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MOTOR

The present invention relates to a moving magnet motor
and a method of operating a moving magnet motor. The
present invention has particular applicability to a low

speed moving magnet motor, for example a servowriter

posicioner motor.

In a storage medium in which data is read from and/or
writzen to the medium by a read/write head which is movable
relative to the storage medium, movement of the read/write
head is usually controlled by a servo system. The servo
system uses servo information which is prerecorded on the
storage medium. By reading this servo information, the
actual position cf the read/write head relative to the
storage medium can be determined and control signals sent

to move the head accordingly.

Zn a nead disk assembly, the storage medium is a
magrnetic ™ hard” disk and the read/write head or heads are
mourizced for movement over the disk surface by an arm which

is often known as the " product arm” .

A servowriter is used to write the servo information
to the disk. The servowriter has its own dedicated clock
head. The servowriter clock head is offered up to the disk
and used Iirstly to write a (usually temporary) clock track
on the disk to provide a series of clock transitions
indicating angular position around the disk. The
servowriter has a positioner arm which is linked to the

product arm such that movement of the positioner arm causes
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a corresponding movement of the product arm. Movement of

the servowriter positioner arm is controlled very precisely
by an angular detection system in the servowriter. The
angular detection system may be a laser reflecting light
from a very fine graticule on the positioner arm for
example. After the clock track has.been written, the clock
transitions are read with the servowriter clock head so
that the angular position of the disk relative to the
servowriter is accurately known at all times. The
positioner arm is moved to preselected angular positions by
a positioner motcr of the servowriter. The product arm
moves with the positicner arm and the product read/write
nead is used to write the servo tracks at the required

preselected angular positions on the disk.

It is important that the servo tracks be written as
quickly as possirle so as to achieve faster throughput of
the nhard disks cduiring manufacture, especially as

servowriting is typically carried out in a clean room where

[1)]

pace is limited and expensive. It is therefore important

-

for a servowriter to achieve quick track seek (i.e. fast

movement of the head between tracks on the storage medium)
and quick track settle (i.e. the head should come to rest

quickly once in position over the desired track).

Conventional practice has been to mechanically link
the servowriter positioner arm with the product arm so that
movement of the positioner arm automatically brings about a
corresponding movement of the product arm. However, this
mechanical linkage between the positioner arm and the

product arm increases the effective inertia of the
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servowriter positioner which controls movement of the
positioner arm. Moreover, the positioner arm is usually
connected only to the lowermost product arm of a stack of
product arms. The product arms above the lowermost arm are
effectively a resonant body which, because they are
mechanically linked to the positioﬁer arm, can lead to
unexpected and undesired resonances. Such resonances are
difficult to predict throughout the range of movement of
the positioner arm and the mechanical link slows movement
of the servowriter positioner arm and the product arms.
More importantly in a servowriter, the resonances tend to
be lower in frequency than they would be in an operational
disk drive. This reduces the bandwidth of the servo which
is used to control the position of the product arm during
servowriting, resulting in a worsening of the seek/settle
time and an increase in the track-to-track spacing. One
known way of overcoming this problem is to drive the
product arm via its own drive mechanism during the
servowriting process and disconnect the mechanical liinkage
between the product arm and the positioner arm. The
relative motion between the product arm and the positioner
arm can be detected by a null sensor the output of which is
used to control the drive current provided to the product
arm drive mechanism via a separate servo so as to move the
product arm in tandem with the positioner arm during
servowriting. The use of this null sensor and separate
servo for moving the product arm also improves the
positioner servo bandwidth and therefore the seek/settle

time of the positioner.
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At least some prior art servowriter positioner motors

for moving the positioner arm have been of the moving coil
type. As such, Zlexible supply cables have to be connected
to the moving ccils of the positioner motor. These
flexible cables provide an undesirable bias to the

positioner arm which therefore affects movement of the

positioner arm.

US-A-4775908 discloses a moving magnet motor for
moving a product arm of a hard disk drive. As the product
arm must move very quickly between tracks in order to
provide fast disk access times, the motor of each of the
examples described in the patent specification must be a
high speed motcr. In one particular example described in
the patent specification, the magnetic return path member
moves with the moving magnet so no eddy currents are
produced. In ancther particular example described in the
patent specification and in a prior art example described
as “ largely hypcthetical” in the patent svecification, the
magnestic return path member is stationary relative to the
moving magnet; In this second example and the hypothetical
pricr art, whils:t it is not specifically shown nor
described, the magnetic return path member must be
laminated as otherwise the eddy currents which would be
produced because of the high speed of relative movement
between the magnet and the magnetic return path member
would inhibit movement of the product arm such that the

product arm could not be moved satisfactorily.

According to a first aspect of the present invention,

there is provided a low speed moving magnet motor, the
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motor comprising: a moving magnet; a stationary coil for
carrying an electric current and disposed in relation to
the moving magnet such that a magnetic field generated when
a current flows through the coil causes the moving magnet
to move relative to the coil; and, a magnetic return path
member fixed in relation to the coii to provide a return
path for a magnetic field generated by the coil and the

moving magnet; the magnetic return path member being free

of insulating laminations.

With a moving magnet motor having a fixed magnetic
return path member, movement of the magnet relative to the
magnetic return path member generates large eddy currents
in the magnetic return path member. These large eddy
currents provide a bias which tends to act against movement
of the moving magnet. Accordingly, it is normal practice
in a moving magret motor to laminate the magnetic return
path member with layers of non-conductive material in order
to reduce the magnitude of the eddy currents. Having a
laminated magnetic rasturn path member inevitably increases
the cost cI the motcr as a whole and can in fact be a
significant part of the total cost of the moving magnet
motor. In accordance with this aspect of the present
invention, where the moving magnet motor is a low speed
motor, it has been found that the eddy currents produced
are of such a low magnitude that it is not necessary to
laminate the magnetic return path member with insulating
material. Such a motor has particular application as a
servowriter positioner motor for moving a servowriter
positioner arm. Thus, this aspect of the present invention

provides a moving magnet motor, thereby avoiding the need

This Sheet Has Been B@ laced

(LT




w

16

[ %]
«©

25

30

WO 99/57796
6
for flexible cable connection to what would otherwise be
moving coils of the motor, whilst keeping down the cost of

the motor by having an unlaminated magnetic return path

member.

The magnetic return path member is preferably pure

magnetically soft iron.

The moving magnet is preferably carried by a rotor
which is mounted for pivotable movement about a
longitudinal axis of the motor. The rotor is preferably
annular and arranged to pivot about its central
longizudinal axis. Such a rotor can have a high moment of
inerzia, the advantages of which are discussed further
below especially in relation to a servowriter. The rotor

may be stainless steel or pure magnetically soft iron, for

example.

According to a second aspect of the present invention,
there is provided a moving magnet motor, the motor
comcrising: a high inertia rotor movable about a
longitudinal axis of the motor; a moving magnet carried by
the rotor for movement therewith; a stationary coil for
carrying an electric current and disposed in relation to
the moving magnet such that a magnetic field generated when
a current flows through the coil causes the moving magnet
to pivot about said axis; and, a magnetic return path
member fixed in relation to the coil to provide a return

path for a magnetic field generated by the coil and the

moving magnet.

This Sheet Has Been Replaced
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The provision of a high inertia rotor has numerous
advantages, especially when the motor is used to move a
servowriter positioner arm. In particular, a high inertia
rotor is resistant to shock forces or turbulence arising
through'buffeting caused by air flow as the servowriter
head moves over the storage medium,.thereby removing or at

least reducing one source of vibration of the sexrvowriter

head.

Furthermore, bearings for the moving parts of the
motor are in practice axially preloaded to take up any play
in the bearings. This preload causes a rolling friction in
the bearings which acts against the direction in which
rolling takes place. When changing direction, the fricticn
force changes direction but the change is not instantaneous
and in fact has a defined slope which manifests itself as a
stiffness. In other words, the bearings appear to have a
torsional stiffness. This torsional stiffness combines
with the inertia of the motor to result in a resonant
frequency for movement of the motor which is proporticnal
to the square root of the bearing stiffness and inversely
propcrtional to the square root of the motor inertia.

Thus, a high inertia for the motor reduces the frequency of
this low frequency resonance. In servo control, it is
important to keep this low frequency resonant pole well
below the servo bandwidth in order to improve the
predictability of the servo during seek and this can be
achieved more easily with a high inertia motor. If a low
inertia motor were used, either a much smaller bearing with

a lower stiffness or an expensive air bearing having very

This Sheet Has Been Replaced
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low stiffness would have to be used, either of which makes

the motor more expensive and difficult to manufacture.

A high inertia motor is particularly important in a
servowriter where there is no mechanical link between the

positioner arm and the product arm during the servowriting

process.

The magnetic return path member is preferably pure

magnetically soft iron.

The rotor may be stainless steel or pure magnetically

soft iron, for example.

The rotor is preferably annular in cross-section

transverse to said axis.

In each aspect where a rotor is provided, the rotor is
preferably mounted or a stationary spindle by a bearing for
movement about the stationary spindle. The bearing may

include at least one bkall bearing.

In each aspect where a rotor is provided, a plurality
of magnets may be carried by the rotor. A plurality of

coils corresponding tc the plurality of magnets may be

provided.

In each aspect of the invention, the moving magnet is
preferably mounted so as to pivot about an axis when a
current flows through the coil and the magnetic return path

member is preferably arcuate to maintain a substantially

This Sheet Has Been Rep
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constant separation between the moving magnet and the
magnetic return path member as the moving magnet pivots
about said axis. The magnetic return path member is

preferably annular.

According to another aspect of the present invention,
there is provided a positioner motor for drivingly moving a
positioner arm ci a servowriter, the motor being as

described above,

According to another aspect of the present invention,
there is provided a servowriter for writing a clock track
to & storage medium which is read from and/or written to by
a read/write head mounted on a product arm, the servowriter
comprising: a sexvowriter clock head for writing a clock
track to a stcrage medium; a positioner arm for positioning
over a storage medium and moving a product arm of the

storage medium; and, a motor as described above which 1

ul

drivable to move the servowriter positioner arm relative to

the storage medium.

The moving magnet is preferably carried by a hollow
rotor which is mounted for pivotable movement about a
bearing pesiticned within the hollow centre of the rotor,
the positioner arm being connected to the motor for
movement therewith. Because the rotor has a diameter which
is relatively large (compared to the narrow output shafts
of typical pricr art torqgue motors), the torsional
stiffness of the rotor is relatively high. This results in
a high resonan:t frequency and thus improved servo

bandwidth, thereby reducing the seek/settle time of the

This Sheet Has Been Replaced
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positioner arm/product arm combination and allowing the

track-to-track spacing to be decreased.

The servowriter may include means for mechanically
linking the positioner arm to a product arm of a storage
medium. However, the servowriter preferably includes means

for moving a product arm of a storage medium by a non-

contact method.

According to a further aspect of the present
invention, there is provided a method of operating a moving
magnet motor which comprises a moving magnet carried by a
rotor which is mounted for movement about a longitudinal
axis of the motor, a stationary coil for carrying an
electric current, and an unlaminated magnetic return path
member fixed in relation to the coil to provide a return
path for a magnetic field generated by the coil and the
moving magnet, the method comprising the steps of providing
an electric current tc the coil so that the rotor and the
magnet move with an angular speed equal to or less than

about 0.5 radians per second about said axis.

The motor may be operated so that the rotor and the
magnet move with an angular speed equal to or less than

about 0.1 radians per second about said axis.

According to a yet further aspect of the present
invention, there is provided a method of operating a
servowriter to write a clock track to a storage medium
which is read from and/or written to by a read/write head

mounted on a product arm, the servowriter comprising: a
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servowriter clock head for writing a clock track to the
storage medium; a positioner arm for positioning over the
storage medium and moving the product arm of the storage
medium; and, a motor to which the positioner arm is
connected for moving the positioner arm and which comprises
a moving magnet carried by a rotor which is mounted for
movement about a longitudinal axis of the motor; a
staticnary coil for carrying an electric current; and, an
unlaminated magnetic return path member fixed in relation
to the coil to provide a return path for a magnetic field
generated by the coil and the moving magnet; the method
comprising the steps of: providing an electric current to
the coil so that the positioner arm moves with an angular
speed of less than about 0.5 radians per second about said

axis.

The motor may be operated so that the positioner arm
moves with an angular speed equal to or less than about 0.1

radians per second abcut said axis.

The rotor is preferably hollow and mounted for
movement about a bearing positioned within the hollow
centre of the rotor, the positioner arm being connected to

the rotor for movement therewith.

Thus, in its most preferred embodiment, the present
invention provides a moving magnet motor which has an
unlaminated magnetic return path member, thereby keeping
down the cost of the motor. The preferred embodiment of
the motor has a high inerxtia rotor which lowers the

frequency of the low-frequency pole of the bearing in which

This Sheet Has Been Re

L



10

25

30

“ «

WO 99/57796 PCT/GB99/01318

12
the rotor is mounted which improves the settle

characteristics of the motor. A high inertia rotor also
reduces vibraticn caused through air buffeting where the
motor is used to drive a Servdwriter poSitioﬁer arm for
example. In a ssrvowriter, the servowriter positioner arm
can pe connected to the rotor with ﬁhe rotor having a high
torsional stiffness, thereby improving the servo bandwidth
and therefore the seek/settle time and track-to-track
spacing. Havinc a stationary coil obviates the need for
flexible cables o provide the power supply to what would
otherwise be moving coils, thereby eliminating the bias
typically associzted with connection of flexible cables tc
the moving coils of the prior art motors. Thus, the
hysteresis problems which can arise because of the use of

flexible cables in such prior art motors are avoided.

Whilst the motor as described above has particular
application in z servowriter for moving a positioner arm,
it will be apprsciated that the motor can be used in any
application whers high positioning accuracy, particularly
high rotary posi:ioning accuracy, is required with a low
speed of movemen:z. Thus, for example, such a motor would
not normally be useful for moving the product head of a
head disk assembly in normal use as very rapid movement of
the product heacd is required to provide fast disk access

times in normal cperational use.

An embodiment of the present invention will now be
described by way of example with reference to the

accompanying drawings, in which:
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Fig. 1 is a plan view from above of a motor in

accordance with the present invention;

Fig. 2 is a cross-sectional view on X-X of Figure 1;

ang,

Fig. 3 is a2 plan view of a portion of the motor of
Figures 1 and 2 showing the orientation of the ceils and

magnets and the magnetic field in more detail.

Referring tc the drawings, there is shown a moving
magnet motcr i. The motor 1 has z central stationary
spindle 2 to which are fitted upper and lower ball bearings

3,4 each of which has a plurality of balls 5.

A rotor 6 is fixed to the bearings 3,4 so as to be
able to rotate or pivot ‘around the spindle 2. As shown,
the rotor & is & hollow right cylinder having an annular
cross-sectional shape transverse to the longitudinal axis 7
of the motor 1. The spindle 2 and bearings 3,4 are located
within the hollecw centre of the rotor 6, preferably
centrally of the rotor 6. The rotor 6 is made of a
magnetically sof: material such as a low carbon mild steel
or pure magnetically soft iron. Because of its annular
shape, and because of the relatively dense material from
which it can be made, and because the rotor 6 does not have
any weight-reducing holes or voids typically found in
rotors of other comparable motors, the rotor 6 has a high

moment of inertiaz about the longitudinal axis 7 of the

motor 1. The mcment of inertia of the rotor 6 may be of
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the order of 70kg.mm’. The bearings 3,4 connect to the

inner cylindriczl surface 8 of the rotor 6.

Six bermahent.magnets 10 afé'fixéd_to the oﬁter
cylindrical surface 11 of the rotor 6. Each permanent
magnet 10 is arcuate in cross-section and subtends an angle
of 60° at the central axis 7 of the motor 1 such that the
magnets 10 completely £ill the outermost periphery of the
rotor 6 when viewed from above as shown in Figure 1. The
adjacent edges 12 of the permanent magnets 10 are bevelled
away from each cther on moving radially outwards of the

rotor 6 as show: particularly clearly in Figure 3.

Each of the permanent magnets 10 is magnetised in a
radial direction of the motor 1. The polarity of the
magnetisation alternates between adjacent magnets 10.
Thus, as shown particularly clearly in Figure 3, one
permanent magne= 10 has a north pole on -its radially
outermost face 13 and a south pole on its radially
innermost face 14. The adjacent permanent magnets 10 on
either side have a south pole on their respective outer

faces 13 and a north pole on their respective inner faces

14.

A hollow generally cylindrical magnetic return path
member 15 surrounds the rotor 6 and the permanent magnets
10. The inner cylindrical surface 16 of the magnetic
return path memcer 15 is spaced from the permanent magnets
10 by an annulax gap 17. The annular gap 17 should be as
narrow as possikcle and ideally would not be present at.all

as it tends to reduce the magnetic flux density. The
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magnetic return path member 15 may be made of stainless

steel or pure magnetically soft iron, for example, and
provides a path of high magnetic permeability for the
magnetic flux generated by the permanent magnets 10. The
magnetic return path member 15 is not laminated with any
non-conductive material and indeed is preferably

homogeneous. The spindle 2 also provides a flux path for

the magnets 10.

Six current-carrying coils 20 are located in the
annular gap 17 between the magnetic return path member 15
and the permanent magnets 10. Each coil 20 has spatially
separated limbs 21,22 which subtend an angle of 60° at the
central longitudinal axis 7 of the motor 1. The six coils
20 are adjacent each other. As shown in Figure 1 and more
clearly in Figure 3, electric current in use passes up one
limb 21 of the coil 2¢ (as shown by a small circle in the
drawings) and down the other limb 22 of that coil 20 (as
shown by a small cross in the drawings). The six coils 20
are connected in series such that the same current flows
through each of the coils 20. Moreover, the connection
between the six coils 20 is such that the current flow
through pairs of neighbouring limbs 21 or 22 of adjacent
coils 20 is in the same direction as indicated in Figures 1

and 3.

A disc-like cover plate 23 is fixed to the top of the
rotor 6 and moves with the rotor 6 when the coils 20 are
energised. The cover plate 23 has six screw holes 24.
Where the motor 1 is a positioner motor for moving the .

positioner arm of a servowriter, the positioner arm can be
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coupled to the cover plate 23 by means of the screw holes

24. Thus, when the coils 20 are appropriately energised

~and the rotor 6 pivots about the axis 7, -the positioner arm

is caused to pivot with the movement of the rotor 6.

The motor 1 of the present invéntion has numerous
advantages. Because the coils 20 are fixed, it is not
necessary to provide flexible power supply cables to the
coils 20 and thus no unwanted bias to movement of the rotor
6 occurs. Where the motor 1 is used in a servowriter to
move the positioner arm, the reduced bias on the rotor 6

facilitates control cf and improves the speed of track-to-

track seek and settle.

Despite the permanent magnets 10 moving relative to
the magnetic return path member 15, eddy currents which
arise in the magnetic return path member 15 are not a
problem where the motor 1 is used for low speed movement of
the rotor 6. In a servowriter for example, the rotor need
only move with an anguiar speed of less than or equal to
about 0.5 radians per second or even less than or equal to
about 0.1 radians per second. Where the motor 1 is used to
move at such relatively low speeds with the resultant small
eddy currents, the magnetic return path member 15 does not
have to be laminated with insulation material, which keeps
down the cost of the motor 1. 1Indeed, in a servowriter,
small eddy currents in the magnetic return path member 15
can be advantageous in that they produce a small damping
force which tends to cause the servowriter positioner arm

to settle more rapidly once the desired track has been-

located.
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The rotor € nas a high moment of inertia. Where the

motor 1 is used o move a servowriter positioner arm, a

high inertia rotcr 6 has several advantages. In
particular, vibraztion of the Servowriter positioner arm
because of air buffeting during movement of the positioner
arm is reduced. A high inertia rotor allows the use of low
cost ball bearings 3,4 for mounting the rotor 6 on the
spindle 2 by lowering the frequency of the low freguency
pole of the combination of friction of the bearings 3,4 and
the inertia of the motor, which allows more rapid and more
easily controllatle track-to-track seek and settle in a
servowriter. Ball bearings are much cheaper than air or
liquid bearings which have been used in the past. The
spindle 2 about which the rotor 6 rotates has a narrow
diameter. A narrow diameter spindle 2 allows the use of
bearings 3,4 wnich are small which reduces the friction
arising in the bearings 3,4, again improving the
operational charzcteristics of the motor 1 and particularly
reducing the set:zlie time of the rotor 6 and a positioner
arm and head affixed to the rotor 6. Because the rotor 6
itself has a relatively large diameter (compared to the
narrow output shaits of typical prior art torgue motors),
the torsional stiffness of the rotor 6 is relatively high.
This results in z high resonant frequency and thus improved
servo bandwidth, chereby reducing the seek/settle time of
the positioner arm/product arm combination and allowing the
track-to-track spacing achievable with the servowriter to

be decreased.
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A servowriter positioner arm affixed to the rotor 6
can be balanced. This allows rocking mode resonances to be
eliminated and a balanced torque is provided by the rotor
6. Tdrque is transmitted directly to the servowriter
positioner arm from the rotor 6 which results in a high
torsional resonant frequency. The motor 1 can be very
compact and small, allowing it to be fitted into the
footprint presently provided in conventional servowriters

for the positioner motor.

An embodiment of the present invention has been
described with particular to the example illustrated.
However, it will be appreciated that variations and
modifications may be made to the example described within

the scope of the present invention.
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1. A.low speed moving magnet moto?, the motqr chprising:

a moving magnet; _

a stationary coil for carrying an electric current and
disposed in relation to the moving magnet such that a
magnetic field generated when a current flows through the
coil causes the moving magnet to move relative to the coil;
and,

a magnetic return path member fixed in relation to the
coil to provide a return path for a magnetic field
generated by the coil and the moving magnet;

the magnetic return path member being free of

insulating laminations.

2. A motor according to claim 1, wherein the moving
magnet is carried by a rotor which is mounted for pivotable

movement about a longitudinal axis of the motor.

3. A motor according to claim 2, wherein the rotor is
annular and is arranged to pivot about its central

longitudinal axis.

4, A moving magnet motor, the motor comprising:

a high inertia rotor movable about a longitudinal axis
of the motor;

a moving magnet carried by the rotor for movement
therewith;

a stationary coil for carrying an electric current and
disposed in relation to the moving magnet such that a

magnetic field generated when a current flows through the

This Sheet Has Been Rep
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and,
a magnetic rcturn path member flxed 1n relation to the
coil to provide a return path for a magnetlc fleld

generated by the coil and the moving magnet.

5. A motor accecrding to claim 4, wherein the rotor is

annular in cross-section transverse to said axis.

6. A motor acccrding to any of claims 2 to 5, wherein the
rotor is mounted on a stationary spindle by a bearing for

movement about the stationary spindle.

7. A motor according to claim 6, wherein the bearing

includes at least one ball bearing.

3. A motor acccrding to any of claims 2 to 7, comprising

a plurality of magnets carried by the rotor.
9. A motor accecrding to claim 8, comprising a plurality

of coils corresponding to the plurality of magnets.

10. A motor according to any of claims 1 to 9, wherein the
moving magnet is mounted so as to pivot about an axis when
a current flows through the coil and wherein the magnetic
return path member is arcuate to maintain a substantially
constant separation between the moving magnet and the

magnetic return path member as the moving magnet pivots

about said axis.
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11. A motor according to claim 10, wherein the magnetic

return path member is annular.

12. A positioner motor for drivingly moving a positioner
arm of a servowriter, the motor being in accordance with

any of claims 1 to 11.

13. A servowriter for writing a clock track to a storage
medium which is read from and/or written to by a read/write
head mounted on a product arm, the servowriter comprising:

a servowriter clock head for writing a clock track to
a storage medium;

a positioner arm for positioning over a storage medium
and moving a prcduct arm of the storage medium; and,

a motor according to any of claims 1 to 11 which is

drivable to move the servowriter positioner arm relative to

-

the storage medium.

14. A servowriter according to claim 13, wherein the
moving magnet is carried by a hollow rotor which is mounted
for pivotable movement about a bearing positioned within
the hollow centre of the rotor, the positioner arm being

connected to the motor for movement therewith.

15. A servowritsr according to claim 13 or claim 14,
comprising means for mechanically linking the positioner

arm to a product arm of a storage medium.

16. A servowriter according to claim 13 or claim 14,

comprising means for moving a product arm of a storage .

medium by a non-contact method.
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17. A method of operating a moving magnet motor which
comprises a moving magnet carried by a rotor which is
mounted for movement about a iongitudinai-aiis'of the
motor, a stationary coil for carrying an electric current,
and an unlaminated magnetic return path member fixed in
relation to the coil to provide a return path for a
magnetic field generated by the coil and the moving magnet,
the method comprising the steps of

providing an electric current to the coil so that the
rotor and the magnet move with an angular speed of less

than about 0.5 radians per second about said axis.

18. A method according to claim 17, wherein the motor is
operated so that the rotor and the magnet move with an

angular speed equal to or less than about 0.1 radians per

second about said axis.

19. A method of operating a servowriter to write a clock
track to a storage medium which is read from and/or written
to by a read/write head mounted on a product arm, the
servowriter comprising: a servowriter clock head for
writing a clock track to the storage medium; a positioner
arm for positioning over the storage medium and moving the
product arm of the storage medium; and, a motor to which
the positioner arm is connected for moving the positioner
arm and which comprises a moving magnet carried by a rotor
which is mounted for movement about a longitudinal axis of
the motor; a stationary coil for carrying an electric
current; and, an unlaminated magnetic return path member

fixed in relation to the coil to provide a return path for
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a magnetic field generated by the coil and the moving
magnet; the method comprising the steps of: providing an
electric current to the coil so that the positioner arm
moves with an angular speed of less than about O.S'radians

per second about said axis.

20. A method according to claim 19, wherein the rotor is
hollow and is mounted for movement about a bearing
positioned within the hollow centre of the rotor, the

positioner arm being connected to the rotor for movement

therewith.

21. A method according to claim 139 or claim 20, wherein
the motor is operated so that the positioner arm moves with
an angular speed equal to or less than about 0.1 radians

per second about said axis.
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