Col l ectorless D.C. Mdtor The .invention concerns collectorless D.C. m{ors,

e.g. a-three-phase notor, w th pernanent-nagnet- rotor nagnet arrangem&ﬁt}Q){LG
preferably of the type having at 05 |l east two pole pairs and a

star-connected, thrge-conductor stator wi nding, the w nding s conductors

bei ng &rranged non-overlapping in slots of a slotted stator, with their
curren®$ being controlled via at |east three sem conductor el enents by at

| east 10 three nagnetic-field-sensitive position sensors, the latter in

turn being controlled by the rotor nmagnet arrangenment. Wth notors

controlled in this manner, especially in the Case of higher powers, there
arises the problem 15 of the field fromthe stator w.ndings influencing the
magnetic-fi el d-sensitive position 5Qﬁﬁﬁﬁ%ﬁgiﬁiikgxgnnﬂgﬂﬂi.such i nf| uenci ng,
the commutation tinme poi | N, undesi | e fashiqn shifted fromthe

pr edet er i ned opti mal polgklt‘%i %E\‘?e'gér}ld&?hceénrrc;e?tg’ssocqa]%eec%?raieﬁﬁe‘rf)'tcﬁe"@tﬁ&sﬁg' s
current. Therefore gngobiegch.of - | L 0N, 445, ¢ I D tor

of the stated type: iégfo#sﬁ%ﬁ%né%% ;}Xﬁgelt/'e%l% s%x?‘%n%g&o’?ﬂlgﬁglg Fot6R .
conmmutation tinme pohagSetNgerandnd iy |prafera1y E @i’ @ppe RavihgWabg in

the stator wi.nding. According to the invention this object is achieved in
-surprisingly siHﬁleleaﬂnetwoimbléﬁﬁaiﬂﬁa4nﬁﬂéi5ﬁhﬁHﬁMNW€Etéﬂe di stributed

along the stator's

three-conductor stator winding, the winding's

conductors being arranged non-overlapping in slots of

a slotted stator, with their currehts_being.conttolled

B via at least three semiconductor elementé by at least
;OI'three magnetic-field-sen$i£i§e position sensors, the
latter in turn being controlled by_the rotor magnet
arrangement. .
With motors controlled in this manner, especialiy
in the case of higher powers, there-arises the problem
15 of the field from the stator windings influencing the
magnetic-field-sensitive.position sensors. As a
result of such influencing,'the commufation time
points are in undesirable fashion shifted from the
predetermined optimal position, and the more so the

'_ . 20 higher the winding's current.

: . ' Therefore an object of the-iﬁvention is to so
design a D.C,. motor of the stated type as to
substantially prevent a shifting of the commutation
timé points dndef the influence of the currents

25 flowing in the stator winding.
According to the invention this object is
achieved in surprisingly simple manner, in that the

position sensors are distributed along the stator's



-2- circunferential direction in such’a manner relative to the stator

w ndi ng's conductors that, in each instance, that one position sensor which-
effects the commutation of the winding's current fromohe to 05 anot her of
~the winding's conductors is provided in the region of the stator in which a
current-carrying coil is present neither imediately before nor |nned|ately
- after the commutation operation. Accordingly, the present invention &i
provides a 10 collectorless D.C. notor with a permanent-nmagnet rotor nagnet
arrangenment and a stator w nding having a $Iurality of conductors, with
their currents being controlled by magnectfc-fiel d-sensitive position

. sensors, the |at&f£cuﬂﬁ HER: PEL N fORE TN | &l SucH e mMannd Ol 1dEEGRE o
e

arrangenent wherern t position sensors are distributed al ong the
-stator’s circunfenenstatodi vinding's rcendurtonmitat r dratdagh to the stator

wi ndi ng' s conductors _that, _at,_each connuiatlon r i tion
sensor whi ch efft‘e‘&fé apRg- KEat PRT 2T bRt esc%enﬂ%lncg{]s éc%?% esgt rom one

~to another of thgophiighPgos SONERS OEnd EngVd\dultatkrith frore@nen tof .t he stator
in which a current-carrying coil is present neither imrediatel before nor
i mredi at el y 85t eanebkeronfuthe | vindirg 5§ epnduystors is Ry

embodi rent s, t he, Loyent N pL oy dese 3 Wl?fclp@ts&hawd@-%a&@ﬁ% oty motor

wi th a permanent - raghet magnet arrangenen ng at l'east two pol e
pairs and a starisoppe€sértl neither immediately before nor immediately

after the commutation operation. _ | |
Accordingly, the present invention provides a - -/

10 collectorless D.C. motor with a pérmanentfmagnet rotor
magnet arrangement and a stator winding having a
plurality of cdnductors; with their currenté being
controlled by magneétic-field-sensitive position
sensors, the latter in turn being controlled by the

15 rotor magnet arrangement, wherein the position sensors
are distributed along.the-statorﬁs circumferential
direction in such a manner relative to the stator
winding's conductors that, at eaéh_commutation-
operatlon, that position sensor which effects the

20 commutation of the w1nd1ng S current from one to o/
another of the winding's condutors is provided in a
region of the stator in which a current-carrying coil
is present neither immediately befbre nor immediately
after the commutation operation. - '

25 In preferred embodiments, the invéntion provides
a three—phasé collectorless D.C. motor with a
permanent-magnet rotor magnet arrangémént having at
least two pole pal's and a star-connected |

three-conductor stator w1nd1ng, the- w1nd1ng S



t.hr ee-conductor stator wi nding, the-w nding's -3- conductors being
arranged non-overlapping in slots of a slotted stator, with their currents
being controlled via at |east three semi condutor elenments by at |east three
magnet i c-fiel d-sensitive position sensors, the 05flatter'|n_tyrn bei ng -
contraEPed 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 winding's conductors that, at each

commut ation 10 operation, that one position sensor which effects the

comut ation of the winding's current fromonée to another of the winding's
condutors is provi dhdustpnsediedmgofaridangetianon-orewbappifg Cukr €1dtEasf Yi Ng

coil is present nei [l i Ly befgre, nor inmmediately 15 after the
.comut at Pon oper at i%%%tﬁ g.'t%%t%(gr’ g’?(’fgr glhﬁért Sufﬁﬁngﬁv%%{’l‘%nc%tn%%@q bed
in detail hereaftervig tdt lefastetberero sehhdécdndutogseléfients by at least

ors _repain uninfluenced t he stator

inding s field 20 o mAdNeE 180 eIE0aPR3Rs SURYE PORIHER cle e i Ghrer

wi ndi ng current® t Hatdedods rwrnoibetimtgﬁnoggﬁgsé%ég?bgltgﬁf@%ﬁ?ﬁnﬁ%g -

fﬁgnF;?}gog:zypg ?%gqﬁﬁﬁgg%ﬁgﬁr?EF%FiBOFQ%,pgﬁbBI%H iﬁﬁsqqég§ﬁ%uor pol es

having a breadth oflistrdbateidakllgng the stator's circumferential

- direction in éuch a manner relative to the stator
winding's conductors that, at each commutation

10 operation, that one position sensor which effects the
commutation of the winding's current from one to
another of the winding's condutors is provided in a
region of the stator in which a current-carrying coil
is present neither immediately before nor immediately

15 after the commutation operation.

' ~ With a motor according to the invention as
described in detail hereafter with.referénce to the
drawings the magnetic—field¥sensitive-pdsition sensors
remain uninfluenced by the stator winding's field

20 during the;commutation. Even in the case of higher
winding currents there does not occur an undesired
displacement of the commutation time points.

Preferably, the number of stator poieé stands in
the ratio 3:4 to the number of rotor poles, each of

25 the stator poles having a breadth of substantially

: : 180°—el. As a result a chording is avoided. A

particularly high effi¢iency is achieved. The torque
developed by.the.motor'is substantially.constant. '

| It has prdved especially édvantageous to locate
the position sensors substantially midway, considered
in the circumferential direction, between those

neighboring coils as between which the commutation of



[érr]-el. As a
efficiency is achi eved. The torque devel oped by the notor

result a chording is avoidéed. A particularly high

constant. It has proved especially advantageous to | ocate the position

sensors substantially m dway, considered in the circunferential directi

bet ween those nei ghboring coils as between which the comutation of

the winding's current .occurs under the influence of the respective posntlon
- sensor.. The posi

symetry axis of

coils not involved in the commutati on oper

pOSItIOﬂ sensor.
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p?e era

at | east

l e pairs. Preferabl¥ at tgg i r gap, the space.renaining

émﬁaﬂeﬁﬂﬁﬁééﬂpoﬁ°ﬁ
tator 6510' es 11}1 ?.gtot-gl y! bl 98cupoBY sapsamesaTly

at or ectlve nner the auxiliary stator
%ﬁﬁt > I Adva N aXAR" ¥ Fhkekyaudkf polei wblickd

BnS8aC tuo nei ghboring, preferably

Yt E e a |ver | ar ge angl e, which neans a. unlform

Nis Ccﬁffﬂtng tWét'thﬂe PC ehalnad iilar yloplollesrolved in the
commutation operation triggered by the partlcular.
pos1tlon sensor.

The motor may be de51gned as a three-pulse motor
or else as a six-pulse motor, in the Latter case-xt
having preferably at least four magnetic pclelpairs;

Preferably, at the air gap. the space remaihing_
in the circumferential direction between each two
neighboring, preferably 180°-el.—w1de stator poles
is substantlally filled up by an unwound auxlllary
_stator pole. 1In an effect;ve manner thecauxlllary
stator.pcles avoid a magnetic jolt, because an
approximately uniform induced voltage is obtained over
a relatively large angle, whlch means a uniform torque
-at constant current. Wlthout such aux111ary poles '
between 180°—e1.-w1de stator poles, in the case of a
ratio of stator poles to rotor poles of 3:4 the stator
poles would be, functlonally, widef than 1800-el.
because a great part of the rotor's magnetlc field,
appearing in the pole gaps, would be attracted to the

stator poles. There would set in in undesired manner

-



20 between [err]-el.-wide stator poles, in the case of a ratio of stator
poles to.rotor poles of 3:4 the stator poles would be, functionally, w der
than [err]-el. because‘a great part of the rotor's nagnetic field,
‘appearing in the pole gaps, would be attracted to the 25 "stator poles.
There woul d set in in undesired manner  -4A- a chording action. In the
case Omthe notors set forth above - but also in general in the case of
collectorless D.C. notors with a per menent - gagnet rotor magnet 05
arrangenment and a slotted stator carrying a stator w ndi ng wound wi t hout

overlap, the statq ligydihg? at#aesssion of integrally interconnected poles,
e.g. stanped out in conventlonal manner from Dynanb sheet netal -- it is

desired that, on the onm haed caslee ofl @helfotpesi sgt berkkpabevel + Wik, on
the other hand, that there be assured windability suitable for fabrication
needs. To sol ve thilsgrioblgemertadr dnnihebeasesoft ealbecterhesfePpbt es a
‘succession of auxiliary poles which as separate parts can be connected to
the stator 15 af teyteusiwithD® ipeFmamenki-RaoRgtpreteluPaIReE auxiliary
poles are left off. As a result the_w

ndi.ng,can be_installed_] e stator
‘skots unprobl et i2Enangenait: And éﬂftﬁﬁpegtﬁggriHEFEVPQ% %n?égﬂ%en t he
o NS e woUd s RIS R 1B CnbnstabbeOhsy B 41 Ty
succession of integrally interconnected poles, e.g.
stamped out in conventional mahnef from Dynamo sheet
metal -- it is.desired that, on the one hand, the slot
10 openings be kept small but, on the other hand, that
there be assured windability suitable for fabrication
needs. To solve this pfoblem there may be inserted
between the poles a_succession of auXiliary poles
which as sepérate parts can be connected to the stator
15 afterwards. During the winding procedure the
auxiliary poleé‘are left off. As a result the winding
can be installed in the stator slots |
/ : : unproblemafically. The auxiliary poles are installed
| only when the stator.windings have been formed. These
20 later installable auxiliary poles can advantageously
form the aforesaid unwound.auxiliary poles. - '
This aspect of fhe invention, as it relates to
the general case of collectorless D.C. motors, is
described and claimed in our Divisional Patent
25 Application No. 2179205.
The auxiliary poles may be insertable into

recesses of the stator winding's core. Whereas the

latter advantageously involves, in conventional



-'forn1the af oresai d unwound auxiliary pol es.- This aspect of the invention,
as it.relates to the general case of collectorless D.C. motors, -is
described and clained in our Divisional Patent- 25 Application No. 2179205."
- The auxiliary poles may be insertable into recesses of the_stator wi nding' s
~.core.- Wiereas the |atter advantageously involves, in convent i onal -5 -
manner, a stack of sheet netal, each aUx?ITary pole is preferably forngg as

' a one-pi ece pollngrnpgpy {t?@ﬁt%FuilgéeE&g a Ielﬁl‘%re Oaguoxgs] crayndf e1;)8|rsrensad “from _.; _

solid material or as S|n ered bodi in

cor respondencey Lord Reb [y T FhARLYohy S1BH4 £ J&Mﬁﬂ&@) extent, accept

~only a relatively small” magnetic y curren ses, In particular,

renmain | ow eveﬁakm&b"ﬁaﬁaﬂ@e of sl 1ﬂrﬁ%ﬂé@ré’arp%@5ﬁorni\@d‘qracﬁﬁ ure from
sintered iron has 10 the advantage that by neans of powder-netallurgy

- techni ques veryobkdchasdapes eana des iufarthyEres, wWiddwilisd hare being a
need to thereafter do further material-renoving nmachi ni ng worKk.
~Furthernor@$ fauxel bety opebehni tmlc appds peatdemcse therheire redrtenaglal |y 15
avai l abl e al so suitabl e siliconized iron types, such as e.g. fromthe
Vakuunschnel zeslmﬁbaﬁyrwwr%erqm@ 2} et afdne ackrefopuy Iy . 'méaaumdhyary

ageous|
poles can be advgp{ Tgnetic éﬁux, eddy-current losses, in

particular, remain low even in the case of solid
auxiliary poles. Manufacture from sintered iron has
10 the advantage that by means of powder-metallurgy
techniques very exact shapes can be manufacturered
without-thére being a neeéed to thereafter do further
'material-removing machining work. Furthermore, for.
é]ectroftechnical applications there are cdmmerciai]y
15 available also sUiéable siliconized iron types,'such
as e.g. from the Vakuumschmelze Company Qnder'the
trade name “Trafopermﬁ. ' |
The auxiliary poles can be advantageously be
provided with recésses suited for”aécomodating the ;J
20 position sensors; the Tatter can involve, in |
"particular, Hall generators, Hall-IC's or similar
magneti¢ sensdrs._ In the case that.sfntering
techniques are used such recesses can be_forméd in
particularly simple manner.
25 - The invention is explained in greater detail

below with respect to preferred embodiments. .In the




provi-ded with recesses suited for acconodating the 20 position sensors;
the lLatter can involve, in particular, Hall generators, Hall-1C s or
“simi{ar maghetic sensors. In the case that sintering techniques are used
such recesses can be fornmed in particularly sinple manner. 25 . The

i nventdon is explained in greater detail belowwith respect to preferred
enbodients. In the: - 6 acconpanying drawings there is shown: Fig. 1
schematically, a sectional view of a D.Cr frotor according to the invention,
+Fig. 2 aviewsimlar: to Eig. .1 faqr dified O enbodi nent of the
'ingention and, FggF%-pg%gég i853V90§gmﬁ?ﬁF8ubﬁ 3ﬁ°5ﬁ%iliary pol e

~corresponding to the Idipe E'c':h'e}nagfifiﬁileg%r,g?egégtiéngﬁp\irféé ¢ Sfa &

waveforms referred to in describin rred node of operation of the
10 nmotor. The threTPRRLG rddhlgeebothessnleftigrtor of Fig. 1 has a rotor

-10, rotably nounted in a manner not illustrated in detail, with a
per manent - magnet rotofigageet arfeangémehbrlfo Aheg.r dt Hsr nAONEd i BrgdNgenent
15 11 is preferably fornmed froma rubber-nagnet strip, i.e. a one-piece

strip nmade off5a reimbodrimeott hdr dheeinveatiengandpariumferrite, and elastic
material. The magnet strip_is radially_ magnetized; its
: : Fig. 3 a sectional view through an auxi]iary pole
cofresponding to the line III§III of Fig. 2.
Fig. 4 depicts a set of waveforms referred to in
' K/ describing the preferred mode of operation of the
10 motor.
The three-phase collectorless D.C. motor of Fig.
1 has a rotor 10, rotably mounted in a manner not
illustrated in detail, with alpermaﬁent-magnet rotor
-magnet.arrangement 11. The rotor magnet abrangemgnt _
}5 11 is preferably formed from.a rubbef-magnet strip,
i.e. a_ohe-piece strip made bf a mixture of hard
ferrite, e.g., barium ferrite, and e1astjé méteria].
The magnet strip is_radjally magnetized; its
magnetization has the shape of aftrapezoid, or
20 approximate]y a trapezoid, extending over the pole.
pitch, with relatively small pole gaps; It forms 1in
the il]ustrated embodiment four pole pairé which at
their outer peripheral surfaces constitute,
alternately, magnetic north poles 12 and magnetic
25 south poles 13. It is to be uﬁderstood that other

magnetic materials can be used'too; and that the



magneti zation has the shape of a trapezoid,~ or 20 approximtely a
trapezoid, extending over the pole pitch, with relatively small pole gaps.
It forms in the illustrated enbodi ment four pole pairs Wwhich at their outer
“peripheral surfaces constitute, alternately, magnetic north poles 12 and
magneti c 25 south poles 13. It is to be understood that other magnetic

materials can be used too, and that the -7- rotor nagnet arrangenenﬁwcan"'f

al so be assenbl ed fromindividual magnetic.plates. The rotor 10 is -
encircled by a stator 15, preferably in the formof a | am nated stack of
sheet 05 netatotbormagmed gytamgement Gdnd Pogo Ihe aIdmbIE fMadf of the
stator 15 is depicted; the other half is configured symetrically in -
- correspondenceinthiéy tdioal Tiegseat orpUbtdms six T-shaped main poles 17. The
pole faces 18 of the main poles 16 face the air gap 16 10 and each extend
for an angle of [erfheerotos B0 ismneitntedibrartstoftahdsi x main poles
is, at the air gag 16,. equal,  to the wdth of each of the eight rotor poles -
12, 13. In thi&TeES T aRLY (12 %ﬁ?-éﬂﬁpjﬁf & s et 15 thctkneddfn s trai n pol es
17 gaps whjgh ac . ierr -]l wide.. These ps arge substantially
filled up §/ a@é?‘?f&rﬁoﬁ]% alg,yﬁ'eé.,\%wt%]e i egq“g?eé' 2@ OFE auxiliary
poles 19 exteng,{prop Deadih. of A r'Tpss'[de[peirt.ft]e'ae;l DL RN 13l 2 Sl l_ |
di stance, in the _ _ A
configured symmetrically in correspondence thereto.
The stator 15 has six T-shaped.méih pdles 17. The
pole faces 18 of the main poles 16 face the air gap 16
10 and each extend for an angle of 1800-el., f.é., fhe
width of each of the Six main pd1es is,‘at the air gap
16, equal to the width of each of the efght rotor |
poles 12, 13. In this way, at the air gap 16, there
result between the main poles 17 gaps which are each
15 600-e¢l.wide. These gaps_are'substantie11y'fi11ed up
by auxiliary poles 19, i.e., the poie faces 20-of'tﬁe
auxiliary poles 19 extend for a breadth of almost
600-e1; they end at a small distance, in the | . i;
circumferential direction, from the respective. -
20 neighboring main-pole face 18. FEach of the maih poles
17 carries a stator coil, ef which in Fig; l.the three
stator coils 22,23, 24 are debicted+ Corresponding
stator coils -- which can be connected in series with
their"respective diametrically opposite stator ceils

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

non-illustrated main poles. The stator coils



circunferential direction, fromthe~respective 20 nei ghboring nain-pole
face 18 Each of the main poles 17 carries a stator coil, of which in Fig.
1 the three stator coil's 22,23, 24 are depicted. Corresponding stator coils
-= which can be conpected in series with their respective dianetrically
opposi te- stator coils 25 22 or 23 or 24 -- are provided on the three

non-il Ns#strated main poles. The stator coi 1% -8- altogether forma
star-connected, t -'ﬁnguc S w ndi whoss :consti t.uent w ndi ngs

do not overl ap on%fgﬁ%{ er. 1fb\és)'rma aﬁg{_ﬁr& Vyt(ﬂ'g{reer&f\rﬁg’ 3&%&3&"3@%@&"& |y short
wi nding heads, whicdkds AR QAR Qn 10t N id 19RAL 4R nbgasons but
‘also leads to low wnding resistance. In the arrangenent” of Fig. 1 the
-conmon or ‘star jugeérPap adnd henstdor Wi e sl tC ANt @Gt eviod ta ilhiede 25 to
the positive side [err] of a voltage source; the star junction is connected:
.to a 10 respectiespenihbfy edodr tofwioad iingg 22a dA3, Wi ckhdrseas vaine agiebas end

of. these coils is connected, via a respective sem conductor switch 26, 27

or 28, to thélhegut vanky oo exprdt icf1 tieasadist dyed adsocd eadsr tiohéd ow
conmmut ati on operatjon each of the sem conductor 15 sw tches 26, 27, 28 is
control led by a rEYHEEY Vi ehrAdtG e f il dheerdinansensadi oifof i9endoithso, 31

32. The position sensors can in particul ar, Hal | ,gener.atars or Hall IC s
which are, in tur?ﬁmQﬁﬂquﬂghﬁf f%nct1on of Q%e StatdF winding is

connected via a line 25 to the positive side +Ug of

a voltage source; the star junction is connected to a

10 respective'end of each of cbi]s 22, 23, 24 whereas the
other end of these coils is connected, via a | |
respective semiconductor switch 26, 27 or 28, to the
negative side -Up of the voltage source. For the
commutation operation each of the semiconductor

15 switches 26, 27, 28 is.conirolled by a resbéctive'
magnetic-fié]d-sensitive position sensor 30, 31, 32.

- The position sensors.can in particular be Hall

generators or Hall IC's which are, fn turh, cdntrol]ed

|  'L/ by the rotor magnetic arrangement 11,

| 20 " As a result of the ngen geometry; the position
sensor 30 can be arranged on the stator at eight. |
different 1ocations.along the air g&p 16, of which
four locations are denoted by 30a, 30b, 30c and 30d in
Fig. 1. The other four possible locations aré located

25 diametriéa]]y opposite to respgctive_bnes of the

depicted locations. It has been found that one can



- by the rotor nagnetic arrangenent 11. 20 =~ As a result of the given
geonetry, the position sensor 30 can be arranged on the stator at eight
different |ocations along the air gap 16, of which four | ocations are
denoted by 30a, 30b, 30c and 30d in Fig. 1. The other four, possible

~locations are located 25 dianetrically opposite to respective ones of the :
- depicted locations. It has been found that one can -9- in a sinple @éy _—
avoid the position sensors being influented by the field fromthe stator

corl s, and avou] yneggrylLLDo:VpoSLigd, ol 11A0sgldke Gomyt aiion e

points, by so arran I on .Sensors

16 that, in ?a‘i?h‘f'lﬁ‘éﬁélé‘@?’t()j}hﬁahém?ié’fdt?‘re @%ﬁél%é@ﬁ%&ﬁéﬂ@'ﬁheffects
the conmutation of the winding' s current ?ron1one to anot her” of the _
winding's condugboisthe Fesalfn@tuRddé fE€d WIRT Rt Pn§USf e Carrying coil is
present 10 neither before nor after .the commutation operation. The
posi ti on sensoco@@utdf et st the pommus atbynsd romdhei vd a6y poiit2h to the
stator coil 23 by rendering the sem conductor switch 26 non-conductive and
by renderi g thensens c%du& or3dwit chhe7a tongarti&ethathe 16 easatiterion
‘stated above ig fulfilled for position sensor 30 if the latter is arranged
at the positioh3SBoaCedr BOR: 0h® ebnthasRosition spisang Mhilcdd at the

positions 30b apd 30d. . The ﬁ?&é%?@hsgg'éﬁglé¥ﬁif*gﬁglcurrent_from

one to another of the winding's conductors is loéated

at a place where a current-cakrying coil is present - o

10 neither before nor after the commutation operation.
The poéitioh sensor 30_effécts thelcommutation_from
the stator coil 22.to thg stator cdil 23 by.féndéring
the semiconductor swifch 26 non-conductivé and.By
rendering the Semicondd;tor switch 27 conducfiVe. The

15 criterion stated above is fulfilled for positfon .

| sensor 30 if the 1at£er is arfanged ét the-pdsitions
30a or 30c; in contraét, it 15 not fu]fi]]éﬁ ét the
positions 30b and 30d. The position 30a ié lbéated on
the radia] symmetry axis of the main pole 17 carrying

Zd the_coil 24, i,e., the one of the coils which is not
ihvo]ved in thé commutatidn operation triggefed by

- position sensor 30. The_second advantageous position
30c for the bositioﬁ sensor 30 is Tocated béﬁeéth that
.one 6f the au*i]iary po]gs 19 foﬁnd between the

25 neighboriﬁg stator ;oils 22, 23, as between whigﬁ

latter the winding's current is commutated under the



the radial symretry axis of the mai+h pole 17 carrying 20 the coil 24,
i.e., the one of the coils which is not involved in the conmutation
operation'triggered by-position sensor 30. The second advant ageous
position 30c for the position sensor 30 is |ocated beneath that one of the
auxiliary poles 19 found between the 25 neighboring stator coils 22, 23,
as betiwgen which latter the winding's current is commutated under the

-10- influence of the position sensor 30~ 1Dn-contrast, the positions 30b
and 30d for the position sensor 30 are excluded in accordance with the

af oresai d criteriidflugnceogift itde OIS ithenpsenspon38ensdn 80ntwastl, beh&5
subj ected to the naqnetic field of coil 23 after the commutation operation,
wher eas at posi t P& 13d@nshé0808indi dRdséAgothaopPaibéoBuBERERRASR 038RE Coi |
22 prior to the comutatiaqn gperation. Corresponding reparks. apply to the
other two 10 po§?¥¥gﬁﬁ§%ﬂ§oﬁ§c§fga§§? VﬂggprFtﬁgﬂgeFﬁ‘ rFﬁ&FgFégbossible
for these w thin gthe .kl r d o] .0f [e - RC enoted by 3la,
31b, 31c, 31d an£&3 §f1§§§? gg?,tggdpggégégétgééng E%r@5§bgiﬁg of these
posi tions onlog { Rabgaziledons ¢ha masRedRd F7a1dlor 8611HBIA L FNEne
presently set forth criterion. The foregoi ng explanation of Fig.
presupposes t hr eeommutatdpar apedatibng. whBresENGEr hogi €PHAUTOE vEn @t any

given tinme of only one of the winding's three :
position sensor would be subjected to the coil 22
prior to the commutatfon-operatibn.- |
Corresponding remarks apply to the other two
10 -position sensors 31, 32; the positions in principle
possible for these within the illustrated region of
180%-mech. are denoted by 31a, 31b, 31c, 31d and
32a, 32b, 32c, 32d, respectiQe]y.' Here again, of
these positions only the pdsitfons 3la, 31c and 32a,
15 32c fulfill the presently set fbrth criterion.
The foregoing explanation of Fig. i presdpposes
_tbree-pulse operatfon, i.e. the rendering cohduétive
at any given time of only 6ne 6f the'wihding‘s three
conductors, the flow of cﬁrrenf through each of the
20 winding's conductors always being in the same
direction. - The stator coils 22, 23, 24 and the
semiconductor switches 26, 27, 28 accordiﬁgiy form a
circuit configuration which can be designéted as half
of a bridge circuit. HoWeVer, the invention is hot
25 1limited thereto. The described motor can rather .

operate with a full bridge circuit permitting a



conductors, the flow of current through eaeh of the 20 wi nding's _

- conductors always being in the sane direction. The stator coils 22, 23, 24 .
-and the sem conductor sw tches 26, 27, 28 accordingly forma circuit
configuration which can be designated as- half of a bridge circuit. However,
the invention is not 25 limted thereto. The described notor can rather

"~ operate with a full bridge circuit permtting a reversal of the W
direction of the winding's currents (such a full bridge circuit is for.

- exanpl e known dguRsa1g.o Bl haf difFeQ% 30 44 QA0 widdd nlghg RRFPLngan be
operated-in six-pulse fashion, in which case at any 05 given tinme two of

the wi nding's (cardua diud lcdrmiy geurcrienrty isi Myl tfareeuamp.l e Rabanr fpgmt o Fig. 1
it may be noted that, in the case of six-pulse operation, only the
posi tions 30c,Fi3lc 60832 OE-GS 130t 44 ORi7t)gr iaod tthat molhe rpaant ben sensor
effecting the commutati on from 10 one to another of the winding s
conductors be APsdAtEd iR st Pudgicof agh ivhe dnawdi chncanechtaany
commut at | 37 R GrimeTaPL8d Gheat NG48 8 GROIHEERERORETgnet | ¢ 15
Shart are symedyenn A BABRLENS " RhethB b8 £R ETOTR Rar Paki Beont
g?;i_ tions as HotedeaRdtaPane theveaRar b uhialpdhdl! bheRaETohegat e mtor of
' the positions 30c, 31lc, 32c¢ fulfill the_criteripn that
the position sensor effecting the commutation from . i)
10 6ne to another of the windfng's conduétors be located
.in that region of the stator in which a |
current-carrying coil is located neither prior to nor
subéequent_tb the commutétidn operation.
The use 6f at least eight permanent-magnéfic
15 poles has furthermore the advantage th&t the_forces.
gxerted on the rotor shaft are symme;ricai'with'
respect to the motor axié. .
The Ha11 element positioﬁs as discussed.above
have ﬁartiéu]ar significance when the motor of Fig. 1
20 is'operated in the manner shown in Fig. 4, although |
persons skilled in the aft wi]]lunderstand that othef
and-equiva]enf contexts may also be employed. ng. 4A
shows the output vo]tage of one of the motor‘szthree
Hall eleméﬁts. This voltage is cyclical and has a

25 period eqUa] to 3600-electrical. The Fig. 4A

voltage is applied to a comparator, or other



[ i : kKil1ed in
I S- rated in the manner shown-in Frg. 4, although persons s
fge g?tqﬁfll under stand that other and equival ent contexts n?y gLs?hP:e
enpl oyed. Fig. 4A shows the out put vol tage of one of the_ng or st
Hal | ‘el ements. This voltage is cyclical and has a 25 perio fqr e
[err]-electrical. The Fig. 4A voltage is applied to a copparg oOita .
- 12 - Yonventi onal pul se shaper, to yield the-better defined v g

' i -el ical. The
ig. 4B, each pulse of which lasts for [err] electrlpa'
\Qg\égf ELS} ?fesF:‘ gr' Fﬁ@"SPﬁéPRt’\l}\oPH&FF 8hepens stobyiepd etlee adyt s Maddfined

[ [ - shi fromthe other by
spective 05 pu rai ns_are phase-shifted one ot h _
Egr P] -electrical, ”Eitéﬂgmgrshfﬁeofhm- HB ) &ehemukse o Fivhiolc,lasts |

[ hree pul se trains
' | ocat i bh eI_ nts. The set of t _
g?eF} 3.'t 2?: i gcapp?Pdetég agfgéigggiﬁréu?fﬁ o??j%e?‘ﬁ?]ezcel?h’}sﬂ;r?\;ﬁa?ﬁWeﬁg\e/gt ]

i h bNHET . e . \
83|r Z'?i E):]al)?s[ Zr ?}N?g?. ?E!agp%fﬂ%ng?’ [Ee“rjér ]'- ei#&a:bra]ﬁ’ t1e thriéS PSSitdd & r ai ns

[ S dy he three pul se
-shi P8 edpohee ft oot Adiea FeXih e IH 1A ] o FPA T + 0
'?:giﬁgafg 3sed to 15 render condﬁ%tlve a respective one £ Ohlem, bee

tfansistors 26, 2¥20%8electtie] Fias s4vam mﬂ%?(ee}%g%4ggqéégisgfct ih\ée
' ' times of these transistors. Figs. : : .
Sg?gﬁﬂ :afnand (i ne{‘H'Ee’b‘h%d'e'U Fread)c & Ho eact dale ttar gW@ Tocations of

these three elements. The set of three pulse trains

of Fig. 4C is applied to a']ogic circuit to generate

10 three different pulise trains shown in Fig. 4D. The
pulses in each of these trains have a duration of
1200-el., a period of 3600-el1., and the three
pulse trains are phase-shifted'one from the next by
1200-¢71. Eéch of the three pulse trains is used fﬂ

15 'rehder conductive a respective one of thé three
transistors 26, 27, 28, so that Fig. 4D also
represents the respective conduction times 6f these
transistors. Figs, 4E1, 4E2, 4E3 depict the potential

N | 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
coil systems were always conductive, the associated
torque contribution would be sometimes in the correct
rotation direction (positive) and sometimes in the

25 non-desiréd rotation direction (negative); therefore,

in this example, the transistors 26-28 are never



20 contributions of respective ones of the three coil systens. |If the
reSpective transistor of one of these coil systens wer e al ways conducti ve,

- the associated torque contribution woul d be sonmetimes in the correct
rotati-en direction (positive) and sonetines in the 25 non-desired rotation
‘direction (negative); therefore, in this exanple, the transistors 26- fare
never -13- rendered conductive at tinmgg that would produce 3
" Wrong- dlrectlon torque. As can be seen, 'If one considers only the: p05|t|ve

~half-cycles of [QlQ4e d %%Waufa%wv@ga% d4haki @Raef wbane] pebducet he torque has
05 a relatlvely uniformlevel only during about [err]-el. of the [err]-el.

hal f - cycl e; fomr%m%_@ﬁpkgxn@mtthqh@rr]nelca&tbhheeaharufandeend of each
hal f cycle, the potential torque contribution is far from being of a steady
- value. Thus, aorshasrsbypntllyeth@ polsddddeaheds-comdllgst i Lerapeel . 2
.intervals are acutally enployed; i.e., as _shown by the transistor
conduction ti meeagh May.ingDa ﬂWQGﬂé§ﬁe@F|@§08n@§ ﬁﬁ the tRre¥echdRs systens

~~are energized by current only at th t hei.r taorque contributions
will be 1505 s asdyptiyeldy. "I“t‘“é'"‘eﬁﬁ g??@ﬁ/?’t Héft”t"ﬁe ﬁ?&r‘fﬁer of operation
Theen bonct Ut uadSt b ST A a1 b £ 05,6385 RIS L) o Y
approximately 30°-el. at the start and end qf each
half cycle, the potential torque contribution is far
from being of a steddy value. Thus, as shown by the ' \
10 shaded areas, only the 1200-el, 1ntervals 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 6uhrent'on]y
at the times when their torque.contributions:wi11'be
15 of steady value.
It is emphasized that thé manner of operation
shown in Fig. 4 is but exemplary, it being the case
“that the motor employs three constituent torque pulses
per 3600-e1. Persons skilled in the art “
20 will understand that the motor could furnish six such
pulses if, for each coil system, during the IZQofel.
‘time interval which is shifted by 1800-el. from ths
respectiQe shaded area, the coil system were to be
,energ1zed by current of reversed d1rect1on, e. g.
25 supplied to the three coil systems by three further

transistors or by other such means.



Wi nderstand that the motor could furnish six such pulses if, for
ggch&LE!IUSysten1 during the [err]-el. tine interval which is shifted by
[err]-el. fromthe respective shaded area, the coil systemwere to be ]
energi zed. by current of reversed direction, e.g. 25 supplied to the,tlzee
coi | systenms by three further transistors or by other such neans. - -b
The su%ﬁﬁaﬁtiar closing up of the stator's urface facing the air gap 16 by

s of the auxiliary.poles 19 is desired to a high degree, Qecause a
E?Se part of the rot opp?raﬂhbeﬁ%mf'iagll o 185 11 ousiafy theers tiadortis i | | ust r at ed

' tot | ¢ a3 ul d, om ssion-of the auxiliary
coles U(t:)fal BEI | ed %ng tﬁ nfaﬁlynpgglqehgesla\;ﬂargc?patﬁgg’% &3S0 o FrdRe€t i onal Iy this

pol es,

voul d have the sapEffag) AR dd 1919 P (GRS, G e el pol es”17

were 10 substantially w'der than [err] whi ch woul®d i9&fent to

hording. Furthernora s rong rigdl thahd WaultdeOGetor RALRLRRSE LhyNgs are
;voidedgby nmeans of the auxiliary poles 19. On the o?her hand, Homever, t he

) =’ . : . s
iliary pol®s 1Tdfisider oavies 1H thestidlluatiram eal cloRetPQetIYE’ k8PPHRAY COI
ggf|251 g4pinto the respective stator slots 34. In order on the one hand to

keep. smal | the Spavidﬁéﬁanslwétw@gﬂduhepnainmmsheoha668t&8,a@%ﬁl@&r}he
cher hand ‘to pr%%H%%,f%%\gu qgglkbt¥hgnm?iqagg?gs 17 and édded
thereto. Functionally this would have the same effect
L as if the pole faces 18 of the main poles 17 were
- 10 -substantially wider than 1800-e1., which would be
| equivalent to chording. Furthermore strong jolting
would occur. Both these things are avoided by means
of tﬁe auxiliary po]és 19. .On the other hand,
however, the auxiliary poles 19 hinder the
15 installation of the non-overlapping coils 22, 23, 24
into the respective stator slots 34.
In order on the one hand to keep small the slot
openings between the main pole faces 18, but on the
': K/' ' other hand to provide for windability in a mannef
20 suited to assembly needé, the auxiliary poles in the
three-phase collectorless D.C. motor of Fig. 2 (where
for simp]icity the rotor is not shown) are not stamped
out together with the main poles from the sheet metal
of the stator's sheet metal stack but instead are

25 designed as separate pole bodies 36 which can be

afterwards inserted into corresponding recesses 37 in



. extent of [err36oformingrelhe pobel ¥iaies

20 suited to assenbly needs, the auxiliary poles in the three-phase

collectorless D.C. notor of Fig. 2 (where for sinplicity the rotor is not

shown) are not stanped out together with the main poles fromthe sheet

metal of the stator's sheet nmetal stack but instead are 25 designed as

- . separate pole bodies 36 which can be afterwards inserted into corresp ing .
~recesses 37 in '-15- the stator's sheqtg netal stack. [n this enbodi mént
the main poles 17 -are wound with the stator coils 22, 22', 23, 23 and 24,

24", during whigd gy ole nditesnedd If grtdiolg t Han auhid ieanbyodioless 19 are not
yet 05 inserted. Only after the winding of the main poles are the pole
bodi es 36 pushegk idd n thel gecEs e Jibund oriddr tthe sutbdtemtdodl sy 24 .0se up
the slot openings 39. The pole bodies 36 preferably consi st_ of '
tn(r)]n-l am Inat ed,zzlbl i 213 mal?e'lriaand The 24 ' cAdrEmenEi chdheaadit BRdi&S ] of
e auxiliary poles is relatively small co red to the circunferential .
Piog e}ﬁ@g i ©d%esffhdence thereto,

bod: co. 30ridie TEsriahn ot 7 bt 8T AN I 1 Latt (e dil R Y igs P ©
L o2 Shhe PSS LRY, 9 AL ebervRsSab e dron cat o
permts the na@“ﬁgpteées@ﬁsgéﬁﬁp§1Fy“ﬂidkéuﬁﬁﬂﬁﬂéfslof openings 39.
| The pole bodies 36 preferably consfst;of '
non-laminated, solid material. The circumferential B
10 extent of 600-el. of the auxiliary poles is
relatively small compared to the circumferential
extent of 1800-el. of the main pofe faces 18 and, in
correspondence thereto, they aéceht on]y'a rélative1y
smaiI magnitude flux; as a result, pole bodiés_36made
15 froﬁ solid material do not lead to substantial |
eddy-cﬁrrent losses. The pole bodies 36 can |
~advantageously be fabricated'from sintéfed material,
especially sintered iron. The sintering process
permits the manufacture of dimensiona]Ty accurate
20 shapes without subsequent machining. Fdrthérmore
- suitable for the pole bodies 36 are_si1i§6hized'iron
types, such as for example commercially aVaiiéble from -
.the Vakummséhme]ze Company undef the trade namé |
"Trafoperm". _
25 ' Thé pole bodies 36 provided to form the unwound

auxiliary poles 19 can advéntageously be provided



20 shapes w thout subsequent machining.* Furthernore suitable for the pole
bodi es 36 are siliconized iron types, such as for exanple conmercially :
avai l able fromthe Vakumschnel ze Conpany under the trade nane "Traf operni.
25 The pol e bodies 36 provided to formthe unwound auxiliary poles 19
can advant ageously be provided - -16- with recesses 40 (Fig. 3) to
acconoiat e the position sensors 30, 31, 32. Especially when the pole bodies
36 are fabricated using a sintering technlgge thls neceSS|tates
practically no further fabrication cost |s ‘under st ood t hat,

wi th the arrangengnt, of & 240t ot n same way
-as in the case OsﬁgﬁngcngegrggSQEIB 92 gﬁd ggaggﬁé Pér%é?'?b?%r
mtors, it is furstehsorer 80t,03hg Bader stpedi s nay W@new@dwﬂé Sp&igpes i bed
above. can 10 wi th advantage be applied in the sane way In case of
external -rotor ndtborase Fab26cabed using &LM MBering techn1que, this

necessitates practically no further fabrication cost.
05 It is understood that, with the arrangement of

Fig. 2, the rotor can be désigned in the same way as

in the case of Fig. 1. Whereas Figs. 1 and 2 depict'

internal-rotor motors, it is furthermore to be

AU Ny
understood that the expedients described above can
10 w1th advantage be applied in the same way in the case
of external -rotor motors.-
15
N/
20

25



. circunferential direction,

1. A three- phase coIIectorIess D.C. ‘notor with a pernmanent - nagnet rotor
magnet arrangenment having at |east two pol e parrs—and a star-connected 05

~three-conductor stator wi nding, the winding's ¢ arranged
non-overlapping in slots of a slotted stator, iﬂﬂﬁl\“ﬂj‘lﬂ“ﬂj ts bei ng
controlled via at |east three sem condutor eI east three —
magnetic-fiel d-sensitive position sensong, -the 10 latter in turn beine
~controlled by the rotor nagnet arrangenent, wherein the position sensofs-
are distributed along the stator's ci CdWIMsrential direction in such a
manner relative to the stator w nding™s conductors that, at .each

commut ati on 15! . opék dthiree - pheste ¢od 1pogiotril@s ss@nsor maftioch weftheat s t he
comut ati on of the winding's current fromone to another of .the w nding' s
condutors is Fﬂ%ﬁﬂ%ﬁﬁfﬁﬁméﬂmﬁégﬁwﬁodfm@H@e§téf@@"ﬂﬁmﬁﬁﬁchaa1oﬂrﬁént carrying

Ccoil is prese g%ther dlate y befori nor |nned|% ely 20 after the
comut at i on opé%%ﬁ ° f° R3DTE a8k 4r S 8E6FQMIEE%I ai m 1, wherein the

nunber of at ol S e to t.he .nunber of rotor poles
and each(ggtréy% af%ﬁ"%bﬁgg ﬁ&gtoubreag %gdf Sbgtgﬁ "gle [err] 25 3.

o Doy oS SRS Y rfslaed SRy oMIERBIRg SATSAGELEGLY e
substantial l'y grisiwtted stator, with their currents being controlled
via at least three semicondutor elements by atlleast
three magnétic-fie]d-sensitive position'sensors;_the -Q;)_
10 Tlatter in turn being controlled by the rotor mégneﬁ -
arrangement, wherein the poSition sensors are
diStributed'aldng thelstator's circumférentié]
direction in such a manner relative to the stator
winding's conductofs that, at each commutation
15 operation, that one position sensor which effects the
commutation of the winding's current from one to
another of the winding's condutors is provided in a
region of the stator in which a current-carrying coil
is present neither fﬁmediately before nor immediately
20 after the commutation operation.
2. A D.C. motor according to c¢laim 1, wherein the
nﬁmber of stator poles stands in the ratio 3:4 +to the
number of rotor_po]es'and each of the stator poles has
a breadth of substantially 1800-e1l.

25 3. A D.C. motor according to claim 1 or claim 2,

wherein, considered in the circumferential direction,



bet ween those nei ghboring coils between which the comutation of the
~winding's current occurs under the influence of the posttioefr—Ssenser—in

guestion. 05 4. A D’C. notor according to any ' cl ai m wher ei n,
t he position sensors are each:|ocated substanti al [J ',ml" H ,sym*ret ry
axi s of~that one of the stator poles which is car ety 18t he
coils ket involved in the comutation operation 10 triggered by the
respective position sensor. 5. A D.C. notor according to any one of the
precedi ng clains, wherein the nmotor is desighBd—-as a three-pul se notor. 6.
A D.C notor as clainmed in claim3, wherein the 15 notor is designed as a
si x- pul se notor wi thcht pbeastiohosensagnis i bopoted pnibrstantially migwayot or
according to any one of clains 1 to 6, wherein at the air gap the space
remai ning in the cbetwatoer thosal neighker brg (2 ke rPaitaen wh sy f&€ghbori ng
stator poles is substantially filled up by an unwound auxiliary stat gr
pole. 8. A D C fpmBrtasienapfethevipding ot N LY LIFWIR AT Foe
stator has a succession of pofL_e which, are integrall 0 ted to one
anot her, wherein 23“ng?8Fﬁea a?%ee%%ﬂlglo?'é sa%'ﬁg?‘ﬁe”yne E\i(e%)rne' is an
auxiliary poleogongectall ¢ £o ﬁggo§t9£55réq$§rtgméﬁyrEkecedfﬁé%claim '
wherein, the position sensors are each located
substantially on the radial-symmetry axis of that one
N : of the stator poles which is carrying that one of the
| coils not involved in the commutation operation
10 triggered by the respective positibn_sensor.
5. A D.C. motor according to any one of the
preceding cleims, wherein the motor is designed as a
three—-pulse motor.
6. A D.C. motor as claimed in claim 3, wherein the
15 motor is designed as a six-pulse motor with at least
four magnetic pole pairs. N
7. A D.C. motor according to any one of claims 1 to
6, wherein at the air gap the space remaining in the
circumferential direction between each two
= _ 20 neighboring stator poles is substantially filled up by
an unwound auxiliary stator pole.
8. A D.C. motor as claimed in any preceding claim
wherein the stator has a succession of poles which are
ihtegrally connected to one another, wherein
25 jntermediate each pole and the next there is an

auxiliary pole connectable to the stator after

winding.



9. A D.C not

unwound pol es.

or according to elaim-8, _wherein the auxiliary poles are.
10. A D C notor according to claim8 or claim9, wherein

‘the auxiliary poles are insertedumnﬁu"mﬁﬁﬂﬂa” of the stator. 11. A
D.C. nmotor according to any one. ld¥ LilS] , Wherein.each auxiliary
- pole is in the

~claim 11, wherein the 10 auxiliary poles are fabricated fromsolid
‘material. 13.

pol'es are sinte
8 to 13, wherei
acconodati ng po
her ei nbef ore de
t he acconpanyin

per manent - magne

plurality of co
magnectic-field
controlled by t
are distributed

manner rel at%ve

10

15

20

25

form of a one-piece ﬁblé b8dy® 12. A D.C. notor. according to

A D.C. notor according to claim 12, wherein the auxiliary
red bodies. 14. A D.C. nptop according to any one of clains
n the auxiliary poles are pfovided with 15 recesses for -
itio epsors. 15. A .D.C. notor,, bstanti.al l.y as
§Cri b dsmﬁgt HEP B r 3FEXF $G P acslq]I“faasz'trw EF N Fgure 1 of
IR0 10 Sodldasin s C mtor with a 20
rot or ne

arrangenment and a stator wi nding having a

PPUCt T B, c Wi hdk s PChdcESH IR o REldith E ¥ W1lafith By,
-sensitive position sensors, the latter in turn being

e FOL O t RAOAESK i Bi 4 AN SRS , avd elidr e ipasi treaesd®ssensors
along the stator's circunferential direction in such a
of othe stabtor. '
11. A D.C. motor écébrding to any one of claims 8 to
10, wherein each auxiliary pole is in the form of a
one-piece pole bodf.'
12. A D.C. motor according to claim 11, wherein the
auxiliary poles are fabricated from solid material.
13. A D.C. motor according to claim.iZ, wherein the
auﬁiliary-poles are sintéred bodies. "
14. A D.C. motor according to any one of claims 8 to
13,-wherein the'auxiliary poles are provided with
recesses for acComOdating'bositibn sensors. |
15. A. D;C. motor, substantially és.hereihbefbre
deécribed with reference to and as illustrated in
Figure 1 of the accompanying drawings.
16. A collectorless D.C. motor with a
permanent-magnet rotor“magnet arrangement.and a stator
winding having a plurality of conductors, with their
currents being controlled by maghectic—field-sensitive
pésition seﬁsors, the latter in turn being controlled
by the rotor magnet arrangement, wherein the position

sensors are distributed along the stator's

‘circumferential direction in such a manner relative to

LN



the stator wi nding' s conductors that, at-each comutation operatlon t hat
position sensor which effects the co ing's current from
~one to another of the winding's condutors is rOV|de 5 |n a region of the
stator in which a current-carrying coi H“mml S
before nor imredi ately after the commu

- 20 -
the stator winding's conductors that, at each
éommutation operation, that position sensor which
effects the commutation of the winding's current from
one to another of the wiﬁding's cohdutors is provided

05 in a region of the stator in which a current-carrying
coil is present neither immediately before nor

immediately after the commutation operation.
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