Col l.ectorless D.C. Motor The inventjon concerns collectorless D.CQZmdﬁdEB}?C\fS
wi th. a pergapent - magnet rotor magnet arrangenent and a slotted stator which
carries a 37 ator w nding wound j-n 05 a non-overl appi ng manner, the stator
havi ng a successi on of pol es integrally connected to one another. Stators
of this general kind may be sta##d out in a conventigpal manner from
Dynamp sheet metal, It 10 -i's.desired that, on the one hand, the sl ot

openi ngs be kept small but, on the other hand, that there be assured

wi ndability suitable for fabricatton needs. Aceoidtng to the present

i nvention there i's provided a collectorless D.C. notor wwth a 15

per manent - magnet rotor nagnet ‘arrange@ehieatdrkess odi@d Mdtatror whi ch
carries a stator wi nding wound i n non-overl appi ng manner, the stator having
a successi on of pol es whi ch Taee inyeagian| goreeres teal kastord essothhé€r, motors,
wherein intermedi ate each pole and the next 20 there is an auxiliary pole
connectabl e to the stat'dthaft OLTRRREPhgmagnet nEPE e NAIRSIth Fryaseement, andea
auxiliafy poles are Iefa t he, wi ndi ng can he installed in

ff.. As.a result,
the stator: slots unproﬁl@%&FFcﬁFf§9f Tﬁé??ScaEE&ﬁﬁi%H§F Fe “i8gdngeWound in
installed only -Wne_rbst. f‘%-%‘_p%t;%e_\éﬁ-ﬂﬂwﬂa B3N §ePethd U ESr havifg a

‘succession of poles integrally connected to one

anothér-
_ kef ' S -'StétOré.of this general kind may be étaﬁped out
| in:a cénventional manner from Dynamo sheet metal. It
10 'is desired that, on the one hand,'tﬁe slot openings be
'*képt small'bﬁt,.on_the other hand, thatitheré be
assuréd-windability_suitable for fabrication needs.
 ”f'Aéchding to the present invention there is |
' vprovided a collectorless D.C. motor with a
15 permanent-magnet rotor magnet arrangement aﬁd'é"
":JSIOEtédfstator which éafries a stator winding woﬁnd in
vnoh¥overlapping manner, the statbf having a'QUCcession
| of poles which are ihtegrally connected to one
-anothef; wherein intermediate eaCh'pole and the next

20 there is an auxiliary pole connectable to the stator

L]

uéfter winding;

")

'“fﬂf’f?Duringithe winding procedure, the auxiliary poles:
a:e'lefi off. 'As a result, the.wihdihg cah*bé_.
'= in§ta11ed'in'the stator slots unpfébieméticaliy. The
'~25 25uki1iéry pole neédlbe installed énly when'the’sfatof

vf:ﬁindings have been formed.



~Thé invention may suitably be applied to collectorless D,C. notors of the
ki nd described in our co-pending.Application No. 2149226 from which the
present Application is divided. 05 Application No. 2149226 relates to
‘notors such as three-phase notors, with a permpnent-magnet rotor W#net
arrangenent preferably of the type having at |east two_ pole pairs-and a
~star-connected, three-conductor stator w nding, the winding' s 10 conductors
~ being arranged non-overlapping in slots of a slotted stator, with their .-
currents being controlled via at |east three sem conductor elenents by at
least three magnetic-field-sensitivé poSition sensors, the latter in turn
bei ng controll ed t.he rotor maanet 15 arrangenent. Wth notors controlled

in this manner, dinyenyicp pAY EUitabtY PYREPLRRE™Y® there arises the
roblemof the . field.,framlhe st L ngdi ngs. i hfl uenci t.he
PT/ léé%orles% 6srt§8§£§% gﬁ gﬁegglééj Lﬁcr%ﬁ%ﬁ &P ?ﬁgh

. . . Q
- magnet | c-fi ec_f -sensitive nsors. res

i nfluencing,, jsgéaﬂﬁgggg%gﬁggﬁkgﬁ RQLNL S48 gsi{FéHuuﬁgéﬁnyW% fashiOn'shiftéd

fromthe predeterm position,.an e nore so the higher the

W nding' s. CFNEnt WBAlikhedbhoRsNQiy2dd@226 described a D.C. motor 25" of
the stated type so designed as to substantially prevent a shifting of the

commut atd®n ti ne plicatisdetotheliupbbeersrais the Motidr@ntsuchl @i ng in the
stator w ndi ng. : - '
three-phase motors, with a permanent-magnet rotor
magnet arrangement preferably of the type ha&ing at
least two pole pairs and a star-connected, o
- three-conductor stator Qindipg,;the winding's |
10 conductors being arranged non-overlapping ih_slbts of
a slotted stator, with their currents being controlled
_viazat_léast three semiconductor elements by at least
three magnetic-field-sensitive posifion:sensors, the
latter in turn being controlled by the rotor magnet
15 arrangement.
 With motors controlled in this manner, especially
in the case of hiéher powers, there arises the problem
of the field from the stator windings influencing the
maghetic-field—sensitive position sensors. As a |
20 result of suéh_infiuencing. the commutatioﬂ time
| points are in undgsirablé fashion shifted from the .
R predetermined optimal position, and the more so thé7
higher the winding's current.
Specification No. 2149226 described a D.C. mototu
25 of the sia:ed_type_so designed as to substantially
preveﬁt a shifting of the commutation time points.

under the influence of the currents flowing in the

stator winding.



-3- To this end, there was described a collectorless D.C. motor with a

per manent - magnet rotor magnet arrangenent and a stator w nding having a

pl urality of conductors, with their currents being controlled by 05
magnecti ¢-fiel'd-sensitive position sensors, the latter in turn being
control l ed by the rotor magnet -arrangenent, wherein the position sensors
are distributed along the stator's circunferential direction in such a.
manner relative to the stator .10 w nding' s conductors that, at each
comut ati on operation, that position sensor which effects the comutation
of the winding's current fromone to another=of the winding' s condutors is
provided in a region of the stator in which a current-carrying coil 15 is
present neither immedi atelTp Jd¥igr @ndor theredwasedgseriked thecaldentariliess
operation. In the present invention, the auxiliary poles can advantageously
be unwound auxiliary PdtedOtfre WitR B RRYABLRE-RAGNSe KoL MAINSY nto 20

Mvolves, in convent (HATGRETIS 0 & RERCOF ERRRL ke Tna A IPLHRAY I §F
oD et SRR, YA BHE LB MLRE UGBy,
Becadse the auxilOmr il id-Eiequ-88RQREEPECpoO: E16h r'sdRdid Yalne 1atter
in turn being controlled by the rotor magnet
arrangement,.where@n the pqsition sensors afe
distributed aldng the stator's circumferential
direction in such a manner relative to the stator
10 winding's conductors that, at each commutation
bperaﬁion. that pOSition sensor which effects the
commutation of the windingﬁs‘current from one to
-another of-the-winding's condutors is provided in a
lregion of ihe stator'in whiéh_afcufrént;éairying coil
15 is present neither.iﬁmediately before nor imﬁediately-
after the commutation operation.
_g‘/ : In the present invention, tﬁe auxiliary poles can
-advéntageously be unwound auxiliary poles.

The auxiliary poles may be insertable into

-

20 recesses of the stator winding's core.: Whereas the

latter advantageously involves, in conventional

S e

manner, a stack. of shee; metal, each auxiliary pole is
preferably formed as a one-piece pole body. In
particular the-aukiliarj poles can be fofmed from

25 solid material or as sintered bodies. Because the

‘auxiliary poles, in correspondence to their relatively



-4- short circunferential extent, accept only a relatively.small magnetic
flux, eddy-current |losses, in particular, rermain |ow even in the case of
solid auxiliary poles. Manuf act ure from sinter ed iron has 05 the a@xgntage
‘that by means of powder-netallurgy techniques very exact shapes can”be
manuf act urered wi thout there being a need to thereafter do further

mat eri al -renovi ng machi ni ng work. Furthernore, for el ectro-technical
~applications there are comercially 10 available al so suitable siliconized
iron types, such as e.g. fromthe Vakuunschnel ze Conpany under. the trade
nane "Trafoperm. The auxiliary pol es-cén~be advant ageously be provided
with recesses suited for acconpdating the 15 position sensors; the latter

. can involve, ishordr idiceuatereatialcextanbs sacddpt dﬁlx;anremaulwadynagnetlc
sensors. In the case that sintering techni ques are used such recesses can
be forned i n mmalilcmagneyisi Aphe. neddercuraent losses pridgf erred enbodi ments,
the invention is applied to a.three-phase, collectorless D.C.. notor with a
per manent - nagﬁ@FtﬂGP&Prna§ﬁEP18rFaﬁggﬁ%ﬂtlmaﬁq?ufﬁﬁeiqgﬂﬁ9kﬁﬂo pol e pairs,

d d th d di di 25
ggndﬁctsz)?; Egﬁrlz‘g‘céﬁﬁth’gr@ﬁ §3nov§5?§%%f‘ﬁégfﬁfvgﬁo%§’ﬂb regeﬁv’?&?'t 2’” sfat or,

wi th thei rggcurgent %A%EQQeC,QHEEOi:&‘?ﬂeans of powder-metallurgy o

techniques Very exact shapes can-be_manufaéturered

without there being a need to thereafter do further
material-ﬁemovihg.machinihg work. Furthermore, for
electro~-technical applications'there are commercially
10 available also suitable siliconized iron types, sﬁch
as e.g. from the_vakuumschmelze Company under the
- trade name "Trafoperm”. -
. The auxiliary poles can be-advantagedusly be
provided with récessg; suited for accomodating Eue
15 position sensors: thé'latter.can.involve. in
particular, Hall generators, Hall-IC's or similar
mégnetic sensors. In the case that sintering | Y,
'techniques are used such recesses can be formed in
particularly simple-manher.
20 In preferred embodiments, the invention'isa”
applied to a three-phaée1¢oilector1ess D.C. motor with -
a permanent-magnet rotor magnet arrangemént-having at
least twd pole pairs and a sta:-connectedi
‘three-conductor stator winding, the winding's
25'-coqduqtors being arranged non-overlapping in slots of

a slotted stator, with their currents being controlled



-5- viia at least three sem condutor elenents by at |east three

magnet i c-fiel d-sensitive position sensofs, the latter in turn being
controllédﬁby t he rotor nmagnet arrangenent wherein the position sensors
are 05 “dirstributed along thestator's C|rcunferent|al direction in such a
manner relative to the stator winding' s conductors that, at each
comut ati on operation, that one position sensor which effects t he

comut ation of the winding's current fromone.to 10 another of the

wi nding's condutors is provided in a region of $he stator in which a
current-carrying coil is present neither imedi ately before nor imredi ately
after the commut ati on vdgerdt ileastPthiee apewyicenrdutpmisdensnts dyoatpdeast
stands i'n 15 the ratio 3:4 to the nunber. of rotor poles, each of the
stator pol es having at@F@&dﬁﬁgﬁﬁtéﬁbg%ﬁh@r%???1$%¥9]9Q§1thﬁs%&"ﬁ@gﬁhttée

chording is avoi ded. articularly high efficiency is achieved. The
t or que devel oped by tH@ oﬁnl§“§Hb§?éﬂ?|%??9r%5H§¥ %fbrOtor magngts

proved especially adv%?ggge %ngo LRgagg? Q 5@%* ng%fq‘%ﬁ% %ggstantlally

m dway, considered in IercUnf er en ween 't hose

nei ghboring cof | s 3 RANGaBICRIbRE ERITBE AP Ui ddifslirdicndns current
occurs under the influence of the respective position sensor.
position sensors may kA reeedbad iAUBEERNAI Rhhtler relative to the _stator
winding’s cenductors that, at,eaeh commutation
\v/' operation, that one position sensor which effects the
| commutation of the winding;s current from one to |
10 anotﬁer_of the windingfs'condutors is provided in a
| reéion of the stator in'which a current—cafrying coil
is present neither immediately before nor immediately
after the commutation operation.
Preferably, the number of stator poles stands in
-iS -the ratlo 3:4 to the number of rotor poles. each of
the stator poles hav1ng a breadth of substantlally
180%-el. As a result a chording is avoided. A .
particularly high efficiency is achieved.. ihezﬁorque
developed b& the motor is substantially constent;
20 | It has proved especially advantageOus_;oelecate--
the position sensere substantially midway, considered
}. | | _ 1n the cxrcumferentlal direction, between those
| | neighborlng coils as ‘between whlch the commutatlon of
the winding's current occurs un@ernthe influence of
25 the_tespectiVe position sensor.

The position sensors may be located substantially



e

-6- on the radial symetry axis of the stator pole which js carrying that

- one of the coils not involved in the commutation operation triggered by the
particul ar position sensor. 05 The notor may be designed as.a;

t hree-pul se notor or else as a six-pulse notor;,in the latter case™t-
having preferably at |east four nagnetic pole pairs. Preferably, at the air
~gap, the space remaining in the circunferential direction between each two
10 integral neighbouring, preferably [err]-el.-wide stator poles is
substantially filled up by an unwound auxiliary stator pole installable
after winding. In an effective manner tthe auxiliary stator poles avoid a
magnetic jolt, because an approxinately -uniform 15 induced voltage is

obt ai ned overom k¢ axradidl symmptrangixds Wi thenshaton pele o‘!"FﬁQ‘brque at

constant current. Wthout such auxiliary pqles betmeen err -w de :
stator pol es, 1% nci’ﬁ’é‘f’c%e”tﬁt 21t otg‘F §PAL8r "Bb| L8VeY ‘?‘Btiﬂ e es of 3:4

the stator poles 20 woul d be, funcgti.ona r e because a
great part of SPPRUFRTHeR OQﬁﬁﬁﬁﬁQQ: H?P&reﬁpBXagﬁﬁgp?ﬁ@f%%{%%le gaps, would
be attracted t oles. There would set in in undesired manner a
chording actlég {€%°§ égégoé%a invention will be illustrtated by the

fol I owi ngpgesci ptiffe qao@onorr@écfrﬁee%e%m%ki”%@t aVchPee-pulse motor -
| or else as a six-pulse motér, in the laﬁter case it B
having preferably at least four magneiic pole pairs.
Preferably, at the air gép, the space remaining
in the dircumferential direction between each two
10 integral neighbouring, preferably 180°-el.-wide S
stator poles is substantially.filled hp by an unwound
auxiliary stator pole instaliable after'winding. in
an effective manner the auxiliéry stator poles avoid a
magnetic'jolt; because an approximatel‘ uniform :
15 induced voltage is obtained over E'relatiVély large
angle, which means a uniform torque at constant B
current. Without such auxiliary poles béﬁwéen
180°-e1.;wide stator poles, in the case of a raﬁio
of stator poles to rotor poles of'3£4 thé'stator poles
20 would be, funCtionally;'widet.than 1809-el. because
a great part of the rotor's magnetic field, appearing
in the pole gaps, would be attracted to the stator
‘poles. There would set in in undesired manner a
chording action.
25 The invention will be illustrtated by the

folloWing desciption of a preferfed embodiment with



- 6a - reference to the acconpanying drawi ngs in which there is shown: Fig.
1 schenatjcally, a sectional view.of a D.C. mpbtor according to the
inventionﬁquparent Application, 05 2149226, Fig. 2 a viewsimlar to Fig.
1 for an enbodi nent of the present invention and, Fig. 3 a sectional view
t hrough an auxiliary pole.corresponding to the line Ill-111 of Fig. 2. 10
Fig. 4 depicts a set of waveforns referred to in describing the preferred
nmode of operation of the notor. The three-phase collectorless D.C. notor of
Fig. 1 is described here to allow better conprekgnsion of 15 the present
invention as illustrated particularly in Figure 2. The notor of Figure 1
has a rotor 10, rotablyehexmresl tn Hemarompaaying| dsevires im weich |theye h
a permanent - magnet rot9g gReAet arrangenent. 11. The rotor nagnet
arrangenment 11 is preferably formed 20 from a rubber-magnet strip, i.e. a
one-piece strip made of a nMidurk ssthematd caddyirt @ sectionahrview feff ra tRC.
and el astic material. J8€oBONESrdidd Rd THe?dndbhy i BRIGE! %Pgatlg licatjon
magnet rzation has the shape of a trapezoid, or approximately a trapezold,
25 extending over9bhe2p®922fi tch, with relatively small pole gaps. It

forms in the illustrated enppdi npry Jif £19i3a83k6SrI0LCH ALy LIP! dnafd iBlent
peri phéral surfaces.constitut®e, alternately, ‘magnetic”north poles
- of the present invention and, _

'Fig. 3 a sectional view through an auxiliary pole
o corresponding to the line III-III of Fig. 2. |
g“/' 10 - Fig. 4 depicts a set of waveforms referred to in
| describing the p:eférred mode of operation of the
‘motor. | B
The three—phase collectoriess D.C; motor of Fig.
1 is.described:here to allow better comprehension bf,

15 the present invention as illustrated particularly in

~ Figure 2. .1he-ﬁotor of Figure 1 has a rotor 10,
_rotably mounted in a manner not illustréted_in-detail,
Qith_afpermaﬁenismagnetfrotor magnet arranéeméht.ll.
The rotor maghet arrangement 11 is.preferably formed

20 from a rubber-magnet strip, i.e. a one-piece strip
made of a mixture of hard ferrite, e.g., barium
ferrite, and elastic material. The magnet strip is
rédially magnetized} its magnetization h&s the shape
of a trapezoid, or épprokimately a trapezoid,

25 - extending over the pole pitch, with'relatiVeiy*small
pp;e'gaps. It forms in the illustrated embodiment'
four pole pairs which at their outer peripheral

- surfaces constitute, aitérnately. magnetiéinorth.poles |
12 and magnetic south poles 13. It is to be

30 understood that other magnetic materials can be used

tbo..and that the |



e e

12" and magnetic south poles 13. It is to be 30 understgod that other
magnetic materials can be used too, and that the rot or nagnet
arrangement can al so be assenbl ed from'individual nagnetic plates. ;

/ The rotor 10 Is encircled by a stator 15, preferably in the f or FEOF a

| ami nat ed 'stack of sheet 05 netal, forming a cylindri.cal air gap™ 16.
Only one half of the stator 15 is depiceted; the other half is configured
symmetrically in correspondence thereto. The stator 15 has six T-shaped
mai n poles 17. The pole faces 18 of the main poles 16 face the air gap 16
10 and each extend f an.an f dt h of each of

the six naj?Pﬁﬁﬂe&?%"§%r&('Pﬂégﬁngg&bﬁiéigggﬁﬁ|éﬁé?ﬁ?i§33ﬁﬁﬂ? of each of the

eight,rotor1ﬁ§¥¢¥?&éﬁ,m%gyegqctgaﬁtggy, at the air gap 16, there result
es |

bet ween the main aps are each 15 [err]-el.w dé. These gaps

are substanti al lppd iddted 4@ b¥-gHFkFE?EX-991555ﬂ5&0}-f5¢ the pole faces 20

of the auxiliary poles 19 extend for a breadth of alnmpst [err]-el; they -
end at a srppdfetadiandd, tihe foemCofcunighenited stiectoOshdetom the

respective 20 nei ghboring mai n-pole face 18. Each of the main poles 17 .
carri es0% skettal, dairmingl awkiydlindriEad. airtpaptbbce Grilat awnecoi s 22,23, 24
are depicted. Corresponding stator coils -- which can be connected in .
seri es withthatiiof tdepstatee ddatst dephttedopbbeiothen adf dai | s
configured symmetrically in_éorrespdndence thereto. .
The stator 15 has six T—shéped main poles 17. The -
pole faces 18 of the main poles 16 fdée the air gap.16
10 and each extend for an angle of 180°-e1;, i.é., the |
width of each of the six main poles is, at thé-air gap
16, equal to the width of each of the eight rotor
poles 12, 13. In this way, at the air gap 16, there
result between the main poles 17 gaps which are eath
15 609-el.wide. These gaps are substantially filled up
by auxiliary poles 19, i.e.; thg pole faces 20 6f fhe
auxiliary poles 19'exfend for a breadth of almost
_ 609-e1; they end at a small distance,-ih the \;/-
circumferential direction, from the'respecti§§ _
20 nejghborihg main?polé face.iB; Eéch.of the mafn poles
17 carries a stator coil, of which in Fig.-l'thé thfee
stator coils-22,23; 24'aré dep{cted. cOrreéponding
stator coils -- which can be connected in'Sérigs.with
their resbective diameikicéily.opposite stator coils

25 22 or 23 or 24 -- are providéd on the three

non-illustrated main poles. The stator coils



25 22 or 23 or 24.-- are provided on the three non-illustrated nmain poles.
The stator coils al together foerma star:connected, three-conductor
stator Wihdi ng whose constituent w ndings do not overlap one another. As a
result”fhere are obtained especially short mnndlag heads, which is
advantageous 05 not-only for spatial reasons but also Ieads to | ow wi ndi ng
resistance. .  In the arrangenment of Fig. 1 the eonmon or star junction of

t he stator mnndlng i s connected.via a line 25 to the positive side +UB of a
vol tage source; theaktageyherctfiosm iasstennconaecteda treeesndudtar end of
each of coils 22, 23, 24 whereas the other end of these coils is connected,
via a respective sevhatafdmdngd ngnmesesconstibuent windings fyfatie side

L ootet o 95" By g S3pehdg . ORI HERMEPERSLE tef Sk fned
nmagnet ic-field- Senséstqﬁaﬁ%aﬁqzntslh%?}gsgﬁgr'Pgof'e?ésg?’&}. IEei ?Oasdﬂ %Lﬁeed"hsors

can’ I n partlcul ar erators or ar e,

control l ed by tde rrﬂhﬁe rg?g%tr' %p%'tri%ﬁg?gg%n}l ut%lso 1eaA§sat g4 t of

t he given geonetry, .t ition sensor can e arranged on the stator at
ei ght different |0Qﬁtdd31rh"‘g ale@rigttaheealrma@héfiareén ént forrFigcat iymes are

denoted by 30a, 30b, 30¢ and 30d in Fig. 1. ' The other four p055|ble
| ocati ons ‘are | ocatcuhnidm dirasgari Qahlcyio_ppoﬂ thet statepewtndingnies of the
| | | connected via a line 25 to the positive side +Ug of o
a voltage sonrce; the star junctfon is connected to a
10 respective end of each of coils 22, 23, 24 whereas the
other end of these co1ls is connected, via a
: respect1ve semiconductor switch 26 27 or 28, to the
negative side -Ug of the voltage source. For the'
. commutation operat1on each of the semiconductor
15 'sw1tches 26, 27, 28 is . controlled by a respective -
qmagneticef{eld-sensitive position seneorh30;.$1, 3?._
_The ooeitiOn sensors can in particular be Hall -
-generatore or Ha]l.lc's.which are, in turn, controlled
dgf/ by.the rotor.magnetic arrangement 11, |
| 20 _. As a result of the given geometry, the position
-sensor 30 can be arranged on the stator at eight
different Iocat1ons along the air gap 16, of wh1ch
four locations are denoted by 30a, 30b, 30c and 30d in
Fig. 1. The other four poss1b1e locations are located
25 d1ametr1ca11y oppos1te to respective ones of the

dep1cted locatjons. It has been found that one can



depicted locations. It has been found that one can I n.a sinple way
avoi d the position sensors being influenced. by the field fromthe Stator
coils, and avoid the resulting undesired shifting of the commutatienztine
points, by so arranging the position 05  sensors 30, 31, 32 at the arr gap
16 that, in each instance, the one of the pdsition sensors which effects

. the commutation of the wnding's current fromone to another of the. - .
wi ndi ng's conductors is located at a-place where a current-carrying coil.is
present 10 neither before nor after the comrutati on operation. The

posi tion send®r a3gimpl ecwaythieo tdnthe NGt Faroansors: #edngdcoil 22 to the
stator .coil 23 by rendering the_ sem conductor switch ZSénon-conductive and

by renderinginfdugagedonbycte Sieterfrom dhaysdates cpidsasandriterino
stated ab is. f i11ed iti : 0 if | ' . d
2t “the pooi « ASASaBhe cpespLElod Bade T IEAE T s naon B 1l e ot the

It 30h d g | {4 30a, | 1t £ { =1 t -
RS of the AARRUEAFLo £ e PEFIAESD Hhd 4 e Fhe' gRsigian i 1Y
coi I's whiggh 'sgpgggs' 390! ¥£d 39 J0e O ofd PN PRHAL I te][alcg,gered by

position sens The s&cond advant ageous position 30c for the position

sensor 30 isihQeahed,PeReabhe tERtt RO {tTth denddrar whAehes 19 found -
bet ween the 25 nelgh50r|ng stator coils 22, 23, as between which. latter the

wi ndi ng' s cueffattsSthenvomng talt igwles f tdtee winding's current from
~one to another of the ﬁinding's cbndhctohs is located
| "’
at a pla;e where a current-carrying coil is present
10 neither before nor after the commutation operation.
The position sensor 30'effects the commutation from
the stator coil 22 to the stator toi1 23 by rendering
the semiconductor switch 26 non-conductive and by

rendering ihe semiconductor switch 27 conductive. The

ifiiTed for position

[
(3 4]

¢riterion stated above is Tu

wr

sensor 30 if the latter is arbanged at the'pQSitions
302 or 30c; in contrast, it is not fulfilled at the
positions 30b and 30d. The position.30a'5s located on in
the radial symmetry axis of the main pole'17_;ar}ying
20 the coil 24, i.e., the one of the coils which is not
involﬁed in the commutation opération tffgggred.by
position sensor 30, The Secqhd'advantageous-pﬁs}tion
30c for the position sensor 30 is Tocated beneath that
one of the auxiliary poles 19 found between the - |
25 neighboring stator coils 22, 23; as between whicﬁ

Tatter the winding's current is commutated under the

FRT P R p——



i nfluence of the position sensor 30. |In contrast, the positions 30b and
30d for the position sensor 30 are excluded in accordance with the
aforesahglcriterion. At .position 30b the position sensor 30 would be 05
subj ect’ed to the magnetic field of- coil 23 after the commutation operation,
whereas: at - position 30d the position sensor'moulg-bg-subjected to the coil
22 -pri.or ‘to the commutation operation. Correspon ?ﬁg remarks apply to the
other two 10 'position sensors 31, 32; the positjions in principle possible
for these within the illustrated region of [err]-mech. are denoted by 31a,

31b, 3lc, 31d and 32g¢f)deRce 3¢F  t BEhod ASIAF IdetRlor 3OUerQnaG3PEra9§,tPﬁ§e_

positions only the positions 3la, 31c and 32a, 15 32c fulfill the

present|y set forthpesite6h®n30bhend BRYNdY thedlpasdttiion eenbb@. 30 are
presupposes three-pul se operation, i.e. the rendering conductive at any
given tine of only emelopdedhénvacchmigmce hwidth ddved adtocesaidherfiteniof.
current through each of .the 20. .wi nding's conductors: always being in the
sane direction. TheAttpositton|I0pthepositiand sensored0cwaulidt B8 switches

26, 27, 28 accorginglg;fornra circuit configuration which can be designated
as half of a brPdgeSubjected tothe daaneldq fiald &f coidog3after theq

hereto. The descr {Bed, 1oL Pln Ger &S, VAL Wil hodit¥oh JbhoBRect ot

" position sensor would be subjected to the coil 22
| ..  prior to the commutatioh operation. _
'SU( | Corresponding remark§ qphly to the othér two
10 position sensors 31; 32;:the positions in prjnciple'
possible for these within the 1llustra£ed reéion of
1860-mech,'are dehbted by 31a, 315, 31c, 31d and
32a, 32b, 32;; 32d, respeétiveiy.'lﬂere a§a1h,.of
_thése.positions only the pdsitions 31a,'§lg §nq_32§;
15 32¢ filfi11 the presently set 'f.orfl;:c'éit;é;i't;n“. |
C The foregoing ékplaﬁation of Fig. 1 presubposes
_ three-pulse operation, i.é. thé réhdering.conductive
;.kqi . at any given time of onij one 6f the winding's three
| | conductors, the flow of current through each of fhe'
20 winding's conductors always being in the same
coe direction. The stator coils 22, 23, 24 and the
semftondﬁﬁtor'sﬁitchés 26, 27, 23 accordingly form a
cirtujt.édnfiguration th£h can be designated aé_ha]f
of'a'brfdge.cirtuif,'.Howeier,_fhe'inveﬁtion is not
25 11mii§d theheto. " The desiribed mdior éan.réther.

operate-wifh a full bridgé circuit permitting a



- al so be_em

reversal of the direction of the winding's currents (such a full bridge
circuit is for exanple known fromFig. 6b of DE-OS 30 44 027), and the
notor can be operated in six-pulse fashion; in which case at anijS gi ven
“time two of the winding' s conducters carry current Sinultaneously:?
Referring to Fig. 1 it may be noted that: in the case of six-pul sé
operation, only the positions 30c, 3lc,” Hoc fulfill the criterion that t he
position sensor effecting the comutation from10 one to another of the
wi ndi ng' s conductors be located-in that region of the stator-in which a
current - Calrieyie?8atOblf thel a¢péetl ovei dhethdrvnd ing 'ROcuseatguent to the
comut ati on operation. The use of at |east "ei ght pernanent-nmagnetic 15
pol es has ﬂumtheanﬁué]theiégudahteqﬁxthufuﬂuaﬁammdgskm»amtédomn t he rotor
shaft are symmetrical with respect to the notor axis. The Hall el enent
positions &9 9gdi §5u0ecBEaB5vE0 b 0Bh) i iand drheimption cancdewhen the nmotor of
Fig. 1 20 is operated in the manner shown in Fig. 4, although persons -
skilled i nope&aged ﬁﬂlFi&nﬂé}%QaﬁEFﬂ?ﬂﬂ:(ﬁﬂuﬁhﬁﬁﬁjQSGGI@&IéﬁV contexts may

l.oyed [ 4A_shows §h u | tage of one of the notor's
t hree IgéWéﬁeﬁége gVﬂlgva??a.ipjiﬁ iégq u $h&&T4Y25  period equal

to [errl-elggbehth rmuTiEnEbds1 A RFAGR G APRIET Ll 9ealgmRar a1OT o7

ot her
noted that, in thc case of six-pulse operatiun,_on]y
. the poéitions 30c, 31c, 32¢ fulfi]] the criterfon that
the position sénsor effecting the commutation ffbm - _'
10 one'to another of the winding's conductors_béclchted
in that region of the stator iquhich a s '
current-carrying coil is located ceither prior to nor

subsequent to the commutation operation.

The use of at least eight permanent—magnetic

[y
(3]

a-‘

poies has furthermore tue ¢uv¢ntage inat the rorces
exerted on the rotor shaft are symmetr1cal with
respect ‘to the motor. axis.
| Thg Hall element positions as discussed above &“/'
“have pcrticular significance when ihq-mqtoc of Fig. 1 |
20 is operated in the manner shown in Fig. 4, although
persons skilled in the art will understand that other .ﬁ T_. .
and equivalent contexts may also be emp1oyed. Fig. 4A
shows the output voltage of one of the motor s three
Hall elements. This voltage is cyclical and has a |
25 period equal to 3600-electrical. The Fig. 4A

voltage is abplied to a comparator, or other



conventional pul se shaper, to yield the better defined voltage wavef orm of
Fig. 4B, :each pulse of which |asts for-[err]-electrical. The sane applies
for the“ofher two Hall elenents, but preferably their respective 05 pulse
trai.ns are phase- shifted one.fromthe ot her by [err]-electrical, as shown
for. the three Hall elements in Fig. 4c, i.e., dj€to the Iocatlons of these
three el'ements. The set of three pul se: tralns of Fig. 4Cis applied to a
logic: circuit to generate 10 three different pulTse trains shown in Fig. 4D.

The -pul ses in eaChfhnv%h?%%n%ﬁagﬂ??9a¥ﬁaﬁep“rfﬁwéi?fq]#Téxﬁeﬁﬁer1d%fﬁﬁhHOd

of [err]-el., and e three rains ard one fromt

next by [err]-el. Ra3kagk hh@e?bFﬁeopuﬁﬁﬁ L4 NSadip #ﬁ*§3t6¥ %ﬁic%eﬂﬁgis
conductive a respective one of the three transistors 26, 27, 28, so that

Fi.g. 40 al so repregom 180kcengeppttaVve Chhélusim®nagp Mass ofort tdee other
transistors.. Figs. 4El, 4E2, 4E3 depict the potential and (in the shaded
areas) the actual tteoqHel20elemestsbhbububnpreferashectlieisr qespest iviee t hree
coil systens. |f the respective transistor of one of these coil systens
vere al ways cofductinlse tnainssareapbasevshiiftedmne binamtheowtderseby

sonetines in the cqrr rotation direction ositive) and metines in the
25 non-desired rotgpgcﬁ 18EtBiERbm fﬁeﬁ%ﬁ?%eé r e ity Haﬁqthis exanpl e,

the trans'Stors_ZGe%%m%E;sngxeFig, 4c, i.e., due to the-locations of

these three elements. The set of three pulse trains
- o/ of F1g. 4C is applied to a logic circuit to generate
| ' .10 three different pu]se trains shown in Fig. 4D. The
pulses in.each of these trains have a duration of
1200-el1., a period of 3600-el., and the three
pulse trains are phase-shifted one from the next by
120°-e1._ Each of the three pulse trains is used to
15 fenderncphduétivé a'respective one of.the three: ..
transistors 26, 27, 28, so that Fig. 4D also
represents the respective conduction times of these

transistors. Eigé. 4E1, 4E2, 4E3 depict the potential

and.(in'the shaded areas) the actual torque
20 contributions of respective ones of the three coil
systems. If the respective transistor of one of these
o _'coii_Systems were always.conduétiVe, the associated
1 . .torque_contribution_would be sometimes in the correct

rotation direction (positive) and sometimes in the
25 non-desired rotation direction (negative); therefore,

in this éiample,_the_transistors 26-28 are never



fendered conductive at tinmes that woul d produce mwong-direption torque. As
“can be seen, if one considers only.the, positive half-cycles of torque (each

having a duration of [err]-el.), the torque has 05 a _relatively unk%grm
o -

|l evel only during about [err]-el. of the-[err]-el. half-cycle; for t

approximately [err]-el. at the start and endyof each half cycle, the" -
potential torque contribution is far frombeing of a steady value. Thus, -
as shown by the 10 shaded areas, only the.[err]-el. intervals are acutally
enpl oyed; i.e., as shown by the transistor conduction times in Fig. 4D, the
respecti ve oneendéretecomdect tve | ats\tsimms that aroarlg peddiagecurrent only at
the tinmes when their torque contributions will be 15 of steady value. It
i s enphasi zedwrhag-dheeetihorrtarquper dis cransthevseen Fiid. onei s but
For due. pul sesCHBF 1HRFFTORTY 8 SRAR! CIAS IND 17 RGTE5a0t 307ARFT understand
during the. | ok eRell hayfag & gedfon mEH R gt e ey to8RRF- baS T oM the
Feversed 807 oft [ onat E0end 2 E6dn UL YY" dyh B0 BBRVE STC o e O
~further transhahoLgy OroPYtid "EEOSLEN, A E-cycie;lFor the R
' approximately 300-el. at the start and end bf'each ' o
half cycle, the poténtial torque éontfibutibn is far
from being of a steady value. " Thus, as shown by the
10 shaded areas, only the 1200-e¢1, intervals are
acutally employed; i.e., as shown by the transistor
conduction'times in Fig. 4D, the'respective'ones of
~ the three coil systems are energized by current only
. at the times when their torque contributionﬁ-will be
15 of steady vaiue.

It is emphasized that the manner of operation ‘
shown in Fig..4 is bht_exemplary; it being the'case
that ;he motor employs three constituent tordue pulsé§ '\_/
per 3600-el. Persons skilled in the art | |

20 will understand that the motor could furnish'Six such
pulses if, for each coil system, during the 1200§e1; - :
time interval which is shifted by 1800-el. from the
réspective'shaded area, the coil system were to be E
energized by currenﬁ of reversed dire;tion, e.g.

25 supplied to the three coil systems by ihree fubfhef'

transistors or by other such means.



The substantial cloesing up of-the stator's surface facing the air. gap 16 by
means of sthe auxiliary poles 19 i-s desiired‘to a hi gh degree, because a

| arge part,.of the rotor_nagnetic field 05 crossing-over in the illustrated
const ructton to the auxiliary poles would, upon omi ssion of the auxiliary’
poles, be pulled to the main poles 17 and added thereto.. Functionally this
woul d have the same effect as if the pole faces 18 of the main poles 17
were 10 substantially wider than [err]-el., which would be equivalent to
chording. Furthernore strong jolting would occur. Both these things are
avoi ded by means of the auxiliary poles 19. ©nt4 e ot her hand, however, Lie
auxiliary poles 19 hinder the 15 installation of the non-overl apping coils
22, 23, 24 into the respedPrvEUREREBE1R] ofkosing AR Gidithg B82ERE 'Bresent

i nvention therefor, in ?rder on.the gne hand to {ﬁgp-snall t he sl ot

openi ngs bet ween t he SYEFASBoFac g eEN9 g2 15 gaR) FEREE RindPS0 to

provi de for w ndahil iﬁ“‘)‘(‘iiﬂa?}’e {;g(rg% fbli g(gfé%'feiéetgbl%ihgg‘?‘g%fa teggéauxi liary

poles in the three-phasé™Cco ess r for

simplicity the rotor bgaaue&éhg&g%eg%gr@%f %m&ghggg@me 1gh§h the

mai n poles fromthe sheet neta the stator’s sheét netal stack but
instead are desi @%edc2ss§€Rg" 8V E6r POh et RO Ui EFusifr i kor@d rie tabhekvat s

inserted into corresponding recesses 37 in
auxiliary poles would, upon omission of the auxiliary
poles, be pulled to the main poles 17 and added
" thereto. Functionélly this would have the same effect
~ as if the pole faces 18 of the main poles 17 were
10 substantially wider than 180%-el., which wbuld be
equivalent tofchording; Purthermore strong jolting
would occur-. 'Bdth these things are avoided*by means
of the auxiliary poles 19. On the other hand, |
however, tite auxiliary poles lQ"hihheifthéT o
15 installation 6f ﬁhe:ﬁon—overlapping coils 22; 23, 24
into the respectiﬁe stator slots 34.

According to the present invention therefor, in
order on the one hand to keep small the slot openings
between the main pole faces 18, but on the.cther hand

20 to provide for windability in a ﬁanner sﬁited to |
assembly needs, the auxiliary poles in the three-phase
cblleqtorless D.C. motor of Fig. 2 (where for
simplicity_the'rotor'is not shown) are not Stampgd out
tbgethef_vith the main poies from the sheet metal of

25 theusgatof‘s-sheét metal stack but instea& are'
designed as separate.pole bodies 36 which can be

afterwards inserted into corresponding recesses 37 in



the stator’'s

sheet netal stack. In this enbodi nent the}nain pol es

17 are

~wound with the stator coils 22, 22', 23, 23'.and 24, 24', during which the

pol e bodies 36 form ng the aUX|I|ary poles 19 are not yet 05 insert
after the winding of the nain poles are the pole, bodi és 36 pushed -

ed, Only
R <t he

~recesses 37 in order to substantially cIose:up the sl ot qgpenings 39. The

pol e .bodi es 36 preferably consist of non-laf nated, solid material.. The
circunferential 10 extent of [err]-el. of the aUX|I|ary poles is L
relatively small conpared to the circunferential extent of [err]-el. of the
mai n pol e fa&@# ﬁgaéﬁd 5|ﬁhEBFrBbehd%h%%kthe#@nkh %tﬂﬂPQﬂiﬂﬁﬂ? only a
relatively s i as a ol e bodi es n% e 5 from
solid materi & edﬂ tpP §ﬁ%s¥%ﬂﬂ JVP Lﬁ?%ﬁﬂrIQQé &s¢%sThe pol e

228'635;?;2? ?SYZEM??“%%QE 2#?yﬂv A S BRIt aceure o

di mensi onal | gga t hi'ni n
Furthernore ?SI ?gw'%ﬁo?ntehgaggffaﬁ%m%G are sﬁ{bltc ﬁ:zed |?on t ypes,

such as fogr qxsa@pltedeormmylaHaramlmk&i%cm téhe WAWITFRQRE! ze

under the trade nane "Trafopernt

form the unwawadthexpbiar yodvées3é S estie Aoy agftoufdc\éstsfespraqv'ided
recesses 40 (Fig. 3) to acconpdate the position

10

[
n

20

25

order to substantially c]ose up the slot openings 39.

The pole bodies 36 preferab]y consist of -
non-laminated, solid material. The- c1rcumferent1al
extent of 600-el. of the auxiiiary.poles is
relatively sma]f'compared to the cjrcumferential
extent of 1800-el. of the main pole faces 18 and, in
correspondence thereto, they accept onlyla relatively
sma]] magnitude flux; as a result, pole bodies 36made
rom solid material do nut iead to substantial
eddy-current losSes. The pole bodies”36 can
advantageous]y be fabricated from swntered material,
especially s1ntered iron. . The sintering process
permwts the manufacture of dwmensionally accurate
shapes without subsequent machining. Furthermore
suitable for the pole bodies 36 are siliconized iron
types, such es-for_example.commerciale available from
the Vakummschmelze Company under the trade name
“Trafoperm”. . N

B ~:‘

The pole bodies 36 provided. to: form the unwound

aux1liary poles 19 can advantageous]y‘be provided

M
W e

Corpary

e pol e bodies 36 provided to

w t.h



sensors 30, 31, 32, Especially when the pole bodies 36 are fabricated
using a_sintering technique, this necessitates practically no further
fabrication cost. 05 | It i$ understood that, with the arrangenent of .
Fig. 2,~he rotor can be designed in the sane way as in the case of Fig. 1.
Whereas Figs. 1 and .2 depict internal-rotor mptors, it is furthernore to be
under.stood 't hat the expedi ents described aboVéQzén'lo wi t h advant age be
appliéed in-the same way in the case of external-rotor notors. 15 20 25.
-17- CLAI M5 1. A collectorless D.C. notor with a pernmanent-magnet rotor
magnet arrangenent and a slotted stator which carries a stator w ndi ng
wound in 05 non-owdthappcegsesné@r(Fige 3} atoradeonadate thecposidioonf pol es
which are integrally connected to one another, wherein internmedi ate each
pol e and the next SBA8PESi 30andhux3?+ arksprs fa ldohmhanaihe polenboddasor
after winding. 10 r according to claim mhereigithe

. ___A_D,C, ‘npt , , |
auxiliary poles a?é.ﬂﬁﬁoﬁﬂbfﬁ%?%%g wsing A s intefing digufg tB18 aim1
or ¢laim2, Wherek@e%??i%‘é’%‘&&iE‘FXcPPéaeﬁyarnebi#“uspetrnteerd fabrq a2 8R5Esst.

' 05 i It is undérstood that, with tﬁe arrangement qf
Fig..z,'thé rotor can be desiéned in.thé same way as
in_the.case of Fig. 1; Nﬁereas,Figs. 1 and 2 depict
.\./ . interna]-rotor motors; it iﬁ furthermore.to bé
understood that the expedients déscribed'aboye can
10 with advantage.be applied in the.same way in the ¢ase '

of external-rotor motors.

15

20

°y

- 25



or the stator. 15 4. A D.C. notor according to any one‘oﬂ clains_l to 3,

wherein each auxiliary pole is:in the formof. a one-piece pole body. 5. A
D.C. notor according to claim4; wherein the auxiliary poles are fabf@oated
fromsolid material. 20 6. A D C. notor according to claimb5, whekéin
the auxiliary poles are sintered bodies. 7. A D.C. noter according to any.
one of clains 1 to 6, wherein the auxiliary poles are provided.with '
recesses for acconodating position sensors. 25 8. A. D.C. notor,

~substantially as hereinbefore described with reference to and as
illustrated in Figures 2 and 3 of the -ackbrpanying draw ngs.

. CLAIMS
1. A collectotless D.C. motor with a
permaneht—mégnet rotor magnét arrangement and_é
slotted stator which carries a stator windihg.ﬁoﬁnd in
- 05 non—dverlapping manner, the stator having a succession T
of péles which are integraliy connectéd to one
another, wheféin iﬁtermediate each pole and the next
there is an auxiliary pole connectable to the stator -
after winding. | | | “

10 2, A D.C. motor according_to claim 1, wherein the
auxiliary poles are unwound poles.

3. A D.C. motor according to claim 1 or claim 2,
wherein the auxiliary poles are inserted into_fecesses
o§ the stator.

15 4; A D.C. motor accofding to any one of claims 1 to
3, wherein each auxiliary pole is in.the form of a
one~-piece pole body. J
5. A D.C. motor according to claim 4, whéreih the
lauxiliary poles are fabricated from solid material.

20 6, A D.C. motor according_to claim 5, wherein the g

'auxiliary poles are sintered bodies.

-

7. A D.C. motor according to any one of claims 1 to
6, wherein the auxiliary poles are provided with
recesses for accbmodating position sensors.

25 8. A.D.C. motor, substantially as hereinbefore
described with reference to and as illustrated in

Figures 2 and 3 of the accompanying drawings.
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