;e3eQp\ x6Twd - 1 MOTOR BACKGROUND OF THE | NVENTI ON Field of the IQM?QU@?EZ
26 AUG 2002 5 The present invention relates to a notor formed in an

ul tra-conpact shape. Rel ated Background Art A notor formed as a conpact
nmotor is conventionally well known as for exanple a conpact 10 cyli ndri cal
step notor shown in Fig. 7. A stator 1062 lof- the step notor is forned in

such a manner that a stator coil 105 is coaxially wound aroung@ j

101, the bobbin is stationarily sandw ched between two statorWN“ﬂWﬂWWﬂﬂNMk
the axial direction, stator teeth 15 106a and 106b are alternately.placed
on the stator yoke 106 in the circunferential direction of the bobbi n al ong

the inner surface thereof, and that tHé°5¢Rt or yoke 106 integqr e
stator tooth 106a or 106b is fixed to the case 103. 20 A flaﬂmﬁmﬂ ﬂ“ a
bearing 108 are fixed to one of two cases 103 and anot her be ed

to the other §%§$§6U&Bt8% 102 RveRhpeged of a rotor magnet 111v66p%%d to a

rotor shaft 1 e rotor magnéet is rotatably supported between two
bearings 108. z231A pechani sm/hasibgen proposed in which a | eadscrew is

formed on the rotor shaft 110, and the | eadscrew engages with a fenmale
thread (got shown) rhe pR¥Eehie inventon2rB1AUes2082a motor formed in
an ultra-compact shape.
Related Background Art
A motor formed as a compact motor is

conventionally well known as for example a compact

10 cylindrical step motor shown in Fig. 7. A stator 102
of the step motor is formed in such a manner that a
stator coil 105 is coaxially wound around a bobbin 101,
the bobbin is stationarily sandwiched between two
stator yokes 106 in the axial direction, stator teeth

15 106a and 106b are alternately placed on the stator yoke
106 in the circumferential direction of the bobbin
along the inner surface thereof, and that the stator
yoke 106 integrated to the stator tooth 106a or 106b is
fixed to the case 103.

20 A flange 115 and a bearing 108 are fixed to one of
two cases 103 and another bearing is fixed to the other
case. A rotor 109 is composed of a rotor magnet 111
fixed to a rotor shaft 110. The rotor magnet is
rotatably supported between two bearings 108.

25 A mechanism has been proposed in which a leadscrew

is formed on the rotor shaft 110, and the leadscrew

engages with a female thread (not shown) to move the



femal e thread in the axial direction. The nmechanismis used in for exanple
an aut of ocus nechani sm of a video canera. However, since, n the 26 AUG 2002
above-nenti oned conventional 5 step notor, the case 3, bobbin 101, stator
coil 105, and the stator yoke 106 are coaxi-ally placed on the outer

peri phery of the rotor, such a disadvantage that the outside dinension of
not or becones | arge arose. Further, since nmagnetic flux, which is generated
by 10 energi zation to the stator coil, is mainly passed through an end
surface 106al of a stator tooth 106a and an end surface 106bl of a stator
tooth 106b asfshewr ithrBrgd. i8, the dséslndtirettécri velTyeasechbanasmoisr
magnet 111. Accordi ngly, the output of notor was not 15 increased. A notor
t hat sol ved sUERIpEBbEEHs SKIMRABWANI ALLSPORBS BegRan3ss. ofhe vhdeP is
formed in such a manner that a permanent nagnet rotor divided into equal
parts in the EPfEGRferential direction and alternately 20 polarized into
different poles is_fornmed in.a cyIini&icaL sha@e a fiést coil, the rotor
and a second coil BP¥SSPAcediNfctnB 5RPaPPAYPaREl bhBedt RRYSREFOnalfi & st
outer magneti I nd a,fir inger neti g, po XGI 1 the first
coi | aregoppo§F%§I&O%P§Ce5B§58%ﬁet é Bgﬁg%gpgﬁ%ph%??ggﬁdé§g%MQQQEr

periphery of thg %REOQtaES?p§8kEY§bé’a??ﬂc?g%?&???_ﬁgéééd”89”@&&9 pol e and

a second i nner magnetic pole~excite second coil are

opposi ngly pl aced OpetighawlebrPehbPbstyrandutheai A0sLaPShtREE ¥not the
rotor, respectively. Arotary shaft that is a rotor shaft is extended from

within the cykhadbugalaeetineast oRBghehotbr ThEsoheE Negr§Bt F088Y have a

hi gh output and a 26 AUG 2002 snal |l outside dinension. Nevertheless, if, by
t hi nni ng t he magréernsinck aaghegication, t heidhsiangendedveénbyhe fir st
outer magnetic pole and the first inner magnetic pole and the distance

bet weenlfhe sevemdigattédpn to the stator coil, is mainly passed

through an end surface 106al of a stator tooth 106a and
an end surface 106bl of a stator tooth 106b as shown in
Fig. 8, it does not effectively act on a rotor magnet
111. Accordingly, the output of motor was not

15 increased.

A motor that solved such problems is known in USP

No. 5,831,356. The motor is formed in such a manner
that a permanent magnet rotor divided into equal parts
in the circumferential direction and alternately

20 polarized into different poles is formed in a
cylindrical shape, a first coil, the rotor and a second
coil are placed in the axial direction of the rotor, a
first outer magnetic pole and a first inner magnetic
pole excited with the first coil are opposingly placed

25 on the outer periphery and the inner periphery of the
rotor, respectively, and a second outer magnetic pole

and a second inner magnetic pole excited with the



10 magnetic pol e and the second inner magnetic pole are decreased, the
magneti c resistance of a magnetic circuit, may, be decreased. AccordizﬂéﬁIB 0
current which is passed through the first coil and the second coil é@
the generation of increased nmagnetic fl-ug i-n a 15 reduced anount of

current. Further, when a conventional notor shown in Fig. 7 is applied to
such a nechanismthat a |l eadscrewis forned in the output shaft, the

| eadscrew is allowed to engage with a fenale thread to nove the fenale
thread 20 in the axial direction, pressurization of said output shaft or
rotor shaft i sethedaxkdl direecpporinglpi ntackeé outpue swedr or the rotor
shaft in the axial direction is needed so that a hysteresis difference is
not gener at edPeThPSeFresadr FhPngnReENBSF 5POSHYI P§ BDPI BPEORE shaped spring
and is placed on the rear end surface of the notor body. Therefore, a

| ength the enfﬁﬁ@eﬁEPUF1VnclﬁdFﬁﬁaFﬁeSb?EESEF?Elhﬁ FEEAEOHetbFEE FOnger and
t he 2 6 AUG 2002 - act ness. of npt ost. Further, |ooseness

bet ween t he r&ﬁ&?“gﬁgfFrQHgBPHElBeEPFnﬁybb?@Fbﬁa eﬂ%?%?%%“E.T%Q@%F wor ki ng

SUMVARY THE d ()] h bo t d
gfliﬁnstgnces an o F@EthFm?ﬁTm§§%§2ﬂggp L%%Igo%lgg %853| e%nﬁpghoggmer

and ultra- comgeh #”%g%Fﬁﬁgr ﬂe ¥1ﬁ§“”tNQQeﬁtﬁéfé§§r'ff”g?yﬁéﬁf%hfné

axial direction o on an i nner Sidée’ ner~ yoke.
Anot her ObleCEh%fm%B%eQr?ﬁeghchn¥SHEhBGrh§léﬁ the distance between

the first outer magnetic pole and the first inner

magnetic pole and the distance between the second outer
10 magnetic pole and the second inner magnetic pole are

decreased, the magnetic resistance of a magnetic

circuit may be decreased. Accordingly, current which

is passed through the first coil and the second coil

enables the generation of increased magnetic flux in a
15 reduced amount of current.

Further, when a conventional motor shown in Fig. 7
is applied to such a mechanism that a leadscrew is
formed in the output shaft, the leadscrew is allowed to
engage with a female thread to move the female thread

20 in the axial direction, pressurization of said output
shaft or rotor shaft in the axial direction to bias the
ocutput shaft or the rotor shaft in the axial direction
is needed so that a hysteresis difference is not
generated. This pressurizing means is usually a plate-

25 shaped spring and is placed on the rear end surface of
the motor body. Therefore, a length the entire motor

including the pressurizing means becomes longer and the



provi de a pressurizing neans in which a contact surface of the pregfgmmﬁbmﬁ
nmeans with the output shaft has a shape which enabl es generation of

smal |l er working 15 noise. Still another object of the present invention

wi || becone apparent from concrete exarpHes descri bed bel ow. BRI EF
DESCRI PTI ON OF THE DRAWNGS 20 Fig. 1 is an expl oded perspective view of a
not or according to Exanple 1 of the present invention; Fig. 2 is a
cross-sectional view in assenbly of the nmotor shown in Fig. 1; Figs. 3A
3B, 3C, 3D, 3E, 3F, 3G and 3H are views 25 explaining the rotary operation
of a rotor of compagbressshdwnotarFig. LOSTFi giunther a peespressve vi ew
showi ng a connecti ng 2 s au~ zoo2 - 5 ring shown in Fig. 2 while a part
of the ring |§e§U?eBtheFF@t05 Féaétc?ﬁgstg%c??%ﬁéwgv?%ﬁ¢%ﬁ“the not or
according to ngle 2 of the present inveption; 5 Fig. 6 is an enlarged
view of a confSBETpEREi BnlDEE eﬂofﬁén%u?%h?eshaft and the pressurizing
means; Fig. 7 is a cross-sectional vies showi ng a conventional step notor;
Fig. 8 is a view explaining magnetic flux of the 10 conventional step notor

shown i nsFi 9. gdmmaRy OF THE INVENTION
In consideration of the above-mentioned
circumstances an object of the present invention is to
provide a high power and ultra-compact motor formed by
mounting a pressurizing means in the axial direction of
10 the output shaft on an inner side of an inner yoke.
Another object of the present invention is to
provide a pressurizing means in which a contact surface
of the pressurizing means with the output shaft has a
shape which enables generation of a smaller working
15 noise.
Still another object of the present invention will

become apparent from concrete examples described below.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is an exploded perspective view of a motor
according to Example 1 of the present invention;
Fig. 2 is a cross-sectional view in assembly of
the motor shown in Fig. 1;
Figs. 3A, 3B, 3C, 3D, 3E, 3F, 3G and 3H are views
25 explaining the rotary operation of a rotor of the motor
shown in Fig. 2;

Fig. 4 is a perspective view showing a connecting



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Exanpl es of the present invention
wi |l be described with reference to drawi ngs bel ow. 15 Al t hough ExahfplAd6 2002
of the present invention will be described bel ow, the basic configuration
of a step notor according to the presentsifavention is described with
reference Figs. 1, 2, 3Ato 3Hand 4. Fig. 1 is an expl oded perspective
view of a step 20 notor, Fig. 2 is a cross-sectional view of an assenbl ed
step notor in the axial direction, Figs. 3A to 3D are cross-sectional views
taken along the line A-A and Figs. 3E to 3H are cross-sectional views taken
al ong the |i neimy Bhowrriin Rigand wiige 4 iparnt pdr $hecttiivg 25 wiudw of a
connecting ring partially shown with a cross section. In Figs. 1, 2, 3Ato
3H and 4, thew®ference 2 6 AUG 2002 - 6 nuneral 1 denotes a cylindrical
magnet. In the magnet 1 that is a rotor the outer periphery is divided into
n parts (ten part i t%é%raescé?ﬂssexgﬁﬁﬂléﬁ“atlo “f’@rwmogfolté‘rq FedPortions | a,

| b, | | e | t tel, d by the S

pol e ;nd t he E\‘\?Cb%llﬂ%mghgo % ]zeeofé% t‘%k@ﬂspreeif%%fe ¥1 arl Zgnd ?/I a(rae

pol ari zegi_ by the oI &S d AEa ]tane(ferd %ﬁ%“})%‘fﬂ tl%’ctlgyozjt I h, and ||
ur

are pol ari zed byt egN poJr emane 'S ma aplastlc

regnet 10 metgrdpled opge Lpe/pm&gf@%a)la{éﬁq;remuﬁ% thiaglgness in the
0 e cy

radi al dlrectlon ndrical magnet 1 may be significantl’y reduced.

Further, the magnetid. i® & oyidesMddridridlt iePAHMWAMglW having a snal |
i nner d| aneter in the center portion in the axial 15 direction. The

ref erence nur@sm@er(t ien@l estah middqst shaft used as a rotor shaft. On the
output shaft 7 is forned a | eadscrew portion 7a. The | eadscrew portion 7a
engages with a femnmie. thriead (nicdw Sxpdairangy Inageertdiy flux of the

10 conventional step motor shown in Fig. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Examples of the present invention will be
described with reference to drawings below.

15 Although Example 1 of the present invention will
be described below, the basic configuration of a step
motor according to the present invention is described
with reference Figs. 1, 2, 3A to 3H and 4.

Fig. 1 is an exploded perspective view of a step

20 motor, Fig. 2 is a cross-sectional view of an assembled
step motor in the axial direction, Figs. 3A to 3D are
cross-sectional views taken along the line A-A and
Figs. 3E to 3H are cross-sectional views taken along
the line B-B in Fig. 2, and Fig. 4 is a perspective

25 view of a connecting ring partially shown with a cross-
section.

In Figs. 1, 2, 3A to 3H and 4, the reference



20 noves the fenmale thread by rotation. The | eadscrew portion 7a
corresponds to a transmssion neans in clains. This output 7 is foxgd ppg Bn
the fitting portion 1w of the nagnet 1 that is a rotor by pressfitting.
Since the magnet 1 is nade of a plasti€ @5 magnet material forned by
injection nolding, a crack does not occur even in assenbly by press-fitting
and even such a conplicated shaped magnet 1 as to provide 2 ~ au~ Zoo2
the fitting portion Iw having a small inner dianmeter in the axial direction
can be easily produced. Further, the output shaft 7 and the magnet 1 form a
rotor. The retwrerrke hulnates 2 i R e AN dr i d& B diFREhe coil s
2 and 3 are coaxial wth said magnet 1 and are placed at .posjt.ians

sandwi chi ng thethaignkt a FHPhENB Nt REPRIETYTHE SVddsdt dmdiers of
coils 2 and 3 are substantially the same as that af said net 1 in size.
10 The ref er AP HiuneT I RATE a’%ﬂ % FHE ":T”'ialmﬁqe tgctoorf%gxﬁ‘d a second
stator made of soft . magnet i c terj.al .. Th irnst statqr, 18 ,and ;t he second
stator 19 aréP e f T rpcg’ﬂcc PR %ﬂnelrb’t hlact’ t dce‘ p%dsgtséoﬁgt’hg i Eislt st at or
and secand st r,ar j d t [ Jhe first
stator %81 anﬂcﬁelie%%ﬁ%}rgét%l&?ypl%l%%%%cﬁéﬁgo}%g?seggﬁtcﬁ agjr?lg:t?teer case and a

hol | ow- shaped,gase. THE QULFi £a5 A tidies fid Stist aledr 148 fafamsLit he first
outer magnetic poles 18a, 18b, 18c, 18d, and 18e in the |eading end. 20 The

reference nungral oPdr 05018 nd I YolaKidridryhes tpdleiri 4@ ipureriatisamet er
portion 21f of the first auxiliary stator 21 is fitted into and fixed to an
i nner case 18fppfidhelf) rui, sdad arj lfre oladwirzedrbyt Hheo N @oldisanet er
portion of the first auxiliary 25 stator 21 are forned opposed portions
21la, 21b, 2lckutier anth® Ieagnetangeids atadshasfes appssdd MRanes out er
magnetic poles 18a, 18b, 18c, 18d, and 18e of said
10 material formed by injection molding. Thus, the
thickness in the radial direction of the cylindrical
magnet 1 may be significantly reduced. Further, the
magnet 1 is provided with a fitting portion 1lw having a
small inner diameter in the center portion in the axial
15 direction.
The reference numeral 7 denotes an output shaft
used as a rotor shaft. On the output shaft 7 is formed
a leadscrew portion 7a. The leadscrew portion 7a
engages with a female thread (not shown) and linearly
20 moves the female thread by rotation. The leadscrew
portion 7a corresponds to a transmission means in
claims. This output 7 is foxed into the fitting
portion lw of the magnet 1 that is a rotor by press-
fitting. Since the magnet 1 is made of a plastic
25 magnet material formed by injection molding, a crack

does not occur even in assembly by press-fitting and

even such a complicated shaped magnet 1 as to provide



2 6 AUG 2002 -a first stator 18. The opposed portions 2la, 21b, 21c, 21d,
and 2l1e are fornmed in such a manner that they are each shifted by 3§leﬂi 0
degrees, that is, 72 to becone the sane phase with respect to polarlzatlgﬂ
of the 5 magnet 1. Further, the first eut’e- magnetic poles 18a, 18b, 18c,
18d, and 18e of the first stator 18 are farnmed in such a manner that they
are each shifted by 360/ n degrees, that is, 72 to becone the sane phase
with respect to polarization of the magnet 1. The 10 hol | ow shaped i nner
case 18f of the first stator 18 and the auxiliary stator 21 forma first

i nner pole. Tmheowuami@@seomtiphelwebéﬁéngtatémaib ioraE ghemsEebnd out er
magneti c poles 19a, 19b, 19c, 19d, and 19e in the | eading end. 15 The

ref erence numdhal @xd2lddisessianscapnieadrbiLidr Hrefueer: ARYF R8T/ di aneter
portion 22f of the second auxiliary stator 22 is fitted in%o and fixed to
an inner case thef osftouie sbédénd @PétGPelg?gﬁﬁFtief?anatﬁg Blter diameter

portion of the first auxiliary 20 stator 22 are,fQr o] i ons
22a, 22b, 22c, 22dFhﬁh&eéfgeQFFaH§88r§gSp%a?%% 8p§8§§ et§9?§§86§§é}

magnetic pol e5.19% 19 1989519050879 198 8baaaud seeAndashihgpndd. The

opposed porti 2 e are fornmed 1 n such a manner
that they are 25 S By £3hAs 488BResnihhathkSmagRetO1become
t he sane phasé‘ﬁyﬁﬁ%ggég@g%ﬁg%g%bﬁggézafﬁon of the ﬁagnet 1. Further, the

second outer ngONgid ¢ .AU1eHireet AVGC 28@20ut8r di8Aetd2B, 0¥9epil8d2 and
19e of the second stator 19 are forned in such a manner that they are each

shifted by 36Q/{/R)aded @RTarthatll 1iys thé2 skdebaeormathefsamedphageei t h
respect to polarization of the nagnet 1. 5 The hol | owshaped i nner case 19f
of the second istiat agizb and the auxiliary stator 22 forma second i nner
pol e. The outer magnetic poles 18a, 18b, 18c, 18d, and 18e of the first
stator 18) and the The erefimmpmatd qul@nedised 819ad i8bdengde fodirghd 19e of
the second stator 19 are forned by cutouts and teeth extending in a
di rection par @taton enhe BEEPNATHS@ BN MEGEr &fi 6n SEFALMEI L6 mati on of
magnetic poles while having a m ninmumdi aneter of the notar.  That i.3, when
angouter P material. Téé first stator|T§ and the second stator 19
are placed in such a manner that the phases of the
first stator and second stator are shifted by 180/n
15 degrees that is 18°. The first stator 18 and the
second stator 19 are each composed of an outer case and
a hollow-shaped case. The outer case of the first
stator 18 forms the first outer magnetic poles 18a,
18b, 18c, 18d, and 18e in the leading end.
20 The reference numerals 21 denotes a first
auxiliary stator. An inner diameter portion 21f of the
first auxiliary stator 21 is fitted into and fixed to
an inner case 18f of the first stator 18. Further, on
the outer diameter portion of the first auxiliary
25 stator 21 are formed opposed portions 2la, 2lb, 21lc,

21d, and 2le arranged at phases opposed to the outer

magnetic poles 18a, 18b, 18c, 184, and 18e of said



15 magnetic pole is fornmed by concave and convex portions extending in the
radial direction, the diameter of notor becomes |arge by the extensp UGZW
However, since, in the present enbodi nent, an outer magnhetic pole is orne
by a cutout and a tooth extending in a-duxection 20 parallel to the axis,
the dianeter of notor can be reduced to mninmum The outer magnetic poles
18a, 18b, 18c, 18d, and 18e of the first stator 18 and the outer dianeter
portions 2la, 21b, 21c, 21d, and 2le of the first 25 auxiliary stator
formng a part of the first inner nmagnetic poles are opposingly provided on
the outer perifgirsty stistarhd §.nndhepoprippisedy pofrtikagrellon dab. eddc, 2 6 AUG
2002 - to side thereof so that they sandwi ch the one end side. The outer
magneti ¢ pol e?lg ambprleigre fogmedndniguchs a; Rangegoihast 4h6¥ 29eand t he
outer dianeter portlons 22a, 22b, 22c, 22d, and 22e of the second 5
auxiliary statsCh &M ﬁ@dabﬁaﬁﬁodp Fﬁ§r§§§0ndhﬁﬁné§ nﬁaneFPcbﬁﬁP@§ are

opposi ngly praovi ded on the outer periphery and_the inner hery of
magnet on the XF%&F”Eh@ S&e“?ﬁ%?éﬁfp§8tt%8tpPﬁ§§1§§ﬁdﬁPcE B ©ot her end
side. 108 te jout se a r..cas he kirs t 18 is
provi ded a co f‘engﬁblgatlon of%ﬁﬁfs %o%ﬁr m% Re |rs Oi%gtgé 218 and

the first aUXIlla'@rnaxeokqa%l 28 96l e endl 30 chetyeen,thy guter case and

i nner case of theé 15 second stator 197is provi coll 3. By energization
of this coil Fdhsacorthci &l AanhdraRfaithenagcard adxhl akytxakgy22 are
excited. Therefore, the magnet flux generated with coil 2 is passed t hr ough

the magnet 1 G&al/n Yeyre@disor tAAtPas,t 7onedobebwere the edher pragaetic pol es
18a, 18b, 18c, 18d, and 18e and the opposed portions 2la, 21b, 21lc, 21d,

and 2le form ngth p@dpeaft tdee polrerdzeadnat o€ phkesmaghbe magnehec flux acts
on the magnet, which is a rotor, effectively thereby enhanci ng an out put of
t he 25 ét or. hedilpw-shstpeidniemeragreel d8golbds thavéigatoaterodi ARetvd | ar ger
than the inner diameter of said first 2 s aus 200z - 11 coil, and have
an outer di angther Auaiddrrvhstatne 2AndpPrai anéleptolnBgrdrPeéeond coil .
Accordingly, even if the inner dianeter of coil is decreased and the vol une
of the coil is increﬁséﬂtthgaﬁlngnEeréFWQBH Fﬁ@tPFrsg EOplFeFNRagnet i ¢
pol e and the'gégﬁ %ne%kg polee%nd the bstapce Qgtmegn t?@ second
outer nagnetic pol e an % econ& nner nggne i"C’polre’can e Por i

Accordi ngly, ru%ﬁén%yg@gn &g stance for the coil can be decreased even
smal | power enables genera i 6n of a 10 | ar ge anount of magnetic flux

t her eby 1gnhanci ng te Qulrvtnek %ﬂh@&aléhezra&eseageangaeaah 20 denotes a
connecting ring that is a cylindrical nenber made of a non-nmagnetic

mat eri al . The adetidiilas-yofs e rCONRGCnAgr BREMERekrSpd2tsBAWA2E8S0& the
perspective viewwth a partial cutout in
second auxiliary stator 22 is fitted into and fixed to
an inner case 19f of the second stator 19. Further, on
the outer diameter portion of the first auxiliary
20 stator 22 are formed opposed portions 22a, 22b, 22c,
22d, and 22e arranged at phases opposed to the outer
magnetic poles 19a, 19b, 19c, 19d, and 19e of said
second stator 19. The opposed portions 22a, 22b, 22c,
22d, and 22e are formed in such a manner that they are
25 each shifted by 360/(n/2) degrees, that is, 72° to

become the same phase with respect to polarization of

the magnet 1. Further, the second outer magnetic poles



Fig. 4. On one inner end side of this connecting ring 20 are provided
grooves 20a, 20b, 20c, 20d, and 20e, and on the other inner end siQf

t hereof are provided grooves 20f, 20g, 20h, 20i, and 20j phase-shif @é“ﬁ}mﬂ
20 180/ n degrees that is 18 with respectgto grooves 20a, 20b, 20c, 20d, and
20e. To the grooves 20a, 20b, 20c, 20d, and 20e are fitted into the outer
magneti c poles 18a, 18b, 18c, 18d, and 18e of the first stator 18, and to

t he grooves 20f, 20g, 20h, 20i, and 20 are fitted 25 into the outer
magneti c poles 19a, 19b, 19c, 19d, and 19e of the second stator 19, and

t hese menbersl8ae 1Pkedl@t hladhesnd el ey £bStaverronithesea far st9 same or 2
6 AUG 2002 - 12 18 and second stator 19 are fixed with a gap of a certain
di stance due ferinadeinspdehpeojeened Purt ity Zoke @rrRhiftedhdxtonnect i ng
ring 20. That is, the first stator 18 and the second stator 5 19 are pl aced
so that the |3887h9/8nhddegreene Bhakrismghet i o e gdie 159 1$c, 18d,
and 18e of the first stator 18 are opposed to the |eading ends of the outer
magneti ¢ pol eBP288, with reseecyogo Bigaion i e magngiorl 19,
respectiyvely. Sincg the nnecting.rjng 20 10 is d f a non-pmagnetic

nat er i al,g the fi rsfhgtla?gﬁo‘iBS%?:%g‘? h’er“g‘zé’i:o?%s%t]agt%!raoﬁgﬁbear?%%oré parated in
a magnetic ci i i L h (nfl uencj ng _eac eby. rmance of a
not or can be éfgékﬁ%’ﬁ\%%dgﬁhj&h%eg%}r{lein%% usrr%ar%%p%zd%gn}g‘geés) saeocgrlgér)re, which is
15 fixed to tggnégcggg stator 19. The reference nuneral 24 denotes a

| eadi ng end beari ng, mﬁlch is fixed to a hole 23a of the franme 23. A

I eadi ng end portiofndbo@tefahlgh@tnE ShEdd 1784 s Tad atdd y fadtathdnto a
cavity 24b of the | eading end bearing 24. The reference 20 nuneral 25
denotes a stalge bAN€heShafétbeastdg, 18 &dd i tharaunted ryriet&adi ng portion
of the hollow cylindrical inner case 18f of the first stator 18, and to

whi ch alportipolds bdPasaldbyoroc, shadi and sl9otaf atitey daddretl. status; t he
rotor shaft 7 is rotatably 25 supported with the |eading end bearing 24 and
the stator inherabeafpnged@Sby Thatouss amd teeitsaxvepbing om 7, which is a
transm ssion neans for 2 6. AUG 2002 - 13 transmtting power to the
outside, is pRbéFeetréani Raratlaki B e tidn bEYohEUAEIHHATH I ti on 19g of
t he i nner case 19L of the second stator 19 on the 8& osite sjde of the

first stator ¥B2BhSHNPchOTRABRTEPAt BT TIRGTES RATHP D5 W Hidittht®d. The

| eadscr ew por i 00, I8 h.R09111 9pethDeIMESN t he second aial o, 29, and ¢ he
| eadi ng end bearing 24. erefore, sincé the transmi’'ssi on neans has a

Structuis SUPRREhed; ¥ b8 00061 AgEnal P! ILALARS ot EbdJebipdiicisiase | 1

supporting strength is 10 obtained 1naddition to nerits described | ater.

The ref er encecRUEREBhG 26n JEROt £83 Fa Bl d e dBIBICS , t) ShbiScd® W ed on an
i nner portion 18g of the hollow cylindrical inner case 18f of the first

stator 18. Theotefebeacresubherge RY tlemoiesermsiond, Wowdves, faxesk to 15 the
first stator 18 and regulates a position in a direction on one side of a
conpressi on cbnl thprpngs@idt embodiment, an outer magnetic pole is
formed by a cutout and a tooth extending in a direction
20 parallel to the axis, the diameter of motor can be
reduced to minimum.
The outer magnetic poles 18a, 18b, 18c, 18d, and
18e of the first stator 18 and the outer diameter
portions 2la, 21b, 2lc, 21d, and 2le of the first
25 auxiliary stator forming a part of the first inner

magnetic poles are opposingly provided on the outer

periphery and the inner periphery of magnet on one end



The conpression coil spring 27 pressurizes an end portion 7d of the %gtﬂjrﬁ 200
shaft 7 in the axial direction through said slide nenber 26. The rotor
shaft 7 can be 20 rotated while being pressurized agai nst said | eadi ng end
bearing 24 side, and is registered wth r@espect to a position in the axial
direction. Therefore, the novenent position of a |inear notion of a fenale
thread, which engages with the | eadscrew portion 7a of 25 the rotor shaft
7, is noved stably so that a hysteresis difference due to the rotary
direction of rotor shaft 7 or the |ike does not occur. 2 6 AUG 200z - 14
I n the presentidabttenent, schéhstnphegstandedth tipeione 2Znamidée slide
menber 26 forma pressurizing neans. Since this pressurizing neans is
mount ed on the i nnhepeptiponnaggebictpelesl ¥ ci¥pndkieal l9dnetn¢ase 5 18f
of the first stator 18, it does not protrude fromthe nptor body or |ose a
conmpact ness of SfoPér theupeRePd Fratart ! MMAUNthdPY R SHPPLERT on coi l

spring 27 and the slide_ne 26._0n i nner_portjon 18g of the holl ow
cylindrical iHHEF188§eSEan2§£th22?iré?gioagga%%? ?%,gb%eg%?%T%r i nner
bearing 25 and the.lid 2 re fixed to the first, stator , . Jovenent of the
conpressgon cSPFlgﬁPEXgSg?%Sﬁd PhEMS i%ep%%%b%f ei%e?%égfﬁggﬁgmﬁth t he

stator inner QESBEQQCZEO§¥En39§;§£§?§§ﬁ§f22 f8$i& 5thﬁe§g@@ér7 and does

not exit the I nner portion ow cylindrical 1nner case of

the first StaF@E‘iﬂaﬁerWﬂgfx@b}fh@ Rh&: 9brephangi B8 hdgnaerdh neneffici ency
during assenbly can be obtained. Further, even if the pressurizing neans

conposed of tReneeMBhASEiAB €RbkeSPI O GtRAt atilley NCarsdi ten Nerd es t12or 26
inparted a side pressure to the rotor shaft 7 wthout pressurizing the
rotor shaft 7eadrseakly in the axial direction, a portion of the rotor
shaft 7, which is pressurized, is supported with the stator inner bearing
25 in the vicinityBetwehs pbetooher28agecandi hghey caseraf i ore ofimshonent
of force due to the side pressure can be prevented to a |ow | evel and
| ooseness f or StR&ECFoL 8r 18hAFPVAARD a2 sFEbl pf essBY eenepg e PP - 15
inparted to a bearing_and the |ike can be prevented to m ni num_whereby an
out put of thethdPoFotan2pEhet AhFFFz8ERENE HBnrdt TR Egr%briﬁ¥iﬂ+ﬁﬁ%es can
be decreased. 5, Be en the outer case and inner case of the first stator
18 is provi ded°hcoi| 3%° %?Céﬁgggization of this coil 2 the first stator 18
and the first auxili Lje e e case
h%é&y %8%%eéé Bh& 869%% Qasédéﬁbcé§ﬁ¥ﬁ @5%33995£ﬁé

and i nner case of the 10 Second stator 'S provi a col

ener gi zaki on QECERESs%gitbrg’l@h@ssﬁfg{?gdééaé0(503'1.-9 and ghes seconds auxhl iary
yoke 22 are excited. Therefore, the magnet flux generated with coil 2 is

passed throughrt kaigngBet 2 thatsk&oRdl 8t&toPOsd tandechdesyesndt he out er
magnetic 15 poles 18a, 18b, 18c, 18d, and 18e and the opposed portions 21a,
21b, 21c, 2ldauandiBie fokmi Rg arpaekcibfedhe i nner nagnetic poles, the
magnetic flux acts on the magnet, which is a rotor, effectively thereby
enhanci ng an out pufhgrefpsenpthe. magnet flux generated with coil 2

is passed through the magnet 1 that is a rotor
20 positioned between the outer magnetic poles 18a, 18b,
18c, 18d, and 18e and the opposed portions 2la, 21lb,
21c, 214, and 2le forming a part of the inner magnetic
poles, the magnetic flux acts on the magnet, which is a
rotor, effectively thereby enhancing an output of the
25 motor.
Said first inner magnetic poles have an outer

diameter larger than the inner diameter of said first



20 Said first inner magnetic poles have an outer dianeter |arger thiqih@ﬁmm
i nner dianmeter of said first coil, and have an outer dianeter |arge

the inner dianeter of said second coil. Accordingly, even if the inner

di ameter of coil is decreased and the vdllure of 25 the coil is increased,

t he di stance between the first outer nmagnetic pole and the first inner
magneti c pole and the di stance between the second outer magnetic pole 2's
aus ~ooa - 16 and the second inner nagnetic pole can be forned.

Accordi ngly, since nmagnetic resistance for the coil can be decreased, even
smal | power enablesagénerdtidn ofter | &FayeeE@OURTIFT dffetiRe fiNBeX her eby
enhancing the 5 output of notor. The reference nuper S .a

connecti ng riﬁbaWﬁéﬁri@fa3%9@i%%??%%JC?&%ﬁxHAqﬁﬁﬁg%ﬂ§1¥Vﬁ%ﬁgﬁgOI e
Urew with a pAPRFEI ALGRGHET AE T00E obb MECRFRARE (b A d o g HE TR s

The ot her Ui nnBieaRaty; B ENRFEnTar othe o1 dharies eyt theot rSon Sor, "
S08, 15 Bob. abeeroBaotEriton ST hind MBleed St MbdRERRE otk O 00 e
are fitted in%gfit gﬁ«aOHRgEﬁH@Qnﬁé{:&eQx‘?'@ﬁe 188 orlBlbudde nd@tbt A dRe of the

first stator to the grooves 20f, 20g, 20h, 20i, and 20j are fitted

into the outepnAagnet 56cBAEESNASR, mdGRet1OCpollddkamnsk 26bdfel of the second
stator 19, and these nenbers are fixed with adhesive therebetween. These
first stator A8capdifnglondsshatonadletie féxestandd foyaphefcaiLerdmin

di stance due to inner side projected portions 20k and 20n of the connecting
ring 20. 25 Thet desretbedfi esénstmadbl pévendendzlercygeresabior dO are

pl aced so that the |eading ends of the outer magnetic poles 18a, 18b, 18c,
18d, and#i018e dhrgkeafipnst of 2mggpeiSieUilux 1¥herski cenhdn@kRI ofpfp®sed to the
| eadi ng ends of the outer nmagnetic poles 19a, 19b, 19c, 19d, and 19e of the
first stator ®9tPp&spécPP¥eFy. Since the connecting ring 20 is nade of a

non- magnetic material, t?e first stato %& $ and the secondtstator 19 can

be separated in a WESnEF'ErﬁFFEUPPmﬁf?;O P WRACT ng° AT Ot her "hher eby

per formance of,a.MpLOL B9 Re, SLAD hbABly flde 3¢l2 Aoflpsgasert!onal view
an D [

Figs. 3A 3B, OW Ccross-sectronal views taken along the |ine 10

A-Ain Fig. 2 .Ehgs. , ; pdc 3 SHOMELELSS SE6d 1 pmalsvi ews taken
al ong the Iinga%gglgggFigﬁgzgég?agg gA gnd 3E are cr%ss-s%ction%l Vi ews at

the sangspoi Nnkpiphnt b¥ea pe8SpedBigadvdbwakethl 8Sgaserdi ovatovtens at the
sanme point in time, Figs. 3C and 3G are 15 cross-sectional views at the

same point inrtigned.andnFbge. iRReandndHshde ©f O8lsisechhosating emsnat t he
sane point in time. Next, an operation of the step notor will be described.
When by ener gi2@i aget peowdides grande8 2Pam 20bsta®es 2Gdwnand FPgs. 3A and
3E, the outer nmagnetic poles 18a, 18b, 18c, 18d, and 18e of the first
stat or Z8 ar eaafciredheootherNippessenfheigppbierepbr2¥enero4ided1p, 21c,

mner magnet | S7BENES 408 2308xcPPBY POit na"d HBF cBaFRESBUE Ere et | ¢
Phe N poPes.  aRBonEeaRpasoa pbr trong o3ath Foop8LE Bb 4RaBhEsCa6L €d 10
20b, 20c, 20d, and 20e. To the grooves 20a, 20b, 20c,
20d, and 20e are fitted into the outer magnetic poles
18a, 18b, 18c, 18d, and 18e of the first stator 18, and
to the grooves 20f, 20g, 20h, 20i, and 20j are fitted
25 into the outer magnetic poles 19a, 19b, 19¢, 19d, and

19e of the second stator 19, and these members are

fixed with adhesive therebetween. These first stator



2 s au~ soot - 18 22b, 22c, 22d, and 22e of the second auxiliary yo&g ﬂ%l%l
formng a part of the second inner nagnetic poles are excited to the

poles, the magnet 1 that is a rotor is rotated counterclockw se by 18
degrees and exhibits 5 states shown in-Figs- 3B and 3F. Then, when by
reverse energization of coil 2, the outer nmagnetic poles 18a, 18b, 18c,

18d, and 18e of the first stator 18 are excited to the S poles, the opposed
portions 2la, 21b, 21c, 21d, and 2le of the first 10 auxiliary yoke 21
formng a part of the first inner nmagnetic poles are excited to the N

pol es, the outlér amdgseriedpsitesor9d? a9p, figed w8th angap9efod the second
stator 19 are excited to the N poles, and the_opposed portions 22a, 22b,
22c, 22d, andC2rEadp ﬁﬁétf50§eééﬁdtaukpﬂﬁér?196kér92€$g?ﬁ1ﬂ@rﬁ?%%Ft of the
second i nner gﬁgneticzgoles are excited to the S Boles, the magnet 1 that

is arotor is4Pr@Rer 208t 8fedPEoGRAPBREFLERW EBIDYY 18 degrees and exhibits
Goi | 3, the outer WRFRetc SBROEIIBh STBEOY1BE, “HadtHE REIRe o COREE T r ot
210, “ando2te 4P ERE FAPEEOass FHary heieera anad 2t olE $t8ehe firat
ol o5 198, JoRoreRICTRgTeE T80, ThP' TR0E 0000 E74, 676 1 3F Fhe CRAFEL "

the S poles, andtbRe1s 2r8 APF03042ts iHe DRRASRY PRALT 8RStRRAuEEP, 22c,
22d, and 22e of the second auxiliary yoke 22 formng a part of the second

i nner magnet i mapdlke®scapelexcibad 1Lobt heod), popes, ahdel pagaet tlet hatsts a
rotor is further rotated 5 countercl ockwi se by 18 degrees and exhibits
states shown istakogs193Drasgdedidivdliyer Shate bheseogomedtihdyrihangdng t he
directions of energization of coils 2 and 3 as nentioned above, the magnet
1 that 9 a rdisomade ©F ronanewagvedipovitevhator tkepbhdéhgstateheld
ener gi zati on phase. Next, Exanple 2 of the present invention will be
descri bed wi t RnfeftbeefEEOPE Fitgros ARJCERgbesserhEd tadelipo?t NRGREHEACI n
Exanple 1 wll be denoted as the_15 sanme reference nunerals. The concrete
descriptions &F&CYHtt Wédhoph ERLAPPBCINTt §aFRIDERST heVBF&RPHg noi ses a
contact portign with a rotgré shaf t mhicg i's gég surized was formed in a
spherical shap&X Br§e5% §*aR BRHPEdE8 pRFsPERPT V&*STew of a motor 20
according to Examphfe? 0letBACRM B8RALAL YSNELABLEENE Fline S hitiaR gDl arged

view of the contact portion between an oufput shaft and a pressurizing

means ofisFi 9. f3xelinthl §hedSsebBBar 8k8E8RCEINUMBREl reBeHERAGE e8uRetad, Which
is fixed to the first stator 18 and 25 regulates a position in a direction

on one side oR4adepapeess 0BaG@hh &AAI BgaZ2ing OnwAdcknds soikagdetofaa slide
menber 26 is fornmed an inclined surface 26a 2 6 AUG 2002
hole 23a of the frame 23. A leading end portion 7b of
said rotor shaft 7 is rotatably fitted into a cavity
24b of the leading end bearing 24. The reference
20 numeral 25 denotes a stator inner shaft bearing, which
is mounted on a leading portion of the hollow
cylindrical inner case 18f of the first stator 18, and
to which a portion 7c of said rotor shaft 7 is
rotatably fitted. Thus, the rotor shaft 7 is rotatably
25 supported with the leading end bearing 24 and the

stator inner bearing 25. That is, the leadscrew

portion 7a, which is a transmission means for



- 20 formng an angle 8 with respect to a plane vertical to the axial
direction of the rotor shaft 7. Therefore, the rotor shaft 7 has a 6 2007
structure which receives thrust force and radial force by pressure o? t4H§
slide nenber 5 26. An enl arged view of-th& eontact portion is shown in Fig.
6. A conpression coil spring 27 pressurizes an end portion 7d of the rotor
shaft 7 in the axial direction through said slide nenber 26. By this 10
pressurization the rotor shaft 7 receives thrust force and radial force due
to pressure fromthe inclined surface 26a of the slide nenber 26. The rotor
shaft 7 is rottapasmy thiagspeiwveedtegihaspuififeadifagPEndestadi kg Phaesi de by
t hrust pressurization 15 and is registered with respect to a position in

t he axi al dir@éﬂ?&n@1A@€Gﬂ@Pn&PYP“8hé“nﬁO@ﬁEnPoﬁﬁéPPibﬂgonatﬁ?near not i on
of a female thread, which engages with the | eadscrew portion 7a of the
Cotor shaft 7iTReTnseas 404nPy SBet ARERdngErErastd O FRPERBESERES o t he
20 rotary direction of rotqr shaft 7 or_ the |jke dpes not,occur. Further,

| ooseness bet REER QstQFoFlFﬁ%eFtSESFiES 98 ghﬁcg gg?t?gﬁt95 6F"'The rotor
shaft 7 gan bg Leduged and napkhaganol 368 3Leaaksg.! speeds ba jhe present

enbodi nent, a pressdri zi ng means 1's conpose conpressi on coi

spring 27 andgag (5lnde WR¥REEN28heSkBEBNENESaREESEY! hRANELEERBSqE AgMOUNt ed
on the inner portion 18g of the hollow cylindrical 1 nner case 18f o 2 6

AUG 200Z - 2lenth@chidisly 2Uat orhd8erblkedog$npat tREOLLEHEmE E8MBbHNE Dt or
body or |ose a conpactness of notor. Further, if, after nounting the

conpr essi on ceaichnsphagg a2 4tandtufe shpgermeabeitAbbearihgsi snebopnrti on 18g
of the 5 hollow cylindrical inner case 18f of the first stator 18, the
stator inner Ilsddeisnga2beand blfieihcded8eain buppdrtdnghstfengthsiator 18,
novenent of the conpression coil spring 27 and the slide nenber 26 is
regul at @8 wi t pbitied neCatior aiddigiobesri ngri2ssedencbébedeladesssefbeéy of the
rotor shaft 7 and does not exit the inner portion 18g of the holl ow
cylindrical iAréELTERSE SHUMEeRaLlf 2Psfleapiesr 2181idRePeBYer, nshiehotSenhanci ng
t he working efficiency during asseanX can_be btﬁined Now, the fact that
t he thus forn@8u§F§§ 25t 6P HR8eFsPPREIBBsEBdoREI §URaPPLACVN al | owing a

Totor to becowe b caMRAGL WL beadescr ibedy The basic cppi aupations
of a step notor are as folTows: First, a magnét "is forrmed rn a hollow

cylindri cal ZQe%QQQ%beS%%ﬁ%@alfﬁBPHEﬁBtEErEa§§d9fw598h”$9”?£xéé gy vi ded

"into n parts to alternately polarize the n parts to different poles; Third,
a firstieoi |, taemggnet andtdrseeoRAqCREhu2atakeadphangedni Int he axi al

direction of the magnet in this order; Fourth, outer nagnet poles and inner
magnet pol es direction on one side of a compression coil spring 27.
The compression coil spring 27 pressurizes an end
portion 7d of the rotor shaft 7 in the axial direction
through said slide member 26. The rotor shaft 7 can be
20 rotated while being pressurized against said leading
end bearing 24 side, and is registered with respect to
a position in the axial direction. Therefore, the
movement position of a linear motion of a female
thread, which engages with the leadscrew portion 7a of
25 the rotor shaft 7, is moved stably so that a hysteresis

difference due to the rotary direction of rotor shaft 7

or the like does not occur.



2 6 AUG 2002 - 22 of the first and second stators, which are excited with
the first and second coils respectively, are opposed to the outer pgmimﬂgmm
and the inner periphery of the magnet; 5 Fifth, outer nmagnetic poles are
formed of cutouts and teeth extended i padirection parallel to the axis;
Si xth, a pressurizing nmeans for pressurizing a rotor shaft 7 in the axial
direction thereof is nounted on an inner portion 18g of a holl ow
cylindrical inner 10 case of, whereby projection of the pressurizing neans
fromthe notor body is not prevented; and Seventh, an end surface of said
pressuri zi ng means Ihsther pedseptasmbodhneet anthectompressikdraceciher eby
pressurize the rotor shaft 7 in both thrust and radial 15 directions

si nul t aneous| $PTTRAs 27aa8affBEeflbfet RemReEp2 frof OF M nAyPFRSBUBH A si ze
enough to allow a di aneter of —magnet to,opgose a stator magnet pole, and

| ength of theM8@BF - moPdPCRayPREVETBRFYTEAENY SRERRS ob? MPEICHY PhetBEdi ti on

f 20 | ths of the first d d i t th th t. Thus,
The si 2o of | ai8Pep BOEGHOPs G BEntHE By SheCHl et Lo bt iehgPReST t ho-

t dth il.. -di_ngl i f dj t d_ | t th t
and the Boi | P& BEciERSEa SEORLFERENITy,  Fratet RO oPHOLI e A BB f or med
in an uItra-cgggaﬁgtgga8§ﬁglgrtmgsglgngéﬁégg?g?égnggm§&ﬁ§he magnet and the

coil are decreased signi antly, respect 2002 - 23

mai nt enance OfytheeacCUFacy rebranshAPi ARt Ohe PESRPIESsEIPRSSH D] esprioMgVer,
the problem of the accuracy of step notor is solved by such a sinple
structure thab7t hadgowher stagaehkefbpel 26 andthdei hMderpdhgeh | Tegpobes 5 of
the first and second stators are opposed to the outer periphery and the

i nner peri phetyieohollhewnaghehdrinal hisneaseasefl8idtobdntlye t fitrout er

peri phery of the nmagnet but also the inner periphery of the nagnet are

di vi ded1Dnt o p&eteri A8t h&hei stakber éntenl bdareny i dn amd e pbidr2ge t he
parts, the output of notor can be further increased. Further, sinultaneous
pressuri zati oaref faxpdt 6p Shaf firatt atatarus®. aneverentl ofi Feeti ons by
formng an inclined surface on an _end_surface of the pressuring 15 nmeans
reduces wor ki REMREPEEICRNECLS0SRRERE ?A BRE FRP UStidF rRREPRR ?% Ssinple

structure. As_described-above in detail, according to,the present

Tnvent i on, & FEBBLoFSS BERGATPR SURHCR MRRRG PEPRErS PhoREE ST REES n a
cylindrical shagenig geViAgdraloknbRaPePAr Aal dodlienst ! ST epgati al
direction in the outer periphery and then polarized alternately in the n

parts tesdi ffengat Beke3ohS1BEO¥EdEHe RolibstcePlhdrschtl MROLet-a0d a
second coil are placed in the axial direction of said magnet, a first outer

magnet pol e apd Zhearfiirkst skABer MBYNRhepPebe exfidt £t oF tdnisahdihdrst coil
are opposed to the outer periphery and the inner periphery of an one end
side of said mhgnebrkang afficiency during assembly can be obtained.
Further, even if the pressurizing means composed
of the compression coil spring 27 and the slide member
20 26 imparted a side pressure to the rotor shaft 7
without pressurizing the rotor shaft 7 correctly in the
axial direction, a portion of the rotor shaft 7, which
is pressurized, ié supported with the stator inner
bearing 25 in the vicinity of the portion.
25 Accordingly, generation of a moment of force due to the

side pressure can be prevented to a low level and

looseness for the rotor shaft and a side pressure



2 6 AUG 2002 - 24 second outer magnet pole and a second i nner magnet pole
excited with said second coil are opposed to the outer periphery anq Bt 0
i nner periphery of the other end side of said magnet. Therefore, accCor nzg
to the present 5 invention, a notor havilig -a conpletely new configuration
different froma conventional notor can be obtained. The configuration of
the invention is the best in formng a notor in an ultra-conpact shape.
Further, an effective output for a notor can be 10 obtained by form ng a
magnet in a hollow cylindrical shape and opposing the first and second

out er magnet i tmpatresdabd &nbearimgnatd ctipol bskeramhdonraverredphery and
the i nner periphery of the magnet formed in the hollow cylindrical shape.
15 Further, tReni@EgRetwhergbypae @RtRUD| @St Re MRSt At &% al forned by
injection nolding, Accordingly, the radial thickness of the cylindrical
magnet can bes’F%g?TEHZ‘?ﬂ and | gAReT_EHT Ot IR I RO MR’ , C'he i st ance

bet ween the ogter rrag&eti c poles 18a and 18b 20 and the inner nmagnetic

pol es 18c and“986°dF the first stator 18 can be significantly decreased,
and magngtic resis N d fi | stanc he . nner
st at or 1@ can resi%%g‘gl%%hi%gg Cr’r%ﬁ%ét‘%%ﬁ%i%:%ijﬁn}%r %ﬁyﬁh@%oﬁ%ﬁ st at or

18 can be decggﬁggg.lé\l igap{__)?g%ﬁg@ d heoputer mmongeld G £ol€8,19% and 19b

magneti c pol es and e second be significantly decreased, and

magnetic a magReki eofirguthef BIPBE HYathe LOIAnS the Hi A4S d00i1radp and
the second stator 19 can be decreased. Accordingly, a decreased current

enabl es generabka@n2of adel axget@apunt of magnetic flux, whereby an increased
out put of a notor, |ow power consunption and 5 miniaturization of a coil
can be attai ned. Thksoutpetwsdafthd ostdr xambe caral firinemgogeee tafonchay of t he
magnet 1 that is a rotor by press-fitting. Since the nagnet 1 is conposed
of a pliStic segaed $bated by injerovidedmod dioigl 3 crBitlenkiesizmtiagtcur 10
even by assenbly by press-fitting. Further, even such a conplicated shape
of the magnetof BB1foc@ile3t Reecopterd pertenn T AR LRI | di aneter
can be easily produced. Further, since the output shaft 7 and the magnet 1
are assenbl ed®RRHLEPRBAYPHR edt 2 BR He¥S1 %8 ass SEQWfer 12 iIRPERY and t hey

can be produc at low cost. The thrust and radial .l ogseness for the rotor
Shart 7 can bolPERGRRRFaren T b eetlt i FE SASRA SRl SiiThe Totor

shaft 7 in the @ﬁé@' 191 LeELL0P- 80 BYoASIWA O d e Hd e ARRANESH T OT
rotor shaft 7, the
15 poles 18a, 18b, 18c, 18d, and 18e and the opposed
portions 2la, 21b, 21c, 21d, and 2le
forming a part of the inner magnetic poles, the
magnetic flux acts on the magnet, which is a rotor,
effectively thereby enhancing an output of the motor.
20 Said first inner magnetic poles have an outer
diameter larger than the inner diameter of said first
coil, and have an outer diameter larger than the inner
diameter of said second coil. Accordingly, even if the
inner diameter of coil is decreased and the volume of
25 the coil is increased, the distance between the first

outer magnetic pole and the first inner magnetic pole

and the distance between the second outer magnetic pole



novenent position of a linear notion of a female thread, which engagﬁsAugjzhdi
the | eadscrew portion 7a of the rotor shaft 7, is noved stably so that
hysteresis difference due to the rotary direction of rotor shaft 7 25 or
the |i ke does not occur. Further, by remsvi-ng the radial |ooseness for
rotor shaft 7, working noises can be reduced. In this case, since a
pressuri zi ng neans 2 6 AUG ZOQZ - 26 conposed of the conpression coi
spring 27 and the slide nenber 26 is nmounted on the inner portion 18g of
the hollow cylindrical inner case 18f of the first stator 18, it does not
protrude fronahdetnotoscdotlyinre’ nage b c andac ases Peoffanmesy-. Furt her, by
form ng an inclined surface on an end surface of the slide nmenber 26 and
form ng a sphecceadingly aceinre aagne g frasd gfandse fag dhesiesfitl Fakhi ch
contacts the inclined surface, thrust and radial farces can be inparted to
the rotor 10 Bhadecressedersvan Ml kREVYUSRITES MANSFATIAY & er
nounting the conpression coil spring 27 and the slide nenber 26 on the
i nner por ti ont3Bge oAMPRRE Hof | 'RERSF IR T Bl Thenfdy RS e first
stator 18, the stator_inner bearing 25 and the Iid 28 are fixed to the 15
first stator T8*PHbVRRER?tdF - t he conpression coil spring 27 and the slide
menber 26 is regul at ed w i heard f£van hefor
E%%%{]e%%n@%logl e %13:9 ic;tﬁler porI%b?oI%rel(‘;Bg of

assenbly of the ro or es not exit t

the hol low cylipdrigal ipneracase: Gfediise fidd 20 StRitndghettier eby a

merit of enhancing the working efficiency during assenbly can be obtai ned.

Further, evenphfetg presgar &t e Stk rasseshoing e rapmo eissi on coi |
spring 27 and the slide nenber 26 inparted a side pressure to the rotor

shaft 7 25 wi thewh asesspeigpagrive vndwrwstiafd parcoralecidtoutn frhe axi al
direction, a portion of the rotor shaft 7, which is pressurized, is
supported w t higghedst aborohanenner 2efd AR 0DY thiy chrmedhignP@5-ing t he
vicinity of the portion)

20 are provided grooves 20a, 20b, 20c, 20d, and 20e,

and on the other inner end side thereof are provided

grooves 20f, 20g, 20h, 20i, and 20j phase-shifted by

180/n degrees that is 18° with respect to grooves 20a,

15 20b, 20c, 204, and 20e. To the grooves 20a, 20b, 20c,
20d, and 20e are fitted into the outer magnetic poles
18a, 18b, 18c, 18d, and 18e of the first stator 18, and
to the grooves 20f, 20g, 20h, 20i, and 20j are fitted
into the outer magnetic poles 19a, 19b, 19c, 194, and

20 19e of the second stator 19, and these members are
fixed with adhesive therebetween. These first stator
18 and second stator 19 are fixed with a gap of a
certain distance due to inner side projected portions
20k and 20n of the connecting ring 20.

25 That is, the first stator 18 and the second stator

19 are placed so that the leading ends of the outer

magnetic poles 18a, 18b, 18c, 18d, and 18e of the first



Accordingly, generation of a nonent of force due to the side pressure can
be prevented to a low | evel and | ooseness for the rotor shaft and a %§ &u6 2002
pressure 5 inparted to a bearing and the |like can be prevented to m ni num
wher eby an out put of the notor can be stiabidized and generati on of worKking
noi ses can be decreased. 2 6 AUG 2002 - 28 WHAT IS CLAIMED IS: 1. A

not or conprising: a magnet forned in a cylindrical shape and alternately
pol arized to different poles in the 5 circunferential direction in at |east
the outer periphery; a first coil and a second coil provided in the axial
direction of 8hdptorayPedre 0BPeeed oir erherprding Folds ©fcithed awresai d first
10 coil, said first outer magnetic pol e being opposed to an outer periphery
of one end siBeIBEtiai BohaYnkld. &l W rst9Gn neEgetide pf EhexdittssE by sai d
first coil, said first inner magneti c pol e bei ng opposed to an inner

peri phery of dhRtehd!$i deePpesH P hagnetnoss H‘%é‘égﬁl?ctfdt“& Hhetd ¢ pol e

excited by said second_coil, said second outer netji.c pol ei_ng opposed
to an outer petiPh ?yogfat?QPEW?QQQQﬁﬁi@ﬁ?ﬁfﬁﬁléggh?rﬁhﬁ%ﬁ;gif §&cond i nner

magnet i ¢z pol e, €XCLA £ds DY 331 Gk 2% S SP UL FUd st b LN o HiGhJmAneti

pol e being
circuit without influencing each other, whereby

performance of a motor can be stabilized.
Fig. 2 is a cross-sectional view, Figs. 3A, 3B, 3C
and 3D show cross-sectional views taken along the line
10 A-A in Fig. 2, and Figs. 3E, 3F, 3G and 3H show cross-
sectional views taken along the line B-B in Fig. 2.
Figs. 3A and 3E are cross-sectional views at the same
point in time, Figs. 3B and 3F are cross-sectional
views at the same point in time, Figs. 3C and 3G are
15 cross-sectional views at the same point in time, and
Figs. 3D and 3H are cross-sectional views at the same
point in time.
Next, an operation of the step motor will be
described. When by energizing the coils 2 and 3 from
20 states shown in Figs. 3A and 3E, the outer magnetic
poles 18a, 18b, 18c, 18d, and 18e of the first stator
18 are excited to the N poles, the opposed portions
2la, 21b, 21c, 214, and 2le of the first auxiliary yoke
21 forming a part of the first inner magnetic poles are
25 excited to the S poles, the outer magnetic poles 19a,
19b, 19c, 18d, and 19e of the second stator 19 are

excited to the N poles, and the opposed portions 22a,



opposed to an inner periphery of the other end side of said nmagnet, and
sai d second inner magnetic pole and said first inner magnetic pol e R/AbB7067
hol | ow shaped portion in any one of said second inner magnetic pole 25 and
said first inner magnetic pole; a rotatald e rotary shaft integral with said
magnet ; and 2 6 AUG 2002 - 29 a pressurizing neans for pressurizing said
rotary shaft in the axial direction, said pressurizing neans being provided
in a holl ow shape portion of any one of said first inner magnetic pole and
said second inner 5 magnetic pole. 2. The notor according to claiml,
wherein sai d ERbst 22anek2dngaedi 22¢pobe timl sedaehdevorid iameryogyridd i ¢ pol e
have a hol | ow shaped portion 10 respectively, the one end side of said
rotary shaft Ferpdsdtiopedtapfshie $@téri HiRgedigmiretish RFLleiars | r st

i nner magnetic pole, and-the other end side of said rotary shaft is

posi ti oned ate¥&ai8efotPotiPehApeelPort Fiofh BAIRET db shd S therPRIgnkt i ¢

pole. 15 3. The _notqr accordi to, claim erein sajd _holl nw shaped
portion of safat?F?gtc?HﬂE?rﬁg %%Y+%eg%¥efés PHAS '%%b%ﬁﬁ?f
pressuriging gﬁggs fogO ressu izing3Qn§n§n§%pf said rotary shaft and the

ot her 20" end ard°rd ary's RIS proj ected beyond said hol | ow shaped

portion of <ald segppd | HRSH qugp&éfs@%g%}%ﬂmo%i@é £ 1 Ohe 4. The
not or acpordlng to clalm3, erein sai d ressuri zing neans has a spring
and a slide nggber hohnltessysigingsone @nd pic saigh r A shafds Byhe

receiving a
first stator 18 are excited to the S poles, the opposed
portions 21la, 21b, 21c, 21d, and 2le of the first

10 auxiliary yoke 21 forming a part of the first inner
magnetic poles are excited to the N poles, the outer
magnetic poles 19a, 19b, 19c, 18d, and 19e of the
second stator 19 are excited to the N poles, and the
opposed portions 22a, 22b, 22c, 22d, and 22e of the

15 second auxiliary yoke 22 forming a part of the second
inner magnetic poles are excited to the S poles, the
magnet 1 that is a rotor is further rotated
counterclockwise by 18 degrees and exhibits states
shown in Figs. 3C and 3G.

20 Then, when by reverse energization of coil 3, the
outer magnetic poles 18a, 18b, 18c, 18d, and 18e of the
first stator 18 are excited to the S poles, the opposed
portions 2la, 21b, 21lc, 21d, and 2le of the first
auxiliary yoke 21 forming a part of the first inner

25 magnetic poles are excited to the N poles, the outer
magnetic poles 19a, 19b, 19c, 18d, and 19e of the

second stator 19 are excited to the S poles, and the



bi as force of said spring. 2 6 AUG?2002 - 30 5. The notor according to
claim1, wherein a contact portion of said rotary shaft pressuri zedzvgy_\nﬁ 2007
said pressurizing nmeans is forned in a spherical shape, said contact
portion of said rotary shaft forned in-tiwe 5 spherical shape being
pressurized in a direction formng a desired angle with respect to the
axial direction with said pressurizing neans. 6. A notor conprising: 10 a
magnet formed in a cylindrical shape and alternately polarized to different
poles in the circunferential direction in at |east the outer periphery; a
first coil andpaosedopdrtdphspidwi dedbi n22he 2B axdad 2Reeefiome of said
magnet; a first outer magnetic pole excited by said first coil, said first
out er magneti éepohd Bukhdispposelet 32afovniry paraphers bie oFrc@M@ si de of
said magnet; a holl owshaped first inner magnetic pole excited 20 by said
first coil, s&rgeri R3gnphherPRhGRcEre PBTELERi FY U ISP s anthainer

peri phery of one end_side of said magnet; a second outer magnetic pole
excited by sal8988&ohdtEBFI 15s3j HOE8EohE Buf ERehemE? T2 pol e being 25

opposed Lo an guler BeLLRNSLY B 180Nl e08a %88 ¥ ts states

shown in Figs. 3D and 3H.

After that, by sequentially changing the
directions of energization of coils 2 and 3 as
mentioned above, the magnet 1 that is a rotor is

10 rotated to a position corresponding to the energization
phase.

Next, Example 2 of the present invention will be
described with reference to Fig. 5 and Fig. 6. The
same portions as in Example 1 will be denoted as the

15 same reference numerals. The concrete descriptions are
omitted. In Example 2, to reduce the working noises a
contact portion with a rotary shaft which is
pressurized was formed in a spherical shape.

Fig. 5 is an exploded perspective view of a motor

20 according to Example 2 of the present invention, and
Fig. 6 is an enlarged view of the contact portion
between an output shaft and a pressurizing means of
Fig. 5. 1In Fig. 5, the reference numeral 28 denotes a
1id, which is fixed to the first stator 18 and

25 regulates a position in a direction on one side of a
compression coil spring 27. On an end surface of a

slide member 26 is formed an inclined surface 26a



said magnet; a holl ow shaped second i nner magnetic pole excited 2 6 AUG
2002 - 31 by said second coil, said second inner magnetic pole bei®AUG 200?
opposed to an inner periphery of the other end side of said magnet; a
rotatable rotary shaft integral with saiad 5 nagnet; a bearing portion
provided in the holl ow shaped portion of said first inner nagnetic pole and
supporting said rotary shaft; and a pressurizing neans for pressurizing
said rotary 10 shaft in the axial direction, said pressurizing neans being
provided in the holl ow shape portion of said first inner magnetic pole. 7.
The notor acchbednieg tan cirgie @ Wiker 19FRRG W U5 Haddngy YEortliced df sai d
first inner magnetic pole is formed so that novenent of said pressurizing
nmeans in the BX¢a®xiR+ eCiTRmtHn f dthotZesPeRfattan bR i%%HS%d. 20 8.

The nmotor according to claim7, wherein said pressuring neans pressuri zes
one end of sa?l&erﬁcgﬁ?ﬁl hRft aiPs e %‘i%t‘é‘ﬁ% 1% %lﬂdtvfﬁl %t s

projected in the axi aé di(%ec#]ipn beybond t he hoel Iooi%/vsﬁl]%oeg .%ortie(?“r?o of said
second i nner hAgRet 72 porttdn. * D579 P rHE Ft'or® d&cor th g 18 S9N,
wherei n anothgg bearing portion for supporting the other end of
An enlarged view of the contact portion is shown
in Fig. 6. A compression coil spring 27 pressurizes an
end portion 7d of the rotor shaft 7 in the axial
direction through said slide member 26. By this
10 pressurization the rotor shaft 7 receives thrust force
and radial force due to pressure from the inclined
surface 26a of the slide member 26.
The rotor shaft 7 is rotatably pressurized against
an leading end bearing 24 side by thrust pressurization
15 and is registered with respect to a position in the
axial direction. Accordingly, the movement position of
a linear motion of a female thread, which engages with
the leadscrew portion 7a of the rotor shaft 7, is moved
stably so that a hysteresis difference due to the
20 rotary direction of rotor shaft 7 or the like does not
occur. Further, looseness between a stator inner
bearing 25 and a portion 7c¢ of the rotor shaft 7 can be
reduced and working noises are also reduced. In the
present embodiment, a pressurizing means is composed of
25 he compression coil spring 27 and the slide member 26.
Since this pressurizing means is mounted on the inner

portion 18g of the hollow cylindrical inner case 18f of



2 6 AUG 2002 - 32 said rotary shaft is provided, and the other end side of
said rotary shaft is provided with a transm ssion neans for transm tQi§ngyg 2007
power to the outside. 5 10. The notor according to claim®6, wherein a
contact portion of said rotary shaft preéslsuri zed with said pressurizing
means is fornmed in a spherical shape, said contact portion of said rotary
shaft fornmed in the spherical shape being pressurized in a direction 10
formng a desired angle with respect to the axial direction with said
pressurizing means, 11. The notor according to claim 10, wherein a contact
surface of saF@epfiEshir FLRTRT mbhnsl 049 MO B PLYHKE FA i of sai d
rotary shaft is formed with an inclined surface formng a dgg;red angl e

with respect TOYET pPaMe Cert9%%l2 (PIREDBEST i M Ton AT rotary
shaft. 20 12. A npoiLor_ conprjsing:, a magnet formed .in a cyli i_C shape
2nd ai ternatel§ por BFF SRORY bR Pine R s G SRR &
direction in I t i ry. i.rst j | a second

coi | provided@$% e&%X|§F€%%$%%B§EHHg$:%EFﬁﬁﬁ%Hﬁgt; 5’ |f§$qgﬁ?er magneti c

pol e excited Ry 68k doflLfdric#l 6 Az 20 168 oL AHe SFH Iddailoouter
magneti c pol e being opposed to an outer periphery of one end side of said
magnet; a hol1@wW shapseatdr Sinhd&bedBmGRLIAT fA &RXAilED8 are

fixed to the first stator 18, movement of the

compression coil spring 27 and the slide member 26 is

regulated with the stator inner bearing 25 even before

10 assembly of the rotor shaft 7 and does not exit the

inner portion 18g of the hollow cylindrical inner case

of the first stator 18, whereby a merit of enhancing

the working efficiency during assembly can be obtained.

Now, the fact that the thus formed step motor has

15 the best configuration in allowing a motor to become
ultra-compact will be described.

The basic configurations of a step motor are as
follows:

First, a magnet is formed in a hollow cylindrical

20 shape;

Second, an outer surface of the magnet is divided
into n parts to alternately polarize the n parts to
different poles;

Third, a first coil, a magnet and a second coil

25 are arranged in the axial direction of the magnet in

this order;

Fourth, outer magnet poles and inner magnet poles



by said first coil, said first inner magnetic pole 5 being opposed to an
i nner periphery of one end side of said nagnet; a second outer magnggifyg 2007

pol e excited by said second coil, said second outer magnetic pol e being
opposed to an outer periphery of the ot2&r -end side of 10 said magnet; a
hol | ow shaped second i nner magnetic pole excited by said second coil, said

second i nner magnetic pol e being opposed to an inner periphery of the other
end side of said magnet; 15 a rotatable rotary shaft integral with said
magnet; a first bearing portion provided in the holl ow shaped portion of
said first irferthfaghietstc Y SGS F§Fsdhishg "Oishe R SsiegEidreds ity ot ary
shaft; 20 a second bearin ortion fqr supporting.the other end side of
said rotary sH¥ tfr% e@djtcg(fp‘?cr?”t%émdﬁisalr REEHVE Yhe 75T PRESKS! ' shaped
portion of sai,d second inner _nmagnetj ol.e; and a.pressurizing neans for
pressuri zi ngato}}?e FHE P RG A dar hpesﬁé’fnteri K hE axival® ditrh%cti on, said
pressurizinglﬂg stbeing provided in the holl ow shape portion of said first
i nner magnetic gpo €.

.AAI.A.fﬁ{fl.A.Ahﬁ%&§¢¥2<¥g#§§§§%§gé@icA%mﬁQgpégg.@@rmgdA@f.éﬁ@bﬁtéy,.Ay,.A,

. Ay. Aa. A AOhS+. Ay.
) @ MNcd89>i | rdyd nhcdof] calld] Gal eRlaldealior] prlkeahedl arl aakcalkaal;cal cal ca

] ca] ca] ca] ca] ca] ca] caU] c: a] cRa] ca] ca] ca]ca] ca]calr+3fpyz Ky
Sixth, a pressurizing means for pressurizing a

rotor shaft 7 in the axial direction thereof is mounted
on an inner portion 18g of a hollow cylindrical inner
10 case of, whereby projection of the pressurizing means
from the motor body is not prevented; and
Seventh, an end surface of said pressurizing means
is formed so as to have an inclined surface thereby
pressurize the rotor shaft 7 in both thrust and radial
15 directions simultaneously.
Thus, a diameter of the step motor may have only a
size enough to allow a diameter of magnet to oppose a
stator magnet pole, and length of the step motor may
have only the length obtained by the addition of
20 lengths of the first and second coils to length of the
magnet. Thus, the size of a step motor is determined
by the diameter and length of the magnet and the coil.
Accordingly, if the diameter and length of the magnet
and the coil are decreased significantly, the step
25 motor can be formed in an ultra-compact shape.
If the diameter and length of the magnet and the

coil are decreased significantly, respectively,
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20 into n parts in the circumferential direction in the
outer periphery and then polarized alternately in the n
parts to different poles is provided, a first coil,
said magnet and a second coil are placed in the axial
direction of said magnet, a first outer magnet pole and

25 a first inner magnet pole excited with said first coil
are opposed to the outer periphery and the inner

periphery of an one end side of said magnet, and a



109y10% & ()-910% & ()-10% & ()-&L: 10% & ()- 110% & ()-10% & ()- K 2/6 A
$AEVK@ $L10% UG 2007
10&(:10% & ()-&10% & ()-$ 10% & ()-#10% & ()-99!'10% & ()-&Y10% & () - $Ua
dE:/ 10: 10:&s9 10% & ()-&710% & ()-5+1Q%W & ()- &
L10% & ()-s@10% & ()-9 *10% & () - uv7/
10: &10% & ()- "10% & ()- F10% & ()-910% & ()-fF10% & ()-! Sf109& () -
10: % dE7/ 10: &s9(10% & ()-9&10% & ()-$10% & ()-#10% & ()-&&10% & ()-"S
10% & () -"ZdE7/ .
10: &s&310% & SCO 0ty )magmeto Wad' q arg a1 GRcen@) 18neroRAgne)- 8016% &' () - 3
hbC 10: &S310% & ()-L'10% & ()- 10: 10: .
10: 9910% & ()=¥XARE &iYh sagsseqondAodRb@re opposed to the outer
10: &s, 910% & (‘g -L10% & (3 -L410% & () - MLQ% & (Q - ,
periphery and the inner periphery of the other end side
of said magnet. Therefore, according to the present
5 invention, a motor having a completely new
configuration different from a conventional motor can
be obtained. The configuration of the invention is the
best in forming a motor in an ultra-compact shape.
Further, an effective output for a motor can be

10 obtained by forming a magnet in a hollow cylindrical
shape and opposing the first and second outer magnetic
poles and inner magnetic poles on the outer periphery
and the inner periphery of the magnet formed in the
hollow cylindrical shape.

15 Further, the magnet 1 is made of a plastic magnet
material formed by injection molding. Accordingly, the
radial thickness of the cylindrical magnet can be
formed in a significantly thin level. Thus, the
distance between the outer magnetic poles 18a and 18b

20 and the inner magnetic poles 18c and 18d of the first
stator 18 can be significantly decreased, and magnetic
resistance in a magnetic circuit formed by the coil 2
and the first stator 18 can be decreased. Also, the
distance between the outer magnetic poles 19a and 19b

25 and the inner magnetic poles 19c¢c and 19d of the second

stator 19 can be significantly decreased, and magnetic

resistance in a magnetic circuit formed by the coil 3



%008{‘05 & (() )/- ;&1?;/5 & (/) - " YdEbC
: 9% & ()-10% & ()-310% & ()-10% & ()-10% & ()-910% & () -
10: &s@ ! 10% & () -s*" 10% & () - &10% & () - 5ibv & () - oo & () - 9 ﬁ%@%ﬂ”“&w
sebc 10, sorios ) 53 a0t () Smerest)saniona 0 o doa )
. (0] -1 : % &' _1000 ' _ % & o % & _ N N
18\/\2 (19%(; ()/-q?g{dEbC E510% & 0 & ()-,Fl0% & ()-"' 10% & ()- 10" 10
% & 10% & ()-" 10% & ()-910% & () - 10% & 10% & . &s"
10% & ()-9! 10% & () - Y10% & () - F10% & 8 10% & g% 10% &'& ) g\éggtéc 1088
10: &s. 10% & (Endt @he’ &d( prategos& Epn( kE09s %?5%300/‘ & ()-%$10% & () -
SR S o i
1 n ! 0, !
10% & ()-' 10% & () -/ HaBbC CPepRoReTtr™ fl 0ogs (-
10: 1 nl ( 10% &3 -G EARVPLs @F0HPENEI 11 694 (FPPIBOY &2T) Inererss9e: ()-i

IOPIOR | 10: 1 .
109/ 8 OB ,%%%%5 . l%?n&.p%%xé%%ggl%“c%og) ahBY5

10: | s@Q%E () - SL10YBE ().~ - 9 - o5& ()"
RSag] (@PL0: | PHOMRE A EO] 1%/%?) ool P P RleE () o1 2008 () ls

10%&' () - RP$$%0 /@/@/Fi,e 5%)% Y& i
Q%&' 0)-S, .10%& - Q{’Eﬁ&' %6&3&10%3' (fdsgfo%é'lfflmg' ~ @
10: 1 &10% 0& O c?‘[loc’ﬁé)&ne@né-t @Q%a&i® = rotor by press-fitting.

Since the magnet 1 is composed of a plastic magnet
formed by injection molding, a crack does not occur

10 even by assembly by press-fitting. Further, even such
a complicated shape of the magnet 1 as to have the
contact portion lw having a small diameter can be
easily produced. Further, since the output shaft 7 and
the magnet 1 are assembled and fixed to each other,

15 assembly thereof is easy and they can be produced at
low cost.

The thrust and radial looseness for the rotor
shaft 7 can be removed with a pressurizing means for
pressurizing the rotor shaft 7 in the axial direction.

20 By removing the thrust looseness for rotor shaft 7, the
movement position of a linear motion of a female
thread, which engages with the leadscrew portion 7a of
the rotor shaft 7, is moved stably so that a hysteresis
difference due to the rotary direction of rotor shaft 7

25 or the like does not occur. Further, by removing the
radial looseness for rotor shaft 7, working noises can

be reduced. In this case, since a pressurizing means
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O the ho %oncyli%d%igél ingerlgége&lg% of the first
stator 18, it does not protrude from the motor body or
5 lose a compactness of motor. Further, by forming an
inclined surface on an end surface of the slide member
26 and forming a spherical surface on a end surface of
the rotor shaft 7 which contacts the inclined surface,
thrust and radial forces can be imparted to the rotor
10 shaft in a very simple configuration. Further, if,
after mounting the compression coil spring 27 and the
slide member 26 on the inner portion 18g of the hollow
cylindrical inner case 18f of the first stator 18, the
stator inner bearing 25 and the 1lid 28 are fixed to the
15 first stator 18, movement of the compression coil
spring 27 and the slide member 26 is regulated with the
stator inner bearing 25 even before assembly of the
rotor shaft 7 and does not exit the inner portion 18g
of the hollow cylindrical inner case of the first
20 stator 18, whereby a merit of enhancing the working
efficiency during assembly can be obtained.
Further, even if the pressurizing means composed
of the compression coil spring 27 and the slide member
26 imparted a side pressure to the rotor shaft 7
25 without pressurizing the rotor shaft 7 correctly in the

axial direction, a portion of the rotor shaft 7, which

is pressurized, is supported with the stator inner
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side pressure cam be prevented to a low level and
looseness for the rotor shaft and a side pressure
5 imparted to a bearing and the like can be prevented to
minimum, whereby an output of the motor can be

stabilized and generation of working noises can be

decreased.
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a first coil and a second coil provided in the
axial direction of said magnet;

a first outer magnetic pole excited by said first

10 coil, said first outer magnetic pole being opposed to
an outer periphery of one end side of said magnet;

a first inner magnetic pole excited by said first
coil, said first inner magnetic pole being opposed to
an inner periphery of one end side of said magnet;

15 a second outer magnetic pole excited by said
second coil, said second outer magnetic pole being
opposed to an outer periphery of the other end side of
said magnet;

a second inner magnetic pole excited by said

20 second coil, said second inner magnetic pole being
opposed to an inner periphery of the other end side of
said magnet, and said second inner magnetic pole and
said first inner magnetic pole having a hollow-shaped
portion in any one of said second inner magnetic pole

25 and said first inner magnetic pole;

a rotatable rotary shaft integral with said

magnet; and
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2. The motor according to claim 1, wherein said
first inner magnetic pole and said second inner
magnetic pole have a hollow-shaped portion

10 respectively, the one end side of said rotary shaft is
positioned at said hollow-shaped portion of said first
inner magnetic pole, and the other end side of said
rotary shaft is positioned at said hollow-shaped
portion of said second inner magnetic pole.

15

3. The motor accoxrding to claim 2, wherein said
hollow-shaped portion of said first inner magnetic pole
is provided with said pressurizing means for
pressurizing one end of said rotary shaft and the other

20 end of said rotary shaft is projected beyond said
hollow-shaped portion of said second inner magnetic

pole in the axial direction.

4. The motor according to claim 3, wherein said
25 pressurizing means has a spring and a slide member for
pressurizing one end of said rotar shaft by receiving a

bias force of said spring.
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said contact portion of said rotary shaft formed in the
5 spherical shape being pressurized in a direction
forming a desired angle with respect to the axial

direction with said pressurizing means.

6. A motor comprising:

10 a magnet formed in a cylindrical shape and
alternately polarized to different poles in the
circumferential direction in at least the outer
periphery;

a first coil and a second coil provided in the

15 axial direction of said magnet;

a first outer magnetic pole excited by said first
coil, said first outer magnetic pole being opposed to
an outer periphery of one end side of said magnet;

a hollow-shaped first inner magnetic pole excited

20 by said first coil, said first inner magnetic pole
being opposed to an inner periphery of one end side of
said magnet;

a second outer magnetic pole excited by said
second coil, said second outer magnetic pole being

25 opposed to an outer periphery of the other end side of
said magnet;

a hollow-shaped second inner magnetic pole excited
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portion of said first inner magnetic pole and
supporting said rotary shaft; and
a pressurizing means for pressurizing said rotary
10 shaft in the axial direction, said pressurizing means
being provided in the hollow-shape portion of said

first inner magnetic pole.

7. The motor according to claim 6, wherein said
15 bearing portion of said first inner magnetic pole is
formed so that movement of said pressurizing means in
the axial direction of said rotary shaft can be

regulated.

20 8. The motor according to claim 7, wherein said
pressuring means pressurizes one end of said rotary
shaft and the other end of said rotary shaft is
projected in the axial direction beyond the hollow-
shaped portion of said second inner magnetic portion.

25

9. The motor according to claim 8, wherein

another bearing portion for supporting the other end of
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said contact portion of said rotary shaft formed in the
spherical shape being pressurized in a direction

10 forming a desired angle with respect to the axial

direction with said pressurizing means.

11. The motor according to claim 10, wherein a
contact surface of said pressurizing means with the
15 contact portion of said rotary shaft is formed with an
inclined surface forming a desired angle with respect
to a plane vertical to the axial direction of said

rotary shaft.

20 12. A motor comprising:

a magnet formed in a cylindrical shape and
alternately polarized to different poles in the
circumferential direction in at least the outer
periphery:

25 a first coil and a second coil provided in the
axial direction of said magnet;

a first outer magnetic pole excited by said first
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coil, said first outer magnetic pole being opposed to
an outer periphery of one end side of said magnet;

a hollow-shaped first inner magnetic pole excited
by said first coil, said first inner magnetic pole

5 being opposed to an inner periphery of one end side of
said magnet;

a second outer magnetic pole excited by said
second coil, said second outer magnetic pole being
opposed to an outer periphery of the other end side of

10 said magnet;

a hollow-shaped second inner magnetic pole excited
by said second coil, said second inner magnetic pole
being opposed to an inner periphery of the other end
side of said magnet;

15 a rotatable rotary shaft integral with said
magnet;

a first bearing portion provided in the hollow-
shaped portion of said first inner magnetic pole and
supporting one end side of said rotary shaft;

20 a second bearing portion for supporting the other
end side of said rotary shaft projected in the axial
direction beyond the hollow-shaped portion of said
second inner magnetic pole; and

a pressurizing means for pressurizing one end of

25 said rotary shaft in the axial direction, said
pressurizing means being provided in the hollow-shape

portion of said first inner magnetic pole.



