2143668 - 1- DI SK STORAGE DRI VE The present invention relates to
magneti c-di sk storage devices in general, and to a magnétic-di sk stofage
drive in-particular. 05 . As us]d in this 'Specification (including the

d ai ftjqé-lgeof)',- the term nEgnetic [di sk storage device" neans aﬁﬁ;ﬁg& _
whi ¢ i4's” representing data are magnetically stored in circul ar

rigid ol exi bt e-di sks which are rotated- at--rel-at+vel y-hi gh-10 speeds.
Bits ar scribed or read by a read/ wite head which nust be accurately
positioned relative to the particular track which is being inscribed or

read. Data storage di sks are suitab sko d I e data quantities,
which are witten or read out with : netic head

tren ¢ ¢ i th 28SELETER .
nead arrangement . honThf: RTRSCBE HiZRRREOR.FedataY £, mednabt TRUNRE 1 hat

bl er ' di L.gles. .2 The .obj ect, of the’
Pvention i s to pEor e SATHERe o haRBkkal fana b, m, med s wini cn

obvi at es such prQ§@5%$E§“ﬁ£{@bd?ﬁaRQPQFEuQQQ.OUtpUt' The invention is based
the a

on the finding that cause of orenentioned problemcan be dirt 25
Do e B! L00, |  pbea i ensInapllae e et (e e |
particular, greasgiafiis OitéréBE) ) CLRE €PmeHARALIIONAIR A IdYL
- device" means é'device in which bits representing data L
W are magnetically stored in circular tracks on rigid orl
flexible disks which are;iétated at relatively high

10 speeds. Bits are inscribed or read by a read/ write
head which must be accurately positioned relative to
ﬁhe particular track which is being inscribed or ;e;d.

Data storage disks are suitable for storing large
data quantities, which are written or read out with

15" the aid of a magnetic head argangement if the storage .
disk is rotated with respect to the magnetic head ¢

© arrangement. Wheﬁ yriping or reading out data it has

'Eeen found that problems sometimes occur due to dirt
- particleé.

20 The object df the invention is to provide a
driving mechanism for a data storage drive, which
obviates such problems during data input and output.

The invention is based on the finding that the
cause of the aforementioned problem can.be di:t

25 éarticles emanating from the drive. The dirt may come
not.énly from the bearings, but also from the winding
with its highly structured surface. 1In particular}-

grease or dust particles can escape from the bearing
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- - system In general, the dirt*particles fromthe bearing system have
been hel d back by conplicated and expensive seals, e.g. Ferrofluidic seals,
whi ch:bring about a sealing action between fixed and rotary parts as a
resuCBxﬁtia combi ned action of nagnetic fields acting there, together Kﬁgﬁ
| ubri cant enul si ons contai ning magnetically conductive particles. Acco ng
to a first aspect of the invention, there is provided a magnetic-disk
storage device (as herein defined) conprising: 10 nmeans defining a
cont am nant - free housi ng acconmodati ng at_lgast one rotary nagnetic-data
storage disk; a brushless d.c. notor having an annul ar stator surrounding a

bearing tube, ar r. shaft journalled gn a rotor bearing.in said tube, and
a cup-shaped 15 éﬁ%%SQﬁnnﬁq %ﬁ%g%éﬁ;#éﬁméhr E§a§% ?s Eﬁ?egh?o the 15
rotor shaft for meladting) dyianiidve dsh MU 15akK W dédepi heasbat ahqand

spaced therefromby a cylindrical air-gap and extending axially beyond the
stator, fhe notoreXRenslveoFralds wit g« Rextotluidihe stalse ¥bioh bovéaged in

5P 0, pnt A nant st SO A e SRS ROIDREd | 0l B 3h BHEeY K

05 as a result of a combined action of magnetic fields
acting there, together with lubricant emulsions
'containing magnetically conductive particles.

According to a first aspect of the invenéion,
there is provided a magnetic~disk storage device (as
herein defined) comprising: |

10 means defining a contaminant-free housing
accommodating at leasﬁ one rotary magnetic-data
storage disk;

a brushless d.c. motor having an annular stator
surrounding a bearing tube, a rotor shaft jdurnalled
in a-ro%or bearing in said tube, and a cup-shaped

15 rotor comprising a permanent magnet and'sécured to the
rotor shaft for rotation therewith, said rotor
surrounding the stator and spaced therefrom by a
cylindrical air-gap and exteﬁding axially.beyond the
stator, the motor being mounted with the closed end of
the rotor located in said contaminant-free enclosure;

20 and |

means connecting the storage disk directly to the
rotor of rotor casing of the motor for rotationl
therewith; |

wherein a labyrinth seal defined between a

25 stationary first element and a second element .
rotatable with the rotor is located between the rotor

bearing and said air-gap to prevent contaminant
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theremnth mhereln a Iabyrlnth seal defined” between a 25 stationary first

el enent and a second el ement rotatable with the rotor is'|ocated between
the rotor bearing and said air-gap to prevent contan nant - 3 -
q?htwq,es fromthe rotor bearing entering the air- gap. According to,gA
sécoff/aspect of the invention, there is provided a driving nmechanismfor a
magneti c- 05 di sk storage deV|ce as defined in Cdaim1l, said nechanism
conprising: - a brushless d.c. notor having an annul ar stator surrounding a
bearing tube, a rotor shaft journalled iy a rotor bearing in said t ube, "and
a cup-shaped 10 rotor conprising a pernanent nmagnet and secured to the
rotor shaft for tion ther sai.d rotor surroundi t he stator and
spaced therefPﬁ b§ &ScyfFPidrs aFQ£qr Rear 1 GYntRhgH&i 2ty beyond t he
stator, the nDt r being suitable for mounting with the 15 closed end of the
r ot or Iocated SPR*sai d contami nant - free housi ng; and neans to connect the

storage disk direc OL0rg t.o | tor for
M:Xo%:ﬁ go r{éj Jp qis o ﬂIe Vgr[‘)t"]"J;';}\,f"lerei n a

rotation therewith Tn r‘l"tam nan ree “encl osure,

| abyrinth seab,dgli 9gdppel¥aga a %&qwl%a%édmsn?'@&erﬁ #lhée pecon

elene t
: 05 4disk storage device as defined in Claim 1, said

mechanism comprising:-

~a brushless d.c. motor having an annular stator
surrounding a bearing tube, a rotor shaft journalled
in a rotor bearing in said tube, and a cup-shaped
10 rotor comprising a permanent magnet and éecufed to the
rotor shaft for rotation therewith, said rotor
surrounding the stator and spaced therefrom by a
cylindrical air-.gap and extending axially beyond the
stator, the motor being su;table for mounting with the
15 closed end of the rotor located in said
contaminant-free housing; and ';)

means to connect the storage disk directly to the’
rotor or rotor casing of the motor for rotation
therewith in.the cont&minant-free enclosure;
20 wherein a labyrinth seal defined between a
stationary first element and a second element
rotatable with the rotor is located between the rotor
bearing and the air-gap to prevent contaminant
particles from the rotor bearing entering the air-
25 gap_.: | .. | . ' ..

The labyrinth seals make it possible to prevent,
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rotatable with the rotor is | ocated between the rotor bearing and the
air-gap-to prevent contam nant particles fromthe rotor bearing entering
the, air- 25 gap. The labyrinth seals make it possible to prevent, -égp
the(hugb.Of dirt particles passing fromthe inside of the notor into tx&Y
area of-*the data storage disk, so that no problens occur when witing or’
readi ng out data. 05 Sui tably, the-rotatable- elenent of the

| abyrinth seal defines-:a groove into whieh4the stationary el ement extends.
Alternatively, the labyrinth seal can be formed by stationary el ements

whi ch intérl eaveth® tigitf abiet ceaptickes ppageingofisonokbei insidg of
rotational elements. Preferably, the conb-like projections have unequal
spaci ngs and t héeh@imptarm intkr the | anest of othe odatagptosagat digkekBOss from
said rotatable elenments. Suitably, the stationary elenment is part of the 15
stator: It is prRAeriQPERIeRS OFeHy ¥hen €ehting ppcReading O8E end of

t he bearing tube, Advant ageously, the end of the bearing tube can constitute
the fixed el enefl®%f* t he | abyrinth_seal. It is preferred that a further

clonent ot athbl o w (TRTTETH oir e PhARRES ¥ omeRh B LA aBY-intRoO™

' seal defines a ‘groove into which the stationary

element eitends. Alternatively, the labyrinth seal

bt can be formed by stationary elements which interleave
"y, with rotatable-coﬁb-like projections constituting
10 rotational elements. Preferably, the comb-like ¥
projections have unequal spacings and the said
stationary elements are of a different thickness from
said rotatable elements.
Suitably, the stationary element is part of the
15 stator. ' It is preferred that the labyrinth seal is
located at one end’of the bearing tube
' gj- Advantageously, the end of the bearing tube can

constitute the fixed element of the labyrinth seal.

It is preferred that a fufther labyrinth seal defined
20 Dbetween a stationary first element and a second element

rotatable with the rotor is located at the open end of

the rotor to prevent contaminant particies passing

frqm the air-gap to beyond the rotor wfth the open

outer edge of the rotor conSt{tuting the rotatable

25 element of said further labyrinth seal.

..n'Theﬁ or each, labyrinth seal can have a
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the rotor to prevent contaninant particles passing fromthe air-gap to

" beyond the rotor with the open outer edge of the roetor ‘constituting the
C_,[o'gfr.ble 25 el ement of said further labyrinth seal. The, or each, -

@19 nth seal can have a - 5 - "U-shaped part forned of a .
substantially radially extending gap joining two substantially axially
extendi ng gaps. The length (a) of one axially extending gap (neasured in
the axial direction) 05 preferably is |longer than the length (r) of the
radially extending gap (nmeasured in+4he «adial direction). Also the width
(d) of the axially extending gap (neasured in the radial direction) -

preferably mgesanlaped it forbordRoeuIBstamt lally £¥g€8USy10: 1 and r:d

.does not exceed 2:1. The driving nmotor is constructed as a comutatorl ess

direct currertemaiog Qfap e iy oo raindtdnPraliy harigelgrnent magnetic
rotor, the rotating rotor casing advantageously containing a 15 one-part
per manent nmegrehdding RAPS. a Ty rMayth (@ONet i oné ageideby i n annul ar
manner with approxi mately trapezoidal radial magnetization via the pole
pitch. The peteadéng gapndmeamured par tihaulaxiabedireagiben)conbi ned with--

~plastics _or aso-called rubber 20 nagnet. Such nmagnets are forned from

m xt ur e950f prafe reblyi tigs langest dhiarc tha ekérg th péxrdiofil they bari um
radially extending gap (measured in the radial - B
direction). Also the width (d) of the axially ~
extending gap (measured in the radial direction)
preferably is smaller than r. Advantageously, a:d

10 exceeds 10:1 and r:d does not exceed 2:1.
The driving motor is constructed .as a
commutatorless direct currenﬁ motor of the éxternai
rétor type with a éérmanent;magnetic rotor, the
rotating rgtor'cééing advantageously containing a
15 one-part permanent magnetic ring or a permanent-
magnetic tape bent in annular manner with = ;;
approximately trapezoidal radial magnetization via the
pole pitch. The permanent magnet can in particular--be
a magnet combined with plastics or a so-called rubber
20 magnet. Such magnets are formed from mixtures of hard
ferrites and elastic material, particularly barium
ferrite combined with elastomers.
The hub can be part of -the rotating rotor casing.
In this case, the magnetic shiéld isappropriately
25 housed within the casifg and the permanent magnet of e

the external rotor is surrounded-in bell-shaped
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ferrite conbined with el astoners. - The hub can be part of-the:
fotating rotor casing. In this case, the nagnetic shield is--appropriately
25 oused within the casing and the permanent magnet of the external k&R
i s gurrounded-in bell-shaped . -76 - manner by the nagnetic shield,

and the fixed storage plates located on the latter. In order to obtain
magnetic shielding which 05 on the one hand.requires a relatively snall
amount- of shielding material, but on the other hand provides an inexpensive

t tion th f f ' tray. fjeld h ti hield
aporopr 1 ately { oS Ot SAes Htadds ofo  iEpcahenteRdiner and
is 10 t t fitaad ti . : d, . deep- ,
base has a comi AT PdSan 108 P e pEUPEdORg un OEE ALEY, TRCGE: chose

af orenmentioned t ¥R, ASRENDd yﬁqgg’g)r%%@%%ﬁs&fggegomégkegi 5§Uiheand/ or

driving electronics which ensures t ssary 15 commutation. |If the

motor includes ajghitghd I'ing LAEUSbECaid SR Olc éﬁié§d§h§0wHQéﬁi bl e
to use the sane for cooling the speed control circuit and/or the drive

el ectronics, Ofar onCWha lohd ThdMi® Bl t £ 0AICESL a EDHODREEHSL BI 8mbAAL bE
thermal |y 20 conductive contact with the shield ring. On the end face
remote fromthe shiielidimg eiaverial, but on the other héqg\provides an
o inexpensive constructioh thereof'fgr suppressing stray
~ fields, the magnetic shield appréériately forms part
.0of the magnetic yoke for the permanent magnet and is
10 constructed as a soft ﬁagnetic, cup-shaped, deep-drawn
member, whose base has a coaxial recess in the core.
A driving mechénism-of the aforementioned type
generally comprises a speed ‘control circuit and/or
driving elec;roniéé which ensures the necessary
15 commutation. If the ﬁotor includes-; shield ring
connected to the stator, it is also possible to use
s tﬁe same for cooling the speed control circuit and/or
the drive electronics, particularly if the |
semi-conductor componehts are kept in thermally ‘
20 conductive contact with the shield ring. |
On the end face remote from the hub, the rotor
preferably has a fan fbr forming the ventilation area.
Such a construction'is not only particularly simple
but also leaves the circumferential surface of the

25 rotor free as a braking surface for the brake which is

frequently provided with such driving mechanisms.



'B?éfgfably Haé a fan for fornmng the ventilation area. Such a cbnstructidn
Is not only particularly sinple but also | eaves the.circunferential surface
- of §g§$25 rotor free as a braking surface for the brake which is frequently

/

(pro d with such driving nechani sns. - 7 - 1t is preferred thaty he
“El ey c notor is a bBrushless d.c. reluctance-torque notor. |In such a
notor the stator has a stator w nding which produces an alternating field,
an angul ar-position detector, 05 and Tedns for connecting said winding to a

D.C. current source in d%ﬁf dence %ggn signal s received from sai d detector,
the magnetic resi sttanice RuPierred othat phhe elecheifamrtorc i8i cuit being

(ot or and thOTHBTERR Sict (e L AR SHREaHE rBAE SR (o) SUGRT ot in 11 we.
relative to the e tro net i or que. produced.such, t hat ere the
el ect rorragnetmlocg%‘:t:loftg]‘uee g|¥"‘saaq"'z°e'% ot,%'l_}f h%qﬁ‘é?g%’faﬂbggﬁﬂﬁeﬁpl 5 gﬁ\fg?i“&eént to nove

ener 01 260 St arbE NG SO TonT 1 e et L Aagu AL PO EbR R By 07

energi zed stator w ndi ng 0 codperation

Wi th the g0t QindP HHHEL ERD @Arﬁ&éé@f@@n@si&-&Qﬁa!ﬂgﬁceapan@lb.havi ng a

magni t ude which is a variable function-of rotor gul'ar position 20 and
whi ch, at f OkcendRint BN dpdéhcoNSpoh §0§nh2EO eckvRly Zer 0

magni t ude and thus i ncapabl e of
from said detector, the magnetic resistance in the
staﬁéf-part of the magnetic circuit being variable in
dependence upon the'angular position of the permanent
.10 magnet rotor and the'motof producing a reluctance

moment which is offset.in.time rélative to the
electromagnetic tofque produced such that, where the
eleétroﬁagnetic torque is zero, the reluctance moment
ié sufficient to move the_rotof from said position of

15 zero electromagnétic torque.

The energized stator winding establishes a stétor

field which in cooperation'with the rotor produces an c;
electromagnetic-torque component having a magnitude
which is a variable function of fotor angular position

20 and which, at fore-determinéd angular positions of the
rotor, is of zero magnitude and thus incapable of
starting the rotor from said predetermined positions.
Accordingly if, when the motor is shut off, the rotor
were to éome'to a complete stop in said predetermined

25 positions, it could not thereafﬁer be restarted by

mere application of current to the stator winding.



“starting the-rotor fromsaid predeternined positions. Accordingly if, when

“the notor is shut off, the rotor were to cone to a conplete stop in said
prédeterm ned 25 positions, it could not thereafter be restarted by negé
apﬁE}cation of current to the stator w nding. 8 However, the rotor and =
stator Mre separated by an air gap and together forma nagnetic circuit ’
whose reluctance is a function of the angular position of the rotor thereby
producing a reluctance-torque 05 conponentg which varies as a function of
rotor -angul ar position and has a magni tude which is of a non-zero val ue at

the aforesaid pf@gvr?t{e;r”%g@ge "0 €8r 00! 8PP LEQNSBE AERE by an air

el ectromagneti c- onen non-zZeéro val ue

rel uctance- t or ayg PUPTENo il ! A5LHUE mbBRet 2L0E 1 FEQTLDGRBENY StuCk at

t he said predet r angul ar positfons during start-up of the

motor. A currently prefgtd egs tyPeupét DoHSBECERAed afigullrUpb8iesont Ejue
notor is of the type disclosed in 15 US Patents NoS. 3873897 and 3840761

(correspondi ng WhPaHr Nafer d5ip 2583d888ng 436 FéhcRanvel-toaguen CGer man
Al'l oned Application AS 2225442. Using a brushless d.c. .reluctance notor, it

i s possible 09 a¥mpdneénts aeiichl tartessaant fanghéonThifs riosopossigilan n 20
ot her motors only by using two separate w ndings which are electrically
- of fset by [err] poulitisougmd idsha magnitude which is of a non-zero
value at the aforesaid predetermined rotor angular
~ positions of zero elecgromagnetic-tordue component.
the non-zero value of the reluctance-torque equipment
10 precludes the rotor from becoming stuck at the said
,predetérmined rotor angular positions during étart-up
of the'motor.
A currently preferred type of brushless d.c.
reluctance- torque motor is of the type disclosed in
15 US Patents Nos. 3873897 and 3840761 (corresponding UK
Patent Nos. 1392582 and 1436716) as well as in German
U Allowed Application AS 2225442. Using a brushless
d.c. reluctance motor, it is possible to obtain a
practically constant torque. This is possible iﬁ
20 other motors only by using two separate windings which
are électricaliy offset by 90° and through which
usually pulses of opposite polarity must be fed. A
brushless d.c. reluctance-torque motor is thus
substantially simpler and less expensive since

25 nultiple windings and their associated electronic

controls are omitted. Moreover, this type of motor is
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usual |y pul ses of opposite polarity nust be fed. A brushless d.c.

rel uctance-torque notor is thus substantially sinpler and | ess expensive
© since 25 multiple windings and their associated electronic controls are *
{onfictyd. Mreover, this type of notor is - 9 - of excellent. operatyng
8 A&y and can be nade nore conpact than other notors of simlar ratings,
at the notor can be nmounted within the centre holes of the disks and
the bearing systemcan be nade 05 suffigiently robust-to assure a prolonged
service life. In connection with this latter aspect it nust be renmenbered

that the di skofiopgcéli PERECOpLEatingigudiiey ahd vV HRid Ler

di nensi ons of the notor |eave nore’room fof |arger bearings to be 10 used.

The fol | owi ncddpdcEesan PbtREr RYt¥RY B8F Siminla® Alvinysd Wd Renpf erence
to the acconpanyi ng drawi ngs, of presently preferred enbodi nents of the

i nvention. | nthdemotoini 88a: belhiounted Wighia thieS cRnfUrRyMyLe Yof/i ew, in

vertical section, illustrating a first enbodi nent of the invention; Figure
2 is an enl arges disksreandr yhdebaeakingesystemnican deredide cation of the
enbodi nent in Figure 1; 20 Figure 3 is a view analogous to Figure 1

butiIIlﬁﬂEaI$m@ﬁh@b¢hBlYenbbd$nehD eBsure ianpealiomged service
'life. In connection with this latter aspect it must
be remembered that the disk hole diameter is
standardized, so that overall smaller dimensions of
the motor leave more room for latger bearings to be
10 used. | -

The following is a description, by way of example
only and with reference to the acéompanying drawings,
of presently preferred embodiments of the invention.
In. the drawings:f

15 Figure 1 is a fragmentary view, in vertical
~section, illustrating a first embodiment of the
‘invention;

Figure 2 is an enlarged fragmentary detail view,

showing a modification of the embodiment in Figure 1;
20 © Figure 3 is a view analogous to Figure 1 but
illustrating another embodiment of the invention.

In "the eibodiment of Figure 1, the drive
comprises a collectorleés D.C. motor according to one
of the two previously mentioned US moﬁor patents or

25 the previously mentioned German Allowed Application.
This motor has a permanent magnetic rotor_l which

surrounds a stator 2 (i.e., the motor is of the



I n the enbodi nent. of Figure 1, the drive conprises a collectorless D. C
not.or according to one of the two previously nentioned US notor patents or
25 e previously nmentioned -German Al l owed Application. This notor .
perwanent magnetic rotor 1 which surrounds a stator 2 (i.e., the no EN
of the™ - 10 - external-rotor type). Stator 2 has a single-strand ndi ng
3 which produces an alternating field and am auxiliary reluctance nonent
which, in co-operation.with the el ectronagnetic torque, produces a total 05
torque of high cereépnay-roBokokybei)s | Gitatdld & has st adiorglevdtarandhaft 4

and a bearing system conposed of two anti-friction bearings 20 and 21 which
are spaced fromwbadingt Bewhazhapkpdateshansladfterhatihg fdiesldfandtami on of
the rotor 1 is designated with 10 reference character A Munted directly
on the outer perapkéljacy reducthocel momemt whdichon ithecastrperafiene two
disks 5, 6 of the_ disk storage (there could be a single disk or npre than
two). Mounting Vithfthet edegtzompggetic Forqgusnd PFodHQas urbkAH t he
notor 1; disks 5 and 6 are slipped over the rotor 1 (thﬁélhave t%e_usua
centre hol es§SanBorgugi REqhpghneonstRacy; ngRetor Lid (iprrnahted in
respectively. Ring 7 is_secured in_suitable nner. (e.g.,_Vvia screws, welds
or the like) 20 sgﬁt?ﬁe 2, ¥igra1s Pif%g ‘{Jaﬁ‘gs agﬁll}q p%ﬁtr%'h FRPT S |
of two anti-friction bearings 20_and 21 which are
L/' spaced from one another axially of the shaft 4. The
axis of roﬁation of the rotor 1 is designated with
.10 reference character A.
Mounted directly on the outer periphery of the
rotor 1 (i.e., not.on the shaft 4) are two disks 5, 6
of the disk storage (there could be a Single disk or
-more‘than two). Mounting is effected via rings 7, 8

15 and 9 which surrdund the motor 1l; disks 5 and 6 are
slipped over the rotor 1 (they have the usual centre
holes) and retained between the rings ‘7, 8 and the
rings 8, 9, respectively. Ring 7 is secured in
suitable manner (e.g., via screws, welds or the like)

20 to the rotor l; ring 9 has a flange portion 9a which
overlaps the upper side of the rotor 1 and is secured
thereto via a plurality of screws 10 (only one shown)
which are spaced circumferentially about the axis A.

Ring 9 presses against disk 6 and via the same présses

25 ring 8 against disk 5 which in turn is pressed against

ring 7; thus, disks 5 and 6 can rotate only with, but
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overlaps the ‘upper side of the rotor 1 and-is secured thereto via a
plurality of 'screws 10 (only one shown) which are spaced circunferentially
about.the axis A Ring 9 presses against disk 6 and via the sane presses 2%
rinaggg@galnst disk 5 which in turn is pressed against ring 7;.thus, 1__g1sks
can rotate only with, but - 11 - not relative.to, the rotor 1.
¥n view of this direct connection of the disks 5, 6 to the rotor, and the
position of the disks relative to the bearings in such a nmanner that the
centre of 05 gravity of the rotor 1 is }bcated between the two bearings 20,
21, forces are transmtted substantially uniformy to both bearings and the
di sks 5, 6 robat ceflakd vendoni ttheutrotmr substantial ly w thout, any
vi brations or oscillations. 10 As mentioned before, di sk storages are
nmost usual |y operéﬂedlﬁw<ﬁﬁnﬁhﬂ&uﬂﬂtqQQ%$¢nnﬁﬁt@ﬁnthptbee@$5kﬁeﬁ)aga|nst
contam nants. The drive according to the invention is particularly well
adapted for $ubR Sheagpregat iadd %\.ﬁ:mtﬂto%aﬁf okherdiskgnrelative
anti-contam nant feature. Mtors, no matter how careful I'y manufactured, are

i nevitably at@olih€e PEATIAGS i AN A Mannar sthak th®reeakte abraded net al

partl ol eB5™ Gebitekt K5, SRRSO Ui MBI 0Ll i opio ot rospher
bearings 20, 21, forces are transmitted substantially
uniformly to both bearings and the disks 5, 6 rotate | Q;
true and without, or substantially without, any
vibrations or oscillations.

10 As mentioned before, disk storages are most
usually operated in contaminant-free housingSto
protect them against contamina;tg. The drive
according to the invention is partiéularly well
adapted for such an appllcatlon, because it can offer

15 an anti-contaminant feature.‘

Motors, no matter how carefully manufactured, are
inevitably a source of contaminant particles since
lubricant, abraded metal particles are the like escape
from the motor into the ambient atmosphere. In most

20 applications this presents no problem, but it
does do so under. contaminant-free conditions; Under
such circumstances; therefore, the motor and disks may
be mounted on a base plate or surface 11 constituting
a part of the wall or walls which bound the

25 contaminant-free housing CR. Such mounting is
effected in any manner known per se and requires no

illustration.



does do so under -contaminant-free conditions. Under such circunstances,
therefore, the notor ‘and di sks may be nounted on a base plate or surface 11

censtituting a part of the wall or walls which bound the 25
contﬁtm,nant-free housi ng CR Such nmounting is effected in any rranner
per se¥&hd requires no illustration. - 12 - Attached to the rotor
and/or the ring 7 (or else integral with either of .these) is another ring

12 of generally L-shaped cross-section, havippg-a portion 12a which extends
parallel to the plate 11 and defines 05 therewith a narrow gap 13 which

communi cat'es W t hat fEcheEStHILhR 28Eo W nhaha?oal kh@apifl thqowlalse The
upper surface of portion 12a carries an annulus (one bl ade shown) of

radi al | y extendi nbnbégeles ditnhétbhareofir thaged dir anstaeentdiald YL Dioff he
ring 12. An 10 internediate annular plate 15 is nounted above the plate
11, between the sgemernalllyht-sSbapeddcrksS-settinadi Ahawinigneepoedtgenpdrda on
overlaps but is upwardly spaced fromthe blades 14. Plate 15 is provided
with one or nore Wpkeh nesténds pavabhlelntohtbes plétet 41 agdl dgfiines
installed. The air-flow produced by the ring 12 and its blades 14 (acting
as an inpel | 93 celesewithoasharrowi ganl a8 Bhish spmmunisadest math 1the or

“filters 16, so that apy contam napts rel eased by the notor becone entrapped
infilter(s) 16 Heusing fpRhand with the air gap of the motor. The

; upper surface of portion_lza carries an annulus (one

bt blade shown) of radially extending bladés 14 which are
arranged circumferéntially of the ring 12. An

10 intermediate annular plate 15 is mounted above the
plate 11, between the same and the lower disk 5; its
radia;;y inner edge portion oveglaps but is upwardly
spaced from tlre blades 14. Plate 15 is provided with
one or more openings {one shown) in which a filter 16

15 is installed. The air-flow produced by the riﬁg 12
and its blades 14 (acting as an impeiler)_causes a

S constant circulation of air through the filter or
filters 16, so that any contaminants released by the
motor become entrapped in filter(s) 16 and can do no

20 harﬁ in the housing CR. ' |

Two overlapping an;ula: baffles 17, 18 on the

.stator 2 and rotor 1 are interposed in the air-gap
between stator and rotor, defining with one another
their th air-gap which serves to further retard the

25 escape of contaminants from the motor to the |

housing CR.



20 harmin the housing CR Two overl appi ng:annul ar baffles 17, 18 on the
stator 2 and rotor 1 are interposed in the air-gap bet ween st ator and

«rotor, defining with one another their own air-gap which serves to further *

(hetard the- 25 escape of contanminants fromthe notor to the housing CR

‘ - The enbodi ment of Figure 2 is the sane as the enbodi.nent of Figure 1

h the exceptions to be described, and therefore an illustration and
di scussion of the already-famliar eIe s is not 05- needed. Figure 2
differs fromFigure 1 in the nore elab e seal which replaces the baffles

8. Th B h he baf f|
1 is a labyrinth S8 SRESH1RnE B FTRAY |.tx#‘o%5aﬁﬁﬁeﬁa?asgr Mes 22in
the inner SUférﬁS@dPﬁ‘rﬁﬁetBE i"i ake Wi sAe Q}?lér%’{)s > KXgr rfé%%?eprol ect.

fromthe stator ereis n contact o eri the materi a

boundi ng the gsge¥eBedndahle therateR@n AN it odigHY Y ef fective seal
agai nst 15 the escape of contami nants to the notor. Incidentally, it goes

Wit hout sayi ngiébaésebhheggbhehalyeady EawiQWwar adieddntHug\edigty of the
winding 3, it could be located radially inwardly of the same or it could be
| ocated b2 h needdedly i nwardly and radially outwardly
Figure 2 differs from'Fidure'l in the more
elaborate seal which replaces the baffles 17, 18.
This seal, arranged in the same location as the
baffles in Figure 1, is a labyrinth seal formed by a
10 plurality of annular groovés 22 in the inner surface
of rotor 1 into which a plurality of ribs 23 project
from the stator 2. There is no contact of the ribs
with the material bounding the grooves ahd the
arrangement serves as a highly effective seal égainst
15 the escape of cdntaminanﬁs fd-the motor. Incidentally,
it goes without saying that élthough the seal is shown
radially outwardly of the winding 3, it could be
located radially inwardly of the same or it could be
located both radially inwardly and radially outwardly
20 to improve the effect still further.
| Referring now to Figuré 3, a driving mechanism 10
has a commutator-less direct current motor 1l with a
rotor casi;g 14 fixed to rotor shaft 12 and concentric
to the latter. A group of stator plates 58 carrying a
25 stator winding 29 férms part of the stator of motor

11. The stator plates 58 surround a bearing tube 44,



20 to inprove the effect still further: Referring nowto Figure 3, a .
dri.vi ng’ mechani sm 10- has .a commut ator-less direct current notor 11 with a
rptar casing 14 fixed to rotor shaft 12 and cencentric to the |att A.

oup of stator plates 58 carrying a 25 stator wi nding 29 forns paggjaﬁ t he
stator~df notor 11. The stator plates 58 surround a bearing tube 44, -
14 - which is part of a central support 22. Rotor shaft 12 is mounted in
the bearing tube 44 with the aid of two-bgari-ngs 48, 48', which are held in
pl ace-by spaced retaining rings 50. A cup spring 52 bears against the 05

bot t om of bearlmlgﬁ lensaetrstahnbaat&laag spplort LAt eotivy Frreshed t 12,
so that bearings 4 "“are axially spaced relative to one anot her.

Together with aﬂsaﬁéeﬁbéa fhagse Beakeap Rableulas 44 thonme aideohivee die
casting. As an alternative, the bearing 10 tube .44 can be force fitted

into a hub joi negdatdngbange 38.',Rahdchcavieneld nioi pldce iy repauksi t he
group of stator plates 58, mhilst formng a cylindrical air gap 15, but on
t he side renoterétainihg aingsb5Y.f | angap3@pking $52ubedrsy agaisstedt;he
providing a hub 70. Hub 70 is used for nmounting and driving one or nore
(not shown) 0% xedttonr efebphzing 48/ agda ac aetadining inghdxd if aneter
corresponds to the external dianeter of hub 70. These plates can be
conner0|ally avh@tébeé Pgertgr shaft 12, so that bearings 48, 48'
are axially spaced relative to one another. Together
with an assembly flange 30 bearing tube 44 forms a
one-piece die casting. As an alternative, the beéring
10 tube 44 can be force fitted into a hub joined to
-flange 30. |
Rotor casing 14 not only surrounds the group of
stator plates 58, whilst forming a cylindrical air gap
15, but on the side remote from the assembly flange 30
15 is axially'éxtendéd, providing.a hub 70. Hub 70 is
used for mouﬂting and driving one or more (not shown)
N fixed storage plates having a central bore, whose
| diameter correspondé to the external diameter of hub
70. These plates can.be commercially available 5%" or
20 8" plates. The illustrated construction makes it
possible to adapt the diameter of hub 70 to the
centrél bore of the storage plates without taking
account of the necessary drive power of motor 11 and
the resulting most:favourable diameter of air gap 15.

25 A printed wiring board 20 is housed.in the free space

26 within hub 70. Wiring board 20 is circular and is



20 8" plates. The illustrated construction rmakes it possible to adapt the

di aneter of hub 70 to the central bore of the storage plates without taking

~account of the necessary drive power of notor 11 and the resulting nost *
rhavg .p.ble dianeter of air gap 15. 25 A printed wiring board 20 is hqu§ ed

connected to the central support 22. Wring board 20 carries the drive

el ectronics and a speed control circuit, which includes inter alia a Hal

| C 35 serving as a rotation position detldctor, output stage 05 transistors
61 and a potentionmeter 64. The soldered joints of the circuit conponents of
the drive el econnactedahd the spedaadostupplord 1224 t Wishirod bo&rgr20erabl y
produced in one operation, e.g. in a.dip soldering process, are indicated
at 65. Potenttarples thecdrivm Bdegisonicscand ia a‘meéemnwgobh fferent
operating points or for conpensating conponent tolerances. It can be

adj usted by nedRgubk.avwBicbwdpcludes dnteroraldmiveh Bkl 16 #Pange 30 and
one of the slots [n stator Iatgs 58. Aline 31 leading 15 to the printed
wiring board 29¥Y3ngoRfedt ERERS Q“dPGSHﬁHQHﬂ$§%ﬁﬁHQR¥ PR detagewiring

board 20 rr the so red _joint 65 faces t bas 40 o the r ot or
casi ng 1469 X gﬁ‘ﬁﬁ%ﬁﬁr%@n?“ i@ %hde g%

magnet i cal |y ggp,—,ggngycarggc%cmr rsms%r,%%e faof the drive

electronics and the speed control circuit, which are W/
‘preferably produced in one operation, e.g. in a dip
soldefing'procéss,'are indicated at 65. Potentiometer

10 64 can be used inter alia for setting different

operating points or for compensating component .
tolerances. It can be adjusted by means of a
. screwdriver via a not ehown bore ia flange 30 and one
of the slots in stator plates 58. A line 31 leading
15 to the printed wiring board 20 is cénnected to a d.c.
voltage source. The side of wiring board 20 carrying
the soldered joints 65 faces the base 40 of the rotor .
casiag 14.
In this embodiment, rotor casiég 14 is made from
20 a magnetically non-conducting or poorly conducting
material, e.g. an aluminium alloy die casting. A
plurality of continuous segments or a one-part
permanent ﬁagnet 56 is fixed to the inner surface of
rotor casing 14 facing stator plates 58. The

25 permanent magnet preferably comprises a mixture of

hard ferrite, e.g. barium ferrite, and elastic



material, e.g. an alum niumalloy-die casting. A plurality of continuous
segnents'or a one-part permanent magnet 56 is fixed to the inner surface of
rotor casing 14 facing stator plates 58. The 25 permanent magnet prefer.agly
co i.ses a mxture of hard ferrite, e.g. bariumferrite, and elastic ‘
16 ﬂﬁferlal ‘and thus forns a so-called rubber magnet. It is trapezoi dolfy
or approximately trapezoidally radially nagretdi zed via the pole pitch with
a relatively snmall pole clearance. A magnetic yoke 57 05 1is positioned

bet ween rotor camame ri4 larhdo ehusnduirnsgnedo-bfa 1 Iy natble iy akaeg gt al sk
fornms part of the magnetic shield. It is in principle also possible to
produce the rotoiscasiapgzbddaldy wayeerpizead imatedyd knapeagzaidakinl , 10
particularly-soft iron, it being constructed e.g. in the formof a deep
drawn part. In swedialdysamagnesiedds g rdwel gake LiGhratieh sdft iron yoke.

Magnetic yoke 57, including rounded portlon 157, and shield ri
surround t he nagﬁétllaGa-IVIG}Ya@M#é- Poleygkeaangss drd ﬂ‘?’&f‘%a‘fék&% 36 in

bel | - shaped manner. This effectivel revents the£ f{)o%éél on_of net iC
stray fiel ds%n tife Pasdd ignad,det YA LH s R ER3 ‘I"ﬁfb 70. The

SR 110 cannet Ba 42, SRadieUls VARY 51 ke, A bdle SEehar 20
magnetic shield.
Y It is in principle also possible to produce the
rotor casing 14 fromimagnetically conductive material,
10 particularly spft iron, it being constructed e.g. in
the form of a deep drawn part. In such a case, there
is no need for a separate soft iron yoke.
Magnetic yoke 57, including rounded portion 157,
and shield ring 60'surrouﬁd the magnetically active
15 part of the dr1v1ng mechanlsm 10 in bell-shaped
manner. This effectlvely prevents the propagatlon of
magnetic stray fields in the area of the fixed storage
plates located on hub 70. The stray field cannot pass
to any significant extent through the annular
.20 clearance between rounded portion 157, shield ring 60
and the recesses of shield ring 60 for the passage of
the one or more Hall IC 35, because the soft magnetic
shield rings draw said field towards them. In the
represented embodiment, the fixed shield ring 60 is
25 simultaneously used as a cooling plate for the output

stage transistor 61 thermally conductively connected



"and the Fécesses-ofméhiéld ring 60 for the:passage of the one of nore Hal
| C 35, because the soft magnetic shield rings draw said field towards them

I'n represented enbodi ment, the fixed shield ring 60 is 25 _ .
;ﬂ aneously used as a cooling plate for the output stage transistQr; 61
G YA |y conductivel y connect ed - 17 - to shield ring 60 by full ~

surface engagenent. |f necessary, the cooling bodies of output stage

transi stor 61 can be electrically insulated fromthe shield ring 60, e.g.
by means of a mica washer or the 05 |ike7 Lt is al so possible to subdiVide
shield ring 60 as the function of the nunmber of output stage transistors 61

in order to ayv®ighseltd Alng! 60t byCaL1iNgUk-#hian enfagamehk .f I@nge 30 nmakes
it possible to fit the 10 driving mechanism 10 in"a way not shown in Figure

1toa partitdéﬁbgs?a@},tﬂ@en@&olih?sbbalied egnbakpuanisthigee housing.
Partition 72 separates the ultra-clean area for receiving the fixed storage
di sks from t heraesbs toler 6 0f cahebei alecketicaflllyhdnspplataduEromythdi rt 15
particles, grease vapours or the |like which nmay escape from bearing 48 are
hel d back by sheikd ntinga6Ri ngsg90bydeadbeofabymiciahwastlerngs ahe f or med
by fixed and rotary parts, which coaxially interengage within the driving
mechani si?3 20Like.” ¥kt hsratpecrossibdar tagsabdivide sbiedd ring 60
' as the function of the number of output stage
transistors 61 in order to avoid such an electrical. v
insulation.
Assembly fl;nge 30 makes it possible to fit the
10 driving mechanism 10 in a way not shown in Figure.l to
a partition 72 of the not illustrated contaminant-free
houéing. Partition 72 separates the ultra-clean area
for receiving the fixed storage disks from the
remainder of the interior of the apparatus. Any dirt
15 particles, grease vapours or‘the like which may escape
from bearing 48 are held back by labyrinth packings =
90, 91. The labyrinth packings are formed by fixed
and rotary parts, which coaxially interengage within
the driving mechanism.
20 With respect to bearing 48, base 40 is
constructed as a cylindrical bush 92 and extends into
bearing tube 44. There is only a small gap 94, with a
maximum axial extension for the escape of dirt
pérticles from bearing 48, the action of labyrinth

25 packing 90 being reinforced by the gap 95 formed by

ring 93 and bearing tube 44.
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constructed as a cylindrical bush ‘92 arid extends into bearing tube 44.
There is only a small gap 94, with a nmaxi num axi al extension for the escape
of dirt particles frombearing 48, the action of labyrinth 25 packing 90.-
be{ﬁg'&gjnforced by -the gap 95 formed by ring 93 and bearing tube 44. ~—2
18 »~In the sane way, magnetic yoke 57 forns a further Iabyrinth pack
91. Due to the fact that yoke 57 engages in an all-round recess of flange
30 the small, but axially extending gaps—968 97 prevent the escape 05 of
dirt particles fromthe inside of the notor. To increase the action of the
| abyri nth packi ng whe rﬁﬂ%ﬂﬁﬁﬂ%mﬂﬁytrﬂPQﬂ?¥1%a¥?¥%l§§,f?ﬁ@5a§|ﬁvryh?gl

di rected gaps 94, . 97 .are i, each case kept as narrow as pgssible,
i.e. they arer é&bi%lyn%gimﬁﬁc%&%gﬁma&ﬁ)p'f%x'fth%t%‘T‘f/t 1ERt ZWEbgg t hey
have a maxi mum ayj e G _ 2 The.g size,or thickness in
the radial di re?tqg?r?écsznq%%{hrbeal?lan’g%%% '2%?5 %’Ecgﬁirégf h?g ﬁ%ﬁn%‘_“ﬁii)h i
manuf act uri ng cogfs i it ' n : pending on the
characteristics 15 agt;l(%]?%rei’ %gféacﬁl%r?ié%%%e%\?' ?ﬁg%%??éeféc%%bggcapg

consi der abl @5 Seffh qliFeGa M ired tns He 1Ms1de!oPPRASRILSE. €, 0. 5000
r.p.m However, the radially divided gaps are axially e.g. or 5mm "thick
and radial 'y preferaly iheireustOWHE "doniBn dfhase Vabpesnd packshg to a
not or size, whose dianeter is half that -

when holding back the dirt particles, the axially

— directed gaps 94, 95, 96, 97 are in each case kept as
| narrow as possiblé, i.é. they are radially small being
10 approximately 1 to 2mm, but they have a maximum axial
length, e.g. 5 to éoﬁm. The gap size or thickness in -
.the radial direction cannot be randomly small, because
.this means high manufacturing costs and in particular
‘high windage los;eé. Depending on the characteristics
15 of the adjacent éurféces, the latter éan be
considerable. Such d;rect store drives are in fact
\_ operated at e.g..5000 Y.pPo.Mme. However,.the ;adially
. divided gaps are axially e.g. 3 or 5mm "thick" and
radiaily preferably below 100mm "long". (These values
20 relate to a motor sizé,'whosé.diameter is half that
shown in Figure 1). Further gaps ére also possible.
Thué, labyrinth memﬁefs cén additionally pass
efg.-from a coil end cover in comb-like manner into
recesses of oppoéing matchiﬁg éhaée formed in the
25 bottom of a bell—shaped 6uter rotor casing. It is

preferred that the axial



shown in Figure 1). Further gaps are ‘al so ‘possible. Thus, l'abyrinth

menbers can addi tionally pass e.g. froma coil end cover in conb-1ike

into recesses of opposing matching shape formed in the 25 bottom of *
shaped outer rotor casing. It is preferred that the axi-.al /19 -

' on of labyrinth gaps parallel to the rotor axis is. greater than the
radi al extension thereof. Further it is preferred that the thickness of the
| abyrinth gap is small over its axial extension and |arge over 05 its
radi al extension. .1t also is preferred ¥hat a/d is greater than 10, and r/d
is at nost 2. Afan 32 with fan blades 33 is fixed to the free end, of rotor

shaft 12 rempf8teRSIPRuGE dab¥YHi I92RE RAFahl e hi BRsERSi FORDYef®h® in the
icinit f 10 th Iy fl 0 t hat, t he fl [ led. B
heane. of bear FRGOFEBECRs CRAR 8 JAEH IR ASP DR HTbm nERBRREE | o
ffecti | ducted t.o th t Si i n.thi ) t | ectri |
f fectively oqpdg g, Uie QLN S d AL o 70, et Rl ot o
reliability Oé?ﬁhgspgﬁ%ilSBWé? fﬂgggﬁﬁgfﬁéxééh fb&wgﬁémqééﬁglgvggnnected

in electrical conductrive manner to e apparat-us chassis Via a bearing

bal | 36 apg a;Rgl r3A9WD PKteHEIGH! 2Cie ffko is prPFefrEAVLRLEra)gss d. C.

notor 11 can R
is greater than 10 and r/d is at most 2.

A fan 32 with fan blades 33 is fixed to the free (W,
end of rotor shaft 12 remote from hub 70. _fan 32
leads to an intense air movement in the vicinity of
"10 the assémbly fiange 30, so that the flange is cooled.
By means of bearing tube 44 and flange 30 dissipated
" heat froﬁ mqfér 11 is effectively conducted to the
outside in this way.
To prevént an electrical charging of the rotor
15 Beil which would be_prejudiciél to the operating
'réliability of the plate store, rotor shaft 12 is
appropriately connected in electrically conductive
manner td the_apparaﬁus chassis via a bearing ball 36
and a not shown spring contact. |
20 The commutéto;-less d.c. motor 11 can
advantageousiy be a single-phase electronic motor with _
an auxiiiary reluctance moment (single or two-pulse)
(US Patent 3873897) or a three—phase electronic motor
as described in earlier-dated German application P30

25 21 328.6.

The idling speed of motor 11 can be 5,800 r.p.m.



adbantageousry be: a si ngl e-phase el ectronic notor with an auxiliary
rel'uctance nonent (single or two-pulse) (US Patent 3873897) or a

thr -Rhase el ectronic notor as described in earlier-dated Gernman e
,appliﬁglfon P30 25 21 328.6. The idling speed of nmotor 11 can be 5,800 * 3
r.p.m - 20 - and the rated speed e.g. 3,600 r.p.m ..The stator (:i:)
advant ageousl y has four distinct wound paql wWhose pole tips are so

deformed that the width of air gap 15 is nmodified in the vicinity of the

tips 05 and conggguggél %SEQE'FF%BH gr.édr ?ﬁg;:éégsqgﬁ.@ﬁent i s produced.

VWhil e the i nventron en i strat bed with reference ro

the drawings, it is nehel thge%damamalbwutsq@ tHad %Sﬁetﬁdéirﬁ\?%uﬁd hce

10 wvarious nodifications and structural changes may be nade w t hout

departing in anypuaysf,r alosae PBfleSQ.'ltps' RN P Mo rdRid Nathd neHdawidtn owi ng
Clainms. For exanple, ring 7 of Figure 1 could be integral with rotor 1. 15
Attention is drage hert Eﬁpe&iss'iienﬁ@d@.ffi%rqfﬁ tAeD viicsiin ity NeE e A0ils whi ch
clainms a "magnetic- disk storage drive" wherein the electric notor is a
"brushl ess dgs. aaducbasequentdye titel @uxi IirPareinictypte asdment aiso
clainms a "magnetic-di sk storage 20 device" conprising said drive having at

| east one data - produced.

While the invention has been illustrated and
— described with reference ro the drawings, it is not
intended to be limited to:the details shown, since
10 _various modifications and structural changes may be
- made without departing in any way from the presént
invention as defined in thé following'C1aims. For
eiamplé, ring 7 of_Figure'l could be integral witﬁ
rotor 1. |
15 Attention fs drawﬁ to the existence of Parent
Application No. 8107013 which claims a "magnetic- disk
i storage drive" wherein the electric motor is a
*hrushless d.c. reluctance torque motor". The Parent
Application also claims a'"mégnetic-disk storage
20 device" comprising said drive having at least one data
storage disc held by rotary disc-clamping means
thereof. The terms “magnétic-disk storage drive”,
"magnetic-disk storage device" and "brushless d.c.
reluctance torque motor" have meanings defined in the

25 Parent Application.



storage di sc held-bymrofar§;d4§e—e+aﬁﬁ+ﬂg—neans t hereof . The te}ns

"magneti c-di sk storage drive netic-di sk storage devi ce and: brushless
de~.reluctance torque nntoiuu Hﬂﬁ H Eﬂldeflned in the 25 Parent,

ppPé)cat i on. 2143668 CLA i c-di sk rs\ga;&g Segl ce (a8,
"h{Pe¥n defined) conprising: nmeans deflnlng a contam E ousi ng
acconnndatlng at | east one rotary nagnetic- dat a storage disk; a brushless
d.c.” nmotor having an annul ar stator.suryounding a bearing tube,_a r ot or
shaft journalled in a rotor bearing ingaaid tube, and a cup-shaped.rotor
conprising a permanent nmagnet and secured to the rotor 10 shaft for
rotation therewth, said rotor surrounding the stator and spaced therefrom
by a cylindrical -air- gap and extendii@éﬁgially beyond the stator, the
oo Pelng mount off widdbd N1e- 6196 o6k PG 0T abPECL O} 88 hBEBLRTabR 5
cont ani nant -free énc ure, neans nnec e storage dis I'rectly
to the 15 rot@mpyigiaigs casing of the mot or for rotation therewth;

wherein a labyrinth seal defined between a stationary first el enent and a
second el enent rotMfHE ek imingea repnianinaptafree bBOWEEATt he rot or

accommodating at least one rotary magnetic-data storage

disk; >

0s

a brushless d.c. motor having an annular stator \U
surrounding a bearing tube, a roter shaft journalled
in a rotor bearing in said tube, and a cup-shaped rotor
comprising a permanent magnet'and secured to the rotor
10 sShaft for rotation therewith, said rotor surrounding
the stator and spaced therefrom by a cylindrical air-
gap and extending axially beyond the stator, the motor
being mounted with the closed end of the rotor located
in said contaminant-free enclosure; and
~ means connecting the storage disk directlf to the
15 rotor or rotor casing of the motor for rotation )
therewith; - ' oo’
wherein a labyrinth seal defined between a
stationary first element and a second element

rotatable with the rotor is located between the rotor

bearing and said air-gap to prevént contaminant

20 particles from the rotor bearing entering the air-
gap. |
2. A device as claimed in Claim 1, wherein the
rotatable element defines a groove into which the
stationary element extends.
25 3t A device as claimed in Claim 1l or Claim 2, .

wherein the labyrinth'seal is formed by stationary



bearlng and said air-gap to prevent contam nant 20 particles. fromthe rotor

beafing entering the ‘air-.gap. 2. A device as cl ai med in Caiml, wherein
t he rotat abI e elenment defines a groove into which gmmt“mummum nent. °
ext endS. A device as claimed in Claim1 or the ™
Iabyrlﬁ?ﬁ seal is formed by stationary 22 elenents “whitch®interi eave
with rotatable conb-iike projections constlﬁﬁﬂ+ng rotational elenents

A device as claimed in d ai m 3, vvherein the"Co'rrb | i ke projections h@
unequal spaC|ngs rein th d

slt ationary el erreﬁlj‘%mgl’% of"ha{‘ gﬂ Y e«f eaﬁﬁ ar:‘hetg%sr?tr%trﬁ@aq oc‘?%hGaEa]b?e

6.
wherein ihe stat PooYestiPRes Bl ot ﬁﬁ%%*ﬂa (dd 18 e as
.clained in daimgl or Cld@‘mc% A\gggledlqné&q,* qﬁyg ?ﬂré& %etg&n@_t one

end of the bearlng t ube. evice as C alne rern an
end of 15 the beq&k@gprbg@%ﬂyymgqﬁg@p%ﬂg&hgl>gggéiﬁggnu of the |abyrinth

seal .
‘05 S. A device as claimed in Claim 4, wherein the said

stationary elements are of a different thickness from
said rotatable elements.

" 6. A device as claimed in any one of the preceding

| Claims, wherein the stationary element is part 6f the

10 stator.
7. A device as claimed in Claim 1 or Claim 2, wherein
the labyrinth seal is located at one end of the bearing
tube. . : . .
8. A device as claimed in Claim 7, wﬁerein an end of

15 the bearing tube constitutes the fixed element of the
labyrlnth seal.

\/' 9. A device as claimed in any one of the precéding
Claims, wherein a further labyrinth seal defined
between a stationary first element and a second element

20 rotatable with the rotor is located at the open end of
the rotor to prevent contaminant particles passing from
the air-gap to beyond the rotor, with the open outer
edge of the rotor constituting the rotatable element of
said further labyrinth seal.

.25 10. A device as claimed in any one of the preceding



s 9. A device as clainmed in any one of the preceding C ains, wherein a
. further | abyrinth seal defined between a statiemary—first—etement and a

;rd elenment 20 rotatable with the rotor is Io end of *
‘g"’w- to prevent contam nant particles pasji m“‘l Elﬂm[gapu,@
\ﬁﬂz the rotor, with the open outer ed of the} L [ i ng the

rotatabl e el ement of said further |abyri seal . 25 10. A device as
claimed in any one of the preceding -— <tains, wherein the, or each,

| abyrinth seal h "y t_forned of tantjally radially
ext endi ng gag SAORR TR S B T5 94 s TR0 Cr SHER o Badsa 08 11

S St S LB 4 OB AT T g
(1) o e " gealotan g o, (eIt Loey s ol dect on), 10

extendi ng gag«teRazw iy the radial direction) is snaller than r. 13. A
devi ce as claﬁned inbgg§%% 12, wherein a:d exceeds 10:1 and r:d does not
~exceed 2p%. 13, 14 dedidd U CVHGE SN Ed iR 1BYWhéFe fhSknat orage device
as defined in Claim1, said mechani smconprising:- a brushless d.c. notor
having an annghgthst(al)olof one axially extending gap (measured in

the axial direction) is longer than the length (E) of

the radially extending gap (measured in the radial

direction). i
10 12. A device as claimed in Claim 11, wherein the width

{(d) of the axially extending gap (measured in the

radial direction) is smaller than r.

13. A device as éla{med in.C1aiﬁ 12, wherein a:d

-exceeds 10:1 and gﬁg does not-exceed 2:1,
15 14. A drivingiméchanism for a magnétic-disk storage

device as defined in Claim i, said mechanism

comprising:- ‘ ' : | \;/

a brushless d.c. motor having an annular stator
surrounding a bearing tube, a rotor shaft journalled in

20 a rotor bearing-in said tube, and a cup-shaped rotor
comprising a permanent magnet and secured to the rotor

shaft for

25



surrounding a bearing tube, a rotor shaft journalled in 20-a rotor bearing
in said tube, and a cup-shaped rotor conprising a pernmanent nagnet and
seqoved to the rotor shaft for 25 r ot atloamﬂm“ﬂ“\,l“n"ll[mmar ot d
sur -d}n‘d)' hg the stator and spaced therefrom bil I KRR 1Y irand“,g
extending axially beyond the stator, the notor béing sui tabl e for ~munt i*ng
with the closed end of the rotor 05 located in said contam nant- free

housi ng; and neans to connect the storage qlg¥ directly to the rotor or
rotor ‘casing of the notor for rotation therewmth in the contam nant-free
encl osure;” wherein a | abyrinth seal defined between a 10 stationary first
“elenent and a sV LeGEER abFeidi ratokesusrounidsdngotheedtiadoreen
the rotor bearin nd said air-gap to prevent contam nant particles from
the rotor beari ﬁ&d&ﬁw% %%ﬁ?@mg*asp.a1sylis¢r1ﬁa#eéharm§m a&dc| ai ned in
Claim 14, wherein the rotataple el enment defines a groove into which the
stationary el enéit IS4 LA PR¥PAS, LR aStRFAF medhPnmoteEmbeing: O ai m

15, wherein th it | is f d_by statj 2Q el ts which
It or| cave i t b THSAHE dRoMRTRL B C ) FORCCLORGR POR: AE FBPaEPERA

elements. 1ios A JRENAN SIR %a fd AdReahinhel E48e KBSLEHT ' 1Ra

means to connect the storage disk directly to the

| a
U3

rotor or rotor casing of the motor for rotation
therewith in the contaminant~free enclosure;
wherein a labyrinth seal defined between a

10 stationary first elemeht and a second element
rotatable with the rotor is iocated between the rotor
beaéing and said air-gap to prevent contaminant
particles from the fotor bearing entering the air-
sap. . .

15 15. A mechanism as claimed in Claim 14, wherein the
rotatable element défines a groove into wﬁich'the
§tationary element extends.

16. A mechanism as claimed in Claim 14 or €laim 15,
wherein the labyrinth seal is formed by stationary

20 elements which interleave with rotatable comb-like
projections constituting rotational elements.

17. A mechanism as claimed in.Claim 16, wherein the
comb-like projections have unequal spacings.
18. A mechanism as claimed in Claim 17, wherein the

25 stationary elements are of different thickness from '

said rotational elements.
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| conﬁrrfké pfojections have unequal spacings. 18. A nechanisn1as'clained I n

Claim1l7, wherein the 25 stationary elenents are of -different thi:ckness

&

fromsaid rotational el enents. 25 19. A nechanismas clainmed in any one *

Dof, |ms 14 to 18, wherein the stationary ele ' he stator.
£20. chanismas clained in daim14 or d ai mnm"%mﬂwﬁ “'ll abyrinth
1 mec i med

Seal~'s located at one end of the bearing tube. *21¢ ani sm as clai ne
in Claim20, wherein an end of the bearing tube constitutes the fixed

el ement of the labyrinth seal. 10 22. AJ%chanismas clained in any one
of Clainms 14 to 21, wherein a further_|abhyrinth seal defined between a
stationary first element and a second el enent rotatable with the rotor is
|l ocated at tR@-opénmeshagismhas stlarimed pirveny eoetofi Bhaimpaldi tbes
passing fromthe air- 15 gap to beyond the rotor, with the radially outer
edge of the ﬂ@voﬁh@GﬁépiF%ﬁ

23. A nechanismas clainmed in any one-of Cains 14 to 22, wherein the, or
each, IabyriﬁFﬁt§Eal has. a 20 "U'-shaped part formed of a substantially

radial ly extepding g2 Qi %d 1 SHESE A @] A¥n kLY cEXLSNYEN9 gaps.

05 wherein labyrinth seal is located at one end of the
beéring tube.
21. - A mechanism as claimed in Ciaim 20, wherein an end
of the bearing tubé cohstitutes the fixed element of
the labyrinth seal. |

10 22.‘ A mechanism as claimed.in ény one of Clai@s 14 to
21, wherein a further labyrinth seal defined between a
stationary first element and a'éecond element rotatable
with the rotér is lécated at the open end of the rotor
to prevent contaminant.particles passing from the air-

15 gap to beyond the rotor, with the rgdially outer edge
of the rotor constituting the rotatable element of the
labyrinth seal.
23. A mechanism as claimed in any one of Claims.l4 to
22, wherein the, or each, labyrinth seal has a

20 “U“—shaped pért formed of a.substantially radi;lly
extending gap joining two substantially axially
extending gaps. |
24. A mechanism as claimed in Claim 23, wherein the
length (a) of at least one aﬁially ektending gab

25 (measured in tHe axial direction) is longer than the

FFatHonannhtelnrent chenPast efethabyrinth seal .

“



24. A nechaniismas clainmed in C ai'm23,” wherein the Iengtn (a) of at |east

one axially .extending gap 25 (neasured in the axi al ger
t han 26 length (r) of the radially extending mmﬂ% mnl the
radi-aky vrectlon) 25. A nmechanismas clainmed in d ai m e elsn

wi dt h of the axially extending gap (neasured in the 05 radi al G;EED
directlon) Is smaller than r. 26. A nechanis s clained in daim25,
wherein a:d exceeds 10:1 and r:d does not~exceed 2:1. 10 15 20 25

length (r) of the radially extending gap (measured in

the radial direction).

25. A mechanism as claimed in Ciaim 24, wherein the

width (gj of the axially extending gap (measured in the
05 radial direction) is smaller than r.

26. ‘A mechanism as claimed in Claim 25, wherein a:d

exceeds 10:1 and r:d does not exceed 2:1.
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