I iyention relates to a selLf-starting two-pole single phase s'ync.h[ o_nouls

Mot 0f..CoNpri si ng a per manent - magneti c rotor i jwo opposite pole
fa'ceé\énn})\ts ci ?cumPere'nce as a result of dimgiigah‘agneti;atlon and is
arranged between two linbs of 5 a stator provided wt h an exciter coil, the
ends~of said [inmbs partly enclosing the rotor-so that air gaps are forned
sai %a,ifﬁ:.gaps being collectively such that the magnetic field of the rotor
Wi | Is#'when the wotor ig de-energi zed, produce a detent torgue tending to
drive the rotor to a re¥RLESSTARTEBG THOTPQLELBENGLEOPHASE 0S@YCH RONQHS CHPTORR
driving torque passes through zero in operation. Such a not or, whose
principle is for exanple described in German Patent Specif ication 14 88
270, shoul d be capabl'e of providing a | arge power out put with a high
efficiency, and the rotor should always start correctly fromits rest
position. To ensure 15 reliable starting it is necessary that the rest
posi tion of the rotor al vva¥s differs fromthe angul ar positions of the
rogor .at which the Thei Wvegticn gebtsaste e serfsaterting Wrarpele elngleThiose
ZEro-torque rotsyheiidabisd @O8oH CoMpribtifg 4 PerdMbat-wiBIOEl fodorelifh dhSnsli I ect ed
transversely Qfg_'-th(? Iois:r_Tg%s giethgesstator,. so that tc ere areutl\é\oofzo of such
posi ti ons, thesa bAPRE EnEt R RGeS SACHY FITHPEREICEt #e ERP

diametrical magnetization and is arranged. between two limbs of

2099232, " SE|.F- STARTI NG TWO- POLE S| NGLE- PHASE SYNCHRONOUS MOTQR'. The . O

. 5 '@ stator provided with an exciter coil, the ends of said limbs
partly enclosing the rotor so that air gaps are formed , said
éir'gaps being collectively such that the magnetic field of the
rotor will, when the motor is de-energized, produce a detent

. tbrque_tending'to'drive the rotor to a rest position different from

-0 those at which the driving torque passes through zero in operatién.
'_ Such a motor, whose principle.is for example described in
' . - S .German Pacgﬁt Specification 14 88 270, should be capable of providing
a large power output with a high efficiency, and the rotor should

. always start correctly from its rest position. To ensure

L3 ‘reliable starting it is necessary that the rest position of the
© rotor alwags differs from the angular positions of the rotor at which
the driving torque passes through the value zero. These zero-torque
rotor positions occur when the rotor magnetic .field is directed
transversely of the limbs of the stator, so that there are two
2 5f.such positions, these being angularly spaced from each other by
180° in accordance with the diametrical magnetization but being
perfectly equivalent, because they only differ in respect of the
2t orientation of the magnetic field. If-particular rest positions
_ are induced by suitably shaping the air gaps there will in fact be
25 two of these cest positions, which are aiso 180° angularly spaced
and are also perfectly equivalent.z It is known to cbtain the °
required angulzr deviation Jf the rést positions of the rotor from
those positions in which the driving térque passas through the value
zero by designing the ends of the stator limbs sc that different

29 . g e :
air gaps relative o the rotor are formed for the two cases. Thus,



180[err] in accordance with the dianmetrical nmgnetization but being y
perfect |y efuival ent, because they only differ in respect of the (I(

or entation of the magnetlc field. 1f particular- rest positions are

duf‘d by suitably shaping the.air gaps there will in fact be 25 two of
these test positions, which are also 180 angularly -spaced and are al so
perfectly equivalent- It is known to obtain the requi red..angul ar .devi ation.

of tihe Lest positi ons of the rotor fromthose posi tions.in which t he
driviag torque fpasxesplehr eughetmaww wagekendy bdispba¢ahprajechionsnuay ¢k t he

stator |inmbs sq m]_ diduber ?f\l&‘eg@msrelﬁt b uh O foRCuid She @,,ragn;.grgrred

for the.two casSes | e asymretncallg angul ar |
di spl aced proj &detbas ‘ﬁ*&yf‘b"é’rf thifediolds; fsossallesk detrnt) Fopsue, whic

cohj unction w tdhstid ERGNGhes the alotodfist hesdoahsetddhfwmé as ca dingal | ed
detent torque, %lgl ch ensures that di scopnect ed, f,romt he
t

\r/?\/nglg tthe, tor
a.c. mains % ToNPBr O SURLT 8B She“RT Fhe "Ts\?ﬁﬁeddé??? SEPOPS 8 fP%hs and
does not renai motnremaéndin obe of Whepowe trogidtiona ishiwbiclt ithe dixiivimg t orque - -

passes thr Qth I:tbt.lgue layfeszgﬂ K‘Nﬁ&h Jeu%foonwﬁml Q'zd%@b&:?%uld rohibit
sel - startlng Irllfor eir: to ms\etg e above reduirenents the rotors of such
self-starting. :

—— ' In order to meet the above requirements.the rotors of such
10.. self~starting two-pole single-phase synchronous motors, which are
for example employed in domestic appliances such as citrus presses
-and the like, are normally manufactured from sintered anisothpic
~magnetié matétiﬁls having a high residual inducation or remanence,
because the value of this inducation is a determinent of both _
15 .thé.power output and the detent torque which can be achieved. ' .
Such sintered anisotrépic magnetic materials, however, have the
disadvantage that ihey are liable to deform substantially dﬁring

[ ——

-sintering, so that rotors thus manufactured have to be subJected
to a fzn1sh1ng process which entails expensive grzndlng cperations,

20 because such materials are very hard. As a result.of this, such

© e ————

synchronous motors become rather expensive, whick restricts their
use, especially in mass-produced products. .
It is an object of the invention to provide a self-starting
two-pole single-phase synchronous motor of the type set forth in
25 the opening paragraph, which.can be simple and cheap to manufécture
and, despite this, can meet the requirements of a high poﬁer output
“and a reliable starting behaviour. To this end the. invention is
characterized ir that the rotor is made of a plastics-bonded
_ anisotropic magnetic material and the two opposite pole faces each
30 extend around the rotor circumference for a distance which subtends
an angie of less than 90° at the rotor axis.
It has now been recognized that plastics bonded anisotropic
magnetic materials can be processed relatively easily in a
diyensionally stable manner aﬁa need have no tendéncy to deform, so
35  that the dimensions of the products manufactured with these materials

can be sufficiently accurate that they require no finishing, which



10 self-starting two-pole single-phase synchronous notors, which, are for
exanpl e enpl oyed in donmestic appliances such as citrus presses and the
| ke, are normally manufactured from sintered anisotropic magnetic

erials having a high residual inducation or remanence, because the val ue
f lthis inducation is a determ nent of both 15 the. power output and the

ent torque which can be achi eved. Such sintered ani sotropic nmagnetic

erials, however, have the disadvantage that they are liable to deform_
ubstantially during sintering, so that rotors thus nmanufactured have to{gé
subjected to a finishing process which entails expensive grinding o
operations, 20 because such materials are very hard. As a result of this,
such synchronous notors becone rather expensive, which restricts their use,
especi al Iy in mass-produced products. It is an object of the invention to
provide a self-starting two-pole single-phase synchronous notor of the type
set forth in 25 the opening paragraph, which can be sinple and cheap to
manuf acture and, despite this, can neet the requirenents of a high power
output and a reliable starting behaviour. To this end the invention is
characterized in that the rotor is made of a plastics-bonded ani sotropic
magnetic material and the two opposite pole faces each 30 extend around
the rotor circunference for a distance which subtends an angle of |ess than
90[err] at the rotor axis. It has now been recogni zed that plastics bonded ~
ani sotropic '

0




magneti.c materials can be processed relatively easily in a dinensionally
stabl e manner and need have- no tendency to deform so 35 that the

di mepsions of the products manufactured with these materials can be

suf fi\ci-ently accurate that they.require no finishing, whjich 3 reduces
the manufacturing costs. " As a result of tHe plastics conponent used for
bondrng, the_ampunt-ef- ahi sotropi'c magnetic material present wll

i nevi:t abl y ‘be reduced, -whi ch_nmeans that such rotors have a lower residual.
i:nduatd-on” and EEdrers: ke myaufaciprine: eratdve A7 2 Eesylbrafr the AlestiFspempererit
unl ess Zt'eﬁs \A@Eedtﬁlfewmngpttnéefzﬂﬁ?c tolfi. Shisof Pop ci hagdniaei¢ @aseridihat it ijs
arranged that the two onpqsite e,faces of the rotor tend aroun
the rotor ci rc@ﬁf%?-'gngéﬁ. inevita Py b ?ﬁ SR

of | ess than 90@vata flheer sesiduaki mdudtion ambwbeld ithuslibet 1iabilentagheve pol es

with aficlg 1, pERUCCH RO BoRbyibhE RTkEs (REES wel® dalBh doNEorlitbERL: LOT due
i's increased, resulting in well-defined rest positions for the rotor and
hence correct <hag¢i ﬁb;s is the reason that it is arranged that ;he two opposite
T pole faces of the rotor each extend around the rotor circumference
o~ L for 'a distance which subtends an angle of less than 90° at the
. . rotor axis. This results in distinct magnet poles with a field
i ' . " #®  concentration at the pole faces, so that the detent torque is
- " ‘increased, resulting in well-defined rest positions.for the
rotor énd-hence.co:rect starting.
In this respect it should be noted that self-starting
éiﬁgle‘phaée syﬁchroﬁous motors includiﬁg rotors having a plurality
"1 of pole pairs, in which the opposite pole faces of a pole pair
' subtena a limited angle at the rotor axis, are already knowm,
for eximple from United States Patent Specification 4,214,151.'
ﬁgwemer. such rotors having a plurality of pole pairs and thus a
plurality of diréctions of magnetization can only. be manufactured
2? from an isotropic magnetic material which has a substanmtially lower
residual induction than an isotropic magnetic material which can
only be magnetized in a diametrical direction, so that synchronous
motors 'pr:ovic.led with such rotors are only capable of delivering
smaller power outputs. It is apparent that such sjnchfonous motors
B are of a construction which differs inherently from the type set
forth in the oﬁening paragraph and to which the present invention

- - rotates. It should be noted that the use of plastics-bonded
_ ' anisotropic magnetic materials for the manufacture of magnets.
- ' is known per se.
30 In practice it has been found that it can be particuiarly

advantageous if each said distance subtends an angle of approximately
65° at the rotor axis. This can result in a very favourable
starting behaviour and a satisfactory power output.
An embodiment of the invention will now be described, by way
B of example, with reference to theJaccompanying.diagrammatic drawing,

in which
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~tn this respect it should be noted that self-starting single-phase
sykynchronous notors including rotors having a plurality 15 of pole pairs,
whi ch the opposite pole faces of a pole pair subtend a linited angle at
e rotor axis, are already known, * for exanple fromUnited States
atent Specification 4,214,181. However, such rotors having a plurality of
‘pole pairs and thus a plurality of directions of nmagnetization can only. be
manuf act ured 20 froman isotropic magnetic material which has a
substantially | ower residual induction than an isotropic magnetic nateriig
whi ch can only be nmagnetized in a dianetrical direction, so that
synchronous notors provided with such rotors are only capable of delivering
smal | er power outputs. It is apparent that such synchronous notors 25 are
of a construction which differs - inherently fromthe type set forth in the
openi ng paragraph and to whi-ch the present invention rotates. It should be
noted that the use of plastics-bonded * ani sotropi ¢ magnetic material s
forthe manufacture of magnets. is known per se. 30 In practice it has
been found that it. can be particularly advantageous if each said distance
subt ends an angle of approximtely 65[err] at the rotor axis. This can
result in a very favourable starting behaviour and a satisfactory power

out put. An enbodi ment of the invention will now be described, by way of
example, with reference to the acconpanying di agranmati c draw ng,
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in which - 4 Fig. 1 is a plan view of a self-starting two-pole

si-ngl e-:phase synchronous notor, Fig..2 shows the rotor of the synchronous
nmotor. of Fig. 1 ot an enlarged scale, the nagnetization of the rotor being
5 rrepr esent €d schematically, Fig. 3 is a longitudinal section of a tool
for manufacturing a rotor as shown in Fig. 2, and Fig. 4 shows the tool of
Fig. 3 tn a sectional view taken on the line IV-I1Vin F-g.. 3. 10 . In
Fig.Zt a sel-f-starti-ng two-pol e single-phase synchronous notor 1 conprises
a stats™ 4 provi dedng th ﬁnaepqcmteiewcefla senpistaitiggt tud-gold sections 2 and
3, and=a rotor d)?‘ls r ot.at abl urnal l ed on a shaft 5, the bearing
arrangenent of ‘t’ﬂg ge STRFR ij“‘%g Tonstructed in known manner, not
bei ng shown for theFigs 2 sshles dhestatoli af tthe syfiderddoshawsdr stfafig. A

Corrp“ ses i nbson agr&lgrged scale, the magnetization of the rotor being

5. represented schematically,

Fig. 3 is a longitudinal section of a tool for manufacturing

¥

a rotor as shown in Fig. 2, and
Fig. & shows the tool of Fig. 3 in a sectional view taken
on the line IV-IV in Fig. 3. .
‘9  In Fig. 1 a self-starting two-pole'single-phase synchronous
motor 1 comprises a stator 4 provided with an exciter coil compri;ing
two coil .sections 2 and 3, and a rotor 6 which is rotatably '
journalléd on a shaft 5, the bearing arrangement of the rotor,
_ which may be comstructed in known manner, not being shown for the
-5 sake of simplicity. The U-shaped stator 4 comprises limbs 7 and 8, .
' which partly surround the rotor 6 in accordance with an arc,
_thus form1ng air gaps. The cylindrical rotor 6, which is made of
a magnetizable fermanent‘magnetic material, is of the two-pole
t&pe, for which purpose it is diametrically magnetized, as is
209 Schematically represented by the arrow 9. Thus, on its
circumferential surface 10 the rotor 6 comprises, diametrically
oppbsite each'other, an N-pole and an_S-pole, which together
constitute a pole pair. Thus there are two 180° rotationally §
spaced positions of the rotor 6 in which the driving torque of |
28 the synchronous motor passes through the value zero. These
positions’ are reached when the magnetic field of the rotor 6
extends transversely of the limbs 7 and 8 of the stator 4, as is
indicated for one.position by the arrow 9 in Fig. 1. As a result
of this, it is required that the rotor 6 always acquifes either
30 ©of two specific rest positions which are also 180° spaced from
.each other, but which have an angular position which differs
slightly from the rotor positions in which the driving torque
passes through the value zero, in order to enable self-starting to
always occur. Since the two positions of the rotor ;orresponding

35 to zero dfiving torque and the two rest positions of the



.~hich partly surround the rotor 6 in accordance with an arc, ‘thus, form ng
7alr gaps. The cylindrical rotor 6, which is nmade of a magneti zabl e
varnanent-nagnetic material, is of the two-pole type, for whi.ch purpose it
i$ dianetrically magnetized, as is 20 schematically represented by the
arrow 9. Thus, on its circunferential surface 10 the rotor 6 conpri ses,
dianetrically opposite each other, an N-pole and an S pole, which together
constitute a pole pair. Thus there are two 1800 rotationally spaced _
positions of the rotor 6 in which the driving torque of 26 the synchronQys
not or passes through the value zero.: These positions are reached when t
magnetic field of the rotor 6 extends transversely of the linbs 7 and 8 of
the stator 4, as is indicated for one position by the arrow 9 in Fig. 1. As
aresult of this, it is required that the rotor 6 always acquires either 30
of two specific rest positions which are also 180[err] spaced from each

ot her, but which have an angul ar position which differs slightly fromthe
rotor positions in which the driving torque passes through the val ue zero,
in order to enable self-starting to always occur. Since the two positions

of the rotor corresponding 35 to zero driving torque and the two rest *
positions of the ' :




5.rotor- dre . each rotationally spaced fromeach other by 1800, they are G
perfectly eduivalent, so that only one of these positions need be referred &
to. Ln practice the angul ar deviation of the rest positions of the 5
roto(’% one of which is represented by the dashed arrow 11 in Fig. 1, from
the.rotor positions in which the driving t.orque passes through the val ue

zero W || normally'lie in the range 10[err]5to 250, as is apparent fromthe
orlentep‘.l on of thearrows 9 and 11 in Fig. 1 relative.to each other. The
restypositions are obtained by 10 appropriately shaping the grts of the

li'mbs 7 and 8 wFAteR #ueceaghaofanigpaldy seaqefafromomadinPEaTPRil80gaps are

f)b?ﬂz;l ned. ThUS,htHce9f a@%ﬂ?ﬁe&;l?r@hﬂﬁéﬂeﬁﬂ? sJoZ:mtﬂoxlﬁy BRY d¥ethée¥ered on tEe ]
i'nbs, as is showp ult is that,” in conjunction with the
magnetic rotor ¥9 é’ﬂf’“ g%d isﬁlfe Grﬁee‘fgﬂt torque i s obtained, which 15

ensures that when t Ire pyattircei shedlasg)dmedmvad:iqmnftﬁbe west. pmtnensbé tiet or 6
occupi es one OWQE R e t@%ﬁiﬂ%egpfo% PPty emain in,

a position Bn the drivi ng torque passes hr ou val ue zero, in
Whl ch position Eig.f 1stfzpmithg RIOrPasdtionsodnivhigh the driving t°rq“e passes

. through the value zero will normally lie in the range 10° to 250,
'w as is apparent from the orientation of the arrows 9 and 11 in
Fig. 1 relative to each other. The rest positions are obtained by
10 appropriately shaping the parfs of the limbs 7 and 8 which face
the rotor 6, so that non-uniform air gaps are obtaimed. Thus,
for example, projections 12 and 13 may be formed on the limbs,
‘as- is shown in Fig. 1. The result is that, in conjunction with the
1magnetic rotor field, a so-called detent torque is obtained, which
15 ‘ensures that when the motor is disconnected from ‘the a.c. mains
~ the rotor 6 oécupies.one of the two predetermined rest positions
and does not remain in a position in which the driving torque
' passes through the value zero, in which position sélf-starting
- would be impossible.
- o 20 In a known such self-starting two-pole single-phase synchronous
motor with permanent magnetic rotor said rotor consists of a
sintered anisotropic magnetic material, which gives rise to the
aforesaid problems that the rotor must be subjected to a finishing
operation. In contrast thereto, the rotor of the motor shown in
25 the drawing is made of a plastics-bound anisotfopic magnetic
. material, which makes it particularly easy to manufacture becaﬁse
such a material has substaﬁtially no tendency to deform. Therefore,
. such a rotor can be manufactured directly with effectively absolutely
stable dimensions, so that no f111s51ng operation is necessary. .
30 The plastics binder may be a thermoplastic one, such as that
available under the name "Polyam1d 6". As is known, the anisotropic
magnetic material therein may be, for'example, Ferroxdure.
Bonding the anisotropic magnetic material by means of a ' -

plastics material, however, results in the amount of anlsotroplc

35 magnetic material in the rotor being smaller than in a rotor

made of an anisotropic magnetic material only. This means that the




20 In a known such self-starting two-pole single-phase
nchronous notor with pernmanent magnetic rotor said rotor consists of a
ntered ani sotropic magnetic material, which gives rise to the aforesaid

grobl ens that the rotor nust be subjected to a finishing operatien. In

~contrast thereto, the rotor of the motor shown-in 25 the drawng is nade
of a plastics-bound anisotropic magnetic material, which nmakes it
particularly easy to manufacture because such a material has substantially
no tendency to deform Therefore, such a rotor can be manufactured direc(Ey
with effectively absolutely stabl e dinensions, so that no finishing >
operation is necessary. 30 The plastics binder may be a thernoplastic one,
such as that avail able under the name "Polyanid 6". As is known, the

ani sotropi c nmagnetic material therein may be, for exanple, Ferroxdure.

Bondi ng the ani sotropic magnetic-material by neans of a plastics material,

however, results in the amount of anisotropic 35 nmagnetic nmaterial in the

rotor being snmaller. than in a rotor nade of an ani sotropic magnetic
material only. This neans that the '




6 attainable residual i nducatio is al so reduced, which in particul ar has an .
adverse effect on the starting behavi our of a synchronous not or. Therefore,
pl asti.¢s- bonded aniFsotropic ‘materials are not inherently suitable for the
rranuf@?ure of ‘rotors for such.synchronous 5 notors. |In order to overcone
thi.s pfoblemthe two opposite pole faces of the rotor are confined so that
each ,extends around the rotor circunference %or a di stance which subtends
an-argl e_snaller_than 90 at the rotor axis; in practice it i's found to be
partivsdl arly advan ac eous if the said, an le.is approxi 650. 10 In
Phis vay fhe nASREINSBLY eeatvel COREARIThLBALID FHRES noBLRn RARE g er
surface area, hastémnladvdmsedetfent dmtmjatamamvam blica slyachirtongus

behavi our i s 'fmwyedr&&r&a&ergwm Tb48ed NiR1 0V AoDE G3e 0L 1D CariTRbL o

resi dual induction occurrin fiCs-bonded anfsotropi ¢ magnet |

mat eri al s on- t Hoheremtiy rﬁglbelﬁ@vf%rtthmaE‘Héa%rswfcﬁ?W@uEO%PE# sygchronous

conpensat ed ¢ Olpotdss.t hff or@bs %bl &re‘i‘E@tﬁé itRgs tiﬁbﬁl@npﬁlie =) &gpbbiuéagowt ai ned.
Suchaconflguratlono IS od:ﬁ'alne durin the trlcal

magpet i zati on dEEhEE 'otleolr“‘g"y‘E?rrWB 8b AP St r‘?ﬁf"r‘ ®magneti ¢
fiel'd which onlrgtep\cdecurifleerntes forrd disaiaaasemacmwndtém atangle ismalidrerence

during 20 the z n e t.|c ds again in
the:rotor i tse{{?gﬂg&gbt%{ gfhtgot??e'%gs ﬂt? g&'?'?%n tl nglfé'Illg erglgor So
non- hom)geneou?artﬂwlsrkwpévaﬂtazmr lfwﬁ-@ﬁeﬁlzlaﬂaiﬁ is qsamzsa'éely 65°.

1 In this way the magnetic field is concentrated at pole faces of

smaller surface area, so that the detent torque increases and the -
starting behaviour is improved considerably. Thus the influence
of the smaller residual induction occurring in plastics-bonded
anisotropic magnetic materials om the starting behaviour of the -

18 synchronous motor is compensated for, so that reliable starting
behaviour can still be obtained. Such a confxg;;AE;on of the pole
faces is obtained during the diametrical magnetization of the rotor,
by employing a propoftionallylnarrower magnetic field which only

covers the desired distance around the rotor circumfercnce during

20 the magnetization process. This magnetic field expands again in
the rotor itself, so that the field distribution in its interior
- is non-homogeneous. This type of rotor magnetization is possible
because such & non-homogeneous field can be formed in plastics-
bonded anisotropic magnetic materials without cracks forming in the
25 material(as would occur with sintered anisotropic magnetic
© _ materials under the same conditions) because the'particles to be
magnetized can suitably orient theﬁéelves in the complete system.
> Fig. 2 illustrates such a magnetization of the rotor 6, the pole
faces, which are each limited in area so that each extends for a
30 distance around the rotor circumference 10 which sobtends an
angle of less than 90° at the rotor axis 5, preferably am angle
equal to 65° :-10°/o,-being_represented schematically by the
heavier lines 14 and 15. The magnetization pattern inside the
rotor § is represented by the broken lines 16. As can be seen,
3B g field concentration is obtained on the diametrically opposed

pole faces, which in the present case each extend in the



because such a non-honogeneous field can be formed in plastics- bonded

anj sotropi crmagnetic materials without cracks formng in the 25 material (as
woul d occur with sintered anisotropic magnetic materi al s under the sane
condirtions). because the particles to be magnetized can suitably orient

t hensel ves in the conplete system Fig. 2 iflustrates such a nmagnetization
of the rotor 6, the pole faces, which are.each |imted in area so that each
ext ghds for a 30 -distance around the rotor circunference 10 which subtends
an -angte of |e%§ré&§9r&&@aﬁtdﬁb&ﬂoﬁtfm axdintancgmbidr abbsendn amgl e equal to
650 + 100/0, bein p ent schegatical'ly by the heavier lines 14 and
15. The nagnet. |‘2§‘?8§| {)S%P'ér € #&1°d2" the rotor 6 is represented by the
broken lines 16. A% mathodekssmnperdSe suchi &8 .d fevrexenpleat exfirusiomirai ned on

the di amet “ Ca' s ARBOR bFQJ € af OF Ginutlab Gl aNrddde PEASETH1aS8EG-8asdRaext end

in the irection for_a distance which subtends an
angl e. of 655er @w&trPh{-ﬁ &%&%et?:c mataeidlod KhEHR nsesensecatroitdaas besn exanpl e,
extrusi on or pEE&R BEat RNe Dt jUsEintaoulRDNg Prbedsd QwHiRhOLs khoWd Per se)
pl asti cs-bonded 6Nl Sqirgpl c. megnety e mmierial .y, I, bhe pregent case it
. :}-' . F1gures 3 and 4 this may be carried out using a tool which comprises
_ R a hollow cylindrical tool section 17 and a flat tool section 18,
e 10 between which the tool parting face extends. In the hollow
T cylindrical tdol'section 17, whose.cawityul9 defines. the shape of .
the_rotor; a conical insert 20 is arranged coaxially, which insert
forms a bore in the finished rotor, into which bore the rotor shaft
can be fitted. The tool section 17 furthet'comprises ejectors 21
"1 for ejecting the finished rotor, which ejectors are movable by means -
" of a slide 22. The tool section 18 comprises a bore 23 vach adjoins
a further bore 25 formed in a terminating portion 24. An
s injection-moulding cylinder 26 can be applied to bore 25, the material
to be processed réaching the cavity 19 of.the tool sectien 17
20 therefore via the bores 25 and 23, )
Two diametrically opposed pole-shoes 28 and 29 adjoin the
circumference 27 of the tool section 17, which pole shoes are
profided with exciter coils 30 and 31 respectively. In this way
a magunetic field can be built up between the pole shoes 28 and 29,
26 which field then extends diametrically in the direction of the
' larrow 32 through the tool {which is made of a non-magnetic material),
. | an N-pole being formed at the location of one ‘pole shoe and an S-pole
at the location of the other pole shoe. As can be secen especially
C in-Fig. &4, the width of the pole shoes 28 and 29 has-been chosen
'~ 36 so that the homogereous magnetic field issuing from the pole shoes
only extends through'a specific angular portion of the inner
circumferential surface 33 of the tool sectioﬂ 17 which bounds the
cavity 19, as is represented schematically by the broken lines 34
and 35. This defines the d1mens1ons of the pole ‘faces in the

35 direction of the rotor circumference magnet1zat;on Magnetization

of the roter is effected .directly durxngthe 1n_]ectz.on-nouldzng process,



found that the injection-noul ding process (which is known per se), is sinple
/and effective for this purpose. As can be seen in Figures 3 and 4, this may
35 e carried out using a tool which conprises a hollow cylindrical tool
section 17 and a flat tool section 18, 10 between which the tool - parting
face extends. In the hollow cylindrical tool section 17, whose cavity .19
defines the shape of. the rotor, a conical insert 20 is arranged coaxially,
which insert forms a bore in the finished rotor, into which bore the rotar
shaft can be fitted. The tool section 17 further conprises ejectors 21 {g
for ejecting the finished rotor, which ejectors are novable by neans of a’
slide 22. The tool section 18 conprises a bore 23 which adjoins a further
bore 25 fornmed in a termnating portion 24. An injection-noul di.ng cylinder
26 can be applied to bore 25, the material to be processed reaching the
cavity 19 of the tool section 17 20 therefore via the bores 25 and 23.
Two di anetrically opposed pol e-shoes 28 and 29 adjoin the circunference 27
of the tool section 17, which pole shoes are provided with exciter coils 30
and 31 respectively. In this way a magnetic field can be built up between
t he pole shoes 28 and 29, 25 which field then extends dianetrically in the:
direction of the arrow 32 through the tool (which is nade of a non-nagnetic
material), an N-pole being formed at the |ocation of one pole shoe and .an |
S-pole at the location of the other pole shoe. As can be seen especially




in Fig. 4, the width of the pol e shoes 28 and 29 has- been chosen 30 50- that
t he hom)gene'ous magnetic field issui ng fromthe pol e shoes only ext ends d
t hrough a specific angular portion of the inner cifcunferential surface. 33
of tHE tool section 17 which bounds the caV|ty 19, as is represented
schen®tical |y by the broken lines 34 and 35.8 Thi s defines the di nensions of
t he pole faces-i-n-the 35 direction of the rotor circunference
magnétl zatl on. MNagnetization of the rotor is effected dirrectly. dur| ng t he
i nj €6Li0N- moul dithe FHAesERal parucletsheflmdl mldgafoggagﬁagekesc Qtac&hceiu
ani sot ropi-c magg etic nmat ng_magnetj z an ed in '
accordance with Fh‘ég Wﬁﬁ‘?ﬁegt[" falng baeq\ﬁﬁ ‘Tq‘éef'#] de?fﬁtaecrmﬁ?aﬁc i€ '#’ g‘? nto the
cavity-19 of t heragwasici Siedtli wHilpnthe pastiat injacked tako whe cavitry dAtaef i on i s
-then mai nt ai ne n O t Lyl t of
Unkedo *f\‘ ;ﬁ%‘tiﬁ Qﬁ gi fpﬁh.ﬁ& ET&eJlghéﬁ Sféig aoné%&a@u{] 1Y

t he speC|f| choice o oes nd
nmagneti zati on p&beemeiptaippd inothy sqlid H‘qulﬁ“F‘?fgth? magerinlaj A8de After

the material haseselt dEfihRdspuei€ik icR@idd10£ the width of the JI1AShides
conmponent, the _r;%ggnedt LG thel dis switched off gpd t he

e magnetization pattern the rotor as shown in

 Fig. 2 is.obtaxngd. After the material has~solidified by curing the
7 _.i _ plastics component, the magnetic field is switched off and the
10 tool'17,'18 is divided at the tool parting face, the material
disposed in the boée 23 of the tool section 18 being separated from
the material -disposed in the cavity 19 of the tool section 17.
/’Subsequently, the rotor located in the cavity 19 of the tool section
17 is ejected from said tool gecti&n 5y means of the ejectors 21.
15 The rotor is already in a finished staté, because of the use of .
the plastics-bonded anisoiropic magnetic material which st;ictly
adopts the dimensions of the tool cavity. - J
'As can be seen, the use of such a method enables the
manufacture of a self-starting two-pole single-phase synchronous
0 motor to be simple and cheap whilst, despite this, said motor camn
have a high power output and a reliable starting behaviour.
The choice of the‘distance through which each pole face extends
in the direction of the rotor circumference, and hence the angle
subtended thereby at the rotor axis, is arbitrary for angles which
25 are small relative to the maximum value of nearly 90°; for angles
which are compafablé with 90° it depends on the power rating of
the synchronous motor. In principle the starting behaviour improves
as smaller angles are chosen, but'the power rating decreases.
As already stated, it has been found in practice that an angle of
30 ‘approximately 65° is véry favourable, because this can result in
an absolutely reliable starting behaviour together with a

satisfactory power rating.'
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- 10 tool 17, 18 is divided at the tool parting face, the material disposed
AN the bore 23 of the tool section 18 being separated fromthe materi al

i sposed in the cavity 19 of the tool section 17. / Subsequently, the rotor
focated in the cavity 19 of the tool section 17 is ejected fromsaid tool
Section by neans of the ejectors 21. The rotor is already in a finished
state, because of the use of the plastics-bonded anisotropic nagnetic
material which strictly adopts the dinensions of the tool cavity. As can be
seen, the use of such a nethod enables the manufacture of a self-startin@g
t wo- pol e singl e-phase synchronous 20+ notor to be sinple and cheap whil st,
despite this, said notor can have a high power output and a reliable
starting behaviour. The choi ce of the distance through which each pole face
extends in the direction of the rotor circunference, and hence the angle
subt ended thereby at the rotor axis, is arbitrary for angles which 25 are
small relative to the maxi num value of nearly 90[err]; for angles which are
conparable with 900 it depends on the power rating of the synchronous

notor. In principle the starting behaviour inproves as snaller angles are
chosen, but- the power rating decreases. As .already stated, it has been i
found in practice that an angle of 30 approxi mately 650 is very
favourabl e, because this can result in an absolutely reliable starting
behavi our together with a satisfactory power rating.




35 J*q/ - CLANS - 1. A self-starting two-pole
si-ngl esphase synchronous notor conprising a pernmanent-nagnetic r.otor which
has two opposite pole faces on its circunference as a result of dlanetrlcal
5 ~Rrovided with an exciter coil, the ends of said
encl®s|ng the rotor so that air gaps are fogned, said a
col'lTectively such that the magnetic field o the rotor MHIHHMB”B ﬂ’Mtor
S de energi zed, produce a detent torque tending * Ll tor
t o a“west position different fromthose at which the dr|V|ng t or que passes
through.zero in operation, characterized i'n that the rotor is nade of a

pl astics  bonded ani sotropic magnetic material and the two opposite pole
faces each extend around the rotor circunference for a distance

-j% o . .l A self-staﬁting tw&-pole single-phase synchronous motor

5.: : : BT ¢omprisiﬁg-a permanent-magnetic rotor which has two opposite

' pole faces on its circumferéence as a result of diametrical
i-;':' SR magnetizetion and is arranged between two limbs of a stator

provided with an exciter coil, the ends of said limbs paftly
"enclosing the rotor so that air gaps are formed, said air gaps
"being cellectively such that the magnetic field of the rotor will,
when the motor is de-energized; produce a detent terque tending

- 18 to drive the rotor to a rest position different from those ‘
at which the driving torque passes -through zero in operation,
cliaracterized in that the: rotor is made of a plast;cs bonded

. anxsotropxc magnetzc material and the two oppos1te pole faces

each extend around the rotor circumference for a distance

‘15 - which subtends an angle of less than 90% at the rotor axis.

2. A synchronous motor as claimed in. Claim 1,
- characterized in that each sa1d distaace subtends an angle of
app:ox:.mately 65° at the rotor axis..
3. A syncﬁronous-motor substantially as described herein

20 with reference to Figs. 1 and 2 of the drawing.
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whi ch subtends an angle of |less than 900 at the rotor axis..2. A
ichronous nmotor as clained in Claim1l, characterized in that each said
gt ance subtends an angle of approximtely 65[err] at the rotor axis.. 3.
A synchronous notor substantially as described herein 20 wi th‘reference
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