El ectiic. nmotor having a stator and a rotor The invention r ey
el ectric motor having a stator conprising a cylindrical cof | THI®SHEGUHNS BEEN
whi ch hi%ﬁ Jed by a nmounting plate, and having a rotor, i ch RERLAGED on_ _
a.rotatabl & hub a rotor magnet which at its outer circunferenc TeT at €5
field perpendicular to the axis of rotati oh and which surro

conflguratlon with a bel|-shaped hub portion, the electri ¢/ “or av .
bearing neanglestee mm [k RECL%, \
. \:I -~ E "6

The invention relates o an electric motor having & stator comprising &
cylindrical coil configuration, which is carried by a mounting plate, and having a rotor,
whichunieamnmtaﬁbbhxbawtbrmpetwhlchuﬂlmdtmkmegmml

field perpendicular to the axis of rotation and which survounds the coil configuration with
5 WMwﬁmﬁed&thhﬂmbwﬂmmMﬂuMuﬂhﬁma
. soft-iron yoke.

EP 0,410,293 B1 discloses an electric motor in which a permanent-magnet
aleweismanmedmacmﬂshaﬁwhmhhﬁxzdlymmemdmammblehubm
10 permanent-magnet sleeve is surrounded with a laminated stator arranged on a stationary base.
The stator has a winding wrranged in slots in the lamination assembly. The tub is radially
and axially supported by means of hydrodynamic bearings,
The interaction between the alotted stator and the mmitl-pole permanent
magnet gives rise to so-called detant torques. Thess are torques which recur periodically with
15 the disc rotation and whose average value Is 2ero, /.e. which do not conicibutes to the rated
torque. The detent torques produce acoustic nose, mechanical vibrations and speed
fluctuations and, in addition, they give rise to a higher starting torque, which is a critical .
parameter particularly for hard disk drives.
Production-dependent eccentricities between the stator of a soft-magnetic
20 material and the permanent-magnet rotor give rise radial forces, These radial forces also
mmmﬁcmmmw.mmsmmmmmmmm
result of unfavoursble combinations of the numbers of armature slots and magnet poles. To
date the forces caused by eccentricities form the limiting factor for the use of hydrodynamic
spiral-groove bearings in small hard disk drives, thesc forces being often larger than the
25 forces caused by the useful load. In order to withstand these forces the bearings should be
substantially stiffer and dissipate more energy than needed to support the useful load. The
hydrodynamic beaings themselves canpot be overloaded, this would have & negative effect as
& result of mechanical contact between solid bearing parts, wear and, ultimately, breakdown
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a soft-iron yoke. EP 0, 410,293 B1 discl oses ah el ectric notor I?Ht@%ﬁé‘}zﬁ—ms BEEN
per nanent - magnet sleeve is nounted on a central shaft which ig
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connected to a rotatable hub. The pernanent-magnet sl eeve is sbereuntded——
with a lamnated stator arranged on a stat?3onary base. The st at or X{3.1995

-winding arranged in slot_i%n t he Iam natlon assenblg & hub | radl aIIy

:and axi ally supported by
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producﬂonofindividunleomponmmm:smbly Theradmtomumﬂmefou

suhject to production-dependent fluctuations. For the reliability this means that the radial

forces significantly increase the variance in the load of the bearings, so that the bearings

have to be designed with substantially broader safaty margins, .
The iron losses in the slotted stator are comparatively high. This problem

becomes increasingly significant in the latest developments with a trend towards higher

speeds. -

The motor inductance is comparatively high because the winding is

arranged in slots in the stator iron, This leads to a deterioration of the dynamic

characteristics of the motor. For new developments operating with higher speeds this also

results in & reduced motor torque.

It is an object of the invention to provide an electric motor of the type
defined in the opening paragraph, in which no detent torques occur, radial forces between
stator and rotor as a result of eccentricities are reduced appreciably or eliminated, iron losses
are reduced appreciably or eliminated, and the motor inductance is reduced significantly.

According to the invention said object is achieved in that the coil
configuration is free from soft-magnet parts and is externally surrounded with a sieeve- .
shaped soft-iron yoke. |

With such 2 tonstruction no detent torques are produced because the stator
no longer has any slots. This results in an appreciabls reduction of acoustic noise,
mechanical vibrations and speed fluctuations and an increase of the effectively available
starting torque. .
The inductance has decreased significantly because the coil configuration
is now iron-free. This improves the dynamic drive characteristics and resuits in an increase
of the torque available at high speeds,

In 2 further embodiment of the invention the sofi-iron yoke is fixedly
connected 1o the coil configuration. Such a construction provides s substantial reduction of
the radial forces becauss the width of the magnetically active air gap is now very large. This
width Ig defined by the distance between the permanent magnet and the yoke. The influence
of an eccentricity is reduced appreciably because it must be smaller than the mechanical air
gap. This means that in any case the eccentricity is distinctly smaller than the magnetically
active air gap. As a result of the iron-fiee coil configuration the magnetic fields are smaller
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. Inafurthermbodimemoftheinvenﬁmthewﬂ-hmyohhﬂxedly
connected to the hub, With such a construction the mdial forces no longer act upon the
bearing because the two motor parts between which they act are fixedly connected to one

5 another, so that the forces are taken up by the mechanical construction. The magnet no
longer induces any alternating fields in the soft-magnetic yoke; so that no more iron loases

In a further embodiment of the invention the coil configuration comprises
curved foil windings, In the case of a flat construction this provides a high copper factor.

10 It is known to manufacture planar motor windings In that copper tracks
provided on synthetic-resin foils are 80 etched that only flat coil turns are left. Such motor
windings allow perfect operation and present no problems as long as the foils ars not bext.

Problems do arise, however, whan such s winding is shaped Into a
cylinder, Then the otherwise simple technology leads to short-circnits between the conductor

15 tracks. In addition, such windings cammot be made sufficiently round, as result of which
unnecessarily wide air gaps must be created. Non-round coils impair an exact rotation. These
problems arise especially in small motors used in hard disk drives,

In a further embodiment of the invention the foll winding, which is built
up on a synthetic-resin carrier foil and Is formed by the removal of copper material

20 previously deposited continnously onto the synthetic-resin foil, is formed into a substantially
evenly rounded cylinder, the planar assembly of the synthetic-resin carrier foil and the planar
coils adhering thereto being coated with an adhesive filler material in such a manner that the
filler material fills the gaps formed between the individual conductor tracks by the removal
of the copper material, andthsnsmblyﬂmsmbﬂmduwmmdmanevenlyrounded

25 cylinder,

Such a motor winding can be made satisfactorily round. No short-circuits
will occur between individual turns,

The uniformly rounded winding enabies small air gaps and an exact Inb
support to be obtained, When such a motor is used in a hard disk drive this allows the

30 packing density of hard disks to be increased. _

In a further embodiment of the invention tha adhesive filler material
filling the gaps has such a stability that it joins the planar conductor tracks of the coils w0 one
another with & dimensional stability as though said gaps were still filled with the removed
copper. As a result of this trick an etched foil will behave as a non-etched foil. Since & non-
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Product i on- dependent eccentricities between the stator of a ‘Fm-;grggg@f LRs BEtl\;
material and the pernmanent-nagnet rotor give rise radial for Ss. ThHEPEACED
radi gl_f orces al so generate acoustic. noi se and nmechani cal . '

Simlar radial forces are produced as ar sult of unf avourabl e cog@@%'ﬁ)ns ©
“of ‘the nunbers of armature slots and magne€t pol es. To date the fofcCe

ﬁ;gfggyﬁéme t%%?"go&&a{)earl WH’% %;ﬂ%:&ﬂ@#l ves, ﬂ?mﬁ)r ces
bei ng+ of t enin seordanceiwith tha dnveation,
In a further embodiment of the invention the adhesive filler material is a
curable adhesive.
5 In a further embodiment of the invention the adhesive filler material is
applied by sifk-screen printing or roller-coating. '

' In a further embodiment of the invention the bearing means comprise
axially acting and radially acting spiral-groove bearings. This minimises the effect of radial
forces, which are always present. :

10
The invention will now be described in more detail with refersnce to the
drawings. In the drawings:
Fig. 1a shows a spindle motor with an ironless coil configuration and 2
sbave-shnpedwft-mmmﬁcyohwhichmoundnhewﬂconﬁmﬂonmdhﬂmdly
15 connected to the coil configuration,
Fig. 1b shows a modification of the spindle motor shown in Fig. 1, in
which ths yoke is connected to the hub,
Fig, 2 shows a foil with plapar coil windings,
Fig. 3 shows a part of a foil with deposited copper windings in a sectional
20 view taken on the line III-III in Fig. 2,
Fig. 4 is a perspective view showing the winding comprising three
winding strips of Fig. 2, and
Pig. § shows a part of the curved winding to {llustrate its absolute

roundness.
25
Fig. 1 Is a sectional view of a spindle motor 1a, intended particularly as a
drive motor for hard disk drives in data processing equipment. A motor shaft 2 of this
spindle motor 1a is fixedly connected to & disk 3 of a hard disk housing, not shown. Two
hydrodynamic axial bearinga Sa and 5b support a hub 6 on the motor shaft 2 st a location
30 remots from the disk 3. A further hydrodynamic vpiral bearing Sc i sitnated near a
mounting plate 8. The hub 6, which is rotatable on the motor shaft 2, has an inner bub
portion 6 surrounding the motor shaft 2 and carrying & permanent-magnat rotor 7 on it
outer circumference 6b. The field generated by ths rotor magnet 7 at ita outar circumference
7a extands perpendicularly to the axis of rotation 16, The motor shaft 2 carries a mounting
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motor and is described below, and a yoke 10, which is also described below. The hub 6
further has an outer Dell-shaped Wb portion 6o, which surrounds the yoks 10,

The coil configuration 9 comprises a curved foil winding, With the
present mator construction the mounting plate 8 carrles the sleeve-shaped soft-magnstic yoke
10 at the outer circumference 9a of the coil configuration 9, With the this construction two
air gaps 11 and 12 are formed, one air gap 11 separating the yoke 10 from the hub 6 and the
other air gap 12 separiting the rotor magnet 7 from the coil configuration 9.

Fig. 2 is a sectional view of a spindle motor 1b in another embodiment.
The spindle motor shown in Fig. 2 has many parts corresponding to those of the spindle
motor 1a shown in Fig. 1. Corresponding parts bear the same reference symbols. The motor
shaft 2 of the spindle motor 1b in Fig. 2 iz fixedly connected to the disk 3 of the hard disk
housing, not shown. Two hydrodynamic axfal bearings Sa and 5b support the twb 6 on the
motor shaft 2 at a location remote from the disk 3. A further hydrodynamic spiral bearing 5S¢
is situated near 4 mounting plats 8. A permanent-magnet rotor 7 is mounted on the lmb &.

The motor shaft 2 carries the mounting plate 8, on which the coil
configuration 9 is mounted, which coil configuration comprises a curved foil winding aod
will be described in more detail hereinafter, The outer circumfersnce 92 of the coil
configuration 9 adjoins an air gap 13. At its outside the air gap 13 is bounded by a sleeve-
shaped yoks 10 of a soft-magnetic matecial, This yoke 10 s fixedly mounted on the inner
side of the slesve-shaped hub 6. Again two air geps are obtained with the present
construction, #.¢. the air gaps 13 and 12, one air gap 13 separating the yoke 10 from the coil
configuration 9 and the other air gap 12 separating the rotor magnet 7 from the coil
configuration 9.

The hub 6 can accommodate one or more hard disks on the outer
circumference 15 of the outes hub portion 6c.

Fig. 3 shows in plan view three foil windings 20, 21, 22. These three
foils are to be rolied so as to form a three-phase winding for the hard disk motor. The rolled
state is shown in perspective view in Fig. 4. Each single foil comprises, as Fig. 3 shows, &
central synthetic-resin foil 23 provided with copper foils 24 and 25 on its two surfaces 23a
and 23b. The copper foils 24 and 25 are etched in a genemily known etching process so as to
form gaps 26 which separate individual copper conductor tracks 27 from one another, as is
visible in Fig. 3. Thus, planar winding coils 28 are formed on the foil 23 at both sidss,
which coils serve for motor excitation. The colls of the two foil sides are electrically
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2 The eccentri C|t|es i.n these drives are caused by tol erance “'“t—_ T
production of individual conponents and their assenbly. The r ITMIS]SHEFPEB AS BEE
are theref.ore subject to production-dependent fluctuations. F the .
reliaQility this means that the radial foré:e§ 21.02_1995

interconmected from the upper to the lower side.

, In & #ilk-screen printing or roller coating process the gaps 26 are filled
with an adhesive filler material. The adhesive filler materisl is 8 corable adhasive, The
adhesive filler material joins the planar conductor track portions 29a, 20b, 29¢, 294, 29e, 29f

5 to one another in such a stable mammer that it interconnects the planar conductor tracks 29 of
the coil with a dimensjonal stability as though the gaps 26 were still filled with the removed
copper. Without etching the copper would have adopted a perfectly round shepe inthe
contiruous state. This is achieved again by filling the gaps 26 with the adhesive filler. Fig. 4
shows in perspective view how the three foil windings 20, 21, 22 are rolled up into & three-

10 phase winding in & perfectly round shape. Fig. § is a sectional view showing the perfect
curvatures of the foils 20, 21 and 22 more clealy. |

The perfect curvamre allows the air gap of the motor to be xmall,
Ruﬂxemou,averygmdmdhlmpponuuhievedwmewmuucﬂonofthehydrodym
spiral groove bearings 5a, Sb and Sc, The perfectly round winding and the use of the spiral

15 groove bearings minimize the radial bearing forces produced by the motor, and hence the
deviation of the rotor axis, The result of this is that the motor has & longer life and/or allows
wider manufacturing tolerances, Moreover, it enables a higher packing density of the hard
disks to be obtalned.

To give a general idea of the dimensions, the foil between the copper

20 tracks has a thickness of approximately 20 um, and the copper foils are dimensioned to have

a thickness of approximately 110 zm. .
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1. Anelectrlcmowrhnvingaumwmprhlngaeynndmaleon
configuration (5), which is carried by a mounting plate, and having a rotor (7), which carries
on a rotatable hub (6) a rotor magnet which at its outer circumference (7a) generates a fleld
perpendicular to the axis of rotation (16) and which surrounds the cofl configuration with a

bell-shaped hub portion, the electric motor (1) having bearing means (Sa, 5b, Sc) for the hub
(6) and having a soft-iron yoks (10),
Wﬁewuconﬂgmaﬂmh&u&omm-mwmmhmu
surrounded with a slesve-shaped soft-iron yoks (10). '

2. An electrlc motor as claimed in Claim 1, characterised in that the soft-
iron yoke (10) is fixedly connected to the coil configuration (9). |
3. An electric motor as claimed in Claim 1, gharacterised in that the soft-

iron yoke (10) is fixedly connected to the hub (6).

4. Anelmicmomumimedlnmhnhn.wmm .

coil configuration (9) comprises curved foil windings. .
8. An electric motor a8 claimed in Claim 4, gharacterised in that the foil

winding (9), which is built up on a synthetic-resin carrier foil (23) and is formed by the
removal of copper material previously deposited contimously onto the synthetic-resin foil, is
formed into & substantially evenly rounded cylinder, the planar sssembly of the synthetic-
resin carrier foil (23) and the planar coils (28) adhering theveto being coated with an
adhesive filler material (30) in such a manner that the filler matexial (30) fills the gaps (26)
formed between the individual conductor tracks by the removal of the copper material, and
the assembly thus stabilized is wound into an evenly rounded cylinder.

6. An electric motor a3 clafmed in Clakm 5, characterised i tha the

adhesive filler material (30) filling the gaps has such a stability that it joins the planar

conductor teacks (27) of the coils to ons another with a dimensional stability as though said

gups (26) were still filled with the removed copper. *
7. An electric motor as claimed {n Claim 5, characterised in that the

adhesive filler material (30) at the same time forms a layer covering the upper surfaces of the
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in a reduced notor n object of the invention tq provhg
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’ Mewmuchmmams.wmm
aﬂhesiva filler materls! is & cursble adbssive.

. 9. An electric motor as claimed in Claim § and/or 6, characterised i that ‘
S the adhesive filler matecial is applied by silk-screen printing or roller-costing.
10 An olectric motor as claimed in Claim 1, characterised in that the bearing
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According to the invention said object i's ach| eved in that the=seid
configuration is free fromsoft-magnet parts and is externall EHlSrslﬂEEdeASb E
wi th-a sl geve-shaped soft-iron yoke. Wth such a constructionfno deBEHLACED '
torques wre produced because the stator ng | onger has any sl ofs:
results in an appreciable reduction of acoustic noise, nechanical
vibrations ARSTRAERd fluctuations and an increase of the effectively

| abl
avai ? © Electric motor having a stator and a rotor.

The invention relates to an electric motor, pasticularly for & hard-disk

drive, having a stator comprising a cylindrical motor winding, which is carried by a
mounting plate, and having a rotor (7), which carries on a rotatabls hub (6) a rotor magnet
which at its outer circumference (7a) generates a field perpendicular to the axis of rotation

5 (16) and which surrounds the coil with a bell-shaped hub portion, the electric motor (1)
having axial and radial bearing means (5a, 3b, 5c) for the hub (6) end having & soft-iron
yoke (10), in which motor the coll configuration (9) is free from soft-magnetic parts and Is
externally surrounded with a sleeve-shaped soft-iron yok (10),

Fig. la
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starting torque. The inductance has decreased significantly b
coil configuration is now iron-free. Thi-s inproves the dynam H‘l“ﬁ\ﬁélEETHAS BEEN
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forces because the width of the nmagnetically active air gap j -_ ===
-large. This width is defined by the distance between the per [faft8ftSHEE]t¢AS BEEN
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3 gap - This means that in any case the eccentr|C|ty |s di stumtlv smaller
than-the magnetically active air gap. As a result of thelro._ é’é‘ﬂ _
conffguration the magnetic fields are smaller than in a rotodf oL HASBEEN
slotted stator. This reduces the iron losses. In a further ::-,_
the invention the soft-iron yoke is fix connected to the hub. Wth suc
a construction the radial forces no Ioni/&act upon the bearing because
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on-synthetic-resin foils are so etched that only flat coil turns are left,

Such- notor wi ndi ngs al | ow perfect operation and preséent no. pri %h@g :

as tthe foils are not bent. Problens do arise, however, when such a H%E&%%%%EEN
is shaped into a cylinder. Then the otherw se sinple technol e
‘short-circuits between the conductor tr I n addi tion, such w ndings

cannot be nmade sufficiently round, as rg of which unnecessarily w de

air gaps nust be createad. Non-round coils inpair an exact rotation.
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These _progflems arise especially in small grsk dri Ves-
In.a.further enbodi nent of the invention ] "H@E’@EN RERLACEMENT SHEET
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.of the synthetic-r carrrer fo and the planar coils adhering t
bei ng coated with an adhesive filler materi I,
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_ The invention relates to an electric motor having a stator comprising a

| cylmdncal coil conﬁguratlon, whlch is carried by a mounting plate, and having a rotor,
which carries on a rotatable hub a rotor magnet which at tts outer circumference generates a
field perpendrcular to the axrs of rotation and which surrounds the coil configuration with a
bell-shaped hub portron, the electric motor having bearmg means for the hub and having a

soft-iron yoke.

EP 0,410, 293 Bl dlscloses an electnc motor in wh1ch a permanent—magnet |
sleeve is mounted ona central shaft whrch is fixedly connected to a rotatable hub. The
e permanent-magnet sleeve is surrounded with a lammated stator arranged on a statlonary base.
- The stator has a wmdmg arranged in slots in the lamination assembly The hub is radrally
and axially supported by means of hydrodynamrc beartngs
_ - The interaction between the slotted stator and the multl-pole permanent
‘magnet gives rise to so-called detent torques. These are torques which recur penodlcally W1th
the disc rotation and whose average value is zero, i.e. which do not contribute to the rated
: 'torque. The detent torques produce acoustic noise, mechanical vibrations and speed
fluctuations and, in addition, they give rise to a higher starting torque, which is a crtial
parameter partlcularly for hard disk drives. _ |
. Productron-dependent eccentricities between the stator of a soft-magnetlc
material and the permanent-magnet rotor give rise radial forces. These radial forces also |
generate acoustic noise and mechanical vibrations. Similar radial forces are produced as a
result of unfavourable combinations of the numbers of armature slots and magnet poles. To
date the forces caused by eccentncmes form the limiting factor for the use of hydrodynamic
' sptral-groove beanngs in small hard dlsk drives, these forces betng often larger than the
forces caused by the useful load. In order to withstand these forces the bearings should be
substa,ntl_ally stiffer and dxssrpate more energy than needed to support the useful load. The
hydrodynamic bearings themselves cannot' be overloaded, this would have a negative effect as
a result of mechanical contact between solid bearlr.g parts, wear and, ultimately, breakdown
of the bearmgs '
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' production of individual components and therr assembly. The radial forces are therefore

subject to production-dependent ﬂuctuatrons For the reliability this means that the radtal
forces significantly increase the vanance in the load of the beanngs, so that the beanngs

have to be des1gned with substantrally broader safety margms _
The iron losses in the slotted stator are comparatrvely high. This problem’

becomes mcreasmgly significant in the latest developments with a trend towards higher
speeds.

| The motor mductance is comparatrvely hrgh because the wmdtng is
arranged in slots in the stator iron. This leads to a deterioration of the dynamic

_ characteristics of the motor. For new developments operating with hlgher speeds this also
results i ina reduced motor torque ' ' - '

It is an object of the invention to provide an electric motor of the type
defined in the opemng paragra_pb; in which no. detent torques occur, radial forces between
- stator and rotor as a result of eccentricities are reduced appreciably or eliminated, iron losses
are reduced apprecxably or eliminated, and the motor inductance i is reduced signifi cantly |
_ Accordmg to the invention said object is achreved in that the coil
o configuratlon is free from soft-magnet parts and is externally surrounded with a sleeve- :
shaped soft—rron yoke.
With such a construction no detent torques are produced because the stator
no longer has any slots. Thrs results in an appreciable reductxon of acoustic noise,
mechanical v1branons and speed ﬂucmattons and an increase of the effecttvely available -
 starting torque. g | |
The induCtance has decreased signiﬁcantly because the coil configuration
is now iron-free. Thts improves the dynamic drive characteristics and results in an increase
L of the torque available at high speeds. )

o _ Ina further embodlment of the invention the soft-iron yoke is fixedly
connected to the coil configuratlon Such a construction provides a substantial reduction of
the radial forces because the width of the magnetncally active air gap is now very large Thrs
w1dth is defined by the distance between the permanent magnet and the yoke. The-influence
of an eccentncrty is reduced apprectably because it must be smaller than the mechanical air

| gap. This means that in any case the eccentn_crty is distinctly smaller than the magnetically
active air gap. As a result of the iron-fre_e coil configuration the magnetic fields are smaller |
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than in a motor with a slotted stator. This reduces the iron losses.
' In a further embodiment of the invention the soft-tron yoke is fixedly

| connected to the hub. With such a construction the radlal forces no longer act upon the

bean_ng because the two motor parts between which they act are fixedly connected to one
another, so that the forces are taken up by the mechanical construction. The magnet no
longer induces any alternating fields in the soft-magnetic yoke, so that no_ more iron losses

-occur. -

'In a further embodlment of the invention the coil confi guratlon comprises |

curved forl wmdmgs In the case of a flat constructron this provrdes a high copper factor.

It is known to manufacture planar motor windings in that copper tracks

: provrded on synthetrc-resm foils are so etched that only flat coil turns are left. Such motor

windings allow perfect operation and present no problems as long as the foils are not bent.

_ Problems do anse, however, when such a wmdmg is shaped into a
cylmder Then the otherwise simple technology leads to short-ctrcults between the conductor
tracks. In addmon, such wmdtngs cannot- be made suffictently round as result of which
unnecessarily wide air gaps must be created Non-round coﬂs impair an exact rotatron These

problems anse especially in small motors used in hard disk dnves '

Ina further embodiment of the invention the foil wmdmg, which is burlt

'_ upona synthetic-resm carrier foil and is formed by the removal of copper material

previously deposited continuously onto the synthetic?reSin foil, is formed into a'subst’an'tially

. evenly rounded cylinder, the planar assembly of the synthetic-resin carrier foil and the planar
- coils adhering thereto being coated with an adhesive filler material in such a manner that the

filler material fills the gaps formed between the individual conductor tracks by the removal
of the copper matenal and the assembly thus stabilized is wound into an evenly rounded
cylmder ' '

Such a motor wmdmg can be made satisfactorily round No short-crrcutts
will occur between individual turns.

The umformly rounded wmdmg enables small air gaps and an exact hub

| support to be obtamed When such a motor isused in a hard disk dnve this allows the

packing density of hard drsks to be increased. .
In a further embodtment of the invention the adhesive filler material

'_ ﬁlhng the gaps has such a stabrhty that it Joms the planar conductor tracks of the coils to one
_ another wrth a dunenstonal stabxhty as though said gaps were still filled with the removed

copper. As a result of this trick an etched foil will behave as a non-etched foil. Since a non- _
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etched foil can be wound into a perfectly round shape this also applies to the foil processed in

accordance with the invention.

In a further embodiment of the invention the adhesive filler material is a
curable adhesive.

In a further embodiment of the invention the adhesive filler material is
applied by silk-screen printing or roller-coating.

In a further embodiment of the invention the bearing means comprise
axially acting and radially acting spiral-grove bearings. This minimises the effect of radial

forces, which are always present.

The invention will now be described in more detail with reference to the
drawings. In the drawings:

Fig. la shows a spindle motor with an ironless coil configuration and a
sleeve-shaped soft-magnetic yoke which surrounds the coil configuration and is fixedly
connected to the coil configuration,

Fig. 1b shows a modification of the spindle motor shown in Fig _;zh in
which the yoke is connected to the hub,

Fig. 2 shows a foil with planar coil windings,

Fig. 3 shows a part of a foil with deposited copper windings in a sectional
view taken on the line III-III in Fig. 2,

Fig 4 is a perspective view showing the winding comprising three winding

~ strips of Fig. 2, and |

Fig. 5 shows a part of the curved winding to illustrate its absolute
roandness. y

Fig. la is a sectional view of a spindle motor 1a, intended particularly as
a drive motor for hard disk: drives in data processing equipment. A motor shaft 2 of this spindle
motor la is ﬁxedly connected to a disk 3 of a hard disk housing, not shown. Two
hydrodynamic axial béarings- Sa and 5b support a hub 6 on the motor shaft Z at a Iocauon‘
remote from the disk 3.A ftmher‘hydrodynamxc spiral bearing 5c is situated' near a,moum:mgh
plate 8. The hub 6, which is-rotatable on the motor shaft 2, has aw fner hub portior: 6

surroundmgthemoNrshaftZamtcanymgapennanent-magnethrTomtsouter , _
circumference 6b. 'Fﬁeﬁehtgeneramdby therotormagneﬂ at its outer circumference: Ta

‘EQhe remved copper. As deasulEPEOEH; < 1 cflci an figmattoge
a non-etched foil. Since a non-etched fol|l P&an--be- wouma - i
y ocessed E'IIIH 1995
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acting and radically acting spiral-grove bgarl ngs. This m nimses t]
effect of radial forces,

extends perpendlcularly to the axis of rotation 16. The motor shaft 2 carries a mounting plate

8. This mounting plate carries extemally a coil configuration 9, which belongs to the motor and
is described below, and a yoke 10, which is also described below. The hub 6 further has an
outer bell-shaped hub portion 6c, which surrounds the yoke 10.

The coil configuration 9 comprises a curved foil winding. With the
present motor construction the mounting plate 8 carries the sleeve-shaped soft-magnetic yoke
10 at thé outer circumference 9a of the coil conﬂguraf:ion 9. With this construction two air
gaps 11 and 12 are formed, one air gap 11 separating the yoke 10 from the hub 6 and the other
air gap 12 separating the rotor magnet 7 from the coil configuration 9.

Fig. 1b is a sectional view of a spindle motor 1b in another embodiment.
The spindle motor shown in Fig._1b has many parts corresponding to those of the spindle motor

" 1a shown in Fig. la. Corresponding parts bear the same reference symbols. The motor shaft
2 of the spindle motor 1b in Fig._1b is fixedly connected to the disk 3 of the hard disk housing,
not shown.- Two hydrodynamic axial bearings 5a and S5b support the hub 6 on the motor shaft
2 at-a location remote from the disk 3. A further hydrodynamic spiral bearing 5c is situated |
near a mountmg plate 8. A permanent-magnet rotor 7 is mounted on the hub 6.

- The motor shaft 2 carries the mounting plate 8, on which the coil
configuration 9 is mounted, which coil configuration-comprises a curved foil winding and will
be described in more detail hereiﬂaftér. The outer circumference 9a of the coil configuration
9 adjoins an air gap 13. At its outside the air gap 13 is bounded by a sleeve-shaped yoke 10
of a soft-magnetic material. This yoke 10 is fixedly mounted on the inner side of the sleeve-
shaped hub 6. Again two air gaps are obtained with the presént construction, i.e. the air gaps
13 and 12, one air gap 13 separating the yoke 10 from the coil configuration 9 and the other
aii'= gap 12 separating the rotor fnagnet 7 from the coil configuration 9.

_ The hub 6 can accommodate one or more hard disks on the outer
circumference 15 of the outer hub portion 6c.

ng_shows in plan view three foil windings 20, 21, 22. These three foils

" '}are to be rolled so as to form a three-phase winding for the hard disk motor. The rolled state
is shown in perspecuve view in Elg. 4. Each single foil comprises, as Fig. 3 shows, a central
synthetic-resin foil 23 provided with copper foils 24 and 25 on its two surfaces 23a and 23b.
The copper foils 24 and 25 are e:ched in a generally known etching process so as to form gaps
26 which separate individual copper conductor tracks 27 from one another, as is visible in Fig.
3. Thus, planar winding coils 28 are formed on the foi] 23 at both sides, which coils serve
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whi ch surrounds the cail configuration a

for motor excitation. The coils of the two forl s1des are electncally mterconnected from the -

In a s11k-screen pnntmg or roller coating process the gaps 26 are filled |

' w1th an adhesrve ﬁller material. The adhesive filler material is a curable adhesive. The
- adhesrve filler matenal joins the planar conductor track portions 29a 29b, 29c, 29d, 29e, 29f

to one another in such a stable manner that it mterconnects the planar conductor tracks 29 of

| the coil with a drmensronal stability as though the gaps 26 were still filled with the removed
copper. Without etchmg the copper would have adopted a perfectly round shape in the

continuous state. This is achreved again by filling the gaps 26 with the adhesive filler. Fig.

4 shows in perspective view how the three foil windings 20, 21, 22-are rolled up into a three-
'phase winding in a perfectly round shape Fig. 5 is a sectional view showmg the perfect -
~ curvatures of the foils 20, 21 and 22 more clearly

The perfect curvature allows the air gap .of the ‘motor to be small.
Furthermore a very good radial support is achreved by the construction of the hydrodynarmc '
spiral groove bearmgs 5a, 5b and 5c. - The perfectly round wmdmg and the use of the spiral

_groove bearmgs mrmmrze the radial bearmg forces produced by the motor, and hence the

devratron of the fotor axis. The result of this i is that the motor has a longer life and/or allows
wider manufactunng tolerances Moreover 1t enables a higher packing densrty of the hard'

disks to be obtamed
To give a general idea of the dnnensrons, the foil between the copper

tracks has a thickness of approxrmately 20 pm, and the copper forls are dimensioned to have
a thickness of approxrmately 110 ym.
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i.n a sectional viewst

_ conﬁguratton (9), which is carried by a mounting plate, and having a rotor (7), which carries

ona rotatable hub (6) a rotor magnet which at its outer circumference (7a) generates a field

" perpendicular to the ax1s of rotation (16) and which surrounds the coil configuration w1th a
bell-shaped hub portlon, the electnc motor (1) having bearmg means (5a, 5b, 5¢) for the hub

(6) and having a soft-iron yoke (10),
characterised in that the coil conﬁguratlon is free from soft-magnettc parts and is extemally
surrounded with a sleeve-shaped soft-iron yoke (10)

2. . - An electric motor as claimed i in Claim 1, Mggm_m_tm_t the soft- .
_iron yoke ( 10) is fixedly connected to the coil configuration (9). _

3. - - An electric motor as clalrned m Clarm 1 g_h,mmm the soft-

iron yoke ( 10) is fixedly connected to the hub (6)

4, L An electric motor as claimed in Claim 2 or 3, M@mﬂg__t the

coil configuratton © compnses curved foil- wmdmgs _ .

5. An electric motor as claimed in Clalm 4, ghwg_rg_mgt the forl _

‘winding (9), which is built up on a synthetic-resin carrier foil (23) and is formed by the

removal of copper material previously deposited continuously onto the synthetic-resin foil, is
formed into a substantially evenly rounded cylinder, the planar assembly of the synthetic-
resin carrier foil (23) and the planar coils (28) adhering thereto being coated with an

| adhesrve filler material (30) in such a manner that the ﬁller material (30) fills the gaps (26)

formed between the individual conductor tracks by the removal of the copper material, and

: the assembly thus stabilized is wound into an evenly rounded cylmder

-

6. . Anelestric motoras ‘claimed in Claim 5, characterised in that the
adhesrve filler matenal (30) fillmg the gaps has such a stability that it joins the planar
conductor tracks (27) of the coils to one another with a dimensional stablltty as though said
gaps (26) were still filled with the removed copper. -

Y A - An electric motor as claimed in Claxm 5, Meg@_m_t the

adhesive filler material (30) at _the same time forms a layer covermg the upper surfaces of the

perspecwew show ngt the wi ndi ng conpri si ng three Wi nd| n 1995
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1. ' An electrtc motor havmg a stator comprising a cylmdncal corl
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connected to a disk 3 of a hard disk housing, not:shown. Twhhyesndkraisaeen ||
- axi al lfaen%l Bﬁs ?z%)and 5b. support a hub 6 on the notor. shaft at fhd#?_f‘_A@tg[pn
| 8 : An electric motor as clanmed in Clalm 5, Mnsed in . :

adheswe filler material is a curable adheswe
9 ' ' An electnc motor as clauned in Claim 5 and/or 6, ¢ t_g_nggd in that

- the adhesxve ﬁller material is applied by sﬂk-screen printing or roller-coatmg
“10.- - - An electric motor as clalmed in Claim 1 gﬂw the bearmg

' meahs comprise axially acting (5a, 5b) and radlally acting (5c) spiral-groove bearmgs |

. -This Sheet Has B

Hllllll Wil i



renote fromthe dm&hgemgsﬁgéﬁgﬁ&edhydrodynam c spiral bearipg=Sc==s=—————=

situated near a mmmu“mﬁ te 8. The hub 6, which is rBE&LAOEHENmSHBET
-ABSTRA T

not or- shaft 2, has
Electric motor having a stator and a rotor. .

THIS SHEET HAS BEEN |
REPLACED

Rt we—

—

The invention felates to an electric motor, partieularly for a hard-disk

~ drive, having a stator comprising a cylindrical motor winding, which is carried by a-
mounting plate and having a rotor (7), which carries on a rotatable hub (6) a rotor magnet :
which at its outer c1rcumference (7a) generates a field perpendlcular to- the axis of rotatlon
( 16) and which surrounds the coﬂ with a bell-shaped hub portion, the electric motor (1)
havmg axial and radial bearmg means (5a, 5b, 5c) for the hub (6) and having a soft-iron |
yoke (10), in which motor the coil configuration (9) is free from soft—magnetlc parts and is
externally surrounded with a sleeve-shaped soft-n'on yoke (10).

Fig. la
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Fig. Ib,s a sectional view of a spindle notor Ib in another
The splndle notor shown in Fig. | b ‘has many parts correspond
the spindle notor la shown in Fig. la. Corresponding parts bg
reference synbols. The notor shaft 2 of the spindle notor | bi
fixedly connected to the disk 3 of the hard di sk housing, not s own.
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spiral bearing 5c is si tuated near a nounti ng plate 8. A per freoent
rotor 7°is nounted on the hub 6. The notor shaft 2 carries t ;
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10 of a soft-magnetic material. This yoke 10 is fixedly nouft : ' il
‘inner .side of the sleeve-shaped hub 6.. Again two air gaps a.eﬁg%%%-c\ﬁﬁﬁm
t he present constructi-on, “i.e. the air gaps 13 and 12, one 5Li|5 tgap
separating the yoke 10 fromthe coil configuration 9 and thd BT
12 -separating the rotor magnet 7 fromthe coil configuration 9. The'
can accommodate one or nore hard di sk5 5 t he outer circunf —
outer hub portion 6c. R o : THIS SHEET HAS BEEN
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Fig.i-"2 shows in plan view three foil w ndings 20, 21, 22. Th
areto 6 berolled so as to forma three-phase wi nding f
notor. The rolled state

Electric motor having a stator and a rotor

The invention relates to an electric motor having a stator comprising a cylindrical
coil configuration, which is carried by a mounting plate, and having a rotor, which carries
on a rotatable hub a rotor magnet which at its outer circumference generates a field
perpendicular to the axis of rotation and which surrounds the coil configuration with a
bell-shaped hub portion, the electric motor having bearing means for the hub and having

a soft-iron yoke.

EP 0,410,293 B1 discloses an electric motor in which a permanent-magnet sleeve
is mounted on a central shaft which is fixedly connected to a rotatable hub. The
permanent-magnet sleeve is surrounded with a Jaminated stator arranged on a stationary
base. The stator has a winding arranged in slots in the lamination assembly. The hub is
radially and axially supported by means of hydrodynamic bearings. _

The interaction between the slotted stator and the multi-pole permanent magnet
gives rise to so-called detent torqués. These are torques which recur penodlcally with the -
disc rotation and whose average value is zero, i.e. which do not contribute to the rated
torque. The detent torques produce acoustic noise, mechanical vibrations and speed
fluctuations and, in addition, they give rise to a higher starting torque, which is a critical
parameter particularly for hard disk drives.

Production-dependent eccentricities between the stator of a soft-magnetic material
and the permanent-magnet rotor give rise radial forces. These radial forces also generate
acoustic noise and mechanical vibrations. Similar radial forces are produced as a result
of unfavourable combinations of the numbers of armature slots and magnet poles. To date
the forces caused by eccentricities form the limiting factor for the use of hydrodynamic
spiral-groove bearings in small hard disk drives, these forces being often larger than the
forces caused by the useful load. In order to withstand these forces the bearings should
be substantially stiffer and dissipate more energy than needed.to support the useful load.
The hydrodynamic bearings themselves cannot be overloaded, this would have a negative
effect as a result of mechanical contact between solid bearing parts, wear and, ultimately,
breakdown of the bearings.
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of individual components and their assembly. The radial forces are therefore subject to
production-dependent fluctuations. For the reliabilify this means that the radial forces
significantly increase the variance in the load of the bearings, so that the bearings have to
be designed with substantially broader safety margins.

The iron losses in the slotted stator are comparatively high. This problem becomes
increasingly significant in the latest developments with a trend towards higher speeds.

23

The motor inductance is comparatively high because the winding is arranged in

slots in the stator iron. This leads to a deterioration of the dynamic characteristics of the
motor. For new developments dperating with higher speeds this also results in a reduced

motor torque.

It is an object of the invention to provide an electric motor of the type defined in
the opening paragraph, in which no detent torques occur, radial forces between stator and
rotor as a result of eccentricities are.reduced appreciably or eliminated, iron losses are
reduced appreciably or eliminated, and the motor inductance is reduced significantly.

According to the invention said object is achieved in that the coil configuration is
free from soft-magnet parts and is externally surrounded with a sleeve-shaped soft-iron
yoke.

With such a construction no detent torques are produced because the stator no
longer has any slots. This results in an appreciable reduction of acoustic' noise,
mechanical vibrations and speed fluctuations and an increase of the effectively available
starting .torque.

The inductance has decreased significantly because the coil configuration is now
iron-free. This improves the dynamic drive characteristics and results in an increase of
the torque available at high speeds. | '

" In a further embodiment of the invention the soft-iron yoke is fixedly connected to
the coil configuration. Such a construction proﬁdes a substantial reduction of the radial
forces because the width of the magnetically active air gap is now very large. This width
is defined by the distance between the permanent magnet and the yoke. The influence of
an eccentricity is reduced appreciably because it must be smaller than the mechaniéal air

=



electrically interconnected fromthe upper to the |ower sidegf=fi&a-—— -
sil k-screen printing or roller coating process the gaps 26 a REFYACER W’tﬁ“’-ﬂ
ah adhesive filler material. The adhesive filler material is}ja cur

- adhesi ve. fﬁaﬁksa’m

The adhesive filler material joins the planer cond{c?@g:t

portions 29a, 29b, 29c, 29d, 29e, 29f to_one another in such a stablre
manner that it interconnects the planar 8onductor tracks 29 of the coil

et 2o eol onale SR hde i e " k"o s "B et b et

t he

magnetically active air gap. As a result of the iron-free coil conﬁguratlon the magnetic
fields are smaller than in a motor with a slotted stator. This reduces the iron losses.

In a further embodiment of the invention the soft-iron yoke is fixedly connected to
the hub. With such a construction the radial forces no longer act upon the bearing because
the two motor parts between which they act are fixedly connected to one another, so that
the forces are taken up by the mechanical construction. The magnet no longer induces any
alternating fields in the soft-magnetic yoke, so that no more iron losses occur.

In a further embodiment of the invention the coil configuration comprises curved
foil windings. In the case of a flat construction this provides a high copper factor.

It is known to manufacture planar motor windings in that copper tracks provided
on synthetic-resin foils are so etched that only flat coil turns are left. Such motor
windings allow perfect operation and present no problems as long as the foils are not bent.

Problems do arise, however, when such a winding is shaped into a cylinder. Then
the otherwise simple technology leads to short-circuits between the conductor tracks. In
addition, such windings cannot be made sufficiently round, as result of which
unnecessarily wide air gaps must be created. Non-round coils impair an exact rotation.
These problems arise especially in small motors used in hard disk drives.

In a further embodiment of the invention the foil winding, which is bmlt up on a
synthetic-resin carrier foil and is formed by the removal of copper material previously
deposited continuously onto the synthetic-resin foil, is formed into a substantially evenly
rounded cylinder, the planar assembly of the synthetic-resin carrier foil and the planar
coils adhering thereto being coated with an adhesive filler material in such a manner that
the filler material fills the gaps formed between the individual conductor tracks by the
removal of the copper material, and the assembly thus stabilized is wound into an evenly
rounded cylinder.

Such a motor winding can be made satisfactorily round. No short-circuits will
occur between individual turns.

The uniformly rounded winding enables small air gaps and an exact hub support
to be obtained. When such a motor is used in a hard disk drive this allows the packing
density of hard disks to be increased.

In a further embodiment of the invention the adhesive filler material filling the gaps
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gaps 26 with the adhesive filler. Fig. 4 shows i.n perspecti
three foil w ndings 20, 21, 22 are rolled up into a threephb
perfectly round shape. Fig. 5 is a sectignal view show ng the perfect
curvatures of the f0| | s 20,21 and 22 nor& clearly. The perfect curvature
al lows t hehﬁ‘sI SucH @ ﬂltyQEat THjoitls the plgﬁar cgﬁéuctor@ackpgf {he'cGils to one another with
a dimensional stability as though said gaps were, still filled with the removed copper. As
a result of this trick an etched foil will behave as a non-etched foil. Since a non-etched
foil can be wound into a perfectly round shape this also applies to the foil processed in
accordance with the invention. _
In a further embodiment of the invention the adhesive filler material is a curable
adhesive. |
In a further embodiment of the invention the adhesive filler material is applied by
silk-screen printing or roller-coating.
In a further embodiment of the invention the bearing means comprise axially acting
and radically acting spiral-grove bearings. This minimises the effect of radial forces,
which are always present.

The invention will now be described in more detail with reference to the drawings.
In the drawings :

Fig. 1a shows a spindle motor with an ironless coil configuration and a sleeve-
shaped soft-magnetic yoke which surrounds the coil configuration and is ﬁxedly connected

 to the coil configuration,

Fig. b shows a modification of the spindle motor shown in Fig. la., in which the
yoke is connected to the hub, '

Fig. 2 shows a foil with planar coil windings,

Fig. 3 shows a part of a foil with deposited copper windings in a sectional view
taken on the line III-III in Fig. 2,

Fig. 4 is a perspective view showing the winding comprising three winding strips
of Fig. 2, and |

Fig. 5 shows a part of the curved winding to illustrate its absolute roundness.

Fig. la is a sectional view of a spindle motor 1la, intended particularly as a drive
motor-for hard disk drives in data processing equipment. A motor shaft 2 of this spindle
motor la is fixedly cohnected to a_disk 3 of a hard disk housing, not shown. Two
hydrodynamic axial bearing 5a and 5b support a hub 6 on the motor shaft 2 at a location
remote from the disk 3. A further hydrodynamic spiral bearing Sc is situated near a
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bearing forces produced by the notor, and hence the deviati
axis. The result of this is that the nDtgr has a longer |ife and/ or allows
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It enabl es a hi gher packing

density of n}onﬁﬁﬁ'gaf,ﬂtedﬁ,s “The' b, VLR lpr%%table on the motor shaft 2, has an inner hub

portion 6a surrounding the motor shaft 2 and carrying a permanent-magnet rotor 7 on its
outer circumference 6b. " The field generated by the rotor magnet 7 at its outer
circumference 7a extends perpendicularly to the axis of rotation 16. The motor shaft 2
carries a mounting plate 8. This mounting plate carries externally a coil configuration 9,
which belongs to the motor and is described below, and a yoke 10, which is also described
below. The hub 6 further has an outer bell-shaped hub portion 6¢c, which surrounds the
yoke 10.

The coil configuration 9 comprises a curved foil winding. With the present motor
construction the mounting plate 8 carries the sleeve-shaped soft-magnetic yoke 10 at the
outer circumference 9a of the coil configuration 9. With this construction two air gaps
11 and 12 are formed, one air gap 11 separating the yoke 10 from the hub 6 and the other
air gap 12 separating the rotor magnet 7 from the coil configuration 9.

Fig. 1b is a sectional view of a spindle motor 1b in another embodiment. =The
spindle motor shown in Fig. 1b has many parts corresponding to those of the spindle
motor 1a shown in Fig. 1a. Corresponding parts bear the same reference symbols. The
motor shaft 2 of the spindle motor 1b in Fig. 1b is fixedly connected to the disk 3 of the
hard disk housing, not shown. Two hydrodynamic axial bearings 5a and Sb support the
hub 6 on the motor shaft 2 at a location remote from the disk 3. A further hydrodynamic
spiral bearing Sc is situated near a mounting plate 8. A permanent-magnet rotor 7 is
mounted on the hub 6.

The motor shaft 2 carries the mounting plate 8, on which the coil configuration 9
is mounted, which coil conﬁgui'ation comprises a curved foil winding and will be
described in more detail hereinafter. The outer circumference 9a of the coil configuration
9 adjoins an air gap 13. At its outside the air gap 13 is bounded by a sleeve-shaped yoke
10 of a soft-magnetic material. This yoke 10 is fixedly mounted on the inner side of the
sleeve-shaped hub 6. Again two air gaps are obtained with the present construction, i.e.
the air gaps 13 and 12, one air gap 13 separating the yoke 10 from the coil configuration
9 and the other air gap 12 separatmg the rotor magnet 7 from the coil configuration 9.

The hub 6 can accommodate one or more hard disks on the outer circumference
15 of the outer hub portion 6c.

Fig. 2 shows in plan view three foil windings 20, 21, 22. These three foils are to
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be rolled so as to form a three-phase winding for the hard disk motor. The rolled state
is shown in perspective view in Fig. 4. Each single foil comprises, as Fig. 3 shows, a
central synthetic-resin foil 23 provided with copper foils 24 and 25 on its two surfaces 23a
and 23b. The copper foils 24 and 25 are etched in a generally known etching process so
as to form gaps 26 which separate individual copper conductor tracks 27 from one
another, as is visible in Fig. 3. Thus, planar winding coils 28 are formed on the foil 23
at both sides, which coils serve for motor excitation. The coils of the two foil sides are
electrically interconnected from the upper to the lower side.

In a silk-screen printing or mller_ooating process the gaps 26 are filled with an
adhesive filler material. The adhesive filler material is a curable adhesive. The adhesive
filler material joins the planer conductor track portions 29a, 29b, 29¢, 29d, 29, 29f to
one another in such a stable manner that it interconnects the planar conductor tracks 29
of the coil with a dimensional stability as though the gaps 26 were still filled with the
removed copper. Without etching the copper would have adopted a perfectly round shape
in the continuous state. This is achieved again by filling the gaps 26 with the adhesive
filler. Fig. 4 shows in perspective view how the three foil windings 20, 21, 22 are rolled
up into a three-phase winding in a perfectly round shape. Fig. 5 is a sectional view
showing the perfect curvatures of the foils 20,21 and 22 more clearly. |

The perfect curvature allows the air gap of the motor to be small. Furthermore,
a very good radial support is achieved by the construction of the hydrodynamic spiral
groove bearings 5a, 5b and Sc. The perfectly round winding and the use of the spiral
groove bearings minimize the radial bearing forces produced by the motor, and hence the
deviation of the rotor axis. The result of this is that the motor has a longer life and/ or
allows wider manufacturing tolerances. Moreover, it enables a higher packing density of
the hard disks to be obtained.

To give a general idea of the dimensions, the foil between the coppet tracks has
a thickness of appfoximatcly 20 pm, and the copper foils are diinensioned to have a
thickness of approximately 110 pm.



ORLE{-Si-1 -0 a-eyvbi-ndri cali~Ccol T
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conflguratlon (9), which is carried b}

(7), which carries on a rotatable hubjj(6) aREREACEDRgnety whiic _
circunference (7a) generates a field perperdctH ."-"-""‘"J'- a .Qﬂ%f%&ﬁhﬁgﬁ

(16) and which surrounds the coil conflg,zratlon with a bell-shaped hub
portion, the electric nmotor (1) having bearing neans (5a, 5b,5b ) for the

hub (6) awg a soft-iron yoke (10),

1.  An electric motor having a stator comprising a cylindrical coil configuration (9),
which is carried by a mounting plate, and having a rotor (7), which carries on a rotatable
hub (6) a rotor magnet which at its outer circumference (7a) generates a field
perpendicular to the axis of rotation (16) and which surrounds the coil configuration with
a bell-shaped hub portion, the electric motor (1) having bearing means (5a, 5b, 5¢) for the
hub (6) and having a soft-iron yoke (10), characterised in that the coil conﬁguration'is free
from soft-magnetic parts and is externally surrounded with a sleeve-shaped soft-iron yoke
(10). |

2. An electric motor as claimed in Claim 1, characterised in that the soft-iron yoke
(10) is fixedly connected to the coil configuration (9). '
3. An electric motor as claimed in Claim 1, characterised in that the soft-iron yoke
(10) is fixedly connected to the hub (6).

4, An electric motor as claimed in Claim 2 or 3, characterised in that the coil
configuration (9) comprises curved foil Windings.

5. Anelectric motor as claimed in Claim 4, characterised in that the foil winding (9),
which is built up on a synthetic-resin carrier foil (23) and is formed by the removal of
copper material previously deposited continuously onto the synthetic-resin foil, is formed
into a substantially evenly rounded cylinder, the planar assembly of the synthetic-resin
carrier foil (23) and the planar coils'(28) adhering thereto being coated with an adhesive
filler material (30) in such a manner that the filler material (30) fills the gaps (26) formed
between the individual conductor tracks by the removal of the copper material, and the
assembly thus stabilized is wouxid into an evenly rounded cylinder.

6.  An electric motor as claimed in Claim 5, characterised in that the adhesive filler
material (30) filling the gaps has such a stability that it joins the planar conductor tracks
(27) of the coils to one another with a dimensional stability as though said gaps (26) were
still filled with the removed copper. -

7. An electric motor as claimed in Claim 5, characterised in that the adhesive filler
material (30) at the same time forms a layer oovenng the upper surfaces of the planar coils

(28) e —— “'_
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characterised in that the rotatable hub Al
(6a) carrying the cylindrical permanent nﬁg@eéHPfEﬁHASBEEN
rotatable hub (6) is beared on a fixed, .centrﬁtpLAQEDr ot at ; ;‘

means of a hydrodynam c bearing (4; 5a,

(9) is free fromsoft-magnet parts and ig externally surrounded with a yoke -

(10) of a soft rragnetlc mat eri al . 2. An el ectric notor as
claimed i "g CI ai mn ec(flrl)ggnaoctére{slc med mtéla't %he&_nmsoft sed in that the adhesive filler
material is a curable adhesive.

9. An electric motor as claimed in Claim 5 and/ or 6, characterised in that the
adhesive filler material is applied by silk-screen printing or roller-coating.

10.  An electric motor as claimed in Claim 1, characterised in that the bearing means
comprise axially acting (5a, 5b) and radially acting (Sc) spiral-groove bearings.
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iron yoke (10) is fixedly connected to the coil configurati 3, i
An electric notor as clained in daim1. characterised int REPLACEMENT SHEET
iTon yoke (10) is fixedly connected to the hub (6). 4.
el ectic notor as clainmed in Caim2 or 3, characterised in t_hQa@dig-zer-SEE"M-"
configuration (9) conprises curved foil w ndings. 5. An _ '
~electric notor clained in daim4,characterised in that the foil

ABSTRACY -

Electric motor having a stator and a rotor.

The invention relates to an electric motor, particularly for a hard-disk
drive, having a stator comprising a cylindrical motor winding, which is carried by a
mounting plate, and having a rotor (7), which carries on a rotatable hub (6) a rotor magnet
which at its outer circumference (7a) generates a field perpendicular to the axis of rotation
(16) and which surrqunds the coil with a bell-shaped hub portion, the electric motor (1)
having axial and radial.bearing means (5a, 5b, 5¢c) for the hub (6) and having a soft-iron
yoke (10), in which motor the coil configuration (9) is free from soft-magnetic parts and is
externally surrounded with a sl.eeve-shaped soft-iron yoke (10). .

Fig. 1la
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adhesive filler material is a curable adhesive. 9. .
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CLAIMS:

1. An electric motor having a stator comprising a cylindrical coil
configuration (9), which is carried by a mounting plate, and baving a rotor (7), which carries
on a rotatable hub (6) a rotor magnet which at its outer circumference (7a) generates a field
perpendicular to the axis of rotation (16) and whicﬁ surrounds the coil configuration with a
bell-shaped bub portion, the electric motor (1) having bearing means (52, 5b, 5c) for the hub
(6) and having & soft-iron yoke (10),

characterised in that the rotatable hub (6) comprises an inner hub portion (6a) carrying the

cylindrical permanent magnet rotor (7), that the rotatable hub (6) is beared on a fixed shaft

2) by means of a hydrod ic ing (4; 52 that the coil configuration (9 isfree._
i : ounded with a yoke (10) of a soff i

from soft-magnet pa
2. An electric motor as claimed in Claim 1, charecterised in that the soft-
iron yoke (10) is fixedly connected to the coil configuration (9). '

3. An electric motor as claimed in Claim 1, characterised in that the soft-
iron yoke (10) is fixedly connected to the hub (6).

4. An electric motor as claimed in Claim 2 or 3, characterised in that the
coil configuration (9) comprises curved foil windings.

5. - An electric motor as claimed in Claim 4, characterised in that the foil
winding (9), which is built up on a synthetic-resin carrier foil (23) and is formed by the
removal of copper material previously deposited cdntinuously onto the synthetic-resin foil, is
formed into a substantially evenly rounded cylinder, the planar assembly of the synthetic-
resin carrier foil (23) and the planar coils (28) adhering thereto being coated with an
adhesive filler material (30) in such a manner that the filler material (30) fills the gaps (26)

- formed between the individual conductor tracks by the removal of the copper material, and
the assembly thus stabilized is wound into an evenly rounded cylinder.

6. ‘An electric motor as claimed in Claim §, characterised in that the

adhesive filler material (30) filling the gaps has such a stability that it joins the planar
conductor tracks (27) of the coils to one another with a dimensional stability as though said
gaps (26) were still filled with the removed copper. '

1. ~ An electric motor as claimed in Claim 5, characterised in that the
-adhesive filler mdterial (30) at the same time forms a layer covering the upper surfaces of the

\\\\ il
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planar coils (28). REPLACED
8 An electric motor as claimed in Claim $, characterised in that the
adhesive filler material is a curable adhesive.
9. An electric motor as ;:laimed in Claim § and/or 6, characterised in that
the adhesive filler material is applied by silk-screen printing or roller-coating.
10. An electric motor as claimed in Claim 1, characterised in that the bearing

means comprise axially acting (5a, 5b) and radially acting (5c) spiral-groove bearings.
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1. An electric motor having a stator comprising a cylindrical coil configuration (9), :
which is carried by a mounting plate, and having a rotor (7), which carries on a '
rotatable hub (6) a rotor magnet which at its outer circumference (7a) generates a

field perpendicular to the axis of rotation (16) and which surrounds the coil

configuration with a bell-shaped hub portion, the electric motor (1) having bearing

means (5a, 5b, 5¢) for the bub (6) and having a soft-iron yoke (10),

characterised in that the rotatable hub (6) comprises an inner hub portion (6a)

carrying the cylindrical permanent magnet rotor (7), that the rotatable bub (6) is

beared on a fixed, central, not rotatable shaft (2) by means of a hydrodynamic

bearing (4; 5a, 5b), that the coil configuration (9) is free from soft-magnet parts and

is externally surrounded with a yoke (10) of a soft magnetic material.

2 An glectric mowr as claimed in Claim 1, ghascterisad in thar the soft
fron yoke (10) is fixedly connected to the coil conflguration (9).

3. An electric mator 25 claimed in Claim {, characterisad i thar the sof-
iron yoka (10) is fixedly connected 10 the hub (6),

4, Aq electric motor as claimed in Claim 2 or 3, ghargeterisad fn thar the
¢oil configurarion (9) comprises curved foil windings.

5. An electric motor as claimed in Claim 4, gharactarised in rhas the foil

winding (9), which is built up on 2 synthetic.. resincarzieri’oﬂ (23) and Is formed by the
removal of copper matarial praviously depasited connmously onto the synthetic-rasin foil, 1s
formed into & substantially evenly roundad cylindar, the planar assembly of the syntheric.
resin carrier foil (23) and the planar coils (28) adhering thereto being coated with an
adhesive filler material (30) in such a manner that the filler material (30) fills the gaps (26)

formed between the individual conductor wracks by the removal of the copper material, and
the assembly thus stabilized is wound fnto an evenly rounded cylinder,

6. An electric motor & claimed in Claim §, gharactarised in that the

adhesive filler material (30) filling the gaps bas such a sability thae it joing the plasar

conductor tracks (27) of the doils to one anot.her with 2 dimensional stability as though said

gaps _(26) were still fillad with the removed copper. : i
1. Ax electric motor a3 clalmed io Claim $, chamctarised in thar the
-adbesive filler material (30) a¢ the same time forms a layer covering the upper surfaces of the
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planar coils (28). _
8 - An electric motor a3 claimed in Claim 3, gharacterised in that the

adhesive filler material is a curable adhesive.
9. ) An electric motor s claimed in Claim § and/er 6, sharacterised in thac

the sdhesive [iller material is applied by slik-screen printing or roller-coating.
10. An slectrie motor as claimed in Claim 1, gharacterised In tha the bearing

means comprise axially acting (5a, 5b) and tadially acting (5¢) spiral-groove bearings.



