211 327" PERVANENT MAGNET STEPPI NG MOTOR The present invention relates to a-
per-manent nag stepping notor which is driven by DC current and nakes = . ¢
st epw se rot at , and it is particularly designed-to reduce or minimze
the |l eak of ma tic flux to the 5 outside of the notor, so as to be used,
fof.exanple as a notor to drive the magnetic head of a magnetic disc used
as. a-peripheral instrunent of an electronic conputer. If the nagneg

l.eaki ng outside fromthe stepping notor which drives a nmagnetic he sﬂ:;(?
large, it 10 gives rise to the problem of erasing information nenorized on
‘the - magnetic disc. To avoid this trouble, it is required to reduce the

| eaki ng magnetic flux generated fromthe notor as much as possible. In
order to cope with this, conventionally the periphery of the nmotor is 15
Q@CIFC|ed by magnetic shleld plates, or a magnetic plate is placed between
the magnetic disc and the notor and the notor is installed on the side of
the magnetic plate opposite the nmagnetic disc. Wth these conventional "’
arrangenents, however, there are problens due to 20 i nsufficient

reduction of |eaking magnetic flux, a -2- requirenent for additional
space and they are al so uneconom cal. The prefent I nvention seeks to
overcone the problemof insufficient flux. IT*Ras been found that this can
be 5 achi eved by providing a pernanent nagnet stepping notor conprising:

a magnetized rotor on a shaft, the rotor conprising a .

PERMANENT MAGNET STEPPING MOTOR

The present invention relates to a permanent
magnet stepping motor which is driven by DC current and
makes stepwise rotation, and it is particularly designed
to reduce or minimize the leak of magnetic flux to the

S5 outside of the motor, so as to be used, for example, as
a motor to drive the magnetic head of a magnetic disc
used as a peripheral instrument of an electronic computer. -

- If the magnetic flux leaking outside from the
stepping motor which drives a ﬁagnetic head is large, it

10 gives rlse to the problem of erasing information memorized

on the magnetlc disc. To avoid this trouble, it is
required to reduce the leaking magnetic flux generated
S from the mofor as much as possible. In order to cope _
| with this, conventionally the periphéry of the motor is
15 encircled by magnetic shield plates, or a magnetic plate
is placed between the magnetic disc and the motor and
the motor is installed on the side.of the magnetic plate
opposite the magnetic disc., With these conventional

arrangements, however, there are problems due to

20 insufficient reduction of leaking magnetic flux, a



circul ar-pl at e, per manent magnet sandw ched between two circular rotor yokes.
of ferro-magnetic material, the outer 10 dianeter of the yokes being Do and.
the thickness of the yokes along the shaft being L; -a stator adja the #,
rotor, the stator having coils adapted to carry current to magneti he - -,
stator thereby to cause stepwi se rotation of the rotor, the stator d'the
15 rot or havi ng opposi ng surfaces spaced bg-a distance [err] and a casing

of =& ferro-magnetic material nutually supporting the rotor and stator and
entrappi ng magnetic flux around them the casing having cylindrical flanges
ext endi ng axi al Fpagirempenshier 28dkkHeN2hesSRaR®HANG Hheduede 23s0di anet er of
the flanges bei pgkebhbmtichide | nner di aneter being D2, each rotor yoke

havi f ' the f d f f 1l f :
The di'stance bet weon PRE BEBSETho RIFTSEUL R SVE SRR, ShPopaRAF g
flange being D efr insa§ficient fikexei rit Heaglibemmsifowndofthilte thdsoragabesty
the rel atiogshi gcRieGeaby éfb@idiﬂ@ d A Knandnt Hagridtestidppling RAUEE }he

magnetic flux | eakage fromthe notor to 1/n of the effective magnetic. fl ux,
n bei ng any nat GPEPLAE&HBEF. The ferro-magnetic casing entraps magnetic fl ux
around the stator andarmhghetibed ehytsrebicianGHERetthe fdotor3bompeakags. a

Al so, because the entrapping material Jis a -3-. Siructural el of the
rotor, the sizecéfcgi?gtg?ag%c%?ﬁT%é%?%) “ﬁﬁwﬁﬁ%ﬁ?ﬁ%ﬁ?gn?%3H%ﬁ§3§§é
snil | er than i ncdsaudari oatPr ayekes cpfrfiearro-magnetic material, the outer

10 diameter of the yokes being Do and the thickness of the
yokes along the shaft being L;

a stator adjacent the rotor, the stator having coils
adapted to carry current to magnetize the stator thereby to
cause stepwise rotation of the rotor, the stator and the

15 rotor having opposing surfaces spaced by a distance-GL: and

a casing of a ferro-magnetic material mutually
supporting the rotor and stator and entrapping magnetic
flux around them, the casing having cylindrical flanges‘
extending axially of the shaft towards the rotor, the outer

- 20 _diameter of the flanges-being—bl'and the inner diameter
being_Dz,'each rotor yoke having a surface opposing the
free end surface of a corresponding flange, the distance
between the opposing surfaces of the yoke ‘and corresponding
flange being Dy, B '

- 25 wherein the dimensions of the motor satisfy the-

. relationship

“ . : o 'D':L/GL>n .'.(D]_2 -'022)/(400 . L)

30 'thereby'to reduce the magrietic flux leakage from the motor
to i/n of the effective magnetic flux, n being any natural
number. - o '

The ferro-magnetic casing entraps magnetic flux
around the stator and rotor, thereby reducing magnetic flux
. 35  leakage. Also, because the éntrapping material is a



se d thereto by fastenings, e.g. nuts and bolts of a nagnetlc mat eri al .

An odi ment. of the present invention will now be described in detail, ‘by
way of exanple, with reference to the acconpanying draw ngs, in which: 10
Fig. 1is a sectional drawing of a notor being one enbodi nent of the

present invention. Fig. 2 is a dr%@ﬁng showi ng the outer appearance of thehﬁ
notor exhibited in Fig. 1. Fig. 3 is a sectional draw ng of the notor of ‘W

Fi a Al p ar t t he, pl ang of Fig . Fig. 4 shows
a gevels(])%rrent of I?qemg‘ a §n§ﬂ9h§HE°Fec Pons $ ‘hg %u‘?°’§% Fig. 5
i ndi cat¥E AP NG, r?@n:tlhénalreﬁeh&t LoMeht ponf maprbeusnabrés «fard him notor. 20

Fig. 6donventaehniadnarrdhdwmedesor dermonstrating the effect of the present
i nvention in ari.son with a conventional notor. Fig. 7 is a chart
3hsk

showi ng one- PELEE %Xsﬁ?@&rﬂﬁ?at‘d? R¥MELfaPng ion feash |sdadde ng out si de
of 5 he ofotdie 25atogl andds¢auredethersentby NEeftémingiefeld | Hndd rst to Figs.

1 and t t rises rotor shaft 2, pernmanent nagnet
3 and %on{ioga%gg%egg . B%ghgglgDT{qQEng?grrrgnent magnet 3 is in the shape of a

circul ar pl-afB ﬁﬂPEHW‘gnﬁaQﬁe‘Fh%eﬂrﬁﬁlpblJersvermns:rsmﬂdcmo’&o bebei ng a
posi t i desciibpdl enaadtanm hB% J@gg(nggf dexagdid Vet Mﬁer.en%%e RS romthe
e

t Iar to t at e surface, nanmel y al ong t e shaft
g: :ggt :tﬂg B%BSE ijngn?rﬁ% REs |’sns“§h’cﬁﬁthed bet ween the rotor yokes 4 and »
' 4'1PespeCtIV§F9 mh|gg areegﬁlonal drawing of a motor be1ng one

embodiment of the present invention.

Th@si ng may conprise two parts, one on each side 5 of the stator and

L

Fig. 2 is a drawing showing the outer appearance of
- the motor exhibited in Fig. 1. '

Fig. 3 1s a sectlonal drawing of the motor of Fig. 1

15 along a plane perpendicular to the plane .of Fig. 1.

Fig. 4 shows a development of Flg. 3 along the
direction of the air gap. '

Fig. S 1nd1cates the. dlmenSLOnal relatlonshlp of
various parts of the motor. _ ;

20 Fig. 6 is a sectional draw1ng for demonstratlng the.
effect of the present lnventlon in comparlson with a
conventional motor.

Fig. 7 1s;a chart showing one example of measured
,data of the magnetic flux leaking outside of the motor

25 related to the present 1nventlon.

Referrlng first to Figs. 1 and 2, the rotor 1 of the
motor comprlses rotor shaft 2, permanent magnet 3 and rotor
yokes 4 and 4'. The permanent magnet 3 is in the shape of
a circular plate whlch is magnet1zed in poles, one surface

30 being a positive (N) pole and another being a negative (S)
pole, seen from the direction perpendicular to the plate
surface, namely along the shaft direction. The permanent
magnet is sandwiched between the rotor yokes 4 ~and 4'
respectively which are .

35 -



-4* :rade of magnetic plates, and this conponent is mounted on rotor shaft
2, the.rotor shaft- 2 extending through an axial bore on the rotor 1. T, L
rotor 1 and the rotor shaft therefore rotate as a single unit. The cdiiE%

of 5 the notor is intwo parts, a front cover 5 and a rear cover 9 e
front cover 5 consists of an outer cylimérical surface 6, an annul ar side 7
and a flange 8 extending axially towards the rotor fromthe inner edge of
thé’%ldF 7. Tthh?enbfcmagneﬁithpdatesqsaadunhﬁsr¢om@mheﬂ& i sotnounged: i c
materi a Simlar

im - th ' 9 of th t , I st t
cylindrical surf85e¥95°rgﬁL§%%u§g¥%§Fd€8§9ra§bg% o extendine %&ﬁ u n
Bal I bearings 13a§§ﬂ11§oih.gl o Rfies ﬁt?g 19 T Eorrgjco%t 1t %dﬁ‘th’et &o@' 9:”9 Its

length at its front end and rear e *(the wher e the rotor shaft

i s protrudi ng oushafie bhergfolre toaatb.asThes&agdengmit3 aThel ¢azimgmodnt ed
on the innerssurf ce of thi cgllndrical fIang§ and 12. The shaft 2 and

t he 8t BPLOTaLs ARuEWPr RETES r 8t ATONK CAVRT: 2o aP8s A Fear
Ret ai ni ng rings dql6 e I &l t Gf beari ngs
13 and 14. A stagéya?79 mh%@ﬁ f?bﬁ%dgbg?§ 3 g?§§0 %tg%pgghout magneti c

i r‘on plates, is tylihgricatdsuefabe 6yt an amhuﬂdmlsdﬂesﬂrhmdeaﬁfdbngeoﬁt

cover 5 and. outer.cylindrical rface 1 rear coves. ctivel
to forma S|nglee§ﬁﬁp 1n$h§x#ﬁiiy tovpxres SbetﬁPtQFa&%P 3&9@5’9 ge °f

outer periphery gher 8186 Yokegnd f?éné cBYELSS EhadRlEbrAl fagﬁaita pakgl or
coils 18 are wound round the stator 17, -and aTe connected to a power supply
via lead wi 10s 16f mabeetietmateilat.seSumeHarhythehérmaar3aover09eof5 and

the rear cover 9 RZ ggtgr?ndo%g&g%szgfng% O%Ler cylindrical surface 10,

T
2 e

an annular side 11 and a cylindrical flange 12, Ball
bearings 13 and 14 hold the shaft 2 of rotor 1 at two
points along its length at its front end and rear end
15 (the side where the rotor shaft is protrudlng outs1de
be1ng the front). The bearings 13 and 14 are mounted on
the inner surface of the cylindrical flanges 8 and 12.
The shaft 2 and the  rotor 1 are thus free to
rotate within the casing. Retalning rlngs 15 and 16
20 _prevent axial movement of the ball bearings 13 and 14.
A stator 17, which is made of layers of stamped out
magnetic iron plates, is firmly fixed to the outer
« B cylindrical surface 6 of front cover S and outer
| cylindr1ca1 surface 10 of rear cover 9 respectively
i 25 to form a single unit. The inner surface of the stator
i 17 opposes the outer perlphery of rotor yokes 4 and &4
across a small air gap. The stator coils 18 are wound
round the stator 17 and are comnected to a power supply
via lead wires 19. The stator 17 is secured to the front
30 cover 5 and the rear cover 9.by nuts and bolts 20 made of
.a.fefro-magnetic materia1' The nuts and bolts 20 also

serve to secure the motor in place.



a ,ferro-magnetic material. The nuts and bolts 20 also serve to secure the

not or ‘i n pl ace. -5- As shown in Fig. 3, teeth are provided one.t he outer
pelg hery of the rotor yokes 4 and 4' which oppose the inner surface of the .
st The teeth are spaced apart by the sanme pItCh t o-provide the

vari atlons of 5° perneance (equswal ent to the reciprocal nunber of the
magnetic resistance, called permeance) Furthernore, teeth are provided on, -~
the inner surface of the stator opposing the aforesaid outer .periphery of
the rotor,-the teetls ohownemiﬁ.g B; ttaemgaajlpﬂwidud i ¢hef rom 10

t hose on the r ot or, ' wn in Fi stat s 18 have a term na

A at t he O¥EEF: PERdPh: aﬁf&gﬁeFﬂtﬁz}] %'ekzﬂs d’ F‘I@r’-&h OPPR%& her st ator
coil 21 t ro Q%% s%%m arting . at a
terntnalEggaﬁghgﬁgfﬁgngan?LF#?hggg%gza |Tq% ég(nxxi %%ramnng shown
in Fig. apartebyuther sefmet pdtchetio @rraﬁdesttzha)nrarimu:ihms @ifpr yokes is
reduged as_conpared w th | 3 |n order to illustrate nore

cl eaPly PREVGRBFS: \§AULVE ﬁ@tngpoiheng 1ﬂﬁa o stgpglngth
electrlcmggn t af d Wi escribed w

ref erence OeEFgSQE§QEthBEe e??%?H P% stator f?l#?'nagnetlcélly excited as &
shown bytseth ameFpyovided beut thegianear sentfadeowf the tstatioral A of stator

d t abi | tot t- R(1) in 25 Fig.
i? TﬁmaLPBtg%géslEbﬁea68F8§aiﬁ e%bbﬁkég T §H§ vy Ion|’t| (N) poles.

rTg't s I ; OEgaguss:;t tRedg¥atepreyt h‘a'i}ihh lgS d&fff%iie'r&“ p&'t%g £ol ane, including
10 ° those on the rotor 5. As shown in Fig. 3, stator coils 18
‘have a terminal A at the start thereof and a terminal C
at the end thereof. Another stator coil 21 (not shown in
Flg. 1) is wound around the stator 17, startlng at a
terminal B and ending at a termlnal D. In the developed
15 .drawing shown in Fig. 4' the number of the teeth on the
stator and the rotor yokes is reduced as compared with the
‘number in Flg. 3 in order to 111ustrate more clearly the
operatlon of the motor, .
The rotatlng motlon of the stepplng electrlc
20 motor of the aforesald structure will now be descrlbed
_w1th reference to Flgs. 3 and &4, F1rst, if stator 17 is
magnetlcally excited as shown by S(1) in Flg. 4 by letting
a current flow from term1na1 A of stator 18 toward ' _
terminal C, rotor l is stabillzed at the positlon R(l) in -
25 . Fig. 4, In Flg. 4 all the poles on the rotor l are shown | |
| as positive (N) ‘poles. Th1s is because the development
chart is a sectlon along a plane, 1ncluding rotor yoke 4
. at the left 31de in Flg. 1. Ina development chart
sectioned at the plane 1nvolving rotor yoke 4', all the
30 poles on the rotor 1 would be negative (S) poles. In
the descriptlon to follow, it is assumed that the positlve
_(N) poles appear as shown ianlg. 4, Next, when the



at the I'eft side in Fig. 1. 1In a developnent chart sectioned at the plane
i nvol vi ng rotor yoke 4', all the 30 poles on the rotor 1 would be
negative (S) poles. 1In the description to follow, it is assunmed that '@‘ (c
positive (N poles appear as:shown in Fig. 4. Next, when the - 6- I
current flows through stator coil 21 fromterminal B toward terninal D e
stator 17 is magnetically excited as indigted in S(2), and therefore rotor
1 b¥Cones stabilized at position R(2). By this shift fromposition 5 R(1)
to position R(2), the rotor 1 has noved one step. Next, when current flows

fromterm nal C topatdehel FlHRS fhrddlgh 'Sidior ToMIN! G EeRninb@dpas
shown in S(3) and the rotor 1 becones stabilized at R(3). By this shift

from position R(2)tewapdstermingX 3, tthe rshaton b is magnetdeaddot excited
one-step nove. I n_t he e, nneras4§ the rre fl fr terninal D
Covard Lermral b obnind BB R S () iR, il ode P QY LpeBlHlsR®)
stabilizes at posiptabilided &y pdésridn fR(TYy OMBYYUHiIOBHRER) firomRpbsitien

rotor (1) has made Enot her on.e-.step&(15 nove. By repeating the
above- nenti oned noRCbA, tenposhien R(2)}i e motian Ji has apNese onehstepasent

i nvention uses the hnjx t I almgﬁ of gnet | ux
out si de the notor lgéﬁfbngﬁ%%u%\g%@%% s‘%];}ﬁ‘(‘:sf uér}:leorﬁng tteﬁ"e r(%'ntC t&%\e/]g?%SQgghﬁn%%d
rear cover 9 with Apgtikéi cotiod eis ahagriet Idulilyt hexditald By whowet ia 5I(3)
generated inside the notor flows through the front and r covers, ,Thus,

as nentioned earli@Rd the TekIRJl rhacanes stahidizad iatd® él' sB¥r kbds 6 and
10, side parts 7 aghs . e RO Sy41¢¥8d (2 W Pobition R(3) the rotor 1

10 has made another one-step move. In the same mamnmer, if
‘the current flows from terminal D toward terminal B, the
rotor 1 is magnetically excited and the rotor 1

- stabilizes at .positi.on R(4). By this shift from posi.tion
-R(3) to R(4) the rotor (1) has made another one-step
15 move. By repeating the above-mentioned motionm, 'tljge

rotor is driven to rotate stepwise,
The present 1nvention_uses-.the ;echnicai
concept that the leakage of the magnetic flux outside
the motor can be reduced by structﬁ}ing the front cover 5
20 and rear-cover'g with magnetic material, so that'the
leaking magnetic flux generated insi&e the motor flows
€ through the front and rear covers., Thus, as mentioned-
earlier, the casing formed by outer cylindrical surfaces
6 and 10, side parts 7 and 11, and_cylindricél fléﬁges-
25 8 and 12 of front cover 5 and rear cover 9 respectively
are made of magnetic materials and formed into a single
“unit. The frdnt'and rear covers can be formed by forging
“ﬁagnetic materials, such as iron, or by sintering
~ magnetic powder, or by binding the magnetic powder with
30  synthetic resin. By this structure, the leaking .
 magnetic flux that is generated when stator 17 is
magnetically excited, or the leaking magnetic flux that



25 8 and 12 of front cover 5 and rear cover 9 respectively are nade of
netic materials and forned into a single unit. The front and rear covers$
"ggﬁabe-forned by forging magnetic materials, such as iron, or by sintering
etic powder, or by binding the magnetic powder wi'th -30- synthetic
resin. By this structure, the | eaking magnetic flux that is generated when
stator 17 is magnetically exci ted= or the | eaki ng magnetic flux that - 7=
is generated from pernmanent nagnet .3 when stator 17 is in a demagneti zed “sw
state, flows through front cover 5 and rear cover 9, as indicated by a
dotted isngenerdted SromrskinEmernyneigmet |xvheralstagolro 1Jutisi de t he notor
Is 5 thereby reduced, In the present invention, it is sought to m nimse

t
the magHt# cdemagneteaad staksi dd aie thrasgh B sovex 2 a8 of the
rmagnet ':Eeéif- RovderVy | ”% %&i@aﬂf& Gch: WPYRJEL 133 E‘rﬂgf‘ig..dirfonﬁ'r ates the
mag e the .

10 flow o netTc ux 1 nsi notor 1 n genera ig.'5 is generally
sim | arand the mdgreidid HElwanealdng dw oubsidenitheamotoseds with the outer
di angt er, of rotor,yokes 4 -and 4' being Do, |ength of rotor yokes 4 or 4

axi af | yFRETERE %®%eing L, the outer diameter and inner 15 dianeter of

the cylindrical flanges being [erith neaeridsepity invRatdonl,agee between the
free end surface of the cylindrical flanges of the front and rear covers

and t hel®ppanghiy tmainintiase tite magnettier floed egliing putsidend t he wi dt h
the i nrigté giare. of dataihed #¥bh o RS magntiis” 39 RdSHagnetic flux.
shown bingid@!ties! motor was made, and Fig. 5 demonstrates the '
10 flow of magnetic flux inside the motor in'general. Fig. 5
is generally similar to Fig. 1 and the same reference
numerals are used, with the outer'diamgterrdf rotor yokes
4 and 4' being Do, length of,rotor-yokeswa_br 4' axially
at the-shaft-being'L,'therouter diameter a9d3inner :
15 diameter of the cylindrical flanges being DI and D2
~ respectively, the distance between the free end surface
of the cylindrical'flanges of the front and rear covers
and the opposing énd surface of the rotor yokes being D, ;
and the width of'thé air gap between the outer periphery
20 of rotor yokes 4,énd 4' and the immer surface of stator 17
being G, . - In Fig. 5, the magnetic flux shown by a dotted
line, which flows through permanent magnet 3;-8Fator jokes . ._ .
4 and 4' and stator 17, is the effective magnetic flux, |
which is neceésary for rotating the'motor;'while the - 2
"._25 magnetic~f1ux-ékhibited by the one-dot.chain'line which L
' flows through permanent magnet 3 to rotor yoke 4 to front
cover 5 to stator 17 to rear cover 9 to rotor yoke 4' and
‘back to permanent magnet 3 is the leakage magnetic flux.
Thus most of the leakage magnetic flux-flb&s:through the
30 front and rear covers., There is some_magnétic_fLux.which
leaks out from the front and rear covers, but thé_amount

of this is small, - This magnetic flux leakihg outside has



Iihe",mhich fl qws through pernmanent magnet 3, stator yokes 4 and 4' and
stator 17, is the effective magnetic flux, which is necessary for rotating

the nmotor; while the 25 nagnetic flux exhibited by the one-dot chain line .

;‘ .\. ’

whi ch -fl ows through pernmanent magnet 3 to rotor yoke 4 to front coyv 5 td“é
stator 17 to rear cover 9 to rotor yoke 48and back to pernmanent nmg 31is

t he, [ eakage magnetic flux. Thus nost of the | eakage magneti-c flux flows

thhﬁ“gh the 30 front and _rear.-covers._ There is sone magnetic flux which
| eaks out from thastpeem fautidehe bevelgossuprpﬁer&ﬁeuﬁi 5P thesmagnekic) .

Thi s magnet! ¢ 11 $Xukeptbiing LRLATR B magheries pHER WHENTENLORRERBEIRS .

proportional to e nmagne P sWen magneti c

magnetic path ofphbh bﬁakhegléahﬂnglmaghutiuhfihxlﬂhﬁdﬁBin&h&désouheaﬁéont
rear covers is not saturated. Therefore, in order to 5 reduce the magnetic
flux | eaki ng out SRdcTeAE ®oYers s noti pburatedeot Therefoxeat dn prder to

ragnet ¢ Palls {higugle \Dhe b hek £8K -G UBR G BLUSsEROMRORRKRS st 1

exhi bited by~a onhe- also uce e nagne |c’f

| eakage itsel f. ifiportant not #6 sabupatet bheamagnetdt phehethcoughewhlch
magnetic flux which Part|0|pates in the rotatlon of _the 6%3& wi t.h that of
the | eaki ng magnEhecleakingpagnetisEbuxkElavsubacknass g dked, byra

covers, the spac gqﬁana ﬁfliﬂﬁérﬁﬁﬁeﬁikXe Ba&aaugt tﬂg geek! #1ux

fluxes has to be: space per meance netlc pat h-
is equal to the: heahagertpsebﬁnted by [err] where Ais the dlnen5|on of t he
magneti c path al ong .t he
10 To compare the amount of the effective magnetic
flux which participates in the rotation of the motor with
that of the leaking magnetic flux which flows back through
the front and rear covers, the space permeance of the
 respective paths of these magnetic fluxes has to be’
15 analysed. The ‘space permeance P of the magnetlc path
is equal_to the amount represented by
P=y,.A( |
where A is the dimens1on of the magnetlc path along ‘the
direction perpendicular to the magnetic path L is the
20 length of opening and ko is the magnetlc permeance '
- (which is almost equal to that of a vacuum). The gap
) permeance Pm of the effective magnetlc flux will be
i ..Pm=:p,o DO.L _
G‘ . .
the gap width -GL being the effectlve gap width taklng

secsescscscnce (1)

25 into account the length of teeth when teeth are prov1ded.
' On the other hand, the space permeance P, of the leakage
magnetlc flux will be '
. - R 2 . : = -
. P‘ “0 . A (D 1 D 2) ooocoooooo.oo (2)
' 4 . D




direction perpendicular to the magnetic path,L is the 20 Iength of opening
sLerr] t he magnetic perneance (which is al nost equal to that.of a

um . The gap penneance Pm of the effective magnetic flux will be [err]-
. _ - (1) the gap width [err]ing the-effective gap w dth
t aki ng 25 into account the |engBk of teeth when teeth are provided. On the
- other hand, the space perneance PL of the | eakage magnetic flux will be 2~
2 [err] -9- ‘Assuming that the magnetic exciting power of the magnetic ‘~
flux of the respAgsrpdngathati $he magnetic; sxsa&s@sm wer of the perneance

of  nenbEARESE! ¥TuAPBE! RS £3QpbRRLvRIpAAST 160 siaeasE qulfi Ciently the

effectiv ux par |c pati Ag 1 n genératl € torque of the

not or. pmdpelrsﬂonelr tducthet perheakaec ofaghet r:esi:lec)t:.wie opemdngsg harnful as
wel |l as useless the ratio_of Pmand PL has tQ be_increased. The ratio is:

[err] gp thap in opder; o ipcrrrsecsubfisiently the effectivem on the right

and t PEREpEERECEL pRACETpEAE 1RO ghdiaciby thel EREANR BRRRE M Conts

the ramouobeandealsbetseceduneltuen&eakageomaghetebféﬂmuwcmﬁn@net|c pat h

d 15 | eak t th. Study .h d f th 3
2guat|9ﬁy(g? gﬁrpEe 22 %%il a ”%sé e%%, the %a ioa%fb%%Pag% %QQ © !_
has to be increased. The ratio is: .. . o : s
an/P,,__=;-.D‘- ¢ ADO ° L o'o_ooo_oolo.ooo (3)
*  p% =D,

10 In this equation (3), the first term on’ the right hand
side represents the ratlo of the width of the leakage
: magnetlc path and that of the effective magnetlc path,i
while the second term represents the ratio between the
sectional dimension of the effective magnetlc path and -
15 that of the leakage magnetic path. | |
- ‘ Study has ‘been made of the eqnatlon (3) in the
following in comparison with the result of an actual
experiment, Fig. 7 is a chart which demonstrates the
relationshlp between D,/G‘ and the magnetlc flux leaking

20 outside the motor, in the case of a compact stepplng

X

electric motor with a structure as shown in Fig, 1 and

for driving a magnetlc head, when G, = 0.03 mm and D,

. ‘.-"

is varied w1thin the range of 0 3 -6 mm.' In thls case,
D0 = 22 mm, Dl 22 mm, _2 = 16 mm and L= 4.mm, so that
25 the value of the second term in the equation (3), namely -
4DO « L/ (D - D ) will be about 15, whlle the actual '
‘measurement taken of the effectlve magnetic flux density
was about 1,200 gauss (0.12T). In Fig. 7 _the ordinate
represents the density of magnetic flux, nhile the solid-
30 'line curve represents'the density of the magnetic flux



--.

fohlomnhg in comparison with the result of an actual experiment. F|g
a chart. which denonstrates the rel ationship between [err] and the
f1 ux | eaki ng' 20 outside the nmotor, in the case of a conpact stepp
electric-nmotor with a structure as shown in Fig. 1 and for driving a
nagnetic head, when [err]0.03 nmand D erl@=is varied within the range of
0. 3 =6 mm In this case, [err[m so that 25 the value of the second

terffin th t 2 be abo whi th
agg ua: nneagureglrjrgn &éf(‘é& %‘thfl‘ize‘gh%‘élﬂl%é %éa‘é?ﬁYf‘Pﬁ;s’SE |§§r l'rh% © |
1,200 gauss (0.124) 4y, ?ihé‘afé? idﬂ %%Q ll{]dAH&tEhéeﬂi-SESHL?zﬁ? c&?@é'é*hf’lﬁits

nagnetlc flux, while e SO e curve represents the density o

the magnetic fl uxthe réIatiaﬂkhﬁg betweer thecheaksmaghetityfiuasanddDalG,
t he point -G indicated n-1ine curv ibjts the

rel ationship betuk%ﬁhtég'V #Eﬁgggféh$¢ﬁ£€g§d°Pthf Eéfiso? whhReh were
cal cul at ed onsthee§§§%§§gg étl efi&gt;vg ngéhgs LGX%Z?? . 408 oauss

(0.12T) and 2 ="1.5,"prov oW ng
equation : Effect4d ¥4mx ):= 1655 | prowilded thenfollowing [err]
The difference of the m net C fI density between the 10 solid-Iline
curve and the broREpRt} turve of Fig. 7 represents the difference between
the leak magnetic quXEffective Magnetic Flux _ D, 4Dy o L (4)
Leading Magnetic Flux Gy D2 - D2
: ' : I | 2

' The diffefenee_of the magnetic flux density between the
10 solid-line curve and- the broken~line curve of Fig. 7
Te resents the difference between the leak magnetic flux
flowing through the front and rear covers of the motor
and the magnetic flux leaking outside of the motor. As
‘can be seen from Flg. 7, the magnetic flux leaking .
l5 outside the motor and the leaklng magnetic flux flowing |
| through the front and rear covers are almost proportional.
From this fact, it is evident that a reduction in the
magnetlc flux leaking outside the motor can be attained
by reducing the leakage magnetic flux flowing through
20 the front and Tear covers, and this can be accompliehed,
as is ev1dent from equation (4), by 1ncreasing the value
of (D, /G, ) . (4D :. L/ (D 2) The effective
magnetic flux is the magnetic flux necessary for the

(e

_rotation of the motor and has a fixed value in a given
25 motor. R
Furthermore, if the.allowable maximum value of the density_
of the magnetlc flux leaking outside ‘the motor be given,
the allowable minimum value of the right sides of the
equations (3) and (4) respectively, will be known. As
30 mentioned above, the density of the magnetic flux leaking



flowi ng through the front and rear covers of the notor and t he magneti c
fI | eaki ng outside of the motor. As can be seen fromFig. .7, the nagnetic
Ieaki ng 15 outside the notor and the |eaking nmagnetic flux flow ng
tgh the front and rear coveny.are al most proportional. Fromthis fact,
s evident that a reduction i'n the magnetic flux |eaking outside the
m)tor can be attained by reducing the | eakage magnetic flux fl ow ng througv
t

20 the ©buRREdeNEhel fiotod disS getititdlliys sﬁanba.- Q‘.Qﬁ.ﬁmﬁhé siafy i s eviden
fromequation (4), by increasi ng ‘the value 2 - err The effective

magnet i c off] &hei ieaﬂr@geagﬁmat lﬁlme(fé@sdmg ftdrrfmﬂ'l eatfrontof the notor
and has aflxed val ue in r. Furt hernor i f the -all owabl e
maxi num ngu Fﬁé(e&?nsﬁr@ &V%aﬂg’r&ﬁ%’f‘i lﬁ?ﬁee'a%‘hgfq}ht de the notor

be gi Ve”coh'&ﬁ.d Riredalha 1 Ve g dtightf lbele ST rdfiireequat i ons
(3) and &') respecti vel {H WI I | be known. - 30 nentioned above, the
densi%y sestingnup ¢he welafdiomef -11- outside the motor is generally

~smaller than the density of the#eakﬁée magnetic flux flow ng t hrough the

front and rear cov 7‘%&& evdD Wor/st( & LY can be considered
equal to the Ieakinab gnetic fldx Th@refore by setting up the relationi

of 2 [erighet Hea k%g &tlﬂ"{){essadih 4 foqigqu{héhfom'cg s front and

rear covers can contr ol Ied t
"front and rear covers. can be controlled to less than

1/n of the effective magnetic flux, and also the
10 nmgnetic flux leaking outside the motor can be controlled
to less than 1/n of the effective magnetic flux. |
: Therefore, by choice of the dimensions of the motor, n
jcan be selected to produce a suitably small leakage o
_magnetic flux, . ' ' |
15 | ' ' Fig. 6 is a sectional drawing of a conventional
permanent magnet-type stepping motor, wherein 22 is the
front cover and 23 is the rear cover. A structure,
wherein the fronmt and rear covers are composed of an
outer cylindr1ca1 surface, a side and an inner
20 —cylindrical flange, formed into one ‘unit, has'been
known, but in the conventional cases, the one-unit
structure was- made of a nonrmagnetic material, such as
ldie-cast aluminium, and further, as indicated by the
'.numbers of 24 and 25 in Fig. 6, it is usual to put a

25 .slant towards the ends of the 1nner cylindrical flanges

¥l

opposing the outer periphery of rotor in order to reduce
the wall thickness towards the end of the flange , to
save material and for convenience at the time of
| manufacture. On account of this structure, a large
30 amount of magnetic flux leaks outs:l.de the motor as
shown by a two-dots-chain line in Fig. 6. | "



1/» of the effective magnetic flux, and also the 10 magnetic flux |eaking
out side. the notor can be controlled-to less than 1/n of the effective
magnetic flux. Therefore, by choice of the dinensions of the notor, o
be selected to produce-a suitably small | eakage magnetic flux. 15 ]
Fig. 671s a sectional drawing of a conve«l2enal permanent magnet-t e 2
stepping notor, wherein 22 is the front cover and 23 is the rear coVer.
st r'htture, wherein the front;and rear covers are conposed:of an outer
cylindrical surface, a sidcBestdes abpwee, 2hereas eenventionally bolted

T oertre s madgnd e dadla P! sudy Ao eRRYSOEL S Rhe SRIGES 0pERSE T
and further, as ivwetéaasedbyo theldutherstofo2it8neheSFronti 8ndbreat éévers,

usual to put a 25 slant towards the ends_of the inner cylindrical flanges
opposi ng t he out ey pehapging this grakeriabrierirenrenuenyt ather magnetiess

time of manuf b dPetSEHALE s 1 GoRANF EERELTG £ PLoRg uERLERET OO fhE
magnetic flux | eaRpontt ghderése Mﬁsa%ﬁ@mmémdﬁlﬁxcrﬁmﬁgne in

Fig. 6. -12- Besi des above, whereas conventi y bolts_and nuts_nade
of such non- magne®wesige cks aredugedsash practicall example oficthisteffeet(he

front and rear coyegr | hi edal to LT a ot her
magnetic 5 mat er#gl S e flggi%ie]g'ng nméf%%&?lgﬁé glg?g@t"@fto the front
and rear covers, médstPenengnef i thé Imaghetic ndensity leaking outside

10 a conventional motor wherein the front and rear covers

are made of non-magnetic material at the point G in
Fig. 6 as compared with the embodiment of the present
invention as shown in Fig. 1 wherein iron covers are
employed with the values of the right sides of the -
15 équations (3) and (&) respectively being set at around N
' .60, and compared with the case when iron bolts and nuts

' are used for -hoi&i_ng the _covers'_ to the stator.

Table -1 .- 7

Conventional Motor | Motox of Préseixt”_ Motor of Present

s with Non-Magnetic | Invention with " Invention with .
L : Cove ra ... | Iron Core and
; ! 8 oL Iron Covers. ' Iron Bolt & Nut
g g;gnetic L%z, ann | . :12;,'2_'- 2y, 27
. XX . wox. - . r B R W.B. * P y L V.B. P ’
sDensity | i | T ln] o un] BeMeEon g T | BeBo
Gausa =1 100 1100 .'-s-*.-_._..-.:?- T 15 10 7] 10
Noter | * WeEe's Without exeteation T Y’

*%.12 ¥, 2 P,E. ~ 12 V. 2 phase magnetic excitation




outside is reduced . A practical exanple of this effect is shown in.

Table-1. This shows the result of measurenent of the magnetic density ,
{ng-outside 10 a conventional nmotor wherein the front and rear- covers -
de of non-nagnetic‘naterial at the point Gin Fig. 6 as conpared with
_,pdlnent of the present ipygntion as shown in Fig. 1 whereiniron
r'is’are enployed with the values of the right sides of the 15 equations.

(3) and (4) respe |ver bej t arcnngir conpared with the cad®
when iron bolts a eéh%ip?{; ng% ?%F? e stator

Tabl e- & rimtadd Ortiﬂe Mfacmwopfa RAGSS¥] é\&ﬁf.ppé\@ i [err]

Iron Core and Covers I ron Covers err| [err] Magneti ¢
[err] * st[mqt]u:{eemhiqmtmsures “thate the magnefiic akeajeing [err] -13-
Thus, d, ,accordin res i nve t|on t h facture of

a notor, 4§ﬁ§aﬁm§?\ﬁh41QPEﬁ¥Ei§E} ﬁﬂﬁyﬁlgﬁg ?ﬁ?ﬁ%égﬁilt qux

| ealg ng 1@Jtﬁc<iqiaiaﬁéaf OfHi s | s | Bmsos mtmﬁmwmm ssabl e, i's

facilitated. "This is inportant in view of the objectives for the use of
st eppi n@bjecsiyes Moy the use of stepping motors. Also the

mass-productivity of the motor is improved by the _
possibility of forging or sintering the front and rear
covers, and by haking_the binding bolts and nuts with
':10 such magnetic materials as iron to produce a stepping
motor which has very limited amount of magnetic flux .
leaking outside.

IR & N

LE



mass- productivity of the notor is |nproved by the p055|b|I|ty of forging or

sintering the front. and rear covers, bi ndi ng bolts and

nuts with 10 such magnetic naterlal mﬁuce a steppi ng notor
out si de. -14-

whi ch has very linmted-anount of nmagne ICc
CLAI M5 1. A permanent nagnet stepping Ophor conpr|5|ng: a magneti ze
rotér on a shaft, the rotor conprising a 5 circul ar-pl ate pernmanent
magnet sandwi ched bet ween two circular rotor yokes of ferro-nagnetic
material, the owgmarmMy ameter of the yokes being Do and the thickness
yokes along the Shaft being L;. a stator adjacent the rotor, the stator .
having coils 10 adapted to carry current to nagnetize the stator thereby to
cause stepwi se rlot ati én pefrmanentomegnethetepping metlr heommtigingvi ng

opposi ng surfaces Spa%e%a%e%l%at 98€8r%ﬁf£]sﬁaf"@s'£}9eoéo@ozf B! iaC
material nutually su port| the rotor and stator lg;%éyfplng magnet’i c

15 flux ardund larselate RETRAVEAG E??Pﬁﬁr?%%ﬁw*?
axially of the sdiafdullaavwaodsrt jekest of, féhEoemagmetﬁéuﬁﬁﬁﬁrxﬁlirﬁhéldummm
being Oerr] thedlamg'.rerdl ?”‘%h%r EEQQLSEE%ES%haMt e VA& Jﬂ?e"éd{'%[@ thy face

opposing the free end surface of & Corres I ng flange, ance 20
bet ween t he oppasikes adongcsheophpfit Pekegdaht corresponding fl ange being

[err] wherein the di mgngitarerohdihgefit BheSpbtsfy ¢hE dd@drd MWy Zoils 2
10 adapted to carry current to magnetize the stator thereby to .

e

cause stepwise rotation of the rotor, the stator and the
rotor having opposing surfaces spaced by a distance GL: and
‘a casing of a ferro-magnetic material mutually
supporting the rotor and stator and ehtrapping magnetic
15 flux around them, the casing having cylindriéal flanges
extending axially of the shaft towards the rotor, the outer
diameter of th flanges being Dy and?the inner diameter
being Dz, eacﬁ-rotor'ybke_having a surface opposing the .
free end surface of a corresponding flange, the distance’
'20 between the opposing surfaces of the yoke and corresponding
_flange being DL’ . .
wherein the dimensions of the motor satlsfy the
relationship '

25 Dy/Gy>n (nlz - 022)/(400 . L)

thereby to reduce the magnetic flux leakage from the motor

to 1/n of the effective magnetic flux, n being any natural

number. ' '
30 _ _

2. A stepping motor adcprding to claim 1, wherein the

casing comprises two cover portions, one on each side of

the stator.

35 3. a étepping motor according to claim:z,'wherein the



25 [err] thereby to reduce the magnetic flux | eakage fron1the
notor to 1/n of the effective nagnetic fIux——n—berng-aﬁy—ﬁa%ural nunbeL.. 30
2. A stepping notor according to claim11, wherein the casiing coﬁprlses ‘
two gQver portions, one on each side of themmmm mﬂuﬂﬁ"m A st epping
not gkCaccording to claim 2, whergidL the ween the two
covR&Hortions, and secured thereto by fasterin§s bf " f%rrfo- magnetic <

material . 4. A stepping notor according to any one. of clains 1 to 5
Wher ei 9theast i NYShELPPSEEwddie thnfdwd edvied! pbreibhst hankl saeasedS. A

st eppi not or ordin e of the ecedln ai s, -wherein teeth
are prﬁg?ﬂﬁ‘c?ltﬁyt %sb%’?’%b?% ‘??é]oaf %1%5016‘%9 8‘?’ eti ESteppl ng not or
according to claim5 wherein teeth are prOV|ded on a surface or surfaces of

the stgator 0&%’1?%%&#‘%6&?} haéHl#&l%gr c&or‘.mgt BﬁeSB?Cb@ iRk ihgoteeth on the

15 rotor bein ent fr acin h on the stator.. 7.
A Eernﬁn@h?rﬂhﬁﬂe?a%%%ﬁﬁn#&PRRE?NtQﬁH§9ﬁ§ﬁtF&PF&aééthFEFntﬁéscrlbed Wit h
referepténge@s.and as illustrated in, 20 Figs. 1 to 5 of the acconpanying
~ drawi ngs. _

P

5. A stepping motor according to any one of the preceding

A

claims, -wherein teeth are provided in the periphery of the
10 rotor. '

6. A stepping_motor according to claim S wherein teeth
are provided_oh a surface or surfaces of the stator opposing
the teeth on the rotor, the spacing of the teeth on the

15 rotor being different from the spacing of the teeth on the
stator.. ' ' '

7. A permanent magnet stepping motor substantially as
herein described with reference to, and as illustrated in,
20 - Figs. 1 to 5 of the accompanying drawings.




