2204197 MULTI - PHASE Bl POLAR BRUSHLESS D. C. MOTOR The pres-eangQEq@nl
relates to a nmulti-phase bipolar brushless D.C -notor in which a Stato

5 constituted by an armature and a rotor is constituted by permanent
magnets. If in this notor the stator winding is arranged as the | ap

w ndi ng, the notor produces the sinusoidal torque ripples thereby to be -
adapted for the mcro-notor, and 10 instead if the stator winding is
arranged as the waveqyipipgASENBIPOLAR BRUSHLESS! becl.r MoTOR dal torque

ri pples thereby to be adapted Tor the power notor. - And this invention is
devised to nake into the bipolar systemso that the copper |oss of the
exciting 15 coil can be mnimzed thereby increasing the efficiency, and
to make into pol {ieaspresantt ineentiont yrelatés codl zambktirphaseed,

t her eby maki ng the conpact design of the notor possible and inproving the
torque ri ppbdpodan ibrushiesst oP.Che BOMOAR adhonwbichenBcoapatorngis 20
comut ati on encoder, a photo-sensor and an el ectroni c communi cator i
sinply 8nd SepStituded ihvitan avmakyret ABdsRaFOtRF dfl Feretityted by
characteristics of the notor can be inproved as well as the notor having
the sinpl e PEXPANGRS JR9eFSre nanufactured, thereby reducing the 25  cost

of ‘production. |y fonenl gagh, Sl JBhESs SLAREnE"Sd | SHEhSGLSas

the lap winding, the motor produces the sinusoidal torque

S

ripples thereby to be adapted for the micro-motor, and

10 instead if the stator winding is arranged as the wave
winding, the motor produces the trapezoidal torque
ripples thereby to be adapted .for the power motor.

And this invention is devised to make into the
bipolar system so that the copper loss of the exciting

15 coil can be minimized thereby increasing the efficiency,

and to make into polyphase so that the utility of the

coil can be increased, thereby making the compact design
of the motor possible and improving the torque ripple.

Also in this motor the coxﬁmutation system compfising a

20 commutation encoder, a photo-sensor and an electronic
commﬁnicator is simply and safély constituted so that the
_starting and rotating characteristics of the motor can be
improved as well as the motor having the simple
construction can be manufactured, thereby reducing the

25  cost of production.

In a conventional shunt motor, since the field coils




2 (exciting coils) are wound on the rotor to have the proper nunber of

pol es and the coils attaching 'the brushes thereto are wound on the rotor so
that the rotor is rotated,- there are drawbacks that, during its use, the 5
al i en substances such as dusts are jamed between the conmutator segnents
or the brush nust be replaced with the new gne due to the contact

t her ebet ween by breakdown of insulation or the wear thereof. An object of

th en by br eakdown .
orablems. 1o pr GorE Ari PPAEENC e Mound® NS, P TREETTRD e 5s,

t he per manent i n f ~feh ygkd bl 43S U fOr {Or
p Wf SR O ol 5%61;&5 &R trfe USRA AP alttadiiy » dHee

w nding i s wou on the stator as e i ndependent wi nding, the co tation

encoder is fixetushagtidibretolare surkhadn €he t hotoHt 86 tAake thel aidibr
and the photo- sensor is coupled operatively thereto to be connected with

the driving cirds trotdtedsbthere areodrawbackst thatst durdtgaity aise,ecthe t h
havi ng«g, sinple construction, and is manufactured of |ow cost production.
20 AScor dldgny , substandtes socbctasndusds, ate Jjesmed betweénorthe
resides in a multi-phase bipolar brushless D.C. notor conprising: a stator
constituted by MopmutedoreAegnants f¥vithe bpush amusy dfe wregiagedwwiidih
are connected.in_series and bei ng connected independently of the 25

wi ndi ng connect itHe &ew NHtIRG tHatha; cﬁnFGFBrthFGBPVWEBHpPEd brgakgayn

stator and havi n% N per.manent ma%net
of insulation or the wear thereof.

U An object of the present invention is, ;'in order to

10 solve the aforementioned problems, .1:0 provide a multi-~
phase bipolar brushless D.C. motor in which the permanent
magnet instead of the field coil is used for the rotor,
the win'dirfug is wound on the stator as the independent
winding, the commutation encoder is fixedly mounted on

15 the shaft of the rotor to be rotated, and the photo-
sensor is coupled operatively thereto to be connected
with the driving circuit, whereby the motor is smoothly
started and rotated with having a simple consi:ruction,
and is manufactured of low cost production.

20 ' Accordingly, with this object in view, the present
' invention resides in a multi-phase bipolar brushless D.C.
motor comprising: a stator constituted by M phases, each
phase having a plurélity of windings which are connected
in series and being connected independently of the

25 winding connéction of the other phases; a rotor rotably

coupled to said stator and having N permanent magnet



3 -poles; a comutation encoder fixed at one end of the rotor shaft outside
the nmotor and assuming a cylindrical formconprising a circular plate and
an annul ar ring, said annular ring having light shielding portions and 5

| i ght detecting portions which function, respectively, as the non-sensing
and sensing area, and of said light det8cting portions having opposite

I nclined portions each which is inclined to the edge of said |ight

shi el di ng popeleas ait compuratignglencodepnhdiixesenasr enapead 10f the
operatively with said conmunication encoder and being constituted sq that
two phot o- t r BRSPSt §hafH oulisdde]ddeiingtor and cassypingch FVAdLATicadh of
said photo- transistors jn said M phases being arranged, in turn, one by

one at inter§3FR SFOBRTARING nPn &t 8T JRypres AN AR BPNUIRL(FdB% he

Ccoder . o SRAH etk AR, Thavag B AR RLATaS APPSR,
B stabor, LHaBE PebelRa B EEha° g1 ER FuBRk8a OresPectlUIRITIRNY |
one phot o- 1 ggp§i Sﬁaﬁ_-eangahgopaﬂao-s%m@%gsgféaat 8AGN fPasKiS ri&%gtded

with two photo-transistors as to perf _mthe’deter'm nation of t
current diregét88t2agOpairedohs ﬁébﬂnﬁoﬁbeﬁﬁtQUhﬁ&l&he&abGrtions each
photo-transi stors, thereby flow ng the alternating 25 current through the.
wi ndi ng coi IwhOcHr ii& 1A6l1fRear tANthén edgRCt 6 £ C sad\der 1 5§kt Cehdeldddiged in
parallel to each 3 ' - S

portior;s at' a given angle; a photo-sensor coupled

10 operatively with. said__communication“ encoder and being ~
| const;l.tuted S0o -that two pheto-rtransistofs are provided
with respecﬁ_ to _eech_ phese, each, of seid photo-
transistors in seid M phases being a;ranged,_in turn, one
by one at intervais'of predetermined shait angle so as to
15 produce the positive pulse when registered with said
sensing area of said commutation encoder; an electronic
commtator constituted in such a manner that four power
transistors are connected across the winding coil of each
phase of said stato_r, two of seid transis‘_cors of each \J
20 phase being connected to one photo-transistor of said
photo-sensor so that each phase is provided with two
photo-transistors so as to perform the determination of
the current direction_according'tojsaid positiye:pulse of
said photo-transistors, thereby flowing the alfernating
25 current through the winding coil to drive the motor; and

an electric power source connected in parallel to each




4 phase of said electronic commutator. Enbodi ments of the invention wll
now be described in detail, by way of exanple, with reference to the
acconpanyi ng drawi ngs, in which: 5 Fig. 1 is a schematic diagram
showi ng, partly in block form the systemof a nulti-phase bipolar

brushl ess D.C. notor according to the presept I nvention; Fig. 2Ais an
expl oded perspective view show ng the speed encoder, the speed sensor, the

comut ati on encsggge o8 saﬁadeigétfgﬁiﬁ‘éSﬂﬁﬂEﬁ%BE?rding to the present

i nvention; Fig. I's a party sectional view showmng the state in which the

‘conponents in Fig. 2fmBhaifeAbsNe¢ et DRyention #411S rwfi b&UBBECTibed
i ndependent connecting diagram of the w nding coils of the 3-phase 4-pole

notor; 15 inFidetafB | pydnway' agesxaimpleddr 3tRf Fdferemse e todt ¢he
Fig. 3Cis a serially devel oped i ndependent connecting di agram of the
wi ndi ng coil s oactbmpanphngedfawings, "Dhowhich: Fig. 4A represents

schematical ly the driving circuit of the 3-phase nmotor; Fig. 4B represents
t he construBti ons of Fige rlotbs, a& hechematiat iddagramdshowidgt hepartly in
phot o-sensor; Fig 5A represents a schematic construction of the 3- 25
phase 4-pol e nobdpckFEgrm;Bthepsestemsof achuitiirphasesbipelaonbrishfess
D.C. motor according to the present invention;
Fig. 2A is an exploded perspective view showing the
\_ speed encoder, the speed sensor, the commutation encoder,
10 and the photo-senso: according to the present invention;
Fig. 2B is a party sectional view showing the state
in which the components in Fig. 2A are combined together;
Fig. 3A is a circular independent connecting diagram
of the winding coils of the 3-phase 4-pdlé motor;
15 Fig. 3B is an arrangement diagram of the 4-pole
rotor;
Fig. 3C is a serially developed independent
connecting diagram of the winding coils of the 3-phase 4-
pole motor:
20 Fig. 4A represents schematically the driving circuit
of the 3-phase motor;
Fig. 4B represents the constructions of the rotor,
the connutation encoder and the photo-sensor;
Fig 5A represents a schematic construction of the 3-
25 phase 4-pole motor;

Fig. 5B represents a schematic construction of the



5-4-phase 4-pole notor; Fig. 6 shows waveform of the output torque ripples
‘of Fig. 3A, 3B and 3C, Fig. 7A and 7B represent respectively the 5,
t heoretical position of the photo-transistor and the waveform of the torque
ripple; Fig. 8A and 8B represent respectively the corrected position of the
phot o-transi stor and the wave formof the torque ripple; 10 Fig. 9A
and 9B represent respectively the photo- transistor being attached at the
corrected andrphasetéepobemmotodrpn encoder and the waveform of torque
ripple Fig. 10A and 10B represent respectively the state where the

phot o-transi st or Figat fachaws wavetoyn i afil lthel Dutpny rtexave pvippies on
the commutation encoder and the waveformof torque ripple; and Fig. 11
shows the arefirigrendAof3BnandedGs of photo- transistor for use in the
forward and reverse rotation in the 3-phase 4-pole notor according to the
present 20 inveéhtBon. Mdw,aBANB - FIRRECEARH LeSPAStiVEHY ackBRdi ng

i nvention w | e explai ned. |t shoul d be noted t t,;:for

toth t | h
aof ac?l i 322&?‘&[‘?51’%9- hep?ﬁiiFgRPng ExpFBR a @RAFBTE ARSI % n @Gy EREI On

\C/)vic I ; be _rradewavg,égo;zlé ofrg{lg.r_gggguéorfpgigpa_se.4- p(?l e br us_hl ess D.C. notor

Fig. 8A and 8B represent respectively the corrected
position of the photo-transistor and the. .wave form of the
) torque ripple; _ _ . _

10 Fig. 9A _and 98_ represent 're_specti_vely the photo-
transistor being attached at the corrected angle to the
commutation encoder and the wa‘vef__om of torque ripple:

Fig. 10A and 10B represent respectively the state
where the photo-transistor is attached to the optimally

15 corrected position on the commutation encoder and the
waveform of torque ripple; and

Fig. 11 shows the arrangemen_t of the sets of photo-
transistor for. use in the fdrward_ and reverse rotation in
the 3-phase 4-pole motor according to the present -/

20 invention.

Now, a multi-phase brushless D.C. motor according to
the present invention will be explained. It should be
noted that, for a facile _description, the following
explanation of the present invention will be made with

25  reference to a 3-phase 4-pole brushless D.C. motor of a

preferred embodiment shown, by way of example only, in




preferred enbodi nent shown, by way of exanple only, in 6 the

acconpanyi ng draw ngs. Referring now to the several draw ngs, and
especially to Fig. 1, there is illustrated the system of the 3-phase 4-pole
brushless D.C. notor according to the 5 present invention, in block form
The 3-phase 4-pole brushless D.C. notor of the present invention includes a
rotary machine 1 having a stator 4 consti t ut®d by three phases A, B and C
each phase havi ng_four w ndings 48 whj ch are connected in series (see Fig.
3A). Wndings 4019 SCTPMRATH I 58'64‘“9?19 stator 4 are connected

i ndependent |y of the yipding. conn | o of o, r S as_can be
understood from Fi g. %%%rfglgﬁég rgs%%ecﬁovelél?gi I%%gfr aH?nSdS%a%f'P&ﬁ'ar and
i ndependent conr@%' { a9 d sekiall I‘gqﬁ%' eﬁ@dﬁag

connecting di agra %‘ggaﬂjé? J&?WE?BW %dl %‘b?g ?issdq'\g?' t etligzghase' -%%TeOf
mot or accor di ng {Ret§epRhgecALpbI¥CBruSR1ess B OV Mt %&ofd‘ﬂf%oéo R
phase of .the stator 4 are connected to transistors of each corresponding
phase of an ®l| ecprésahtCAMEniOh, an Wlbcke £65k[ | bethe TRUphaleCE-pHEe

stator 20 4 assunes the independent phase-connected w nding Torm connected
differently frasrisitless,D.Ol notopneg! esheniprdisititt dnVeritionmimtludes a

constituted so that the exciting condition of the winding coil of each
phase i s al ways xotatynmachine thhayinghea netatobedomenstititoed by three
phases A, .B and C, each phase having four windings 40
U which are cdnnected in series (see Fig. 3A). Windings 40
10 of each phase of the stator 4 are connected independently
of the winding connection of the other pbases, as can be
understood from i’-‘ig. 3A and 3C, respectively,
illustrating a circular independent connecting diagram
and a serially deiréloped independent connecting diagram
15 of the winding coils of the 3-phase 4-pole. motor
according to the present invention. The winding coil
ends of each phase of the stator 4 are connected to
transistors of each corresponding phase of an electrical
.commutator, as will be described. Thus, since the stator
20 4 assumes the independent phase-connected winding form
cdnnected differently from the /\-, or | Y-connected
winding form, the motor is constituted so that the
eXcifihg condition of the winding coil of each phase is
always constant, even though the motor becomes of the
' 35 polyphase motor. The rotary machine 1 also Ha§ & rotor 7

constitutéd by the permanent magnets. The rotor 7 is



15. pol yphase notor. The rotary machine 1 also has a rotor 7 constituted

y the permanent magnets. The rotor 7 is 7 constituted as four )
magneti c poles, as shown in Fig. 3B. It is understood that the stator 4 can
be constituted as two, three, four, five, ... or n phase, and the rotor 7
can be constituted as two, four, six, eight, ... or 2n 5 pol es. Hence,

t he nunber of poles or phases can be easily increased, or reduced as

occasi on denupistitvtedhad afmih maghietidi pdless, asOshbWA shapagaf 381
rotary machine 1 can be easily nodified as occasion demands. As shown in

Fig. 2, a rotier imhaifrideirstuiod Nthatotthey dfatoraé¢hcan bei somstidutted as
outvvardly froma bracket 12 which is fixed on the one side of.the rotary
machine 1. Riwoed threea hefaurl, ofivee rotoorshaiphase arand tbhenwsedorory
encoder 2 and a speed encoder 3. Since the comutation encoder 2 and the
speed encodecan he cpnstitetedcns: Hwos fourRd §ixyheightor shaf Pr12mnd a
washer 17. by neans of screw neans 16, the comutation encoder 2 and_t H&-

speed encodePO3€San pélenGey of ?odmrmmh PREeF oK PREFES11CaThdeNFeed
oo B ur BeR o R B TepeR, of Rocastcl BalERd” AN Greoned
L e LU RO RRbegD. | P ocknd” b B! Eh8" VodbdirPec
machine 1 can be eas_i]_.y _mog;!.fied_ as occasion dem_ands.
As shown in Fig. 2, a rotor shaft 11 of the rotary a
10 machine 1 is proj éc,ted _out_wardiy_ from a bracket 12 which N~
is fixed on the one side 6f_.- .thg rotary machine 1 Fixed
on. the end of the rotor shaft 11 _aré_ a commutation
en_code: 2 and a speed enco_dér_ 3. Since the commutation
- encoder 2 and the speed encoder 3 ai‘e fix_ed between the
15 end of the rotor __shaft 11 qnd é "washer 17 by means of
screw means 16, the c_omm_utation encdde_r _ 2 .and the speed
encoder 3 can be rotated together with the rotor shaft
11. |
The speed encoder 3, as can be unders’;:ood from Fig. o/
20 2A, assumes 't:he. d_:__Lsk :Eorn_t which a plurali-_ty of 1light
penetrating openings 31 are spaced .and disposed at the
circumferential _edge portion thereof so aé_’ to .position
with respect _to a speed sensor 6. "The. spéeci sensor 6 at
the support portion 25 thereof is fixed t§ é portion of a

25 photo-sensor 5 by means of screw means 26. When the

.speed-encoder. 3 is rotated, the speed sensor 6 detects a




t he support portion 25 thereof is fixed to a portion of a 25- photo-sensor
5 by .nmeans of screw neans 26. ° When the speed-encoder 3 is rotated, the
speed sensor 6 detects a 8 pul se corresponding to the rotation speed of
the rotor 7 through the light penetrating openings 31. The detected pul se
I's supplied to the swtching circuit through the encoder circuit so as to
control the electric power 5 energy supplied to the winding coils, thereby

control ling thep;9kal caRraRl %ﬁggk tg‘% P %a %& of Nena' botdey

commut ati on encoder 2, as ¢ nder st 0o romFig. , assunes the

cylindrical froghPaughd theC 1ightapetletratihg?BpeHing! 82! TR dBtectéle
annular ring 20 10 conprises light shielding portions 21 and |ight

detecting portipuis@2 i slippLiedi €6 athd hewloEhsRFSCiFcuien BEbidle the
sensing area for the photo-sensor 5, respectively. It will be noted that in

Fig. 1, 5 7, Bencddér tbtrcuintutsdi @s eroodeonfrol ithelsielsiottrion power
devel oped form 15 for a facile illustration. Each of |ight detecting
portions 225hasenepgyi supphiedntd pbetwindifi§ eoils, t thevdbjatentitolling
exciting wwdth by adjusting of the distance between the photo-sensor 5 and
t he connutationtgﬁcﬁéﬁatQQHaspeﬁdlOﬁetUQs€0t98d7mAGa kanowneinethe arg. 8.
Each of 20 the inclined portions 23 are inclined to the edge 27 of the
li ght shiel ding portThf commutation-angAdeE. 2rhasngaBcbeopndgEstPght from

in ri 22, 1.¢€. : :
detecting po tIPES. %BJ é%éumes the cylindrical from having a circular

Y plate 19 and an annular ring 20. The annular ring 20
10 comprises light shielding portions 21 and light detecting
portions 22 which function as the non-sensing area and
the sensing area for the photo-sensor 5, respectively.
It will be noﬁed that in Fig. 1, 5, 7,_ 8 and 11 the
commutation encoder 2 is illust:ated in a developed form
15 for a facile illustration. Each of 1light detecting
| portions 22 has.opposite inclined portions 23 so as to
modulate the exciting width by adjusting of the distance
between the photo-sensor 5 and the commutation enéoder 2,
as will_be described with reference to Fig. 8. Each of
20 the inclined portions 23 are inclined to the edge 27 of

the light shielding poftion 22 af a givén angle.
The number of the light detecting portions 22, i.e.,
the sensing areas.is determined by the following formula;
The r_mmbér of the sensing areas = the number of

25 poles in the rotor/2.

Accordingly, the number of the sensing areas of the



the sensing areas is determned by the following formula; The nunber of the
sensing areas = the nunber of 25 poles in the rotor/2. Accordingly, the,
nunber of the sensing areas of the 9 preferred 3-phase 4-pole notor
corresponds to two. Also, the width of the sensing area. corresponds to the
shaft angle determned by the follow ng fgormula 5 The width of the
sensing area = 2 10 _ the nunber of poles in the rotor the
nunber of phpseFerrkd doghaee) 4-pole motor corresponds to itwd.NUMIEo,Of
phases Hence, the width of the sensing area of the preferred 3- phase

4- pol e not or ther reixpelndeft cheheserisndrig aagea. dorrespontis stmwthen shaft SA

In the case of the 4-phase 4-pole 20 notor, as shown by way of another
exanpl e i n FaggleBdetieamingch byf thiee foddowingnformdaresponds .t o the shaft
angl e of [err] However, thus determ ned, the width of the sensing area for
t he photo-sensor 5 can be slightly changed to 25  nodul-ate the exciting
width in _the winding coil, if necessary. For exanple, in case that:}
phot o- t r &nsi st or s ThenWidHhe ofhFhe sensilhg @#res = he photo-sensor 5, as~will
be described, are positioned in the position which the

2n.
10 _ the number of poles in the. rotor
" the number of phases - 1 o/
_ . N (degrees)
15 - _ ‘the number of phases

Hence, the.widfh'of.the sensing aréaﬁof £he'preferred 3-

phase 4-§ole motor défrespdnds to the shaft angle of 60°,

as shown in ?ig. 5A. In the cése'of'the 4-phase 4-pole

20 motor, as shown.by waysbf ahbther example in'Fig. 5B, the

| width of the sensihg éréa ébrresponds to the shaft angle
of 67.5°. - |

Howeﬁer, thus'détérmihéd,'thé width of the sensing

area for the photo-sensor 5 can be slightly changed to

25 modulate the éxcifing width in the winding coil, if

necessafy. For example, in case that photo-transistors

(only one shown in Fig. 9) of the photb-senéor 5, as will

be describéd; are positioned ih the position which the

sensing area therefor COrrésponds to the shaft angle of

30 60°, the winding coil will result in the exciting in the

area of poor torque beéause "'.the exciting width of the




sensing area therefor corresponds to the shaft angle of 30 [err] the

wi ndi-ng coil will result in the exciting in the area of poor torque because
the exciting width of the 10 winding coil is not coincided with the
pul se width induced fromthe photo-transistor, 1i.e., the exciting width

of the winding coil is naturally greater th§§ the pulse width of the
photo-transistor due to the tinme 5 delaying™0f driving circuit and the

eXCi i g har act,elgihg Qod e 4 R0, 8Blhe B CUSER! Ndhb" bifsd! Shsn

0
poor torque makes t pper | oss of the W coi ["inCrea

results in genergta e | -Eh degegdi n e ekfici
el iminate these %‘i&u&ﬂm@aﬂ?{; E?ts irssﬁne%essary to&g'ha%dteeht'he%\f/lmédt%%%ﬁfﬁg

sensing area f Orw:iti'éh-paf]f ehe’ Wity JdBW Nds 2Ratht8tlyOgreated dHdd'Othe

width in the wi nding coi -This 1S acconplished by adjusting the distance

bet ween the senpubs@Oiwid€h ¥ Rhet (phbthstranssstds tdife Nitddl ehédS time
portion 24 of the light detecting portion22 of the commutation encoder 2

has oppositesi ndelady pagt | @B AbriviimgadédIicedt cande ehei | pxyet tdmgd
because the commutati on encoder 2 and the photo-sensor 5 are di sposed on

the rotor shaft diiaxactexiistic obHtthe winding toidit 2The tdicitting: intthe
preferred for the adjustnent of the distance between the photo-transistors
and the conmut at3%zee «pf opeer 2tovauet makeshthee copperi doss &£ the winding

coil increased, which results in generating heat in the

U motor, and degrading the effiqiency. To eliminate these
10 drawbacks, it is necessary to change the width of the
- sensing area for the photb-transistor having an effect on
the exciting width in the' winding coil. This is
accomplished by adjusting the distance between the
sensing point of the photo-transistors and the middle

15 portion 24 of the 1light detecting portion22 of the
commutation encoder 2 has opposite inclined portions 23.
This adjustment can be easily performed because the
commutation encoder 2 and the photo-sensor 5 are disposed

on the rotor shaft 11 outside the rotary machine 1. At

20 this time, it is preferred for the adjustment of the
distance between the photo-transistors and the
commutation encoder 2 to set in the best position of
torque ripple and in the most efficient position of the
motor in operation. When the photo-transistor is

25 positioned in the | position displaced by the moﬁring

distance of photo-transistor as illustrated in Fig. 10,



torque ripple and in the nost efficient p05|t|on of the notor in

éperatlon When the photo-transistor is 25 positioned in the p05|t|,on :
di spl aced by the noving distance of photo-transistor as illustrated in Fig.
10, the winding coil will result in the exciting in the area of good

torque. Thus, the conmmutation encoder 2;9f the invention nakes it possible
to maximse the efficiency of the notor by adjusting the distance between

the photo- 5 ¢hes GRSHL :‘§g3€511 hﬁlﬁ?”ﬁ&éﬁltoﬂne%ﬁ&d%&c&tlggs&%%&%ﬁ&@
rotor shaft 11 between the bracket 12 and the communi cafi on encoder 2 so

as not to roig eggédsdetLguel t h Thive,r k. SomhbtdéioRSefbodBri 2 fl.the IS a
sem circul ar support plate 50 for supporting the photo- 10 sensor 5 for

produci ng t hdnweitiore makex W ossibls ctee dnanstinnl dd ethse ref fipcbertey GbE t he
commut ati on encoder 2. .The photo-sensor 5 assumes a U-shaped form having a
gui de groove tie fmtoec@wua@jmmu theg dilstancell between heofphdieo-
comut ati on encoder 2. As shown in Fig. 4B and 5, 15 the photo-sengor 4
i s consti& ut @enser Signd phe commutiatinmengader 2and [err] so that two
photo-transistors are provided with respect to each phase. Each of

phot o- t r ansi st or s Qi&mgset epckhen rrtorp shaft A hhhesweeny thehdeepcket t ur n,
one 20 by qne at _intervals of the shaft an | e cal cul ated by the follow ng

formul a; The 141t209 athgeCRmmpndGation QART afs R RF snet to rotate
together with the. rotor. ._shaft 11, as shown in Fig. 2, is

a semicircular support plate 50 for supporting the photo-

10 .sensor 5 for produci_ng.:th_e-_-.po_sii:i_v_e- pulse when registered
- with the sensing area of. fhg- commutation. en_coder 2. The
photo-sensor 5 assumes a U-shaped form having a guide
groove 59 for receiving and guiding the annular ring 20

of the commutation encoder 2. As shown in Fig. 4B and 5,

15 the photo~-sensor 4 is constituted by -six photo-
transistors PAj;, PB;, Pél, PA5, PBp and PCy; so that two.
photo-transistors  are provided with respect to each
phase. Each of photo-transistors PA;, PBy, PC;, PAy, PBy

and PC, in A-, B~ and C-phase is arranged, in turn, one

.20 by one at intervals of the shaft angle calculated by the

following formula;

The interval between each of photo-transformers =

_ _ . S 2n . :
25 X

the number of poles in the rotor




[erg].25. X t he nunber of
poles in the rotor 12 1 (degrees) the nunber of phases 5 Accordingly,
the interval between each photo-transistors of the preferred 3-phase 4-pole
notor corresponds to the shaft angle of [err] The interval between two
photo-transistors of each 10 phase is dete&?ined by the follow ng fornul a;
The interval between two photo-transistors of each phase = [err] 15 the
nunber of poles in the rotor Therefore, the interval between two
photo-transistors [err] and PA2 of A-phase corresponds taedtespaft angle
of [err] 20 and also the cases of B- and C phases are the sane as A-
phase. In the case of the 4-phate 4nmbexr rof ghaseshown in Fig. 5B, the

i nterval betSvween each photo-transistors corresponds to the shaft angle of
[err] and the interval 25 between two photo-transistors of each phase
corresponds to tAwcaoxdinglangl thefigterval between each photo-transistors

A

of the preferred 3-phase 4-pole motor corresponds to the
shaft angle of 30°
The interval between two photo-transistors of each

10 phase is determined by the following formula;

The interval between two photo-transistors of each phase =

2n
(degrees)

15 -
the number of poles in the rotor

Therefore, the interval between two photo-transistors PA;

and PA; of A-phase corresponds to the shaft angle of 90°,

20 and also the cases of B- and C-phases are the same as A-
phase. |

_ In the case of the 4-phase 4-pole motor as shown in

U Fig. SB{ the interval between each. photo~transistors

corresponds to the shaft angle of 22.5°, and the interval

25 between two photo-transistors of each phase corresponds

to the shaft angle of 90°.

In the brushless D.C. motor constructed thus, the

 number of photo-transistors which can be turned on

simultaneously within one sensing area corresponds to the

30 number of phases -1. Accordingly, the _commutation

encoder 2 and photo-transistors according to the present



In the brushless D.C. notor constructed thus, the nunber of ,
phot o-transi stors which can be turned on sinultaneously within one sensing

area corresponds to the 30 nunber of phases -1. Accordingly, the
comut ati on encoder 2 and photo-transistors according to the present 13
I nventi on becones of 2-phase 1-excitingl33-phase 2- exciting, 4-phase
3-exciting, 5-phase 4-exciting, 6-phase 5-exciting, ... so that the n-phase

(n-1) - exci t iimyemwtioni oecomesuwf oZ-phaseb\l wxditingg tIrePhaseucd+on of
the 5 nmulti phase bipolar brushless D.C. notor. In addition, in order to
i mprove t he excgiitdingcA-phpse i a2l ting coprhese -exqiting, Swphasef or

t he photo- transistors of the photo-sensor 5 to be set in the advanced

comut at i on IPAEHNGs 1he BRsERALsHILOR-RPEFS H&-to) ~eARG ARG FRFPTi ng.

Phot ot 1 ans 48 GORITE CH < ARRASDY PHCAR SR e BFOMETIRn ot 1108

the dri o ng B Eh PR AAD b iRed WET BN W MMgenerate &

Do vy b o2, o b sk 8, Shflolle Sleuiai st o

coil,  as Wpiinii S°SEHd NeSpper Th68s, 18Cis! peoFadired IfHIS € 'phSto-

regi stered wth the non-sensing area 20 of "t he comut ati on encoder 2 by
the rotati oR@ndiPtors of the photo-sensor 5 to. be set in the
advanced commutation by "6" as the best position with the

10 motor in driving. This reason are as follows: ~

As shown in Fig. 7 and 8, if the photo-transistor
 (only one. shown) i1is registered with the theoretical
sensing position of the sensing area of the commutation
encoder 2 during the driving of fl}e'.'motor', ' the photo-

15 transistor will generate a positive pulse so as to be the
transistor Q of the electronic commutator "ON", which
cause to flow a current in a given direction of the
winding coil, as will be described. Then, when the
photo-fransist’or is registered with the non-sensing area o/

20 of the commutation encoder 2 by the rotation of the
commutation encoder 2,. the photo—'transistor stops the
generating of the positive pulée to allow the transistors
Q to .be turned "OFF", thereby cutting off the current in
the winding coil. " At this fime, the starting and

25 finishing time of exciting in the winding coil shall be

del'ayed' by the degree of "e" as ¢ompared with the




conmmutati,on encoder 2, the photo-transistor stops the generating of the
p05|t|ve pulse to allow the transistors Qto be turned "OFF", thereby

cutting off the current in the winding coil. At this tinme, the starting
and 25 finishing time of exciting in the winding coil shall be del ayed- by
the degree of [err] as conpared with the 14 starting and finishing

time of the pulse signal generated fromthe“photo-transistor due to the

tinme delaying ofstlecifa &tﬂnﬂ: fﬁg éma%fiéwgpﬁ@éagigﬁéft &:.&h&?&

wi ndi ng coil. ThIS tlne aylng o e exciting | mnnd ng col

results in the |fesmaeKke (phdbs-ErHNS st Sadd dtd h@héoﬂ!ﬁﬁér@ei’éyfﬁé'&feﬂﬁ&
of the notor due to the poor torque, as shown in Fig. 7A. Accordingly, it

i's necessary to eransiétért {E, pand othel &eeitiny dechavadteriztirnced the
comut ati on of the photo-transistor with the 10 reverse direction to the

rotating directiwinding heoibt or THis thme delagydad ocfnvlentexuvitiing hin the
phot o- tyr ansi stor of the photo-sensor 5 can be easily adjusted because the
phot o-t ransiSt orwindingpocetl wesulisr dirortlehainctdaseat eifddhehaconppear yloss
machi ne 1. 15 Al so, the photo-sensor 5 of the 3-phase 4-pole

brushl ess D.C. nandrthecdoseringo ofcefficiency nodntthen matoxhdue ite Frie
11, can be constructed to rotate forwardly or reversely by providing the
set of photo- trROR¥ sterguper @s shewnsdn Fige Péversé°¢9¥§EPEAY: it is

necessary to eliminate the portion of poor tqrque by the
W, advanced commutation of the.'photo—transistqr' with the

10 reverse direction to the rotating direction of the rotor
7. This advanced commutation of the: photo~transistor of
the photo-sensor 5 can be easily adjusted because the
photo~transistor is disposed on the rotor shaft 11
outside the rotary machine 1.

15 Also, the photo-sensor 5 of the 3-phase 4-pole
brushless D.C. motor according to the present invention,
as shown in Fig. 11, can be constructed to rotate
forwardly or reversely by providing the set of photo-
transistors PA'; -~ PC', for use in the reverse rotation

20 in the symmetric position separated from the set of
photo-transistors PA; - PC, for use in the forward
rotation advancedly positioned by "6" from the
theoretical sensing position of photo-transistor. In
accordance with fhe selection of the set of the photo-

25 transistors for use in the forward or reverse rotation by

non-contacted electro-magnetic operation, the forward, or



20 in the symretric position separated fromthe set of photo-transistors
[err] for use in the forward rotation advancedly positioned by J[err] ,
from the theoretical sensing position of photo-transistor. I n accordance
with the selection of the set of the photo- 25 transistors for use in the
forward or reverse rotation by non-contagiged el ectronmagnetic operation, the
forward, or 15 reverse rotation of the notor. is possible. Referring

now to Figrevitse¥btdfion [d€ €he ifotdt U Isasstible, driving circuit

havi ng the conmutati on system conprising the comutation encoder 2, the
photo- 5  sensor RefaRting chewt'ed CFIYUUI4K orand agsqQr dameErei thst he
present invention. The electronic commutator is constituted in such a
manner that 4llmstrdtedstheordriying cdrecedtechaeings thee eomoutgtion| of
each phase of the stator 4. Two of transistors Q connected across the 10
wi ndi ng coi | sylsteachcohprising dhenanmmbtatior ehoodert 2ansths ophoto+ he
phot o-sensor 5 so that each phase is provided with two photo-transist@rs,
t her eby Perf SenseF t Re dendr theat edactronie Gemmutator cdni caccerdancel to

the operation of the photo-transistors. mmliéq, one 15
phot o- t r ansi ¥i&h [the [prasenpHiReRtione e RLeGETPnic| QORBUEREPEILSo t he

transistors [err] .and $9 tna , Wnen t he E}go%o-transistor 'g{réﬁis t ur ned
on, the tran&ﬁ%‘@"{ 118 guphy @ mARReY, FRAT o POWAY SFIIRITATR R to
be fol | owed %)ée connected across the winding coil of each phase of
the stator 4. Two of transistors Q connected across the \.J
10 winding coil of each phase are conneéted' to one photo-
transistor of the photo-sensor 5 so that each _phase is
provided with two photo-transistors, +thereby performing
-the determination of the current direction according to
the operation of the photo-transistors. Namely, one
15 photo-transistor PA; of A-phase of thé photo-sensor § is
connected to the transistors Q; and Q4 so that, when the
photo—transistor PA; is turned on, the transistors Q; and
Q4 are turned on to allow the current to be followed by
the transistor Q; to the transistoz_' Q4. The other photo- v/
20 transistor PA, of A-phases connected to the transistor Qj
and Q3 so that, when the photo-transistor PA, is turned
on, the transistors Q, and Q3 are turned on to allow the
current to flow from the transistor Q, to the transistor
Q3. The photo~transistors in B- and C-phase are

25 . connected- to the transistors in the same way as. the

photo~-transistors in A-phase.



the transistor [err] to the transistor [err] The other photo- 20

transi stor PA2 of A-phases ‘connected to the transistor @2 and [err] so
that, when the photo-transistor PA2 is turned on, the transistors [err] and
[err] are turned on to allow the current to flow fromthe transistor [err]
to the transistor [err] "The photo-transistors in B- and C phase are
25 connected.. to the transistors in the sa®e way as. the

hot o- Si ' - ph . 6 Thus, ' f th
rosent i nventi on |5 TREGsendiR | FOPURGRITR EPFoPhals  AbR BEAASNtas
nt i nvent i A kol
he posi b1 ve pul SaveReaBht B5° 18inadnkTon REragRAT BAT Gudhy Pladll

since al so each i@ﬁ?{aiﬁgﬂ;jsagrFg%egggfggﬁggnﬁgfggggjtégéxéiﬁb%égﬁl&{tﬁs

turned off while the rotor“is ro S t angle o

al ternating, thfeﬁlﬁé’éﬁ'i:brSnE_r%W : iai&e'eﬁtycenegwﬁrm@ uld&NER,

since the 10 conplicated logiCc circuit 1s renoved, thé safe and sinple

el ectroni c COMUGSSR] €HE PELSOELIFiEiNg ddvEce &én ibéd UBdhdved, | andi 8inde
the commutati on system of each phase is connected in parallel to one

vol t age control | @lso deaclstphoto-tratsDétdr G f amike tphiasghid Scongt{tuted so
rectifier in case of A C. so that the notor is conposed efficiently. The
operation of thethatfitrdd Iurnese ofHarkrile the rotor is rotated by the
- shaft angle of 30° upon alternating, the cross-fire

W prevention interlock can be removed. Hence, since the

10 complicated logic circuit is removed, the safe and simple
electronic coﬁmutator can be constructed.

Also,“ as illustrated in Fig. 1, the commutation
system of each phase is connected in parallel to one
voltage controller, directly in case of D.C. and through

15 D.C. rectifier in case of A.C. so that the motor is
composed efficiently.

The operation of the preferred 3-~phase 4-pole
brushless D.C. motor according to the present invention
will now be described.

20 At first the switch (not shown) of the power source
is turned on to energize the commutation system of the
drive circuit.

So, each of photo-transistors PA;, PB;, PC;, PAjy,
PB,y and PC, of the photo-sensor 5 which is registered

25" with one sensing area of the commutation encoder 2

produces the positioning pulse, and supplies the produced



brushl ess D.C. notor according to the present invention will now be |
descri bed. 20 At first the switch (not showr) of the power source js °
turned on to energize the conmutation systemof the drive circuit. So, each
of photo-transistors [err] PB2 and PC2 of the photo-sensor 5 which is
registered 25 w th one sensing area ofythe comutation encoder 2
produces the positioning pulse, and supplies the produced 17 positive
pul se to thepgkgelivanpulsetd AHY dXedtidhid Neodmatstst 0tsé helblk ehe! he

el ectronic commutator to be turned on, thereby allowing the alternating
current of teeangustersagy t-0 f bfWwethel Elaatirdric eominigator | tof be

each phase as shown in Fig. 6. mel y, when the photo-  transistors [err]
and [err] of tdrnedd di phtbesebye alilidwing hthe caditegnartdagofcatmentb mmft at i on
encoder 2, both the photo-transistors [err] and [err] produce the positive
pul se. Then, theesguare yayes ticehd Lkawgdrelirough [the|winding endlBofl10
phases are turned on so that the current of each phase flows, respectively,
from t heSt r ag8Fbt Phaser @s (shown rinaRdgsr 6m tNﬂﬂQ#%msW@%@rthFePhPtOr&’
[err] so as to allowthe corresponding alternatjng current of the square
wave to be fFERBELERPEEGRA N8R RELNGEcAr| oBp B-PhAReS. BRESHAThiB thener chy

driving the notor. In this_ cgas since the w dth of .the sensgi area for
the phot o-t r SRBEING; ﬁFSﬁuc?ﬁg _telie commut_a?l:ion encoder 2, "both “the

photo-transistors PA; and PB; produce the positive pulse.

-Then, the transistors Q; and Q4, and Q5 Qg in A- and B- -
10 phases are turned on so that the current of eaqh phase
flows, respectively, from the transistor Q; to Q4 and
from the transistor Qs to Qg so as to allow the
corresponding alternating current of the square wave to
be flowed through the winding coil of A- and B-phases,
15 thereby driving the motor. 1In this case,_since the width
of the sensing area for the photo-transistor producing
the positive pulse to transmit_ to the electronic
commutator corresponds to the shaft angle of 60°, the
photo-transistor PC3;, PCy _and. PA, and PB; spaced b
20 respectively by the_' shaft angle of 90° away from the
photo-transistor PA; and PB; are turned off. While the
rotor 7 is rotated by the shaft angle of 30° upon
alternating, the photo-transistor PA; is turned off, as
shown in Fig. 4B. Then, the photo-transistor PC; is
25 newly positioned in the sensing area of the commutation

encoder to produce the positive pulse. Accordingly, the




the positive pulse to transmt to the electronic commutator corresponds to
t he shaft angle of 60, the’phdto-transistor [err] and PA2 and PB2
spaced 20 respectively by the shaft angle of 90 away fromthe
photo-transistor [err] and PB2 are turned off. VWhile the rotor 7 is
rotated by the shaft angle of 30 upon alternating, the photo-transistor
[err] is turned off, as shown in Fig . 4B. 18Then, the phot o-transi st or

is 25 w | ti din,t ' f th i
éﬁ;&helsgo or o0 CEARRESER? 9 o) e AP0 0 A0, Tiandth 59804 rcpeepe
; | ul 58 X oty ST ansTste
[st‘;a{ b furnca on 458 EEhEREAtq, The dtdte (ERmed BiCke™ Pa HE AR,
t t | st | St ;
e transisior [G8'dadh Liddd FIKld! g%éé%%‘g{%; o %A £flhdiSoRS0l O

allow 5 t he correspondi ng al e square wave

flowed through tge wLNQ il e Brrafdi stBRagRs td N6 S$P¥odEsV it difow
Qh, t ea{ﬁ? [ggr] and£§

motor. . ,In this ca oto- transistors C2 are turned off,
by reasth ass abopige "BBEFEEEENd1ndhal RebhatiAlObufreftadE ) s@idte dudve
the shaft angle of [err] upon the alternating, the photo-transistor PBl is
turned off. Thentotbe flowed throsglstthe Rifnding aydil pmsiB+ cnsdl C+rphdses,
sensing area of the commutation encoder 2 to produce the positive pul se.
Accordi ngly, thethersbysdnivipgr rthansgton.] arkh [ ghis arabe or the rphiota-
and A-phases are maintained in a state turned on so

transistors PA;, PA;, PB, and PC, are turned off, by

W reason as above-mentioned. While the rotor 7 is again
10 rotated by the shaft angle of 30° upon the alternating,
the photo-transistor PBj is turned off. Then, the photo-
transistor PA; is newly positioned in the sensing area of
the commutation encoder 2 to produce the positive pulse.
Accordingly, the transistors Qg and Qj;3, and Q2 and Q3 in
15 C- and A-phases are maintained in a state turned oh so
that the current of each phase flows, respgctively, from
the transistor Qg to Q;; and transistor 0, to Q3 so as to
allow the corresponding alternating current of the square
wave to be flowed through the winding coil of C- and A-
20 phases, thereby driving the motor. 1In this case, the
photo-transistor PA,, PB;, PBy and PC, are at the
position where it ' can not be turned on, by reason as
above-mentioned. Thus, the operation of the photo-sensor
5 and electronic commutator of the commutation system is

25" "repeated to drive the motor.

On the other hand, as the speed encoder 3 is rotated



that the current of each phase flows, respectively, fromthe transistor
ferr] to [err] and transistor [err] to [err] so as to allow the .
correspondi ng alternating current of the square wave to be flowed through
the winding coil of C and A 20 phases, thereby driving the notor. In
this case, the photo-transistor [err] a PC2 are at the position where it
can not be turned on, by reason as above-fnentioned. Thus, the operation of
t he photo-se s PGSt € i £4C t _ tqat.i S
repeated to g’ﬁfi)vtel% he n%o%ﬁéﬁ %ﬁfﬁi&?_%&ﬁgﬁfagﬁt gﬂs%eléd 'é{nbc?@gé} S
rotated 13dhsdr % Iddtdctd dite Puide (#oon A Yegld)idifcdder 2. SPRes
sensor 6 detects the pulse fromthe speed encoder 3. The detected pul se
signal is sugdtestéa tpelsei tshghdlci isVisupplie@h tde i odwitdHingt so
as to control the 5 el ectric power energy supplied to the wi nding coil
t her eby cont cddouigt ttlercuglat tive épeodenf cikendtoso’asato lotweroln the art.
Accordi ngly, the brushless D..C. notor according to the present invenfion
can be $nooElectmiat qbweld) energy Fsupplliedbdeoe thecrwinding icoid | .be
readily seen that the brushless D.C. notor of this inventionis . - '
constructed dhenehy cqntinoldiing dhe tnatatiqrospess of the eetar df+ @fed in
t he commut ati on encoder. 2 so as to elininat.e.the. g gnal dividi ng devi.ce ‘and
the cross-fik&own in the art. Accordingly, the Fbxjgghless.:l_)__.c. motor : ;- e
N - e i SR G R e
smoothly_" S

Q

according to the present “invention can be

rotated. ' J
10 From the above description, it will be readily seen
that the brushless D.C. motor of: this invention is
constructed so .that a pair of photo-transistors per a
phase are arranged in. the commutation encoder 2 so as to
eliminate the signal dividing device and the cross-fire
15 prevention interlock, thereby enabling the circuit to be
simplified. Moreover, the brushless D.é._ motor of the
invention is constituted so that the maximum current can
be applied to the independent winding coil for each
phase, and the winding coil can be utilized efficiently
20 by the multipﬁasing (for example, 2-phase l-exciting, 3-
phase 2-exciting, 4—phas_e 3-exciting, 5-phase 4-exciting,
6-phase 5-exciting....) so as to realize a compact
design.  Furthermore, the brushless D.C. motor of the
i_nvehtion allows a torque ripple to be remarkably
25 improved, and the copper loss to be minimised by

eliminating the portion having the poor torque by the



15 prevention interlock, thereby enabling the circuit to be sinplified.
Mor éover, the brushless D.C. notor of the invention is constituted so that
t he maxi mum current can be applied to the i ndependent wi nding coil for each
phase, and the winding coil can be utilized efficiently 20 by the

mul ti phasing (for exanple, 2-phase 1l-exciting, 3- phase 2-exciting, 4-phase
3-exciting, 5-phase 4-exciting, 6-phase 5-e@iting....) so as to realize a
conpact desi gn. Furthernore, the brushless D.C. notor of the invention
al l ows a torqueadvapiced ocommutatidmblof 2%he | photoetiransistorse amdphe
loss to be mnimsed by elimnating the portion having the poor torque by
t he 20 advan@ddustmentat 6n tWre t wddphotof t rithesi sepsdngndareéd offmsthent
of the width of the sensing area for the photo-transistor so that the heat
gener at ed from PROtantFansisteri 5oz dha¥ ¢ ¥he npeati gererated; dxary the

Further, the brushless D.C. notor of the invention can be consédﬁrict ed to
rot at egf'or war di PBOF evie? s@ipipized, vith  ABPFAVIRG pHNR® - e EFiFienry -

he et of “Bhor SUEHERR < 3R bidan Aekl BBl THakbro AR the! HvaRtioh Sarl e
edge havi ng | ndEREREENE TSR, 0 FRRYS, AETHARHIYCPrr PRy craery, Y phgvidite
the set of photo-transistors used during .the reverse

rotation in the symmetric position separated _;‘.rom the set

o of photo-transistors used du;'ing the forward i‘btation.
10 Also, the reduction of the captivity of the transistor

mounted in the driving edge having independent phase

makes the manufacturing cost reduced..



21 CLAI M5 1. A nul ti-phase bipolar brushless D.C. notor conprising; 5
a stator constituted by M phases, each phase having a plurality of
wi ndi ngs which are connected in series and bei ng connected i ndependently of
t he wi ndi ng connection of the other phases; a rotor rotably coupled to said
stator and having N 10 per maneqgi magnet poles; a comutation
encoder fixed at one end of the rotor shait outside the notor and
assuming a eyirpdri cal formconprising a circular plate and an annul ar
ring, said anmutar ring having |ight-15 - shielding portions and
| i ght detection portions which function, respectively, as non-sensing and
sensing area, and each of said |ight detecting portions havi ng opposite
i nclined portionsl.whi ah inaliticiphwse t bipt argbraisishiss | imit. shicdat ng 20
portions at a given angle; a photo-sensor coupled with said conmutation
encoder and kempgisdngt:ituted so that two photo- transistors are provided
with respect to each phase, each of said photo-transistors in said M. 5.
phases b8i ng arr amge&taton msmw Mebhphm,vaaﬂbfpmmdt d
shaft angle so as to
a plurality of windings which are connected in
series and being connected independently of the
winding connection of the other phases;
a rotor rotably coupled to said stator and having N
10 permanent magnet poles;

a commutation encoder fixed at one end of the rotor
shaft outside the motor and assuming a
cylindrical form comprising a circular plate and
an annular ring, said annular ring having light

15 shielding portions and 1light detection portions
which function, respectively, as non-sensing and
sensing area, and each of said light detecting
portions having opposite inclined portions, which
is inclined to the edge of said light shielding

20 : portions at a given angle;

a photo~sensor coupled with said commutation
encoder and being constituted so that two photo-
transistors are provided with respect to each
phase, each of said photo-transistors in said M'

25 phases being arranged, in <turn, one by one at

intervals of predetermined shaft angle so as to

* C L M S *



22 produce a positive pul se when registered with said sensing area of said
confut ati on encoder; an el ectronic comutator constituted in such a manner
that four power transistors are connected 5 across the w ndi ngs of
each phase of said stator, two of four powered transistors of each phase
bei ng connected to one photo-transistor of said photo-sensor so that each
phase is provided with two photo-transistor22so as to performthe 10
determ nation of the current direction according to said positive pul se of
sai d photo-transi stors, Predv®s @aubPsitive aP‘E-'&%atWhﬁj‘ cyegdstereds | whth
t hrough the windings to drive the notor, and an, el ectric power source

connected in paral el toSakd sensing axea gf SeidrcempyutaticR enceder:
tator. 2. A not di t laim1l, wh ' h i dt.h of i d
[Tght detecting port | SR LSSREDRLY nEOMAIGHERT o SORR Y CPERRLI 4P 28uERe @
nb f | in th 5.4h - of AN )
nunber of "phases 30+ heuti: thE BBHR Poerl XRIE Ry i 48 piffectea

det er mfed 5 across the windings of each phase of said stator,

two of four powered transistors of each phase
being cohri_edted “to ‘one photo-transistor of said
photo-sensér so thaf éaéh phase is. provided with
~/ ‘ two photo-transistors so as to perform the
10 | determination of the current direction according
to said positive pu_lse of said photo-transistors,
thereby causing the alternating current to £flow
through the windings to drive the motor, and an
eiectric power source connected in parallel to

15 ' each pﬁase of said electronic cémmutator.
2. A motor according to claim 1, wherein the width
of said- light detecting portions is determined by the

following formula;

20 T
' X
the number of poles in the rotor

25

the number of phases-1

(degrees)
. . the number of phases N

30 ' :

the number of said light detecting portion is determined

by the following formula:

O



by the follow ng fornmula: 23 the nunber of poles in the rotor 2 5 and
said interval between each of said photo-transistors is determ ned by the
following formula; [err] the nunber of poles in the rotor 15 (degrees) the
nunber of phases 20 so that the notor can be conposed of one selected from
a group consisting of 2-phase with 1-ex@3ing, 3-phase with 2-exciting,
4-phase with 3-exciting....n-phase with (n- 1)-exciting, thereby raising
the utility of the wi ndi ke maber of Ppoles\ imwtthe aetoxiing to claim 1,
wherein said photo-sensor__is __arranged in a form of advanced

commut ation by a given angle in the direction adverse to the rotation
direction of said comutation encoder frémtheoretical position so as to

elimnat& the poor torque, 3 thereby tg mnpim t he copper | oss. 4.
nmot or accor df §5iélé%ﬁﬁf?é%uQQ$W?%ﬁﬂ?F?Fmﬁ%-§€i§ophp§°6 g stors

operatively wit ai d conmutation_encoder in such a manner that, as
occasi on deng%dggifﬁginegngy £h8"£81180Shy' YoTitla’

2n
10 : - ' : . X
" the number of poles in the rotor
15 :
- 1 o/
_ (degrees) '
| |  the n;mber of'phases
20 so that the motor can be composed 6f'one selected from a
group consisting of 2-phase wifh i-é#éiting, 3-phase with
2-exciting, 4-phase wifh 3-excitihg....n-phase with (n-
1)-exciting, thereby raising the utility of the windings.
25 3. A motor acdording td cléim 1, wherein said

photo-sensor is arranged. in a lform of advanced
| commutation by a given'angle iﬁ-the direction adverse to
the rotation direction of said commutation encoder from ./
theoretical position so as to eliminate the poor torgque,
30 thereby to minimise the copper loss.

4. A motor according to claim 1, wherein said
photo-sensor is coupled operatively with said commutation
encoder in such a ménnef that, as occasion demands, the
distance therebetween can be adjusted in order to

35 - slightly change the width of said light detecting

_
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di st ance.t her ebet ween can be adjusted in order to 35 slightly change the
wi'dth of said I|ight detecting 24 portion, thereby to nodul ate the
exciting wwdth in the windings. 5. A notor according to claim1, wherein
the photo-sensor includes a set of photo-transistors for use 5 in a
reverse rotation which is provided in symetric position separated fromthe
two photo-transistors for use in a forward 28tation. 6. A nulti-phase

bi pol ar brushless D.C. notor substanti al as herein descrlbed W th
reference to an@QEfﬂﬁﬁdIF%B??B?eGqrﬂqqki%w%oﬁﬂﬁn tdngriwidth in the

windings.

5. A motor according to claim 1, wherein the
- photo-sensor includes a set of photo-transistors for use
5 in a reverse rotation v'which is provided in symmetric
position separated from the two photo-transistors for use

in a forward rotation.
6. A multi-phase bipolar brushless D.C. motor
o/ substantially as herein described with reference to and

10 as illustrated in the accompanying drawings.
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