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The present invention relates to a snmall notor for use

Q- conmuni cati on apparatys, an audi o-vi sual apparatus or

and a motor for use in a portabl e pager and 10 a portable
tel ephone or the |like generating vibrations to be transmtted to a
human body.
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Motor

TECHNICAL FIELD

'The'present invention relates to a small motor for use

in an information-communication apparatus, an audio-visual

) apparatus or the like, and a motor for use in a portable pager and

a portdable telephone or the like generating vibrations to be

transmitted to a human body.

BACKGROUND ART

In order to meet the increasing needs for reducing the

overall sizes, increasing the degree of precision and improving

the reliability of apparatus for information-communication, audio-

visual application, more and more number of brushless motors are

beiﬁg used in place of motors with brush. The motors with brush

are also required to be compact and thin; accordingly, many of the

conventional frame cases of a cylindrical shape are replaced by

those of an oval shape among the core motors. Even among the

coreless motors, frame cases of oval and square shapes have been

developed, and motors having such frame cases are already in use

in portable communication appartus. The battery-driven motors_for

use in.portable apparatus have to meet stringent dimensional

reguirements in thickness direction; in addition, the power

consumption must be low in view of battery life. It has become

difficult to raise the efficiency of a motor further by using a

‘high eénergy-density magnet among the motors having conventional

oval or cylindrical structure.

Motors of the above
in Fig.58, Fig.61 or Fig.62.
following.

category have a struocture as shown

The structure is described in the

Fig.58 is a cross sectional view showing a conventional

innér-rotor type brushless motor.

As shown in Fig.58,

a cylindrical magnet 130 is fixed to



BACKGROUND ART In order to nmeet the increasing needs for
reduci ng the 15 overall sizes, increasing the degree of precision and
improving . .the reliability of apparagus for information-conmunication,
audi'e-" " " visual application, nore and nore nunber of brushless notors are
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have a stryc;u@e;asﬁshomn L ng.58, Fig.61 or FI?.QZ. he structure is
descri bed PRet¥end arpogpd ity a coll 129. Themagnsti 130, i getate (R¥onal
Vi ew show RggReEtis \ERiki goérated by electricity supplied to the coil 129.
10 A circuit board 135 is mounted with electronic
components., Each of the salient poles of the core 128 is wound
arcund with coil to form a three-phase coil of phase U, phase V
and phase W, respectively. The above electronic circuit controls
so as the phase of induced voltage generated at each of the three
15 phases deviates relative to one another by 120 . Thus, it is
driven as a three-phase brushless motor.

Fig.61(a) is a cross sectional view showing a
conveéntional core motor having an oval cross sectional shape for
use in a portabie pager, Fig.61(b) shows the motor sectioned by a

20 plane perpendicular to the shaft.

As shown in Fig.6l1(a) and Fig.61(b), a core 142 made of
stacked silicon steel sheets is fixed around a shaft 139, a resin
insulator shaped to a same shape as the core is inserted in the
core 142, and a rectifying terminal unit 144 is thrusted to the

25 shaft 139. The core 142 is wound around with a coil 143, the
electric conduction point of coil 143 is aligned to a specifiéd
position of the rectifying terminal unit 144 for soldering.. An
.armature.coil assembly of a motor-is thus structured. The .
rectifying surface of rectifying unit 144 is lapped, and then the

30 entire aSsembly of armature coil is washed. A sihtered bearing
140 is fixed in the centre of frame case 137. In the frame case
137 which is shaped oval, an arc-shape magnet 138 is provided at
the'iﬁéi&e of each of the two arc-shape sides of the frame case
137, ‘tiie inner side of the two magnets is magnetized so as to have

35 oppo¥it Pole relative to each other. The shaft 139 of washed

armature coil assembly is inserted to the sintered bearing 140,



35 inner-rotor type brushless notor. As shown in Fig.58, a
cylindrical magnet 130 .is fixed to

2. .. .ashaft 131 i nsert ed t hroughgt he central hole, one end of the
Shart¥i31 i s el d by a bearing 133 provided on a frane case 132 whi | e
the other end is held by a bearing 134 provided on a bracket 136; thus

an inner rotor is formed which is supported at both 5 ends. The magnet

130 fixed to th aft 131 which js. rotatabl S orfed b earj ngs
139, 134 1404 REaret 16T pROvided HiES i ek 146 AR EANRR BERHTG | o

provi ded vu4:h ishaeeisad itentheoire vhs€ 37 toadtempiiBda atictiord W th a coil
129. The nagnet 1

eleétricity suppl?%ﬁhggnﬁka%%gfngf§ OHEQQ?% . ﬂH@r REaEe % %%e
magnet 138 goes through core 142, enters into the inner surface of
5 the other magnet 138, and returns to the initial magnet 138 via
frame case 137. Namely, a magnetic circuit is formed on a plane
‘perpentdicular to the shaft 139. An imbalancing weight 148 is
‘mounted fixed on the shaft 139.
As a result of rotation of the motor, the shaft 139 with
‘10 the imbalancing weight 148 fixed thereon causes a vibration, which
vibration is transmitted to the frame case 137 for the vibration
of a portable pager.

Fig.62{a) is a plane view of a coreless motor having a
sguare Cross sectionz for use in a portable communication

15 apparatus. Fig.62(b) is a cross sectional view of the coreless
motor of Fig.62(a).

A shaft 149 is fixed to a group of coreless coils 151
via a rectifier 150. A magnet 152 of empty-cylindrical shape is
fixed to a housing 153 and is disposed in a space within the group

20 of coils 151 with a certain clearance. Frame case 154 provided
with a flat portion on the outer surface fixes the housing 153
carrying thereon the magnet 152 in a space inside the group of
coils 151 securing a certain clearance, at the same time forms a
magnetic circuit together with the magnet 152. Bearing 155 fixed

25 in the.housing 153 holds the shaft 149 rotatable. Brush 156 is

' electrically coupled with the group of coils 151 via rectifief
150. Imbalancing weight 157 is fixed onfo the shaft 149.

The above described cdnventional structure may not fully
meet the increasing needs for a compact and efficient motor that

30 satisfies the prevailing desire in the industry for making an
apparatus smaller. The problems are as follows.

.With an inner-rotor type brushless motor having a
cylindrical core 128, as shown in Fig.58, if there is a
dimen§ibhal restriction in a plane perpendicular to shaft 131 the

35 winﬁiﬁg'wvrk For coil 129 may face a difficulty unless a certain

space is secured for the work, especially when the diameter of



10 A circuit board 135 is nmounted with electronic conponents.
Each of the salient poles of the core 128 is wound around with coil to
forma_ three-phase coil of phase U phage V and phase W respectively.
The above el ectronic circuit controls so as the phase of induced

vol tage generated at each of the three 15 phases deviates relative to one
another by 120 . Thus, it is driven as a three-phase brushl ess notor.

Fig.61(a) is a cross_sectional i showi.ng a conpventional core notor
havi ng an O8EReE, LT v8Eepeg ialdnihe YARHInS vorl, MY Hoge b BRE Her
Fi g. 61(b) sHid&fdcthey.notor sectioned by a 20 plane perpendicular to the
shaft. ' 1 g.61{a) L8 SR 5 C 42 ;reade of
stacked silicon stg}g? %\eg?ghggﬁ# iq‘%eé)(’%raoun% ggg%ajf t @13’5?‘3%0#%&%

i nsul at or $irwsbiess motoxnis sinipauite thighcoby the inegepn edegaribrd belowgor e
142, ang a rectifyj .y nal le el I r ; ; shaft 139.
The corg 142 is \!\Dg%%%ﬁg?nggvfﬁ?%scéﬁ:i%é{%? ?ﬁ%&%é gé{ngg%%i%g conduction
poi nt of ca@lagnellc|Gireuigndy 3 1xngperqtiore§yre bryshilesymaiort hdige8?i f yi ng

term nal uniy) 4fdws AheSAbESF i Wiro1A8a fronPiABidE Lk S&5EMbesdRfip8ismt or
is thus structured, recti fgl ng surface of recti f%lw{n_ unit 144 is

_ The
| apped, . and'st Féfe e e feHlordg, Withpiefesense g (Pese of 9fasHEGS . A
sintered bamsie ngakage b¥Omagnédtecdlur idhdgnepéd eccomakeatie GRseriptiiond n t he
frame G8°¢ simple. '
An inverse number of the vélocity shift rate 4 is often_ used to
represent the efficiency 7 of amotor. A folloWing Formula 1 is generally

established with respect to the velocity shift rate UL:

15 1 d2T:?2

where: ® denotes effective magnetic flux of core, T is

20 number of coil turns, R is coil resistance.

The effective magnetic flux ® of core is expressed in the

~ following Formula 2.
25 . ® = TWDLBg ...(2)

where; D denotes the outer diameter of rotor, L is length

of rotor, Bg is the density of magnetic flux at gap.

30 The dens_ity of magnetic flux at gap Bg is expressed in the following
Formula 3. ‘
Br
Bg = ——— iiieees (3)
ur
35 1+



137 which is shaped oval, an arc-éhape magnet 138 is provided at t he

I nsi de of each of the two arc-shape sides of the frane case 137, the

i nner side of the two magnets is nmagnetszed so as to have 35 oppsit pole
rel'ative to each other. The shaft 139 of washed armature coil assenbly
Is inserted to the sintered bearing 140,

3 and a bracket 147 provided with a brush 146 and a sintered

beari ng 141 is affixed to the frame case 137 to conplete a notor
Magnetic flux-comm ng out of the inner surface of one magnet 138 goes

t hrough core 142, entehsrd;nBo, tthe drensalledrieapectivdly tdddaabanunapnetitg38,

and ref[ urns t 0 t h? Initial ”iae%?ﬁ'l n;]a%%e\{llgpermegbriq.r{%yf:%ﬁgsél'gz:'e t[l\sl%ra%n%‘tagts
magnetic circuit is formed on a plarne

specific to a magnetic material.
5 ' Lm is thickness of magnet, Lg is air gap between

magnet and core.

fhe relationship between the number of coil turns T and the coil

resistance R is represented in Formula 4.

10
' 2kT* 1
R =  —  ...... (4)
S
15 where; k denotes electric conductivity of coil, which is a
constant determined proportionate to the space factor
of coil. 1 represents average coil length per one
turn, S is cross sectional area of coil.
The 1 is represented by Formula 5, when the coil
20 resistance is ignored. '
L T
1 =2 {Lc +Dc) =2 — + — D ... (5)
3 2
25 - where; Lc denotes height of coil, D¢ is coil width.
By substituting the Formula 2, Formula 3, Formula 4 and Formula
5 for Formula 1, the following Formula 6 is obtained:
30 r Br N 2 S _
n = |TDL —— ’ ... (6)
Lwr L T
1+ 4k | — +— D|
_ Lm / LgJ 3 2

35



per pendi cul ar to

the shaft 139. An inbal ancing weight 148 is nmount ed

fixed on the shaft 139. As a result of rotation of the notor,
the shaft 139 with 10 the inbal anci ngéewei ght 148 fi xed thereon causes a

vi bratidn, which

vibration is transmtted to the franme case 137 for the

vi bration of a portable pager. Fig.62(a) is a plane view
of a coreless notor having a square cross section, for use in a

portabl e comuni cgtion 15 ap aratu b a SS tion Vi ew
of the corel ess %eﬁ%tjosf n(?f % )':epz.%seng: Phg'the ° shr‘?stls%ﬂﬁc?s fixed
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of coils 151
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coupled with the -

o e el diRalh oBPs O & o 12 Rl B0 CRobbiding to pfg.6q, fRe

roup, of coils 151 via recti nbalgncin

Steieney

convent i onahpitiviesCivitle axdynpet dotoky but the improvement curve saturates and

10 converges towards a certain value. So, there is a limitation,

with no further improvement any more.

With regard to an inner-rotor type brushless motor as

shown in Fig.58, the number of turns for a salient pole has to be

increased to obtain a larger torque. This makes the salient pole

15 1argef.

hence a larger outer diameter of a motor, rendering it

difficult to make a moter smaller. Furthermore, a core which is

comprised of salient poles wound around with coil disposed at a

same interval has to be provided around the inner-rotor. which

makes cross sectional shape of a motor round, or almost round. It
20 is difficult to make a motor thin.

in Fig.

With regard to a core motor for portable pager as shown
61, the reliability is inferior to a brushless motor

because of the existence of a brush. If one tries to solve the

the problems by making the motor shape oval, the coil winding

26 faces a difficulty because of the small contour.

With regard to a coreless type brush motor for portable

communication apparatus, as shown in Fig. 62, the reliability is

inferior to a brushless motor, and an available output torque is

smaller as compared with a core motor when the dimensions of a

30 motor are reduced, Namely, when diameter of a motor is reduced

smaller it becomes more difficult to realize an efficient and

compact coreless motor, or such a coreless motor for generating

vibrations. Furthermore, coils of such a motor are required to be

35

wound with a thin wire, e.g. as thin as 0.01 - 0.02rmm, which means
a deteriorated production vield rate during handling of the coils.
These have been some of the factors which hamper the supply of



nmeet the increasing needs for a conpact and efficient notor that 30

satisfies the prevailing desire in the industry for making an appar at us
smal l er. The problens are as follows. 7 Wth an inner-rotor type
brushl'ess nmotor having a cylindrical core 128, as shown in Fig.58, if
there is a di mrensional restriction in a plane perpendicular to shaft
131 the 35 winding work for coil 129 may face a difficulty unless a
certain - Space is secured for the work, especially when the dianeter of
4 ﬁﬁ@ﬁ%ﬁn?E§G Betifes smal |l the mnndlng work may face an extrene
difficulty. The space factor in the above described inner-rotor
type DISCLOSURE OF THE INVENTION

The present invention may implement a small motor that

5 has a high efficiency and a thin shape, as well as a high degree
of freedom when mounted on an apparatus.

- A Eirst exemplary device for implementing the invention
comprises XK pieces of (K indicating any integer greater than one)
magnetic units having the N and S poles magnetized alternately in

10 a circumferential direction which are stacked axially in K stages
around a rotation shaft to form one integral body of a rotor,
which rotor being held rotatable by a pair of bearings. A core is
provided with salient poles wound around with coils in K stages
correésponding to each of the magnetic units. The magnetized

15 pogition of the N and S boles in magnetic unit at each stage
deviates relative to one another in a circumferential direction so
as to set the phase of induced voltage generated on the salient
pole wound around with the coil in each stage to a phase suitable
for rotating a magnetic unit of the corresponding stage.

20 " Thus the magnetic poles of a rotor magnetic unit as well
as the salient poles of a core wound around with coil may be
disposed splitted axially in K stages. Namely, the magnetic poles
of magnetic unit and the salient poles of core wound around with
coil were conventionally disposed on a same single plane; in the

25 invented motor, however, the magnetic poles of magnetic unit and
the salient poles of core wound around with coil may be disposed
splitted on planes axially stacked in K stages. The above
structﬁre makes it possible to present a small and thin motor that

 has an improved efficiency and a higher degree of freedom when

30 mounting in an apparatus.

A second exemplary device of the invention comprises a
rotor which is formed with magnetic units stacked in K stages (K
indlcating any integer greater than one), the magnetlzed position
of the N and S poles in magnetic unit at each stage deviating

35 relative to one another in a circumferential direction, the rotor

being held rotatable by a pair of bearings, and an outer case of



brushl ess nmotor is not quite high, by the reason described below 5

Fig.59(a) is a cross sectional view of sinplified magnetic circuit in
an inner-rotor type brushless notor. Fig.59 (b) shows the notor
unrolled frominside of the core. Description is made in the follow ng
with reference to these drawi ngs. Here, t he | eakage of magnetic flux is
I gnored to nmake the description 10 sinple. An inverse nunber
of the velocit¥ shift rate [err] is often used to represent the

effici ency qrecpllons shapst 6pILIRedoPf o BRI TFOENERRr Y SidegerReHlg yro each

establ i She%ﬂﬂe‘}'haﬁésé)%tlrtGEtlQﬁlgVQlL@é% tpaciRgf toreddh [oRhEL in al%ross
[err] wher e; err denot es effectlvemanetlc

flux of corgectiopal pjane Perpendlcular 'to the agiph 4itgCtign| of FArOT-RIPs

coi | resi Sty{ieh. the rotor is penetrating through the outer case at the
5 central part, and a core comprisiné K pieces of salient poles
wound around with coil corresponding to the magnetic unit in that
stage disposed on a straight line parallel to axial direction of
the rotor is provided at least on one of the short sides of outer
case. _

10 With the above described structure, the magnetic poles
of magnetic unit as well as the salient poles of a cére wound
around with coil may be disposed splitted in a direction of rotor
shaft in XK stages. In this way, the salient poles wound around
with coil may be disposed only on the short sides of outer case.

15 ‘Therefore, the dimension of short side may be reduced to almost

| equ&l to outer diameter of the rotor. The above structure also
makes it easier to increase the number of turns of the coil to be
wound around the salient poles, to an improved efficiency of a
motor. Further, because it is a brushless motor-a higher

20 operational reliability may be expected. Thus, a reliable and
efficient motor may be presenfed in a thin configuration.

A third exemplary device of the invention comprises a
rotor formed with magnetic units stacked in K stages (K indicating
any integer greater than one), the magnetized position of the N

25 and S poles in magnetic unit at each stage deviating relative to
‘one another in a circumferential direction, the rotor being héld
by a pair of bearings, a core comprising salient poles wound
around with coil corresponding to the magnetic unit of that stage
stacked in K stages, and an outer case of an oblong shape composed

30 of a pair of long sides facing to each other and a pair of short
.sides facing to each other in a cross sectional plane
pefpéﬁﬁibular to the axial direction of rotor. In which, a
vibration is generated as a result of rotation of the rotor by an
imbalancing weight attached thereon for rotating together.

35 Thus, the magnetic poles of magnetic unit as well as the

salient poles of a core wound around with coil may be disposed



The effective magnetic flux [err] of core is expressed in the fol |l ow ng

Fornmul a 2. 25 [err] = [err] DLBg ... (2)

where; D denotes the outer dianeter of gotor, L is length

of rotor, Bg is the density of magnetic flux at gap. 30 The
density of nmagnetic flux at gap Bg is expressed in the follow ng
Formul a 3. Br [err] 35

splitted in a direction of rotor shaft in K stages. The outer
case'may have reduced dimensions in the cross sectional shape,
with a wide range of freedom of taking an oblong or other desired
shapes. Furthermore, it becomes easier to increase the number of
5 turns.of the coil to be wound around salient poles for an improved
efficiency of a motor. The above factors enable to implement a
small and efficient motor for generating vibration, whose outer
case having a wide range of freedom in taking a desired cross
sectional shape.
10 '
BRIEF DESCRIPTION CF THE DRAWINGS
' Fig.1l{a) is a lengthwise cross sectional view of a motor
in accordance with a first exemplary embodiment of the present
invention. Fig.1(b) is a traversing cross sectional view of the
i motor. Fig.2 is a perspective view showing the magnetized state
in magnetic units of the motor. Fig.3 illustrates a relationship
among the magnetic units, the salient boles of core and the coils.
' Fig.4 is a waveform chart showing the induced ﬁoltage in the
motor. Fig.5(a) is a simplified cross sectional view showing a
20 magnetic circuit of the motor. Fig.5(b) shows the motor unfolded
from inside the core. Fig 6. is a graph used to compare the motor
with a conventional brushless motor in terms of efficiency. Fig.7
is a chart showing relationship among the magnetic units, the
salient poles of core and the coils when magnetized position of
25 the magnetic units deviates by 60 relative to one another. Fig.8
is an exploded perspective view of a motor which has a flat -
portion on the outer surface.
Fig.9 is a chart used to explain a relétionship among
the magnetic units, the salient poles of core and the coils of a
30 motor in accordance with a second exemplary embodiment of the
invention. Fig.10 is a chart used to explain a relatignship among
the mignetic units, the salient poles of core and the coils of
other miotor in accordance with a second exemplary embodiment of
the invention.
35 . Fig.11(a) is a lengthwise cross sectional view of a

motor in accordance with a third exemplary embodiment of the



where; Br, [err] r are called respectively residual flux density,
recoil magnetic perneability. These are the constants

specific to a magnetic material. 5 3o Lmis thickness of
maghet, Lg is air gap between magnet and core.
The relationship between the nunber of coil turns T and the coi

resistance Ris represented in Formula 4. 10 [err]

inverition. Fig.1l1l(b) is & partially cut-away top view of the
motor. ?ig.lz is a perspective view showing magnetized state in
magnetic units of the motor. Fig.13 illustrates a relationship
among'thé‘magnetic units, the salient poles of core and the coils.
5 Fig.1l4 is a wa&aform chart showing induced voltage of the motor.
Fig.15{(a) is a simplified cross sectional view of magnetic circuit
of the motor. Fig.15(b) shows the motor unfolded from inside the
.core. Fig 16. is a graph used to compare the motor with a
conveéntional brushless motor in terms of efficiency. Fig.1l7 is a
10 chart showing a relationship among the magnetic units, the salient
poles of core and the coils of other motor in accordance with a
third exémplary embodiment of the invention.
Fig.18 is a perspective view showing the magnetized
state in one example of magnetic units in a motor in accordance
15 with a fourth exemplary embodiment of the invention. Fig.1l9 is a
perspective view showing the magnetized state in other example of
magnetic units of a motor in accordance with a fourth exemplary
embodiment of the invention. _
Fig.zo(a) is a lengthwise cross sectional view showing a
20 motor in accordance with a fifth exemplary embodiment of the
invention. Fig.20(b) is a traversing cross sectional view of the
motor. Fig.21 is a perspective view showing relative positioning
of magnetic poles in magnetic units of the motor. Fig.22 is a
model_chért used to explain the quantity of imbalance in the .
25 motor.- Fig.23 is a perspective view of an imbalancing weight psed
in the motor. Fig.24(a) is a characteristics chart showing a
. relationship of the shift guantity in gravity centre of the weight
‘versus the Weight outer diameter/shaft diameter. Fig.24(b) is a
characteristics chart showing a relationship of square measure of
30 the weight versus the weight outer diameter/shaft diameter.
Fig.zi(c) is a characteristics chart showing a relationship of the
cenffifﬁggl force of weight versus the weight outer diameter/shaft
diameter. ‘ .
Fig.25 is a cross sectional magnification of a pivotal bearing of
35 the'ﬁbtbf. Fig.26 is a characteristics chart showing a

relationship between the largest surface pressure and the friction



15 where; k denotes electric conductivity of coil, which is
constant determ ned proportionate to the space factor

of coil. 1 represents average coil |engtih per one _
turn, Sis cross sectional area of coil. The 1 is
represented by Fornula 5, when the coil 20 resi stance
I's Ignored. [err] 25

where; Lc denotes, height of coil, Dc is coil wdth

substit uti FGTERR Fbrh pivotal bRaring, Eig-Al(a) 4(Rhdliustiate a self f or
Formul a 1, ceheefind ®siapgnd:or(a)l @s6a icrogbt 8é&€ibnal view at top part of a

10

15

20

25

30

35

shaft, (b) is a cross sectional view at bottom end of the shaft.
Fig.28 is a perspective view of an exemplary salient pole of the
motor. Fig.29 is a perspective view of other salient pole of the
motor. Fig.30 is a perspective view of still other salient pole
of the motor. Fig.31 is an exploded perspective view of the
motor. Fig.32 is charts used to explain the rotating primciple of
the motor.

Fig.33(a)} is a lengthwise cross sectional view of a
motor in accordance with a sixth exemplary embodiment of the
invention. Fig.33(b) is a traversing cross sectional view of the
motor. Fig.34 is a perspective view showing a relative
positioning of magnetic poles in magnetic unité of the motor.
Fig.35 is an exploded perspective view of magnetic units of the
motor used to explain the position setting of magnetic poles.
Fig.36 is a perspective view of other magnetic units of the motor
used to explain the position setting of magnetic poles. Fig.37 is
a perspective view of an exemplary salient pole of the motor.
Fig.38 is a perspective view of a salient pole of the motor wound
around with coil. Fig.39 is a perspective view of a salient pole
of the motor provided with a terminal board. Fig.40 is an
exploded perspective view used to explain assembly of the motor.

Fig.41(a) is a lengthwise cross sectional view of a .
motor in accordance with a seventh exemplary embodiment of thg
invention. Fig.41(b) is a traversing cross sectional view of the
motar.._Fig.42 is a perspective view showing a rotor magnet of the
motor provided with bushing. Fig.43 is a model chart used to
explain the quantity of imbalance in the motor. Fig.44 is a
perspective view of a salient pole of the motor wound around with
coil and provided with a terminal board. Fig.45 is an exploded
perspéCtive view used to.explain assembly of the motor.

Fig.46(a) is a lengthwise cross sectional view of a
motor in ‘accordance with an eighth exemplary embodiment of the
invention. Fig.46(b) is a traversing cross sectional view of the

motor. Fig.47(a) is a side view showing a core of the motor.

a



30

35 [err] 6

There is no conponent representing the coil resistance R nor the coi
turn counts T contatined in the above Rornula. It

10

15

20

25

30

35

Fig.47(b) is a traversing cross sectional view showing core of the
motor. Fig.48(a) is a front view showing a structure of core and
resin insulator of the motor. Fig.48(b) is a side view of the
same. Fig.48(c) is a plane view of the same. Fig.49 is a chart
showing relationship among the core, the back yoke and the rotor
magnet of the motor. Fig.50 is a gfaph showing relationship between the
core angle ¢ and the cogging torque in the motor. Fig.51 is a graph
showing relationship between the core angle ¢ - 8 and the
cogging torque in the motor. Fig.52(a) is a front view showing a rotor
magnet of the motor. Fig.52(b) is a bottom view of the same. Fig.53(a)
is a chart showing an exemplary case of the motor wherein the
gravity centre of an imbalancing weight relative to bearing is
located outside an area between the two bearings. Fig.53(b) shows
other case wherein the gravity centre is located between the two
bearings. Fig.54 is a graph showing a relationship of the loss
torque versus the distance L1 between the bearings and the bearing
to weight distance L2 in the motor. Fig.55(a) is a chart showing
load on the shaft of the motor where there is one imbalancing
weight. Fig.55(b) shows load on the shaft where there are two
imbalancing weights. Fig.56 is a graph showing relatiomnship
between the bending 0 of shaft and the distance L3 from bearing to weight
in the motor.

Fig.57 is a cross sectional view showing a motor in
accordance with a ninth embodiment of the invention. -

Fig.58 is a cross sectional view of a conventional i
motor. Fig.59(a) is a cross sectional view showing a simplified
magnetic c¢ircuit of the motor. Fig.59(b) is a chart showing the
motor unfolded from inside the core. Fig.60 is a giaph showing
efficiency of the motor. Fig.6l1(a) is a partially cut-away cross
sectional view showing other exemplary conventional motor.
Fig.61{b) is a traversing cross sectional view of the same.
Fig.62(a) is a plane view of other example of conventional motor.

Fig.62(b) is a lengthwise cross sectional view of the same.

BEST MCDE FOR CARRYING OUT THE INVENTION

In the following, description is made on exemplary



I ndicates that the efficiency does not change by a change in the
specifications of coil winding. 5 In the above formula, when L, D
are varied so as the vol une of rotgr([err] Dlerr] L/4) remains

constant, with other variables fixed, the relationship between the

| engt h/ di aneter of rotor(L/D) and the efficiency [err] is as shown in
Fig. 60. According to Fig.60, the efficiency I nproves with a | onger
rotor, but the i rovenegt curve _ saturates_and 10 converges towards a

certai n vAWROAiEENTY |pf, Lhe Jdnyention yith, referenge; fo fr fier i mprovenent

any nore. ~ Fig.1 i¥ ahcregaisdctiomdl viserof Gi abtdy pin kcesbbesse not or
as sho in ELg.58, the nunber.of turps,for a sali.ent pole has to be
o1 cased Tk et Sneppfelt BREbaflent bE SN S brBasRt LilenB 08, 1%7 .

| arger, hence a | asgshowutier Filg.dneterotgdr dsnoonprisedénde mayneittic

di ffi t | Funt , ' '
conpr | Sed SRR, SRR 1B effbry IYRAEIML endolRidont Beblnd Sene
interval tragnefiped gf @pdds dediegunatadked whth -a Gpeeer vhilghbetweemkde cross

sectional $haRea0h #1480l Bhe @ioRer Hrdthn@Pa ! sHAHNE: pbdet2tihg i fddLult to
make a notor thin. Wth regard to a core notor for portable

h re
pager as s¥WRfy area; pne gngiof ithe $hafityBi Peino isuPPAFEsd & poPeHIE fBess
ot or Pasadsa ol 4 Feanicdente wila bhesdtherf efdeny Id B8atOng /e the

the prapl et aelEh 9 oelSdP'e" fHIAPEn Riller-k0fof Utrut L Wipportea
at both ends is formed.

Cylindrical cores la, 1b and 1lc having bipolar magnetic salient
poles 7a - 7c¢c are made by placing a press-formed silicon steel
sheet one over another in the thrusting direction. The cores are

15 insulated each other with resin insulators 2a, 2b and 2c. Each of

. the insulators 2a, 2b and 2c has a terminal pin 12 formed as an
integral part of the insulator; the beginning and the end of
winding of coil 3a, 3b, 3¢ are wound around the terminal pin 12
for several turns and soldered thereto. This makes the automatic

20 assembly easier. '

The cores la - 1lc¢ are serially connected together using
aligning pins formed by making a part of the insulators 2a - 2¢
extruded, and then inserted to be fixed in the inside of the frame
case 10 whose shape is cylindrical with one end closed. The .

25 terminal pins 12 are connected with coils 3a, 3b and 3c, )
respectively, and are fixed to a board 11 by soldering. To the
open end of frame case 10, a bracket 8 having a bearing 9b fixed
thereon is inserted aﬁd fixed.

Fig.2 shows a state of magnetization of rotor magnet in

30 the above motor.

'Ih the rotor magnet comprised of magnetic units 4a, 4b
and 4c stacked in three stages, magneti;ed position of the N and S
poies of the magnetic unit at each stage deviates relative to one
another by 120 in a circumferential direction, as shown in

36 Fig.Z2.

Fig.3 is charts showing the mutual relationship among



25 faces a difficulty because of the small contour. Wth
regard to a coreless type brush notor for portable conmuni cati on
apparatus, as shown in Fig. 62, the rehyability is inferior to a
brushless notor, and an avail abl e output torque is smal |l er as conpared
with a core notor when the dinensions of a 30 notor are reduced. Nanely,
when di aneter of a notor is reduced smal ler it becones nore difficult
to realize an efficient and conpact corel ess notor, or such a corel ess

notor for (ORePaFRGIGC units faat fBntc -FiPe eATRSr da. cR i S%f aBAckhY RIS are
required t @ahesp, 3zewund with a thin wire, e.g. as thin as 0.01 - 0.02mm

whi ch neans 35 a deteriorated production yield rate during handling of the
coils. These hgﬁéehﬁ n“%?r?éﬁéf a’f“ﬁéhfga(]:t oFRe \BALEH SA h?fé‘? p[‘ﬁ@ssaﬁpl y of
7 " 7b, 7c of cores la, 1b, lc are located with a same circumferential
5 positioning, and are disposed on a straight line gueue in a
lengthwise direction; at each of the cores la, 1lb, lc., the
respective pair salient poles 7a, 7b, 7c¢ are wound around with one
piece of conductive wire continually one after the other in a same
winding direction, and the coils 3a, 3b, 3c are formed as shown in
100 Fig.3. .

_ Fig.4 is a waveform chart showing the induced voltage
géherated in each of the coils 3a, 3b, 3c when the magnetic units
4a, 4b, 4c are put iﬂ rotation. '

As seen from the Fig.4, the phase of induced voltages
15 Va, Vb, Vc generated at coils 3a, 3b, 3c is shifted relative to
one another by 120 , reflecting the circumferential deviation of
120 in the magnetic units 4a, 4b, 4c. One coiling end of eacﬁ of
the coils 3a, 3b, 3c is connected together forming a common
terminal called COM. The other ends of the respective coils are
20 assigned respectively to the three phases to be electrically
driven by an electronic circuit provided on the board 11 in
accordance with the induced three-phase voitage. Thus a torque is
generted and the magnetic units 4a, 4b, 4c are rotated, or it is
@riven as a three-phase brushless motor. The electronic circuit
25 on the-board 11 is supplied from a DC supply source.
Fig.5{(a) is a cross sectional view of a simplified
magnetic circuit in the above brushless motor. Fig.5(b) is a
chart showing the motor unfolded from inside the core. For the
simplification of explanation, the leakage of magnetic flux is

30 ignored in the following description.

An inverse number of the velocity shift rate 4 is often used to
represent the efficiency 7 of amotor. A followingFormula 7 is generally
established with respect to the velocity shift rate 4 , as already

35 described in the background art: |



| nexpensi ve notors. DI SCLOSURE OF THE | NVENTI ON The
present invention may inplenment a small notor that 5 has a high

efficiency and a thin shape, as well agga hi gh degree of freedom when
nount ed on an appar at us. A first exenplary device for

I npl ementing the invention conprises K pieces of (K indicating any

I nt eger greater than one) magnetic units having the N and S pol es
magnetized alternately in 10 a circunferential direction which are stacked
axially in K stages lar ound®a’ Totation shaft to form one int egral body
of a rotor, - wWhipcharetor bei-ag-hel d rotajable by a pair of bearings. A
core is provided with salient poles wound around with coils in K stages

correspondi ng to each of#t he ma&netic units. The nmagnetized 15 position of
the N and S pol es in nagneirte¢ ®niénctesaffeciirganagnetie\flakesTr &k aumber b@

one anoi her in a ci rcum‘cerigg alsdié{ectignlso i stads to set the phase of
I nduced’ vol t age gener at P PR&S st itenfo* re&}lsé: #68%nhd around with the

coil in each stagehd =£fephidve magnatilce flux floris odxpresged nmghbéi follviwingf
the corr espggmﬁg gStage.

® = 7mDLBg ...(8)
' where; D denotes the outer diameter of rotor, L is the

10 length of rotor, Bg is the density of magnetic flux at gap.
.The density of magnetic £flux Bg at gap is expressed in the following
Formula 9.
Br
15 Bg = .. (9)
Lr
1+
~ Lm / Lg
where; Br, I r are called respectively residual flux deasity,
20 recoil magnetic permeability. These are the
constants specific to a magnetic matérial.
Lm is thickness of magnet, Lg is air gap between
magnet and core.
25 - The relationship between the number of coi'l turns T and j:he coil

resistance R is represented in Formula 10.

2kxT? 1
_ R = — ... {10)
30 ' S

where; k denotes electric conductivity of coil, which is a
constant determined proportionate to the space factor
- of coil. 1 represents average coil length per one
35 turn, S is cross sectional area of coil.

The 1 is represented by Formula 11, ignoring the coil



20 Thus the magnetic poles of a rotor magnetic unit as well as

the salient poles of a core wound around with coil may be di sposed
splitted axially in K stages. Nanely, tjge magnetic poles of magnetic
unit and the salient poles of core wound around with coil were
conventional ly di sposed on a sane single plane; in the 25 invented notor,
however, the magnetic poles of magnetic unit and the salient pol es of
core wound around with coil may be di sposed splitted on planes axially
stacked in K stages. The &B8&%&tanceé.stryucture nmakes it possible to present a
smal |l and thin notor that has an inproved efficiency and a higher
degree of freedom when 30 nounting in_an apparatus. A second
exenpl ary device of the invention conpfises a ™ rotor which is formed

wi th magnetic units stzagked+ ipv)K=steages (K+ —imdi cati pgapny integer

greater.than one), the magnetized posi%ion of the N and S poles in
magnetic unit at each stage deviating 35 rel atfve to one another in a
circunferential direction, the rotor being held rotatable by a pair of

bearings, and an outer Cagfeff, 1c denotes height of coil, Dc is coil width.

By substituting the Formula 8, Formula 9, Formula 10 and Formula
10 11 for Formula 7, the following Formula 12 is obtained:

e Br N2 S
n=|npp — . : ... (12)
_ ur L T
15 1+ 4k | ™ +— D
ILm / Lg 3 2
. A

There is no component representing the coil resistance R

nor the number of coil turns T contained in the above Formula. It

20 indicates that the efficiency does not change by a change in the
specifications of coil winding.
' In the above formula, when the rotor length L, rotor
diameter D are varied so as the
volume of rotor( 7 D? L/4) remains constant, with.other'variables.f;xed, the

25 relationship between the length/diameter of rotor({L/D) and the efficiency
71 is as shown in Fig.6. In Fig.6, the dotted line represents a
conventional inner-rotor type brushless motor. As seen from the
Fig.6, efficiency of the invented motor is inferior to that of
conventional brushless motor when the rotor is short, but it

30 improves with a longer rotor: the efficiency curves cross at a
certain point and the efficiency with the latter goes higher. At
an ultimate convergent value, viz. L/D = infinite in Formula 12,
the efficiency of invented motor reaches as high as 1.5 times that
the conventional motor.

35 In the above described exemplary embodiment, the

magnetic units 4a, 4b, 4c have been magnetized respectively with



8 an obl ong shape conposed of a pair of short sides facing to each
other and a pair of long sides facing to each other in a cross

sectional plane perpendicular to the axkal direction of rotor. In whi ch
the rotor is penetrating through the outer case at the 5 central part, and
a core conprising K pieces of salient poles wound around with coi
corresponding to the magnetic unit in that st age di sposed on a straight
line parallel to axial direction of the rotor is provided at | east on

one of thedeYiatios gBsl3t Betalive toceme anpgher. They waw hetprongidged
described gigdGlithea 4&LidFBACHE C60R0! BS the 18ftd@ABLI Ctndliiindsnyel | as the
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in a direcBiBron §foroils 3apa3¢ has koshggrade ERVEFRS tRafhat if €9t ent
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induced voltage is shifted for 120 , making the three-phase drive
possible.

' Although in Fig.1 round-shape cores la, 1b, lc are
exemplified, they may be shaped to have a flat portion lp at the
outer circumference. With the cores of such a shape, a motor may
have a good stability when mounted in an apparatus.

‘ Although in the present embodiment the phase of induced
voltage in respective three stages has been set to deviate
relative to one another for 120 by shifting the direction of
magnetization, the 120 deviated phase may be obtained also by
shifting the direction of the salient poles 7a, 7b, 7c of cores
la, 1b, lc relative to one another with the direction of
magnetization of the magnetic units 4a, 4b, 4c kept in one
direction, or by shifting the direction of both the salient poles
7a, 7b, 7¢ of cores la, 1lb, lc and the magnetic units 4a, 4b, 4c
relative to one another at each stage. Under any one of the above
configurations a motor may operate as a three-phase brushless

motor. When both the salient poles 7a, 7b, 7c¢ of cores la, 1lb, 1lc

and the magnetic units 4a, 4b, 4c are shifted in the direction

relative to one another at each stage, among other cases, it may
become possible to suppress the overall height of a motor further
by housing the coils of top and bottom cores la, 1lc within a slot
portion of the core 1b located in between. This may offer another
step to make a motor smaller.

Although in the present embodiment a motor has been
described to have a three-stage structure, it may also be
structured in X stages{(K = 2, 3, 4 ...). Thus the invention maf
be carried out generally as a K-phase brushless motof.

Now in the following, a second exemplary embodiment of
the invention is described with reference to Fig-9 and Fig.10. In

the second embodiment, the number of magnetized poles of a



equal to outer diameter of the rotor. The above structure al so makes it
easier to increase the nunber of turns of the coil to be wound ar ound
the salient poles, to an inproved effigjgency of a not or. Furt her,
because it is a brushless notor a higher 20 operational reliability may be
expected. Thus, a reliable and efficient notor may be presented in a
thin configuration. A third exenplary device of the invention
conprises a rotor formed with magnetic units stacked in K stages (K

i ndi cat i ng Magneshy Ynitte d&r DY daer bt adn nymber more Hagmathiated TP8siti on of

the N 25 aRguStRPéL o RnEBENR CeliRid thk 8aRd) 3! *HEsLIVH RhbNEiAR! ative to
one another in_a circunferential direction, the rotor beln% hel d by a

pai r of bed&WPRGIMeRE ANOTSe It SPAGCXCARTAARS pift dlevBFRET of mraRstdzadt h
coil corregpaedi iy rnidyneliéc YS! ithe Usdrregbohditlg Shagent polebaskeschn K
stages, .and- an outer. case. of an obl ong shape conposed 30 of a pair of |ong
si des f&ci M o BAHDERE S and a pair of short sides facing to each
other in a cross setgivrsdlowpl anselatiopstireationg | eagnied it henizsi, aboxka ect i on

the rotor BRoaaoits e poddhe gl heITIChal " aRe, ISP Thb g BB ON ©
t oget her. 3IMgnetized poligs, andhdhgapyreherc ofobagnedficnpefes iin salierds wel | as
the®  saldgiak PeAL16R, R6&UL MRt A, 048, Wed 160kburTBYa RemAlbR POSed
10 connection terminal of each of coils 17a, 17b, 17c is represented
by a symbol COM, the other end terminals by symbols U, V, W,
respectively. The same applies to Fig.10.
Shown in Fig.9 are six-pole cylindrical magnetic units
14a, 14b, l4c, each having the N and S poles magnetized with a 60
15 -angular pitch in a circumferential direction, and cores 15a, 15b,
15¢, each having salient poles 16a, 16b, 1l6c of four magnetic
poles disposed wifh the same angular pitch as the magnetized pitch
of magnetic units l4a, 14b, 1l4c so as to correspond to two pairs
of the magnetized poles, two poles at one side and the other two
20 poles at the other side faciné to each other as illustrated; the
cores stacking up axially in three stages.
With the above structure, it turns out easy toc provide
the cores 15a, 15b, 15c, with a flat portion 13, as illustrated.
In this way, one.of the dimensions in the direction of diameter
25 may be- reduced even in a mulfi-slot motor. Namely, an oval-shaped
motor may be designed with ease.

_ Fig.10 shows other exemplary configuration of the
magnetic units, cores and coils in a motor comprised of six-pole
magnetic units l4a, 14b, l4c and cores 15a, 15b, 15c having four-

30 pole salient poles 16a, 1l6b, 16c.

Shown in fig.lo are six-pole cylindrical magnetic units
14a, 14b, l4c, each having the N and S poles magnetized with a 60
angular pitch in a circumferential direction, and cores 15a, 15b,
35 15¢, each having salient poles 1l6a, 16b, 16c of four magnetic

poles disposed with the same angular pitch of magnetic units 1l4a,



9 splitted in a direction of rotor shaft in K stages. The outer
case may have reduced dinensions in the cross sectional shape, wth a
wi de range of freedom of taking an obl agg or other desired shapes.
Furthernore, it beconmes easier to increase the nunber of 5 turns of the
coil to be wound around salient poles for an inproved efficiency of a
not or. The above factors enable to inplenent a smal | and efficient
not or for %gﬁrﬁééqgﬁvibratjqn, whose outer case having a w de range of
i Ng- &

freedomin 85i FRPUTEERoN tos Lup  RAAS Shathe mpgnetizestipptes.
DESCRI PTI OtHeF £otdE foRAMI diSSalient poles 16aQ.16b3) 166 Feingnglivésde Cross

secti onal \Qdﬂ@eggpéiégnigrone side as illustrated; the cores stacking up
_ axially in tﬁree stages.
5 With the above structure, one dimension from axial
centre of cores 1l5a, 15b, 15é to a side may be reduced to be
.smaller than the counterpart dimension, as illustrated. A motor -
of sﬁch configuration may be advantageous when used, for example,
as the spihdlg motor of an optical disk device, where the mounting
10 space is limited in one of the circumferential-directions; namely,
within a given height, eventual size of a motor may be made
larger, for a greater output.
As described in the above, a three-phase brushless motor
may be implemented even if the number of poles in magnetic units
15 1l4a, 14b, 1l4c is different from that of salient poles of cores
15a, 15b, 15c¢; by combining three cylindrical magnetic units each
having the N and S poles magnetized for 2n'poles(n indicating any
integer not smaller than one) in a circumferential direction with
an equal angular pitch, and three cores each having salient poles
20 of 2m poles(m indicating any integer not smaller than one, m=n),
disposed with a same magnetizing pitch of the magnetic ﬁnits SO as
to correspond to m magnetized poles, stacked in axial direction
for three stages, with the anglé between the magnetization of
magnetic unit and the core deviating by 120/n relative to one
25 another at each of the stages. l
Although in the above exemplary embodiment a motor has
been structured in three stages, it may of course take K stages
(K = 2,3,4....). The invention may be applied generally to any
K~-phase brushless motors.
30
A third exemplary embodiment of the invention is
described in the following referring to Fig.1l1l - Fig.17.
As shown in Fig.1ll, a rotor is comprised of magnetic units 21a,
21b and 2lc of empty cylindrical shape, stacked in three stages
35 with a spacer 22 in between and fixed around a shaft 23
penetrating through the empty area of each of the magnetic units



I n accordance with a first exenplary enbodi nent of the present

invention. Fig.1(b) is a traversing cross sectional view of the 15 notor.
Fig.2 is a perspective view show ng thgymagnetized state in magnetic
units of the nmotor. Fig.3 illustrates a relationship anong the nmagnetic
units, the salient poles of core and the coils. Fig.4 is a waveform
chart show ng the induced voltage in the motor. Fig.5(a) is a

sinplified cross sectional view showing a 20 magnetic circuit of the
notor. Fi g.5€h) 23hARd ghe- ideoshaft A3dbeing subpontédstddotheends dy Bi g 6.

i's a graph peaedng 25 @RAEKed b8 aroflca;ne 24, Wrhlls aarPQ.'?le@Pt QR s%ué%f S

notor in terns of efficiency. Is a chart show ng relatronship

anong the THEREFTRE @t peth eﬁ’éls i %‘*&F“P@nt pol es of core and the coils when

nmagnet i zed posutuom@fcoaés 1¢l®d§&§ﬂ&lé@ a#Nbbenh deveat 8¢ tpfo@@arealéééﬁ/e to
one anotshe ective view of a notor which has

s an er S
a flat 1(15-F‘t| ]ﬁee ﬁa%ﬁ%nto EFB fﬁj 8c, being shapgdoopt of @art used
to explain za*onebmmrmyhapmmuing procefsbetdimlg:ﬁ:ﬁ aCstidight fLife SQldRNbepOl €S

of core an C [.in_accordance w.t.h ond exenpl ary
embodi ment dccl)1 g Epdd ﬁla?lfrl\(\a/%r?? %3%8]5%5 CYBReETRY K § sﬂs’&ﬁ‘%t 1@%1 a?%eg
rel ati onshlfﬁeaﬁ%ﬁglated viieh mabwtrqsnatsq doa¢isal i afitepotiesliofy colks anq

the coils Qan 2011 %E AR ‘tﬂea&f:ﬂ%ﬁ@%&e\@ hga2 f&poqgchﬁg@lcao@és 19

enmbodi qent of the invention.
qB are inserted to the frame 24 at both ends, and the terminal ends

of coils 20a, 20b, 20c are soldered to a board 26 on which a
connection pattern is printed. A cover 27 forms a part of outer
case. |

Fig.12 shows the state of magnetization of magnetic

15 units in the above motor.

As shown in Fig.12, the magnetized position of the N and
S poles of the magnetic units 2la, 21b, 2lc at each stage deviates
relative to one another by 120 in a circumferential direction.

Fig.13 shows a relationship among the magnetic units

20 21la, 21b, 21c, the salient poles 18a, 18b, 18c of core 19, and the
coils 20a, 20b, 20c. )

As shown in Fig.13, coils 20a, 20b, 20c¢ are coupled to
form one group respectively corresponding to each of the stages of
magnetic units 2la, 21b, 21c. -

25 - Fig.14 is a waveform chart showing the induced voltaggs
generated in each of the coils by a rotating rotor. As seen from
the Fig.14, the phase of induced voltages Va, Vb, Vc generated at
coils 20a, 20D, 20c is shifted relative to one another by 120 ,
reflecting the circumferential deviation of magnetization by 120

30 in the magnetic units 2la, 21b, 2lc. One terminal end of each of
the_coils 20a, 20b, 20c is connected together forming a common
terminal called COM. The other terminal ends of the respective
colls are assigned respectively to the three phases to be
electrically driven by an electronic circuit in accordance with

35 the induced three-phaée,voltage. Thus a torque is generated and

the magnetic units are rotated, or it is driven as a three-phase



35 Fig.1l1(a) is a lengthw se cross sectional view of a not or
in accordance with a third exenplary embodi ment of the

10 invention. Fig.11(b) is a pagfially cut-away top view of the
notor. Fig.12 is a perspective view show ng nagneti zed state in

magnetic units of the nmotor. Fig.13 illustrates a relationship anong
the magnetic units, the salient poles of core and the coils. 5 Fig.14 is a
wavef orm chart show ng i nduced vol tage of the notor. Fig.15(a) is a

si npli fi ed hyugbdesededt®ral vi ew of magnetic circuit of the notor.

Fig.15(b) shows’ th?lBDiS’(a)U&EOlad@fBJsr Q%tﬂéﬁ%vtl% of a @mP1iFi&a16. is a
graph used to conparé the notor w-t conventional brushless notor in

terns of Eﬁqqg§p§h§y01qqutlynlgpqilnvented‘brushless motor. Fig.15(b) shows
the motor unfolded from inside the core. For the simplification

b of explanation, the leakage of magnetic flux is ignored in the
following description.

The éfficiency of amotor N is represented, alike Embodiment 1,

by:
10 - ~ Br N 2 S
n =| ®DL . . {12)
. Lr L T
: 1+ 4k} — + — D
_ Im / Lg y 3 2
15
T'he above Formula contains no component representing the
coll resistance R, nor the number of coil turns T, which
indicates that the efficiency does not change by a change of
specifications in the coil winding.
20 . In the above formula, when the rotor length L, rotor

diameter D are varied so as the volume of rotor(7 D2 L/4) remains constant
with other variables fixed, the relationship between fhe length/diameter
of rotof(L/D) and the efficiency 7 is as shown in Pig.16. In Fig.l6,
the dotted 1line represents a conventional inner-rotor type brushlessmotor.

25 As seen from the Fig.16, efficiency of the invented motor is inferior to
that of conventional brushless motor when the rotor is short, but it
improves with a longer rotor; the efficiency curves cross at a
certain point and efficiency with the latter goes higher. At an
ultimate convergent value, viz. L/D = infinite in Formula 12, the

30 efficiency of invented motor reaches as high as 1.5 times that the
conventional motor. |

Although in the present embodiment the core 19 having

integrated salient poles 18a, 18b, 18c¢ in three stages has been
employed for two pieces, the number of cores may be q pieces

35 (q=1,2,3,4,....). In a case where the core 19 is employed for
two pieces(or one piece) as in the present embodiment, among



10 chart showing a relationship anong the nmagnetic units, the salient

poles of core and the coils of other notor in accordance with a third
exenpl ary enbodi nent of the invention. g2 Fig.18 is a perspective
vi ew showi ng the nagneti zed state in one exanple of magnetic units in a
nmotor in accordance 15 wth a fourth exenplary enbodi nent of the

I nvention. Fig.19 is a perspective view showi ng the nagnetized state in
ot her exar’g)le of ma netlc units of a notor in_accordance with a fourth
exenpl ary °theTgnpbhf KBESE RE i ekPF ofp radius directippymapby g g

| engt hwi s&mﬁa BeCdlnisd| ayi thirs RRWHE @iakidtefObPH MddheateotsIc@1v,th a

fifth t_of ,th ' t F t

L1 one Sxernr el et SR pagnd L OL 1 02RO et ST S\
rel ative posigerodiampter mef beagrestd wipbimsa |givaags1MGGC mni:he Wickinesspt or.
Fig.224s cfhtrput ggdgg e GRBL M dintc‘}.eﬁéglé‘éébrtdpﬁgn ant ity of inbalance in

the 25 I's a pe pective view o i mbal anci ng wei ght used
in the notor. Fi gFZQ(h') ghows ghuebrtionsbipcameriemagnebid mpigs, cores

relationshify ghiibessh fnbtgk'av%éxtey the Hagvddik GRDES 931%“ bfﬂﬁ "ol Jilave
versus the weight outer. diameter/shaft diameter. Fig.24(b) is a

char act er |%‘{qrc§'a€ﬂ%?’tze§h8ﬂﬁlﬂ§ aﬂ}%lcaFﬁo?n% ht$H “@Pdsﬁ‘tﬂér@rﬁéagﬁ?%e%f ag8 the
wei ght vergus nufiferedgipolest e ﬁl&@‘tebéb‘é@fztsadl 88B] ef8c is thtdh.24C) is a

characferi Stics SORLeaNRM 0% A d®\ e LANL B L0fis 30a, 300, 300 is
represented by a symbol COM, the other end terminals by U, V, W,
respectively.
Shown in Fig.17 are four-pole cylindrical magnetic units
31la, 31b, 31c, each having the N and S poles magnetized with a

15 deviation of 90 angular pitch in a circumferential direction, and
a core 29 having three-pole salient poles 28a, 28b, 28c disposed'
on a line parallel to the axial direction at a same pitch as the
magnet;zing pitch of the magnetic units 3la, 31b, 31c¢ and magnetic
circuits coupling the salient poles 28a, 28b, 28c.

20 A motor of the above structure may be advantageous when
used, for example; as the spindle motor of an optical disk device,
where the mounting space is limited in one of the circumferential
directions of a motor. Namely, the eventual size of a motor may
be made larger within an available height, hence a greater output.

25 - - Although in the present embodiment a motor has been
described to have a three-stage structure, it may also be
structured in K stages(K = 2,3,4,....). Thus the invention may be
carried out generally as a K-phase brushless motor.

Now in the following, a fourth exemplary embodiment of

30 the invention is described with reference to Fig.18 and F1g 19

In the above described first exemplary embodiment
through third exemplary embodiment, the rotor has been comprised
of tﬁree magnetic units fixed around a shaft with spacer in
between the.magnetic units. In the present fourth eﬁbodiment, a
35 single rotor magnet 32 is fixed around a shaft 33, as shown in

Fig.18, the rotor magnet 32 being magnetized in three stages like



centrifugal force of weight versus the weight outer dianeter/shaft

di anet er. Fig.25 is a cross sectional magnification of a pivotal
bearing of 35 the motor. Fig.26 is a chgracteristics chart showi ng a

rel ati onship between the |argest surface pressure and the friction

torque in the pivotal bearing. Fig.27(a),(b) illustrate a self
centering bearing; (a) is a cross sectional view at top part of a .
shaft, (b) i,s a cross_sectional view at bottomend of the shaft. Fig.28

i's a perspethd REUOFeRf of 1%t - Xt ARG abaveRtrisEeof thire pleRss #L Fig. 29
i s a perspectriptmeniteVatd ioitBofated iigtb @M MeAk ESfponent!DfiRich FigndPids a
perSpeCtiVetﬁ@‘%@d%%t?éﬁlin,%%Rggnéhlg %ggthﬂd?the suppressed deterioration

of motor characteristics due to angular errors during assembly of

5 the magnetic units in three stages.
In the case of Fig.18, a potor magnet has been

magnetized in three stages. HoweVer, a rotor 34 may also be

magnetized in a skew configuration, as shown in Fig.19, where the

magnetized area continually changes. The rotor magnet 34 produces

10 a same effect as the one in Fig.18. A skew magnetization may
present an additional advantage of reduced cogging torque, because
in the skew configuration the switching of magnetic flux takes
place in a smooth manner.

In the following, a f£fifth exemplary embodiment of the

15 invention is described with reference to Fig.20 through Fig.32.

Fig.20(a) is a cross sectional view in the longitudinal
direction showing a vibration motor for use in a pager of mobile
communication apparatus. Fig.20(b)'is a traversing cross
sectional view of the motor.

20 A motor of the present embodiment has an outer case 90
whose shape is an oblong rectangle in a cross sectional plane
perpendicular to the axial direction of rotor 37, the pair of
shorter sides 90a, 90a forming yokes 47, 48, while the longer side
pairs 90b, 90b being comprised of a printed board 51 and a sheet

25 53. It is also possible to make the cross sectional shape of the
outer case 90 oval, or other oblong shapes. The rotor 37 is"
comprised of three magnetic units 38a, 38b, 38c, spacers 44a, 44b
to be placed between the magnetic units, and a shaft 39.

In Fig.20, salient poles 35a, 35b, 35c, 36a, 36b, 36¢C

30 are each provided with an insulation layer by means of
electrostatic coating, and is wound around with coil 42 over the
insulation layer. The salient poles 35a, 35b, 35c wound around
with coil 42 are attached to the yoke 47 in the axial direction of
shaft 39 with a certain space between one another, forming a first

856 core(core assembly) 54. At an opposite place beyond the shaft
39 is a second core(core assembly) 55. The second core 55 is



of the nmotor. Fig.31 is an expl oded perspective view of the not or .
Fig.32 is charts used to explain the rotating principle of t he notor.
10 Fig.33(a) is a |l engthw se gyoss sectional view of a not or
in accordance with a sixth exenplary enbodi ment of the i nventi on.
Fig.33(b) is a traversing cross sectional view of the motor. Fig.34 is
a perspective view showng a rel ative positioning of magnetic poles in
magnetic units of the notor. 15 Fig.35 is an expl oded perspective view of
magneti ¢ ufPPBTHFeq |pf the #ﬂitléﬂtu@é’cﬁsc §6axpIeR n 3Aevw grewnd atithng of

magnetic pebes. 42 and-laltdéhdd ta Eﬁé%ﬂﬁc@ uyeiVitgw akiff RBeBRIRLIEC UNits of
t he notor used to_explain . the position setti ng of magnetic pol es.

Fig.37 is Shafh 33,08 f| CRFLALBFRFCS Petyesm oney aBatheft pole of the notor.

20 Fig.38 is a persqredf ¢Re nagietfcansitls e84, pmdtf, aBctée rojber3nagnd
around with cotl...Fig. 39 js a perspective view.of £ of the
not or p)émoviadggaw]t]% %n g‘r’{f'ﬁ%'if §(1) FeaPgonRt i°f Sﬂ a‘:Ye #B’g‘%& SBdrspecti ve
vi ew used ishapaplmagnedsgedbin/ thé Whendnst poles. The three mfgz@tai;a:(m)mss a

ng It 5€ 38Ros 880 HelcoNHhood Bllolle Zoes FREP ot aBR AR GE ML 2 SEventh

exenpl ary e I nven raversing cross
sectional w¥edatdve tigeone anpither. b pW2in a alpewsﬁﬁe@mﬂ:wel viigweshomi ng a

r ot or rragn%e%iaf at a EOHYinPiAVEARA WrbBnPUSRI BHarfi®d 48sésStey Model

chart %ed
through the empty space of the cylindrical magnetic units, with

spacers 44a, 44b provided in between the magnetic units.
' A motor of the present embodiment is for use in a pager
of mobile communication apparatus having a vibration call
function. For obtaining a vibration, an imbalancing weight 45

15 whose centre of gravity is off the centre of rotation (centre of
shaft) is provided, and an energy stemming from centrifugal force
of the weight 45 is transmitted to the stator of the motor.

In this case, the larger the radial load on bearing 41

the greater is the vibration. In order to increase the load to be

20 exerted on bearing 41, the gravity centre of the spacers 44a, 44b
is also placed off the rotating centre for creating an eccentric
load. The load in radial direction to be exerted to the bearing
41 is a reaction force to an action of the imbalance force. The
influence of the place of gravity centre of weight 45 and the.

26 place of gravity centre of spacers 44a, 44b on the degree of )
reaction force is described in the following with reference to
Fig. 22.

When a substance of mass m, whose centre of gravity is
30 eccentric to rotating axis by r, rotates around the axis at

angular velocity @, the centrifugal force F is represented by Formula 13.
F=m--rw? . ,... (13)

35 Taking the elastic deformation 0 due to centrifugal force into

consideration, the total centrifugal force F is represented by Formula



explain the quantity of inbalance in the notor. Fig.44 is a 30 perspective

view of a salient pole of the notor wound around with coil and provided
with a termnal board. Fig.45 is an expi,,oded perspective view used to
expl ain assenbly of the notor. Fig.46(a) is a |l engthw se cross
sectional view of a notor in accordance with an eighth exenplary

enbodi nent of the 35 invention. Fig.46(b) is a traversing cross sectional
vi ew of the notor. Fig.47(a) is a side view showing a core of the

not or . 14. _ 12 Fig.47(b) is a
traversing cross sectional view show ng core of the nmotor. Fig.48(a) is
a front view showi ng a structure_of core and resin insulator of the

notor. Fig.48(b) i & & Bjde WP 6f- +-né14)

5 As the elastic deformation 0 is ignorable relative to r, a formula
that represents the centrifugal force F is the Formula 13. When the
centrifugal force F1, F2, F3 of the weight 45 and the spacer 44a, 44b are
decomposed into the directions of X axis and the Y axis, the relationship
is as shown in Formula 15: where, L1, L2, L3 indicating respectively

10 the distance from bearing 40 to weight 45, spacer 44a, spacer 44b; L
indicating the distance from bearing 40 to bearing 41, the X axis
representing the shaft centre, Y axis being an axis that is perpendicular

to the X axis.

15 Flx =ml rl ®? = Fl
Fly = 0
F2x = m2 12 W2 cos 0 2 = F2 cos 6 2
F2y =m2 r2 w? sin 0 2 = F2 sin 6 2
F3x =m3 r3 wW?cos 0 3 =F3 cosfB 3
20 F3y =m3 r3 w?sinf0 3 = F3 sinf 3 ..... (15)

Assuming the reactive force of bearing 41 as R, the reactive force
R is also decomposed into the directions of X and ¥, then the moment with

the bearing 40 as fulcrum is represented in Formula 16: -

25 -

LRx = L1 Flx + L2 F2x + L3 F3x

LRy = L1 Fly + L2 F2y + L3 F3y ..... (16)

When component forces Rx, Ry of the reactive force R are composed:
30

R’ = Rz* + RY? ..... (17)

Accordingly, a square of the reactive force R is represented by

Formula 18:

35

R?> = R¥’ + Ry?



-

sane. Fig.48(c) is a plane view of the sane. Fig.49 is a chart 5 show ng
rel ati onship anmong the core, the back yoke and the rotor magnet of the
notor. Fig.50 is a graph show ng rel at |2%nsh| p between the core angle
[err] and the cogging torque in the notor. Fig.51 is a graph

showi ng rel ationship between the core angle [err] and the coggi ng
torque in the motor. Fig.52(a) is a front view showing a rotor 10 magnet
of the motor. Fig.52(b) is a bottomview of the sane. Fig.53(a) is a
chart showi ng an exermplBty cddd/bf + F@8xnotdr2/6Mer &3x t-héL3/L) )gr avity centre
of an i nbal anci ng weugr@g-ﬁe.l qtﬂlgg% +0F99a“ﬁ9’ﬁtﬁ F3§} zﬁg Qut Si de an area

between the two bearin ? erein the
gravity centre is Fo ed(Bé Wee’nf'?ﬁ‘és fwd 15L2lébhri ﬁ@gos &Bg.54 is a graph

showi ng a rel ationshimsafy)the (Fassn 6 2 L QLEYE) VEFSYSathg di stance L1

bet ween .t he bearings a he beari to weight distance L2 in the
not or . I§| g.55(a) is &L%/dﬁ'a{ﬁt show n(g}% | oad on the shaft of the notor
where there is one inbal anci ng wei ght Fi g. 55(b) shows | oad on the

o i ehf ot ncnfhS 4482520 A1 QELR et 0 coSpfe B
di st ance LZnf quj@aj:a nghe @nwelghvelocltynwt heag®wih D) m2, m3, eccentrickty didthsce
o e S 1 U, BB Wb 2250 NS ot Yo,
of a Céﬁvemh,:.éﬁamnknown figures are the angles 2, 6 3. The reactive force R
reaches maximum when 6 2= 0 3 =0; viz. when the direction of centrifugal
force of the spacer coincides with that of the weight.
It is known from the above description that the direction of
eccentricity in the spacer should preferably be in the same direction as
15 that of weight 45, 44a, 44b. A rotor of the present embodiment has been
made in conformity with the above structure. Therefore, the imbalancing
load on the bearing 41 has been maximized.
As the shape of weight 45 bears a substantial influence on the
vibration, a study has been made on a model weight as shown in Fig.23.
20 The weight 45 has a fan shape having an angle semi-circle minus the angle
2 0. Diameter of the outermost circle of weight 45 is represented by D,
which is referred to as outer diameter of weight in the forthcoming
descriptions. Fig.24(a),(b),(c) show respectively the gquantity of
displacement g of centre of gravity of weight 45, the square measure A
25 of weight 45, the centrifugal force F4, with the angle ¢ as the parameter.
Here, the diameter of shaft d =1, the thickness of weight 45, the specific
gravity of weight 45 and a square of the revolution velocity have been
assumed@ constant. The quantity of gravity centre displacement in the
fan-shape weight 45 is in a linear equation with the ratio of weight outer
30 diameter D versus shaft diameter d(D/d). The square measure A of weight
45 is in an equation of higher degree with the ratio of weight outer
diameter D versus shaft diameter d(D/d). As the centrifugal force is
represented by Formula 13, centrifugal force F4 is in proportion to the
product of square measure A of weight 45 and quantity of gravity centre
36 displacement g.

For increasing the vibration by weight 45, the outer



nmotor. Fig.59(a) is a cross sectional view showing a sinplified

magnetic circuit of the notor. Fig.59(b) is a chart showing the  notor
unf ol ded frominside the core. Fig.60 ig a graph show ng ~ efficiency of ,
the notor. Fig.61(a) is a partially cut-away cross 30 sectional view
show ng ‘ot her exenplary conventional notor. Fig.61(b) is a traversing
cross sectional view of the sane. Fig.62(a) is a plane view of other
exanpl e of conventional notor. Fig.62(b) is a |l engthw se cross
sectional \@igmeter tdfevweight 45 3houBEDR MSDEaFOR d3A\REYEMNGELEOUTTHHE 1S\NVENTI ON

In the fol hRWebBrodtt $ebhPFiL 24 ;SnBRFON 18X8™1 & Ynotor as illustrated in

13
Fig.20, it may not be practical to provide a weight whose outer

diameter D is larger than length of the shorter side 90a, except a
5 very special case. The outer diameter D of weight 45 falls under
the following regulations in a flat motor as shown in Fig.20.
- The outer diameter D of weight 45 is:

0.6 xa<D<a.....(19)
10
where; a represents the length of shorter side %0a(see
Fig.20(b)}.

Furthermore, as it is preferred for providing a motor of
15 this type with more advantages to make the sheet 53 and the print
board 51 thinner, the weight outer diameter D should ideally be

determined to conform Formula 20:

. 0.8 xDm<D<K 1.1 xDm..... (20)
20
where; Dm represents the outer diameter of rotor
magnetic unit.
As shown in Fig.25, the bearing 40 is a cylindrical
bearing which encounters a load in radial direction, while a load
25 in thrust direction is encountered by a pivotal bearing formeq by
the circular arc at the tip end of shaft 39 and a thrust plate 46.
A resin material of low sliding friction is used for the thrust _
plate 46.
?he highest bearing pressure Pmax and the friction

30 torque Tp are obtainable in Formula 21:

35

where, r representing the radius of tip end sphere of



enbodi nents of the invention with reference to draw ngs. Fig. 1

Is a cross sectional view of a notor in accordance wth a first
exenpl ary enbodi nent of the present inv%ntion. : As shown in
Fig.1l, arotor is conprised of nagnetig 5 units 4a, 4b and 4c of enpty
cylindrical shape each having the magnetized N and S pol es, stacked
wth a spacer 5 in between the units and fixed one another around a
shaft 6 penetrating in the enpty area, one end of the shaft 6 being

supported bhaft [B8ri agrab beipg cadedddcdents frame case 10 while the other

end by a bearing 2}%.9196 Bhéys dfq:ee‘r;l ti‘o#ﬁ’érf%k%%a@ee:? %%p%&,fd?é‘gtfat&% OEf

structure support rical cores
la, 1b andthe highesd bepoing pregaere Frexl aedtthe friokden 7prquécTpy e nade by

pl acing a gés&au{gor ”Egﬁééid &%alagefé #nd f§9§€iorpq:%r%\5§rmﬁr10t higle in the

thrustlng Irection e cores are I nsul ated each other with resin
i nsul at ®r s spallem thedrediuge o fotip en‘% o€ Bhatlt A% kheodovwery ignghec has a

term nal pmlé@lérprtl&quaslrﬁ,n but thé'tt%ﬁ’ﬂhgp?féséﬁret BRak fddsah@bh. t RBen
begi nning and the en di_ng of caqi 3c are wound around

the term niPephiruesr plat‘f’ oté §1§\/5’F‘g{? ?%ﬁ??landt%lm@?‘eae?ﬁ’é}get%es?ﬁ?‘% makes
t he aut omamigh®harms thebteliaadiéty. On the otherlheandpr&£latge- rddigy &

serially ng gése % r’c?xgE'\{Jehaex.[:;.nugs Ipggssure but it increases the friction

10 torque Tp. The torque loss is converted into heat, and the
reliability might be deteriorated by an increased temperature.
Therefore, a pivotal bearing for a rotation faster than 2000rpm
has been formed so as the radius r of tip end of shaft and the
diameter d of shaft satisfy the following Formula 22:

15

10xd4d > >» 1.5xd/2 ..... (22)

The thrust ﬁlate-46 has been made with a reaéily

available high polymer material. However, a highly lubricant

20 polyacetal resin is ideal for motors of battery-driven apparatus,
in order to keep the friction torque iow for a long duration. In.
case operation under a high tempefature environment is expected,
use of a heat-resistant polyimide resin, Teflon resin is
recommendable. ) .

25 - The outer diameter Ds of thrust plate 46 and the outer
diameter d of shaft have been determined to meet the following

Formula 23:

Ds >d ..... {(23)
30
By so doing, the thrust plate 46 may not fall off the
bearing 40 when inserting a shaft; which means an easy and stable
assembly work. Even when the shaft 39 moves in the thrust
direction, the thrust plate 46 does not move because it is
356 sticking to bracket 50 with lubricating qil or oil of the bearing

40. BHowever, the thrust plate might move in the surface



aligning pins formed by nmaking a part of the insulators 2a - 2c

extruded,

and then inserted to be fixed in the inside of the frane

case

10 whose shape is cylindrical with oneggnd closed. The 25 termnal pins 12
are connected with coils 3a, 3b and 3c, respectively, and are fixed to

a board 11 by soldering. To the

havi ng a bearing 9b fi xed thereon is inserted and fi xed. _
Fig.2 shows a state of magnetization of rotor nagnet in 30 the above

not or .

direction,| rthehefoits dn seymatasesphé gwyeohavadgirebecreguilateda,

d 4 t L0t [ . i L
ol o5 of L AD. MRSt 1 Catied e, 10ROCE] sESRLATS ) B arlerif ML 25,

pol es of t

anot her by theocentactcareameriderrased rthet heye igs syppuResed. 38nd fihe 2.
5'49- 3 is ChavbsmaPBY REghiS B! byatné &yAlin@8s MR ¥BPYof the bearing 40.
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35

A bearing satisfying the Formula 23 may be assembled by first
inserting the thrust plate 46 in bracket 50, and then fixing the
bearing 40.

Along with the decreasing size of a motor, the bearing
loss increases relative to a generated torque. Therefore, there
arises an increasing need for suppressing the bearing loss. It is
recomnendable to use an oil-containing sintered@ material for the
bearings 40, 41. A preferred viscosity of the o0il contained in
the bearing is 1l0cst - 50c¢st.

open end of franme case 10, a bracket 8

4b

When a low-friction resin is used for the sintered material, for

example, when fine powder Teflon whose grain size is less than 1 4 m

is

mixed, the Teflon intervening in the metal gap functions as a binder.

Moreover, the resin spottéd on the bearing surface facing the shaft

39

contributes for further feducing the bearing loss, as compared with a

bearing containingonly oil. This enables low voltage starting of amotor,

also contributes to a longer battery life.

When the inner surface of bearing is shaped to have a
circular arc in the cross section, as shown in Fig.27, the bearing
loss may be reduced further. Fig.27(a) shows a state where the

shaft 39 is penetrating through the bearing 41 disposed in the

_weight-end. Fig.27(b) shows part of the bearing 40 disposed in

the pivotal end. - Even if the shaft 39 is not positioned in a
state exactly perpendicular to bracket 49 because of, for example,
twisted assembly, bent shaft 39 due to imbalance, etc., the
contact of shaft 39 to bearing 41 remains as a point-contact at
the circular arc 4la, or the bearing 41 is provided with an

automatic centering function, as illustrated in Fig.27(a).

Also in the case of Fig.27(b), the contact of shaft 39 with
bearing 40 remains as a point-contact at the circular arc 40a of
beafing 40 even if there is a twist in the assembly or a bent

shaft 39 due to imbalance. Thus the bearing loss may be reduced



the magnetic units 4a, 4b, 4c, the cores la, 1b, 1c, and the coils 3a,
3b, 3c. As shown in Fig.3 and Fig.1l, the pair salient poles 7a,
7b, 7c of cores la, 1b, 1c are Iocatedggﬁth a sane circunferential 5

|

positioning, and are disposed on a strarght line queue in a | engt hwi se
direction; at each of the cores la, 1b, 1c, the respective pair salient
poles 7a, 7b, 7c are wound around wth one pi ece of conductive wire
continually one after the other in a sane wi ndi ng direction, and the

coils 3a, B, m&cing ¢heocorthcdsofhshvafti A9 1With-ibgaBings 40, 41 to Yd @. 4 is a
waveform c show ' ed. v e engrated in.each of the
coils 3a, ggﬂgc nggtﬁg%n%ggggi%eu%klgg surfz?g,g ﬁ%,t%fc%gﬁgnb%ﬁ q-‘lc'nI"lave
rotation. @ circular ar@as seen fromthe Fig.4, the phase of induced voltages

15 Va, Vb, Vc gengdat.ednal fid $13%f e aflﬁtl%ds'ﬂbgfc'fdslr @o?g*ﬁf?uéfgxg i one

another_by 120 , reflecting the circunferential deviation o ) n the
magnet i & ufi £QRger sife Qb ofnkhe HytergoasRl . EaEmingl endstef audill 423a, 3b,
3c is connesurd dr@athedcH FENMtAE $alGRAEDPoles 35a - 35c, 36a - 36¢ are
électrically coupled, directly or indirectly. The printed board
51 of the present embodiment is a flexible printed board, on which
an integrated circuit 52 or other electronic circuits for driving
10 are mounted, and a land 5la is providéd for connection with the
power supply from an apparatus.
In a motor of the present embodiment, a flexible printed
board is disposed in one of the longer sides 90b. Therefore, a
board of large size relative to the thin shape of a motor is made
15 available, which means that it is easy to mount on the board
various circuit combonents for driving. Thus a small and thin
brushless motor may be offered in accordance with the invention.
On the side opposite to printed béard 51 is a sheet 53.
By affixing the sheet 53, a motor is sealed against oﬁtside. '
20 Motor is protected against the invasion of dusts, so a rotor may
not be retarded in its rotation by dusts that are céming from
outside and staying somewhere in between rotor 37 and cores 54,
55. Namely, the sheet keeps a motor dust-free. The sheet 53 may
also serve as a label for describing name of the manufacturer,
26 serial- number, etc. _ )
The salient poles 35a - 35c, 36a - 36c of the present
embodiment are not integrated as part of the yokes 47, 48, but
each of them is an independent piece component. An example of the
piece component, or the salient poles 35a - 35c, 36a - 36c, is
30 shown in Fig.28. The entire salient pole of Fig.28 is designatéd
with a numeral 56. Surface 57a of a protiuded portion 57 of the
salient pole 56 facing to rotor is shaped to have a circular
curvature centred at the rotating axis. The reverse surface 57b,
which is other surface of the surface 57a facing to rotor, is
35 curved, and a tooth 58 of cylindrical shape is provided thereon to
be wound around with coil. Assuming the diameter of cylindrical



termnal called COM The other ends of the respective coils are 20
assigned respectively to the three phases to be electrically driven by
an electronic circuit provided on the ard 11 in accordance with the

i nduced t hree-phase voltage. Thus a torque is generted and the magnetic
units 4a, 4b, 4c are rotated, or it is driven as a three-phase

brushl ess notor. The electronic circuit 25 on the-board 11 is supplied
froma DC supply source. "Fig.5(a) is a cross sectional view of
a sinplifi&goth S&mgndii ca gyldodrical phetidrosd Fhoshldssehet gis shayldfb) is
a char tenahom NG ERemdP a‘ri”éﬂéqﬁdtfléofﬂdt'ﬁsbge he SiGurioly ! he

sinplification of explanation, the |eakage of magnetic i gnor ed
in the fol POREARR RSASi bk inserted to a hole jofyEekes inbé® %ir the vel ocity

shift ratenbahtind SHelb6n, UsRdat Step fo&ﬁaaqgﬁ%et@sbﬁ.f sgChenge hakgdr Of a

not or . follomn:$ Formula 7 is _general |y established with respect to
the vel Bci &F38RTeY Blads o MIOvidgcan appraprinte pesitinadngnthereofackgr ound
art: Inserting depth to the yokes 47, 48 is regulated by the step, and

the air gap between rotor and curved surface 57a at each of the
salient poles 56 may be made uniform. The tip end of cylindrical
portion 59 has a hollowed surface for calking/fixing at the outer
10 circumferential édge to the yoke 47, 48 after a salient pole 56 is
inserted to a hole of yoke 47, 48. Besides the above described
method, the salient pole 56 may be fixed to the yoke 47, 48 by
means of pressure insertion, gluing, etc.
The salient pole as a piece component may take also a
15 shape as shown in Fig.29. The entire salient pole of Fig.29 is
designated with a numeral 60. Surface 6la of a protruded portion
61 of the salient pole 60 facing to rotor is shaped to have a
~ circular curvature centred at the rotating axis. The reverse
surface 61b, which is other surface of the surface 6la facing to
_20 rotor, is curved, and a tooth 62 having a rectangular cross
sectional shape is provided thereon to be wound around with coil.
Assuming the length of a side of the rectangular shape
perpendicular.to the revoiving axis as h2, that of the other side
running in the same direction as the revolving axis as h3, the
25 tooth of Fig.29 establishes following Formula 24:

A cylindrical portion 63 whose diameter is smaller than

30 length of a side of the rectangle is formed at an end of the tooth
62. The cylindrical portion 63 is to be inserted to a hole of
yoke 47, 48 for the mounting thereon, and a step formed by the
tooth 62 of the larger dimensions is for the purpose of providing .
a proper positioning. Inserting depth to the yoke 47, 48 is

35 regulated by the step, and the air gap between rotor and curved
surface 6la at each of the salient poles 60 may be made uniform.



[err] where; [err] denotes effective magnetic flux, T
IS nunber of 5 coil turns, Ris coil resistance.

The effective magnetic flux [err] is exfressed in the follow ng Formul a
8. [err] = [err] DLBg % where; D
denotes the outer diameter of rotor, L is the 10 | engt h of
rotor, Bg is the density of magnetic flux at gap. The density
of magnetic flux Bg at gap is expressed in the follow ng Formul a 9.
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Fig.30 shows a still other exemplary shape of the
salient pole as a piece component. The entire salient pole of
Fig.30 is designated with a numeral 64. Surface 65a of a
protruded portion 65 of the salient pole 64 facing to rotor is

shaped to have a circular curvature centred at the rotating axis.

The reverse surface 65b, which is other surface of the surface 65a

facing-io rotor, is curved, and a tooth 66 having a rectahgular
cr&és sectional shape is provided thereon to be wound around with
coil; at an end of the tooth 66 a cylindrical portion 67 having a
smaller diameter is formed as integral part with the rectangunlar
tooth 66. Assuming the length of a side of the tooth
perpendicular to the revolving axis as hd4, that of the other side
running in the same direction as the revolving axis as h5, the
tooth 66 of Fig.30 establishes following Formula 25.

h4 < h5 ..... (25)

In a motor whose cross sectional shape is a thin
rectangle, advantages in shaping a tooth 66 of salient pole 64 in
a rectangle in the cross section, with which the sides running in
parallel to the axial direction are made longer than the other
sides as indicated by Formula 25, are as described below. Namely,
with reference to Fig.28, Fig.29 and Fig.30, the length in width
direction of teeth 58, 62, 66 around which coils 42 are to be.

wound is assumed to be equal, viz. made to fulfill Formula 26;
hi =h2=h4 ..... (26)
then, the cross sectional square measure of tooth 66
shown in Fig.30 becomes the largest as compared with thosé in
Fig.28 and Fig.29, as indicated in Formula 27.

(7t/4) hi1> <h2 - h3 <¢h4 - h5 ..... (27)

Assuming a same cross sectional square measure for the
teeth, the dimension of salient pole in the width direction is the



15 [err] where; Br, [err] r are called

respectively residual flux density, 20 recoi
magneti c perneability. These are the gg constants
specific to a nagnetic nmateri al . Lmis thickness
of magnet, Lg is air gap between magnet and core.
25 - The rel ationship between the nunber of coil turns T and the
coi l resi stance Ris represented in Formula 10.

[err] shortest with the length h4 of Fig.30. Therefore, there is more

room for making the coiling height of coil 42 higher, or there is
a room for increasing the number of turns.
As the above salient poles are constituted as
5 independent piece component, an exemplary method of manufacture is
described in the following. The salient poles are formed with a
mixture of powdered metal and resin by injection molding, and then
it is sintered for removing the resin, a process called metal
injection. As compared with those manufactured by cutting or
10 grinding, the dimensional allowance in the curvature of the
surfaces 57a, 6la, 65a facing the rotor, shown in Fig.28 through Fig.30,
in the salient pole; produced by the above process is kept
within a targeted specification even after the salient poles
undergoing the sintering process. Accordingly. the dispersidn of
15 motor characteristics may be controlled small. The above
manufacturing process of salient poles fits to volume production.
. Salient poles of small and complicated shapes as shown
in Fig.28, Fig.29, Fig.30 may be formed to final products by the
metal injection technology(also referred to as metal powder
20 injection molding), without requiring any post finishing. 2An
example of the powdered material for salient poles includes Fe -
Si group material; the material being a one which is unfriendly to
machining process steps, therefore the post processing is hardly
applicable on such materials. For the salient poles requiring a
25 calking process step during assembly, a powdered material of pure
iron must be used. ) )
Process steps of the metal injection include weighing
and mixing of constituent metal powders and resin binder, each
sieved for specified grain size and controlled in chemical
30 compdsition by reducing reduction, kneading of the mixture to
prepare a stuff material for injection molding. Injection molded
with dies, the binder resin is removed after molding, and then
heated to sinter the powdered metal for providing sufficient
coupling between atoms to create a state in which the air sac is
35 contained. If there are many air sacs contained, the ultimate

dimensions after sintering might change. Therefore, for the



30 where; k denotes electric conductivity of coil, which

Is a constant determ ned proportionate to the space
fact or of coil.gl represents average coil |ength per
one 35 - turn, S is cross sectional area of coil

The 1 is represented by Formula 11, ignoring the coi

16 resi st ance.

salient poles or other components where requirements in the
dimensional accuracy are stringent, grain size of the powder needs
to be sufficiently fine and the diameter has to be uniform for
obtaining a higher density.

5 With the air sac made smaller and the density increased,
a salient pole may be improved in the capability so as to be able
to meet the higher magnetic flux density. In order to have
resin insulation film formed on the surface of sintered metal and
air sac, it is recommended to have the salient poles impregnated

10 with a resin at the final processing stage, or to have a portion
of binder resin left staying. Generation of eddy current may be
suppressed by an insulation film formed as an internal structure
in the salient pole.

Other exemplary method of manufacturing a salient pole
15 is described in the following.
Because the salient pole has been structured as a piece
component small in size, it may be manufactured in volume through
a forging process using a small forging machine. In the forging
process, corner edges are rounded. So, the salient poles 64 as
20 shown in Fig.30 may also be rounded at the corner edges, but the
curvature of surface 65a facing the rotor magnetic unit is not
affected, therefore no difference is caused in the motor
characteristics that stems from the shape of salient poles, as
compared with those made of powdered metal. In the forged salient
25 poles, the magnetic flux flows in a same direction as the flow of
metal composition, so there is no loss of magnetic flux; but a
loss arises out of distortion in crystallized grain of the metal
caused by forging. In order to reduce the loss, an annealing
process is applied on the salient poles for making the size of

30 crystallized grain coarse.

Now in the following, an assembly procedure for the
motor of Fig.20 is described referring to Fig.31. A first core
54 formed by a yoke 47 mounted with three salient poles wound
35 around with ceoil is inserted at a lower protrusion 54a in a cut

50a of bracket 50 from the axial direction, on which bracket 50



[err}

5 where; Lc denotes height of coil, Dc is

coil wdth. By substituting the Formula 8, Forrmula 9, Fornula
10 and Formula 10 11 for Formula 7, tgg following Formula 12 is obtained:

[err]
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thrust plate 46 has been provided and bearing 40 is pressed into
and fixed. Lower protrusion 55a of a second core 55 formed by a
yoke 48 mounted with three salient poles wound around with coil
is inserted in the other cut 50b of bracket 50. Magnetic units
38a - 38c and a specified number of spacers afe mounted and fixed
around shaft 39 at a specified position to form a rotor 37. The
lower end of the shaft 39 of rotor 37 is inserted-to bearing 40
provided in bracket 50.

Upper protrusion 54b of the first core 54 is inserted in
a cut 49%9a of bracket 49, and upper protrusion 55b of the second
core 55 is inserted in the other cut 49b of bracket 49. Before
fitting the bracket 49, upper end of shaft 39 has been put through
bearing 41 of bracket 49. These components may be assembled by
handling from only the axial direction to be built in. After the
frame work of a motor is completed, imbalancing weight 45 is put
on the shaft 39, printed board 51 having electronic components is
mounted, and terminal ends of the coils are soldered to the
printed board at a land 51la. And then a sheet 53 is affixed.

Now, principle of rotation in the motor of the present
embodiment is described using Fig.32 as basis.

Fig.32 describes relationship among magnetic units 38a -
38c, salient poles 35a - 35c, 36a - 36c, and coil 42(designated as
43a, 43b and 43c from the top).

As illustrated in Fig.32, the salient poleé 35a - 35c,
36a - 36c are provided with a same cricumferential orientation on
respective cores 54, 55 forming a straight line gueue stretching
in the length direction. At each stage, coils 43a, 43b, 43c are
wound continually with a single wire in a same direction around
the salient poles 35a - 35c, 36a - 36c of first core 54 and second
core 55. The winding direction of coils 43a, 43b, 43c at each
stage remains the same, as shown in Fig.32.

When the rotor rotates with the above structure, the phase of
induced voltages Va, Vb, Vc generated at coils 43a, 43b, 43c is shifted
by 120° relative to one another because the angle of magnetic units 38a,
38b, 38c at each stage deviates by 120 relative to one another.

The induced voltage assumes the same wave form as in the first



There is no conmponent representing the coil resistance R nor the nunber
of coil turns T contained in the above Formula. It 20 indicates that the
ef fici ency does not change by a change j.n t he speci fications of coil

wi ndi ng. In the above formula, when the rotor length L, rotor
di anmeter D are varied so as the volume of rotor( [err] Dlerr] L/4)
remai ns constant, with other variables fixed, the 25 relationship between
the length/dianmeter of rotor(L/D) and the efficiency [err] is as shown
in Fig.6. [embpigment tshowdoin dig.-ilhe sephessoter ®f presarty embpdindnt

| nner - ot Oloue¥Ree b CERe B! rofPrSRCP-EROIBIIE - Fig.6, efficiency of

the invented notor 1s inferior conventi onal brushl ess notor
when the rotor is 3hKehquabpin Ffle Fgesemprenbedingnt amosapdias deen; the

ef ficiency d‘e'ébi‘fﬁe&rt%sﬁa% @threacgfatg% BtPREAIrsdNd 1 gy &lifs beéncy with the
|l atter goes hi gher . an ultimate convergent value, viz. L/D

i nfinit Hared I"Eth mag‘ier?éceF‘F’r‘Eﬁ &rdysatient, epies WhfoFtages hes as

high as 1.3 I=rTE$3Ithat...). trhes Ceny @AvERERdn WRYObe cHrried out gehrhigy above
descri bed exerrp ng n]ﬁen pr magnetic units 4a, 4b, 4c have been
nmagnet i zed Pe?p Ripss motor.

A s1xth exemplary embodiment of the invention is

described hereunder with reference to Fig.33 - Fig.40.

10 Fig.33(a) is a cross sectional view in length direction
of a motor for use in a pager having a vibration call function of
mobile communication apparatus. Fig.33(b) is a traversing cross
sectional view of the motor. Description on those portions
identical to the fifth embodiment is omitted here; only the points

15 of difference are described. Those having the same structure as
in Fig.20 are represented in Fig.33 by using the same symbols.

As shown in Fig.33(a),(b), an outer case 90 has a thin
rectangle shape in the cross section by a plane perpendicular to
the axial direction of a rotor 73. The shorter sides 90a, 90a are

20 formed with a pair of yokes 47, 48. One of the longer sides 90b,
90b is left open, while the other is formed with a plate 68 and a
flexible printed board 69.

A rotor 73 is comprised of magnetic units 74a, 74b and
74c of empty cylindrical shape, each magnetized into two poles,

25 the N and S. As shown in Fig.34, the magnetized position of the N
and S poles of the magnetic units 74a, 74b, 74c at each stage
deviates relative to one another in a circumferential direction by
120 , and each of the magnetic units 74a, 74b, 74c is fixed around
a shaft 39 penetrating through the empty portion of the magnetic

30 units 74a, 74b, 74c. This may be regarded as a single-body rotor
73 in which the distribution of magnetized poles is stratified in
the axial direction on the surface.

In order to place the three magnetic units 74a, 74b, 74c¢
in a correct position relative to one another go as to create a

35 specified deviation in the polarity, each of the three magnetic

units 74a, 74b, 74c is provided with protrusion/hollow 75, 76 for



17 deviation of 120 relative to one another. They nmay be magneti zed

also with a deviation of 60. In the latter case, the w nding direction
of coils 3a, 3c has to be nade inversegto that of coil 3b as shown in
Fig.7, or connection of the coils be reversed while 5 keeping the w nding
direction as it is; by so doing, the phase of I nduced voltage is
shifted for 120 , nmaking the three-phase drive possi bl e.

Al though in Fig.1l round-shape cores la, 1b, 1c are exenplified, they

may be shapeureas angelar fordenpatidnonagpskawn he Big.35ut dhepi £benf er ence.
Wth the cpeseilc SHENs 430208, @4@E%t o ked witdy&nd POG-wlidRl! 1ty when

nmounted i n an appar at us. h in the present enbodi nent the
phase of iRek®y 75, 76 engaged, the 120 deviation is automatically

provided relative to one another.

5 Under the above structure, the magnetic units 74a, 74b,
74c may be magnetized respectively using the protrusion/hollow 75,
76 as the reference point; and then a certain specific arrangement
of the magnetic poles is obtained by simply stacking them with the
protrusion/hollow 75, 76 engaged. This makes the assembly work

10 easy. As an alternative, a position orientation gear may be

' incorporated in a spacer provided between magnetic units as in the
fifth embodiment. One example of such structure is described in
the following.

Fig.36 shows a structure which comprises three magnetic

15 units 77a., 77b, 77c and spacers 78a, 78b provided in between the
magnetic units. Each of the three magnetic units 77a, 77b, 77c 1is
provided with hollow 80, while in each of the two spacers 78a, 78b
protrusion 79 is provided to be engaged with the magnetic units.
The protrusion 79 on spacers 78a, 78b is provided with an angular

20 deviation 120 between the up and down protrusions. By simply
assembling the magnetic units 77a, 77b, 77c having the hollow 80
engaged with the protrusion 79 of spacer 78a, 78b, the deviation
of the magnetized poles relative to one another becomes 120 in a
circumferential direction.

25 : Under the above structure, the magnetic units 77a, 77b,
77c may be magnetized respectively using the hollow 80 as the
reference point:; and then stacking them by simply engaging the
hollow 80 of magnetic units 77a, 77b, 77c¢ with the protrusion 79
of spacers 78a, 78b, a certain specific arrangement of the

30 magnetized poles is obtained. This makes the assembly work easy:
accordingly, the above structure may be suitable to production in
volume. In addition to the function as an aligner for relative
positioning among the magnetic units, the spacers 78a, 78b may
also play a role of imbalancing weight, and prevent the leakage of

35 magnetic flux between the adjacent magnetic units as well.

A motor of the present embodiment is for use in a pager



voltage in respective three stages has been set to deviate relative to
one anot her for 120 by shifting the direction of 15 nmagnetization, the 120
devi at ed phase may be obtai ned al so by shifting the direction of the
salient poles 7a, 7b, 7c of cores f% 1b, 1c relative to one anot her
with the direction ofl magneti zation of the magnetic units 4a, 4b, 4c
kept in one direction, or by shifting the direction of both the salient
poles 20 7a, 7b, 7c of cores 1la, 1b, 1c and the magnetic units 4a, 4b, 4c
rel ati ve t @fomebiimidesmunication sppamtusnbevirany wherafidnheadbove

conf i gur at ifQRg+ fod10t 84 roresre% a;céosgm%%lanaé& b%bgaiféma by det or.
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anot her at g@aelﬂt§tﬁg%ffaamg:e%hsroic%%smﬁ (ER¥tre o@%ﬁaﬁe possible to
suppresg t he overall he%%ht of a_notor further by ou5|ng the coils of

top and®bott om cor BT £RcTegsifg g Rikgajdon inﬂﬁ%ﬁh5n45f thee OUBE® | b
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general |y Q%Rp?£%£¥y%%b 8&%§ﬂ%ﬁé$oﬁngf)shorter side 90a $¥ngukgrt£§§é(ﬂ | owi ng,

a second exe ary e
(0] 90(see Fig.33(b)).

0.6 xa<D<a..... (28)

Although the shaft 39 is not always located at the
15 centre of bracket 70, diameter of the weight 45 may be determined
in relationship with the diameter of magnetic units 74a - 74c
based on the following Formula 29, as the rotor 73 is rotating:
where, Dm representing the outer diameter of magnetic units, D the
outer diameter of weight.
20
0.8 xPbm <D< 1.1 xDm ..... (29)

The bearing portion 70a of bracket 70 is made thinner

around a hole for accepting shaft, as shown in Fig.33(a), and the

25 inner surface of which is coated with a low friction resin. The
shaft 39 makes contact via the coated material 81 of low friction,
therefore, the bearing loss is small. Further, as the thickness
of low friction coating material 81 is as thin as less than e.g.
100 4 m, which means that it works as a member of high rigidity.

30 Therefore, a force exerted to the bearing portion 70a by
imbalancing weight is transmitted to a structure outside the motor
without being attenuated. Examples of the low friction coating

material are shown in Table 1.

35



35 the invention is described with reference to Fig.9 and Fig.10. In
t he second enbodi nent, the nunber of magnetized poles of a

18 magnetic unit is not two, byy a number nore than that. The
structures of the notor renmain the sanme as those of the first
enbodi nent above, with the exceptions in the nunber of nmagnetized pol es
I n magnetic unit, the corresponding salient poles of each 5 core and the
coils. Fig.9 shows a relationship anong nagnetic units, cores
and coils in a notor where nagnetic unfakle4a, 14b, 14c have six
magneti zed pol es, and the nunber of magnetic poles in salient pol es
16a, 16b, 1pT of cores 1bq, ) C Ts four. A[comron
Ttem Molybdenum disulfide [Fluoric resin Graphite
5 Chemical formula MosS, c
Crystal structure |Layered, Open Complexed Layered
Colour Lead Opal Dark gray
10
Hardness (Mohs) l1-1.5 1.5 - 2
Specific gravity 4.7 2.2 2.2
15 friction coeff. 0.02 0.03 0.05
Highest temp.(TC) 320 260 430
Decompose temp.(T)| 1098 727 3498
20

Bracket 71 is made of a low friction resin and is
provided with a bearing portion 7l1a of a spherical hollow shape
integrated therein. Because the bracket 71 is made by injection

25 ﬁolding. complexed shapes may be formed around the Bearing portion
71a.

One among the group of e.g. fluoric resin, polyacetal
resin and polyimide resin may be used for the low friction resin.
The fluoric resin has been widely used in many industrial fields

30 Dbecause of its anti-chemical property. heat resisting property and

non-sticking property, besides the advantage in low frictiomn.

In a case where the bracket 71 is made of a metal
material, a pivotal bearing may be formed by coating a same low-
36 friction coating material used for the bearing 70a of bracket 70.

A flexible printed board 69 is mounted with integrated



10 connection term nal of each of coils 17a, 17b, 17c is represented by
a synbol COM the other end termnals by synbols U, V, W respectively.
The sane applies to Fig. 10. 40 Shown in Fig.9 are six-pole
cylindrical nmagnetic units 14a, 14b, 14c, each having the N and S poles
magnetized with a 60 15 angular pitch in a circunferential direction, and
cores 15a, 15b, 15c, each having salient poles 16a, 16b, 16c of four
magneti c pol es di sposed with the same angular pitch as the magnetized
pi tch sirgaghet§L andi ethem gleetignil compomentisofoordmisiogd 4wd tiso pairs

of Lhe mmongrized oles pldls RY.CoRh:AIP BRGNS QPORA doRndd POl es

at the other side facing to each ot her ustrate
stacki ng uPaski oF | §he Falferte nolggedda - 350 36a - 3Wt1qStqwnabbe® ’@truct ure,

it turns ouerR@syl twoaREOYS d&mich ibetlfé?{ %iaé@ﬁaal&? cé:?t?ect%t o & Tlagk
portion 13 agPlln\Lgll(JSt ted Int IS way, one O di mrensions 1n the

directi 8 PIiRFede PPRTR) O S & %P”rﬁ?lrt gide gi0ngdsor .
Nanel vy, an conskisiiapgedith thetfoexiBle Qﬁ-ldeédgftﬂi‘d%bh &A5@. the present

and coi o 1nEbien e RPN B SR Besler 18 mernd Whivtas sFculky. Lac
and cores ¥rompon&its mcthavﬁlmglbberprﬂﬁepob@azshlweﬂbrplﬂiee&hiﬁa, 16b, 16¢c.
configuration of a motor. Thus, a thin and small brushless motor

10 may be fomed. The other longer side opposit to the flexible
printed board 69 is left open.

Like the case with fifth embodiment, the salient poles
35a - 35c, 36a - 36c of the present embodiment are not integrated
with yokes 47, 48, but each of them constitutes a piece component.

15 Fig.37 shows an example of the salient pole as an independent
piece component.

Representing the entire salient pole of Fig.37 with a
numeral 83, a surface 84a of protruding portion 84 of the salient
pole 83 facing to rotor 73 has a curvature whose radius is not

20 centred at rotor axis 85 but it is located at a point further away
from the rotor axis 85. Namely, if the radius of the curvature R2
is infinite the surface becomes flat.

A surface 84b of protruding portion 84, which is the
reverse surface of the surface 84a facing to rotor 73, is flat,

25 and a tooth portion 86 has a rectangular cross sectional shape.
Therefore, a coil may be wound around in a flat rectangular form
with an esthetic finish accompanying least displacement of
winding. This is advantageous also in the view point of
reliability. Fig.38 shows a salient pole of Fig.37 wound around

30 with a coil having a flat rectangular shape in the cross section.

The shape of a hole in the yoke 47, 48 for engagement
with the salient pole 83 of Fig.37 is square, not round.
Accordingly, a joint portion 87 of salient pole 83 is also shaped
square in the cross section. Thus, when the portions for

36 engagement are shaped in a polygonal form other than round, the

salient pole 83 and the yoke 47, 48 may be aligned to a correct



Shown in Fig.10 are six-pole cylindrical magnetic units 14a, 14b, 14c,
each having the N and S poles magnetized with a 60 angular pitch in a
circunferential direction, and cores 153, 15b, 35 15c, each having salient
pol es 16a, 16b, 16c of four magnetic pol es di sposed with the sane
angul ar pitch of magnetic units 1l4a,

19 14b, 14c so as to correspond to two pairs of the magneti zed

pol es, the four poles of salient poles 16a, 16b, 16c being placed
concent r at F@1phlvR Posigdoning [byyshergedyest weer dmsertedcki ng up axially

in three stages. Bach of the sdflildit! PE1APRSE StEHUCT Wea, - Odiie b ™PISI 9 from

axi al
has been insulated by an electrostatic coating process. Coil 42

is wound around over the insulation layer with the terminal board

5 72 affixed to a portion of salient pole provided for insertion
into yoke, and terminal end of the coil 42 is pressure-connected
to the terminal board 72 at a vicinity of the salient pole.
Fig.39 shows a salient pole, or a piece component, attached with
the terminal board 72. The terminal board 72 is formed by an

10 insulating resin 90 and a metal plate 89 integrated therein. One
salient pole 83 is provided with two metal plates 89; one for the
starting end and the other for wound end of the coil. Thus, a
salient pole 83 wound around with coil assumes a shape similar to
a chip resistor, or a component ready to be mounted immediately

15 with ease.

Now in the following, a process of assembling a motor of
Fig.33 is described with reference to Fig.40.

Flexible printed board 69 mounted with integrated
circuits 82 and other electronic components is affixed on plate

20 68, rotor 73 which being an assembled body of magnetic units 74a -
74c and shaft 39 is fitted to bearing portion 70a of bracket 70
and then mounted on the plate 68 from a direction perpendicular to
the shaft, and then the other bracket 71 is mounted from a
slightly oblique direction to be fit to the shaft. A first core

25 54 having salient poles 35a - 35c wound around with coil 42 with
the terminal ends fixed at terminal board 72 and mounted on yoke
47 in an axial direction with gap between one another is set on
the brackets 70, 71; likewise, a second core 55 having salient
poles 36a - 36c, etc. mounted on yoke 48 is set.

30 These components may be assembled from a direction
perpendicular to the axial direction to be built in, After the
frame work of a motor is completed, an imbalancing weight 45 is
put on the shaft 39,

A seventh exemplary embodiment of the invention is

35 described hereunder with reference to Fig.41 through Fig.45.

Fig.41(a) is a cross sectional view in a lengthwise



centre of cores 15a, 15b, 15c to a side may be reduced to be smal | er

than the counterpart dinension, as illustrated. A notor of such
configuration nay be advantageous when ysed, for exanple, as the
spindl e notor of an optical disk device,” where the nounting 10 space is
limted in one of the circunferential directions; nanely, within a
gi ven hei ght, eventual size of a notor may be nade | arger, for a
greater output. As described in the above, a three-phase

brushl ess midtrertion afap betérfioznese cich @veager havénguabebretipmlasll n
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equal angul ar hree cores each having salient poles 20 of 2m

pol es(nPi ndﬁ“@&gﬁﬁgh%ﬁ?y PRl dere Reintsnf iffergncenare fescriRgd. Thogg sposed

with a sarr&xawagetnezls@gxeps{ﬁibt@&et&a@ iRgAet 26 4+ r8pSéschted int®ig.Qnrespond
to mrragnetlzedblgé) , Stac g in axial direction for three stages,

with the afgl 8% SFW% &fi zati on of magnetic unit and the core
devi ati ng by 120/ nAs edrdwinvéntBicgoAa , 28 ratvat hagnet 9dackh afmddnetstagesy

Al though i %ft Qe gﬂljﬁ/ sﬁéggpcaot\{oentz{gxggg%né:ttathng Qrsu&% emboé)‘emeerr]ltit fngt ur ed

in three stages, ourse
10 been made of three magnetic units 38a - 38c. In the present

embodiment, the rotor is made of a single piece of a magnetic
body. However, the rotor of present embodiment is magnetized into
a same state as those of the fifth and sixth embodiments.
Therefore, for the sake of easy explanation the rotor magnet 91 is

15 described in Fig.42 splitted into three stages; as if it is made
of three magnetic units each magnetized with the phase of magnetic
poles deviating by 120 relative to one another. Because the
rotor magnet 91 is a magnet of a single body, work steps for
aligning magnetic units to a right position in relation to the

20 magnetic pole is eliminated. At both ends of the rotor magnet 91,
a ring portion 95 of a smaller diameter is provided for accepting
a ring-shape bearing bush 96, 97 to be pressed in and fixed
thereto.

Each of the bearing bushes 96, 97 is provided with a

25  thick crescent portion 96a, 97a, as shown in Fig.41 or Fig.42,
which is for generating an imbalancing force as a result of
rotating. The bearing bush 96, 97 is provided also with a bearing
hole 96b, 97b at the centre. Each of the top and bottom bearing
brackets 92, 93 is provided with a bearing pin 92a, 93a at the

30 centre for a coupling with the bearing hole 96b, 97b. The rotor
magnet 91 is supported revolvable by the top and bottom bearing
brackets 92, 93.

A motor of the present embodiment is for use in a pager

of mobile communication apparatus having a vibration call

356 function. In order to pick up a vibration to be generated by a
motor, bearing bushes 96, S$7 whose centre of gravity is off the



(K=2,3,4....). The invention may be applied generally to any K- phase

brushl ess notors. 30 A third exenpl ary enbodi nent of the

i nvention is described in the follow ng referring to Fig.11 - Fig.17.
As shown in Fig.11l, a rotor is conprised of magnetic units 21a, 21b and
21c of enpty cylindrical shape, stacked in three stages 35 wth a spacer
22 in between and fixed around a shaft 23 penetrating through the enpty
area of each of the magnetic units

20 ceptar fl lrogadion c(shefis séndfne)28rdoaneyidedper tasdthe bot h ends by

a beardedgr2Pudiil #6068 QhetaltbdBy 2btalhbls AN thBNGFaviQyObeplrddiBEUT €

bearing bushes 96, 97 is transmitted to a stator of the motor.
The larger the radial load on bearing pins 92a, 93a the greater is

5 the vibration. The load exerted on bearing pins 92a, 93a is
described referring to Fig.43,’a model chart.

Representing the distances from bearing pin 93a to

bearing bush 96 and to bearing bush 97 as L5, L6, respectively,
the distance from bearing pin 93a to bearing pin 92a as L, the

10 distance between gravity centre of bearing bush 96 and shaft
centre as r5, and the distance between gravity centre of bearing
bush 97 and shaft centre as r6; and the shaft centre is being
represented with X axis, and Y axis being perpendicular to the X
axis. The centrifugal force F5, F6 to be exerted on bearing bush

15 96, 97 decomposed in X axis and Y axis are represented in Formula 30: where;
w representing angular velocity, m5, mé are respectively the mass of
bearing bush 96, bearing bush 97.

F5x =m5 r5 w? = F5
FSy = 0
20 F6x = mé6 v6 w?* cos 0 6 = F6 cos 0 6
F6y =m6 r6 w2 sin ' 6 = F6 sinf 6 ..... (30)

Assuming a reactive force at bearing pin 92a against bearing bush
96 as R3, the reactive force R3 decomposed into the directions of X and
25 ¥, viz. R3x, R3y, are represented in terms of a momentum in Formula 31,

with the bearing pin 93a of bearing bush 97 as fulcrum:

LR3x = L5 F5x + L6 Féx
LR3y = L5 F5y + L6 F6y ..... (31)
30 Accordingly, a square of the reactive force R3 is represented by

Formula 32:
R3? = R3x* + R3Y’
= (F5x - (LS5/L)} + Féx - (L6/L))?
_ + (F5y -+ (L5/L) + Féy - (L6/L))?
35 = (F5 + (L5/L) + Fé6cos 0 6 - (L6/L))?
+ (F6sin 6 6 - (L6/L))*  ..... (32)



supported at both ends is formned. Two cores 19 positioned at
both sides are provided each 5 wth three salient poles 18a, 18b, 18c,

bei ng shaped out of an i ron chunk4Py a cutting process to forma
straight |ine queue of three, and rmagnetic circuits connecting the
sal i ent poles. These are insulated with an electrostatic coating.
After winding coils 20a, 20b, 20c around the salient poles 18a, 18b,
18c, the cores 19 10 are inserted to the frame 24 at both ends, and the
term nal ends of coils 20a, 20b, 20c are soldered to a board 26 on

whi ch a CONNGGt FQHmPAL 38", ”tﬂxé a%rghggfdvelﬁc‘ie%‘erma%% B@r@aﬁn‘&abhsﬂf

out er case. ate of magneti zZation
magneti c 18ccentirisitn dtlﬁéaa%-vélﬁ’éﬁﬂe in axial directipg %Ifﬁ)\%lll??qming"i@esc he

magnet i zedf@paegigmr@f vsﬂlqel\t%known%soahm & st h@hmqﬁéé&ééntﬁéhgéﬁest
21b, 21c at. ea 6p&sta devi at es relative to one another %?]120 in a

ci r cunfl®r e¥Remy| Vg7 when the directipp of3 cepRbhiifugale Fareemofi fha ity
t he magnet p&ariigt Budhes 263, 9Z21ébindlges! he salient poles 18a, 18b, 18c of
core 19, and the coils 20a, 20b,  20c. ) As shown in Fi.g.13,
coi s 208 20b 200 ST Ba FRInTES 58 FiA1ABALagABER PotRe ERGHY PLl 924
cor r espondeogrdspoadting 0d beheing ages®f the dinegiensofisudentPiaitpdb gradity
centre in the two bearing bushes 96, 97 have to coincide. Taking a

10 practical .allowance in the accuracy of assembly into consideration,

Formula 33 has to be fulfilled.

| 66 | <30° ... (33)
15 Reactive force R4 to be exerted on the bearing pin 93a
corresponding

to bearing bush 97, with the bearing pin 92a corresponding to bearing bush

96 asfulcrum, may be obtained through Formula 34:

20 R4* = R4x® + R4y?
= (F5x - ((L - L5) / L) + Fé6x + ((L - L6) / L))?
+ (F5y *+ ((L - L5) / L) + Féy - ((L - L6) / L))*
= (F5 - ((L - L5) / L) + Fécos # 6 - ((L - L6) / L))
+ (Fésin 0 6 - ((L - L6) / L))? e . (34)
25
where, R4x, R4y representing the components of reactive force R4
in X,Y directions.
Formula 34 indicates that the reactive force R4 on bearing pin
93a corresponding to bearing bush 97 is maximized when the eccentricity
30 angles in gravity centre of bearing bushes coincide.
' In order to maximize the vibration to be caused by the
imbalance, a product of the imbalancing mass and the gravity
centre has to be made as great as possible. The bearing bush
should have a largest possible outer diameter, yet it should not
35 touch the outer case 90 of motor. The relationship may be

represented in Formula 35: where; Dm representing the outer



25 Fig.14 is a waveform chart show ng the induced voltages
generated in each of the coils by a rotating rotor. As seen from t he
Fig. 14, the phase of induced voltages V& Vb, Vc generated at coils
20a, 20b, 20c is shifted relative to one another by 120 reflecting the
circunferential deviation of magnetization by 120 30 in the magnetic units
2la, 21b, 21c. One term nal end of each of the coils 20a, 20b, 20c is
connected together form ng a common termnal called COM The ot her
term nal erdemefer I rotpeduagnet 91, dbi Irepreserddsyghisd laegpstiouwt@ry to the
three phas%grhgmpgrentiaglgﬂn{étggl {zly ﬂa!r‘iﬁg BYsn el ectronic circuit in

' t

accordance wwth 35 the induce ree- phase voltage. Thus a torque is

generated and the magnetic units are rotated, or it is driven as a
t hree- phase 0.8 xDm <Db < 1.1 xDm ..... (35) 21
| 5

As the dimensions of imbalancing bearing bushes 96, 97
are restricted by a shorter side 90a of outer case 90, they should
practically be determined so as to fulfill Formula 36: where;
symbol a representing the length of shorter side 90a of outer case

10 90 (see Fig.41(b)), Db representing the largest outer diameter of
bearing bushes 96, 97.

0.6a<Db<a..... (36)

15 Likewise the case with the fifth embodiment, the salient
poles 35a - 35¢c, 36a - 36c are not integrated with yokes 47, 48,
but each of them constitutes an independent piece component. As
shown in Fig.44, each of the salient poles 35a - 35c, 36a - 36¢ is
wound around with coil 42, at that time a terminal board formed by

20 a resin integrated with metal pieces_98 is attached to, and end
terminals of coil 42 are electrically connected to the metal
pieces 98 of terminal board 99. The beginning and the ending of
coil 42 are each connected to the metal piece 98 by fusing through
thermal compression. A protruding portion 100 of the salient pole

25 35a - 35¢, 36a - 36c is provided with a circular arc surface at
the surface facing the rotor magnet 91. Each of the salient pole
35a - 35c, 36a - 36c is also provided with a cylindrical portion
101 to be inserted in the yoke 47, 48 for positioning.

Assembly of a motor of the present embodiment shown in

30 Fig.41 is described in the following with reference to Fig. 45

As shown in Fig.45, a flexible printed board 94 is fixed
on yokes 47, 48 in both sides, a certain specific number of
salient poles 35a - 35c¢, 36a - 36c are disposed thereon with the
cylindrical portions 101 inserted in.holes 102 provided in the

35 yokes 47, 48. The flexible printed board 94 is coated with a

cream solder in advance and is mounted with integrated circuits



brushl ess notor. Fig.15(a) is a cross sectional view of a

sinplified magnetic circuit in the invented brushless notor. Fig.15(b)
shows the notor unfolded frominsige the core. For the sinplification 5
of expl anation, the | eakage of magnetic flux is ignored in the

foll ow ng description. The efficiency of a notor [err] is
represented, alike Enbodi nent 1, by: 10 [err]
15 The above Formul a contains no conponent representing the

coi | resisl@handrother elestmgnbe rcamporents .t yPhereforghi the metal piece
98 of terminal board 99 positioned on land 104 of flexible printed

board 94 is soldered during a reflow furnacing for electrical
conduction with the coils and electronic components.
5 After the electrical conduction is secured, each of the

yokes 47, 48 mounted with the salient poles 35a - 35c, 36a - 36¢
is raised upright from both sides, and the rotor magnet 91
assembled with bearing bushes 96, 97 is placed between the yokes
47, 48. And then the bearing brackets 92, 93 are attached to from

10 the up, and the rotor magnet 91 is supported by the yokes 47, 48.
A sheet 105 is affixed, as a result the inside of motor is kept
sealed.

The bearing brackets 92, 93 are provided respectively
with bearing pins 92a, 93a. Different from those in the fifth and

15 sixth embodiments, the rotor magnet 91 of the present embodiment
has an empty-cylindrical shape without shaft. Therefore, the
bearing bushes 96, 97 are inserted to the rotor magnet from both
ends to have bearing gear formed in engagement of the holes
96b, 97b with the bearing pins 92a, 93a of bearing brackets 92,

20 93. The bearing pin 92a, 93a may be formed by means of a coining
press if the bearing bracket 92, 93 is made of a metal material.

An eighth exemplary embodiment of the present invention
is described in the following referring to Fig.46 - Fig.56.

Fig.46(a) shows a cross sectional view in the lengthwise

25 direction of a motor for a pager of mobile communication
apparatus, Fis.46(b) is a traversing cross sectional view of the
motor.

As shown in Fig.46(a), Fig.46(b), a motor of the present
embodiment comprises a core 106 and a back yoke 109 facing one

30 another, with a rotor 110 disposed in between.

It is advantageous for obtaining a good balancing to
have two cores 106 disposed symmetrically with respect to rotor
110, like the cases in the fifth through seventh embodiments. In
a motor where three salient poles 107a, 107b, 107c are provided,

35 however, it needs the coil 113 for six pieces, conseguently twelve

terminal ends of coils 113. The amounts of work for winding the



I ndicates that the efficiency does not change by a change of

specifications in the coil w nding. 20 In the above formula, when
the rotor length L, rotor di ameter 4& are varied so as the vol une of
rotor( [err] D2 L/4) remains constant with other variables fixed, the
rel ati onshi p between the | ength/dianeter of rotor(L/D) and the
efficiency [err] is as shown in Fig.16. In Fig.16, the dotted |ine
represents a conventional inner-rotor type brushless notor. 25 As seen
from t he Feeils andf hardkingy the terminglecendsl ayst ebstanthpdy | Bhexefore, t hat

of convent bQﬁ@t!o:b%ﬁsgﬁ@%&e@'@hgremaﬂ?%rﬁMhehﬁ SiprisedWnd kore

inproves with a |onger rotor: the eff |C|ency curves Ccross at_a certain

poi nt and &9¢i anéneyemq%t tYHEeIIaQ% én phece Hifglkbe otersfore. Ppdersuch

conver gent aVé’d)rLHint‘dl:ion LidR1y tﬁhfééﬂcbglg nafé)m%ha ﬂ&cet BRe thmREf bei ency of
i nvent e rmtor ach s as hg 1.5 tinmes that conyenti_onal
oo 8 MRentinal SRR A sl 1835 e M SuhEIRRLIN: SAVE O P vt ng

i nt egr at edfsﬁlvtiemhngod:@ﬂlslaa wdBb,asl&ori cordnticeengt Bgetebasndie@nds ;

enpl oyed foa}t a[%l wl%e nurrber §Ic cores may be g pieces 35 (q =

1,2,3,4, a case efe” hrg'dg reddo s enpl oyed for t wo

pi eces(or one pi ed@toasllth hdse bper seirucgnbed i ire At samerARyangenent as
that of Fig.34; being magnetized in three stages in lengthwise

10 direction, 120a, 120b, 120c, the magnetized position at each stage
deviating relative to one another by 120 , and shaft 111 is
penetrating through the empty portion of the cylindrical magnetic
units 120a - 120c.

The shaft 111 is supported rotatable by bearings 1l12a,

15 112b inserted and fixed on brackets 114, 115.

The core 106, back yoke 109 and brackets 114, 115 are
fixed respectively on the printed board 116, and the whole is
covered with an anti-dust cover 119.

The outer case 90 is shaped to a thin rectangle shape in

20 a cross sectional plane perpendicular to axial direction; one of
the longer sides 90b is constituted with a printed board 116,
while the remaining three sides, viz. the other longer side 90b
and a pair of the shorter sides 90a, 90a are structured by the
anti-dust cover 119.

25 Fig.47(a).(b) show a structure of core 106; Fig.47(a) a
side view, Fig.47(b) a traversing cross section. The core 106 has
been formed by combining two core components 106a, 106b of the
same shape splitted into half by a plane containing the centre
axis of motor and the core 106. Each of the core components 106a,

30 106b may be made either by stacking a plurality of silicon steel
sheets or with a single sheet of metal plate.

When forming the core 106 by stacking silicon steel
sheets, the efficiency is the highest, in view of the loss due to
eddy current in the core, when the steel sheets are stacked in

35 parallel with a plane in which the magnetic flux flows. In a

motor having three salient poles 107a - 107c¢ disposed in parallel



22 others, the thickness of a notor in radius direction may be

reduced to alnost as thin as the dianeter of nagnetic units 21a, 21b,
21c. This nmeans that magnetic units 21gg 21b, 21c having a | ar ger

di aneter may be used within a given space in the thickness; 5 output of the
notor may increase accordingly. Fig.17 shows a relationship
anong nmagnetic units, cores and coils in a nmotor where the nmagnetic
units 3la, 31b, 31c have four magnetized poles, the core 29 is used for

three pi ecd® thadaxial dhzesiuidver thé madnesicnfbud ifdaws pud d9.1R8bratd8bby28c i s
three. A 1Q58W50{h GAgNe6ta nlttemmlmo f«é&ﬁr&f a&?&&%{ %%96@3}%% 30c

IS represented by a sy end termn
respect i veltp. the axie Wlthl‘SH'éWn arga F‘?fg Sﬁilal‘-’é gdes- poTa ‘C)J-I°7ﬁdrflutﬁalln a

nmagneti ¢ Urditréction Pbra1Bdh.to3tbe £20d) WARWiRTGad Re el BAHcINBOLRS ¥HRGREt i Zed

W th
tha 5 salient poles 107a - 107c. Accordingly, a highest efficiency may

be obtained in the present embodiment when the steel sheets are
stacked in a direction perpendicular to a plane formed by the axis
and the core.

A core 106 of the present embodiment has been made with

10 two core components 106a, 106b overlaid together in line with the
direction of magnetic flux. This structure presents a higher
efficiency because of the smaller loss due to eddy current, as
compared with a core formed as one single body.

As the core 106 has been formed by combining two core

15 components 106a, 106b of the same shape splitted into half by a
plane containing the axis and the core 106, each of the core
components may be made with ease through only bending and cutting
a metal sheet, or by pressing. This means that the component may
be manufactured with a comparative ease from a silicon steel

20 sheet, etc. which steel is not suitable to undergoing process
steps such as contraction, forging.

Fig.48(a).(b),(c) shows structure of the above core 106
and resin insulator 108. The two core components 106a, 106b of
core 106 are fixed together to form one single body by a resin

25 molded insulator 108, which at the same time forms an insulation
layer for a coiling part of the core 106. On one side of the core
106 facing the printed board 116, a pin 121 is provided to be
inserted in and fixed on the printed board 116.

With the above structure, binding of core components

30 106a and 106b and insulating of the core 106 are attained
simultaneously: which means saving of assembly works, making it
suitable for the production in volume. Further, as the resin
molding process has a high degree of freedom in providing various
shapes, the resin molded component may be provided with additional

35 shapes and functions.

Furthermore, because the core 106 may be fixed on the



15 deviation of 90 angular pitch in a circunferential direction, and a
core 29 having three-pole salient poles 28a, 28b, 28c disposed on a
line parallel to the axial direction ajga same pitch as the magneti zi ng
pitch of the magnetic units 31a, 31b, 31c and nagnetic circuits
coupling the salient poles 28a, 28b, 28c. 20 A notor of the above
structure nmay be advant ageous when used, for exanple, as the spindle
not or of an optical disk device, where the nounting space is limted in
one of thepxintednbeaehtlilfl by simiilyepushing dheapimtldd. iNarfdiach maengevent ual

size of a PRIOGHBYCE posli%igﬁ-ﬂ?%ld%r 9R8E Mrhhbeadh 3ahkallKod1al gk, 1dience a
greater output. 25 - Although in the present enbodi nent a notor has
been deers iedhe oSIMQ E1iBet hr ee- stage structure, it may al so be

structured in K styflla.eséK oF %hahﬁresetr)lt) erﬁlla_é'tll.ﬁnetnheii; NEgHN tuls @ N1 By pta%gr _ ]
carried out_genera as .a K-phase brushl ess notor. . win the
o outho Vb, i oIt el 1oh RRARRET . OF SOROYE ARIEAR T DREEHREC! | bod
with ref erehesforeli gt 1 angdtFH ¢t ¥8quirement for tHen mbler atieae idesad i bed
first exe ary enbodi nent. thr.ou third exenpl.ary._e [ n t he
r ot or hasng{:a rnelc?gﬁﬁ?llsoerﬂ withogt {ahl(riegpn%gvr?égflgeu%tls? f?ﬁeqd)'ozgr‘ggﬁ V2 shaft
Wi t h spacehmong the Bactwgmsnrehatethgnibhi thestagting wdidape exfers mpbor tdre
enbodi nent Si t is fi [ s as
I th& POLies #1019, hg 3odghiel BYE G ALRYAS) Ehids

shown in &F’%Slg ttﬂae r ot o?r@rr%@%e? 32 q?)lgl ng magnet ?zegaﬁr%%t h%ee st ages
| i ke 10 between core and magnet, the voltage drop in driving circuits,

etc. In a motor of the present embodiment, following

countermeasures, among others, have been taken for reducing the

cogging torgque.

15 Fig.49 shows relationship among the core 106, the back yoke 109
and the rotor 110. The angle & by salient pole 107a - 107c¢ of core 106
facing the rotor 110 and the angle 8 by back yoke 109, shown in Fig.49,
have a close relationship with cogging torque.

Fig.50 shows a relationship between the angle & and the cogging

20 torque, when the angle @ is varied under a condition @ = 3. As seen from
Fig.50, the cogging torque goes the smallest at two points, at the
vicinities of 90° and 150° . Therefore, the cogging torque may be
suppressed by setting the angle & at around 90° or 150° . At 90° ,
however, leakage of magnetic flux increases to a deteriorated magnetic

25 efficiency: so, the angle 150° may produce a better result.

The close relationship of cogging torque with the angle @ of
salient pole 107a - 107c and the angle 8 of back yoke of core 106 has
been described above. The cogging torque bears a close relationship also

30 with the angles @ and 3 when the ¢ and B taking different values each
other.

Fig.51 shows an exemplary case, with the @ + 3 fixed while the
@ - B varied. As shown in Fig.51, cogging torque goes the smallest at
around £30° , £90° . At the £90° , the magnetic efficiency is poor

35 Ybecause of unfavourable balance at both sides. Therefore, the £30° is

superior.
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the rotor of Fig.2. Wth the above structure, three pieces of

are integrated into a single conponent; which signifies t he
i n conponents cost and the sg@pressed deterioration of not or
stics due to angular errors during assenbly of 5 the magnetic

hree st ages. In the case of Fig.18, a rotor magnet
magneti zed in three stages. However, a rotor 34 nay al so be

in a skew configuration, as shown in Fig.19, where the

bad® Joie 908 rdbe"bled fuccl SkaWATBINELIEAL! A, Wikes are PFesent an
advant

age of reduc glng torque, because
employed, as in the fifth t rough seventh embodiments, a same

effect may be likewise obtained by setting the difference in the
angle between the two cores at £30°

Now in the following, description is made on an
imbalancing weight 117, 118.

A motor of the present embodiment is for use in a pager
of mobile communication apparatus. In order to pick up a
vibration to be generated by motor, weights 117, 118 whose centre
of gravity is off the centre of shaft are provided so as the
centrifugal force of the weights 117, 118 is transmitted to a
stator of motor.

As shown in Fig.52, a rotor 110 is penetrated through by
a shaft 111, and imbalancing weights 117, 118 are provided and
fixed by calking at around the both ends of the shaft 111, and the
weights 117, 118 are glued to the ends of the rotor 110.

Fig.53(a),(b) shows a relationship with the location of
the centre of gravity of imbalancing weight 117(118) relative to
bearings 112a, 112b. Fig.53(a) shows a case where the gravity
centre G of imbalancing weight 117(118) is located at a point
outside the region between the two bearings 112a, 112b, Fig.53(b)
is a case where the gravity centre G of imbalancing weight
117(118) is located at a point between the two bearings 11l2a,
112b. Respective loads F6, F7 by the centrifugal force F to be
exerted on bearings 112a, 112b are obtainable through Formula 37:
where; L1 representing the distance between the two bearings 112a
and 112b, L2 is the axial direction from one bearing l112a to
gravity centre G of weight assuming a direction towards the other

bearing 112b as positive.

Fé6
F7

((L1 - L2) / L1) - F
(L2 / L1) - F ....... (37)

When the gravity centre G of imbalancing weight 117(118)

is placed outside of the bearings 112a, 112b, as shown in



in the skew configuration the switching of magnetic flux takes pl ace
I n a snoot h nmanner. In the following, a fifth exenplary
enbodi ment of the 15 invention is described with reference to Fig.20

t hrough Fig. 32. Fig.20(a) %'s a cross sectional viewin the

| ongi t udi nal direction show ng a vibration notor for use in a pager of
nobi | e communi cati on apparatus. Fig.20(b) is a traversing cross
sectional view of the notor. 20 A nmotor of the present enbodi nment
has an out @igC83e2)90 the l1odDFT SHORE dus 86 B INRBGLieEl amgl £ nicdnd EHASS

sectional R ang. t.perggqg%gyLar to the axial direction of rotor 37, the
pair of EhOHTET P . “§0R°¥ 9 ng yokes 47, 48, while the |onger

si de pai rs 90bLo®kolrghedrc @arpbeaeichgfisagenenaldg bomrakimdteddia sheet
25 53. . It p | b e r ectional shape of the

out er case%gbﬁggéﬁghogigkﬁ£%Y%% gﬁé‘%%%ggg.giﬁgafotor 37 is conpri sed
of thre® magnetic units 38a, 38b, 38c, spacers 44a, 44b to be placed
bet ween the magnetif URidt §,xand a shaft (39 _ I'n Fig.20, salient
pol es 35a, 35b, 35c, 36a, 36b, 36c 30 are each provided with an insul ation
| ayer by neans of el ectrostatic coating, and is wound around with coi
42 over the | NGRS, @8 réYyRisentiy HldoB8Btam®lcAsmdRe, intelpenddft EUNd

ar ound Wit h cqéL 42 are attached to the yoke 47 in the axial direction
of a load is a proportional constant.

10 Accordingly, the sum of loss torgues at two bearings is

expressed in Formula 39:

Tr =Tc +k (| F6 | + | F7 |) ..... (39)

15 Fig.54 shows a relationship of loss torque Tr with L1,
L2.

As seen from Fig.54, the loss torque Tr is small when L2
is between 0 and L1, viz. when the gravity centre of imbalancing
weight 117(118) is placed somewhere between the two bearings 112a

20 and 112b.

Taking the mechanical life of bearings into
consideration, the respective loads Fé, F7 are preferred to be as
small as possible. Both of the loads F6, F7 become small when the
gravity centre G of imbalancing weight 117(118) is placed at a

256 place in fulfillment of Formula 40, viz. at the middle of the two
bearings 112a and 112b. This state may be advantageous in terms

of mechanical life of the bearing.

L2 =L1 / 2 ..... (40)
30
In Fig.53, the place of a gravity centre of imbalancing
weight 117(118) has been contemplated. In a motor having two or
more of imbalancing weights, as in the present embodiment, the
same principle applies by assuming a centre of gravity G for the
35 whole imbalancing weights 117(118). In a motor of the present
embodiment, the centre of gravity G of the whole imbalancing



shaft 39 with a certain space between one another, formng a first 35

core(core assenbly) 54. At an opposite place beyond the shaft 39 is a
second core(core assenbly) 55. The secq d core 55 is

24 conpri sed of the salient pol"6s 36a, 36b, 36c wound around wth
coil 42 and attached to the yoke 48 in the axial direction of shaft 39
wWith a certain space between one anot her. Each of the nagnetic

units 38a, 38b, 38c of rotor 37 is 5 a radially anisotropic sintered
magnet of aeignhpsyilcyiiajiricallaced sthahe, middieciofz eble i twa beahimged 132pol es.

Ipe e, TCELAE. YRR S8 Wb lfor 1P MBI OBt o2t
di recti on, both the bearing loss and the mechanical life.
In order to further reduce the bearing loss, it is
5 effective to make the diameter of shaft 111 smaller. However,
with a shaft of reduced diameter flexion of the shaft 111 becomes
unignorable, and a problem of hitting by rotor might arise.
Fig.55(a),(b) shows the load on shaft 111 caused by the
imbalancing weight 117(118). Fig.55(a) illustrates a case of one
10 imbalancing weight 117(118), Fig.55(b) is a case of two
imbalancing weights 117, 118.
Assuming the shaft 111 as a rigid body, the Fig.55(a)
and the Fig.55(b) are totally identical. But, when a flexion of
shaft 111 is taken into consideration, a slightly different
15 situation is created.
The flexion 0 of shaft 111 when one imbalancing weight 117(118)

is used (Fig.55(a)) is represented by Formula 41:

0 =FL1%/48ETI ..... (41)
20
where, E representing the lengthwise elasticity coefficient of
shaft, I is the cross sectional secondary momentum of shaft.
Likewise, the flexion 0 of shaft 111 when two imbalancing weights
117 and 118 are used (Fig.55{b)) is represented by Formula 42: where,
25 the axial distance from bearing 112a, 112b to imbalancing weight 117, 118
of the same end is designated as L3 assuming the direction towards the

other bearing 112b, 1l12a as positive.

6 =(FL3? (L1 -1L3)>) /3L1EI ..... (42)
30
Fig.56 shows a relationship between flexion 0 and L.3. InFig.56,
flexion of shaft 111 having one weight is shown in dotted line for the
sake of comparison.
As seen from Fig.56, the flexion 0 becomes 0 when L3 is 0. Such may
35 Dbe ideal, but it is unimplementable because of the existence of bearings 112a
and 112b. In practice, the flexion 0 may be made the smallest by placing the



are fixed at a certain interval around the shaft 39 inserted 10 through
the enpty space of the cylindrical magnetic units, wth spacers 44a,
44b provided in between the magnetic ury ts. A nmotor of the
present enbodinent is for use in a pager of nobil e conmunication
apparatus having a vibration call function. For obtaining a vibration,
an i nbal anci ng wei ght 45 15 whose centre of gravity is off the centre of
rotation (centre of shaft) is provided, and an energy stemring from
centri fugalimb@lc@cing wefighte 1Zi. ghi8 45 icdobe atrs ipetribngs d1i2ae 12k @s pbssiule.
not or . I Qgg ' 41
the greater is the VI trgr}og{a}r(?ﬁc éfeﬁp%%%glrt %&?nggggséﬂ?%%?i n@%ﬁ%ﬁ'&é 147,
exerted on l38apfh@tsacheh@tgbesh epdeafi reter klfe Hyaserdoinga, theflexion 0

al so pl acedyoffasthe) ¥ 96 RO O Linddd!, RRA MDA ES&ﬁlee' €o use al @AG%neFhe
load in _radial direction to be exerted to the bearing 41 is a reaction

force t8 afhgéti bl Fort ReredHsedahearing d8ssThe i nfl uence of the place
of gravity centre g aéethSed%bw bR t3P ofPtRE profedt aMbodine@fttiises0d thin

T o e B0 S g end TN B0 SRS W HEUIRS Al
mass m whaeaxeatesta proﬁlegr amatt thesSjoining strength with the imbalancing weights
117, 118 and rotor 110 is inferior as compared to a case with thick shaft.

10 The relationship among pulling strength Fn, rotation torque Tn

and shaft diameter d is represented by Formula 43, taking the fixing by

calking, the fixing by pressurized insertion as examples representing

commonly used methods of joining/fixing.

15 Fn &« 4
Tn o @%..... (43)
It is difficult to secure a thin shaft with a sufficient revolution
torque Tn, among other items.
In most cases, a rotor 110 has a weaker mechanical

20 strength than that of metal; which makes it further difficult to
secure the enough strength.

In order to encounter the above problems, a shaft 111 in
a motor of the present embodiment is penetrating through the rotor
110, the pulling strength Fn of shaft 111 relative to rotor 110 is

25 secured by fixing and calking the imbalancing weights 117, 118 on
the shaft 111 at both ends of rotor 110; in addition, the
imbalancing weights 117, 118 are glued to the rotor 110 at both
ends to insure the revolution torque Tn of rotor 110 relative to
weights 117, 118.

30 Because the motor of present embodiment is for use as a
vibration motor in a pager of mobile communication apparatus, it
is not required to have a shaft extruding outside for output:; what
is essential for the motor is to have a sufficient pulling
strength Fn with shaft 111 relative to rotor 110 and a sufficient

35 rotation torgue Tn relative to imbalancing weights 117, 118.

Under a structure of the present embodiment, the rotor 110 has



30 eccentric to rotating axis by r, rotates around the axis at angul ar
velocity [err], the centrifugal force F is represented by Fornula 13.
F=m. [err] .... (13) 35 54 Taking the elastic
deformation [err] due to centrifugal force into consi deration, the
total centrifugal force F is represented by Formul a

25

10

15

20

25

30

14.

been provided with the minimum reguired pulling strength Fn
relative to shaft 111, as well as revolution torgue Tn relative to
imbalancing weights 117, 118. The structure may be suitable to a
motor for use in a pager.

Although a motor in accordance with the present
embodiment is comprised of a core 106 and a back yoke forming a
pair, the motor may be constituted with core 106 alohe.

The above described fifth embodiment through eighth
embodiment have been described referring to a brushless motor for
generating vibration, which type of motors are superior to brush
motors in terms of the reliability. The invented motors may be
incorporated in portable pagers, portable telephones, etc. for
generating vibrations to be transmitted to human body, in which
application a high reliability in the operation is required.

The present invention may be embodied also in a
conventional brush motor. Namely, a brush motor for generating
vibration may be constituted by providing a brush and a rectifier
for distributing a DC current to coils so as to set the phase of
induced voltage generated on the salient pole wound around with
coil in each stage to a phase suitable for rotating a magnetic
unit corresponding to a coil in that stage.

Although description has been made on a brushless motor
for generating a vibration in the above described fifth embodiment
through eighth embodiment, the invention may of course be embodied

in a brushless motor without having the imbalancing weight.

A motor in accordance with a ninth exemplary embodiment
of the invention is described in the following referring to
Fig.57.

The descriptions in the above embodiments are related to
the brushless motors. The following is an embodiment of the
invention in a brush motor.

As shown in Fig.57, magnets 122a - 122¢, core 123,
salient poles 124a - 124c, and coils 125a - 125c¢ are disposed in a
same arrangement as in the second embodiment shown in Fig.l11l. A

brush 126 and a rectifier 127 are additionally provided to



F=m(r + [err])[err] ... (14) 5 As the elastic deformation
[err] is ignorable relative to r, a fornula that represents the
centrifugal force Fis the Formula 13. %hen t he centrifugal force F1
F2, F3 of the weight 45 and the spacer 44a, 44b are deconposed into
the directions of X axis and the Y axis, the relationship s as shown
I n Fornul a 15: where, L1, L2, L3 indicating respectively 10 the distance
frombearing 40 to weight 45, spacer 44a, spacer 44b; L i ndicating the
di st ance fddstbtbuteng N0 cerieadr kageakh ofhthe cpiils 125a + dgbhesemtasndgot he
ZQ?L tocentiRe ¥h@x¢1§as%ebaglmcaﬁl §o%(l[‘@e };én@%&%n%%ﬂ@ sallenttﬁblte@e X

F2x = n r212[4érr]12%8n[ é??l} SZaﬁeFQe‘{:J@steFeF?}atZ"e to one an°theF23Y nQ r2

[err] sin [1@pr] 2 = F2 S|n [err] 2 F3x = nB r3 [err] cos
[err] 3_= F3 cos [err] 20 F3y = mB r3 [err] sin %err] 3 = F3
sin [erP] 3 . ?E )brush 126 has been used for three pieces, an

respective brushes are positioned not to take a same rotational
positioning as the rectifier in a circumferential direction. This
makes it easy to distribute the electricity in each of the phases.
Thus a small and thin brush motor may be presented in accordance

10 with the present invention.

INDUSTRIAL APPLICABILITY
As described in the above, a motor in accordance with

the present invention comprises a rotor comprised of K pieces of

15 (K indicating any integer greater than one) magnetic units having
the N and S poles magnetized alternately, a rotating shaft around
which the magnetic units are stacked axially in K stages and fixed
as a single body, a core having K pieces of salient poles wound
around with coil corresponding to respective magnetic units, and a

20 pair of bearings for supporting the rotor rotatable; in which the
magnetized position of the N and S poles of the magnetic unit at
each stage deviates relative to one another in a circumferential
direction so as to set the phase of induced voltage generated on
the salient pole wound around with the coil in each stage to a

25 phase suitable for rotating a magnetic unit corresponding to a
coil in that stage. With such a structure of the present
invention, the magnetized poles of rotor, as well as the salient
poles of core each wound around with coil, may be disposed
splitted on planes of K stages which are perpendicular to axial

30 direction. Thus the invention enables to present a motor that has
advantages in making the efficiency higher, the overall dimensions
smaller and thinner, and in providing more freedom in the
installation in an apparatus.

A motor in accordance with the present invention
856 comprises a rotor comprised of magnetic units stacked in K stages

(K indicating any integer greater than one) the magnetized



Assum ng the reactive force of bearing 41 as R the reactive force R
I s al so deconposed into the directions of X and Y, then the nonent with
the bearing 40 as fulcrumis represent%% in Formula 16: 25

LRx = L1 Flx + L2 F2x + L3 F3x LRy = L1 Fly + L2 F2y + L3 F3y
(16) When conponent forces Rx, Ry of the reactive force R
are conposed: 30 Rlerr] = Rx[err] + Ry[err] .... (17)

Accordingly, a square of the reactive force Ris represented by
For mul a 18 pog8&tion of the N andqsepp}es:aRxpgch]stagRypeviqting relative to

one another in a circumferential direction, a core having K pieces
of salient poles wound around with coil corresponding to the
magnetic units disposed on a straight line that is in parallel

5 with axial direction of the rotor, a pair of bearings for
supporting the rotor rotatable, and an outer case having an oblong
shape in an axially perpendicular cross section consisting of a
pair of long sides facing to each other and a pair of short sides
facing to each other, in which the rotor is penetrating through

10 the outer case at the central part and a core is disposed in at
least one of the short sides. With such a structure of the
present invention, the magnetized poles of magnetic units, as well
as the salient poles of core each wound around with coil, may be
disposed splitted in K stages in a direction parallel to axial

15 direction of the rotor, and the salient poles wound around with
coil may be provided in only the short side of the outer case.
Thus the invention enables to reduce dimension of the short side
to a length almost equal to outer diameter of the rotor. The
invention also makes it easier to increase the number of turns of

20 the coil to be wound around the salient poles. Thus, the
efficiency of a motor may be improved. Further, because it is a
brushless motor a higher reliability may be expected, so a highly
reliable and efficient motor may be presented in a thin
configuration.

25 A motor in accordance with the present invention
comprises a rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
position of the N and S poles at each stage deviating relative to
one another in a circumferential direction, a core having K pieces

30 of salient poles wound around with coil corresponding to the
magnetic units, a pair of bearings for supporting the rotor
rotatable, an outer case having an oblong shape in an axially
perpendicular cross section consisting of a pair of long sides
facing to each other and a pair of short sides facing to each

35 other, and an imbalancing weight rotating together with the rotor

for generating vibration as a result of rotation of the rotor.



26 = (F1x . (L1/L) + F2x . (L2/L) + F3x . (L3/L))[err]

+ (Fly . (L1/L) + F2y . (L2/L) + F3y . (L3/L))[err] = (F1
(L1/L) + F2cos [err] 2 . (L2/L) + F3cog,0 3 (L3/L))[err] +
(F2sin [err] 2 (L2/L) + F3sin 0 3 5 (L3/L))[err] .... (18)
The reactive force R reaches maxi mum when R2 is the highest. In
Formul a 18, the angular velocity [err], mass nil, n2, nB, eccentricity

di st ance rl, r2, r3, distance in axial direction L1, L2, L3 are al

known val u@dthiguchiai strescturewntf thppresante inventnot ehe magetd.zedThe
reactive f £ x'{ggl I = [. = dbe Yl when
the directi ([3%8%]1% cglr?tg?llé?ﬁcggﬁﬁ_tg? A or(%'\"e\L/(?%%‘| %rﬁeé sé%g%rg:r pgg?%c?%ecsoqﬁ tgh&%hat

of the wei yaund around with cqif,|gakfewAispesad splibife i8ekcstiageSomnt hat t he

direction @he axial®@3@BEfidH ¥ kdtdhe BPACRhabIWIG RPE&ESE AlHley cbEsd N the
sanme direction, as
5 sectional sgquare measure of outer case, and makes it easy to
assume a desired cross sectional shape inclusive of a thin shape.
Furthermore, it becomes easier to increase the number of turns of
the coil to be wound around salient poles for an improved
efficiency of a motor. Thus the invention offers a highly
10 efficient motor for generating vibration, whose outer case having
a high degree of freedom in assuming a desired cross sectional

shape in a reduced sgquare measure.



15 that of weight 45, 44a, 44b. A rotor of the present enbodi nent has
been made in conformity with the above structure. Therefore, the

i mbal anci ng | oad on the bearing 4%kghas been maxi m zed.

t he shape of wei ght 45 bears a substantial influence oﬁ’hsﬁbetHasBeethp?aEédon
a study has been nmade on a nodel weight as shown in Fi g ght
45 has a fan shape having an angle sem -circle m nus th L
[err]. Diameter of the outernost circle_of_ weight 45 is rep

which is referred to as outer dianeter ght in the forthcom ng
descriptions.l. FAg\oz:dtag:or(nm;J,s(m); show respect I vel y the quantity of

di spl acenent g of av. ar e rreasure A 25
of wei ght 45, t hecen "q#uga?;’m X elng O% ﬁg?é &é’?ﬁ%?) Her e,

the di anet éntegex Hexfeatgr—than tdne)tﬂngnetessumitmlaghng 4$e Nhend mcpdles

gravi t ygof g hggze@agggr&éa%re of - the revolution velocity have been
assuned con\sg?ant The quantity of gravity centre displacenment in the

f an- shape wei ght 48 Fafating shafdsarewed tilidghwihe) magaetie iunids aeeght outer

30 di anet estRoNEd s aitgf in Gt 3FRLES w@’edhxéf&%ssauaix?%fée%a%e A of wei ght
45 is in an equation of higher degree with the ratio out er

di aneter D versus 3Hf%e 5‘?&?1’%5? e?ral&(i{‘)?cﬁdeﬁswf’wyi ASRUPRT G °PéF-c§°TF§<

r epr esent egthyes atoftedpdddime ol réswtlﬂzerﬁ@gx@ubsuhﬂspr%artlOn to the
product,of square rre sure t 45 and centre 35

di spl ag?arrent g. + Of%ea‘?llé‘rgsggg? esa'tﬁplpﬁﬁ'c,% eb\FIB??%%r"%?I %\%Jr%jht 45,

t he out er wherein
the magnetized position of the N and S poles of the
magnetic unit at each stage deviates relative to one another in a
circumferential direction so as to set the phase of induced
15 voltage generated on the salient pole wound around with the coil
in each stage to a phase suitable for rotating a magnetic unit
corresponding to a coil in that stage.
2. A motor comprising
a rotor comprised of magnetic units‘stacked in K stages
20 (K indicating any integer greater than one) the magnetized
‘position of the N and S poles at each stage deviating relative to
one another in a circumferential direction,
a core having K pieces of salient poles wound around
with coil corresponding to the magnetic units disposed on a
25 straight line that is in parallel with axial direction of the
rotor, _ -
a pair of bearings for supporting the rotor rotatable,
and . |
an outer case having an oblong cross sectional shape in
30 a plane perpendicular to axial direction of the rotor comsisting.
of a pair of long sides facing to each other and a pair of short
sides facing to each other; wherein
the rotor is penetrating through the outer case at the
central part and a core is disposed in at least one of the short

35 sides of the outer case.
—

R



27 di aneter of weight 45 should be as |arge as possible. This Is
understood from Fi g. 24, however, in a flat notor as ill “StWﬁ@tHﬁBeenHeglaced
Fig.20, it may not be practical to provsgle a weight who i
dianeter Dis larger than length of the shorter side 90 IHMJ , ,m‘y
speci al case. The outer dianmeter D of weight 45 falls u der
followng regulations in a flat notor as shown in Fig. 20. The

' xa<D<a.... 19
(igt er di amet 5. D Rfmt\)/@olrgli:lor gerllesratlng a vibration, %ogprlslng _ (19)

2 rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
position of the N and S poles at each stage deviating relative to
5 one another in a circumferential direction,
a core having salient poles wound around with coil for K
stages corresponding to respective magnetic units,
a pair of bearings for supporting the rotor rotatable, _
an outer case having an oblong cross sectional shape in
10 a plane perpendicular to axial direction of the rotor consisting
of a pair of long sides facing to each other and a pair of short
sides facing to each other, and |
an imbalancing weight rotating together with the rotor:;
wherein _
15 a vibration is generated as a result of rotation of the
rotor.
4. The motor of claim 1, wherein
a core having salient poles at each stage wound around
with coil is provided splitted, a rotor formed in a splitted
20 manner and said core are combined to form a unit for each stage,
and magnetic unifs for each stage fixed around a rotating shaft
are assembled together in correspondence to respective stages with
the core.

5. The motor of either one claim among claims 1 through 3,

25 wherein a rotor magnet is made of a single magnetic body, being
magnetized in the N and S poles at respective stages in an '
arrangement deviating relative to one another.

6. The métor of either one claim among claims 1 through 3,
wherein a rotor magnet is made of a single magnetic body, being

30 magnetized in the N and S poles in a skew arrangement.

7. The motor of either one claim among claims 1 through 6,
wherein the salient pole of respective stages wound around with
coil are disposed on a straight line running in parallel with the _
rotating shaft.

35 8. The motor of either claim 2 or claim 3, wherein the core
is provided in only one of the short sides of outer case.

—e
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where; a represents the length of shorter side 90a(see Fig.20(b)).

Furthernore, as it is preferred for providing a notor gf 4 P it h
nore advantages to nake the sheet 53 aggl the print bﬁéﬁmﬁﬁﬁﬁﬁeﬁ
m i

t he wei ght outer dianmeter D should ideally be det er
Formul a 20: 0.8 x Dn< D< 1.1 x Dm....
where; Dmrepresents the outer dianeter of rotor magnetic unit.

As shown in Fig.25, the bearing 40 is_a cylindrical beari ng which
encount ers S oaGBPrTPERR GF B CORIM hidTechaiBatt YBEFRR HPGsPOR recti on
i s encount g5 eskdRidaapiy Math beathdghbet nexiedyof outdiecasécul ar arc at the
LIPyend of 0TS 202 SRR etBhePLALER or c1af ESMRRIBLS 0 cBLg) OV

hi ghest beasimfpvidedsin cordéraf ahnel shbetfsidds offi Sitdrocgae apl ar backt ai nabl e

in Formylayg%é is provided in the other short side of outer case.

11. The motor of either one claim among claims 1 through 6,
wherein the position of salient poles wound around with coil at

each stage deviates relative to one another in a circumferential

direction,

10 12. The motor of either one claim among claims 1 through 6,
wherein the core is provided with a flat portion in the outer
circumference.

13. The motor of either one claim among c¢laims 1 through 3,
wherein the surface of salient pole facing a rotor is curved with

15 a radius index centred at the axis of rotor.

14. The motor of either one claim among claims 1 throﬁgh 3,
wherein the surface of salient pole facing a rotor is curved with
a radius index centred at a point away ffom the axis of rotor.

15. The motor of either claim 2 or claim 3, wherein the outer

20 case has a rectangular cross sectional shape.

16. The motor of either one claim among claims 2, 3 and 15,
wherein the outer case has dimensions the length of a short side
of which is shorter than 1/2 of a long side. '

17. The motor of either one claim among claims 1 through 3,

25 wherein a core is comprised of a Yoke and K pieces of salient
poles coupled to the yoke. -

18. The motor of claim 17, wherein the salient pole is formed
by a forging process.

19. The motor of either one claim among claims 1 through 3,

30 wherein the salient pole is provided with a molded insulation
resin in a portion to be wound around with coil, and the coil is
insulated from the salient pole by the molded resin.

20. The motor of claim 2, wherein the surface of salient pole
facing a rotor magnet has a circumferential angle either 150° +5° , or

35 90° *5° in terms of electrical effects.

-
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Pmex = a xr [err] Tp =bxr [err] .... (21) 35
where, r representing the radius of tip end sphere of

. A This Sheet Has Been Re aced
28 shaft 39; a and b being coegiicients. . Wws a
rel ati onshi p between respective ratios of t he hi ghest ﬂ Fure

Pmax and the friction torque Tp,

21. The motor of claim 2, wherein the circumferential angle of the
surface of salient pole facing a rotor is different between the right
and the left of a pair of cores within a range 30° +5° in terms of
electrical effects.

5 22. The motor of claim 10, wherein the circumferential angle of the
surface of salient pole of a core facing a rotor is different from that
of a back yoke facing a rotor magnet within a range 30° £5° in terms of
electrical effects.

23. The motor of claim 3, wherein an imbalancing weight is

10 provided on the shaft at a place outside the region between a pair
of bearings.

24. The motor of claim 3, wherein an imbalancing weight is
provided on the shaft at a place between a pair of bearings.

25. The motor of claim 3, wherein the diameter D of the

16 largest outer circumference of an imbalancing weight, or a bearing
bush functioning also as an imbalancing weight, and the dimension

~a of the shorter side of outer case establish a relationship
0.6a < D < a.

26. The motor of claim 3, wherein the diameter D of the

20 largest outer circumference of an imbalancing weight, or a bearing
bush functioning also as an imbalancing weight, and the diameter
Dm of magnetic unit of rotor establish a relationship
0.8Dm < D < 1.1Dm.

27. The motor of either one claim among claims 1 through 3,

25 wherein one of the bearings is formed with a thrust bearing )
section and a radial bearing section, and an end of the shaft
contacting said thrust bearing section is spherical. )

28. The motor of claim 27, wherein the radial bearing section
is made with an oil-containing sintered bearing material mixed

30 with fluoric resin.

29. The motor of claim 27, wherein the thrust bearing sectidn
is constituted wifh a thrust plate made of a high polymer
compound.

30. The motor of claim 27, wherein the radius index r of shaft

35 end and the diameter & of shaft establish a relationship

) O O




assumng a certain radius rOand friction torque Tp 1. The 5 snaller the
radius r of tip end of shaft 39 the |lower is the frrett+on—+orgqueTp,-
but the bearing pressure Pmax goes higgp Wen the thrust plate 46 is

made of resin, too high bearing pressure m ght h rqmgggﬂ eliability. On

the other hand, a large radius r decreases the bpari PR et it

I ncreases the friction 10 torque Tp. The torque |os ii"ﬂﬂ o]

heat, and the reliability m ght be deteriorated by

t enper at ur e. Therefore, a pivotal bearing for a rotation faster than

2000r pm has been fornmed so as the radius r of tip end of shaft and the

diameter d of shaft satisfé tfe,follomﬁn Formula 22: .15 . 10 x
yclaim 27 for generpfingna [EbIFHLILR. /PRI Dpeen

made with ¢the oaderydimensavni baldfe thegthpalty preteaé@is dlientliipgemss .thaubtghl y

| ubricant 20 .polyacetal .resin is ideal for noiors of battery-driven
wppar ats, Sear B3 KBT G AlSRe B BEPBhas e RRPLS § sitbTONsHlg
duration. Ps > 4. case operation under a high tenperature environnment is

expected, 3, USGnQlnskd1edk- LESIEY db DPAM MG E8iihs Helh@BugeSiN 1

reconmendabl e.
wherein the bearing is formed with a bracket made of a

low-friction resin.

10 33. The motor of either one claim among claims 1 through 3,
wherein a hole for bearing is formed in a bracket consgituting an
end of the outer case, a bearing being formed by a circumferential
.edge of the hole for bearing that has been made thinner for
supporting a shaft penetrating through the hole.

15 34. The motor of either one claim among claims 1 through 33,
wherein K = 3.

35. The motor of either claim 2 or claim 3, wherein terminal
end of the coil wound around salient pole is electrically
connected on a printed board, the printed board constituting at

20 least one of the sides of outer case, and elements of_driving
circuit are mounted on the printed board.

36. The motor of either claim 3 or claim 8, wherein a flexible
printed board is provided for continuously covering the three
sides of outer case, viz. a pair of shorter sides and one of the

25 longer sides.

37. The motor of claim 35, wherein each salient pole is
provided with a terminal board of molded resin made with a metal
piece integrated to form a single'body which is attached and fixed
thereon, said metal piece and the printed board are electrically

30 coupled under a state where terminal end of the coil wound around
tooth portion of salient pole is being connected to said metal
piece. .

38. The motor of claim 37, wherein the terminal end of coil is
connected with the metal piece by thermal compression.

35 39, The motor of either claim 37 or claim 38, wherein the

metal piece is connected with the printed board by thermal

A Ay




25 The outer diameter Ds of thrust plate 46 and -tH«
di ameter d of shaft have been determ ned to neet the foll ow,

23: Ds >d .... (23) 30 g3 By so} d
plate 46 may not fall off the beari ng 40 when insertj ng
means an easy and stable assenbly work. Even when the s
the thrust direction, the thrust plate 46 does not nove because

35 stickiQ% to bracket 50 with lubricating oil or oil of the bearing
40. However®*™PRESEHMrst plate nmight nove in the surface
29 40. The motor of either one claim among claims 1 through 3,

wherein the tooth portion of salient pole to be wound around with
coil has a rectangular shape in the cross section, a side parallel

5 to the axis of magnetic units having a length greater than that of
the other side which is perpendicular to the former side.

41. The motor of either one claim among claims 1 through 40,
further comprising an elect?onic circuit for controlling a DC
current 50 as to provide the coil with electricity setting the

10 phase of induced voltage generated on the salient pole wound
around with the coil in each stage to a phase suitable for
rotating a magnetic unit in that stage, thus the motor operating
as a brushless motor.

42. The motor of either one claim among claims 1, 3, 4 through

15 19, and 23 through 40, further comprising a brush and a rectifier
for distributing a DC current to as to provide the coil with
electricity setting the phase of induced voltage generated on the
salient pole wound around with the coil in each stage to a phase
suitable for rotating a magnetic unit in that stage, thus the

20 motor operating as a brush motor.

43. The motor of either claim 1, 2, 3, 41 or 42, wherein
K = 3, comprising three pieces of magnetic units éach having the N
and S poles magnetized alternately in a circumferential direction
for 2n poles(n indicating any integer not smaller than 1) at an

25 equal angular pitch, three stages of salient poles wound arouqd
with coil for 2m poles(m indicating any integer not smaller than
1, m = n) corresponding to each of the N and S poles of the
magnetic units at each stage in m poles, wherein _

the magnetized position of the magnetic poles of the

30 magnetic unit at each stage deviates relative to one another in a
circumferential direction by 120/n degrees or 60/n degrees 80 as
the phase of induced voltage generated on the three stages of -
salient poles wound around with the coil deviates ielative to one
another by 120 degrees.

35 44. A motor comprising

three magnetic units each splitted into two in a

N




direction, therefore in some cases the nove have to be regulatedt——iA—__
order to reduce the loss in bearing. By satisfying Fornulan&gmm , the
contact area is increased, the nove is gguppressed, and e Fiy WREpINE
regul ated by the cylinder dianeter of the bearing 40. A bE
satisfying the Fornula 23 may be assenbled by first nslk /”/
thrust plate 46 in bracket 50, and then fixing the bearlng 40.
Along with the d ecreasln size of a nmotor, the bearin | oss i ncreases

rel a? i ve t BIECYREfEeRtial ?@r’iﬁfém%ﬁ%%‘ﬂée’cﬁfé’r dn1 ghe ¥ jands Sapelefor easi ng
need for suppressumg:dﬂaelhgaéhm ]?Qsmad lvhilch the mﬁ@enﬁ@gﬁmm 41|°exhﬂtyfse and

oi | -containing. s er.ia or t earings referre
viscosity BF%th cgiel% BBht tin fL'hree Sttaﬁgsb%’é‘?ifﬁ@‘ea toform a
When a Iombbdyctamh resin is used for the si ntered materi al , for 15

exanpl when f|ne e | [ th n.,1 [err] mis
m xgg, e,‘,{ he Teflon Tn \g}lvfeln‘;'[ng& %'%1}%’%8? cglel% %ozs‘ urf'cet f%%ée Wogmgl nder .

Mor eover, eheun@yithsgoil e@msphedmrtpngesmdtawe hawiatgct heithaft 39

cont ri but egnbpLif urther reducing the bearing loss, as conpared with a
beari ng contai ni ng only oil. This enables | ow voltage starting of a notor,
he magnetlzed position of the N and S poles of the

magnetic unit at each stage deviates relative to one another in a
10 circumferential direction by 120 degrees so as the phase of
induced voltage generated on the salient poles wound around with
coil at each stage deviates relative to one another by 120
degrees.
45. A portable pager incorporating a motor, which motor
15 comprising |
a rotor comprised of magnetic units stacked in X stages
{K indicating any integer greater than one) the magnetized
position of the N and S poles at each stage deviating relative to
one another in a circumferential direction,
20 a core having salient poles wound around with coil in K
stages correspondlng to the magnetic units, and
an imbalancing weight which rotates with the rotor;
wherein
a vibration is generated as a result of rotation of the
25 motor. )
46. A portable telephone unit incorporating a motor, which
motoxr comprising ) _
a rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
30 position of the N and S poles at each stage deviating relative to
one another.in a circumferential direction,
a core having saiient poles wound around with coil in K ‘
stages corresponding to the magnetic units, and
an imbalancing weight which rotates with the rotor;
35 wherein

a vibration is generated as a result of rotation of the

-

-



20 also contributes to a |l onger battery life. \Whepn the inner
surface of bearing is shaped to have a circul ar ard THISISHEET HESSE EN
section, as shown in Fig.27, the beari g | oss may He redggqg\tgrt
Fig.27(a) shows a state where the shaft 39 is penet'+at+ng ~ough th
bearing 41 disposed in the 25 weight-end. Fig. 27(hb) f#ﬁﬂﬁrxﬁﬂT“T’TTT—
bearing 40 di sposed in the pivotal end. Even if the shaft 39 is not
positioned in a state exactly perpendi cul ar to brack®ks $h8et HecBrasRepbéed
for exanpl 8tOr. tjsted assenbly, bent shaft 39 due to i :

t he contact of shaft 39 to bearing 41 remains as a poi 30
the circular arc 41a, or the bearing 41 is provided with 0 C
centering function, as illustrated in Fig.27(a). Also in the
case of Fig.27(b), the contact of shaft 39 with bearing 40 remains as a
poi nt-contact at the circular arc 40a of 35 bearing 40 even if there is a
twst in the assenbly or a bent shaft 39 due to inbalance. Thus the
bearing | oss may be reduced

‘RN B R



30 by making the contact of shaft 39 with bearings 40, 41 to be a
poi nt-contact by shaping the inner surface of the b gﬁ@ ﬁE | a
circular arc. Next, on a lgnd 5la of tF rlg%&g %Nbl

constituting 5 a longer side 90b of the outer casef 90 [ ends of

coil 42 wound around each of the salient poles 35a - 35c, 36a - 36c¢c are
electrically coupled, directly or indirectly. The printed board 51 of
the present enbodinment is a flexible printed board, on which an

integrated circuit 52 or other electrodP8TRGTuits for driving 10 are

nounted, and a | and BA&ll soRbOVEEE tiskOln CANAREbALt \Wnt BokdithicatiBQWer
supply from an 2 not.or Qf the present

arat us... . In a )
embodi ment ,2BR*F ggi’ b BERTEFual apparatussop; Wpddler (Pivhe BPtIhd&oTonger
si des 90b. uBecrhef arportable pagsr cndf al porgable ze:lephahé o tthet Dixd Hor shape
of a nn%or ééiegggfng vibrations to be transmitted to a human body, the
motors being efficient, small and thin in size, and having a high
degree of freedom when mounted on an apparatus. To realize the
motor as described above, K pieces of(K indicating any integer
greater than one) magnetic units (4a, 4b, 4c) having N and S poles
10 magnetized alternately are mounted on a rotor in a circumferential
direction, and K magnetic units are axially stacked in K stages
and integrally retained on a shaft (6), and this rotor is
rotatably supported on a pair of bearings (9%9a, 9b). Cores (la,
1b, 1lc) each have a salient pole (7a, 7b, 7¢) wound around with
15 coils (3a, 3b, 3c) in K stages so as to correspond to each of the
magnetic units. The magnetized position of the N and S poles of
the magnetic unit at each stage deviates relative to one another
in a circumferential direction so as to set the phase of induced
voltage generated on the salient pole wound around with the coil
20 in each stage to a phase suitable for rotating a magnet unit

corresponding to a coil in that stage.

This Sheet Has Been Replaced

LT



15 available, which neans that it is easy to nount on the board

various circuit conponents for driving. Thus a small and thin brushl ess
notor may be offered in accordance with the invention. On the
side opposite to printed board 51 is a sheet 53. By affixing the sheet
53, a notor is seal ed against outside, 20 Mtor is protected against the
I nvasi on of Pqi%SL1SO a rotor may |Vr?ét-j-be retarded in its rotation by
dusts that dre<tbhing from outsi de and stayi ng somewhere in between
rotor 37 and cores 54, 55. Nanely, th eet keeps a notor dust-free.
The sheet 53 may al so serve as a | abel” for describing nane of the
manuf acturer, 25 serial-nunber, etc. The salient poles 35a -
35c, 36a - 36¢ of the present enbodi mgmty are 'not i ntegrated as part of
t he yokes 47, 48, but each of themis ansLndeebndent pi ece conponent.
An exanpl e of the pi ece conpgnent, orlth, sal i entqpol es 35a - 35c, 36a
- 36¢, is 30 shown in Fig.28. shli of Fig.28 is
desi gnat ed wi th a nuneral 57 portion 57 of
t he salient pole 56 fﬁping S Ave a circular
curvature centred at the fdls fe g ace 314, whi ch
is other surface of the surfacy .§ S_ tp XM [ curved, and a
tooth 58 of cylindrical ghape i|lsFprew{dedyt hEreyF be nd around
with coil. Assum ng the 3béﬁei f‘%)\kp(riéay1»-———” "qe
' \ N .
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31 tooth 58 as hl, a cylindrical portion 59 whose dianeter is

smal | er than hl is forned at an end of the tooth 58. The cylindrical
portion 59 is to be inserted to a hole of yokes 47, 48 for the nount i ng
thereon, and a step fornmed by the tooth 58 of the larger 5 dianmeter hl is
to provide an appropriate positioning Qgﬁégof. Inserting depth to the
yokes 47, 48 i agigg;ated by the step, the air gap between rotor
and curved sur *57a at each of the salient poles 56 may be nade
uniform The tip end of cylindrical portion 59 has a hollowed surface
for calking/fixing at the outer 10 circunferential edge to the yoke 47, 48
after a salient pole 56 is inserted to a hole of yoke 47, 48. Besides

t he above descri bed




met hod, the salient pole 56 may be fixed to the yoke 47, 48 by means of
pressure insertion, gluing, etc. The salient pole as a piece
conponent nmay take also a 15 shape as shown in Fig.29. The entire salient
pole of Fig.29 is designated with a nuneral 60. Surface 6la of a
protruded portion 61 of the salient ypgle 60 facing to rotor is shaped
to have a F/\Aibml ar curvature centregzéﬂ—t he rotating axis. The reverse
surface 61b, is other surface of the surface 6la facing to 20 rotor,
is curved, and a tooth 62 having a rectangul ar cross sectional shape is
provi ded thereon to be wound around with coil. Assum ng the length of a
side of the rectangul ar shape perpendi cul ar to the revolving axis as
h2, that of the other side running in the same direction as the
revolving axis as h3, the 25 tooth of Fig.29 establishes follow ng Formul a
24, h2 [err] h3 ..... (24) A.cylindrical portion
63 whose dianeter is snmaller than3e~tength of a side of, the rectangle is
formed at an end of the tooth 62.7ahe cylindrical p {/' on 63 is to be
inserted to a hole of ‘ : a _

1a

1b-

4b




yoke 47, 48 for the nounting thereon, and a step forned by the tooth 62

of the larger dinensions is for the purpose of providing a proper
positioning. Inserting depth to the yoke 47, 48 is 35 regul ated by the
step, and the air gap between rotor and curved surface 6la at each of
the salient poles 60 may be nade uniforqg '

32 i .41 Fi g. 30 shows a still*éﬁﬂer exenpl ary shape of the
salient pole a piece conponent. The entire salient pole of Fig.30 is
designated wth a nunmeral 64. Surface 65a of a protruded portion 65 of
the salient pole 64 facing to rotor is 5 shaped to have a circular
curvature centred at the rotating axis. The reverse surface 65b, which

is other surface of the surface 65a

Induced voltage




facing to rotor, is curved, and a tooth 66 having a rectangul ar Cross

sectional shape is provided thereon to be wound around with coil; at an
end of the tooth 66 a cylindrical portion 67 having a 10 smaller dianeter
is formed as integral part with the rectangul ar tooth 66. Assuming the
Iength of a side of the tooth perpgndicular to the revolving axis as

t hat og:qgf t her side runni ng i éfhe same direction as the
revoIV|ng h5, the tooth 66 of Fig.30 establishes follow ng
Formula 25. 15 h4 < h5 .. (25) In a notor

whose cross sectional shape is a thin (Gbectangle advant ages in shaping
a tooth 66 of salient pole 64 in 20 a rectangle in the cross section, with
whi ch the sides running in parallel to the axial direction are made

| onger than the other si des as Eygq,by Formul a 25, are as

descri bed bel ow. Nanely, with rleference tlo Fig.28, Fig.29 and Fig. 30
the length in width direction of teeth 58, 62, 66 around which coils 42
are to be 25 mound i s assuned e equalM i z. nade to fulfill Fornula-

26 s 40
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hl = h2 = h4 . (26) t hen, the cross sectional square
measure of tooth 66 30 shown in Fig.30 becones the-largest as conpared

with those in Fig.28 and Fig.29, as indicated in Formula 27.
([err]/4) hilferr] <h2 . h3 <h4 . h5 ..... (27) 35 Assum ng a
same cross sectional square neasure for the teeth, the dinension of

salient pole in the width direction isét/h&’.

33
Fig.6

Invented mctor

— — — Conventional motor
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shortest with the length h4 of Fig.30. Therefore, there is nore room

for making the coiling height of coil 42 higher, or there is a room for
i ncreasi ng the nunber of turns. As the above salient poles are
constituted as 5 i ndependent piece conponent, an exenplary nethod of

manuf acture is described in the fgllow ng. The salient poles are forned
wth a m xture of powdered metal é&ndgrgesin by injection nolding, and

t hen itFﬁ §ﬁhtered for renoving the resin, a process called netal

i njection. As conpared with those manufactured by cutting or 10 gri nding,

t he di nensional allowance in the curvature of the surfaces 57a, 61la,
65a facing the rotor, shown in Fig.28 through Fig. 30, in the salient
pol es produced by the above process is kept within a targeted
specification even after the salient poles under goi ng the sintering
process. Accordingly, the dispersion of 15 gu M-l €ri stics may be

to vol unme production. Sal ient poles of snall conpl i cated
shapes as shown in Fig.28/Fig.29, Fig.30 may be forped to final
products by the met al i njfecis sqhnol ogy(al so referred to as netal
powder 20 injection nolding) jAT eONi i ng=my~post finishing. An

controlled small. The above act uring process oflzalient poles fits




exanpl e of the powdered material for salient poles includes Fe - Si
group material; the material being a one which is unfriendly to

machi ni ng process steps, therefore the post processing is hardly
applicable on such nmaterials. For the salient poles requiring a 25 cal ki ng

process step during assenbly, a pomdereg%naterial of pure iron nust be
used. Process steps of the {éﬁ-injection i ncl ude wei ghi ng
and nixingFéggqéastituent net al powders and r-esin binder, each si eved
for specified grain size and controlled in chenical 30 conposition by
reduci ng reduction, kneading of the m xture to prepare a stuff materi al
for injection nolding. Injection nol ded ‘Wth dies, the binder resinis
renoved after nolding, and then heated to sinter the powdered netal for
provi di ng sufficient coupling between atons to create a state in which
the air sac is 35 contained. |If there are many air sacs contai ned, the
ultimate di nensi ons after sintering m ght change. Therefore, for the

|
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34 salient poles or other conponents where requirenents in the

di nensi onal accuracy are stringent, grain size of the powler needs to
be sufficiently fine and the dianmeter has to be uniformfor obtaining a
hi gher density. 5 Wth the air sac made smaller and the density

I ncreased, a salient pole may be ingr din the capability so as to be
abl e t J-iigps S he hi gher magnetic frg%qﬁghsity. In order to have

resin insulation filmformed on the surface of sintered netal and air
sac, it-is recomended to have the salient poles inpregnated 10 wth a
resin at the final processing stage, or to have a portion of bi nder
resin | eft staying. CGeneration of eddy current may be suppressed by an
insulation filmformed as an in uct ure in the salient pole.

O her exenplary nethod of mapgdtacturing a ient pole 15 is described in
the foll ow ng. cause the salient™Nol e has been structured as
a piece conponent skl 1fin size, iLi.pay be factured in vol une

t hr ough 6a .
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a forging process using a small forging nmachine. In the forging

process,

corner edges are rounded. So, the salient poles 64 as 20 shown in

Fig.30 may al so be rounded at the corner edges, but the curvature of
surface 65a facing the rotor magnetic unit is not affected, therefore
no differenge is_caused in the notor /9 gharacteristics that stens from .
t he shape Fflg:ﬂ@ant pol es, as conpar€d with those nade of powdered

nmet al .

In the forged salient 25 poles, the nagnetic flux flows in a sane

direction as the flow of nmetal -conmposition, so there is no | oss of
magnetic flux; but a | oss arises out of distortion in crystallized
grain of the netal caused by f[o+egng ‘order to reduce the |loss, an

anneal i ng process is applied on the saliemMm\poles for naking the size
of 30 <crystallized grain cogfse. wWJ n.the follow ng, an
assenbly procedure for the ribed referring to
Fig.31. Afirst core wth three salient
pol es wound 35 around wit FNUEA " Notrusion 54a in a

cut

50a of bratFer. 52 | i i ixh bracket 50

17b

15b

14b

COM
17¢

15¢

14¢




35
and fi xed.

nounted with three salient poles wound around with coi

position to
is inserted

thrust plate 46 has been provided and bearing 40 i-s pressed into
protrusion 55a of a second core 55 fornmed by a

Lower

Ffed

a
ri

1

rotor 37. The

ng 40

Iomef/%ﬁ

provi ded in bracket 50.

49, and upper protrusion 55b of the second

ot her cut 49b of bracket 49. Before
of shaft 39 has been put through

conponents nmay be assenbl ed by

fi

23

bear(hé

yoke 48

is inserted in
the other cut 50b of bracket 50. Magnetic units 5 38a - 38c and a specified
nunber of spacers are nounted and fixed ,,

round shaft 39 at a specified

d of the shaft 39 of rotor 37

Upper
protrusion 54b of the first core 54 is inserted in 10 a cut 49a of bracket

core 55 is inserted in the

I ng the bracket 49,
41 of bracket 49. These
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handling fromonly the axial direction to be built in. After the 15 frane
work of a motor is conpleted, inbalancing weight 45 is put’ on the shaft
39, printed board 51 having el ectronic conponents is nount ed, and

term nal ends of the coils are soldered to the printed board at .a | and
5la. And then a sheet 53 is affixed. Now, principle of rotation
in the notor of the present 20 enbodi nent is described using Fig.32 as
basi s. Fi g. 32 descri bes relaquthip anong magnetic units 38a -
38c, salienTF?ﬁlﬂt 35a - 35c, 36a - 36c¢, and coil 42(designated as 43a,
43b and 43c midae t op). " As illustrated in Fig.32, the
salient poles 35a - 35c, 25 36a - 36c are provided with a sane
cricunferential orientation on respective cores 54, 55 formng a
straight line queue stretching in the length direction. At each stage,
coils 43a, 43b, 43c are ~ wound continually with a single wire in a sane
direction around the salient poles 35a - 35c, 36a - 36c of first core
54 and second 30 "core 55. The winding direction of coils 43a, 43b, 43c at
each stage remains the sane, as shown in Fig.32. When t he
rotor rotates with the above structure e phase of i nduced vol t ages
Va, Vb, Vc generated at coils 43a, 43b 48c 23shifted by 120[err]
relative to one another because the angl e magnetic units 38a, 35 38b,
38c at each stage deviates by 120 relativé¢ to one anot her.

N

210 —

21c——




The induced vol tage assunes the same wave formas in the first

36 enbodi nent shown in Fig.14, so the notor of present enbodi nent
oper ates under the sane rotation principle. Al t hough in the-
present enbodi nent a notor has been described to have a three-stage
structure, it also be 5 structuygd/ugth magnetic units and salient
poles in K ugpéés (K=2,3,4,....). Thus the invention nmay be carried
out generally as a K-phase brushl ess notor. A sixth
exenpl ary enbodi nent of the invention is descri bed hereunder with
reference to Fig.33 - Fig.40. 10 Fig.33(a) is a cross sectiona

view in length direction
7 Va
f
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of a notor for use in a pager having a vibration call function of

nobi | e conmuni cati on apparatus. Fig.33(b) is a traversing cross

sectional view of the notor. Description on those portions identical to
the fifth enbodinment is omtted here; only the points 15 of difference are
descri bed. Those having the sane structure as in Fig.20 are represented
in Fig.33 by using the sane synbol s. /“/24. As shown in Fig.33(a), (b),
an outer case 90 has a thin rectangl e shape in the cross section by . a
pl ane per pefrdigyl4r to the axial direction of a rotor 73. The shorter
sides 90a, 90a are 20 forned with a pair of yokes 47, 48. One of the |onger
si des 90b, 90b is left open, while the other is forned with a plate 68
and a flexible printed board 69. A rotor 73 is conpfised of
magnetic units 74a, 74b and 74c of enpty cylindrical shape, each
magnetized into two poles, 25 the Nand S. As shown in Fig.34, the
magneti zed position of the N and S poles of the magnetic units 74a,

74b, 74c at each stage deviates relative to one another in a
circunferential direction by 120 , and each of the nmagnetic units 74a,
74b, 74c is fixed around a shaft 39 penetrating through_the, y
portion of the magnetic 30 units 74a, 74b, 74c. This may be regar as a
si ngl e-body rotor .73 in which the distribution of nmagaetized ties is
stratified in the axial direction on the surface. ‘

—-— Ve
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In order to place the three magnetic units 74a, 74b, 74c in a correct
position relative to one another so as to create a 35 specified deviation

in the polarity, each of the three magnetic units 74a, 74b, 74c is
provi ded with protrusi.on/hollow 75, 76 for

37 correct angular orientation, as shown in Fig.35 Wen the
magnetic units 74a, 74b, 74c. are stacked with the protrusion/ hol | ow
75, 76 engaged, the 120 devi ation iS/éayg matically . provided relative to
one another. 5 Under the above’structure, the magnetic units 74a,
74D, 74€|gmﬂﬁkenagnetized respectively using the protrusion/hollow 75,

76 as the reference point; and then a certain specific arrangenent

Invented motor

= — = Conventional motor

Efficiency

Length/diameter



of the magnetic poles is obtained by sinply stacking themw th the
protrusion/hollow 75, 76 engaged. This makes the assenbly work 10 easy. As
an alternative, a position orientation gear may be i ncorporated in a
spacer provi ded between magnetic units as in the fifth enbodi nent. One
exanpl e of such structure is describedﬂgg, the foll ow ng.

Fi g. 36 shoys, a %;ucture whi ch conpri s€s t%iF ee magnetic 15 wunits 77a, 77b,
77c and sp Hﬂsi a, 78b provided in between the magnetic units. Each
of the three magnetic units 77a, 77b, 77c is provi ded wi th hol | ow 80,
while in each of the two spacers 78a, 78b - protrusion 79 is provided to
be engaged with the magnetic units. (qjhe protrusion 79 on spacers 78a,
78b is provided with an angul ar 20 deviation 120 between the up and down
protrusions. By sinply assenbl i ng.t he magnetic units 77a, 77b, 77c
having the holl ow 80 engaged WFTh thePtotrusion 79 of spacer 78a, 78b,
t he devi ation of the magnetizdd poles rglative to one anot her becones
120 in a circunferential Higedtionf @5 Under the above
structure, the magnetic unit 7% 7i%khay be magneti zed
respectively- using the hol gpw 80 gs the ference point; and then

stacking them by sinply e I ng flhe hof1 ow H8Qof magnetic units 77a,
77b, 77c with the pr Br-usi o nadh Ba. 78h a certain specific
arrangenment of the JE 1
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30 magnetized poles is obtained. This nakes the assenbly work easy;
accordingly, the above structure may be suitable to production in
volune. In addition to the function as an aligner for relative

positioning anong the nmagnetic units, the spacers 78a, 78b may al so
play a role of inbalancing weight, and prevent the | eakage of 35 nmagnetic
flux between the adjacent magnetic upg4as well. A not or of
the presenF:FgRaﬁ?nent is for use in a pager

| e comruni cati on apparatus having a vibration cal
functlon. In order to pick up a vibration to be generated by notor, an
I mbal anci ng wei ght 45 is provided so as the centre of - gravity is off

the centre of rotation (centre of shaft).

29




5 For increasing the vibration by weight 45, the outer
di arreter of wei ght 45 should be as | arge as possible. The outer

di aneter D of weight 45 falls under the following limtation by Formul a
28, like the case with fifth enbodi ment. Synbol a representing the
di mensi on of shorter side 90a of outer case 10 90(see Fig.33(b)).
0.6 x a<D«<a..... (28) Al t hough the shaft 39 is not
al ways | ocated at the 15 centre of bracket 70, diameter of the weight 45
may be det erm ned in relationship %ﬁ%ﬁgghe di aneter of nmagnetic units
74a - T4c sha on the following Formula 29, as the rotor 73 is
rotating: F:I , Dmrepresenting the outer dianeter of magnetic units, _
D the outer diameter of weight. 20 0.8 x bmn< D < 1.1 x Dm
..... (29) The bearing portion 70a of bracket 70 is nade
t hi nner '

)




around a hole for accepting shaft, as shown in Fig.33(a), and the 25 inner

surface of which is coated with a low friction resin. The shaft 39

makes contact via the coated naterial 81 of |low friction, t herefore,
the bearing loss is small. Further, as the thickness of low friction
coating material 81 is as thin as |ess than e.g. 100 [err] m which

nmeans that it works as a nenber of hi gry}i %Lgity. 30 Therefore, a force
exerted to Ef}gbﬁg;l ng portion 70a by €iMbal anci ng weight is transmtted
to a structur'e?® i de the notor W t hout being attenuated. Exanples of
the low friction coating material are shown in Table 1. 35

39

34

~33




Table 1 ltem Mol ybdenum di sul fide Fluoric resin
Graphite 5 Chem cal formula MoS[ err]

C Crystal structure Layered, Open Conpl exed
Layered - Col our Lea@ /4§' Opal
k 1 d h
s TR ity a7 2.2
2 2
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15 friction coeff. 0.02 0.03 0. 05

Hi ghest tenp. ([err]Q 320 260 430
Deconpose tenp. ([err] Q) 1098 727 3498 20
Bracket 71 is made of a low friction resin and is provided with a
bearing portion 7l1la of a spherical holl ow shape integrated therein.
Because the bracket 71 is nade by rﬁﬂgzg#pn 25 nol di ng, conpl exed shapes
may be forE$F atrgynd t he bearing porti'oh 71a. One anong
t he group g!ég fluoric resin, polyacetal resin and polyimde resin
may be used for the low friction resin. . The fluoric resin has been

wi dely used in many industrial fields 30 because of its anti-chenical
property, heat resisting property and non-sti cking property, besides

t he advantage in low friction.
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In a case where the bracket 71 is nmade of a netal . material, a pivotal
bearing may be fornmed by coating a sane low 35 friction coating materi al

used for the bearing 70a of bracket 70. A flexible printed
board 69 is mounted with integrated :

40 circuits 82 and ot her eLEQg} gi ¢ conponents for driving, and is
af fixed onFIﬂ; gag%e 68. Term nal end of "coil 42 wound around each of
the salient’ pof@& a - 35c, 36a - 36¢c is connected to term nal board
72, which is then electrically connected to a land 5 on the flexible
printed board 69. Were a |longer side 90b is - constituted wth the
flexible printed board 69, as in the present enbodi nent, it becones

relatively easier to nmount driving circuit

45
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conponents on the flexible printed board 69 for the thin configuration
of a notor. Thus, a thin and small brushless notor 10 may be foned. The

ot her | onger side opposit to the flexible printed board 69 is |eft
open. "~ Like the case with fifth enbodi nent, the salient poles
35a - 35c, 36a - 36¢c of the present enbodi nent are not integrated W th
yokes 47, 48, but each of themconstitutes a piece conponent. 15 Fig. 37
shows an exanple of the salient pole as an i ndependent pi ece conponent.
Representing the entire salient pol ez%}’&#gﬂ? with a nuneral 83, a
surface 84a of protruding portion 84 of the salient pole 83 facing to
rotor 73 h?g ghgaﬁiature whose radius is not 20 centred at rotor axis 85
but it is Io& ' t a point further away fromthe rotor axis 85.
Nanely, if the radius of the curvature R2 ‘is infinite the surface
becones fl at. A surface 84b of protruding portion 84, which is
t he reverse surface of the surface 84a facing to rotor 73, is flat, 25
and a tooth portion 86 has a rectangul ar cross sectional shape.

Therefore, a coil may be wound around in a flat rectangular form with
an esthetic finish acconpanying | east displacenent of wi nding. This is
advant ageous al so in the view point of reliability. Fig.38 shows a

salient pole of Fig.37 wound around




30 with a coil having a flat rectangular shape in the cross section.

The shape of a hole in the yoke 47, 48 for engagenent with the salient
pole 83 of Fig.37 is square, not round. Accordingly, a joint portion 87
of salient pole 83 is al so shaped square in the cross section. Thus,

when the portions for 35 engagenent:qgg%ﬁhaped in a polygonal form other

t han roun salient pole 83 an e yoke 47, 48 may be aligned to a
correct dr:igw.ezq_

. 41 relative
positioning by thensel ves when inserted. . y Each of the salient

pol es. 35a - 35c, 36a - 36¢ in Fig.33 has been insul ated by an

electrostath{qgnuing process. Coil 42 I s wound around over the
i nsul ation | ayer mﬂ?h the term nal board
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5 72 affixed to a portion of salient pole provided for insertion into
yoke, and term nal end of the coil 42 is pressure-connected to the
termnal board 72 at a vicinity of the salient pole. Fig.39 shows a
salient pole, or a piece conponent, attached with the-term nal board
72. The ter 'nalﬁf rd 72 is formed by an 10 insulating resin 90 and a

met al pIateE%EgL ggrated therein. O /64 salient pole 83 is provided with
two netal plates 89; one for the starting end and the other for wound

end of the coil. Thus, a sal i ent

a shape simlar to a chip resist

pol e 83 wound around with coil assunes

ready to be nounted

or, or, a conponent
imediately 15 wth ease. ) Ndw In Hhe foll ow ng, a process of
assenbling a notor of Fig.33 i esCTy th reference to Fig. 40.
Fl exi bl e printed board 69 nounted Jith integratdgd 3 circuits 82 and ot her
el ectronic conponents is affupyed o plate 20 64, potor 73 which being an
assenbl ed body of magnetic urpts 74a - 74c d shaft 39 is fitted to
beari ng portion 70a of br ﬁn t hen the plate 68 from
a direction perpendicul arft tNje shgdft, and e n ol bracket 71
is munted froma © st ok/\jque Mdirectio Y. to.tihe shaft. A
first core 25 54 hapni'ng: Ent | es/35a - 35 bund W th coil 42
with the term ndl: endg\{* rm nal Ny nognf ed on yoke
fi a4
- ] 7 DS -
46 50
Fig.26
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47 in an axial direction with gap between one another is set on t he

brackets 70, 71; likew se, a second core 55 having salient - pol es 36a -
36c, etc. nounted on yoke 48 is set. 30 These conponents nay be
assenbled froma direction perpendi cular to the axial direction to be
built in. After the franme mork'ék a notor is conpleted, an inbal ancing
wei ght 45 ut on the shaft 3 A seventh exenpl ary
enbodi mantFl:ég -tze i nvention is 35 descrl bed hereunder with reference to

Fi g.41 through Fig. 45. Fig.41(a) is a cross sectional viewin a
| engt hwi se 42

(a)

(b)
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direction of a notor for use in a pager having a vibration call i
function of nobile comrunication apparatus. -Fig.41(b) is a traversing
cross sectional view of the motor. Description on t hose portions
identical to those of the fifth enbodiment is 5 omtted here; only the

poi nts of ghffe e are descri bed. havi ng the sanme structure as
rg&ngig nﬁg%%; usi

in Fig.20 sented in Fig.41 ng the sane synbol s.

As shown in Fig.41, a rotor nagnet 91 is a nagnetic body of a colum
shape. Rotors in the fifth and sixth enbodi nents have 10 been nade of
three magnetic units 38a - 38c. In the pres enbodi nent, the rotor is
made of a single piece of a magnetic bo .(¥bmev4r, the rotor of
present enbodi nent is nmagnetized into a Jane stqtte-as those of the

fifth and sixth enbodi nents. %hie&ef flor the ke of easy

expl anation the rotor magnet 91 i1 bedA™n Fig.42 splitted into
three stages; as if it is nade 0 “(neti cjunits each magneti zed
with the phase of magnetic pol es @ +26—pel ative to one

anot her. Because the rot or magnet a single body, work
steps for aligning magnetic units tjo a right posftijon in relation to
the 20 magnetic pole is elimnatdyd8 At] both ends offtHe rotor magnet 91,

a ring portion 95 of a smaller dia CF [ or] accepting a

ri ng- shape bearing bush 96, 97 to b€ } fixEEL

56

Fig.29
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t hereto. . Each of the bearing bushes 96, 97 is provided with a
25 thick crescent portion 96a, 97a, as shown in Fig.41 or Fig.42,

which is for generating an inbalancing force as a result of rotating.
The bearing bush 96, 97 is provided also with a bearing hol e 96b, 97b
at the centre. Each of the top and bo[%gqhgearing brackets 92, 93 is
provided with a _bearing pin 92a, 93a dt "t #30 centre for a coupling with
t he bearin&rthéSQBb, 97b. The rotor magnet 91 i s supported revol vabl e
by the top and bottom beari ng brackets 92, 93. A not or of
the present enbodinent is for use in a pager of nobile conmunication
apparatus having a vibration call 35 function. 1In order to pick up a

vibration to be generated by a .nmotor, bearing bushes 96, 97 whose

centre of gravity is off the 43




center of rotation (shaft centre) are provided so as the centrifugal
force generated by rotation at the gravity centre of beari ng bushes 96,
97 is transmtted to a stator of the notor. The |l arger the radial |oad
on bearing pins 92a, 93a the greater is 5 the vibration. The | oad exerted
on bearing pins 92a, 93a is descrihed referring to Fig.43, a nodel
chart. . Representi ng the'&'ékénces frombearing pin 93a to
beari ng bufﬁlgﬁfhmd to bearing bush 97 as L5, L6, respectively, t he

di stance frombearing pin 93a to bearing pin 92a as L, the 10 distance
between gravity centre of .bearing bysh 96 and shaft centre as r5, and
the di stance between gravity centre of bearing bush 97 and shaft centre
as r6; and the shaft centre is being represented with X axis, and Y
axi s being perpendicular to the X axis. The centrifugal force F5 F6 to
be exerted on bearing bush 15 96, 97 deconposed in X axis andY axis are
represented in Fornula 30: where; [err] representing angul ar

velocity, nb, nb are respectively, fhe mass of beari ng bush 96, bearing
bush 97. F5x = nb r§1 [ =49b F5y = 0

49




20 F6x = n6 r6 [err] cos [err] 6 = F6 cos [err] 6

F6y = n6 r6 [err] sin [err] 6 = F6 sin [err] 6 ..... (30)

Assumi ng a reactive force at bearing pin 92a- agai nst bearing bush 96
as R3, the reactive force R3 deconposed into the directions of X and 25 Y,
viz. R3x, R3y, are represented in terns of a nmomentumin Fornula 31

with the bearing pin 93a of bearing b§fh 97 as fulcrum LR3x °
= L5 F5x: +)¢6 Fg LR3y =3&%/4%y + L6 Fby ..... (31) 30
Accor di ngl ,|g G%re.of the reactive force R3 is represented by
Formul a 32: ' R3[err] = R3x[err] + R3y[err] =
(F5x . . (L5/L) + F6x (L6/L) )2 _ + ( Fby (L5/L) + Fey
(L6/L))[err] 35 = (F5 . (L5/L) + F6cos [err] 6 . (L6/L))[err]
+ (F6sin [err] 6 . (L6/L))[err] ..... (32)

)V_c :
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44 ~In Formula 32, the angul ar velocity, nmass of bearing
bush, eccentricity distance, distance in axial direction are all known
val ues for designing, while the unknown is angle 0 6. The R3 reaches
the highest 5 when [err] 6 = 0; viz. when the direction of centrifugal
forces of the two beari ng bushes 96, 97 coi nci des. : In
order to maxi m ze the inbal ancing [ddbgqn the bearing pin 92a
correspondiﬁgq.oz,%ari ng bush 96, the di‘rections of eccentricity of gravity
centre in the¥two bearing bushes 96, 97 have to coincide. Taking a 10
practical allowance in the accuracy(qD assenbly into consideration,

Forrmula 33 has to be fulfilled. :
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| [err] 6] <30  ..... (33) 15 Reactive force R4 to be
exerted on the bearing pin 93a correspondi ng to bearing bush 97,
with the bearing pin 92a corresponding to bearing bush 96 asful crum
may be obtai ned through Fornula 34: 20 R4[err] = Rax[err] +
Ray[err] = (F5x . ((b - L5 / L) + F6x . ((L - L6) /
L))[err] - + (Foy ((¥2 / L) + Fey . ((L - L6) /

]

))

NoO |

/

L)Y)[err] = (F5 . ((L - Lb5) L) + F6cos [err ((L - L6) [/
Oyjerr] Fig.34 + (F6sin [err] 6 . ((L - L6) / L

......... (34) 25 where, R4x, R4y representing the conponents
of reactive force R4 in X, Y directions. . Formul a 34
indicates that the reactive force R4 on bearing pin 93a correspondi ng
to bearing bush 97 is maxi m zed when the eccentricity 30 ‘angles in gravity
centre of bearing bushes coincide. In order to maxim ze the
vibration to be caused by the

f\ V% 39
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i mbal ance, a product of the inbalancing nmass and the gravity centre has

to be made as great as possible. The bearing bush shoul d have a | argest
possi bl e outer dianeter, yet it should not 35 touch the outer case 90 of
notor. The relationship nay be represented in Fornula 35: where; Dm
representing the outer 45

di aneter of rotor magnet 91, Db repﬁgﬁ;nting the | argest outer
circunferential _dianeter of bearing busft - 0.8 x Dn< Db <
1.1 x Dm ._F.;g,ﬁﬁ)
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5 As the dimensions of inbal ancing bearing buéhes 96, 97
are restricted by a shorter side 90a of outer case 90, they should

practically be determ ned so as to fulfill Formula 36: wher e; synmbo
a representing the length of shorter side 90a of outer case 10 90 (see
Fig.41(b)), Db representing the |argest outer dianeter of beari ng
bushes 96, 97. 0.6a < BB K g_ ..... (36) 15

Li kewi se tvﬁtgqésegﬁth the fifth enbodiné% , the salient ~ poles 35a -
35¢c, 36a - 3 are not integrated with yokes 47, 48, but each of them
constitutes an independent pi'ece conponent. As shown in Fig.44, each of
the salient poles 35a - 35c, 36a - 36¢C is wound around with coil 42, at
that time a term nal board forned by 20 a resin integrated with netal
pieces 98 is attached to, and end termnals of coil 42 are electrically
connected to the netal pi eces 98 of term nal board 99. The begi nning
and the endi ng of coil 42 are each connected to the netal piece 98 by

fusi ng through

+-77a




thermal conpression. A protruding portion 100 of the salient pole 25 35a -

35c, 36a - 36¢c is provided with a circular arc surface at t he surface
facing the rotor nagnet 91. Each of the salient pole 35a - 35c, 36a -
36c is also provided with a cylindrical portion 101 to be inserted in

the yoke 47, 48 for positioning. 35, Assenbly of a notor of the
present eanchrgE?shown in 30 Fig.41 i!‘cﬂescri bed in the following with
reference to g. 45 As shown in Fig.45, a flexible printed

board 94 is fixed on yokes 47, 48 in both sides, a certain specific
nunber of salient poles 35a - 35c, 36a - 36¢c are dis ed thereon with
t he cylindrical portions 101 ir%qcﬁed i n hol rovi-ded in the 35
yokes 47, 48. The flexible F§ ed ard 94 2d with a cream
sol der in advance and is nount | ' ircuits
46 RS
ras
87, -84 -
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103 and ot her el ectronic conponents. Therefore, the netal piece 98 of
termnal board 99 positioned on |and 104 of flexible printed board 94
is soldered during a reflow furnacing for electrical . conduction with
the coils and el ectronic conmponents. 5 After the electrica
conduction is secured, each of the yokes 47, 48 nmounted with the
salient poles 35a - 35c, 36a - 36¢C ise6g1§ed upright from both sides,
and the rotor nagnet 91 assenbled with é ring bushes 96, 97 is placed
bet ween the yokes 47, 48. And then the bearing brackets 92, 93 are
attached toEi‘grpS% the up, and the rotor magnet 91 is supported by the
yokes 47, 43. - sheet 105 is affixed, as a result the inside of notor
is kept seal ed. The bearing brackets 92, 93 are provided
respectively with bearing pins 92a, 93a. Different fromthose in the
fifth and 15 sixth enbodi nents, the rotor nmagnet 91 of the present

enbodi nent has an enpty-cylindrical shape w thout shaft. -Therefore, the
bearing bushes 96, 97 are inserted to the rotor nagnet from both ends
to have bearing gear fornmed in engagenent of the holes 96b, 97b with
the bearing pins 92a, 93a of bearing brackets 92, 20 93. The bearing pin
92a, 93a may be fornmed by neans of a coining




press if the bearing bracket 92, 93 is nmade of a netal material.

An ei ghth exenplary enbodi nent of the present invention is described in
the following referring to Fig.46 - Fig.56. Fig.46(a) shows a
cross-sectional viewin the lengthwi se 25 direction of a notor for a pager
of nobil e conmunication apparatus, Fis.46(b) is a traversing cross
sectional view of the not or . As shown in Fig.46(a),
Fig.46(b), a notor of the present 3%mﬁ6ﬁrnent conprises a core 106 and a
back yoke Egiﬁfgﬁgpg one 30 another, with a rotor 110 di sposed in between.
It is advaht'ay® for obtaining a good balancing to have two cores 106
di sposed symmetrically with respect to rotor 110, like the cases in the
fifth through seventh enbodi nents. In a notor where three salient poles
107a, 107b, 107c are provided, 35 however, it needs the coil 113 for six
pi eces, consequently twelve termnal ends of coils 113. The anopunts of
work for wi nding the




47. ' coils and handling the termnal ends are substantial. Therefore,

a notor of the present exenplary enbodi nent conprises one core 106, and
one back yoke 109 in place of the other core. Under such a :
constitution, only three coils are used, hence the nunber of 5 term nal
ends is six. This neans a substanti al sg;&gg of works for winding coils
as wel | astfﬁ zﬁmecti ng the termnal € 4 which may |l ead to a. cost
reducti on. . Rot or 110 has begn structured in a same arrangenent
as that of Fig.34; being magnetized Qa three stages in | engthw se 10
direction, 120a, 120b, 120c, the magnetized position at each stage
. deviating relative to one anotheé%£é 12&a and shaft 111 is penetrating
through the enpty portion of the [ g% magneti c units 120a - .
120c. The shaft 1892 s\ V@it S5 uoGg abl e by bearings 112a, 15
112b inserted and fixed bracket s\ 11¥¢, \115. The core 106,
back yoke 109 and braclét& 4 . % /95
r.
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fixed respectively on the printed board 116, and the whole is covered
with an anti-dust cover 119. The outer case 90 is shaped to a
thin rectangle shape in 20 a cross sectional plane perpendicular to axial
di rection; one of the |l onger sides 90b is constituted with a printed
board 116, while the remaining three sides, viz. the other |onger side
90b and a pair of the shorter sigzs 90a, 90a are structured by the
anti-dust cover 119. 25 Fi g Tféf;(b) show a structure of core
106; Fig.47FHMJa£122 side view, Fig.47(b) a traversing cross section. The
core 106 has been fornmed by conbining two core conponents 106a, 106b of
t he sane shape splitted into half by a plane containing the centre
axis of notor and the core 106. Each of the core conponents 106a, 30 106b
may be made ‘either by stacking a plurality of silicon steel sheets or
with a single sheet of netal plate. When form ng the core 106
by stacking silicon steel sheets, the efficiency is the highest, in
view of the loss due to eddy current in the core, when the steel sheets
are stacked in 35 parallel with a plane in which the magnetic flux fl ows.
In a not or having three salientsﬂgth 107a - 107c disposed in parallel

‘ 964
96

95
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48 to the axial direction, the magnetic flux flows as illustrated
by arrows in Fig.47(a); it flows in a radiant direction with respect
to the axis within the area of salient poles 107a - 107c, and in a
direction parallel to the axis within an area bridging the three 5

sal i ent poIrE_ef 10%@ 107c. Accordi ngl f:oéﬂni ghest efficiency may be
obt ai ned i ge sent enbodi nent when the steel sheets are stacked in
a direction perpendicular to a plane forned by the axis and the core.

A core 106 of the present enbodi nent has bden nade with 10 two core

conponents 106a, 106b overlaid together iR |} gy h the di rection of .
magnetic flux. Thi$ Structure presents éEg ef ficiency because of
the smaller | oss dyie to eddy curr T as conpared with a core formed as

one single body.
Rs
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As the core 106 has been forned by conbining two core 15 conponents 106a,
106b of the sanme shape splitted into half by a pl ane containing the
axis and the core 106, each of the core conponents may be nmade with
ease through only bending and cutting a netal sheet, or by pressing.
Thi s means 't hat the conponent may be manufactured with a conparative
ease froma silicon steel 20 sheet, etc. which steel is not suitable to
under goi ng process st eps such‘g? contraction, forging.

Fig.48(a), (b),(c) shows structure /€fe above core 106 and resin

i nsul at or j wo core conmponents 106a, 106b of core 106 are fixed
together to formone single body by a resin 25 nol ded insul ator 108, which
at- the same tine fornms an insul ation | ayer for a coiling part of the
core 106. On one side of the core 106 facing the printed board 116, a
pin 121.is provided to be inserted in and fixed on the printed board
116. -Wth the above structure, binding of core conponents 30
106a and 106b and insulating of the core 106 are attained

si mul t aneously; which neans saving of assenbly works, making it

suitable for the production in volunme. Further, as the resin mol di ng
process has a high degree of freedomin providing various shapes, the
resin nol ded conponent may be provided with additional 35 shapes and

functi ons.




Furthernore, because the core 106 may be fixed on the

49 printed board- 116 by sinply pushing the pin 121 in; which neans
that correct positioning of the core 106 on printed board 116 is done
at the same tine. A nmotor of the present enbodinent is for use
in a pagerFSiqf mi | e communi cati@méé)aﬁarlﬁ or -a notor driven by
battery. Refefore, it is a strict req G}nent for the notor that it
can start operation without fail at a voltage as lowas 1.2 - 3.3V.

Anmong the factors related with the starﬁbﬁﬁ?voltage of a notor are t he
| oss at shaft, the cogging torque Hé gyatfi2aion 10 between core
and magnet, the vol tage drop in drlvkng cf rcuif g, //
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etc. In a notor of the present enbodi nent, follow ng count er measur es,

anong ot hers, have been taken for reducing the coggi ng torque. 15

Fi 9. 49 shows relationship anong the core 106, the back yoke 109 and t he
rotor 110. The angle a by salient pole 107a - 107c of core 106 faci ng
the rotor 110 and the angle [err] by4ﬁag%§yoke 109, shown in Fig.49,

have a cl oﬁi%gkbt—/f onshi p with coggi ng torque. Fi g. 50 shows a
rel ati onshi p Detween the angle a and the coggi ng 20 torque, when the angle
a is varied under a condition [err] = [err] . As seen from Fig.50, the
coggi ng torque goes the smallest at two points, at the vicinities of
90[err] and 150[err] . Therefore, the cogging torque may be suppr essed

by setting the angle a at around 90[err],or 150[err] . At 90[err] , :
however, | eakage of nagnetic fl ux increa@@g to a deteriorated magnetic 25
efficiency; so, the angle 150[err] may produce a better result.

The cl ose rel ationship of cogging torque with the angle a of sal i ent
pol e 107a - 107c and the angle [err] of back yoke of core 106 has been
descri bed above. The coggi ng torqug—beqrs a close relationship also 30
with the angles [err] and [err] whgn the [err] and [err] taking different

val ues each 106 o

—1+—107a

~1—107b
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ot her . Fig.51 shows an exenplary case, with the [err] + [err]
fixed while the [err] - [err] wvaried. As shown in Fig.51, cogging
torque goes the snallest at around 30[err] , 90[err] . At the 90[err]
, the magnetic efficiency is poor 35 because of unfavourabl e bal ance at
both sides. Therefore, the 30[err] is superi or.

50 In a notor of the ﬁ#g@gpt enbodi nent, a core 106 and a
back yoke %hz}/ﬁ been used. In a case where two cores are enpl oyed,
as in the Tif¥h ough sevent h enbodi nents, a sane effect may be

| i kewi se obtained by setting the difference in the 5 angle between the two

cores at 30[err]
(a) - (b)
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Now in the follow ng, description is made on an i mbal anci ng wei ght 117,
118. : A notor of the present enbodinent is for use in a pager

of nobil e conmunication apparatus. In order to pick up a 10 vibration to
be generated by notor, weights 117, 118 whose centre of gravity is off

the centre of shaft are provided so as the centrifugal force of the
As

weights 117, 118 is transmtted to.a45;/ ggator of notor.
shown in FFQ. % éarotor 110 is penetraté through by 15 a shaft 111, and
i mbal anci ng weights 117, 118 are provi ded and fixed by cal king at

around the both ends of the shaft 111, and the wei ghts 117, 118 are
.53(a), (b) shows a

glued to the ends of the rotor 110. Fi
relationship with the | ocation of ﬂ%dé&@boigﬁa ity of inbal ancing

wei ght 117(118) relative to 20 bearings 1{l2a, 112b. Fig.53(a) shows a case
where the ‘gravity centre G of | anchng weight 117(118) is |ocated at
outsi de the region begtween-ihe \two bearings 112a, 112b,

a poi nt

Fi g. 53(b) is a case where e gravitly cgntre G of inbal anci ng wei ght

117(118) is |located at a poi bet ween the tiwo bear * 112b.

Respective | oads F6, F7 by e centrifugal fjorce axXerted on
ornul4a 37: Nere; L1

bearings 112a, 112b E%obt inable thro
representing the dis e petween the

(NLX S
(N

107a(107b,107¢)
Fig.50
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and 112b, L2 is the axial direction fromone bearing 112a to gravity
centre G of weight assumng a direction towards the other 30 bearing 112b

as positive. F6 = ((L1 - L2) / L1) . F F7 = (L2
/ L1) F.o...... (37) 35 When the gravity centre G of
[is placed outside of the bearings 112a,

i mbal anci ng wei ght 117(118)
112b, as shown in _ 51

* /¢4
Fig.51 |
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Fig.53(a), the load F7 turns out to be negative. This nmeans that t he

direction of load is reversed. Loss torque Tr at bearing is
general |y approxi mated in Forrmula 38, with a synbol f denotes a load. 5
Tr = Tc + kf " (38) where, Tc representing a
constant el ement independent of a load, k is a proportional constant.
10 Accordi ngly, the sum of |os rques at two bearings is
4'7’r;)é+Tc +k-(| F6 | +| F71)

expressed | o] a 39: ..
(39 15 Fnig'_sTgFi g.34 shows a relationship of loss torque Tr with L1,
L2. ' As seen fromFig.54, the loss torque Tr is small when L2

is between 0 and L1, viz. when the gravity centre of inbalancing

Al

(a)

M7

—+-110

118

(b)
110

11
118



wei ght 117(118) is placed sonewhere between the two bearings 112a 20 “and

112b. Taking the nechanical life of bearings into
consideration, the respective |oads F6, F7 are preferred to be as snmal |
as possible. Both of the | oads F6, F7 beconme small when the gravity
centre G of inbalancing weight 117(118) is placed at a 25 place in
fulfillment of Formula 40, viz. at the mddle of the two bearings 112a
and 112b. This state nay be advantageous in terns of nmechanical |ife of
t he bearing. L2 = L1/ 2;&- ,..(40) 30 In Fig.53,
the place of a gravity centre of inbalané?ﬁﬁ . weight 117(118) has been
contenplatgni‘lq§g§nntor havi ng two or more of inbal ancing weights, as
in the prese g%a odi nent, the same principle applies by assum ng a
centre of gravity G for ‘the 35 whole inbalancing weights 117(118). 1In a

notor of the present enbodi ment, the centre of gravity G of the whole
i mbal anci ng : : .

(a)
(b)
H7(118)
= ff\ Fs )
é_? 'T 1120#_, ]
1| -L2
G~ F6 L2
. AL ::} \ F 1
1120 7
N
G [1117(118)
g | | 11—
11 L1 L1_
F7 F7,.
1= 12 —4EHE
nzp W )




52 wei ghts 117(118) is placed at the mddle of the two bearings

112a and 112b, which neans that the notor is advantageous in terns of
both the bearing | oss and the nmechanical life. ' In order to
further reduce the bearing loss, it is 5 effective to nake the dianeter of
shaft 111 smaller. However, with a shaft of reduced diameter flexion of
the shaft 111 becones uni gnorabl e, and"a problem of hitting by rotor

m ght ari se. Fi g.55(a), /$9ws the |oad on shaft 111 caused
by the Ffﬁaq zping wei ght 117(118). Fig.55(a) illustrates a case of one
10 inbalancimg welght 117(118), Fi-g.55(b) is a case of two i mbal anci ng
wei ghts 117, 118. Assum ng the shaft 111 as a rigid body, the
Fi g. 55(a) and the Fig.55(b) are totally identical. But, when a flexion

of

Loss torque Tr

T




shaft 111 is taken into consideration, a slightly different 15 situation
is created. The flexion Terr] of shaft 111 when one

i mbal anci ng wei ght 117(118) is used (Fig.55(a)) is represented by
Formul a 41: [err] = FL 1T[err] / 48 E1 ..... (41) 20
where, E representing the |engthwi se elasticity coefficient of shaft, |
is the cross sectional secondary nonmentum of shaft. Li kew se,
the flexion [err] of shaft 111 when $wwy, ggbalan0|ng wei ght s 117 and 118
are used (Fig is represented by é |l a 42: where, 25 the axial

di st ance f QéE%ng 112a, 112b to inbal anci ng weight 117, 118 of the
sane end |s S|gnated as L3 assuning the direction tomards t he ot her
bearing 112b, 112a as positive. [err] (FL3([err] (L1 -
L3)[err] ) / 3L1 EI ..... (42) 30 Fig.56 shows a

rel ati onship between flexion [err] and L3. 1In Fig.56, flexion of shaft
111 having one weight -is shown in dotted line for the '

(a) (b)
2 112a A
124 | F12 L13
nras) ||| L1 | <12
17
Fﬁ 1
ér? , L1 L
G
B % Fi2
_ ‘5“'?9 - t
L1
118 L3
o= 3 /%3 . ]r r
b

112b



sake of conparison. As seen fromFig.56, the flexion [err]
becones 0 when L3 is 0. Such may 35 be ideal, but it is uninplenentable

because of the existence of bearings 112a and 112b. In practice, the
flexion [err] may be nade the small est by placing the

53 i mbal anci ng weights 117, 118 as close to bearings 112a, 112b as
possi bl e. In a notor of the present enbodi nent, the

i mbal anci ng wei ghts 117, 118 are attached at both ends of rotor 110. By
so doing, the flexion 6 of shafgﬁp%i LS made to be m ninum which nakes
it possible to use a thinner 5 shaft 1 15 or a reduced bearing | oss.

As descri qug”tE)ge 'a not or of the present enbodi nent ‘uses a t_hl n

¢ uorxarg




shaft 111 in order to reduce the loss at shaft. A thin shaft, however,
creates a problemthat the joining strength with the inbal anci ng wei ghts
117, 118 and rotor 110 is inferior as conpared to a case with thick shaft.
10 ‘The rel ationship anmong pulling strength Fn, rotation torque Tn
and shaft dianeter d is represented Qy Formula 43, taking the fixing by

cal king, the fixing by pressurized i §én&}?n as exanpl es representing

comonl y used net hods of | oining/fixing. 15 Fn [err] d
Tn [eérr] dFﬁr.l?S]Z.... (43) It is difficult to secure a thin
shaft wth a™sufficient revolution torque Tn, anong other itens.
In nost cases, a rotor 110 has a weaker nechanical 20 strength than that
of metal; which makes it further difficult to secure the enough
strength. ~ In order to encounter the above problens, a shaft
113 I n 1?0nntgr oflfhe prssenttﬁngodipenh }f Eigetr?ting t?roug? thi10
r ot or : e pulling streng n of sha relative to rotor
is 25 secured by fixing and cal ki ng the inbal ancing weights 117, 118 on
the shaft 111 at both ends of rotor 110;(Ty addition, the I mbal anci ng
wei ghts 117, 118 are glued to the rotor L1 at both
124q
50 | [H il 57
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ends to insure the revolution torque Tn of rotor 110 relative to

wei ghts 117, 118. 30 Because the notor of present enbodinent is
for use as a vibration notor in a pager of nobile comrunication
apparatus, it Is not required to have a shaft extrudi ng outside for
out put; what Is essential for the notor is to have a sufficient pulling
strength Fn with shaft 111 relative to rotor 110 and a sufficient 35
rotation torque Tn relative to inbalqp g weights 117, 118. Under a
structure of the present enbodi nent, ‘%égﬁbtor 110 has
54 ° [gfan @gV|ded with the n1n|nun1reqU|red pul I'i ng strength Fn
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relative to shaft 111, as well as revolution torque Tn relative to

i mbal anci ng weights 117, 118. The structure may be suitable to a not or
for use in a pager. 5 Al t hough a nmotor in accordance with the

pr esent enbodi nent is conprised of a core 106 and a back yoke form ng a
pair, the notor may be constituted with core 106 al one. The
above described fifth enbedi nent througﬁfe' h - enbodi nent have been
descri bed FEigrQ§gy to a brushless notor for 10 generating vibration, which
type of nmotors *aré& superior to brush notors in terns of the
reliability. The invented notors nmay be incorporated in portable
pagers, portable tel ephones, etc. for generating vibrations to be
transnmtted to human body, in which application a high reliability in
the operation is required. 15 The present invention may be
enbodi ed also in a conventi onal bruspa tor. Nanely, a brush notor for
generati ng vi bration may be constituted by providing a brush and a
rectifier for distributing a DC current to coils so as to set the phase
of i nduced vol t age gener at ed onphe- ~eint pol e wound around with 20
coil in each stage to a phase stita)le fﬁf rotating a nmagnetic uni t
corresponding to a coil in thaL_ﬁQ; . m Al t hough descri ption has
been made on a brushl ess notr {or generatinq3q3vibration in the above
described fifth enbodi nent
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t hr ough ei ghth enbodi ment, the invention may of course be embodied 25 in a

brushl ess notor w thout having the inbal anci ng wei ght. A
notor in accordance with a ninth exenplary enbodi nent of the invention
is-described in the following referring to Fig.57. 30 The
descriptions in the above enbodi nents are related to t he brushl ess
notors. The follow ng is an enbodi nent of the invention in a brush

not or . As shown in Fig.57, magnets 122a - 122c, cere 123,
salient poles 124a - 124c, and coils 59%as- 125c are disposed in a 35 same
arrangenent as in the second enbodi mrent shown in Fig.11. A brush 126

and a rectifier 127 are additionally provided to

> Fig.60

Efficiency

Length/diameter



distribute a DC current to each of the coils 125a - 125c so as to set
t he phase of induced voltage generated on the salient poles 124a - 124c
i n each stage deviates relative to one anot her by 120 5 The
brush 126 has been used for three pieces, and respective brushes are
positioned not to take a sane rotationfgt_l6 positioning as the rectifier
in a circu;}l:qlrga.ne' | direction. This Aﬁ‘?‘es it easy to distribute the
electricity i each of the phases. Thus a snmall and thin brush notor
may be presented in accordance 10 wth the present invention.

I NDUSTRI AL APPLI CABI LI TY As described in the above, a notor in
accordance with t he present inventio@qgorrpri ses a rotor conprised of K
pi eces of .15 (K indicating any integer greater than one) nagnetic units
havi ng the N and S poles nagnetized alternately, a rotating shaft
around whi ch the rragneticiﬁwg?ts are 58&ked, L | ;143 K stages and
fixed :

140 RS 5
| “ yd — 147

148

139~

(b)

137
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as a single body, a core having K pieces of salient poles wound ar ound
with coil corresponding to respective magnetic units, and a 20 pair of
bear’ings for supporting the rotor rotatable; in which the magnet i zed
position of the N and S poles of the magnetic unit at each stage
deviates relative to one another in a cifeu renti al direction so as
to set theEqEESE%%g i nduced vol tage gener at’ed ‘on the salient pole wound
around wt ] fl in each stage to a 25, phase suitable for rotating a
magnetic unit corresponding to a coiIG)ﬁ that stage. Wth such a
structure of the present i nvention, the magnetized poles of rotor, as
wel | as the salient pol es of core each wound around with coil, nay be
di sposed splitted on planes tages which are perpendicular to
axial 30 direction. Thus the ifjnvention enables t¢ present a notor that
has advant ages in making theg efficiency higher] the overall dinensions
smal l er and thinner, and in prow di ng e freedomlin the - installation
j with the present

ic units stacked in K
bne) the magneti zed

invention 35 conprises a rotor
st ages (K indicating any int

149 154
(b)
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56 position of the N and S poles at each stage deviating relative

to ., one another in a circunferential direction, a core having K pieces
of salient poles wound around-w-th coil corresponding to the magneti c
uni.ts disposed on a straight line that is in parallel 5 wth axial
direction of the rotor, a pair of beaP&®¢4 for supporting the rotor
rotatabl e, and an outer case having an obl ong shape in an axially
per pendi cul ar cross section consisting of a pair of long sides facing
t o each BYPLANAREON QRiMARKS short si des facing to each other, in which
the rotor is penetyatifyg tyitough 10 the,Quter case at the central part and
a core is disposedih at’ | east one of the short sides. Wth such a
structure of the " 1p present inventiofflatheorkdpet inetthpobvtenf magnetic
units, as well ~as the salient ppl%ﬁxgkm&%&%nggch wound around with
coil, may be di sposed splitted in stages 1n a direction parallel to
axi al 2a, 2b, 2c Insulator

3a, 3b, 3¢ Coil

4a, 4b, 4c Magnetic unit

5 Spacer

6 Shaft

~7a, 7b, 7c Salient pole

8 Bracket

9a, 9 Bearing

10 Frame case

11 Board

12 Terminal pin

13 Flat portion

l4a, l1l4b, l4c Magnetic unit

15a, 15b, 15c¢ Core

l6a, 16b, lé6c Salient pole

17a, 17b, 1l7c Coil

18a, 18b, l1l8c Salient pole

19 Core

20a, 20b, 20c Coil

2la, 21b, 21c Magnetic unit

22 : Spacer

23 ) Shaft

24 Frame



15 direction of the rotor, and the salient poles wound around with Coi
may- be provided in only the short side of the outer case. Thus t he
i nvention enables to reduce dinmension of the short side to a length
al rost equal to outer dianmeter of the rotor. The i nvention al so nmakes
it easier to increase the nunber of ta?48%of 20 the coil to be wound around
the salient poles. Thus, the efficiency of a notor nmay be inproved.
Further, because it is a brushl ess nmotor a higher reliability may be
expected, so a higRly reliabl e anBearingi ent notor nay be presented in
athin confi gyiation. 25 BésF®tor in accordance with the
present invention conprises a rotor conprised of magnetic units stacked
in K stages (R7i'ndi cating any i nt©€geer greater than one) the magneti zed
posi tion of the Noand ol at eac £IE: jating relative to one
another in a circ&% érgg??aﬁgairectigﬁéia coS%yegving K pi eces 30 of
salient poles wou@® around with coil Cereesponding to the magneti c
units, a pair of @%grigﬁg fgbcsupport&$?lthe r ot or rot at abl e, an outer
case having an oblondg Shape™in an axialTy per pendi cul ar cross section
consi sting of a pale,oBlbenglsi des Madgwetig wwittach other and a pair of
short sides faci ng-t o each 35 other, R o@qné%@eagfanci ng wei ght rotating
vibra

together with the rotor for generaiing ion as a result of
rotation of the r@&S3or. Shaft
' 34 Rotor magnet
35a, 35b, 35c Salient pole
36a, 36b, 36¢ Salient pole
37 Rotor
38a, 38b, 38c Magnetic unit
39 Shaft
40 Bearing
40a _ Circular arc
4] Bearing
41a Circular arc
42 Coil
43a, 43b, 43c Coil
44a, 44b Spacer
45 Weight
46 Thrust plate
47 Yoke

48 Yoke



57 Wth such a structure of the present invention, the nagnetized
pol es of magnetic units, as well as the salient poles of core each

wound around with coil, nay be disposed splitted in K stages in t he
axial direction of rotor. This enableég}gfreduce the cross 5 sectional

square neasure of outer case, and nak easy to assunme a desired
cross sectional shape inclusive of a thin shape. Furthernore, it
becones easier to jncrease the nunber_of turns of the coil to be wound
around salient pol for an inproved Brac%ﬁ?iciency of a notor. Thus the
invention offers aggighly 10 efficieptadlé®r for generating vibration
whose outer case h%ying a high deggfgtgﬁ g£§¥§knni n assumng a desired
cross sectional

5la Land

52 Integrated circuit

53 Sheet

54 First core

55 Second core

56 Salient pole

57 Protruded portion

57a Surface

57b Surface

58 Tooth

59 Cylindrical portion

60 Salient pole

61 Protruded portion

6la Surface

61b ' Surface

62 Tooth

63 Cylindrical portion

64 _ Salient pole

65 Protruded portion

65a Surface

65b Surface

66 Tooth

67 ' Cylindrical portion



shape in a reduced square neasure.

58
conprising

a rotor conprised of K pieces of (K indicating any

CLAI M5

1. (anmended)

A not or

5 i'nteger greater than one) magnetic %EBF§ having the N and S pol es
P

magneti zed al ternately,

magnetic units are

body,

10 K stages corre

70
70a
71
71a
72
73

74a, 74b, 74c

75
76

77a, 77b, 77c

78a, 78b
79
80

81

82
83
84
84a, 84b
85
86
87

- 88

89
90

a

ondi ng to respect

ating shaft around which the

stacked axially in K stages to be fixed as a single
%% core having sal

?@tt ol es wound around with coil for
rv8“Wagnetic units, and
pair of bearings f& supporting the r@lekibdéapabhted board

Bracket

Bearing portion

Bracket

Bearing portion

Terminal board

Rotor

Magnetic unit

Hollow

Protrusion

Magnetic unit

Spacer

Protrusion

Hollow

Low—friction coating material

Integrated circuits

Salient pole

Protruding portion

Surface

Rotor axis
Tooth portion

Joint portion

Coil

Metal plate

Outer case

a



wherein the magneti zed position of the N and S poles of the
magnetic unit at each stage deviates relative to one another 15 in a

circunferential direction, the phase of induced voltage generated on
the coil in each of the stages differs relative to one another and is
assigned to respective nultiple phase?,z/64 thereby a notor is driven by
the multiple phases. 2. (anended) A notor conprising 20 a
rotor conprised of magnetic units stacked in K stages (K indicating any
integer greater th¥Pone) the magneti 2&@rter $3&d& on of the N and S pol es
at each stage devigding relative 1@y didher in a circunferential
di rection, a core having K pieces of salient poles wound
around 25 with co?} corresponding t o RtermpedEtc units di sposed on a
straight line Fhatg%s. in parallel wthpgadiglg Hrfiddon of the rotor,
a pair of bearings for supporting the rotor rotatable, and 30
an outer case havi®d@an obl ong cross f&anigWalPidhape in a plane
perpendi cul ar to aggal direction of the LRy brackednsi sting of a pair of
| ong sides facing to each other and a pair of short sides facing to
each ot her; wherei®3a Bearing pin
94 Flexible printed board
a5 Ring portion
96 Bearing bush
96a Crescent portion
96b Bearing hole
97 Bearing bush
97a Crescent portion
97b Bearing hole
98 Metal piece
99 Terminal board
100 Protruding portion
101 Cylindrical portion
102 Hole
103 Integrated circuits
104 Land
105 Sheet
106 Core Y
106a, 106b Core component

107a, 107b, 107c Salient pole



the rotor is penetrating through the outer case at the 35 central part and

a core is disposed in at |east one of the short sides of the outer
case, the phase of induced voltage generated
59 on the coil in each of the stages differs relative to one another
and.is assigned to respective nultiplé36%éses, t hereby a notor IS
driven by the nultiple phases. 3. (anmended) The notor of claim 2,
further conprisiq&)an 5 i nmbal anci ng wei ght that _rotates together with the
rot or, wher ei P8 a vi br feSdn i9sydatPhted as a result of
rotation of tiay rotor. 4. Baeree of claim1l, wherein 10
a core having salient poles at each stage wound around

110 Rotor

111 Shaft

112a, 112b Bearing

113 Coil

114 Bracket

115 Bracket

© 116 Printed board

117 Imbalancing weight

118 Imbalancing weight

1i8 Anti—dust cover

120a, 120b, 120c Magnetic unit

121 Pin

122a, 122b, 122c¢ Magnetic unit

123 Core

124a, 124b, 124c Salient pole

125a, 125b, 125c Coil

126 Brush

127 Rectifier

128 Core of cylindrical shape

129 Coil

130 Magnet B

131 Shaft

132 Frame case

133 ' Bearing



with coil is provided splitted, a rotor fornmed in a splittéd manner and

said core are conbined to forma unit for each stage, and nmagnetic
units for.gach stage fixed around a rotating shaft are assenbl ed
together in correspondence to respectié/@/éé ages 15 wth the core. 5.
The -notor of either one claimanong clarnms 1 through 3, wherein a rotor
magnet i s made of a single nagnetic body, being magneti zed in the N and
S poles at respecigye stages in an B enent deviating relative to
one another. 20 6. The notor of ei t%ferl gine claimanong clains 1 through
3, wherein a ¥3%or magnet is made Gffrenisi hglaednagneti ¢ body, being
magnetized in theydand S poles in a sé&_eawkarrangerrent. 7. The notor
of either one clarmanong clains 1 throug‘ﬁ ; wherein the salient pole
of respective stal@é wound around wit [Fime ceide are di sposed on a straight-
line running in ppggllel wth t he otnaetg ng shaft. 8. The notor
of either claim2 or claim3, wherein I Cor e is provided in only one
of the short side¥3®f outer case. Sh&t The notor of either claim2 or
claim 3, wherein i%@ core 30 is provi#ieq}eirndg%ch of the short sides of
outer case. . The notor of eitHE*@%ARE*0 claim 3, wherein the
core is provilldld in one of the sh@intsirdas beardanger case and a back

142 Core

143 Coil

144 Rectifying terminal unit

145 Rectifier

146 Brush

147 Bracket

148 Weight

149 Shaft

150 Rectifier

151 Group of coils

152 Magnet of empty—cylindrical shape

153 ' Housing

154 ' Frame case

155 Bearing

1586 Brush assembly

157 Weight



yoke is provided in the other short side of outer case. 11. The notor
of either one claimanong clains 1 through 35 6, wherein the position of

salient poles wound around with coil g at each stage deviates relative
to one another in a . 60
circunferential direction. 12. The not or of ei t her one clai-m-anreng
clainms 1 through 6, wherein the core is provided vmthafl n

t he outer circunference. 5 13. The notor of ei t|mu gi‘k‘mm‘ung
claims 1 through 3, wherein the @AEMEe of salient ot or
I's curved with a radius index centred at the axis of rotor. 14.
The notor of either one claimanong clains 1 through 3, wherein the
surface of sari{emengefd 1 &cMRGox Pg{“ Figdngyrved

10

15

20

25

a rotor comprised of K pieces of (K indicating any -

integer greater than one) magnetic units having the Nand S poles
magnetized alternately,

a rotating shaft around which the magnetic units are
stacked axially in K stages to be fixed as a single body,

a core having salient poles wound around with coil for
K stages corresponding to respective magnetic units, and

a pair of bearings for supporting the rotor rotatable;
wherein .

the magnetized position of the N and S poles of the
magnetic unit at each stage deviates relative to one another
in a circumferential direction, the phase of induced voltage
generated on the coil in each of the stages differs relative
to one another and is assigned to respective multiple phases,
thereby a motor is driven by the multiple phases.

2.(amended) A motor comprising '

a rotor comprised of magnetic units stacked in K stages
(K indicating ahy integer greater than one) the magnetized
?pdsition of the N and S poles at each stage deviating relative
to one another in a circumferential direction,

a core having K pieces of salient poles wound around
with ¢co0il corresponding to the magnetic units disposed on a
straight line that is in parallel with axial direction of the

- rotor,

30

35

a pair of bearings for supporting the rotor rotatable,
and
) an outer case having an oblong cross sectional shape
in a plane perpendicular to axial direction of the rotor
consisting of a pair of long sides facing to each other and a
pair of short sides facing to each other:; Wwherein

the rotor is penetrating through the outer case at the
celit'r"al part and a core is disposed in at least one of the short
sides of the outer case, the phase of induced voltage generated

‘ This Sheet Has Béén Red eblaced
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10 with a radius index centred at a point away fromthe axis

15. The notor of either claim?2 or claim3, wherein the outer has
a rectangul ar cross sectional shape. , 16. The not ﬂmﬂ\ mms a‘
claimanong claims 2, 3 and 15, 15 wherein the outer (ﬂ“ I ons
the length of a short side of which is shorter than 12 of a | ong si de.
17. The notor of either one claimanong clains 1 through 3, wherein a
core is conprised of a yoke and K pieces of salient pol es coupled to
the yoke. oBthe ggll inradghosithsg s gaaemdiffemm@i&tmtgmom@ is

forned ahy EQ%ﬁbﬁgdptE@Q"e%%ective m&&lp@shagaer HeRit8mAPr Cl ai m

anong clains 1 through wherein the salient pofe Is provided with a
nol ded |ns&$a@¥%ﬁ“m by g ﬁ“q#jé’lfﬁ)rﬁhwsto be wound around with coil, and

the coil 25 3 dlﬂé’iide@t)Ed 'fﬁé)rﬁdtf&so?ﬂlc@&tinp@ efﬁ.’éth@? a&hﬂﬁbi@ .
e faci ng a

20. The npto rei.n the surface of
r ot or n%gné’f‘bﬁ%@nﬁi’é?r(‘?ﬁﬁngm:erﬁhraéﬁ Lo {:ﬂg?ther Y?:@h[éﬁhej QY. |
90[err] 5[®nherein terns of electrical effects. The not or of

ol ¢ aci ng a rotof Tevantrencat soheflieEat adert Sﬁt S
pai r of cokbe wptbrn a range

4. The motor of claim 1, wherein

10 a core having salient poles at each stage wound around
with coll is provided splitted, a rotor formed in a splitted'
manner and said core are combined to form a unit for each stage,
and magnetic units for each stage fixed around a rotating shaft
are assembled together in corresﬁondence to respective stages

15 with the core.

5. The motor of either one claim among claims 1 through 3,
wherein a rotor magnet is made of a single magnetic body, being
magnetized in the N and S poles at respective stages in an
arrangement deviating relative to one another.

20 6. The motor of either one claim among claims 1 through 3,
wherein a rotor magnet is made of a single magnetic body, being
magnetized in the N and S poles in a skew arrangement.

7. The motor of either one claim among claims 1 through 6,
wherein the salient pole of respective stages wound around with

25 coil are disposed on a straight line running in parallel with

" the rotating shaft.

8. The motor of either claim 2 or claim 3, wherein the core
is provided in only one of the short sides of outer case.

9. The motor of either claim 2 or claim 3, wherein the core

30 is provided in each of the short sides of outer case.

10. The motor of either claim 2 or claim 3, wherein the core
is provided in one of the short sides of outer case and a back
yoke is provided in the other short side of cuter case.

11. The motor of either one claim among claims 1 through

35 6, wherein the position of salient poles wound around with coil
at each stage deviates relative to one another in a
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30[err] 5[err] in ternms of electrical effects. 22. The notor of
claim 10, wherein the circunferential angle of the surface of salient

pole of a core facing a rotor is 35 digfferent fromt e
facing a rotor magnet within a range 30[err] [err MIEHIIF" ﬂﬂ em of
[ * 61lL m s x23

electrical effects.

The notor of claim3, wherein an inbal ancing weight is provi ded on the
shaft at a place outside the region between a pai r of bearings.

24. The neireunfexreniial diwrgtian.an inbal ancing weight is 5 provided on

the shaft atyA - phagen8ebress é‘iﬂ?éf d’ﬁf l&‘iﬁifnngﬁong claim® 1 tHoulH or of

claim3, wherein the dianeter D of fﬁgt outer circunference of
an i nbal an®i heRaighthegore is P‘%?é’éi-ldle@g‘“’fb%ﬁ FinfePr5Riag i Sheputpr
i nbal anci ngj pedbérentd. t he ’ S

5 13. The motor of either one claim among claims 1 through
3, wherein the surface of salient pole facing a rotor is curved
with a radius index centred at the axis of rotor. '

14, The motor of either one claim among claims 1 t_hrough
3. wherein the surface of salient pole facing a rotor is curved

10 with a radius index centred at a point away from the axis of
rotor.

15. The motor of either claim 2 or claim 3, wherein the outer
case has a rectangular cross sectional shape.

16. The motor of either one claim among claims 2, 3 and 15,

15 . wherein the outer case has dimensions the length of a short side-
of which is shorter than 1/2 of a long side.

17. The motor of either one claim among claims 1 through
3, wherein a core is comprised of a yoke and K pieces of salient
poles coupled to the yoke. . .

20 18. The motor of claim 17, wherein the salient pole is formed
by a forging process.

19. The motor of either one claim among claims 1 thi*ough
3, wherein the salient pole is provided with a molded insulation
resin in a portion to be wound around with coil, ‘and the coil

25 is insulated from the salient pole by the molded resin.

20. The motor of claim 2, wherein the surface of salient
pole facing a rotor magnet has a circumferential angle either
150° £5° , or 90° *5° in terms of electrical effects.

21. The motor of claim 2, wherein the circumferential angle

30 of the surface of salient pole facing a rotor is different
between the right and the left of a pair of cores within a range
30° £5° in terms of electrical effects.

22. The motor of claim 10, wherein the circumferential angle
of the surface of salient pole of a core facing a rotor is

35 different from that of a back yoke facing a rotor magnet within
a range 30° £5° in terms of electrical effects.
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di nension a of the shorter side of outer case establish a 10 relationship
0.6a < D < a. 26. The notor of claim 3, wherermthe dianeter D of

t he | ar gest outer circunference of an i nbal anci I|

beari ng bush functioning also as an HTgaI anci ng vvel ﬂ“ﬂeﬂﬁu“mmm

di aneter Dm of magnetic unit of rotor establish a relaticonship 15 0.8Dm < D
< 1.1Dm 27. The notor of either one claimanong clains 1 through

3, wherein one of the bearings is formed with a thrust bearing section
and a radi aIZZib.earThg maizrt off, chatin & Uhareintam igaflancingcweigbtiis sai d

thrust beagj 18681 %ea“ nsﬁaferafai plage out’ Qil% #B42bn Obe £ G £/

wher ei n th g section an 0| -contal ni ng
si ntered bEQirngfnh@@?ifws-m xed W t h fI uor| c resin. 29. The

‘motor of clagqn 27 rhehed € otfhelaﬂﬂtast wﬁ@%éiﬂ%é&%ﬂ%ncing‘ §e£§ﬂ§tié ut ed
with a thrust plate nmade of nmer - nBoun . The

motor of cPEPHLEed odrha ﬁh@ﬁ@ F‘gd?l&]-%/%&?weﬁp a paif.pf Wjéﬁbst he
di ameter d ofs shafrtheembtblich cldi @, eheefn thelldameter 8.6/ he
Lo The HASEeSE SRR ZL LB SRIRLIN R Ml Mg VG Y 41
bearing bush functioning also as an imbalancing weight, and the
dimension a of the shorter side of outer case establish a
10 relationship 0.6a < D < a.

26. The motor of claim 3, wherein the diameter D of the
largest outer circumference of an imbalancing weight, or a
bearing bush functioning also as an imbalancing weight, and the
diameter Dm of magnetic unit of rotor establish a relationship

15 0.8DPm < D < 1.1Dm. '

27. The motor of either one claim among claims 1 through
3, wherein one of the bearings is formed with a thrust bearing
section and a radial bearing section, and an end of the shaft.
contacting said thrust bearing section is spherical.

20 28. Themotor of claim 27, wherein the radial bearing section
is made with an oill-containing sintered bearing material mixed
with fluoric resin.

29. The motor of claim 27, wherein the thrust bearing section
is constituted with a thrust plate made of a high polymer-
25 compound. .
30. The motor of claim 27, wherein the radius index r of
shaft end and the diameter d of shaft establish a relationship
104 > r > 1.54/2.
31. Themotor of claim 27 for generatinga vibration, wherein
30 the outer dimension Ds of the thrust plate constituting the
-thrust bearing and the diameter 4 of shaft establish a
relationship Ds > 4.
32. The motor of either one claim among claims 1 through
3, wherein the bearing is formed with a bracket made of a
35 low-friction resin.

This Sheet Has Been Replaced

(MW

u L} ”Ab BEE
REPLACE N ]




thrust bearing and the dianmeter d of shaft establish a rel ati onshi p Ds

> d. 32. The notor of either one claimanong clainms 1 through

\r/vlgglrﬁl n the bearing is formed with a bfacket ggde of a SgHIWMMWHM'mm

ei ther one claimanong clains 1 through 3, wherein a hol% for*betring
is formed in a bracket consituting an end of the outer case, a bearing
being forned by a circunferential edge of the hole for bearing that
has been madd.5 The mabtox ®f sdsbert Phg elabmfameescskatmngl tih t he

hol e. 3 3€vh(a§§£ﬁta?ﬁble for §éariﬂ-§‘§.sr%ﬂﬂe@5neé Bgﬁﬁkﬁltaééﬂs%.tﬁftﬂ@' m 3,

wher ei n term nal nd of the coil wound around salient pole iIs
electrical®y end of the outer case, a bearing being formed by a

circumferential edge of the hole for bearing that has been made -
5 thinner for supporting a shaft penetrating through the hole.
34.(deleted) _

35. The motor of either claim 2 or claim 3, wherein terminal
end of the coil wound around salient pole is electrically '
connected on a printed board, the printed board constituting

10 at least one of the sides of outer case, and elements of driving
ci::cﬁit are mounted on the printed board.

36.(amended) The motor of either claim 2 or claim 3, wherein
a flexible printed board is provided for continuously covering
the three sides of outer case, viz. a pair of shorter sides and

15 one of the longer sides. '

37. The motor of claim 35, wherein each salient pole is
provided with a terminal board of molded resin made with a metal
piece integrated to form a single body which is attached and’
fixed thereon, said metal piece and the printed board are

20 electrically coupled under a state where terminal end of the
coil wound around@ tooth portion of salient pole is being
connected to said metal piece.

38. The motor of claim 37, wherein the terminal end of coil
is connected with the metal piece by thermal compression.-

25 39. The motor of either claim 37 or claim 38, wherein the
metal piece is connected with the printed board by thermal
compression.

40. The motor of either one claim among claims 1 through 3,
wherein the tooth portion of salient pole to be wound around

30 with coil has a rectangular shape in the cross section, a side
parallel to the axis of magnetic units having a length greater
than that of the other side which is perpendicular to the former
side.

41. The motor of either one claim among claims 1 through

35 '40, further comprising an electronic circuit for controlling
a DC current so as to provide the coil with electricity setting
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*connected on a printed board, the printed board constituting 10 at |ea
one of the sides of outer case, and elenents of driving——TCircuit are

et s nofel n * "2 oot e"pri e poara 1< oo fUINGAEIEIN ™

conti nuously covering the three sides of outer case, * a pair
shorter sides and 15 one of the |longer sides. The notor of
cl aim 35, wherein each salient oI eis provi ded w t h a term nal board

of nol ded theiphasedef dindwcgdreekiage gepeméea@me‘aa%miﬁatfmm yognfg| e -

body whi chairgualit #EFRItRECco11 fr *RMEH a?‘én,tosﬁ' ﬁh%balsuﬁlt%iea%rt he
printed board are 20 electrical l:qu coug under a state where term nal end

of the rebpting mBagnetie vpdst EB? SOR9Er. SRt Ehe Rt rpepatigs

connect ed he gabgugnlalsspm@f@r The notor of cl a| m 37, wherein
t he term nal

conpr es&i on. 43! 25%le wor ?ﬁgi%ﬂfc"gr‘)r}fﬁcéig%w&get?g? b a&)r gﬁﬁ‘?y?é‘ IP\/\/nerel n
t he netisl, ame@es throughnal! Edrihéeh comprisingedbbash (&dﬁya tcle_ertuﬁlier
T O herar at e et e OF It U B0 88D DRI e T o el 019"
with coil lkdecirieityneettingkigephase lof dnducedevol bage Peasiarated on
' the salient pole wound around with the coil in each stage to
10 a phase suitable for rotating a maghetic unit in that stage,
thus the motor operating as a brush motor.
43. The motor of either claim 1, 2, 3, 41 or 42, wherein
K = 3, comprising three pieces of magnetic units each having
the N and S poles magnetized alternately in a circumferential
15 direction for 2n poles(n indicating any integer not smaller than
1) at an equal angular pitch, three stages of salient poles wound
around with coil for.2m poles(m indicating any integer not
smaller than 1, m = n) corresponding to each of the N and S
poles of the magnetic units at each stage in m poles, wherein
20 the magnetized position of the magnetic poles of the
.magnetic unit at each stage deviates relative to one another
in a circumferential direction by 120/n degrees or 60/n degrees
so as the phase of induced voltage generated on the three stages
of salient poles wound around with the coil deviates relative
25 to one another by 120 degrees.
44 .(deleted)

45. (amended) A portable pager incorporating a motor, which
motor comprising '

30 a rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
position of the N and S poles at each stage deviating relative
to one another in a circumferential direction,

a core having salient poles wound around with coil in

35 X stages corresponding to the magnetic units, and

an imbalancing weight which rotates with the rotor,
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»parallel to the axis of magnetic units having a |l ength greater t han

*that of the other side which is perpendicular to the forner si de.

,41.  The notor of either one claimanmgng clainms 1 through 35 40, further
“conprising an electronic circuit for controlling a DC current so as to
provide the coil with electricity setting
63 t he phase of induced voltage generated on the salient pole wound
around with the coil in each stage to a phase suitable for rotating a
magnet i c WRPTeLR that stage, thus the notor operating as a brushl ess

notor. S 42.  The PRASE oFf 18Ul PHPLaYIJBRITNG L bal fReleoB i4 through
19, and 23 through 40, further, conprising a brush and a rectifier
each of the stages differs relative to one another and is
assigned to respective multiple phases, thereby a motor is
5 driven by the multiple phases; wherein
a vibration is generated as a result of rotation of
the motor.
46 . (amended) A portable telephone unit incorporating a
motor, which motor comprising . _
10 a rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
position of the N and S poles at each stage deviating relative
to one another in a éircumferential direction,
a core having salient poles wound around with coil in
15 X stages corresponding to the maghetic units, and
an imbalancing weight which rotates with the rotor,
wherein '
the phase of induced voltage generated on the coil in
each of the stages differs relative to one another and is
20 assigned to respective multiple phases, thereby a motor is
driven by the multiple phases; wherein
a vibration is generated as a result of rotation of
the motor.

25
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for 'd—i stributing a DCcaurrent to as tgg}g\%‘d% %%L C |\Dv@t3a

electricity setting the phase of induced voltage ge EI}IT g

salient pole wound around with the coil in each sta ¢ DS*HN
suitable for rotating a magnetic unit3Bn that stagg, t hus t he [ngt or
operating as a brush notor. 43. The notor of{e|tBef JUlagoml,f 2, 3,
41 or 42, wherein K = 3, conprising three pieces pf magnetic units each
havi ng the N and S pol es nmagnet iCiAIMEternatelylin a circanterenfial 15
direction for 2n poles (n indicating any integer no‘rt—':rml Ler _than | 1) -at
an equal angular pitch, three stages of salient poles wound around with

coil for 2m plol(@@epﬁﬁidddl FatiHPra @pmprisdag not smal ler than 1, m
[err] n) correspondi agtbe S@ﬁﬁrﬂéedh@f P:t?ﬁc%s of R‘id %a%awﬁgna etic

units at each stage 1n m poles, wherein he magneti zed position
of the Amghetegep@reatst than one hﬁ\gﬁ&?técmﬂitt%ba\ém thedpandSipies
relative tﬁagﬁétmr@[terndﬁbﬁl circunferential di rect ion by 120/ n degrees
or 60/ n degrées SO as (ﬁp ase of induced volta %enerat ed on the

three stages of as%ﬁPF%Hn% haft,\gxrynd, shtel vk, | URLLS A%
rel ative 25th6k€acari@iherih)K IHagdegneede fixed 44. 4dsirg®é)body,

a core having salient poles wound around with coil for
10 K stages corresponding to respective magnetic units, and
a pair of bearings for supporting the rotor rotatable;
wherein
the magnetized position of the N and S poles of the
magnetic unit at each stage deviates relative to one another
15 in a circumferential direction, the phase of induced voltage
generated on the coil in each of the 'stages differs relative
to one another and is assigned to respective multiple phases,
thereby a motor is driven by the multiple phases.
2‘_(amended) A motor comprising
20 a rotor comprised of magnetic units stacked in K stages
(K indicating ahy integer greater than one) the magnetized
1.posit‘.:!.on of the N and S poles at each stage deviating relative
to one another in a circumferential direction,
a core having K pieces of salient poles wound around
25 with.colil corresponding to the magnetic units disposed on a
| straight line. that is in parallel with axial direction of the
rotor, ,
a pair of bearings for supporting the rotor rotatable,
and
30 an outer case having an oblong cross sectional shape
in a plane perpendicular to axial direction of the rotor
consisting of a pair of long sides facing to each other and a
) pair of short sides facing to each other; wherein
the rotor is penetrating through the outer case at the
35 central part and a core is disposed in at least one of the short
sides of the outer case, the phase of induced voitag'e generafed
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45. (anended) A portable pager incorporating a

conprising 30 a rotor conprised of magn in K

st ages (K indicating any integer gbP8ater tha at ilzed
position of the N and S poles at each stage. dev{ating 2 to one
another in a circunferential direction, a core having salient
pol es wound around with coil in 35 K stages corrésp ' TE_nagneti c
units, andon the coil in eaﬁhiqﬁ)‘aharﬁﬁats!@s\/&fgﬁﬁr% Atk dPane\ARAtRAE rotor,
64 m@rfé'hssigﬁxed to redpéctRAsRutip e R4l tRELcBERERSESE ONn the
coil in each of the stages differs relative to one another and is

assi gned t &sr 8xp¥eR; b¥ thet MBLELBLAsRRAS®%rereby a notor is
3.(amended) The motor of claim 2, further comprising an

5 imbalancing weight that rotates together with the rotor,
wherein )
a vibration is generated as a result of rotation of
the rotor.

4, The motor of claim 1, wherein

10 a core having salient poles at each stage wound around
with coil is provided splitted, a rotor formed in a splitted-
manner and said core are combined to form a unit for each stage,
and magnetic units for each stage fixed around a rotating shaft
are assembled together in corresbondénce to respective étages

15 with the core.

5. The motor of either one claim among claims 1 through 3,
wherein a rotor magnet is made of a single magnetic body. beirig
magnetized in the N and S poles at respective stages in an
arrangement deviating relative to one another.

20 - 6. The motor of either one claim among claims 1 through 3,
wherein a rotor magnet is made of a single magnetic body, being
magnetized in the N and S poles in a skew arrangement.

7. The motor of either one claim among claims 1 through 6,
wherein the salient pole _of respective stages wound around with

25 coil are disposed on a straight line running in parallel with
the rotating shaft.

8. The motor of either claim 2 or claim 3, wherein the core
is provided in only one of the short sides: of outer case.

9. The motor of either claim 2 or claim 3, wherein the core

30 1is provided in each of the short sides of outer case.

10. The motor of either claim 2 or claim 3, wherein the core
is provided in one of the short sides of outer case and a back
yoke is provided in the other short side of outer case.

11. The motor of either one claim among claims 1 through

35 6, wherein the position of salient poles wound around with coil
at each stage deviates relative to ‘oné another in a

[
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5 driven by the nultiple phases; wherein REPLACEM@L’K'S?@?EW i's

generated as a result of rotation of t he ded) A
portabl e tel ephone unit incorporating &0 not or , whi ch noto onpri si ng
10 a rotor conprised of magnetic unitfs [st@ckdULiagK $t hges (K
I ndi cating any integer greater than one) the netized pps{tion of the
N and S.poles at each stage deviating relativ to one anothgr in a

ci r cunf er eptirehmfiereotiah, direction. a core thaving salient pol es wound

around with £o11 bhelholtost 39°5: £ALEESPONHIG Lchl® TAJHR! hCeHBbhgn 70

an i nbal ancing wei'g St "Which rota es WI
t he phase 6f, Whemem thel core igeprovidef whthieefiat pantion 134111& ofitene

stages di ffcgg:%lﬁ,&ul %Ie to one another and is 20 assi-gned to respective
mul tipl e phases, ereby a notor is driven by the multiple phases;
wher ei n5 13. Theamtl@ﬁ'apﬁoﬁitbegeﬁbﬁ R laim amgnge cdiatimst 1r shapingh of

the notor. 3 gRerein the surface of salient pole facing a rotor is curved
with a radius index centred af. the axis of rotor.

14. The motor of either one claim among claims 1 througﬁ
3, wherein the surface of salient pole facing a rotor is curved

10 with a radius index centred at a point away from the axis of
rotor.

15. The motor of either claim 2 or claim 3, wherein the outer
case has a rectangular cross sectional shape.

16. The motor of either one claim among claims 2, 3 and 15,

15 wherein the outer case has dimensions the length of a short side.
of which is shorter than 1/2 of a long side.

17. The motor of either one claim among claims 1 through
3, wherein a core is comprised of a yoke and K pieces of salient
poles coupled to the yoke. .

20 18. The motor of claim 17, wherein the salient pole is formed
by a forging process.

19. The motor of either one claim among claims 1 through
3, wherein the salient pole is provided with a molded insulation
resin in a portion to be wound around with coil, ‘and the coil

25 1is insulated from the salient pole by the molded resin.

20. The motor of claim 2, wherein the surface of salient
pole facing a rotor magnet has a circumferential angle either
150° £5° , or 90° *5° in terms of electrical effects.

21. The motor of claim 2, wherein the circumferential angle

30 of the surface of salient pole facing a rotor is different
between the right and the left of a pair of cores within a range
30° £5° in terms of electrical effects. '

22. Themotor of claim 10, wherein the circumferential angle -
of the surface of salient pole of a core facing a rotor is

35 different from that of a back yoke facing a rotor magnet within
a range 30° *5° in terms of electrical effects.
-
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23. The motor of claim 3, wherein an imbalancing weight is
provided on the shaft at a place outside the region between a
pair of bearings.

24. The motor of claim 3, wherein an imbalancing weight is
provided on the shaft at a place between a pair of bearings.
25. The motor of claim 3, wherein the diameter D of the
largest outer circumference of an "imbalancing weight, or a
bearing bush functioning also as an imbalancing weight, and the
dimension a of the shorter side of outer case establish a

relationship 0.6a < D < a.

26. The motor of claim 3, wherein the diameter D of the
largest outer circumference of an imbalancing weight, or a
bearing bush functioning also as an imbalancing weight, and the
diameter Dm of magnetic unit of rotor establish a relationship
0.8Dm < D < 1.1Dm. )

27. The motor of either one claim among claims 1 through
3, wherein one of the bearings is formed with a thrust bearing
section and a radial bearing section, and an end of the shaft
contacting said thrust bearing section is spherical.

28. Themotor of claim 27, whereiﬂ the radial bearing section-
is made with an oll-containing sintered bearing material mixed
with fluoric resin. -

29. The motor of claim 27, wherein the thrust bearing section
is constituted with a thrust plate made of a high polymer-
compound. _

30. The motor of claim 27, wherein the radius index r of
shaft end and the diameter d of shaft establish a relationship

104 > r > 1.5d/2. '

31. Themotor of claim27 for generatinga vibration, wherein
the outer dimension Ds of the thrust plate constituting the

.thrust bearing and the diameter d@ of shaft establish a

relationship Ds > d.
32. The motor of either oné -claim among claims 1 through

3, wherein the bearing is formed with a bracket made of a
Jow-friction resin.
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33. The motor of either one claim among claims 1 through
3, wherein a hole for bearing is formed in a bracket consituting
an end of the outer case, a bearing being formed by a
circumferential edge of the hole for bearing that has been made
thinner for supporting a shaft penetrating through the hole.

34.(deleted) _

35. The motor of either claim 2 or claim 3, wherein terminal
end of the coil wound around salient pole is electrically .
connected on a printed board, the printed board constituting
at least one of the sides of outer case, and elements of driving
clircuit are mounted on the printed board.

36.(amended) The motor of either claim 2 or claim 3, wherein
a flexible printed board is provided for continuously covering
the three sides of outer case, viz. a pair of shorter sides and
one of the longer sides. o

37. The motor of claim 35, wherein each salient pole is
provided with a terminal board of molded resin made with a metal
piece integrated to form a single body which is attached and’
fixed thereon, said metal piece and the printed board are
electrically coupled under a state where terminal end of the
coil wound around tooth portion of salient pole is being
connected to said metal piece.

- 38. The motor of claim 37, wherein the terminal end of coii
is connected with the metal piece by thermal compression.-

39. The motor of either claim 37 or claim 38, wherein the

metal piece is connected with the printed board by thermal
compression. _
40. The motor of either one claim among claims 1 through 3,
wherein the tooth portion of salient pole to be wound around
with coil has a rectangular shape in the cross section, a side
parallel to the axis of magnetic units having a length greater
than that of the other side which is perpendicular to the former
side. : : - :

41. The motor of either one claim among claims 1 through

40, further comprising an electronic circuit for controlling '

a DC current so as to provide the coil with electricity setting
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the phase of induced voltage generated on the saiient pele wound
around with the coil in each stage td a phase suitable for
rotating a magnetic unit in that stage, thus the motor operating
as a brushless motor.

42. Themotor of either one claim among claims 1, 3, 4 through
19, and 23 through 40, further comprising a brush and a rectifier
for distributing a DC current to as to provide the coil with
electricity setting the phase of induced voltage generated on
the salient pole wound around with the coil in each stage to
a phase suitable for rotating a maénetic-unit in that stage,
thus the motor operating as a brush motor. '

43. The motor of either claim 1, 2, 3, 41 or 42, wherein
K = 3, comprising three pieces of magnetic units each having
the N and S poles magnetized alternately in a circumferential
direction for 2n poles(n indicating any integer not smaller than
1) at an equal angular pitch, three stages of salient poles wound
around with coil for.2m poles (m indicating any integer not
smaller than 1, m = n) corresponding to each of the N and S
poles of the magnetic units at each stage in m poles, wherein

the magnetized position of the magnetic poles of the

.magnetic unit at each stage deviates relative to one another

in a circumferential direction by 120/n degrees or 60/n degrees
so as the phase of induced voltage generated on the three stages
of salient poles wound around with the coil deviates relative
to one another by 120 degrees.

44 . (deleted)

45. (amended) A portable pager incorporating a motor, which

motor comprising '

a rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
position of the N and S poles at each stage deviating relative
to one another in a circumferential direction, - |

a core ha(ring salient poles wound around with coil in
K stages corresponding tc the magnetic units, and

an imbalancing weight which rotates with the rotor,
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wherein

the phase of induced voltage generated on the coil in
each of the stages differs relative to one another and is
assigned to respective multiple phases, thereby a motor is
driven by the multiple phases; wherein

a vibration is generated as a result of rotation of
the motor. '

46 . (amended) A portable telephone unit incorporating a

motor, which motor comprising

a rotor comprised of magnetic units stacked in K stages
(K indicating any integer greater than one) the magnetized
position of the N and_S poles at each stage deviating relative
to one another in a circumferential direction,'

a core having salient poles wound around with coil in
K stages corresponding to the maghetic units, and

an imbalancing weight which rotates with the rotor,
wherein ' -

the phase of induced voltage generated on the coil in
each. of the stages differs relative to one another and is
assigned to respective multiple phases, thereby a motor is
driven by the multiple phases; wherein

a vibration is generated as a result of rotation of
the motor. _
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ABSTRACT

A small motor for use in an information-communication
appratus, an audio-visual apparatus or the like, and a motor for
use in a portable pager and a portable telephone or the like for
generating vibrations to be transmitted to a human body, the
motors being efficient, small and thin in size, and having a high
degree of freedom when mounted on an apparatus. To realize the
motor as described above, K pieces of(K indicating any- integer
greater than one) magnetic units (4a, 4b, 4c) having N and § poles
magnetized alternately are mounted on a rotor in a circumferential
direction, and K magnetic units‘are axially stacked in K stages
and integrally retained on a shaft {6), and this rotor is
rotatably supported on & pair of bearings (9%a, 9b). Cores (1la,
1b, 1lc) each have a salient pole (7a, 7b, 7c¢) wound around with
coils (3a, 3b, 3c) in K stages so as to correspond to each of the
magnetic units. The magnetized position of the N and S poles of
the magnetic unit at each stage deviates relative to one another
in a circumferential direction so as to set the phase of induced
voltage generated on the salient pole wound around with the coil
in each stage to a phase suitable for rotating a magnet unit
corresponding to a coil in that stage.



