4 - TWO PULSE PERMANENT MAGNET BRUSHLESS D- C MOTOR 5 ., The present
I nvention relates to a brushl ess pernanent magnet d-c notor, and nore
particularly to such a notor whose stator structure includes armature pole
shoes whi ch have a circunference deviating froman-exactly cylindrical

shape so that the air gap is non-uniform 10 . A .notor w
non-uniformair gap is described in DE-OS 28 35 210. Mdtors w’t& ?)288,5@
non-uni form air gaps and which are pul se-energi sed are now known in the Art
and have been described in both patent as well as technical literature, for
exanpl e, German Patent 23 46 380, assigned 15 to the. assignee of this
application; and an article by the inventor hereof entitled "Two-Pul se
Brushl ess d-c Mdtors- Construction and Qperation”, published in "asr-digesr
ffr angewandte Antriebs-techni k", issue C 1-2/1977 (asr-digest
for applied notive power technol ogy) 20 pages 27-31. ..Two pul se

brushl ess d-c notors have a stator w nding mhich recei ves two current

pul ses for each rotation of the permanent nagne rotor over 360 el ectrical
degrees 1err]IWOTDHLEE| PERMANENE MAGNET) BRUS MOTOR err] -el but

are shorter. . Current flow through the w ndings or COI|S of the stator,
typically, is controlled by solid-state sw tching el enents, such as
transi stors, which are controlled to conduction or cut-off, respectively,
by a gal vano magnetic sensor, for exanple a Fbll 30 generator. -2- 1

36 380, Bre suit abl PG DEERFRELSAVEREASR: FEIGHRE HSbIH CRIDHE Cqui re an &
extfeme of permanent magnet d-c motor, and more particularly to i
such a motor whose stator structure includes armature
pole shoes which have a circumference deviating from an
exactly cylindrical shape so that the air gap is non-uniform.
10 A motor with a non-uniform air gap is described
in DE-OS 28 35 210. Motors with non-uniform air_geps and
which are pulse-energiSed are now known in-the Art_and
have been described in both patent as well as technical
literature, for example, German Patent 23 46 380, assigned
15 to the assignee of this application; and an article
| by the,inventor hereof entitled “Two-Pulse Brushless d-c
Motors - Construction and Operation » published in '
\,/. - é"asr-digesr far angewandte Antriebs-technik", issue ' (5;
. -2/1977 (asr-digest for applied motive power technology) '
- 20 pages 27-31.-
. Two pulse brushless d—c motors have a stator
lfwinding which recéives two current pulses for each
| .rotation of the permanent magnet rotor over 360 electrical
) ) degrees_(‘-el).- Typically, the pulses do not ‘last for
25 180° -ei bntgare shortet. Current flow through the
windings'or coils -of the stator, typically, is controlled
by solid-state switching elements, such as transistors,
.which are controlled to conduction or cut-off, respectively,
by a galvano magnetic sensor, for example a Hall

30 generator.



Juniform ty of ‘torque throughout the entire range of 5 rotation of the
‘rotor. The stator -structure, using salient poles, wll have gaps between
t.he pol es.. These gaps are needed in order to permt . wi nding of the °

armature windings on the stator poles.: The presence of these stator pole
gaps can become troubl esone in selected 10 applications where an extreme’

of uniformty of -torque is required. the notor or its connected
el emeénts have sufficient inertia, then t 2he_t_orque varijations due to the
-stator pole gaps nay not be material. The nomentary or instantaneous

variations in speed as the torque changes 15 when a magnetically active
- portion. 0f1the per”HnﬁBEoE%gnQbrf@&thﬂéS%%Sd@s@&ihEa el Qh@aﬂfom@ment—

difficult to nmeasure with the t n t ysually used to

test motors. ARNEFpLEEEAN RS twﬁ H%Fﬁé ﬂeégﬁhgwﬁﬁgga #§ eous . |

_ Speedtls Crltlet@biihe\ﬁms,. f‘SbneXQng.daltiﬂns \Hedxi rec anr @xtgeswlqﬁgent .
nonentary. variatiqns.i.n_oper n e r ce di rii t he
resul ting pict 4P °ﬂ‘é‘§¥ g% % ﬂ%(?nrs&% gb%%eﬁt ?‘3}‘% (%rne%j'c%tausrrea (a% the rotor
pol e gaps ﬁassrngamuen bﬁethbamomouuleT@apstmtmnwaﬁmumtu;eﬁ|qaingzfaiﬂqnﬁ@

reluctance tor tC’htalv‘v:e b%%r e%%%v)e'erﬁ'trhezgol%o Ak dd ' Yags braking

rq e to

or retarding r ténce to the decre

air. gap. In acé@ﬁdaﬁ@éeﬁ tih'l méeﬁr%memi\kr‘ﬁ#n&#%é’rfe the FImatHRe
two-pul se brusiliaas ndis’ omt t?x'é”s‘t'atto(rdpale@t OrpHEA ﬁ&eaxdaerdmramse"ragnet

narrow gaps. beBRaSA & %B%?maééoﬁét&oa%‘ia” AN Ay T
skl /ent . poles  applicatiidgs whexee a?hmr@uteeruﬂ nglifﬁmitﬁye afbrmrgue s ps
?Leagjo?ggnt i e@éﬂf %’P;I 5 ﬁg—%{o do?/ r?g}%%é;ﬁxﬁgs sal "rgtno:r,
el ement and sasdffugﬂ@mt inertia, then the torque variations due to the
stator pole gaps may not be material. - The momentary or
. -instantaneous variations in speed as the torque changes _
15 when a magnetically active portion of the permanent magnet:_
" rotor passes over the pole gaps are difficult to measure
| with the type of measuring equipment usually used to test
. motors. In applications in which the resolution of
'instantaneous speed is critical however, for example in

se in effective nagnetlc o

20 video recording equipment, momentary variations in operating-""

speed may produce. distortions in the resulting picture. -
"These distortions, apparently, are caused by the rotor pole

‘a driving reluctance torque - due to the increase ‘in air .
'f25i;gap, and then a- braking QX retarding reluctance torque, ‘due
. to the decrease in. effective magnetic air gap.' _ '___”

. In accordance with the present invention ‘there 'is =
-iprovided a two-pulse brushless direct current (d-c) motor -

_ -having a permanent magnet rotor element providing substan-'
=i~30 tially trapezoidal magnetisation with narrow gaps between f
'i._’the poles thereof, a stator element having a core, salient
_'poles terminating in pole shoes extending from the core, '
‘the. tips of adjacent pole shoes .being separated by pcle

“gaps passing over the stator pole gaps and receiving, first,--_'

"igaps and winding méans on ‘the poles, an essentially cylind- -

.35 'rical air gap separating said rotor element and said stator



~-3- elenent, and-nmeans for controlling current flow, in pulses, through _
‘ respective ones of said w nding means on the stator poles to produce, in’
~.operation, an alternatlng magnetic field to generate a driving.torque in .
‘the rotor element 5- . and wherein, in'the direction of rotation and :_ o
starting from.a first stator pol e sh?e tip adjacent -a stator pole gap, the.
_magnetical ly effective air gap first fncreases to a nmaxi mum | ocat ed: - S
“i nwar dl'y -of and close to said adjacent first stator pole shoe tip and thehﬁ~”
decreases over the major 10 °~ portion of the pole shoe to a:mninmmvalue -
- located inwardly of and close to the other stator pole shoe.tip, wth the
cair gam1ﬂuuﬁl¢m9m©5|mgdageanSt5oanconté¢héanatguvaen@ ﬁdom.zdmepm£5ﬁamn '

said other nalfoserébiect ifel GheETBE! SheaVainaiha ndged GrvY QaCh r |

~is smaller than the valte of t maxtnum ai r g e shape o
gap in the rRiem & Predpece QapOPﬁFFHiPESpéétai expatdng: magnetdq cal

‘theoretical g{wRd-t&PgendBytbacappPLAYi EBEGLE E.hetﬁéo%%tiﬁc‘él@ihe@ft
bi convex | ens | ensat sectl on eéten S for

. 0Ss
di stance - of %Mmf’é? 27 bR Ehe; d126CHLGR, 6] HOBRkAPR AREL H%&i@}p
- The partlcularfﬁsﬂcswebrspape Shoéeheipt aagacanlteassmoﬁ:h@mlw @aples a

Teached by dA JurdbeEloalty RReeR bR iLs SR BukAE TR BV, D,

- gap thereof mhximgmrtmcated thahélyooﬁran&aclaBEOMQ ﬁ#lﬂoﬁ@@@cenas the -
A s RN ke R
In acco ancROWiCPPaOf-)r‘élP%rP@Bef ghear soop mARLiMNRe VRLNE |16W§§‘-Td1tYne\J
~stator pol & $#0end | @Fos@htshthasotherMB¥atys polledahoe a:x@‘,f Sdlth the air
__apprOX|naIeH3f$ hen fhcreasing again to. an intermediate value in a zone
' ' 'adjacent said other pole shoe tip, the intermediate value T
. having a dimension which is smaller than the value of the o
15 maximum air gap., RS .3. R - B
' e The shape of the air gap in the region of the pole
‘gap, with respect to an. outer cylindrical theoretical envel-ﬁ
ope, may have approximately the cross-section of a biconvex f.
~ .lens. The lensatic cross section extends,_for example, for = o
";prl'a distance of about 7° to 20° —el from said other -stator pole 5~h-

. - 'shoe tip. L . . LT R
__'-4 The particular structural shape of the stator pole
'_fshoes thus provides a’ reluctance torque which increases : }&j=

already before the stator pole gap is reached by -any partic- ;f2~1

f_ 25._;ular element of the rotor, for example, a pole gap thereof
' 1during rotation of the rotor. Variations in: torque, as the
'xrotor rotates, are thus effectively reduced. S
“'  Also, the width(N) of the stator pole gaps may be h°”5ffx*
: ' more’. than 5% of one pole pitch (180°-e1)._-; - : '
'ASG;"_'_,,; In accordance w1th a preferred feature of the
',j'invention, the region of the stator pole shoe- tips, which
. has the maximum air gap, is offset approx1mately 10¢ to
_209 - el away from the adjacent pole shoe tip itself. The
L '-maximum extent of this air gap is greater than the value
[;_35; Tof the air gap at the other stator pole shoe tip.-



[err] - el away fromthe adjacent pole shoe t|p itself. The maxi mum ext ent
“of this air gap is‘greater than the value 35 .of the air gap at the ot her. -
stator pole shoe tip. . -4 -1 ' In the preferred form in which the

. maximumair gap is offset about 10 to [err] = el fromthe pole shoe tip, a

- preferred starting position for the rotor will be defined since, then, a
rotor pol e gap will- be. apprOX|nater '5-4- opposite the region of naxinunr

ai r~gap. Thi s defined stopping position of the rotor, ‘upon de-energi sation
of ‘the w ndings, defines-a.predeterm ned stop: pOSItIOﬂ whi-ch, upon
re-energisation,insures startlng under optinmum el ectrical" condltlons and in
one direétion only. Ip the prefepredofammy inhehighotheomexgaps arie skewed, -
that is, inclgapdisi bBFEEEPABLULO1DRE £8X29°0L Lat 3ty the %htﬂée hid Qt‘l“ Ca'

-ai-r gap notor_- ably, include an acute angle respec
stator pole gﬁpgreg?rgﬁgr§garF QgrBPﬁitéﬁ§hf&rb&ﬁebeoﬁéﬁeﬂeéd behat is, the

o Shehlbf ipuiard shrcss thaNsiaLotoropRle o8P WIL1okes apbriAiHly
The exte%t o¥$$€6$ t?ﬁ% g?gé w%h@ﬁ#&mﬂg §3€hgﬁﬁat Eésréﬁéﬂ ngdi.e gap.
extends” fronr%heppbne popibionhefstheorotorthepohhde-enb&gieﬁ&iﬁat@EsthkhlS_
-nay result 20windfn@s5k&$ffﬂgse °£re&8ie§ﬁ§HBdest$% p% 18308 Which,

upon re-energisation insures starting under optimum
relectrical conditions and in one ‘direction only._

o 19 L Preferably, the rotor pole ‘gaps are skewed, that lS,
- inclined with respect to the axis of . rotation'- in the
._cylindrical air gap motor - and, preferably,.include an.
acute angle with respect to stator pole gaps. of course, = -
S the relationship can be reversed, that - is, the stator pole.:-
'15'”_gaps can be skewed with- respect to the axis of rotation,_

- for ease of winding, however, skewing the rotor pole gaps -
is preferred._ The extent of inclination or skew should be:_
such that the rotor pole -gap extends from one pole tip of

: o the stator to- the other. In some. motors, this may result
ST .in a skew angle of for example, 45 . :
25
. 30 -
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The i nvent
* reference
schemati c
~and jllust
Tine I-1-
is atopv

Fig. 4 S
about. 5.

fon will now be further descri bed by vvay of exanple oniy w.th
to-the accorrpanyr ng drawings, in which: Fig. 1 is a highly
view, partly in section, of a motor incorporating the inventi

on -

rated .as-an external rotor notor, the section bei-ng taken aldng

of. Filg. 2, Fig. 2|satopvrewof the motor of' Fig. %; Fig.

3

s iew of a 'stat_o_r | ami'na, used in the notor of :Figs .1 and 2, and- .
to an enlarged scale of about 2 :"1 with respect to"Fig. 1 or 2; 10

a fragmentary view of astator lamna  of Fig. 3, to-a scal e of

1 with respect to Fig. 3; ‘and Fig. 5 is an enlarged deve] oped

‘vi éw of the air gap-of the motor of Figs. ¥ to 4 over-'a portion of .the .
nce . thereof Frg “1-illustrates an- external rotor notor 10 diawn,

‘circunfere
- for 15 one

made of deep- dr aWhe dnuertioanwila PN e fuchber dﬁﬁgﬁhﬁﬂ RY way; ¢

coupled to
externally

shown.:" A-magnetii ¢ r.ﬁ

“rotor bell:

‘radially.” magneti zegy

'shovvn The
ina f our -

(Fig. 1). Tfefiaeiihapdote d‘r"dsk‘e\ﬂ'\ &°

unrformty

nodel , ‘approimately to a scal e of 1 . It has - aéotor ell

FEMBreon,
én1yWitn kaserdiaf to lthe Scrj:aw’angim dicawingst, albh evhdehs i ngs 14

of "t he nptor, alnd d'l%wﬁ +lnm gr‘tiae@'ep“ﬁr;eigr,ﬁmpartof not
esTv

11

o trle |nsr q«;tg@“qf the

:
: al motor WPGM‘TV’-“H nﬂ“lé"Y%"%“r“ubﬁ'thﬁﬁ t m xture .
“of hard ferdocbe. ddoar,i ehe | d:eé-a@teenrmicemebﬂaalun‘ﬁré rP g" TS .

ndz hasaf €8y viRek et c&eem&q o, Fig)y Whi ch two pol es ar.e

pol e gapg.j‘? in,t QngpOTvQEwlﬁf qf G:htmmuskemmewrm raki mewbrand,

25 pole oL or hown, argb"s% “?g AppLpsiemat el ¥ Jaknl Eddpect

81 &&ted t hat - uni form torque or
toofFigunhiorg2and speed t hroughout. the entire rotation is

obt ai nedagi n ot her Wagdss feha toagmescery puievpef qmF@tTe‘rﬂ‘éP‘arfgquéﬁ" 3
rotati-on i 5 U'l' fq}tofTbﬁonﬁthentl Qft chNEddgeaiel €6 K¥g.SBevamd ~course 30
el g

depends on
the wi-dt h.

'_15

N (Fr

. Fig. 1 111us:re:ee an ex:ernal totor notor 10. drauu, for

one model, approttmately :o a scale of l l._It hae a ro:or bell 1 L

' nade of deep-draun steel. and’ having a center bushing 12 fit:ed
. thereon. coupled to. a shefe 13. Shaf: l3 is journaled 1n suitable.

20

bearings 14 externally of the motor, and seeured in a suitable :
frame or support, not shown. A nagnetic ring 16 is adhesivély
secured to the inside 15 of the rotor bell 1. Typically, ring |6

- 1is a: rubber negnet. that. 13. e uixture oi hard ferrite: naterial and
' -elestome:ic neterial. The ring 16 1: radially magnetized ‘and ‘has
'.: Eour poles, ses Fig. 3, 1n which :wo poles are shown. The pole

25

gaps 17 of ‘the rotor 16 are highly skeved ‘or inclined and ‘inm a Eour-_zi

o

pole. motor as shown, are’ 1nc11ued approxiuately by 45 (Fis. 1).:
The 1nc11nacion or skew is so. selected chat uniforn torque or. o
uniformi:y of- running and epeed :hroughout the ‘entire rota:ion is

obtained; in o:het words, the corque output per 1ucremental ansnlaf .: fﬂfj._

.'f'rotation 1s uniforn. The extent of: 1ne11nation or skew of .course

30

3 .'thneSf 3f.dt étoﬂwru&”b@aiheshﬁekgal.Soand.eof
' ‘motor of Figs.03 4 over a po rciou %@p§ué“%1:19-£€% %LQrthereof..

depende on che height or thiekness of the stator leminar staek 18 and.l i

of the 'wu:h N (Pig. 5) of :he stator pole saps “-. The stator = "

A



-6- 1 stack 18 is coated with a plastlc -~.except at the air gap 19 -
whi ch S|nultaneously i's shaped to provide:coil forns 22. (Fig.1). Four
stator w ndings.or coils are wound on form 22; only w ndings 23, 24,25 are

visible in Figs. 1.5 and 2. The windings can be arranged in various ways' -

and, for purposes of a nmotor with extrenely unlforn1torque and two-pul se
operation, -for exanple as known and as described in the literature, and

: speé?ﬁlcally as. described in German Patent. 23 46 380, Fig.1l, or as .

- described in connection with 10 - Figs. 2 nd 3 of the aforementioned
literature reference "Two-. Pul se Brushless d-c.Mtors" by the inventor
hereof. Two current Pulses are supplied to the winding for each rotor. =
rotation of [er#ﬁadél 8 Amiceated ﬁ@@rﬂ#%ﬁ@f - 2¥eeRe at thesainan
[err]- -el so thalp gAPS- ivhidie ﬂxﬂﬁtéﬁ@&iﬂ*cisjrsﬂﬁé& to [ PFGEad &bil

resul t. These ue are supplenmented by_a reluctiance torque, for
exanpl e, as di s%&%dzg naﬁ% st er SRt windinga pr ¢oilsare sipued B
also, see Fig. dn (foﬁnhaﬁf WIENE Windag £ IR PP Nard v IHIB00 Bdrfyg, 91 of

- operati on Bnd 1 dhor e PIRERE U ArEae th e Nektowd ey S and”

literature, andcmhipnrposes wf ta dotdre with eemmwyz\rum.somrtmueemm ed

expl anation is ot ri V, he
di fference between élﬁ%%;fo?sena il%nle'enﬁ on an pérv:%% %??%S%b% %\Qgéﬁlé
expl ai nedl. The i reha ildteratunes iand wpeetficably asdesceribed| hnFGgsmaxx 4
apd ‘5 by arrowpifeenth2F 44 Q!’sd)acﬂ‘ﬁﬂe! Ol t%%&&r&é&rm%%ﬁ&éidﬁnﬂéh

PR g g i i o S et e it -
the support st Rulse Brushlessid<c Metorst awl the Leventor hdbeofxterwal
- rotor 11 can bgsedd Guilidei dre dé&ﬁ’ﬁf‘eé“ o' éhd PSR oF: each rotor
' ' ~ rotation of 360° -el. Typically, the duration of a pulse is -
_ 3__1ess than - 180°-el so that'gaps in the electromagnetic drive.
'_15 "torque will result. These gaps in torque are supplemented T
": by a reluctance torque, for example, as- disclosed in the
referenced DE-0S 28 35 210., In this respect also, see Fig;“
S of the aforementioned German Patent 23 4§ 380 and Fig.9
_ of the referenced literature. Since the basic structure, as“_n
© 20 'well as the operation and the operating theory, is known and
_ _ ': ": described in the literature, and this forms part of the '
(e/7f;"__ ,_State of the Art, a further detailed explanation is ‘not -
B : _necessary. A brief review will ‘be given below where the
_ 'difference: between the present invention and prior art
. 25 .structures is explained. . - - | .
.'-. dif ’The direction of rotation of the motor is indicated =
'h'in Pigs. 2,4 and 5 by arrow 26. - .. . . w0 ”
Pf : The stator package or stack 18 is formed with a. .
:central opening 27 through which the bushing 12 extends,

',30';Hfurther, three attachment holes 28 (Fig 2) are provided: in ~‘H]f

order to attach the motor to the support structure which,

'also, can retain the bearing. The external rotor 11 can be__fVi
'-_used to directly drive a utilization element._' : ";J=y;i:_f;?

- 35 - _



. Aprinted circuit (PC). board 29 i s secured te the | ower side of the notor -
10 (Fig. 1), attached to the stator winding form. 22 at three attachment -

- points 32, 33, 34. Connecting pins 35 and electrical and el ectronic

el ements .36 are retained on the:PC board. 5 . The PC board further
- carries a Hall generator 37 which, .as shown, is positi oned appr oxi maj el y
- over the pole gap between -a pai+r of stator: poI es - conpare also the -

fef erenced applicati.on by the inventor hereof. ~ Hall generator 37 is
. offset slightly in the direction of rotation of the'rotor - for exanple by
~about.l mm- in order to 10 - obtain magnetlc feedback with- respect

thereto, as described and clained in US Patent No. 4,099, 104. Hall.
gener-at or 37 i's used to control flow of  current through. t_h.e"_m)'tor 'wi ndi-ng.
It is controlled by the magnetic field.-fromthe rotor magnet 16. - A rubber
bushing 38 is secured to the PC board 29 15 to attach a connecting

- cabl e thereto. " The respectlve terinals of the wndi‘ngs 23, 24, 25 are

colder el L0 il L2012 SOPEE LB Bt oionfled Beelladuar dnaude ol o

_ 4 e SwBhfLngdestd cal and
- separated Bidsnofathe Ratrer g@/ d8e Yap §h2ﬂ= ed §° I&hfg i ggxl rh\éar diy to
grooves or 23]t shéBe i srvakhuént P&%ﬂ%eé’?-s%'bn 3fn Iﬂ°§§°°fi"§na 32 ndi ngs
23, ar ewé@aedl ad@14b lindg €ladestdSIGare craraiagd g [fhe rFs‘hPaffwg o

nat er ial Mﬂ bggrd aﬁlr@ﬁ&i”dnh?@es @(hﬁﬂﬂ&dnﬂrifh‘rm3ﬂhﬂimhnd#ﬂg’hf°ﬁf'ms 22

The éxtent of e Insyatin 4 o/ |ﬁ6&ﬂﬂ-dﬂti@dl|ne5|.ﬁ"
Fig. 4, 2518 Posiiiopg r?é’pzﬁﬁg*ng‘?t'f 164“ Qh‘ %ﬁh m bqahpguf 8y NBne | N

9 Card
accor dance skt °ﬁr'e§€HP‘¥'n ﬁ?l tf 2 s“ﬁ' SR ALr Oap. - e y |n\J
conbi nat i Oﬂn‘h’q’cﬁ[ﬁe maghedi | genereron37; Ag. ‘Tfo"t‘ﬁg i |1g° % c‘?‘P‘gféEg‘H _

" i npor t ance geNyP¢illont H Ahleaksitdhe tes exanp ko Bysabyft t‘hE"‘reI 18P EifFe ’L’orque
~n t8§0r Y, bE.Y‘Q‘H.‘LQ@;é’%%kEﬁMkew&% Ws@hﬂt &lﬁ@eto. a@ommiél'i im!‘not 0n| c.
alr . t r};laimed an al 65 gggtidte‘ﬁooﬁ.OQQ ﬁily 8 )
Hnll generstor 37 1s used ‘to conrrol flow of cutrent through_
.the notor winding,. 1t is. controlled by the nesnetic field from the
T“ﬂ'rotor nagnet 16. A rubber. bnshins 38 is secured to. the PC board 29
:15 - ‘to attach a- connecting esble :hereto. . The respeecive terminals of |
' -the wlndinss 23, 24, 25 sre soldered co suitsble eonneetlng pins or
n'eyes of the PC bosrd 29. ,73 o o
. . The sta:or stsek 18 hns four salient poles 40 41, 42, 43.
. -ﬁThe poles are idenrienl nnd sepernted fron each other by.pole gaps_-:'
éo' '.44 which lead invsrdly ‘to grooves ot slots 45 1n whieh -.as best = L
o ::seen in Flgs. 1 and 2 --the vindings 23... . are plaeed.ﬁ The winding :f
slots 45 sre coveted with 1nsulst1ns naceriel . 46 which, ss
deseribed, extends to forn :he winding forns 22._ The extent ‘of the .
o insnleeing nscerinl 46 is" shovn 1n ehain-dotted lines in Fig. 4,

. 25 - -;and forms .an. 1ntegrel pnr: of rhe winding forms.
) "1In sceordence with the present 1nvention, the shspe of .
espeeiall

eir gap_ -[in eombine:ion with the magnetizs:ion of the rotor ma;net f.“}“_'-.ﬁ
1s of critiesl 1mporeence in. order to obtsin the desired course of TS
| the reluetnnce torque.. Im theory, 1t would be desirable to obtain s, S
;_' 30 eonpletely monotonie slr gep, the: 1s, sn air gap free of | _sny.-



.nagnetlc «di scontinuities. In actual practlce however, thls cannot be
‘achi eved si nce the ‘pol e gaps 44 are required in order to permt’ j
isntroduction of .the wire for the windings into the grooves 45. Thus ‘the -
gaps 44 nust have a certain minimumwdth. « In the notor .5

i|lustrated, the stator stack 18 has a di-aneter of 56 ‘mm the pol e gape
~have a width N of 3 mm This is about the m ni mumwhich permts _
- int™duction of a wire for wnding under camrerci al |y reasonabl e condi ti on.
"The pol e gaps 44 introduce nonentary or instantaneous variations in torque.

- In nmost all applications, these minute 10 - variations in: torque can be-
negl ected.... In sone extremely 'sensitive applications, however, for exanple:
in video recordlng ~equi pnent .t hese ninute instantaneous varlatlons may
cause di' sturbances. The present |nvenglon is directed to reducing these

| nst ant aneous variations in '"drive torque and is partlcularly appl i cabl e
for small 15 - notors in which the width of the pol-e gaps is relatively

great with raespeesict dladeacivuhtdes. | dageatsl PRSP RATGXST O 18 FHSF of -

56 .mm di armet be, sorieesporidicngtheopalp@aes ph4 @recfeqidgad 1M optes rtoapéxRit- pol. e
Motor, the rehatdReied o chOArgafor enPOHRARbEE Hats EhOgEodhe B S .
per cent age. OfrhSS’“ %g o Qﬂsmt%xﬂ %Ocet:a:l.'nnﬁ:[:?ﬂﬁ'nnmmt Orlﬂltﬁm&rorand '

t hen has decreas1n n'§|ence ek rse ode :L9539@%a§e°§§ o
tor que?r ot at FOh TR éf?b fi PEoer gt us'i r3t€ ? FHE the -
ai r gap extesaphdragecs ‘{iéFP] X epl -'!H'&t' |§“1‘o§ér“lﬂ‘l‘é Bt @infaghvhiehe i
gap is the samemidsotnetdduboleon ofas orirgofes wiading lvadef sosmevstaldydet ai| 25

ORLY Wi th respessaSBRdPHNORE o1 geps 43 ABEroluck| wiilendity lorc1ns vantthawous
cylindrical QE¥PJ&%§:4 tgr&ﬂal ”}9%&%0';9#%@&@10596 e%teahoﬂiﬁtta(:k 18 As

best seen in

50
pole tith. véﬁgﬂe%ﬁéf ’r‘h\ﬁafa'r'&/ 8t ‘[hé'ggﬁfzﬁdr' VB '°3‘0§£ﬁ%r'§'§; o? maX| me
30 - ai r g&pPB?'Géem-s havevéra [fomcaxapple in H" A"&T"s‘l}%onﬂmﬂ"?ﬁmr dl y

of . . _these minute instantaneous variations may cause disturbanees._ The
: preeen: 1nvention 1s diteeted to reducing theae 1ns:antaneous
o _ variacions in drive torque and is partieularly applicable for small
- 15 mo:brs in which the width of the pole gaps is relatively great
ST with respect to the overall length of the pole shoe. o
_ ~ . For a motor of 56 mm dianeter,eorresponding to a pole pitch
- of lbout 44 om 1n a four-pole motor, the rela:ionship of pole gap .
o  to pole piceh is about 72; this percent;ge of course decreases with
26' i iuereesing notor\dianeter end then has decreasing 1n£1uence on :he_"
_ ' course of the 1nl:entaaeous torque-rotation relaeionahip.
R Fig. 5 1illustrates - in developed form - the air gap
- ) eitending ovet 180 -el, that 1is, over one pole width. The air gap is
e the same for all four stator yoles,_and thus is shown in detail '
25 "'only yitﬁ reapeet to pole S PO ' :
: e - Figa. 3 and 4 111uatrate che circular cylindrical envelope :
_'-49 1n chain—dotted ontline of the stator stack 18. 'As best seen in
_f Pig. 4, tbe point of niniunn air gapfgecurs at the: upper pole tip
_3-.51, eouevhat 1nwardly of the sctual tip end. The point of maxinum
,30;;15-11r gap?gccure at the 1ower pole tip SIA. also somewhntiJwerdly of



.- 9- the t|p end [err] itself. The rotor magnet 16 is nagnetlzed in _

* trapezoi dal shape, as disclosed in the previously referenced DE-CS 28 35
210, .and has narrow magnetic pol e gaps-.17, extendlng approxi mately fronth
to 20 -el between 5 the poles. As descrlbed in connection wth Fig. 1,

t he gaps-17 are.skewed. In qui escent ‘state, that i.s, when the mptor "10.is -
_de energlzed t he gaps 17 wilt. p05|t|o "t hemsel ves opposi te p0|nts 52, that .

i's, at the position of the widest air gap 19. This position |s |nd|cated‘4
in F|g 5. 10 - The rel uctance: torque at that point, is zero.: The’ air gap
- 19 increases nonotonically between.'the nininum point 50 and the maxi mum

- point 52, apphexktint engd é@éoﬁ&ﬁ#éftoThheﬁhhqn|maqnﬁttﬁﬁa#snmagnﬁqxzeq

v

~wherein.y ephegeabssbigat dhipd| LA°ailc10Red Yo MM @udigation. and
t he 15 absci ssa ken apprOX|nate at 't poi nt 50,
‘t hat . -at KefeKeprafr DBapsS 28t 35t 219 aar @%mrmw mmﬁ%m@p 52,

and ext end ngag,gmquemenas g %%p%%'i'&na&@l? Eyienp NN BET-b1! Kt the

: alr gap, decr e ses: rapid

: .
- “popnt 58he BRLeRot a‘él cF"'ljr "@e§§li§’d’( SEEN Fd G T/ -
' p0| nt 50 [ egaps-al ‘Aremskbwedenter qotietsloenwlsﬂ:agmo, %t{sﬁe, ﬁll'gsrﬁ)thé

m nimim val ue: COI’I’GSQ ndl ng 1o

about s at MEPR: 18558, AFeRERyi g, Bkt o iy baleddil O o2 0

44A, that isthemsebves bﬁposﬂ.eler poialt,s tSi2a . d:lhatgd{s:I atamhﬂ position Tkese
- easur enment St% EQEE‘ESSQEG { 49.5C e?‘rs] 'pQﬁéi' iSA‘tll;dl%é#%Harlé g 9.

the -pol e gap about e alnr. gap-w

appr oxi h@t el The. zsﬂfﬁptaneeeaemgenao at%micsm ABRAER- alfhf A00- el \J

Lot e s e e s gt
'ntntnugtof apBupn nﬁpelﬂaagEHFdBRégﬁm ﬂﬁiﬁiEQ? ﬂXtﬂ; 9ﬁAﬁRQ(ﬁ? EP
_ . function of the formula y-a_.-x ’ wherein Y represents the
_ _h'width of the air gap, X ‘the angle of rotation, ‘and the .
~15;"abscissa can be taken approximately at the level of the
'.dpoint 50, that is, at minimum air gap. Starting at the -
'",point of maximum air gap 52, and extending towards the next
. adjacent pole gap shown in Fig.4 at 44A, the air gap decreases
"brapidly and almost to the mimimum value corresponding to

.Zan'point 50 - but not quite. In’ the example selected, the air;ﬁ_tf

'_gap at point 50 = 25°-el from the center of the pole gap .

44B (see. Fig 5) is approximately 1mm - see the scale represen-é*'"

t;tation in Fig , 5= increasing to- about 3mm at point 52, that is,
. at about" 160°—e1. Adjacent the air gap 44A, that is, at about
.25 ”172°-el, the air gap is about 1 Smm. j These measurements '
'h are represented, to. scale,:in Fig 5._ At the other Slde of
'_t_the pole gap 444, - that is,.at about 188°-el, the air gap w111
_ﬁ'be approximately 1. 25mm, increasing rapidly to about ‘1. 6mm at
. * about 192°-el, to form an intermediate maximum 53,,and then
' -30't;decreases to point 50', corresponding to the next pole 42,
| "that is,.at about 205°-e1 to the mimimum of about mm,
- In accordance with a feature of the invention, a
'-.zone 54 is provided between the minimum 50 (or 50") and

o _f':the adjacent pole
35 :

Fd



~

~zone 54 is provided between the m ni mum 50 (or 50') "and the adjacent pole
35 gap 44B or 44A, respectively, in which the air gap 19 passes through
ah. i nt er nedi at e -hei ght or level 53. This region 54 is relatively short,

and in the exanple has a length of only about 15 -el. It has been found
that_ this sinple arrangement - see specificall y the 5 dev.el oped Vi ew -
of Eig. 5 -"and particul arly when conbined with the magnetlzatlon of the ’

nmagnét. 16. as specified, and the shape of the increasing air gap of ‘the tip
region 51A, instantaneous variations in torque caused bythe relatively wide
poIe gaps 44 - 44A, 44Bin Fig. 4 - can be effectlvely and al nost entirely .
el i'm nat ed. Skevm ng the 10 rotor pole gap 17 additionally effectively
contributes to this. result In the stator 18 far-an external rotor notor,
~as shown at-10 in Fig. 1, the region or &one 54 together with the envel ope
- 49 may have the shape of a biconvex | end see Fig. 4. Vhat is, 15 :
however, inportant at all times is the.course of the magnetlcally ef fective
air gap 19. Yapi Ous odi 6451 enpe:ltapesy OfinSitic@r ch@ritpagac a9 hpesseacehidugh

~obtain the paghi filednedidced@P1dd 3t VSR P3. FREs :feQ&oEXﬁrmLemU:&ePyatent
2,185,990, inyhieh g Vi‘rté’tt%r g,g.%%i.oh.of %”wn E‘u.afP SA§5¢ A%Q.E‘cd seldle 'PPQ.f%a”t

feature S the generatlo ucta he
air gap 19, tR&%PJPErIpthas §hts ‘i?"b‘o\ﬁ’b eRtst &A%6r ’b?ﬂiéigébluﬁhgo t hat
‘the rotoP is Hevﬂemésswﬂeloy Fig.abdecndr partdicadahly when rappbihed wAch ethei ng
air gap occur mageeizatien cdgetiod napretstial Ods pokeifiads sl theustidper of tdnat
ég%"rpt 0[ hhaS 1n&£§u(iuke§ﬁe§thp Qe %Lopuppesgidnoamt ﬁsEBEét?LGIe%EmJL?QaQD&dstj[ﬁn .
W regpe e p eJ.e e .
rotor pole gaégaﬁgfq\%ng% jasd 0S| ?Wﬁﬁ% ”[dga#%d sgé? Ib’ 9 el'y'\rrgx{l mm . -

air gap. Lc_)ok at® fr ot a\’ﬁofﬁ ti3eix agf ﬁﬂé\x,t fwetreﬂﬁr,eﬁgmaﬁa% fkewing the

rotor pole gap 17 additionally effee:ively contributes to this.
tesult. B ' .
In the stator 18 fo: an’;x:crn(l rotor motor, as shown
"at 10 ia Fig. 1, the region or zone 54 together.with'thé &nvelope
49 may have the shape of a biconvex lens - see ?13. 4. ~What is,
15 _howcver, 1nportaut at all times is the conrlc of the magne:ically
' 'effective alr gap 19. Various different shapes of stator laminae
ean be used to. obtain the particuldr air gap relacionship - gee,
for exanplc, U s. Patent 2,185,990, in which various shapes of
laninae are described. The important fenturg is ‘the generation of.
20 a driving reluctance torque when in the air gap 19, the rotor pdle :
_ '_ gaps 17 pass’ over a stator pole gap 44 so that the rotor 48 not
L,/-: . . excessively retatded or braked bythe tapidly 1ncteasins air ‘gap
occurring at the edge of the stator pole gaps and. further, that the
. rotor has ‘its quiescent dr'ttbp position at a’brede:érmineﬁ'position
.25 with respect to thé'stetor -and, specifically, at the point where the
rotor pole gaps 17 will be oppoaite the position 52 defining the
. maximum air gap. . . o . ' :
B . Lookéd at from' auo:hcr point of view, the 1uvention can be -
'cansidered as ahifting the’ locu- of generation of the rotary torque
__30 in the rotor pole gapa." When the totor pole gaps pasl :hrough a -




_narrOM/anguIar r
“only about Sthe fetot pelefgapst hé asnpptifalselemgpts: Whérchpare GXFr hedy -

-gaps 17 are and 52. 1It is preferable that these additional iron v

E ponsidered as shifting:the | ocus of generation of“the rotary torgue 30
“in the rotor pole gaps.: When the rotor pole gaps pass through a . -11-

regi on. of -increasing air gap, a dr|V|ng torque-i s generated; when they pass
through a region of decreasing air gap,. a braklng or . retardlng torque i's

- generated. |f one_considers the rotor_pole gaps 17 as optical elenents

which are. extrenely 5. near-S|ghted'1 ‘hat" if. they are in the position,

of Fig.5 oprS|te the addi-ti-onal iron tips 60 61 at- both srdes of the N~
.stator' pole gaps 44, "‘then the rotor pole gaps 17 will "see" instead of the -

gap 44 an WA r%f'e ggfgi%frg@té’{ 'S0, "RIBELL EnlREELLEL W ga wodldy,

corresp10nd m)no oni c "al.r et ween - the

- extreme vd1uheﬁﬂkh§yl§§ss throughpaefegagne°£hdecrhesenadéiﬁlsﬁab @ron

vol ume accr Gl | qua € 6% ?ér&?ﬁg 88 ﬁeoistgéngﬁatgaen' 7¢ dfcl RohddAeds

re concentrated wthin an angul ar ran

g?nfﬁg pgf;y Fwiﬁ a4t eehsti€sti pg ERey Gte, iﬂﬁthebpobﬁtﬁbﬁ of Fﬂq.ﬁnds'

1A t endi th di B
essentlalIy'Q3@¢$$#¢céhea?$é§gg°&gg %ﬁ@ndgestggﬁ kg a&?ﬁ%tgsgﬁgagngg the o
wWith. Fig.5 d@sedy BOle §Ap¥salheshenxthadrogori pole. Gapssdife wililndissed, of

b
Peuati zat e CoRy 5y BandrhchTrRg avBERRs"RbThme b, EEME L hren,

_agg_logrt : fo;maagmpie matebhal whidh wbuldacowxesprad ﬁmpmactrelmf@ 2
e b MR PO NS

_accretions 60, 61 at both’ sides of the gap opening 44 1nclude

a narrow angular range, that is, are concentrated within an

. “;angular range of only about 5 to 10°-e1 from the 1imit of o

15 . the stator pole gap. - Consequently, the characteristic tips'mg:
: f;_60', 61', will be formed at the ends of the pole tips 51,
“~a51A, extending in the direction towards the essentially )

cylindrical air gap 19. . e .

e - The developed view in accordance w1th Fig 5 clearly'

' 20 shows these extending tips. The same principle,_of course,"::

: can be applied to an- internal rotor motor.” For - ease of :

fhvisualization, one may consider Fig 'S being drawn on a

' stretchable support, for example a rubber band. For an

: external rotor- motor, Fig 5 would have to be bent v.1pward1y,-._-..:-'=

25 i:for an internal rotor motor, Fig.5 would have to be bent

”_-downwardly. SR ' BT _'

_ “p' o In a preferred form, the rotor pole gaps 17 are - -

':i}“skewed, the rotor pole gaps 17, of course, may also be made';ibff

- 30 | skewed so that the stator pole gaps 44'ﬁ111 extend under'an_flf“b

' 'Jangle of about 20° to 45° Wlth respect to the axis of ,

"rotation of the motor. of course, it is also possible to ~“.“;”

_ both skew the rotor pole gaps and the stator pole gaps inf_pf

s opposite directions to obtain the relative skew angles. For |
35 f:ease of manufacture, skew1ng of the rotor pole gaps is s



E)

skewed; t-he rotor pole gaps 17, of course, may also be made - strai ght and,
i nstead, the stator pol es .40 to 43-can be 30 * skewed so that the stator
pore'gaps 44 will extend under an angle of about 200 to 450 with respect to
the axis of rotation of the notor. O course, it is also possible to both
- skew the rotor pole gaps and the stator - ppk% gaps in opposite directions to
obtaln the relative skemrangles For 35 'fease of manufacture, -skewing of .
_the™iotor pol e gaps is 1 preferred Vari ous:changes and npdlflcatlons.
nay be made within the scope of the inventive concept. -12-- CLAIMS 1. A
- two-pul se brushl ess direct current-(d-c). notor having a pernmanent magnet
rotor elénentppeﬁerdedg 5 substantially trapezoidal nmagnetisation wth
. narrow gaps. bet ween € her eof el.enent having.a core, - .
sal i ent pol es ternlng??nga%nggéPge§h8gg @QﬁgngﬁﬁleénWFNeb@oﬂédﬂ:Methps
of adjacent pbhe saepe Q§|hgesépueatédebyopobptgaps and wi ndi ng nmeans*on
the poles; an essentially 10 cylindrical air gap separating said rotor
. elenent and said stator el enent, -and neans for controlling current flow, in
"~ pul ses, through respective ones of said wi nding neans on the stator poles
to produce, ‘in operation,'an alternating nagnetic field to generate a
driving torque in the rotor 15 el enent and wherein, in the direction of
rotation and starting froma first stator pole shoe tip adjacent a stator
poIe gap, t he nagnetlcally effective air gap flrst increases

)

.

T emeseene,



,fto'a-naxinun1located i nwar dl y of ahdchoSesto said.ad' i rst
PR _ _ : . 0 S jacent first stator
t pol e shoe tip and then decreases -over the 20 mgjor portion of the pole shoe

to'.a m m mum val ue | ocated i ose to the other stator pole
shee tip, with the-air gap ttﬂm“ ” Hmln to an i nternedi ate value
in a zone adjacent said other pole shoe nternedlate val ue’ haV|ng
~a dinmension which is smaller than 25 the value of t he 'maxi mum ai r gap.
A motor according to claim1, wherein the air gap in said zone adjacent "J |
sai d other statorpole:shoe tip has, WMWAT respect to a cylindrical envelope L
- the "approxi mate. form.of a-bi convex.lens. 30 - ~ 3. Anotor-‘according to
cl ai m?2, wherein -said .zone extends over a range of from between [err] to
[err]” -eI from-said other stator pole shoe. tip. .4. A notor according to-
any pretedi GBAIMSi m wherein. the terninal ends of the ot her st at or- pole
) shoe tips are“35 forned with essentlally radlally di Fect ed -ext ensi ons

-13- 1 .projecting towards th d t
e?ten5|ons of |ncréas@h§' %}ﬁ? 14 srﬁéggégalng to@aﬂﬁgﬁpegzg?ﬁg .
~claim mheraaelh@eap@wﬁmanenﬁ magnetpmonpﬁeﬂkemﬁﬂ#|BF%. YiiPd mately 5 10

ocorul &y SupArRneradly *Lera?pdé%e}g@e%é&@{oﬂ%ﬁﬁh@&fw gépsA ot or. .

f
el enent ar e betsiciene ccher mmam:epﬁesseﬁa%rt%efgﬁﬁs 3 H‘gfr?‘tﬁgéﬁfat or.

et o o A R gt S5 s s o o
: core, the tips of adjacent pole ghoes being separated by o
_ pole gaps “and winding means on the poles, an essentially 'ff\.;,"
10 cylindrical air gap separating said rotor element and said" PR
' stator element, and means for controlling current flow, in. -
'pulses, through respective ones of said. winding means. on the_f-']s
stator poles to produce, in operation, an alternating -
_ _magnetic field to generate a driving torque in the rotor
' _15_-element and wherein, in the direction of rotation and ,
| u-_starting from a first stator pole shoe tip adJacent a statorﬁ'V,j:l
pole gap, the magnetically effective air gap first increases”?- '
to a maximum located inwardly of and close to said adJacent f
. first stator pole shoe tip and then decreases over the '
320_'major portion of -the pole shoe to” a mimimum value located
| inwardly of and close to the other ‘stator pole ‘shoe tip,
with the air gap then increasing again to an intermediate'
'value in a zone: adjacent said other pole shoe tip, the RS
,_"intermediate value having a dimension which is smaller thanfﬁff o
.. 25 the value of. the maximum air gap. _ L -
' ' 2. A motor according to- claim 1, wherein the air |
gap in said zone adjacent said other stator pole shoe tip

has, - with respect to a- cylindrical envelope, the -

. approximate form of a biconvex lens. :
30 - 3. A motor according to claim 2, wherein said
" zone extends over a range of from between 7° to’ 20°-el
 from said other stator pole ‘shoe.. tip..? . . _ N
4. A motor according to any preceding claim, wherein'}lffff
. the terminal ends of the other stator pole shoe tips are . .
35 . formed with essentially radially directed extensions



Ferr] 'to [err]. 8. A motor according to claim1, wherein the stator- 15
pole shoe ti-ps are pointed projeqiy 7)ol wards the rotor. 9. A
ndt or according to any precedi ngﬂlmmulﬂw:ﬂmﬂm e term nall zones of the
stator polée shoe tips imedi ately *adjacént™t h® pol e gaps conprise zones 20
of increased iron vol ume magnetically effective to decrease the magnetic
effECt of said pol e -gaps, said zones of=ildcreased iron volune being
concentrated within an angul ar. range of between about 5 to [err] -el from
the limt of the stator pole gap. 25 10. A .notor according-to any _
precedi ng-claim wherein the-w dth (hD of the stator pole gaps is nore than
5% of one volepfbjé&tii¢Wtdwaﬁdé £iﬁ0g@p,aﬁdoiﬂbﬁﬂdéozéhdsn110 mhlch

is an external f
BFcB FoIPRe acconpanying

substanti o Iy a&iddent HRI4, extensions A%, {heFeRare
drawi ngs. The text ofSIhkxmpecrfaccordmngatobanp peecedingdchbaiphot ocopyi ng

the appli cant Sfi ol olad YSSEELBY of LeHBYmERLh Cog?gfngﬁgaggeggﬁkwﬁhﬁﬁ

care difficult Rtk ypescrip
may be. |ns@ecttarc#ptm%°pTenls@sahffrmm thseadjcnentefirst stator pole

shoe tip. o
6. A motor according to any preceding claim,
wherein the pole gaps of the rotor element are inclined
. or skewed with respect to the pole gaps of the stator
AN 10 element. _ ' :
- 7. A motor according to claim 6, wherein said
angle of inclination or skew is in the order of between
- 20° to 45°. . _ ' ' o
_ 8. A motor according to claim 1, wherein the statorf' o
15 _pole shoe tips are pointed projections directed towards
the rotor. - . . |
9. A motor according to any preceding claim,
-wherein the terminal zones of the stator pole shoe tips
immediately adjacent the pole gaps- comprise zones
'*20 of increased iron volume magnetically effective to
-decrease the magnetic effect of said pole gaps, said
zones of increased iron volume being concentrated
within an angular range of between about 5° to 10° -el
. from the limit of the . stator pole gap. |
. 25 _ 10. A motor according to any preceding claim,
o wherein the width (N) of the stator pole gaps is more
"~ than 5% of one pole pitch (180° -el)
B ‘11. A motor according to claim 10, which is an
- external rotor motor. - : | .
30 12. A brushless d—c motor substantially as - _
‘hereinbefore described with reference to the accompanying'_
drawings. ' ' :

i’he tcxt of the spooiﬁeation ‘has been rcmdnud by photoeom.ng the ' ginal B
pplicantl ori,
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