; ABCDe3e~xxy| & 6* T~wn o mm~ nmm BACKGROUND OF THE | NVENTI ON Fi el d of the
I nvention-5-This invention relates to a notor constructed super-conpactly.

Rel at ed Bacgm“gg\ Art Heretofore, as a notor formed as a conpact g MAR 2003

t her \\Wm npl e, a conpact cylindrically shaped 10 step notor as
sho of the acconpanying drawings. In Fig. 24, this notor is

provi ded wtH* two stators 102 arranged axi aIIy of the motor, and each of
the stators 102 has two stator yokes 106 di sposed so as 15 t

opposed to each other. In each stator 102, a stator coil 105 mmm @m’m
concentrically wound on a bobbin 101 held by the two stator yokes

bobbi n 101 having the stator coil 105 weomdrt hereon is axially saffef¥% ched
and fixed by and between the two 20 stator yokes |06. Each of the stator
yokes 106, 106 is formed with stator teeth 106a and 106b alternately

di sposed circunferentially of the inner dianetral surface of the bobbin
101. On the ot BAEKRRAUNDt QE PBHEr IBVENTEPNr yokes 106 and 106 having the
stator teeth 25_106a and 106b are fixed to the case 103 of each stator 102.
Thus, the stat8igld#02fatBecdR¥EPLEPRd. A flange 115 and a bearing 108 are

fixed t R 2003 - t d 24 f th
t:/vc);esetg Pecase 10%"5@“56816-&??nﬁeiﬁge‘ﬁnt‘gﬂg %%B%’Is"?mgnﬁl EBCtgdfl xZadOto ©

t he ot her (thesr hg?t cgasag%lw ewed in Fig. 24) case 103. Arotor 109 is of
such structure®t

Related Background Art

Heretofore, as a motor formed as a compact motor,

there is, for example, a compact cylindrically shaped
10 step motor as shown in Fig. 24 of the accompanying
drawings.

In Fig. 24, this motor is provided with two
stators 102 arranged axially of the motor, and each of
the stators 102 has two stator yokes 106 disposed so as

15 to be axially opposed to each other. In each stator
102, a stator coil 105 is concentrically wound on a
bobbin 101 held by the two stator yokes 106. Each
bobbin 101 having the stator coil 105 wound thereon is
axlally sandwiched and fixed by and between the two

20 stator yokes 106. Each of the stator yokes 106, 106 is
formed with stator teeth 106a and 106b alternately
disposed circumferentially of the inner diametral
surface of the bobbin 101. On the other hand, the pair
of stator yokes 106 and 106 having the stator teeth

25 106a and 106b are fixed to the case 103 of each stator
102. Thus, the stators 102 are constructed.

A flange 115 and a bearing 108 are fixed to one



5 rotor magnet 111 is fixed to a rotor shaft 110. An air gap is forned

bet ween the outer peripheral surface of the rotor magnet 111 and the,in

di anetral surface of the stator yoke 106 of the stator 102. The roto ﬂéﬁﬂma
110 is rotatably supported by the two bearings 108 10 fixed to each case
103. Fig. 26 of the acconpanying drawings 2 s- a plan view exenplifying a

step notor driven by a coil which is used in a tinmepiece or the like. In
Fig. 26, the reference nunmeral 201 designates a rotor conprising a 15

per mmnent magnet, the reference nunerals 202 and 203 denote stators, and

the reference nuneral 204 designates a coil. However, in the prior art
conpact step métthe IRERNONE Eegviewedt ha Fige 263, ofh&hBolbbbnseds, athe

stator 20 coil 105 agg t he stator goke 686 are _concentrically disposed
around the rot G2S€and3r hBBY 8aB8ardnendlPneBn BRI BREESLEGt SEHE dt si de

ol aetri om Cener ol fon toe RBes 4EhP E4SREL 308 HacuiEvsd IR EREy Cbugh
t he end surfac%ﬁ%%Ggésof kheo%g%tQBEt98tgglgﬁéPanrEQ%uggdtﬁgrf ce 106b1l of
t 0

the stator too as shownin he "acconpanyi ng draw ngs

2. 0 MAR 2003  aqd,t BﬁE%r§1Q°§§t@9ke f%SC% gk%EaEBa R &E@ FohQr ”et

111, and there'is the robleml e e Sso at t e out put of t

mot or does not Q?CQEEfB'rBIQd &%Qeehntheeoa%erpébemeralﬁsqrf%ee bhsere i's
the 5 problemleft to be solved that a nagnetic flux created by the

el ectrical energiezabiter AhghBe ¢oil agd@4tREngsnbralieamerhne sperhicen o
smal | gap between the rotor 201 and the stator 202 and does not effectively

act on the magnee 2@btotOydhe appl b€anheobtbherbabc appki catben shaflapan
has proposed as U S. Patent No. 5,831,356 a notor which has sol ved such
probl ens. Thi slpPopssyatatablyi sugpergaddbyuthet hue bepvivgscdfPrising a
per manent magnet circunferentially 15 equidistantly divided and alternately
magneti zé@ to &i#PEr &pt epehesars {@3ﬂed into a cylindrical shape, a first
coil, the rotor and_a second coil are disposed axially of the rotor in the
named order, a firsfigut &P ﬁﬁgﬁaeuecseweaaxana @Fﬁg%ngﬁné? ﬁagﬁépic pol e

excited 20 by the first re opposed to ?e oute per| %g face
and i nner perlBﬁ&VaﬁxﬁﬂngéglngengEFPVQP§°r r?ﬁgn Cgﬁ &
outer magnetic %ohgeanqna segﬂgglbe egrn@gge§&ﬁepol eﬁgéteggby %Qe second

coil are opposéd to the ot eral sur ace'an i nn "periphera
sur f ace, respe%@éewceokuhaeam@& ?egﬁgﬁaeegasyréeait cBhbER slifigd ol Ot OF

shaft is taken out of the cylindrica aped pernmanent magnet

15 permanent magnet, the reference numerals 202 and 203
denote stators, and the reference numeral 204
designates a coil.

However, in the prior art compact step motor shown

in Fig. 24, the case 103, the bobbin 101, the stator

20 coil 105 and the stator yoke 106 are concentrically
disposed around the rotor, and this leads to the
inconvenience that the outside dimension of the motor
becomes large. Also, a magnetic flux created by the
electrical energization of the stator coils 105 passes

25 chiefly through the end surface 106a, of the stator

tooth 106a and the end surface 106b, of the stator tooth

106b, as shown in Fig. 25 of the accompanying drawings



2 0or~r~ 2003 - 4 The nmotor of such a construction is high in output and

can have its outside dinension nade small, but the working of its HBQQFMN?MM
pole teeth is difficult because the dianmetral dinmension of its inner”
magnetic poles is 5 small, and it has been desired that a stable output

free of fluctuation be obtained froma mo@or of a snmall dianetra

di nensi on. Therefore, the applicant of the basic application filed in Japan
has recently proposed a notor in which 10 the shape of inner magnetic poles
is made readily workable as U. S. Patent Application No. 08/ 994,994, and a
rotor in which output transmtting neans such as gears and pull eys are

easi |y nount edand &hevefpyesfiaés nbdtsebfectiveryractdpnenbeonotort her eby

obtain a stable 15 outEut free of fluctuation has been proposed as U. S
Pat ent Appl i caPPeReRol b9/ 923, BhrareRéecheyPTPPlARs1BEENTHeBPr 8 1VRE a
ut and which can be_constructed super-conpactly be

not or havi ng aBB%%h outg

obtai ned. 20 S RYPBFOYFERUE NVENTRONTHET pHe'EntOF nherPTEnAgE - been made

in view of the aboyengp gd_%i cungf ances 9 an, obj L thgre L is to

provi de a ot of THAY iSRRI BREPA BUCRO SAnTe 25 cBHEEPULPe for o

SUper'conBaCtliéroblem left to be solved that a magnetic flux created

by the electrical énergization of the coil 204
concentrates in the portion of small gap between the
rotor 201 and the stator 202 and does not effectively
act on the magnet 201.

10 The applicant of the basic application in Japan
has proposed as U.S. Patent No. 5,831,356 a motor which
has solved such problems.

This proposed motor is designed such that a rotor
comprising a permanent magnet circumferentially

15 equidistantly divided and alternately magnetized to
different poles is formed into a cylindrical shape, a
first coil, the rotor and a second coil are disposed
axially of the rotor in the named order, a first outer
magnetic pole and a first inner magnetic pole excited

20 by the first coil are opposed to the outer peripheral
surface and inner peripheral surface, respectively, of
the rotor, and a second outer magnetic pole and a
second inner magnetic pole excited by the second coil
are opposed to the outer peripheral surface and inner

25 peripheral surface, respectively, of the rotor, and a

rotary shaft which is a rotor shaft is taken out of the

cylindrically shaped permanent magnet.



Anot her object of the present invention is to stabilize the positioni éﬁ
a rotor when a notor is ?. 0 MAR 2003 - 5 nmde into a one-phase ABt/d4R.2003
Further objects of the present invention will beconme apparent fromthe
foll ow ng description of sonme specific enbodi ments of the invention. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. -14 s an expl oded perspective view of
a notor according to Enbodi nent 1 of the present invention. Fig. 2 is a
cross-sectional view of the motor 10 shown in Fig. 1 during the assenbly
thereof. Fig. 3 shows the positional relation between the rotor and stator
of the motor shown in Fig. 2, and shows the state of the rotor when a coi

is not electricall yhen@p pre@f $YCRi@. canshsusting éﬁabégbflﬂhéuﬁéﬁﬁk when
the coil is electrically energized fromthe state of Fig Fig. 5 shows
the state of PRE FBPohaYRehtEhRUEFEERr FEEAPNERERGT2EEi § Haéﬁ tHétCGPP has

been cut off in
working of its magnetic pole teeth is difficult because

the diametral dimension of its inner magnetic poles is
5 small, and it has been desired that a stable output
free of fluctuation be obtained from a motor of a small
diametral dimension.
Therefore, the applicant of the basic application
filed in Japan has recently proposed a motor in which
10 the shape of inner magnetic poles is made readily
workable as U.S. Patent Application No. 08/994,994, and
a rotor in which output transmitting means such as
gears and pulleys are easily mounted on a rotary shaft
of small diametral dimension to thereby obtain a stable
15 output free of fluctuation has been proposed as U.S.
Patent Application No. 09/022,474.
Recently, it has been desired that a motor having
a high output and which can be constructed

svper-compactly be obtained.

20
SUMMARY OF THE INVENTION
The present invention has been made in view of the
above-noted circumstances and an object thereof is to
provide a motor which is high in output and is
25 constructed more super-compactly.

Another object of the present invention is to

stabilize the positioning of a rotor when a motor is



the state of Fig. 20 Fig. 6 shows the state of the rotor when the

el ectrical energization of the coil has been reversed in the state ?BPﬁk%MS
5. Fig. 7 is an expl oded perspective view of a notor according to ¢

Enbodi nent 2 of the present invention. 25 Fig. 8 is a cross-sectional view
of the motor shown in Fig. 7 during the-aSsenbly thereof. Fig. 9 shows the
positional relation between the 2 0 MAR 2003 - 6 rotor and stator of the
notor shown in Fig. 8 and shows the state of the rotor when a coil is not
el ectrically energized. Fig. 10 shows the state of the rotor when the coi

5 has been electrically energized fromthe state of Fig. 9. Fig. 11 shows
the state of thedeointowhepnetrhasecretemi energi zation of the coil has
been cut off in the state of Fig. 10. 10 Fig. 12 shows the state of the
rotor when the el ecFrFERRr epRIYFrRIPHNRT RFRSRRF | imaRNBRen Yévérsed

become apparent from the following description of some

specific embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a motor
according to Embodiment 1 of the present invention.

Fig. 2 is a cross-sectional view of the motor

10 shown in Fig. 1 during the assembly thereof.

Fig. 3 shows the positional relation between the
rotor and stator of the motor shown in Fig. 2, and
shows the state of the rotor when a coil is not
electrically energized.

15 Fig. 4 shows the state of the rotor when the coil
is electrically energized from the state of Fig. 3.

Fig. 5 shows the state of the rotor when the
electrical energization of the coil has been cut off in
the state of Fig. 4.

20 Fig. 6 shows the state of the rotor when the
electrical energization of the coil has been reversed
in the state of Fig. 5.

Fig. 7 is an exploded perspective view of a motor
according to Embodiment 2 of the present invention.

25 Fig. 8 is a cross-sectional view of the motor
shown in Fig. 7 during the assembly thereof.

Fig. 9 shows the positional relation between the



in the state of Fig. 11. Fig. 13 is an expl oded perspective view of a notor
according to Enbodi nent 3 of the present invention. 15 Fig. 14 is a MAR 2003
cross-sectional view of the nmotor shown in Fig. 13 during the asse I@
thereof. Fig. 15 is a cross-sectional view showng the state of the
magnetic flux of a magnet shown in Fig.-18.-20 Fig. 16 shows the positional
rel ati on between the rotor and stator of the notor shown in Fig. 14, and
shows the state of the rotor when a coil is not electrically energized.
Fig. 17 shows the internediate state of the rotor 25 when the coil is
electrically energized fromthe state of Fig. 16. Flgﬁ 18 shows the final
state of the rbPEPrvaRd stateor -of Arhegustox I‘%h(?i"ﬂilll? Weckrizdndly

energi zed fromthe state of Fig. 16. Fig. 19 shows a first internedi ate
state of the r®ee¥sSwHad ?F%t%l%tﬂi‘%alfo"éﬁér@?%ﬁ dPo¥ 1he'@bil has

electrically energized.
Fig. 10 shows the state of the rotor when the coil
5 has been electrically energized from the state of Fig.
9.
Fig. 11 shows the state of the rotor when the
electrical energization of the coil has been cut off in
the state of Fig. 10.

10 Fig. 12 shows the state of the rotor when the
electrical energization of the coil has been reversed
in the state of Fig. 11.

Fig. 13 is an exploded perspective view of a motor
according to Embodiment 3 of the present invention.

15 Fig. 14 is a cross-~sectional view of the motor
shown in Fig. 13 during the assembly thereof.

Fig. 15 is a cross-sectional view showing the
state of the magnetic flux of a magnet shown in Fig.
14.

20 Fig. 16 shows the positional relation between the
rotor and stator of the motor shown in Fig. 14, and
shows the state of the rotor when a coilil is not
electrically energized.

Fig. 17 shows the intermediate state of the rotor

25 when the coil is electrically energized from the state
of Fig. 16.

Fig. 18 shows the final state of the rotor when



5 been reversed in the state of Fig. 18. Fig. 20 shows a second
internmediate state of the rotor when the electrical energization of 7hevAR 2003
coil has been reversed in the state of Fig. 18. Fig. 21 shows the final
state of the rotor when 10 the electrical energization of the coil has been
reversed in the state of Fig. 18. Fig. 227shows the positional relation
between the rotor and stator of a notor to which the counterneasure of the
present invention is not taken, and shows a 15 first stable state of the
rotor when the coil is not electrically energized. Fig. 23 shows a second
stable state of the rotor when the coil is not electrically energized in
Fig. 22. Fig. Yhejgoilcivselaekriembly ererdhest nfremste® Sbanst of
according to the prior art. Fig. 25 is an illustration of the magnetic fl ux
of the step nofd®-atBording to the prior art shown in Fig. 24. Fig. 26 is a

pLan vi ew Showi g a ofe phase. 0l o 25 8CROLAING.] &, LEcRILOL 24k

rotor when the electrical energization of the coil has

5 been reversed in the state of Fig. 18.
Fig. 20 shows a second intermediate state of the
rotor when the electrical energization of the coil has
been reversed in the state of Fig. 18.
Fig. 21 shows the final state of the rotor when
10 the electrical energization of the coil has been
reversed in the state of Fig. 18.
Fig. 22 shows the positional relation between the
rotor and stator of a motor to which the countermeasure
of the present invention is not taken, and shows a
15 first stable state of the rotor when the coil is not
electrically energized.
Fig. 23 shows a second stable state of the rotor
when the coil is not electrically energized in Fig. 22.
Flg. 24 is a cross-sectional view showing a step
20 motor according to the prior art.
Fig. 25 is an illustration of the magnetic flux of
the step motor according to the prior art shown in Fig.
24.
Fig. 26 is a plan view showing a one-phase motor

25 according to the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



2 0 f~I AR 2003 _8_ Sone enbodi nents of the present invention wll

herei nafter be described with reference to the drawi ngs. Before Enbodlriéft2003
1 of the present invention is 5 described, the basic construction of a step
notor according to the present invention will first be described with
reference to Figs. 1 and 2. Fig. 1 is an 8&xpl oded perspective view of the
step notor, and Fig. 2 is a cross-sectional view of the notor shown in 10
Fig. 1 during the assenbly thereof. In Figs. 1 and 2, the notor according
to the present invention is provided with a rotatable rotor magnet 1
circunferentially alternately nmagnetized to different poles, a cylindrical
stator 18 opposed t3om¢eeniiogirentserfhcthe piesent crenihcen twekebet ween,
and a coil 2 mounted in the interior of the stator 18, the coil 2 is

di sposed axi al hgreingfieey deordergmidied wite ARy i EPol es 18a and
18b of the stator 18 excited by the coil 2 are opposed to the outer 20
peripheral surf5@%i29Sthe magnet 1, the inner magnetic poles 18c and 18d of

th t at 18 d t i i.oh I f f.the, t at
a s mmde of hol di MEPFRERSTRITIIIEN TR g Sit AT CRArieh bheroat | he
centre of5the 8 é@fiﬂgdth@hQﬁQﬂE&:éﬁmﬂ@N%{Ffﬁ?ﬁr6¥n§‘§%§§“£g%o%i”e | i nki ng

the centre of the oufer” magnetic poles an e centre of rotation of the

magnet toget heﬁccéfdﬂiu?% £SO G ASSOE PirRdh {4t POl £5¢4180c and 18d of the
stator 18 are opposed To the inner peripheral surface of the magnet 1, and

provision is nadsceinkel ¢ifg resnsedcs twldidy. theamgnet miga 1oggtion
whereat the centre of the poles of the nagnet deviates froma straight |ine
| i nki ng the ceahesxplodd® petsfedmivetyiepadstiondstde metey afidrotation
of the magnet together In the ensuing description, the ?. J P~~Al~ 2003 _
g _ present inBegtidnisdlchesstesartimbiviey espedie totoraskowhelr t he
notor is a step notor. In Figs. 1 and 2, the nagnet (rotor magnet) 1
constitutPng aFi®t o} ¢awing sthritassemylpredrenreatir face 5 circunferentially
divided into a plurality of portions (in the present_ enbodi nent, four
portions) and alterfhatBlgs magn%‘?(? zed e YA LHERI NI R . T the

magneti zed portions i

, b, | dld, t tized t d
are magneti zedP15°"? gﬁ"é‘ée%'ﬁ’o&fﬁ’gs Ry % ?%egﬂ?p%ffc? J‘Ss)gki gz%ajzﬁg’dagre :

rmoneLzed L0 PERES: eGSRl oh WS RS Al I gRgpeldcpopert ons
gﬁg?ﬁte 1 is megesplrénP BS14S, "RANSL s (B R4 P s { S DYoo phSE4 1 €5 FREI Ng.
15 rotor magnet 1 with a clearance therebetween, and a
coil 2 mounted in the interior of the stator 18, the
coil 2 is disposed axially of the rotor magnet 1, the
outer magnetic poles 18a and 18b of the stator 18
excited by the coil 2 are opposed to the outer
20 peripheral surface of the magnet 1, the inner magnetic
poles 18c and 18d of the stator 18 are opposed to the
inner peripheral surface of the magnet 1, and provision
is made of holding means for holding the magnet at a
location whereat the center of the poles of the magnet
25 deviates from a straight line linking the center of the

outer magnetic poles and the center of rotation of the

magnet together. 1In the ensuing description, the



15 magnet 1 being thus made of a plastic nmagnet material, the thickness
thereof with respect to the radial direction of the cylindrical shape efp 003

the rotor nagnet 1 can be nmade very small. The central portion of the rotor
magnet 1 is 20 formed with an axial through-hole, and a fitting portion 1le
having its inner dianmeter nmade small is-f8rrmed on the axially internediate

portion of this through-hole. An output shaft 7 which is a rotor shaft is
forced into the fitting portion |e of the rotor 25 magnet 1 and is secured
to the magnet 1. The nagnet 1 conprises a plastic magnet nol ded by
injection nolding and therefore, jt is not broken even by an assenbling 2

] 1 [
0 E~i ~! ~ 2003 PTESeN et MR ith el i PP DLt $PeCt ntQ £he
fitting portion. Also, even though the net is of a conplicated shape
havi ng t he. 11 (EHR0 TORTE olT Goh L | SHR IOt Aot er i n Lhe. axi al Iy
central portion of the throughs hol eq i tured
easily. Also, the oﬁ? pqugésha]?tagtgd rz;ir)l’dFﬁf‘i}%‘%[I{n‘al?sncﬁ]ee (tlrogt%aE ggas%ﬁ%?ggft oget her

and secured bYofelbgelolset el ﬁﬁrf’gsorcﬁltélhepésfﬁ{@t}%lbé}ﬁg BSecasy and

it becones possible to nmahufacture t not or | nexpensive r ot or
(magnet rotor)cirbsmeonstitiaiBd Piv tdgs oHRYta shafta i @pdof heofRosgs 1. As
the material of the nagnet 1, use is nmade of a plastic nmagnet forned by

i nj ection-nol d{ g ehdé ptekent fambexiamgnt, fBulNpdecibr€y earg@irth magnetic
powder and 15 a thernoplastic resin binder material such as pol yam de.
Thus, the bendahgestaeny madneticonpriesss el dedl Magnetes s obf thieeor der
of 500 kgf/cnR, whereas when for exanple, polyamde resin is used as the
bi nder nat eri ahaghehiied) rmns o, 20 800 kyfd i orhgyezaretizedbe

obt ai ned and accordingly, such a thin-walled cylindrical shape that cannot
be realized byPeoFirRSstamnd| i mreardnepizard de.S &e18s 12 Hescri bed

| ater, 1t _enhances the (gerfor,mance of the notor to nake the nmagnet into a

thi n-wal1@d 25" HAeE ROCHANS 1R &P B A FagRe bzt de_ AV i bed pl astic
magnet, the shape of the magnet can_be freely chosen and an_ effect which
cannot be prof%ed py {.}‘% 3%%&‘% @é’sco‘?%r‘%%esi“baf‘grfﬁvd?% , that is,
integrating t §pﬁ9? f ur4 %nm 7 an be real| , and
suf fi ci ent ro?ig? shart g%’cﬁ%’nglé;%%%gli%% e or{)taasl nlgd. Kai 5%3, a%rk%e!grfagnet

i s excellent if,sH{@NHh NA Y &t N6 d e BRI J1adticnot be

damaged (broken) even if use is nade of a nmethod of forcing in the rotor
shaft 7. magnet material formed by injection molding. By the

15 magnet 1 being thus made of a plastic magnet material,
the thickness thereof with respect to the radial
direction of the cylindrical shape of the rotor magnet
1l can be made very small.

The central portion of the rotor magnet 1 is

20 formed with an axial through-hole, and a fitting
portion le having its inner diameter made small is
formed on the axially intermediate portion of this
through-hole. An output shaft 7 which is a rotor shaft
is forced into the fitting portion le of the rotor

25 magnet 1 and is secured to the magnet 1. The magnet 1
comprises a plastic magnet molded by injection molding

and therefore, it is not broken even by an assembling



At the sanme tinme, the secured portion of the rotor shaft 7 is integrall

mol ded, whereby the coaxial 10 accuracy of the magnet portion to thel & dtA82003
shaft portion is inproved and it becones possible to reduce vibration and
it al so becones possible to reduce the clearance di stance between the
magnet 1 and the stator portion, and thel®ufficient output torque of the
not or 15 can be obtai ned al though the magnetic characteristic of a

conpr essi on-nol ded magnet is 8 M30e or greater, whereas the nagnetic
characteristic of an injection-nolded nagnet is of the order of 5to 7
MCe. Al so, the injection-nolded nagnet has a thin resin 20 coating forned
on its surfacenathbd eudi g, forciggpdredatiath shaf ttohplitlszigre nol ded
magnet, the creation of rust is gJireatIy decreased and a rust {)r_eventi ng
process such afitbbid mPeirbe AlisAnv@n AW the daanefotl the @fiher ence
of magnetic powder 25 which poses a problemin a conpression nmagnet, and
there is nor theedmticapdrshare hatiae e H 59 MY oWt dari ng
the rust preventi coating, an 2 0 R ?2.00~ - 12 thus, the quality can
be i nproved. I?‘f“‘?:f]gsl.mle%n‘%aé‘,‘e SHe ﬂlﬁ%dﬁxclzﬂ%ly s%eér‘pteraaqcoﬁb?r??% %IiL'sposed
concentrigcal ly_wt nd ially.,of t . i ameter of the
coil 2 is§5 su % a% Ila%. Sf@zi}acgluealtqeor%% o@e%d#fmﬁhg}%ﬁm%%gnet 1. The

stator 18 is foropd, of ft Bt fe " ¥ arfAHO MU RSS Anapat er
cyl i nder porti%gn and anﬂiéndr)l’ertlg%l I ncf!er portion. aThe coi | Zdi S rmu?lt ed

bet ween the ouggemy]dddSgditds UhPbIUE By IHdiGR) A ti0naed the
stator 18. By electrically energizing this coil 2, the stator 18 is

excited. The feHEr&fsrortionsdeddls; BERImay ldaeraridrit decdméde st at or
18 forms outer nmagnetic poles 18a and 18b, and the fore end portion of the
i nner cylinderppesibhlon ©F rdresfAc@tare el Sndtgrmsinanmmsiagrieti ¢ Pokes 18c
and 18d. The inner nmagnetic pole 18c and the inner magnetic pole 18d are
formed W@ h a wetdnt (rrongt IBoYar b I idegranstituted bpchReg@waruhhen as in
the present enbodi nent, the nunber of magnetic poles is four, so that they
may be in phas®@ft W t3ndadede et fhre outer magnetic pole 18a is di sposed
i n opposed relationship with the inner nmagnetic pole 18c, and_ the_outer

magnetic pole 18b i&s d'%d%aeibe’?ir‘?]oﬁﬁ)s_ MG orshiYhith 13 | Phet?
manet o oL i oh AR ALRBRS] L LT ARG A el Lo 19
parallel to tr@bfrgﬁémpfgctégsﬁd—Fe-B rare earth magnetic powder and
15 a thermoplastic resin binder material such as
polyamide. Thus, the bending strength of a
compression-molded magnet is of the order of
500 kgf/cm?, whereas when for example, polyamide resin
is used as the binder material, bending strength of
20 800 kgf/cm® or greater can be obtained and accordingly,
such a thin-walled cylindrical shape that cannot be
realized by compression molding can be provided. As
will be described later, it enhances the performance of
the motor to make the magnet into a thin-walled
25 cylindrical shape. Also, by using the aforedescribed

plastic magnet, the shape of the magnet can be freely

chosen and an effect which cannot be provided by



2 o r~a~z 2003 - 13 construction, it becones possible to formthe magnetic
poles while mnimzing the dianmeter of the notor. That is, if the outer
magneti c poles are forned by radially extendi ng unevenness, the di amdt & MAR#003
the notor will be 5 correspondingly larger, but in the present enbodi nent,
the outer magnetic poles are fornmed by eullaway apertures and teeth
extending out in a direction parallel to the shaft and therefore, the

di aneter of the notor can be mnimzed. 10 The outer magnetic pol es 18a,

18b and i nner magnetic poles 18c, 18d of the stator 18 are provided in
opposed rel ationship with the quter peripheral surface and inner peripheral
surface of one SON@ISESLRE FS@SFnﬁagﬁgPtllémdl§593§ann9aﬁBﬁi§Ha@ﬁéf§Hﬂ of

the 15 rotor magnet .1 th rebe%weenh Al sq, one end gohtio 7b %f t he out put
shafi 7 is rot SESH 6 (P8ATPHOEREARE: (ur E95eBoof Cpha=Etiat 8POLs.
Accordingly, a netic.fl r h oi [0S he magnet 1
which is the.rgy F é@ﬂgeﬁ%?ﬁe %ﬁ%gg %éﬁ%gﬁpg BoFéggfﬁaggﬁséezo and t he

| nner - magnet i ¢ Jaql9%,e48¢, Aéée,areﬁet msgﬁraergs g&&g@&bw&l Y naCk3eRg e magnet
which is the rotor, and enhanées the dutput of the notor. Al'so, as

previousl y desghedertierdBoREE fokdrf GhHEE 9fwélmlag%isenaaagpemateria

formed by injection nolding, whereby the 25 thickness of the cylindrical

shape with respegbkln )t Beehadiralsdi R8Chhas bhepenbthan be wadeives Mrsmal |l .

Therefore, the distance between the outer magnetic zZ 0 ~~~z ~00~ - 14
pol es 18a, 18b taed roteer shagmteti.c pol es 18c, 18d of the stator 18 can be
made very small, and the magnetic resistance of a magnetic circuit forned

by the coil 2 and t A& fthessageatdmecathbesaadeednpbitidhepébyhea r's tgreat
deal of magnetic flux can be created by a small electric current and thus,
the increased &hefH 7ans ﬁ@ﬁegraééﬁrm@iﬁ@dwpwh@ﬁeéy the peesdiadnd the
downsi zing of the coil are achieved. The reference nuneral 20 designates a
cover asl® 10 &UR@FYcf FBRLBAINEENBATELOR #BnTREgREFPE FREdti al, and the

t di tral i th L ] ich th t ti | 18
and 180 arc | oPSBLOBT SPhANERUGR 3% 41 PPCORSAnBONBAFy APy "B Bther wi o6

A R L A
20b of the cOV@flearance distance between the magnet 1 and the stator
portion, and the sufficient output torque of the motor
15 can be obtained although the magnetic characteristic of
a compression-molded magnet is 8 MGOe or greater,
whereas the magnetic characteristic of an
injection-molded magnet is of the order of 5 to 7 MGOe.
Also, the injection-molded magnet has a thin resin
20 coating formed on its surface and therefore, as
compared with the compression-molded magnet, the
creation of rust is greatly decreased and a rust
preventing process such as coating can be eliminated.
Also, there is not the adherence of magnetic powder
25 which poses a problem in a compression magnet, and

there is nor the swelling of the surface which is

liable to occur during the rust preventing coating and



20, and one end portion 7b of the output shaft 7 is rotatably fitted in the
fitting aperture 18e of the stator 18. 20 Figs. 3 to 6 are illustrati2dnsiAR 2003
successi vely showi ng the operation of the notor of Fig. 2 by the use of a
cross-sectional view taken along the line 3-3 of Fig. 2. In Figs. 3 to 6,

QL designates the center of the outer madietic pole 18a of the stator 18,

@ denotes 25 the center of the outer magnetic pole 18b of the stator 18,

and (B designate the center of rotation of the rotor nmagnet 1. The

reference nunmerals 21 and 22 denote ?. 0 !r~;? ?2003 - 15 positioning
stators formed of a soft magnetic materjial. These positioning stators 21

and 22 are sectires) tehe muakider ke AAPERRY-on 20a (Fig. 2) of the cover

20. The positioning stators 21 and 22 are apposed ta 5 the outer, peripheral
gurfacle ofttgebr?t otn n%’gq%th 1 tl.ar&gz'po?}eti (r)ﬁlﬁbdsrs]tceﬁlg'ry ﬂfabpaesfs%%\‘/\ﬁ fnt Fi g.18
, Is located petyween out er magnet. c pal.es e stator
and near the ot® et PRYHE i%orb%?rétﬂlg%ail%evpl& earn]d’g%s}?it%?lolg}lﬁnofs?%‘%or 22, as
shown in Fig. 3, is I te ti | es 18a and 18b
Taoh8E oar Th BT o5, o R 1 L2

of the stator nea e out'er magnetic pole These positioning

stators 24 and 1 @%tﬁa&ﬁ W s ainiteld andeied end@he gPPOSEd
to the in%er n%%%%?%ﬁtpo é%q% c and 18d or are §hfficiently spaéﬂ%ﬁ15 apart

from the inner;magpgt i scpebes1d8es Akl o mhersaipt evashdfidhe coil 2 is

el ectrically energized, they are hardly nmagnetized as conpared with the
out er magnet i cmPebesalBaarddedithrisesl @icanrthngiyl daiewtpaotton babé t o
rotatively driving the rotor magnet 1. 20 By providing the positioning
stators 21 andaR2inhée sybiypder position. of Thédecomgrietisvmeguntedcoil 2 is
not electrically energized is set to a position shown in Fig. 3. That is,
the magnet 1 iketeeenothe teutde cybppier RontysiandnimepoyivieShown in
Fig. 3) in 25 which the centers K1, K2, K3 and K4 of the poles of the
magnet i z&@ porppshier eficthagredtar gbfi atRY fe AR Er 3 L yreneT#Z1i29| i nki ng
the centers of the outer 2 ~ f~j¥~ ZQ$3,- 16 nqgnet#c p ées 183 and 18b
of the stator ¥Bi8En@othe?cehherstitobrhlith Tt maghdt 1°1Bgetfer .
Speaki ng regardi ng. K2, the magnet_ i e £ FoROSE L0 deyiglipg by an
angle 6. Wen Pﬂ£958P|°§ ?%e Slier gyffggg)cggg
forms outer magnetic poles 18a and 18b, and the fore
end portion of the inner cylinder portion of the stator
15 18 forms inner magnetic poles 18c and 18d. The inner
magnetic pole 18c and the inner magnetic pole 18d are
formed with a deviation of 360/0.5 n degrees, i.e., 180
degrees when as in the present embodiment, the number
of magnetic poles is four, so that they may be in phase
20 with each other. The outer magnetic pole 18a is
disposed in opposed relationship with the inner
magnetic pole 18c, and the outer magnetic pole 18b is
disposed in opposed relationship with the inner
magnetic pole 18d.
25 The outer magnetic poles 18a and 18b of the stator

18 are formed by cut-away apertures and teeth extending

out in a direction parallel to the shaft. By this



5 electrically energized fromthis position, the positioning stators 21 and
22 are not excited as previously described, but the outer magnetic polpesar 2003
18a, 18b and the inner magnetic poles 18c, 18d are excited, and the force
with which the excited outer magnetic 10 poles 18a, 18b act on the

magneti zed portion of the magnet 1 is dirggted in the direction of rotation
of the magnet 1 without fail. Therefore, the magnet (rotor magnet) 1 is
actuated snoothly. In the case of a notor which does not have the 15
positioning stators 21 and 22, the position at which the magnet 1 is stably
stopped when the coil 2 is not electrically energized is that shown in Fig.
22 or 23. Figsconztangti®nar dtt Pppcombscpossibédet itondbrmi dhe slagnietg d hese
two positions at which the magnet 1 is 20 stably stopped. In the position
of Fig. 22, th@od&st ehdlelmigimigdngng§hrg4ddpmeerpokfeshef mpltemuagmtatzed
portion of the magnet 1 are on a straight line linking the centers QL and
Q@ of the outelSmadieftite pyrtes Bagrekéccepter srer §Pampenbys rediEid ymagnet
1 together and 25 therefore, even if the ¢oil 2 is electrically energized,
an el ect r omagn&X €I UB6EEPREESactPPnda2BPFEETt PENTHE FEERTeYitd MSgnet

1. 2 ~ ~A~ Q003 - 17 ..In.th ositipn,of Fig. 23, the actuation of the
magnet 1 i°s po§%¥ﬁfgpﬁ9dﬁﬁglglg%???%alggﬁe%aigg i BRESP hETES ™ M Yyt

unl ess the ele i n i : LOR ~hS.C g a,.ce L i,mng, the
magnet 1 canno? %éggksgtgﬁggé?%biPghéfaEEE ggg?éq ?ﬁa?h?sgwg en fromthe

state of Fig. 33eritheecauben WRERA! b&tBAlSHgl8atand ABBidkereyei ted, for
exanple, into N poles, even if the electrical energization of the coil 2 is

changed over tgatrheleppesi thedshagti andatheretbecagnet dlanstetopged 10 at
the sanme position as that of Fig. 22, and the outer magnetic poles 18a and

18b are excitedhenmotSrpekaspet heéneheeeaomagneti c force does not act in the
direction to rotate the magnet 1, as described in connection with Fig. 22.
The posi &0oni ng st afbesoRteandaghetdoppodes 18aw LBbt hedr ahaernmagnet 1 to
constitute hol ding neans for holding the nmagnet 1. Al so, the positioning
stators 21 andeSHQFéCIB@&Fédlgétmégﬂ phethat akatagnéBi erpobesvidadand 18b
of the stator 18 and therefore, can be constructed w thout making the size
of the motor 207 8PPEFedTREL8HEPAERdR BithnEhe @pPtebt BRTABBBFElng to t he

above-descri bed %gbgdigggt.lnoL the,Bres%$t iggentigg gﬁlleg mgbe descri bed
with reference t6 Frgs®"3 t8"8" Wfeh bed t AT EPGE 61 ORPge"S, Ofh&hoi | 2
18a 160 of the Seh notgtih o 881 B B E Rk 8 B hndT ORathE: T poi s
18c, 18d18f  rotor magnet 1 therebetween. Also, one end portion 7b
of the output shaft 7 is rotatably fitted in the
aperture l8e of the stator 18. Accordingly, a magnetic
flux created by the coil 2 crosses the magnet 1 which
is the rotor between the outer magnetic poles 18a, 18b
20 and the inner magnetic poles 18c, 18d and therefore,
effectively acts on the magnet which is the rotor, and
enhances the output of the motor. Also, as previously
described, the magnet 1 is formed of a plastic magnet
material formed by injection molding, whereby the
25 thickness of the cylindrical shape with respect to the

radial direction thereof can be made very small.

Therefore, the distance between the outer magnetic



ifN;sl ~00 - la the stator 18 into S poles, the nmagnet 1 which is the
rotor is rotated in a counter-clockw se direction as viewed in Fig. g@ RIE003
assunmes a state shown in Fig. 4. Since the positioning stators 21 and 22
are hardly 5 excited by the coil 2, the position of the nagnet 1 is
deternmined substantially by the excited sidate of the nagnetized portion of
the magnet 1 and the outer magnetic poles 18a, 18b and i nner magnetic pol es
18c, 18d of the stator 18 by the coil 2, and the nagnet 10 assunes the
state shown in Fig. 4. Wien fromthis state, the coil 2 is electrically
deenergi zed, a state stabjlized by the magnetjc force of the net. 1 (the
position of FiBoLle§ Jr%abr]o%rﬁm‘%\b%me.r Sk PRS elté%'t r]r%%}agf the
energi zation of _the cgél 15 2 is éeverlsed 1o | heare yteé(c“iléent?e out er
magnet i ¢ pol esSIBEORNE 183" of® tTRES Ao TH 1t &8 pdte "3RS i nner
magneti c pol es

8 . j .nt l,es, t 1
which is the rg%%gs?%q?%r(?ﬁgér r&%@éﬁ% %\l%ﬁigoﬁﬁéﬁ?c 0 Y(%mgg%gg?pgcti on

and assunes 20,33SLak e SROWN LAl bl Goarb: bd MRSRATdifd11 ¢t herwh sy | 0g of
el ectrical energization of the coil 2 is sequentially changed over, whereby

the magnet 1 Woi&htigedNeof Ghdind id Ok RLLLAD Ko RSt tOD 16PNE OsMALY to the
phase of electrical energization. That is, the notor is 25 rotated. Wen

the el ectrical cksetgidatherent dme €nid, Xxhs Ddradded romphe shate in
which the notor is rotated, the notor is stopped at the position of Fig. 3
2 0il~ .Z 2031ewdd powemhtcalsutptsorstabithe ewbtyyr tdred nelgnedownébdbetegof t he
rotor nmagnet 1. According to Enbodi nent 1 described above, the dianeter of
the notor can € thejgeikbnptghachiegdse 5 the magnetic poles of the stator
18 to the outer peripheral surface of the magnet 1, and the length of the

nmotor can be the | efd® nrefererceayimrral fQQIRHINRIRT P FOYRE 83i P 2.
Thus, the.size of the nofor is defterm ped by the dianmeters and | engths of
Lhe g1 S LT HERL GTemSer SHAP A ok 14 d S T HEA 1 18 B £ bt s of
the magnet 1 a

super-ponpact.ggﬁg e?ggﬁ{%% %ﬁ%ﬁéﬁ%ﬁﬂLﬁoéégéégﬁéﬁe;ﬁgﬂggg??gﬁgi%P?§h
oeter e b e SULsE BMSLLC folss (8 08 IO EcEGLAn (g8 aHger 1
is determned b¥atbe £0i1s 2rAPhd hond UMHedBANG} o RSLMG-RA £8NEELa
(di sposed) axially thereof, and the notor can be nade very conpact. Al so, a
magnetic flux €6ethedimyet ®idmdtra2l portion 20a of this cover 20.
15 The fitting portion 7a of the output shaft 7 is
rotatably fitted in the fitting hole 20b of the cover
20, and one end portion 7b of the output shaft 7 is
rotatably fitted in the fitting aperture 18e of the
stator 18.
20 Figs. 3 to 6 are illustrations successively
showing the operation of the motor of Fig. 2 by the use
of a cross-sectional view taken along the line 3-3 of
Fig. 2. In Figs. 3 to 6, Q, designates the center of
the outer magnetic pole 18a of the stator 18, Q, denotes
25 the center of the outer magnetic pole 18b of the stator

18, and Q, designate the center of rotation of the rotor

magnet 1. The reference numerals 21 and 22 denote



20 crosses the magnet between the outer nagnetic poles and the inner
magneti c poles and therefore acts effectively. Further, provisionis 7@@9? 2003
of the hol ding means constituted by the rotor magnet 1 and the positioning
stators 21 and 22 opposed to the outer 25 peripheral surface of the magnet
1 and therefore, during the non-energizatiaén-of the coil 2, the nmagnet 1
can be held at a position whereat the centers of the 2 0~ ~2Z 7003 - 20
pol e of the magnet 1 deviate froma straight line linking the centers of
the outer nagnetic poles and the center of rotation B of the magnet

toget her. Accordingly, during the stoppage of the notor to the 5 first

el ectrical enemRfisidtiiasing stedors Iformedheff ar 6ok Maonisitdle tMetemigniet i ¢
flux created by the coil, 2 acts on the magnet 1 does not go toward the
center of rot atii5iFSPAHE LPRdmet Sfa&ﬁéfsa@gora&idn&lzy,aﬁet ELEIREs fsosEidl e to

effect the snmooth and .stahl e ,act uat,i on_af .the tar. Al so, the pptor can
be constituted BV VAP pr?lf%ﬁé’r“ api%tlg‘s&gﬁogg fe 55185 4fagnet 1,

the coil 2, the st atQf, Jrr)%sqrq:q_oglq_ 9??@%%%33? az!daag ta%%lsiogfﬁ%es%(é)sg can be

reduced. Also, the rotor magnet 577nto a cy | ndt i cal

shape, and the19H§Qﬁn£ﬁQ?ﬁ%& h%?%ﬁss£§§ac£8gfa%ﬂftQ%tb@n%% gtic poles

18c, 18d are opposed to uter peripheral "surface and imnner peripheral

surface, respegiie/glositQlontifies staler Bagnal Lnbanmed i Bhe shol | ow
cylindrical shape, whereby an 20 effective output can bé obtained as the

mot or. The out Auicadedf be(tweledr thidabluke? magnetukepotiest haaf iand nepad i on
| e of the central hole of the nagnet 1 which is the rotor by press-in.

Si nce the rotortheagtettor dénmpndsesaax phasbuteragagheftacmpdllay 18y .ecti on
nol di ng, 25 the rotor nagnet 1 is not broken even by the assenbly by
press-in, and &hsootdean pesdidriphiogt stathapd2i nashisbbwnhénf iRiGi.n@ pairg i on
|l e of a snall inner dianeter eap 2 ~J n~,~Z 't~@B - 21 is provided in
the axi ali®y cerdocategoPetygerathpe onkRYf BAgDLEdCeROLPF. 1ABs@nd H8owhut

shaft 7 and the nmagnet 1 are assenbl ed and secured by press-in _and
t heref ore, the%?s%%ﬁit?ri 8035 RRATI KBRPEHLPYeMBIREHIFaLPdfe Hibcones

possi bl e. These positioning stators 21 and 22 are not in contact

with the stator 18 and are not opposed to the inner
magnetic poles 18c and 18d or are sufficiently spaced

15 apart from the inner magnetic poles 18c and 18d,
whereby even if the coil 2 is electrically energized,
they are hardly magnetized as compared with the outer
magnetic poles 18a and 18b, and accordingly do not
contribute to rotatively driving the rotor magnet 1.

20 By providing the positioning stators 21 and 22,
the stopped position of the magnet when the coil 2 is
not electrically energized is set to a position shown
in Fig. 3. That is, the magnet 1 is set so as to be
stopped at a position (a position shown in Fig. 3) in

25 which the centers K,, K,, K; and K, of the poles of the
magnetized portion of the magnet 1 deviate from a

straight line L, linking the centers of the outer



Description will now be nade of the fact that the step notor of the
construction described above in Enbodinment 1 is of a construction begj (AR 2003
suited for making the notor super-conpact. That is, the fact 10 incl udes
that in the basic construction of the stgf notor, firstly, the rotor magnet
1 is made into a hollow cylindrical shapelbthat secondly, the outer

peri pheral surface of the rotor magnet 1 is circunferentially divided into

a plurality and 15 alternately magnetized to different poles, that thirdly,
the coil 2 is disposed axially of the rotor magnet 1, that fourthly, the
outer magnetic pol es and inner ti

| f th t 8 ited b
the coil 2 are™8gp6&is PBlFﬁe1Bg?gggpigpgﬁgsghgsﬁ%?geg ghggﬁé Fﬁ%ﬁ;re Y
i ph | f \ ively, of th t t th fifthly, th
ot of mmgnet | c CgoteE SRatanatiel afcths nedhEh TPOabeienner PRPEE AR ( oot
d . : . Csixthly.
brovisi o 1o nEdgestihEl K noRe oty Ty A qr Fihddeten M Y e s

posi tion where he.centerg,0 ole feromagnet 1 deviate
froma straigh?EW?%glﬁgnE?nént%ggggn?ersﬁggﬁtﬁgéoﬁﬁer 2 ~f%~ni~@ -

22 magneki ¢ pahesti8aaligbenndgt heacenbrr thisr pbai toon(Btak the magnet 1
toget her when the coil 2 1s not electrically energized. The di aneter of

this step not opokiBtioningaBtheotrbBe2d shde22nanghndd eprpoHsedt ke magneti c
poles of the stator 18 to the diameter of the rotor magnet 1, and the

| engt h of thispskteponsipgr deanrbbefiheblienghdd obtéhemaghetiangnéeslipleus t he
| ength of the coil 2. Thus, the size of the step notor is determ ned by the
10 di aneters aA8bl endt kbeoinnhe magnethagpeles ifd,t h8dcare excamgd.f the
di aneters and |l engths of the rotor magnet 1 and the coil 2 are nmade very
smal |, the steptAothe &arcBevihbewBipRr thenpaciteff oufernN@IRPHAC t he

di t d | th f 15 t t 1. th il d
ral 1, 1 3% || PBLBELoGy 1 PRBUAEE: P kP BPAPERLEER P BEY SRS EnEDEL op. ot or
but in th f d Lbed enbodi t bl f th f th
but ! the el oediesryoed sPRedLaEnly Hhe BERBLETA! kP EgRRUERC LT Lhe,
5 20 formed ighg gabablow Gykhadel gal: ShagrapgRoLbe elbepagRgretic pol es

and inner magnetic poles of the stator 18 are opposéd to t out er

peri pher al surg§5%0§ngabﬂg@5 peisphetahtadr ER6scnigspectively, of the rotor
magnet 1 fornmed into the hollow cylindrical shape. 25 If in that case, not

only the outer periphetak sHsbace 8f nbberrwhothnagastndtr Ruteakse the inner
peri pheral surface of the rotor magnet 1 is circunferentially
15 positioning stators 21 and 22, the position at which
the magnet 1 is stably stopped when the coil 2 is not
electrically energized is that shown in Fig. 22 or 23.
Figs. 22 and 23 are typical cross-sectional views
showing these two positions at which the magnet 1 is
20 stably stopped. In the position of Fig. 22, the
centers K,, K,, K, and K, of the poles of the magnetized
portion of the magnet 1 are on a straight line linking
the centers Q, and Q, of the outer magnetic poles and
the center of rotation Q, of the magnet 1 together and
25 therefore, even if the coil 2 is electrically

energized, an electromagnetic force does not act in a

direction to rotate the magnet 1.



2. 0 ~~, ~~~~3 - 23 divided into a plurality and magneti zed, the output
of the notor can be further enhanced. Al so, provision is nmade of the?{ MAR 7003
hol di ng means for holding the rotor magnet 1 at the deviated position and
therefore, when the coil 5 2 is electrically energized (first electrical
energi zation) fromduring the stoppage-ofL7t ke notor, the force with which
the magnetic flux fromthe coil 2 acts on the magnet 1 does not go toward
the center of rotation of the nagnet 1 and therefore, the snmooth and 10
stabl e actuation of the notor can be effected. Also, the rotor nmagnet 1 is
formed of a plastic magnet material formed by injection nolding, as
previously descri bed RS Hied Ofi Elfes <3 hdhSorahiuat i1a8s Rdctth® t he
radi al direction of the cylindrical 15 shape can be nmade very small.
Therefore, thd@fttarceHaamsEhlendYos etegteticelpeRes 9iga tith 2hd i nner
magneti c pol es 18c, 18d of the stator 18 can _be de very small., and the
magnetic resi sﬁ%c?é”é‘fdza r’r’é’d:né‘ﬂi@s(ﬁ &g € rtrﬁalg%gy etnﬁggg:&oﬁﬁ@]fdanlas t he
stator 18 20 can be e snal .Ther, ~ a.gre of tiL£ flux can
be created by c}%nrgaﬁﬁgi eaci%ljgacl-tlj:’r %ﬁﬁ%génggﬁetq% C(;%raréesl Sgsm b eﬂetco achi eve

the increased Ay ang {1 QUer PAWETs +GQRS UMD 1&f LR n aidh the

downsi zi ng of the coil. 25 Enbodinment 2 of the present invention will now
be described witdid efermnce 430 RiHgS outelrO mbdnetn@d P eSAMB G o of
Enbodi nent 2 as those of Enbodiment 1 are 2 ~ ~7?~;; ~~03 - 24 given the

sane ref er encaahaiaalwic vl rReccthple!, hAetdescipcied  speeid iigaldne Fig. 7 is
an expl oded perspective view of a notor according to Enbodi nent 2 of the
present inventelmygtibidalg.erferg za toors ©fs ditel aedll Vi dw charngeduter shown i n
Fig. 7 during the assenbly thereof, and Figs. 9 to 12 are illustrations
sequential |l y stmwibey abmsige atiireetdon lad beat dheomagings. 17 isnd®dned he use
of a crosssectional view taken along the line 9-9 of Fig. 8. 10 This

enbodi néft 2 @SN RO IR e tofolids £%st ROt O4PE hi s
magnet | ¢ pol edEE tR AR L ieh 8Tk i F8 etk A hgndtd e ol eo. 16a
and 18b COWD”%%%[%E&&%%E%S&%% f%1 d%@%ldoes not act in the direction
to rotate the magnet 1, as described in connection with
Fig. 22. The positioning stators 21 and 21 cooperate
15 with the rotor magnet 1 to constitute holding means for
holding the magnet 1. Also, the positioning stators 21
and 22 are located between the outer magnetic poles 18a
and 18b of the stator 18 and therefore, can be
constructed without making the size of the motor
20 larger.
The operation of the step motor according to the
above-described Embodiment 1 of the present invention
will now be described with reference to Figs. 3 to 6.
When from the state of Fig. 3, the coil 2 is
25 electrically energized to thereby excite the outer

magnetic poles and 18a, 18b of the stator 18 into N

poles and excite the inner magnetic poles 18c, 184 of



15 opposed to the inner nmagnetic poles 18c and 18d, and extended portions
18a2 and 18b2. These extended portions 18a2 and 18b2 are not opposed ZtloliahH03
i nner magnetic poles 18c and 18d and therefore, even if the coil 2 is
electrically energized, they are hardly 20 magneti zed as conpared with the
opposed portions 18al and 18bl, and accerl ngly do not produce a driving
force. The rotor nagnet 1, as shown in Fig. 7, is nade to differ in

magneti zati on phase between a portion E 25 opposed to the portions 18al and
18b1 of the outer magnetic poles 18a and 18b and a portion D opposed to the
extended portions 18a2 and 18b2. Thereby, as shown ?. ~~"f";~ ~~03 - 25
in Fig. 9, wheRPEh8tREPF 18 LntRtS dpelesi cEre ymagne i Ledhiehelpothon E of
the magnet 1 is held at a positjon deviating froma straight |ine |inking
the centers of fP %rnﬁﬁnE?ngﬁﬁFﬁﬁt?(ﬁﬁPﬁEﬁﬁT%&RF@%&ﬁ?cﬁlﬁ?@¢506u?§r

magneti c pol es_18a and b netized by the coil, 2 and the center  of
rotation B ofvfﬁ%eﬁabﬂégl%p?%geﬁqlrés Th oF HEFe M Bk enfed
portions | 8a2 8 t 0S to i hner net.i ¢ | es 18c and
18d and theref%?g?éa?%eﬁé§é y;?ééﬁ§n§%§§PE§J%}>%knqﬁﬁfé?%u?%F$ magnet i zed
portions 48al apd; Ve, i cQj | S; & £Ct L4 Y, ized, and do
not produce a drib?%gl?%r% %:%%rezd’l g%llfey,zp(%%e&nc%gn%ft ?@%I%@%ga%egsfrom

the coil 2 by 4&eephosddi SdbseNOr iz} 9P ©le the-Cid Lestbstantphal |y _
passes through 15 the nmagnetized portions 18al, 18bl and the inner magnetic

pol es 18c, 18dmagtletirs@lObetich fOF CthaGiddie®n tdiel reioOrowegnet 1 does not
go toward the center of rotation of the rotor magnet. Therefore, the notor
can be act uat edaghably @mes nfd hly8b Z2hdl hinresat enstpde ot tpanss 1882, and | 8b2
are hardly magneti zed as conpared with the nagnetized portions 18al and
18b1 even if thedcof|the|statert¥§ dy |themaigh Zod,arghdchmrmdgnat f ect t he
driving force created by the electrical energization of the coil 2.

Theref orE0 a 2%S3¢Fes cthaitstaier sthayre Buthig- dan Bhemikiarprouthd$ t he not or.
In this Enbodinent 2, the holding neans for holding the magnet 1 at a

posi tion wher e3t2the Tterss 2 oy glectricgjgy deenergized, a state

stabilized by the magnetic force of the magnet 1 (the
position of Fig. 5) is brought about.
Next, when the electrical energization of the coil

15 2 is reversed to thereby excite the outer magnetic
poles 18a and 18b of the stator 18 into S poles and the
inner magnetic poles 18c and 18d of the stator 18 into
N poles, the magnet 1 which is the rotor is further
rotated in the counter-clockwise direction and assumes

20 a state shown in Fig. 6. Thereafter, the direction of
electrical energization of the coil 2 is sequentially
changed over, whereby the magnet 1 which is the rotor
is rotated to a position conforming to the phase of
electrical energization. That is, the motor is

25 rotated. When the electrical energization of the coil
2 is cut off from the state in which the motor is

rotated, the motor is stopped at the position of Fig. 3



- 26 of the poles of the magnet 1 deviate froma straight line linking the
centers of the outer nmagnetic poles 18a and 18b and the center of ropatjiaig03
@ of the magnet 1 together is constituted by the magnet 1 and the 5
extended portions 18a2 and 18b2 opposed to the outer peripheral surface of
the magnet 1. These extended portions 18al2 and | 8b2 correspond to the

af oredescri bed positioning stators 21 and 22, and form positioning stators
formed integrally with the outer magnetic poles 10 18a and 18b. The
operation of the notor (step notor) according to this Enbodinment 2 will now
be described with reference to Figs, 9.to 12. Wien fromthe state of Fig.

9, the coil 2 iB ¥PiehritalfyStaRiized by thermvagnatiexérreet RE sheer
magneti c pol es_18a_and 188 f the stator 18 into N poles and the inner
magneti ¢ pol es*188% afid®1g gf the stator 18 into S poles, the nagnet 1
which is the rotor | d,.J un -cl WS irection,as viewed in
Fig. 9 and assunes §3g§§§§5§hggﬂE§%§§$P%§%_ffﬁgg %g%gt%%%%ﬁ’pBS?ions 18a2

and 18b2 corregpapdiag L the abesLdescrbbed DS tiom baLBh3sEl and 22

are hardly excited by the coil 2 and therefore, the position e magnet

1 is detepn nedhsuhggAastial py1dy dherigxcitLebst g €60 Ofnd heupagneti zed 25
portions of the nagnet 1 and the outer magnetic poles 18a, 18b and inner

magnet i ¢ pol espéBephdBal ofuthecst @t Othd SnéyndHel Coahd 2tR@d1 EhgtRBgREt
assunres a 2 0 ~~~;Z 0~3 - 27 position shown in Fig. 10. Wien fromthis
state, the el ethei natoeneaygi Bat tloa Déngtie abithe msgwert Dfplushenat ate of
Fig. 11 which is a state stabilized by the magnetic force of the magnet 1

i s brought abodengshNektthehesil hz. el Buois, chle embzrgigfit tlom mdbtodoheisoil 2 is
reversed to thereby excite the outer magnetic poles 18a and 18b of the
stator 18 i nt od&tpEREReANDY ¢ Hee | e brmmernd @ehg 8ef ahlcle 18dgnett he

st at or 1$9into N.pol es, the magnet 1 which is the rotor is further 10

rot at ed t he@RBuRPercetbckmni ¥ Rk el GETRERTS 30at kerEbRA in
Fig. 12. Th t tiall h i t di ti f
o et rical oncok! Ehe, MoRetFIAL e DO A shay SRS 08B Pht or i s

rotated to a pg }lti)ggng(?ﬁfe&rg%po%c?@pgr%f p Ojfe%,l?%}gé e(f}_éiéf@ér of

energi zati on. That at ed. el'ectrica

ener gi zat | on Ofnb fo69i 112 4 SinOId1 1y RN I By LAl GhLpe motor s

rotated, the notor is stopped at the position of Fig.” 9 I's a state

stabilized by hdgnéRneddLed orde Lia ABH pgHY RIS Jurdibodi ment 2 of
Figs. 7 to 12 differs in the above-described points from Enbodi ment 1 of

Figs. 119 6. géusphaxabrslinfade dnbat tor? nefgridgs,, aid die anigif ect
simlar to that of Enbodinent 1 of Figs. 1 to 25 6 is obtained and in
addi tion, the Ienguwion Hi¢ evitorars bietaotmiinest byAdder dioigl t2 dmdotheaent 2
of Figs. 7 to 12, the hoIdinq}neans is constituted by the extended
rotor magnet 1 being arranged (disposed) axially
thereof, and the motor can be made very compact.
Also, a magnetic flux created by the coil 2
20 crosses the magnet between the outer magnetic poles and
the inner magnetic poles and therefore acts
effectively. Further, provision is made of the holding
means constituted by the rotor magnet 1 and the
positioning stators 21 and 22 opposed to the outer
25 peripheral surface of the magnet 1 and therefore,

during the non-energization of the coil 2, the magnet 1

can be held at a position whereat the centers of the



| O ~~~H;,;~ e003 - 28 portions 1%a2 and 18b2 forned integrally with the
outer magnetic poles of the stator 18 and the magnet 1 and therefore, ¢mﬁ??%3
nunber of parts becones smaller and assenbly becones easy, and cost can'**

al so be reduced. 5 Also, as in the aforedescri bed Enbodi rent 1, the

di aneter of this step notor can be a size&knough to oppose the magnetic
poles of the stator 18 to the outer peripheral surface of the magnet |, and
the length of the notor can be the length of the magnet 1 plus the 10

| ength of the coil 2. Thus, the size of the notor is determ ned by the

di aneters and | engths of the magnet 1 and the coil 2, and by making the

di aneters and PehgtRE bBrethrome n%td%Y%ﬁﬁPthPTxﬁISEF%%S@tsﬁﬁP?, t he not or

can be made super-conpact. 15 If at_this tine, the di aneters and_| engt hs of
The magnet 1 AnGENGD CENT SURFE e Wi ORI IMAGHS aR GHIeLS T, TR CEPE 1o

mai ntain the accuracy as_the step.notor, but th robl em of the accuracy of
the step notor“t3 e5e°§o¥9 %tiﬁnsg#dﬂﬁaqg?r@@Pﬁﬁg &Hgﬁﬁﬁfﬁ”the magnet 1 is
20 formed into yl | i t QH%G net i ol es 18a,
18b and i nner ]ﬁ%aﬁg(%llrg&ﬁp% e%%%%ga‘ll%%k%?%i%g%t&afor é%@oﬁ%pﬁ% to the
outer pergpheral -sUrépeecANL] NS PESA PN abr Std aGes1 respesdi ¥6lye of the
magnet 1 forned into the hollow 25 tcylindrical shape. If In that case, not

only the outerwperi phechl tsalrfagee©fic t{Tanmegreitdd Bptt Soihexi apes

peri pheral surface of the magnet is circunferentially ?. 0 ~~i~~ ?003 -
29 divided i nto Bhelmaghet yl alsksragnetga ethwdite the ptentodr tde not or can be
further enhanced. Enbodi nent 3 of the present invention wll now be

descri bed w t hrobdtiemcet t bhd-ingagnd3 I il acoukrdhe by sabte lpeconeas as

t hose of Enbodinent 1 are given the same reference characters and need not
be described spegsibtaltg.efHect 1the srppEdx Pl ataels pretuaeionedfof a
not or according to Enbodi nent 3 of the present invention, and 10 Fig. 14 is
a cross-s@cti of3® MPENF of the notor shown in Fig. 13 during the assenbly

thereof. In Figs. 13 and 14, a cylinder. nmenber 11 formed of a soft nagnetic
material is secured % t hé"‘?‘ H'F%‘?Cyrpé?qlbﬁé‘?' SO L DR R YHTOrShabhet 1,

the coil 2 1is rqlm?h?gtsecgf %(éﬂé ySLPC];h as the rotor magnet 1, the coil 2,
the stator 18 and the output shaft 7 and thus, the cost
can be reduced. Also, the rotor magnet 1 is formed

15 into a hollow cylindrical shape, and the outer magnetic
poles 18a, 18b and the inner magnetic poles 18c, 18d
are opposed to the outer peripheral surface and inner
peripheral surface, respectively, of this rotor magnet
1 formed into the hollow cylindrical shape, whereby an

20 effective output can be obtained as the motor. The
output shaft (rotor shaft) 7 is secured to the fitting
portion le of the central hole of the magnet 1 which is
the rotor by press-in. Since the rotor magnet 1
comprises a plastic magnet formed by injection molding,

25 the rotor magnet 1 is not broken even by the assembly
by press-in, and also, even a complicated shape in

which the fitting portion le of a small inner diameter



15 the rotor magnet 1, the outer nagnetic poles 18a and 18b of the stator

18 excited by the coil 2 are opposed to the outer peripheral surfacezgﬁMmQ%s
magnet 1, and the inner magnetic poles 18c and 18d of the stator 18 are =
opposed to the inner peripheral surface of the 20 cylinder nenber 11. The
cylinder nmenber 11 is fornmed of a soft maghetic material such as

el ectromagnetic soft iron or pure iron. Therefore, it never happens that

the magnetic flux of the magnet 1 | eaks to the inner diametral portion of
the cylinder nmenber 11. 25 Fig. 15 shows the state of the magnetic flux of

the magnet 1 to which the cylinder penper 11 is secured. Figs, 16 to 21 are
i |l ustrations $8qREAViERAyID $he ayially; gemtraloPoLhigingethkeoper ation of

2l ong the || noPABHBRERPRY S8V R Fi §ES1600s S1CPRL GRFfnAi Ot FEeont er
f th t ' I - t f
Che ot or magnibBReorcoiey arefhrtdraiartahutda e baleloir ety Colert o

of rotation 0fth@?g%8&§r gﬁgnggsémbi? FLY8as 3%§8t%g?ﬁbgﬁsggginder menber

11 fornmed of a soO magheti ¢ naterraf 1s secur e I nner dianetra

portion of  henkAlebcBgBChodondsapdstiigiefore, it never happens that the
magnetic flux of the rotor nagnet | eaks to the inner dianetral portion of

the cylinder nenberpdicangtibg wDDErndRIPEthaEq@ObEStA8Crand iBd+ therefore,
the stopped position of the rotor magnet 1 during the 15 non-energization
of the coil 2, saspshownri afFthe débnstsuatposi desnrabedhabhvehéncent er of
each pole of the magnetized portion deviates froma straight line |inking
the centers QlEmhaddment Lhésoafepr aapgatruectponchesBasuhiiedsbosf the stator
18 and the center of 20 rotation B of the magnet 1 together. Wen from
this position, "ekéngoitheomptor| gepercaPrpacher gf 288, 18heth6r £8CHKi t h whi ch
the excited outer magnetic poles 18a and 18b act on the _nagnetized portion

of the mafnet 3NFLEARS: ShehelBi FBRL PBRALGI CPRFEFIGHIGR PhethfgRtrP1 25
w t hout faiI._Th%retoret &ge_nggnet éotog R ngt;slmg eag%ggtgd snoot hl y.
In a motor whi BREPE  nSETFFOYr dEHS W PHOT nB28YF T nle
hollow cylindrical shape, that secondly, the outer
peripheral surface of the rotor magnet 1 is
circumferentially divided into a plurality and
15 alternately magnetized to different poles, that
thirdly, the coil 2 is disposed axially of the rotor
magnet 1, that fourthly, the outer magnetic poles and
inner magnetic poles of the stator 18 excited by the
coil 2 are opposed to the outer peripheral surface and
20 inner peripheral surface, respectively, of the rotor
magnet 1, that fifthly, the outer magnetic poles 18a
and 18b are formed by cut-away apertures and teeth
extending out in a direction parallel to the shaft, and
that sixthly, provision is made of holding means for
25 holding the rotor magnet 1 at a position whereat the
centers of the poles of the rotor magnet 1 deviate from

a straight line linking the centers of the outer



2 0 if~~ ~~~ 3 - 31 nenber 11, the position at which the nmagnet 1 is
stably stopped when the coil 2 is not electrically energized is a pqQsj t423
shown in Fig. 22 or a position shown in Fig. 23. Figs. 22 and 23 are

typi cal cross-sectional 5 views show ng those two positions. Accordingly,

if the step notor described with referen@ t0o Figs. 13 to 21 is not
provided with the cylinder nenber 11, the position at which the nagnet 1 is
stably stopped when the coil 2 is not electrically energized is the 10
position shown in Fig. 22 or 23. If the magnet 1 is stably stopped as shown
in Fig. 22, the centers of the magnetic poles of the nagnetized portion are
on a straight mageetigkpees heBaent@y amid gfhe memtgerofragmed Fopolesfand
the center of rotation @@ of the 15 magnet 1 together and therefore, even
if the coil 2 FReehagret chl fooetherivhen e gkt ronkym2¥c force does not
act in a directjon to rotate the magnet 1 and therefore, the magnet cannot
be act uat ed. T‘F\%e‘éf)ﬁjr%?} et H L ep ot or accordl ng to 20 Enbodi nent 3
of the present inv descri bed j.n, cor nectl h_.Fi 13 19 will
now be descri bed w (gﬁ*aéri}%%ecre ?% 1i"—hgs Oto he s% ate of

Fi 16, the c r r iﬁgt Cgﬁﬁe t out er
rrlagnetl C %)ol esgliga %ﬂﬁ%u%gg%fé%é%ea{s%aﬁ 817 n[% Ses(ﬁ%n%t% (grl nner
magneti c pol es; 8¢, apKk l@ar@étéﬁeoﬁta{@rré%f nﬁaqgr%tpOi esan& h@némgnet 1

which is the rotor is rotated by 45 in a

count er - cl ockwi 88g¢th F OE 1 {101 aStap aNdeEbt Nedr g@e J:ﬁu@mdar@aur@ﬁ enstate shown
in Fig. 17, and is further rotated to a position shown in Fig. 18 by

inertia. In theostatwagieti J.plhis the kangteh odHftHdiecquiol 5. of Tibus he

magneti zed portion are not on the straight line linking the centers of the
outer magnet i ctipel sszanaif ttiee cerermafor ciatdeoremiindte bmgriee 1 toget her
and therefore, the electrical energization of the coil 2 is changed over at
the timHg of EHgneyers Andekengthsqf he rotor magnet 1 and the

coil 2, and if the diameters and lengths of the rotor
magnet 1 and the coil 2 are made very small, the step
motor can be made super-compact.
If at this time, the diameters and lengths of the

i5 rotor magnet 1 and the coil 2 are made very small, it
will become difficult to maintain the accuracy as the
step motor, but in the aforedescribed embodiment, the
problem of the accuracy of the step motor is solved by
a simple construction in which the rotor magnet 1 is

20 formed into a hollow cylindrical shape and the outer
magnetic poles and inner magnetic poles of the stator
18 are opposed to the outer peripheral surface and
inner peripheral surface, respectively, of the rotor
magnet 1 formed into the hollow cylindrical shape.

25 If in that case, not only the outer peripheral surface
of the rotor magnet 1, but also the inner peripheral

surface of the rotor magnet 1 is circumferentially



10 the outer magnetic poles 18a and 18b of the stator 18 into S poles and
the i nner magnetic poles 18c and 18d of the stator 18 into N poles, whereby
the rotor magnet 1 receives a rotatively driving force and is rotat@d) A7 7003
Thereby, the magnet 1 passes the state of Fig. 19 15 and is further rotated
in the counter-clockw se direction, and mshentarily passes the stable state
in the electrically energized state shown in Fig. 20, and is further
rotated by inertia and rotated to a position shown in Fig. 21. In the state
of Fig. 21, the centers 20 of the poles of the nagnetized portion are not
on the straight Iine linking the centers of the outer nmagnetic poles and
the center of dbvidedninto tdhedhitgmmettyl anshatamreainpd hekhe petpyheof

el ectrical energization of the coil 2 is changed over at the timng of Fig.
21 to 25 ther cBje gfRTP® €3 Rput BT hRfnanRayiits PSandPABHL BFCRhESst at or

18 into N poles and the i nner_ nagnetic | e 8c. and .18d of the stator 18
into S pol gs, %‘g?e% Yth%qm]gf?”t?gim-e-ai}&p%ﬁ%g]éngr ot Tagret™a9PeLei ves a
rotatively driyi C i e r h ctrical.

ener gi zat iyon ais/ %gs%r% b%%%%%r%og%ﬁlo%‘ﬁ %l?%l{:se.efol%é’t 3’7}%% {;ﬁ% e(g%%llti vel y

ef fect ed, s whergbys 1 e LoF Ofa TRINGle g d sod (ﬁ@é@%l&%‘@ﬁiéél the notor is

rotated. When the electrical energiZation of the coil 2 1s cut off fromthe

state in whi cheddegPdOfon$ fimiddiddr iSedy tobend hdeos! abl e
state of Fig. 16 or 19 which is a state in which the notor is stabilized by

the 10 nagneti€hd of Secodfwitie wiicH tRgnigrletid #1is Stdh ech@scpievpously
descri bed, when the coil 2 is electrically energized, the el ectromagnetic
force acts in acts rect tle nagnet at elddwe nagros  toved] tttes efaneertde magnet
can be snoothly actuated when it is to be 15 actuated again. According to
Enbodi ment 3 destatiben abotiee nagnel adngred Yiendormt orhe ssmodth aandal | y
determ ned by the outer magnetic poles 18a and 18b opposed to the outer
peri pherd? surstRRlefa¢he v Rwrofregietmaton ipn he Zﬂp &d{ength of the

notor i s determ ned by axi aIIIy arrangi ng (di sposin the coil 2 and the
rotor magnet 1, and*t$R nhdrr L BEHe ]ve‘r£ fu‘b??g%ﬁt‘?f A R-3%thagneti c
ol 65 and the TRHSTE HEBFRNTE 28 B0T b e I Her BT or B M T ect 1 bel y acts.
Furtier, (e b4 eate (5 CA A N, TR fbl s CRBLEgs T om the
with respect to the radial direction of the cylindrical
15 shape can be made very small. Therefore, the distance
between the outer magnetic poles 18a, 18b and innerxr
magnetic poles 18c, 18d of the stator 18 can be
made very small, and the magnetic resistance of a
magnetic circuit formed by the coil 2 and the stator 18
20 can be made small. Thereby, a great deal of magnetic
flux can be created by a small electric current, and it
becomes possible to achieve the increased output and
lower power consumption of the motor and the downsizing
of the coil.
25 Embodiment 2 of the present invention will now be
described with reference to Figs. 7 to 12, and the same

portions of Embodiment 2 as those of Embodiment 1 are



Oi'~; ~;~L- 34 fromgoing round to the inner nagnetic poles 18c and
18d, and during the non-energization of the coil 2, it holds the rot®n i} 203
magnet 1 at a position deviating fromthe straight line linking the centers
of the outer 5 magnetic poles and the center of rotation of the magnet

t oget her and therefore, during the stoppatfe of the notor to the first

el ectrical energization of the coil 2, the force with which the nagnetic
flux created fromthe coil 2 acts on the nagnet does not go toward the 10
center of rotation of the magnet and accordingly, it becones possible to
effect the starting of snooth and stable rotation. Al so, the notor can be
construct ed of JhveRrihe nggmne nipkrrense RARGIRTS ANd HeedtrPt rdgnet 1, the
coil 2, 15 the_stator 18, the output shaft 7 and the cylinder nenber 11 and
t hus, the costd%%ﬁF{EquﬁRF?%ﬁﬁcﬁéaéb, the rotor magnet 1 is formed into a

hol | ow cylindrical sha and t he r.magnetic poles, 18a, _18b and the
i nner rraéneti c pol e l%gg? Jl%oarér%x‘g]gifg%%ap Q%tlg‘{ﬁ SFi9H Perd JRRFAF

f d i i f ' ! f t 1
Formed i o tREFOTTR oot | e, £ T et et LS8 Th0 “can
be obt ai ngd aSFf%;.”Dé s J%&éﬁ%efﬂﬂﬁle(%%@roéh@ﬁé S &?cﬁ»b’xﬁegnto the

fitting portion Te of the centra f the magnet 1 whic s the
rotor by pressrif, 7TheuFfmiPrei@ERems GONMHLSESE 2 HASigs Magngt {ormed by

injection nolding and therefore, the 2?2 Ji'~","Z L' 03 - 35 rotor magnet
1 i s not brokesreven dyttdie ass esdyeryiiies sshowimn ey esper£00Ph | 6at ed
shape in which the fitting portion |le of a small inner dianmeter is provided

in the axial |l ythemotdr pof tFige cdh del B ignufrectugeedasidnosdt so, the

out put shaft 7 and the nagnet 1 are assenbl ed and secured by press-in and

t herefore, thesegttomtl viewdpkemeblany thediing B etdms. pbssible. |t

wi Il now be described in detail that the step 10 notor of the construction
descri betP abovE i SHRRUITRIHE B 315 Shows stGaRe ivBIeusesthe N ker f 5% maki ng
the notor super-conpact. That_is, the fact, includes that in the basic

construction of THF ALPThot d” IS ERPOIER Hidr RIGHARI MeansetR into a
hol | ow cyl i ndrj cal, shape., .15 t hat secondl t he .outer,_ peripheral surface of
the rotor nagn%?nitzf%&geldr cbl}’nfgeurrgtr*ﬁralefx&edlyd\;irﬁ%}q%tooutaeorpI %{T?ijc and
alternately rmﬁ%fé'z t ifdrerent I tg t hi \ i . LS

di sposed axially oéf Jiﬁéhge ﬁ‘?oﬁéﬁaﬁeﬁg,%ﬁa&tﬁ?&'rth% Ot%éeélgunt%éérll?r%b%eti C
20 poles and ipuess NEEH&IASE 1B onfrilde pPatlinsl8 saxchhadiby, the coil 2

are opposed to the outer peripheral

15 opposed to the inner magnetic poles 18c and 18d, and
extended portions 18a, and 18b,. These extended
portions 18a, and 18b, are not opposed to the inner
magnetic poles 18c and 18d and therefore, even if the
coil 2 is electrically energized, they are hardly

20 magnetized as compared with the opposed portions 18a,
and 18b,, and accordingly do not produce a driving
force.

The rotor magnet 1, as shown in Fig. 7, is made to

differ in magnetization phase between a portion E

25 opposed to the portions 18a, and 18b, of the outer

magnetic poles 18a and 18b and a portion D opposed to

the extended portions 18a, and 18b,. Thereby, as shown



surface and i nner peripheral surface, respectively, of the rotor nmagnet 1,
that fifthly, the outer magnetic poles 18a and 18b are formed by cut? gvwe 3003
apertures and 25 teeth extending in parallelismto the shaft, and that
sixthly, the cylinder nenber 11 formed of a soft magnetic material is
secured to the inner dianetral ? 0 of- 25263 - 36 portion of the rotor
magnet 1. The dianmeter of this step notor (notor) can be a size enough to
oppose the magnetic poles of the stator 18 to the diameter of the rotor
magnet 1, and the 5 length of this step notor can be the I ength of the

rotor magnet 1 plus the length of the coil 2. Thus, the size of the step
motor is deter’rf?n%’cpbyg't Hheh S G¥amd I Mhe Gt e bter magnet 1 and

the coil 2, and if fhe dianmeters and | engths of the rotor ,10 et 1 and
the coil 2 ar eHIREIRIY LG sét é%grﬁ}eor’“acgé}?tbel ﬁa%é‘%%fggggc%rrpact.
If at this tine, _fhe di ier engt f .t I ot or, t and t he

coil 2 are rrad%o%leﬁ/o%n(% laeifjt%ganr%dﬁé e%gos%agigfl}t??u e ?lolr{% a?}%et he

¢ i . i dj th
accuracy as the,ln. St &pe é)rmagtyfgtpl'%o&t gb%ﬁfl%gﬁdge . Bad q@%glaéﬁeeae e

probl em of the accuracy of the ste or i1s's ed by a si _ _
constructs on idy, ¥ Ghad e f Ot 1dBARY drd 1By Bthdrid & fedaby ovneydbndri cal
shape and the outer nagnetic poles and i nner magnetic poles of the stator
20 18 are oppozeghd ochdeceaiief dertdqhatiain SUr bacehanaagheer 1peri pher al
surface, respectively, of the rotor nagnet 1 fornmed into the holl ow
cylindrical shapgethdri n Qrhathe asthemadtarahl ytHehee:tiaretepepophiosmd s8af ace
of the rotor nagnet 1, but also the inner peripheral 25 surface of the
rotor magnet land 8bcawkenomt pabbgedi tiodgbei Anpey pegrgiticy pedes 18c

magneti zed, the output of the notor can be further enhanced. o~ a~; ~
10 - 37 and 18d and therefore, are hardly magnetized as
10 compared with the magnetized portions 18a; and 18b, even

if the coil 2 is electrically energized, and do not
produce a driving force. Accordingly, the magnetic
flux created from the coil 2 by the electrical
energization of the coil 2 substantially passes through

15 the magnetized portions 18a,, 18b; and the inner
magnetic poles 1l8c, 184 and therefore, a force acting
on the rotor magnet 1 does not go toward the center of
rotation of the rotor magnet. Therefore, the motor can
be actuated stably and smoothly.

20 The extended portions 18a, and 18b, are hardly
magnetized as compared with the magnetized portions 18a,
and 18b, even if the coil 2 is electrically energized,
and hardly affect the driving force created by the
electrical energization of the coil 2. Therefore, a

25 sufficient and stable output can be taken out of the
motor. In this Embodiment 2, the holding means for

holding the magnet 1 at a position whereat the centers



Al so, the magnetic flux of the rotor nmagnet 1 can be prevented from | eaking
to the inner dianetral portion of the cylinder nmenber 11 and the inngd /A2 7003
magneti c poles 18c and 18d by the cylinder nenber 11. 5 Therefore, the

st opped position of the magnet 1 when the coil 2 is not electrically
energized is set to a position at which-t2fe €enter of each pole of the
magneti zed portion of the magnet deviates froma straight line |inking the
centers QL and @@ of the outer 10 nagnetic poles 18a and 18b of the stator
18 and the center of rotation B3 of the nagnet 1 together, as shown in Fig.
16. When fromthis position édeV|ated position), the coil 2 is electrically
ener gi zed, theofokke ppidswh cﬁh@kﬁ@@ﬁ@ﬁt%uﬁ%ﬁﬂ%ﬁenﬁ@ﬁ@tﬁcsb@@bghISa 15 and
18b act on the_nagnetized portion of the magnet 1 turns to the direction of
rotation of thélﬁﬁgﬁé?kingTF%?e$%FEer$H%fn%@ﬁé?uﬁe?sm%%T%E}%dP%ﬁ%EthIy

ﬁﬁ;ﬁetiﬂstéﬁizﬁseo%ﬂ&dl% SR PH B R ot b Fore ) By f°én““tq1°fcal ':S“C
thereof wit rf;@gg{%ﬁ.&%& 9@@{{%& dgg%mn% ndfe; cylindpical shape

can be made ver ere tance tween the outer magnetic

pol es 18ag 18bogndniBACHoFRIORS | £8R0/ER 18b éégogédtes shat 8L td8 can be
made 25 very smal T, and the nmagnetic resistdnce of a magnetic circuit

formed by the 5ekLFﬁe§aﬂ gﬁﬁgééét@f ﬂﬁeQﬁﬂ€Q§tﬁﬁde BRELS . e IDERERY, a great

deal of magnetic flux can O~ - 38 be created by a snal

el ectric currepbrtabflsi 188eGRIES giQSebblesponacbbevret Beckraaeeasedeaut put
and | ower power consunption of the notor and the downsizing of the coil. 5

Furt her, the npebanieaingt seagdbhs 021 tdwed NBYNeind feum bgoshei@ased by t he
cylinder menmber 11 and accordingly, the nmagnet 1 can be nade thinner. If
the magnet 1 i statdest Abnmed, inhegyapl berielenthdicowteermaggabiccrpdkes and
i nner magnetic poles_of the stator 10 18 can be made narrow and

corr espoffli ngl ¥82n@BARet PR resi stance can be reduced. Thereby, it becones
possible to drive the of the

above- descri bed eanB?n%ﬁ%ggtg%%aﬁgng%%éﬁgfégr%cgégj&ggé?écﬁccorgl
chiouerent) shby i SRCOURGRSL 250 P, Sl adng pBLATgeLg Surface of
into n, which 9&?e9£58£”@69#¥g£[p9'€§ 13nd &ﬁ@h'f%ﬁ% the state of
Fig. 9, the coil 2 is electrically energized to thereby
15 excite the outer magnetic poles 18a and 18b of the
stator 18 into N poles and the inner magnetic poles 18c
and 18d of the stator 18 into S poles, the magnet 1
which is the rotor is rotated in a counter-clockwise
direction as viewed in Fig. 9 and assumes a state shown
20 in Fig. 10. The extended portions 18a, and 18b,
corresponding to the aforedescribed positioning stators
21 and 22 are hardly excited by the coil 2 and
therefore, the position of the magnet 1 is determined
substantially by the excited states of the magnetized
25 portions of the magnet 1 and the outer magnetic poles
18a, 18b and inner magnetic poles 18c, 184 of the

stator 18 by the coil 2 and the magnet assumes a



magnet is also into n, which are alternately N poles so as to differ from
t he adj acent outer peripheral surface, but only the outer peripheral
surface of the magnet may be circunferentially divided into n, which?fayA{i)3
alternately nmagnetized to S poles and N poles. 25 As is apparent fromthe
above description, according to the presé#t 4 nvention, the notor is of a
construction which is provided with a rotatable rotor | O .1.f;~ ~~03 -
39 magnet circunferentially alternately magneti zed to different poles, a
cylindrical stator opposed to the rotor nmagnet with a cl earance

t herebetween, and _a_ coil nounted in the interior of the stator, and in

whi ch 5 said cepsitionshewpdinnd iy yl@f JHhen (B Hukmettatpe bheer
magneti c poles of said stator excited by said coil_are opgosed to the outer

peripheral surfPheEtBIcahi PAEGHER Lot R Fighet i 5 pofesObF sEME stator
rovi ol on 15 nAHECRT ShaF i ngt-TaWe o Hol SFAEE St P hRbRY 5t 5580si ¢ on
whereat the centers,of th ol es, ,of id net i a straight
line |inking thede H%%r%og gs%?dt%ﬁniéb%%gﬁ%t%% éﬁ?% gn%6$€%'center of

rotation gf said magael tRQEL hete é‘f@cﬂéiii’f@rﬁé’ffﬁ&@i%a@t%e%owe

mot or can be of a size enough to oppose the magnetic poles of the stator to

the dianeter op $ai fo0L8Ed "BINEer dhei tenehd SltdPend@phorigcan be the
| ength of said rotor magnet plus the Tength of said coil and thus, the

di aneters and goleeny8hsand 18ie ¢Ht€He NBgEEdr a8l iheo C®ipoTad dednaHe very
smal |l to thereby nake the notor super-conpact, and by providing said
hol di ng nmeans, ither shagpetiposolesnnldE damd ¥&d orf ndgmettaben 38i dintoil is
not electrically energized is a position at which the center of each 25
pol e of the najneeleed poetmagnet Lavhichtis whgreeteeviat £¢rthem t he

straight line linking the centers of said outer magnetic poles and the
center olOrot a¥Pbateg in|the coynter-glprkwige direction, and assumes

a state shown in Fig. 12. Thereafter, by sequentially
changing over the direction of electrical energization
of the coil 2, the magnet 1 which is the rotor is
rotated to a position conforming to the phase of

15 electrical energization. That is, the motor is
rotated. When the electrical energization of the coil
2 is cut off from the state in which the motor is
rotated, the motor is stopped at the position of Fig. 9
which is a state stabilized by the magnetic force of

20 the rotor magnet 1.

Embodiment 2 of Figs. 7 to 12 differs in the

above-described points from Embodiment 1 of Figs. 1 to
6. Thus, according to Embodiment 2 of Figs. 7 to 12,
an effect similar to that of Embodiment 1 of Figs. 1 to

25 6 is obtained and in addition, the following effects
can be achieved. According to Embodiment 2 of Figs. 7

to 12, the holding means is constituted by the extended



said rotor magnet together, and fromthis position, the coil is
electrically energized, whereby the force with which the excited outz ?qwz
magneti c pol es act on the nmagnetized portion of the rotor magnet tur Q

the 5 direction of rotation of the rotor magnet without fail, whereby it
beconmes possible to actuate the rotor magit-snoothly. Al so, according to
the present invention, there is provided a notor which is provided with a
rotatable 10 rotor magnet circunferentially alternately magneti zed to
different poles, a cylindrical stator opposed to the rotor magnet with a
cl earance therebetween, and a coil mounted in the interior of the stator,
and in which apeytﬂﬁaﬁrlﬁénﬁﬁviﬂé#heéosmea éBF?gﬁabﬁgtWétﬁaﬁéﬁu9Pﬁe§ 15

secured to the inner diangetral portion of s tor net aid _coil is
Gt Sposed. axi al POBRELE: BOLSE oPfnabmertathe Bh ahd nBﬁ%engnﬁBl 5287 sai d

22?&°Laéﬁélf6dﬁ8¥fﬁ§°rﬁ %ﬁﬁiéﬁgp$ﬁ°5§?a%95$ Seoehch Sl Ereafadopposed to
the inner per! Biecak) SURLASR.0 82 d cyhi nder LmIberso agg Losielare the

di aneter of th " enou ose I'C "pol es of

said statgr to EQ? db@”?ée%h a?@fgdéQéPibéﬁgﬁﬁEo Ehf '@H@th of the
ﬁ é us t

not or can be t ngt h sald rotor magnet e [ength of said

coil and therea@aaetrabeodl 8RBL e e pNHotEAUEAS 106 ahgligtgﬁoaggneb and the
coil can be nade very snmall to thereby 20" ;; u0d3 1l i~ J - 41 nmeke the

not or super - cooppéke &hd mAgnedfgoepoles| 6R thesatatoot b8 tagohre oamehe
provided fromleaking to the inner dianetral portion of said cylinder
nmenber and t hepenhphemagnstrfapel ef tlhe smagnat at prahy shéedlenppthderf 5
menber, whereby the stopped position of the rotor nmagnet when said coil is
not el ectri cal Eheenetgrzeani Beatpeslengihh o0f wHre magreeteht etusf thach pol e
of the nagnetized portion of said rotor nmagnet deviates froma straight
line IinkPng tﬁénagﬁt@?sth? said dut efhu®. nﬁ@%e¥+%ep%fe§h%nB°FﬁE ¢énter of

rotation of the rotor gnet together, and f thijs positjon, the coil is
electrically oREFEFPLBCORE: EBY SHENFERES 9dn %ﬁgE%sp ERe1 hagnstt &r

el ¢ ol o585 6 LopyRANEk 269 BBELARNOL ADEdBLEC MNELLULS [
can be aCtuategfsgﬁgtﬁggnet 1 and the coil 2 very small, the motor
can be made super-compact.

15 If at this time, the diameters and lengths of the
magnet 1 and the coil 2 are made very small, it becomes
difficult to maintain the accuracy as the step motor,
but the problem of the accuracy of the step motor can
be solved by simple structure in which the magnet 1 is

20 formed into a hollow cylindrical shape and the outer
magnetic poles 18a, 18b and inner magnetic poles 18c,
18d of the stator 18 are opposed to the outer
peripheral surface and inner peripheral surface,
respectively, of the magnet 1 formed into the hollow

25 cylindrical shape. If in that case, not only the outer
peripheral surface of the magnet 1, but also the inner

peripheral surface of the magnet is circumferentially



?0~~a:?:=~0~- 42 WAT ISCLAIMED IS: 1. A notor conprising: a

magnet fornmed into a cylindrical shape and having at |least its outer 0 14AR 2003
peri pheral surface circunferentially alternately nagnetized to diffegen{’
poles; a coil provided axially of said magnet; outer nagnetic poles excited

by said coil, said outer magnetic pol es My opposed to the outer
peri pheral surface of said magnet; inner magnetic poles excited by said
coil, said inner magnetic pol es being opposed to the inner peripheral

surface of said nagnet; and hol ding neans for holding said nmagnet at a

I ti wh t .t t he. pol f i d, t. deviate f
Pne |1 nki ng. CREVEBRE cPACGTS SBIYF DLt F FRGMATIE DHTSE o { FECEGR( BF of

rotation said TRANGL+ ngégegev%§¥%ﬁggcgéﬁgﬁgﬁﬂggnetic pol es and said inner

magneti c pol es are not excited by said coi rein said holding neans is

provi ded between { gyt o RGAISLE CeiD! 8% 4 ORARSENT LA o1 PUT Ly, PELI Pher al

surface of the magnet, a ding nmeans is not In contact wt .
outer magneti Capstesbed. wALHOEOFf c b6 dEdOri s Ol pd med, 2mhesglingsai d hol di ng

means i s provided adjacent to said outer magnetic poles.

5 same portions as those of Embodiment 1 are given the
same reference characters and need not be described
specifically.

Fig. 13 is an exploded perspective view of a motor

according to Embodiment 3 of the present invention, and

10 Fig. 14 is a cross-sectional view of the motor shown in
Fig. 13 during the assembly thereof. In Figs. 13 and
14, a cylinder member 11 formed of a soft magnetic
material is secured to the inner peripheral surface of
the rotor magnet 1, the coil 2 is disposed axially of

15 the rotor magnet 1, the outer magnetic poles 18a and
18b of the stator 18 excited by the coil 2 are opposed
to the outer peripheral surface of the magnet 1, and
the inner magnetic poles 18c and 18d of the stator 18
are opposed to the inner peripheral surface of the

20 cylinder member 11. The cylinder member 11 is formed
of a soft magnetic material such as electromagnetic
soft iron or pure iron. Therefore, it never happens
that the magnetic flux of the magnet 1 leaks to the
inner diametral portion of the cylinder member 11.

25 Fig. 15 shows the state of the magnetic flux of the
magnet 1 to which the cylinder member 11 is secured.

Figs. 16 to 21 are illustrations sequentially



20i~;:? ~~03 - 43 3. Anotor according to Caim2, wherein said outer
magnetic poles are fixed to the inner side of a cylindrical cover, and a
rotary shaft fixed to said magnet is taken out of said cover. 4. A Moy A4AR 7003
according to Claim3, wherein said holding neans is fixed to the inner side
of said cover. 5. A notor according to €3 m 1, wherein said magnet has its
I nner peripheral surface circunferentially alternately magnetized to

di fferent poles and al so nagnetized to poles differing fromthe adjacent
outer peripheral surface. 6. A notor conprising: a nmagnet fornmed into a
cylindrical shape and having at |least its outer peripheral surface

ci rcunf er ent i ashpwahgethat epgratigpet Pfethe ondtefepéniFigsl es3 &ocdbl by

provi ded axially of said nagnet; outer magnetic goles excited by said coi
sai d outer nagiBei BSBoPEsShEFATSOPRBELANED YHEY otitkeR pelPPEeFar ddPRace of

pol Ss”‘é‘%f‘ﬁ; opB 52085t BLBhe el At IPher 1 FQurt acth SISt TGNt and
center of the outer magnetic pole 18a of the stator 18,
5 Q, denotes the center of the outer magnetic pole 18b of

the stator 18, and Q, designates the center of rotation
of the rotor magnet 1. In Figs. 13 to 21, the cylinder
member 11 formed of a soft magnetic material is secured
to the inner diametral portion of the rotor magnet 1

10 and therefore, it never happens that the magnetic flux
of the rotor magnet 1 leaks to the inner diametral
portion of the cylinder member 11 and the inner
magnetic poles 18c and 18d. Therefore, the stopped
position of the rotor magnet 1 during the

15 non-energization of the coil 2, as shown in Fig. 16, is
a position at which the center of each pole of the
magnetized portion deviates from a straight line
linking the centers Q, and Q, of the outer magnetic
poles 18a and 18b of the stator 18 and the center of

20 rotation Q; of the magnet 1 together. When from this
position, the coil 2 is electrically energized, the
force with which the excited outer magnetic poles 18a
and 18b act on the magnetized portion of the magnet 1
turns to the direction of rotation of the magnet 1

25 without fail. Therefore, the magnet (rotor magnet) 1
is actuated smoothly.

In a motor which is not provided with the cylinder



| ~~~;~:"~~3 - 44 a cylindrical nmenber fornmed of a soft magnetic
material and provided on the inner peripheral surface of said magnet,,7,.A
notor according to Claim1, wherein said magnet has a magneti zed Iay%p'”RL%3
having its outer peripheral surface circunferentially alternately

magneti zed to different poles, and anotheBlmagneti zed | ayer out of phase
with said magneti zed | ayer and having at least its outer peripheral surface
circunferentially alternately nmagnetized to different poles, and said
hol di ng means has an extendi ng-out portion extending out from said outer
magneti c pol es and opposed to the outer peripheral surface_of said another
magnet i zed Iay@?méﬁrsgﬂd ¥hgnepsision ast highothaetiadnek & ist staBly rot or
magnet circunferentially alternately_nm netizeg to different poles, a
cylindri cal stéFBPPSEpﬁééﬂ thesqPdlr 6t oF RRGnBLeRFThcalivegPgnadzed

t her ebet ween, and_a coLI.nDunFed in tEe inésrior of sa%d stabor _
characteri zed i PhRPSIALARCEPPYRsERi Ep8sed?alF aPl HOBF L8P dSPEYBr TRagnet ,

t he outer nagnetic | es of sald stat excited. said coil are_opposed to
t he outer peri%ﬁgfa?gﬁurFégg'o?gsan %égﬁﬁ?,%Yﬁ%gg%n Foﬁﬁéﬁg i%OB es of
said statgr argiaRR0SARLLAS! BACLBNELoPEELREEAL SURLBGEaRhgSY! diFagRel . and
provi sion is made of ol I hg neans tor holding said magnet "at "a position
whereat the 2tBp mot¥r-destriBed #2thCEBESFENEE EBeFEgEeslgftéaQq magnet
deviate froma straight line linking the centers of said outer magnetic
pol es and the genhek ploketali entAf tRai dymegaet hegeéher i, weaeei n said
hol di ng nmeans has a positioning stator provided adjacent to said outer
magneti ¢ pol espokisdiod statwbichastdewnsgeen lLhésosteblypagheppedpehesn of said
stator are fixed to the inner side of a cylindrical cover, and a rotary
shaft fixed totbei doddgdetisi potakéacbuicallyacdecoyveed aadtherein said
positioning stator is fixed to the inner side of said cover so as not to
contact Woth tResadyien shgwWetiipn PdUes2éfosald- st Afothegmagnet ér ig&ccor di ng
to Caim8, characterized in that_ said_ holding_neans conprises said magnet
and a positi onFAGPL¥atEPPBEHo8EdShEWRhERoRitSr péri pher PNEBFFad PSsaid

magnet. 10. A got%rtaccorg%ng %o glain19 tcharactg%Lzed in that said

posi tioni ng st JPgPed s BPASE Pht & FaW??nﬁnfﬁegaPa ﬁ?@raﬁﬁgﬁgtﬁc pol es. 11.
A not i Si 0g t 1t Qre ' i gdr | id t
Ot OF COTPT ! 5496 gRTIORE! 1 ATRY, LREOGARENL! B4 An e 5210 mne

peripheral surfagaelher gelies! BRHMRECBELBLLY 2! LetARIBhY olBgRethged tO
di fferent poles, and a second nagnetized [ayer having at feast the outer

peri pherak surmagaether esfetheeunhar enérakbyeal beenat el ynangaeti zed st o
different poles; a coil provided axially of said nagnet; outer magnetic
pol es excited byesardcatill, enardioatier anaghettecopagrsthei igroppdsed to t he
outer peripheral surface of the first nagnetized | ayer of said magnet;
not act in a direction to rotate the magnet 1 and
therefore, the magnet cannot be actuated.
The operation of the step motor according to
20 Embodiment 3 of the present invention described in
connection with Figs. 13 to 15 will now be described
with reference to Figs. 16 to 21. When from the state
of Fig. 16, the coil 2 is electrically energized to
thereby excite the outer magnetic poles 18a and 18b of
25 the stator 18 into N poles and the inner magnetic poles

18c and 18d of the stator 18 into S poles, the magnet 1

which is the rotor is rotated by 45° in a



i nner magnetic poles excited by said coil, said inner magnetic poles being
opposed to the inner peripheral surface of the first magneti zed Iayeq[ppnwmm
sai d magnet; and hol di ng neans for holding said magnet at a position
whereat the centers of the poles of said magnet deviate froma line |inking
the centers of said outer magnetic poles3and the center of rotation of said
magnet together when said outer magnetic poles and said i nner magnetic
pol es are not excited by said coil, said holding neans havi ng an

ext endi ng- out portion extending out fromsaid outer magnetic pol es and
opposed to the outer peripheral surface of the second magnetized |ayer of
sai d magnet. Iuntemtaloghividelstdrdiatiion rst atighies rigt drigmgifetand
circunferentially alternately nmagnetized to different poles, a cylindrica
stator opposed®3I¥Imes (B state. shown in Fig.4747,r Gnsh Jrﬁagfn’éttfwlt h a cl earance
t her ebet ween, and a coil mounted in the interior of said stator,

charact eri zed T3R8 &0 & BRI WeMaWY didd Df 18 %1 c material
is secured to the .inner d|a tral ti nof aldr m id coil
i s di sposed axi@althe sitath d’t’r?r ﬁgg érgﬁﬁe E‘p%lcé of said
stator excited b sald coil.are op osedtothe ter er. nheral surface of
sai d nag)r(lget a rf?ﬁ‘i’ezr drré’é’r‘Fet[JIOD F1% %0t osf’al staralg&rhce Jt‘?)lpposed to the
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repetitively effected, whereby the rotor magnet 1 is

5 rotated. That is, the motor is rotated. When the
electrical energization of the coil 2 is cut off from
the state in which the motor is rotated, there is
brought about the stable state of Fig. 16 or 19 which
is a state in which the motor is stabilized by the

10 magnetic force of the rotor magnet 1. In this state,
as previously described, when the coil 2 is
electrically energized, the electromagnetic force acts
in a direction to rotate the magnet 1 and therefore,
the magnet can be smoothly actuated when it is to be

15 actuated again.

According to Embodiment 3 described above, the
diameter of the motor is substantially determined by
the outer magnetic poles 18a and 18b opposed to the
outer peripheral surface of the rotor magnet 1, and the

20 axial length of the motor is determined by axially
arranging (disposing) the coil 2 and the rotor magnet
1, and the motor can be made very compact. Also, a
magnetic flux created by the coil 2 crosses the magnet
between the outer magnetic poles and the inner magnetic

25 poles and therefore, effectively acts. Further, the
cylinder member 11 prevents a magnetic flux created

from the inner diametral portion of the rotor magnet 1
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% WnbC31' 10%1&ogethEd5 and therefore, during the stoppage of the
motor to the first electrical energization of the coil
2, the force with which the magnetic flux created from
the coil 2 acts on the magnet does not go toward the
10 center of rotation of the magnet and accordingly, it
becomes possible to effect the starting of smooth and
stable rotation.
Also, the motor can be constructed of a very small
number of parts such as the rotor magnet 1, the coil 2,
15 the stator 18, the output shaft 7 and the cylinder
member 11 and thus, the cost can be made low. Also,
the rotor magnet 1 is formed into a hollow cylindrical
shape, and the outer magnetic poles 18a, 18b and the
inner magnetic poles 18c, 18d are opposed to the outer
20 peripheral surface and inner peripheral surface,
respectively, of the rotor magnet 1 formed into the
hollow cylindrical shape, whereby an effective output
can be obtained as a motor. The output shaft (rotor
shaft 7) is secured to the fitting portion le of the
25 central hole of the magnet 1 which is the rotor by
press-in. The rotor magnet 1 comprises a plastic

magnet formed by injection molding and therefore, the
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It will now be described in detail that the step
10 motor of the construction described above in Embodiment
3 is of a construction best suited for making the motor
super-compact. That is, the fact includes that in the
basic construction of the step motor, firstly, the
rotor magnet 1 is made into a hollow cylindrical shape,
15 that secondly, the outer peripheral surface of the
rotor magnet 1 is circumferentially divided into a
plurality and alternately magnetized to different
poles, that thirdly, the coil 2 is disposed axially of
the rotor magnet 1, that fourthly, the outer magnetic
20 poles and inner magnetic poles of the stator 18 excited
by the coil 2 are opposed to the outer peripheral
surface and inner peripheral surface, respectively, of
the rotor magnet 1, that fifthly, the outer magnetic
poles 18a and 18b are formed by cut-away apertures and
25 teeth extending in parallelism to the shaft, and that
sixthly, the cylinder member 11 formed of a soft

magnetic material is secured to the inner diametral
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10:: 10::ZUZ/[HkﬁkﬁﬁﬂkﬁK3his step motor can be the length of the
rotor magnet 1 plus the length of the coil 2. Thus,
the size of the step motor is determined by the
diameters and lengths of the rotor magnet 1 and the
coil 2, and if the diameters and lengths of the rotor

10 magnet 1 and the coil 2 are made very small, the step

motor can be made super-compact.

If at this time, the diameters and lengths of the
rotor magnet 1 and the coil 2 are made very small, it
will become difficult to maintain the accuracy as the

15 step motor, but in the aforedescribed embodiment, the
problem of the accuracy of the step motor is solved by
a simple construction in which the rotor magnet is
formed into a hollow cylindrical shape and the outer
magnetic poles and inner magnetic poles of the stator

20 18 are opposed to the outer peripheral surface and
inner peripheral surface, respectively, of the rotor
magnet 1 formed into the hollow cylindrical shape.
If in that case, not only the outer peripheral surface
of the rotor magnet 1, but also the inner peripheral

25 surface of the rotor magnet 1 is circumferentially

divided into a plurality and magnetized, the output of

the motor can be further enhanced.
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Also, the magnetic flux of the rotor magnet 1 can
be prevented from leaking to the inner diametral
portion of the cylinder member 11 and the inner
magnetic poles 18c and 18d by the cylinder member 11.
5 Therefore, the stopped position of the magnet 1 when
the coil 2 is not electrically energized is set to a
position at which the center of each pole of the
magnetized portion of the magnet deviates from a
straight line linking the centers Q;, and Q, of the outer
10 magnetic poles 18a and 18b of the stator 18 and the
center of rotation Q, of the magnet 1 together, as shown
in Fig. 16. When from this position (deviated
position), the coil 2 is electrically energized, the
force with which the excited outer magnetic poles 18a
15 and 18b act on the magnetized portion of the magnet 1
turns to the direction of rotation of the magnet 1.
Therefore, the magnet 1 is actuated smoothly.
Also, the rotor magnet 1, as previously described,
is formed of a plastic magnet material formed by
20 injection molding, whereby the thickness thereof with
respect to the diametral direction of the cylindrical
shape can be made very small. Therefore, the distance
between the outer magnetic poles 18a, 18b and inner
magnetic poles 18c, 184 of the stator 18 can be made
25 very small, and the magnetic resistance of a magnetic

circuit formed by the coil 2 and the stator 18 can be

made small. Thereby, a great deal of magnetic flux can
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can be increased by the cylinder member 11 and
accordingly, the magnet 1 can be made thinner. If the
magnet 1 is made thinner, the gap between the outer
magnetic poles and inner magnetic poles of the stator
18 can be made narrow and correspondingly, magnetic
resistance can be reduced. Thereby, it becomes
possible to drive the magnet by a small electric
current.

In each of the above-described embodiments, the
outer peripheral surface of the magnet is
circumferentially divided into n, which are alternately
magnetized to S poles and N poles, and the inner
peripheral surface of the magnet is also
circumferentially divided into n, which are alternately
magnetized to S poles and N poles so as to differ from
the adjacent outer peripheral surface, but only the
outer peripheral surface of the magnet may be
circumferentially divided into n, which may be
alternately magnetized to S poles and N poles.

As is apparent from the above description,
according to the present invention, the motor is of a

construction which is provided with a rotatable rotor
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rotor magnet with a clearance therebetween, and a coil
mounted in the interior of the stator, and in which
said coil is disposed axially of said rotor magnet, the
outer magnetic poles of said stator excited by said
coil are opposed to the outer peripheral surface of
said magnet, the inner magnetic poles of said stator
are opposed to the inner peripheral surface of said
magnet, and provision is made of holding means for
holding said magnet at a position whereat the centers
of the poles of said magnet deviate from a straight
line linking the centers of said outer magnetic poles
and the center of rotation of said magnet together, and
therefore the diameter of the motor can be of a size
enough to oppose the magnetic poles of the stator to
the diameter of said rotor magnet, and the length of
the motor can be the length of said rotor magnet plus
the length of said coil and thus, the diameters and
lengths of the rotor magnet and the coil can be made
very small to thereby make the motor super-compact, and
by providing said holding means, the stopped position
of the rotor magnet when said coil is not electrically
energized is a position at which the center of each
pole of the magnetized portion of said rotor magnet
deviates from the straight line linking the centers of

said outer magnetic poles and the center of rotation of
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magnetized portion of the rotor magnet turns to the
5 direction of rotation of the rotor magnet without fail,
whereby it becomes possible to actuate the rotor magnet
smoothly.
Also, according to the present invention, there is
provided a motor which is provided with a rotatable
10 rotor magnet circumferentially alternately magnetized
to different poles, a cylindrical stator opposed to the
rotor magnet with a clearance therebetween, and a coil
mounted in the interior of the stator, and in which a
cylinder member formed of a soft magnetic material is
15 secured to the inner diametral portion of said rotor
magnet, said coil is disposed axially of said rotor
magnet, the outer magnetic poles of said stator excited
by said coil are opposed to the outer peripheral
surface of said magnet, and the inner magnetic poles of
20 said stator are opposed to the inner peripheral surface
of said cylinder member, and therefore the diameter of
the motor can be a size enough to oppose the magnetic
poles of said stator to the diameter of said rotor
magnet, and the length of the motor can be the length
25 of said rotor magnet plus the length of said coil and
therefore, the diameters and lengths of the rotor

magnet and the coil can be made very small to thereby
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inner diametral portion of said cylinder member and the
inner magnetic poles of said stator by said cylinder

5 member, whereby the stopped position of the rotor
magnet when said coil is not electrically energized is
a position at which the center of each pole of the
magnetized portion of said rotor magnet deviates from a
straight line linking the centers of said outer

10 magnetic poles and the center of rotation of the rotor
magnet together, and from this position, the coil is
electrically energized, whereby the force with which
the excited outer magnetic poles act on the magnetized
portion of the rotor magnet turns to the direction of

15 rotation of the rotor magnet, whereby the rotor magnet

can be actuated smoothly.
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a magnet formed into a cylindrical shape and
having at least its outer peripheral surface
circumferentially alternately magnetized to different
poles;
a coil provided axially of said magnet;
outer magnetic poles excited by said coil, said
outer magnetic poles being opposed to the outer
peripheral surface of said magnet;
inner magnetic poles excited by said coil, said
inner magnetic poles being opposed to the inner
peripheral surface of said magnet; and
holding means for holding said magnet at a
position whereat the centers of the poles of said
magnet deviate from a line linking the centers of said
outer magnetic poles and the center of rotation said
magnet together when said outer magnetic poles and said
inner magnetic poles are not excited by said coil,
wherein said holding means is provided between the
outer magnetic poles to oppose to the outer peripheral

surface of the magnet, and the holding means is not in

contact with the outer magnetic poles.

2. A motor according to Claim 1, wherein said
holding means is provided adjacent to said outer

magnetic poles.
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outer magnetic poles are fixed to the inner side of a
cylindrical cover, and a rotary shaft fixed to said

magnet is taken out of gaid cover.

4. A motor according to Claim 3, wherein said

holding means is fixed to the inner side of said cover.

5. A motor according to Claim 1, wherein said
magnet has its inner peripheral surface
circumferentially alternately magnetized to different
poles and also magnetized to poles differing from the

adjacent outer peripheral gurface.

6. A motor comprising:

a magnet formed into a cylindrical shape and
having at least its outer peripheral surface
circumferentially alternately magnetized to different
poles;

a coil provided axially of said magnet;

outer magnetic poles excited by said coil, said
outer magnetic poles being opposed to the outer
peripheral surface of said magnet;

inner magnetic poles excited by said coil, said
inner magnetic poles being opposed to the inner

peripheral surface of said magnet; and



10>">" 10>">" 10>">"1d& M 10%">"& ()-!i & M 10%C C & () - #10% & () -

#109& ()- Ox+e6l”?asS4 1 (& 10%& ()-S & 20 1
109%6MB&' () - S! 10985& ()-}!!110%& ()-}| 10%& ()-f MLOYB& () - D| Pa} *<aS4 R
1! [ &0t 109%HH& () -

|/ 1096& ()- 99! 109%6&' ()-S!i 90! 10%/5V5&' () - S&Z"109%& ()-! " &Z"10%WEM& ()-a
"suS1l 1! Q297" 10%5>5& ()-! Q9Z" 10%5>5&' ()-y: 10%& ()-F(f109%& ()- 10HH

10HH 10HH! [ &0m' 1094HH&: () - SK& A<uSl _ 4,

11 Q?9! i %t 1098/5V5& () - f &Ont' 109& () - ! &9 1090MV& () - " Y10%& () - 92" 10%& () -

1 VOZ" 10%UC5C58 () -6mboaS4 1!3(10% & ()- 10>> 10>> 10>>! Q80! 10%>&' () -

I V&O! 10%CCE () - [ rovb@dyicnh roomey Lagnedof B sofpmpqle@dd

1 10%A X\ & O @A Qnd' g ARAa G Friet YA Lpe A s AR 1

of said magnet.

7. A motor according to Claim 1, wherein said
magnet has a magnetized layer having its outer
peripheral surface circumferentially alternately
magnetized to different poles, and another magnetized
layer out of phase with said magnetized layer and
having at least its outer peripheral surface
circumferentially alternately magnetized to different
poles, and said holding means has an extending-out
portion extending out from said outer magnetic poles
and opposed to the outer peripheral surface of said

another magnetized layer of said magnet.

8. A motor provided with a rotatable rotor
magnet circumferentially alternately magnetized to
different poles, a cylindrical stator opposed to said
rotor magnet with a clearance therebetween, and a coil
mounted in the interior of said stator, characterized
in that said coil is disposed axially of said rotor
magnet, the outer magnetic poles of said stator excited
by said coil are opposed to the outer peripheral
surface of said magnet, the inner magnetic poles of
said stator are opposed to the inner peripheral surface
of said magnet, and provision is made of holding means

for holding said magnet at a position whereat the
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10° 10° centers of the poles of said magnet deviate from a

straight line linking the centers of said outer

magnetic poles and the center of rotation of said

magnet together,

wherein said holding means has a positioning stator

provided adjacent to said outer magnetic poles of said

stator, and

wherein the outer magnetic poles of said stator are

fixed to the inner side of a cylindrical cover, and a

rotary shaft fixed to said magnet is taken out of said

cover, and

wherein said positioning stator is fixed to the inner

side of said cover so as not to contact with the outer

magnetic poles of said stator.

9. A motor according to Claim 8, characterized
in that said holding means comprises said magnet and a
positioning stator opposed to the outer peripheral

surface of said magnet.

10. A motor according to Claim 9, characterized
in that said positioning stator is formed integrally

with said outer magnetic poles.

11. A motor comprising:
a magnet formed into a cylindrical shape, said

magnet having a first magnetized layer having at least
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the outer peripheral surface thereof circumferentially
alternately magnetized to different poles, and a second
magnetized layer having at least the outer peripheral
surface thereof circumferentially alternately
magnetized to different poles;

a coil provided axially of said magnet;

outer magnetic poles excited by said coil,
gaid outer magnetic poles being opposed to the outer
peripheral surface of the first magnetized layer of
said magnet;

inner magnetic poles excited by said coil, said

inner magnetic poles being opposed to the inner
peripheral surface of the first magnetized layer of
said magnet; and

holding means for holding said magnet at a
position whereat the centers of the poles of said
magnet deviate from a line linking the centers of said
outer magnetic poles and the center of rotation of said
magnet together when said outer magnetic poles and said
inner magnetic poles are not excited by said coil, said
holding means having an extending-out portion extending
out from said outer magnetic poles and opposed to the
outer peripheral surface of the second magnetized layer

of said magnet.

12. A motor provided with a rotatable rotor
magnet circumferentially alternately magnetized to

different polesg, a cylindrical stator opposed to said
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mounted in the interior of said stator, characterized
in that a cylinder member formed of a soft magnetic
material is secured to the inner diametral portion of
said rotor magnet, said colil is disposed axially of
said rotor magnet, the outer magnetic poles of said
stator excited by said coil are opposed to the outer
peripheral surface of said magnet, and the inner
magnetic poles of said stator are opposed to the inner

peripheral surface of said cylinder member.



