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Mot or and Advanci ng Device BACKGROUND OF THE | NVENTI [oIo¥
Field of the Invention 5 The present invention relates to a
of an “ultra conpact .size and an advanci ng devi ce utidrzil®34 us
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the ultra conpact nmotor for |ens advancenent. Rel at ed Background Art
In the field of conpact notors, there is for 10 exanpl e known a conpa

cylindrical

stator coils are

st eppi ng notor as shown in Fig. 31. In such notor,

in t he axi al directionMaxtoweemnd vslvanaing \Rsekce 06. The
stator yokes 106 are provided with stator teeth 106a
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BACKGROUND OF THE INVENTION \._LEACLD

Field of the Invention

The present invention relates to a.motor of an
ultra compact size and an advancing device utilizing
the ultra compact motor for lens advancement.

Related Background Art

In the field 6f compact motors, there is for
ekample known a compact cylindrical stepping motor as
shown in Fig. 31. In such motor, stator coils are
wound on bobbins 101, which are supported and fixed in
the axial direction between two stator yokes 106. The
stator yokes 106 are provided with stator teeth 106a
and 106b which are alternately arranged along the
internal circumference of the bobbins 101. The stator
yokes 106 integral with the stator teeth 106a, 106b are
fixed in cases 103 to constitute stators 102.

In one of the two cases 103 there are fixed a
flange 115 and a bearing 108, while another bearing 108
is fixed on the other case 103. A rotor 109 is
composed of rotor magnets 111 fixed on a rotor shaft
110, and the rotor magnets 111 constitute radially
extended gaps with the stator yoke 106a. The rotor
shaft 110 is rotatably supported between the two
bearings 108. The Japanese Patent Laid-open
Application No. 3-180823 discloses the use of such
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wound on bobbi ns 101, which are supported and fi xed




15 and 106b which are alternately arranged al ong the I nt er nal

circunference of the bobbins 101. The stator yokes 106 integral wth
the stator teeth 106a, 106b are fixed in cases 103 to constitute
stators 102. In one of the two cases 103 there are fixed a 20
flange 115 and a bearing 108, while another bearing 108 s fixed on
the other case 103. A rotor 109 is conposed of rotor magnets 111
fixed on a rotor shaft 110, and the rotor magnets 111 constitute
radially conpecndedteppd ng motolre ist drdvipgke tederallensgt oy 25

shaft 110 is rotatably supported between the two bearings 108. The
Japanese Pat enPosditdondag an arcashapest iSdiePRdng3 mpdee? algingsisieed t he use
of such - 2- conpact stepping

motor in dr|V|R&Q§QE%h%WSIL9Q§ qurotate a female screw by the output
shaft of the stepping motor, thereby displacing, in the

5 axial direction, a male screw fixed to a lens holder
supporting the phototaking lens.
However the conventional compact stepping motor
mentioned above has been associated with a drawback of
a large external dimension of the motor because the

10 cases.lOS, the bobbins 101, the stator coils 105 and
the stator yokes 106 are concentrically provided around
the rotor. Also the output of such motor is relatively
limited because the magnetic flux generated by the
energization of the stator coils 105 principally passes

15 between an end face 106al of the statdr tooth 106a and
that 106bl of the stator tooth 106b as shown in Fig. 32
and it does not effectively applied to the rotor
magnets 111.

Also in the conventional lens advancing device,

20 the arc-shaped stepping motor, positioned around the
lens, occupies a large area in the circumferential
direction, so that it becomes difficult to position
other mechanisms, such as an actuator for driving the
shutter, in a same plane.

25
SUMMARY OF THE INVENTION

In consideration of the foregoing, an object of



positioning an arc-shaped stepping notor al ongside a phot ot aki ng | ens
to,rotate a femal e screw by the output shaft of the stepping notor,
thereby di splacing, in the 5 axial ditegtion, a male screw fixed to a

| ens hol der supporting the phototaking | ens. However the
conventional conpact stepping notor menti oned above has been

associ ated with a drawback of a large external dinension of the notor
because the 10 cases 103, the bobbins 101, the stator coils 105 and

the stator yokethelgregant dnventiamlisy ﬁﬂ@ﬁ%@%@br\dtra compAct ot or .

Al so the output of such notor is relatively i mted because the
magnetic flux deatamial Hpavad confiBduyatdiomation of the stator coils 105
principally passes 15 bet ween an end face 106al, of the stator tooth 106a

and that 1064\ndheneRieqtyof dﬁ’teh DRSS WS S9P Fi]). T2
and it does not effect |veI I|ed t r ot ts 111.
Al'so in the coRRN 1éﬁ§%§ A iy contigliH¥ich

5 allow1ng easy manufacture.

Still another object of the present invention is
to provide a motor having a high driving force despite
of a compact configuration.

Still another ébject of the present invention is

10 to provide a compact lens advancing device.

Still other objects of the present invention, and

the features thereof, will become fully apparent from

the following description of the embodiments.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exploded perspective view of a
stepping motor constituting an embodiment 1 of the
present invention;
Fig. 2 is a cross-sectional view, in the assembled
20 state, of the stepping motor shown in Fig. 1;
Figs. 3A, 3B, 3C, 3D, SE, 3F, 3G and 3H are views
explaining the rotating operation of the stepping motor
shown in Fig. 2;
Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G and 4H are views
25 explaining the rotating operation of a stepping motor
of an embodiment 2 of the present invention;

Fig. 5 is an exploded perspective view of a



20 t he arc-shaped stepping notor, positioned around the | ens,

occupies a large area in the circunferenti al direction, so that it
becomes difficult to position ot hergnechani sns, such as an actuator
for driving the shutter, in a same plane. 25 SUMVARY COF THE
| NVENTI ON In consideration of the foregoing, an object of
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invention;

Fig. 6 is a cross-sectional view of a stepping
motor of an embodiment 4 of the present invention;

Fig. 7 is a cross-sectional view of the stepping
motor shown in Fig. 6, along a line 7-7 therein;

Fig. 8 is a cross-sectional view of the stepping
motor shown in Fig. 6, along a line 8-8 therein;

Fig. 9 is an exploded perspective view of an
advancing device for displacing the phototaking lens,’
employiﬁg the stepping motor of the foregoing
embodiments;

Fig. 10 is a cross-sectional view of a third yoke
in a stepping motor of an embodiment 5 of the present
invention;

Fig. 11 is a cross-sectional view of the stepping
motor shown in Fig. 10, along a line 11-11 therein:

Fig. 12 is a perspective view of the third yoke in
the stepping motor shown in Fig. 10;

Fig. 13 is a cross-sectional view of a stepping
motor of an embodiment 6 of the present invention:

Fig. 14 is a cross-sectional view of the stepping
motor shown in Fig. 13, along a line 14-14 therein:;

Fig. 15 is a perspectivé view of the third yoke in
the stepping motor shown in Fig. 13;

Fig. 16 is an exploded perspective view of a

stepping motor of an embodiment 7 of the present

5



to provide a notor having a high driving force despite of a conpact
configuration. Still another object of the present invention is
10 to provide a conpact |ens advanci ng-dgvice. Still other
obj ects of the present invention, and the features thereof, wll
beconme fully apparent from the follow ng description of the
enbodi nent s. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS ~ Fig. 1
i s an expl oded perspective view of a steppi ng notor constituting an
enbodi nent 1 ofirtvemtion; present invention; Fig. 2is a
cross-sectional view, in the assenbled 20  state, of the stepping notor
shown in Fig. 1; Fig. 17 isigyer@s-SRtizmaByiaE 3F,ti8s and 3H are
Vi ews explaining the rotating operation of the stepping notor
shown in Fig. Assembled state; f '9()@, SHSPRANY AP tOE shgwn 4D FHP4H ar e
Vi ews
16;
5 Fig. 18A, 18B, 18C, 18D, 18E, 18F, 18G and 18H are
views explaining the rotating operation of the stepping
motor shown in Fig. 17;
Figs. 19A, 19B, 19C, 19D, 19E, 19F, 19G and 19H .
are views explaining the rotating operation of a
10 stepping motor of an embodiment 8 of the present
invention;
Fig. 20 is an exploded perspective view of a
stepping motor of an embodiment 9 of the present
invention;
15 Fig. 21 is a cross-sectional view, in the
assembled state, of the stepping motor shown in Fig.
20;
Figs. 22A, 22B, 22C, 22D, 22E, 22F, 22G and 22H
are views explaining the rotating operation of the
20 stepping motor shown in Fig. 21;
Fig. 23 is an exploded perspective view of a
stepping motor of an embodiment 10 of the present
invention;
Fig. 24 is a cross-sectional view, in the
25 assembled state, of the stepping motor shown in Fig.

23;

Fig. 25 is a cross-sectional view of the



25 explaining the rotating operation of a stepping notor of an

enbodi nent 2 of the present invention, Fig. 5 is an expl oded
perspectlve view of a - 6 - -4-

st eppi ng notor of an enbodi nent 3 of the pr esent i nventi on

Fig. 6 is a cross-sectional view of a stepping not or of an enbodi nent
4 of the present invention; 5 Fig. 7 is a cross-sectional view of
t he stepping nmotor shown in Fig. 6, along a line 7-7 therein;

Fig. 8 is a crempatinennd, whaviog tthe siamgamigon withgthg shown in Fig.
‘6, along a line 8-8_therein; Fig. 9 is an expl oded perspective

= view of an 10 embomeRt MfPdevi ce for di spl aci ng the photot aking I ens,

enpl oying the StepW%%%fn%énléﬁat£§§Jf¥ éﬁ”rgkspectlve view of the

rotor of the stepping motor shown in Fig. 24;

5 Figs. 27A and 27B are views showing a first state
of the relationship between the first and second
magnetized layers of the rotor and the first and second
yokes of the stepping motor shown in Fig. 24;

Figs. 28A and 28B are views showing a second state

10 of the relationship between the first and second
magnetized layers of the rotor and the first and second
yokes of the stepping motor shown in Fig. 24;

Figs. 292 and 29B are views showing a third state

of the relationship between the first and second
15 magnetized layers of the rotor and the first and second
yvokes of the stepping motor shown in Fig. 24;

Figs. 30A and 30B are views showing a fourth state
of the relationship between the first and second
magnetized layers of the rotor and the first and second

20 yokes of the stepping motor shown in Fig. 24;

Fig. 31 is a cross-sectional view of a
conventional stepping motor; and

Fig. 32 is a view showing the magnetic flux in the
conventional stepping motor shown in Fig. 31.

25
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now the present invention will be clarified in



enbodi nent s; | Fig. 10 is a cross-sectional view of a third yoke

in a stepping notor of an enbodinment 5 of the present 15 I nventi on;
Fig. 11 is a cross-sectional view of the stepping not or shown in
Fig. 10, along a line 11-11 therein; Fig. 12 is a perspective
view of the third yoke in the stepping nmotor shown in Fig. 10; 20
Fig. 13 is a cross-sectional view of a stepping not or of an

enbodi mrent 6 of the present invention; Fig. 14 is a
cross-secti onaldetisdd &y Eembosiigemtsy thereof ,nesthowrs Howthen afitachE®] al ong a
1line 14-14 therein,; Fig. 15 is a perspective view of the third
yoke in 25 drigeidgsppi ng notor shown in Fig. 13; Fig. 16 is
an expl oded perspective view of a st eppi ng notor of an enbodi nent 7
of the present [Embodiment 1]

Figs. 1 to 3H illustrate the stepping motor of an
5 embodiment 1 of the present invention, and are
respectively an exploded perspective view of the
stepping motor, a cross-sectional view in the axial
direction in the assembled state thereof, and-cross- .
sectional views along lines A-A and B-B in Fig. 2.

10 Referring to Figs. 1 to 3H, a hollow cylindrical
magnet 1 constituting the rotor is circumferentially
divided, on the external periphery thereof, into
alternately magnetized in portions (4 portions 1la, 1b,
lc, 14 in the present embodiment), in which portions la

15 and 1b are magnetized as S poles and portions lc and 1d
are magnetized as N poles. An output shaft 7
constituting the shaft of the rotor is fixed to the
magnet 1. The rotor is constituted by the output shaft
7 and the magnet 1. Coils 2, 3 are provided

20 concentrically with the above-mentioned magnet 1, in
positions axially sandwichipg the magnet 1, and have an
external diameter approximately equal to that of the
magnet 1.

First and second stators 18, 19 composed of a soft

25 magnetic material, are positioned with mutual
displacement of 180°/n or 45°. Each of the first and

second stators 18, 19 is composed of an outer tube and



- 5- I nvention; Fig. 17 is a cross-sectional view, in

t he assenbl ed state, of the stepping motor shown in Fig. 16; 5
Flg 18A, 18B, 18C, 18D, 18E, 18F, 18G and818H are vi ews expl ai ni ng
the rotating operation of the stepping notor shown in Fig. 17;

Figs. 19A, 19B, 19C, 19D, 19E, 19F, 19G and 19H are views expl aining
the rotating operation of a 10 stepplng not or of an enbodi nent 8 of the
pr esent i nventi on; Fig. 20 is an_ex Ioded ers ectlve

view of a an siRRRF bRt orBYFWeRP e%o‘?‘ﬁ'é?'ﬁ anrinper

o 18 e o o NG TACH 4 o ! Wi,
under current supply, magnetizes the first stator 18.
The outer and inner tubes of the first stator 18

5  constitute, at an end portion thereof, outer magnetic

poles 18a, 18b and inner magnetic poles 18c, 18d. The
inner magnetic poles 18c, 184 are mutually displaced by
360°/(n/2) or 180° in order to assume a same phase.
The outer magnetic pole 18a is provided in a position

10 opposed to the inner magnetic pole 18c, and the outer
magnetic pole 18b is provided in a position opposed to
the inner magnetic pole 18d.

The outer magnetic poles 18a, 18b and the inner
magnetic poles 18c, 18d of the first stator 18 are

15 provided in positions respectively opposed to the
external and internal peripheries at an end portion of
the magnet 1, so as to sandwich such end portion of the
magnet 1. An end of the rotary shaft 7 is rotatably
fitted in a hole 18e of the first stator 18.

20 Between the outer and inner tubes of the second
stator 19 there is provided a coil 3, which, under
current supply, magnetizes the second stator 19. The
outer and inner tubes of the second stator 19
constitute, at an end portion thereof, outer magnetic

25 poles 19a, 19b and inner magnetic poles 19c¢, 19d. The
inner magnetic poles 19c, 194 are mutually displaced by

360°/(n/2) or 180° in order to assume a same phase.



20; Figs. 22A, 22B, 22C, 22D, 22E, 22F, 22G and 22H are

views explaining the rotating operation of the 20 st eppi ng notor shown
in Fig. 21; Fig. 23 is an explgded perspective view of a

st eppi ng notor of an enbodi ment 10 of the present i nvention

Fig. 24 is a cross-sectional view, in the 25 assenbl ed state, of the
st eppi ng notor shown in Fig. 23; Fig. 25 is a
cross-sectional view of the - 6-

enbodi mrent 9, dSheniowteirhaagmatdid pmlenilida tilke providesihbiodiarpusilfion

opposed to the inner magnetic pole 19c, and the outer
magnetic pole 19b is provided in a position opposed to
the inner magnetic pole 19d. The outer magnetic poles

5 19a, 19b and the inner magnetic poles 19c, 19d of the
second stator 19 are provided in positions respectively
opposed to the external and internal peripheries at the
other end portion of the magnet 1, so as to sandwich
such the other end portion of the magnet 1. The other

10 end of the rotary shaft 7 is rotatably fitted in a hole
19e of the second stator 19.

Consequently the magnetic flux generated by the
coil 2 crosses the magnet 1 between the outer magnetic
poles 18a, 18b and the inner ones 18c, 18d, thus

15 effectively acting on the magnet 1 constituting the
rotor. leo the magnetic flux generated by the coil 3
crosses the magnet 1 between the outer magnetic poles
19a, 19b and the inner ones 19c, 194, thus effectively
acting on the magnet 1 and increasing the output of the

20 motor.

A coupling ring 20, composed of a cylindrical
member of a non-magnetic material, is provided, at an
end on the internal periphery, with grooves 20a, 20b,
and at the other end, with grooves 20c, 204 which is

25 displaced in phase by 45° from the grooves 20a, 20b.
The outer magnetic poles 18a, 18b of the first stator

18 are fitted in the grooves 20a, 20b while.the outer



Fig. 26 is a magnified perspective view of the rotor of the stepping

notor shown in Fig. 24; 5 Figs. 27A and 27B are views showi ng a
first state of the relationship between the first and second

magneti zed | ayers of the rotor and the first and second yokes of the
steppi ng notor shown in Fig. 24 Figs. 28A and 28B are views
showi ng a second state 10 of the relationship between the first and
second magneti zed | ayers of the rotor and the first and second

yokes of the steggneticnpakeshifia i¥PFigf the second statorikfy ar®A and 29B
‘are views showing a third state of the relationship between the first

and second 15 fitRfhein 7P |IRRIEH2A%e 304 AndriPenEFTYAd RATESRDNd
R N (NN C—.) Ry Y L
(LSt 20,700 speofBUSHAR 1EYSLS f 0 SSUSLATTELAS 407 StoR07,, |
3lis a Crgss-8§§¥ééwg%dvgég%ég ftators 18, 19 are so fixed on the’
coupling ring 20 that the ends of the outer magnetic
poles 18a, 18b and the inner magnetic poles 18c, 184
are respectively opposed to those of the outer magnetic
poles 19a, 19b and the inner magnetic poles 19c¢c, 194
10 and that the outer magnetic poles 18a, 18b and those
19a, 19b are mutually separated by the width of
internal projections 20e, 20f of the coupling ring 20.
Fig. 2 is a cross-sectional view of the stepping
motor, and, in Figs. 3A, 3B, 3C and 3D are cross-
15 sectional views along a line A-A in Fig. 2, while Figs.
3E, 3F, 3G and 3H are cross-sectional views along a
line B-B in Fig. 2. In Figs. 3A and 3E are cross-
sectional views at a same timing, also Figs. 3B and 3F
are those of a same timing, Figs. 3C and 3G are those
20 of a same timing, and Figs. 3D and 3H are also those of
a same timing.
In the following there will be explained the
function of the stepping motor of the present
embodiment. In a state shown in Figs. 3A and 3E, the
25 coils 2 and 3 are so energized to magnetize the outer
magnetic poles 18a, 18b of the first stator 18 as N

poles, the inner magnetic poles 18c, 184 as S poles,



conventional stepping notor; and Fig. 32 is a view showi ng the

magnetic flux in the conventional stepping notor shown in Fig. 31.
25 DESCRI PTI ON OF THE PREFERRED EMBOD-NVENTS Now t he
present invention will be clarified in

-7- detail by enbodi ments thereof, shown in the attached

dr awi ngs. [ Enbodi nent 1] Figs. 1 to 3Hillustrate
the stepping nmotor of an 5 enbodi mrent 1 of the present invention, and
are r esp&bei euteramagrgitdégepopesspfat i +8bypéwtbe sgeond stadpappi ng

nmotor, a cross-sectional viewin the axial .
9 as S poles and the inner magnetic poles 19c¢, 194 as

N poles, whereby the magnet 1 constituting the rotor
rotates counterclockwise by 45° to reach a state shown
5 in Figs. 3B and 3F.

Then the current supply to the coil 2 is inverted
to magnetize the outer magnetic poles 18a, 18b of the
first stator 18 as S poles, the inner magnetic poles
18c, 184 as N poles, the outer magnetic poles 19a, 19b

10 of the second stator 19 as S poles and the inner
magnetic poles 19c, 194 as N poles, whereby the magnet
1 constituting the rotor further rotates
counterclockwise by 45° to reach a state shown in Figs.
3C and 3G.

15 Then the current supply to the coil 3 is inverted
to magnetize the outer magnetic poles 1%a, 19b of the
second stator 19 as S poles, the inner magnetic poles
19¢c, 194 as N poles, the outer magnetic poles 18a, 18b
of the first stator 18 as S poles and the inner

20 magnetic poles 18c, 184 as N poles, whereby the magnet
1 constituting the rotor further rotates
counterclockwise by 45° to reach a state shown in Figs.
3D and 3H. Thereafter the current supplies to the
coils 2, 3 are switched in succession whereby the

25 magnet 1 of the rotor rotates to positions
corresponding to the phases of the current supply.

In the following there will be explained why the



direction in the assenbled state thereof, and cross- sectional views
along lines A-A and B-Bin Fig. 2. 10 Referring to Figs. 1 to 3H, a
hol | ow cyl i ndri cal magnet 1 constituytgd ng the rotor is
circunferentially di vided, on the external periphery thereof, into
alternately magnetized in portions (4 portions la, IDb, 1c, 1d in the
present enbodi nent), in which portions la 15 and | b are magneti zed as S
pol es and portions 1c and Id are magneti zed as N pol es. An out put
shaft 7 aloonee texplaipedcortigurdtion kpteptinu ised reptiming

magnet 1. The rotor is constituted by the output shaft 7 and the
magnet 1. Coil sa2,uBtza ecqmpAdtegitepming ReFRIentrical ly with the

above-nenti oned nagnet 1, in positions_axially sandw chi { he
magnet 1, and have aFhe basic e‘i‘t’%ﬁwr%ﬁ’eﬁ%t%ﬁ ?ﬁpr%@&?&’t’éﬂf‘% 1% 0 t hat
of the net 1 First and second stators 18, 19
conposed of a s uEE@ byma.gnetlc material, are positioned w th nutual

o3Py acermgt"ofy JOOLECTLLT S R FAED PLolibdd St B megmoe,

2) alternate magnetization of n portions, formed by
dividing the external periphery of the magnet;

3) arrangement of the first coil, the magnet and the
second coil in the axial direction of the magnet; and

10 4) outer and inner magnetic poles of the first and
second stators, respectively magnetized by the first
and second coils, being so positioned as to
respectively oppose to the external and internal
peripheries of the magnet.

15 Consequently the present stepping motor only
requires a diameter allowing to position the magnetic
poles of the stators outside the diameter of the
magnet, and an axial length equal to the sum of the
length of the magnet and those of the first and second

20 coils. As the dimension of the stepping motor is thus
determined by the diameter and the length of the magnet
and the coils, the motor can be made ultra compact by
minimizing such diameter and length.

Such minimization of the diameter and the length

25 of the magnet and the coils renders it difficult to
maintain the accuracy of the output of the stepping

motor, but this difficulty is avoided by a simple



second stators 18, 19 is conposed of an outer tube and

- 8- an inner tube. Between the outer and inner tubes of t he
first stator 18 there is provided a coil. 35 which, under current
supply, magnetizes the first stator 18. The outer and inner tubes of
the first stator 18 5 constitute, at an end portion thereof, outer
magneti c pol es 18a, 18b and i nner nagnetic poles 18c, 18d. The

i nner magnetic poles 18c, 18d are mnutually di spl aced by

360[err]/(n/2) syrudflss rdf ifommidry the assjieet alrstorea Helkow The outer
magnetic pole 18a is provided in a position 10 opposed to the inner
magneti c pol e I8dimhrdiddile shape and so puojinetorcinmw!the 8uter parodi ded in a
position opposed to t he i nner nagnetic pole 18d.

inner magnetic poles of the first and second stators as

to be respectively opposed to the external and internal
5 peripheries of the magnet of such hollow cylindrical

shape. The output of the motor can be made more

efficient by magnetizing not only the external

periphery of the magnet but also the internal periphery

thereof, as in the embodiment 2 to be explained later.
10 [Embodiment 2]

Figs. 4A to 4H illustrate an embodiment 2 of the
present invention. In the foregoing embodiment 1 of
the present invention, the magnet 1 constituting the
rotor is circumferentially divided into n portions and

15 alternately magnetized on the external periphery
thereocf, but, in the present embodiment 2, the magnet 1
constituting the rotor is circumferentially divided,
not only on the external periphery thereof but also on
the internal periphery, into n portions (4 portions in

20 the present embodiment) and alternately magnetized into
S and N, in order to improve the output efficiency of
the motor. Each portion on the internal periphery of
the magnet 1 is magnetized in opposite manner to the
adjacent portion on the external periphery thereof.

25 More specifically the internal periphery portions
corresponding to the magnetized portions 1la, lc are

magnetized as N poles while those corresponding to the



The outer magnetic poles 18a, 18b and the inner magneti c pol es 18c,
18d of the first stator 18 are 15 provided in positions respectively
opposed to the external and intecnghh peripheries at an end portion
of the magnet 1, so as to sandw ch such end portion of the

magnet 1. An end of the rotary shaft 7 is rotatably fitted in a hole
18e of the first stator 18. 20 Bet ween the outer and inner tubes
of the second stator 19 there is provided a coil 3, which, under
current suppl y magngidiziede porrdonscdbd ddaese wagrpRdzed as SopedeSand i nner
tubes of the second stator 19 . constitute, at an end portion thereof,
outer magneti c Im¥he prgseat) emboddgenty 2, nsdncRadied: P30l 19c, 19d.

P B et PRE o N
-9 also the internal periphery thereof are
5 circumferentially divided into n portions and
alternatly magnetized as N and S poles, the output of
the motor can be increased by the relationship between
the internal periphery of the magnet 1 and the inner .
magnetic poles 18c, 18d of the first stator 18 and

10 those 19c, 194 of the second stator 19.

[Embodiment 3]

Fig. 5 illustrates an embodiment 3 .of the present
invention. In contract to the foregoing embodiment 1
where the outer and inner tubes are integrally formed

15 in each of the first and second stators 18, 19, the
outer and inner tubes in the present embodiment 3 are
separately formed in each of the first and second
stators 18, 19 as shown in Fig. 5. More specifically,
the inner tube of the first stator 18 constitutes,

20 together with the inner magnetic poles 18c, 184 at the
end thereof, a first yoke 18,, while the outer tube of
the first stator 18 constitutes, together with the
outer magnetic poles 18a, 18b at the end thereof, a
third yoke 18,. Also the inner tube of the second

25 stator 19 constitutes, together with the inner magnetic
poles 19c, 19d at the end thereof, a second yoke 19,,

while the outer tube of the second stator 19



The outer magnetic pole 19a is provided in a position opposed to the
i nner magnetic pole 19c, and the outer magnetic pole 19b is provided
in a position opposed to the i nner- magnetic pole 19d. The outer
magnetic poles 5 19a, 19b and the inner magnetic poles 19c, 19d of the
second stator 19 are provided in positions respectively opposed to
the external and internal peripheries at the ot her end portion of the
magnet 1, so as to sandw ch such the other end portion of the nagnet
1. The other X®nsthikbtss t eogetthey witd tthe icutex aagngtid tpakkesn a hol e
19e of the second stator 19. Consequently the magnetic fl ux
generated by tHéa, 19b g |the @nssdenant neynterth akeek?-he Adgoedn
nmagneti c pol es 18a, 18b and the inner ones 18c, 18d, thus 15
effectively act‘mﬁg bedimerignt the hRgRtd (RE tFhe Totor mawmbe Al so t he

magnetic flux generated b co crosses fhe magpet 1 between
t he outer magné’c’r’ic rYtlaqu.y d:l.v:.ded into n portions ar(t:]é‘|

5 alternately magnetized in N and S not only on the
external periphery but also on the internal periphery
as in the embodiment 2, thereby effectively increasing
the output of the motor.

[Embodiment 4]

10 Figs. 6 to 8 illustrate the stepping motor of an
embodiment 4 and are respectively a longitudinal cross-
sectional view of the stepping motor, a transversal
cross-sectional view along a line 7-7 in Fig. 6 and a
transversal cross-sectional view along a line 8-8 in

15 Fig. 6.

Referring to Figs. 6 to 8, a magnet ring 1 is
composed of a ring-shaped permanent magnet, which, as
shown in Figs. 7 and 8, is circumferentially divided
into four equal portions and magnetized alternately

20 into N and S poles in the radial direction.

Coils 2, 3 are provided coaxially with the magnet
ring 1, in positions on both sides thereof.

A first yoke 4, consisting of a soft magnetic
material, is provided with a tubular magnetic pole

25 portion 4a which is inserted into the interior of the

coil 2 and opposed to the internal periphery of the

magnet ring 1.



19a, 19b and the inner ones 19c, 19d, thus effectively ‘acting on the
magnet 1 and increasing the output of the 20 not or . A
coupling ring 20, conposed of a cylindricale - menber of a non-magnetic
material, is provided, at an end on the internal periphery, with
grooves 20a, 20b, and at the other end, with grooves 20c, 20d which
Is 25 di spl aced in phase by 45 fromthe grooves 20a, 20b. The
outer magnetic poles 18a, 18b of the first stator 18 are fitted in
the grooves 20a, 20IA wedand lgokauter consisting of a soft magnetic

10 - magnetic poles 19a, 19b of the second stator 19 are

fitted in the greiarbods RPaEled vEEY ia tatPyas ivpanetic pole fjxed

wi th an adhesive nmaterial to nount the first, and second ggqgors 18,
19 on the CoupIEQi@tJrc?IthEQO’.’h is inserted into the interior o he

coil 3 and opposed to the internal periphery of the
5 magnet ring 1.

A third yoke 6, consisting of a soft magnetic
material and having a tubular shape, is so constructed
as to cover thg external peripheries of the coils 2, 3
and the magnet ring 1 as shown in Fig. 6. The third.

10 yoke is fixed to the first and second yokes.

An output éhaft 7 is fixed, at a larger diameter
portion 7c thereof, to the magnet ring 1 and is so
constructed as to integrally rotate therewith. The
output shaft 7 is rotatably supported, at portions 7a,

15 7b on both sides of the larger diameter portion 7c, by
apertures 4b, 5b of the first and second yokes 4, 5.

A linearly movable tube 8 is slidably fitted, at
the external periphery 8a thereof, in the internal
periphery 4c of the first yoke 4, and is provided with

20 a female screw portion 8b, which engages with a male
screw portion 7d formed on the output shaft 7. The
linearly movable tube 8 is further provided with an
axial groove 8c, and is rendered movable not in the
circumferential direction but only in the axial

25 direction by a pin 4d of the first yoke 4 slidably
engaging in the above-mentioned groove 8c. Because of

this mechanism, the tube 8 is moved in the axial



5 first and second stators 18, 19 are so fixed on the

ring 20 that the ends of the outer nagnetic poles 18a, 18b and t
i nner magnetic poles 18c, 18d are-regpectively opposed to those of
the outer nagnetic pol es 19a, 19b and the inner nagnetic poles 19c,
19d 10 and that the outer magnetic poles 18a, 18b and those
19b are nutually separated by the w dth of I nternal projections 20e,
20f of the coupling ring 20. Fig. 2 is a cross-sectional view
of the steppi ndirectionppbyr thengotatipngof the 9BtPYE sh@fiD’are cross-
'sectional views along aline AAAin Fig. 2, while Figs 3E, 3F, 3G

and 3H are c¢ross-se®

Figs. 3A and 3E are Cross-
Figs. 3B and 39 smallez, intgpzngl

those 20
a sane tinng.
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range where the magnet ring 1 and the magnetic pole

the ex%%rnaql %reﬁgefg

portion 4a of the first yoke 4 substantially overlap in
the axial direction and within a predetermined
circumferential range. Also there are formed portions
6a, 6b of smaller internal diameters (cf. Fig. 7)
opposed to the external periphery of the magnet ring 1,
within a range where the magnet ring 1 and the magnetic
pole portion 5a of the second yoke 5 substantially
overlap in the axial direction and within a
predetermined circumferentiai rangé. The predetermined
circumferential range mentioned above is, in the
present embodiment, 90° which is the angular pitch of
magnetization of the magnet ring 1.

As shown in Figs. 7 and 8, the portions 6e, 6f and
those 6a, 6b of the third yoke 6 are mutually displaced
by a phase of 45°. The angle of this phase
displacement is preferably 90°/n, wherein 2n is the
number of poles of the magnet ring 1. In this
embodiment the phase difference is 45° since n = 2.

The energization of the coil 2 generates magnetic
flux between the magnetic pole portion 4a of the first
yoke 4 and the portions 6e, 6f of the third yoke 6, but

magnetic flux is scarcely generated between portions

coupl ing

he

19a,

ecti onal VI WS at a sane timon al so
o ) s e

Hed t he

15



function of the stepping notor of the present enbodinent. In a state

shown in Figs. 3A and 3E, the 25 coils 2 and 3 are so energized to
magneti ze the outer magneti c pol es 118a; 18b of the first stator 18
as N pol es, the inner magnetic poles 18c, 18d as S pol es, _
the outer magnetic poles 19a, 19b of the second stator 19 as S poles
and the inner magnetic poles 19c, 19d as N pol es, whereby the nagnet
1 constituting the rotor rotates counterclockwi se by 45 to reach a

state shown 5 6gi nblFigkth s bagger internal diamefeer t(RfcFient8s iy to
e GOl 21 N Le i bt TROELLE %4 57 OUhe OISl ppl s 182, 180
18c, 18d as N pol es,sggflggigrtﬂrggggélirgci g‘!:fgn 1093 ’t&g bcoil 3 generates

magnetic flux between the magnetic pole portion 5a of

5 the second yoke 5 and the portions 6a, 6b of the third

yvoke 6, but magnetic flux is scarcely generated between

portions 6c, 6d with a larger internal diameter (cf.

Fig. 7) and the magnetic pole portion 5a of the second

yoke 5.

10 By alternate switching of the direction of the
currents supplied to the coils 2, 3, the portions 6a,
6b and those 6e, 6f are switched as the N or S poles
according to the direction of the currents, whereby the
magnet ring 1 is rotated. Thus the linearly movable

15 tube 8 engaging with the male screw of the output shaft
1l is advanced in the axial direction.

In the present embodiment, the relative positional
relationship between the position of the magnetic flux
generated by the coil 2 and that of the magnetic flux

20 generated by the coil 3 in the direction of rotation is
determined by the relative positional relationship
between the portions 6a, 6b énd those 6e, 6f formed in
the single third yoke 6, so that the motor can have an
increased precision and can be manufactured with a

25 constant performance regardless of the individual

fluctuation in performance.

Also in this embodiment, the coils are provided



10 of the second stator 19 as S poles and the inner magneti c pol es

19¢c, 19d as N pol es, whereby the magnet 1 constituting the rotor
further rotates countercl ockwi se hyj45ferr] to reach a state shown in
Fi gs. 3C and 3G 15 - Then the current supply to the coil 3 is
I nverted to magnetize the outer magnetic poles 19a, 19b of the
second stator 19 as S poles, the inner magnetic poles 19c, 19d as N
pol es, the outer magnetic poles 18a, 18b of the first stator 18 as S
pol es and the crazdially (coagestricedlyy wWEdh e autpyolstyftwiser eby t he
magnet 1 constituting the rotor further rotates

count er cl ockwi ¥halyy the eatixgcmoion dee fopmpd iip B Jawbular shape ffd BH.
Thereafter the current supplies to the coils 2, 3 are switched in

successi on wheFBBy 1t fdameger .npdherefoge. heforidy YHRATiP b ons
FOrT SoPor: 10 Lt HEBaSl S Hofees I ioouptes o smaied "
5 circumferential area in comparison with the arc-shaped
stepping motor disclosed for example in the Japanese
Patent Laid-open Application No. 3-180823 so that other
structural members or driving unifs such as the shutter
can be easily positioned in the same plane.

10 Fig. 9 is an exploded perspective view of an
advancing device, utilizing the stepping motor of any
of the foregoing embodiments, for displacing the
phototaking lens. In such advancing device, fhe
stepping motor is provided in the lens barrel and the

15 phototaking lens is moved in the axial direction by the
linearly movable tube 8, through the output shaft of
the motor.

In Fig. 9, there are shown a phototaking lens 9
and a lens holder 10, which supports the phototaking

20 lens 9 in the internal periphery 10a. The linearly
movable tube 8 is mounted to an ear portion 10b of the
lens holder 10, so as to be integrally movable
therewith in the axial direction.

A guide shaft 11 is fixed to a projecting portion

25 10c of the lens holder 10. A guide tube 12 is fixed to
the lens barrel (not shown). The guide shaft 11 is

slidably fitted in the internal periphery 12a of the



12 - above- expl ai ned configuration is optimumfor realizing

an ultra conpact stepping notor. The basic configuration of the
stepping notor is featured by: 5- 20l hollow cylindrical structure
of the magnet; 2) al ternate magneti zation of n portions, formed by
di viding the external periphery of the magnet; 3) arrangenent of
the first coil, the nagnet and the second coil in the axial direction
of the magnet; and 10 4) outer and inner nmagnetic poles of the first
and secauidn dtubs, 12 apt@uides thenens blden O fmowably in  and
second coils, being so positioned as to respectively oppose to the
external and inthe m¥ial diregiei9hheries of the magnet

A coil spring 13 is provided between the lens
holder 10 and a base plate (not shown) of the lens
5 barrel, exerting a biasing force to separate the lens
holder 10 and the base plate of the lens barrel and
thereby eliminating the play between the aforementioned
output shaft 7 and the first or secoﬁd yoke 4, 5 and .
that between the male screw portion 7c of the output
10 shaft 7 and the female screw portion of the linearly
movable tube 8. Also the lens holder 10 is prevented
from rotation about the guide shaft 11 of the lens
holder 10, by slidable engagement of a pin 14, provided
on the base plate (not shown), with a U-shaped groove
15 10d of the lens holder 10.
In the above-explained configuration, the rotation
of the output shaft 7 moves the linearly movable tube 8
in the direction of the optical axis, so that the
phototaking lens 9 is driven in the axial direction
20 according to the amount of rotation of the output shaft
7. The stepping motor serving as the drive source for
the phototaking lens 9 occupies only a relatively small
portion in the circumferential direction (indicated by
~ an arrow D) of the lens barrel, so that another driving
25 unit for the shutter may be positioned in the same

plane.

The advancing device including the driving source



15 Consequently the present stepping notor only requires a

dianeter allowing to position the magnetic poles of the stators

out side the dianeter of the magnet ,opand an axial length equal to the
sum of the | ength of the nagnet and those of the first and second

20 coils. As the dinension of the stepping notor is thus

determ ned by the dianeter and the | ength of the nagnet and the
coils, the notor can be made ultra conpact by m ni m zi ng such

di aneter and | emghhbe realized inSasictompacti fatmpnsbhcehthdi adearecingd t he
length 25 of the magnet and the coils renders it difficult to
mai ntai n the acverhanish, t hensispimg odft bhesnappi agrew portiono?¥e ©6t this
difficulty is avoided by a sinple - 13
- _ the output shaft 7 and the male screw portion 8b of the

linearly movable tube 8, is contained in the third yoke

5 6. In the. present embodiment, the linearly movable

tube 8 is used for driving the lens holder, but it may

also be used for driving other movable members such as

a lens of the view finder or mask for aperture

switching.

10 In this embodiment 4 of the present invention, the
magnet 1 of the rotor is circumferentially divided into
n portions and alternately magnetized in S and N poles
not only on the external periphery but also on the
internal periphery, but it is also possible, as in the

15 embodiment 1, to divide only the external periphery of
the magnet 1 into n portions (4 portions in case of the
present embodiment) and to alternately magnetize such
external periphery.

[Embodiment 5]

20 Figs. 10 to 12 illustrate the stepping motor of an
embodiment 5 of the present iﬁvention, and are
respectively a longitudinal cross-sectional view
showing the third yoke only of the stepping motor, a
transversal cross-sectional view along a line 6 in Fig.

25 10, and a perspective view of the third yoke only.

In the third yoke 6 of this embodiment, the

portions 6a, 6b, 6f, 6e of smaller internal diameter



structure of formng the magnet into a hollow cylindrical shape and
so _positioning the outer and I nner magnetic poles of the first and
second stators as to be respectivel pyppposed to the external and
internal 5 peri pheries of the magnet of such hollow cylindrical

shape. The output of the notor can be nade nore efficient by
magneti zi ng not only the external peri phery of the magnet but al so
the internal periphery thereof, as in the enbodinent 2 to be
expl ai ned | at er{indd@rdly protiidiiiugli partidis) are formed Hhyspreégsimg 4H

Il lustrate an enbodi nent 2 of the present invention. In the

f or egoi ng enbodfremttie ofxternal peémiphexent Thienstowctehe pronided
constituting the rotor is circunferentially divided into n portions
and 15 al t camaadvyntegmcef 2RISR tPRNESAEEYER, pER | pPRPFrison wither eof
but, in the present enbodi ment 2, the magnet 1 constituting the
rotor is circunfk® eFETEFTYrRi Qf Jele embodimepk 4niy on the external

peri phery thereof bu | sp. on the internal periphery, into n
portions ( portionsfgéﬁo iment 6]

Figs. 13 to 15 illustrate the stepping motor of an
embodiment 6 of the present invention, and are
respectively a longitudinal cross-sectional of the
stepping motor of thé embodiment 6, a transversal

10 cross-sectional view along a line 14-14 in Fig. 13, and
a perspective view of the third yoke only of the
stepping motor.

The embodiment 6 employs a third yoke 16 instead
of the third yoke 6 of the embodiment 4. The third

15 yoke 16 is provided, the in the axial range explained
in the third yoke 6 of the embodiment 4, with apertures
16c, 164 instead of the portions 6c, 64 of larger
internal diameter defined by the portions 6a, 6b, and,
also in the similar axial range, with apertures l6g,

20 16h instead of the portions 6g, 6h defined by the
portions 6e, 6f. The apertures 1l6c, 164 and those lé6g,
16h are circumferentially displaced by 45°. Therefore,
the magnetic flux generated by energization of the coil
3 passes between the second yoke 5 and the portions

25 16a,.16b. This situation corresponds to the
relationship in the embodiment 4 between the portions

6a, 6b of the third yoke 6 and the second yoke.



20 the present enbodi nent) and alternately nmagnetized into S and

N. in order to inprove the output efficiency of the notor. Each
portion on the internal periphery of - 23 the magnet 1 is nagnetized in
opposite manner to the adj acent portion on the external periphery

t hereof. 25 More specifically the internal periphery portions
corresponding to the nmagneti zed portions la, 1c are magneti zed as N
pol es while those corresponding to the

- 14 - magnetmikar oy t tloe smddne tilc af Pukagemerated asy S pol es.

In the present enbodi nent 2, since not only the external periphery of

t he magnet 1 ofemnéregizabviohurf the callotbpesses cretvegrrthdepgrtibensof are
5 circunferentially divided into n portions and
other than the above-mentioned apertures 16g, 16h and
the second yoke, corresponding to the positions between
5 the first yoke 4 and the portions 6e, 6f of the third
yoke 6 in the embodiment 4.
Thus the magnet ring 1 can be rotated by switching
the direction of the currents supplied to the coils 2,
3 in succession as in the embodiments 4 and 5.

10 As the third yoke 16 of the embodiment 6 lacks the
protruding portions 6a, 6b, 6e, 6f in comparison with
the third yoke 6 in the embodiments 4 and 5, the
external diameter of the magnet ring 1 can be made
correspondingly larger and the output of the motor can

15 thus be increased. The apertures mentioned above may
also be provided in the first and second yokes instead
of the third yoke.

[Embodiment 7]
Figs. 16 to 18H illustrate the stepping motor of

20 an embodiment 7 of the present invention, and are
respectively an exploded perspective view of the
stepping motor, a longitudinal cross-sectional view of
the stepping motor in the assembled state, and cross-

sectional views along lines A-A and B-B in Fig. 17.

25 Referring to Fig. 16, a hollow cylindrical



alternatly magnetized as N and S poles, the output of the notor can

be increased by the relationship between the internal periphery of
the magnet 1 and the inner magneti @4pel es 18c, 18d of the first
stator 18 and 10 t hose 19c, 19d of the second stator 19.

[ Enbodi nent 3] Fig. 5illustrates an enbodi nent 3 of the

pr esent i nvention. In contract to the foregoi ng enbodi nent 1

where the outer and inner tubes are integrally formed 15 in each of the
first and secomermanent mEgnety 1 eastitutingthe FRFAHAE PEFYELSSh t he
present enbodi nent 3 are separately fornmed in each of the fi rst and
second sttty s Bigst gragnefiFRe ilevery consifing afc Magngtiged

the i nner tube of the flrst tator nst i tes er with the
i nner magnet i c RRFECrAa1dPattGh é% cf%rme é‘ﬁferf’\‘% ¥yoke

L e g t%qﬁ?eat%imgnepenﬁ%& 1, Sl B 0%,
a thi rd yake H2. (Aprdifihd 1 entfod Mo Wk
alternately magnetizing such portions into S and N
poles, and a second magnetized layer consisting of
magnetized portions le, 1£f, 1lg, 1lh formed, in an
axially adjacent position, by circumferentially driving

10 the external periphery into n portions (4 portions in
the present embodiment) and magnetizing such portions
alternately into S and N poles. The first and second
magnetized layers are magnetized with a mutual phase
displacement of 180°/n or 45°. In the first magnetized

15 layer, the magnetized portions la, lc are magnetized as
S poles while those 1b, 1d are magnetized as N poles,
and, in the second magnetized layer, the magnetized
portions le, 1lg are magnetized as S poles while those
1f, 1h are magnetized as N poles.

20 A rotary shaft 7, constituting the rotor shaft, is
fizxed to the permanent magnet 1. The rotor is
constituted by the rotary shaft and the permanent
magnet. Cylindrical coils 2, 3 are positioned
concentrically with and on both sides in the axial

25 direction of the permanent magnet 1, and have an
external diameter substantially equal to that of the

permanent magnet 1.



25 stator 19 constitutes, together with the inner magnetic pol es

19c, 19d at the end thereof, a second yoke 19[err], whi |l e the outer
tube of the second stator 19 - 25 - - 15 -
constitutes, together with the outer magnetic poles 19a, 19b at the
end thereof, a forth yoke 192. Also in t he enbodi nent 3, the magnet 1
of the rotor nmay be circunferentially divided into n portions and 5
alternately nmagnetized in N and S not only on the external periphery
but also on the intEinat pedi pheopd statoms 18,the eobpdsednbf2a sbéteby
effectively increasing t he out put of the notor.

[ Enbodi ment 4]magoetic materigi. aget segpectiivelivt eompesedepfi A poter of an

tube and an inner tube. Between the outer and inner
tubes of the first stator 18, there is provided the
5 coil 2, which upon energization magnetizes the first

stator 18. The outer and inner tubes of the first
stator 18 are formed, at an end thereof, as outer
magnetic poles 18a, 18b and inner magnetic poles 18c, .
18d. The inner magnetic poles 18c, 184 are mutually

10 displaced by 360°/(n/2) or 180° so as to assume a same
phase, and the outer magnetic pole 18a is provided in a
position opposed to the inner magnetic poles 18c while
the outer magnetic pole 18b is opposed to the inner
magnetic pole 18d. The outer magnetic poles 18a, 18b

15 and the inner magnetic poles 18c, 184 of the first
stator 18 are opposed respectively to the external and
internal peripheries of an end portion of the permanent
magnet 1, so as to sandwich such end portion. An end
portion of the rotary shaft 7 is rotatably fitted in a

20 hole 18e of the first stator 18.

Between the outer and inner tubes of the second
stator 19, there is provided the coil 3, which upon
energization magnetizes the second stator 19. The
outer and inner tubes of the second stator 19 are

25 formed, at an end thereof, as outer magnetic poles 19a,
19b and inner magnetic poles 19c, 19d. The inner

magnetic poles 19c, 19d are mutually displaced by



enbodi nrent 4 and are respectively a | ongitudinal cross- sectiona

vi ew of the stepping notor, a transversal cross-sectional view al ong
aline7-7in Fig. 6 and a transvepgal cross-sectional view along a
line 8-8 in 15 Fig. 6. Referring to Figs. 6 to 8, a magnet
ring 1is conposed of a ring-shaped permanent nagnet, which, as
shown in Figs. 7 and 8, is circunferentially divided i nto four equal
portions and magnetized alternately 20 into Nand S poles in the radi al
di rection. 360°/(n/20oidrs 180 °3 sax @spriov iagsgimeo & is@imey phiasie ,t radmagnet
ring 1, in positions on both sides thereof. A first yoke 4,

consi sting of &hsofoutesymagnetic polendfer iif prioyigesilded® Wositdarubul ar
magnetic pole 25 ortion 4a which is inserted into the interior of the
coil 2 and Opp@w@a%’l_ thee the dPRer Fegnsidcy polashd 9c whileddgeoytisty 1.

magnetic pole 19b is opposed to the inner magnetic pole
5 19d. The outer magnetic poles 19a, 19b and the inner

magnetic poles 19c, 194 of the second stator 19 are
opposed respectively to the external and internal
peripheries of an end portion of the permanent magnet.
1, so as to sandwich such end portion. An end portion

10 of the rotary shaft 7 is rotatably fitted in a hole 19e
of the second stator 19.

A coupling ring 20, composed of a cylindrical
member of a non-magnetic material, is provided, at an
end on the internal periphery, with grooves 20a, 20b,

15 and, at the other end, with grooves 20c¢, 204 which is
displaced in phase by 45° from the grooves 20a, 20b.
The outer magnetic poles 18a, 18b of the first stator
18 are fitted in the grooves 20a, 20b while the outer
magnetic poles 1%a, 19b of the second stator 19 are

20 fitted in the grooves 20c¢, 204 and such fitted portions
are fixed with an adhesive material to mount the first
and second stators 18, 19 on the coupling ring 20.

The first and second stators 18, 19 are so fixed
on the coupling ring 20 that the ends of the outer

25 magnetic poles 18a, 18b and the inner magnetic poles
18c, 18d are respectively opposed to those of the outer

magnetic poles 19a, 19b and the inner magnetic poles



- 16 - A second yoke 5, consisting of a soft magnetic

material, is provided with a tubular nagnetic pole portion 5a which
is inserted into the interior of the - 27cail 3 and opposed to the

i nternal periphery of the 5 magnet ring 1. A third yoke 6,
consisting of a soft magnetic material and having a tubul ar shape, is
so constructed as to cover the external peripheries of the coils 2, 3

and the magnet ring 1 as shown in Fig. 6. The third 10 yoke is fixed to
the first and 48cond9¢doleesi that the outér cwgpetischgioles 184, 18d, amd a
| ar ger di anmeter portion 7c thereof, to the magnet ring 1 and is so
" constructed as thosentldgy,alli%p egeamutueddaniseparpted by thepwigitth ifaft 7 is
rotatably supported, at portions 7a, 15 7b on both sides of the |arger
di anet er portié@tﬁgpagyprojections 20e, 20f of the coupling ring 20.
Fig. 17 is a cross-sectional view of the stepping
5 motor, and, in Figs. 18A, 18B, 18C and 18D are cross-
sectional views along a line A-A in Fig. 17, while 18E,
18F, 18G and 18H are cross-sectional views along a line
B-B in Fig. 17. 1In Figs. 18A and 18E are cross-
sectional views at a same timing, also Figs. 18B and
10 18F are those of a same timing, Figs. 18C and 18G are
those of a same timing, and Figs. 18D and 18H are also
those of a same timing.
In the following there will be explained the
function of the stepping motor of the present
15. embodiment. In a state shown in Figs. 18A and 18E, the
coils 2 and 3 are so enérgized to magnetize the outer
magnetic poles 18a, 18b of the first stator 18 as N
poles, the inner magnetic poles 18c, 184 as S poles,
the outer magnetic poles 19a, 19b of the second stator
20 19 as S poles and the inner magnetic poles 19¢c, 194 as
N poles, whereby the permanent magnet 1 rotates
counterclockwise by 45° to reach a state shown in Figs.
18B and 18F. .
Then the current supply to the coil 2 is inverted
25 to magnetize the outer magnetic poles 18a, 18b of the

first stator 18 as S poles, the inner magnetic poles

18c, 18d as N poles, the outer magnetic poles 1%9a, 19b



apertures 4b, 5b of the first and second yokes 4, 5. Alinearly
novabl e tube 8 is slidably fitted, at t he external periphery 8a
thereof, in the internal peri phery 24c -of the first yoke 4, and is
provided with 20 a femal e screw portion 8b, which engages with a nale
screw portion 7d formed on the output shaft 7. The |l i nearly novabl e
tube 8 is further provided with an axi al groove 8c, and is rendered
movabl e not in the circunferential direction but only in the axial
25 di recti orphythe perant] Etatar 1% as Wiroles |anfhpiie inner engaging in
t he above-nentioned groove 8c. Because of this nehchani sm the tube 8
eby the, _

is noved in t hanagneftic poles 19c, 194 as N poles, wher

gl Ir :\CH SCi 3gdt CE?QJ;F?%?“LH) ndrlx%gOfrsetetr]e%]?#&:ptLﬁeg hxac;'éa't?és counterclocﬂ]wei

45° to reach a state shown in Figs. 18C and 18G.

steh'l:g;}j yoke

5 Then the current supply to the coil 3 is inverted
to magnetize the outer magnetic poles 19a, 19b of the
second stator 19 as S poles, the inner magnetic poles
19¢c, 194 as N poles, the outer magnetic poles 18a, 18b
of tpe first stator 18 as S poles and the inner

10 magnetic poles 18c, 18d as N poles, whereby the
permanent magnet 1 further rotates counterclockwise by
45° to reach a state shown in Figs. 18D and 18H.
Thereafter the current supplies'to the coils 2, 3 are
switched in succession whereby the permanent magnet 1

15 rotates to positions corresponding to the phases of the
current supply.

In the following there will be explained why the
above-explained configuration is optimum for realizing
an ultra compact stepping motor. |

20 The basic configuration of the stepping motor is
featured by:

1) hollow cylindrical structure of the permanent
magnet;
2) alternate magnetization of n portions, formed by

25 dividing the external periphery of the permanent
magnet;

3) arrangement of the first coil, the permanent



of smaller internal dianeters (cf. Fig. 8) opposed to t he external
peri phery of the magnet ring 1, within a 5 range where the magnet ring 1
and the magnetic pole portion 4a af oghe first yoke 4 substantially
overlap in the axial direction and within a predeterm ned
circunferential range. Also there are forned portions 6a, 6b of

smal ler internal dianeters (cf. Fig. 7) 10 opposed to the external

peri phery of the magnet ring 1, wi thin a range where the magnet ring
1 and t he magnatagnet and pidiee seoondrcdid din tthe sedald dicddecticulest antial |y
overlap in the axial direction and within a predet er m ned
circunferenti alth%mnéltHe andedet ermi ned 15 circunferential range
mentioned above is, in the present enbodi nent, 90 which is the

angul ar pitch &) outewéem%n mgcneq% R?é‘@r?etOfr ithe first and As
shown in Figs. 7 and 8, the portions 6e, and t hose 6a, 6b of the
third yoke 6 arS@‘?ﬂR%zﬁqasp‘%ﬁ plrzft,s&?cwelybfagnﬁﬁf@dofbiﬁ ilﬁ ﬁlrStThe angl e
of this pQgse

and second coils, being so positioned as to
respectively oppose to the external and internal
peripheries of thé permanent magnet.

Consequently the present stepping motor only
requires a diameter allowing to position the magnetic
10 poles of the stators outside the diameter of the

magnet, and an axial length equal to the sum of the
length of the permanent magnet and those of the first
and second coils. As the dimension of the stepping
motor is thus determined by the diameter and the length
15 of the magnet and the coils, the motor can be made
ultra compact by minimizing such diameter and length.
Such minimization of the diameter and the length
of the magnet and the coils renders it difficult to
maintain the accuracy of the output of the stepping
20 motor, but his difficulty is avoided by a simple
structure of forming the permanent magnet into a hollow
cylindrical shape and so positioning the outer and
inner magnetic poles of the first and second stators as
to be respectively opposed to the external and internal
25 peripheries of the permanent magnet of such hollow
cylindrical shape. The output of the motor can be made

more efficient by magnetizing not only the external



di spl acenent is preferably 90[err]/n, wherein 2n is the nunber of

pol es of the magnet ring 1. In this enbodi nent the phase difference
is 45[err] since n = 2. The emgy gi zation of the coil 2
generates magnetic 25 flux between the nagnetic pole portion 4a of the
first yoke 4 and the portions 6e, 6f of the third yoke 6, but
magnetic flux is scarcely generated between portions

- 18 - 6g, 6h with a larger internal dianmeter (cf. Fig. 8) and

t he magneti ¢ pajerjpherwroflathe pepmdnegnt magnet but also the Sinferpadl; t he
energi zation of the coil 3 generates magnetic flux between the
magnetic pol e Reriphens Yieredt, amdnddme ivergh Bt B®rtions 6a, 6b
of the third yoke 6, but magnetic flux is scarcely generated between
portions 6¢c, 6P¥RIFDL] AJEBTinternal di aneter (cf.

[Embodiment 8]

5 Figs. 19A to 19H illustrate an embodiment 8 of the
present invention and shows the rotating operation of
the rotor of the stepping motor. In the foregoing
embodiment 7 of the present invention, the permanent
magnet 1 constituting the rotor is'circumferentially

10 divided into n portions and alternately magnetized in N
and S poles on the external periphery thereof, but, in
the present embodiment, the permanent magnet 1 is
circumferentially divided, not only on the external
periphery thereof but also on the internal periphery,

15 into n portions (4 portions in the present embodiment)
and alternately magnetized into S and N. Each portion
on the internal periphery of the permanent magnet 1 is
magnetized in opposite manner to the adjacent portion
on the external periphery théreof. More specifically

20 the internal periphery portions corresponding to the
magnetized portions la, lc are magnetized as N poles
while those corresponding to the magnetized portions
l1b, 14 are magnetized as S poles.

In the present embodiment 8, since not only the

25 external periphery of the permanent magnet 1 but also
the internal periphery thereof are circumferentially

divided into n portions and alternately magnetized as N



Fig. 7) and the magnetic pole portion 5a of the second yoke 5. 10

By alternate switching of the direction of the currents supplied to
the coils 2, 3, the portions 6a, _6lkiand those 6e, 6f are switched as
the N or S poles according to the direction of the currents, whereby
t he magnet ring 1 is rotated. Thus the linearly novable 15 tube 8
engaging with the nmale screw of the output shaft 1 is advanced in
the axial direction. In the present enbodi nent, the relative
posi ti onal and r|pmliesshile ethpesn dfhecheosndtoan adn thee dregressed f | ux

generated by the coil 2 and that of the magnetic flux 20 gener ated by
the coil 3 in the the eagliaiarshim hgtiwedans the intefmnal mewibhery e
relative positional relationship bet ween the portions 6a, 6b and
those 6e, 6f fdmeedermanent magRetih@nd e dnnae MRgnetihRoker not or
can have an I ncreased precision and can be  manufactured with a 25

constant perf orififce bR dihs SIS EatRy V& pnd those 19c, 194 of

5 the second stator 19.

[Embodiment 9]

In the following there will be explained a
stepping motor constituting an embodiment 9 of the
present invention, with reference to Figs. 20 to 22H,

10 wherein components same as those in the embodiment 7
shown in Figs. 16 to 18H are represented by same
numbers. In the foregoing embodiment 7 the outer and
inner tubes are integrally formed in each of the first
and second stators 18, 19, but, in the present

15 embodiment 8, the outer tubes of the first and second
stators 18, 19 are integrally formed while the inner
tubes of the first and second stators 18, 19 are formed
separately as shown in Fig. 20.

Fig. 20 is an exploded perspective view of the

20 stepping motor of the embodiment 9 of the present
invention, while Fig. 21 is a longitudinal cross-
sectional view of the stepping motor in the assembled
state, and Figs. 22A to 22H are cross-sectional views
along lines A-A and B-B in Fig. 21.

25 Referring to Figs. 20 to 22H, a cylindrical
permanent magnet 1 is provided with a first magnetized

layer consisting of magnetized portions 1a, 1b, 1c, 14



fluctuation in perfornmance. Also in this enbodi nent, the coils

are provided - 19 -

coaxially

(concentrically) with the output shaft so32 - that the entire notor is
formed in a tubular shape of a smal | diameter. Therefore, when it is
positioned in the lens barrel of the camera, it occupies a smaller 5

circunferential area in conparison with the arc-shaped

st eppi ng not or

di scl osed for exanple in the Japanese Patent Lai d-open Application
No. 3-180823 sofarmad duheliving the reisteueferangrerint? nreeiwEPRMi ¢4 such
as the shutter can be easily positioned in the sane plane. 10

Fig. 9 is an exX@?Tgnseinjdets koot hpnd alterpately

ng devi ce,

e b snae®  apte e dRS Sudh $¥etons ndh & nd W LY, HRRG ™S

second magnetized layer consisting of magnetized

5 portions le, 1f, 1g, 1lh formed by similarly dividing

the circumference into 4 portions and magnetizing such

portions alternately into S and N poles.

The first and

second magnetized layers are magnetized with a mutual

phase displacement of 180°/n or 45°. In the present

10 embodiment, magnetization is made in such a manner that

the portions la, lc of the first magnetized layer and

the portions le, 1lg of the second magnetized layer have

S poles on the external periphery and N poles on the

internal periphery, while the portions 1b,

1d of the

15 first magnetized layer and the portions 1f, 1h of the

second magnetized layer have N poles on the external

periphery and S poles on the internal periphery.

A rotary shaft 7 is fixed to the permanent magnet

1. The rotor is constituted by the rotary shaft 7 and

20 the permanent magnet 1. Coils 2, 3 are positioned

concentrically with and on both sides in the axial

direction of the permanent magnet 1, and have an

external diameter substantially equal to that of the

permanent magnet 1. A first yoke 4, composed of a soft

25 magnetic material, is provided with a portion 44 to be

inserted into the interior 2a of the coil 2, and teeth

4b, 4c to be opposed to the interior of the first



phot ot aking I ens. In such advanci ng device, the stepping notor is
provided in the |l ens barrel and the 15 phot otaking lens is noved in the
axi al direction by the | i nearly noggblLe tube 8, through the output
shaft of ‘the notor. In Fig. 9, there are shown a
phot ot aking | ens 9 and a | ens hol der 10, which supports the
phot ot aki ng 20 lens 9 in the internal periphery 10a. The linearly
novabl e tube 8 is nounted to an ear portion 10b of the | ens hol der
10, so as to bwmagmeddrzed \layeralpife the abovehrgeawiomedn permamendl direction.
A guide shaft 11 is fixed to a projecting portion 25 10c of the lens
hol der 10. A gao#et: dbe The fepthedbyo4C are mupualdys digpdace@ndy shown) .

[ ' lidably fitted in the internal periphery 12a
Ipetﬁglde Shaf%ﬁ%%/%%/Z) or f%d°,ainYOrder toygssume a same p asep y

with respect to the poles of the first magnetized
5 layer. A portion 7a of the rotary shaft 7 is rotatably
fitted in a hole 4a of the first yoke 4.

A second yoke 5, composed of a soft magnetic
material, is provided with a portion 54 to be inserted
into the interior 3a of the.coil 3, and teeth 5b, 5c to

10 be opposed to the interior of the second magnetized
layer of the above-mentioned permanent magnet 1. The
teeth 5b, 5c¢ are mutually displaced by 360°/(n/2) or
180°, in order to assume a same phase with respect to
the poles of the second magnetized layer. A poftion 7b

15 of the rotary shaft 7 is rotatably fitted in a hole 5a
of the second yoke 5.

The insertion of the coils is made easy, since tﬁe
inserted portion 44 and the teeth 4b, 4c of the first
yoke 4 have a same diameter and the inserted portion 5d

20 and the teeth 5b, 5c of the second yoke 5 have a same
diameter. The teeth 4b, 4c of the first yoke 4 and
those 5b, 5c of the second yoke 5 are in a same phase,
namely in mutually opposed positions in the axial
direction. A third yoke 6 is composed of a soft

25 magnetic material. Since the coils 2, 3 and the
permanent magnet 1 have substantially same external

diameters, the third yoke is constructed with a simple



gui de tube 12 and guides the I ens holder 10 novably in t he axi al
direction. A coil spring 13 is provided between the | ens

hol der 10 and a base plate . (not shown) of 34he lens 5 barrel, exerting a
bi asing force to separate the | ens hol der 10 and the base plate of
the I ens barrel and thereby elimnating the play between the

af orenent i oned out put shaft 7 and the first or second yoke 4, 5 and

t hat between the nale screw portion 7c of the output shaft, 7 and the
femal e screw porubwyaDiEQRR, |$MeaF |§o cover r‘ﬁhﬂatﬁ’bteﬁﬂfél PeIRRLEIRS | ens

hol der 10 is prevented fron1rotat|on about the U|de shagt 11 of the
| ens hol def Hhte GRALS |%1ab? ATh gife REFMFIERE f R on

t he base plate (not shown U—shaped groove 15 ’10d of the lens
hol der 10. sultabfg|ngr££ %Mplalned configuration, the rotation

of the output shaft g moues § N ld neard Yo YAM St Wepdreion 6, with a

5 portion 4c of the first yoke 4 and at a portion 6, with
a portion 5c of the second yoke 5. The third yoke 6 is
provided with portions 6,,6, in a position where the
teeth 4b, 4c of the first yoke 4 and those 5b, 5c of
the second yoke 5 are mutually opposed across the

10 permanent magnet 1, and with apertures 6;, 6, in other
positions. As the teeth 4b, 4c of the first yoke 4 and
those 5b, 5c of the second yoke 5 are of a same phase,
the magnetic pole portions 6,, 6, of the third yoke 6 to
be opposed to these teeth can assume a simple shape as

15 shown in Fig. 20 and can be easily manufactured for
example by pressing. Also in the structure explained
above, the air gap between the first and third yokes 4,
6 and that between the second and third yokes 5, 6 are
mostly filled by the permanent magnet 1, the magnetic

20 flux generated by the energization of the coils 2, 3 is
effectively applied to the permanent magnet to increase
the output of the motor.

Fig. 21 is a cross-sectional view of the stepping
motor, and, in Figs. 22A, 22B, 22C and 22D are cross-

25 sectional views along a line A-A in Fig. 21, while 22E,
22F, 22G and 22H are cross-sectional views along a line

B-B in Fig. 21. 1In Figs. 22A and 22E are



in the direction of the optical axis, so that the phot ot aki ng | ens 9
Is,driven in the axial direction 20 according to the anmount of rotation
of the output shaft 7. The steppi-ngsmtor serving as the drive
source for t he phototaking I ens 9 occupies only a relatively small
portion in the circunferential direction (indicated by an arrow D)

of the lens barrel, so that another driving 25 . unit for the shutter may
be positioned in the same pl ane. The advanci ng devi ce

i ncl udi ng t he drogswpesiigwl views at a same timing, also Figs. 22R]1 -
can be realized in a conpact form since the advancing mechani sm
consi sting of tand mdR axe &hqas Qb Ramg timing; HElGRi RAC sd t22G and t he

mal e screw portion 8b of the o .
are those of a same timing, and Figs. 22D and 22H are

also those of a same timing.

5 In the following there will be explained the
function of the stepping motor of the present
embodiment. In a state shown in Figs. 22A and 22E, the
coils 2 and 3 are so energized to magnetize the teeth
4b, 4c of the first yoke 4 as S poles, the portions 6,,

10 6, of the third yoke 6 opposed to the teeth 4b, 4c as N
poles, the teeth Sb, 5¢ of the second yoke as S poles,
and the portions 6,, 6, of the third yoke 6 opposed to
the teeth 5b, 5c as N poles, whereby the permanent
magnet 1 rotates counterclockwise by 45° to reach a

15 state shown in Figs. 22B and 22F.

Then the current supply to the coil 2 is inverted
to magnetize the teeth 4b, 4c of the first voke 4 as N
poles, the portions 6,, 6, of the third yoke 6 opposed
to the teeth 4b, 4c as S poles, the teeth 5b, 5c¢ of the

20 second yoke as S poles, and the portions 6,, 6, of the
third yoke 6 opposed to the teeth 5b, 5¢ as N poles,
whereby the permanent magnet 1 further rotates
counterclockwise by 45° to reach a state shown in Figs.
22C and 22G.

25 Then the current supply to the coil 3 is inverted
to magnetize the teeth 5b, 5c of the second yoke 5 as N

poles, and the portions 6,, 6, of the third'yoke 6



| i nearly novable tube 8, is contained in the third yoke 5 6. In the

present enbodi nent, the linearly novable tube 8 is used for driving
the |l ens holder, but it may al so-b86used for driving other novabl e
menbers such as a lens of the view finder or mask for aperture
switching. 10 In this enbodi nent 4 of the present invention, the
magnet 1 of the rotor is circunferentially divided into n portions
and alternately nmagnetized in S and N pol es ot only on the ext er nal

peri phery but #pRePsed tiee the teethShnHc F& |5piP@r13FS'bLW‘qrtequ thes

possible, as in the 15 enbodlnent 1, to divide onl xt.ern
periphery. of Permangnd magnat 4 fwrdher, Fatedes FE“{S\%IC{}?‘E wﬂ's(,eagé’ of the

present enbodi t) and tqQ alt at el neti.ze s Xt er na
peri phery. Ll alﬁ%bc?dis%@%e ﬁh%w WO é%b anfoztgeu il ust rate

the stepping O%rrie(?ﬁter ﬁhe cut tl:l.‘tl:lzsoft:ot %eorc%iag 2 mée%tr' and
are res e ongl uai naI 0ss-sectional view
5 switched in succession whereby the permanent magnet 1

rotates to positions corresponding to the phases of the
current supply.
In the embodiment 9 of the present invention, the
permanent magnet 1 constituting the rotor is
10 circumferentially divided into n portions and
alternately magnetized in S and N poles, not only on
the external periphery but also on the internal
periphery, but, in the present invention, the external
periphery alone of the permanent magnet 1 constituting
15 the rotor may be divided circumferentially into n
portions and alternately magnetized in S and N poles.
[Embodiment 10]
Figs. 23 and 24 illustrate the stepping motor of
an embodiment 10 of the present invention, wherein Fig.
20 23 is an exploded perspective view of the stepping
motor and Fig. 24 is a cross-sectional view thereof.
In contrast to the foregoing embodiment 7 where the
outer and inner tubes are integrally formed in each of
the first and second stators 18, 19, the outer and
25 inner tubes in the present embodiment 10 are separately
formed in each of the first and second stators 18, 19

as shown in Figs. 23 and 24. More specifically, the



showi ng the third yoke only of the stepping notor, a transversal
cross-sectional viewalong aline 6 in Fig. 25 10, and a perspective
view of the third yoke only. - Bn the third yoke 6 of this

enbodi nment, the portions 6a, 6b, 6f, 6e of smaller internal dianeter
- 22 - (inwardly protruding portions) are fornmed by pressing
fromthe external periphery. This structure provides an advant age of
easi er manufacture, in conparison with the structure of the

enbodi nent 4. iBner tube pEnttbei Fémstcostator 18 confitgtutes,t dopgether

illustrate the stepping notor of an. enbodi mrent 6 of the present
.. invention, andwith the inpexpeagredi¢ polesgilBgdi A8A etodhes@€md onal of the

thereof, a first yoke 18,, while the outer tube of the
first stator 18 constitutes, together with the outer

5 magnetic poles 18a, 18b at the end thereof, a third
yoke 18,. Also the inner tube of the second stator 19
constitutes, together with the inner magnetic poles
19¢c, 194 at the end thereof, a second yoke 19,, while .
the outer tube of the second stator 19 constitutes,

10 together with the outer magnetic poles 19a, 19b at the
end thereof, a fourth yoke 19,. Also in the embodiment
10, the magnet 1 of the rotor may be circumferentially
divided into n portions and alternately magnetized in N
and S poles not only on the external periphery but also

15 on the internal periphery as in the embodiment 8,
thereby effectively increasing the output of the motor.

Fig. 26 is a magnified perspective view of the

rotor, and Figs. 27A, 27B, 28a, 28B, 29A, 29B, 30A and
30B are views showing rotational phases of the

20 permanent magnet 1, wherein A indicates the first
magnetized layer and B indicates the second magnetized
layer. 1If the third yoke 6 is integrally formed as in
the embodiment 9 shown in Fig. 25, there results flows
of magnetic flux between the first magnetized layer C

25 and the second magnetized layer D of the permanent
magnet 1, across the third yoke 6. Consequently a

cogging force becomes stronger in the rotational



steppi ng notor of the enbodinment 6, a transversal 10 cross-secti onal

view along a line 14-14 in Fig. 13, and a perspective view of the
third yoke only of the st eppi ng not @8 - The enbodi nent 6
enpl oys a third yoke 16 instead of the third yoke 6 of the enbodi nent
4. The third 15 yoke 16 is provided, the in the axial range expl ai ned
in the third yoke 6 of the enbodinent 4, with apertures 16c, 16d

i nstead of the portions 6c¢, 6d of |arger i nternal dianeter defined

by the portionsP@aitiens ;p# the permapent pagnet s} FROWD IR F1gSng@/Anit h
aher101E5 150, .20 oS b5o0, 01 L0, B 0580 PLGEL g, e
Generat od by enddn; 5381 80, YedRighete L6 GPiShoor cogqlilf {RREELLC |1
Yokt ononi p | ity REISROR Toretatencet ¢ RLER oE 00N coLAgaPeRes o | e
third yokeg6 angrégénﬁeﬁGBgry§$ﬁﬁeved a full turn by 8 switchings of

the current supplies to the coils 2, 3, the
electromagnetic force generated by the energization of
the coils 2, 3 does not necessarily coincide with the
cogging force.

10 For this reason the generated driving force shows
significant fluctuation and the obtained rotation does
not become smooth. In the embodiment 10, since the
third yoke 18, and the fourth yoke 19, are magnetically
separated by the coupling ring 20 of the non-magnetic

15 material, there is scarcely generated the follow of
magnetic flux between the first magnetized layer and
the second magnetized layer across the third and fourth
yokes 18,, 19,, so that the cogging is generated 8
times, namely 4 times at a pitch of 90° by the first

20 magnetized layer and 4 times of a pitch of 90°,
displaced by 45°, by the second magnetized layer. As
the cogging is generated at a pitch of 45°, the
generated driving force shows smaller fluctuation to
provide smoother rotation of the motor.

25 Though the foregoing embodiments have been
explained by stepping motors, the present invention is

not limited to such embodiments and is naturally



- 23 - Simlarly, the magnetic flux generated by

energi zation of the coil 2 passes between the portions ot her than the
above- menti oned apertures 16g, 16h and - 39 -the second yoke, corresponding
to the positions between 5 the first yoke 4 and the portions 6e, 6f of
the third yoke 6 in the enbodi nent 4. Thus the magnet ring
1 can be rotated by sw tching the direction of the currents supplied
to the coils 2, 3 in succession as in the enbodinents 4 and 5. 10
As the third y(ﬂapllj@aﬁlﬂ Heo entaishlrss nokas hewitchingréhe udi ng
portions 6a, 6b, 6e, 6f in conparison with the third yoke 6 in the
embodi ments 4 &HFEENY (RUPPlY acc?—ﬁ&%‘r‘?ﬂalt%‘g}ﬁet%?s%ﬁquh@%%trQF% 1 can

be made for example by a hall element.

" As detailedly explained in the foregoing, the
5 present invention provides a motor comprising a magnet
which is formed in a cylindrical shape and is
circumferentially divided into n portions and
magnetized into different magnetic poles at least on .
the external periphery thereof, wherein a first coil,
10 the magnet and a second coil are arranged in this order
along the axial direction to the magnet, and first
external and internal magnetic poles magnetized by the
first coil are so arranged as to oppose respectively to
the external and internal peripheries at an end of the
15 magnet while second external and internal magnetic
poles magnetized by the second éoil are so arranged as
to oppose respectively to the external and internal
peripheries at the other end of the ﬁagnet. Thus there
can be provided the motor of a novel configuration,
20 which is different from the conventional configuration
and is optimum for obtaining an ultra compact motor.
Also according to the present invention, a similar
effect can be obtained by providing the magnet with a
magnetized layer or with two magnetized layers. More
25 specifically, the motor with such two magnetized layers
comprises a permanent magnet which is formed in a

cylindrical shape and is provided with a first



correspondingly larger and the output of the notor can 15 t hus be

I ngcreased. The apertures nentioned above nmay al so be provided in
the first and second yokes i nstead - 4 -the third yoke

[ Enbodi nent 7] Figs. 16 to 18H illustrate the stepping notor of
20 an enbodi ment 7 of the present invention, and are respectively
an expl oded perspective view of the st eppi ng notor, a |ongitudinal
cross-sectional view of the stepping nmotor in the assenbl ed state,
and oross- | magRaiiFesha SXRTEOTIR (Y [ SECURGeRaRE R Y Aifing o5

o 19 T sonet ngrere L e Rna T SRR T & R
with a first magnet]zed lavefy RISISH ML s JBINEL A s into
different magnetic poles, and with a second magnetized
5 layer formed by circumferentially dividing at least the
external periphery into n portions with a phase
displacement by 180°/n with respect to the first
magnetized layer and alternately magnetizing such
portions into different magnetic poles, wherein a first
10 coil, the permanent magnet and a second coil are
arranged in this order along the axial direction of the
permanent magnet, and first external and internal
magnetic poles magnetized by the first coils are so
arranged as to oppose respectively to the external and
15 internal peripheries of the first magnetized layer of
the permanent magnet while second external and interhal
magnetic poles magnetized by the second coil are so
arranged as to oppose respectively to the external and
internal peripheries of the second magnetized layer of
20 the permanent of the magnet.

In such motor of one-layer or two-layer structure,
the diameter of the motor is determined by positioning
the first and second external magnetic poles in
mutually opposed manner on the external periphery of

25 the permanent magnet, while the axial length of the
motor is determined by successive positioning of the

first coil, the permanent magnet and the second coil in



portions la, Ib, 1c, 1d forned by circunferentially di vidi ng the

external periphery of the magnet inton 5 portions (4 portions in this
enbodi ment) and alternately magneti z4jng- such portions into S and N
pol es, and a second nagnetized | ayer consisting of magnet i zed
portions le, 1f, 1g, 1h forned, in an axi ally adj acent position, by
circunferentially driving 10 the external periphery into n portions (4
portions in t he present enbodi nent) and nagneti zi ng such portions
alternately i ntths axthN pbrestiqmeofi the pevmseenhdmagnet. nagneti zed
| ayers are magnetized with a nutual phase Qisslacenent of 180[err]/n
or 45. |In the f¢onRsewapEly /ee notor ¢cayche realiggReinzal BbE¥Pons la, 1c
are magneti zed as S poles while thgse 1b,  1d are nmgnetized as N
pol es, FRAPRGL { FRTBe R FUGhPPRERORLREioN he AREABYR, EQT
portions le, 1g arf,nagnetize L8S S poles while those 1f, Ih are
magneti zed as NFHBFEEINIRR u-tra cAMPACH POERRft 7, constituting the rotor
shaft, is 5 Also an effective motor output can be obtained by

forming the permanent magnet into a hollow cylindrical

shape and positioning the first and second external and

internal magnetic poles respectively on the external .

and internal peripheries of such hollow cylindrical

10 permanent magnet. Furthermore, since the first and

second stators can be composed of a same component,

there can be provided a motor which allows easy

assembling and is reduced in the fluctuation of the

performance.

15 Such motor, when applied to a lens advancing

device of the camera, allows to provide a compact

advancing device.



fixed to the permanent magnet 1. The rotor is constituted by the

rotary shaft and the pernanent magnet. Cylindrical coils 2, 3 are
posi ti oned Iuml Mjumﬂnl wi th amd4@n -both si in the axial 25
direction of tHENBE& H Mt 1, and have an j EL di amet er
substantial ly equal to tRat®of* the per manent gnetp L

- 25 - First and second stators 18, 19 coO e efD a sofft
magnetic material are respectively conposed of an outer an

i nner tube. BetWEh YHEMAED ARF i nner tubes of the first stator 18,
there is provided t 5, coil 2. which upon energization magnetizes the
first P stator 18 THE B %ﬁﬁ?ﬁﬁﬁﬁﬁé%|Jbes of the first st at or

18 are formed, at an, %A@@rf‘@}m&‘%&l& ®yilindrical shape,

circumferentially divided into n portions at least on
5 the external periphery thereof and alternately
magnetized into different magnetic poles;

first and second coils provided in the axial
direction of said magnet, and arranged across said
magnet;

10 a first external magnetic pole, magnetized by said
first coil and opposed to the external periphery of an
end of said magnet;

a first internal magnetic pole, magnetized by said
first coil and opposed to the internal periphery of an

15 end of said magnet;

a second external magnetic pole, magnetized by
said second coil and opposed to the external periphery
of the other end of said magnet; and

a second internal magnetic pole, magnetized by

20 said second coil and opposed to the internal periphery

of the other end of said magnet.

2. A motor according to claim 1, wherein the

internal periphery of said magnet is circumferentially

25 divided into n portions and alternately magnetized into
different magnetic poles, which are different from

those of the adjacent portions on the external periphery.

This Sheet Has Been Replaced
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magneti c pol es 18a, 18b._and inner magnetic pol es 18c, 18d. The inner

magneti c pol es 18c 18d are y 10 di spl aced Qlerr]/(n/2) or
180[err] so as t m phage, -and the jo ffé‘?romag I ol e
18a i s provided on opposed to the i rragpste;{t(JL’}r:; Peind 18c

whi | e t he outer magnetlc pole 18b is opposed to the i

magneti c pole 18d. The outer magnetic poles 18a, 18b 15 and t he TTher
magneti c poles 18c, 18d of the first stator 18 are opposed
respectively to the3sxte®naiotand accordinontter mdlaiperli,phdreresirofsadd end
portion of the pernmanent magnet 1, so as to sandw ch such end
portion. An endirst extegmglomnes wﬁ@rm@tlamagsmr:{c PAdles qansdlitpte 2 ed in
a 20 hol e 18e of the first stator Bet ween t he outer and
i nner tubes of ftlﬁfé"s@d'@ﬁ?r and s@ig (ﬁe"}?@"d SFeEeFnad frsliideenndd coil 3,
whi ch upon ener tion netizes the second stator 19. The

out er agd i nneMagisd §§Eﬁ&&§ﬁﬁ%(ﬁ'?R?QHQES?2¥°r'forned, at an end

t her eof , gs outer magnetlc pol es 19a,

4. A motor according to claim 3, wherein the
first e#ternal magnetic pole of said first stator and
the second external magnetic pole of said second stator
are connected by a cylindrical connecting member.

10 |

5. A motor according to claim 1, wherein said
first external and internal magnetic poles which are in
a mutually opposed relationship are displaced by 180°/n
with respect to said second external and internal

15 magnetic poles which are in a mutually opposed

relationship.

6. A motor according to claim 1, wherein said
first and second coils are formed with a diameter

20 approximately equal to that of said magnet.

7. A motor according to claim 1, wherein said
first internal magnetic pole is formed by a first yoke,
said second internal magnetic pole is formed by a
25 second yoke, said first external magnetic pole is

formed by a third yoke, and said second external
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19b and i nner. nagnetic pol.es 19c, 19d. The inner magneti c pol es 19c,

19d are.nutu aced b -26 -
360[err]/(n/ l ” as to assun®#da-sane ph
out er magnet' ovided in a position (

i nner magnetic pol es 190 mhlle t he outer magnet4 .1 8ERpposed
to the inner magnetic pole 19d. The outer magnetic pores— 19b
and the inner magnetic poles 19c, 19d of the second stator_ 19 are
opposed r espectlagnatie RAE & rarae Ry |ahtfv9‘+F£h yoke, and stadd es of an
end portion of the pernmanent nmgnet , SO0, as t.o sandw ch such
portion. An endigeitignd sgpond cﬁxqwarlof'}?r%?% {POAGS, TR aﬁ‘?imef?‘?qet ed in

a hole 19e of the second stator .19. A coupling ring 20,
conposed of a d@glq"ﬁx%%ﬂé%lcéh connectlng member.

5 8. A motor comprising:

a magnet of cylindrical form, equally divided in
the circumferential direction and alternately
magnetized in different magnetic poles in the radial
direction;

10 first and second coils provided concentrically
with and on both ends of said magnet;

a first tubular yvoke inserted into the internal
periphery of said first coil and so provided at to
oppose, with a gap, to the internal periphery of said

15 magnet;

a second tubular yoke inserted into the internal
periphery of said second coil and so provided at to
oppose, with a gap, to the internal periphery of said
magnet; and

20 a third yoke covering the external peripheries of

said first and second yokes and said magnet.

9. A motor comprising:
a magnet of cylindrical form, equally divided in
25 the circumferential direction into 2n portions and
alternately magnetized in different magnetic poles in

the radial direction;
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menber of a non-magnetic material, is provided, at an end on the

I nternal per ooves 20a 20b, 15 and, at the other end,
with groo Mgﬁ\mgmwmm di_splsaced in p ase by 45[err] from

the gr oove * The out er magnetic pol

st at or 18 are fitted in the grooves 20a, 20b
magneti c poles 19a, 19b of the second stator 19 are d he
grooves 20c, 20d and such fitted portions are fixed with an esive
mat eri al to nount tHE st stnd secondambisler Erbwsitdeid reondBn thS aal vhe
coupling ring 20. The first and second stators 18, 19 are so
fixed onvittie aguligin ipth end® afhaaiheagnitiof the outer 25
magneti c poles 18a, 18b and the inner magnetic poles 18c, 18d are
respectivel y opposed tidGsfodaiblathgcka dnserted ipfghdihe infiamnaba, 19b
- 27 -

and the Innerlg§¥¥gﬂéé (gfasaid first coil and so provided at to

5 oppose, with a gap, to the internal periphery of said

magnet;

a second tubular yoke inserted into the internal
periphery of said second coil and so provided at to
oppose, with a gap, to the internal periphery of said

10 magnet; and

a third yoke covering the external peripheries of
said first and second yokes and said magnet;

wherein said third yoke is provided, in a position
where said magnet and said first yoke mutually overlap

15 in the axial direction, with a first magnetic pole
portion having a smaller internal diameter in a
predetermined circumferéntial range, and, in a position
where said magnet and said second yoke mutually overlap
in the axial direction, with a second magnetic pole

20 portion having a smaller internal diameter in a
predetermined circumferential range, and said first and
second magnetic pole portions are mutually displaced by

90°/n in the circumferential direction.

25 10. A motor according to claim 9, wherein the
first and second magnetic pole portions of said third

- yoke are obtained by forming said third yoke inwardly
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19c, 19d and that the outer magnetic poI es 18a, 18b and t hose 19a,
19b are nutually separated b w dt h of I nternal projections 20e,
20f of the coupl i \“\W“‘““‘ Wi‘ —Fiag. -17 i s ag—erQss-sectional view
of the stepping m n Figs. 18A, 18B, [18USang; Cross-
sectional views annd atlihe A—A in Fig. 17, while 48 : A §¢EE&8 and
18H are cross-sectional views along a line B-B in ' i gs.
18A and 18E are cross- sectional views at a sane t|n1ng, [
18B and 10 uegicker thays dvfother montinng ofFispld fGEhYIBG are

those of a sane timng, and Figs. 18D and 18H are al so those of a
sanme tim ng. In the followi ng there mﬁll be expl ained the
function of the step ng not or of the present di ment In a state

Shown n P gs 16A Tkt S g matns” acdbrding | SIRP &t ghahg i zed 1o
magneti ze the ij Ixesr't: and secnﬁ}%%agqq C):Llcespojlaea polr8t:bloq{s tJ'F féirétthlr 18

as N

5 yoke are obtained by forming inward protrusions in said

third yoke than in other portions of said third yoke.

12, A motor comprising:
a magnet of cylindrical form, equally divided in

10 the circumferential direction into 2n portions and
alternately magnetized in different magnetic poles in
the radial direction:

first and second coils provided concentrically
with and on both ends of said magnet:;

15 a first tubular yoke inserted into the internal
periphery of said first coil and so provided at to
oppose, with a gap, to the internal periphery of said
magnet;

a second tubular yoke inserted into the internal

20 periphery of said second coil and so provided at to
oppose, with a gap, to the internal periphery of said
magnet; and

a third yoke covering the external peripheries of
said first and second yokes and said magnet;

25 wherein said third yoke is provided, in a position
where said magnet and said first yoke mutually overlap
in the axial direction, with a first apertures of a
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pol es, the inner nmagnetic poles 18c, 18d as S poles, t he outer

magnetic poles 19a, 19b of the second stator 20 19 S poles and the
i nner magnﬁ MIUHH,HH”WU 9d as - -Ngpoles, wher 185

magnet 1 r nterclockwi se by 45 to readh_a skese€ 5. _
Fi gs. 188 'and 18F.* Then the current suppry—te~the cofl
Is inverted 25 to magneti ze the outer nagnetic poles 18a, 18b of the
first stator 18 as S poles, the inner magnetic poles 18c, 18d as N
pol es, the Out@meﬁgyaaminqﬁﬂai;cumﬁerﬂﬁtial range, and, in a position

- 28 - of the second stator 19 as S poles and the inner

magnet i c pol es Whgge BPRddasagnedl eénd gadceigeaansd yoke mydpjpddehtoveghar 1
further rotates counterclockw se b
in the axial directfén, with a second aperture of a
predetermined circumferential range, and said first and

5 second apertures are mutually displaced by 90°/n in the

circumferential direction.

13. 2An advancing device comprising:
a motor including:

10 a) a magnet formed in a cylindrical shape,
circumferentially divided into n portions at least on
the external periphery thereof and alternately
magnetized into different magnetic poles, said magnet
having an output shaft;

15 b) first and second coils provided in the axial
direction of said magnet, and arranged across said
magnet;

c) a first external magnetic pole, magnetized by
said first coil and opposed to the external periphery

20 of an end of said magnet; |

d) a first internal magnetic pole, magnetized by
said first coil and opposed to the internal periphery
of an end of said magnet;

e) a second external magnetic pole, magnetized by

25 said second coil and opposed to the external periphery
of the other end of said magnet; and

f) a second internal magnetic pole, magnetized by
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45[err] to reach a_state shown in Figs. 18C and 18G 5 Then t he
current supply to the coi | I nverted to magneti ze the outer
magnet i c poles u@jﬁ secongg stator 19 ap; t he i nner
magneti c poles N pol es, the outer magne 18b
of the first stator 18 as S poles and the inner 10
18d as N pol es, whereby the per manent nmagnet 1 further
count ercl ockwi se by 45[err] to reach a state shown in Figs. 18
18H. Thesaddlt second coil candsoppdsed to the totérnal peniphery
swi tched in succession whereby the permanent nmagnet 1 15 rotates to
posi tions corresfobiengthert epd ppfisealdfmageet; current supply.

In the following there will be explained mh t he above- exglained

configuration is optFREWEFSLOR AP ?nﬁ°r cott verking Fhe cEahaty B Eﬁ%?ng
20 The b f t t
Pg;?Lred by: ©°f thiﬁou é#foﬁﬁié %a+%§ﬂm§9?ﬁgtﬁ$e€§$ Tﬁgn%e$ﬁ53eﬂt

5 linear motion; and

linearly movable means to be linearly driven by

the linear motion from said conversion means.

14. An advancing device according to claim 13,
10 wherein said linearly movable means is fixed to a lens

holder for supporting a lens.

15. An advancing device comprising:

a motor including:

15 a) a magnet of cylindrical form, equally divided
in the circumferentiadl direction and alternately
magnetized in different magnetic poles in the radial
direction;

b) first and second coils provided concentrically

20 with and on both ends of said magnet;

c) a first tubular yoke inserted into the internal
periphery of said first coil and so provided at to
oppose, with a gap, to the internal periphery of said
magnet;

25 d) a second tubular yoke inserted into the
internal periphery of said second coil and so provided

at to oppose, with a gap, to the internal periphery of
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magnet; . 2) alternate magnetization of n portions, forned by 25

di vi di ng t he ext er nal peri phery of the permnent magnet ; 3)
arrange COI| the er mngmt _

- 29 g WH“IIII)mI"“!u;Ml lmd the secoﬁd Coi %@i n the axial direction of

t he magnet; and outer and inner magnetic of_the first and
second stators, respectlvely magneti zed by the first g C

bei ng so positioned as to respectively oppose

i nt er nal seiid plagrieds @nd he per manent nagnet .

the present stepping notor only
e) a third yoke covering the external peripheries

of said first and second yokes and said magnet;
conversion means for converting the rotary motion
5 of the output shaft of the magnet of the motor into a
linear motion; and
linearly movable means to be linearly driven by

the linear motion from said conversion means.

10 16. An advancing device according to claim 15,
wherein said conversion means inclﬁdes first screw
means provided on the output shaft of said magnet,
second screw means provided on said linearly movable
means and engaging with said first screw means, and

15 limiting means so provided between said linearly
movable means and said first or second yoke as to
enable linear motion of said linearly movable means and

to inhibit the rotation thereof.

20 17. An advancing means according to claim 15,
wherein said linearly movable means is fixed to a lens

holder for supporting a lens.

18. A motor comprising:
25 a magnet of cylindrical form, provided with a
first magnetized layer divided in the circumferential

direction at least on the external periphery into n
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requires a dianmeter allow ng to position the magnetic 10 pol es of the
tators outside t he di ane magnet , - and axi al length equa

t he
to the sum j u ﬂ th of the pernmpent nagnet| amd §jag
first H“\“\ m m \lk! . As the dinension of the/steppkrg§,
is thus detetnihed by the dianeter and the length 15 ©

the coils, the notor can be nade ultra conpact by m nim zing such
di aneter and | engt h. Such mnimzation of the dianeter and the
| engt h agorbhiomscared alterhately Imagnetized i in diiffexgntt o

mai ntain the accuracy of the output of the stepping 20 notor, but his
difficulty i s anegrrbi®ypeles mnd a second madnetizgd favendivdedr mnent
magnet into a hollow cylindrical shape and so positioning the outer
and ek R R esen thett o ?1%@%&@% AU as

to be respectivel ose the external a eripheries

of the permnerﬁx% Fhol HOVFD ax"a@]@{/ CF%%{F % 'g" °Fhe out put

of the mtgr cap.pg Amggmons AR 1 ELLASESTY RIoABENELA 2 A%l PheS0LY the
magnetic poles;

first and second coils provided concentrically
with and on both ends of said magnet;

a first external magnetic pole magnetized by said

10 first coil and opposed to the external periphery of the
first magnetized layer of said magnet;

a first internal magnetic pole magnetized by said
first coil and opposed to the internal periphery of the
first magnetized layer of said magnet:;

15 a second éxternal magnetic pole magnetized by said
second coil and opposed to the external periphery of
the second magnetized layer of said magnet; and

a second internél magnetic pole magnetized by said
second qoil and opposed to the internal periphery of

20 the second magnetized layer of said magnet.

19. A motor according to claim 18, wherein the
internal peripheries of the first and second magnetized
layers of said magnet are circumferentially divided

25 into n porions and alternately magnetized into
different magnetic poles, which are different from

those of the adjacent portions on the external peripheries.
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periphery of the pernanent magnet but al so the internal

periphery thereof, as in the enbodinent 8 to be expl ai ned | ater.

o ML 7, 2 e o e o,

the steppi ng mbtof. in the foregoing enbodi ment {77 SHEET pradsriiaN

I nventi on,

circunferentially 10

t he per manent magnet 1 constituting tthe roRBFL-ACED

in N and S pol 28. onAtihetext acoatrdpegi phecyaimel8pf wheétéeini said
present enbodi nent, the pernmanent magnet 1 is circunferentially
di vi ded, not onfirsh e¢ektermébranfl internal magnetic poles are provided

10

15

20

25

respectively opposed to said second external and

internal magnetic poles.

21. A motor according to claim 18, wherein said
first external and internal magnetic poles constitute a
first stator, and said second external and internal

magnetic poles constitute a second stator.

22. A motor according to claim 21, wherein the
first external magnetic pole of said first stator and
the second external magnetic pole of said second stator

are connected by a cylindrical connecting member.

23. A motor according to claim 18, wherein said
first and second coils are formed with a diameter

approximately equal to that of said magnet.

24. A motor according to claim 18, wherein said
first internal magnetic pole is formed by a first yoke,
said second internal magnetic pole is formed by a
second yoke, said first external magnetic pole is
formed by a third yoke, and said second external
magnetic pole is formed by a fourth yoke, and said
first and second external magnetic poles are connected

by a cylindrical connecting member.
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peri phery thereof but also on the internal periphery, 15 into n portions

(4 _portions i di nment) and alternately magneti zed
into S and N ]mﬂﬁ"ﬂﬂim:ﬂmﬁmﬁ on the. igy ernal periphery of the

per manent mag Atagneti zed in opposite manner to the adjacent
portion on the external periphery thereof. Mre ecifically 20
the internal periphery portions corresponding to the THIS 5

portions la, 1c are magnetized as N pol es whi | g thOSQFQBX é%ﬁﬁﬂﬂlng
to the magneti zed po25i ons motor cdmprilsimge nagnetized as

In the present enbodinent 8, since not only the 25 ext er nal perlp y
of the permanent nagmemagnQUtoﬁJ@nllndrlcalh@ormxeprewlégﬂlmﬁmbyathereof

are circunferentially divided into n gortlons and alternatelf
magneti zed as Nfirst magnetized layer divided in the _cijgcumferentia

direction at least on the external periphery into n
5 portions and alternately magnetized in different
magnetic poles, and a second magnetized layer divided
in the circumferential direction at least on the
external periphery, in an axially adjacent position,
into n portions and alternately magpetized in different
10 magnetic poles;

first and second coils provided concentrically
with and on both ends of said magnet;

a first tubular yoke inserted into the internal
periphery of said first coil and so provided at to

15 oppose, with a gap, to the internal periphery of the
first magnetized layer of said magnet;

a second tubular yoke inserted into the internal
periphery of said second coil and so provided at to
oppose, with a gap, to the internal periphery of the

20 second magnetized layer of said magnet; and
a third yoke covering the external peripheries of

said first and second yokes and said magnet.

26. A motor comprising:
25 a magnet of cylindrical form, provided with a
first magnetized layer divided in the circumferential

direction at least on the external periphery into n
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and S pol es, the output- of the notor can be increased by the

relatlonshlp bet i“nal peri phery of t pernanent magnet 1
and the |nner m@@“ a l‘gﬂ 18c,= 1¥¥ of the fi rlsTHStSHm ; 185 BFK

t hose 19c, m tlie Second stator 19.
In the follomnng there will be expl ained a . stepping no
constituting an enbodi nent 9 of the present invention, with
reference to Fi 20 to

h ' h
enbodi nent 7 POEL08RoARA, AL bppRately DoaRRESPRY, o, SeEREERTR, cam |

mbers. | he_f b b
ntearal 1y for IEANPRLGaBHLGP ¢ Radr By seebhd AlbEkstla raver HEPTaghbYs ¢

but, in the pre e@he é¥§cungpgﬂ£H§ﬂtd%rFFQE?Huﬁ%rlEHQ%SoﬂTtﬁae first and

second at ors are Integra ormed while the I nner
tubes of the fék%érﬁaﬂ §@§Qﬁﬁe§§atQﬁsaﬁ8axiali§eaﬁgéﬁéﬁt positids@parately

as shown in Fig.
5 1nto n portions and alternately magnetized in different
magnetic poles;

first and second coils provided concentrically
with and on both ends of said magnet;

a first tubular yoke inserted into the internal

10 periphery of said first coil and so provided at to
oppose, with a gap, to the internal periphery of the
first magnetized lajer of said magnet;

a second tubular yoke inserted into the internal
periphery of said second cecil and so provided at to

15 oppose, with a gap, to the internal periphery of the
second magnetized layer of said magnet; and

a third yoke connected at an end to said first
yoke,.covering the external periphery of said first
yoke and having, at the other end, a magnetic pole

20 portion opposed to the external periphery of the first
magnetized layer of said magnet;

a fourth yoke connected at an end to said second
yoke, covering the external periphery of said second
yoke and having, at the other end, a magnetic pole

25 portion opposed to the external periphery of the second

magnetized layer of said magnet; and

a connecting member for concentrically supportlng

said third and fourth yokes.
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Fig. 20 is an expl oded perspective view of the 20 steppi ng notor of the

enpodi nent 9 of the present I nvention, while Fig. 21 is a

| ongi tudi nal cross- .sectional viewsaf +he stepping notor in the
assenbl ed state, and Figs. 22A to 22H are cross-sectional views
along lines A-A and B-Bin Fig. 21. 25 Referriﬁm%gmﬁ@gsHAggrLQ‘
22H, a cylindrical per manent nmagnet 1 is provided MAthu@Ijti§
magnet i zed | ayer consisting of magnetized portions ta,—tb—te—3d
- 32 - ABSTRAGT BF WHE RISCOSIRE unf erence into n portions (4
portions in this enbodinment) and alternately magneti zi ng such

portions into S and Wﬁ)(ﬂ%%se%du&’entlon W%g”%t‘%%‘é‘bﬁ |e8RaTonsi st i ng

| ar | d|V|d|n
of magnetized 111501:01p chf Ia? nnsox}e conflgc{lra hJ.ofnOr rTcl:acgjmpb 1ssin”§ aY g

which is formed in a cylindrical shape and is

5 circumferentially divided into n portions and
alternately magnetized into different magnetic poles at
least on the external periphery thereof, wherein a
first coil, a rotor and a second coil are arranged in
this order along the axial direction of the rotor, and

10 first external and internal magnetic poles magnetized
by the first coil and so arranged as to oppose
respectively to the external and internal peripheries
at an end of the magnet while second external and
internal magnetic poles magnetized by the second coil

15 are so arranged as to oppose respectively to the
external and internal peripheries at the other end of

the magnet.
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the circunference into 4 portions and magneti zi ng such portions
alternately into S and N poles. The first and second nmagneti zed

| ayers are nagnetized with a nutual phase di spl acenent of 180[err]/n
or 45[err]. In the present 10 enbodi ment, nagnetization is made in such
a manner that the portions la, 1c of the first magneti zed | ayer and
the portions le, 1g of the second nmagh#i2(red | ayer have S pol es on

t he external periphery and N poles on the i nternal periphery, while
the portions 1b, 1d of the 15 first magnetized | ayer and the portions
1f, 1h of the second magnetized | ayer have N poles on the external
periphery and S poles on the internal periphery& A rotary shaft
7 is fixed to the permanent magnet 1. Th&irotor is constituted by
the rotary shaft 7 and 20 t he permanento\ £ i Coils 2, 3 are

posi ti oned concentrically wth and on | des in the axial
direction of the permanent magnet [L, and have & external dianeter
substantially equal to that of the
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per mmnent magnet 1. A first yoke 4, conposed of a soft 25 magneti c

material, is provided with a portion 4d to be inserted into the
interior 2a of the coil 2, and teeth 4b, 4c to be opposed to the
interior of the first - 33 -
magneti zed | ayer of the above-nentioned per manent magnet 1. The teeth
4b, 4c are nutually di splaced by 2/ O[err]/(n/2) or 180[err], in order
to assunme a same phase with respect to the poles of the first
magneti zed 5 | ayer. A portion 7a of the rotary shaft 7 is rotatably
fitted in a hole 4a of the first yoke 4. A second yoke 5,
conposed of a soft nmagnetic material, is provided with a portion 5d
to be inserted into the interior 3a of the coil 3, and teeth 5b, 5c
to 10 be opposed to the interior of the second nmagnetized
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| ayer of the above-nentioned permanent magnet 1. The teeth 5b, 5c

are nmutual ly displaced by 360[err]/(n/2) or 180[err], in order to
assume a sanme phase with respect to t he pol es of the second
magneti zed | ayer. A portion 7b 15 of the rotary shaft 7 is rotatably
fitted in a hole 5a of the second yoke 5. The insertion
of the coils is made easy, since the 3/20 inserted portion 4d and the
teeth 4b, 4c of the first yoke 4 have a same dianmeter and the
inserted portion 5d 20 Xand thegteeth 5b, 5c of whe secondedoke 5 have a
sane di apet ere The (teeth_4F, 4c of the firstQ
5b, 5c of the sggangg oke X a, sane pha
opposed positio int directichw Aty
of a soft 25 magne bi nce the coil g
per mmnent magnet 1 hay sanme external
third yoke is chgdtructid /syl e )
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- 34 - tubular form so as to cover the external peripheries

of the coils 2, 3 and the pernmanent magnet 1 with a sui tabl e gap

t herefrom ' The third yoke 6 is coupled at a portion 6[err] with
a b5 portion 4c of the first yoke 4 and at a portion 66 with a
portion 5c¢c of the second yoke 5. The third yoke 6 is provi ded with
portions 6[err],6[err] in a position wW&@®k the teeth 4b, 4c of the
first yoke 4 and those 5b, 5c of t he second yoke 5 are nutually
opposed across the 10
ot her - pesitidBs. As
t hose 5b, 5c o he )
pol e portions 6ffrr],
these teeth can assuneff
easily nanufaclgsed fo
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exanpl e by pressing. Also in the structure explained above, the air

gap between the first and third yokes 4, 6 and that between the
second and third yokes 5, 6 are nostly filled by the pernanent
magnet 1, the magnetic 20 flux generated by the energization of the
coils 2, 3 is effectively applied to the pernmanent magnet to
i ncrease t he out put of the not§/20 Fig. 21 is a
cross-sectional view of the stepping notor, and, in Figs. 22A 22B,
22C and 22D are cross- 25 sectional views along a line A-Ain Fig. 21,
whil e 22E, 22F, 22G and 22H are cross-sectional views along a line
B-Bin Fig. 21. In Figs. 22A and 22 are .
- 35 - cross-sectional view at & 1“iqs m ng, also Figs. 22B
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and 22F are those of a sane timng, Figs. 22C and 22G are those of a
sane timng, and Figs. 22D and 22H are al so those of a sane timng.
5 In the following there will be explained the function of
the stepping notor of the present enbodinment. In a state shown in
Figs. 22A and 22E, the coils 2 and 3 are so energized to nagneti ze
the teeth 4b, 4c of the first gypRg 4 as S poles, the portions 61,
10 62 of the third yoke 6 opposed to the teeth 4b, 4c as N pol es,
the teeth 5b, 5c of the second yoke as S pol es, and the portions
6[err], 6[err] of the third yoke 6 opposed to the teeth 5b, 5c as N
pol es, whereby the pernanent magnet 1 rotates counterclockw se by
45[err] to reach a 15 state sh =N Figs. 22B and 22F.

Then the current supply to the coi s ifYerted to magnetize the
teeth 4b, 4c of the first yoke 4 as N pol es, the portions 6[err],
6[err] of the third yoke 6 opposed

d8 to the teetly 4b, 4c as S poles,
the teeth 5b, 5c of th 20 sgcon gmke as, S pol es!/ and the portions
6[err], 6[err] of tae a 4a g 6 53
/ 8b ( | 6f )63-\‘],l 3
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third yoke 6 opposed to the teeth 5b, 5c as N pol es, wher eby t he

per manent nmagnet 1 further rotates count ercl ockwi se by 45[err] to
reach a state shown in Figs. 22C and 22G 25 Then t he
current supply to the coil 3 is inverted to magnetize the teeth 5b,
5¢c of the second yoke 5 as N pol es, and the portions 6[err], 6[err]
of the third yoke 6 7/20 - 36 -

opposed to the teeth 5b, 5c as S poles, whereby the per manent magnet
1 further rotates countercl ockw se by 45[err] to reach a state shown
in Figs. 22D and 22H. Thereafter the current supplies to the coils 2,
3 are 5 switched in succession whereby the permanent magnet 1

rotates to positions corresponding to the phases of the

FIG. 9

12

: //QQQQC@—( -



current supply. In the enbodi nent 9:-of the present invention,
t he per manent nmagnet 1 constituting the rotor is 10
circunferentially divided into n portions and alternately nagneti zed -
in S and N poles, not only on t he external periphery but also on the
i nternal peri phery, but, in the present invention, the external

peri phery al one of the permanent magr@¥ 20 constituting 15 the rotor may
be divided circunferentially into n portions and alternately
magnetized in S and N pol es. [ Enbodi nent 10] Fi gs.
23 and 24 illustrate the steppingln%cw of an fment 10 of the
present invention, wherein Fig. 20 3 gf an exghoded perspective view
of the stepping not or and FI§ 24 i S) a crossysectional view thereof.

In contrast to oreg ng en el d i nner
tubes areée inte cach of d secondl|stators
e

18, 19, the ou nher tubes in the pre ent enbodi nen{ {10 are
separately

T
NN N \;{\ N\ \TZ::;—ll_(—_v—‘
e
L7
6
6a .
C
FIG. 11 -
6b
6d
6
6f

FIG 12 ~



formed in each of the first and second stators 18, 19 as shown in

Figs. 23 and 24. More specifically, the

- 37 - i nner tube of the first stator 18 constitutes, together
with the inner magnetic poles 18c, 18d at the end t hereof, a first
yoke 18[err], while the outer tube of the first stator 18

constitutes, together with the outerg /&g magnetic poles 18a, 18b at the

end thereof, a third yoke 18[err]
stator 19 constitutes, together with the inner
19c, 19d at the end thereof,.a second yoke 191, while

of the second stator 19 constitutef,

magneti c poles 19a, 19b at the
in the enbodi ment

\

Al so the inner tube of the second
magneti c pol es

7 he outer tube
10 Sgeth h ut er
eﬂﬁgthe

(ﬁ7 afo rth yokg 192. Al so
)

i
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10, the magnet 1 of the rotor may be circunferentially divided into

n portions and alternately nagnetized in N and S poles not only on
t he external periphery but also 15 on the internal periphery as in the
enbodi nment 8, t hereby effectively increasing the output of the

nmot or . Fig. 26 is a magnified perspective view of the

rotor, and Figs. 27A, 27B, 28A, ZSBgquQO 29B, 30A and 30B are views
showi ng rotational phases of the 20 per manent magnet 1, wherein A

i ndi cates the first magneti zed | ayer and B indicates the second
magneti zed | ayer. If the third yoke 6 is integrally forned as in

t he enbodi nent 9 shown in Fig. 25, there results fl ows of magnetic
flux between the first magnetized layer C 25 & and the second magneti zed
| ayer D of the permanent net 1, third yoke 6.

Consequently a coggi ng for¢e becone in the rotationa

W)
(o))
oy

FIG. 16




-38 - posi tions of the permanent magnet 1 shown in Figs. 27A

27B, 29A and 29B than in those shown in Figs. 28A 28B, 30A and 30B.
Such phase with stronger coggi ng appears 4 tinmes in a rotation, at a
pitch of 90[err]. Since the 5 present notor achieved a full turn by 8
swi t chi ngs of the current supplies to the coils 2, 3, the

el ectromagnetic force generated by qqq/goergization of the coils 2,
3 does not necessarily coincide with the cogging force. 10

For this reason the generated driving force shows signi ficant
fluctuation and the obtained rotation does not become snooth. In the
enbodi nent 10, since the third yoke 182 and the fourth yoke 192 are
magnetical |y separated by the coupling ring 20 of the non-nagnetic
15 material, there is scarcely generated the foll ow of magneti c

flux between the first magnetized | ayer and
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t he second magneti zed | ayer across the third and fourth yokes

18[err], 19[err], so that the cogging is generated 8 times, nanely 4
times at a pitch of 90 by the first 20 magneti zed | ayer and 4 tinmes of
a pitch of 90[err], di spl aced by 45[err], by the second nagneti zed

| ayer. As the cogging is generagted at a pitch of 45 err], the
generated driving force shows snal | erl&f &t uation to provi de

snoot her rotation of the mptor. 25 Though t he foregoing

enbodi nents have been < expl @ned by stepping not&s, the gesent
I nvention is Lot limted

ted td such enbo nte and)is natufally
- 39 - pl RUshl ess no by SWiat
current supply @gtordi g i on of t rot(( Qnpl e by

a hall el enent.

FIG.
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As detailedly explained in the foregoing, the 5 present invention

provi des a notor conprising a nmagnet which is forned in a cylindrical
shape and is circunferentially divided into n portions and

magneti zed into different nagnetic poles at |east on t he external

peri phery thereof, wherein a first coi V%(io t he magnet and a second coil
are arranged in this order al o t axial direction to the nagnet,

and first - external and internal nagnetic poles magnetized by the
first coil ar o arrangedas to qfbose respectively tg& tde ext ernal
and i nter nal Rph&% ar—and of the 15 ~magnet whi

external and i r naix pol es eti-ze

are so arrangeytas Rspectiv to

i nt er nal periph S~ er end of the
can be provi degt he no t onfi gurati,on,
different fro € CON&F ¥y urationb
obt ai ning an [L a conmpay ~
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Al so according to the present invention, a simlar effect can be

obt ai ned by providing the nagnet with a magneti zed |l ayer or with two
magneti zed | ayers. More 25 specifically, the nmotor with such two
magneti zed | ayers conprises a permanent magnet which is forned in a
cylindrical shape and is provided with a first
- 40 - magneti zed | ayer for ?/Z@/ circunferentially dividing
at |east the external periphery thereof Into n portions and
alternately magnetizing such portions into di fferent magnetic pol es,
and with a second magnetized 5 | ayer formed by circunferentially
dividing at |east the external periphery into n portions with a phase
di spl acenent by 180[err]/n with respect to the first magneti zed | ayer
and alternately magneti zi ng such (’ X
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portions into different magnetic poles, wherein a first 10 coil, the
per manent nagnet and a second coil are arranged in this order al ong
the axial direction of the per mmnent magnet, and first external and
i nt er nal magneti c pol es nagnetized by the first coils are so
arranged as to oppose respectively to the external and 15 i nt er nal
peripheries of the first magnetizedqbaypg of t he permanent nagnet
whi | e second external and internal magneti ¢ pol es negnetized by the
second coil are so arranged as to oppose respectively to the
external and i nternal peripheries of the second nagnetized | ayer of
20 t he permanent of the magnet. In such notor of one-|ayer
or two-layer structure, the diameter of the notor is determ ned by
posi tioni ng the first and second external magnetic poles in

nmut ual |y opposed manner on the external periphery of 25 t he per manent
magnet, while the axial length of the notor is determ ned by
successi ve positioning of the

n o2
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first coil, the permanent magnet and the second coil in

- 41 - the axial direction of the pernmanent nmagnet.

Consequently the notor can be realized in an ultra conpact form and
such configuration is optinmm for realizing an ultra conpact notor.

5 Al so an effective notor outqgtd&?n be obt ai ned by form ng
t he permanent nagnet into a holl ow cyl {AY cal shape and positioning

the first and second external and i nternal magnetic poles _ _
respectively on ext er nal and internal peripheggies of ssch holl ow

cylindrical 10 per manent_egreat . Furthernﬁﬂg, sincelthe fir¥t and
second stators ngibe copfge me conpomaqt, 2

provi ded a not or ich g assemhhing A
fluctuation of the
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performance. 15 Such nmotor, when applied to a | ens advanci ng
device of the canera, allows to provide a conpact advanci ng devi ce.
VWHAT IS CLAI MED I S: 1. A notor conprising: a magnet having a
cylindrical shape, circunferentially divided into n portions at |east on an
external periphery thereof and alternately nagnetized into different

magneti c pol es; first and secppd2goils provided in the axial
direction of said magnet, and arranged across said nmagnet; a first
external magnetic pole, defined by a cylindrical nenber having a cut- out
portion, magnetized by said first cgfl and oppossy to the external

peri phery of an end of said nagnet; -
magneti zed by said first coil and opposed to 3
end of said nagnet; a second extergs
cylindrical nenber having a cut- out portion,
coil and opposed to the external periphery o
and a second internal magnetfic pghe,

and opposed to the internal periphery of the

i nternal magnetic pole,
nternal periphery ofthe
< ic pole, defined by a

gnetozed by said second
other end of said magnet,
i zed by said second coi
end of said nagnet

1

9a 192
19b

FIG. 23
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2. A nmotor according to claim1l, wherein the internal periphery of said
magnet is circunferentially divided into n portions and alternately
magneti zed into different magnetic poles, which are different from those
of the adjacent portions on the external periphery. 3. A not or
according to claim1, wherein said flrzi external and internal magnetic
poles constitute a first stator, and8¢a4¥ second external and interna
magneti c poles constitute a second stator. 4. A notor according
to claim3, wherein the first external magnetic pole of said first stator
and the second external nmagnetic pole of said second stator are connected
by a cylindrical connecting nenber.

FIG. 24 182 g, 202 209/ 20c 193 192
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5. A notor according to claim1, wherein said first external and

I nternal nmagnetic poles which are in a nutually opposed relationship are
di spl aced by 180[err]/n wth respect to said second external and internal
magneti c poles which are in a nmutually opposed relationship. 6.
A notor according to claim1, wherein said first and second coils are
formed with a dianeter approxi matel y1®eg4ag8l to that of said nmagnet.

7. A nmotor according to claim1l, wherein said first internal magnetic
pole is formed by a first yoke said second internal nmagnetic pole is
formed by a seceﬂ yoke, said first external magnetic pole is

o =
SSOR

FIG. 28
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formed by a third yoke, and said second external nagnetic pole is forned
by a fourth yoke, and said - first and second external magnetic poles are
connected by a cylindrical connecting nmenber. 8. A notor

conpri si ng: a magnet having a cylindrical form equally divided in
the circunferential direction and alternately magnetized in different
magnetic poles in the radial directpgy;20 first and second coils

provi ded coaxially with and at respective nmaterial ends of said nagnet;

a first tubular yoke inserted into an internal periphery of said first coi
and arranged so as to oppose, with a gap therebetween an internal periphery
of sai d magnet; a second tubul ar yoke inserted into an internal

peri phery of said second coil and arZEyzsﬁ sgﬁh to oppose, with a gap

t her ebetween the internal peripher f k d ghet, and

a third yoke covering an externaﬁ&é@@ %‘ RZ& first yoke, an exteral
peri phery of said second yoke and & na el phery of said -nmagnet, said
third yoke having a firsgqgut-out portion in an area where said first yoke

and said magnet overlap gnd a second cut-out portion in an area where said
second yoke and said jz103 19?
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. R T
- magnet overl ap. 9. A notor conpri sing: ~a magnet of _‘ L
cylindrical form equally divided in the circunferential direction into
2n portions and alternately nagnetized in different nagnetic poles in

tHe radial direction; first and second coils proyided _
concentrically with and on both ends of” said magnet; REPLAC&MENE’%HEQT
tubul ar yoke inserted into the internal periphery of sai @ fTTst—eet+and
so provided at to oppose, with a gap, to the internal pe igp$lﬂn?f sai
magnet ; a second tubular yoke inserted into the iptgrnal" 1997
peri phery of said second coi |l Mag8rsanar advdadialy beviceOpPpoO ; a
to the internal periphery of said magnet ; an third yoke ‘
covering the external peripheries of said first and seCond—yokes—ared—-.!
sai d nagnet;

BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to a motor of an

ultra compact size and an advancing device utilizing
the ultra compact motor for lens advancement.
Related Background Art
In the field of compact motors, there is for

10 example known a compact cylindrical stepping motor as
shown in Fig. 31. In such motor, stator coils are
wound on bobbins 101, which are supported and fixed in
the axial direction between two stator yokes 106. The

| stator yokes 106 are provided with stator teeth 106a

15 and 106b which are alternately arranged along the
internal circumference of the bobbins 10l1. The stator
yokes 106 integral with the stator teeth 106a, 106b are
fixéd in cases 103 to constitute stators 102.

In one of the two cases 103 there are fixed a

20 flange 115 and a bearing 108, while another bearing 108
is fixed on the other case 103. A rotor 109 is
composed of rotor magnets 11l fixed on a rotor shaft
110, and the rotor magnets 11l constitute radially
extended gaps with the stator yoke 106a. The rotor

25 shaft 110 is rotatably supported between the two
béarings 108. The Japanese Patent Laid-open

Application No. 3-180823 discloses the use of such



~ wherein said third yoke is provided, in a position where said magnet and
said first yoke nutually overlap in the axial direction, with a. first

.magneti'c pol e portion having @& ulerna di anef i ENT SHEET
predeterimi ned circunferential rap 1§H§k qé”tﬁs p srtlon q&mkmgigﬂ} -mergnjet
and said second yoke nutually ove di regt on ﬁ é§7
second nagnetic pole portlon havi ng a snaJ?%r I nternal di 3n§1ﬂ1

pr edet er mi ned chg%ggfg Nt an nge ev&d said first and {second nagneti

pol e portion 90[err]/n in the circunferenti al
direction. ABSTRACT OF THE DISCLOSURE ’

——lld

The present invention provides an ultra compact
motor of a novel configuration, comprising a magnet
which is formed in a cylindrical shape and is

5 circumferentially divided into n portions and

alternately magnetized into different magnetic poles at
least on the external periphery thereof, wherein a
first coil, a rotor and a second coil are arranged in
this order along the axial direction of the rotor, and

10 first external and internal magnetic poles magnetized
by the first coil and so arranged as to oppose
respectively to the external and internal peripheries
at én end of the magnet while second external and
internal magnetic poles magnetized by the second cdil

15 are so arranged as to oppose respectively.fd the
external and internal peripheries at the other end of

the magnef.

This Sheet Has Been R

[T I"I

Figure 1




10." A notor according to claim9, wherein-the first and second rra%r?é?fg%l"l
pol e portions -of-said.-third yoke are obtained by formng said third yoke

i nwardly thi cgw other portions of said third yokee————r 11. A

not or accor di LWH"’U rein the first a R@_p@mmﬁmﬁgﬁé&ﬂc pol e

portions of said tehil e obt ai ned by for -d—prot nugi ons in

said third yoke than in ot her portions 4%t said thild yoggf 1)?9
I

not or conpri si ng: a magnet of cylindrical fpr ed in
the circunferafgar IJiCEANI®D 1L 0 2n portions an etized
in different magnetic polres in the radial directjon; first apd

second coils provi clled cmggtglegotn%n%%lgl y wth and on Sal d magnet ;

8 magnet having a cylindrical shape, circumferentially divided into n portions
at least on an external periphery thereof and alternately magnetized into dlﬂ:'erent
magnetic poles;

first and second coils provided in the axial direction of said magnet, and
arranged across said magnet;

a first external magnetic pole, defined by a cylindrical member bhaving a cut-
out portion, magnetized by said first coil and opposed to the external periphery of an
end of said magnet;

a first internal magnetic pole, magnetized by said first coil and opposed to an

~ internal periphery of the end of said magnet;

a second external magnetic pole, defined by a cylindrical member having a cut-
out portion, magnetized by said second coil and opposed to the extemnal periphery of the
other end of said magnet; and

a second internal magnetic pole, magnetized by said second coil and opposed
to the internal periphery of the other end of said magnet.

2. A motor according to claim 1, ;:herein the
internal periphery of said magnet is circumferentially
divided into n portions and alternately magnetized into
different magnetic poles, which are different from

those of the adjacent portiohs on the external periphery. .

3. A motor according to claim 1, wherein said
first external and internal magnetic poles constitute a
first stator, and said second external and internal

magnetic poles constitute a second stator.

4. A motor according to claim 3, wherein the
first external magnetic pole of said first stator and
the second external magnetic pole of said second stator

are connected by a cylindrical connecting member.



REPLACEMVENT SHEET - 46 - a first tubular yoke inserted

AP
d..so-—provi-ded—at (0]

knto the internal periphery of said first coil an
oppose, with a gap, to the internal periphery of s
second tubular yoke inserted into the internal p¢g

o7 s o MM i,
of said first* afd sechbnd® yokes and sai d magnet;
yoke is provided, in a position where said nmagnet

AIREPLABEYIRAT: SHEET a4

b=

—+

he
hel ext
whetredn—sat+d ithird

riptrery-of~—sar d|second

1i£$ﬁglr@b9peri phery

perijpheri es

and said first ydke

mutually overlap in the axial direction, with a f

n
oSt

dperTures of a

predeterm ned ci geunt grant b3l ,L30P8:ngd" o EDadmP2S! kh8Bein said

first external and internal magnetic poles which are in

a mutually opposed relationship are displaced by 180°/n

with respect to said second external and internal

magnetic poles which are in a mutually opposed

relationship.

6. A motor according to claim 1, wherein said

first and second coils are formed with a diameter E

approximately equal to that of said magnet.

7. A motor according to claim 1, wherein said

first internal magnetic pole is formed by a first yoke

said second internal magnetic pole is formed by a

second yoke, said first external magnetic pole is

formed by a third yoke, and said second external

magnetic pole is formed by a fourth yoke, and said -

by a cylindrical connecting member.

8. A motor comprising:

first and second external magnetic poles are connected

a magnet having a cylindrical form, equally divided in the circumferential
direction and alternately magnetized in different magnetic poles in the radial direction;
first and second coils provided coaxially with and at respective material ends of

said magnet;

& first tubular yoke inserted into aq internal periphery of said first coil and
arranged 50 as to oppose, with a gap therebetween, an internal periphery of said magnet;
2 second tubular yoke inserted into an internal periphery of said second coil
and arranged so _as to oppose, with 2 gap therebetween, the internal periphery of said

magnet; and



where said nmagnet and said second yoke nmutually overlap in the axial
direction, with a second aperture of - a predeterm ned clrcunferenti al
range, and said first and second apertures are nutuallyﬂgp§ﬁdgygwﬁ n
in the circunferential -directiaon. i

devi ce conpri si a notor ingluding a) .a mgnet
having a cyl i ndmm,ﬂ ”mﬂtlawumunf eren?‘lial l'y divided iinfo 31 4 YR t19%hs| a
| east on an extern pe hereof and alternately gnetized into
di fferent nagnetic poles, said nmagnet having an out put shaft b)
first and second COI|S prOV|ded in the axial direction-o en-d magnet ., _ahd
arranged across _sagi

I
defined by a cylal ”l(‘fl?l ? m%%a%ﬁdéﬂgw%?%gﬁwgg E

said fi rstﬁmm_mw&e@# h@%ﬂ@é‘rmhwwﬁ’ guft, said amird ybksai d

magnet - having a%irsPoutichs? bobidhGaA arBFIMRE i Hih yoRAGRR! LEd Dy said first
coil and magnet ;

e) a secomukgpet evenlab andgrsetdnd qubiou] pattibn riwdn breaavheyd saidsecal yokehad shidvi ng
a cut-out %E}: erbdag; gneti zed by said second coil and opposed to the

ext er nal

9. A motor comprising:

a magnet of cylindrical form, equally divided in
the circumferential direction into 2n portions and
alternately magnetized in different.magnefic poles in

o

the radial direction;

first and second coils provided concentrically
with and on both ends of said magnet:;

a first tubular yoke inserted into the iﬂternal
periphery of said first coil and so provided at to
oppose, with a gap, to the internal periphery of said
magnet;

— a second tubular yoke inserted into fhe internai
periphery of said second coil and so provided.at'to
oppose, with a gap, to the internal periphery of said
magnet; and

a third yoke covering the external peripheries of
said first and second yokes and said magnet;

wherein said third yoke is provided, in a position
where said magnet and said first yoke mutually overlap

in the axial direction, with a first magnetic pole

portion having a smaller internal diameter in a



the other end ot said magnet; and f) a second internal nagnetic

pol e, magnetized by said second coil and opposed to he—+nterral—periphery
of the other end of said magnet; conversi on jreBERLACBKMENDISHEET | hg
the rotary rmtlonmllmnmlm mmmnaft of the nmagnet ¢f [The otor—Tmtp A

| i near notion ar | y rmvabl e menber { t o ld ryven
by the |inear notion of saim scorversid ?ﬁd sﬁgﬁiﬁ%n Ing
devi ce according to claim 13, wherein sald Ilnearly Vet fi xed
to a lens holder for supporti ng a |lens. 1p. An advanci ng de,w ce
conpri si ng:

cylindrical

f%?ﬁegﬁﬂﬁoﬁf?cﬁ:*/ﬁd‘# afgznn&f%lealcﬁ%ntﬁﬁ Zaragh{agjf}?dal ;}géé% I on and

ectl1on;

alternately §§:93
b) first andr@g%gn col | %#%%leé ed coaX| w%ﬁé%n‘ﬂj{‘k&rjgg%‘gétf%eﬁends of

sai d magnet;

in_ the aﬁaf ciiféétié&DU|v?itlYCH<eséék§:?d tisyhdt Lo it er nal
periphery of said first coil and arranged so as to oppose, with a gap

t her ebet ween. péheidht Rivohg Rer skl yr ointatth Negiwheter in a

predetermined circumferential range, and said first and
second magnetic pole portions are mutually displaced by

90°/n in the circumferential direction.

10. A motor according to claim 9, wherein the
first and second magnetic pole portions of said third

yoke are obtained by forming said third yoke inwardly

thicker than in other portions of said third yoke.

11. A motor according to claim 9, wherein the
first and second magnetic pole portions of said third
yoke are obtained by forming inward protrusions in said

third yoke than in other portions of said third yoke.

12. A motor comprising:

a magnet of cylindrical form, equally divided in
the circumferential direction into 2n portions and
alternately magngtized in different magnetic poles in
the radial direction:

first and second coils provided concentrically

with and on both ends of said magnet:;



d) a second tubular yoke inserted into an internal periphery of said second
coil and arranged so as to oppose, wth a gap therebetmweemr—the—tnterted
periphery of said~ nagnet; and e) a third yoke |cBeREAGEMENRSHEET
ext ernal peripher ‘m mm‘ioke, t he external pdriphery of sajd
second yoke and tmmmn hery sai d nmagnet, {s3i d’!WSEId ngj(e
having a first cut*out port"or in an at & where said fir oke and d
magnet overlap and a second cut-out portion in an area mkcrc JQTG-accqu
yoke and sai d magnet overl ap; conversi on neans {for converting the
rotary notion ofy tﬂ%%’%ﬂuﬁﬁaf 1Hl%rﬁwaeitd3ftﬁéﬂem“o"é‘1'ﬁjear
noti on; and I nearly mnovabl e menber to be linearly driven by the
linear notiqn-fdruepaid sHEvEREORIEARN so provided B tén advanci ng
devi ce according to claim 15, wherei n said conversion neans includes
first screwpposeeanstipro\yatsd tan thee iottamtals ipertipiferyaiaf magdet

second screw neans provided on said linearly novabl e means and engagi ng
with said fmagretscrew neans, and limting means so provided between
said linearly novabl e means and said first or secondlyoke as to

enabl e |inear nodi¥RFEYId stknlamazais %ﬁﬁﬁ&ﬁ-’l%‘l e BRI 10teTRY hhibit the

rotation thereof. vanc neans cecordi,ng to claim 15,
periphery of said seconé\001 prov1ééé:at té’

N0
—+

oppose, with a gap, to the internal periphery of said
magnet; and
~ a third yoke covering the external peripheries of
said first and second yokes and said magnet;
wherein said third yoke is provided, in a position
where said magnet and said first yoke mutually overlap

in the axial direction, with a first apertures of a

predetermined circumferential range, and, in a position
where said magnet and said second yoke mutually overlap
in the axial direction, with a second aperture of a

predetermined circumferential range, andhsaid first and
second apertures are mutually displaced by 90°/n in the

circumferential direction.



wherein said linearly novable neans is fixed to a |lens hol der for

supporting a |lens. , )

REPLACENENT SHEET 18. A notor conprising: a
gnet havi ng

lindrical form provided with a firs} m i r
d| Vided in thﬁmﬂr'{ g ,”u directiop at |east on tneﬁmmgm degyg ery

into n portio ely magnetized in differknf magnetic polles;
and a second nagnetized layer divided in the circunfgrpnth ﬁﬁmiﬂﬂhlo at
| east on the external periphery, in an axially adj acen}_position, i
portions and alternately magnetized in different magnefic pol es;

first and second i pI’OVI de with and at |
sai d magner ; 13, Aa awgt eex Wﬁad %ﬁagnet ic pole defined by a
cylindrical rrenberamfewltlnqtu%dmsut out portion, nmagnetized by said first

‘coi |l and opposed tp 4 Bﬁgﬁeﬂﬁ‘d’vﬁ@ aPSlinBAGY Yshalf td&@uﬁxfe&e’*nhaﬂy ad&l 7R6 1 ayer

of said magnet nt er nal tic neti.zed by sai d
first coil APWSBskast s ﬂlé”“m?‘hwtpépﬂléﬂw ﬁg‘;g‘ge 'jg"’lm"ct P& %% pEostzedniRtt i zed
Ia?/_erdof s?ldi&‘zr;mmagncnapdacsmdimgmahmhgm@npmshaﬁpol e defined by a |
cylindrical nenbeg [ rg i on
coil and opposed t%lﬁ?ﬁeﬁgxst@%cr nal " %%gréﬂﬁm%%oﬁgsm%%gﬁl ayer
of said magrisEn gusiagross said magne§; second i nt er nal magneti c pol e magneti zed by
said second coi | apg iepasadl hignetit pele, RHRLABY P& 11nBACHYmEh bk i BEE R

magnet i zed loatY Eeémgn :Sﬁgéx%nzn&ggy said first coil and opposed to the external periphery of an
end of said magnet;
d) a first internal magnetic pole, magnetized by said first coil and opposed to
.an intemnal periphery of the end of said magnet;
e) a second external magnetic pole, defined by a cylindrical member having a
cut-out-portion, magnetized by said second coil and opposed to the external periphery of
the other end ot said magnet; and
f) a second internal magnetic pole, magnetized by said second coil and opposed
to the internal periphery of the other end of said magnet;
conversion means for converting the rotary motion of the output shaft of the
magnet of the motor into a linear motion; and
.2 linearly movable member to be linearly driven by the linear motion of said
conversion means.

14. An advancing device according to claim 13, -
wherein said linearly movable means is fixed to a lens

holder for supporting a lens.

15, An advancing device comprising:

a motor including:

2) & magnet having a cylindrical form, equally dmded in the circumferential
direction and alternately magnetized in different magnetic poles in the radial direction;

b) first and second coils provided coaxially with and at respective ends of said
magnet;

c) a first tubular yoke inserted into an internal periphery of said first coil and
arranged so as to oppase, with a gap therebetween, the internal periphery of said

. magnet;




19. A motor accordi ng to claim18, wherein the. internal peripheries of the
first and second nagnetized |ayers of said nagnet are gl i

divided into n porions and alternately magnetized into] RERUASEMANT miGRbt} c
whi ch Bre different from those of the adjacent TTons on the

pol es, _ _ ] :
oue " ORI BB 52 22,28 9 )

said first ' _
to said second external and inter!n'I raghrettecpot e$.

respectively oppose
21. A notor according to claim 18, wherein said

d) a second tubular yoke inserted into an intemal periphery of said second coil
and amranged 5o as to oppose, with a gap therebetween, the internal periphery of said
magnet; and

¢} a third yoke covering the external periphery of said first yoke, the external

periphery of said second yoke and the external periphery of said magnet,
gaid third yoke having a first cut-out portion in an area where said first yoke.and said
magnet overlap and a second cut-out portion in an area where said second yoke and said

magnet overlap; _
" conversion means for converting the rotary motion of the output shaft of the
N~ magnet of the motor into a linear motion; and _
- _alinearly movable member to be linearly driven by the linear mation from said
conversion meauns. |

16. An advancing device according to claim 15,
wherein said conversion means includes first screw
means provided on the output shaft of said mégnet,
second screw means provided on said linearly movable
means and engaging with said first écrew means, and
limiting means so provided between said linearly
movable means and said first or second yoke as to
enable linear motion of said linearly mdvabie means and

to inhibit the rotation thereof.

+17. An advancing means according to claim 15,
wherein said linearly movable means is fixed to a lens

holder for supporting a lens.



first external and internal magnetic poles constitute a first stator, and

sai d second external and internal magneti c pol es consg++dt-e—a—seeend

ext er nal mnm(‘mu\m(um d first stator and t he sgcpnd—extermnal
magneti c po§1 st at or are connected by & py|1%d{ 249
connectl ng nehbér . s * 23. A notof? accor di ng to cka :Fgl n
first and second coils are forned with a dianete aPpF-ox-hat-etly
to that of said magnet.- 24. A notor accprding to claim18
wherein said first internal nmagnetic pole is fornmed b |

22. A notor according to claim 21, whir BERLACEMENT fSHEET

]

sai d second internd WBEWWB' is formed by a second yoke, sai d first
external magnetic ap@hghet ﬁavmé @rdyﬂddrlw tbrtnhl ksVidedkwith @nfikst RlaghelieddORger

ext er nal

"Hvde & mcthtp gr&mfgrent?aﬁ Hﬁ'ecngx a?leas? ntthe welﬁ?ﬂ gn&erya"mgo n portions

and alternately magnetized in different magnetic poles, and a second magnetized layer
divided in the circumferential direction at least on the external periphery, in an axially
adjacent position, into n portions and alternately magnetized in different magnetic
poles;

first and second coils provided coaxally with and at respective ends of said
magnet,

a first external magnetic pole_defined by a cylindrical member having a cut-out
portion, magnetized by said first coil and opposed to the external periphery of the first
magnetized layer of said magnet;

a first internal magnetic pole magnetized by said first coil and opposed to the
internal periphery of the first magnetized layer of said magnet;

a second external magnetic pole defined by a cylindrical member having a cut-

out portion, magnetized by said second coil and opposed to the external periphery of the
~ second magnetized layer of said magnet; and

a second internal magnetic pole magnetized by said second coil and opposedto
the internal periphery of the second magnetized layer of said magnet.

19. A motor according to claim 18, wherein the
internal peripheries of the first and second magnetized
layers of said magnet are circumferentially divided
into n porions and alternately magnetized into '
different magnetic poles, which are different from

those of the adjacent portions on the external peripheries,

20.. A motor according to claim 18, wherein said
first external and internal magnetic poles are provided
respectively opposed to said second external and

internal magnetic poles.



first and second exter nal magneti c pol es are connected by a cylindrical.
connecti ng nenber. 25. A notor conprising: apFmtEMERR\IHEGT a

cylindrical  form provided with a first nmagnetized | aye

ci rcunferentj ' ' | east on an external peripheny int t{ops
and al ternat'%%@i‘]ﬂﬂﬂﬂ“r di fferent 6agnet i ¢ pol es, jand &25\%’6%,15@
magneti zed | ayerc dlv Y% he circunféPential directidnjat |east on the

external periphery, in an axially adjacent position, info n portions and
alternately nagnetized in different nmagnetic pol es; ' 51—
first and second coils provided coaxially with and at respective ends of

said ~ magnet; 1. A motoR L&&é&aiﬂgukarcyam 195eqhefeint 8528 i nternal
peri phery of said first COI? and arfanged so as fo oppose, with a gap

ther ebet weengirBe biternal BAAI Phee¥nai hBgnétistpolesvgsabtiedtbayer of
sai d magnet; a second tubul ar yoke inserted into an interna
peri phery of fiastt seatod,canll saidndeascndngrtesnalisahd Hppesgalwi th a gap
t her ebetween, the internal periphery of the second magnetized | ayer of
sai d magnet ; maggetic poles canshitdteoRkesecondi agathas-ext ernal peripheries
of said first yoke, the external peri phery of said second yoke and the
external periphery of said magnet, said third yoke having a first cut-out

portion in an areg_where said first yoke and_said_._ nagnet over|ap and a
second cut - out po%lzi'onAi ﬂoéﬁ?ra?88°mé?€ 9 Glgé?}o?la'ygﬁﬁrﬁﬁﬂ EB8®d  magnet

overlap. first external magnetic pole of said first stator and

the second external magnetic pole of said second stator

are connected by a cylindridal connecting member. .

23. A mofor according to claim 18, wherein said
first and second coils are formed with a diameter

approximately equal to that of said magnet.

24. A motor according to claim 18, wherein said
first internal magnetic pole is formed by a first yoke,
said second internal magnetic pole is formed by a

S second yoke, said first external magnetic pole is
formed by a third yoke, and said second external
magnetic pole is formed by a fourth yoke, and said
first_and second external magnetic poles are connected
by a cylindrical connecting member.

25. A motor comprising:

a magnet having a cylindrical form, provided with a first magnetized layer
divided in the circumferential direction at least on an external periphery into n portions
and alternately magnetized in different magnetic poles, and a second magnetized layer
divided in the circumferential direction at least on the external periphery, in an axdally

adjacent position, into n portions aund alternately magnetized in different magnetic
poles;



L

26. A notor conprising: a magnet having a cyli ﬂdlﬂEp@ACB’]\ﬂi}‘\m HEET
provided with a first magnetized | ayer divided in the C|r\,un.mc..t:w
direction at |east on the external periphery into n portigns gg

al ternat el y“mmmmmm ﬂ fferent nmagnetic poles, and a secoﬂé an‘@??zéd
Iayer um;" uumc erenti al gi'[rection at | east! dn_the exteral

peri phery, in ah a')uaﬂl)f * adj acent postftion, into n portions and

alternately nagnetized in different nagnetic pol es; fi+-st—and
second coils provided coaxially with and at respective ends of said

; ' I h
of sai 8 1irst_coi M Meold Rl YroWBFaiBaRy A il B AeBCHR o 3EH hoen

t he internal mﬁgﬁvphery of the first magneti zed | ayer of said nagnet;
a second tubul ar yDEsst inttaurt ke iii¥efted fntb Rincihteeal pefigheRe bl s8d @ﬁ'd@ﬂsfnﬁond

I d t t her ebet t I
por| phery. of cEAREE %o 380 Sodls B8P3 S Ml ety iP5l BE bR of e T 17

third yoke haegnetized loydriofisgid cagnshape and i ncluding a cut-out portion
defining a magnetl | £sohe nplat Bk imSatdd Y il inkh ﬁﬁgg@g gﬂg E&gd%gga“ end

to said first yoke, overln e external perip t he
magneti c pol & drﬂ@ﬁfi&é! P%&t@&étﬁ?@ﬁmﬁﬁ griphery © ﬂttehe
ext er nal persqnbm&magfenzdddajumsmmmlaa&d | ayer of sai d rragnet

dofi i mg & rmanet 1 GSekRSPIRE AL SE-Ohr e o B ngt ol bellitadl

end to said petiphery Ofsmdsm - exteres!ipaapasneoxsatdamegmet per i phery of
Zﬁ%doseg ONndsayd grd 9&% 'aCﬁrEPhﬁ-on@ bR, Riedreh 0E daidl filsD ol ST <80
se
PP magnet overlap and a second cut-out portion in an area where said second yoke and said

_magnet overlap.

26. A motor comprising:
a magnet having a cylindrical form, provided with a first magnetized layer
- divided in the circumferemtial direction at least on the external periphery into n portions

and alternately magnetized in different magnetic poles, and a second magnetized layer
divided in the circumferential direction at least on the ‘external periphery, in an axially
adjacent position, into o portions and alternately magnetized in different ngnenc
poles;

first and second coils provided coaxially with and at respective ends of said
magnet, ,

. a first tubular yoke inserted into 2n internal periphery of said first coil and
arranged $o_as to oppose, with a gap therebetween, the internal periphery of the first
magnetized layer of said magnet;

2 second tubular yoke inserted into an internal periphery of said second coil

and arranged so as to oppose, with a gap therebetween, the internal periphery of the
second magnetized Iayer of said magnet; and

a third yoke havin ng a cylindrical shape and including a cut-out portion defining
-2 magnetic pole portion, said third yoke being connected at an end to said first yoke,
covering the external periphery of said first yoke, the magnetic pole portion being

Jocated_at the other end and opposed to the external periphery of the first magnetized

layer of said magnet;

a fourth yoke having a cylindrica] shape_and including a cut-out portion
defining a magnetic pole portion, said fourth yoke being connected at an end to said




second magneti zed | ayer of said nmagnet; and a connecting nenber for
concentrical l y supporting said third and fourth yokes.

R
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second yoke, covering the external periphery of said second yoke the magnetic pole
portion being located at the other end and opposed to the external periphery of the
second magnetized layer of said magnet; and

a connecting member for concentrically supporting said third and fourth yokes.
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MOTOR AND ADVANCING DEVICE

ABSTRACT OF THE DISCLOSURE

The present invention provides an ultra compact
motor of a novel configuration, comprising a magnet
which is formed in a cylindrical shape and is
circumferentially divided into n portions and
alternately magnetized into different magnetic poles at
least on the external periphery thereof, wherein a
first coil, a fotor and a second coil are arranged in
this order along the axial direction of the rotor, and
first external and internél magnetic poles magnetized
by the first coil and sb_arranged as to oppose
respectively to the external and internal periphgries
at an end of the magnet while second external and
interpal magnetic poles @agnetized by the second coil
are so arranged as to oppose respectively to_the
external and internal peripheries at the other end of

the magnet.

Figure 1



