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rel ates generally to electric notors,. particularly to m niature notors -of
the type in which a rotor is nounted for rotation in a magnetic field
created by pernmanent nmagnets, the rotor having rotor w ndi ngs wound o?*a
plurality of poles of a rotor core. Typically, the permanent magnets

constitute a tWD-pgiggiggbdMo&@&1wrkﬁ(imﬁnéﬁénrﬂi@ﬁEﬂiﬁdbE§§NWQund on a
rotor core of a three- pole construction. I'n knowmn mniature notors of the
above type, the gap between the permanent magnet and the outer periphery of
the rotor core facing the permanent magnet is substantially constant. This
can result in theThéseiaveatich asimatets igemarakly ctdoetestrdnd mators,
consequence ﬁéyéﬁgh*ﬂﬁrgg 26 HInYAMRLR Fotdrd BB £5p8 TRANRILR 250! Ving
the-af orenentioned probFem varirous measures have béen;tonceived, such as
sel ecti on an8°k@FudSnBRUNSLd: fort yrtatiemidua RAgRetic §iedfl created

lubricant, apg¢ peirwahERBt mabnelt@ar AN ride v iey "BbLorshahhiagd the
bearings. The great degrge og.gobmé;ﬁhcﬁ h@g notor shaft during.
revol uti on, KBRBGePM ReRAYTES1AcE Ies v&%ﬁ°§ﬁrtﬁ8rﬁearFW%&FallY'
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i nvention al Beledegpastructhenabove probl em and provides an el ectric notor

having a rotor nowRt REolAr miAiditue FMUSrbAX e | fbevaREPRL], C thieeldp
created by a stator conpr|5|ngFa pai r of permanent nagnets di sposed

sywret ri cal | YebHeEn: FBf Bpymanent; Mrangts and e @hEer nRerABRETYCO sect i on
per pendi cul atheorsgbt esre, facing the permanent magnet is

substantially constant. This can result in the generation

of asymmetric magnetic forces, and as a consequence cause
the rotor to wobble as it rotates. |

As a means for solving the aforementioned problem,
various measures have been conceived, such as selection
and adjustment of the type and amount of addition of
bearing lubricant, and adjustment of clearance between the
motor shaft and the bearings.' The gréat degreé of
wobbling of the motor shaft during revolution, however,
tends to accelerate the wear of the bearings, increasing
the clearance between the motor shaft and the bearings.
This can result in various unwanted problems, including
rolling noise, or burn-out and sticking between the motor
shaft and the bearings.

The present invention also addresses the above
problem, and provides an electric motor having a rotor
mounted for rotation about an axis in a magnetic field
created by a stator comprising a pair of permanent magnets
disposed symmetrically on either side of said axis, each
magnet having a "C" section perpendiculér to said axis,
and the rotor having rotor windings wound on a plurality



and the rotqr having rotor wi ndings wound on a plurality of poles of a
rotor ‘core, wherein the cross-section of each pole of the rotor core in a
pl ane nornmal to the axis of rotation of the rotor is symetrical with
respect™t'o the radial centre line thereof, and wherein the radial distance
fromsai™ axis to a first portion of the oyter surface of each pole

I ncluding said centre line is reduced relative to the radial distance from
said axis to second .portions of said outer surface circunferentially spaced
fromsaid centre line on either side thereof whereby the total surface area
of the second portions in juxtaposition with each magnet is substantially
the sanme at allf tpoles ofha friotetr porki,owhefretie thet erosg~sectioh eFch pol e

in a notor e i he d Nt e .pl anar 0 r .CO ve. .\When
convex or cogt(%z%\% Qz|g>t]'t'?vvleo\lfi Q’%%r %é’f&pf%ércyll?ln%r é‘ gln % Fk\rél’%aﬁr'ott g’r Qg‘%c 3?‘&|sng to
t he i-nventi onofi ketadion ofr &hes rogoreds syomekricadnmwdth: kespeles to
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symmetrical with respect to the radial centre |ine of each pole thereof and

the gap bet we&d SRR frMeFRiRagHdts tang £ixsEdPOEEArR-QL, &0 OULER t he
centre |ine ofsurface ofskaptdpelkeeingaudihegr yadll chatiet 0ineone fradudedt he

Bnd at least arAtI ie SPROFaRiATe ap CrERo dEEH SRR ANAF OF EREPRLor
core. Furt her poakionss ofngaidv antege surifaciee circunferential lye spacedent
fromthe fol | $HoRd Sd3a° tefieian13he! B BikferatlqdNdnkeb@onRiRny wpal S Of
the invention given by way of exanple only. Reference will be nade to the
gchemati c total surface area of the second portions in juxtaposition
with each magnet is substantially the same at all times.
The first portion of the outer surface of each pole
in a motor embodying the invention may be planar, convex
or cohcave. When convex or concave, it will normally be
cylindrical. |
In a motor according to the invention, the rotor core
is formed in such a manner that the cross-section of the
rotor core normal to the motor shaft is made symmetrical
with respect to the radial centre line of each pole
thereof and the gap between the permanent magnets and a
predetermined range from the centre line of the arc-shaped
outer periphery of the rotor core facing the permanent |
\/ magnet is made larger than the gap between the permanent
magnet and at least part of the other range of the outer
periphery of the rotor core.
Further features and advantages of the invention will
be apparent from the following description of the prior
art and of some embodiments of the invention given by way
of example only.. Reference will be made to the schematic
drawings wherein:



drawi ngs wher ei n: 3 Figure 1A is a cross-section of a mniature notor
according to one enbodi nent of the invention; Figure IBis a front view of
the rotor core the notor shown in Figure 1; Figure 2A through 2L are
diagrans illustrating magnetic flux distribution in the notor of Figuye 1;
Figures 3 and 4 are front views of rotor cores used in alternative ¥
enbodi nents of the invention; Figure 5 i3 a cross-sectional view, simlar
to that of Figure 1, of a mniature notor of the prior art; and Figure 6A
t hrough 6L are di agrans showi ng magnetic flux distributions in a notor of

the type shown in Figure 5. The known notor illustrated wwth reference to
Figures 5 and 6 \Rigqune A ife EXRQSIELCHIRN (fhi 2 MARIFIES RABAF i n

Figure 5 conprises a stator havugg,a air manent nagnets 2 nounted in
EPLE
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each pole 5- rotor °c I's formed into a substantially arc shape,

and adapted so ”bg{q&f@ %?F\:ﬂieéﬂlﬁ?”zﬁh@ré’%f&gn?&ﬁépi‘ﬂ\‘iséritﬂﬂé t he
per manent nagnet s substantially uniformover the entire circunference
of the rotomigiétf= #\8f &Pfstribution in the motor of Figure 1;
‘Figures 3 and 4 are front views of rotor cores used
in alternative embodiments of the invention: \\_)
Figure 5 is a cross-sectional view, similar to that
of Figure 1, of a miniature motor of the prior art; and
Figure 6A through 6L are diagrams showing magnetic

flux diétributions in a motor of the type shown in Figure

5.

The known motor illustrated with reference to Figures
5land 6 will first be described.

The miniature motor shown in Figure 5 comprises a . \W‘J
stator having a pair of permanent magnets 2 mounted in a
case 1 between stoppers 3 and a retaining spring 4. A
rotor having rotor windings (not shown) wound on a rotor
core 5 of a three-pole c;nstruction, is mounted on a motor
shaft 6 supported by bearings (also not shown).

In the conventional type of miniature motor shown,
the outer periphery 5-2 of each pole 5-1 of the rotor core
5 is formed into a substantially arc shape, and adapted so
that thg gap between the outer periphery 5-2 and the

permanent magnet 2 is substantially uniform over the

entire circumference of the rotor core 5. Whereas a




4 ‘magnetic attraction force is produced between the permanent nmagnet 2 and
the rotor core 5, the magnetic attraction force, when produced unwantedly
in a point- asymetrical fashion with respect to the notor shaft 6, tends
to cause the notor shaft 6 to wobble in the bearings as the rotor core 5
revol vesy generating a rolling noise. Figures 6A to 6L are di agrans
~illustrating magnetic flux distributions imthe 'notor at 30-degree angul ar
positions in a revolution of the mniature notor shown in Figure 5. In
ot her words, magnedsics/atbraitidd Eirce el sropprediced [hetwiken rileit i ons in the
not or at 30-degree angul ar positions in a clockw se revolution of the
.~-mot or, starti memmanantadagnet 2ant the roter core %, jthe magnekid| ar
position shown in Figure 6A to the state where the rotor core 5 returns to

the position AHAGH N Fiprcen when preducrd unyantedly in on Poiat-
conventional type of nminiature potor, shown in Figure 5 has point-
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enbogying this invention and

L~ positions in a revolution of the miniature motor shown in
Figure 5. In other words, Figures 6A to 6L illustrate
magnetic flux distributions in the motor at 30-degree
angular positions in a clockwise revolution 6f the motor,
starting from the state where the rotor core 5 is in an
angular position shown in Figure 6A to the state where the
rotor core 5 returns to the position shown in Figure 6A.

As is evident from Figure 6A, the conventional type
of miniature motor shown in Figure 5 has point-
asymmetrical magnetic flux distributions with respect to
the motor shaft 6, particularly at anqular positions at
which the ;adial centre of each pole 5-1 of the rotor core
5 agrees with the centre of the permanent magnet 2 (as
shown in Figures 6A, GC; 6E, 6G 6I, and 6K).

In the type of miniature motor shown in Figure 5,
therefore,'the magnetic attractioq force generated by the
permanent magnet 2 and the rotor core 5 tends to be out of
balanée, causing the revolving notor shaft 6 to wobble
seriously in the bearings, leading to an unwanted rolling

noise, as noted earlier.

The miniature motor embodying this invention and



5 shown i'n Figure 1 has such a construction that the outer periphery of the
pole 5-1 of the rotor core 5 consists of- twp arc-shaped portions 5-21-
formng a uniformgap facing the permanent nagnet 2 and a wi de-gap portion
5-22 having a gap w der than the gap between the arc-shaped portion 54 21
and the permanent nmagnet 2, as shown. Bysprovi'ding the w de-gap port¥on
5-22 on part of the outer periphery of the rotor core 5 a magnetic flux
di stri buti hdéwratin sFigune - 3 yhast suchl a wohstrugbiont thatiethet onteraft 6
can be obtained, as will be described |ater with reference to Figure 2.
That is, temphery cofitthacpobe $vicef gthernetarheexech crBsAstAarént
magnet 2 and the rotor core 5 is balanced over the entire circunference of
the revol vitwp raxershaped spertians -2 hefAEBARY 8 PRALOTMSOAPLERFIRT n t he

notor point-symetrical with respect .to the notor shaft 6 us, _t.he notor
shaft 6shoviEh¢ Rerpanemh c?a?Be‘v'vog bRRd gRr YAgergaB, PPE‘E&PPO R .";Enﬁﬁﬁéng
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| am nating core eets cut in a vanc Into a shape shown by s
Figure 1B. {Refpb8bhdcbbe ¥ dg-fagneeiti eMuRk- distribhatdon tAdlte ils0 set the

ratio of the distance (shown at "b" in Figure 1B) of the arc-shaped portion
5-21 to thepdintasgmmétipdval with respect to the motor shaft 6 can be C
obtained, as will be described later with reference to \\‘J
Figure 2. That is, the magnetic attraction force
generated between the permanent magnet 2 and the rotor
core 5 is balanéed over the entire circumference of the
revolving rotor core 5 by making the magnetic flux
distribution in the motor point-symmetrical with respect
to the motor\shaft 6. Thus, the motor shaft 6 .shows less
tendency to wobble during motor rotétion.

In the embbdiment shown in Figure 1, the wide-gap
portion5-22 constituting part of the outer periphery of \“\J
the rotor core 5.is formed into a flat surface. That is,
the wide-gap portion 5-22 .is formed by cutting a part of
the arc-shaped outer'per;phery (as shown by a dotted line
in Figure 1B) of the rotor core 5. The rotor core 5 of a
laminated-core type can also be formed by laminating core
sheets cut in advance into a shape shown by solid lines in
Figure 1B. |

.In forming the wide-gap portion 5-22; it is desirable
to set the ratio of the distance (shown at "b" in Figure

1B) of the arc-shaped portion 5-21 to the distance (shown



6-by at "a") between the tips of the opposing poles 5-1 to a range of 0.8 -
2.2. Thiis is because a b-to-a ratjon.ess than 0.8 woul d reduce the
counter-el ectronotive force [err] generated by the rotor w ndings (not
shown) ,Tincreasing the input current to the rotor w ndings. This would

i ncreasevheat |oss in the rotor w ndings, reducing the life of the notor. A
b-to-a ratio nore than 2.2, on the other fiand, woul d destroy the bal ance of
magnetic attraction force between-the perpanent magnet 2 and the rotor core
5. Figures XY takolafh detween the SpiPs 0 Hhe nreppesing rPakesdi 8tti BAtRons
in the notor at 30-degree anqul ar_posifions in one revol ution,of fhe

m ni ature oIS kﬁﬁvng'i% Fi %Jg?e 1'?}94-?1 1 ReECINPY 2 ‘P—TE‘&T%er"Al?ﬂriﬁﬁﬁ 2L
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magnetic flux dist utions that are substantia poi nt-symetrical with
respect to tijfcr@ise KéRE!18s8tiRhéNBoter WORAIhESs ré@RSEAYCEhLY, the
magnetic attraction force generated between the pernmanent magnet 2 and the
rotor core 5isfe hef RS OYSE. t B BPto+& cationmerentRanf2idg ontevhecore 5,
preventi.ng the notor shaft 6 from unwanted wobbling during notor
revol uti on. dther Heapd, prewkdtdéeseropnthat babante aof chagnetioi se in the
bearings (not shown) and abnor nal

~ attraction force between the permanent magnet 2 and the

rotor core 5.

Figures 2A through 2L are diagrams showing magnetic
flux distributions in the motor at 30-degree angular
positions in one revolution of the miniature motor shown
in Figure 1. In other words, Figures 2A through 2L
illustrate magnetic flux distributions in the motor at 30-
degree angular positions in a clockwise revolution of the
motor, starting from the state where the rotor core 5 is
in an angular position shown in Figure 2A to the sate

- where the rotor core 5 returns to the position shown.in
Figure 2A. As is apparent from Figure 2, the miniature
motor shown in Figure 1 has magnetic flux distributions
that are substantially polnt—symmetrical with respect to
the motor shaft 6 at any angular positions. Consequently,
the magnetic attraction force generated between the
rermanent magnet 2 and the rotor core 5 is balanced over
the entire circumference of the rotor core 5, preventing
the motor shaft 6 from unwanted wobbling during motor
revolutién. This helps prevent the generation of a

rolling noise in the bearings (not shown) and abnormal



7 wear of the bearings. Al though the foregoing description has been mainly -
of #t he enbodi nent shown in Figure 1, simlar benefits can be obtained with
the alternative enbodi ments shown in Figures 3 and 4. The enbodi ment shown
in Figure 3 has a rotor core 5 with a wide-gap portion 5-22 having a -radi us
of curvature [err] as shown in the figume, with the centre thereof | et at ed
on the opposite side of the notor shaft 6. The enbodi nent shown in Figure

4, on the g%ggrOQane Paxrdrgd.or core 5 with a wide-gap portion 5-22
havi ng a radius of curvature as shown in the figure, with the centre

t her eof | ocat ed a\QRhictghsS ¥R Fdieddind Aeirptiiv thds beeld iy lof A
direct current electric notor having a rotor nounted for rotation about an

axis in a raenenbodiment choiredbFisnateatlyr scimiirarsibenefiks rcam per nanent
magnet s di sposed symmetrically on either side of said axis, each nmagnet
havi ng a " Gbtadmeidonwiflr prved iad eamati veniehbiod imentsl shewn oinrFigures r ot or
w ndi ngs wound on three poles of a rotor core, wherein the cross-section of
each pol e &f ande 4.otor core in a plane nornal .to the axis of rotation of
the rotor is symretrical with respect, to the radial centre |ine thereof,

and wher ei n t he Thegiembadimente showah, iy Bigire 3 has 13 (2POH¢P%6R df the

outer surface of eac ol e i ncludi sai.d centre |i is peduced
Jith a Ji elaap portion 5=22 havf%g a ra f%s o£ curvature

R; as shown in the figure, with the centre thereof located

on the opposite side of the motor shaft 6. \\‘)
The embodiment shown in Figure 4, on the other hand,

has a rotor core 5 with a wide-gap portion 5-22 having a

radius of curvature R, as shown in the figufe, with the

centre thereof located on the same sidé of the motor shaft

6.



relative to the radial distance fromsaid axis to second portions of said
souter surface circunferentially spaced fromsaid centre line on either side
t hereof, whereby the total surface area of the second portions in
juxtapgsition with each nmagnet is substantially the same at all tines. 2.

A notor~according to Caim1l wherein said g rst portion of said outer
surface is planar. 3. A not or accordi ng Claiml wherein said first
portion of saigagmser surface is convex. 4. A notor according to Claim 3
wherein said Trrst _portion of said outer surface is substantially
cylindrical, &nd h3sddrneski SUSFeRtr FALGLELFaPQLPE baYing @ A&EY onal axis

‘and di sposed aBuhtedofpesirbtatidd hbeueohn' akiki ¥a o nadmetdePadldlge pol e.

5. A not or accordhng to CLaim21 wherein said fLrsggportion of said outer

surface is cofft8#&dsPY AASHAESF SPEBFAPALS: 8 BRAFNCS RSEMAWENELid first

portion of samdgoetsr dispbsed symmebstieailgl bnp ejthedr isidle afd sadsl an axi s
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t hereof as the’iedpective el’ectric notor s itirally as
descri bed her epddnwrihsy cfBAetbe rotanyhavipggypéorl windingsrweund ®n and
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each pole of the rotor core in a plane normal to the axis
of rotation of the rotor is symmetrical with respect to
the radial centre line thereof, and wherein the radial

\;r’ distance from said axis to a first portion of the outer
surface of each pole including said centre line is reduced
relative to the radial distance from said axis to second
portions of said outer surface circumferentially spaced
from said centre line.on either side thereof, whereby the
total surface area of the second portions in juxtaposition
with each magnet is substantially the same at all times.
2. . A motor according to Claim 1 wherein said first
portion of said outer surface is planar.

3. A motor according to Claim 1 wherein said first
portion of said outer surface is convex.

4, A motor according to Claim 3 wherein said first
portion of said outer surface is substantially

\/ cylindrical, and has an axis of curvature parallel to said
rotational axis and disposed on the opposite side thereof
relative to the respective pole.

5. A motor according to Claim 1 wherein said first
portion of said outer surface is concave.

6. A motor according to Claim 5 wherein said first
portion of said outer surface is substantially cylindrical
and has an axis of curvature parallel to said rotational
axis and disposed on the same side thereof as the
respective pole. .

7. An electric motor substantially as described herein
with reference to any of Figures 1 and 2, Figure 3, and
Figure 4 of the accompanying drawings.
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