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Rlectric motor having & stator and & rotor

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

nhapedhubporﬂm.thedectrlcmomrhavinzbeaﬂnamemfaﬂummmﬁnga

. soft-iron yoke.

EPO410,293:BI discloses an ejectric motor in which a permanent-magnet
akweismnmedmacmﬂmﬁwhmhhﬁxzdlymmemdmammblehub The
permanent-magnet sieeve 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
the disc rotation and whose average valus is zero, /.6, which do not contribute 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
material and the permanent-magnet rotor give rise radisl forces, These radial forces also
gemrmacousﬁcmiseandmchanléal.vlbuﬁom. Similar radial forces are produced as &
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
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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The eccentriclties In these drives are caused by tolerance limits in the
production of individual components and their assembly. The radial forces are therefore
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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than in a motor with a slotted stator, Thin'reduuthnimnlo.

In a further embodiment of the invention the soft-iron yoks is fixedly
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
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.

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 are not bent.

Problems do arise, however, whan such s 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 foll winding, which is built
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, andthsnsmblyﬂmsmbﬂmduwmmdmanevenlyrounded
cylinder.

Such & 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
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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in accordance with the invenition,

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 radiaily acﬂhg spiral-groove bearings.
forces, which are always present. :

This minimises the effect of mdial

The invention will now be described in more detail with referance to the

drawings. In the drawings:

Fig. 1a shows a spindle motor with an ironless coil configuration and 2
sleeve-ghaped soﬁ-mngmﬁcyohwhichmoundstheeoﬂconﬁsnnﬂonmdhﬂwﬂy

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

view taken on the line III-IIY in Fig. 2,

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

winding strips of Fig. 2, and

Fig.smowapmofthemedwindingtonlwn_uhmu

roundness.

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 bearings Sa and 5b support & hub 6 on the motor shaft 2 st & location
remote from the disk 3. A further hydrodynamic vpiral bearing Sc s sitnated near &
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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plate 8. This mounting plate carries externally a coil configuration 9, whichbelonpmme
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
5 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 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.
10 The spindis 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¢
15 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 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-

20 shaped yoks 10 of a soft-magnetic material, This yoke 10 is 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.

25 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, &

30 central synthetic-resin foil 23 provided with copper folls 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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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
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 shape in the

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 a three-
phass winding in a pecfectly round shape, Fig. § is a sectional view showing the perfect
curvatures of the foils 20, 21 and 22 more clealy. |

The perfect curvamure allows the air gap of the motor to be small.
Ruﬂxemou,averygmdmdhlmpponuuhievedwmewmuucﬂonofthehydrodym
spiral groove bearings 5a, Sb 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 & longer life and/or allows
wider mamufacturing 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
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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CLAIMS:

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 electric motor as claimed in Claim 1, gharacterised 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. AnehctricmomruchhnedlnChhnZWS.wﬂﬂ .
coil configuration (9) comprises curved foil windings. '

. An electric motor as claimed in Claim 4, charactexised in that the foil

winding (9), which is built up on a synthetic-resin carrler foll (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 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 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
Muﬂﬂumﬂﬂu(m)um:mdmfomamm:hmm&h
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mem - An elecirc movor a8 claimed in Claim S, chacierised in thas the
:ﬂmwa o An ::;:;E::::?f:i;’;d in Claim § and/or 6, gharacterised in that
s ﬂ;eadheﬁve ﬁllermateﬁaliuppuedbylﬂk-mnpﬂmhsonoum-mdu. e bong
0 An electric motor as claimed in Claim 1, characterised in that |
:m:anscoml?ﬂ”ﬂilﬂym(sl- 5b) and radially acting (Sc) spiral-groove bearings

—_—

This Shee;

LT



