hole
is formed in the other of the stator yokes in which
the leading end of the slesve is fitted, and the
bearing is fixed into the sleeve by press fitting or
caulking.

Furthermore, a bearing Is mtegrany formed with
the base plate to which the stator is fixed.
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The above corel ess type notor 60 has a

shape of a ring by a self-
e malesl oo

Besides, a fixing section, to which a magnetic
pole sensing slement for dstecting a magnetic pole
of the rotor is fixed, and its periphery are made of
a non-magnetic material.

And, the fitting structure for positioning com-
prising a positioning pin and positioning holes fit-
ting to the pin is disposed among a circuit board to
which the magnetic pole detecting element for de-
tecting the magnetic pole of the rotor is fixed, the-
base plate to which the circuit unit is ﬂxed and the
stator.

Further, a pin for twining a drawn lme of the
magnstic fleld coil of the coil unit is protruded from
the stator, and the leading end of the drawn line is
fixed to the circuit unit. :

The brushless DC motor of the second inven-
tion of the application, with a rotor having a rotor
magnet forming a plurality of magnetic poles
formed in the circumferential direction disposed on
a rotor yoke, a stator having a plurality of magnetic
poles alternately disposed on the stator yoke in the
circumferential direction with an air gap next to the
rotor magnet, a coil unit disposed on the stator
yoke and having a magnetic field coil exciting the
magnetic fisld of the stator, a magnetic pole sens-
ing element for detecting polarity of the rotor mag-
net, and a cogging torque in the magnetic circuit
consisting of the rotor and stator, sets the static
stable point position where the rotor stops at the
vicinity of the maximum torque point of the excited
torque generated when an electric current is
passed to the magnetic field coll, and the set
position of the magnetic pole sensing slement is
set as shifted in the circumferential direction from
the intermediate position of one magnetic pole of
the rotor magnet.

And, an open angle of the magnsetic pole of the
stator which opens from the revolving center of the
rotor in the circumferential direction is 75% or
more and less than 100% with respect to the
similar open angle of one magnstic pole of the
rotor magnet.

Further, the set position of the magnetic pole
sensing element is set at a position shifted in ‘an
opposite-revolving direction in a range of 5 to 45
degress in electnc angle.

And, the stator is structured by laminating
marty steel plates.

Besides, the stator is formed by casting.

Furthermore, the stator is formed by sintering.
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Is provided with a rotor magnet 63. And, the stator yoke 58 and the rotor
61 forma notor section. and a circuit unit 76 consists of a circuit

el ement and the like. In the notors 51 and 60 h@(vi ng the above structures,
assenbl BREFQESCRETIONIYF THE BRAWINGY from one (Bigrdtti on of a notor bearing
supporter (boss).

[Fig. 1]
A vertical sectional view of the brushless DC

motor according to a first embodiment of this in-
vention.

{Fig. 2]

An exploded sectional view of the brushless

DC motor according to a first embodiment of this
invention, '

{Fig. 3]

A back view of the first stator yoke according
to a first smbodiment of this invention.

[Fig. 4]

20 according to a second embodiment of this inven-
tion,
A sectional view taken along line A-A of Fig, 3
according to a first embodiment of this invention. [Fig. 15}
[Fig. 5] 25 A pian view of the coil unit according to a' third _
' _— embodiment of this invention.
A plan view of the second stator yoke accord-
ing to a first embodiment of this invention. [Fig. 16] .
[Fig. 8] 80 A vertical sectional view of the coil unit accord-
. ing to a third embodiment of this invention.
A verical sectional view of the second stator
yoke according to a first smbodiment of this inven- [Fig. 17}
tion. .
35 A back view of the coil unit according to a third
(Fig. 7} " embodiment of this invention.
A plan view of the coil unit according to a first [Fig. 18]}
embodiment of this invention. . .
: 40 A vertical sectional view of the brushless DC
[Fig. 8] - motor according to a fourth embodiment of this
invention.
A vertical sectional view of the coil unit accord-
ing to a first smbodiment of this invention. {Fig. 19}
45 :
{Fig. 9] An exploded perspective view of the brushless
DC motor according {o a fourth embodiment of this
A back view of the coil unit according to a first invention.
smbodiment of this invention. .
so [Flg. 20]

{Fig. 10]

A plan view of the base plate according fo a
first embodiment of this invention.
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A vertical sectional view of the base plate ac-
cording 10 4 first embodiment of this invention.

[Fig. 12}

A back view of the base plate according to a
first embodiment of this invention.

[Fig. 13}

A vertical sectional view of the essential part of
the coll unit according to a second embodiment of
this invention.

(Fig. 14]

A sectional view taken along line B-B of Fig. 13

-A plan’ view of the stator yoke according to a
fourth embodiment of this invention.

(Fig. 21]

An exploded sectional view of the stator ac-
cording to a fourth embodiment of this invention.
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The coreless type nmotor 60 is known described in, for exanple, Japanese
Pat ent Application Laid-open Print No. 23754/1989. The brushl ess DC notor
60 of thls type has a rotor 61 consisted of a cup-shaped rotor yoke 62, a
ring- 3?§q! otor magnet 63 adhered to the) bﬂ% perlphery of the rotor
yoke, "Shaft 65 fitted to the center of rotor yoke 62 with a bush

64 as s hownA sBetibePoiewtiken adnd 5 cLé B 20 66 T EPT SRS sBeubAdl Mo Bfthdessontial part of

- according to a fourth ambodirfient of this invention. the brusti¥sé DC motor according to a tenth em-

[Fig. 23)

A perspective view of the chucking magnet
according to a fourth embodiment of this invention.

[Fig. 24]

A perspective view showing another embodi-
ment of the chucking magnet according to a fourth
smbodiment of this invention.

{Fig. 25)

A perspective view of the first and second
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bodiment of this invention.
[Fig. 33]

A vertical sectional view of the brushless DC
motor according to an eleventh embodnment of thss
invention.

{Fig. 34]

A vertical sectional view showing another em-
bodiment of the drawn line supporting structure
according to an sleventh embodiment of this inven-
tion.

stator yokes according to a fifth embodiment of this 20  {Fig. 35]
invention. ' '
A vertical sectional view showing another em-
[Fig. 26] bodiment of the drawn line supporting structure
according to an eleventh embodiment of this inven-
- An exploded sectional view of the stator yoke 25 tion.
according to a sixth embodiment of this invention.
[Fig. 36]
[Fig. 27) .
A vertical sectional view showing the rotor yoke
A vertical sectional view of the essential part of 30  according to a twelfth embodiment of this invention.
the brushless DG motor according to a sixth em-
bodiment of this invention. [Fig. 371
[Fig. 28] An exploded perspeactive view of the rotor yoke
: _ 36 . accordingto a thirteenth embodiment of this inven-
A vertical sectional view of the essential part of tion.
the brushless BC motor according to a seventh
embodiment of this invention. [Fig. 38]
(Fig. 291 40 An exploded perspective view of the brushless
DC motor according to a thirteenth embodlment of
A vertical sectional view of the essential part of this invention.
the brushiess DC motor according to an eighth
embodimant of this invention. ' {Fig. 39]
45
[Fig. 30] A schematic plan view describing the action of
the brushless DC motor according to a thirteenth
An explanatory view for describing the relation .embodimsnt of this invention.
betwesn the magnetic pole sensing element and
the magnetic flux according to a ninth embodlment so [Fig. 40]
of this invention. i
A schematic plan view describing the action of
[Fig. 81] the brushless DC motor according to a thirteenth
: embodiment of this invention.
A vortical sectional view of the essential part of 55

the brushiess DC motor according o a ninth em-
bodiment of this invention.
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As shown in Fig. 55. a stator 67 conprises first and second stator yokes
68, 69 nmade of a soft nagnetic netal plate, and a coil unit 70 di sposed

bet ween the stator yokes 68. 69. Both the stator yokes 68, 69 have magnetic
pol es 68a, &Pa formed which are extended ¢rqx e center radially toward
out Wardgigi%d4 gent at right angles, and hav‘g %gg 71. 72 integrally forned

at the Cenieygahdddpidn\Few 6iine Gsdehfel p@ O T he MRARKLGIRPVER shsiing P Gruchid
the fi gWeeribihdib oféd fgle according to a thirteenth of a convetitidhal coreless type brushiess OC mo-

embodiment of this invention. s tor
[Fig. 42] [Fig. 52]

Characteristic views showing the relation be- A plan view of the magnetic field coil of a
tween the electric angle and the cogging torque 10  conventional coreless type brushiess DC motor.
according to a thirteenth embodiment of this inven-
tion. ) [Fig. 53]

[Fig. 43] A front view of the magnetic field coil of a
1s  conventional coreless type brushless DC motor.

An explanatory view describing the excitation
torque according to a thirteenth embodiment of this [Fig. 54]
invention. :

A verlical sectional view showing a conven-
[Fig. 44] 20 tional coreless type brushless DC motor.

A circuit diagram showing one embodiment of [Fig. 55]
the drive circuit of the brushless DC motor accord-
ing to a thirteenth embodiment of this invention. An exploded sectional view showing a conven-

‘25 tional coreless type brushless DC motor.
[Fig. 45]
[Fig. 58]

A plan view of the stator yoke according to a

fourtesnth smbodiment of this invention. A vertical sectional view showing the essential
go part of a conventional coreless type brushless DC
[Fig. 46] motor.

A side view of the stator yoke according to a [Fig. 57]
fourteenth embodiment of this invention.

: .85 A perspective view of the chucking magnet of a -
(Fig. 471 conventional coreless type brushless DC motor.

An exploded perspactive view of the sssential BEST MODE FOR CARRYING OUT THE INVEN-
part according to a fourteenth embodiment of this TION
invention, 40 .

. A first embodiment of this invention will be
[Fig. 48] described with reference to the drawings.
Fig. 1 and Fig. 2 show a vertical sectional view

A perspective view of the stator yoke according and an exploded vertical sactional view of the
to a fourteenth embodiment of this invention. 45  brushless DC motor of this invention, In Fig. 1 and

Fig. 2, 1 represents a brushless DC motor, 2 a
[Fig. 49] rotor, 3 a shaft {revolving shaft), 10 a stator, 19 a
circuit unit, 20 a base piate to which the motor 1 is

An exploded perspective view of the essential attached.
part of the stator yoke according to a fourteenth 50 The above rotor 2 has the shaft 3 press-fitted
embodiment of this invention. to the center of a rotor yoke 4 formed in the shape

of a cup, and a rotor magnet (permanent magnet) 5
[Fig. 50} adhered to-be fixed to the inner periphery of the
rotor yoke 4. The rotor magnet § is formed in the

A vertical sectional view showing the structure ss  shape of a ring, and has N and S poles alfernately

of a conventional cors type brushiess DC motor.
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magnetized in the circumferential direction, mag-
netized in eight poles in this embodiment. The
rotor magnet 5 may be a combination of a plurality



are shown. The first stator yoke 68 and the second stator yoke 69 of the

stator

-

67 are put together with the coil
71 and the other

ring 72 are joined
of tile-shaped permanent nidgtibts, or a sheet-
shaped rubber rnagnet shaped into a ring.

The above stator 10 comprises a first stator
yoke 11, a second stator yoke 186, & coil section 12,
and a bearing 18 rotatably supporting the shaft 3.
The first stator yoke 11 and the second stator yoke
16 are formed by punching a soft magnetic metal
plate out into a prescribed shape, and the punched
parts extending in the radial direction are bent at
right angles to form magnetic poles 11a, 16a. And,
a cylindrical part 17 is integrally formed with the
second stator yoke 18. In this embodiment; as the
motor 1 has eight poles, the stator yokes 11, 16
each have four magnetic poles 11a, 16a formed at
certain intervals in the circumferential dirsction,
And, the stator yoke 11 and the second stator yoke
18 have the coil unit 12 to be described afterward
disposed therebetween, and are put together to
mutually face the magnetic poles 11a and 16a of
the stator yokes 11 and 16 so that the magnetic
poles 11a, 16a are alternately disposed in the cir-
cumierential direction. '

The above coil unit 12 comprises a bobbin 14
made of resin and having a flange 14a at either
end, and a magnetic field coil 15 wound on the
bobbin. And, the cylindrical part 17 of the second
stator yoke 16 is inserted into the bobbin 14.
Further, the flanges 14a of the bobbin 14 have a
plurality of terminal pins 12a which are protruded in
the axial direction of the motor 1, pins 12b for
determining the assembling position of the stator
yoke 11 and the second stator yoke 16 in a radial
direction, and pins 12¢ which are used to fix the
socond stator yoke 16 to the base plate 20.

And, the base plate 20 supporting the stator 10
has a support 20a at the center to support the rotor
2. Further, holes 20b for fixing the stator 10 and
holes 20c for electrically connecting the magnetic
fisld coil 16 and the circuit unit 19 are formed in
the base plate 20, and the circuit unit 19, which has
a magnetic pole sensing element 21 for detecting a
magnetic pole of the rotor magnet 5, is inserted for
fixing in the same direction with the shaft 18 from
the outside which is on the opposite side of the
stator 10. And, after assembling, a washer 22 is
fitted to the leading end of the shait 3 of the rotor 2
to prevent the shaft 3 from coming off. And, the
rotor 2 and the stator 10 constifute a motor section.

Further, details-will be described with reference
to Fig. 3 through Fig. 12.

The coil section: 12 to be placed between the
first stator yoke 11 and the second stator yoke 16
is inserted with the pins 12c of the coil unit 12
aligned with the holes 16¢c of the sscond stator
yoke 18, the holes t1c of the first stator yoke 11 is
aligned with the pins .12b of the coil unit 12, and
the first stator yoke 11 and ths second stator yoke
16 are joined and fixed, then the leading ends of
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3 therebetween. the ring
the pins 12b inserted are fixed by thermal caulking.
The first stator yoke 11 and the second stator yoke
16 may be fixed by press fitting or mechanically
caulking by means of a press. A magnetic circuit is
constructed in a good balance by the first stator
yoke 11 and the second stator yoke 186.

To attach the fixed stator 10 to the base plate
20 for supporting, the pins 12¢ of the coil unit 12°
are inserted into the holes 20b of the base plate
20, and fixed to the base plate 20 from the op-
posite side of the stator 10 by thermal caulking.
The stator 10 and the circuit unit 19 are electrically
connected by inserting the terminal pins .12a of the
coil unit 12 into the holes 20c of the base plate 20,
and soldering 1o the circuit unit 19 to fix, and at the
same time, the stator 10 is fixed to the base plate
20 and the circuit unit 19. Further, the magnetic
pole sensing element 21 is attached to the circuit
unit 19, and the circuit unit 19 is guided and fixed
by pins 20d of the base plate 20 so as to be
accurately positioned with the stator 10.

Thus, according to the first embodiment, the
stator is easily positioned by the holes of the first
stator yoke and the synthetic resin projections of
the coil unit, and the stator is accurately and easily
fixed to the base plate by the holes of the second
stator unit and the synthetic resin projections of the
coll unit. The plurality of terminal pins protruded
from the flanges of the coil bobbin allows to easily
connect a drawn line of the magnetic field coil to
the circuit unit, and has an effect that the magnstic
pole sensing element of the rotor magnet can be
easily fixed at an appropriate position.

Now, a second embodiment of this invention
will be described. Fig. 13 and Fig. 14 show this
embodiment. _

In Fig. 13 and Fig. 14, a drawn fine 15 is
wound around the coil bobbin 14, the terminal pins
12a are intagrally formed with the coil bobbin 14 on
the flange 14a, and the drawn line 15 has grooves

- 12A formed to allow sasy binding of its leading end

on the terminal pins 12a and to prevent the break-
age of wire.

Thus, according to the second embodiment,
since supporting parts of the terminal pins are
integrally formed with the coil bobbin using syn-
thetic resin, a distance betwesen the terminal pins is
properly determined and ths size of a press-fitting
part is easily controlled. Further, since the drawn
line guide grooves are disposed, yield of wire
breakage is improved. ' '

Further, a third embodiment of this invention
will be described. Fig. 15 through Fig. 17 show this
embodiment.

In Fig. 1§ through Fig. 17, the magnetic fisid
winding 15 is wound around the coil bobbin 14, the
terminal pins 12a are integrally formad with the coil
bobbin 14 on the flange 14a, the terminal pins 12a
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prevent the breakage of wire.

Thus, according to the third embodiment, by
forming the terminal pins integrally with the coil
bobbin using synthetic resin, making a distance
between the terminal pins equal, and disposing the
guide grooves for the drawn lines, a position can
be easily determined when automatizing the size
control of press fitting parts and winding work, a
yield of winding work can be improved, and the
strongth of the terminal pins can be enhanced.

Further, according to the above first, second
and third embodiments, the stator, the rotor and
the circult unit are separately assembled, and the
circuit unit is fited from the outside of the base
plate, so that assembling is easy.

Besides, according to the above first, second
and third embodiments, assembling is made better,
and the process is controfled easily. Particularly,
there is an effect that the stator and the rotor can
be assembled without being restricted by the com-
pletion of the cireuit unit.

still further, according to the above first, sec-
ond and third embodiments, a packaging area of
the circuit unit is increased to allow the use of
inexpensive electronic parts, a degres of freedom
tor the art work is obtained, the workability in
assembling the circuit unit is improved, and the
rotor alone can ba removed leaving the circuit unit
as it is by removing the stopper washer from the
center hole. _

And furthermore, according to the above first,
second and third embodiments, by directly soider-
ing the terminal pins of the coil unit to the circuit
unit, a yield is improved as compared with a con-
ventional method in which the drawn line is led
around for connecting.

And, according to the above first, second and
third embodiments, in case of fallure of the circuit
unit and the rotor, the replacement, modification or
adjustment of the circuit unit and the rotor can be
made easily. ' :

Further, according to the above first, second
and third embodiments, as the stator section can
be made particularly thin as compared with a con-
ventional one, thin-shaped products which meet the
market needs can be provided.

Now, a fourth embodiment will be described
with reference to the drawings. Fig. 18 shows a
vertical sectional view of the brushless DC motor of
this embodiment, and Fig. 19 shows its exploded
sectional view. In Fig. 18 and Fig. 19, 1 represents
a brushless DC motor, 2 a rotor, 10 a stator, 19 a
circuit unit, 20 a base plate on which the motor 1 is
attached. S o
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magnet 63 of the rotor 61.

r Mgt (pelRadeitemag-
net) 5 adhered to be fixed to the inner periphery of
the rotor yoke 4. The rotor magnet § is formed in

the shape of a ring, and has N and S poles .

magnetized alternately in the circumferential direc-
tion.

And, a turn table 6 made of resin to be put on
the outer periphery of the rotor yoke 4 is integrally
formed. Therefors, an assembling manhour can be
reduced, and the turn table 6 can be kept horizon-
tal. :

magnet (rotor magnet), which is magnetized in
many poles as shown in Fig. 23 and Fig. 24. The
magnetization direction includes the formation of
Ns and Ss as shown in Fig. 23, and the formation
of a magnstic circuit at the lower face to flow round
as shown in Fig. 24. Therefore, differing  from a
conventional -one which is magnetized to direct
magnelic flux in the same direction, a magnetic
path is short and leakage flux is small, resulting in
the prevention of an adverse sffect on the motor

and the increase of an adsorption fixing force.’

When the chucking magnet 7 is disposed in a
single number on the turn table 8 as shown in Fig.
19, the one shown in Fig. 24 has less leakage flux,
and when the magnet 7 is disposed on the rotor
yoke 4 made of a magnetic material as shown in
Fig. 36 to be shown afterward, magnetic flux re-
turns through the magnetic material, so that the

magnet shown in Fig. 23 has the same effect with

the one shown in Fig. 24. _

The above stator 10 comprises an upper first
stator yoke 11 in the figure, a coil unit 12, and a
bearing 18 to rotatably support a lower second
stator yoke 18, a sleeve 17 and ths shaft 3.

The first and second stator yokes 11, 18 are
made of a soft magnetic metal plate, which is
punched out into a prescribed shape, and radially
extending parts are bent at right angles to form a
magnetic pole t1a or 162 as shown in Fig. 20-and
Fig. 21. In this embodiment, as the motor 1 has 8
poles, the stator yokes 11, 16 sach have four
magnetic poles 113, 16a respectively at certain
intervals in the circumferential dirsction. And, the
stator yokes 11, 16 are put together with the mag-
netic poles 11a, 16a faced mutually in the circum-
ferential direction with the sleeve 17 made of a soft
magnetic material disposed therebetween as
shown in Fig. 20 to form a magnetic circuit.

The above coil unit 12 comprises a coil bobbin
14 made of resin having a flange 14a on sither
end, and a magnetic field coil 15 wound on it. And,
the above sleeve 17 is formed in the shape of a
cylinder, has a fitting part 17a shaped to protrude
formed on sither end, and fitted in fitting holes 11b

keeping a certain

Reference numeral 7 represents a chucking -

.
0
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holes 11c, 16¢c for fitting with these pins 12b are
respectively formed in the stator yokes 11, 16, and
when the first and second stator yokes 11, 16 are
assembied with the coil unit 12, relative positioning
in the circumferential direction is made with the
stator yokes 11, 18.

As to the relative positioning of the stator
yokes 11, 16, instead of disposing the aforemen-
tioned pins 12b and fitting holes 11¢, 16¢c, the
fitting parts 17a of the sleeve 17 and the inserting
holes 11b, 16b of the stator yokes 11, 16 to be
inserted therein may have their flat shapes formed
to be polygonal or non-circular, so that assembling
and relative positioning in the circumferential direc-
tion can be made simultaneously.

And, after assembling the first stator yoke 11,

. coil unit 12, slseve 17 and second stator yoke 18

into the stator 10, a fitting hole 19a of a circuit unit
19 is fitted to a fitting projection 20a formed to
protrude at the center of & base plate 20, and the
bearing 18 is fitted from below the fitting projection
20a-to assemble the entire motor. The bearing 18
has a flange 18a formed at the bottom énd, which
is larger-than the hole of the fitting projection 20a
of the base plate 20, inserted upward into the
sleeve 17 of the stator 10 assembled, and the first
stator yoke 11 and the second stator yoke 12 are
fixed with the sleeve 17 by caulking to enlarge a
top opening 18b with a jig. The first stator yoke 11
and the second stator yoke 12 may be fixed to the
slesve 17 by press fitling, or the bearing 18 may
be fixed in the sleeve 17 by press fitting. In the
figure, 21 represents a magnstic pole detecting
element for detecting a magnetic pole position of
the rotor.

- The circuit unit 19 disposed on the base plate
20 is fixed by adhering or screwing into holes
previously formed in the circult unit 19 and the
base plate 20 so that the magnetic pole sensing
slement (hall element) 21 disposed on the circuit
unit 19 is positioned at a prescribed place.

. Therefore, when the inserting parts disposed at
the end of the sleeve and the inserting holes of the
stator yokes are formed to be non-cireular in this
embodiment, the stator can be assembled by sim-
ply fitting the inserting parts into the inserting
holes, so that positioning of the stator yokes is
possible and assembling is easy. Further, it is not
necessary to dispose a ring section on each stator
yoke like a conventional motor, a winding volume
of the bobbin in a radial direction can be increased,
and it is parttcularly suitable to miniaturize the
maotor,

As the base plate can be assembled by sand-
wiching the fitting projection of the base plate be-
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ot neces ary orm pped s to screw the
atUﬂng ] base plate like a conventlona! motor,
simplifying the structure and assembling.

Further, as the base plate is assembled by °
press fitting the bearing to the fitting projection and
the fitting projection formed to have a flat tace is
sandwiched by the flange of the bearing, vertical -
accuracy of the bearing can be secured. Bssides,
as the fitting projection of the base plate is used for
fitting, a space can be provided between the coil
section and the base plate to attach the circuit unit
and the magnetic pole sensing element.

As this embodiment integrally forms the rotor
and the turn table, the number of parts and assem-
bliing manhour are reduced. Further, a drawback
that the turn table is tilted when asssembled seen in
a conventional motor is remedied, and horizontal
accuracy of the turn table can be secured, thus
improving workability in mass-production, and re-
ducing costs to a large extent.

Now, a fifth embodiment of this invention will
be described. In this embodiment, the stator yokes

" 11, 16 have a sleeve (cylindrical section) 23 integ-

rally formed, have a cutout section 24 formed by
cutting (D cut) halfway round the leading end of
each sleeve 23, and can be fitted mutually,as
shown in Fig. 26. Both the sleeves 23 are formed
to a length approximately half of. the length in the
axial direction when both the stator yokes 11, 16
are put together, and the direction of each cutout
section 24 is appropriately set, so that a relative
positioning of the stator yokes 11, 18 in the circum~
ferential direction can be made. And, when the
position of both the cutout sections 24 is properly
selected, stator yokes prepared in the same shape
can be used as the stator yokes 11, 18.

Then, a sixth embodiment of this invention will
be described. In this embodiment, a sleeve 26 is
integrally formed with one stator yoke 16 forming
the stator 10, and a fitting hole 27 for fitting the
leading end of the siesve 26 therein is formed at
the center of the other stator yoke 11 as shown in
Fig. 26. And, in the slesve 26 of both the stator
yokes 11, 16 fitted together with the coil unit 12
therebstween, the bearing 18 is directly fitted by
press fitting or caulking as shown in Fig. 27.

Thersfore, this embodiment does not need the
cylindrical part of one of the. stator yokes like a
conventional motor, is superior in the productivity
of the stator yokes, can secure an exclusive vol-
ume for the winding of the coil unit, reduces the
number of parts, and simplifies assembling work.

Next, a seventh embodiment of this invention
will be described. In this embodiment, a sleeve 28
is integrally formed with the base plate 20 support-
ing the motor 1, and a bearing 29 is disposed
within the sleeve 28 as shown in Fig. 28. And, a
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of the otaee2n, S¢ BbtOhe ViAi® unit 19 and the mag-

hetic pole sensing element 21 ¢an be disposed.

Therefore, this embodiment reduces the num-
ber of parts, reduces an assembling manhour, se-
cures the space for the circuit board, and surely
obtains vertical accuracy of the bearing.

Further, an eighth embodiment of this invention
will be described. fn this embodiment, the slesve
17 which supports the bearing 28 and is attached
to the inside of the stator 10 is made of a material
having a high magnetic permeability as shown in
Fig. 2.

Therefore, as an auxiliary magnetic circuit is
formed on the inside of the stator, the magnetic
circuit had a reduced area on the inside and mag-
netic saluration was easily caused when magnstic
flux on the ¢oil unit side was made powerful in the
past, but as the auxiliary magnetic circuit is formed
in this embodiment, powerful magnetic poles can
be obtained without generating magnetic saturation.

Besides, a ninth embodiment of this invention

_ will be described. This embodiment has a structure

to prevent adverse effscls on the magnstic pole
sensing element by means of the rotor magnet.
Specifically, the magnetic pole sensing element 21
is positioned at a place to nearly face the rotor
magnet 5 as shown in Fig. 30, and operated by
magnetic flux A in the direction approximately 90
degrees from the rotor magnet 5. However, when
the supporiing member 20 such as the basse plate
to which the magnetic pole sensing element 21 is

attached is a magnetic material, the leakage flux of

the rotor magnet acts via the supporting member
20 as magnetic flux (arrow B in the figure) parallel
to the magnetic pole sensing element, possibly
causing the magnetic pole detecting elerment to
malfunction. _

Therefore, when assembling is made as shown
in Fig. 31 in this smbodiment, the supporting mem-
ber 20 in the vicinity of the magnetic pole sensing
element supporting the magnetic pole sensing ele-
ment 21 is made of a non-magnetic material such
as aluminum, brass, non-magnetic stainless steel,
resin or ceramics. Thus, malfunction ¢can be surely
prevented even when the magnetic pole sensing
element is disposed by, for example, embedding in
the supporting member.

Further, a tenth embodiment of this invention

will be described. In this embodiment, the mag-

netic pole detecting element 21 to be disposed on
the circuit unit 18 can be easily positioned at a
prescribed position to face the rotor magnet 5 as
shown in Fig. 32.

Specifically, as shown in Fig. 32, a positioning
pin 31 is protruded on the base plate 20, position-
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positioning pin 31 when: assembling, so that the
stator 10" and' the magnetic pole sensing element
21 can be positioned easily.

As to the positioning pin and the holes to be
fited therewith, the -positioning pin" may be pro-
truded on the stator and the circuit unit, and the
holes may be formed in another member. The
positioning pin may be made of metal and driven
in, be integrafly formed of resin, or be removed
after assembling.

Now, an eleventh embodiment of this mvent:on
will be daescribed. This embodiment prevents that a
drawn line 15a of the magnetic field coll 15 of the
coil unit 12 attached to the stator 10 is floated up
due to the revolution of the rotor 2 and contacted
to the bottorn end of the rotor 2.

Therefore, in this .embodiment, a pin 35 is
protruded downward near a drawn part of the mag-
netic field coil 15 at the lower part of the bobbin
14, the drawn line 152 is twined around ths pin 35
and fixed to the circuit unit 19 on the base plate 20
by solder 36 as shown in Fig. 33. And, as shown in
Fig. 34, a through hole 37 may be formed in the
base plate to fix on the bottom face of the base
plate by the solder 36. Further, as shown in Fig.
35, fixing can be made on the back face of the
circuit unit 19 using the solder 36.

Therefore, in this embodiment, as the end of
the magnstic field colil is fixed to the circuit unit in
a state tied to the terminal pins which are pro-
truded from the hobbin, it is prevented from being

contacted to the rotor when being lead around to

the position away from the rotor. Specifically, it can
be lead in from below in view of an angle as shown
in the figure. Further, after fixing, when the foos-
sned end is pulled into the hole which is formed in
the base plate, floating of the end is eliminated, so
that there are advantages that its contact can be
prevented, and workability can be improved.

Then, a twelfth embodiment of this invention
will be desscribed. In this embodiment, the turn
table 8 is put on the outer surface of the rotor yoke
4 of the rotor 2 as shown in Fig. 36. The turn table
8 is made of resin or metal material, and has the
chucking magnet 7 for adhesion and fixing dis-
posed on the top surface. And, a fitting structure 40
is disposed between the rotor yoks 4 and the turn
table 6. This fitting structure 40 has a structure that

‘a fitting recess 41 in the shape of a groove is

formed in the circumferential direction on the outer
periphery of the rotor yoks 4, and a fitting projec-
tion 42, which is fitted in the circumferentiat direc-
tion with the fitting recess 41, is formed on the
inner periphery of the turn table 6.

i Ill IIIIIl illl i
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and the position of each stator is shifted to cause magneti c unbal ance to

shift the rotor's stable position.

thereby elimnating a dead point of the

not or revol uti on. However, the above convent]’_g_nal brushl ess DC nptors have
the fol l ow pa oLl UCH AL mSliARASKRces GRAT dI €S500]s Al magnetic poles 11a and 16a. The

fitting structure between the rotor yoke and the turn
table, when the turn table made of resin is integ-
rally formed with the rotor yoke, resin is prevented
from fioating up from the rotor yoke. As the above
fitting structure, a groove or a hole, and a projec-
tion which can be fitted therewith may be formed
on either member,

Although this invention has been described us-
ing the above embodiments, it is to be understood
that this invention is not limited to the above em-
bodiments and covers all embodiments for attain-
ing the object of this invention,

As described above, according to the fourth
through tweifth embodiments, the fitting projection
of the base plate is sandwiched between the flange
of the bsaring and the stator to attach the base
plate, so that it does not need to dispose a tapped
hole and to screw like a conventional one, simplify-
ing the structure and the assembling work.

Further, to assemble the base plate, the fitting

- projection formed to have the flat face is sand-

wiched by the flange of the bearing by press fitting
the bearing to the fitting projection, so that vertical
accuracy of the bearing can be secured. Besides,
as the fitting projection of the base plate is used for
fitting, the space can be provided between the coil

-and the base plate to dispose the circuit board and

the magnetic pole sensing slement. And, the num-
ber of assembling parts can be reduced, assem-
bling is simple, an assembling manhour is reduced,
and the motor performance can be improved.

Now, a thirteenth embodiment. of this invention

will be described. This embodiment will describe a .

case applied to a four-pole outer rotor brushless
DC motor 1 shown in Fig. 37.

A rotor 2 of this embodiment has a rotor mag-
net 5, which is magnstized in four poles, adhered
in the cylindrical shape and in the circumferential
direction to the inner wall of a cup shaped rotor
yoke 4, and has a shaft 11 press-fitted at the
center as shown in Fig. 37. The rotor magnet 5
may be a combination of a plurality of segments,
or shest-shaped magnets rolled up and magnetized
in many poles. _ '

As shown in Fig. 38, a first stator yoke 11 and
a second stator yoke 16 are disposed to facs the
poles of the rotor magnet 5. The first stator yoks
11 is made of a soft magnetic metal plats, which is
punched out into a desired shape, and bent to form
magnetic poles 11a, and a ring 23 is integrally
shaped at the center by drawing. The second sta-
tor yoke 18 is also shaped in the same way to form
magnetic poles 18a and a ring 17, and a beating
18 is inserted in the ring 17. The magnetic poles
sach of the first stator yoke 11 and the second
stator yoke 16 have two poles which are a haif of
the magnet pole number, and are combined to

{0

15

20

30

40

45

50

55

first stator yoke 11 and the second stator yoke 16
have the same shape, and their directions and
angles are changed when combined. Between the
first stator yoke 1t and the second stator yoke 186,
a coil unit 12 for excitation is sandwiched and a
stator 10 is formed by the first and second stator
yokes 11, 18 and the coil uwhit 12.. Under the
second stator yoke 18, a position sensing element
{hereinafter reforred .to as the hall element) 21
which is a sensor for detecting a pole of the rotor
magnef 5, and the hall element 21 is attached to a
circuit unit 19 having a driving circuit element -for
the motor 1.

And, in this embodiment, an open angle ¢ of
each magnetic pole 11a, 162 is formed to 2 mag-
nitude falling in a rage of 75% or more and less
than 100% with respect to an open angle ¢ for
each pole as shown in Fig. 41. In other words, to
an open angle & of each pole of the rotor magnet §
when the circumferential direction is viewed from
tha revolving center of the rotor 2, an open angle ¢
of sach magnetic pole 11a, 16a of the stator 10 is
determined to be 75% or more and less than
100%." .

The reasons for- determining as described

-above will be described with reference to Fig. 39

through Fig. 42. Fig. 39 and Fig. 40 are schematic
plan views describing the principie of operation of
the motor, Fig. 41 is an expanded plan view of the
essontial part describing an open angle, and Fig.
42 includes explanatory views of cogging torques

- of the motor. -

Generally, the relation between the rotor mag-
net.§ and each magnetic pole tia, 18a of the
stator in the brushless DC motor is as follows.
Specifically, the rotor magnet 5 in the shape of a
ring is attached to the inner periphery of the rotor
yoke 4, and the rotor magnet 5§ has the segment of
each pols magnetized in a radial direction at an
equal pitch in the circumferential direction as
shown in Fig. 39 and Fig. 40. And, the magnetic
poles 11a, 16a of the first and second stator yokes
11, 16 are alternately disposed to oppose the rotor
magnet 5. Each magnetic pole 11a, 16a has the
shape of a rectangle or trapezoid, and is symmetri-
cal in the pre-revolution direction and the post-
revolution diraction.

A cogging torque is produced according to a.
magnetic circuit consisting of the rotor magnet 5
and the stator yokes 11, 18, and the torque be-
comes zero at intervals of 90 degrees in electric
angle. But, the point of torque zero includes an
unstable point at which the rotor cannot stand still,

- and a stable point at which the rotor stably stands

still. The unstable and stable points exist alter-
nately.
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5 is positioned at the center of the magnetic poles
11a, 16a as shown in Fig. 39, and when the center
of the magnetic poles 11a, 16a is aligned with the
center of the poles of the rotor magnet 5 as shown
in Fig. 40, the cogging torque is at the position of
zero. On the other hand, the positional relation
betwsen the magnetic poles 11a, 16a and the rotor
. magnet § that a maximum torque can be obtained
by passing an electric current through the winding
15 is where a boundary of the poles of the rotor
- magnet 5 is positioned at the ‘center of the mag-
netic poles 11a, 16a as shown in Fig. 39. When the
stable point is designed to coms to this position, a
- starting torque larger than that at the start of pass-
ing an elactric current is obtained. Therefore, the
motor 1 can be self-started without a dead point by
making a stable point in the positional relation of
the rotor magnst and the magnetic poles as shown
in Fig. 39, so that the provision of such conditions
is desired. When the width of magnetic poles 11a,
16a in the circumferential direction is changed, the
positions of the unstable and stable points are
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the unstable points appear when the center of each
magnetic pole 11a, 16a is aligned with the center
of each pole of the rotor magnet 5 as shown in Fig.
40. A cogging torque when a magnetic pole width
m is 80% has the shape similar to a sign wave, but
the shape is disarranged as the magnetic pole
width m becomes narrower, and when the mag-
netic pole width m is 76% or below, a torque 0
appears in the proximity of 45 degress in an elec-

. tric angle as if the frequency is doubled. But, it was -

confirmed by experiments that these torque 0O
points in the proximity of 45 degrees are unstable
points. But, when the magnetic pole width m is
70%, a stable point appears at intervals of 90
degrees in electric angle.

In other words, a stable point appears in sither
cass of the positional relation of Fig. 39 or Fig. 40,
and always in the state of Fig. 39, stability lacks in
reliability. Furthermore, when the magnetic pole
width m is less than 70%, the state of Fig. 40 is a
stable point, and that of Fig. 39 is an unstable
point, so that it is not desirable because self-

changed, causing the position of the rotor magnet 25  starting of the motor can not be mads. On the
to be changed with respect to the magnetic poles. other hand, when the magnsetic pole width m is
More specifically, when the width m of each mag- about 100%, magnetic leakage through the adjoin-
netic pole 11a, 16a in the circumfaerential direction ing magnetic poles increases, and the magnetic
is changed with respect to the length P of one pole poles are knocked against one another depending
of the rotor magnet 5 in the circumferential direc- 30  on an assembling error, but it is possible to apply
tion as shown in Fig. 41, the positions of the to a range close to 100% where the neighboring
unstable and stable points can be changed, so that magnetic poles do not interfere to sach other.
it is structurally possible that the stable point is set The above description has been made based
at the aforementioned maximum excitation torque on the circumferential length P on one pole side of
position. This embodiment has been structured in 35  the rotor magnet 5 and the magnetic pole width m
view of the above. of the stator, but a magnetic pole width is deter-
Further, description will be made in view of the mined based on a ratio m/P of the lengths in both
electrical characteristics of the motor with reference circumferential directions, a correct value may not
to Fig. 42. be obtained depending on the magnitude of an air
Fig. 42 {a) through (d) are wews describing 40 gap g between the rotor magnet 5 and the mag-
cogging torques of the brushless DC motor 1, and netic poles 11a, 16a. Therefors, correct setting can
the horizontal line denotes an electric angle and be made when a circumferential angle at the re-
the vertical fine a torque (relative valus). Fig. 42 (a) volving center of the motor 1 is used to express as
shows a cogging torque when the ratio m/P of a shown in Fig. 41. More specifically, when an open
width (hereinafter referred to as the magnetic pole 45  angle per pole of the rotor magnet 5 is ¢ and an

width m) of the magnetic poles 11a, 16a of the
stator 10 in the circumferential direction to a cir-

cumferential length per pole of the rotor magnet 5 -

(hereinafter referred to the length per pole P) is
85%. Similarly, Fig. 42 (b} shows a cogging torque
when the ratio is 80%. Fig. 42 (c) shows a cogging
torque when the ratio is 75%, and Fig., 42 (d)
shows a cogging torque when the ratio is 70%. As
seen from the above figures, the stable points of
the motor are 0 degree, 180 degrees {x) and 360
" degrees {2x), and the unstable points are 90 de-
grees (=/2) and 270 degrees (3/2). The stable
points are when a boundary of the poles of the

50
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open angle of the magnetic poles 11a, 16a is ¢ as
shown in Fig. 41, a correct magnstic pole width
can be obtained by expressing in ¢/6 x 100 {%).

Accordingly, this embodiment sets a magnetic
pole width based on both open angles ¢ and ¢.-
Table 1 and Table 2 show differences between a
ratio of the circumferential length dimensions P to
m used in the above description and a ratic of the
open angles ¢ and ¢ of this embodiment.

Table 1 shows that magnetic poles are eight,
the inner diameter of the rotor magnet 5 is 15.8
mm, the outer diameter of the stator 10 is 15.2
mm, and the air gap g is 0.3 mm. Table 2 shows

-~
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A difference between the ratioc m/P in the cir-
cumferantial length dimensions and the ratio ¢/8 in
the open angles is not so large when the air gap g
is small and the motor diameter is large, but this
difference becomes large when the air gap g is
large and the motor diameter is small,

As to the optimum range of a ratio of.both
open angles, the lower limit of the range is that ¢/8
x 100 which approximately corresponds to 70% of
the ratio m/P in the circumferential length is 75%.
And the upper limit of the range is that ¢/6 x 100 is
less than 100% as it is appropriate when adjacent
magnetic poles do not contact to each other. As
described afterward, in view of the relation with the
shifting of a magnetic pole sensing elemsnt 21, a
ratio of the open angle ¢ of the magnetic pole to
the open angle & per pole, or a range of ¢/9, is
preferably 75% or mors and less than 100%. And
a test result indicated that it is optimum when close
to 85%.

" Preferable starting of the above structured
brushless DC motor 1 will be described with refer-
ence to Fig. 43 and Fig. 44,

Fig. 43 is a chart showing the relation of a
cogging torque and an excitation torque of the
brushiess DC motor 1, in which the horizontal line
denotes an electric angle and the vertical line a
torque. Reference code a represents a .cogging
torque, and b an excitation torque. Stable points
are 0, =, and 2#. Fig. 44 is a circuit diagram
showing one example of the driving circuit for the
brushless DC motor 1, in which a hall element 21
detects S or N pole of the rotor magnet 5 to turn
ON or OFF a transistor Q1 or Q2, to pass an
slectric current through a coil 15 alternately, and to
excite sach magnetic pole 11a, 16a of the stator
10. .

Returning to Fig. 39 and Fig. 40, the set posi-
tion of the hall element 21 will be described. The
hail slement 21 for switching an exciting current is
disposed at a position shifted to the opposite side
from a desired revolving direction from the middle
of the magnetic pole 11a and the magnetic pole
16a. in this embodiment, since the revolving direc-
tion is counterclockwise, the hall element 21 is
shifted in the clockwise direction. Because the hall
element 21 is shifted, the rotor 2 is slightly re-
volved reversely at the early stage of starting, but
the exciting current is immediately switched to
effect a desired revoiution. The hall efement 21 in
Fig. 43 is positioned shifted by 20 degress in
electric angle. For exampls, when the rotor 2 is
revolved counterclockwise, -the hall slement 21 is
shifted toward the magnetic pole 11a. Detecting S
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mqg paia it tanto bg fdpdlenand the magnetic
pole 16a to be N pole allow the repulsive attraction

to revolve the rotor counterclockwise. When the
rotor magnet 5 is positioned as shown in Fig, 40, it
is in a state to revolve counterclockwise, too. But,
even if it revolves clockwise, the hall element 21
detects N pole of the rotor magnet 5 to switch the
excitation, causing it to revolve counterclockwise. In
the above state, the torque falls in the shadowed
portions to prevent the revolving direction as in’ Fig.
43. When the hall element 21 is shifted to a large
extent, a torque preventing the revolution: is in-
creased, having adverse effects on torque and rev--
olution characteristics. Therefore, shifting is prefer-
ably 46 degrees in electric angle.

And, when the hall element 21 is positioned at
a neutral point (no shifting) of the cogging torque
which is at the middie of both magnetic poles 11a,
162, the aforementioned torque for braking is iost,
but a dead point is generated and starting cannot
be made. Therefors, shifting has to be greater than
zero. Preferably, shifting is 5 degrees or more in
view of an assembling eiror.

Further, the ratio ¢/¢ of the open angle of the
magnetic pole will be discussed in view of the
starting of the motor, -motor characteristics, and
shifting of the magnetic pole sensing element 21
with reference to Table 3. Table 3 shows the re-
sults of tests made by the inventors. The motor of
this embodiment is small, and when a magnetic
pole width is increased, magnetic leakage easily
occurs between the adjacent magnetic poles, and it
excels in starting, but the motor characteristics are
inferior in magnetic leakage as compared with a
case that a magnetic pole width is narrow. How-
ever, when the motor is enlarged and a space
between magnsetic poles is increased proportion-
ally, the motor characteristics can be satisfied fully
differing from Table 3. With a magnetic pole width
of 70% or below, a stable point of the rotor magnet
5 appsars in the state shown in Fig. 40, causing a
problem in the starting performance. With a mag-
netic pole width of 60 to 70%, starting can be
made by increasing a gap between the rotor mag-
net 5 and the:-magnetic poles ita, 16a and de-
creasing a cogging torque, but reliability is slightly
inferior. With a magnetic pole width of 45 to 55%,
starting can not be made by the structure de-
scribed in this embodiment, but it seems that the
starting performance can be secured by, for exam-
ple, disposing a plurality of magnetic pole sensing
elements’ 21, one at the position described in this
embodiment and another one at a position about
30 to 60 degrees away in slectric angle, and mak-
ing & cogging torque small. Doing as described
above is hard to secure the starting when a mag-
netic pole width is 40% or below. And, when the
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shifting of the magnetic pole sensing slement 21 is
greater than 45 degrees, it is ot preferable be-
cause a torque for braking increases and the motor
characteristics are deleriorated, but it seems to be
usable depending on where it is used when the
_ shifting is up to 90 degrees.

Realistically, it is seen that the ratioc of an open
angle ¢ of the magnetic pole to an open angle ¢
per pole of the rotor magnet, or a range of ¢/8, is
desirably 75% or more and less than 100%, and
further the optimum range is around 85% as shown
in Table 3.

The embodiment of the four-pole outer rotor
brushiess DC motor has been described above, but
it is to be understood that the same effect can be
obtained when the pole number is two, six, eight or
mors, and the motor is an inter rotor type. And, it is
also possible to apply to the above first to twelfth
embodiments.

fitted to a leg 45d of the magnetic pole 45a, then
an end part 45b of the magnetic pole 45a is fitted
to a fitting part 45¢. This structure has effects that

10

16

the stator yoke 45 shown in Fig. 47 is sufficient by
winding of the babbin, so that workability of wind-
ing is improved and productivity is superior, while
winding has 16 be made on the leg of sach mag-
netic pols in case of the shape shown in Fig. 45.
And, a stator yoke 47 may be structured as
shown in Fig. 48 and Fig. 49, Fig. 48 is not a rotor.
The stator yoke 47 of Fig. 48 is realized in a
layered structure having the same shape with the
stator yoke 11 or 18 described with reference to
Fig. 1 or Fig. 19. The stator yoks t1 or 16 de-
scribed with reference to Fig. 1 or Fig. 19 has the
magnetic pole 11a or 16a formed by bending-a soft
magnetic material which has been punched out into
a desired shape, while the stator yoke 47 of Fig. 48
has a structure realizing the same effect by attach-
ing a stator yoke substrate 48 punched out into a
desired shape to a magnstic pole 49 which is .
prepared by stacking many plates punched out into

of a rotor yoke and a ring- or segment-shaped
rolor magnet having a plurality of poles mag-
netized in the circumferential direction, a stator -

Thus, according to this embodiment, the rotor's 20 a desired shape fhrough.a fitting part 48a by
stable point can be placed at the maximum excita- - means of 2 fixing means such as pins or screws. In
tion torque position, and stable seli-starting and Fig. 48 and Fig. 49, the stator yoke substrate 48 is
high starting torque can be obtained by arranging single but may be used in the plural number in
the open angle of the magnetic pole of the rotor to view of magnetic saturation and strength. The fixing
be 76% or more and less than 100% of the open 25 means of the magnsetic pole 49 may be wslding.
angle per pole of the rotor magnet. With this stator yoke 47, an eddy curreént loss of

And, since the motor has a structure in which the stator yoke occurring when the motor runs at a
the magnetic poles have a simple shape of. a high speed, the so-called core loss, can be re-
rectangle or trapezoid and the same shaped stator duced, and as the stator yoke is produced by
yokes are combined io oppose, there are effects 30  punching, high precision is easily obtained, excel-
that its production is easy, its productivity is re- ling in productivity. -
markable, realizing a low prics, and its performance As to the brushless DC motor, the magnetic
is remarkable. poles of the stator yoke can be made by bending

Now, a fourteenth embodnment ot this invention as described in the aforementioned embodiment or
will be described. In this embodiment, the brush- 35 may be formed by the multilayered steel plates as
fess DC motor has its rotor and stator fabricated by . in this embodiment, and the rotor magnet is not
layering stes! plates differing from the first to thir- limited to be made of many segments but can also
teenth embodiment. Fig. 46 and Fig. 46 show a be- applied to a motor produced by casting or
stator of this embodiment, And, Fig. 48 and Fig. 49 sintering. And, the outer rotor type motor having a N
show a rotor 47 of this embodiment. 4« radial gap structure has been described in this e

As shown in Fig. 456 and Fig. 46, the stator of embodiment, but this invention covers all sorts of
this embodiment has a stator yoke 45 structured embodiments such as an inner rotor type and axial
by layering many stes! plates which have been gap structure to accomplish the similar objects.
punched out into-a certain shape, there are four

-poles, and the magnetic pole width is structured to 45  INDUSTRIAL APPLICABILITY

mset the same conditions as in the previous em- :

bodiment. A magnetic field coil 46 is disposed on In view of the above description, the brushless

each magnetic pole 45a of the stator yoke 45. DC motor of this invention can be particutarly ap-
" As to a structure of each magnetic pole 45z of plied to a small motor, and is preferable to improve

the stator yoke 45, magnet pole sections sepa- 50 the starling of a brushless motor.

rately formed by layering may be put together as . )

shown in Fig. 47. The stator yoke 45 of Fig. 47 is Claims

an improvement of the stator yoke 45 of Fig, 45. A

coil unit 51 is structured by the magnetic field coil 1. A brushless DC motor comprising a rotor

46 wound around a bobbin 51a made of resin, and 55 which includes a shaft disposed at the center

L}
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assenbl PRECWHRNK 45 degrees, it is not preferable be-

cauSe a torque for braking increases and the motor
characteristics are deteriorated, but it seems to be
usable depending on where it is used when the

. shifting is up to 90 degress.

Realistically, it is seen that the ratio of an open
angle ¢ of the magnetic pols to an open angle ¢
per pole of the rotor magnst, or a range of ¢/, is
desirably 75% or more and less than 100%, and
further the optimum range is around 85% as shown
in Tabls 3.

The embodiment of the four-pole outer rotor
brushiess DC mator has been dsscribed above, but
it is to be understood that the same effect can be
obtained when the pole number is two, six, sight or
more, and the motor is an inter rotor type. And, it is
also possible to apply to the above first to twelith
embodiments,

rately formed by layering may be put together as
shown in Fig. 47. The stator yoks 45 of Fig. 47 is
an improvement of the stator yoke 45 of Fig. 45. A
coil unit §1 is structured by the magnetic field coil
48 wound around a bobbin 51a made of resin, and
fitted to a leg 45d of the magnetic pole 45a, then
an end part 45b of the magnetic pole 454 is fitted
to a fitting part 45¢. This structure has effects that
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winding on the bobbin, so that workability of wind-
ing is improved and productivity is superior, whiie
winding has to be made on the leg of each mag-
netic pole in case of the shape shown in Fig. 45.
And, a stator yoke 47 may be structured as
shown in Fig. 48 and Fig. 49, Fig. 48 is not a rotor.
The stalor yoke 47 of Fig. 48 is realized in a
layered structure having the same shape with the
stator yoke 11 or 16 described with reference fo
Fig. 1 or Fig. 19. The stator yoke 11 or 16 de-
scribed with reference to Fig. 1 or Fig. 19 has the
magnetic pole 11a or 18a formed by bending-a soft
magnstic material which has been punched out into
a desired shape, while the stator yoke 47 of Fig. 48
has a structure realizing the same effect by attach-
ing a stator yoke substrate 48 punched out into a

desired shape to a magnetic pole 49 which is .

prepared by stacking many plates punched out into

the starting of a brushless motor.
Claims

1. A brushless DC motor comprising a rotor
which includes a shaft disposed at the center
of a rotor yoks and a ring- or segment-shaped
rotor magnet having a plurality of poles mag-

net:zed in the clrcumferentlal direction, a stator -

T

Thus, according to this embodiment, the rotor's 20 a desired shape through a fitting part 482 by
stable point can be placed at the maximum excita- - means of a fixing means such as pins or screws. In
tion torque position, and stable seif-starting and Fig. 48 and Fig. 48, the stator yoke substrate 48 is
high starting torque can be obtalned by arranging single but may be used in the plural number in
the open angle of the magnetic pole of the rotor to view of magnetic saturation and strength. The fixing
be 75% or mors and less than 100% of the open 25 means of the magnetic pole 48 may be welding.
angle per pole of the rotor magnet. With this stator yoke 47, an eddy curreént loss of

And, since the motor has a structure in which the stator yoke occurring when the motor runs at a
the magnetic poles have a simple shape of.a high speed, the so-called core loss, can be re-
rectangle or trapezoid and the same shaped stator duced, and as the stator yoke is produced by
yokes are combined to oppose, there are effects a0  punching, high precision is easily obtained, excel-
that its production is easy, its productivity is re- ling in productivity.
markable, realizing a low price, and its performance As to the brushless DC motor, the magnetic
is remarkable. poles of the stator yoke can be made by bending

Now, a fourteenth embodtment of this invention as described in the aforementioned embodiment or
will be described. In this embodiment, the brush- 35 = may be formed by the multifayered steel plates as
less DC motor has its rotor and stator fabricated by in this embodiment, and the rotor magnet is not
layering steel plates differing from the first to thir- limited to be made of many segments but can also
tesnth embodiment. Fig. 45 and Fig. 48 show a be applied to a motor produced by casting or
stator of this embodiment. And, Fig. 48 and Fig. 49 sintering. And, the outer rotor type motor having a )
show a rotor 47 of this smbodiment. 40 radial gap structure has been described in this I

As shown in Fig. 45 and Fig. 46, the stator of smbodimsnt, but this invention covers all soris of
this embodiment has a stator yoke 45 structured embodiments such as an inner rotor type and axial
by layering many steel plates which have been gap structure to accomplish the similar objects.
punched out into a certain shape, there are four

-poles, and the magnetic pole width is structured to 45 INDUSTRIAL APPLICABILITY

mest the same conditions as in the previous em- '

bodiment. A magnetic field coil 46 is disposed on In view of the above description, the brushless
each magnetic pole 45a of the stator yoke 45. DC motor of this invention can be particularly ap-

As to a structure of each magnetic pole 45a of plied to a small motor, and is preferable to improve
the stator yoke 45, magnet pole sections sepa- 50
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other so that the magnetic poles are alternately
disposed having an air gap in the circumferen-
tial direction with the rotor magnet, a coil unit
which is disposed between the pair of stator
yokes and has a magnetic field coll disposed
on a synthetic resin coil bobbin having a flange
at the ends, .and a circuit unit on which a
magnetic pole sensing slement for detecling a
position of the magnetic pole of the rotor mag-
net, and .being attached to a base plate, char-
acterized by disposing protrusions on the
flanges of the coil bobbin and fitting holes In
the stator yokes at positions corresponding to
the protrusions, disposing fitting holes in the
base plate and through holes in the stator yoke
which is in contact with the base plate, dis-
posing profrusions on the flanges of the coil

1§

20

bobbin so as to be inserted in the through

holes and fitting holes, protruding a terminal
pin from the flange of the coil bobbin to tie the
leading end of the magnstic field coil and
disposing -a through hole for the terminal pin in
the stator yoke and base plate, and attaching
the circuit unit to the base plate from the
outside on the opposite side of the stator.

A brushless DC.motor according to Claim 1
wherein the terminal pin is disposed in the
plural number on the same circumisrence with
the shaft at the center, and an interval between
the neighboring terminal ptns is arranged at an
equal pitch.

A brushless DC motor according to Claim 1
wherein the terminal pin is supported by syn-
thetic resin, and its supporting part is integraily
formed with the coil bobbin.

A brushless DC motor according. to Claim 3
wherein the supporting part of the terminal pin
has a groove formed to guide the end of the
magnetic fisld coil,

A brushless DC motor according to Claim 1
wherein the terminal pin is disposed in the
plural number on the same circumference with
the shaft at the center, an interval between the
neighboring terminal pins is arranged at an
equal pitch, and the supporting part mads of
synthetic resin of the terminal pins has a
groove formed to guide the end of the mag-
netic field coil.

A brushless DC motor according to Claim 1
wherein the terminal pin is integrally formed
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the center, an interval between the neighboring

terminal pins is arranged at an equal pitch, and

the supporting part made of synthetic resin of

the terminal pins has a groove formed to guide

the end of the magnstic field coil.

A brushless DC motor comprising a rotor
which includes a shaft disposed at the center
of a rotor yoke and a ring-shaped rotor magnet
having N and S poles alternately magnetized
in the circumierential direction, a stator which
has first and second stator yokes provided with
magnetic poles formed by bending a soft mag-
netic metal plate assembled to oppose each
other so that the magnetic poles of the first
and second stator yokes are alternately dis-
posed while keepirig a certain gap along the
periphery of the rotor magnset, a coil unit which
is disposed between both the stator yokes of

~ the stator and has a magnetic field coil dis-

10.

11

posed on a coil bobbin having a flange at the
ends, and a sieeve which is inserted in a
through hole disposed at the center of the
stator and supports the revolving shaft through
a.bearing within it, characterized by disposing
a flange on one end of the bearing, forming a
fitting projection which has a convex cross
section on a fitting part of a base plate where
the stator is fixed, and placing the fitting pro-
jection of the base plate between the stator
and the flange of the bearing to fix the stator to
the base plate.

A brushless DC motor according to Claim 7
wherein a fitting part having a projected part
on either end is provided on the sleeve, and a
fitting hole in which the fitting part is fitted is
formed in the first and second stator yokes.

A -brushless DC motor according to Claim 8
wherein the fitting part of the sloceve and the
fitting holes of the first and second stator
yokes are polygonal or non-circufar.

A brushless DC motor according to Claim 7
whersin the coil bobbin has a pin integrally

-formed therewith toward the circuit unit to tie a

drawn Iine of the magnefic field coil, and as-
sembling can be made with the drawn line tied
to tha pin.

A brushless DG motor according to Claim 7
wherein & turn table fo be put on the rotor
yoks is-integrally formed with the rotor yoke.
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posed to mutually fit the rotor yoke and th
turn table. ’ -

A brushiess DC motor according to Claim 7
wherein a chucking magnet for adsorbing and
fixing a revolving work is structured to have a
minimum length of a magnetic path by mag-
netizing in many magnetic poles or combining
a plurality of segments. )

A brushless DC motor according to Claim 7
whersin a cylinder section is protruded in the
direction that the magnetic poles are bent at
each center of the first and second stator
yokes, and notches which are mutually fitted
on a concentric axis and positioned in the
circumferential direction are formed on the cyl-
inder sections, -

A brushless DC motor according to Claim 7
wherein a sleeve is integrally. formed with ei-
ther of the first and second stator yokes, a
fitting hole is formed in the other stator yoke to
fit the leading end of the sleeve therein, and a
bearing is fixed within the sleeve by press
fitting or cautking.

A brushless DC motor according to- Claim 7

.wherein the bearing is integrafly formed with

the base plate to which the stator is fixed.

A brushless DC motor according to Claim 7, 8,
9 or 15 whersin the sleeve is made of a
material having high magnetic permeability.

A brushléss DC motor according to Claim 7
whersin a fixing section to which a magnetic
pole sensing element for detecting the mag-
netic pole of the rofor is fixed and its periphery
are made of a non-magnetic material.

A brushless DC motor according to Claim 7 or
18 wherein a fitting structure for positioning
comprising a positioning pin and positioning
holes fitting to the pin is disposed among a
cireuit unit to which the magnetic pole sensing
element for detecting the magnstic pole of the
rotor is fixed, the base plate to which the
circuit board is fixed, and the stator.’

A brushless DC motor according to Claim 7
wherein a pin for tying a drawn line of the
magnetic field coil of the coll unit is protruded
from the stator, and the lsading end of the
drawn line is fixed to the circuit unit.
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24.
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can be fixed to

| sposi ng space cannot be

magnetic poles in the circumferential direction
disposéd on a rotor yoke, a stator which has a
plurality of magnetic poles alternately disposed
in the circumferential direction on a stator yoke
having an .air gap next to the.rotor magnet, a
coif unit which is disposed on the stator yoke
and has a magnetic field coil for exciting the
magnetic poles of the stator, and a magnetic
pole sensing elsment for detecting a pole of
the rotor magnet, characterized by setfing a
static stable point . position where the rotor
stops by a cogging torque in 2 magnstic circuit
consisting of the rotor and stator, at the vicinity
of the maximum torque point of the excited
torque generated when an electric current is
passed to the magnetic fisld coil, and setting
the set position of the magnstic pole sensing
olement at a position shifted in the circum-
ferential direction from the intermediate posi-
tion of orie magnetic pole of the rotor magnet.

A brushless DC motor according to Claim 21

wherein an open angle of the magnetic poles

of the stator which. opens from the center of
revolution of the rotor to the outer circumferen-
tial direction is 756% or more and less than
,100% of a similar open angle per magnetic
pole of the rotor.

A brushless DC motor according to Claim 21
wherein the magnetic pols sensing slement is
set at a position shifted in the reversely revolv-
ing direction in a range of 5 to 45 degrees in
electric angle.

A brushless DG motor according to Claim 21,
22 or 23 wherein the rotor magnet is formed in
a ring or segment shape that is magnetized in
plural poles in the circumferential direction,
and the stator is structured by assembling to
oppose first and second stator yokes having
magnetic poles formed by bending a soft mag-
netic metal plate with the coil unit there-
between.

A brushless DC motor according to Claim 21,
22 or 23 wherein the stator is structured by
layering many steel plates.

A brushless DC motor according to Claim 21,
22 or 23 whetein the stator is formed by cast-

ing.

A brushless DC motor according to Claim 21,
22 or 23 wherein the stator is formed by sinter-

ing.
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magneti c pol e sensing el enment has to be determ ned every 6 tine,
degradi ng the precision of positioning and | owering efficiency of
assenbling work. 7) The chucki ng magnet 79 for adsorbing and fixing a

17

ABSTRACT

'BRUSHLESS DC MOTOR.

A brushless DC motor, whose stator (10} is 2
combination of stator yokes {11, 16}, a bobbin {14)
on which a magnetic field coil (15) is wound and to
which terminal pins are provided, and a base plate
{20). The stator {10) is fixed to the base plate {20) by
a protrusion {12¢} provided on the bobbin (14) or by

measured in the circumferential direction of the $ta-
tor, are smaller than the width of one of the poles of
z rotor magnet (5). Thereby, the position of a stable
point is 2 maximum excitation torque position. Fur-
ther, a magnetic pole sensing element (21) is pro-
vided &t & place which is shifted in the circumferen-

tial direcion from the middie position of one of the

a flange (18a) formed on a bearing. The widths of
magnetic poles of the rotor magnet (5).

magnetic poles {1ta. 162} of the stator, which are
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revolving work is generally nmagnetized into upper and | ower two poles, so
that its attraction force is weak, and when the chucki ng magnet does not
have a magnetic substance on the bottomface, |eakage flux flows into the
stator yoke or rotor yoke: causing a drawback of adversely effecting on the
not or performance. Further, regardless of the core or coreless type notor.
there are follow ng drawbacks in the notor characteristics.

1
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’.: R 5
16~ 12
TN ] ale ',
€ / . / 7
20 19 18

misllslliiﬂfiiilfﬂlﬁlnlllzﬂw



1) As the excitation torque generated at the stable point position of the
per manent nmagnet rotor is relatively small, the start up is unstable and
can be self-activated only under a very limted condition, and a | arge
start torque cannot be obtained. 2) Since a magnetic bal ance has to be
destroyed. a magnetic pol e shape becones spgcial. and | eakage flux is

i ncreased, thus the nmotor efficiency is |owered.

FIG.2
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3) As the two stator yokes have different magnetic pol e shapes, two press
nol ds are required, and nanagenent of parts becones conplicated. In view of
t he above, this invention is to solve the above drawbacks and ains to
simplify the connection of the coil unit and the circuit unit, and makes it
easy to repl ace q
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FIG.3
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FIG.4

11a
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the circuit unit alone and adjust even after the assenbling of the notor,
and reduces the nunber of fitting parts, facilitates the assenbly, reduces
manhour, inproves the notor performance. and provi des an inexpensive
brushl ess DC notor having a high starting torque. providing starting
ability in a wide range, having a high notor efficiency and productivity.
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SUNNARY OF THE | NVENTI ON To acconplish the above objects, the brushless DC .
nmotor of a first invention of this application conprises a nggga%vdﬂwgkeﬁlaced

ring- or segnent-shaped rotor magnet nagnetized in plural
circunferential direction and having a shaft at the center OUIHHB’"&
a stator having a pair of ? t yokes, which haye nagnetic

bendi ng a soft rragnetic él ate, put toget hec) as opposed and the
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magneti c pol es disposed alternately in the circunferential direction with
an air gap next to the rotor nmagnet. a. coil unit having a nmagnetic field
coi |l disposed on a synthetic resin coil bobbin having a flange at ends and
di sposed between the pair of stator yokes, and a circuit unit having a
magnetic pol e sensing el ement for detecting afyragnetic pole of the rotor
magnet di sposed; charagrytgz?eyby protruding a projection fromthe fl ange
of the coil bobbin .

20b
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and disposing a fitting hole at a position of the stator 8 yoke
corresponding to the projection, disposing a fitting hole in the base plate
to which a notor is attached. disposing a through hole in the stator yoke
contacting to

7
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the base plate, protruding a projection to be inserted in the through hole
and the fitting hole of the flange of the coil bobbin, and protruding a
terminal pin to bind the | eading end of the magnetic field coil to the
flange of the coil bobbin, disposing the through hole of the termnal pin

in the stator yoke andefijtijy te, and attachi the circuit unit to the
base plate fromoutsid | i%é opposite of t stator.
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And. the termnal pin is disposed in plural nunbers on the sane
circunference with the shaft at the center, and an interval between the

adj acent terminal pins is at an equal pitch. Further, the termnal pinis
supported by synthetic resin, and the supporting part is integrally fornmed
with the coil bobbin. And. a groove to guide the end of the magnetic field
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-coi I is characterized. by di sposing on the supporting part of the term nal

pin. Besides, the termnal pins are disposed in plural nunbers on the sane
circunference with the shaft at the center, and an interval between the
adj acent termnal pins is at an equal pi icﬁ and at the supporting part of

- the
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term nal pins made of synthetic resin, a groove to guide the term nal of
the magnetic field coil is disposed. The brushless DC notor of a second
i nvention of the application conprises a rotor having a ring-shaped rotor
magnet- whose N and S poles alternately magnetized in the circunferential

direction with the shaft disposed at the-cenafi of the rotor yoke, a stator
havi.ng first and second

11c 11D 11c  _11
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Tl fi‘iilﬁm uﬁu



stator yokes. which have magnetic poles forned by bending a soft magnetic
netal plate. put together to oppose each other to alternately dispose the
magnetic poles in the circunferential direction with an air gap next to the
rotor magnet, a coil unit having a nagneticmglﬁjd coil disposed on a coi
bobbi n having-a flange at ends di sposed bet T"the stator yokes. and a

sl eeve which is inserted in the through hole disposed at the center of the

stator and supports thF/G o2
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revol ving shaft via a bearing therein. characterized by disposing a flange
at one end of the bearing, formng a fitting projection having a convex
cross section at the fittiing part of the base plate to which the stator is
fixed. and fixing the stator to the base plate,by placing the fitting
projection of the base plate between the sta and the flange of the
bearing. In addition. a fitting part having a projection is

FIG.25
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formed at both ends of the sleeve, and a fitting hole to which the fitting

part is fitted is disposed in the first 10 and second stator yokes. And.
the fitting part of the sleeve and the fitting
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hol es of the first and second stator yokes are polygonal or non-circular.
Further, the coil bobbin has a pin integrally formed toward the circuit
unit to bind the drawn line of the magnetic field coil. And, the turn table
put on the rotor yoke is integrally formed with the rotor yoke. Besides, a

fitting structure conprising a fitting
15
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recess and a fitting projection to nutually fit the rotor yoke and the turn
table is disposed. And, as the chucking magnet for adsorbing and fixing a
revolving work is magneti zed in many nagnetic poles or has plural segnents
in conmbination, a magnetic path is formed in a shortest distance. A
cylindrical section is respectively fornmed at the center of the first and

second stator yokes in the bent 16
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direction of the magnetic poles, and a cutout section which is coaxially

fit mutually and positioned in the circunferential direction is disposed on

each cylindrical section . And, the sleeve is integrally forned with one of
and a fitting hole is fornmed in the

the first and second stator yokes,
ot her of the stator yokes in which the |eading end of
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the sleeve is fitted. and the bearing is fixed into the sleeve by press

fitting or caul king. Furthernore.
base plate to which the stator is fixed. And.
mat eri al having high magnetic perneability.

FIG.34
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Besi des, a fixing section, to which a magnetic pol e sensing el enent for
detecting a magnetic pole of the rotor is fixed. and its periphery are made
of a non-magnetic material. And, the fitting structure for positioning
conprising a positioning pin and positioning holes fitting to the pinis

di sposed anong a circuit board to which the &d@netic pol e detecting el enent
for. detecting the nmagnetic pole of the

FIG.38 FIG.37
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rotor is fixed, the base plate to which the circuit unit is fixed, and the
stator. Further, a pin for twining a drawn |ine of the nagnetic field coi
of the coil unit is protruded fromthe stator. and the | eading end of the
drawn line is fixed to the circuit unit. The brushless DC notor of the
second invention of the application. with a ro;?j havi ng a rotor magnet
formng a 2

FIG.39
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plurality of magnetic poles formed in the circunferential direction
di sposed on a rotor yoke, a stator having a plurality of magnetic poles

alternately disposed on the stator yoke in the circunferential direction
with an air gap next to the rotor magnet, a coil unit disposed on the
st at or 21

-
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yoke and having a magnetic field coil exciting the magnetic field of the
stator. a magnetic pole sensing elenent for detecting polarity of the rotor
magnet, and a cogging torque in the magnetic circuit consisting of the
rotor and stator. sets the static stable point position where the rotor
stops at the vicinity of the maxi num torque pogﬁ of the excited torque
gengrated when an electric current is passed t e magnetic field coil.
and ‘the set position of the magnetic
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pol e sensing elenent is set as shifted in the circunferential direction
fromthe internedi ate position of one nagnetic pole of the rotor nagnet.
And, an open angle of the nmagnetic pole of the stator which opens fromthe
revol ving center of the rotor in the circunferential direction is 75% or
more and | ess than 100% wi th respect to the S|n1lar open angl e of one

nagnetlc pol e of the rotor nagnet. 2.
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Further. the set position of the magnetic pole sensing elenent is set at a
position shifted in an opposite- revolving direction in a range of 5 to 45
degrees in electric angle. And, the stator is structured by |am nating nany
steel plates. Besides, the stator is fornmed by casting.

-~
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13 Fu'rtherrmre, the stator is forned by sintering. BRI EF DESCRI PTI ON OF
THE DRAW NGS (Fig. 1] A vertical sectional view of the brushless DC notor
according to a first enmbodi nent of this invention.

925
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[Fig. 2] An expl oded sectional view of the brushless DC notor according to
a first enbodinent of this invention. [Fig. 3] A back view of the first
stator yoke according to a first enbodinment of this invention. [Fig. 4] A
sectional view taken along line A-A of Fig. 3

26
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according to a first enbodinent of this invention. [Fig. 53 A plan view of
the second stator yoke according to a first enbodi nent of this invention.
(Fig. 6] A vertical sectional view of the second stator yoke according to a
first embodi ment of this invention. [Fig. 7]
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A plan view of the coil unit according to a first enbodi ment of this
i nvention. (Fig. 8] A vertical sectional view of the coil unit according to
14
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(Fig. 9) A back view of the coil unit
[Fig. 10] A plan view of

a first enbodi nent of this invention_
. [Fig. 11]

according to a first enbodi nent of this invention.
the base plate according to a first enbodi nment of this invention
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A vertical sectional view of the base plate according to a first enbodi nent
of this invention. (Fig. 12] A back view of the base plate according to a

first enmbodinent of this invention. [Fig. 13] A vertical sectional view of
the essential part of the coil unit according to a second enbodi nent of

this | 30
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invention. [Fig. 14] A sectional view taken along line B-B of Fig. 13
according to a second enbodi nent of this invention. [Fig. 15] A plan view
of the coil unit according to a third enbodiment of this invention. (Fig.

16]
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A vertical sectional view of the coil unit according to

15 a third

enbodi nent of this invention. [Fig. 17] A back view of the coil unit

according to a third
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enbodi ment of this invention. [Fig. 18] A vertical sectional view of the
brushl ess DC notor according to a fourth enbodi nent of this invention.
(Fig. 193 An expl oded perspective view of the brushl ess DC notor accordl ng
to a fourth enbodi ment of this invention. [Fig. 20]
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A pI"an view of the stator yoke according to a fourth
.nvention. [Fig. 213
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TECHNICAL FIELD
This invention relates to a brushless DC motor, which
has a magnetic field winding on stator yokes, a permanent

magnet on a rotor, and no brush, and particularly to a motor

structure.

BACKGROUND ART

Conventional brushless DC motors known include a core
type motor shown in Fig. 50 and a coreless type motor as
shown in Fig. 51 to Fig. 57.

As shown in Fig. 50, the above core type motor 52 has a
stator yoke 53 formed by layering electromagnetic steel
plates which are punched out into a certain form. and has a
magnetic field coil 54 disposed in a slot section of the
stator yoke 53 in the insulated state. A rotor magnet 56 is
disposed on a rotor 55. And, a motor section comprises the
stator yoke 53 and the rotor 55, and a circuit unit section
57 consists of a circuit element and the like.

The above coreless type motor 60 has a magnetic field
coil 59, which is formed in the shape of a ring by a self-
%ﬁﬁiﬁﬁzéiﬁfz disposed in an air—-core type stator yoke 58 as
shown in Fig. 51. The magnetic field coil 59 is formed as

shown in, for example, Fig. 52 and Fig. 53. And, a rotor 61

e o This is the replacement sheet
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[Fig. 23] A perspective view of the chucking magnet according to a fourth
enbodi ment of this invention. (Fig. 243 A perspective view show ng anot her
~enbodi nent of the chucking nmagnet according to a fourth enbodi ment of this




i nvention. [Fig. 25] A perspective view of the first and second stator
yokes according to a fifth enbodi nent of this invention. [Fig. 26] An

* expl oded sectional view of the stator yoke according to a sixth enbodi nent
of this invention. - 2

is provided with a rotor magnet 63. And, the stator yoke 58
and the rotor 61 form a motor section, and a circuit unit 76
consists of a circuit element and the like.

In the motors 51 and 60 having the above structures,
assembling can be made by fitting from one direction of a
motor bearing supporter (boss).

The coreless type motor 60 is known described in, for
example, Japanese Patent Application Laid-open Print No.
23754/1989. The brushless DC motor 60 of this type has a
rotor 61 consisted of a cup—shaped rotor yoke 62, a ring-
shaped rotor magnet 63 adhered to the inner periphery of the.
rotor yoke, and a shaft 65 fitted to the center of the rotor
yoke 62 with a bush 64 as shown in Fig. 54. 1In the figure,
66 represents a turn table.

As shown in Fig. 55, a stator 67 comprises first and
second stator yokes 68, 69 made of a soft magnetic metal
plate, and a coil unit 70 disposed between the stator yokes
68, 69. Both the stator yokes 68, 69 have magnetic poles
68a, 69a formed which are extended from the center radially
toward outward and bent at right angles, and have rings 71,
72 integrally formed at the center along the bent direction
of the magnetic poles 68a, 69a. In the figure, four poles
are shown.

The first stator yoke 68 and the second stator yoke 69

of the stator 67 are put together with the coil unit

This is the replacement sheet
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[Fig. 27] A vertical sectional view of the essential part of the brushless
DC notor according to a sixth enbodinent of this invention. [Fig. 28] A
‘vertical sectional view of the essential part of the brushless DC notor
according to a seventh enbodi nent of-this invention.

3

therebetween, the ring 71 and the other ring 72 are joined
to be magnetically connected to form a magnetic circuit,
keeping a certain gap from the circumferential face of the
rotor magnet 63 of the rotor 61, and the magnetic poles 68a,
69a of the first and second stator yokes 68, 69 are
alternately disposed in the circumferential direction.

Further, a sleeve 73 is fitted within the ring 71 of
the stator 67, and the shaft 65 of thg rotor 61 is supported
in the sleeve 73 via a bearing 74. Té the bottom of the
sleeve 73, a base plate 75 is fitted to support the stator
67, and a circuit board 76 is fixed to the base plate 75.

In the figure, 77 represents a magnetic pole sensing element
to detect a magnetic pole of the rotor.

Besides, as a chucking magnet to adsorb and fix a
revolving work, a chucking magnet 79 magnetized as shown in
Fig. 57 has been used heretofore.

Furthermore, as brushless DC motors structured using
stator yokes which are formed by bending a soft magnetic
metal plate, for example, Japanese Patent Application Laid-
open Print No. 23754/1989 and Japanese Patent Application
Laid~open Print No. 214458/1990 are known. In such motors,
magnetic poles are formed in an asymmetrical shape to shift
the rotor’s static stable position from the position of
excitation torque 0, the magnetic poles of one stator yoke

have a different shape from those of the other stator yoke.
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[Fig. 291 A vertical sectional view of the essential part of the brushless
DC notor according to an ei ghth enbodi nent of this invention. [Fig. 30] An
“expl anatory view for describing the relation between the magnetic pole
sensing el ement and the magnetic flux according to a ninth enbodi nent of
this invention. 4
"and the position of each stator is shifted to cause magnetic
unbalance to shift the rotor’'s stable position. thereby
eliminating a dead point of the motor revolution.

However, the above conventional brushless DC motors
have the following structural drawbacks regardless of the
core or coreless type.'

1) A boss is disposed for a bearing at the center of
the motor, a relatively large hole is disposed at the center
of the circuit unit to avoid it, this hole spoils a degree
of freedom for arrangement and an effective area for circuit
parts, and therefore, the shape of the motor body becomes
large.

2) As the circuit unit is disposed to be covered by the
motor section, when assembling is completed, removal of the
circuit unit alone can not be made. And, replacement,.
modification and adjustment were difficult.

3) The end of the winding of the magnetic field coil is
connected to the circuit board by leading around the
magnetic field coil to wire, so that a layer short or the
like easily takes place due to the breaking of wire or
contact of windings during operation, and in particular, the
coreless type has a drawback of causing a lot of troubles in
wiring and increasing work manhours.

And, in particular, the coreless type motor had the

following structural drawbacks.
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[Fig. 31] A vertical sectional view of the essential part of the 17
brushl ess DC notor according to a ninth enbodi nent of this invention.

Ay

3

1) As the stator has a structure to be fitted by
mutually putting together the rings of both the stator
yokes, precision is required in processing the rings,
resulting in increasing costs and causing a lot of troubles
in assembling.

2) As the sleeve for supporting the bearing is inserted
in the fitted ring section, the number of parts is
increased, increasing assembling works.

3) In miniaturizing the motor, magnetic saturation may
be caused in the magnetic circuit around the shaft.

4) As the turn table which is put on the rotor is
separately formed, the assembling work is increased, and it
is difficult to secure the flatness of the turn table.

5) As the base plate is fitted at the bottom of the
sleeve passed through the stator, to secure perpendicularity
of the sleeve, processing precision of the fitting part of
the base plate is required, and sufficient strength cannot
be easily obtained. As shown in Fig. 56, the stator 67 can
be fixed to the flat base plate 75 by screwing with a screw
78, but a disposing space cannot be provided between the
base plate 75 and the stator 67, and it is difficult to
dispose the circuit board and the magnetic pole sensing
element.

6) And, when assembling, a fitting position of the

magnetic pole sensing element has to be determined every
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[Fig. 32] A vertical sectional view of the essential part of the brushless
DC notor according to a tenth enbodi nent of this invention. [Fig. 33] A
“vertical sectional view of the brushless DC notor according to an el eventh
enbodi nent of this invention. (Fig. 34] 6

time, degrading the precision of positioning and lowering
efficiency of assembling work.

7) The chucking magnet 79 for adsorbing and fixing a
revolving work is generally magnetized into upper and lower
two poles, so that its attraction force is weak, and when
the chucking magnet does not have a magnetic substance on
the bottom face, leakage flux flows into the stator yoke or
rotor yoke, causing a drawback of adversely effecting on the
motor performance.

Further, regardless of the core or coreless type motor,
there are following drawbacks in the motor characteristics.

1) As the excitation torque generated at the stable
point position of the permanent magnet rotor is relatively
small, the start up is unstable and can be self-activated
only under a very limited condition, and a large start
torque cannot be obtained.

2) Since a magnetic balance has to be destroyed, a
magnetic pole shape becomes special, and leakage flux is
increased, thus the motor efficiency is lowered.

3) As the two stator yokes have different magnetic pole
shapes, two press molds are required, and management of
parts becomes complicated.

In view of the above, this invention is to solve the
above drawbacks and aims to simplify the connection of the

coil unit and the circuit unit, and makes it easy to replace
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A vertical sectional view show ng another enbodi nent of the drawn |ine
supporting structure according to an el eventh enbodi nent of this invention.
[Fig. 35] A vertical sectional view show ng another enbodi ment of the drawn
| i ne supporting structure according to an el eventh enbodi ment of this
I nvention. [Fig. 36] 7

the circuit unit alone and adjust even after the assembling

of the motor, and reduces the number of fitting parts,

facilitates the assembly, reduces manhour, improves the

motor performance, and provides an inexpensive brushless DC

motor having a high starting torque, providing starting

ability in a wide range, having a high motor efficiency and

productivity.

' SUMMARY OF THE INVENTION
To accomplish the above objects, the brushless DC motor

of a first invention of this application comprises a rotor .
having a ring— or segment-shaped rotor magnet magnetized in
plural poles in the circumferential direction and having a
shaft at the center of a rotor yoke, a stator having a pair
of stator yokes, which have magnetic poles formed by bending
a soft magnetic metal plate, put together as opposed and the
magnetic poles disposed alternately in the circumferential
direction with an air gap next to the rotor magnet, a coil
unit having a magnetic field coil disposed on a synthetic
resin coil bobbin having a flange at ends and disposed
between the pair of stator yokes, and a circuit unit having
a magnetic pole sensing element for detecting a magnetic
pole of the rotor magnet disposed, characterized by

protruding a projection from the flange of the coil bobbin

and disposing a fitting hole at a position of the stator
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A vertical sectional view show ng the rotor yoke according to a twelfth
enbodi nent of this invention. [Fig. 37] An expl oded perspective view of the
' rotor yoke according to a thirteéenth enbodi ment of this invention. [Fig.
38] An expl oded perspective view of theegrushless DC not or

yoke corresponding to the projection, disposing a fitting
hole in the base plate to which a motor is attached,

disposing a through hole in the stator yoke contacting to

the base plate, protruding a projection to be inserted in

the through hole and the fitting hole of the flange of the
coil bobbin, and protruding a terminal pin to bind the

leading end of the magnetic field coil to the flange of the
coil bobbin, disposing the through hole of the terminal pin

in the stator yoke and base plate, and attaching the circuit
unit to the base plate from outside which is opposite of the
stator.

And, the terminal pin is disposed in plural numbers on
the same circumference with the shaft at the center., and an
interval between the adjacent terminal pins is at an equal
pitch.

Further, the terminal pin is supported by synthetic
resin, and the supporting part is integrally formed with the
coil bobbin.

And, a groove to guide the end of the magnetic field
coil is characterized by disposing on the supporting part of
the terminal pin.

Besides, the terminal pins are disposed in plural
numbers on the same circumference with the shaft at the
center, and an interval between the adjacent terminal pins

is at an equal pitch. and at the supporting part of the

5
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18 -according to a thirteenth enbodi nent of this invention. [Fig. 39] A
schematic plan view describing the action of the brushless DC notor
according to a thirteenth enbodi nent of this invention.

9

terminal pins made of synthetic resin, a groove to guide the

terminal of the magnetic field coil is disposed.

The brushless DC motor of a second invention of the
application comprises a rotor having a ring-shaped rotor
magnet whose N and S poles alternately magnetized in the
circumferenti;l direction with the shaft disposed at the
center of the rotor yoke, a stator having first and second
stator yokes, which have magnetic poles formed by bending a
soft magnetic metal plate, put together to oppose each other
to alternately dispose the magnetic poles in the
circumferential direction with an air gap next to the rotor
magnet, a coil unit having a magnetic field coil disposed on
a coil bobbin having a flange at ends disposed between the
stator yokes, and a sleeve which is inserted in the through
hole disposed at the center of the stator and supports the
revolving shaft via a bearing therein, characterized by
disposing a flange at one end of the bearing, forming a
fitting projection having a convex cross section at the
fitting part of the base plate to which the stator is fixed,
and fixing the stator to the base plate by placing the
fitting projection of the base plate between the stator and
the flange of the bearing.

In addition, a fitting part having a projection is
formed at both ends of the sleeve, and a fitting hole to

which the fitting part is fitted is disposed in the first
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[Fig. 40] A schematic plan view describing the action of the brushless DC
not or according to a thirteenth enbodi nent of this invention. [Fig. 41] An
expanded pl an view of the essential part describing the open angle
according to a thirteenth enbodinentlofgthis i nventi on.

and second stator yokes.

And, the fitting part of the sleeve and the fitting
holes of the first and second stator yokes are polygonal or
non—-circular.

Further, the coil bobbin has a pin integrally formed
toward the circuit unit to bind the drawn line of the
magnetic field coil.

And, the turn table put on the rotor yoke is integ}ally
formed with the rotor yoke. |

Besides, a fitting structure comprising a fitting
recess and a fitting projection to mutually fit the rotor
yoke and the turn table is disposed.

And, as the chucking magnet for adsorbing and fixing a
revolving work is magnetized in many magnetic poles or has
plural segments in combination, a magnetic path is formed in
a shortest distance.

A cylindrical section is respectively formed at the
center of the first and second stator yokes in the bent
direction of the magnetic poles, and a cutout section which
is coaxially fit mutually and positioned in the
circumferential direction is disposed on each cylindrical
section .

And., the sleeve is integrally formed with one of the
first and second stator yokes, and a fitting hole is formed

in the other of the stator yokes in which the leading end of
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[Fi'g. 42] Characteristic views showng the relation between the electric
angl e and the cogging torque according to a thirteenth enbodi nent of this
invention. (Fig. 43] An explanatory view describing the excitation torque
according to a thirteenth enbodinentioflthis i nvention. (Fig. 443

the sleeve is fitted, and the bearing is fixed into the

sleeve by press fitting or caulking.

Furthermore, a bearing is integrally formed with the
base plate-to which the stator is fixed.

And, the sleeve is made of a material having high
magnetic permeability.

Besides, a fixing section, to which a magnetic pole
sensing element for detecting a magnetic pole of the rotor
is fixed, and its periphery are made of a non-magnetic
material.

And, the fitting structure for positioning comprising a
positioning pin and positioning holes fitting to the pin is
disposed among a circuit board to which the magnetic pole
detecting element for detecting the magnetic pole of the
rotor is fixed, the base plate to which the circuit unit is
fixed, and the stator.

Further. a pin for twining a drawn line of the magnetic
field coil of the coil unit is protruded from the stator,
and the leading end of the drawn line is fixed to the
circuit unit.

The brushless DC motor of the second invention of the
application, with a rotor having a rotor magnet forming a
rlurality of magnetic poles formed in the circumferential

direction disposed on a rotor yoke, a stator having a

rlurality of magnetic poles alternately disposed on the
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A circuit diagram show ng one enbodi nent of the drive circuit of the
brushl ess DC notor according to a thirteenth enbodi nent of this invention.

(Fig. 45) 19
12

stator yoke in the circumferential direction with an air gap
next to the rotor magnet., a coil unit disposed on the stator
yoke and having a magnetic field coil exciting the magnetic
field of the stator, a magnetic pole sensing element for
detecting polarity of the rotor magnet, and a cogging torque
in the magnetic circuit consisting of the rotor and stator,
sets the static stable point position where the rotor stops
at the vicinity of the maximum torque point of the excited
torque generated when an electric.cufrent is passed to the
magnetic field coil, and the set position of the magnetic
pole sensing element is set as shifted in the -
circumferential direction from the intermediate position of
one magnetic pole of the rotor magnet.

And, an open angle of the magnetic péle of the stator
which opens from the revolving center of the rotor in the
circumferential difection is 75% or more and less than 100%
with respect to the similar open angle of one magnetic pole
of the rotor magnet.

Further, the set position of the magnetic pole sensing
element is set at a position shifted in an opposite-
revolving direction in a range of 5 to 45 degrees in
electric angle.

And, the stator is structured by laminating many steel
rlates.

Besides, the stator is formed by casting.
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A plan view of the stator yoke according to a fourteenth enbodi nent of this
i nvention. [Fig. 46] A side view of the stator yoke according to a
fourteenth enbodi nent of this invention. [Fig. 47] An expl oded perspective
view of the essential part according to a fourteenth enbodi nent of this

i nventi on. 1 3

Furthermore; the stator is formed by sintering.

BRIEF DESCRIPTION OF THE DRAWINGS
[Fig. 1]
A vertical sectional view of the brushless DC motor
according to a first embodiment of this invention.
[Fig. 2]
An exploded sectional view of the brushless DC motor
according to a first embodiment of this invention.
[Fig. 3]
A back view of the first stator yoke according to a
first embodiment of this invention.
[(Fig. 4]
A sectional view taken along line A-A of Fig. 3
according to a first embodiment of this invention.
[Fig. 5]
A plan view of the second stator yoke according to a
first embodiment of this invention.
[Fig. 6] |
A vertical sectional view of the second stator yoke
according to a first embodiment of this invention.
(Fig. 71
A plan view of the coil unit according to a first
embodiment of this invention.
[Fig. 8}

A vertical sectional view of the coil unit according to
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[Fig. 48] A perspective view of the stator yoke according to a fourteenth
enbodi nent of this invention. [Fig. 49] An expl oded perspective view of the
essential part of the stator yoke according to a fourteenth enbodi nent of
this invention. [Fig. 50]

114

a first embodiment of this invention.
[Fig. 9]

A back view of the coil unit according to a first

embodiment of this invention.
(Fig. 10]

A plan view of the base plate according to a first

embodiment of this invention.
[Fig. 11]

A vertical sectional view of the base plate according

to a first embodiment of this invention.
{Fig. 12]

A back view of the base plate according to a first

embodiment of this invention.
[Fig. 13]

A vertical sectional view of the essential part of the
coil unit according to a second embodiment of this
invention.

[Fig. 14]

A sectional view taken along line B-B of Fig. 13

according to a second embodiment of this invention.
[Fig. 15]

A plan view of the coil unit according to a third

embodiment of this invention.
(Fig. 16]

A vertical sectional view of the coil unit according to
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A vertical sectional view showi ng the structure of a conventional core type
brushless DC notor. [Fig. 51] A vertical sectional view show ng the
structure of a conventional coreless type brushless DC notor. [Fig. 52] A
pl an view of the magnetic field coil of a conventional coreless type
brushl ess DC not or. 1 5
a third embodiment of this invention.
[Fig. 17]
A back view of the coil unit according to a third
embodiment of this invention.
[Fig. 18]
"A vertical sectional view of the brushless DC motor
according to a fourth embodiment of this invention.
[Fig. 19]
An exploded perspective view of the brushless DC motor
according to a fourth embodiment of this invention.
(Fig. 20]
A plan view of the stator yoke according to a fourth
embodiment of this invention.
[Fig. 21]
An exploded sectional view of the stator according to a
fourth embodiment of this invention.
[Fig. 22]
A sectional view taken along line C-C of Fig. 20
according to a fourth embodiment of this invention.
[Fig. 23]
A perspective view of the chucking magnet according to
a fourth embodiment of this invention.
[Fig. 24]
A perspective view showing another embodiment of the

chucking magnet according to a fourth embodiment of this
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[Fig. 53] 2 0 Afront view of the magnetic field coil of a conventi onal
corel ess type brushless DC notor. [Fig. 54]

Sty
W

invention.
(Fig. 25]
A perspective view of the first and second stator yokes
.according to a fifth embodiment of this invention.
[Fig. 26]

An exploded sectional view of the stator yoke according

to a sixth embodiment of this invention.
[Fig. 27]

A vertical sectional view of the essential part of the
brushless DC motor according to a sixth embodiment of this
invention.

[Fig. 28]

A vertical sectional view of the essential part of the
brushless DC motor according to a seventh embodiment of this
invention.

[Fig. 29]

‘A vertical sectional view of the essential part of the
brushless DC motor according to an eighth embodiment of this
invention.

[(Fig. 301

An explanatory view for describing the relation between
the magnetic pole sensing element and the magnetic flux
according to a ninth embodiment of this invention.

{Fig. 31]

A vertical sectional view of the essential part of the
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A vertical sectional view show ng a conventional coreless type brushless DC
notor. [Fig. 55] An expl oded sectional view show ng a conventional careless
type brushless DC notor. [Fig. 56] A vertical sectional view show ng the
essential part of a conventional coreless type brushless DC notor.

17
brushless DC motor according to a ninth embodiment of this
invention. |
(Fig. 32]

A vertical sectional view of the essential part of the
brushless DC motor according to a tenth embodiment of this
invention.

[Fig. 331

A vertical sectional view of the brushless DC motor

according to an eleventh embodiment of this invention.
[Fig. 34]

A vertical sectional view showing another embodiment of
the drawn line supporting structure according'to an eleventh
embodiment of this invention.

[Fig. 35]

A vertical sectional view showing anothér embodiment of
the drawn line supporting structure according tp an eleventh
embodiment of this invention.

[Fig. 36]

A vertical sectional view showing the rotor yoke

according to a twelfth embodiment of this invention.
[Fig. 37]

An exploded perspective view of the rotor yoke

according to a thirteenth embodiment of this invention.
(Fig. 38]

An exploded perspective view of the brushliess DC motor
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[Fig. 57] A perspective view of the chucking magnet of a conventi onal

corel ess type brushless DC notor. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
A first enbodinment of this invention will be described with reference to
the drawings. Fig. 1 and Fig. 2 show a vertical sectional view and an

expl oded vertical sectional ViEM/OHht?? brushl ess DC not or

according to a thirteenth embodiment of this invention.
[Fig. 39]

A schematic plan view describing the action of the
brushless DC motor according to a thirteenth embodiment of
this invention.

[Fig. 40]

A schematic plan view describing the action of the
brushless DC motor according to a thirteenth embodiment of
this invention.

[Fig. 41]

An expanded plan view of the essential part describing
the open angle according to a thirteenth embodiment of this
invention.

(Fig. 42]

Characteristic views showing the relation between the
electric angle and the cogging torque according to a
thirteenth embodiment of this invention.

[Fig. 43]

An explanatory view describing the excitation torque

according to a thirteenth embodiment of this invention.
[Fig. 44)]

A circuit diagram showing one embodiment of the drive
circuit of the brushless DC motor according to a thirteenth
embodiment of this invention.

[Fig. 45]
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of this invention. In Fig. | and Fig. 2. 1 represents a brushless DC notor.
2 arotor, 3 a shaft (revolving shaft). 10 a stator. 19 a circuit unit. 20
a base plate to which the notor 1 is attached. The above rotor 2 has the
shaft 3 press-fitted to the

19

A plan view of the stator yoke according to a

fourteenth embodiment of this invention.
[(Fig. 46]

A side view of the stator yoke according to a

fourteenth embodiment of this invention.
[Fig. 47]

An exploded perspective view of the essential part

according to a fourteenth embodiment of this invention.
[Fig. 48]

A perspective view of the stator yoke according to a

fourteenth embodiment of this invention.
[Fig. 49]

An exploded perspective view of the essential part of
the stator yoke according to a fourteenth embodiment of this
invention.

[Fig. 501

A vertical sectional view showing the structure of a

conventional core type brushless DC motor.
[Fig. 511

A vertical sertional view showing the structure of a

conventional coreless type brushless DC motor.
[Fig. 52]
A plan view of the magnetic field coil of a

conventional coreless type brushless DC motor.
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2 1 center of a rotor yoke 4 fornmed in the shape of a cup. and a rotor

magnet (permanent nagnet) 5 adhered to be fixed to the inner
the rotor yoke 4. The rotor nagnet 5 is fornmed in the shape
has N and S poles alternately fragnetized in the circunferent

peri phery of
of aring. and
ial direction.

magnetized in eight poles in this §yb i ment. The rotor magnet 5 may be a

conbi nation of a plurality of tile-Shaped
A front view of the magnetic field coil of a
conventional coreless type brushless DC motor.

[Fig. 54]

A vertical sectional view showing a conventional

coreless type brushless DC motor.

[Fig. 55]

An exploded sectional view showing a conventional

coreless type brushless DC motor.

[Fig. 561

A vertical sectional view.showing the essential part of

a conventional coreless type brushless DC motor.

[Fig. 571

A perspective view of the chucking magnet of a

conventional coreless type brushless DC motor.

BEST MODE FOR CARRYING OUT THE INVENTION

A first embodiment of this invention will be described

with reference to the drawings.

Fig. 1 and Fig. 2 show a vertical sectional view and an

exploded vertical sectional view of the brushless DC motor

of this invention. In Fig. 1 and Fig. 2, 1 represents a

brushless DC motor, 2 a rotor, 3 a shaft {(revolving shaft),

10 a stator, 19 a circuit unit, 20 a base plate'to

motor 1 is attached.

which the

The above rotor 2 has the shaft 3 press—fitted to the
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per manent nmagnets. or a sheet-shaped rubber magnet shaped into a ring. The
above stator 10 conprises a first stator yoke 11. a second stator yoke 16.
a coil section 12. and a bearing-18 rotatably supporting the shaft 3. The
first stator yoke 11 and the second%ktator yoke 16 are formed by punching a
soft magnetic netal plate out into prescri bed shape, and the punched

arts extendj the adi al |re tion. are bhe
P cen% 9 oP £or yoke 4 gormed £n hgtsﬁépe of a cup, and a

rotor nagnet (permanent magnet) 5 adhered to be fixed to
the inner periphery of the rotor yoke 4. The rotor magnet 5
is formed in the shape of a ring., and has N and S poles
alternately magnetized in the circumferential direction,
magnetized in eight poles in this embodiment. The rotor
magnet 5 may be a combination of a plurality of tile-~shaped
permanent magnets, or a sheet-shaped rubber magnet shaped
into a rinsg.

The above stator 10 comprises a first stator yoke 11, a
second stator yoke 16, a coil section 12, and a bearing 18
rotatably supporting the shaft 3. The first stator yoke 11
and the second stator yoke 16 are formed by punching a soft
magnetic metal plate out into a prescribed shape, and the
runched parts extending in the radial direction are bent at
right angles to form magnetic poles 1la, 1l6a. And, a
cylindrical part 17 is integrally formed with the second
stator yoke 16. In this embodiment, as the motor 1.has
eight poles, the stator yokes 11, 16 each have four magnetic
poles lla, 16a formed at certain intervals in the
circumferential direction. And, the stator yoke 11 and the
second stator yoke 16 have the coil unit 12 to be described
afterward disposed therebetween, and are put together to
mutually face the magnetic poles 1lla and 16a of the stator

yvokes 11 and 16 so that the magnetic poles 1la, 16a are
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right angles to formmagnetic poles 1la, 16a. And, a cylindrical part 17 is
integrally formed with the second stator yoke 16. In this enbodi nent, as
the notor 1 has eight poles, the stator yokes 11, 16 each have four
magnetic poles 1lla. 16a fornmed at certain intervals in the circunferential
direction. And, the stator yoke 11 ghd he second stator yoke 16 have the
coil unit 12 to be described afterward di sposed therebetween. and are put
toget her &4bternately disposed in the circumferential direction.

The above coil unit 12 comprises a bobbin 14 made of
resin and having a flange 14a at either end, and a magnetic
field coil 15 wound on the bobbin. And, the cylindrical
part 17 of the second stator yoke 16 is inserted into the
bobbin 14. Fur£her, the flanges 14a of the bobbin 14 have a
plurality of terminal pins 12a which are protruded in the
axial direction of the motor 1, pins 12b for determining the
assembling position of the stator yoke 11 and the second
stator yoke 16 in a radial direction, and pins 12c¢ which are
used to fix the second stator yoke 16 to the base plate 20.

And, the base plate 20 supporting the stator 10 has a
support 20a at the center to support the rotor 2. Further,
holes 20b for fixing the stator 10 and holes 20c for
electrically connecting the magnetic field coil 15 and the
circuit unit 19 are formed in the base plate 20, and the
circuit unit 19, which has a magnetic pole sensing element
21 for detecting a magnetic pole of the rotor magnet 5, is
inserted for fixing in the same direction with the shaft 18
from the outside which is on the opposite side of the stator
10. And, after assembling, a washer 22 is fitted to the
leading end of the shaft 3 of the rotor 2 to prevent the
shaft 3 from coming off. And, the rotor 2 and the stator 10
constitute a motor section.

Further, details will be described with reference to
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mutual |y face the magnetic poles 1la and 16a of the stator yokes 11 and 16
so that the magnetic poles 1lla, 16a are 2 alternately disposed in the
circunferential direction. The above coil unit 12 conprises a bobbin 14

made of -
23

Fig. 3 through Fig. 12.

The coil section 12 to be placed between the first
stator yoke 11 and the second stator yoke 16 is inserted
with the pins 12c of the coil unit 12 aligned with the holes
16c of the second stator yoke 16, the holes 1llc of the first
stator yoke 11 is aligned with the pins 12b of the coil unit
12, and the first stator yoke 11 and the second stator yoke
16 are joined and fixed, then the leading ends of the pins
12b inserted are fixed by thermal ﬁaulking. The first
stator yoke 11 and the second stator yoke 16 may be fixed by
press fitting or mechanically caulking by means of a press.
A magnetic circuit is constructed in a good balance by the
first stator yoke 11 and the second stator yoke 16.

To attach the fixed stator 10 to the base plate 20 for
supporting, the pins 12c of the coil unit 12 are inserted
into the holes 20b of the base plate 20, and fixed to the
base plate 20 from the opposite side of the stator 10 by
thermal caulking. The stator 10 and the circuit unit 19 are
electrically connected by inserting the terminal pins 12a of
the coil unit.12 into the holes 20c¢ of the base plate 20,
and soldering to the circuit unit 19 to fix, and at the same
time, the stator 10 is fixed to the base rlate 20 and the
circuit unit 19. Further, the magnetic pole sensing element
21 is attached to the circuit unit 19, and the circuit unit

19 is guided and fixed by pins 20d of the base plate 20 so

aced This is the replacement shest

un\l\nnl\n\\m(ﬁ e

Lxd



resin and having a flange 14a at either end. and a magnetic field coil 15
wound on the bobbin. And, the cylindrical part 17 of the second stator yoke
16 is inserted into the bobbin 14. Further, the flanges 14a of the bobbin
14 have a plurality of term nal id% 12a which are protruded in the axi al
direction of the nmotor 1, pins 12b for determ ning the assenbling position
of the stator yoke 11 and the second stator . yoke 16 in a radial direction.
and pi ns a2dahepogwrately positioned with "the stator 10.
Thus, according to the first embodiment, the stator is
easily positioned by the holes of the first stator yoke and
the synthetic resin projections of the coil unit, and the
stator is accurately and easily fixed to the base plate by
the holes of the second stator unit and the synthetic resin
projections of the coil unit. The plurality of terminal -
pins protruded from the flanges of the coil bobbin allows to
easily connect a drawn line of thelmagnetic field coil to
the circuit unit, and has an effect that the magnetic pole
sensing element of the rotor magnet can be easily fixed at
an appropriate position.
Now, a second embodiment of this invention will be
described. Fig. 13 and Fig. 14 show this embodiment.
In Fig. 13 and Fig. 14, a drawn line 15 is wound around
the coil bobbin 14, the terminal pins 12a are integrally
formed with the coil bobbin 14 on the flange 14a, and the
dréwn line 15 has grooves 12A formed to allow easy binding
of its leading end on the terminal pins 12a and to prevent
the breakage of wire.
Thus, according to the second embodiment, since
supporting parts of the terminal pins are integrally formed
with the coil bobbin using synthetic resin., a distance

between the terminal pins is properly determined and the

size of a press-fitting part is easily controlled. Further,
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used to fix the second stator yoke 16 to the base plate 20. And, the base
pl ate 20 supporting the stator 10 has a support 20a at the center to
support the rotor 2. Further. holes 20b for fixing the stator 10 and hol es
20c for electrically connecting the magnetic field coil 15 and the circuit
unit 19 are forned-in the base pIate‘EO';and the circuit unit 19. which has
a magnetic pole sensing el ement 21 fof detecting a magnetic pole of the
rotor maghigices,tlies drawn line guide grooves are disposed, yield of
wire breakage is improved.
Further, a third embodiment of this invention will be
described. Fig. 15 through Fig. 17 show this embodiment.
In Fig. 15 through Fig. 17, the magnetic field winding
15 is wound around the coil bobbin 14, the terminal pins 12a
are integrally formed with the coil bobbin 14 on the flange
14a, the terminal pins 12a are disposed at an equal pitch
taking a winding efficiency into cénsideration. and the
grooves 12A are disposed to allow easy binding of the
leading end of a drawn line on the terminal pins 12a and to
prevent the breakage of wire.
Thus, according to the third embodiment, by forming the
terminal pins integrally with the coil bobbin using
synthetic resin, making a distance between the terminal pins
equal, and disposing the guide grooves for the drawn lines,
a position can be easily determined when automatizing the
size control of press fitting parts and winding work, a
yield of winding work can be improved, and the strength of
the terminal pins can be enhaﬂced.
Further, according to the above first, second and third
embodiments, the stator, the rotor and the circuit unit are
separately assembled, and the circuit unit is fitted from

the outside of the base plate, so that assembling is easy.

Besides, according to the above first. second and third
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inserted for fixing in the same direction with the shaft 18 fromthe
outside which is on the opposite side of the stator 10. And. after
assenbling, a washer 22 is fitted to the |eading end of the shaft 3 of the
rotor 2 to prevent the shaft 3 £romcom ng off. And, the rotor 2 and the
stator 10 constitute a notor sectioqz ﬁ%rther. details will be described
with reference to

embodiments, assembling is made better, and the process is

controlled easily. Particularly, there is an effect that

the stator and the rotor can be assembled without being

restricted by the completion of the circuit unit.

Still further, according to the above first, second and
third embodiments, a packaging area of the circuit unit is
increased to allow the use of inexpensive electronic parts,

a degree of freedom for the art work is obtained, the
workability in assembling the circuit unit is improved, and
the rotor alone can be removed leaving the circuit unit as

it is by removing the stopper washer from the center hole. .

And furthermore, according to the above first, second
and third embodiments, by directly soldering the terminal
Pins of the coil unit to the circuit unit, a yield is
improved as compared with a conventional method in which the
drawn line is led around for connecting.

And, according to the above first, second and third
embodiments, in case of failure of the circuit unit and the
rétor, the replacement., modification or adjustment of the
circuit unit and the rotor can be made easily.

Further, according to the above first., second and third
embodiments, as the stator section can be made particularly
thin as compared with a conventional one, thin-shaped

products which meet the market needs can be provided.

Now, a fourth embodiment will be described with
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2 3 Fig. 3 through Fig. 12. The coil section 12 to be placed between the
first stator yoke 11 and the second stator yoke 16 is inserted with the
pins 12c of the coil unit 12 aligned with the holes 16¢c of the second
stator yoke 16. the holes 11c of éhe7first

reference to the drawings. Fig. 18 shows a vertical

sectional view of the brushless DC motor of this embodiment,

and Fig. 19 shows its exploded sectional view. In Fig. 18

and Fig. 19, 1 represents a brushless DC motor., 2 a rotor,

10 a stator, 19 a circuit unit, 20 a base plate on which the

motor 1 is attached.

The rotor 2 is formed in the shape of a cup, has a
shaft (revolving shaft) 3 press-fitted at the center, and
has a rotor magnet (permanent magnet) 5 adhered to be fixed
to the inner periphery of the rotor yoke 4. The rotor
magnet 5 is formed in the shape of a ring, and has N and S
poles magnetized alternately in the circumferential
direction.

And, a turn table 6 made of résin to be put on the
outer periphery of the rotor yoke 4 is integrally formed.
Therefore, an assembling manhour can be reduced, and the
turn table 6 can be kept horizontal.

Reference numeral 7 represents a chucking magnet (rotor
magnet), which is magnetized in many poles as shown in Fig.
23 and Fig. 24. The magnetization direction includes the

~formation of Ns and Ss as shown in Fig. 23, and the
-formation of a magnetic circuit at the lower face to flow
round as shown in Fig. 24. Therefore, differing from a
conventional one which is magnetized to direct magnetic flux

in the same direction, a magnetic path is short and leakage
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stator yoke 11 is aligned with the pins 12b of the coil unit 12. and the
first stator yoke 11 and the second stator yoke 16 are joined and fixed,
then the | eading ends of the pins 12b inserted are fixed by thermal

caul king. The first stator yoke 1é%a the second stator yoke 16 may be
fixed by press fitting or mechanically caul king by means of a press. A
magnetic circuit is constructed in a good bal ance by the first stator yoke-
11 and t Helwedenhdmald.orrgmkietireg in the prevention of an adverse

effect on the motor and the increase of an adsorption fixing
force. When the chucking magnef 7 is disposed in a single
number on the turn table 6 as shown in Fig. 19, the one
shown in Fig. 24 has less leakage flux, and when the magnet
7 is disposed on the rotor yoke 4 made of a magnetic
material as shown in Fig. 36 to be shown afterward, magnetic
flux returns through the magnetic material, so that the
magnet shown in Fig. 23 has the same effect with the one
shown in Fig. 24.

The above stator 10 comprises an upper first stator
yoke 11 in the figure, a coil unit 12, and a bearing 18 to
rotatably support a lower second stator yoke 16, a sleeve 17
and the shaft 3.

The first and second stator yokes 11, 16 are made of a
soft magnetic metal plate, which is punched out into a
prescribed shape, and radially extending parts are bent at
right angles to form a magnetic pole 1lla or 16a as shown in
Fig. 20 and Fig. 21. In this embodiment, as the motor 1 has
8 poles, the stator yokes 11, 16 each have four magnetic
roles lla, l6a respectively at certain intervals in the
circumferential direction. And, the stator yokes 11, 16 are
put together with the magnetic poles 1lla, 16a faced mutually
in the circumferential direction with the sleeve 17 made of

a soft magnetic material disposed therebetween as shown in
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To attach the fixed stator 10 to the base plate 20 for supporting, the pins
12c of the coil unit 12 are inserted into the holes 20b of the base plate
20, and fixed to the base plate 20 fromthe opposite side of the stator 10
by thermal caul king. The stator % the circuit unit 19 are electrically
connected by inserting the termn ns 12a of the coil unit 12 into the
hol es 20c of the base plate 20, and soldering to the circuit unit 19 to
fix. andfrdlg.t I2® L& orm a magnetic circuit.

The above coil unit 12 comprises a coil bobbin 14 made
of resin having a flange 14a on either end, and a magnetic
field coil 15 wound on it. And, the above sleeve 17 is
formed in the shape of a cylinder, has a fitting part 17a
shaped to protrude formed on either end, and fitted in
fitting holes 11b and 16b formed at the center of the stator
yokes 11, 16 as shown in Fig. 22. Further, pins 12b are
protruded from both flanges 14a of the bobbin 14, holes llc,
16c for fitting with these pins 12b are respectively formed
in the stator yokes 11, 16, and when the first and second
stator yokes 11, 16 are assembled with the coil unit 12,
relative positioning in the circumferential direction is
made with the stator yokes 11, 16.

As to the relative positioning of the stator yokes 11,
16, instead of disposing the aforementioned pins 12b and
fitting holes 1llc, 16c, the fitting parts 17a of the sleeve
17 and the inserting holes 11b, 16b of the stator yokes 11,
16 to be inserted therein may have their flat shapes formed
to be polygonal or non-circular, so that assembling and
relative positioning in the circumferential direction can be
made simultaneocusly.

And, after assembling the first stator yoke 11, coil
unit 12, sleeve 17 and second stator yoke 16 into the stator

10, a fitting hole 19a of a circuit unit 19 is fitted to a
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tine, the stator 10 is fixed to the base plate 20 and the circuit unit 19.
Further, the magnetic pole sensing element 21 is attached to the circuit
unit 19, and the circuit unit 19 is guided and fixed by pins 20d of the
base plate 20 so 24

30

fitting projection 20a formed to protrude at the center of a
base plate 20, and the bearing 18 is fitted from below the
fitting projection 20a to assemble the entire motor. The
bearing 18 has a flange 18a formed at the bottom end, which
is larger than the hole of the fitting projection 20a of the
base plate 20, inserted upward into the sleeve 17 of the
stator 10 assembled, and the first stator yoke 11 and the
second stator yoke 12 are fixed with the sleeve 17 by
caulking to enlarge a top opening 18b with a jig. The first
stator yoke 11 and the second stator yoke 12 may be fixed to
the sleeve 17 by press fitting, or the bearing 18 may be
fixed in the sleeve 17 by press fitting. In the figure, 21
represents a magnetic pole detecting element for detecting a
magnetic pole position of the rotor.

The circuit unit 19 disposed on the base plate 20 is
fixed by adhering or screwing into holes previously formed
in the circuit unit 19 and the base plate 20 so that the
magnetic pole sensing element (hall element) 21 disposed on
the circuit unit 19 is positioned at a prescribed place.

Therefore, when the inserting parts disposed at the end
of the sleeve and the inserting holes of the stator yokes
are formed to be non-circular in this embodiment, the stator
can be assembled by simply fitting the inserting parts into
the inserting holes, so that positioning of the stator yokes

is possible and assembling is easy. Further, it is not
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as to be accurately positioned with the stator 10. Thus. according to the
first enbodinment. the stator is easily positioned by the holes of the first
stator yoke and the synthetic resin projections of the coil unit, and the
stator is accurately and easily fixed to the base plate by the holes of the
second stator unit and the syntheticégeajn projections of the coil unit.
The plurality of termnal pins protr fromthe flanges of the coi

bobbi n ahle@wssh@®y to dispose a ring section on each stator yoke like

a conventional motor, a winding volume of the bobbin in a
radial direction can be increased, and it is particularly
suitable to miniaturize the motor.

As the base plate can be assembled by sandwiching the
fitting projection of the base plate between the flange of
the bearing and the stator, it is not necessary to form
tapped holes to screw the stator and the base plate like a
conventional motor, simplifying the structure and
assembling.

Further, as the base plate is assembled by press
fitting the bearing to the fitting projection and the
fitting projection formed to have a flat face is sandwiched
by the flange of the bearing, vertical accuracy of the
bearing can be secured. Besides, as the fitting projection
of the base plate is used for fitting, a space can be
provided between the coil section and the base plate to
attach the circuit unit and the magnetic pole sensing
element.

As this embodiment integrally forms the rotor and the
turn table, the number of parts and assembling manhour are
reduced. Further, a drawback that the turn table is tilted
when assembled seen in a conventional motor is remedied, and
horizontal accuracy of the turn table can be secured, thus

improving workability in mass-production, and reducing costs
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easily connect a drawn |ine of the magnetic field coil to the circuit unit,

and has an effect that the magnetic pole sensing el enent of the rotor
magnet can be easily fixed at an appropriate position. Now, a second
enbodi nent of this invention wll %iscrlbed Fig. 13 and Fig. 14 show
this enbodinment. In Fig. 13 and Flg a drawmn line 15 is wound around
the coil bobbin 14. the ternminal pins 12a are integrally

to a large extent.

Now, a fifth embodiment of this invention will be
described. In this embodiment, the stator yokes 11, 16 have
a sleeve (cylindrical section) 23 integrally formed, have a
cutout section 24 formed by cutting (D cut) halfway round
the leading end of each sleeve 23, and can be fitted
nutually as shown in Fig. 25. Both the sleeves 23 are
formed to a length approximately half of the length in the
axial direction when both the stator yokes 11, 16 are put
together, and the direction of each cutout section 24 is
appropriately set, so that a relative positioning of the
stator yokes 11, 16 in the circumferential direction can be
made. And, when the position of both the cutout sections 24
is properly selected, stator yokes prepared in the same
shape can be used as the stator yokes 11, 16.

Then, a sixth embodiment of this invention will be
described. In this embodiment, a sleeve 26 is integrally
formed with one stator yoke 16 forming the stator 10, and a
fitting hole 27 for fitting the leading end of the sleeve 26
therein is formed at the center of the other stator yoke 11
as shown in Fig. 26. And, in the sleeve 26 of both the
stator yokes 11, 16 fitted together with the coil unit 12
therebetween, the bearing 18 is directly fitted by press
fitting or caulking as shown in Fig. 27.

Therefore, this embodiment does not need the
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formed wth the coil bobbin 14 on the flange 14a, and the drawn |ine 15 has
grooves 12A forned to allow easy binding of its |eading end on the term nal
pins 12a and to prevent the breakage of wire. Thus. according to the second
enbodi ment, since supporting partsgofqthe_terninal pins are integrally
formed wth the coil bobbin using dynthetic resin. a distance between the
termnal pins is properly determ ned and the
cylindrical part of one of the stator yokes like a
conventional motor, is superior in the productivity of the
stator yokes, can secure an exclusive volume for the winding
of the coil unit, reduces the number of parts, and
simplifies assembling work.
Next, a seventh embodiment of this invention will be
described. In this embodiment, a sleeve 28 is integrally
formed with the base plate 20 supporting the motor 1, and a
bearing 29 is disposed within the sleeve 28 as shown in Fig.
28, And, a step section 30 supporting the stator 10 is
formed at the lower part of the sleeve 28 in the figure to
secure a space between the stator 10 and the base plate 20,
so that the circuit unit 19 and the magnetic pole sensing
element 21 can be disposed.
Therefore, this embodiment reduces the number of parts,
reduces an assembling manhour, secures the space for the
circuit board, and surely obtains vertical accuracy of the
bearing.
Further, an eighth embodiment of this invention will be
described. In this embodiment, the sleeve 17 which supports
the bearing 29 and is attached to the inside of the stator
10 is made of a material having a high magnetic permeability
as shown in Fig. 29.

Therefore, as an auxiliary magnetic circuit is formed

on the inside of the stator, the magnetic circuit had a
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si ze of

a press-fitting part is easily controlled. Further. since the

drawn |ine guide grooves are disposed, yield of wire breakage is inproved.

Furt her.

a third enbodi nent of this invention will be described. Fig. 15

through Fig. 17 show this enbodi nent.

reduced area on the inside and magnetic saturation was
easily caused when magnetic flux on the coil unit side was
made powerful in the past, but as the auxiliary magnetic
circuit is formed in this embodiment, powerful magnetic
poles can be obtained without generating magnetic
saturation.

Besides, a ninth embodiment of this invention will be
described. This embodiment has a structure to prevent
adverse effects on the magnetic polé sensing element by
means of the rotor magnet. Specifically, the magnetic pole
sensing element 21 is positioned at a place to nearly face
the rotor magnet 5 as shown in Fig. 30, and operated by
magnetic flux A in the direction approximately 90 degrees
from the rotor magnet 5. However, when the supporting
member 20 such as the base plate to which the magnetic pole
sensing element 21 is attached is a magnetic material, the
leakage flux of the rotor magnet acts via the supporting
member 20 as magnetic flux (arrow B in the figure) parallel
to the magnetic pole sensing element, possibly causing the
magnetic pole detecting element to malfunction.

Therefore, when assembling is made as shown in Fig. 31
in this embodiment, the supporting member 20 in the vicinity
of the magnetic pole sensing element supporting the magnetic
role sensing element 21 is made of a non—magnetic material

such as aluminum, brass, non—magnetic stainless steel., resin
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In Fig. 15 through Fig. 17, the nmagnetic field winding 15 is wound around
the coil bobbin 14, the termnal pins 12a are integrally formed wth the
coil bobbin 14 on the flange 14a. Bbe term nal pins 12a are di sposed at an
equal pitch taking a winding efficigncy into consideration, and the grooves
12A are disposed to allow easy bimnding of the |eading end of a drawn |ine

on the termnal pins 12a and to preyent the breakage of wire,
or ceramics. Thus, malfunction can be sureély prevented even

when the magnetic pole sensing element is disposed by, for
example, embedding in the supporting member.

Further, a tenth embodiment of this invention will be
described. In this embodiment, the magnetic pole detecting
element 21 to be disposed on the circuit unit 19 can be
easily positioned at a prescribed position to face the rotor
magnet 5 as shown in Fig. 32.

Specifically, as shown in Fig. 32, a positioning pin 31
is protruded on the base plate 20, positioning holes 32, 33
are formed in the circuit unit 19 and one stator yoke 16 of
the stator 10, and the holes 32 and 33 are successively
fitted to the positioning pin 31 when assembling, so that
the stator 10 and the magnetic pole sensing element 21 can
be positioned easily.

As to the positioning pin and the holes to be fitted
therewith, the positioning pin may be protruded on the
stator and the circuit unit, and the holes may be formed in
another memﬁer. The positioning pin may be made of metal
and driven in, be integrally formed of resin, or be removed
after assembling.

Now, an eleventh embodiment of this invention will be
described. This embodiment prevents that a drawn line 15a
of the magnetic field coil 15 of the coil unit 12 attached

to the stator 10 is floated up due to the revolution of the
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Thus. according to the third enbodiment, by forming the terminal pins
integrally with the coil bobbin using synthetic resin, making a distance
between the term nal pins equal, and di sposing the guide grooves for the
drawn lines. a position can be easily tesm ned when automati zi ng the size
control of press fitting parts and w ndéng?work, a yield of w nding work
can be inproved. and the strength of the term nal pins can be enhanced.
rotor 2 and contacted to the bottom end of the rotor 2.
Therefore, in this embodiment, a pin 35 is protruded
downward near a drawn part of the magnetic field coil 15'at
the lower part of the bobbin 14, the drawn line 15a is
twined around the pin 35 and fixed to the circuit unit 19 on
the base plate 20 by solder 36 as shown in Fig. 33. And, as
shown in Fig. 34, a through hole 37 may be formed in the
base plate to fix on the bottom face of the base plate by
the solder 36. Further, as shown in Fig. 35, fixing can be
made on the back face of the circuit unit 19 using the
solder 36.
Therefore, in this embodiment, as the end of the
magnetic field coil is fixed to the circuit unit in a state
tied to the terminal pins which are protruded from the
bobbin, it is prevented from being contacted to the rotor
when being lead around to the position away from the rotor.
Specifically, it can be lead in from below in view of an
angle as shown in the figure. Further, after fixing, when
the loosened end is pulled into the hole which is formed in
the base plate, floating of the end is eliminated, so that
there are advantages that its contact can be prevented., and
workability can be improved.
Then, a twelfth embodiment of this invention will be

described. In this embodiment, the turn table 6 is put on

the outer surface of the rotor yoke 4 of the rotor 2 as
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Further, according to the above first, second and third enbodi ments, the
stator. the rotor and the circuit unit are separately assenbled. and the
circuit unit is fitted fromthe outside of the base plate. so that
assenbling is easy. Besides. according E&o,?he above first. second and third

shown in Fig. 36. The turn table 6 is made of resin or
metal material, and has the chucking magnet 7 for adhesion
and fixing disposed on the top surface. And, a fitting
structure 40 is disposed between the rotor yoke 4 and the
turn table 6. This fitting structure 40 has a structure
that a fitting recess 41 in the shape of a groove is formed
in the circumferential direction on the outer periphery of
the rotor yoke 4, and a fitting projection 42, which is
fitted in the circumferential direction with the fitting
recess 41, is formed on the inner periphery of the turn
table 6.

Therefore, as this embodiment provides the fitting
structure between the rotor yoke and the turn table, when
the turn table made of resin is integrally formed with the
rotor yoke, resin is prevented from floating up from the
rotor yoke. As the above fitting structure, a groove or a
hole, and a projection which can be fitted therewith may be
formed on either member.

Although this invention has been described using the
above embodiments, it is tc be understood that this
invention is not limited to the above embodiments and covers
all embodiments for attaining the object of this invention.

As described above, according to the fourth through
twelfth embodiments, the fitting projection of the bhase

plate is sandwiched between the flange of the bearing and
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2 6 enbodi nents. assenbling is nade better, and the process is controlled
easily. Particularly. there is an effect that the stator and the rotor can
be assenbl ed without being restricted by the conpletion of the circuit

unit. Still further. according to the above first, second and third

enbodi nents, a packagi ng area of the cirgnng unit is increased to allow the

use of i nexpensive electronjc parts.
thepstator to a tach tge %ase plate, so that it does not

need to dispose a tapped hole and to screw like a
conventional one, simplifying the structure and the
assembling work.

Further, to assemble the base plate, the fitting
projection formed to have the flat face is sandwiched by the
flange of the bearing by press fitting the bearing to the
fitting projection, so that vertical accuracy of the bearing
can be secured. Besides, as the fifting rrojection of the
base plate is used for fitting, the space can be provided
between the coil and the base plate to dispose the circuit
board and the magnetic pole sensing element. And, the
number of assembling parts can be reduced, assembling is
simple, an assembling manhour is reduced, and the motor
performance can be improved.

Now, a thirteenth embodiment of this invention'will be
described. This embodiment will describe a case applied to
a four-pole outer rotor brushless DC motor 1 shown in Fig.
37.

A rotor 2 of this embodiment has a rotor magnet 5,
which is magnetized in four poles, adhered in the
cylindrical shape and in the circumferential direction to
the inner wall of a cup shaped rotor yoke 4, and has a shaft
11 press—fitted at the center as shown in Fig. 37. The

rotor magnet 5 may be a combination of a plurality of
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a degree of freedomfor the art work is obtained, the workability in
assenbling the circuit unit is inproved, and the rotor al one can be renoved
| eaving the circuit unit as it is by renoving the stopper washer fromthe
center hole. And furthermore. according to the above first. second and
third enbodi nents, by directly sol derijngathe termnal pins of the coil unit
to the circuit unit, a yield is inproweddJas conpared with a conventi onal

met hod i@eéﬂbﬁhsther sheet~shaped magnets rolled up and magnetized

in many poles.

As shown in Fig. 38, a first stator yoke 11 and a
second stator yoke 16 are disposed to face the poles of the
rotor magnet 5. The first stator yoke 11 is made of a soft
magnetic metal plate, which is punched out into a desired
shape, and bent to form magnetic poles lla, and a ring 23 is
integrally shaped at the center by drawing. The second
stator yoke 16 is also shaped in the same way to form
magnetic poles 16a and a ring 17, and a bearing 18 is
inserted in thé ring 17. The magnetic poles each of the
first stator yoke 11 and the second stator yoke 16 have two
poles which are a half of the magnet pole number, and are
combined to oppose mutual magnetic poles 1lla and 16a. The
first stator yoke 11 and the second stator yoke 16 have the
same shape, and their directions and angles are changed when
combined. Between the first stator yoke 11 and the second
stator yoke 16, a coil unit 12 for excitation is sandwiched
and a stator 10 is formed by the first.and second stator
yokes 11, 16 and the coil unit 12. Under the second stator
yoke 16, a position sensing element (hereinafter referred to
as the hall element) 21 which is a sensor for detecting a
pole of the rotor magnet 5, and the hall element 21 is
attached to a circuit unit 19 having a driving circuit

element for the motor 1.
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drawn line is led around for connecting. And, according to the above first,
second and third enbodi nents. in case of failure of the circuit unit and
the rotor, the replacenent, nodification or adjustnent of the circuit unit
and the rotor can be made easily. Further, according to the above first.
second and third enbodi nents, as the stét section can be nade
particularly thin as conpared with a conventional one, thin-shaped

And, in this embodiment, an open angle géof each

magnetic pole lla, 16a is formed to a magnitude falling in a
rage of 75% or more and less than 100% with respect to an
oren angle 4 for each pole as shown in Fig. 41. In other
words, to an open angle g of each pole of the rotor magnet 5 .
when the circumferential direction is viewed from the
revolving center of the rotor 2, an open angle ¢ of each
magnetic pole lla, 1l6a of the stator 10 is determined to be
75% or more and less than 100%.

The reasons for determining as described above will be
described with reference to Fig. 39 through Fig. 42. Fig.
39 and Fig. 40 are schematic plan views describing the
principle of operation of the motor, Fig. 41 is an expanded
plan view of the essential part describing an open angle,
and Fig. 42 includes explanatory views of cogging torques of
the motor.

Generally, the relation between the rotor magnet 5 and
each magnetic pole 1la, 16a of the stator in the brushless
DC motor is as follows. Specifically, the rotor magnet 5 in
the shape of a ring is attached to the inner periphery of
the rotor yoke 4, and the rotor magnet 5 has the segment of
each pole magnetized in a radial direction at an equal pitch
in the circumferential direction as shown in Fig. 39 and
Fig. 40. And., the magnetic poles 1lla, 16a of the first and

second stator yokes 11, 16 are alternately disposed to
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products which neet the market needs can be provided. Now, a fourth
enbodi nent will be described with 27 reference to the drawings. Fig. 18
shows a vertical sectional view of the brushless DC notor of this
enbodi nent - 4 1
oppose the rotor magnet 5. Each magnetic pole 1la, 16a has
the shape of a rectangle or trapezoid. and is symmetrical in
the pre-revolution direction and the post-revolution
direction.
A cogging torque is produced according to a magnetic
circuit consisting of the rotor magnet 5 and the stator
yokes 11, 16, and the torque becomes zero at intervals of 90
degrees in electric angle. But, the point of torque zero .
includes an unstable point at which the rotor cannot stand
still, and a stable point at which the rotor stably stands
still. The unstable and stable points exist alternately.
This relation will be described in further detail.
When a boundary of the poles of the rotor magnet 5 is
positioned at the center of the magnetic poles lla, l6a as
shown in Fig. 39, and when the center of the magnetic poles
1la, 16a is aligned with the center of the poles of the
rotor magnet 5 as shown in Fig. 40, the cogging torque is at
the position of zero. On the other hand, the positional
relation between the magnetic poles 1la, 16a and the rotor
magnet 5 that a maximum torque can be obtained by passing an
electric current through the winding 15 is where a boundary
of the poles of the rotor magnet 5 is positioned at the
center of the magnetic poles 1la, 1l6a as shown in Fig. 39.
When the stable point is designed to come to this position,

a starting torque larger than that at the start of passing
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and Fig. 19 shows its exploded sectional view. In Fig. 18 and Fig. 19. 1
represents a brushless DC notor, 2 a rotor. 10 a stator. 19 a circuit unit.
20 a base plate on which the notor 1 is attached. The rotor 2 is formed in
the shape of a cup. has a shaft (revolving shaft) 3 press-fitted at the
center. and has a rotor magnet (pernane@t gnet) 5 adhered to be fixed to
the i nner periphery of the rotor yoke 4. e rotor

an electric current is obtained. Therefore, the motor 1 can

be self-started without a dead point by making a stable

point in the positional relation of the rotor magnet and the

magnetic poles as shown in Fig. 39, so that the provision of

such conditions is desired. When the width of magnetic

poles lla, 16a in the circumferential direction is changed,

the positions of the unstable and stable points are changed,

causing the position of the rotor magnet to be changed with

respect to the magnetic poles. More specifically, when the

width m of each magnetic pole 1lla, 1l6a in the

circumferential direction is changed with respect to the

length P of one pole of the rotor magnet 5 in the

circumferential direction as shown in Fig. 41, the positions

of the unstable and stable points can be changed. so that it

is structurally possible that the stable point is set at the

aforementioned maximum excitation torque position. This

embodiment has been structured in view of the above.

Further, description will be made in view of the
electrical characteristics of the motor with reference to
Fig. 42.
Fig. 42 (a) through (d) are views describing cogging
torques of the brushless DC motor 1, and the horizontal line
denotes an electric angle and the vertical line a torque

{relative value). Fig. 42 (a) shows a cogging torque when

the ratio m/P of a width (hereinafter referred to as the
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magnet 5 is fornmed in the shape of a ring, and has N and S pol es nmagneti zed
alternately in the circunferential direction. And. a turn table 6 nmade of
resin to be put on the outer periphery of the rotor yoke 4 is integrally
formed. Therefore, an assenbling man can be reduced. and the turn table
6 can be kept horizontal. Reference 2ﬁné3 7 represents a chucki ng nmagnet
(rotor magnetic pole width m) of the magnetic poles 1lla, 16a of the

stator 10 in the circumferential direction to a

circumferential length per pole of the rotor magnet 5

(hereinafter referred to the length per pole P} is 85%.

Similarly, Fig. 42 (b} shows a'cogging_torque when the ratio

is 80%, Fig. 42 (c} shows a cogging torque when the ratio is

75%., and Fig. 42 (d) shows a cogging torque when the ratio

is 70%. As seen from the above figures, the stable points

of the motor are 0 degree, 180 degrees (%) and 360 degrees

(2T, and the unstable points are 90 degrees (%/2) and 270

degrees (3W/2). The stable points are when a boundary of

the poles of the rotor magnet 5 is positioned at the center

of each magnetic pole lla, 16a as shown in Fig. 39, and the

unstable points appear when the center of each magnetic pole

l1la, 16a is aligned with the center of each pole of the

rotor magnet 5 as shown in Fig. 40. A éogging torque when a

magnetic pole width m is 80% has the shape similar to a sign

wave, but the shape is disarranged as the magnetic pole

width m becomes narrower, and when the magnetic pole width m

is 75% or below, a torque 0 appears in the proximity of 45

degrees in an electric angle as if the frequency is doubled.

But, it was confirmed by experiments that these torque 0

points in the proximity of 45 degrees are unstable points.

But, when the magnetic pole width m is 70% a stable point

appears at intervals of 90 degrees in electric angle.
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magnet ),
The magn
Fig. 23.
round as
which is
magneti c

which is magnetized in many poles as shown in Fig. 23 and Fig. 24.
etization direction includes the formation of Ns and Ss as shown in
and the formation of a nmagnetig cjrcuit at the |lower face to flow
shown in Fig. 24. Therefore. difféwing froma conventional one
magnetized to direct magnetic flux in the same direction, a

path_is short and | eakage
In other words, a stable point appears in either case

of the positional relation of Fig. 39 or Fig. 40, and always
in the state of Fig. 39, stability lacks in reliability.
Furthermore, when the magnetic pole width m is less than
70%. the state of Fig. 40 is a stable point, and that of
Fig. 39 is an unstable point, so that it is not desirable
because self-starting of the motor can not be made. On the
other hand. when the magnetic pole width m is about 100%.
magnetic leakage through the adjoining magnetic poles
increases, and the magnetic poles are knocked against one
another depending on an assembling error, but it is possible
to apply to a range close to 100% where the neighboring
magnetic poles do not interfere to each other.

The above description has been made based on the
circumferential length P on one pole side of the rotor
magnet 5 and the magnetic pole width m of the stator. but a
magnetic pole width is determined based on a ratio m/P of
the lengths in both circumferential directions, a correct
value may not be obtained depending on the magnitude of an
air gap g between the rotor magnet 5 and the magnetic poles
lla, 16a. Therefore, correct setting can be made when a
circumferential angle at the revolving center of the motor 1
is used to express as shown in Fig. 41. More specifically,
when an open angle per pole of the rotor magnet 5 is ¢ and

an opren angle of the magnetic poles 11la, 16a is gé as shown
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2 8 flux is small. resulting in the prevention of an adverse effect on the
not or and the increase of an adsorption fixing force. Wen the chucking
magnet 7 is disposed in a single nunber on the turn table 6 as shown in

Fig. 109.

magnet

the one shown in Fig. 24 has 4e%§ | eakage flux. and when the

in Fig. 41, a correct magnetic pole width can be obtained by
expressing in ¢/ 6 x 100 (%).

Accordingly, this embodiment sets a magnetic pole width
based on both open angles @ and ¢p . Table 1 and Table 2
show differences between a ratio of the circumferential
length dimensions P to m used in the above description and a
ratio of the open angles @ and ¢ of this embodiment,

Table 1 shows that magnetic poles are eight. the inner
diameter of the rotor magnet 5 is 15.8 mm, the outer
diameter of the stator 10 is 15.2 mm, and the air gap g is
0.3 mm. Table 2 shows that magnetic poles are eight, the
inner diameter of the rotor magnet 5 is 16.2 mm, the outer
diameter of the stator 10 is 15.2 mm, and the air gap g is
0.5 mm.

A difference between the ratio m/P in the
circumferential length dimensions and the ratio ¢/ ¢ in the
open angles is not so large when the air gap g is small and
the motor diameter is large, hbut this difference becomes
large when the air gap g is large and the motor diameter is
small.

As to the optimum range of a ratio of both open angles,
the lower limit of the range is that ¢¢ /¢ x 100 which
approximately corresponds to 70% of the ratio m/P in the
circumferential length is 75%. And the upper 1limit of the

range is that ¢¢ /& x 100 is less than 100% as it is
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7 is disposed on the rotor yoke 4 made of a magnetic material as shown in
Fig. 36 to be shown afterward, magnetic flux returns through the magnetic
material, so that the nagnet shown_in Fig 23 has the sane effect with the
one shown in Fig. 24. The above stator conprises an upper first stator
yoke 11 in the figure. a coil unit 12. 4an8 a bearing 18 to rotatably
support a | ower second stator yoke 16, a sleeve 17
appropriate when adjacent magnetic poles do not contact to
each other. As described afterward, in view of the relation
with the shifting of a magnetic pole sensing element 21, a
ratio of the open angle ¢/ of the magnetic pole to the open
angle @ per pole, or a range of ¢ /¢ ., is preferably 75% or
more and less than 100%. And a test result indicated that
it is optimum when close to 85%.
Preferable starting of the above structured brushless
DC motor 1 will be described with reference to Fig. 43 and
Fig. 44.
Fig. 43 is a chart showing the relation of a cogging
torque and an excitation torque of the brushless DC motor 1,
in which the horizontal line denotes an electric angle and
the vertical line a torque. Reference code a reﬁresents a
cogging torque, and b an excitation torque. Stable points
are 0, X, and 2% Fig. 44 is a circuit diagram showing one
example of the driving circuit for the brushless DC motor 1,
in which a hall element 21 detects S or N pole of the rotor
magnet 5 to turn ON or OFF a transistor Ql or Q2, to pass an
electric current through a coil 15 alternately, and to
excite each magnetic pole 1lla, 16a of the stator 10.
‘Returning to Fig. 39 and Fig. 40, the set position of
the hall element 21 will be described. The hall element 21

for switching an exciting current is disposed at a position

shifted to the opposite side from a desired revolving
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and the shaft 3. The first and second stator yokes 11, 16 are nmade of a
soft magnetic netal plate, which is punched out into a prescribed shape.
and radially extending parts are bent at right angles to forma magnetic
pole 1la or 16a as shown in Fig. 20 and Fig. 21. In this enbodi nent. as the
nmotor 1 has 8 poles, the stator yokes 1@. 6 each have four nmagnetic poles
1lla. 16a respectively at certain intervals in the

direction from the middle of the magnetic pole 1lla and the

magnetic pole 16a. In this embodiment, since the revolving

direction is counterclockwise, the hall element 21 is

shifted in the clockwise direction. Because the hall

element 21 is shifted., the rotor 2 is slightly revolved

reversely at the early stage of starting, but the exciting

current is immediately switched to effect a desired

revolution. The hall element 21 in Fig. 43 is positioned

shifted by 20 degrees in electric angle. For example, when

the rotor 2 is revolved counterclockwise, the hall element

21 is shifted toward the magnetic pole lla. Detecting S

pole of the rotor magnet 5 and exciting to make the magnetic

pole 1la to be S pole and the magnetic pole 1l6a to be N pole

allow the repulsive attraction to revolve the rotor

counterclockwise. When the rotor magnet 5 is positioned as

shown in Fig. 40, it is in a state to revolve

counterclockwise, too. But, even if it revolves clockwise,

the hall element 21 detects N pole of the rotor magnet 5 to

switch the excitation, causing it to revolve

counterclockwise. In the above state, the torque falls in

the shadowed portions to prevent the revolving direction as

in Fig. 43. When the hall element 21 is shifted to a large

extent, a torque preventing the revolution is increased,

having adverse effects on torque and revolution

characteristics. Therefore, shifting is preferably 45
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circunferential direction. And, the stator yokes 11, 16 are put together
with the nmagnetic poles 1la, 16a faced nutually in the circunferenti al
direction with the sleeve 17 nade of a soft magnetic material disposed

t her ebet ween as shown in 29 4 8

degrees in electric angle.

And, when the hall element 21 is positioned at a
neutral point (no shifting) of the cogging torque which is
at the middle of both magnetic poles 1la, 1l6a, the
aforementioned torque for braking is lost, but a dead point
is generated and starting cannot be made. Therefore,
shifting has to be greater than zero. Preferably., shifting
is 5 degrees or more in view of an assembling error.

Further, the ratio ¢ /& of the open angle of the
magnetic pole will be discussed in view of the starting of
the motor, motor characteristics, and shifting of the .
magnetic pole sensing element 21 with reference to Table 3.
Table 3 shows the results of tests made by the inventors.
The motor of this embodiment.is small, and when a magnetic
pole width is increased, magnetic leakage easily occurs
between the adjacent magnetic poles, and it excels in
starting, but the motor characteristics are inferior in
magnetic leakage as compared with a case that a magnetic
pele width is narrow. However, when the motor is enlarged
and a space between magnetic poles is increased
proportionally, the motor characteristics can be satisfied
fully differing from Table 3. With a magnetic pole width of
70% or below, a stable point of the rotor magnet 5 appears
in the state shown in Fig. 40, causing a problem in the

starting performance. With a magnetic pole width of 60 to
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Fig. 20 to forma magnetic circuit. The above coil unit 12 conprises a coi
bobbin 14 nade of resin having a flange 14a on either end, and a magnetic
field coil 15 wound on it. And, the above sleeve 17 is formed in the shape
of a cylinder, has a fitting part 17a shaped to protrude forned on either
end, and fitted in fitting holes 13@ dhd 16b formed at the center of the
stator yokes 11. 16 as shown in Fig. 22. Further, pins 12b are

70%, starting can be made by increasing a gap between the
rotor magnet 5 and the magnetic poles 1la, 16a and
decreasing a cogging toréue, but reliability is slightly
inferior. With a magnetic pole width of 45 to 55%, starting
can not be made by the structure described in this f
embodiment, but it seems that the starting performance can
be secured by, for example, disposing a plurality of
magnetic pole sensing elements 21, one at the position
described in this embodiment and another one at a position
about 30 to 60 degrees away in electric angle, and making a
cogging torque small. Doing as described above is hard to
secure the starting when a magnetic pole width is 40% or
below. And, when the shifting of the magnetic pole sensing
element 21 is greater than 45 degrees, it is not preferable
because a torque for braking increases and the motor
characteristics are deteriorated, but it seems to be usable
depending on where it is used when the shifting is up to 90
degrees.

Realistically, it is seen that the ratio of an open
angle ¢ of the magnetic pole to an open angle & per pole of
the rotor magnet, or a range of ¢ /6 . is desirably 75% or
more and less than 100%, and further the optimum range is
around 85% as shown in Table 3.

The embodiment of the four-pole outer rotor brushless

DC motor has been described above, but it is to be
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protruded fromboth flanges 14a of the bobbin 14, holes 11c, 16c¢ for
fitting with these pins |2b are respectively fornmed in the stator yokes 11,
16, and when the first and second stator yokes 11. 16 are assenbled with
the coil unit 12, relative positioning in the circunferential direction is
made with the stator yokes 11, 16. AB t8 the relative positioning of the
stator yokes 11. 16, instead of di sposi ng the aforenentioned pins 12b and

understood that the same effect can be obtained when the
pole number is two, six, eight or more, and the motor is an
inter rotor type. And, it is also possible to apply to the
above first to twelfth embodiments.

Thus, according to this embodiment, the rotor’s stable
point can be placed at the maximum excitation torque
position, and stable self-starting and high starting torque
can be obtained by arranging the open angle of the magnetic
pole of the rotor to be 75% or more and less than 100% of
the open angle per pole of the rotor magnet.

And, since the motor has a structure in which the
magnetic poles have a simple shape of a rectangle or
trapezoid and the same shaped stator yokes are combined to
oppose, there are effects that its production is easy, its
productivity is remarkable, realizing a low price, and its
performance is remarkable.

Now, a fourteenth embodiment of this invention will be
described. In this embodiment, the brushless DC motor has
its rotor and stator fabricated by layering steel plates
differing from the first to thirteenth embodiment. Fig. 45
and Fig. 46 show a stator of this embodiment. And, Fig. 48
and Fig. 49 show a rotor 47 of this embodiment.

As shown in Fig. 45 and Fig. 46, the stator of this
embodiment has a stator yoke 45 structured by layering many

steel plates which have been punched out into a certain
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fitting holes I1c, 16c¢c, the fitting parts 17a of the sleeve 17 and the
inserting holes lib. 16b of the stator yokes 11, 16 to be inserted therein
may have their flat shapes formed to be pol ygonal or non-circular, so that

assenbling and relative positioning in the circunferenti al

directi on can be

made sinul taneously. And, after assenbling the first stator yoke 11. coi
unit 12, sleeve 17 and second st at or %Ske 16 into the stator

shape, there are four poles, and the magnetic pole width is

structured to meet the same conditions as in the previous
embodiment. A magnetic field coil 46 is disposed on each
magnetic pole 45a of the stator yoke 45.

As to a structure of each magnetic pole 45a of the
stator yoke 45, magnet pole sections separately formed by
layering may be put together as shown in Fig. 47. The
stator yoke 45 of Fig. 47 is an improvement of the stator

yoke 45 of Fig. 45. A coil unit 51 is structured by the
magnetic field coil 46 wound around a bobbin 5la made of
resin, and fitted to a leg 45d of the magnetic pole 45a,
then an end part 45b of the magnetic pole 45a is fitted to a
fitting part 45c. This structure has effects that the
stator yoke 45 shown in Fig. 47 is sufficient by winding on
the bobbin, so that workability of winding is improved and
productivity is superior. while winding has to be made on
the leg of each magnetic pole in case of the shape shown in
Fig. 45.

And, a stator yoke 47 may be structured as shown in
Fig. 48 and Fig. 49. Fig. 48 is not a rotor. The stator
yoke 47 of Fig. 48 is realized in a layered structure having
the same shape with the stator yoke 11 or 16 described with
reference to Fig. 1 or Fig. 19. The stator yoke 11 or 16
described with reference to Fig. 1 or Fig. 19 has the

magnetic pole 1la or 16a formed by bending a soft magnetic
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10. a fitting hole 19a of a circuit unit 19 is fitted to a 30 fitting
projection 20a fornmed to protrude at the center of a base plate 20, and the
bearing 18 is fitted frombelow the fitting projection 20a to assenble the
entire motor. The _

3 2

material which has been punched out into a desired shape,

while the stator yoke 47 of Fig. 48 has a structure
realizing the same effect by attaching a stator yoke
substrate 48 punched out into a desired shape to a magnetic
role 49 which is prepared by stacking many plates punched
out into a desired shape through a fitting part 48a by means
of a fixing means such as pins or screws. In Fig. 48 and
Fig. 49, the stator yoke substrate 48 is single but may be
used in the plural number in view of magnetic saturation and
strength. The fixing means of the magnetic pole 49 may be
welding. With this stator yoke 47, an eddy current loss of
the stator yoke occurring when the motor runs at a high
speed, the so-called core loss, can be reduced, and as the
stator yoke is produced by punching, high precision is
easily obtained, excelling in productivity.

As to the brushless DC motor, the magnetic poles of the
stator yoke can be made by bending as described in the
aforementioned embodiment or may be formed by the
multilayered steel plates as in this embodiment., and the
rotor magnet is not limited to be made of many segments but
can also be applied to a motor produced by casting or
sintering. And, the outer rotor type motor having a radial
gap structure has been described in this embodiment, but
this invention covers all sorts of embodiments such as an

inner rotor type and axial gap structure to accomplish the
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bearing 18 has a flange 18a forned at the bottomend, which is larger than
the hole of the fitting projection 20a of the base plate 20. inserted
upward into the sleeve 17 of the stator 10 assenbled. and the first stator
yoke 11 and the second stator—yoke 12 are fixed with the sleeve 17 by
caulking to enlarge a top openingRl8R with a jig. The first stator yoke 11
and the second stator yoke 12 may be fixed to the sleeve 17 by press

fitting, or the bearing 18 nmay be
similar objects.

INDUSTRIAL APPLICABILITY

In view of the above description, the brushless DC
motor of this invention can be particularly applied to a
small motor, and is preferable to improve the starting of a

brushless motor.
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fixed in the sleeve 17 by press fitting. In the figure. 21 represents a
magneti c pole detecting elenent for detecting a nagnetic pole position of
the rotor. The circuit unit 19 disposed on the base pl aihis Sdet lnfkﬁ

adhering or screwing into holes previously formed in thegmmml

and the base plate 20 so that the& magnetic pole sensing
el ement) 21 disposed on the circuit |t419 I S positione

at prescrib

pl ace. CLAIMS
1. A brushless DC motor comprising a rotor which includes a
shaft disposed at the center of é rotor yoke and a ring- or
segment-shaped rétor magnet having a plurality of poles
magnetized in the circumferential direction, a stator which
has a pair of stator yokes provided with magnetic poles
formed by bending a soft magnetic metal plate assembled to
oppose each other so that the magnetic poles are alternately
disposed having an air gap in the circumferential direction
with the rotor magnet, a coil unit which is disposed between
the pair of stator yokes and has a magnetic field coil
disposed on a synthetic resin coil bobbiﬁ having a flange at
the ends. and a circuit unit on which a magnetic pole
sensing element for detecting a position of the magnetic
pole of the rotor magnet, and being attached to a base
rlate, characterized by disposing protrusions on the flanges
of the coil bobbin and fitting holes in the stator yokes at
positions corresponding to the protrusions, disposing
fitting holes in the base plate and through holes in the
stator yoke which is in contact with the base plate,
disposing protrusions on the flanges of the coil bobbin so
as to be inserted in the through holes and fitting holes,
protruding a terminal pin from the flange of the coil bobbin
to tie the leading end of the magnetic field coil and

disposing a through hole for the terminal pin in the stator
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%f the sl eeve and
the inserting holes of the stator yokes are forned to

this enbodi ment, the stator can be assenbled by sinply ﬁh

I n
inserting parts into the inserting-holes, so that posi ﬁﬁmqﬂgw stator

yokes is possible and assenbling is e55y5 Further, it is not

Theérefore, when the inserting parts disposed at the e&%

voke and base plate, and attaching the circuit unit to the
base plate from the outside on the opposite side of the

stator.

2. A brushless DC motor according to Claim 1 wherein the
terminal pin is disposed in the plural number on the same
circumference with the shaft at the center, and an interval
between the neighboring terminal pins is arranged at an

equal pitch.

3. A brushless DC motor according to Claim 1 wherein the
terminal pin is supported by synthetic resin, and its

supporting part is integrally formed with the coil bobbin.

4., A brushless DC motor according to Claim 3 wherein the
supporting part of the terminal pin has a groove formed to

guide the end of the magnetic field coil.

5. A brushless DC motor according to Claim 1 wherein the
terminal pin is disposed in the plural number on the same
circumference with the shaft at the center, an interval
between the neighboring terminal pins is arranged at an
equal pitch, and the supporting part made of synthetic resin
of the terminal pins has a groove formed to guide the end of

the magnetic field coil.

6. A brushless DC motor according to Claim 1 wherein the

terminal pin is integrally formed with the coil bobbin by

) DR T 8 o e

Date:



necessary to dispose a ring section on each stator yoke-li.ke a conventi onal
notor. a w nding volune of the bobbin in a radi al dinﬁftion can be

increased. and it is particularly suitable to mniatu mﬁnm

laceds t he
base plate can be assenbl ed by_sandw ching the fitting " t he
ot

synthetic resin, the terminal pin is disposed in the plural

base plate between the flange of tt5e %eari ng and the s
necessary to form

number on the same circumference with the shaft at the

center, an interval between the neighboring terminal pins is
arranged at an equal pitch, and the supporting part made of
synthetic resin of the terminal pins has a groove formed to

guide the end of  the magnetic field coil.

7. A brushless DC motor comprising a rotor which includes a
shaft disposed at the center of a rotor yoke and a ring-
shaped rotor magnet having N and S poles alternately
magnetized in the circumferential direction. a stator which
has first and second stator yokes provided with magnetic
proles formed by bending a soft magnetic metal plate
assembled to oppose each other so that the magnetic poles of
the first and second stator yokes are alternately disposed
while keeping a certain gap along the periphery of the rotor
magnet, a coil unit which is disposed between both the
stator yokes of the stator and has a magnetic field coil
disposed on a coil bobbin having a flange at the ends, and a
sleeve which is inserted in a through hole disposed at the
center of the stator and supports the revolving shaft
through a bearing within it., characterized by disposing a
flange on one end of the bearing, forming a fitting
projection which has a convex cross section on a fitting

rart of a base plate where the stator is fixed. and placing
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t apped holes to screw the stator and the base plate |i ke a conventional
notor. sinplifying the structure and assenbling. Further. as'ﬁmgmggﬁe Iate
is assenbled by press fitting the bearing to the fitting prOJe
fitting projection forned to have a flat face is sandw ched by
of the bearing, vertical accuracy of th% b%arlng can be secure
as the fitting projection

the fitting projection of the base plate between the stator

and the flange of the bearing to fix the stator to fhe base

plate.

8. A brushless DC motor according to Claim 7 wherein a
fitting part having a projected part on either end is

provided on the sleeve, and a fitting hole in which the
fitting part is fitted is formed in the first and second

stator yokes.

9. A brushless DC motor according to Claim 8 wherein the
fitting part of the sleeve and the fitting holes of the

first and second stator yokes are polygonal or non-circular.

10. A brushless DC motor according to Claim 7 wherein the
coil bobbin has a pin integrally formed therewith toward the
circuit unit to tie a drawn line of the magnetic field coil,
and assembling can be made with the drawn line tied to the

pin.

11. A brushless DC motor according to Claim 7 wherein a
turn table to be put on the rotor yoke is integrally formed

with the rotor yoke.

12. A brushless DC motor according to Claim 7 or 11 wherein
a fitting structure consisting of a fitting projection and a

fitting recess is disposed to mutually fit the rotor yoke
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of the base plate is used for fitting, a space can be provi ded between the

coil section and the base plate to attach the circuit unit and the nmagnetic

pol e sensing elenent. As this enbodinent integrally forns_the rotor and the

turn table, the nunber of parts and assenbling nanhour ar & .eenRemaced
|

Further. a drawback that the turn table is tilted when ass% Wﬂﬂr’l a

conventional notor is renedied. &hd

and the turn table.

13. A brushless DC motor according to Claim 7 wherein a
chucking magnet for adsorbing and fixing a revolving work is
structured to have a minimum length of a magnetic path by
magnetizing in many magnetic poles or combining a plurality

of segments.

14. A brushless DC motor according to Claim 7 wherein a
cylinder section is protruded in the direction that the
magnetic poles are bent at each center of the first and
second stator yokes, and notches which are mutually fitted
on a concentric axis and positioned in the circumferential

direction are formed on the cylinder sections.

15. A brushless DC motor according to Claim 7 wherein a
sleeve is integrally formed with either of the first and
second stator yokes, a fittiﬁg hole is formed in the other
stator yoke to fit the leading end of the sleeve therein,
and a bearing is fixed within the sleeve by press fitting or

caulking.

i6. A brushless DC motor according to Claim 7 wherein the
bearing is integrally formed with the base plate to which

the stator is fixed.

L
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hori zontal accuracy of the turn table can be secured thus inproving

wor kabi lity in mass-production, and reducing costs T " m

extent. Now, a fifth enbodi nent of this invent | on will be m'"

17. A brushless DC motor according to Claim 7, 8. 9 or 15

wherein the sleeve is made of a material having high

magnetic permeability.

18. A brushless DC motor according to Claim 7 wherein a
fixing section to which a magnetic pole sensing element for
detecting the magnetic pole of the rotor is fixed and its

periphery are made of a non—magnetic material.

19. A brushless DC motor according to Claim 7 or 18 wherein
a fitting structure for positioning comprising a positioning
pin and positioning.holes fitting to the pin is disposed
among a circuit unit to which the magnetic pole sensing
element for detecting the magnetic pole of the rotor is
fixed, the base plate to which the circuit board is fixed,

and the stator.

20. A brushless DC motor according to Claim 7 wherein a pin
for tying a drawn line of the magnetic field coil of the
coil unit is protruded from the stator. and the leading end

of the drawn line is fixed to the circuit unit.

21. A brushless DC motor comprising a rotor which has a
rotor magnet forming a plurality of magnetic poles in the
circumferential direction disposed on a rotor yoke, a stator

which has a plurality of magnetic poles alternately disposed
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described. In this enbodinent, the stator yokes 11. 16 have-a sl eeve

(cylindrical section) 23 integrally formed. have a cutout sgcti,on. 24 fok d
by cutting (D cut) hal fway round the | eading end of each sl soRES ed
be fitted nmutually as shown in Fi-g: 25. Both the sl eeves 23 n

| engt h approximately half of the I engfh fin the axial directi

the stator yokes 11, 16 are put together, and the direction of each cutout

section 24 is . . . .
in the circumferential direction on a stator yoke having an

air gap next to the rotor magnet, a coil unit which is
disposed on the stator yoke and has a magnetic field coil
for exciting the magnetic poles of the stator. and a
magnetic pole sensing element for detecting a pole of the
rotor magnet, characterized by setting a static stable point
position where the rotor stops by a cogging torque in a
magnetic circuit consisting of the rotor and stator, at the
vicinity of the maximum torque point of the excited torque
generated when an electric current is passed to the magnetic
field coil, and setting the set position of the magnetic
role sensing element at a position shifted in the
circumferential direction from the intermediate position of

one magnetic pole of the rotor magnet.

22. A brushless DC motor according to Claim 21 wherein an
open angle of the magnetic poles of the stator which opens
from the center of revolution of the rotor to the outer
circumferential direction is 75% or more and less than 100%

of a similar open angle per magnetic pole of the rotor.

23. A brushless DC motor according to Claim 21 wherein the
magnetic pole sensing element is set at a position shifted

in the reversely revolving direction in a range of 5 to 45

degrees in electric angle.

24. A brushless DC motor according to Claim 21, 22 or 23
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appropriately set, so that a relative positioning of the stator yokes 11,
16 in the circunferential direction can be made. And. when the position of
both the cutout sections 24 is properly selected. stator yokes prepared in
t he sane shape can be used as the stator yokes 11. 16. Then, a sixth
enbodi nent of this invention will be ﬁesﬁribed. In this enbodi nent, a
sleeve 26 is integrally fornmed with one stator yoke 16 form ng the stator
10. and a

wherein the rotor magnet is formed in a ring or segment
shape that is magnetized in plural poles in the
circumferential direction, and the stator is structured by
assembling to oppose first and second stator yokes having
magnetic poles formed by bending a soft magnetic metal plate

with the coil unit therebetween.

25. A brushless DC motor according to Claim 21, 22 or 23
wherein the stator is structured by layering many steel

plates.

26. A brushless DC motor according to Claim 21, 22 or 23

wherein the stator is formed by casting.

27. A brushless DC motor according to Claim 21, 22 or 23

wherein the stator is formed by sintering.
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fitting hale 27 for f|tt|ng the | eading end of the sleeve 26 therein-is
formed at /the center of the other stator yoke 11 as shown in Fig. 26. And.
in the sl eeve 26 of both the stator yokes 11. 16 fitted together with the
coil unit 12 therebetween, the bearing 18 is directly fitted by press
fittimg or caul king as shown in Fig. qg.:aherefore, thi s enbodi nent does

not Heed the
A%stract

A brushless DC motor, whose stator (10) is a
combination of stator yokes (11, 16}, a bobbin (14) on which
a magnetic field coil (15) is wound and to which terminal
pins are provided, and a base plate (20). The stator (10)
is fixed to the base plate (20) by a protrusion (12¢)
provided on the bobbin (14) or by a flange (18a) formed on a
bearing. The widths of magnetic poles (lla, 16a) of the
stator, which are measured in the circumferential direction
of the stator, are smaller than the width of one of the
poles of a rotor magnet (5). Thereby, the position of a
stable point is a maximum excitation torque position.
Further, a magnetic pole sensing element (21) is provided at
a place which is shifted in the circumferential direction
from the middle position of one of the magnetic poles of the

rotor magnet (5).
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cylindrical part of one of the stator yokes |ike a conventional notor, is

superior in the productivity of the stator yokes,

vol umerfd)h,z@gwi nding of the coil unit. reduces the nunber of parts, and
I'es

si npl i
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described. In this embodiment. a sleeve 28 is integrally formed with the
base plate 20 supporting the notor 1. and a bearing 29 is disposed within
t he sl qﬁéeé é%ﬁgi shown in Fig. 28. And, a step section 30 supporting the
st at or i med at the |ower part of the sl eeve 28 in tpra/§penofueh0
secure a space between the stator 10 and the base plate 20, so that the
circuit unit 19 and the magnetic pol 923/9‘@39 el enent 21 can be di sposed.
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Therefore, this enbodi nent reduces the nunber of parts. reduces an
assenbl i ng manhour, secures the space for the circuit board, and surely

obt ai nWwO'93t10s98 accuracy of the bearing. Further. an ei ghﬁ%b{%t of

this invention will be described. In this enbodinent, the i ch
supports the bearing 29 and is attacB o the inside of the stator 10 is
made of a material having a high mag /Q@rmeabl lity

FIG.3
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as shown in Fig. 29. Therefore. as an auxiliary magnetic circuit is formed

on the inside of the stator, the magnetic circuit had a reduced area on

t he ma{ dg?(and magneti c saturation was easi | y caused when nmagnetic flux on

the coi i19593i de was . PCT/IP92/01464
4,33
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FIG.6
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made powerful in the past, but as the auxiliary magnetic circuit is forned
in this enbodi nent. powerful magnetic poles can be obtained w thout
generating magnetic saturation. Besides, a ninth enbodi ment of this

i nvent WOY93/il8393be descri bed. This enbodi ment has a struct ugﬁg}ﬁ)@%event
adverse effects on the nagnetic pole sensing el enent by ne Ha64 ot or

magnet. Specifically, the magnetic [BI/ess
FIG.7
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sensing element 21 is positioned at a place to nearly face the rotor nagnet
5 as shown in Fig. 30, and operated by magnetic flux Ain the direction
appr oxi Wes ¢4/ degrees fromthe rotor nagnet 5. However, when the
supporting nmenber 20 such as the base plate to which the ma‘ggg{gl pol
sensing elenent 21 is attached is a magnetic material. the Xé@ ¢ of
the rotor magnet acts via the support }/ﬁber 20 as magnetic flux (arrow
B in the figure) paril_l el

20b, 2
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to‘the magnetic pole sensing el enent. possibly causing the nmagnetic pole
detecting el ement to mal function. Therefore, when assenmbling is nade as
shown iWO 9’31 in this enbodi ment. the supporting nenber 20 in the
vicinity o t € magnetic pol e sensing el enent supporting teCy/gesbhideqP0! ©
sensing elenment 21 is made of a non-nagnetic material such as al um num
brass. non-magnetic stainless steel, 7}{33

FIG.13
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35 'or ceram cs. Thus. mal function can be surely prevented even when the
magnetic pol e senS|ng el ement is disposed by. for exanple, enbedding in the

supporti 9 gg Further, a tenth enbodinment of this invention will be
describ $}raf ?ﬁs enbodi mant t he magnetic pol e detecting PCT/JP92/01464
8/33
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el ement 21 to be di sposed on the circuit unit 19 can be easily positioned

at a prescribed position to face the rotor nmagnet 5 as shown in Fig. 32.

Specifiqgi&ib shown in Fig. 32, a positioning pin 31 is protruded on the
po

base pl ate sitioning holes 32. 33 4. are formed in th ' ' it
19 and one stator yoke 16 of the stator 10. and the holes 3 kﬁ@géﬁag@
successi vel y 52//2953
FIG.718
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fitted to the positioning pin 31 when assenbling, so that the stator 10 and
the magneti c pole sensing elenent 21 can be positioned easily. As to the
posHde% cﬁ;and the holes to be fitted therewith, the positioning pin
may be protrude d on the stator and the circuit unit, and theche®Rs, be
formed in another nmenber. The positioning pin may be nmade of netal an
driven in, be integrally forned of )/fggr be renoved

FIG.19
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aft'er assenbling. Now, an el eventh enbodi nent of this invention will be
descri bed. This enbodi nent prevents that a drawn |ine 15a of the nmagnetic
field c#O93/40s893 the coil unit 12 attached to the stator 10 is floated up
due to the revolution of the PCT/JP92/01464

11,/33
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rottor 2 and contacted to the bottomend of the rotor 2. Therefore. in this
enbodi nent, a pin 35 is protruded dowmward near a drawn part of the
magnetic¢c field coil 15 at the | ower part of the bobbin 14. the drawn line
15a i s fA¥A%Mound the pin 35 and fixed to the circuit unpcrifPeanoides
base plate 20 by solder 36 as shown in Fig. 33. And, as shown in Fig. 34. a
t hrough hole 37 may be forned in the]@;ég@ate to fix on the bottomface
of the base plate by '

Fl1G.22
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t he solder 36. Further, as shown in Fig. 35. fixing can be nmade on the back
face of the circuit unit 19 using the solder 36. Therefore. in this

enbodi N0 937a8s593he end of the magnetic field coil is fixed to the circuit
unit in a state tied to the term nal pins which are protrud®CTVIRI2/01464

bobbin, it is prevented from being c?gac ed to the rotor when being | ead
around to the position away fromthe ygga )

FIG.25
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Specifically.
the figure.

it can be lead in frombelow in view of an angle as shown in
after fixing, when the |oosened end is pulled into the

Furt her,
floating of the end is elim nated,

hol e WHWO93/80503r ned i n t he base pl ate,
so that there are advantages that its contact can be prevenPEI/JPaRD1464

wor kability can be inproved. Then, ?F%/(thh enbodi nent of this invention

will be described. In this enbodi ne

@3urn table 6 is put on
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the outer surface of the rotor yoke 4 of the rotor 2 as shown in Fig.

36. The turn table 6 is made of resin or netal material, and has the

chucki ng, 7 for adhesion and fixing disposed on the top surface. And,
WO o3

a fittin ure 40 is disposed between the rotor yoke 4penvdprobmid4ed
15,33
FIG.28
3 29 28

Y \\\\\\\ 7 \\ v I\

s
OOV N

777777,
O30
29 20
FIG.29
3 29 17 10

ol Sy

\
\

\ 77777777
N\ N

o
OOMNNNNNNN]

AMOUNNNNNN

N

A

is Sheet Has Been Re; laoed

llIIIIII |IIIlI III

This is the replacement sheet

Date: 19 NOV 1998



turn table 6. This fitting structure 40 has a structure that a fitting
recess 41 in the shape of a groove is fornmed in the circunferenti al

di r ect w@yozypodge outer periphery of the rotor yoke 4. and ii{;gj2
projection 42. which is fitted in the circum‘erential diregF?. V\ﬁ%ﬁ&fhe
fitting recess 41. is formed on th o@n ' periphery of the turn table 6.
Therefore. as this enbodi nent provi ﬁp,e flttlng
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structure between the rotor yoke and the turn table, when the turn table
made of resin is integrally formed with the rotor yoke, resin is prevented

fromf|IWex93Ps98 fromthe rotor yoke. As the above fitting structure, a
groove or a hole, and a projection which can be fitted ther BGF/(IPIRDI46¢

formed on either nenber. Although th'z?i venti on has been described using
t he above enbodinents, it is to be u s§@Qd that this
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invention is not linmited to the above embodi ments and covers al |
enbodi nents for attaining the object of this invention. As described above,

accor di wp93r1bdy3 fourth through twel fth enbodi ments. the fitting projection
of the base plate is sandwi ched between the flange of the bpaeTyIFM220isq
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3 8 the stator to attach the base plate, so that it does not need to

di spose a tapped hole and to screw |i ke a conventional one, sinplifying the

structuwé%) he assenbling work. Further, to assenble the base plate, the
g

fittin Bon formed to have the flat face is sandwi chpdriapoblmi4éd ange
of the bearing by press fitting the bearing to the
18/33 -
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fitting projection. so that vertical accuracy of the bearing can be
secured. Besides. as the fitting projection of the base plate is used for
fitti nowgdwgiggegce can be provided between the coil and the base plate to
di spose the circuit board and the magnetic pole sensing el epgptiypodiqsd he
nunber of assenbling parts can be reduced, assenbling is sinple, an
assenbl i ng manhour -i s reduced. and é@ g performance can be inproved.
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Now, a thirteenth enbodinent of this invention will be described. This
enbodi nent will describe a case applied to a four-pole outer rotor

brushl egs93)g0s83t or 1 shown in Fig. 37. Arotor 2 of this enbodinent has a
rotor magnet 5, which is magnetized in four poles, adheredPCE/IR92/01464
cylindrical shape and in the circu en lal direction to the inner wall of
a cup shaped rotor yoke 4. and has }Kg

FIG.47
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11 press-fitted at the center as shown in Fig. 37. The rotor nmagnet 5 may

be a conbination of a plurality of 3 9 segnents, or sheet-shaped magnets
roll edwgf,qgsggagnet i zed in many pol es. N
01464
€2/33
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As 'shown in Fig. 38, a first stator yoke 11 and a second stator yoke 16 are
di sposed to face the poles of the rotor nagnet 5. The first stator yoke 11
i s madewof93ses9st nagnetic netal plate, which is punched out into a desired
shape, and bent to form magnetic poles Ila, and a ring 23 iRCT/APS2i0ddady
shaped at the center by draw ng. T?gec nd stator yoke 16 is al so shaped
in the sane way to form nagnetic p /ﬁé@and aring 17, and a bearing 18
S ’

FIG.43
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inserted in the ring 17. The magnetic poles each of the first stator yoke
11 and the second stator yoke 16 have two poles which are a half of the

magnet YW@93/185%ber, and are conbined to oppose nutual magnetic_pol es 1l a
and 16a. The first stator yoke 11 and the second stator yol&T{ Ydédhe

same shape. and their directions a ngl es are changed when conbi ned.
Bet ween the first stator yoke 11 & eEE?cond stator yoke 16, a coil wunit
12 for excitation is sandw ched

FIG.45 FIG.46
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and a stator 10 is forned by the first and second stator yokes 11, 16 and
the coil unit 12. Under the second stator yoke 16. a position sensing

el emenWQ(9s7tgs93after referred to as the hall elenent) 21 which is a sensor
for detecting a pole of the rotor magnet 5. and the hall ePEFAIRI22(1468
attached to a circuit unit 19 havi ?5a/r|w ng circuit elenent for the
notor |.

FIG.48
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40 And, in this enbodinment. an open angle [err] of each magnetic pole 1lla.
16a is fornmed to a magnitude falling in a rage of 75% or nore and | ess than
100% vwoe37eog98ct to an open angle [err] for each pole as géprypodroikéd. 41.
In other words, to an open angle [err] of each pole of the rotor magnet 5

26,33
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when the circunferential direction is viewed fromthe revol vi ng center of
the rotor 2. an open angle [err] of each nagnetic pole 1lla, 16a of the
stat or WO 9316898ernined to be 75% or nore and | ess than 100% The reasons
for determning as described above will be described with rRCBUIPH2/B146% Fi g.
39 through Fig. 42. Fig. 39 and Fig 20 re schematic plan views describing
the principle of operation of the na ,/3?@ 41 is an expanded
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pl an view of the essential part describing an open angle, and Fig. 42

I ncl udes expl anatory views of cogging torques of the notor. Generally. the
rel ati oWOH¥1058% t he rotor magnet 5 and each magnetic pole 1lla. 16a of the
stator in the brushless DC nmotor is as follows. Specifical | BCTAIP92/0346¢
magnet 5 in the shape of aring is ached to the inner periphery of the
rotor yoke 4. and the rotor magnet %39 segnent of

FIG.53
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each pole magnetized in a radial direction at an equal pitch in the
circunferential direction as shown in Fig. 39 and Fig. 40. And. the

magnet iWOP3YHW$91| a. 16a of the first and second stator yokes 11. 16 are
alternately disposed to oppose the rotor magnet 5. Each PERIP92/01463 €

1l a. 16a has
29/33
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the shape of a rectangle or trapezoid, and is symetrical in the
pre-revolution direction and the post-revolution direction. A cogging
torque WO 9879g893ed according to a magnetic circuit consisting of the rotor
magnet 5 and the stator yokes 11. 16, and the torque beconeBCTAPI2AI1464
intervals of 90 degrees in electri %zﬁgl e. But., the point of torque zero
I ncl udes an unstable point at whic /%or cannot stand
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sti*ll, and a stable point at hich the rotor stably stands still. The
unstabl e and stable points exist alternately. This relation will be

descri b0 93710893t her detail. When a boundary of the poles of the rotor
magnet 5 is positioned at the center of the magnetic pol es PCE/IPI3A1464
shown in Fig. 39. and when the cent (23(}0 t he magnetic poles 1la, 16a is
aligned with the center of the pole / rotor nmagnet 5 as shown in Fig.
40, the cogging torque is at

FIG.57
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the position of zero. On the other hand, the positional relation between

. the magnetic poles 1lla, 16a and the rotor magnet 5 that a maxi mum t or que
can Ko ggyﬁggfd by passing an el ectric current through t QMS S
where a boundary of the poles of the rotor magnet 5 is p03|t|one at the
center of the magnetic poles 1l'a, asas_shown in Fig. 39. Wen the stable
point is designed to cone to thlggf . a starting torque larger than
that at the start of passing
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0 (% T/0 X 100 (%)

L

o/P X1

4
8
3
8
3

~}~3looloolco
olmjojunio

~J|~3{ooj00 D

FIG 597

m/P X 100 (%) T/6 X 100 (%)
90 96
85 90
80 85
75 80
790 74

eet Has Been Reﬁaced

\\\l\l\\\l\l\\\\\\\\\ |

t
‘ | This is the .repiasemem shee

pate: 19 NOV 1%



4 2 an el ectric current is obtained. Therefore. the notor 1 can be

self -WOI3yRBoxi -t hout a dead point by making a stable poi |
positional relation of the rotor nmagnet and the %C-H}Pwﬁ"m
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magneti c poles as shown in Fig. 39. so that the provision of such

cohditions is desired. When the width of magnetic poles |Ila, 16a in the

circunferential direction is changed. the positions of the unstable and

stabl e points are changed, causing the position_of the rotor nagnet..to-be

changed with respect to the magnetic poles. Mfe spEELACEMENT. SHERTS ¢ h&G

wi dth m of each magnetic pole | ta, -16a in the cﬁmwﬁigﬁﬁntpageddlrbcpaﬁﬁ%z
2

changed with respect to the £ hm{s) :p:»z,ged.ilf. to paged .
il Y - s {[331; aaed'g‘?’.
SPECIFICATION| BrTrawing(s) : paged [33t0 paged<iin™

Zlcxect  : paged Gto paged ..
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Brushless DC Mot

TECHNICAL FIELD

This invention relates to a brushless DC motor, which
has a magnetic field winding on stator yokes, a permanent
magnet on a rotor, and no brush, and particularly to a motor

structure.

BACKGROUND ART

*

e e

Conventional brushless DC motors known include a core
type motor shown in Fig. 50 and a coreless type motor as
shown in Fig. 51 to Fig. 57.

. As shown in Fig. 50, the above core type motor 52 has a
stator yoke 53 formed by layering electromagnetic steel
plates which are punched out into a certain form. and has a
magnetic field coil 54 disposed in a slot section of the
stator yoke 53 in the insulated state. A rotor magnet 56 is
disposed on a rotor 55. And. a motor section comprises the
stator yoke 53 and the rotor %%, and a circuit unit section
‘57 consists of a circuit element and the like.

The above coreless type motor 60 has a magnetic field
coil 59, which is formed in the shape of a ring by a self-

bonding wire disposed in an air-core type stator yoke 58 as
shown in Fig. 51. The magnetic field coil 59 is formed as

shown in, for example, Fig. 52 and Fig. $3. And. a rotor 61

el

This is the replacement sheet
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| ength P of one pole of the rotor magnet 5 in the circunferential direction
as shown in Fig. 41, the positions of the unstable and stable points can be
changed, so that it is structurally possible that the stable point is set
at the aforenentioned maxi mum excitation torque position. This enbodi nent
has been structured in view o6f the aQove. Further, description will be made
in view of the electrical characterigtics of the notor with reference to

is provided with a rotor magnet 63. And, the stator yoke 58
and the rotor 61 form a motor section, and a circuit unit 76
consists of a circuit element and the like.

In the motors 51 and 60 having the above structures,
assembling can be made by fitting from one direction of a
motor bearing supporter (boss).

The coreless type motor 60 is known described in, for
example, Japanese Patent Application Laid-open Print No.
23754/1989. The brushless DC motor 60 of this type has a
rotor 61 consisted of a cup~sha;ed rotor yoke 62, a ring-
shaped rotor magnet 63 adhered to the inner periphery of the:
rotor yoke. and a shaft 65 fitted to the center of the rotor
yoke 62 with a bush 64 as shown in Fig. 54. In the figure,
66 represents a turn table.

As shown in Fig. 55, a stator 67 comprises first and
second stator yokes 68, 69 made of a soft magnetic metal
plate, and a coil unit 70 disposed between the stator yokes
68, 69. Both the stator yokes 68, 69 have magnetic.poles
68a, 69a formed which are extended from the center radially
toward outward and bent at right angles, and have rings 71,
72 integrally formed at the center along the bent direction
of the magnetic poles 68a., 69a. In the figure. four poles
are shown.

The first stator yoke 68 and the second stator yoke 69

of the stator 67 are put together with the coil unit
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Fig. 42. Fig. 42 (a) through (d) are views describing cogging torques of
the brushless DC notor 1, and the horizontal |ine denotes an electric angle
and the vertical line a torque (relative value). Fig. 42 (a) shows a

coggi ng torque when the ratio mP of a width (hereinafter referred to as
t he 3

therebetween, the ring 71 and the other ring 72 are joined
to be magnetically connected to form a magnetic circuit,
keeping a certain gap from the circumferential face of the
rotor magnet 63 of the rotor 61, and the magnetic poles 68a,
69a of the first and second stator yokes 68, 69 are
alternately disposed in the circumferential direction.

Further, a sleeve 73 is fitted within the ring 71 of
the stator 67, and the shaft 65 of the rotor 61 is supported
in the sleeve 73 via a bearing 74. To the hottom of the
sleeve 73, a base plate 75 is fitted to support the stator
67, and a circuit board 76 is fixed to the base plate 75.

In the figure, 77 represents a magnetic pole sensing element
to detect a magnetic pole of the rotor.

Besides, as a chucking magnet to adsorb and fix a
revolving work, a chucking magnet 79 magnetized as shown in
Fig. 57 has been used heretofore.

Furthermore, as brushless DC motors structured using
stator yokes which are formed by bending a soft magnetic
metal plate, for example, Japanese Patent Application Laid-~
open Priant No. 23754/1989 and Japanese Patent Application
Laid~open Print No. 214458/1950 are known. In such motors,
magnetic poles are formed in an asymmetrical shape to shift
the rotor’'s static stable position from the position of
excitation torque 0., the magnetic poles of one stator yoke

have a different shape from those of the other stator yoke.

This is the replacement sheet

Date: 172 MAR 1997



4 3 magnetic pole wwdth m of the nmagnetic poles 1la. 16a of the stator 10
in the circunferential direction to a circunferential |ength per pole of
the rotor nmagnet 5 (hereinafter referred to the length per pole P) is 85%
Simlarly. Fig. 42 (b) shows a cogging torque when the ratio is 80% Fig.
42 (c) shows a cogging torque when-the ratio is

4

“and the position of each stator is shifted to cause magnetic
unbalance to shift the rotor’'s stable position. thereby
eliminating a dead point of the motor revolution.

However, the above conventional brushless DC motors
have the following structural drawbacks regardless of the
core or coreless type.

1) A boss is disposed for a bearing at the center of
the motor, a relatively large hole is disposed at the center
of the circuit unit to aveid it, this hole spoils a degree
of freedom for arrangement and ;ﬁ-effective area for circuit
parts, and therefore, the shape of the motor body becomes
large.

2) As the circuit unit is disposed to be covered by the
motor section, when assembling is completed, removal of the
circuit unit alone can not be made. And. replacement.
modification and adjustment were difficult.

3) The end of the winding of the magnetic field coil is
connected to the circuit board by leading around the
magnetic field coil to wire, so that a layer short or the
like easily takes place due to the breaking of wire or
contact of windings during operation, and in particular. the
coreless type has a drawback of causing a lot of troubles in
wiring and increasing work manhours.

And, in particular. the coreless type motor had the

following structural drawbacks.

This is the replacement sheet

Date: 12 MAR ‘997



75% and Fig. 42 (d) shows a cogging torque when the ratio is 70% As seen
fromthe above figures, the stable points of the notor are 0 degree. 180
degrees (X) and 360 degrees (2[err]), and the unstable points are 90
degrees ([err]/2) and 270 degrees (3[err]/2). The stable points are when a
boundary of the poles of the rotor magnet 5 is positioned at the center of
each magnetic pole 1lla, 16a as shown in Eig. 39. and the unstable points
appear when the center of each magnetic gole

1) As the stator has a structure to be fitted by
mutually putting together the rings of both the stator
yokes, precision is required in processing the fings.
resulting in increasing costs and causing a lot of tfoubles
in assembling.

2) As the sleeve for supporting the bearing is inserted
in the fitted ring section, the number of parts is
increased, increasing assembling works.

3) In miniaturizing the moftor. magnetic saturation may
be caused in the magnetic circuif around the shaft.

4) As the turn table which is put on the rotor is
separately formed., the assembling work is increased, and it
is difficult to-secure the flatness of the turn table.

5) As the base plate is fitted at the bottom of the
sleeve passed through the stator., to secure perpendicularity
of the sleeve, processing precision of the fitting part of
the base plate is required. and sufficient strength cannot
be easily obtained. As shown in Fig. 56. the stator 67 can
be fixed to the flat base plate 75 by screwing with a screw
78, but a disposing space cannot be providéd between the
base plate 75 and the stator 67, and it is difficult to
dispose the circuit board and the magnetic pole sensing
element.

6) And, when assembling, a fitting position of the

magnetic pole sensing element has to be determined every

-
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lla, 16a is aligned with the center of each pole of the rotor magnet 5 as
shown in Fig. 40. A cogging torque when a magnetic pole width mis 80% has
the shape simlar to a sign wave, but the shape is disarranged as the
magnetic pole width m becones narrower. and when the magnetic pole width m
is 75% or below, a torque O app€drS in_the proximty of 45 degrees in an
electric angle as if the frequency is ubled. But. it was confirnmed by
experinments that these torque 0O
time, degrading the precision of positioning and lowering
efficiency of assembling work.
7) The chucking magnet 79 for adsorbing and fixing a
revolving work is generally magnetized into upper and lower
two poles. so that its attraction force is weak, and when
the chucking magnet does not have a magnetic substance on
the bottom face, leakage flux flows into the stator yoke or
rotor yoke. causing a drawback of adversely effecting on the
motor performance. .
Further, regardless of the ¢ore or coreless type motor,
there are following drawbacks in the motor characteristics.
1) As the excitation torque generated at the stable
point position of the permanent magnet rotor is relatively
small, the start up is unstable and can be self-activated
only under a very limited condition, and a large start
torque cannot be obtained.
2) Since a magnetic balance has to be destroyed., a
magnetic pole shape becomes special. and leakage flux is
increased, thus the motor efficiency is lowered.
3) As the two stator yokes have different magnetic pole
shapes, two press molds are required, and management of
parts becomes complicated.
In view of the above, this invention is to solve the

above drawbacks and aims to simplify the connection of the

coil unit and the circuit unit, and makes it easy to replace
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points in the proximty of 45 degrees are unstable points. But, when the
magnetic pole wwdth mis 70% a stable point appears at intervals of 90

degrees in electric angle. 4 4 In other words, a stable point appears in
ei ther case

[

the circuit unit alone and adjust even after the assembling
of the motor, and reduces the number of fitting parts,
facilitates the assembly, reduces manhour, improves the
motor performance, and provides an inexpensive brushless DC
motor having a high starting torque., providing starting
ability in a wide range, having a high motor efficiency and

productivity.

' SUMMARY OF THE INVENTION

To accomplish the above objects., the brushless DC motor
of a first invention of this appiication comprises a rotor
having a ring~ or segment-shaped rotor magnet magnetized in
plgral poles in the circumferential direction and having a
shaft at the center of a rotor yoke, a stator having a pair
of stator yokes, which have magnetic poles formed by bending
a soft magnetic metal plate, put together as opposed and the
magnetic poles disposed alternately in the circumferential
direction with an air gap next to the rotor magnet. a coil
unit having a magnetic field coil disposed on a synthetic
resin ceoil bobbin having a flange at ends and disposed
between the pair of stator yokes, and a circuit unit having
a magnetic pole sensing element for detecting a magnetic
pole of the rotor magnet disposed, characterized by
protruding a projection from the flange of the coil bobbin

and disposing a fitting hole at a position of the stator
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of the positional relation of Fig. 39 or Fig. 40. and always in the state
of Fig. 39. stability lacks in reliability. Furthernore, when the magnetic
pole width mis less than 70% the_state of Fig. 40 is a stable point, and
that of Fig. 39 is an unstable point. that it is not desirable because
self-starting of the notor can not be de. On the other hand, when the

magnetic pole wdth mis about 100% magnetic |eakage through the adjoining
magneti c goles . . . . . s ns
yoke corresponding to the projection, disposing a fitting

hole in the base plate to which a motor is attached.
disposing a through hole in the stator yoke contacting to
the base plate, protruding a projection to be inserted in
the through hole and the fitting hole of the flange of the
coil bobbin, and protruding a terminal pin to bind the
leading end of the magnetic field coil to the flange of the
coil bobbin. disposing the through hole of the terminal pin
in the stator yoke and base plate, and attaching the circuit

unit to the base plate from ocutside which is opposite of the

W

stator.

And., the terminal pin is disposed in plural numbers on
the same circumference with the shaft at the center, and an
interval between the ad jacent terminal pins is at an equal
pitch 

Further, the terminal pin is supported by synthetic
resin, and the supporting part is integrally formed with the
coil bobbin.

And, a groove to guide the end of the magnetic field

coil is characterized by disposing on the supporting part of

the terminal pin.

Besides, the terminal pins are disposed in plural
numbers on the same circumference with the shaft at the
center, and an interval between the adjacent terminal pins

is at an equal pitch. and at the supporting part of the
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I ncreases. and the magnetic pol esare knocked agai nst one anot her dependi ng
on an assenbling error, but it is possible to apply to a range close to
100% wher e t he nei ghbori ng magnetic poles do not interfere to each other.
The above description has been nmade based on the circunferential length P
on one pole side of the rotor nagnet 5 and the magnetic pole width mof the
stator. but a nmagnetic pole width is detérm' ned based on a ratio ni P of

terminal pins made of synthetic resin, a groove to guide the
terminal of the magnetic field coil is disposed.

The brushless DC motor of a second invention of the
application comprises a rotor having a ring-shaped rotor
magnet whose N and S poles alternately magnetized in the
circumferentiél direction with the shaft disposed at the
center of the rotor yoke, a stator having first and second
stator yokes, which have magnetic poles formed by bending a
soft magnetic metal plate, put together to oppose each other
to alternately dispose the magnetic poles in the
circumferential direction with aﬁ air gap next to the rotor
magnet, a coil unit having a magnetic field coil disposed on
a coil bobbin having a flange at ends disposed between the
stator yokes, and a sleeve which is inserted in the through
hole disposed at the center of the stator and supports the
revolving shaft via a bearing therein. characterized by
disposing a flange at one end of the bearing, forming a
fitting projection having a convex cross section at the
fitting part of the base plate to which the stator is fixed,
and fixing the stator to the base plate by placing the
fitting projection of the hase plate between the stator and
the flange of the bearing.

In addition. a fitting part having a projection is
formed at both ends of the sleeve, and a fitting hole to

which the fitting part is fitted is disposed in the first
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the lengths in both circunferential directions. a correct value may not be
obt ai ned dependi ng on the nmagnitude of an air gap g between the rotor

magnet 5 and the magnetic poles Ila, 16a. Therefore. correct setting can be
made when a circunferential angle at the revolving center of the notor 1 is

used to express as shown in Fig. 4@. cbre specifically, when an open angle
per pole of the rotor magnet 5 is fer¥] and an open angle of the magnetic

poles Ila. 16a is [err] as shown
and second stator yokes.

And, the fitting part of the sleeve and the fitting
holes of the first and second stator yokes are polygonal or
non—-circular.

Further, the coil bobbin has a pin integrally formed
toward the circuit unit to bind the drawn line of the
magnetic field coil.

And, the turn table put on the rotor yoke is integfally
formed with the rotor yoke.

Besides, a fitting structure‘comprising a fitting
recess and a fitting projection t§ mutually fit the rotor -
yoke and the turn table is disposed.

And, as the chucking magnet for adsorbing and fixing a
revolving work is magnetized in many magnetic poles or has
plural segments in combination, a magnetic path is formed in
a shortest distance.

A cylindrical section is respectively formed at the
center of the first and second stator yokes in the bent
direction of the magnetic poles, and a cutout section which
is coaxially fit mutually and positioned in the
circumferential direction is disposed on each cylindrical
section .

And, the sleeve is integrally formed with one of the
first and second stator yokes, and a fitting hole is formed

in the other of the stator yokes in which the leading end of
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4 5in Fig. 41. a correct magnetic pole width can be obtained by expressing
in[err] /[err] x 100 (% . Accordingly, this enbodi nent sets a nagnetic
pol e wi dth based on both open angles [err] and [err]. Table 1 and Tabl e

2
11

the sleeve is fitted, and the bearing is fixed into the

sleeve by press fitting or caulking.

Furthermore. a bearing is integrally formed with the
base plate'to which the stator is fixed.

And, the sieeve is made of a material having high
magnetic permeability.

Besides, a fixing section, to which a magnetic pole
sensing element for detecting a magnetic pole of the rotor

is fixed, and its periphery are made of a non-magnetic

material. N

.

And, the fitting structuré fbr positioning comprising a .
positioning pin and positioning holes fitting to the pin is
disposed among a circuit board to which the magnetic pole
detecting element for detecting the magnetic pole of the
rotor is fixed, the base plate to which the circuit unit is
fixed., and the stator.

Further, a pin for twining a drawn line of the magnetic
field coil of the coil unit is protruded from the stator,
and the leading end of the drawn line is fixed to the
circuit unit. |

The brushless DC motor of the second invention of the
application, with a rotor having a rotor magnet forming a
plurality of magnetic poles formed in the circumferential
direction disposed on a rotor yoke, a stator having a

plurality of magnetic poles alternately disposed on the

This is the rep&acemem sheet

Date: 12 MAR 1997



e —————

show di fferences between a ratio of the circunferential |ength dinensions P
to mused in the above description and a ratio of the open angles [err] and
[err] of this enbodinent. Table 1 shows that magnetic poles are eight, the
inner diameter of the rotor magnet 5 is 15.8 nmm the outer dianmeter of the
stator 10 is 15.2 nm and the air ga Oyis 0.3 mm Table 2 shows that

magneti c poles are eight, the inner diafaeter of the rotor magnet 5 is 16.2
mm the outer

stator yoke in the circumferential direction with an air gap
next to the rotor magnet, a coil unit disposed on the stator
yoke and having a magnetic field coil exciting the magnetic
field of the stator, a magnetic pole sensing element for
detecting polarity of the rotor magnet, and a cogging torque
in the magnetic circuit consisting of the rotor and stator,
sets the static stable point position where the rotor stops
at the vicinity of the maximum torque point of the excited
torque generated when an electric current is passed to the
magnetic field coil, and the set position of the magnetic
pole sensing element is set as shifted in the -
circumferential direction from the intermediate position of
one. magnetic pole of the rotor magnet.

And, an open angle of the magnetic pole of the stator
which opens from the revolving center of the rotor in the
circumferential difection is 75% or more and less than 100%
with respect to the similar open angle of one magnetic pole
of the rotor magnet.

Further, the set position of the magnetic pole sensing
element is set at a position shifted in an opposite-
revolving direction in a range of 5 to 45 degrees in
electric angle.

And, the stator is structured by laminating many steel
plates.

Besides, the stator is formed by casting.

t
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di aneter of the stator 10 is 15.2 nm and the air gap g is 0.5 mm A
difference between the ratio mP in the circunferential |ength dinensions
and the ratio [err] / [err] in the open angles is not so |arge when the air
gap g is small and the notor dianeter is large, but this difference becones
| arge when the air gap g is large and the notor dianeter is small

13

Furthermore, the stator is formed by sintering.

BRIEF DESCRIPTION OF THE DRAWINGS
{Fig. 1]
A vertical sectional view of the brushless DC motor
according to a first embodiment of this invention.
{Fig. 2]
An exploded sectional view of the brushless DC motor
according to a first embodiment of this invention.
[(Fig. 3} .
A back view of the first séifor yoke according to a
first embodiment of this invention.
[(Fig. 4]
} A sectional view taken along line A-A of Fig. 3
according to a first embodiment of this invention.
(Fig. 5]
A plan view of the second stator yoke according to a
first embodiment of this invention.
[Fig. 8] .
A vertical sectional view of the second stator yoke
according to a first embodiment of this invention.
(Fig. 71
A plan view of the coil unit according to a first
embodiment of this invention.
fFig. 8]

A vertical sectional view of the coil unit according to
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As to the optimumrange of a ratio of both open angles, the lower limt of
the range is that [err] / [err] x 100 which approxi mtely corresponds to
70% of the ratio mP in the circunferential length is 75% And the upper
limt of the range is that [err]/[err] x 100 is less than 100%as it is

14
a first embodiment of this invention.
{Fig. 9]

A back view of the coil unit according to a first

embodiment of this invention.
fFig. 10]

A plan view of the base plate according to a first

embodiment of this invention.
[Fig. 111

A vertical sectional view of the base plate according

to a first embodiment of this iﬁ;ention.
{(Fig. 12]

A back view of the base plate according to a first

embodiment of this invention.
{Fig. 13]

A vertical sectional view of the essential part of the
coil unit according to a second embodiment of this
invention.

[Fig. 14]

A sectional view taken along line B-B of Fig. 13

according to a second embodiment of this invention.
fFig. 15]

A plan view of the coil unit according to a third

embodiment of this invention.
[Fig. 16]

A vertical sectional view of the coil unit according to
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4 6 appropriate when adjacent nmagnetic poles do not contact to each other.
As described afterward, in view of the relation with the shifting of a
magneti c pol e sensing element 21. a ratio of the open angle [err] of the
magnetic pole to the open angle [err] per pole. or a range of [err] /[err]

, 1s preferably 75% or nore and | ess than 100% And a test result indicated
that it is opti mumwhen close to 8§%5

a third embodiment of this invention.
(Fig. 17]
A back view of the coil unit according to a third
embodiment of this invention.
{Fig. 18]
"A vertical sectional view of the brushless DC motor
according to a fourth embodiment of this invention.
{Fig. 19]
An exploded perspective view of the brushless DC motor
according to a fourth embodimené#of this invention.
[Fig. 20]
A plan view of the stator yoke according to a fourth
embodiment of this invention.
[Fig. 21]
An exploded sectional view of the stator according to a
fourth embodiment of this invention.
[Fig. 22]
A sectional view taken along line C-C of Fig. 20
according to a fourth embodiment of this invention.
[(Fig. 23]
A perspective view of the chucking magnet according to
a fourth embodiment of this invention.
[Fig. 24}
A perspective view showing another embodiment of the
chucking magnet according to a fourth embodiment of this

t
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Preferable starting of the above structured brushless DC notor 1 wll be
described with reference to Fig. 43 and Fig. 44. Fig. 43 is a chart show ng
the relation of a cogging torque and an excitation torque of the brushless

DC notor 1, in which the horizontal |ine denotes an electric angle and the
vertical line a torque. Referencejcqsde a represents a cogging torque. and
b an excitation torque. Stable poihkts-
invention.
[(Fig. 25]

A perspective view of the first and second stator yokes
.according to a fifth embodiment of this invention.
[Fig. 26]

An exploded sectional view of the stator yoke according

to a sixth embodiment of this invention.
[Fig. 27]

A vertical sectional view of the essential part of the
brushless DC motor according to zhsixth embodiment of this
invention.

(Fig. 28]

A vertical sectional view of the essential part of the
brushless DC motor according to a seventh embodiment of this
invention.

(Fig. 29]

‘A vertical sectional view of the essential part of the
brushless DC motor according to an eighth embodiment of this
invention.

[Fig. 30]

An explanatory view for describing the relation between
the magnetic pole sensing element and the magnetic flux
according to a nianth embodiment of ﬁhis invention.

[(Fig. 311

A vertical sectional view of the essential part of the

A
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are 0, [err] , and 2[err]. Fig. 44 is a circuit diagramshow ng one exanple
of the driving circuit for the brushless DC notor 1. in which a hal
el enent 21 detects S or N pole of the rotor magnet 5 to turn ON or OFF a
transistor QL or 2, to pass an electric current through a coil 15
alternately, and to excite each nmagnetic pole 1la. 16a of the stator 10.
Returning to Fig. 39 and Fig. 40, th7 set position of the hall elenent 21
wi Il be described. The hall elenmént 21

brushless DC motor according to a ninth embodiment of this

inveﬁtion.

(Fig. 32]

A vertical sectional view of the essential part of the
brushless DC motor according to a tenth embodiment of this
invention.

[Fig. 33]

A vertical sectional view of the brushless DC motor

according to an eleventh embodim?nt of this invention.
[Fig. 34]

A vertical sectional view showing another embodiment of
the drawn line supporting structure according to an eleventh
embodiment of this invention.

[Fig. 35]

A vertical sectional view showing anothér embodiment of
the drawn line supporting structure according to an eleventh
embodiment of this invention.

(Fig. 36]

A vertical sectional view showing the rotor yoke

according to a twelfth embodiment of this invention.
[Fig. 37]

An exploded perspective view of the rotor yoke

according to a thirteenth embodiment of this invention.

(Fig. 38]

An exploded perspective view of the brushless DC motor
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for switching an exciting current is disposed at a position shifted to the
opposite side froma desired revol ving 4 7 direction fromthe m ddl e of

the magnetic pole la and the magnetic pole 16a. In this enbodi ment, since
t he revol vi ng

138

according to a thirteenth embodiment of this invention.
{Fig. 39]

A schematic plan view describing the action of the
brushless DC motor according to a thirteenth embodiment of
this invention.

{Fig. 40]

A schematic plan view describing the action of the

brushless DC motor according to a thirteenth embodiment of

this invention.

‘\

[Fig. 41] *

An expanded plan view of the essential part describing
the open angle according to a thirteenth embodiment of this
in;ention.

[Fig. 42]

Characteristic views showing the relation between the
electric angle and the cogging torque according to a
thirteenth embodiment of this invention.

(Fig. 43]

An explanatory view describing the excitation torque

according to a thirteenth embodiment of this invention.
fFig. 44]

A circuit diagram showing one embodiment of the drive
circuit of the brushless DC motor according to a thirteenth
embodiment of this invention.

(Fig. 45]

This is 8 replacement gheet

17 MaR W8T

Date:



direction is countercl ockwi se, the hall elenent 21 is shifted in the

cl ockwi se direction. Because the hall elenent 21 is shifted, the rotor 2 is
slightly revolved reversely at the early stage of starting, but the
exciting current is inmediately switched to effect a desired revol ution.
The hall element 21 in Fig. 43 is positioned shifted by 20 degrees in

el ectric angle. For exanple, when th§|wncw 2 is revolved countercl ockw se.
the hall el enent 1

A plan view of the stator yoke according to a
fourteenth embodiment of this invention.
[Fig. 46]
A side view of the stator yoke according to a
fourteenth embodiment of this invention.
[Fig. 47]
An exploded perspective view of the essential part
according to a fourteenth embodiment of this invention.

(Fig. 48]

A
*

A perspective view of the stator yoke accérding to a
fourteenth embodiment of this invention.
.EFig. 49]
| An exploded perspective view of the essential part of
the stator yoke according to a fourteenth embodiment of this
inventioﬁ.
(Fig. 501
A vertical sectional view showing the structure of a
conventional core type brushless DC motor.
fFig. 51}
A vertical sectional view showing the structure of a
conventional coreless type brushless DC motor.
[Fig. 52]
A plan view of the magnetic field coil of a
conventional coreless type brushless DC motor.

[Fig. 53]
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21 is shifted toward the nmagnetic pole 1la. Detecting S pole of the rotor
magnet 5 and exciting to make the magnetic pole 1la to be S pole and the
magneti c pole 16a to be N pole allow the repul sive attraction to revol ve
the rotor counterclockw se. Wien the rotor nagnet 5 is positioned as shown
in Fig. 40. it is in a state to revolve counterclockw se, too. But, even if

It revolves clockw se. the hall ebFant 21 detects N pole of the rotor
magnet 5 to

A front view of the magnetic field coil of a
conventional coreless type brushless DC motor.
[Fig. 541
A vertical sectional view showing a conventional
coreless type brushless DC motor.
[Fig. 55]
An exploded sectional Qiew showing a conventional
coreless type brushless DC motor.
[Fig. 56] .
A vertical sectional view.;;owing the essential part of .
a conventional coreless type brushless DC motor.
~ [Fig. 571
A perspective view of the chucking magnet of a

conventional coreless type brushless DC motor.

BEST MODE FOR CARRYING OUT THE INVENTION

A first embodiment of this invention will be described
with reference to the drawings.

Fig. 1 and Fig. 2 show a vertical sectional wview and an
exploded vertical sectional view of the brushless DC motor
of this invention. In Fig. 1 and Fig. 2. 1 represents a
brushless DC motor. 2 a rotor, 3 a shaft (revolving shaft).
10 a stator. 19 a circuit unit. 20 a base plate to which the

motor 1 is attached.

The above rotor 2 has the shaft 3 press—-fitted to the

t

gheet
This I8 ithe rep\aceﬂ!eni

WALLR:

pate:



switch the excitation. causing it to revolve counterclockwi se. In the above
state, the torque falls in the shadowed portions to prevent the revolving
direction as in Fig. 43. Wen the hall element 21 is shifted to a | arge
extent. a torque preventing the-revolution is increased. having adverse

effects on torque and revol ution czaripteristics. Therefore, shifting is
preferably 45

center of a rotor yoke 4 formed in the shape of a cup. and a
;otor magnet (permanent magnet) 5 adhered to be fixed to
the inner periphery of the rotor yoke 4. The rotor magnet 5
is formed in the shape of é ring. and has N and S poles
alternately magnetized in the circumferential direction,
magnetized in eight poles in this embodiment. The rotor
magnet 5 may be a combination of a plurality of tile-shaped
permanent magnets, or a sheet-shaped rubber magnet shaped
into a ring.

The above stator 10 comprisgs a first stator yoke 11, a
second stator yoke 16, a coil seé%ioﬁ.12, and a bearing 18
rotatably supporting the shaft 3. The first stator yoke 11
and the second stator yoke 16 are formed by punching a soft
magnetic metal plate out into a prescribed shape, and the
punched parts extending in the radial direction are bent at
right angles to form magnetic poles lla, 1l6a. And, a
cylindrical part 17 is integrally formed with the second
stator yoke 16. In this embodiment, as the motor 1-has
eight poles, the stator yokes 11, 16 each have four magnetic
poles lla, 16a formed at certain intervals in the
circumferential direction. And, the stator yoke 11 and the
second stator yoke 16 have the coil unit 12 to be described
afterward disposed therebetween, and are put together to
mutually face the magnetic poles 1la and 16a of the stator

yvokes 11 and 16 so that the magnetic poles lla, 16a are

—
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4 8 degrees in electric angle. And. when the hall elenment 21 is positioned
at a neutral point (no shifting) of the cogging torque which is at the

m ddl e of both nmagnetic poles Ila.. 16a, the aforenentioned torque for
braking is lost. but a dead point

2 2

alternately disposed in the circumferential direction.

The above coil unit 12 comprises a bobbin 14 made of
resin and having a flange 14a at either end., and a magnetic
field coil 15 wound on the bobbin. And, the cylindrical
part 17 of the second stator yoke 16 is inserted into the -
bobbin 14. Fur£her. the flanges 14a of the bobbin 14 have a
plurality of terminal pins 12a which are protruded in the
axial direction of the motor 1, pins 12b for determining the
assembling position of the stator yoke 11 and the second
stator yoke 16 in a radial direcé}on, and pins 12c which are
used to fix the second stator yoke 16 to the base plate 20.

And, the base plate 20 supporting the stator 10 has a
support 20a at the center to support the rotor 2. Further,.
holes 20b for fixing the stator 10 and holes 20c for
electrically connecting the magnetic field coil 15 and the
circuit unit 19 are formed in the base plate 20, and the
circuit unit 19, which has a magnetic pole sensing element
21 for detecting a magnetic pole of the rotor magnet 5, is
inserted for fixing in the same direction with the shaft 18
from the outside which is on the opposite side of the stator
10. And. after assembling. a washer 22 is fitted to the
leading end of the shaft 3 of the rotor 2 to prevent the
shaft 3 from coming off. And, the rotor 2 and the stator 10

constitute a motor section.

Further, details will be described with reference to

-~
]
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I's generated and starting cannot be made. Therefore, shifting has to be
greater than zero. Preferably, shifting is 5 degrees or nore in view of an
assenbling error. Further, the ratio [err] /[err] of the open angle of the
magnetic pole will be discussed in view of the starting of the notor, notor
characteristics, and shiftimng of the magnetic pole sensing elenent 21 with
reference to Table 3. Table 3 sﬁpmé}the results of tests nmade by the

i nvent or s.
Fig. 3 through Fig. 12.

The coil section 12 to be placed between the first
stator yoke 11 and the second stator yoke 16 is inserted
with the pins 12c¢c of the coil unit 12 aligned with the holes
16c of the second stator yoke 16, the holes llc of the first
stator yoke 11 is aligned with the pins 12b of the ceil unit
12. and the first stator yoke 11 and the second stator yoke
16 are joined and fixed. then the leading ends of the pins
12b inserted are fixed by thermal caulking. The first
stator yoke 11 and the second stdtor yoke 16 may be fixed by
press fitting or mechanically cadiking by means of a press.
A magnetic circuit is constructed in a good balance by the
first stator yoke 11 and the second stator yoke 16.

To attach the fixed stator 10 to the base plate 20 for
supporting. the pins 12c of the coil unit 12 are inserted
into the holes 20b of the base plate 20, and fixed to the
base plate 20 from the opposite side of the stator 10 by
thermal caulking. The stator 10 and the circuit unit 19 are
electrically connected by inserting the terminal pins 12a of
the coil unit.lz into the holes 20c of the base plate 20,
and soldering to the circuit unit 19 to fix, and at the same
time, the stator 10 is fixed to the base plate 20 and the
circuit unit 19. Further, the magnetic pole sensing element

21 is attached to the circuit unit 19, and the circuit unit

19 is guided and fixed by pins 20d of the base plate 20 so

aet
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The nmotor of this enbodinent is small, and when a magnetic pole width is
I ncreased. magnetic | eakage easily occurs between the adjacent nagnetic
poles. and it excels in starting, but the notor characteristics are
inferior in magnetic | eakage as conpared with a case that a magnetic pole
width is narrow. However, when9hgl notor is enlarged and a space between
magnetic poles is increased pré%or lonally. the notor characteristics can

be satisfied _
as to be accurately positioned with the stator 10.

Thus, according to the first embodiment, the stator is
easily positioned by the holes of the first stator yoke and
the synthetic resin projections of the coil unit, and the
stator is accurately and easily fixed to the base plate by
the holes of the second stator unit and the synthetic resin
projections of the coil unit. The plurality of terminal -
pins protruded from the flanges of the coil bobbin allows to
easily connect a drawn line of the magnetic field coil to
the circuit unit, and has an eff@ct that the magnetic pole
sensing element of the rotor magn;t can be easily fixed at .
an appropriate position.

Now, a second embodiment of this invention will be
described. Fig. 13 and Fig. 14 show this embodiment.

In Fig. 13 and Fig. 14, a drawn line 15 is wound around
the coil bobbin 14, the terminal pins 12a are integrally
formed with the coil bobbin 14 on the flange 14a, and the
dréwn line 15 has grooves 12A formed to allow easy binding
of its leading end on the terminal pins 12a and to prevent
the breakage of wire.

Thus, according to the second embodiment, since
supporting parts of the terminal pins are integrally formed
with the coil bobbin using synthetic resin. a distance

between the terminal pins is properly determined and the

size of a press-fitting part is easily controlled. Further.

. heet
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fully differing fromTable 3. Wth a nmagnetic pole wdth of 70% or below, a
stable point of the rotor nagnet 5 appears in the state shown in Fig. 40.

causing a problemin the starting performance. Wth a nmagnetic pole w dth
of 60 to 4 9

25
since the drawn line guide grooves are disposed, yield of
wire breakage is improved.

Further. a third embodiment of this invention will be
described. Fig. 15 through Fig. 17 show this embodiment.

In Fig. 15 through Fig. 17. the magnetic field winding
15 is wound around the coil bobbin 14, the terminal pins 12a
are integrally formed with the coil bobbin 14 on the flange
14a, the terminal pins 12a are disposed at an equal pitch
taking a winding efficiency into consideration, and the
grooves 12A are disposed to allow# easy binding of the
leading end of a drawn line on tﬂ; terminal pins 12a and to
prevent the break#ge of wire.

Thus, according to the third embodiment, by forming the
terminal pins integrally with the coil bobbin using
synthetic resin, making a distance between the terminal pins
equal, and disposing the guide grooves for the drawn lines,
a position can be easily determined when automatizing the
size control of press fitting parts and winding work, a
vyield of winding work can be improved. and the strength of
the terminal pins can be enhaﬁced.

Further, according to the above first, second and third
embodiments, the stator., the rotor and the circuit unit are
separately assembled, and the circuit unit is fitted from

the outside of the base plate, so that assembling is easy.

Besides, according to the above first., second and third



70% starting can be made by increasing a gap between the rotor nagnet 5
and the magnetic poles 1la, 16a and decreasing a coggi ng torque. but
reliability is slightly inferior. Wth a magnetic pole width of 45 to 55
starting can not be made by the structure described in this enbodi nent,
It seens that the starting performance can be secured by. for exanple.
di sposing a plurality of negneti'c pole sensing elements 21. one at the
posi tion
embodiments, assembling is made better, and the process is
controlled easily. Particularly, there is an effect that
the stator and the rotor can be assembled without being
restricted by the completion of the circuit unit.

Still further, according to the above first, second and
third embodiments, a packaging area of the circuit unit is
increased to allow the use of inexpensive electronic parts,
a degree of freedom for the art work is obtained., the
workability in assembling the circuit unit is improved, and
the rotor alone can be removed 1;?ving the circuit unit as
it is by removing the stopper wasﬁer from the center hole.

And furthermore. according to the above first, second
and third embodiments, by directly soldering the terminal
pins of the coil unit to the circuit unit, a yield is
improved as compared with a conventional method in which the
drawn line is led around for connecting.

And, according to the above first. second and third
embodiments. in case of failure of the circuit unit and the
rotor, the replacement, modification or adjustment of the
circuit unit and the rotor can be made easily.

Further., according to the above first., second and third
embodiments., as the stator section can be made particularly
thin as compared with a conventional one, thin-shaped

products which meet the market needs can be provided.

Now, a fourth embodiment will be described with

oet
This s fne roplacemeat SO

19 MAR 1997

Daie.

%
but



described in this enbodi nent and anot her one at a position about 30 to 60
degrees away in electric angle. and making a coggi ng torque snmall. Doing
as described above is hard to secure the starting when a magnetic pole
width is 40% or below. And, when the shifting of the magnetic pole sensing
element 21 is greater than 25 dg?rﬁzs, it is not preferable because a

t

torque for braking increases an not or characteristics are

deteriorated, but it seens to be usable
reference to the drawings. Fig. 18 shows a vertical
sectional view of the brushless DC motor of this embodiment,
and Fig. 19 shows its exploded sectional view., In Fig. 18
and Fig. 19. 1 represents a brushless DC motor, 2 a rotor,
10 a stator, 19 a circuit unit, 20 a base plate on which the
motor 1 is attached.

The rotor 2 is formed in the shape of a cup, has a
shaft (revolving shaft) 3 press-fitted at the center. and
has a rotor magnet (permanent magnet) 5 adhered to be fixed
to the inner periphery of the rotor yoke 4. The rotor
magnet 5 is formed in the shape o% a ring, and has N and S
poles magnetized alternately in the circumferential
direction.

And, a turn table & made of r;sin to be put on the
outer periphery of the rotor yoke 4 is integrally formed.
Therefore, an assembling manhour can be reduced., and the
turn table 6 can be kept horizontal.

Reference numeral 7 represents_a chucking magnet (rotor
magnet). which is magnetized in many poles as shown in Fisg.
23 and Fig. 24. The magnetization direction includes the
formation of Ns and Ss as shown in Fig. 23, and the
formation of a magnetic circuit at the lower face to flow
round as shown in Fig. 24. Therefore, differing from a
conventional one which is magnetized to direct magnetic flux

in the same direction. a magnetic path is short and leakage
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depending on where it is used when the shifting is up to 90 degrees.
Realistically, it is seen that the ratio of an open angle [err] of the
magnetic pole to an open angle [err] per pole of the rotor nagnet. or a
range of [err] / [err], is desirably 75% or nore and | ess than 100% and
further the optinmumrange is—around 85% as shown in Table 3. The enbodi nent
of the four-pole outer rotor bruiblé%s

flux is small, resulting in the prevention of an adverse
effect on the motor and the increase of an adsorption fixing
force. When the chuckiné magnet 7 is disposed in a single
number on the turn table 6 as shown in Fig. 19, the one
shown in Fig. 24 has less leakage flux, and when the magnet
7 is disposed on the rotor yoke 4 made of a magnetic
material as shown in Fig. 36 to be shown afterward. magnetic
flux returns through the magnetic material., so that the
magnet shown in Fig. 23 has the same effect with the one

L]

shown in Fig. 24. .

The above stator 10 comprise; an upper first stator
yoke 11 in the figure, a coil unit 12, and a bearing 18 to
rotatably support a lower second stator yoke 16, a sleeve 17
and the shaft 3.

The first and second stator yokes 11, 16 are made of a
soft magnetic metal plate, which is punched out into a
prescribed shape, and radially extending parts are bent at
right angles to form a magnetic pole lla or 16a as shown in
Fig. 20 and Fig. 21. In this embodiment, as the motor 1 has
8 poles, the stator yokes 11, 16 each have four magnetic
poles lla, 16a respectively at certain intervals in the
circumferential direction. Aand, the stator yokes 11, 16 are
put together with the magnetic poles 1la, 16a faced mutually

in the circumferential direction with the sleeve 17 made of

a soft magnetic material disposed therebetween as shown in
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DC notor has been descri bed above, but it is to be under stood that the
sane effect can be obtained when the pole nunber is two, six, eight or
nore, and the notor is an inter rotor type. And, it is also possible to
apply to the above first to twelfth enbodi nents.

S99

Fig. 20 to form a magnetic circuit.

The above coil unit 12 comprises a coil bobbin 14 made
of resin having a flange 14a on either end, and a magnetic
field coil 15 wound on it. And, the above sleeve 17 is
formed in the shape of a cylinder, has a fitting part 17a
shaped to protrude formed on either end, and fitted in
fitting holes 11b and 16b formed at the center of the stator
yokes 11, 16 as shown in Fig. 22. Further, pins 12b are
protruded from both flanges l4a of the bobbin 14, holes llc,
16c for fitting with these pins b%b are respectively formed
in the stator yokes 11, 16, and wﬁen the first and second
stator yokes 11. 16 are assembled with the coil unit 12,
relative positioning in the circumferential direction is
made with the stator yokes 11, 16.

As to the relative positioning of the stator yokes 11.
16, instead of disposing the aforementioned pins 12b and
fitting holes 1lle¢, 16¢c, the fitting parts 17a of the sleeve
17 and the inserting holes 11b, 16b of the stator yokes 11,
16 to be inserted therein may have their flat shapes formed
to be polygonal or non-circular, so that assembling and
relative positioning in the circumferential direction can be
made simultaneously.

And, after assembling the first stator yoke 11. coil
unit 12, sleeve 17 and second stator yoke 16 into the stator

10, a fitting hole 19a 0of a circuit unit 19 is fitted to a
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Thus, according to this enbodi nent, the rotor's stable point can be pl aced
at the nmaxi mum excitation torque position, and stable self-starting and

hi gh starting torque can be obtai ned by arrangi ng the open angle of the
magneti c pole of the rotor to be 75% or nore and | ess than 100% of the open
angl e per pole of the rotor magnet. And, since the notor has a structure in
whi ch the magnetic poles have a S|TPIQ)shape of a rectangle or

fitting projection 20a formed to protrude at the center of a
base plate 20, and the bearing 18 is fitted from below the
fitting projection 20a to assemble the entire motor. The
bearing 18 has a flange 18a formed at the bottom end., which
is larger than the hole of the fitting projection 20a of the
base plate 20, inserted upward into the sleeve 17 of the
stator 10 assembled, and the first stator yoke 11 and the
second stator yoke 12 are fixed with the sleeve 17 by
caulking to enlarge a top opening 18b with a jig. The first
stator yoke 11 and the second st&?or yoke 12 may be fixed to
the sleeve 17 by press fitting, o; the bearing 18 may be
fixed in the sleeve 17 by press fitting. In the figure. 21
represents a magnetic pole detecting element for detecting a
magnetic pole position of the rotor.

The circuit unit 19 disposed on the base plate 20 is
fixed by adhering or screwing into holes previously formed
in the circuit unit 19 and the base plate 20 so that the
magnetic pole sensing element (hall element) 21 disposed on
the circuit unit 19 is positioned at a prescribed place.

Therefore, when the inserting parts disposed at the end
of the sleeve and the inserting holes of the stator yokes
are formed to be non—circular in this embodiment, the stator
can be assembled by simply fitting the inserting parts into
the inserting holes, so that positioning of the stator yokes

is possible and assembling is easy. Further, it is not
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trapezoid and the sane shaped stator yokes are conbined to oppose, there
are effects that its production is easy. its productivity is remarkable,
realizing a low price, and its perfornmance is renarkable. Now, a fourteenth
enbodi nent of this invention will be described. In this enbodi nent, the
brushl ess DC notor has its rotor and stator fabricated by |ayering steel
plates differing fromthe first tC)irn{teenth enbodi nent. Fig. 45

¥ L

necessary to dispose a ring section on each stator yoke like
a conventional motor. a winding volume of the bobbin in a
radial direction can be increased. and it is particularly
suitable to miniaturize the motor.

As the base plate can be assembled by sandwiching the
fitting projection of the base plate between the flange of
the bearing and the stator, it is not necessary to form
tapped holes to screw the stator and the base plate like a
conventional motor., simplifying the structure and
assembling. ::

Further, as the base plate is assembled by press <
fitting the bearing to the fitting projection and the
fitting projection formed to have a flat face is sandwiched
by the flange of the bearing, vertical accuracy of the
bearing can be secured. Besides, as the fitting projection
of the base plate is used for fitting, a space can be
provided between the coil section and the base plate to
attach the circuit unit and the magnetic pole sensing
element.

As this embodiment integrally forms the rotor and the
turn table, the number of parts and assembling manhour are
reduced. Further., a drawback that the turn table is tilted
when assembled seen in a conventional motor is remedied, and

horizontal accuracy of the turn table can be secured., thus

improving workability in mass—production, and reducing costs

-

-
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and Fig. 46 show a stator of this enbodinent. And, Fig. 48 and Fig. 49 show
a rotor 47 of this enbodinent. As shown in Fig. 45 and Fig. 46, the stator
of this enbodi nent has a stator yoke 45 structured by | ayering many steel

pl ates which have been punched out into a certain

3 2

to a large extent.

Now, a fifth embodiment of this invention will be
described. In this embodiment, the stator yokes 11, 16 have
a sleeve (cylindrical section) 23 integrally formed. have a
cutout section 24 formed by cutting (D cut) halfway round
the leéading end of each sleeve 23, and can be fitted
mutually as shown in Fig. 25. Both the sleeves 23 are
formed to a length approximately half of the length in the
axial direction when both the stator yokes 11, 16 are put
together, and the direction of eégh cutout section 24 is
appropriately set, so that a relative positioning of the
stator yokes 11, 16 in the circumferential direction can be
made. And. when the position of both the cutout sections 24
is properly selected. stator yokes prepared in the same
shape can be used as the stator yokes 11, 16.

Then, a sixth embodiment of this invention will be
described. In this embodiment, a sleeve 26 is integrally
formed with one stator yoke 16 forming the stator 10, and a
fitting hole 27 for fitting the leading end of the sleeve 26
therein is formed at the center of the other stator yoke 11
as shown in Fig. 26. And. in the sleeve 26 of both the
stator yokes 11, 16 fitted together with the coil unit 12
therebetween, the bearing 18 is directly fitted by press
fitting or caulking as shown in Fig. 27.

Therefore, this embodiment does not need the

tt
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shape, there are four poles, and the magnetic pole width is structured to
neet the sanme conditions as in the previous enbodinent. A magnetic field
coil 46 is disposed on each magnetic pole 45a of the stator yoke 45. As to
a structure of each magnetic pole 45a of the stator yoke 45. magnet pole
sections separately formed by | agergng nay be put together as shown in Fig. -
47. The stator yoke 45 of Fig. 49 i€ an inprovenent of the stator

cylindrical part of one of the stator yokes like a
conventional motor, is superior in the productivity of the
stator yokes, can secure an exclusive volume for the winding
of the coil unit, reduces the number of parts, and
simplifies assembling work.

Next,. a seventh embodiment of this invention will be
described. In this embodiment, a sleeve 28 is integrally
formed with the base plate 20 supporting the motor 1, and a
bearing 29 is disposed within the sleeve 28 as shown in Fig.
28. And, a step section 30 suppqr?ing the stator 10 is
formed at the lower part of the sféeve 28 in the figure to
secure a space between the stator 10 and the base plate 20,
so that the circuit unit 19 and the magnetic pole sensing
element 21 can be disposed.

Therefore, this embodiment reduces the number of parts,
reduces an assembling manhour, secures the space for the
circuit board, and surely obtains vertical accuracy of the
bearing.

Further, an eighth embodiment of this invention will be
described. In this embodiment, the sleeve 17 which supports
the bearing 29 and is attached to the inside of the stator

10 is made of a material having a high magnetic permeability

as shown in Fig. 29.
Therefore. as an auxiliary magnetic circuit is formed

on the inside of the stator. the magnetic circuit had a
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yoke 45 of Fig. 45. A coil unit 51 is structured by the magnetic field coi
46 wound around a bobbin 51a nade of resin, and fitted to a |l eg 45d of the
magneti c pol e 45a. then an end part 45b of the magnetic pole 45a is fitted
to a fitting part 45c. This structure has effects that the stator yoke 45
shown in Fig. 47 is sufficient by winding on the bobbin. so that
workability of winding is inprov%y qrd productivity is superior. while
wi ndi ng has to be made on

reduced area on the inside and magnetic saturation was

easily caused when magnetic flux on the coil unit side was

made powerful in the past. but as the auxiliary magnetic

circuit is formed in this embodiment, powerful magnetic

poles can be obtained without generating magnetic

saturation.

Besides, a ninth embodiment of this invention will be

described. This embodiment has a structure to prevent

adverse effects on the magnetic pole sensing element by

means of the rotor magnet. Speci?@cally. the magnetic pole

sensing element 21 is positioned ;t a place to nearly face :

the rotor magnet 5 as shown in Fig. 30, and operated by

magnetic flux A in the direction approximately 90 degrees

from the rotor magnet 5. However, when the supporting

member 20 such as the base plate to which the magnetic pole

sensing element 21 is attached is a magnetic material, the

leakage flux of the rotor magnet acts via the supporting

member 20 as magnetic flux (arrow B in the figure) parallel

to the magnetic pole sensing element. possibly causing the

magnetic pole detecting element to malfunction.

Therefore, when assembling is made as shown in Fig. 31
in this embodiment, the supporting member 20 in the vicinity
of the magnetic pole sensing element supporting the magnetic

pole sensing element 21 is made of a non—-magnetic material

such as aluminum. brass. non-magnetic stainless steel, resin
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the |l eg of each magnetic pole in case of the shape shown in Fig. 45. And. a
stator yoke 47 may be structured as shown in Fig. 48 and Fig. 49. Fig. 48
is not a rotor. The stator yoke 47 of Fig. 48 is realized in a | ayered
structure having the sane shape wi_th the stator yoke 11 or 16 descri bed
with reference to Fig. 1 or ﬁig.3§9. The stator yoke 11 or 16 descri bed
with reference to Fig. 1 or Fig. ¥9+has the

or ceramics. Thus.‘malfunctién'can be surely prevented even
when the magnetic pole sensing element is disposed by. for
example, embedding in the supporting member.

Further, a tenth embodiment of this invention will be
described. In this embodiment, the magnetic pole detecting
element 21 to be disposed on the circuit unit 19 can be
easily positioned at a prescribed position to face the rotor
magnet 5 as shown in Fig. 32.

Specifically, as shown in Fig. 32, a positioning pin 31
is protruded on the base plate 20;1positioning holes 32, 33
are formed in the circuit unit 19 and one stator yoke 16 of
the stator 10, and the holes 32 and 33 are successively
fitted to the positioning pin 31 when assembling, so that
the stator 10 and the magnetic pole sensing element 21 can
be positioned easily.

As to the positioning pin and the holes to be fitted
therewith, the positioning pin may bé protruded on the
stator and the circuit unit, and the holes may be formed in
another memﬂer. The positioning pin may be made of metal
and driven in, be integrally formed of resin., or be removed
after assembling.

Now, an eleventh embodiment of this invention will be
described. This embodiment prevents that a drawn line 15a
of the magnetic field coil 15 of the coil unit 12 attached

to the stator 10 is floated up due to the revolution of the
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magnetic pole 1la or 16a formed by bending a soft magnetic mat eri al

whi ch has been punched out into a desired shape, while the stator yoke 47
of Fig. 48 has a structure realizing the sane effect by attaching a stator
yoke substrate 48 punched out into a desired shape to a magnetic

3 8

rotor 2 and contacted to the bottom end of the rotor 2.

Therefore, in this embodiment, a pin 35 is protruded
downward near a drawn part of the magnetic field coil lslat
the lower part of the bobbin 14, the drawn line 15a is
twined around the pin 35 and fixed to the circuit unit 19 on
the base plate 20 by solder 36 as shown in Fig. 33. And. as
shown in Fig. 34, a through hole 37 may be formed in the
base plate to fix on the bottom face of the base plate by
the solder 36. Further. as shown in Fig. 35. fixing can be
made on the back face of the ciro%it unit 19 using the
solder 36. |

Therefore, in this embodiment, as the end of the
magnetic field coil is fixed to the circuit unit in a state
tied to the terminal pins which are protruded from the
bobbin, it is prevented from being contacted to the rotor
when being lead around to the position away from the rotor.
Specifically, it can be lead in from below in view of an
angle as shown in the figure. Further, after fixing., when
the loosened end is pulled into the hole which is formed in
the base plate, floating of the end is eliminated, so that
there are advantages that its contact can be prevented. and
workability can be improved.

Then, a twelfth embodiment of this invention will bhe
described. In this embodiment, the turn table 6 is put on

the outer surface of the rotor yoke 4 of the rotor 2 as
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pole 49 which is prepared by stacking many plates punched out into a
desired shape through a fitting part 48a by neans of a fixing neans such as
pins or screws. In Fig. 48 and Fig. 49, the stator yoke substrate 48 is
single but may be used in the plural nunber in view of nagnetic saturation
and strength. The fixing neans of~the_magnetic pole 49 may be welding. Wth
this stator yoke 47. an eddy current Bos of the stator yoke occurring when
the notor runs at a high

shown in Fig. 36. The turn table 6 is made of resin or
metal material, and has the chucking magnet 7 for adhesion
and fixing disposed on the top surface. And, a fitting
structure 40 is disposed between the rotor yoke 4 and the
turn table 6. This fitting structure 40 has a structure
that a fitting recess 41 in the shape of a groove is formed
in the circumferential direction on the ocuter periphery of
the rotor yoke 4, and a fitting projection 42, which is
fitted in the circumferential direction with the fitting
recess 41, is formed on the inner<periphery of the turn
table 6.

Therefore, as this embodiment provides the fitting
structure between the rotor yoke and the turn table, when
the turn table made of resin is integrally formed with the
rotor yoke, resin is prevented from floating up from the
rotor yoke. As the above fitting structure. a groove or a
hole, and a projection which can be fitted therewith may be
formed on either member.

Although this invention has been described using the
above embodiments, it is te be understood that this
invention is not limited to the above embodiments and covers
all embodiments for attaining the object of this invention.

As described above, according to the fourth through
twelfth embodiments., the fitting projection of the base

plate is sandwiched between the flange of the bearing and
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speed. the so-called core |oss, can be reduced, and as the stator yoke is
produced by punching, high precision is easily obtained, excelling in
productivity. As to the brushless DC notor, the magnetic poles of the
stator yoke can be nade by bendi ng as described in the aforenentioned
enbodi ment or nmay be fornmed by the.nmultilayered steel plates as in this

enbodi nent. and the rotor magnet is nog lgm ted to be made of many segnents
but {

the stator to attach the base plate, so that it does not
need to dispose a tapped hole and to screw like a
conventional one, simplifying the structure and the
assembling work.

Further, to assemble the base plate, the fitting
projection formed to have the flat face is sandwiched by the
flange of the bearing by press fitting the bearing to the
fitting projection, so that vertical accuracy of the bearing
can be secured. Besides, as the fifting projection of the
base plate is used for fitting, th? space can be provided
between the coil and the base plagé to dispose the circuit
board and the magnetic pole sensing element. And, the
number of assembling parts can be reduced, assembling is
simple, an assembling manhour is reduced., and the motor
performance can be improved.

Now, a thirteenth embodiment of this invention.will be
described. This embodiment will describe a case applied to
a four—-pole outer rotor brushless DC motor 1 shown in Fig.
37.

A rotor 2 of this émbodiment has a rotor magnet 95,
which is magnetized in four poles, adhered in the
cylindrical shape and in the circumferential direction to
the inner wall of a cup shaped rotor yoke 4, and has a shaft
11 press—-fitted at the center as shown in Fig. 37. The

rotor magnet % may be a combination of a plurality of
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can al so.be applied to a notor produced by casting or sintering. And, the
outer rotor type notor having a radial gap structure has been described in
this enbodi ment. but this invention covers all sorts of enbodi nents such as
an inner rotor type and axial gap structure to acconplish the

segments, or sheet-shaped mag%etg rolled up and magnetized
in many poles.

As shown in Fig. 38, a first stator yoke 11 and a
second stator yoke 16 are disposed to face the poles of the
rotor magnet 5. The first stator yoke 11 is made of a soft
magnetic metal plate, which is punched out into a desired
shape, and bent to form magnetic poles 1la, and a ring 23 is
integrally shaped at the center by drawing. The second
stator yoke 16 is also shaped in the same way to form
magnetic poles l6a and a ring 17.ﬂgnd a bearing 18 is
inserted in the ring 17. The magnetic poles each of the
first stator yoke 11 and the second stator yoke 16 have two
polés which are a half of the magnet pole number. and are
combined to oppose mutual magnetic poles 1la and 16a. The
first stator yoke 11 and the second stator yoke 16 have the
same shape, and their directions and angles are changed when
combined. Between the first stator yoke 11 and the second
stator yoke 16, a coil unit 12 for excitation is sandwiched
and a stator 10 is formed by the first and second stator
yokes 11, 16 and the coil unit 12. Under the second stator
yoke 16, a position sensing element (hereinafter referred to
as the hall element) 21 which is a sensor for detecting a
pole of the rotor magnet 5. and the hall element 21 is
attached to a circuit unit 19 having a driving circuit

element for the motor 1.
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5 3 simlar objects. |INDUSTRI AL APPLI CABILITY In view of the above

descri ption,

the brushless DC notor of this invention can be particularly

applied to a snall notor. and is preferable to inprove the starting of a
brushl ess not or.

4 0

And, in this embodiment. an open angle ¢ of each
magnetic pole 1lla, 16a is formed to a magnitude falling in a
rage of 75% or more and less than 100% with respect to an
open angle § for each pole as shown in Fig. 41. In other
words, to an open angle # of each pole of the rotor magnet 5
when the circumferential direction is viewed from the
revolving center of the rotor 2, an open angle ¢ of each
magnetic pole 1lla, 16a of the stator 10 is determined to be
75% or more and less than 100%.

The reasons for determiniqg as described above will be
described with reference to Fi;. 39 through Fig. 42. Fig.
39 and Fig. 40 are schematic plan views describing the
principle of operation of the motor, Fig. 41 is an expanded
plan view of the essential part describing an open angle,
and Fig. 42 includes explanatory views of cogging torques of
the motor.

Generally, the relation between the rotor magnet 5 and
each magnetic pole lla, 16a of the stator in the brushless
DC motor is as follows. Specifically, the rotor magnet 5 in
the shape of a ring is attached to the inner periphery of
the rotor yoke 4, and the rotor magnet 5 has the segment of.
each pole magnetized in a radial direction at an equal pitch
in the circumferential direction as shown in Fig. 39 and
Fig. 40. And., the magnetic poles 1lla, 16a of the first and

second stator yokes 11, 16 are alternately disposed to

P
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54 CLAIMS 1. A brushless DC notor conprising a rotor which includes a shaft
~di sposed at the center of a rotor yoke and a ring- or segnent-shaped rotor
magnet having a plurality of poles nagnetized in the circunferenti al
direction. a stator which

41

oppose the rotor magnet 5. Each magnetic pole lla, l16a has

the shape of a rectangle or trapezoid, and is symmetrical in
the pre-revolution direction and the post-revolution
direction.

A cogging torque is produced according to a magnetic
circuit consisting of the rotor magnet 5 and the stator
~yokes 11, 16, and the torque becomes zero at intervals of 90
degrees in electric angle. But, the point of torque zero
includes an unstable point at which the rotor cannot stand
still, and a stable point at which the rotor stably stands
still. The unstable and stabfé points exist alternately.

This relation will be described in further detail.
.When a boundary of the poles of the rotor magnet 5 is
positioned at the center of the magnetic poles 1lla. 16a as
shown in Fig. 39. and when the center of the magnetic poles
lla, 16a is aligned with the center of the poles of the
rotor magnet 5 as shown in Fig. 40, the cogging torque is at
the position of zero. On the other hand, the positional
relation between the magnetic poles 1la, 16a and the rotor
magnet 5 that a maximum torque can be obtained by passing an
electric current through the winding 15 is where a boundary
of the poles of the rotor magnet 5 is positioned at the
center of the magnetic poles 1la, 16a as shown in Fig. 39.
When the stable point is designed to come to this position,

a starting torque larger than that at the start of passing
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has a pair of stator yokes provided with nmagnetic poles forned by bending a
soft magnetic netal plate assenbled to oppose each other so that the
magneti c poles are alternately disposed having an air gap in the
circunferential direction with the rotor nagnet, a coil unit which is

di sposed between the pair of stator yokes and has a magnetic field coi

di sposed on a synthetic resin coil b biz having a flange at the ends, and
a circuit unit on which a magnetic pole

an electric current is obtained. Therefore, the motor 1 can
be self-started without a dead point by making a stable
point in the positional relation of the rotor magnet and the
magnetic poles as shown in Fig. 39. so that the provision of
such conditions is desired. When the width of magnetic -
poles 1la, 16a in the circumferential direction is changed.
the positions of the unstable and stable points are changed,
causing the position of the rotor magnet to be changed with
respect to the magnetic poles. More specifically., when the
width m of each magnetic pole llaimlsa in the
circumferential direction is changed with respect to the
length P of one pole of the rotor magnet 5 in the
circumferential direction as shown in Fig. 41. the positions
of the unstable and stable points can be changed., so that it
is structurally possible that the stable point is set at the
aforementioned maximum excitation torque position. This
embodiment has been structured in view of the above.

Further, description will be made in view of the
electrical characteristics of the motor with reference to
Fig. 42.

Fig. 42 (a) through (d) are views describing cogging
torques of the brushless DC motor 1, and the horizontal line
denotes an electric angle and the vertical line a torque
(relative value). Fig. 42 (a) shows a cogging torque when

the ratio m/P of a width (hereinafter referred to as the
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sensing el ement for detecting a position of the nmagnetic pole of the rotor
magnet, and being attached to a base plate. characterized by disposing
protrusions on the flanges of the coil bobbin and fitting holes in the
stator yokes at positions corresponding to the protrusions. disposing
fitting holes in the base plate andgt hgough holes in the stator yoke which
Is in contact wwth the base plate. iggosing protrusions on the flanges of

the coil bobbin so .
magnetic pole width m) of the magnetic poles lla, 16a of the

stator 10 in the circumferential direction to a
circumferential length per pole of the rotor magnet 5
(hereinafter referred to the length per pole P) is 85%.
Similarly., Fig. 42 (b) shows a cogging torque when the ratio
is 80%, Fig. 42 {(c) shows a cogging torque when the ratio is
75%. and Fig. 42 (d) shows a cogging torque when the ratio
is 70%. As seen from the above figures, the stable points
of the motor are 0 degree. 180 degrees (T) and 360 degrees
(27, and the unstable points are{go degrees (7/2) and 270
degrees (3%W/2). The stable pointé are when a boundary of
the pdleé of the rotor magnet 5 is positioned at the center
of each magnetic pole lla, 16a as shown in Fig. 39, and the
unstable points appear when the center of each magnetic pole
lla, 16a is aligned with the center of each pole of the
rotor magnet 5 as shown in Fig. 40. A cogging torque when a
magnetic pole width m is 80% has the shape similar to a sign
wave, but the shape is disarranged as the magnetic pole
width m becomes narrower, and when the magnetic pole width m
is 75% or below, a torque 0 appears in the proximity ofl45
degrees in an electric angle as if the frequency is doubled.
But, it was confirmed by experiments that these torgque 0
points in the proximity of 45 degrees are unstable points.
But, when the magnetic pole width m is 70% a stable point

appears at intervals of 90 degrees in electric angle.
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as to be inserted in the through holes and fitting holes. Protruding a
termnal pin fromthe flange of the coil bobbin to tie the Leading end of

the magnetic field coil and disposing a through hole for the term nal pin
in the stator 55 A 4

In other words, a stable point appears in either case
of the positional relation of Fig. 39 or Fig. 40, and always
in the state of Fig. 3?. stability lacks in reliability.
Furthermore, when the magnetic pole width m is less than
T0%, the state of Fig. 40 is a stable point. and that of
Fig. 39 is an unstable point, so that it is not desirable
because self-starting of the motor can not be made. On the
other hand, when the magnetic pole width m is about 100%.
magnetic leakage through the adjoining magnetic poles
increases, and the magnetic poles,are knocked against one
another depending on an assemblingherror. but it is possible
to apply to a range close to 100% where the neighboring
magnetic poles do not interfere to each other.

The above description has been made based on the
circumferential length P on one pole side of the rotor
magnet 5 and the magnetic pole width m of the stator. but a
magnetic pole width is determined based on a ratio m/P of
the lengths in both circumferential directions, a correct
value may not be obtained depending on the magnitude of an
air gap g between the rotor magnet 5 and the magnetic poles
lla, 16a. Therefore., correct setting can be made when a
circumferential angle at the revolving center of the motor 1
is used to express as shown in Fig. 41. More specifically,
when an open angle per pole of the rotor magnet S is # and

an open angle of the magnetic poles 1la, 16a is 96 as shown
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yoke and base plate. and attaching the circuit unit to the base plate from
t'he outside on the opposite side of the stator. 2. A brushless DC notor
according to Claim1l wherein the terminal pin is disposed in the plura
nunber on the sanme circunference.with the shaft at the center. and an
i nterval between the neighboring terr&ng pins is arranged at an equal
pi tch.
in Fig. 41, a correct magnetic pole width can be obtained by
expressing in ¢¢/ 8 x 100 (%).
Accordingly, this embodiment sets a magnetic pole width
based on both open angles & and ¢ . Table 1 and Table 2
show differences between a ratio of the circumferential
length dimensions P to m used in the above description and a
ratio of the open angles & and ¢ of this embodiment.
Table 1 shows that magnetic poles are eight, the inner
diameter of the rotor magnet 5 is 15.8 mm. the outer
diameter of the stator 10 is 15.2:pm. and the air gap g is
0.3 mm. Table 2 shows that magneéic poles are eight, the
inner diameter of the rotor magnet 5 is 16.2 mm, the outer
diameter of the stator 10 is 15.2 mm, and the air gap g is
C.5 mm.
A difference between the ratio m/P in the
circumferential length dimensions and the ratio ¢/ & in the
oren angles is not so large when the air gap g is small and
the motor diameter is large, but this difference becomes
large when the air gap g is large and the motor diameter is
small.
As to the optimum range of a ratio of both open angles,
the lower limit of the range is that ¢ /& x 100 which
approximately corresponds to 70% of the ratio m/P in the

circumferential length is 75%. And the upper limit of the

range is that ¢¢/ & x 100 is less than 100% as it is

¥
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3. A brushless DC notor according to Claim1l wherein the termnal pinis
supported by synthetic resin, and its supporting part is integrally forned
with the coil bobbin. 4. A brushless DC notor according to Claim3 wherein
the supporting part of the termiral pin has a groove fornmed to guide the
end of the magnetic field coil. 5. Aggrwihless DC notor according to C aim
1 wherein the termnal pin is dispos ith the plural nunber on the sane

appropriate when adjacent magnetic poles do not contact to
each other. As described afterward, in view of the relation
with the shifting of a magnetic pole sensing element 21, a
ratio of the open angle ¢ of the magnetic pole to the open
angle ¢ per pole, or a range of ¢6/& . is preferably 75% or
more and less than 100%. And a test result indicated that
it is optimum when close to 85%.

Preferable starting of the above structured brushless
DC motor 1 will be described with reference to Fig. 43 and
Fig. 44. -

Fig. 43 is a chart showing tgé relation of a cogging
torque and an excitation torque of the brushless DC motor 1,
in which the horizontal line denotes an electric angle and
the vertical line a torque. Reference code a rep}esents a
cogging torque., and b an excitation torque. Stable points
are O, ®, and 2. Fig. 44 is a circuit diagram showing one
example of the driving circuit for the brushless DC motor 1.
in which a hall element 21 detects S or N pole of the rotor
magnet 5 to turn ON or OFF a transistor Ql or Q2. to pass an
electric current through a coil 15 alternately, and to
excite each magnetic pole 1lla, 16a of the stator 10.

.Returning to Fig. 39 and Fig. 40, the set position of
the hall element 21 will be described. The hall element 21
for switching an exciting current is disposed at a position

shifted to the opposite side from a desired revolving
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circunference with the shaft at the center. an interval between the

nei ghboring termnal pins is arranged at an equal pitch. and the supporting
part nade of synthetic resin of the term nal pins has a groove forned to
gui de the end of- the magnetic field coil. 6. A brushless DC notor according

to Caim1l wherein the termnal pin i—s“inae ally formed wth the coil
bobbi n by g?

direction from the middle of the magnetic pole 1lla and the
magnetic pole 16a. In this embodiment. since the revolving
direction is counterclockwise, the hall element 21 is
shifted in the clockwise direction. Because the hall
element 21 is shifted, the rotor 2 is slightly revolved
reversely at the early stage of starting, but the exciting
current is immediately switched to effect a desired
revolution. The hall element 21 in Fig. 43 is positioned
shifted by 20 degrees in electric angle. For example, when
the rotor 2 is revolved counté{clockwise. the hall element
21 is shifted toward the magné%ic pole 1lla. Detecting S
pole of the rotor magnet 5 and exciting to make the magnetic
:pole 1la to be S pole and the magnetic pole 16a to be N pole
allow the repulsive attraction to revolve the rotor
counterclockwise. When the rotor magnet 5 is positioned as
shown in Fig. 40. it is in a state to revolve
counterclockwise, too. But, even if it revolves clockwise.
the hall element 21 detects N pole of the rotor magnet 5 to
switch the excitation, causing it to revolve
counterclockwise. In the above state, the torque falls in
the shadowed portions to prevent the revolving direction as
in Fig. 43. When the hall element 21 is shifted to a large
extent. a torque preventing the revolution is increased.
having adverse effects on torque and revolution

characteristics. Therefore, shifting is preferably 45

re
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5 6 synthetic resin, the termnal pin is disposed in the plural nunmber on
the sanme circunference with the shaft at the center, an interval between
t he neighboring termnal pins is arranged at an equal pitch, and the

supporting part nmade of synthetic .resin of the term nal pins has a groove

formed to
4 8
degrees in electric angle.

And, when the hall element 21 is positioned at a
neutral point (no shifting) of the cogging torque which is
at the middle of both magnetic poles 1lla, 16a, the
aforementioned torque for braking is lost, but a dead point
is generated and starting cannot be made. Therefore,
shifting has to be greater than zero. Preferably, shifting
is 5 degrees or more in view of an assembling error.

Further, the ratio @ /& of the open angle of the
magnetic pole will be discusseé in view of the starting of
the motor, motor characteristiés, and shifting of the
magnetic pole sensing element 21 with reference to Table 3.
-Table 3 shows the results of tests made by the inventors.
The motor of this embodiment.is small, and when a magnetic
pole width is increased, magnetic leakage easily occurs
between the adjacent magnetic poles., and it excels in
starting, but the motor characteristics are inferior in
magnetic leakage as compared with a case that a magnetic
pole width is narrow. However, when the motor is enlarged
and a space between magnetic poles is increased
proportionally, the motor characteristics can be satisfied
fully differing from Table 3. With a magnetic pole width of
70% or below, a stable point of the rotor magnet 5 appears
in the state shown in Fig. 40, causing a problem in the

starting performance. With a magnetic pole width of 60 to
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gui de the end of the magnetic field coil. 7. A brushless DC notor
conprising a rotor which includes a shaft disposed at the center of a rotor
yoke and a ring- shaped rotor nagnet having N and $ poles alternately
magnetized in the circunferential direction. a stator which has first and
second stator yokes provided with nmag eé&c pol es fornmed by bending a soft

S

magnetic netal plate assenbled to op each other so that the magnetic
pol es of

70%, starting can be made by increasing a gap between the
rotor magnet 5 and the magnetic poles 1lla, 16a and
decreasing a cogging torﬁue. but reliability is slightly
inferior. With a magnetic pole width of 45 to 55%, starting
can not be made by the structure described in this
embodiment, but it seems that the starting performance can
be secured by, for example, disposing a plurality of
magnetic pole sensing elements 21, one at the position
described in this embodiment and another one at a position
about 30 to 60 degrees away in electric angle. and making a
cogging torque small. Doing a; described above is hard to
secure the starting when a magnetic pole width is 40% or
below. And, when the shifting of the magnetic pole sensing
element 21 is greater than 45 degrees, it is not preferable
because a torque for braking increases and the motor
characteristics are deteriorated, but it seems to be usable
depending on where it is used when the shifting is up to 90
degrees.

Realistically. it is seen that the ratio of an open
angle ¢ of the magnetic pole to an open angle @ per pole of
the rotor magnet, or a range of ¢ /& . is desirably 75% or
more and less than 100%, and further the optimum range is
around 85% as shown in Table 3.

The embodiment of the four-pole outer rotor brushless

DC motor has been described above, but it is to be
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the first and second stator yokes are alternately disposed while keeping a
certain gap along the periphery of the rotor magnet, a coil unit which is
di sposed between both the stator yokes of the stator and has a magnetic
field coil disposed on a coil bobbin having a flange at the ends, and a

sl eeve which is inserted in a.through hole disposed at the center of the

stator and supports the revol ving ghaﬁt through a bearing within it,
characterized by disposing a

understoocd that the same effect can be obtained when the
pole number is two, six, eight or more, and the motor is an
inter rotor fype. And, it is also possible to apply to the
above first to twelfth embodiments.

Thus, according to this embodiment, the rotor’'s stable r
point can be placed at the maximum excitation torque
position, and stable self-starting and high starting torque
can be obtained by arranging the open angle of the magnetic
pole of the rotor to be 75% or more and less than 100% of
the open angle per pole of the rgﬁor magnet.

And, since the motor has a structure in which the N
magnetic poles have a simple shape of a rectangle or
trapezoid and the same shaped stator yokes are combined to
oppose, there are effects that its production is easy, its
productivity is remarkable, realizing a low price, and its
rerformance is remarkable.

Now, a fourteenth embodiment of this invention will be
described. In this embodiment, the brushless DC motor has
its rotor and stator fabricated by layering steel plates
differing from the first to thirteenth embodiment. Fig. 45
and Fig. 46 show a stator of this embodimeht. And, Fig. 48
and Fig. 49 show a rotor 47 of this embodiment.

As shown in Fig. 45 and Fig. 46, the stator of this
embodiment has a stator yoke 45 structured by layering many

steel plates which have been punched out inte a certain
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fl ange on one end of the bearing, formng a fitting projection which has a
convex cross section on a fitting part of a base plate where the stator is

fixed. and pl acing 5 7 the fitting projection of the base plate between
t he stator

shape. there are four poles, and the ﬁagnetic pole width is
structured to meet the same conditions as in the previous
embodiment. A magnetic field coil 46 is disposed on each
magnetic pole 452 of the stator yoke 45.

As to a structure of each magnetic pole 45a of the
stator yoke 45, magnet pole sections separately formed by
layering may be put together as shown in Fig. 47. The
stator yoke 45 of Fig. 47 is an improvement of the stator

yoke 45 of Fig. 45. A coil unit 51 is structured by the
magnetic field coil 46 wound argund 2 bobbin 5la made of
resin, and fitted to a leg 45d of the magnetic pole 45a.
then an end part 45b of the magnetic pole 45a is fitted to a
fitting part 45c. This structure has effects that the
stator yoke 45 shown in Fig. 47 is sufficient by winding on
the bobbin, so that workability of winding is improved and
productivity is superior. while winding has to be made on
the leg of each magnetic pole in case of the shape shown in
Fig. 45.

And, a stator yoke 47 may be structured as shown in
Fig. 48 and Fig. 49. Fig. 48 is not a rotor. The stator
yoke 47 of Fig. 48 is realized in a layered structure having
the same shape with the stator yoke 11 or 16 described with
reference to Fig. 1 or Fig. 19. The stator yoke 11 or 16
described with reference to Fig. 1 or Fig. 19 has the

magnetic pole 1lla or 16a formed by bhending a soft magnetic
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and the flange of the bearing to fix the stator to the base plate. 8. A
brushl ess DC notor according to Caim?7 wherein a fitting part having a
projected part on either end is provided on the sleeve. and a fitting hole
in which the fitting part is fitted is forned in the first and second
stator yokes. 9. A brushless Dc-notor according to Claim8 wherein the

5 2
material which has been punched out into a desired shape,
while the stator yoke 47 of Fig. 48 has a structure
realizing the same effect by attaching a stator yoke
substrate 48 punched_put into a desired shape to a magnetic
pole 49 which is prepared by stacking many plates punched
out into a desired shape through a fitting part 48a by means
of a fixing means such as pins or screws. In Fig. 48 and
Fig. 49, the stator yoke substrate 48 is single but may be
used in the plural number in vie? of magnetic saturation and
strength. The fixing means of éhé magnetic pole 49 may be
welding. With this stator yoke 47. an eddy current loss of
the stator yoke occurring when the motor runs at a high
spééd. the so-called core loss, can be reduced, and as the
stator yoke is produced by punching. high precision is
easily obtained, excelling in productivity.

As to the brushless DC motor, the magnetic poles of the
stator yoke can be made by bending as described in the
aforementioned embodiment or may be formed by the
multilayered steel plates as in this embodiment. and the
rotor magnet is not limited to be made of many segments but
can also be applied to a motor produced by casting or
sintering. And., the outer rotor type motor having a radial
gap structure has been described in this embodiment, but
this invention covers all sorts of embodiments such as an

inner rotor type and axial gap structure to accomplish the

-t
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fitting part of the sleeve and the fitting holes of the first and second
stator yokes are polygonal or non-circular. 10. A brushless DC notor
according to Claim7 wherein the coil bobbin has a pin integrally forned
therewith toward the circuit unit to tie a drawn line of the magnetic field
coil. and assenbling can be nmade With_the drawn line tied to the pin. 11. A
brushl ess DC notor according to CIaidE? Qherein a :

similar objects.

INDUSTRIAL APPLICABILITY

In view of the above description, the brushless DC
motor of this invention can be particularly applied to a

small motor. and is preferable to improve the starting of a

brushless motor.
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turn table to be put on the rotor yoke is integrally formed with the rotor
yoke. 12. A brushless DC notor according to Caim?7 or 11 wherein a
fitting structure consisting of a fitting projection and a fitting recess
Is disposed to nutually fit the rotor yoke

2 4

-— .

CLAIMS

1. A brushless DC motor comprising a rotor which includes a
shaft disposed at the center of a rotor yoke and a ring- or
segment-shaped rétor magnet having a plurality of poles
magnetized in the circumferential direction, a stator which
has a pair of stator yokes provided with magnetic poles
formed by bending a soft magnetic metal plate assembled to
oppose each other so that the magnetic poles are alternately
disposed having an air gap in the circumferential direction
with the rotor magnet, a coil uﬁit which is disposed between
the pair of stator yokes and has a magnetic field coil
disposed on a synthetic resin coil bobbin having a flange at
thé ends. and a circuit unit on which a magnetic pole
sensing element for detecting a position of the magnetic
pole of the rotor magnet, and being attached to a base
plate. characterized by disposing protrusions on the flanges
of the coil bobbin and fitting holes in the stator yokes at
positions corresponding to the protrusions, disposing
fitting holes in the base plate and through holes in the
stator yoke which is in contact with the base plate,
disposing protrusions on the flanges of the cocil bobbin so
as to be inserted in the through holes and fitting holes,
protruding a terminal pin from the flange of the coil bobbin
to tie the leading end of the magnetic fieid coil and

disposing a through hole for the terminal pin in the stator

-~
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- and the turn table. 13. A brushless DC notor according to Claim7 wherein a
chucki ng magnet for adsorbing and fixing a revolving work is structured to

" have a mininmum length of a nmagnetic path by magneti zing in many magnetic
“ poles or conmbining a plurality of segnents. 14. A brushless DC notor
according to Claim7 wherein a cyli-nder section is protruded in the
direction that the 5 5

yoke and base plate, and attaching the circuit unit to the

base plate from the outside on the opposite side of the

stator.

2. A brushless DC motor according to Claim 1 wherein the
terminal pin is disposed in the plural number on the same
circumference with the shaft at the center. and an interval
between the neighboring terminal pins is arranged at an

equal pitch.

-

3. A brushless DC motor accordikk to Claim 1 wherein the
terminal pin is supported by synthetic resin, and its

supporting part is integrally formed with the coil bobbin.

4. A brushless DC motor according to Claim 3 wherein the
supporting part of the terminal pin has a groove formed to

guide the end of the magnetic field coil.

5. A brushless DC motor according to Claim 1 wherein the
terminal pin is disposed in the plural number on the same
circumference with the shaft at the center, an interval
between the neighboring terminal pins is arranged at an
equal pitch., and the supporting part made of synthetic resin

of the terminal pins has a groove formed to guide the end of

the magnetic field coil.

6. A brushless DC motor accordiang to Claim 1 wherein the

terminal pin is integrally formed with the coil bobbin by

-
-
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magneti c poles are bent at each center of the first and second stator
yokes, and notches which are nutually fitted on a concentric axis and
positioned in the circunferential direction are forned on the cylinder
sections. 15. A brushless DC notor according to Claim7 wherein a sleeve is
integrally fornmed with either of .the first and second stator yokes. a.

fitting hole is fornmed in the other5st6tor yoke to fit the | eading end of
t he sl eeve therein,

synthefic resin, the terminal pin is disposed in the plural
number on the same circumference with the shaft at the
center, an interval between the neighboring termina; pins is
arranged at an equal pitch, and the supporting part made of
synthetic resin of the terminal pins has a groove formed to

guide the end of the magnetic field coil.

7. A brushless DC moto} comprising a rotor which includes a
shaft disposed at the center of a rotor yoke and a ring-
shaped rotor magnet having N andis poles alternately
magnetized in the circumferential direction. a stator which
has first and second stator yokes provided with magnetic
pofes formed by bending a soft magnetic metal plate
assembled to oppose each other so that the magnetic poles of
the first and second stator yokes are alternately disposed
while keeping a certain gap along the periphery of the rotor
magnet, a coil unit.which is disposed between both the
stator yokes of the stator and has a magnetic field coil
disposed on a coil bobbin having a flange at the ends, and a
sleeve which is inserted in a through hole disposed at the
center of the stator and supports the revolving shaft
through a bearing within it, characterized by disposing a
flange on one end of the bearing. forming a fitting
projection which has a convex cross section on a fitting

part of a base plate where the stator is fixed. and placing
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and a bearing is fixed wthin the sleeve by press fitting or caul king. 16.
A brushl ess DC notor according to Caim7 wherein the bearing is integrally
formed with the base plate to which the stator is fixed.

5 1

the fitting projection of the base plate between the stator

and the flange of the bearing to fix the stator to fhe base

plate.

8. A brushless DC motor according to Claim 7 wherein a
fitting part having a projected part on either end is
provided on the sleeve, and aifitting hole in which the
fitting part is fitted is formed in the first and second
stator yokes. -

3. A brushless DC motor accordidé to Claim 8 wherein the
fitting part of the sleeve and the fitting holes of the

first and second stator yokes are polygonal or non-circular.

10. A brushless DC motor according to Claim 7 wherein the
coil bobbin has a pin integrally formed therewith toward the
circuit unit to tie a drawn line of the magnetic field coil,

and assembling can be made with the drawn line tied to the

pin.

11. A brushless DC motor according to Claim 7 wherein a

turn table to be put on the rotor yoke is integrally formed

with the rotor yoke.

12. A brushless DC motor according to Claim 7 or 11 wherein
a fitting structure consisting of a fitting projection and a

fitting recess is disposed to mutually fit the rotor yoke

S
-
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5 9+17. A brushless DC notor according to Claim7. 8. 9 or 15 wherein the
sleeve is nmade of a material having high nmagnetic perneability. 18. A
brushl ess DC notor according to Caim7 wherein a fixing section to which a
magneti c pol e sensing el enment for detecting the nmagnetic pole of the rotor
Is fixed and its periphery are nadg oé a non-magnetic naterial .

and the turn table.

13. A brushless DC motor according to Claim 7 wherein a
chucking magnet for adsorbing and fixing a revolving work is
structured to have a minimum length of a magnetic path by
magnetizing in many magnetic poles or combining a plurality

of segments.

14. A brushless DC motor according to Claim 7 wherein a

cylinder section is protruded insthe direction that the

..l.

magnetic poles are bent at each center of the first and
second stator yokes, and notches which are mutually fitted
on .a concentric axis and positioned in the circumferential

direction are formed on the cylinder sections.

15. A brushless DC motor according to Claim 7 wherein a
sleeve is integrally formed with either of the first and
second stator yokes, a fitting hole is formed in the other
stator yoke to fit the leading end of the sleeve therein,

and a bearing is fixed within the sleeve by press fitting or

caulking.

16. A brushless DC motor according to Claim 7 wherein the
bearing is integrally formed'with the base plate to which

the stator is fixed.
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19. A brushless DC notor according to Claim7 or 18 wherein a fitting
structure for positioning conprising a positioning pin and positioning
holes fitting to the pin is disposed anbng a circuit unit to which the
magneti c pol e sensing el enment for detecting the nmagnetic pole of the rotor
Is fixed, the base plate to which the circuit board is fixed. and the
stator. 20. A brushless DC notor accs)rtgng to daim7 wherein a pin

17. A brushless DC motor according to Claim 7. 8, 9 or 15
wherein the sleeve is made of'a material having high

magnetic permeability.

18. A brushless DC motor according to Claim 7 wherein a
fixing section to which a magnetic pole sensing element for
detecting the magnetic pole of the rotor is fixed and its

periphery are made of a non-magnetic material.

19. A brushless DC motor accordi?g to Claim 7 or 18 wherein
a fitting structure for positioni;g comprising a positioning
pin and positioning.holes fitting to the pin is disposed
among a circuit unit to which the magnetic pole sensing
element for detecting the magnetic pole of the rotor is

fixed, the base plate to which the circuit board is fixed,

and the stator.

20. A brushless DC motor according to Claim 7 wherein a pin
for tying a drawn line of the magnetic field coil of the
coil unit is protruded from the stator, and the leading end

of the drawn line is fixed to the circuit unit.

21. A brushless DC motor comprising a rotor which has a
rotor magnet forming a plurality of magnetic poles in the
circumferential direction disposed on a rotor yoke., a stator

which has a plurality of magnetic poles alternately disposed
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for tying'a drawn line of the magnetic field coil of the coil unit is
protruded fromthe stator. and the | eading end of the drawn line is fixed
to the circuit unit. 21. A brushless DC notor conprising a rotor which has
a rotor magnet formng a plurality of magnetic poles in the circunferentia
direction disposed on a rotor yoke. ‘a stator which has a plurality of -
magnetic poles alternately di sposed 0

in the circumferential direction on a stator yoke having an
air gap next to the rotor magnet, a coil unit which is
disposed on the stator yoke and has a magnetic field coil
for exciting the magnetic poles of the stator. and a
magnetic pole sensing element for detecting a pole of the
rotor magnet, characterized by Setting a static stable point
rosition where the rotor stops by a cogging torgque in a
magnetic circuit consisting of the rotor and stator, at the
vicinity of the maximum torque point of the excited torque
generated when an electric curré;t is passed to the magnetic
field coil. and setting the set position of the magnetic
pole sensing element at a position shifted in the

circumferential direction from the intermediate position of

one magnetic pole of the rotor magnet.

22. A brushless DC motor according to Claim 21 wherein an
open angle of the magnetic poles of the stator which opens
from the center of revolution of the rotor to the outer
circumferential direction is 75% or more and less than 100%

of a similar open angle per magnetic pole of the rotor.

23. A brushless DC motor according to Claim 21 wherein the
magnetic pole sensing element is set at a position shifted
in the reversely revolving direction in a range of 5 to 45

degrees in electric angle.

24, A brushless DC motor according to Claim 21. 22 or 23

-
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<6 0in the circunferential direction on a stator yoke having an air gap
next to the rotor nagnet, a coil unit which is disposed on the stator yoke

- and has a magnetic field coil for exciting the nmagnetic poles of the

- stator, and a nagnetic pole sensing elenent for detecting a pole of the

6 1

wherein the rotor magnet is formed in a ring or segment
shape that is éagnetized.in plural poles in the
circumferential direction, and the stator is structured by
assembling to oppose first and second stator yokes having

magnetic poles formed by bending a soft magnetic metal plate

with the coil unit therebetween.

25. A brushless DC motor according to Claim 2L. 22 or 23

wherein the stator is structured by layering many steel

L]
.

rlates. *

t,

26. A brushless DC motor according to Claim 21, 22 or 23

wherein the stator is formed by casting.

27. A brushless DC motor according to Claim 21, 22 or 23

wherein the stator is formed by sintering.
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rotor magnet: characterized by setting a static stable point position where
the rotor stops by a cogging torque in a magnetic circuit consisting of the
rotor and stator, at the vicinity of the maxi mumtorque point of the
excited torque generated when an electric current is passed to the nagnetic
field-coil. and setting the set position of the nagnetic pole sensing -

el ement at a position shifted in the&i |2:um‘erential direction fromthe

i nter nediAq;[setr%%sé tion of

’ A brushless DC motor, whose stator (10) is a
combination of stator yokes (11, 16). a bobbin (14) on which
a magnetic field coil (15) is wound and to which terminal
pins are provided, and a base plate (20). The stator (10)
is fixed to the base plate (20) by a protrusion (12¢c)
provided on the bobbin (14) or by a flange (18a) formed on a
bearing. The widths of magnetic poles (lla, 16a) of the
stator, which are measured in the circumferential direction
of the stator. are smaller than the width of one of the
poles of a rotor magnet (5). Tﬁéreby, the position of a
stable point is a maximum excitation torque position.
Further, a magnetic pole sensing element (21) is provided at

a place which is shifted in the circumferential direction

from the middle position of one of the magnetic poles of the

rotor magnet (5).

Figure 2
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one magnetic pole of the rotor magnet. 22. A brushless DC notor according
to Caim 21 wherein an open angle of the nagnetic poles of the stator which
opens fromthe center of revolution of the rotor to the outer
circunferential direction is 75%or nore and | ess than 100% of a simlar
open angl e per magnetic pole of the rotor. 23. A brushless DC not or
according to Claim21 wherein the magnetic pole sensing elenent is set at a

position shifted
/33
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in the reversely revolving direction in a range of 5 to 45 degrees in
electric angle. 24. A brushl ess DC notor accordlng t-o -E-ai-m 21. 22 or 23

wherein the rotor magnet is forned in a ring or segment shape that is
magneti zed in plural poles in the

2/33
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circunferential direction, and the stator is structured by assenbling to
oppose first and second stator yokes having nmagnetic poles forned by

bendi ng a soft magnetic nmetal plate with the coil unit therebetween. 25. A
brushl ess DC notor according to Caim?21. 22 or 23 wherein the stator is
structured by |ayering nmany steel plates. .. 26. A
brushl ess DC notor according to Caim?21, 22 or 23
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wherein the stator is fornmed by casting. 27. A brushless DC notor according
to daim?2l. 22 or 23 wherein the stator is fornmed by sintering.
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