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only in a direction which is advantageous to generation of a
rotational driving force in a magnetic material provided with

the permanent magnet.

Background Art

There have so far been developed various types of electric -

motbrs as a system for converting electric energy into a
mechanical output such as a torque. In-these conventional
electric motors, electromagnets are used in either or both the
stator or/and the rotor. There are types of motors (such as
induction motors) that generate a rotating magnetic field by
means of electromagnets, and cause the rotor to follow this
magnetic field; and tyﬁes of motors (such as common, direct
currént electric motors) having a rotor, whose'polarity can
be inverted, rotatably disposed in the magnetic field of a
permanent magnet stator to obtain a torque by magnetic flux
interaction between the rotSr and the stator.
Therehavebeenmadevariousattemptstoenhancetheenergy

conversion efficiency in such conventional electric motors by
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4/ 44 ELECTRI C MOTOR UTI LI ZI NG
.. .CONVERGENCE OF MAGNETI C FLUX Field of the Invention The present
srelates to' an electric notor 5 utilizing a magnetic flux of a permanent
' particularly to an electric notor to acconplish a higher
efficiency and a higher torque by converging a nmagnetic fl ux
direction which is advantageous to gederation of a rotational driving

i nvention

out put
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Ve |H%eﬁtéﬁéghave SO fggitested and devel oped many different torque
generators having various configurations, particularly wth the ai mof

ssuitably controlling the distribution of the 5 nmagnetic flux generated by
t he permanent magnets, in order to reduce the nmagnetic force working
agai nst the output torque as nuch as possible, and to thereby increase the
output torque and inprove the effici@ncy in converting el ectromagnetic
energy into mechanical energy. 10 For exanple, in Japanese Patent
Lai d- open | ' R £ 1 (b2 ogen &l d ] i Qyentors,
there is mg’feg{ﬁg%&l gflgg\'%grEtggnfelrzﬁé%n‘gg%pparéé?ggg%:{ftﬁgg\agkg@ q‘lmngpﬂr%é ‘ng the
ener gy CORVers) 1,CJ addi t o ot or.
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According To one e nent o hé proposal ,” as's gs. tl and 2,
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into mechanical energqy.

10 For example, in Japanese Patent Laid-open Publication
No. Hei 7-79559 applied by the present inventors, there is
proposed a powver 'generatiné apparatus capable of improving the
energy conversion efficiency by adding permanent magnets to
the rotor. According toone embodiment of the proposal, as shown

15 in PFigs. 1 and 2, a rotational output shaft 11 is rotatably
disposed between supporting'members 10 via bearings 1lla, and
at both axial ends of the rotational ocutput shaft 11 are arranged
ring-shaped permanent magnets 13 magnetized in an axial
direction. Between a side plate 10a of the rotational output

20 shaft 11 and the permanent magnet 13 are disposed magnetic bodies
14 respectively, each having three notches 14a and magnetic
teeth 14b alternately. The permanent magnet 13 and the magnetic

- body 14 are concentric with the rotational output shaft 11 and'
construct a xrotor 12 rotatable with the rotational output shaft

25 11. According to thus configqured power generating apparafus,
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S|nplé nagnetlc bOS?%% Th a magnetic field by tﬁe per mmnent magnet 13 ( See
a shaded area in Fig. 4) to attract the magnetic 5 teeth 14b, and the rotor
212 is in a static state. In this condition, when the electromagnets 16a,
16e, 16i positioned at boundaries 14cl, 14c3, .14c5 between the notches 1l4a
and the magnetic teeth 14b as shown in Fig. 5 are energi zed at the sane
time, the magnetic fields of the per®anent magnet 13 and the
electronagnets 16a, 10 16e, 16i are |nteract and a magnetic flux 14d

through t i tgeﬁ%géf %ffgggé{gi%.”sﬂ&rd 'I‘iﬁef'ig %”¥fé8€9m%£?ﬁé3c% 16
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gener af'ed ch™a” ragne qu exrs each nagnét

flux 14d ip g LRE Qe ‘e%g-. ofngggxgﬁé'f& ibg! ?‘ﬂhgosi&&{ea&ﬁ't%uz%%% n t.he

backward non- energlz romagnéet S ah pernanent na whi ch
P e S AP A She el sud et %?Eca%e%?lzﬁ'eb' .
TETTY T e P
operati on @l qs of the permanent magnet 13 and the electromagnets 16a,
10 16e, 16i are interact and amagnetic flux 14d through the magnetic
body 14 is immediately converged to the electromagnets 16a,
1l6e, 16i. As a result, the rotor 12 is attracted to the
electromagnets l6a, 1l6e, 16i and subjéct to a rotational 'i:orqu.e
clockwise in Fig. 5 in which a width of the magnetic flux 14d
15 isbroadened. Andasubsequentenergizingof theelectromagnets
16 positioned in a fotational direction of the magnetic teeth
14b generates a magnetic attractive force by a magnetic flux
between £he permanent magnet 13 and the electromagnets 16 and
maintains continuous rotation of the rotor 12, Furthermore,
20 in this instance, a "blank zone of a magnetic flux” is generated
in which a magnetic flux little exists behind each magnetic
flux 1l4d in a rotational direction. Therefore, interaction
between the backward non-energized electromagnets and the -
‘parmanent magnet 13 which will prevent rotation of the rotor

25 12 is reduced as much as possible.
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effe%?é?‘ﬁh1Tﬁ?s’a%%%?%?hs, a plurality oF &l ent poles 22 5 including a
per manent nagnet 22a and a salient pole nenber 22b respectively along the
peri phery of the rotor core 20. These salient poles 22 are continuously
attracted by subsequent energizing of the stator salient poles 12. Test
results in energy conversion efficiency, 10 generated-torque and ot her
performances for various prototypes $&howed a certain inprovenent of
performance. However, it is |ikely that convergence of the nagnetic fl ux

! h ; ther d K ) FE1 G
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i ncorporated in the rotor,.there have been robl ems .such _as, t hat

: ound. .p

when  nomE ST h A RYSRIOT o £0% (R PUERROSH @%rﬁ’ﬁ‘r%?%ﬁf%%&nldon 20
force soneilnmes works, K between each permanent, ,magnet apd a nearb st at or

el ect r oneFHERC TR audPn §RLRc2PBREA RS b%rgt"\"'@h@tygpgcﬁé ienh Peie%1%% ng in a
difficulty in startup. The present invention was, nade so as fo solve the
above Sren POHAET GoPErEaPel BATHeF dSchiReRBLEPBE RALSMEREST 2B, t ent f on
Is paid to i nportance of conbining, a permanent magnet 02- _1- 8:;19:58 Drew &
Napi er ; 088%BR9IEEMelY @lopg t eaﬂ%g’apl?é‘@hé’tﬁ thepretoncone gle. ¥HREQ D) ect of
the invention is to prqvide a permanent nagnet notor of inproved starting

char act er Fatieat WRPLES o2aidTien FMiGHMCUsly, dtmartad) by gHebsequithue

utilizing magnetic enerqy of a permanent nagnet
energizing of the stator salient poles 12.

Test 7results in enerqgy conversion efficiency;
10 generated-torque and §ther performances for variQus prototypes |
showed a certain improvement of performance. However, it is
likely that convergence of the magnetic flux in the magnetic
member does not occur unlike expectation and an efficiency may
not be improved sufficiently. This tendencyis considered_ more
15 apparent in the latter torque generator which has a magnetic
salient pole member of _émaller 'volume.

Furthermore, since the permanent magnets are incorporated
in the rotor, there have been found probiems such as that when
none of the stator electromagnets are energized, an attraction

20 force sometimes works between each permanent magnet and a nearby
stator electromagnet, causing the rotor to be strongly locked
and resulting in a difficulty in startup.

The present invention was made so as to solve the.
above-mentioned problems found in a development process while

25 attention is paid to importance of combining a permanent magnet
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5 eff%cﬂiJ%ﬂ§€aDV§§§§?ﬁ@E of ‘I nvention igrgrgeﬁpto achi eve the above and

ot her objects, an electric notor of first invention of the present

-application conprises: an output nenber of a plate-shaped magnetic

material, 10 provided with at | east one radially protruding portion at an

outer periphery thereof; a magnetic flux control nenber of a magnetic

material, disposed in parallel wth £he output member in a spaced apart

relationship; 15 a plurality of el ectromagnets di sposed substantially

b | |« . | f : d_.th [

1 i contPlr S gttt RIS CReS, (ol BB BE"ORL Aenti e out e
I ph .of th t put nb the oth d theteof d
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respective,ends, thereof avi n nut, ual netig..interacti wi.th the
output - eRbar e ERACPRECR A SRedRLng IR A R, Bp8 iR e chani sm
for suppo&ti g% at Ie%[st. t he_out ggt menber al ang_an inner Qeri her% of the
plural ity 8F998s LrEttF i gREEReEYC HRCR T Bt ptit PREMREPTEs 1292%%ble in a
02- 1-_8; 1%: 59 .- i Drew & Napi er ;03515.1601 = 3/ 44 6 circunferenti al

di rect? on®*E®FEIN8LY2i ng mechani sm di sposed between the output member and

the magnetic flux control (ber so_as magneti ze the output nenber and
the magnetic flux control gﬁﬁ’ﬁ%i"?'ff%;ﬂ%%’fv r']"i's"""ﬁ‘ol arities; and

Inordertoachieve the above and otherobjects, anelectric
motor of first invention of the present application comprises:
an output member of a plate-shaped magnetic material,
10 provided with at least one radially protruding portion at an
outer periphery thereof;
| a magnetic flux control member of a mé.gnetic material,
disposed in parallel with the output member in a spaced apart
relationship; |
15 a plurality of electromagnets disposed substantially
between respective outer peripheries of the output member and
themagnetic fluxcontrol member, one end therecf ai'ranged spaced
apart from the outer periphery of the output member, the other
end thereof arranged spaced apart from the outer periphery of
20 the magnetic flux control member, the respective ends thereof
having a mutual magnetic interaction with the output member
and the magnetic f£lux control member;
a supporting mechanism for supporting at least the output .
member - along an inner periphery of the plurality of

25 electromagnets so that the output member is rotatable in a
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a nagnet|2|ng current supply for supplying a nagnet|2|ng current to each
the el ectronagnet with a predetermned timng so that each the

el ectromagnet opposed to the outer peripheries of the output nenber and
the magnetic flux control nenber is .10 magnetized in an opposite polarity
at its each end opposing against the guter periphery of the output nenber
with an opposite polarity against a -°polarity of the output nenber by the
magneti zi ng mechanism An electric notor of second invention of the present

15 appli caél é#“&%% .tﬁgiapiregli:%nhav' ng a pair of novabl e nenbers di sposed
o and

spaced apar connecfed to each ot her, each the anabIe
menber fornmed of a t.e- sh ne r|aI n viDg ast one
el evat ed porti oi'6 neqt zs'n.lna; ecﬂ} J‘%é“#%%’ %%%qu'lﬁ? gElgradi al
dlrectlonfo a I erge | nti al
direction &N tg’a%s?!ar?g%%t?'ﬁg?gpﬁr g%ﬁ%rgg nﬁ%“%&lonﬁ agsf é:\ ec g%e gne?fslgdl sposed
subst anti al | n re c uI er, r | es o rrenbers
25 each endr%/%%reo r%’h‘g% spa :a¢p§|;\'§§¢ chlém H{’S%%’ergf’ﬁﬁ €co- 1-
8:19.5 Na,ﬂlt [ 5?;601 R 10/ 44 7 of each the novabl e rrerrber t he
respecti vep% '%E Jhesr’e@fn aving a mutual magnetic interaction with the

novabl e nmenbers; aasuggortl ng, mechani smf uppor-ti. n the ro along an
i nner periphery HPagh b?h?%l |ut]"fe %‘f%%]tyr gﬁﬁgﬁ& R:l"l’?é' Mfotor is
rotatable n.a ol reutefent ah diregtion mfaa%“s;'eée@ame‘f@'a@ng' sposed
so that each the electromagnet opposed to the outer peripheries
of the output member and the magnetic flux control member is
10 magnetized in an opposite polarity at its each end opposing
against the outer periphery of the output member with an opposite
polarity against a - polarity of the output member by the
magnetizing mechanism.
An electric motor af second invention of the present
15 application comprises:
a rotor having a pair of movable members disposed spaced
apart to and firmly connected to each other, each the movable
member formed of a plate-shaped magnetic material and having
at ieast one elevated portion on one side surface thereof in
20 sﬁbstantially a radial direction for enabling a magnetic flux
to converge in a circumferential direction and passing
therethrough;
a plurality of electromagnets disposed substantially-
between respective outer peripheries of the movable members,

25 each end thereof arranged spaced apart £rom the outer periphery
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menbers so as to magnetize the novabl e nmenbers in opposite polarltles and
a magneti zing current supply for supplying a magnetizing 10 current to
:each the electromagnet with a predetermned timng so that each the
el ectromagnet opposed to the outer peripheries of the novable nenbers is
~magnetized in an opposite polarity at its each end opposing agai nst the
outer periphery of the novable nmenmber’ with an opposite polarity-against a
polarity 15 of the novable nmenmber by the magnetizing nmechanism The

magneti zi gg e@giﬁﬁ%%%{%kb&? %Q&E@@E&%@E&E%}f s t?xBF%BFﬁJx&fHKf”ag”et

whi ch is capa ing 1t$ magnet

i nvent i on, gagh, pt w&%&&{aﬁ% (ATRIRRL nalaRY femsGAneCt ed to the

magnet iC ?| ux contr e above inventions,

el ect romagnetspg!a% ?é)l e qfe%haglﬁétm [0s tggﬁ'elﬁ ReCP8 ?Sfuéiélr? y

attract each range e ou per ery 0 he ou

st o TACEFISE SELRAEHE e BSRESEh o USRS B, 5,
At e AR L 4 R BBl 7 o
o1 5y 8RR LS Bl e BSSFa BB 1«
E Egnngggret Ig.gnhng meghani ¢ m_a;ne PRth 2' Rova ltehger%geggt uqeoPpo ite
polarltles; and
a magnetizing current supply for supplying a magnetizing
10 current to each the electromagnet with a predetermined timing
so that each the electromagnet opposed to the outer peripheries
of the movable members is magnetized in an opposite polarity
at its each end opposing against the outer periphery of the
movable member with an opposite polarity-against a polarity
15 of the movable member by the magnetizing mechanism.
The magnetizing mechanismmay comprise a permanent magnet
or an electromagnet which is capable of regulating its magnetic
. magnitude.
Inthe first invention, each other end of the electromagnet
20 may be connecte& to the magnetic flux control member.
In the above inventions, each of the electromagnets may
be successively energized so as to consecutively attract each
protrusion arranged at the outer periphery of the output member.

or each elevated portion arranged at the outer periphery of

25 +the movable member.
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menber nmade of nmagnetic material) -> (Another nmagnetic 10 pole of the
ng mechanisn) in this state, each protrusion of the output nenber
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to either of the non-energi zed el ectromagnets and i s unabl e

However, when either of the electromagnets is energized by supply

ed in a magnetic material of the magnetic flux control nenber in
a substantiall yAél&;

and the predeterm n%#ng%g@n%gt% ?‘% 2%%1\5\%&[6‘? I* goérl:?g%;lg?'?;?;héggrelﬁlﬁg%%rﬁagnetS
20 ol oot r OFRENBURESRELY (APRRATERID) 5 Ao SRARCEHEPRL oS AR L oy
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in the

®h, when a predetermined el ectromagnet is supplied with an

current to be energi ze(il_,P t he _above-nentioned caonverge of the
n

flux i SOB®oBgAREELELPOLRN Ofh FHf JRITEEFFING SRFRRANLSOINLT .

Thi s

nsubstanti al 5 _di sappearing of effect of the magnetic flux to the
(PEQETRFLOR oREGNANE arRPHETE nelfBTRReT) f1TX | $REBNERRTILFRY to the

gnet which is beginning to generate a driving force.
electromagnet as a simple magnetic material) -> (Magnetic flux

control member made of magnetic material) -> (Another magnetic
pole of the magnetizing mechanism)

In this state, each protrusion of the output member is attracted
to either of the non-energized electromagnets and is unable
tomove. However, wheneither of theelectromagnetsis énergized
by supply of current £rom the magnetizing current supply, the
magnetic flux distributed in a magnetic material of the magnetic
flux control member in a substani:ially uniform manner between
the non-energized electromagnets and the predeterminedmagnetic
pole of the magnetizing mechanism is sufficiently converged
to respective regions raging between the energized
electromagnets and the magnetizing mechanism in the magnetic
flux control member. Thus, restrained condition between the

output member and the electromagnets in a power off state can

be removed. Successive on/off change of the electromagnets in

a rotating direction according to rotation of the output member

enables theoutput member torotatecontinuously. Inotherwords,
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Bri efolzy speaﬁl ng, t‘%#ﬁ%%net ic flux cont rDoIe r?enber regul ates distribution

of the magnetic flux which is-to prevent generation 10 of the driving force
.and al so prepares a condition of the nagnetic flux which is able to
contribute to the driving force. Furthernore, the magnetizing nmenber is

di sposed between the out put nmenber and the magnetic flux control nenber and
a magnetic flux generated fromthe nfgnetizing nenber is utilized 15
together with the magnetic fl ux fromthe ener gi zed el ectromagnets, thus a

Conventi ofl Chg FR %gaggaggsggge% e HERRFBYRR B R o i ng 1 0

th | ect t d t 0 ,of th t t

i na condiPi SHPPRAEnE oo (1 PR (OGR4 S, rese”d'a%ﬁitlﬁn
fl f h d t b d al t.h

fol lovs, = szewﬁﬁlgvééﬁ%éﬁee%g%% Eoephuie tie £4m 7o papranRcter

ragnet | 'z.yﬁfa“mm”“ eI £ 35‘5%91.3%@?; ”erf”a Hadsl %ﬁaﬁ%iﬁﬁi er

; 0351571601 # 13/ 44 | evat e portlon forned on one novabl ¢ nenber) ->
(non- cher GLPERPEPELRS %&cag e AR LR SOTORPAT FROTSL 78 cvat e

portion fornmed on anot her novabl e nenber)_ -> (Another netic pole of the
magnet i zi RGCREZABRARBAFS AR Fhe magngtelc ééé'ﬁ‘ éFeF&PSGnEBPgPBnt%fﬂE%e

novabl e menbers is attracted to either of the non-energized el ectromagnets
and is ufdSCETPBAFRSE. Wi iér beqhRping thgeperake % [drAVisFabPEse-

Briefly speaking, the magnetic flux control member requlates
distribution of the magnetic fluxwhich is to prevent generation
10 of thedriving force and alsoprepares a conditionof themagnetic
flux which is able to contribute to the driving force.
Furthermore, the magnetizing member is disposed between'
the output member and the magnetic flux control member and a
magnetic flux generated £rom the magnetizing member is utilized
15 tog_etheir: with the magnetic £lux from +the energized
electromagnets, thus a required power input can be reduced
significantly comparing to conventional equipmeﬁts of an
equivalent rotational torque.
According to the electric motor of the second invention
20 of the present application, in a condition that none of the
electromagnets is energized, a magnetic flux from the
magnetizing mechanism is distributed along a path as follows,
since the elevated portion formed on eacix movable membér-
primarily functions as a magnetic path:

25 (one magnetic pole of the magnetizing mechanism) =->
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S e%%réifégig§ sﬁ%%?@ﬁ%& current fromthe n%gngtizing current supply, the
magnetic flux distributed mainly in a magnetic 10 material of the el evated

-portion of the novabl e nenbers between the non-energized el ectromagnets
and t he predeterm nednmagnetic pole of the nmagnetizing nechanismis

sufficiently converged to respective regions in the magnetic material of

t he novabl e nenbers rangi ng bet weenlhe energi zed el ectronmagnets and t he

15 magneti zi ng nechani sm Thus, restrained condition between the elevated
portions Qf. the vabl e nenbe

s and the el ectronm ts in a power off
state cantBk® e PO s ST FGSh/ T cPRRige™ nf?le ‘B‘F‘@éﬁ maghets in a
rotating direction ,accor?gi n% to rotation of the novabl,e nenbers_.and the
rotor as RUBTRASTRYZGE EPREPNERABRT R 3IHPIR ARSI BRTETIAM at e

ti ly, | t h t ] ion, the both bl nb th
assenbl e LELEYAEED BRRRIGR oTPHSR | BRaPIPLRGTmOT S LHCReRHSF byahent i n

efficienc S accon;plished than i_n Ehe first inventiqgn.. Brief Description

i
of Draw né@“%@‘ﬁdﬂ IPeTLC, POLES OF s EBE| BRAEPC A AP S MEGRPLE™t r uct ure of VY
02- 1- 8;19:58 :- Drew & pier 0351571601 x 14/ 44 11 _an electric notor
accor & ngt® tRAR HhfSyi Sﬁ'eﬁ’ﬁé'fegi ngtl‘i"h\/‘é%t‘?%;mq’—"i .132“ﬁe§'g5rFi r st
figure show ng an operati,on of an electric npto ccording to on
enbodi ments gclrligtF r &9 %lﬁg‘@ﬁt‘?gﬁ,heSn‘?’?'gen_er:?ji%eé\egEEBﬁﬁ“?g‘&ﬁ%agﬁowi ng an
operation,of an _electric notor according,to one enbodi nent of the first
i nvent i onls Unaplestpduoye.,i BWeYeT, é”hﬁ?ogi'ﬁﬁe’ér?foﬁg?a& iSSTFremaghetfect ri ¢

not or according to one enbodi nent of the _first invention;
is energized by supply of current from the magnetizing current

supply, the magnetic flux distributed mainly in a magnetic
10 material of the elevai:ed portion of the movable members between .
the non-energizedelectromagnets and the predeterminedmégnetic
pole of the magnetizing mechanism is sufficiently converged
to respective regions in the magnetic material of the movable
members ranging between the energized electromagnets ang the
15 magnetizingmechanism. Thus, restrained conditionbetween the
elevated portions of the movable rb.embers and the- electromagnets
. in a power off state can be removed. s_uccessive on/of£f change
of the electromagnets in a rotating direction according to
rotation of the movable members and the ro'l-;or as a combination
20 thereof enables the .output member to rotate continucusly. In
the present invention, the both movable members thus assembled
is able to generate rotational torque, further improvement in
efficiency is accomplished ﬁhan in the first invention.
Brief Description of Drawings

25 Fig. 1 is a cross-sectional view showing a structure of
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Fi g.u% i‘sséwf gfjrthe%?ﬁe showi ng an operation of an electric 10 notor
according to one enbodi nent of the first invention; Fig. 6 is a fifth
-figure show ng an operation of an electric notor according to one
enbodi ment of the first invention, Fig. 7 is a cross-sectional view
showi ng a structure of an electric or according to one enbodi nent of the
second 15 invention; Fig. 8 is a schematic view of a recessed rotor used
in an electric notor according to one enbodi nent of the second invention;

Fig. 914 didelrsid grgdi’t%rs *&%WPE?%&E £8€5 i&'ﬂb&éixﬁ’éh@'@ftﬂﬂepofi%%tmt or

according to one enb ment o e“second invention; Fig. 10 1s a second

figure shgw i3 .operation of an electric motor according to one
enbodi nent o%}g-’tme ‘second invention; Fig. 11 is a third figure show ng an

operation of arkgf oftEisces 2% FTOle ESSIHL B8 obRraREoSBRNM SRR Lhe
second inventiorﬁ%l b prisst g Sy dllo ﬁapi%rgg%gilsnsol,cw/ 44 12

Fig. 12 ige@of %eg%xfggxg% aﬁgw'?;ﬁgo&{hé}n?@é 9R @k rap ifv&Etids notor

according to one ment o second invention. Best Mbde€ for

Carryigng Qut 1144 4.0y 206 s ona/i Qa8 1Rt 4536/ ditlaA oflocaiife RGA TNt Of

the present invention referring to the attache rawmngs. Fig. 1 is a-

CrOSS-Se%%'a&&/&ﬁ@%@;ﬂgheawo& 410 GHeORILENCLhPBnO{ofN €l ectric
not or according to one “enbodi nent of the first invention of the
application. Ifidig;ibiOthera £P4ure showing an operation of an electric
motor according to one embodiment of the first invention;
Fig.5isafourthfigqure showinganoperationofan eiectric
10 motor according to one embodiment of the first invention;

Fig. 6igafifth figure showing anoperationof anelectric
motor according to one émhodiment of the first invention;

Fig. 7 is a cross-sectional view showing a structure of
an electric motor according to one embodiment of the second

15 invention;

Fig. 8 is a schematic view of a recessed rotor used in
an electric motor according to one embodiment of the second
invention;

Fig. 9is a first figure showing an operation of an electric

20 motor according to one embodiment of the second invention;

Fig. 10 is a second figure showing an operation of an
electric motor according to one embodiment of the second
invention;

Fig.llisathirdfigureshowinganoperationof anelectric

25 motor according to one embodiment of the second invention; and
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10 tﬁé 6urapc1)§e of ¢ eJWpresent ation of a basic construction and operation
of the apparatus, such portions as a housing and franme are omtted which

-are consi dered not essential to describing the present invention. As shown
in Fig. 1, the electric notor of the present 15 enbodinent is mainly
conprised of a rotor 10 as an output nenber, a pernmanent nagnet 20 as a
magneti zi ng nechanism a plurality *2 el ectromagnets 30, and a disc 40 as
a magnetic flux control nenber capable of -magnetic interaction nutually

wih one ends #fathe sled eI gile THBVLAL Okn Hbdrart EPT 2

magneti c 20 mater%al shaped i n a su antia i rcular plate. Four radial

protrusio ‘:‘Lé)ﬁ f er. f 80 gfé;r oYid al n outer
peri pheryg:g? egrlg§§§£18c\?:\n!agh§gguaﬁ% in er%ﬁ?gﬂ%@é é?sgﬂfo 'S n(S'i(rarred W th
a magnetif g&r‘&{é@l of a sinple circular plate. The rotor 10 and the disc
40 is firn?y connected with 25 a rotational shaft 60 as a supporting

mechani sm 02- 1- §:19: Ler ;025 - 2301 /. 44 13 A plurality
of el ectromagnets gssgrglgg)% gﬁ%ﬁﬁ%&“‘ n&zﬁ #}éoﬁ%grejn%é"ﬁnpheri es of the
rotor 10 and the di.sc. 4 i th .predeternmned Jjntervals. ch el ectronmagnet
50 i ndl udes a dodtireR SebEraREEaR IS But ermratstt S EBR RSt ol 36
wound 5 ar.oundtan outter si de erit%rg%%t%?re f. One_end 32 of the core and
anot her efBVERHPR R T AR i a5 F}egﬁﬂfﬂf‘ﬁﬁy of the outer

peri pheries of the rot,or 10 _and the disc. 40 as o i er.et o,

Fespoctivery. IHEne ke goRFOBRBBAF FERS 0 ALPBREL- CRbR, Th o as
AN CEE O SR E S e
of the first invention of the application. In this figure, for
10 the purpose of clear presentation of a basic construction and
operation of the apparatus, such portions as a housing and frame
are omitted which are considered not essential to describing
the present invention.
As shown in Fig. 1,. the electric motor of the present
15 embodiment is mainly comprised of a rotor 10 as an output member,
a permanent magnet 20 as a magnetizing mechanism, a plurality-
of electromagnets 30, and a disc 40 as a magnetic flux control
membexr capable of magnetic interaction mutually with one ends
of the electromagnets 30. The rotor 10 is a member of a magnetic
20 -material shapedina substantially circular plate. Four radial
protrusions 10a of center angle of 60 degrees are provided along
an outer periphery of the rotor 10 with equal intervals. The
disc 40 is formed with a magnetic material of a simple circular‘
plate. The rotor 10 and the disc 40 is firmly connected with

25 a rotational shaft 60 as a supporting mechanism.
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The above-mentioned rotational shaft 60 is supported by
(not shown) so that the rotor 10 and the disc 40 is rotat

-inside the el ectromagnets 30 disposed in a ring shape. 15 In this

each el ec
the disc

tromagnet 30 may be disposed in the proximty of the roto
40 so that a continuous magnetic circuit is defined there

Therefore, it is possible to enploy Elch a structure that the core
el ectromagnet 30 and the disc 40 is fixedly connected Needl ess 20 to say,

at ori P pEh e 4 out%%“%%ﬁe@ R iR i

for enplo
to thero
magnet 20
magnet 20
W th the

<h3 SRR BRprEhIE L, S f’ﬂ%"?ﬁiﬂf’ #ﬂf S s 40 B

the di sc ﬁ‘%%@fe*s%?'aﬁﬁé%#ﬁf%ﬁi? " %’r"&én%@% " A0 L 1?&%*19% s PSR,

20 i s sec
center ax
20 |s t
t he to
boss 10b
magneti c
possi bl e
10b and 4

10

15

20

25

d II I
PE By Sﬁaé‘@amaiﬁo?"%r £ aré?%%ﬁ%'a%m pE°SED) 16 3oy
the 5 _disc 40 si

# 16/ 44

abl e
case,

r 10 and
bet ween.
of each

r mnent

entri cal
14 and

t magnet

ith a

magnhet
posed

aBSyRals Putprosids P&Elglngglifﬁﬁf%g%ﬁagha? %93?%% T

of .the rotor 1 d a boss 40b of each. nade

AAcFRAFBSE S AAnPE BaF ISP ARCPPERArts SR BAPRLAE Y1 O
%B\eiéti‘%%é%%%fé%?sﬁeﬁ TR RPLOR 2t s S AR TPeHAR
thereto respectively. In the present embodiment, as mentioned
reqarding an operation thereof later, twelve electromagnets

30 are disposed around the rotor 10 and the disc 40 at 30 degrees

of a
i's
boss

intervals. The above-~-mentioned rotational shaft 60 is L

supported by bearings (not shown) so that the rotor 10 and the -

disc 40 is rotatable inside the electromagnets 30 disposed in’
a ring shape.

In this case, each elecﬁrcmagnet 30 may be disposed in
the proximity of the rotor 10 and the disc 40 so that a continuous
magnetic clrcuit is defined therebetween. Therefore, it is
possible to employ such a structure that the core of each
electromagnet 30 and the d;i.sc 40 is fixedly connected. Needless
to say, for employing such a structure, the disc 40 should be
rotatable relative to the rotational shaft 60 through a known

configquration.

The permanent magnet 20 is disposed between the disc 40

and the rotor 10. The permanent magnet 20 has substantially

a cylindrical shape and placed concentrical with the rotor 10
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A coH?roH gdaipnent | $ﬁ§ connected to an approgriate power supply to
supply subsequently an energizing output current to the respective coils
-36 of the twelve el ectromagnets 30, 15 and typically conprises current
swi t chi ng apparatuses or devices such as a rel.ay, transistor, or thyristor
and a control circuit for controllinf on/of f operation of the sw tching
devices or the like. Through the cont%ol equiprment 70, a current fromthe
power supply is suitably rectified and supplied to each coil 20 36 as a

ol otric. ABPOPSERSERh O Rb BRI oA T KRR e S BHERERE . 8, 1 e

electric rese i nvent i or, F BT ot

synchr onousl | t he suybsggquent nergi,zing control.of each el ecironmagnet
30, thus gﬁ’%‘gﬁﬁﬁyﬁ b I f?gur’aﬁigﬁcﬁﬁgdbes er‘rﬁFoy%% ﬁet PeRe °cﬂe‘io a

00 coO
peed of C%Sl?rs%hﬁ?bg%@%f%%%ﬁsaﬁ s ehcabqishe Pt 82 U8 ol AL, 10
encoder  CBRPnEREGELRE aPEE BRI BN @F Eh: RERBRR) 2kt 5t ot ch of a
Phe praseitos AHobismnt bl pian S magnet 7 aw oloeporadieeing
801 s | nptes 18- MU ERReEHEE T T EPECIRIRE 0APAETASHRR (o Do
Swi  chi ng e PEETOLOPreP Ve, =5 dfansice 5P Alin Bl Ko 8L5¢ il at | ona

angle of the_rotor 10. Next,,an operation of the electric notor of the
Sbove _colfSEH AT AL ABOTHE S PaTRTes bASRRRIAL P AT (P AR R TSRS | |

embodiment, it is possible ﬁo construct the permanent magnet
10 20 and the respeétive boss 10b and 40b as one integral permanent
magnet having a bobbin sﬁape.
A control equipment 70 is connected to an appropriate
powersufplytosupplysubsequentlyanenergizingoutputcurrent
to the respective coils 36 of the twelve electromagnets 30,
15 andtypicallycompriéescurrentswitchingapparatusesordevices
such as a relay, transistor, or thyristor and a control circuit
for controlling_on/off operation of the switching devices or
the like. Through the control equipment 70, a current £rom the
power supply is suitably rectified and supplied to each coil
20 36 as a signal of a predetermined output frequency and output
current. In the electric motor of the present invention, the
rotor 10 is basically driven synchrcﬁously with the subsequent
energizing control of each electromagﬁet 30, thus an open loop.
configurationmay be employed with respect to a driving control.

25 However, it-is also possible to control a rotational speed of
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be deltrinéd'¥irtn T '#ﬁ%ng to Figs. 2 té)6.&Fifst, Fig. 2 shows a powe

off state, in which either 15 of the coils 36 of the electronmagnets 30 is
.not supplied with an energizing current fromthe control equi pnent 70 ,
thus none of the electromagnets 30 is energized. In this state, an N pole
of the permanent magnet 20 applies a magnetic attraction force to the one
ends 32a, 32c, 32d, 32f, 32g, 32i, 32}3 and 321 of 20 the respective
opposi ng el ectronmagnets 30 via the respective protrusions 10a of the rotor
10. Theren§£e ﬁac rofrusion. 10a

& F3h°

i al i roi FOROE WAL L pd BpBperaten kmilotdind BRERCHh MEasy " ©
aopoct| vIBOPh: » FPILPBRECSD S AP B S SR AT VAR A (e 02
n ot hor vt STOBRONSEAY IR TRRooF, Do tingt sRBPR A8 TS - ¢
The. 1 of | oW Ghatth TV ARG oE HEet 807 oRE piPe " iE PRI Riagnet - 20)
end 24 %1 SRR 8 35 4 ot gRR A MR S gner.
olor proti A oRE DA BA R et [k BRRAE G ot nfl PG sidphiret B0 Kot

o5 o Bl b 0SB EHOURUEL o U roudog Sthe ABGAF el o

electrpnagne S rrang a I'nterva are-"su
electric Cgcrlﬁfﬁex{tr % 'Qg I%)Wia.lized as a trigger signal for an on/off

control of the current switchingdevicesorthe like, for example,
10 according to a rotational angle of the rotor 10.
Next, an operation of the electric motor of the above
construction according to one embodiment of the invention will
be desciibed with referring to Figs. 2 to 6.
First, Fig. 2 shows a power off state, in which either
15 of the coils 36 of the electromagnets 30 is not supplied with
an énergizing current from the control equipment 70 , thus none
of the electromagnets 30 is energized. Inthis state, an N pole
of the permanent magnet 20 applies a magnetic attraction force
to the one ends 32a, 32c¢, 324, 32f, 32g, 32i, 32j, and 321 of
20 the respective opposing electromagnets 30 via the respective
protrusions 1lQ0a of the rotor 10. Therefore, each protrusion
10a is simply attracted outwardly in a radial direction. With
respect to the rotational shaft 60 fixedly penetrating a center -
of the rotor 10, forces outwardly attracting the respective

25 rotor protrusions l0a are substantially balanced and the
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equiaﬁeﬂt %Osfg magneti ze the ends 32a, 32d, 32g, 32j at the rotor 10 side
in an S pole. In this instance, the nagnetic flux 15 extended fromthe N

- pol e of the permanent magnet 20 through the el ectromagnets 30a, 30c, 30d,
30f, 30g, 30i, 30j, 301 in a non-energizing state in Fig. 2 is converged
to the electromagnets 30a, 30d, 30g, 30j magnetized in an opposite
polarity and the rotor 10 is subject ¥ a rotational torque 20 clockw se
by the above magnetic attractive force. In this state, behavior of a

T A e e o B8 g
T R

D o TG of b AT S b T 2
o b TR o B, M S )

the S pole of the permanent magnet 0 is converged tg the other ends 34a,
34d, ﬁg,Pﬂ?r%?”P d0ove E?’é%t?‘tﬂré&n@?se.le%&%tng&\eﬁ 9%

di sappears which was distributed between the rotaor 10 agd the N pol e of
t he per mefRASHRERESFmagrekS0bract Pitmgndt = 48R0k Pt peyma to | ock
the rotor 10 by this 10 tinme. As a result, lock"of the rotor 10 illustrated

in Fig. DagRetd) ofB tErnehiny firae bPrcthis mametdtetivsaifents 309,

30j are energized. Therefore, the rotor 10 is allowed to start , snooth
rotating B9 the FeARRIWVE reseEuRratrRRioRs okdditeebe locked against

the electromagnets 30.

10 Next, as shown in Fig. 3, the electromagnets 30a, 304,
30§, 32j among the twelve electromagnets 30 arranged with equal
intervals, aresuppliedwithanelectriccurrent fromthe control
equipment 70 to magnetize the ends 32a, 324, 32g, 32j at the
rotor 10 side in an S pole. In this instance, the magnetic flux

15 extended from the N pole of the permanent magnet 20 through
the electromagnets 30a, 30c, 30d, 30f, 30g, 30i, 30j, 301 in
a non-energizing state in Fig. 2 is converged to the
electromagnets 30a, 30d, 30g, 30j magnetized in an opposite
polarity and the rotor 10 is subject to a rotational torque

20 clockwise by the above magnetic attractive force.

In this state, behavior of a magnetic flux in the disc
40 plays an important role so as to improve a starting_
characteristics of the rotor 10. That is, in a non-energizing
state of Fig. 2, a magnetic f£lux entering into the S pole of

25 the permanent magnet 20 was distributed through the
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I mmedi ately after the above el ectronagnets are energized. 15 Figs. 4 and 5
show rotational drive of the rotor 10 subsequent to Fig. 3 by an effect of

-a rotational torque due to a nagnetic attractive force in a clockw se
direction. in this situation, convergence of the magnetic flux in the disc
40 occurs between the S pole of t he pernanent magnet 20 and 20 the ot her
ends 34a, 34d, 349, 34) as in Fig. 3, 17 hus the respective protrusions 10a
of the rotor 10 are subject only to a nmagnetic attractive force fromthe

ot her e”délégéroﬁgg?eﬁoﬁgaoa”bDQf 508, afdg?;%'oégds@ e PmagacLS 1?”960'

fgrmardly IR dirreétion’ netfc i terac |on etmeen
whi ch 02- tf%g- Fer Bl Y Sﬁ%ﬁ%‘éﬁ;ﬁ il R G T ?gCeﬁ?l S: )
[ﬁtefa? '0?359 f’%ﬁ%&gﬁﬁg %9"?#;‘2*'*%%%%73?‘%3 185 AT FRECER LR, i
i fﬁ tEé”foP%rs g?fé gf e a‘cﬁg %%%ﬁ?eeﬁ‘%cﬂ:w&?&%as” Because
accon? i SABSSEERGATE gh%ﬁ?%%%%%n%ﬁ SPATEPEAY .ﬁvna%ﬁai'@f EPREPTIEd po

h i f h f,.th 10 f th
otor 10 m'?ﬂl?%ps%? 45 ?Eﬁ e 367 pR e etp é%ﬁ@'agﬁégﬁeit Ve
p03|t|ons non- ener

52k 1 or waPHeY. Sie RaSBRTL b Tt R S KRS R g A P TSR o
rotational,,d ESEEE% and LBO'N SR Yt hd PRtk OREGRSE $6°034 the
electromagnets 30c, 30£, 30i, 301 to lock the rotor 10 by this

10 time. As a result, lock of the rotor 10 illustrated in Fig.
2 is completely rel_eased when the electrdmagnets 30a, 30d, 304,
30j are energized. Therefore, the rotor 10 J.S allowed to start
smooth rotating by the rotational torque acting clockwise
immediately after the above electromagnets are energized.

15 Figs. 4 and 5 show rotational drive of the rotor 10
subsequent to Fig. 3 by an effect of a rotational torgque due
to a magnetic attractive force in a élockwise direction. In
this situation, convergence of the magnetic flux in the disc
40 occurs between the S pole of the permanent magnet 20 and

20 theotherendss4a,34d,34g,34jasinFig.3,thustherespéctive
protrusions 10a of the rotor 10 are Subject only to a magnetic
attractive force from the other ends 32a, 32d, 32g, 323 of the
energized electromagnets arranged forwardly in a rotational.
direction and no magnetic interaction between the rotor 10 and

25 other non-energized electromagnets 32¢ and so on exists which
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15 3@5,130%f33%j mhlcﬁﬁﬁ%re energi zed are stopped and the adjacent

el ectromagnets 30b, 30e, 30h, 30k which were non-energized are supplied
:with an electric current to be energized. This situation’'is considered
equivalent to an initial starting state shown in Fig. 3. Each rotor
protrusion 10a is magnetically 20 attggcted by a magnetic flux converging

bet ween the ends 32b, 32e, 32h, 32k the energi zed el ectromagnets

arranged forwardly in a clockwi se direction and the S pole of the

per manent (BRGNSt ey r%‘&‘itﬁeﬂtéf'%gsi‘&fgfrw'at i @tﬁépﬁg%%?gﬁt%é (r)rgglnet ic

torque. At this tinme, as explained referring to Figs.

25 T | ux kgetﬁ& #Sle Hhtled1ANYL R -Bebrerd oﬁ%s%n&%@ 9e bRAsPPs MaNENt
02- 1- 8;19:58 ew & Napier ; C3515715 1 22/ 19 magnet 20 and the ot her

magnet 10 PO BXPanisvidod A ARl 8 EpRy AR S O char e
cur' EEE ;ngg%?'%fs’ﬁ%%ﬁ?%ea}%bicE#Eﬁ%'g%’eﬁ'%%@ %P%%f?ﬂif?ﬁ%‘% §|°@f£§%‘? %'tnf 022 |
Lor que® by ST SBEGeRkERF T HEREIAEAE < THR rs T BpLRaGlacyi
‘sohemt | c “PPyss et ORS, REERLS AR, CabRBvaRRNE 1B 88 shfiFllned 18, T

not or accqrdi nda.t e enpodj t fot, nd,i nyention, ondi ng -
to Fig. 1a‘|°r$°fr%§'t"%hrgsgt aergbnbo“é?nﬁgnt .agSi m 5%%%?@%& ﬁ?; p%rpggg%ﬁgl ear
pr esent at ic%'l\ra%fte%iggii g_construction and operation of the apparatus, such

15 portionsas a nhouasi ﬁg and frame are omtted which are consi dered
As shown in Fig. 6, when forward peripheries of the

10 protrusions 10a of the rotor 10 with respect to a rotational
direction have reached respective positions in the proximity
o: non-energized electromagnets 32b, 32e, 32h, 32k forwardly
adjacent to the respective energized electromagnets in a
rotational direction, currént supply to thé electromagnets 30a,
15 304, 30g, 30j which were energized are stopped and the adjacent
electromagnets 30b, 30e, 30h, 30k wvhich were non~-energized are
supplied with an electric current to be energized. This
situation is considered equivalent to an initial starting state
shown in Fig. 3. BEach rotor protrusion 1l0a is magnetically
20 attracted by a magnetic flux converging between the ends 32b;
32e, 32h, 32k of the energized electromagnets arranged forwardly
in a clockwise direction and the S pole of the permanent magnet
20, and continuously generates a clockwise rotational torque. .
At this time, as explained referring toFigs. 3 to 5, the magnetic

25 fluxinthedisc40isconvergedbetweenthe Spoleof the permanent
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not essential to descrl bing the present invention. Different fromthe

apparatus of the first enbodinent, the electric notor of the second

:embodinent in Fig. 7 is provided wth a recessed rotor R as a novabl e

menber instead of the rotor 20 10 and the disc 40. A perspective view of

~the single recessed rotor Ris shown in Fig. S. As appreciated fromFig. 8,

the recessed rotor Ris shaped so tht® the rotor 10 and the disc 40 in
the first enbodiment are integrally attached That is, the recessed rotor

oo THHBRCE0) bl A RS Rl o %, 235,54, 284 R10F i nyipanet i

mat eri al

poriion 19:88 571601 n
23/ 44 TI | kqﬁﬁs r ,&létn tepn a
predetermér}ﬂ%glszrﬁg g"k'e@ﬁl S rgeﬁs ét:s I'n t ﬁ?gnéé’.{ ef/ia%t*e§ porfilggnsbRa havi ng
a central. 4310l @ rﬁﬁagﬁaﬁéefoan Fod a%al dbychhion & dbheRatadceal ong an-
out er perl ery o e’rotor Rin eq jual |nte 5 A portion of an

appr X1 TRl 2l shphRlesl Nl SRS RuHeIg a%gp@gc bi g 0 bl QAdIRR R S NO!

provided is f as a circu magneti c materi a

corregpo O¢8 + f t f
|(nvent ?8n;w1{]§ t‘:hoél Eﬁ%gﬂe#t e %{éﬁg%&ﬁ@%%@%gr%ﬂ??%f%gﬁ% d(:orz)r%nect I ng each

recessed ré#.g. nt07b0 xtlhlﬁaer %%;?Heo 8ht oRdd 56& %Seﬂﬁﬁf%é b@élaéﬂm‘éfgﬂ sch a

circul ar rrenber | anet er epar ately 1nserted in the

pr esent er%g%’ % t Kk imtative. For
exanple, a escrl e \IN% ?ﬁtdfl rs{P%rsgt%% bﬁt thd ﬁgtaﬁéerrr%nent magnet 20 and

each boss Rb”ay'%%x't”t 8" b dairiY wed1 de é?pl%%e@%rbﬁ%’iéheﬁﬁ%d
per manent magnet
the second invention of the application.

10 Fig. 7 is a schematic cross-section showing a general
configuration of an electric motor according to one embodiment
of the second invention, corrésponding to Fig. 1 in the first
embodiment. Similarly, for the purpose of clear presentation
of a basic construction and operation of the apparatus, such

15 portions as a housing and frame are omitted which are considered
not essential to describing the present invention.

| Different from the apparatus of the first embodiment,
the electric motor of the second embodiment in Fig. 7 is provided
| with a recessed rotor R as a movable member instead of the rotor

20 10 -and the disc 40. A perspective view of the single recessed
rotor R is shown in Fig. 8. As appreciated from Fig. 8, the
recessed rotoxr 1§ is shaped so that the rotor 10 and the disc
40 in the first embodiment are iﬁtegrally attached. That is,

the recessed rotor R is formed generally as a substantially

25 circular plate of a magnetic material, and a portion of half
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I n tr{lé Hre%’e‘r%tssenbo |ﬁr?gn , as shown in Fig. 7, a set of recessed rotors R
are disposed in parallel so that the elevations Ra are opposed to each

<ot her and then connected to each other wth the rotational shaft 60 as a
supporting nmenber to form20 a rotor RR as a rotor nenber. However, a
direction of the elevations Ra when conbining the rotor R should not be
limtative to the construction of th%opresent enbodi nent. Arrangenent of
the substantially cylindrical permanent magnet 20 between the parallel

di sposed LERERSGAADLAL-Fuo0d il ULAL b PL.2BuE G0 LOURRIELR, A0 oxt ended

bet ween t outer peripherres “of
; 03515716Q 24/ 44 21 A t 1 Lal th
nthe Fi PBEPS 2 e g, LB EISE CSY SPERTBASIT LT SBnbFet Equ prent
70 sub tl | yi | ZI ty.l h | egt ts 30,
and the 1 BETT IR BRISF Tol PSSR o1 14 AOST BirBebnCr S 8LPBPRPeRR ar o

I bstantially t . ' he first di t. Th detail ed
descri pti BOBE BRYOUEEE BSERPPTN | T P DN AP ol PEEERL fon of
th | ectri { di to th . di t of .th t
| nvents on® FEFBLPRGE A SRRARLBAS I3 PRLE ARG Aocat JeSLAP GRUMREER

f i Figs..,9 tq 12. | f.f stat di to Fig. 2
[ che 11 chfiaTana taonok Ruliideir SR BRan AL o Bashe 30
30j arranged with equal intervals anong twelye e]ectronmagnet.s %2 are
suppl i ed W REaR BREREEIG TARSHRL (COTTERBOBBITACES cty MAHIRELES TH9%a0 t hat

ends 32a, 32d, 32g, 32] at the one recessed rotor _R side dare magneti zed in
an S pol e,c%%-'-n gg égdi,:h%&rst invention). It should be noted

that a boss Rb is a portion connecting each recessed rotor R

10 to the rotational shaft 60 as described in which a circular
plate member of smaller diameter is separately inserted in ‘the
present embodiment. However, it should not be taken as
limitative. For example, as described in the first embodiment,
the permanent magnet 20 and eachboss Rbmay be integrally combined

15 as one body bobbin-shaped permanent magnet.

In the present embodiment, as shown in Fig. 7, a éet of
recessed rotors Raredisposed in parallel' so that the elevations
Ra are opposed to each other and then connected to each other
with the rotational shaft 60 as a supporting member to form

20 a rotor RR as a rotor member. However, é direction of the
elevations Ra when combining the rotor R should not be 1limitative
to the construction of the present embodiment. Arrangement of
the substantially cylindrical permanent magnet 20 between the.
éarallel disposed recessed rotor R, and a plurality of

25 electromagnets 30 extended between the outer peripheries of
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34 5% fhé'é%ﬁgr'r§%%%§§h rotor R side are magnetized in an N pole. in
this enbodinent,. unlike the first enbodi nent, convergence of a nagnetic
- flux between the respective poles 20 of the permanent magnet 20 occurs via
the elevations Ra in the both recessed rotors R, and the both rotors Ris
able to contribute to a rotational gue generation of the rotor RR On
the other hand, in the present enbod?ﬁe behavior of a magnetic flux in
the circular plate Rc of each recessed 25 rotor R plays an inportant role

;5]832125%?53{@%82%%&]:%%%%%%%9%&%“}|§%|cs . e r%q%\gngtsw%i?ﬁe di sc 40
Clux di d ;qsh?f%% oy Bobeoyel! chirsk Psﬁgfﬁﬁs %?e*%*ﬁéeé#@%ré%t i ?ﬁs@EgZZEﬂLC
R
:al()te\?;tsl on7:d1 sﬁggeﬁhgﬁ%i?ms tl?ng‘o‘f:ggr f%elir]eeltsgejEz J%o?ﬁg£é¥§ °ngt?l%efez)fe
Ho , Fi 30 30 30 30j
are ener aée%r‘éo&%%a'% “and ¥ ”e%effsfzﬁ%ﬁer °°:9?§t SRR LLARS i ch
convePoed R of the, FRREE kK" aEe LS TS oip S B {EEY b UG 83,0 4,
ohi ch wac e ”?b%f%ﬁgre%'w?‘“ B ne %zém.cﬁe%sa%cﬂéggﬁ%#ﬁt%ﬁéof AR
| ock of t e, rotor RR is conpletel Eg ased. Therefore, as in the first
enbodi meft2oYhe 1f§sr8F8r§mh fi*the rotor RR are aIIowed to start

St 1 3t ol larafah! 99% S AT LARC! SEULEE, L TR ©1Y O
second embodiment of the present invention including the above
10 configurations is described with referring to Pigs. 9 to 12.
In a power off state (corresponding to Fig. 2 in the first
embodiment, not shown), four electromagnets 30a, 304, 30g, 303
arranged with equal intervals among twelve electromagnets 30
are suppliedwith an electric current £romthe control egquipment
15 70 so that ends 32a, 32d, 32g, 323 at the one recessed rotor
R side are magnetized in an S pole, and ends 34a, 34d, 34g,
343 at the other recessed rotor R side are magnetized in an
N pole. In this embodiment,. unlike the first embodiment,
convergence of a magnetic flux between the respective poles
20 of £he permanent magnet 20 occurs via the elevations Ra ;n the
both recessed rotors R, and thebothrotorsRis able tocontribute
to a rotational ﬁorque generation of the rotor RR.
On the other hand, in the present embodiment, behavior.
of a magnetic flux in the circular plate Rc of .each receséed.

25 rotor R plays an important role so as to improve a starting
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el ectnl‘érr'ég%’étséSSSOét,%éw309, 30] are eneDrrS‘i"z&ed.Pllgg gs. 10 and 11 show
rotational drive of each recessed 20 rotor -R subsequent to Fig. 9 by an
;effect of a rotational torque due to a nagnetic attractive force in a

cl ockwi se direction by the energized el ectromagnets. in this situation,
convergence of the magnetic flux in the circular plate Rc of each recessed
rotor Ris the same as in Fig. 9, th#&d the respective 25 el evations Ra of
the recessed rotor R are subject only to a C2- 1- 8;12:58 J Drew & Napi e*
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he ‘energi zed el ectronmagnet s
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€r non-energl ze S which

e
wo'ss 1o GHTRROPIEY KRG Shafarl SR (O PRSI Lo
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non- ener g%}&f%lélrge?fﬁﬁﬁqfe‘d \r/b%evaeﬁ""elﬁ:t ?f’gw%ugf‘eﬁ?"gt'océde it gf‘gﬁd. Thi s
o B oo SYneekanainets StaT 0o DSy PBaCRre epeBeifed Y ReB1E8e po

magnetic flux.in the circul.ar Bl ate R(;l Of EﬁaCh l.u._rcei_f:essed r ot.or RnLg

conver ged PLEREEHFTEE TR o FNE ARG pxw was entering 1

the respective poles of the permanent magnet 20 is converged
10 to the respective ends 32a, 32d, 32g, 323, 34a, 34d, 34g, 349
of the above energized electromagnets. Then the magnetic flux
disappears which was distributed to lock the elevations Ra by
this time. As a result, lock of the rotor RR is completely
released. 'i‘herefore, as in the £irst embodiment, the recessed
15 rotors R and the rotor RR are allowed to.start smooth rotating
by the rotational torque acting-clockwise immediately on the
protrusion Ra of each recessed rotor R after the above
electromagnets 30a, 30d, 30g, 30j are energized.
Figs. 10 and 11 show rotational drive of each recessed
20 rotor R subsequent to Fig. 9 by an effect of a rotational torque
due to a magnetic attractive force in a clockwise direction
by the energized electromagnets.. In this situation,
convergence of the magnetic flux in the circular plate Re of
each recessed rotor Ris the same as inFig. 9, thus the respective

25 elevations Ra of the recessed rotor R are subject only to a
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nagnéf QO %ﬁdsthe n m[ﬁﬁ%nerglzed el ectromagnets 30b, 30e, 30h, 20 30k, and

the magnetic flux extended to the el ectronmagnets 30a, 30d, 30g, 30j which
:1s now extinct disappears. Subsequently, supply of an energizing electric
current to the respective electromagnets 30 fromthe control equipnent 70
in the above-nentioned steps enabl es _conti nuous generation. of a 25
rotational torque by the recessed ro#8r R and the rotor RR 02- 1- 8;19:58
-LEIM Drew & Napier ;0351571601 # 27/ 44 24 In the above-nentioned first

d | fi el i on . £ onal
Sgeezeggmf}g?w ’?ch'%tr%.c(ﬁlve ?ﬁrcgér Tl t'hQVEQ%g:Q&:;&é‘ eq&ggeg?g rgjgtiona

e rotor e rotor atimn ¢hange of the

4 t E t Loed by th
S munber SROEI T SARnete” SO el SnU A b s TRE Bt 10 o

romagnets 3 annu aroun 10 or

the receséfﬂ?]%%é’rfd%wgird‘i 1ihh§’ %rogaloaiwst%gﬁt d % hAgnstator. and

t he change s dbenade every egr ees. e present enbodi nent,

si nce t he; pUghete [bgfe e S8l 8enal nbiiCerlAlfied S1kec iUSRRE" 9621 NG Of

t he el ectromagne be energi ze anged every Irty degrees,

i.e., 4 BGQA&ZQO onT%Qi%Q@ngﬁégﬁ rv?fi]'. %e@en&ﬁ?a@é@f&ﬁ YRpe! §e§?s dee

energi zed may be determ ned according to a desired rotationa I rection.

N the aboxgodeRcr i dLiglice 8Be CRRLLERDE, CYLLERL: | SnEPBVGHht YBENaR | or war d

peri phery of the protrusion 10a of e el evation Ra of

the recesé?ﬁié%ﬂg%dpts H@‘é@iﬁgiis &%&&?‘xc{ﬁé'é@rsit”eﬁﬂghiﬁ\&& 3 Qg ease of

an output torq I ncrease of an erfircrency I n energy conversion, it is

DO s, 38R BAD 0 JelIG Lkl BIELAL D0 ol ent change

Further, soas tocause the rotor RRtogenerate acontinuous

10 rotational torque, as shown in Fig. 12, current supply to the
electromagnets 30a, 30d, 30g, 30j which were energized are
stopped and the forwardiy adjacént electromagnets 30b, 30e,
30h, 30k in a rotational direction which were non;energized

are supplied with an electric current to-he energized. This

15 situation is considered equivalent to an initial starting state
sﬁown in Fig. 9. At this time, as explained referring to Figs.

9 to 11, the magnetic flux in the circular plate Rc of each
recessed rotor R is converged between each pole of the permanent
magnet 20 and the newly energized electromagnets 30b, 30e, 30h,

20 30k, and the magnetic flux extended to the electromagnets 30a,
.30d, 30g,.3oj_which is now extinct disappears. Subsequently,
supply of an energizing electric current to the respective
electromagnets 30 from the control equipment 70 in <the

above-mentioned steps enables continuous generation .of a

25 rotational torgue by the recessed rotor R and the rotor RR.
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20 fluctuation by enploying such a nmethod of sequential analysis of a

change in a magnetic flux distribution as the rotor 10 or the recessed
:rotor Rrotates using a finite el enent nmethod, or neasurenent and

conpari son of an output characteristics by depicting a energizing change
timng to the el ectromagnets* 3 0 25 as a paraneter. And a setting of the
sensor nmay be regul ated 02 1- 8;19:5§ﬁrﬂ[1em/hbpier ; 035157' 601 # 29/ 44
25 so that an output signal fromthe rotational sensor 80 for detecting a

rotational angl t L 0 t [,e t i ndustrd al
Applicability Agsgegg'r’flge@é?%l%‘g%%ié]ﬁasoto%&%sggggﬁgi %Fg‘b%l)”f‘%% sel':’eéct ric
not or of the present.invention of the agove CéJ.nJi uratigﬁ: the . out put

menber an‘-ah? er?(?\r/‘élcbfuewﬁ% 3?_' rEs ERE N If)‘i/"“"’a B ii: ts_rpf’_e WERL | but ed
ol et T omaUFE BB ATL PR T T 3 BRIRR AT St P ARS morber
the maanat LS 57 The HAPHRARY CeRor G ERREEREEt A BEn G iPe PR fhgnet ¢
out pu MRS A8 I ShARSE R L SEPE S P o Sad BB IR ool y
Fur t hor ol O% 4R, (ARHe A4 GRENRE, R 5o o B8 BRRBEE( Reof GRBLRO Hiber and
e TovabLe REhel 2t o SH Solod e S RANELLS o Ui LaC g Lot il rom
's not apféiéﬁngééggit embodiment, since the number n of the poles of
the stator is 12, thus ene:gizing of the electromagnets 30 to
10 be energized is changed every thirty degrees, i.e., (360/12).
The change direction of the electromagnets 30 to be energized
may be determined according to a desired rotational direction.
Intheahovedescrip?ion,anenergizingcurrentischanged
when a forward periphery of the protrusion 10a of the rotor
15 10 or the elevation Ra of the recessed rotor R. However, more
precisely, in addition to increase of an output torque and
increase of an efficiency in energy conversion, it is possible
to find an o§timal timing of the energizing current change
considering other conditions such as suppression of torque
20 fluctuation by employing such a method of sequential analysis
of a change in a magnetic flux distribution as the rotor 10
or the recessed rotor R rotates using a finite element method,
or measurement and comparison of an output characteristics by.

depicting a energizing change timing to the electromagnets 30

25 as a parameter. And a setting of the sensor may be regulated



- 02- 1- 8;19:38 —EERNNERR Drew & Napier ;0351571601 # 28/ &4
ot her non-energi zed el ectromagnets due to the convergence of the magnetic
flux. 02- 1- 8;13:581, Drew & Napier ;0351571601 23/ 44
sPrrrerrrerrrrrirrrrr iilbtlr 26 S CLAIMS 1. An electric notor conprising:

an out put nenber of a pl ate-shaped magnetic material, provided with at
| east one radially protruding portio t an 5 outer periphery thereof; a
magnetic flux control nenber of a ma tic material, disposed in parallel

with the output nmenber in a spaced apart relationship; a plurality of

el ectr Omagae&gaéi éﬁoéﬁ{?%léfbéiﬁ;géeir agén%fn e ?&%ﬂﬁs%éo@ Qi

peri pheries of sard out me sal d nmagneti ¢ flux control "nenber,

d . . f ' f id
out pur enpEroEifE R e IRAT RaBRE! be BETot ol B PR e Y S e
peri pher yrgjm;akgl magnetic flux control nenber, said respective 15 ends

thereof havi'ng a mutual magnetic interaction with said output menmber and
east said output menber ARANBCERAE MEPLBETEREY of said plural ity of
cireurf orent 1 ol RGBT 48 BBR T BRe e e BrER EHAE B SBe e TR, s
I e SRR S e T
ocutput member and the movable member restrained by a magnetic
flux distributed between the respective magnetic poles of the
magnetizing member via the electromagnets opposing to the
10 protruded portions of the output member or the movable I_uember
in a power off state are released by convergence of the magnetic e
flux to the newly energized electromagnets via the magnetic -
flux control member or the circular plate of the movable member. '
Thus, the output member and the movable member are able to start
15 rotating smoothly by the magnetic attractive force by the
energized electromagnets. |
Furthermore, an output efficiency is improved since the
output member and the movable member are subject to a magnetic
attractive force mainly from the energized electromagnets and
20 a magnetic force preventing a rotation is not applied by the |
other non-energized electromagnets due to the convergence of

the magnetic flux.
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opposnizt e p%ﬂ‘astf?st [ egmﬁw 25 a magneti zi nguréur&r (Naanptlesuppl y for supplying a
magnetizing ......... -- -- ;1958 Draw & Napi er :C3515716C1 * 30/ 44 02-

-1- 8 ¢ 11111121121212112'21'112 11 1111 * CL K S * 27 current to each said
el ectromagnet w - ined timng so that each said el ectromagnet
opposed - to tlrm i i es of said output-nenber and said magnetic
flux control yﬂ”"mmfggﬁnnzed i 2@n opposite polarity at its each .end
opposi ng 5 agdi n§t % hev oul el 'peri phery of said output member with an

opposite polarity against a pol ariaa sai d out put nenber by said

magneti zi ng nmechanism 2. An electric or conprising: - a rotor having a
air of novabl e, mepgbe I sposed spaced_ .10 apart to and firmy connected

i Lach T Yo ; :

to each other, gac aBt e e FSEPTF8MRa of a pl at e- shaped magnetic
material and havin

t, | t I d ti id f
thereof in  subSPaRPFaYY Jiskherof %,RiatAraRapst BRARPTRD TAHRmHELA ¢ 11 ux
t i 0 ' nf tial di ti d i 15.thereth h;
ol ur a1 | ¢y PEPVRREE: YL FR o A RS EECLBE b FA S S e PRE OB B Dt | v
outer peripheries of, said m)vab}r.e menbers, each end thereof arranged
spacedgapg eFrBﬁ'F?HQeBﬁt*é]?e’b%‘?"phery of each said novabl e nenber, said

respective ends thereof, having 20 .a putu magnetic interaction wth said
novabl e menbers2 '&agﬂ‘bﬁb? gw&%ﬁﬁﬂsﬂ%?rsﬁgﬁWHﬁt%Ei Batet?ial ong

disposed in parallel with the output member in a spaced apart

relationship;
a plurality of electromagnets disposed substantially
10 Dbetween respective outer peripheries of said output member and
said magnetic flux control member, one end thereof arr#nged
spaced apart from the outer periphery of said output member,
the other end thereof arranged spaced apart from the outer
periphery_ of said magnetic flux control member, said respective
15 ends thereof having a mutual magnetic interaction with said
cutput member and said magnetic flux control member;

a supportingmechanism for supporting at least said output
member 'along an inner periphery of said plurality of
electromagnets so that said output member is rotatable in a

20 circumferential direction; o

a magnetizing mechanism disposed between said output
member and said magnetic flux control member so as to magnetize
said output member and said magnetic f£lux control member in
opposite polarities; and

25 a magnetizing current supply for supplying a magnetizing
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an inner periphery of said plurality of electromagnets so that said rotor
I s rotatabled ' lal direction; a magnetizing nmechani sm

- di sposed bet | 25 nenbers so as to nagnetize said novabl e
menbers in oﬁiﬂlﬂw ﬁﬂm 9:58 :- ~ Draw & Napier :0351571631 * 3'/ 44
Lrerrer et U 1T MS Ilul 28 polarities; and a magneti zi ng

current supply for supplying a nagne Vzing current to each said

el ectromagnet with a predetermned timng so that each said el ectromagnet

opposed t Ol L ]I_é:‘cﬁ:‘ st Gs JERMETSd S5 etized in
an opposi‘tguehtp% ari %a&gts'alﬁtﬁgé eac r%g%gnoppoléﬁ\éa%% nst the oﬁlt'er eri phery

of said a%?‘éﬂﬁ't% &id M%@tﬁ"‘&n&’ bbBoB8d %6l ine &gé’éf'ﬁérlﬁgﬂt@}fééty of

sai d novabl e nenber by said nmagneti zi ng  nechani sm 3. An eléctric notor

cl ai med i ge cd 2 4N Juefut? s’ Anal0a$a! fagBODS! IR0 BRERNI AGHEEETT i Ses a

per manent magnet. 4. An electric notor clainmed in claim1 or 2 erein

sai d MBgNeL ingl i UIBEhAL SIH GOABELEE HAkAGCAL ATRIBSLN Wi Bppbs1 f@Pab e of

regulating its nagneti c nagn n ctric notor alfred 1h claim
each he ' QFHYE ol lﬁ.%é}?é : | Egg etic f

| ux cgént rég&fﬂﬁ@%@f?ﬁ:&?ﬁ”ﬁ% :g#:g%%y I C rmteécﬁﬁ%f al e |1ﬁglétlt'}g?§naégo er%i nI each
said el ec t oLSs rgi SakO S ¥ ehdmBlt r gt ch

pr ot r usi O%Bgrrangeabg%ﬁ%lﬁegoétgg#%é i?){clersjslggf Sgg#%yout put;: % smaénger. 7. An
el ectric @&Rétf&ﬂg%éﬁhrﬁ.'ﬁﬂ.m 2 wherein each

2. An electric motor comprising:

a rotor having a pair of movable members disposed spaced
10 apart to and firmly connected to each other, each said movable
.member formed of a plate-shaped magnetic material and having
at least one elevated portion on one side surface thereof in
substantially a radial direction for enabling a magnetic flux .
to converge in a cifcumferential direction and passing
15 therethrough;

a plurality of electromagnets disposed substantially
between respective outer peripheries of said movable members,
each end thereof arranged spaced apart from the outer periphery .

- of each said movable member, said respective ends thereof having
20 a mutual magnetic interaction with said movable members;

a supporting mechanism for supporting said rotor along
an inner periphery of said plurality of electromagnets so that
said rotor is rotatable in a circumferential directién;

a magnetizing mechanism disposed between said inovable

25 members so as to magnetize said movable members in opposite
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sai d el ectromagnet I s energized so as to consecutively attract each said

el evat ed pW he outer periphery of

10

15

20

: —RERRTEER Drew & Napier 1035157160

A g gy

polarities; and

a magnetizing current supply for supplying a magnetizing
current to each said electromagnet with a predetermined timing
so that each said electromagnet opposed to the outer peripheries
of said movable members is magnetized in an opposite polarity
at its each end opposing against the outer periphery of said
movable member with an opposite polarity against a polarity
of séid_movable member by said magnetizing mechanism.

3. an electrié motor claimed in claim 1 or 2 wherein
said magnetizing mechanism comprises a permanent magnet.

4, An electric motor claimed in claim 1 or 2 wherein

said magnetizing mechanism comprises an electromagnet which .

is capable of regulating its magnetic magnitude.

5. An electric motor claimed in claiml each other end
of said electromagnet is connected to. saidmagnetic flux control
member.

6. An electric motor claimed in claim 1 wherein each
said electromagnet is energized so as to consecutively attract
each protrusion arranged at the outer periphery of said output
member.

7. An electriec motor claimed in claim 2 wherein each

said electromagnet is energized so as to consecutively attract

each said elevated portion arranged at the outer periphery of -

said movable member.
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sai d novabl e nenber.



